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Abstract

Background: Food security are critical for individuals, households, and communities affected by
HIV. HIV and food insecurity are complexly linked and exacerbate the harmful impacts of each
other. Food insecurity harms on the overall nutritional and health status of people infected by HIV.
However, little is known about the effect of food insecurity on the clinical progression of
HIV/AIDS and CD4 count change among adults receiving antiretroviral therapy in the Ethiopian
context. The few studies conducted are cross- sectional, which do not show the temporal
relationship and fail to identify the effects of food insecurity on the clinical progression of
HIV/AIDS and CD4 count change among HIV-infected adults, and fail to serve as concrete
evidence.

Objective: To assess the magnitude of food insecurity, magnitude of fruit and vegetable dietary
intake, and examine the effect of food insecurity on clinical progression of HIV/AIDS and CD4
count change among adults on antiretroviral therapy in North Shewa Health Facilities.

Methods: A systematic review and meta-analysis were undertaken to address the study's first
objective. A cross-sectional study was conducted for the Papers Il and Ill objectives, and a
prospective cohort study was conducted for Papers IV and V objectives. The sample sizes of 865,
574, and 442 were considered for Paper Il and 111, Paper IV, and Paper V, respectively. Simple
random sampling was used to select 865 HIV-infected adults for paper Il and I11.The exposed
groups were those who were food-insecure individuals, whereas the non-exposed groups were
those who were food-secure HIV-infected adults. Simple random sampling was used to select both
the exposed and non-exposed groups for Paper IV and Paper V, using a computer-generated
random selection method based on a cross-sectional baseline assessment for food security status.
We conducted an electronic, web-based search, using PubMed, CINAHL PopLine, MedNar,
Embase, Cochrane Library, the JBI Library, the Web of Science, and Google Scholar to identifiy
studies that reported the association between food insecurity and gender (Paper 1). Baseline and
food security status data were collected using a structured interviewer-administered questionnaire,
and repeated measurements of HIV-infected adults for the effect of food insecurity on clinical
progression of HIV/AIDs and CD4 count change. Food insecurity was measured using the
Household Food Insecurity Access Scale (HFIAS) and reported across all papers, while fruit and
vegetable dietary intake was measured through the frequency of consumption, using the
Behavioral Risk Factor Surveillance System (BRFSS) assessment tools. The clinical progression
of HIV-infected adults was measured by assessing viral load, with a viral load of 1,000 copies/mL
or higher considered indicative of poor clinical progression. The primary data collected using the
KoboToolbox digital data collection platform were exported to STATA 17 for cleaning and
analysis (Paper 11-V). A random effects model was used to estimate the pooled effect with a 95%
confidence interval(Cl) (Paper I). A log-binomial regression model was fitted to identify the
association between food insecurity and independent variables (Paper I1). A Poisson regression
model with robust variance was fitted to identify associated factors with fruits and vegetables
dietary intake (Paper Il1). A Generalized linear mixed effects model with logit links was fitted to
assess the effect of food insecurity and other predictors on the clinical progression of HIVV/AIDs
and CD4 change (Paper 1V-V).
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Results: A total of 776 studies were identified, of which seventeen were included in the meta-
analysis, comprising 5,827 HIV-infected adults receiving antiretroviral therapy (ART). The
analysis revealed that gender had statistically significant effects on food insecurity. The pooled
odds of developing food insecurity among female HIV-infected adults were 53% higher than
among male HIV-infected adults (OR: 1.53, 95% CI: 1.29, 1.83).

In this study, 290(33.7%, 95% ClI: 30.60, 36.91)) of HIV-infected adults studied experienced food
insecurity during their treatment and follow-up, in which 152(52.41%, 95% CI: 46.64, 58.13) and
110 (37.93%, CI: 32.50, 43.68) of them were found to have severe and moderate forms of food
insecurity, respectively. We found that younger age (age less than 35 years) (APR=2.27, 95% CI:
1.12, 4.60), being female (APR=1.87, 95% CI: 1.03, 3.39), lacking formal education (APR=10.79,
95% CI: 14.74, 24.58), having lower educational status (APR=5.99, 95% CI: 2.65, 13.54), being
daily laborer (APR=6.90, 95% CI: 2.28, 20.85), having low monthly income (APR=1.89, 95% CI:
1.11, 3.22), advanced WHO clinical stage (APR=2.34, 95% CI: 1.08, 5.10), and receiving ART
for less than 4 years (APR=2.28, 95% CI: 1.09, 4.74) were significantly associated with high
proportion of food insecurity among HIV-infected adults.

The study indicated that 655 (76.34%; 95% CI: 73.38, 79.07) of HIV-infected adults reported
consuming fruits and vegetables less than once per day, with 838 (97.67%, 95% CI: 96.41, 98.49)
and 676 (78.79%, 95% CI: 75.92, 81.40) of HIV-infected adults reporting consuming fruits and
vegetables less than once per day, respectively. The median (IQR) total fruits and vegetables intake
was 271.3 (IQR: 92.5, 439.5) g/day, with the median (IQR) intake of fruits and vegetables being
248.1 (IQR: 100.0, 400.0) g/day and 273.78 (IQR: 82.44, 348.33) g/day, respectively.We found
that being divorced (APR=1.57, 95% CI: 1.16, 2.12), daily laborer (APR=2.08, 95% CI: 1.36,
3.20), employed (APR=1.77,95% CI: 1.10, 2.84), and merchants (APR=1.59, 95% ClI: 1.03, 2.47),
as well as having children as caregivers (APR=1.61, 95% CI. 1.02, 2.55), an advanced WHO
clinical stage (APR=1.32, 95% CI: 1.32(1.03, 1.69), and receiving ART for more than 8 years’
duration (APR=1.78, 95% CI: 1.18, 2.67) were found to be independent predictors of fruits and
vegetables dietary intake among HIV-infected adults.

The study found that 106 (18.56%; 95% CI: 15.58-21.97), 119 (21.14%; 95% CI: 17.95-24.71),
and 134 (23.84%; 95% ClI: 20.49-27.55) HIV-infected adults reported poor clinical progression at
the first, second, and third visits, respectively, with double the incidence among food-insecure
HIV-infected individuals: 71 (25.00%), 80 (28.78%), and 91 (32.85%) of those showing clinical
outcomes were food insecure at the first, second, and third visits, respectively. The overall
incidence of poor clinical progression during the follow-up period was 21.17% (95% CI: 19.27%,
23.18%), with 28.84% of food-insecure HIV-infected adults and 13.65% of food-secure HIV-
infected adults experiencing poor clinical progression. The type of psychosocial care/support
received (aRR = 4.72, 95% CI: 1.10, 20.52), being food insecure (aRR = 5.44, 95% CI: 1.36,
21.76), being undernourished over time (aRR = 3.34, 95% CI: 1.21, 9.26), advanced WHO
treatment stage (aRR = 6.43, 95% CI: 1.21, 34.41), and receiving ART for at least 4 years (aRR =
4.22, 95% CI: 1.11. 12.07) were found to be significant independent predictors of poor clinical
progression.

The median CD4 counts at the first, second, and third visits were 433 cells/ul (IQR: 255-607), 482
cells/ul (IQR: 326-698), and 523 cells/ul (IQR: 356-687), respectively. A total of 105 (23.76%;
95% CI: 20.01-27.96), 78 (18.35%; 95% CI: 14.96-22.34), and 73 (17.26%; 95% CI: 13.94—
21.17) of HIV-infected adults had low CD4 counts (<200 cells/mm3) at the first, second, and third
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visits, respectively, showing an overall declining trend over the 9-months follow-up period.
However, the incidence of low CD4 counts among food-insecure individuals remained higher than
among food-secure HIV-infected: 59 (26.70%), 44 (20.37%), and 40 (19.14%) at the first, second,
and third visits, respectively. The overall incidence of low CD4 counts during the follow-up period
was 19.84% (95% ClI: 17.76%, 22.11%), with 22.14% among food-insecure and 17.55% among
food-secure HIV-infected adults. The gender of HIV-infected adults (aRR = 2.88, 95% CI: 1.14,
7.30), being food insecure (aRR = 2.56, 95% CI: 1.05, 6.26), being undernourished over time (aRR
= 2.17, 95% CI: 1.03, 4.57), being anemic (aRR = 3.35, 95% CI: 1.37, 8.17), advanced WHO
clinical stage (aRR =4.11, 95% CI: 1.32, 12.84), and receiving ART for at least 4 years (aRR =
3.64, 95% ClI: 1.25, 10.63) were found to be significant independent predictors of low CD4 count.

Conclusion: The systematic review and meta-analysis showed statistically significant effect of
gender on food insecurity among HIV-infected adults receiving ART, in which odds of food
insecurity was higher among female HIV-infected adults compared to male HIV-infected adults.
This finding suggests the need to consider gender issues within food and nutrition interventions
for HIV-infected adults, as well as culture- and context-specific gender-based policies to address
gender-related vulnerability to food insecurity.

The magnitude of food insecurity among HIV-infected adults receiving ART was high with an
extremely high magnitude of severe food insecurity. The finding suggests the need for culture- and
context-specific nutritional interventions to address the gender dynamics of food insecurity,
attention to the early stage of ART, and the integration of strategies to improve educational status
and enhance income-generation activities of HIV-infected adults. This requires an emphasis on the
link between food insecurity and HIV in Ethiopia's national food and nutrition policy.

The finding indicates a very low level of fruits and vegetables dietary intake among HIV-infected
adults, falling below the minimum recommendation for the adult physically active population.
Despite living in a surplus production area and producing these items, farmers are less likely to
consume fruit and vegetable. The study emphasizes the importance of focusing on the early stage
of ART treatment for patients and family therapy, including counseling and guidance on
consuming healthy diets, such as fruits and vegetables, to enhance the role of children as caregivers
for their families. Additionally, there is a need for comprehensive nutritional counseling to
improve fruit and vegetable consumption, with a particular emphasis on educating individuals
about portion size estimation for fruits and vegetables.

The study revealed that poor clinical progression was notably higher among food-insecure HIV-
infected adults, with a persistent increase over time, underscoring the sustained, significant effect
of food insecurity on HIV/AIDS progression. The types of care received, food security status,
nutritional status over time, duration of ART, and advanced WHO treatment stage were identified
as significant independent predictors of poor clinical progression. The study also found that the
incidence of low CD4 count (<200 cells/mm3) remained high, particularly among food-insecure
HIV-infected adults, significantly higher incidence of low CD4 counts among food-insecure HIV-
infected adults throughout the follow-up period. Gender, food security status, nutritional status,
presence of anemia, WHO clinical stage, and duration of ART were identified as significant
independent predictors of low CD4 count.

The findings suggest the need for targeted food security interventions to mitigate the effects of
food insecurity on HIV/AIDs clinical and immunological progression. There should also be
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culture- and context-specific food and nutrition interventions focusing on the gender dynamics of
food insecurity and its health effects, including gender-related vulnerabilities.

Keywords: Food insecurity, HIV/AIDS, Fruits and vegetables, clinical progression, CD4 count,
antiretroviral therapy, HIV-infected adults
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1. Introduction

1.2. Background

Globally, human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome
(AIDS) continue to pose critical health problems at an alarming rate, particularly in developing
countries [1]. In 2021, there were 1.5 million new HIV infections worldwide which is more than
one million beyond the global targets [2, 3], with 38.4 million people living with HIV, of which
36.7 million HIV infections were among adults. There were 670,000 new HIV infections in
Eastern and Southern Africa, with a total of 20.6 million people living with HIV [2]. The AIDS
pandemic took a life every minute in 2021, with 650 000 AIDS-related deaths, despite effective
HIV treatment and tools to prevent, detect and treat opportunistic infections [3, 4]. By the end of
2022, there were 1.3 million new HIV infections worldwide, with 39 million people living with
HIV (PLHIVs), of which 37.5 million HIV infections were among adults [5]. Additionally, there
were 500, 000 new HIV infections in Eastern and Southern Africa, with a total of 20.8 million
people living with HIV [2, 6].

An estimated 4500 of the total were among adults aged 15 years and older, of whom about 43%
are among women, about 37% are among young people (15-24 years) and about 22% are among
young women (15-24 years) [7-10]. In Ethiopia, there were 7,194 new HIV infections with a total
of 603,537 PLHIVs in 2023 [11, 12]. The estimated HIV prevalence (Aged 15-49) was 0.91% and
the estimated AIDS deaths were 9,984 in 2023 [13, 14]. This requires a holistic and comprehensive
approach in addition to the gains achieved through ART in areas where HIV prevalence is high

like sub-Saharan Africa, including Ethiopia [8].

The goal to achieve an AIDS-free generation will require holistic and comprehensive approaches
in addition to the gains achieved through ART that strategically target to the areas where there is
potential for the most impact and populations where HIV prevalence is high like sub-Saharan
Africa including Ethiopia [8]. One such strategy is the UNAIDS 2016-2021 strategy which calls
for action to get on the fast track and reach people being left behind [9]. It is an urgent call to
front-load investments and a call to reach the 90-90-90 (90% of people living with HIV know their
status- 90% of people living with HIV who know their status are on treatment -90% of people on

treatment are virally suppressed) treatment targets, to close the testing gap and to protect the health
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of the 22 million people living with HIV who are still not accessing treatment, including in
Ethiopia [9, 10].

Following the achievement of the 2016-2021 strategy's 90-90-90 treatment goal, UNAIDS
developed a new set of ambitious targets that call for action to reach 95-95-95 (95% of all PLHIVs
to know their HIV status, 95% of all people with diagnosed HIV infection to receive sustained
ART, and 95% of all people receiving ART to have viral suppression by 2025 to close the testing
gap and to protect the health of millions of PLHIVs, who are still not accessing treatment,
including in Ethiopia [15, 16].

Ethiopia has made excellent progress towards achieving the 90-90-90 treatment goal of the 2016—
2021 strategy, particularly the 2" and 3™ 90s among adults, in which 79% of estimated PLHIVs
who know their status, 90% were on ART and 91% were virally suppressed with marked regional
variations in ART coverage [7]. The HIV/AIDS National Strategic Plan (NSP) for Ethiopia 2021-
2025 indicates that the country is committed to achieving, the global new and ambitious 95-95-95
HIV prevention roadmap, with a particular focus on reaching 95% coverage of ART and viral

suppression nationally, across all age groups [17].

Many of the countries hardest hit by HIV also suffer from other infectious diseases, food
insecurity, and other serious problems [18]. In low-income countries, including Ethiopia chronic
underlying poor nutritional status and its intersection with food insecurity, poverty, and co-
infections have also a negative impact combating HIV infections and their progression to AIDS
[19].

Food insecurity, defined as "the limited or uncertain availability of nutritionally adequate, safe
foods or the inability to acquire personally acceptable foods in socially acceptable ways,” is an
important promoter of HIV transmission and disease progression [1], and the leading cause of
morbidity and mortality [20]. It can have impact addressing the 95-95-95 NSP treatment targets
that Ethiopia is committed to achieving, which is critical for treatment programs to establish
community-centered strategies and systems. Despite the effort that has been made through
different strategic interventions, studies in different parts of the world indicate a high prevalence
of food insecurity among people living with HIV that can predict as well the clinical progress of
the disease and its CD4 count change [21]. It was evidenced that the prevalence of food insecurity

is high among PLHIV in both resource-rich settings where its prevalence ranges from 53.6% to
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71% [22-24] and resource-poor settings like some countries of Africa [25-28] of which prevalence
of food insecurity ranges from 49.1% to 84.6% and Ethiopia [29-38] with the range of high
prevalence being between 35.2% and 92.82% respectively.

The 2021 Report of North Shewa Zone noted that there were about 5, 514 people living with HIV,
and receiving ART in which 5, 266 were adults and 244 were children, with above 1% of HIV new
infections rate [39]. The studies conducted in areas adjacent to the current study are (North Shewa
Zone) on food insecurity among people living with HIV — each carried out in a single hospital —
also showed a high prevalence of food insecurity among adults living with HIV and receiving ART
[40-42]. This indicates that there is still a gap of context and culture-specific evidence on the effect
of food insecurity on the clinical progression of HIV and CD4 count change among adults
receiving ART.

1.2. Statement of problem
HIV infection exacerbates malnutrition by attacking the immune system and negatively impacting

nutrient intake, absorption and the body’s use of food, including healthy diets like fruits and
vegetables. Like HIV/AIDS, poor nutritional status, including food insecurity, also compromises
the immune function and increases susceptibility to severe illnesses and opportunistic infections
(Ols). It hastens the clinical progression of HIV, decreases CD4 response outcome, and reduces
survival [43-45].

Food insecurity is one of the leading causes of morbidity and mortality, highly linked to the HIV
epidemic. It shapes individual actions and health outcomes through nutritional, mental health, and
behavioral pathways [20].

HIV and food insecurity are complexly linked and exacerbate the harmful impacts of each other.
Food insecurity has a negative impact on the overall nutritional and health status of those people
infected by HIV [46, 47]. The report of clinical providers indicates that lack of adequate food
intake with medication is one of the most common contributing factors for patients to discontinue
ART [48, 49]. This indicates the need to integrate food and nutrition into the care and treatment
plan to enhance treatment success and improve the quality of life for HIVV-infected individuals. A
well-balanced and healthy diet, including fruits and vegetables, can contribute to achieving a

healthy weight, strengthen the immune system, prevent infection, and reduce hospital stays. It also
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helps the body build and maintain muscle, enhances the effectiveness of medications, aids in
managing medication side effects, improves overall quality of life, and better equips the body to
fight against disease [50, 51].

A significant number of people living with HIV reside in countries with high levels of poverty and
food insecurity, creating a substantial need for themselves and their families. Studies have noted
that more than half of people living with HIV have been suffering from a high prevalence of food
insecurity worldwide, [22-24, 52-54] and the problem is accentuated in resource-limited settings,
including Africa [25-28, 55]. In Ethiopia, more than 60% of people living with HIV suffer from
high prevalence of food insecurity that may exacerbate their health and treatment outcomes [29-
36, 56].

In people living with HIV, food insecurity has economic, social, and health consequences that
make it harder for them to cope with illness and maintain their health status. It is associated with
incomplete HIV viral suppression [57], low CD4 cell counts [22], serves as a barrier to adherence
to treatment [58], household instability, and lower household income [54], contributing to delayed
ARV treatment initiation, incomplete adherence, and ARV treatment discontinuation [59] increase

the incidence of opportunistic infections [60].

Evidence indicates that food-insecure HIV-infected individuals are at risk of poor physical health
status, poor adherence, virologic failure, and other negative health outcomes [22, 61]. This could

then lead to increased mortality among people living with HIV [62].

Often neglected, food security and nutrition are critical for individuals, households, and
communities affected by HIV [63, 64]. Lack of food security and limited consumption of healthy
diets may hasten the progression to AIDS-related illnesses, undermine adherence and response to
ART, and exacerbate the socioeconomic impacts of the disease, i.e., AIDS [59, 60]. HIV infection
itself undermines food security and nutrition by reducing work capacity and productivity,
threatening household livelihoods. Addressing food security in all settings is vital to achieving the
goal of universal access to HIV prevention, treatment, care, and support, to which all Member
States of the United Nations, including Ethiopia, have committed themselves [65].

In many resource-constrained settings, people living with HIV have poor access to sufficient

quantities of nutritious foods, which poses additional challenges to the success of ART. This can
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lead to declining food security which in turn leads people to discontinue treatment [66, 67]. To
achieve the full benefit of ART and meet the nutritional needs to cope with the disease, there is an
apparent need to maintain an adequate amount of food and nutrient intake [36]. Nutritional support
can be taken as an important factor for ART adherence as lack of food is reckoned to be one of the

causes of non-adherence to ART program [68-70].

The combined effects of food insecurity and HIV place further strain on already limited household
resources as affected family members struggle to meet household food needs. Food insecurity
adversely affects health behavior, functional health status, and health outcomes of HIV. It has also
been found to be associated with postponing needed medications and care, and increased
emergency [71, 72]. Effects of food insecurity on health outcomes and utilization persist even after
controlling for other measures of socioeconomic status [73]. If left unmanaged, food insecurity

contributes to mortality among people living with HIV [74].

Food insecurity can have an impact on addressing the 95-95-95 global HIV treatment targets and
NSP treatment targets that Ethiopia as well as the Oromia Regional State Government are
committed to addressing in particular, the third 95 (95% of people on the treatment are virally
suppressed), which is critical for treatment programs to establish community-centered strategies
and systems. It can also have an impact on the CD4 count change as one of the immunological
indicators. However, little is known about the effect of food insecurity on the clinical progression
of HIV/AIDS and CD4 count change, and other predictors among HIV-infected adults receiving
ART in the Ethiopian context.

The few studies conducted are cross-sectional, which fail to show the temporal relationship and
did not demonstrate the effects of food insecurity and other independent predictors of clinical
progression of HIV and CD4 count change among HIV-infected adults, and fail to serve as
concrete evidence. Therefore, the main objective of this study was to assess the effect of food
insecurity on the clinical progression of HIV/AIDS and CD4 count change among adults receiving

ART in North Shewa Zone Health Facilities, Oromia region, Northcentral Ethiopia.
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1.3. Rationale of the study

Food insecurity is an important predictor for the spread of HIV due to the negative effects of coping
behaviors adopted for mitigation [75]. On the other hand, it compromises adherence to treatment,
hasten poor HIV outcomes and immunological failure, and hasten AIDS-related mortality, even
among those receiving ART [27, 76].

People living with HIV and receiving ART need a sufficient amount of food to maintain a healthy
dietary intake, like fruits and vegetables, and cope with drug side effects. Food insecurity can pose
significant challenges to the proper management of food and nutrition implications of ART [67].

Though few studies in Ethiopia indicate a high prevalence of food insecurity among PLHIV[30-
36], there are no studies that have assessed the effect of food insecurity on clinical progression and
CD4 count change and have addressed the extent to which possible negative HIV clinical and
immunological outcomes associated with food insecurity, including in North Shewa Zone health

facilities.

Further, the review of the national food and nutrition policy of Ethiopia indicates that due emphasis
was not given to the link between food insecurity and HIV as well as the effect of food insecurity
on disease progression and immunological status of PLHIV.

Hence, a proper understanding of the effect of food insecurity on the clinical progression of HIV
and CD4 count change among PLHIV, as well as other independent predictors will pave the way
to address the prevailing problems of HIV-related poor health outcomes and AIDS-related
mortality in the local context, including in North Shewa Zone.
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1.4. Significance of the study

This study aims to identify the effects of food insecurity on the clinical progression of HIV and
CD4 count change among adults receiving ART in North Shewa Health facilities. The findings of
the study will give substantial input for national and international organizations to integrate HIV
and nutritional programs to increase the quality of life and life expectancy of HIV-infected people.
It will provide important evidence to achieve good health and well-being (SDG 3) and indicate the

way to minimize hunger (SD2) among HIV-infected people.

In providing input on the clinical and immunological progress of HIV, this study will help to
address the 95-95-95 treatment targets that the country is committed to addressing through the
establishment of community-centered strategies and intervention programs, such as engagement

in income generation activities and home gardening.

In addition, it will also be a baseline to conduct further studies on the effects of nutrition
intervention on clinical progression and CD4 count change among people living with HIV. An
intervention project will be developed and implemented based on the findings of this study.
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2. Literature Review
2.1. The link between HIV and Food insecurity

Acquired Immune Deficiency Syndrome is a disease caused by a retrovirus known as the Human
Immunodeficiency Virus (HIV), which attacks and impairs the body’s natural defense system
against disease and infection. HIV is a slow-acting virus that may take years to produce illness in
a person and an HIV-infected person’s defense system is impaired, and other viruses, bacteria and
parasites take advantage of this “opportunity” to further weaken the body and cause various

illnesses [77].

Food insecurity is defined as “the limited or uncertain availability of nutritionally adequate, safe
foods or the inability to acquire personally acceptable foods in socially acceptable ways”. In
implicit terms a food-insecure individual can have either insufficient quantity of food; limited
dietary diversity; poor safety of food; feelings of hunger or anxiety regarding access to food; and
procurement of food in socially unacceptable manners, including begging, relying on charity,
scrounging, stealing, exchanging sex for food, and other illicit activities [78, 79].

In the past two decades, evidence has revealed a complex bi-directional relationship between food
security and HIV. HIV triggers and exacerbates food insecurity by increasing medical
expenditures, reducing work capacity, and threatening household livelihoods [72, 75]. In the same
way, food insecurity fuels the further spread of HIV, when people are driven to adopt immediate
survival strategies [72] and increases vulnerability to HIV infection by driving risky sexual
behaviors, contributing to practices that increase mother-to-child transmission, and under-nutrition

and micronutrient deficiencies that impair mucosal integrity and host defenses [20, 61].

The relationship between food insecurity and HIV is considered a syndemic or synergistic
epidemic where epidemics coexist and perpetuate each other [79]. Although both have synergistic
epidemics, in this study, we focus on the link that shows the effect of food insecurity on clinical

outcome of HIV and immunological outcome, particularly CD4 count change.

In general, food insecurity is associated with a range of negative health outcomes among people

living with HIV, such as increased HIV acquisition. Although there is a difference in the extent of
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damage, it can affect HIV health outcomes and its prevention strategies in both resource-rich and

resource-poor settings [20].

2.2. Magnitude of Food insecurity among HIV-infected adults
Global evidence indicates that approximately 2.4 billion people worldwide, including PLHIVS,

lack access to adequate food, with 30% experiencing moderate or severe food insecurity.
Furthermore, over 3.1 billion people were unable to afford a nutritious and healthy diet, with 78%
of them residing in Africa in 2022 [80]. This situation is more exacerbated among HIV-infected
adults, as a result of various contributing factors, including the infection process itself [80]. The
review of current knowledge, gaps, and research priorities indicates a high prevalence of food
insecurity among persons living with HIV and receiving antiretroviral therapy [78]. This review
indicates that segments of the population affected with HIV experience high levels of food

insecurity in the general population in both low- and high-resource settings [78].

The findings of studies conducted in different resource-rich settings present a high prevalence of
food insecurity among HIV-infected adults. For instance, studies conducted in Brazil (66.5%) [24],
San Francisco among homeless and marginalized HIV infected houses with incomplete RNA
(51%) [73], among homeless HIV-infected adults (53.6%) [22], USA (54.5%) [76], Columbia
(33%) [78], systematic review of food insecurity role on treatment adherence (71%) [23], British
Columbia and Canada on the association of food insecurity and food procurement method (73%)
[54], Atlanta among HIV-infected adults who drink alcohol (57%) [52], USA in Veterans affair
Medical Center (24%) [81] and San Francisco among HIV-infected adults with depressive
symptoms (55%) [82].

The magnitude of food insecurity among HIV-infected adults was also high in studies conducted
in Mbarara of Uganda and St. Petersburg of Russia among HIV-infected adults who use alcohol
(52%) [83], Russians among those who are not on ART (53%) [84], British Columbia and Canada
among IV drug users and (71%) [62] and non-1V drug users (21%) [53], USA that assess food
insecurity as a predictor of CD4 change (63%) [85]. In addition, the prevalence of food insecurity
among HIV-infected adults in the study conducted in Honduras was 65% [86], India (49.1%) [87],
and Rural Haiti 89% [88] respectively.
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The findings of studies conducted in Africa present a consistently high prevalence of food
insecurity among HIV-infected adults. For instance, the prevalence in studies conducted in rural
Uganda (83%) [61], South Africa among students living with HIV (more than 60%) [55], Kenya
(33.5%)[ 78], Democratic Republic of Congo (57%) [25], and Dakar (84.6%) [26], Uganda AIDS
Rural Treatment Outcomes cohort (77.3%) [60], Rural Uganda (74.6%) [89], Uganda on social
context (38%) [90] and food insecurity and ART adherence (78.5%) [27], Nigerian preliminary
study (71.7%) [28], Namibia on food insecurity and ART adherence (93%) [91], Ugandan women
receiving ART (76.4%) [92].

The findings of few cross-sectional studies conducted in Ethiopia show that the overall estimated
magnitude of food insecurity is high which ranges with the lowest prevalence of 18.36% in a study
conducted in Dembia, Gondar [93] to the highest prevalence of 87.4% in a study conducted in
Fiche[40]. The prevalence of food insecurity in the study conducted in Arba Minch (19.54%) [94],
Debre Markos Town (84.52%) [35], Hosanna (67.53%) [34], (68.48%) [33], West Shoa Zone
(35.2%) [95], Tigray (40.43%) [96], two studies in Jimma (63.01%)[36], (85.92%) [30] and in two
studies in Butajira (78.11%) [31], (79.02%) [32].

2.3. Factors Associated with food insecurity among HIV-infected adults

The findings of studies indicated that patients’ educational status, gender, higher socio-economic
class, occupation, benefit from food assistance, delaying drugs to prevent hunger; skipping drugs
and exchanging sex for food were found to be contributing factors for higher food insecurity
among HIV-infected adults, but the later stage of the diseases was found to be contributing factors
for lower food insecurity level [28, 87]. In the same way, the findings of a study in Senegal indicate
that patients missed clinic appointments and missed to take ART due to hunger [26].

Studies showed that the longer duration of ART [91], age of patients, lower income per capita, and
lack of occupation but not gender of patients [24] were found to have a significant association with
food insecurity. However, the finding of a study conducted in the Russia Alcohol Research cohort
HIV/AIDS (ARCH) cohort didn’t find a statistically significant association between food
insecurity and longer time to ART initiation [84]. The findings of a qualitative review and synthesis

indicate that economic instability, gender of the patient, in which women are at a greater risk and
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HIV disclosure status were found to be contributing factors for higher levels of food insecurity

[97].

The findings of few studies conducted in Ethiopia indicate that the lower economic status, lower
educational status of HIV-infected adults, absence of food support, unemployment [34], being
rural resident, low average monthly income and having inadequate household dietary diversity
were significantly associated with food insecurity [32, 35, 36]. On the contrary, a study conducted
in the Jimma Specialized Hospital did not find a statistically significant association between food

insecurity and therapeutic food support [36].

The finding of another study conducted in southern Ethiopia indicated that being female, being
rural a resident, lower monthly income, later WHO clinical stage of HIV, having presence of
developing Ols, and poor adherence to treatment were found to be independent predictors of food
insecurity [94].

From the review of literature under this section, it was understood that there were few studies
conducted on food insecurity, its severity, and associated factors among HIV-infected adults in
low-and middle-income countries, including Ethiopia. Even the few studies conducted in low-

income countries, including Ethiopia, have presented controversial and inconclusive evidence.

2.4.Fruitand vegetable dietary intake and its estimated amount of consumption
Good nutrition should be integrated into care and treatment plans to enhance treatment success

and improve the quality of life for HIVV-infected individuals. A well-balanced diet can contribute
to achieving a healthy weight, strengthen the immune system, prevent infection, and reduce
hospital stays. It also helps the body build and keep muscle, allows medications to work better,
and enables to handle the side effects of medications [50]. Good nutrition improves the overall
quality of life by providing nutrients to the body's needs and keeps the immune system stronger so
that one can better fight disease [51]. Fruits and vegetables are important components of a healthy
diet and good nutrition. Their consumption could help prevent a variety of chronic communicable
and non-communicable diseases, including HIVV/AIDS [98].

HIV-infected adults have compromised immune systems, resulting in inflammation and increased

risk of chronic diseases and infections that require balanced portions of fresh fruits and vegetables,
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containing essential micro and macronutrients to address nutritional needs and reduce symptoms
[50].

A healthy diet, including fruits and vegetables will have a serious impact not only on the quality
of life of patients but also on the success of ART treatment [99]. The World Health Organization
(WHO) recommends a daily intake of 400 grams of fruits and vegetables, equivalent to five
portions, to mitigate the risk of chronic diseases. This intake is also beneficial for HIV-infected
individuals, as it helps address micronutrient deficiencies, including antioxidants, like vitamins C,
A, E, and selenium. Those nutrients contribute to metabolic regulation and bolster immune

responses, potentially slowing the progression of HIV infection [100, 101].

Few studies conducted in high-income countries among the general population, including HIV-
infected adults indicate that very low to low levels of fruits and vegetables dietary intake ranges
from approximately 14% of the total population for fruits recommendations and 8% for vegetables
in the USA [102]. In the same way, studies conducted in China and Canada indicate that 55.2%
(labor force) and 40.7% (students), respectively, had insufficient fruit and vegetable dietary intake,
with no significant urban-rural difference in the proportion of insufficient vegetable intake [103].
A study conducted in Portugal among HIV-infected adults also indicated the low frequency of fruit
and vegetable consumption, in which 42.5% and 23.7% of participating individuals consumed fruit

and vegetables less than once per day [104].

In Africa, studies indicate that only a low proportion of people consume and met the recommended
amount. In that regard, a study conducted in Kenya indicates that 51.0% consumed fruits during
the survey (previous day), with a mean intake of 189.6 (16.8%) g/day, of which only 16% of
participants met WHO recommendations [105]. In the study conducted in Uganda among adults,
it was indicated that only 12.2% of them consumed five or more servings of fruits and/or
vegetables per day in a typical week [106].

2.5.Factors associated with Fruit and vegetable dietary intake
The evidence from a review of high-income countries indicates that gender, age, marital status,

educational status, and income of participants were found as contributing factors for the low level
of fruit and vegetable consumption [107]. For instance, a person who does not eat food, will not
take antiretroviral medication. A person who does not take their medication consistently is less

likely to benefit fully from treatment and will not be able to fully suppress the virus in their body
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which will increase the likelihood of the patient developing illness and progressing more rapidly
from HIV to AIDS [108].

In this regard, in the review of existing evidence, we did not find a single study conducted and
documented among HIV-infected adults on fruit and vegetable dietary intake in Africa, including
in Ethiopia. The review of national HIV and nutrition guidelines indicates that the guideline gives
due emphasis on nutritional counseling, focusing on macronutrient and micronutrient

deficiencierelated problems [109].

2.6. Effect of food insecurity on clinical progression in HIV-infected adults
Food insecurity poses an effect on the health outcome of HIV-infected adults directly or indirectly

through the impact on their nutritional status, social and behavioral mechanisms that influence
choices of coping mechanisms and behaviors [78]. Evidence shows that food insecurity can affect
individual clinical and health outcomes through nutritional and behavioral pathways, which lead

to HIV acquisition and disease progression [20].

The findings of studies conducted in San Francisco and resource-poor settings revealed that food
insecurity has a range of negative health outcomes among people infected with HIV, such as
incomplete viral load suppression, increased hospitalizations, higher odds of self-reported
opportunistic infections and non-accidental mortality which can persist even after the effects of

socioeconomic variables were controlled [20, 22, 60, 73]

2.6.1. Nutritional Pathway effects
In the nutritional pathway, food insecurity can lead to macronutrient and micronutrient deficiencies

which can contributes to incomplete HIV viral load suppression, which in turn contribute to
increased probability of other morbidities and AIDS-defining illness, and AIDS-related mortality
among HIV-infected individuals [20].

A cohort study among Ugandan women with high median CD4 cell count found a strong
association between food insufficiency and food insecurity and low sustained viral suppression
[49].

A cross-sectional study in Fiche Hospital indicated that food insecurity was found to be

significantly associated with depressive symptoms of HIV-infected adults, leading to poor health
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and virological outcomes. The odds of depressive symptoms were almost fourfold among food-
insecure HIV-infected adults [29].

The study conducted in San Francisco among Homeless HIV-infected adults recruited for the
Research on Access to Care Cohort found an association between food insecurity, poor physical
and mental health, and poor social functioning [22]. Food-insecure HIV-infected adults were found
to have higher odds of poor physical health through poor nutritional status [22]. The finding of the
study conducted in the Uganda AIDS Rural Treatment Outcomes cohort among HIV-infected adults
also found a negative significant association between food insecurity and physical health-related quality
of life over follow-up [60].

The finding of a cross-sectional study conducted in South Africa among HIV-infected students
found that food-insecure students were more likely to consume inadequate amounts of

micronutrients that are important for supporting the immune system [55].

The findings of different studies conducted in Atlanta, USA veteran cohort, San Francisco, and
others among HIV-infected adults showed that undernutrition and food insecurity increased the
odds of lower and incomplete viral load suppression [27, 52, 73, 76, 81]. Particularly in the study
conducted in San Francisco, 37.2% of HIV-infected adults had unsuppressed viral loads [76].

Other studies conducted in Atlanta, Georgia and a systematic review found that food-insecure
HIV-infected adults had 29% lower odds of achieving complete HIV viral suppression [52, 57].
Greater depression, stress, and emotional distress were found to be significant contributors to

depression and hospitalization for psychiatric conditions [52].

The study conducted among veteran cohort of USA indicated that food-insecure veterans were
more likely to have a lower median BMI compared to food-secure Veterans [81]. However, the
finding indicated that neither antiretroviral medication adherence nor body mass index contributes

to the association between food insecurity and unsuppressed HIV-1 RNA [81].

The cross-sectional British Colombia and Canadian study among HIV-infected adults found that
food-insecure HIV-infected adults with hunger had a BMI of 22.6 kg/m2 compared to 23.1 kg/m2
among food insecure without hunger and 23.7 kg/m2 among food-secure [53]. A significant
negative trend in HIV progression was found from food secure to food-insecure which could be
seen as an increasing upper 1QR range of the current viral load. The differences in HIV progression
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were reflected by the lower median duration of any kind of therapy (24 months) among food-
insecure HIV-infected adults with hunger, compared to 30 months for food-insecure without

hunger and 34 months among food-secure [53].

The finding of a study conducted in Rural Haiti to assess the relation between food insecurity and
clinical outcomes indicated that 86% of food-insecure HIV-infected adults had a BMI <18.5 kg/m2
[88]. BMI decreased significantly across levels of food insecurity, for median BMlIs for low,
moderate and severe among food-insecure HIV-infected adults were 23.2, 22.3 and 21.2 kg/m2
respectively [88]. A study conducted in Ethiopia also found that food insecurity increased the odds
of malnutrition more than two times, which in turn increased the odds of poor clinical progression
[33]. The study conducted among Russians who were not on ART found that there was no

significant differences in HIV viral load between food-insecure and food-secure groups [84].

The finding of a study conducted in British Colombia indicated that through the effects of
undernutrition and micronutrient deficiencies, food insecurity affects the clinical disease
progression and can lead to death [62]. The death rate among food-insecure HIV-infected adults
was almost two times than those who were food-secure HIV-infected adults, that is, 48.1% of food-
insecure HIV-infected adults died over the study period [62]. The death among PLHIV with hunger
was almost two times more than those without hunger, that is, 51.4% of HIV-infected adults with
hunger died [62]. However, the study conducted in a Canadian setting on the relationship between
hunger and plasma HIV RNA suppression showed that there was no significant association

between hunger and lower likelihood of plasma HIV RNA suppression [110].

The study conducted in Atlanta, Georgia on the synergistic effect of food insecurity and drug use
found a negative effect on adherence to ART among HIV-infected adults [111]. The disruptive
effects of food insecurity and drug use on adherence to ART were more likely to be exaggerated
with the presence of each other, which in turn, affects disease clinical progression [111].

2.6.2. Behavioral Pathway effects
The finding of a study conducted in Atlanta among HIV-infected adults who drink alcohol found

that food-insecure HIV-infected adults missed ART for more months due to out of stock of
medications and lack of transportation to the pharmacy; 48 % of food-insecure HIV-infected adults

had run out of medications at least for one month, compared to 32 % of food-secure [52]. Those

15| Page Final Version, Version date: April, 2025



HIV-infected adults who have experienced of food insecurity were more likely to be non-adherent

to medication over the study period [52].

The longitudinal study conducted in San Francisco on Access to Care in the Homeless cohort
found that 25.8% of HIV-infected adults were non-adherent to ART during follow-up [76]. Studies
conducted in different settings showed that being food-insecure increased the odds of ART non-
adherence and less adherence [27, 73, 76]. Higher adherence to ART was found to increase viral
suppression, almost about six times [73]. ART adherence <90% was found to have over two times

higher odds of incomplete viral suppression [27].

The finding of another study conducted in San Francisco did not show a significant difference in
the effect of food insecurity on incomplete HIV RNA suppression between the low (<200 cells/uL)
group and high (>=200 cells/uL) CD4 cell counts group [73].

Studies conducted in Uganda and Kenya identified food insecurity as an important barrier to
accessing medical care and adherence to ART as well as health outcomes among HIV-infected
adults. Food-insecure HIV-infected adults interrupt treatment and are non-adherent to ART
through increased inappropriate appetite; and worsen the drug side effects; skipped doses and
forget medication doses [59, 112].

The cross-sectional study conducted in the Democratic Republic of Congo found that 20.9% of
HIV-infected adults were non-adherent to ART [25]. Food-insecure HIV-infected adults were two
times more likely to be non-adherent to ART, compared to food-secure HIV-infected adults. The
perceived harmfulness of ART, alcohol intake and skipping treatment doses increased the

likelihood of non-adherence to ART, which in turn worsened the disease progression [25].

In the cross-sectional study conducted in Botswana and Swaziland food insufficiency was found
to have a significant association with inconsistent condom use, with a non-primary partner, sex
exchange, intergenerational sexual relationships, and lack of control in sexual relationships among
women [113].

The study conducted in South African Townships found that food-insecure women HIV-infected
adults had higher numbers of male sex partners and the relationships were fully mediated by
women'’s alcohol use [114]. Food insecurity was negatively related to unprotected sex in men HIV-

infected adults, but this relationship was not mediated by the alcohol use of men. The finding
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indicated that food insecurity appears to be an important factor that poses an effect on the point of

intervention for reducing HIV transmission and improving disease progression [114].

2.7. Effect of food insecurity on CD4 count change among HIV-infected adults

2.7.1. Nutritional Pathway Effect
The finding of a cross-sectional study conducted in San Francisco found that 85% of HIV-infected

adults with low CD4 cell counts and low MCS and PHCS scores were food-insecure [22]. A
longitudinal study conducted in the same place showed that 21.9% of HIV-infected adults had
CD4p cell counts less than 200 cells/ml and food insecurity increased the odds of low CD4p cell
counts of less than 200 cells/ml [76]. A cross-sectional study conducted in rural Uganda found that
food insecurity increased by 47% greater odds of low CD4 cell count of which 69.9% of food-
insecure HIV-infected adults had CD4<350, versus 61.3% of food-secure HIV-infected adults
during follow-up [27]

The study conducted in Atlanta, Georgia showed that food insecurity was significantly associated
with unsuppressed HIV, clinically low CD4 cell counts, greater HIV symptoms with multiple
hospitalizations for HIV-related conditions [52]. The veterans’ cohort study in the USA found that
low BMI that results from food insecurity increased the likelihood of worse immunological
outcomes (CD4 count <200 cells/uL) [81].

The finding of a study conducted in Russia’s ARCH cohort found that there were no significant
differences in CD4 cell count between groups with mild and moderate food insecure or severe
food insecure versus food secure with the mean differences of -32.5 (95% CI -94.3, 29.3) and -
45.5 (95% Cl -124.1, 33.0) respectively [84].

The study conducted in two towns of Senegal found that 17.3% of HIV-infected adults missed
clinic appointments due to hunger in Dakar and 23.1% of PLHIV did not take their ART due to
hunger in Ziguinchor [26]. The finding indicated that severe food insecurity increases the
likelihood of missing clinic appointments and not taking antiretroviral therapy, due to hunger
which in turn causes malnutrition. This malnutrition was significantly associated with lower CD4
cell counts [26].

In the same study in Senegal 35% of malnourished HIV-infected adults and 17.0% of malnourished
PLHIV failed to take their ART at least once a week for food insecure and food secure respectively
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[26]. A significant negative trend of HIV progression was found in food secure compared to food

insecure which could be seen as a decreasing upper 1QR range of CD4 counts [53].

The finding of the study conducted in the USA indicated that food insecurity predicted negative
changes in CD4 count over the follow-up period in which it predicted 99.5 cells/uL less change
over the follow-up period among HIV-infected adults who faced at least one episode of food

insecurity [85].

2.7.2. Behavioral Pathway Effect
The findings of the study conducted in Namibia revealed that severe household food insecurity

increased the odds of poor ART adherence (MPR <80%) by almost four times, which in turn leads
to lower CD4 counts [91].

The study conducted among sex workers in Swaziland indicated that women engaged in sex work
due to their own hunger or their children’s hunger continued to sell sex [115]. The finding of the
study conducted in San Francisco indicated that food insecurity was found to have strong effects
on risky sexual practices among MSM and female HIV-infected adults [116]. HIV-infected adults
engaged in transactional sex for food or money to buy food, often during times of destitution, and
it could lead to condom-less sex despite knowledge of and desire to use safe sexual practices which
can lead to high HIV transmission and poor diseases clinical progression [116].

2.8. Independent predictors of clinical progression of HIV-infected adults

2.8.1. Socio-demographic and Economic predictors
The findings of studies conducted in different settings indicated, that increasing age[60, 81, 84],

female gender, and being married were also all negatively associated with PHS [60, 113]. The
study conducted among Russians who were not on ART found that food-insecure HIV-infected
adults reported lower levels of social support than those who were food secure. However, income

of participants did not show a significant association with viral suppression [84].

In the study conducted in Atlanta age, ethnicity and heavy drinking were found to be associated
with adherence to ART [111]. An increase each year in age leads to a 2% increase in the odds of
adherence and being heavy drinkers increased 32 % odds of optimal adherence. This indicated that

increased odds of ART adherence have a significant effect on disease clinical progression [111].
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The study conducted in British Colombia found that age and annual income were found to have

effects on HIV disease progression[74].

2.8.2. Clinical predictors
In the pilot interventional trial in Honduras the provision of therapeutic food support was found to

have effects in improving the suffering and physical health of PLHIV through improving food
security [86]. An interventional study conducted in Kenya found that 49% of HIV-infected adults
enrolled in intervention arm had a detectable HIV viral load, with 28% of HIV-infected adults
enrolled in the control arm [117].

The finding of the study conducted in the Uganda AIDS Rural Treatment Outcomes cohort
indicated that the duration of ART was found to have an impact on the disease clinical progression
among HIV-infected adults by increasing the number of hospitalizations and missed clinic visits
[60]. On the other hand, increased length of time on ART and increased CD4 cell counts were
positively associated with physical health status. It was also found that severe food insecurity

increased the odds of incident opportunistic infections almost by twofold [60].

2.9. Independent predictors of CD4 count change among HIV-infected adults

2.9.1. Socio-demographic and Economic predictors
The finding of a cross-sectional study conducted in the USA Veterans affair Medical Center found

that age, marital status and employment status of the HIV-infected adults were significantly
associated with higher odds of low CD4 count [81].

In the study conducted in British Colombia, 10-year increase in age leads to a 65% increase in the
likelihood of lower plasma HIV RNA suppression. However, there was no significant association

between monthly income and a lower likelihood of plasma HIV RNA suppression [110].

2.9.2. Clinical predictors
The finding of study conducted in Nambia found that the longer the duration of ART, the higher

the odds of poor adherence (<80% MPR) to ART almost by 22% which leads to lower CD4 counts
[91].

The study conducted in Malawi indicated that therapeutic food support had significant effects on
nutrition and immunological response that differed according to the coping strategy index on
admission, but not for MUAC, hemoglobin, and CD4 counts [118]. The study conducted in the
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USA indicated that cumulative ART use predicted a positive change in CD4 count (41.3 cells
greater change/additional year of ART) [85].

The finding of an interventional study conducted in Kenya among HIV-infected adults found that
21% and 33% of intervention and control site HIV-infected adults had WHO stage 3 or 4 disease
respectively with median CD4 count being similar between arms (intervention: 446 cells/mm3 vs.
control: 475 cells/ mm3) [117].

2.10. Summary of literature synthesis
In summary, the review of literature on the association between food insecurity and HIV, how

food insecurity bears the effect on clinical progression and CD4 count change of HIV-infected
adults, as well as other independent predictors of clinical progression and CD4 count change
provides relatively consistent evidence. The review found consistently high prevalence of food
insecurity among HIV-infected adults both in resource-rich and poor countries, including Ethiopia.
The few studies conducted in Ethiopia also present a consistently high prevalence of food
insecurity among HIV-infected adults. However, this review identified several limitations and gaps

that justify the need for this particular study.

First, most of the available and identified studies were from developed or resources-rich countries,
that did not consider the context of low-middle-income countries and very few of them were from
low-middle-countries. Second, most of those studies that addressed some of the links between food
insecurity and HIV clinical and immunological progression were cross-sectional, which do not
show a temporal relationship and fails to identify the effect of food insecurity and other

independent predictors on clinical progression and CD4 count change among HIV-infected adults.

Third, the design and analysis of most of the studies did not pay attention to potential confounders

that can mask the presence and absence of apparent relationships.

Fourth, almost all of the reviewed studies did not address the independent socio-economic
predictors of clinical progression and CD4 count change, such as educational status, religion,
residence and number of children; and clinical predictors, such as WHO treatment stage of HIV
and follow-up interval. Ultimately, the review indicated gaps in concrete, context, and culture-
specific evidence for intervention in relation to the link between food insecurity and HIV, as well

as, the way how food insecurity poses an effect on clinical progression and CD4 count change.
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Finally, two systematic reviews and meta-analyses were conducted at the initial stage of this
dissertation to identify gaps in the literature on the topic. Accordingly, the reviews identified gaps
that require further investigation into the effect of food insecurity on the clinical progression of
HIV/AIDS and CD4 count changes among HIV-infected adults, along with other potential

confounders. One of the review papers was included as one of the objectives in this dissertation.
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3. Conceptual Framework of the Study
This conceptual framework is adapted and constructed from a conceptual framework for

understanding the links between food insecurity and HIV/AIDS. It incorporates the selected socio

demographic and economic predictors, clinical predictors; both nutritional and behavioral

pathways through which food insecurity affect clinical progression and CD4 count change [20, 78,

83].

Socio-demographic factors

Age, gender, income, educational

status, occupational status,
Religion, marital status, residence,
numbers of children, number of
children, ethnicity

Psychosocial supports

Presence caregiver. T
Type of care, Type of
care givers, discolure of

sero-status

Food insecurity

Clinical predictors

Nutritional pathway

Under nutrition (Protein
Energy Diffeiciency),
’ Overweight and/or obesity

Fruits and
vegetables

Behavioral pathway

Adherence to ART drugs,
poor coping strategies
(unprotected sex, sex

WHO clinical stage, treatment
stage of HIV, opportunistic
diseases, therapeutic food support,
duration of ART, Follow-up
interval, CPT, IPT

Figure 1. Conceptual framework for the study of effect of food insecurity on

+exchange for food), labor
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HIV/AIDS and CD4 count change, North Shewa, Ethiopia.
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4. Research Hypothesis

» The effect of food insecurity is higher among female than male adults receiving ART in
North Shewa Health Facilities

» The incidence of poor clinical progression is higher among food-insecure than food-secure
adults receiving ART in North Shewa Health Facilities

» The incidence of low CD4 counts is higher among food-insecure than food-secure adults
receiving ART in North Shewa Health Facilities

» The relationship between food insecurity and HIV clinical progression is moderated
by other key predictors of clinical progression.

» The relationship between food insecurity and CD4 count change is moderated

by other key predictors of clinical progression.

5. OBJECTIVES

5.1

>

5.2.

. General Objective

To assess the magnitude with food insecurity, and fruit and vegetable dietary intake, and
examine the effect of food insecurity on clinical progression of HIV/AIDS and CD4 count
change among HIV-infected adults receiving antiretroviral therapy in North Shewa Health

Facilities, Oromia Region, Ethiopia

Specific Objectives

To estimate the pooled effect of gender on food insecurity among HIV-infected adults
receiving antiretroviral therapy.

To assess the magnitude of food insecurity with its severity, and associated factors among
adults receiving antiretroviral therapy in North Shewa Health Facilities

To assess the magnitude of fruit and vegetable dietary intake, and associated factors among
adults receiving antiretroviral therapy in North Shewa Health Facilities

To determine the effect of food insecurity on clinical progression of HIV/AIDS among adults
receiving antiretroviral therapy in North Shewa Health Facilities

To determine the effect of food insecurity on CD4 count change among adults receiving

antiretroviral therapy in North Shewa Health Facilities
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6. MATERIALS AND METHODS

6.1. Study Area and Period
The study was conducted in North Shewa Zone Health Facilities, Oromia Regional State, Ethiopia.

North Shewa is bordered on the south by Addis Ababa on the southwest by West Shewa, on the
north by the Amhara Region, and on the southeast by East Shewa. According to the 2015
population projection, using 2007 Census, North Shewa Zone had a total of 1,431,305 (717,552
males and 713,753 females) population. North Shewa Zone consists of 16 districts (4 town
administrations and 12 rural districts) [119]. The four town adminstrations include Ali
Doro, Fiche, Gerba Guracha, and Sheno.The zone has five hospitals (one referral hospital and
four primary hospitals), 64 health centers, and 275 health Posts. Eighteen health facilities (4
hospitals and 14 health centers) have ART clinics that have been providing ART services to people
infected with HIV. The 2021 report of North Shewa Zone noted that there were 5, 514 people
living with HIV receiving ART, with a new infection rate of 1% [39, 119]. A high caseload was
observed six health centers, namely Shano, G/Tsion, M/Tur, ljeere, Mandida and Hambiso, and in
two hospitals, namely Fitche Hospital, Gundo Masqal Hospital, Kuyu Hospital, and Dara Hospital.
This study was conducted from January 2022 to February 2023 in four hospitals and all six-health

centers with a high caseload (Figure 2).
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Figure 2. Map of study area that adapted from previous sources, Ethiopia, 2024.

Source: North Shewa Zone administration office and previous study [120].
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6.2. Study Designs
A combination of different study designs were used based on the nature of the outcome variables

assessed in this study. For Paper I, a systematic review and meta-analysis was used to estimate the
pooled effects of gender on food insecurity among HIV-infected adults receiving ART. This helps
to assess the pooled effect gender on food insecurity and identify the existing gaps in the literature
as part of this thesis work. For Papers Il and 111, a cross-sectional study was employed to determine
the magnitude of food insecurity and fruit and vegetable dietary intake, and also to identify their
associated factors, using a quantitative data collection method. The study was also used to collect
demographic baseline data and to assess food security status of PLHIV as an exposure variable of

interest for the two subsequent papers.

For Papers IV and V, a prospective cohort study was conducted to examine the effect of food
insecurity on clinical progression and CD4 count change, along with its potential confounders,
using a quantitative data collection method. The study was carried out at all four hospitals and
six health centers with high caseloads in the North Shewa Zone. It aimed to collect repeated
measurements of HIV-infected adults to assess the effect of food insecurity on the clinical
progression of HIV/AIDs and CD4 count changes (including CD4+ T-cell count, viral load,
weight, and height). In addition to the baseline measurement, viral load, CD4 count, weight, and
height measurements were undertaken using standard methods every three months for nine
months, in accordance with the expected standard. This is illustrated in the diagram below, which
shows the follow-up time and the link between outcome and explanatory variable measurements
(Figure 3).
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Figure 3: Diagram for Prospective cohort study follow-up time and the link between outcome measurements and secondary explanatory variables,

North Shewa Health Facilities, Northcentral Ethiopia from 2022-2024.
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6.3. Population
6.3.1. Source Population

Adults infected with HIV and receiving ART with follow up for their treatment at North Shewa
Health Facilities during the time of the study. All published and unpublished studies conducted
worldwide among HIV-infected adults receiving ART, aged 18 years and older for the systematic

review and meta-analysis.

6.3.2. Study Population

Systemaric review paper (paper I): All published and unpublished studies conducted worldwide
among HIV-infected adults receiving ART whose ages were greater than 18 years by the time of
February 30, 2018.

Paper 11-V: All PLHIV receiving ART and being followed up at selected health facilities. The
food security status of all HIVV-infected adults receiving ART was assessed, using a food insecurity
access score. The exposed group consisted of those who were food-insecure, while the non-
exposed group comprised those who were food-secure, based on the food security status
assessment. A baseline assessment was conducted on the HIV-infected adults receiving ART in
the included hospitals and health centers to determine exposure status (food-secure and food-

insecure).

6.3.4. Eligibility criteria
Inclusion criteria

Paper I: HIV-infected adults receiving ART whose ages were greater than 18 years, regardless of
their gender, both community and institutional-based studies. All study types that were published
in the form of journal articles, master’s thesis and dissertation, that were written in English were
included in the review. In addition, all studies conducted using cross-sectional, case-control, and
cohort designs in all settings (community and institutional studies) were included.

Paper 11-V: All HIV-infected adults receiving ART whose ages were greater than 18 years,

regardless of their treatment regimen, and duration of follow-up, were included in the study.
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Exclusion criteria

Paper 1I: We excluded studies conducted on the pediatric age group, studies with the
methodological problems that was assessed using Meta-Analysis of Statistics Assessment and
Review Instrument (JBI-MAStARI), interventional studies, and review articles.

Paper 11-V: Patients with other concomitant chronic diseases, such as heart disease, hypertension,
diabetes mellitus and others that can suppress the immune system and deteriorate their nutritional
status, pregnant women who started ART were excluded from this study. Those conditions were
identified through the patient’s record review.

6.4. Sample size determination
The required sample sizes for this study were calculated based on the specific objectives that were

addressed as follows: -

6.4.1. Sample Size for Systematic review
We included all published and unpublished articles that fulfilled eligibility criteria and were

conducted in the specified time.

6.4.2. Sample Size for Cross-Sectional Study
The sample size for the magnitude of food insecurity and its associated factors (Paper 11) addressed

by cross-sectional study was calculated, using the magnitude of food insecurity and the major
exposure variables associated with food insecurity to ensure the adequacy of sample the paper as
follows:

The sample size for the first specific objective of Paper Il was calculated, using single population
proportion formula, considering the following assumptions and parameters, a confidence level of
95%, a 4% margin of error, since the proportion was less than 50% and 35.2% proportion of food
insecure HIV-infected adults from a study conducted in West Shewa Zone Health facilities [95].

n= Z(w2)>*P (1-p)
d2
n=(1.96)2X0.352 X 0.648 =547
(0.04)?

n =547+ 5% for non-response = 574
Where:

n=sample size
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p = Magnitude of food insecurity among HIV-infected taken from the previous study -0.352
(35.2%).

d= maximum allowable error (Margin of error) =0.04

z= value of the standard normal distribution (Z-statistic) at 95% confidence level (z=1.96)

The final sample size with 5% for non-response was 574 adult HIVV-infected patients

The sample size for the second specific objective of Paper Il that assessed the factors associated
with food insecurity was calculated by two population proportion formula for the difference
between two populations by considering major exposure variables of food insecurity after a review
of different literature [121]. The required sample size for this objective was calculated by
considering the following assumptions and parameters, a confidence level of 95%, a power of 80%
and assuming a one-to-one allocation ratio of unexposed to exposed (1:1) for the following main
exposure variables taken based on the current evidence from different literature (Table 2).
Accordingly, the required sample size for this objective was calculated, using the STATCALC
application of Epi-info version 7.0 statistical software [122] (Table 1).

n= (za/2 JasDpa-pzg 2J<m (1-p1)+P5E2) 2

(p1-p2)2
Table 1: Summary of sample for an objective that addresses factors associated with food insecurity in this
study, 2024.

Factor Proportion AOR/ | Confidence | Power of | Sample Sample size | Reference
outcome among | PR level test size (n) with 5% non-
unexposed (%) response
Food support | 3.4 2.4 95% 80% 824 865 [34]
Residence 42.9 2.3 95% 80% 204 214 [32]
Occupation 20.5 1.6 95% 80% 818 858 [24]
Household head | 29.6 2.2 95% 80% 238 250 [24]
being male

From the four calculated sample sizes, the largest was obtained as the optimum sample size for
Paper I1, which assess the magnitude of food insecurity and associated factors. Therefore, the final

sample size for these two objectives in this study was 865. This sample size was also used to
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address Paper Ill, which assess the magnitude of fruit and vegetable dietary intake and its

associated factors among adults receiving ART.

6.4.3. Sample Size for Prospective Cohort Study

The sample size for Paper IV and V addressed using a prospective cohort study was calculated
using a two-population proportion formula for the difference between two populations,
considering major exposure variables that bring the difference between the two groups. Finally,
the optimum sample size was taken from the list of the calculated samples. Accordingly, the
required sample size for this objective was calculated using the STATCALC application of Epi-

info version 7.0 statistical software [122] (Table 2).

n= (za/2 JasDpa-pzg 2J<m (1-p1)+P5E2) 2

(p1-p2)2

The required sample size for Paper IV was calculated considering the following assumptions and

parameters: a confidence level of 95%, a power of 80%, and a ratio of unexposed (food secure
PLHIV) to exposed (food insecure PLHIV). In this regard, taking an adjusted RR (Rate ratio) of
1.52 for severe food insecurity and a one-to-one allocation ratio of unexposed to exposed (1:1) is
assumed. The percentage of outcome variable in the unexposed (poor clinical progression in food
secure household, measured by viral load) was 27.5% [27]. The exposure variable was selected
for the sample size calculation because recent evidence shows that food security status is the risk
factor for the clinical progression of HIV/AIDS. Based on the above assumption, the total sample
size is 374(187 for the unexposed group and 187 for the exposed group). To account intra-cluster
correlation, the design effects of 1.5 was used, resulting in a final sample size of 561. After
accounting for a 5% loss to follow-up, the sample size was adjusted to 590. However, we used a
sample size of 574 (287 for the unexposed group and 287 for the exposed group) based on the
availability of food-insecure (exposed group) HIV-infected adults who met the eligibility criteria.
This adjustment was made to maintain the exposed-to-unexposed ratio, as we found only 287 food-

insecure HIV-infected adults.
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The required sample size for Papaer V was calculated considering the following assumptions and
parameters: a confidence interval of 95%, a power of 80%, and a ratio of unexposed (food secure
PLHIV) to exposed (food insecure PLHIV). In this regard, taking adjusted RR (RR ratio) of 2.08
for food security status and a one-to-one allocation ratio of unexposed to exposed (1:1) were
assumed. The percentage of outcome variable in unexposed (low CD4 count in food secure
households) was 32.3%. The exposure variable was selected for sample size calculation because
recent evidence shows that food security status is the risk factor for CD4 count Change [22]. Based
on the above assumption, the total sample size is 268 (134 for the unexposed group and 134 for
the exposed group). To account for intra-cluster correlation, the design effects of 1.5 was used,
resulting in a final sample size of 402. After accounting for a 5% loss to follow-up, the final sample
size for this objective was 442 (221 from food-secure and 221 from food-insecure HIV-infected
individuals) (Figure 4).

Sequential Sample for this study

>
Sample for Il & llI Sample for 1V Sample for V
objectives 574 . 442
865

Figure 4: Diagram for Sequential Sample for the North Shewa Health Facilities, Northcentral Ethiopia
6.5. Sampling technique

Paper I: All study types that were written in the form of journal articles, master’s theses and
dissertations, that were written in English were included in the review. In addition, all studies
conducted using cross-sectional, case-control and cohort designs were included.

Paper 11-V: Hospitals and Health centers in North Shewa, that provide ART and care were
identified. Four hospitals and six health centers that were providing the care were included in this
study. The calculated sample for objectives I1-1V was allocated proportionally to each hospital and
health center, based on the size of patients. Simple random sampling was used to select participants
from the partient registries. All HIV-infected adults receiving ART were assessed for food security

status, using the Household Food Insecurity Access Scale (HFIAS) tool. The total number of
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unexposed group (food-secure) and exposed groups (food-insecure) were identified based on the
cross-sectional assessment from all four hospitals and six health centers. The calculated sample
size was allocated to the hospitals and selected health centers proportionally, based on the number
of both groups identified from each hospital and health center. For objective IV, simple random
sampling was used to select 287 individuals for the unexposed group and 287 for the exposed
group, using a computer-generated randomization method. For objective V, simple random
sampling was used to select 221 individuals for the unexposed group and 221 individuals for the
exposed group, using a computer-generated randomization method. Those individuals were then
enrolled in the study for follow-up (Figure 5).

North Shewa Zone
(Three hospitals and nine
Health Centers)=

4927 Adult COA

The calculated sample was proportionally allocated to all hospitals and selected health
denters

A
=

Simple rando}n sam[iling \A%s used to sel}ct parlicipalts forlhis stuljy l

Total sample size (865, 574&442)
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FH-Fiche Hospital, KH-Kuyu Hospital, DH-Dara Hospital, FHc-Fiche Health Center, MHc-Mandida Health Center,
HHc- Hambiso Health center, MQHc - Gundo Masgal Health Center, GMHc - Miquawa Health Center and IHc —

ljeere Health Center, THc- G/Tsion Health Center, SHc- Shano Health Center, MTHc-Muka Turi Health Center

Figure 5: schematic presentation of sampling procedures on effect of food security study, North Shewa,
Ethiopia, 2024.

6.7. Study Variables
Outcome variable
» Food security status (Paper I and 1)
» Fruits and vegetable dietary intake (Paper I11)
» Clinical disease progression (Paper 1V)
» CD4 count change (Paper V)
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Explanatory variables

Primary explanatory variable. The primary explanatory variable of this study was food
insecurity which was assessed cross sectionally at baseline. Food insecurity was assessed at the
household level using the Household Food Insecurity Access Scale (HFIAS) and reported at the
individual level. The measurement of food insecurity was based on the conceptual framework for
research in HIV/AIDS, emphasizing the nutritional and behavioral pathway, particularly on the
domains of food insecurity, such as anxiety and uncertainty about the household food supply,
insufficient quality (includes variety and preferences of the type of food), and insufficient food

intake and its physical consequences [22, 25, 123].

Secondary explanatory variables: Those were variables that were assumed to be independent
predictors of clinical progression and CD4 count change, and potential confounders of the effect
of food insecurity on clinical progression and CD4 count change that were identified based on the
clinical evidence and previous literature. Those included socio-demographic predictors (age,
gender, income, educational status, occupational status, religion, marital status, residence, number
of children, psychosocial supports (presence of caregiver, type of care, type of caregivers,
discolure of serostatus)); Clinical predictors (Duration of ART treatment, WHO clinical stage,
WHO treatment stage of HIV, opportunistic diseases, therapeutic food support, Follow-up interval,
CPT provision, and IPT provision); Nutritional predictors (Undernutrition (Protein Energy
Difficiency), Overweight and/or obesity); Behavioral predictors (Adherence to ART drugs, poor
coping strategies (unprotected sex, labor migration)), cigarettes smoking, alcohol, and chat

chewing.

6.8. Operational and Term Definitions
» Food security: when all people, at all times, have physical and economic access to sufficient

safe and nutritious food that meets their dietary needs and food preferences for an active and
healthy life [124].

» Effect: Change in CD4+ T-cell count and important clinical marker measurement, like viral
load as per standard (a viral load of 1000 copies/mL or higher and lower) either positively or

negatively.
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» Change in CD4 count: The difference between baseline CD4 and the most recent follow-up
CD4 counts change intervals are in between 50 cells/mm3 and 100cells/mm3 in the period of
six months [123].

» Opportunistic diseases: are categories of diseases that occur in immune-compromised hosts
and are considered to be a complication of HIV infection resulting in either bacterial, viral,
fungal, or protozoan microorganisms. For this study, patients were considered to have an
opportunistic disease if they developed at least one such condition.

» Adherence to ART: Taking the right ARV medication, at the right dose, at the right
time every day and exactly as prescribed for life long [123].

» Health Facilities: All hospitals and Health Centers (Fiche Health Center, Mandida Health
Center, Hambiso Health center, Gundo Masqal Health Center, Miquawa Health Center and
Ijere Health Center, G/Tsion Health Center, Shano Health Center, Muka Turi Health Center)
in the North Shewa Zone that have been providing antiretroviral therapy.

» Lost to Follow-Up: To address loss to follow-up the cell phone numbers of each participant
were registered at baseline. In this study, participants were considered as lost to follow-up if
they were missed for more than or equal to 2 consecutive visits or if they were not contacted
for at least equal to 6 months. The investigators took measures to locate patients and determine

the status of those lost to follow-up.

6.9. Measurements
Food insecurity: It was assessed using the nine-item Household Food Insecurity Access Scale

(HFIAS) developed and refined by the USAID Food and Nutrition Technical Assistance (FANTA)
project [112, 125]. The HFIAS is a validated instrument and has been shown to distinguish food
insecure from food secure households across different cultural contexts. It reflects the universal
domains of the experience of food insecurity, including 1) anxiety and uncertainty about household
food supply, 2) insufficient quality (including variety and preferences of types of food), and 3)
insufficient food intake and its physical consequences. The results were dichotomized into food
insecure and food secure [22, 25, 73].

Fruits and Vegetables dietary intake: The fruits and vegetables dietary intake in this study was
assessed over the past 30 days through the frequency of consumption, using Behavioral Risk Factor
Surveillance System (BRFSS) assessment tools. The frequency of consumption of two classes of

fruits (whole fruits and 100% fruit juice, without sugar or other additives) and vegetables (such as
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green leafy like cabbage and salads, cruciferous, marrow, starchy staples like potatoes, sweet
potatoes, green peas, and others, carrots, and other vegetables) were assessed among HIV-infected
adults in selected health facilities. We used ten categories to assess the frequency of FAVs
consumption: never, <1 time per month, 1-3 times a month, once a week, 2-4 times a week, 5-6
times a week, once a day, 2-3 times a day, 4-5 times a day, and 6+ times a day [100, 126]. The
median frequency of fruit and vegetable daily intake was initially calculated by converting weekly
and monthly intake into daily intake. This was achieved by dividing the frequency of weekly or
monthly reported intake, by 7 or 30, respectively. Subsequently, the frequencies of all fruit and
vegetable variables were summed up to obtain the total frequency of fruit and vegetable intake.
The median was then calculated using total daily fruit and vegetable frequency as a continuous
variable [126]. Then, it was dichotomous, coded as 1 if the median frequency times per day was
less than one time per day for low fruits and vegetable dietary intake, and O if the median frequency
times per day was greater than or equal to one time per day for high fruit and vegetable [126]. In
addition, the adequacy of fruit and vegetable was also assessed by considering the portion size of
each selected fruit and vegetable. The portion sizes were then multiplied by the recommended
grams to calculate the median grams based on the WHO/FAO recommendation. According to
these recommendations, individuals should consume 400 or more grams of fruits and vegetables
for overall health improvement, reducing the risk of certain NCDs, preventing chronic infections,
contributing to metabolic regulation, and bolstering immune responses, potentially slowing the
progression of HIV infection [100, 101].

Anemia: In this study, anemia was measured, using Hb concentration levels according to the
WHO guidelines used at health facilities. The guidelines define anemia for males as an Hb
concentration <13 g/dL (11.0-12.9 g/dL = mild; 8.0-10.9 g/dL = moderate, and <8.0 g/dL =
severe), and for females as an Hb concentration <12.0 g/dL (11.0-11.9 g/dL = mild; 8.0-10.9 g/dL
=moderate, and <8.0 g/dL = severe) [127, 128]. For consistency, this study used a minimum cutoff
point of <12 g/dL to classify HIV-infected adults as anemic, encompassing the cutoff points for
both males and females. Additionally, hemoglobin values were adjusted for altitude using
WHO/CDC-recommended correction factors, based on the elevation of each study location. This

ensured accurate assessment of anemia status [129, 130].
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Adherence to ART drugs: The adherence to ART was assessed using percentages and calculated
using the number of doses missed for the last month. The adherence to ART was categorized
based on the recent national HIVV/ART training guideline. Accordingly, an adherence percentage
equal to or greater than 95% or < 3 doses missed per month was considered as Good adherence to
ART, 85-94% or 4-8 doses missed per month was considered as Fair adherence to ART, and less
than 85% or > 9 doses missed per month is considered as Poor adherence to ART [123]. It was
computed as a continuous variable representing the percent of prescribed doses taken for each
individual antiretroviral medication using the following formula [52].

(quantity dispensed + previous pill count) — (quantity remaining|

x 100
(prescribed number of pills/day) x (number of daysbetween dispensing date and date of pill count)

% adherence =

Nutritional status: Nutritional status was measured using BMI in this study as a reliable indicator
of body fatness and was considered an alternative to direct measures of body fat. Participants were
classified as undernourished if their BMI was < 18.5 kg/mz2, normal if their BMI was between 18.5
and 24.9 kg/m?, and overnourished if their BMI was > 25 kg/m?. These classifications were based
on the national HIV training guidelines and the World Health Organization’s BMI classification
scale [123, 131].

Clinical progression: The clinical progression of the participants, one of the outcome variables
in this study, was measured by assessing the viral load, a key marker. An increasing viral load
reflects the production of more viruses, leading to a rapid progression to AIDS, which was
considered an indicator of poor clinical progression. Viral load indicates the activity of HIV
infection and is a useful blood test to determine the amount of HIV in the blood. Over time, the
viral load increases as more viruses are produced, resulting in rapid progression to AIDS.
According to national guidelines, HIV viral load was measured at 6 months and 12 months after
initiating ART [123]. For this study, HIV viral load measurements were undertaken using standard
methods at every three months. A viral load of 1000 copies/mL or higher, measured in at least two
consecutive measurements/tests taken 3 months apart, is considered as poor clinical
progression[123].
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CD4 count Change: The difference between baseline CD4 counts and the most recent follow-up
CD4 counts ranges between 50 cells/fmm3 and 100 cells/fmm3 over a period of six months. In this
study, a change was considered low (low CD4 count change) if the CD4 count change increased
within six-months interval is between 50 cellss/mm3 and 100cells/mm3 [123]. Accordingly, the
CD4 cell count is the most reliable marker for assessing disease progression, staging, and guiding
treatment, with a count below 200 cells/mm3 considered an indicator of a low CD4 count. We
classified the CD4 count as low (less than 200 cells/fmm3), moderate (200-500 cells/mm3), and
normal or high (greater than 500 cells/smm3) [132]. The low CD4 count change (below 200

cellssrmm3) was considered as an immunological failure [123, 133].

6.10. Data collection tool
Paper |: Data were extracted using a standardized data extraction format. The data extraction

spreadsheet included the primary author name, year of publication, country, study design, sample
size, number of subject outcomes, response rate, number males with the outcome, number of
females with the outcome, the total number of males and females in the study.

Paper 11-V: A structured interviewer-administered questionnaire was developed to collect socio-
demographic and HIV patient follow-up data. Questions were adapted from standard tools, such
asthe FANTA [112, 125] and BRFSS assessment tools, to collect data on food security status and
dietary intake of fruits and vegetables [100, 126]. Questionnaire comprised of six parts, namely
sociodemographic characteristics, psychosocial supports, clinical predictors and effects
information, therapeutic food-related information, behavioral preditors and household food

security status.

6.11. Data collection methods
Paper | Before beginning our study, we checked for the presence of the existing systematic

reviews and meta-analysis on our topic using the DARE database (http://www.library.UCSF.edu)
and the Cochrane library, as well as JBI/SUMMARI website to avoid duplication and the
availability of ongoing projects related to the current systematic review and meta-analysis. In
addition, we searched for the two Trial Registries: ICTRP and Clinical Trials.gov. No previous
systematic reviews or meta-analyses on the topic were found. We searched all relevant published
studies in the following major databases; PubMed, MEDLINE, Google Scholar, CINAHL, PopLine,
MedNar, Embase, the Cochrane library, the JBI Library, the web of science, and African Journals
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Online. We also retrieved grey literature, using Google and Google Scholar searches. To identify
and retrieve additional articles, we also reviewed reference lists of identified studies. Unpublished
studies were retrieved from the official websites of international and local organizations and
universities. The search for published studies was restricted by the age of the study participants
(HIV-infected adults receiving ART whose age was greater than 18 years), but was not restricted

by time or country.

The following search terms were used: food security status, food insecurity, the effect of gender,
the effect of sex, adults living with HIV, patients living with HIV, individuals living with HIV,
HIV-infected adults, HIV-infected individuals, and antiretroviral therapy separately and/or in

combination.

We pre-defined search terms to allow a comprehensive search strategy that included the important
studies. All fields within records and Medical Subject Headings (MeSH terms) were used to help
expand the search in advanced PubMed search. The following search strategies were modified for
the various databases, using the two important Boolean operators and search engines with initial
keywords/search terms 1) (“Food security status”” OR “‘food insecurity” AND “effect of sex” OR “effect
of gender” AND *“adult living with HIV” OR “Patients living with HIV"” OR “individual living with HIV”
AND “antiretroviral therapy”). 2) (“Food insecurity” OR “effect of sex” OR “effect of gender” AND
“HIV-infected adults” OR “HIV-infected patients” OR “HIV-infected individual” OR “antiretroviral
therapy” AND “Ethiopia”). The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline was followed during the systematic review [134]. Data were
extracted by two independent reviewers, using a standardized data extraction format.

Paper 11-V: Baseline data were collected, using a structured interviewer-administered
questionnaire with closed-ended questions and repeated measurements of HIV patients for the
effect of food insecurity on clinical progression of HIV/AIDs and CD4 count change. Food
security status and dietary intake data for fruits and vegetables were collected using structured
questions adapted from standard tools, such as FANTA [112, 125] and BRFSS assessment tools
[100, 126]. Patient records were extracted to collect data of some variables, such as type of
malignancy, 10s, Anemia, WHO staging and etc. We assessed nutritional status, using BMI, CD4
count, and viral load change quarterly for 9 months. Assessment for the viral load as a marker for

clinical progression was conducted quarterly, using a standard measurement for 9 months. Weight,
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height, viral load, and CD4 measurements were undertaken, using standard methods every three
months by the same staff member for 9 months. Data were collected by nine BSc nurses with prior
data collection experience, who were recruited and trained from local hospitals and health centers.
The entire data collection process was supervised by two health officers with master's degrees in
public health and prior experience in similar supervisory roles. They were also recruited and
trained from those hospitals and health centers. Computer Assisted Personal Interviews (CAPISs)
KoboToolbox digital data collection platform was used to collect data, using data collectors on a
digital platform.

6.12. Data Quality control
Paper I: Retrieved studies were assessed for inclusion in the final review by reviewing their title,

abstract and full text for their agreement with eligibility criteria. The Joanna Briggs Institute Meta-
Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI) was used for critical
appraisal of studies [135]. Disagreements between reviewers in the review process were discussed
with review team members until consensus was reached. Discrepancies between two independent
reviewers were resolved by involving a third reviewer. When access to full text articles was not
available, document authors were contacted once. If no reply was received within a month, the
documents were excluded from the study.

Paper 11-V: In order to ensure the quality of collected primary data, the questionnaire was
pretested on the 5% of sample at adjacent Hospital for feasibility, consistency, and completeness
on the population with similar characteristics. Necessary modification was made based on the
result of pretest before actual data collection. The content validation of the questionnaire with local
experts was done before adapting the FANTA food insecurity access scale. Two days of training
was given to data collectors and supervisors on the objectives of the study, methods of data
collection including the use of CAPIs KoboToolbox, and how to maintain the confidentiality of
information. They were familiarized with the tool of data collection. The measurement instruments
were calibrated after every measurement. The collected data were checked for completeness and

consistency.

6.13. Data Processing and Analysis
Data were exported from KoboToolbox to STATA 17 for analysis and modeling. Descriptive

analysis was used to describe the characteristics of study participants for all five papers
accordingly.
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Paper I: We used reference management software (Endnote version X7.2) to combine database
search results and to remove duplicate articles manually. A meta-analysis and synthesis was used
to pool the effect of gender on food insecurity among HIV-infected adults receiving ART. The
logarithm and standard error of the odds ratio (OR)for each original study were generated using
the “generate” command in STATA. Cochrane’s Q statistic (chi-square), 12 and p-values were used
to check for heterogeneity of the studies outcomes. The heterogeneity was considered as low,
moderate or high when I2 test statistics results were 25%, 50%, and 75% respectively [136]. Forest
plots were also used to visualize the presence of heterogeneity. Because we found a high level of
heterogeneity, we used a random effects model for analysis to estimate the Der Simonian and
Laird’s pooled effect. Furthermore, to identify the source of heterogeneity, meta-regression was
conducted and statistically significant results were declared in the presence of heterogeneity.
Publication bias was checked using a funnel plot of symmetry. Further, the statistical significance
of publication bias was checked using the Egger and Begg tests [137-139]. A p-value less than
0.05 was used to declare the presence of publication bias. We performed a sensitivity analysis
using a random effects model to assess the influence of a single study on the overall meta-analysis

estimate.

Paper IlI: A log-binomial regression model was fitted to identify factors associated with food
insecurity. All predictors associated with the outcome variable in bivariable analysis with a p-
value of 0.20 or less were included in the Log-binomial regression model of multivariable analysis.
The crude and adjusted Prevalence Ratios, together with their corresponding 95% confidence
intervals, were computed. Multi-collinearity of explanatory variables was checked using the
variance inflation factor, and the fitness of the model was checked. A P-value < 0.05 and a

corresponding 95% CI were considered to declare a result as statistically significant.

Paper IlIl: A Poisson regression model with robust variance was fitted to identify factors
associated with fruits and vegetables consumption. All factors that were associated with the
outcome variable in the bivariable analysis with a p-value of 0.20 or less were included in the
multivariable Poisson regression model. The crude and adjusted prevalence ratio together with
their corresponding 95% confidence intervals were computed. Multi-collinearity of explanatory
variables was checked using the variance inflation factor, while the fitness of the model was

checked, using information criteria such as AIC and BIC. A p-value of less than 0.05 and the
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corresponding 95% confidence interval were considered statistically significant for declaring

results.

Paper IV & V: The analysis of two papers used follow-up repeated measurements data over three
consecutive follow-up periods covering 9 months. We used a generalized linear mixed-effects
model, specifically mixed-effects logistic regression, by introducing random effects to account for
clustering effects and the repeated nature of measurements. This approach was used to identify the
independent predictors of the clinical progression of HIV/AIDS. Accordingly, a generalized linear
mixed-effects model particularly mixed-effects logistic regression was fitted by introducing
random-effects to address clustering effects to identify the association between food security and
clinical progression of HIV/AIDs and CD4 count change. The assumptions of the generalized
linear model (the independence of variables for equation) using variance-covariance structure of
the random effects were checked before model fitting by running exploratory data analysis.

Covariance Structures were selected based on the correlation structure of data.

All predictors that were associated with the outcome variable in bivariable analysis with a p-value
of 0.20 or less were included in the multivariable mixed effects regression models. The crude and
adjusted risk ratio (aRR) together with their corresponding 95% confidence level was computed.
Multi-collinearity of explanatory variables was checked using variance inflation factor and the
fitness of the model was checked using information criteria (AIC and BIC). A P-value < 0.05 and
corresponding 95% CI were considered to declare a result as statistically significant in this study

in all cases.

6.14. Ethical Consideration
The study protocol was reviewed and approved by the Institutional Review Board of the College

of Health Sciences, Addis Ababa University, with a protocol number of 104/19/SPH. The Oromia
Regional Health Beauro, Zonal Health Department, respective hospitals and selected health centers
were communicated and permission was obtained from respective hospitals and health centers
before data collection. Focal persons at antiretroviral therapy clinics were also communicated
before the data collection. Study participants were informed about the purpose of the study and
verbal informed consent was obtained from each study participant to use their clinical information
and collect primary data through interviews. In order to maintain the confidentiality of information

throughout the study process, no names or any personal identifier information were used as part
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of the reports or publication of this study. The interviews were consucted in the private room
reserved for this purpose in collaboration with ART focal persons. All paper copies of information
collected were kept in locked files and only the principal investigator had access to the information.
The soft copy of data entered into computer were stored in encrypted files on password-protected
computers. Participants were assured that the individual information gained through interview and
measurements is strictly used for the purposes of the study. Participation in this study was
voluntary and participants had full right not to participate or withdraw from the study. The potential
risk to participation in this study was minimal.

6.15. Dissemination of Findings
The report of this research will be submitted to the School of Public Health of Addis Ababa

University in the form of monograph and manuscripts. It will be presented and defended for
evaluation at the presence of an examination committee for partial fulfillment of the Degree. The
finding of this study will be presented to the Oromo Regional Health Bureau, Zonal Health
Department and North Shewa Health Facilities. The study finding will be communicated to all
stakeholders in the study area, policymakers and health program planners, and other concerned
bodies. Papers will be prepared for publication on peer-reviewed journals. Presentation at different

professional and academic conferences will be considered.
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Table 2: Summary of the study objectives and methods for entire dissertation work effect of food insecurity on the clinical proression and CD4

count change among HIV-infected adults in Northcentral Ethiopia from 2022-2024.

Objective Design Study population Sample | Sampling Data collection | Outcome Data analysis
size method tool variable (model used)
The effect of gender on food | Systematic HIV-infected adults receiving | NA NA Review of existing | Food Meta-analsyis
insecurity among  HIV- | review and | ART whose age was greater literature insecurity and synthesis
infected adults receiving | meta- than 18 years). However, we
ART analysis gxclud_ed review  paper,
including systematic review
and meta-analysis.
Magnitude of food insecurity | Cross All HIV-infected adults who Simple Interviewer Food Log-binomial
and its associated factors | sectional are on ART whose age is >18 random administered insecurity regression
among adults receiving ART years and have a current 865 sampling questionnaire
follow-up for their treatment.
Fruit and vegetable dietary | Cross All HIV-infected adults who Simple Interviewer Fruit and | Poisson
intake and its estimated | sectional are on ART whose age is >18 random administered vegetable regression
amount consumption among years and have a current sampling questionnaire dietary intake | model
adults receiving ART follow-up for their treatment. | 865
Effect of food insecurity on | Prospective | All HIV-infected adults who Simple Repeated Clinical Generalized
clinical  progression  of | cohort are on ART whose age is >18 random Measurements progression of | linear mixed
HIV/AIDS among adults years and have a current sampling HIV/AIDS model
receiving ART follow-up for their treatment. | 574
Effect of food insecurity on | Prospective | All HIV-infected adults who Simple Repeated CD4 count | Generalized
CD4 count change among | cohort are on ART whose age is >18 random Measurements change linear mixed
adults receiving ART years and have a current 442 sampling model
follow-up for their treatment.
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7. Results

7.1. The effect of gender on food insecurity among HIV-infected adults (Paper I)

7.1.1. Selection and identification of studies
We identified a total of 776 studies (775 published and one unpublished) that were conducted from

2009 to 2019. Of those, 135 duplicate studies were removed and 578 studies were excluded after
reviewing of their titles and abstracts. The full text of the remaining 61 studies was assessed for
eligibility and for whether they reported outcome of interest. Of those, 30 studies were excluded
due to lack of outcome of interest, and 14 studies were excluded since they failed to meet the
eligibility criteria. Of the remaining studies, 17 that scored-seven and above on the JBI quality
appraisal eligibility criteria were included in the final Meta-analysis. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram was used to guide the

selection process and present the systematic review overview (Figure 6).

775 published studies and 1 unpublished were identified through
database search (PubMed/ MEDLINE, Google scholar, CINAHL,
PopLine, MedNar, Embase, Cochrane library, JBI Library web of
science, and African Journals Online). (n=776)

‘ 135 articles duplicates excluded

641 articles enrolled for screening or title/abstract review

' 578 articles excluded after title and abstract

63 full text studies checked for eligibility

‘ 30 articles did not report outcome of interest
14 articles did not meet eligibility criteria

17 articles were included in Meta -analysis

Included [ E|igibi|ity}[ Screening }

Figure 6: PRISMA flow diagram of included studies for the systematic review and meta-analysis of the
effect of gender on food insecurity among HIV-infected people receiving ART from 2009-2019.
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7.1.2. Characteristics of included studies
A total of 17 studies that assessed the association between food insecurity and gender among HIV

infected adults receiving ART were included in this systematic review and meta-analysis, with a
total sample of 5827 individuals living with HIV. Eleven of those studies were cross-sectional and
six were prospective cohort (Table 3). The minimum and maximum sample size ranged from 104
in a study conducted in USA [73]and 796 in a study conducted in Brazil [24] . Of the total 17
included studies, four were conducted in Ethiopia [32, 34, 36, 94], five studies in the United States

The findings of individual studies varied and were inconclusive with the effects of gender found
to be significant in some studies and in- significant in others. Of those studies that found
significant effects of gender on food insecurity, the strongest positive association was found in the
study conducted in Ethiopia [94], with an odds ratio of 4.30 (95% CI: 2.13, 8.68) and the weekest
association was found in the study conducted in the United States [140], OR = 1.50 (1.01, 2,.23)
(Table 3).
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Table 3: Characteristics of studies included in the systematic review and meta-analysis on the effect of gender on food insecurity among HIV
infected adults receiving antiretroviral therapy from 2009-2019.

Stud | Authors Year | Country Country Study design | Sample | Number of Respons | Number Number | Total Total OR
y No income size subject with | e rate male with female numbe | number .
level outcome the withthe | rof of female (95% C1)
outcome outcome | male

1 M. 2015 | Ethiopia Low Cross- 385 260 97.72 88 172 136 249 1.22 (0.78, 1.97)
Asnakew[34] sectional

2 Gedle et 2015 | Ethiopia Low Cross- 338 264 90 91 173 130 208 2.12 (1.26, 3.57)
al.[32] sectional

3 Belijo ZN et | 2017 | Ethiopia Low Cross- 394 77 100 10 67 134 260 4.30(2.13, 8.68)
al[94] sectional

4 Tiyou et 2012 | Ethiopia Low Cross- 319 201 100 86 115 144 175 1.29 (0.82, 2.04)
al[36] sectional

5 Anema et 2013 | Canada High Cohort 254 181 100 148 33 211 43 1.40 (0.65, 3.02)
al[62]

6 Anema et 2016 | Canada High Cross- 262 192 100 140 52 191 71 1.00 (0.54, 1.84)
al[54] sectional

7 Benzekri et 2015 | Senegal Low Cross- 109 78 100 12 62 18 91 1.07 (0.36, 3.13)
al[26] sectional

8 Dasgupta et 2016 | India Middle Cross- 173 75 92 33 42 96 77 2.29(1.24,4.24)
al[87] sectional

9 Heylen et 2015 | India Middle Cohort 367 58 100 38 20 239 128 0.98 (0.54, 1.77)
al[141]

10 Idrisov, et 2017 | Russia Middle Cohort 310 164 88.32 113 51 220 90 1.24 (0.76, 2.03)
al[84]

11 Kalichmanet | 2013 | USA High Cross- 197 85 100 66 19 154 43 1.06 (0.53, 2.09)
al[52] sectional
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12 McMahonet | 2011 | USA High Cohort 592 375 100 239 136 416 176 2.52(1.68, 3.77)
al[85]

13 Weiser D. et | 2009 | USA High Cohort 250 134 100 92 43 174 76 1.16 (0.68, 2.00)
al[22]

14 Weiser D et 2009 | USA High Cross- 104 26 100 15 11 66 40 1.29 (0.52, 3.18)
al[73] sectional

15 Kalichmanet | 2014 | USA High Cross- 521 321 100 214 107 364 157 1.50(1.01, 2,.23)
al[140] sectional

16 Mederios et 2017 | Brazil Middle Cross- 796 284 100 143 141 484 312 1.97 (1.46, 2.64)
al[24] sectional

17 Tsai etal[89] | 2012 | Uganda Low Cohort 456 340 100 93 247 132 324 1.35(0.86, 2.12)
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7.1.3. The effect of gender on food insecurity among HIV-infected adults
Our analysis of 17 included studies found significant heterogeneity across studies (1=45.5%, p

<0.022) which suggested that the use of a fixed effect model might lead to unreliable estimates

since those models assume that all heterogeneity can be explained by the covariates. This

assumption may create excessive type | errors when there is residual, or unexplained,

heterogeneity. To avoid that bias, we used random effects model to estimate the pooled effect of

gender on food insecurity among HIV-infected adults in our 17 included studies, using an inverse

variance method.

Using those methods, our meta-analysis found that gender of HIV-infected adults receiving ART

had statistically significant effects on their food security status. The odds of developing food

insecurity among female HIV-infected adults receiving ART were 53% higher than male HIV-
infected adults (OR: 1.53, 95% ClI: 1.29, 1.83) (Figure 7).

. Study
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Figure 7. Forest plot of the pooled effect of gender on food insecurity among HIV-infected adults

receiving antiretroviral therapy from 2009-2019.

We further investigated the heterogeneity, using different statistical techniques to identify the

source of heterogeneity. A meta-regression was performed, using publication year, sample size

and country income level as covariates and by specifying the method for estimating the between-
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study variance. None of the three variables were statistically significant for explaining the presence
of heterogeneity (Table 4).

Table 4: Related factors with heterogeneity of the effects of gender on food insecurity among HIV-infected
adults receiving antiretroviral therapy, 2009-2019.

Variables Coefficients p-value
Publication Year 0.0284334 0.588
Sample size 0.0008173 0.588

Low income countries 0.0769214 0.751
Middle income countries -0.1118692 0.731
High income countries Reference

The presence of publication bias was assessed using funnel plots and Egger and Begg statistical
tests at 5% significant level. There was no statistical evidence of publication bias. The funnel plot
was almost symmetrical, the Begg and Egger tests were not statistically significant with p-value =
0.484 and p-value = 0.321 respectively (Figure 8).
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Figure 8:. Funnel plots for publication bias of effect of gender on food insecurity among HIV-infected
adults receiving antiretroviral therapy from 2009-2019.

To identify the effect of single study on overall meta-analysis estimate, we performed sensitivity
analysis using a random effects model. The analysis found no strong evidence for influence of

single study (Figure 9).
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Figure 9. Sensitivity analysis for single study influence of effect of gender on food insecurity among HIV-

infected adults receiving antiretroviral therapy from 2009-2019.

7.1.4. Sub-group analysis by study design

We performed sub-group analysis by study design to minimize the potential random variations
between studies by comparing the effect of gender on food insecurity of HIV-infected adults. Our
sub-group analysis indicated almost consistent significant effect of gender on food insecurity
among HIV-infected adults across the study designs. The analysis indicated that cohort studies had
weaker associations than cross-sectional studies. The odds of developing food insecurity among
female HIV-infected adults was 42% higher compared to male HIV-infected adults in cohort
studies while the odds of developing food insecurity among female HIV-infected adults was 60%

higher compared to male HIV-infected adults in cross sectional studies, with odds ratios of 1.42

(95% CI: 1.05, 1.92) and 1.60 (95% CI: 1.28, 2.00) respectively (Figure 10).
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Figure 10. Sub-group analysis of effect of gender on food insecurity among HIV-infected adults receiving
antiretroviral therapy by study design from 2009-2019.

7.1.5. Sub-group analysis by country income level
In addition, we performed sub-group analysis by country income level to minimize the potential

random variations between studies by comparing the effect of gender on food insecurity of HIV-
infected adults. The analysis indicated that studies conducted in high-income countries found
weaker associations than those in low and middle-income countries. The odds of developing food
insecurity among female HIV-infected adults was 44% higher compared to male HIV-infected
adults in the studies conducted in high-income countries, with an odds ratio of 1.44 (95% CI: 1.08,
1.90). While the odds of developing food insecurity among female HIV-infected adults was 64%
and 57% higher compared to male HIV-infected adults in the studies conducted in low-and middle-
income countries with odds ratios of 1.64 (95% CI: 1.15, 2.33) and 1.57 (95% CI: 1.09, 2.24)
respectively (Figure 11).
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Figure 11. Sub-group analysis of effect of gender on food insecurity among HIV-infected adults receiving
antiretroviral therapy by country income level from 2009-2019.

7.2. Food insecurity and its severity among adults receiving ART (Paper II)

7.2.1. Socio-demographic characteristics
A total of 865 adult HIV-infected receiving ART were enrolled, of which 861 were willing and

able to participate in this study with an overall response rate of 99.5%. The majority, 327(37.98%)
of participants were in the age group of 35-44 years, and the mean age of enrolled participants was
38.66 (£9.86SD) years (Table 5). In terms of gender, 529 (61.44%) of them were females and
781(90.71%) were followers of Orthodox Christianity. The majority, 615(71.43%) of participants
were from urban and 522(60.63%) were married. Six hundred forty-five (74.91%) were Oromo in
ethnicity. Six hundred ninety-two (80.37%) reported that they had children, of which 507(73.27%)
of them had less than four children with a median of 3.0 (IQR: 2, 4) (Table 5).
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Table 5: Socio-demographic characteristics of HIV-infected adults receiving ART at health facilities in
North Shewa Zone Northcentral Ethiopia, 2023 (h=861)

Variables Frequency Percent
Age of respondents
<35 years 296 34.38
35-44 years 327 37.98
>45 years 238 27.64
Average age in years Mean SD
Average (SD) 38.66 9.86
Gender of prticipants
Male 332 38.56
Female 529 61.44
Residence
Rural 246 28.57
Urban 615 71.43
Religion of participants
Orthodox 781 90.71
Protestant 55 6.39
Others* 25 2.90
Marital Status
Married 522 60.63
Single 96 11.15
Divorced 111 12.89
Widowed 132 15.33
Ethnicity of participants
Oromo 645 74.91
Amhara 213 24.74
Gurage 3 0.35
Presence of children
No 169 19.63
Yes 692 80.37
Number of children (n=692)
<3 children 507 73.27
4-9 children 185 26.73
Median number of children Median IQR
Median (IQR) 3 (2,4)

*Catholic, musilim and wekefata
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7.2.2. Socio-economic characteristics
The distribution of occupational status is almost consistent across each category. Accordingly, 198

(23.00%) and 193 (22.42%) HIV-infected adults were merchants and housewives, respectively.
Three hundred eighty-one (33.10%) of HIV-infected adults had no formal education. Two hundred
ninety-two (52.52%) of HIV-infected adults reported that they earned 2500 and above Ethiopian
birr monthly income and with a median monthly income of 2500ETB (IQR: 1200, 4730) (Table 6)

Table 6: Socio-economic characteristics of HIV-infected adults receiving ART at health facilities in North
Shewa Zone, Ethiopia, 2023 (n=861)

Variables Frequency Percent
Occupational Status
Farmer 173 20.09
House wife 193 22.42
Daily laborer 148 17.19
Employed 149 17.31
Merchant/others 198 23.00
Educational status
No formal education 381 33.10
Primary school 240 27.87
Secondary and above 240 27.87
Monthly income (n=556)
<2500 ETB 264 47.48
>2500 ETB 292 52.52
Median monthly income (ETB) Median IQR
Median (IQR) 2500 (1200, 4730)

7.2.3. Psychosocial support for HIV-infected adults
Of the total, most patients reported having some source of social support for informal caregiving.

Accordingly, 417 (48.43%) of the HIV-infected adults reported that they received informal care
from different caregivers, of which 273(65.47%) of them received economic support followed by
psychological support (86, 20.62%) (Table 7). Hundred fifty-nine (38.13%) received care from
their husband followed by wives (86, 20.62%). Four hundred forty (51.10%) of the HIV-infected
adults had disclosed their HIV status. Husbands (148, 33.64%), wives (96, 21.82%), and children
(92, 20.91%) were the common categories of people to whom studied HIV-infected adults
disclosed their HIV serostatus (Table 7).
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Table 7: Psychosocial support for HIV-infected adults receiving antiretroviral therapy at health facilities
in North Shewa Zone, Northcentral Ethiopia, 2023 (n=861)

Variables Frequency Percent

Presence caregiver (n=861)

No 444 51.57

Yes 417 48.43
Type of care received (n=417)

Psychological support 86 20.62

Economic support 273 65.47

Physical support 24 5.76

Social support 34 8.15
Type of caregiver (n=417)

Mother/ father 56 13.43

Wife 86 20.62

Husband 159 38.13

Children 81 19.42

Others 35 8.39
Disclose their Sero-status (n=861)

No 421 48.90

Yes 440 51.10
To whom you disclose (n=421)

Mother/ father 46 10.45

Wife 96 21.82

Husband 148 33.64

Children 92 20.91

Community supporter 27 6.14

Others 31 7.05

7.2.4. Clinical factors of HIV-infected adults
Of the total, only 43 (4.99%) reported they received therapeutic feeding in the courses of their

treatment follow-up, of which 37(86.05%), 3(6.98%), and 3(6.98%) received plumpy nut, food
prepared for treatment, and High protein diet (eggs), respectively. They received
therapeutic feeding treatment for one to six months the duration. One hundred seventy-three
(20.09%) of the patients reported having eating problem, of which the most common eating
problem was loss of appetite (134, 77.46%) followed by Oral candidiasis (33, 19.08%). Only 4
(0.46%) of HIV-infected adults of the total sample reported malignancies, of 1 case of Kaposi’s
sarcoma, 2 cases of cervical cancer, and 1 case of unidentified malignancy. One hundred seventy-
three (20.09%) of the patients developed opportunistic infections (Ols) during their care follow-
up, of which the most common Ols were diarrheal disease (68, 39.31%) followed by tuberculosis
(43, 24.86%). A significant proportion of studied participants reported that they developed anemia
(212, 24.62%).
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The majority, 624(72.47%) and 764(88.73%) of the HIV-infected adults at WHO clinical stage
one and WHO treatment one, respectively. Six hundred ninety-six (80.84%) had been receiving
ART and related care for more than 4 years, and with average amount of time that the studied HIV-
infected adults received treatment was 9.2 years (x4.6SD). More than three-forth, 672 (78.05%)
of studied adults reported that the follow-up interval time was 3 and above months (Table 8).

Table 8: Clinical factors of HIV-infected adults receiving ART at health facilities in North Shewa Zone,
Northcentral Ethiopia, 2023 (n=861)

Variables Frequency Percent

Therapeutic food (n=861)

No 818 95.01

Yes 43 4.99
Presence eating problems (n=861)

No 688 79.91

Yes 173 20.09
Causes of Eating problem

Loss of appetite 134 77.46

Oral candidiasis 33 19.08

Esophageal candidiasis 6 3.47
Opportunistic malignancy

No 857 99.54

Yes 4 0.46
Presence of Ols (n=861)

No 688 79.91

Yes 173 20.09
Type of Ol disease

Tuberculosis 43 24.86

Pneumonia 31 17.92

Diarrheal disase 68 39.31

Dispepsia 10 5.78

Others 21 12.14
Presence of anemia

No 649 75.38

Yes 212 24.62
Duration of HIV infection

<=5 years 192 22.30

>byears 669 77.70
Average duration of HIV infection in years Mean SD

Average (SD) 9.76 4.65

WHO clinical stage

Stage one 624 72.47

Stage two 167 19.40

Stage three&four 70 8.13

WHO treatment stage
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Stage one 764 88.73

Stage two 84 9.76
Stage three&four 13 151
Duration of ART
<4 years 165 19.16
>4 years 696 80.84
Average duration of ART in years Mean SD
Average (SD) 9.20 4.56
Follow up interval
Less than 3 months 189 21.95
3 and above months 672 78.05

7.2.5. Magnitude of Food insecurity among PLHIV
The food security status of PLHIV receiving ART was assessed using food insecurity access score

and prevalence indicators in this particular study. Accordingly, 290(33.68%; 95% CI: (30.60,
36.91)) were food-insecure among adult HIV-infected patients receiving ART (Figure 12)

Food security status (n=861)

290, 33.68%

M Food insecure

W Food Secure
571, 66.32%

Figure 12: The household food security status of HIV-infected adults receiving ART at health facilities in
North Shewa Zone, Northcentral Ethiopia, 2023

The majority, 152(52.41%, CI: 46.64, 58.13) of food-insecure HIV-infected adults were found to
have a severe form of food insecurity followed by a moderate form of food insecurity, 110
(37.93%, CI: 32.50, 43.68) (Table 9)
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Table 9: The level of household food insecurity among HIV-infected adults receiving ART at health
facilities in North Shewa Zone, Nothcentral Ethiopia, 2023 (n=290)

Variables Frequency Percent with ClI
Severity of food insecurity (n=290)
Mild food-insecure 28 9.66(6.74, 13.64)
Moderaltely food-insecure 110 37.93(32.50, 43.68)
Severely food-insecure 152 52.41(46.64, 58.13)

7.2.6. Factors Associated with food insecurity among PLHIV
We used log-binomial regression to identify the association between food insecurity and

independent variables as the use of classical logistic regression and its corresponding odds ratios
will strongly overestimate the prevalence ratio in such a cross-sectional study with binary
outcomes. It may not appropriately control the confounding effects. The prevalence ratio is also

more interpretable and easier to communicate to non-specialists than the odds ratio.

Accordingly, in bi-variable analysis, eighteen variables namely, gender, age, marital status,
occupational status, presence of children, number of children, monthly income, residence,
educational status, type of caregivers, presence of opportunistic infections, types of opportunistic
infections, duration HIV infection, duration of ART follow-up, ART follow-up interval, WHO
clinical stage, and WHO treatment stage showed association with, a p-value of < 0.20 and then
selected as the candidate for multivariable analysis. Five of the seventeen variables, such as
duration of HIV infection, presence of children, ART follow-up interval, type of caregivers, and
types of opportunistic infections that showed collinearity with other related variables were reduced
after collinearity check, using collinearity diagnostics, such as correlation matrix and variance
inflation factor.

Thus, the multivariable log-binomial regression analysis was used by taking all the twelve
variables into account simultaneously and seven of the most contributing factors were significantly

and independently associated with food security status at a 5% level of significance.

The gender of HIV-infected adults was found to have a significant and independent predictor of
food insecurity, of which the proportion of food insecurity was 1.9 times higher among females
compared to males (APR=1.87, 95% CI: 1.03, 3.39) (Table 10). The proportion of food insecurity
was higher among younger HIV-infected adults than the older, of the proportion of food insecurity
was 2.3 times higher among those belonging to the age group less than 35years as compared with
those belonging to the age group greater than 45 years (APR=2.27, 95% CI: 1.12, 4.60). The
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educational status of the HIV-infected adults was found to have a strong significant association
with food insecurity, of which the proportion of food insecurity was 11 and 6 times higher among
HIV-infected adults who had no formal education and attended primary school, respectively
compared to those who attended secondary and above education (APR=10.79, 95% CI. 4.74,
24.58) and (APR=5.99, 95% ClI: 2.65, 13.54).

Concerning occupational status, the proportion of food insecurity was 6.9 times higher among
daily laborer patients compared to farmer patients when the effect of other variables was kept
constant (APR=6.90, 95% CI: 2.28, 20.85). The analysis found that a lower monthly income leads
to a higher proportion of food insecurity among HIV-infected adults, of which the proportion of
food insecurity was 1.9 times higher among HIV-infected adults who had a monthly income of
less than 2500 Ethiopian birr compared to those who had monthly income greater than 2500
Ethiopian birr (APR=1.89, 95% ClI: 1.11, 3.22).

Among clinical factors, the WHO clinical stage, and duration of antiretroviral treatment were
strongly associated with the proportion of food insecurity among HIV-infected adults. The more
advanced the WHO clinical stage with the higher proportion of food insecurity among adults
studied, of which the proportion of food insecurity was 2.3 times higher among adults at WHO
clinical stage two compared to WHO clinical stage one (APR=2.34, 95% CI: 1.08, 5.10). The
proportion of food insecurity was 2.3 times higher among those receiving ART for less than 4
years’ duration (APR=2.28, 95% CI: 1.09, 4.74). However, socio-economic support and food
support/therapeutic food support were not significantly associated with the proportion of food
insecurity in the final log-binomial multivariable regression (Table 10).
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Table 10: Factors associated with food security status among HIV-infected adults receiveing ART at

health facilities in Northcentral, Ethiopia, 2023. (n=861)

Variables Food security status (No) CPR with 95% ClI APR with 95% CI P-value
Food insecure | Food secure
Sex
Male 89 243 1.0 1.0
Female 201 328 1.67 (1.24, 2.26)** 1.87(1.03, 3.39)** | 0.039
Age category
<35 years 120 176 2.02(1.39, 2.94)** 2.27(1.12, 4.60)** | 0.023
35-44 years 110 217 1.50(1.04, 2.18)** 1.38(0.74, 2.60) 0.314
>45 years 60 178 1.0 1.0
Residence
Rural 59 187 1.0 1.0
Urban 231 384 1.91(1.36, 2.67)** 1.77(0 .82, 3.82) 0.148
Marital Status
Married 145 377 1.0 1.0
Single 31 65 1.24 (0.78, 1.98) 0.81(0.07,9.13) 0.865
Divorced 57 54 2.74(1.81, 4.17)** 1.37(0.68, 2.78) 0.382
Widowed 57 75 1.98(1.33, 2.93)** 1.37(0.69, 2.75) 0.372
Educational status
No formal education 172 209 4.99(3.29, 7.55)** 10.79(4.74, 24.58)** | <0.001
Primary school 84 156 3.26(2.08, 5.11)** 5.99(2.65, 13.54)** | <0.001
Secondary and above 34 206 1.0 1.0
Occupational status
Farmer 32 141 1.0 1.0
House wife 64 129 2.19(1.34, 3.56)** 0.95(0.32, 2.80) 0.921
Daily laborer 106 141 11.12(6.58, 18.79)** | 6.90(2.28, 20.85)** | 0.001
Employed 30 119 1.11(0.64, 1.93) 1.22(0.40, 3.74) 0.728
Merchant/others 58 140 1.83(1.12, 2.98)** 1.2(0.37, 2.83) 0.965
Monthly income(ETB)
Less than 2500 144 120 3.74(2.61, 5.36)** 1.89(1.11, 3.22)** | 0.020
2500 and above 71 221 1.0 1.0
WHO clinical stage
Stage one 223 401 1.0 1.0
Stage two 50 117 0.77(0.53, 1.11)* 2.34(1.08 ,5.10)** | 0.032
Stage three&four 17 53 0.58(0.33, 1.02)* 2.25(0.69, 7.33) 0.179
Duration of ART
<4 years 81 84 2.25(1.59, 3.17)** 2.28(1.09, 4.74)** | 0.028
>4 years 209 487 1.0 1.0
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7.3. Fruit and vegetable dietary intake and its estimated amount of
consumption among adults (Paper III)

7.3.1. Socio-demographic and Socio-economic characteristics

A total 858 HIV-infected adults were enrolled and completed the interview. The majority,
552(64.34%) of participants belong to the age group less than and equal to 40 years with the mean
age ofenrolled participants being 38.64 (+9.85SD) years (Table 11). The majority,
527 (61.42%) were females and 614(71.56%) were from urban. The majority, 778 (90.68%) of
participants were followers of Orthodox Christian and 519(60.49%) were married. Six-hundred
forty-two (74.82%) were Oromo in ethnicity. One hundred ninety-eight (23.08%) of HIV-infected
adults were merchants followed by housewives (191, 22.26%). Three hundred seventy-nine
(44.17%) of HIV-infected adults had no formal education and 291(52.62%) of them responded as
they earned 2500 and above ETB monthly income and with a median monthly income of 2500ETB
(IQR: 1200, 4730) (Table 11)

Table 11: Socio-demographic and economic characteristics for fruits and vegetable dietary intake of HIV-
infected adults receiving ART at health facilities in Northcentral, Ethiopia, 2023 n=858)

Variables Frequency Percent
Age of respondents
<40 years 552 64.34
>40 years 306 35.66
Average age in years Mean SD
Average (SD) 38.64 9.85
Sex of prticipants
Male 331 38.58
Female 527 61.42
Residence
Rural 244 28.44
Urban 614 71.56
Religion of participants
Orthodox 778 90.68
Protestant 55 6.41
Others* 25 291
Marital Status
Married 519 60.49
Single 96 11.19
Divorced 111 12.94
Widowed 132 15.38
Ethnicity of participants
Oromo 642 74.82
Ambhara and gurage 216 25.18
Occupational Status
Farmer 172 20.05
House wife 191 22.26
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Daily laborer 148 17.25

Employed 149 17.37
Merchant/others 198 23.08
Educational status

No formal education 379 44.17
Primary school 239 27.86
Secondary and above 240 27.97

Monthly income (n=553)
<2500 ETB 262 47.38
>2500 ETB 291 52.62
Median monthly income (ETB) Median IQR

Median (IQR) 2500 (1200, 4660)

*Catholic, musilim and wekefata

7.3.2. Socio-economic support for HIV-infected adult
With regard to socio-economic support, 415 (48.37%) of the HIV-infected adults received

informal care from different caregivers, of which 271(65.30%) and 86 (20.72%) of HIV-infected
adults received economic support and psychological support, respectively (Table 12). The
majority, 245(72.29%) received care either from their husbands or wives and 438(51.05%) of the
HIV-infected adults disclosed their HIV status, of which 244 (55.71%) of them disclosed their
HIV serostatus to their husbands or wives (Table 12).

Table 12: Socio-economic support for fruits and vegetable dietary intake of HIV-infected adults receiving
ART at health facilities in in Northcentral, Ethiopia, 2023 (h=858)

Variables Frequency Percent

Presence caregiver (n=858)

No 443 51.63

Yes 415 48.37
Type of care received (n=415)

Psychological support 86 20.72

Economic support 271 65.30

Social support and related 58 13.98
Type of caregiver (n=415)

Mother/ father 55 13.25

Husband/Wive 245 72.29

Children 80 19.28

Others 35 8.43
Disclose their Sero-status (n=858)

No 420 48.95

Yes 438 51.05
To whom you disclose (n=438)

Mother/ father 45 10.27

Husband/Wive 244 55.71

Children 91 20.78

Others 58 13.24
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7.3.4. Clinical and food-related characteristics of HIV-infected adults
The majority, 172(20.05%) of HIV-infected adults reported having eating problem during their

treatment follow-up, in which the most common reasons given for having an eating problem were
loss of appetite (133, 77.33%) followed by oral candidiasis (33, 19.19%) (Table 13). One hundred
seventy-three (20.16%) developed opportunistic infections (Ols) and 43 (5.01%) reported
receiving therapeutic feeding during the treatment follow-up. Two-hundred twelve (24.71%) of
patients reported that they had anemia during their treatment follow-up. The majority of the
participants had received ART for a long time, in which 534(62.24%) of them reported that they
received ART for more than 8 years, and with the average amount of time that the studied HIV-

infected adult's received treatment was 9.21 years (x4.54SD).

Six-hundred twenty-one (72.38%) and 761(88.69%) HIV-infected adults at WHO clinical stage
one and WHO treatment one, respectively. A significant proportion of the HIV-infected adults
reported as they experienced food insecurity (288, 33.57%). Eighty-four (9.76%) and 66(7.69%)
of the HIV-infected adults have ever been forced to engage in unprotected sex and ever migrated

from their previous place of residence to get their daily food, respectively (Table 13).
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Table 13: Clinical and food related characterisitics for fruits and vegetable dietary intake of HIV-infected
adults receiving ART at health facilities in Northcentral, Ethiopia, 2023 (h=858)

Variables Frequency Percent

Presence eating problems (n=858)

No 686 79.95

Yes 172 20.05
Causes of Eating problem(n=172)

Loss of appetite 133 77.33

Oral candidiasis 33 19.19

Esophageal candidiasis 6 3.49
Presence of Ols (n=858)

No 685 79.84

Yes 173 20.16
Therapeutic food (n=858)

No 815 94.99

Yes 43 5.01
Presence of anemia (n=858)

No 646 75.29

Yes 212 24.71
Duration of HIV infection(n=858)

<5 years 157 18.30

5-10years 185 21.56

>10 years 516 60.14
Average duration of HIV infection (n=858) Mean SD

Average (SD) 9.76 4.64

WHO clinical stage (n=858)

Stage one 621 72.38

Stage two and above 237 27.62
WHO treatment stage (n=858)

Stage one 761 88.69

Stage two and above 97 11.31
Duration of ART (n=858)

<4 years 138 16.08

4-8 years 186 21.68

>8 years 534 62.24
Average duration of ART in years Mean SD

Average (SD) 9.21 4.54

Unprotected sex for Daily food

No 764 88.73

Yes 84 9.76
Ever migrated from for food

No 792 92.31

Yes 66 7.69
Food security status

Food secure 570 66.43

Food insecure 288 33.57
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7.3.5. Fruits and vegetables dietary intake frequency

We assessed the frequency of consumption of two classes of fruits (whole fruits and 100% fruit
juice without sugar or other additives) and vegetables (green leafy and salads, cruciferous, marrow,
starchy staples, carrots, and other vegetables) among HIV-infected adults (Table 14). The study
found a very low frequency of fruit and vegetable consumption among HIV-infected adults in
relation to the recommended daily allowance. Accordingly, 205(23.89%) and 177(20.63%) of the
HIV-infected adults consumed 100% fruit juice and whole fruit once per month, respectively.
Two-hundred thirty-one (26.92%) and 160(18.65%) HIV-infected adults consumed green leafy
vegetables and salad one time per month and 2-3 times per month, respectively. Three hundred
thirty-one (38.58%) and 301(35.08%) of HIV-infected adults consumed cruciferous vegetables
and starchy foods 2-3 times per month, respectively. Two hundred eighty-nine (33.68%),
220(25.64%), and 107(12.47%) reported that they consumed marrow vegetables, carrots, and other

vegetables, respectively (Table 14).

Table 14: Fruits and vegetables intake frequency among HIV-infected adults receiving ART in
Northcentral Ethiopia, 2023.

Frequency of intake in the past 30 days (No: %) (n=858)

Type of fruit Never  1timeper 2-3times 1-2 3-4times 5-6 1time 2-3 4-5 6 or
and month per month times  perweek times er times  times more
p

vegetables per per week  perday perday times
week week per day

1009% fruit 559(65.15)  205(23.89)  78(9.09)  9(1.05)  2(0.23)  2(0.23) 1(0.12) 1(0.12) 1(0.12)  0(0.00)

juice

Whole fruits ~ 597(69.58)  177(20.63)  72(8.39)  5(0.58) 1(0.12) 0(0.00) 1(0.12) 1(0.12) 4(0.47)  0(0.00)

Green leafy 390 (45.45) 231(26.92) 160(18.65) 47(5.48) 16(1.86)  3(0.35) 7(0.82) 0(0.00)  4(0.47)  0(0.00)

vegetables

and salad

Cruciferous  208(24.24)  197(22.96) 331(38.58) 60(6.99) 26(2.91)  2(0.23) 4(0.47) 0(0.00) 30(3.50) 1(0.12)

vegetables

Marrow 377(43.94) 289(33.68) 158(18.41) 16(1.86) 5(0.58)  3(0.35) 4(0.47) 0(0.00) 5(0.58)  1(0.12)

vegetables

Starchy foods 247(28.79)  181(21.10) 301(35.08) 57(6.64) 24(2.68)  5(0.58) 5(0.58) 4(0.47) 34(3.96) 1(0.12)

Carrots 269(31.35)  220(25.64) 212(24.71) 76(8.86) 36(4.20) 12(1.40) 8(0.93) 1(0.12) 23(2.68) 1(0.12)

Other 641(74.71)  107(12.47)  75(8.74)  18(2.10)  7(0.82)  2(0.23) 4(0.47) 0(0.00) 4(0.47)  0(0.00)

vegetables

Any 221(25.76)  326(38.00) 192(22.38) 32(3.73) 32(3.73)  5(0.58) 9(1.05) 1(0.12) 39(4.55) 1(0.12)

vegetables
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7.3.6. Level of Fruit and vegetable dietary consumption among PLHIV
The level or magnitude of fruit and vegetable consumption was assessed, using the median

frequency of fruit and vegetable daily intake after converting weekly and monthly intake into daily
intake by dividing the frequency of weekly or monthly reported intake by 7 or 30, respectively.
The frequencies of all fruit and all vegetable variables were summed to obtain the total frequency
of fruit and vegetable intake and the median was calculated using the total daily fruit and vegetable
frequency. Then, the median frequency times per day less than one time per day was considered
as low fruit and vegetable dietary intake and greater than or equal to one time per day for high fruit
and vegetable intake. Accordingly, 655 (76.34%; 95% CI: (73.38, 79.07)) HIV-infected adults
reported that they were consuming fruit and vegetables less than once per day, while only 203
(23.66%; 95% CI: (20.93, 26.62)) of the HIV-infected adults reported that they were consuming

fruit and vegetables greater than or equal to once per day (Figure 13).

Percent of fruit and vegetable dietary intake(n=858)

203, 23.669

655, 76.34%

m Less than one time per day m Greater than or equal one time per day

Figure 13: Fruit and vegetable dietary intake among HIV-infected adults receiving ART at health facilities
in Northcentral Ethiopia, 2023
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Specifically, 838(97.67%, 95% ClI: 96.41, 98.49) and 676(78.79%, 95% ClI: 75.92, 81.40) HIV-
infected adults reported that they were consuming less than once per day fruit and vegetable,

respectively, which was very low consumption (Figure 13).

Percent of fruit and vegetable dietary intake separately

900 838,97.67%
800
0,

200 676, 78.79%

600

500

400

300

182,21.21%
200
100
- 20’ 2.33%
0 I
Vegetable Fruit
M Less than one time per day B Greater than or equal one time per day

Figure 14: Fruit and vegetable dietary intake separately among HIV-infected adults receiving
antiretroviral therapy at health facilities in Northcentral Ethiopia, 2023

7.3.7. Fruit and vegetable dietary consumption among PLHIV by food security
status
The level of FAV dietary consumption was disaggregated by food security status as an exposure

variable, and a nearly consistent proportion of FAV consumption was found in both the food
insecure and food secure groups. Accordingly, 75.62% of food insecure and 77.78% of food secure
individuals reported consuming fruits and vegetables less than once per day. The analysis did not
find a significant difference in FAV dietary consumption between the two groups (Table 15).

Table 15: Fruit and vegetable dietary consumption by food security status among HIV-infected adults
receiving antiretroviral therapy at health facilities in Northcentral Ethiopia, 2023

Variables Fruit and vegetable intake Chi-square test and
High Low p-value
No(%0) No(%0)
Food secure 139 (24.39) 431 (75.61) chi2= 0.4959 and
Food insecure 64 (22.22) 224 (77.78) P-value= 0.481)
Total 203 (23.66) 655 (76.34)
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7.3.8. Estimated amount of fruit and vegetable consumption
In this study, we tried to quantify the amount of fruit and vegetable, excluding fruit juices that they

took in the 24-hour period day before the interview. In that regard, we found that there was no
culture of portion size estimation even for those who reported that they consumed fruit and
vegetable. The estimate was calculated based on the WHO/FAO recommendation that individuals
should consume 400 or more grams of fruits and vegetables for their overall health improvement,
certain NCDs risk reduction, and chronic infection prevention [142]. It was very difficult to
generalize, since only 82 and 101 of the total sample responded for fruit and vegetable intake,

respectively.

Accordingly, the median (IQR) total fruit and vegetable intake was 271.3 (IQR: 92.5, 439.5) g/day.
The median (IQR) of the total fruit and vegetable consumption was 248.1 (IQR: 100.0, 400.0)
g/day and 273.78 (IQR: 82.44, 348.33) g/day, respectively. The proportion of 400 g or more fruit
and vegetable consumption was calculated only for 108 participants whose amount of consumption
was quantified. Therefore, the proportion of HIV-infected adults who consumed 400g or more fruit
and vegetables was 33(30.6%).

7.3.9. Factors Associated with fruit and vegetable dietary intake
We used Poisson regression analyses with robust variance to estimate the prevalence ratio that

identifies the association between fruit and vegetable consumption, and independent variables that
help to minimize the overestimation of the prevalence ratio in the cross-sectional study using
classical logistic regression. The prevalence ratio was also more interpretable and easier to

communicate to non-specialists than the odds ratio.

In bi-variable analysis, fourteen variables namely, educational status, marital status, occupational
status, monthly income, categories of caregivers, types of care received, presence of opportunistic
infections, presence of anemia, ever migrating from a permanent place of residence, people who
disclose their serostatus, duration HIV infection, duration of ART follow-up, WHO clinical stage,
and WHO treatment stage showed association with a p-value of < 0.20 and then selected as the
candidate for multivariable analysis. One of the fourteen variables such as duration of HIV
infection showed collinearity with other related variables were reduced after the collinearity check,

using the variance inflation factor.

Consequently, the multivariable Poisson regression analysis with robust variance fitted using all
the thirteen variables simultaneously, and five of the most contributing factors were significantly
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and independently associated with fruit and vegetable dietary intake at a 5% level of significance
(Table 16).

The marital status of HIV-infected adults was significantly associated with fruit and vegetable
intake, of which the proportion of fruit and vegetable dietary intake was 1.6 times higher among
those divorced compared to married (APR=1.57, 95% CI: 1.16, 2.12) (Table 16).

The occupational status of HIV-infected adults was found to have a statistically significant
association with fruit and vegetable dietary intake, of which the proportion of fruit and vegetable
dietary intake was two times higher among daily laborers and employed HIV-infected adults
compared to farmers, respectively (APR=2.08, 95% ClI: 1.36, 3.20) and (APR=1.77, 95% CI: 1.10
2.84). In addition, the proportion of fruit and vegetable dietary intake was also 1.6 times higher
among merchants compared to farmer’s HIV-infected adults (APR=1.59, 95% CI. 1.03, 2.47)
(Table 16).

The type of caregivers who have been providing care was found to have a statistically significant
association with fruit and vegetable dietary intake, of which the proportion of fruit and vegetable
dietary intake was 1.6 times higher among HIV-infected adults whose caregivers were their
children compared to those whose caregivers were their mother/fathers (APR=1.61, 95% ClI: 1.02,
2.55) (Table 16).

The WHO clinical stage and duration of antiretroviral treatment were found to be significant and
independent predictors of fruit and vegetable dietary intake. Accordingly, the proportion of fruit
and vegetable dietary intake at the advanced WHO clinical stage among HIV-infected adults was
1.3 times compared to the WHO clinical stage one (APR=1.32, 95% CI: 1.32(1.03, 1.69). In the
same way, the proportion of fruit and vegetable dietary intake among HIV-infected adults was 1.8
times higher among those receiving ART for more than 8 years’ duration (APR=1.78, 95% CI:
1.18, 2.67). However, the analysis did not indicate a significant association between food security

status and socio-economic support in the final Poisson multivariable regression (Table 16).
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Table 16: Factors associated with magnitude of fruit and vegetable dietary intake among HIV-infected

adults receiveing ART at public health facilities in Northcentral, Ethiopia, 2023.

Variables Fruit and vegetable intake (No) | CPR with 95% CI APR with 95% CI | P-value
High Low
Marital Status
Married 123 396 1.0 1.0
Single 36 60 0.82(0.70, 0.96) ** 1.28(0.80, 2.07) 0.305
Divorced 16 95 1.12(1.03, 1.23) ** 1.57(1.16, 2.12) ** | 0.003
Widowed 28 104 1.03 (0.93, 1.14) 1.20 (0.88, 1.64) 0.239
Occupational status
Farmer 42 130 1.0 1.0
House wife 36 155 1.07 (0.96, 1.20) * 1.42 (0.89, 2.27) 0.139
Daily laborer 36 112 1.00 (0.88, 1.13) 2.08(1.36, 3.20) ** | 0.001
Employed 41 108 0.96(0.84, 1.09) 1.77(1.10 2.84) ** | 0.018
Merchant/others 48 150 1.00(0.89, 1.13) 1.59(1.03, 2.47) ** | 0.038
Monthly income (ETB)
Less than 2500 63 199 1.07(0.97, 1.18) * 1.02(0.83, 1.26) 0.853
2500 and above 84 207 1.0 1.0
Type of care received
Pychosocial support 48 96 1.0 1.0
Economic support 74 197 1.09(0.95, 1.25) * 1.19(0.93, 1.54) 0.172
Care categories
Mother/ father 23 32 1.0 1.0
Husband/Wive 74 171 1.20(0.95, 1.52) * 1.14(0.76, 1.70) 0.535
Children 12 68 1.46(1.15, 1.86) ** 1.61(1.02, 2.55) ** | 0.040
Others 13 22 1.08(0.77, 1.52) 1.37(0.82, 2.29) 0.234
To whom you disclose
Mother/ father 19 26 1.0 1.0
Husband/Wive 61 183 1.30(1.00, 1.68) * 1.31(0.85, 2.00) 0.220
Children 22 69 1.31(1.00, 1.73) * 0.99(0.61, 1.61) 0.962
Others 31 27 0.81(0.56, 1.17) 0.76(0.41, 1.41) 0.383
Ever migrated for food
No 181 611 1.0 1.0
Yes 22 44 0.86(0.73, 1.03) 0.80(0.53, 1.21) 0.291
WHO clinical stage
Stage one 162 459 1.0 1.0
Stage two &above 41 196 1.12(1.04, 1.21) ** 1.32(1.03, 1.69) ** | 0.028
Duration of ART
<4 years 62 76 1.0 1.0 0.028
4-8 years 55 131 1.28(1.07, 1.53) ** 1.53(0.97, 2.40) 0.066
>8 years 86 448 1.52(1.30, 1.78) ** 1.78(1.18, 2.67) ** | 0.006
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7.4. The effect of food insecurity on clinical progression of HIV/AIDS (Paper IV)

7.4.1. Socio-demographic and Socio-economic characteristics
A total of 574 HIV-infected adults, of which 287 were food-secure and 287 were food-insecure,

were enrolled and followed for three consecutive follow-up intervals (quarters) to assess their
clinical outcomes. Among them, 563 (98.08%) completed the follow-up, while 10 (1.74%) were
lost to follow-up, and 1 (0.17%) died.

The majority, 359 (62.54%), were females, of which 196 (68.29%) were food insecure and 163
(56.79%) were food secure (Table 16). The distribution of participants' ages was almost consistent
across each category. However, 207 (36.06%) of participants belong to the age group 35-44 years,
with the mean age of enrolled participants being 38.59 (£9.83) years. Of these, 110 (38.33%) were
food insecure and 97 (33.80%) were food secure. The sample was homogeneous in terms of
religion, with 516 (89.90%) being followers of Orthodox Christian: 251 (87.46%) were food
insecure, and 265 (92.33%) were food secure. Three hundred thirty (57.49%) were married, of
which 144 (50.17%) were food insecure and 186 (64.81%) were food secure. Four hundred thirty-
nine (76.48%) were Oromo in ethnicity. The majority, 411 (71.60%), were urban residents: 227
(79.09%) were food insecure, and 184 (64.11%) were food secure. More than three-fourths
(79.79%) of participants reported having children: 222 (77.35%) were food insecure, and 236
(82.23%) were food secure. Of those who reported having children, 331 (72.27%) had less than
four children, with 172 (77.48%) being food insecure and 159 (67.37%) being food secure.

The distribution of occupational status was homogeneous. However, the level of food insecurity
was higher among daily laborers (104, 36.24%), followed by housewives (60, 20.91%) and
merchants/traders (59, 20.56%). Two hundred eighty-two (49.13%) of HIV-infected adults had no
formal education: 169 (58.89%) were food insecure, and 113 (39.37%) were food secure. One
hundred ninety-four (51.32%) of HIV-infected adults reported having a monthly income of less
than 2500 Ethiopian birr, of which 140 (66.04%) were food insecure. The food insecure group had
a lower median monthly income (1500 ETB; IQR: 1000-3500) compared to the food secure group
(Table 17).
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Table 17: Baseline socio-demographic and economic characteristics for follow-up study on clinical
progression of HIV-infected adults receiving ART at health facilities in Northcentral, Ethiopia, 2024

(n=574)
Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Sex Male 91 (31.71) 124 (43.21) 215 (37.46)
Female 196 (68.29) 163 (56.79) 359 (62.54)
Age respondents <35 years 118 (41.11) 88 (30.66) 206 (35.89)
35-44 years 110(38.33) 97 (33.80) 207(36.06)
>45 years 59 (20.56) 102 (35.54) 161 (28.05)
The average age in Average (SD) 37.00(+8.80) 40.18(x10.54) 38.59(+9.83)
ears
)Iéeligion of respodents  Orthodox 251 (87.46) 265(92.33) 516 (89.90)
Protestant 23 (8.01) 17 (5.92) 40 (6.97)
Others* 13 (4.53) 5(1.74) 18 (3.14)
Marital status Married 144 (50.17) 186 (64.81) 330 (57.49)
Single 31 (10.80) 34 (11.85) 65 (11.32)
Divorced 56 (19.51) 27 (9.41) 83 (14.46)
Widowed 56 (19.51) 40 (13.94) 96 (16.72)
Ethnicity of Oromo 210 (73.17) 229 (79.79) 439 (76.48)
participants Amhara and gurage 77 (26.83) 58 (20.21) 135 (23.52)
Residence Rural 60 (20.91) 103 (35.89) 163(28.40)
Urban 227 (79.09) 184 (64.11) 411(71.60)
Presence of children No 65 (22.65) 51 (17.77) 116 (20.21)
Yes 222 (77.35) 236(82.23) 458 (79.79)
Number of children <3 children 172 (77.48) 159 (67.37) 331 (72.27)
(n=458) 4-9 children 50 (22.52) 77 (32.63) 127 (27.73)
Occupational Status Farmer 34 (11.85) 80(27.87) 114 (19.86)
House wife 60 (20.91) 56 (19.51) 116 (20.21)
Daily laborer 104 (36.24) 23 (8.01) 127 (22.13)
Employed 30 (10.45) 64 (22.30) 94 (16.38)
Merchant/others 59 (20.56) 64 (22.30) 123 (21.43)
Educational status No formal education 169 (58.89) 113 (39.37) 282 (49.13)
Primary school 84(29.27) 78 (27.18) 162(28.22)
Secondary and above 34 (11.85) 96 (33.45) 130 (22.65)
Monthly income <2500 ETB 140 (66.04) 54 (32.53) 194 (51.32)
(n=378) >2500 ETB 72 (33.96) 112 (67.47) 184 (48.68)
Median monthly Median (IQR) 1500(1000, 3500) 3500 (2000, 5294) 2050 (1000, 4500)

income (ETB)

*Catholic, musilim and wekefata

7.4.2. Psychosocial support for HIV-infected adults
Concerning psychosocial support, 303 (52.79%) of the HIV-infected adults received care from

different caregivers, of which 154 (53.66%) were food-insecure and 149 (51.92%) were food-
secure (Table 18). Of those who received care from caregivers, 161 (61.62%) received economic
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support, followed by psychological support (68, 25.09%). The sources of care for more than half
of the participants, 167 (61.62%), were either their husbands or wives. Among these, 68 (51.13%)
were food-insecure and 88 (63.77%) were food-secure. Two hundred ninety (50.52%) of the HIV-
infected adults disclosed their HIV status, of which 154 (53.10%) disclosed their HIV serostatus
to their husbands or wives. The proportion of participants who disclosed their HIV status was
higher among the food-insecure group (147, 51.22%) compared to the food-secure group (143,
49.83%) (Table 18).

Table 18: Baseline Pyschosocial support for follow-up study on clinical progression of HIV-infected adults
receiving ART at health facilities in in Northcentral, Ethiopia, 2024 (n=574)

Variables Response Food security status

Food-Insecure Food-secure Total

No (%) No (%) No (%)
Presence caregiver No 154 (53.66) 149 (51.92) 303 (52.79)
Yes 133 (46.34) 138 (48.08) 271 (47.21)
Type of care received Psychological support 35 (26.32) 33(23.91) 68 (25.09)
(n=271) Economic support 79(59.40) 88 (63.77) 167(61.62)
Social support and related 19 (14.29) 17 (12.32) 36 (13.28)
Type of caregiver Mother/ father 28 (21.05) 12(8.70) 40 (14.76)
(n=271) Husband/Wive 68 (51.13) 88 (63.77) 156 (57.56)
Children 25 (18.80) 29 (21.01) 54 (19.93)
Others 12 (9.02) 9 (6.52) 21 (7.75)
Disclose their Sero- No 140 (48.78) 144 (50.17) 284 (49.48)
status Yes 147 (51.22) 143 (49.83) 290 (50.52)
To whom you disclose ~ Mother/ father 21 (14.29) 11 (7.69) 32 (11.03)
(n=290) Husband/Wive 72 (48.98) 82 (57.34) 154 (53.10)
Children 25 (17.01) 33 (23.08) 58 (20.00)
Others 29 (19.73) 17 (11.89) 46 (15.86)

7.4.3. Clinical and food-related characteristics of HIV-infected adults
One hundred thirteen (19.69%) of HIV-infected adults reported having eating problems during

their treatment follow-up, which is almost consistently distributed between the food-insecure (56,
19.51%) and food-secure (57, 19.86%) groups (Table 18). The most common reason reported for
having an eating problem was loss of appetite (87, 76.99%): 46 (82.14%) in the food-insecure
group and 41 (71.93%) in the food-secure group. One-third of HIV-infected adults (30.84%),
reported having anemia during their treatment follow-up, which was higher in the food-insecure
group (99, 34.49%) compared to the food-secure group (78, 27.18%) as defined by WHO’s
standard for anemia among HIV-infected individuals. One hundred nine (18.99%) developed

opportunistic infections (Ols) while under care. The most common Ols were diarrheal diseases
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(39.45%), followed by tuberculosis (24.77%). However, the proportion of tuberculosis (34.78%)
among food-insecure individuals was higher compared to the proportion of other Ols. A small
proportion (13, 4.53%) of participants reported receiving therapeutic feeding during the follow-up
care, which was consistent across both food-insecure and food-secure groups (4.53% of food-

insecure and 4.18% of food-secure).

Three hundred forty-seven (60.45%) of participants reported receiving ART for more than 8 years:
149 (51.92%) were food-insecure and 198 (68.99%) were food-secure. The average duration of
ART among the HIV-infected adults was 9.03 years (+4.61 SD), with 8.26 years (x4.77 SD) for
the food-insecure group and 9.80 years (+4.31 SD) for the food-secure group. The majority,
437(76.13%) reported having 3 and above months’ follow-up interval, of which 201(70.03%) and

236(82.23%) were food-insecure and food-secure, respectively.

Almost three-fourths (72.13%) started ART at an early clinical stage: 218 (75.96%) of the food-
insecure group and 196 (68.29%) of the food-secure group were at WHO clinical stage one.
Similarly, 503 (87.63%) started ART at an early treatment stage: 250 (87.11%) of the food-
insecure group and 253 (88.15%) of the food-secure group were at WHO treatment stage one.

A significant proportion, 179 (31.79%), of HIV-infected adults were not provided cotrimoxazole
preventive therapy (CPT), with 77 (27.70%) being food-insecure and 102 (35.79%) being food-
secure. Similarly, 78 (13.85%) of HIV-infected adults were not provided tuberculosis preventive
therapy (TPT), which was almost consistent across the food-insecure (14.03%) and food-secure
(13.68%) groups. This, in turn, contributed to the development of opportunistic infections (Ols),
including tuberculosis, and hindered the clinical progression of HIV/AIDS. A small proportion
(142, 24.74%) of the HIV-infected adults reported consuming fruits and vegetables at least once
per day, as defined by WHO’s standard for daily FAV consumption. This proportion was almost
consistent across both food-insecure (62, 21.60%) and food-secure (80, 27.87%) groups (Table 19).
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Table 19: Baseline clinical and nutritional characteristics for follow-up study on clinical progression of

HIV-infected adults receiving ART at health facilities in Northcentral, Ethiopia, 2024 (n=574)

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Presence eating No 231 (80.49) 230 (80.14) 461 (80.31)
problems Yes 56 (19.51) 57 (19.86) 113 (19.69)
Causes of Eating Loss of appetite 46 (82.14) 41 (71.93) 87 (76.99)
problem(n=113) Oral candidiasis 9(16.07) 12 (21.05) 21(18.58)
Esophageal candidiasis 1(1.79) 4 (7.02) 5 (4.42)
Anemia No 188 (65.51) 209 (72.82) 397 (69.16)
Yes 99 (34.49) 78 (27.18) 177 (30.84)
Presence of Ols No 241 (83.97) 224 (78.05) 465 (81.01)
Yes 46 (16.03) 63 (21.95) 109 (18.99)
Type of Ol disease Tuberculosis 16 (34.78) 11(17.46) 27 (24.77)
(n=109) Pneumonia 6 (13.04) 9 (14.29) 15 (13.76)
Diarrheal disease 11 (23.91) 32 (50.79) 43 (39.45)
Dispepsia 6 (13.04) 3(4.76) 9 (8.26)
Others 7 (15.22) 7 (12.70) 15 (13.76)
Therapeutic food No 274 (95.47) 275 (95.82) 549 (95.64)
Yes 13(4.53) 12 (4.18) 25(4.36)
Duration of HIV <5 years 73 (25.44) 40 (13.94) 113 (19.69)
infection(n=858) 5-10years 74 (25.78) 55 (19.16) 129 (22.47)
>10 years 140 (48.78) 192 (66.90) 332 (57.84)
The average duration of Mean (SD) 8.70 (x4.90) 10.40 (x4.39) 9.54 (x4.73)
HIV infection in years
WHO clinical stage Stage one 218 (75.96) 196 (68.29) 414 (72.13)
Stage two and above 196 (24.04) 91 (31.71) 160 (27.87)
WHO treatment stage Stage one 250 (87.11) 253 (88.15) 503 (87.63)
Stage two and above 37 (12.89) 34 (11.85) 71 (12.37)
Duration of ART <4 years 66 (23.00) 33 (11.50) 99 (17.25)
4-8 years 72 (25.09) 56 (19.51) 128 (22.30)
>8 years 149 (51.92) 198 (68.99) 347 (60.45)
The average duration of Average (SD) 8.26 (x4.77) 9.80 (+4.31) 9.03 (x4.61)
ART in years
Follow up interval Less than 3 months 86 (29.97) 51 (17.77) 137 (23.87)
3 or above months 201 (70.03) 236 (82.23) 437 (76.13)
CPT provision status Provided 171 (61.51) 160 (56.14) 331 (58.79)
(n=563) ongoing 30 (10.79) 23 (8.07) 53 (9.41)
Not provided 77 (27.70) 102 (35.79) 179 (31.79)
TPT provision status or Complete 230 (82.73) 229 (80.35) 459 (81.53)
IPT (n=563) Discontinue/interrupt 3(1.08) 3(1.05) 6 (1.07)
ongoing 6 (2.16) 14 (4.91) 20 (3.55)
Not given 39 (14.03) 39 (13.68) 78 (13.85)
Fruit and vegetable dietary > One time per day 62 (21.60) 80(27.87) 142 (24.74)
intake < One time per day 225 (78.40) 207 (72.13) 432 (75.26)
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7.4.4. Behavioral Characteristics s of HIV-infected Adults
A total of twelve HIV-infected adults (2.09%) have ever been forced to engage in unprotected sex,

of which 10 (3.48%) were food insecure (Table 19). Additionally, 52 (9.09%) of the HIV-infected
adults have ever migrated from their previous place of residence to get their daily food, of which
45 (15.68%) were food insecure. One hundred eighty (31.36%) skipped doses of ART due to unmet
restrictions such as food required with the drug, time schedule, and taking it on an empty stomach
in the last 7 days: 96 (33.45%) were food insecure and 84 (29.27%) were food secure. The
majority, 379 (66.03%) and 468 (81.53%), reported that they closely followed all specific
schedules and special instructions in the past 7 days, respectively. Three hundred fifteen (54.88%)
HIV-infected adults reported not missing doses in the last 7 days, of which 137 (47.74%) were
food insecure and 178 (62.02%) were food secure. Three hundred fifty-nine (62.54%) of HIV-
infected adults rated as having good adherence, which is consistent for both food-insecure
(64.11%) and food-secure (60.98%) groups. A significant number of HIV-infected adults, 56
(9.95%), 283 (50.27%), and 33 (5.86%), reported that they had smoked cigarettes, drunk alcohol,
and chewed khat, respectively (Table 20).

Table 20: Baseline Behavioral characteristics for follow-up study on clinical progression of HIV-infected adults receiving ART at
health facilities in Northcentral, Ethiopia, 2024

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Unprotected sex for Daily food No 277 (96.52) 285 (99.30) 562 (97.91)
Yes 10 (3.48) 2 (0.70) 12 (2.09)
Ever migrated from for food No 242 (84.32) 280 (97.56) 522 (90.94)
Yes 45 (15.68) 7 (2.44) 52 (9.06)
Skipped due to unmet restrictions in No 191 (66.55) 203 (70.73) 394 (68.64)
last 7 days Yes 96 (33.45) 84 (29.27) 180 (31.36)
Closely follow the schedule in past 7 Sometimes 14 (4.88) 9(3.14) 23 (4.01)
days Most of the time 101 (35.19) 71 (24.74) 172 (29.97)
All of the time 172 (59.93) 207 (72.13) 379 (66.03)
Follow special instruction Sometimes 11 (3.83) 9 (3.14) 20 (3.48)
Most of the time 36 (12.54) 50 (17.42) 86 (14.98)
All of the time 240 (83.62) 228 (79.44) 468 (81.53)
Missing doses in the last 7 days Missed 150 (52.26) 109 (37.98) 259 (45.12)
Not missed 137 (47.74) 178 (62.02) 315 (54.88)
Level of adherence to ART Good 184 (64.11) 175 (60.98) 359 (62.54)
Fair 37 (12.89) 40 (13.94) 77 (13.41)
Poor 66 (23.00) 72 (25.09) 138 (24.04)
Ever smoke cigarettes No 259 (93.17) 248 (87.02) 507 (90.05)
Yes 19 (6.83) 37 (12.98) 56 (9.95)
Ever drink alcohol No 144 (51.80) 136 (47.72) 280 (49.73)
Yes 134 (48.20) 149 (52.28) 283 (50.27)
Ever chew chat No 268 (96.40) 262 (91.93) 530 (94.14)
Yes 10 (3.60) 23 (8.07) 33 (5.86)
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7.4.5. Incidence of nutritional status of HIV-infected adults
We assessed the nutritional status of HIV-infected adults at three visits over the follow-up duration.

Accordingly, 98 (17.07%) of them developed undernutrition at the first visit, with 61 (21.25%)
being food insecure and 37 (12.89%) being food secure (Table 20). At the second visit, 114
(20.14%) developed undernutrition, with 65(23.21%) being food insecure and 43 (17.13%) being
food secure. At the third visit, 105 (18.65%) developed undernutrition, with 63 (22.66%) being
food insecure and 42 (14.74%) being food secure (Table 21, Figure 15).

Table 21: Nutritional status of HIV-infected adults receiving ART at health facilities by food security
status, Ethiopia, 2024 (n=574)

Food security | Nutritional status (1%t visit) Nutritional status (2" visit) Nutritional status (3" visit)
Under Normal Over Under Normal Over Under Normal Over
nutrition Nutrition nutrition Nutrition nutrition Nutrition
No (%) No(%) No(%) No (%) No(%) No(%) No (%) No(%) No(%)
Food insecure 61(21.25) | 200(69.69) 26(9.06) 65(23.21 189(67.50) 26(9.29) 63(22.66) 192(69.06) 23(8.27)
Food secure 37(12.89) | 209(72.82) | 41(14.29) 43(17.13) 194(67.83) | 43(15.03) | 42(14.74) 204(71.58) 39(13.68)

Overall Nutional status over the follow-up period

9
60.00%
50.00%
40.00%
30.00% 1 07% 20.14% 18.65%
20.00% 11.67% 12.19% 11.01%
- n -
0.00%
First Visit Second visit Third Visit
B Under nutrition 17.07% 20.14% 18.65%
H Normal 71.25% 67.67% 70.34%
Over nutrition 11.67% 12.19% 11.01%
B Under nutrition W Normal Over nutrition

Figure 15: Overall nutritional status of HIV-infected adults receiving ART over the follow-up period at
health facilities in Northcentral, Ethiopia, 2024

7.4.6. Incidence of Clinical outcome of HIV-infected adults
The clinical outcome of HIV-infected adults and its progression was assessed, using the viral load

of the participants over three consecutive visits. Viral load indicates the activity of HIV infection
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and is a useful blood test to determine how much HIV is present in the blood. Over time, the viral
load increases as more viruses are produced, resulting in rapid progression to AIDS. A viral load
of 1000 copies/mL or higher for at least two consecutive measurements taken three months apart
is considered as indicator of poor clinical progression. During the follow-up period, we tracked a
total of 574 individuals (287 food-secure and 287 food-insecure), with 1,722 observations.
Accordingly, 106 (18.56%; 95% CI: 15.58-21.97), 119 (21.14%; 95% ClI: 17.95-24.71), and 134
(23.84%; 95% CI: 20.49-27.55) HIV-infected adults had poor clinical progression at the first,
second, and third visits, respectively (Table 21). The incidence of poor clinical progression was
twice as high among food-insecure HIV-infected adults at each visit. Specifically, 71 (25.00%),
80 (28.78%), and 91 (32.85%) of those who showed poor clinical outcomes were food insecure at
the first, second, and third visits, respectively. The overall incidence of poor clinical progression
among observations during the follow-up period was found to be 21.17% (95% CI: 19.27%,
23.18%), with 28.84% among food-insecure HIV-infected adults and 13.65% among food-secure
HIV-infected adults (Table 22).

Table 22: The incidence of clinical progression by food security among HIV-infected adults
receiving ART at health facilities in Northcentral, Ethiopia, 2024 (n=574)

Food security Clinical progression (1% visit) Clinical progression (2" visit) | Clinical progression (3™ visit)
status
Poor Good Poor Good Poor Good
No (%) No(%) No (%) No(%) No (%) No(%)
Food insecure 71 (25.00) 213 (75.00) 80 (28.78) 198 (71.22) 91 (32.85) 186 (67.15)
Food secure 35 (12.20) 252 (87.80) 39 (13.68) 248 (86.32) 43 (15.09) 242 (84.91)
Total 106 (18.56) 465 (81.44) 119 (21.14) 444 (78.86) 134 (23.84) 428 (76.16)
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7.4.7. Predictors of clinical progression among adults receiving ART

In bi-variable generalized linear mixed-effects model, twenty variables, namely, sex/gender, age,
educational status, occupational status, monthly income, categories of caregivers, types of care
received, presence of anemia, people to whom they disclose their serostatus, duration of HIV
infection, follow-up interval, duration of ART follow-up, presence of eating problems, nutritional
status during follow-up, TPT provision status or IPT, missing doses in the last 7 days (indicating
strict adherence to ART), WHO clinical stage, WHO treatment stage, and practice in following
special instructions from health professionals, showed association with a p-value of < 0.20 and
were then selected as candidates for multivariable analysis. The duration of HIV infection and
follow-up interval were highly correlated with the duration of ART follow-up. A professional
decision was made to reduce the duration of HIV infection and follow-up interval in favor of the
duration of ART follow-up.

Consequently, the multivariable generalized linear mixed-effects regression analysis with identity
covariance structure was fitted using all eighteen variables simultaneously. Five of the most
contributing factors, including food security status which was considered as the main exposure,
were found to be significant independent predictors of clinical progression of HIV/AIDS at a 5%
level of significance. As a single-variable random-effects specification in the identification
equation, we selected a model with an identity covariance structure. This structure is set to identity
by default, providing a simplified approach to handle random effects in our analysis. In addition,
the model fitness or adequacy was assessed using information criteria and log-likelihood ratio test
(LR chiasquare = 133.37, p < 0.001).

Correlation Structure | -2LL LR TEST AlC BIC
Identity -301.5612 | 133.37 655.1224 776.7266

Accordingly, the type of care received from different informal caregivers was found to be a
significant independent predictor of poor clinical progression. The incidence of developing poor
clinical progression among those receiving economic support was 5 times higher than those
receiving psychological support (aRR = 4.72, 95% CI: 1.10, 20.52).

Food security status, considered the main exposure variable in this follow-up study, was found to
be an independent predictor of poor clinical progression among HIV-infected adults after

controlling for other potential confounders. The incidence of poor clinical progression was 5.4
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times higher among food-insecure HIV-infected adults compared to food-secure HIV-infected
adults (aRR=5.44, 95% ClI: 1.36, 21.76).

The nutritional status of HIV-infected individuals was found to be an independent predictor of
poor clinical progression. The incidence of poor clinical progression was 3.3 times higher among
undernourished HIV-infected adults compared to those with normal nutritional status (aRR=3.34,
95% CI: 1.21, 9.26). The WHO treatment stage and duration of antiretroviral treatment were
identified as independent predictors of poor clinical progression among HIV-infected adults. The
incidence of poor clinical progression at the advanced WHO treatment stage among HIV-infected
adults was 6.4 times higher than those with WHO treatment stage one (aRR=6.43, 95% CI: 1.21,
34.41). Similarly, the incidence of poor clinical progression among HIV-infected adults receiving
ART for at least 4 years was 4.2 times higher than those receiving ART for more than 4 years
(aRR=4.22, 95% ClI: 1.11, 12.07).

However, the analysis did not indicate a significant association between fruits and vegetables
dietary, HIV-seropositivity disclosure status, CPT provision status, and level of adherence in the
final generalized linear mixed-effects multivariable regression model with a logit link function
(Table 23).
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Table 23: Predictors of clinical progression of HIV-infected adults receiveing ART at health facilities, Ethiopia,

2024. (n=574)

Variables Response cRR with 95% ClI aRR with 95% CI aP-value
Sex Male 1.0 1.0
Female 0.51(0.21, 1.21)* 0.51(0.12, 2.08) 0.347
Age respodents <35 years 1.0 1.0
35-44 years 2.30 (0.75, 7.07)* 0.60 (0.15, 2.43) 0.474
>45 years 2.16 (0.70, 6.65)* 0.54(0.10, 2.80) 0.462
Educational status No formal education 1.0 1.0
Primary school 0.88(0.33, 2.38) 0.74(0.18, 2.930) 0.662
Secondary and above 0.44(0.14, 1.39) 0.46(0.08, 2.85) 0.405
Occupational status Farmer 1.0 1.0
House wife 0.28 (0.07, 1.17) 0.22 (0.04, 1.34) 0.100
Daily laborer 1.42 (0.41, 4.96) 0.10(0.02, 1.15) 0.073
Employed 0.21(0.04, 1.01) 0.38(0.03 4.36) 0.436
Merchant/others 1.07(0.30, 3.82) 0.70(0.09, 5.42) 0.734
Monthly income (ETB) Less than 2500 3.90 (1.38, 11.04) ** 0.82(0.16, 5.92) 0.735
2500 and above 1.0 1.0
Type of care received Psychological support 1. 1.0
Economic support 4.81 (1.15, 20.06)** 4.72(1.10, 20.52) ** | 0.039**
Social support and related 6.39 (0.94, 34. 55)* 3.04 (0.39, 24.00) 0.291
Care categories Mother/ father 1.0 1.0
Husband/Wive 4.19 (0.68, 25.69) * 3.93 (0.57, 27.08) 0.164
Children/others 5.50(0.77, 39.00) * 5.90 (0.64, 54.04) 0.117
To whom you disclose Mother/ father 1.0 1.0
Husband/Wive 2.39(0.33,17.27) * 1.52(0.16, 13.20) 0.823
Children/others 10.58 (1.37, 81.85) ** 5.92 (0.58, 52.73) 0.224
Presence of eating No 1.0 1.0
problems Yes 2.71(0.97, 7.52) 1.76(0.44, 7.08) 0.428
Food security status Food secure 1.0 1.0
Food insecure 11.84 (4.36, 32.17) ** 5.44 (1.36, 21.76) ** | 0.017**
Nutrional status Under nutrition 3.33(1.57, 7.04)** 3.34(1.21, 9.26) ** 0.020**
Normal 1.0 1.0
Over nutrition 0.85 (0.26, 2.74)* 1.69(0.39, 7.30) 0.483
Presence of Anemia No 1.0 1.0
Yes 7.72 (3.08, 19.38) ** 2.14(0.57, 8.06) 0.261
WHO clinical stage Stage one 1.0 1.0
Stage two &above 7.31(2.90, 18.46) ** 0.74(0.15, 4.53) 0.652
WHO treatment stage Stage one 1.0 1.0
Stage two &above 18.49 (5.74, 59.54) ** 6.43(1.21, 34.41) ** | 0.030**
Duration of ART <4 years 2.23(0.80, 6.25) * 4.22(1.11. 12.07) ** | 0.036**
>4 years 1.0 1.0
TPT provision status or Given 1.0 1.0
IPT Not given/discontinue 4.14 (1.44, 11.77)** 0.74 (0.13, 4.23) 0.734
Missing doses in the last 7 | Not missed 1.0 1.0
days Missed 1.98 (0.84, 4.68)* 1.01(0.31, 3.34) 0.988
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From the analysis, we found that the random effects capture the correlation in the repeated
measurement data in this study. sd(b0i) =3.237 (95% CI: 2.565, 4.087) and sd(""Zij) = 0.385.

Random-effects parameters | Estimate | Std. err. | [95% CI] P-value

id: Identity: sd(_cons) 3.237 0.385 (2.565, 4.087) <0.001

7.5. The effect of food insecurity on CD4 count change among adults (Paper V)
7.5.1. Socio-demographic and Socio-economic characteristics

A total of 442 HIV-infected adults, of which 221 were food-secure and 221 were food-insecure,
were enrolled and followed for three consecutive follow-up intervals (quarters) to assess their
immunological outcomes, using CD4 count changes. Among them, 435 (98.42%) completed the
follow-up period, 6 (1.36%) were lost to follow-up, and 1 (0.23%) died. Two hundred seventy-
one (61.31%) were females, of which 145 (65.61%) were food-insecure and 126 (57.01%) were
food-secure (Table 23). Two hundred ninety-three (66.29%) of HIV-infected adults belong to the
age group less than 40 years, with the mean age of enrolled participants being 38.99 (+9.53 SD)
years: 166 (75.11%) were food-insecure and 127 (57.47%) were food-secure. Four hundred
(90.50%) of the HIV-infected adults were followers of Orthodox Christianity, of which 195
(88.24%) were food-insecure and 205 (92.76%) were food-secure. Two hundred fifty (56.56%)
were married, of which 114 (51.58%) were food-insecure and 136 (61.54%) were food-secure.
Three hundred forty-two (77.38%) were of Oromo ethnicity, with a consistent distribution across
both food-insecure and food-secure groups. The vast majority were from urban areas (80.09% of

the food-insecure group and 64.71% of the food-secure group).

Three hundred forty-eight (78.73%) of HIV-infected individuals reported having children, of
which 167 (75.57%) were food-insecure and 181 (81.90%) were food-secure. Of those who
reported having children, 251 (72.13%) had less than four children, with 128 (76.65%) being food-
insecure and 123 (67.96%) being food-secure. Ninety-seven (21.95%) were daily laborers, of
which 78 (35.29%) were food-insecure. Two hundred eighteen (49.32%) of HIV-infected adults
had no formal education: 127 (57.47%) were food-insecure and 91 (41.18%) were food-secure.
One hundred forty-nine (51.92%) of HIV-infected adults reported having a monthly income of less
than 2500 Ethiopian birr, of which 106 (64.63%) were food-insecure (Table 24).
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Table 24: Baseline socio-demographic and economic characteristics for follow-up study on CD4 count change of
HIV-infected adults receiving ART at health facilities in Northcentral, Ethiopia, 2024 (n=442)

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Sex Male 76 (34.39) 95 (42.99) 171 (38.69)
Female 145 (65.61) 126 (57.01) 271 (61.31)
Age of respondents <40 years 166 (75.11) 127 (57.47) 293 (66.29)
>40 years 55 (24.89) 94 (42.53) 149 (33.71)
The average age in Average (SD) 36.37 (+8.28) 39.60 (+10.40) 38.99(+9.53)
ears
)Iéeligion of Orthodox 195 (88.24) 205 (92.76) 400 (90.50)
respondents Protestant 17 (7.69) 12 (5.43) 29 (6.56)
Others* 9 (4.07) 4 (1.81) 13 (2.94)
Marital status Married 114 (51.58) 136 (61.54) 250 (56.56)
Single 24 (10.86) 29 (13.12) 53 (11.99)
Divorced 42 (19.00) 21 (9.50) 63 (14.25)
Widowed 41 (18.55) 35 (15.84) 76 (17.19)
Ethnicity of Oromo 165 (74.66) 177 (80.09) 342 (77.38)
participants Ambhara and gurage 56 (25.34) 44 (19.91) 100 (22.62)
Residence Rural 44 (19.91) 78 (35.29) 122(27.60)
Urban 177 (80.09) 143 (64.71) 320(72.40)
Presence of children No 54 (24.43) 40 (18.10) 94 (21.27)
Yes 167 (75.57) 181(81.90) 348 (78.73)
Number of children <3 children 128 (76.65) 123 (67.96) 251 (72.13)
(n=348) 4-9 children 39 (23.35) 58 (32.04) 97 (27.87)
Occupational Status Farmer 26 (11.76) 59(26.70) 85 (19.23)
House wife 45 (20.36) 42 (19.00) 87 (19.68)
Daily laborer 78 (35.29) 19 (8.60) 97 (21.95)
Employed 27 (12.22) 49 (22.17) 76 (17.19)
Merchant/others 45 (20.36) 52(23.53) 97 (21.95)
Educational status No formal education 127 (57.47) 91 (41.18) 218 (49.32)
Primary school 64(28.96) 56 (25.34) 120(27.15)
Secondary and above 30 (13.57) 74 (33.48) 104 (23.53)
Monthly income <2500 ETB 106 (64.63) 43 (34.96) 149 (51.92)
(n=287) >2500 ETB 58 (35.37) 80 (65.04) 138 (48.08)

*Catholic, musilim and wekefata

7.5.1. Psychosocial support for HIV-infected adults
Two hundred thirty-nine (54.07%) of the HIV-infected adults received psychosocial support or

care from different caregivers, which was consistent across the food insecure (54.75%) and food

secure (53.39%) groups (Table 24). Of the support or care received, 127 (62.5%) received

economic support, followed by psychological support (46, 22.66%). The majority, 112 (55.17%),

received care from their husbands or wives, of which 49 (49.00%) were food insecure and 63
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(61.17%) were food secure. Almost half (49.10%) of the HIV-infected adults had disclosed their
HIV status, of which 114 (52.53%) disclosed their serostatus to their husbands or wives (Table 25).

Table 25:Baseline Pyschosocial support for follow-up study on CD4 count change HIV-infected adults
receiving ART at health facilities in in Northcentral, Ethiopia, 2024

Variables Response Food security status

Food-Insecure Food-secure Total

No (%) No (%) No (%)
Presence caregiver No 121 (54.75) 118 (53.39) 239 (54.07)
Yes 100 (45.25) 103(46.61) 203 (45.93)
Type of care received Psychological support 26 (26.00) 20 (19.42) 46 (22.66)
(n=203) Economic support 61(61.00) 66 (64.08) 127 (62.5)
Social support and related 13 (13.00) 17 (16.50) 30 (14.78)
Type of caregiver Mother/ father 25 (25.00) 11(10.68) 36 (17.73)
(n=203) Husband/Wive 49 (49.00) 63 (61.17) 112 (55.17)
Children 19(19.00) 22 (21.36) 41 (20.20)
Others 7 (7.00) 7 (6.80) 14 (6.90)
Disclose their Sero- No 110 (49.77) 115 (52.04) 225 (50.90)
status Yes 111 (50.23) 106 (47.96) 217 (49.10)
To whom you disclose ~ Mother/ father 17 (15.32) 10 (9.43) 27 (12.44)
(n=290) Husband/Wive 54(48.65) 60 (56.60) 114 (52.53)
Children 20 (18.02) 23 (21.70) 43 (19.82)
Others 20 (18.02) 13 (12.26) 33 (15.21)

7.5.3. Clinical and food-related characteristics of HIV-infected adults
A significant proportion, 83 (18.78%), of HIV-infected adults reported having eating problems

during their care follow-up: 44 (19.91%) were food-insecure and 39 (17.65%) were food-secure
(Table 25). Loss of appetite (63, 75.90%) was the main reason for the eating problem: 35 (79.55%)
in the food-insecure group and 28 (71.79%) in the food-secure group. One hundred forty-three
(32.35%) of HIV-infected adults reported having anemia during their care follow-up: 81 (36.65%)
were food-insecure and 62 (28.05%) were food-secure, as defined by WHO’s standard for anemia
among HIV-infected adults. A total of 78 (17.65%) developed Ols during care follow-up, with the
most common Ols being diarrheal diseases (43.59%), while the occurrence of tuberculosis

(34.78%) was higher among food-insecure HIV-infected adults.

Only 13 (4.53%) of the total sample reported receiving therapeutic feeding, which was slightly
higher among food-insecure HIV-infected adults (4.52%) than food-secure HIV-infected adults
(3.62%). The majority, 267 (60.41%), of participants reported receiving ART for more than 8
years, with the average duration of ART being 8.96years (+4.60), 8.17 years (+4.62 SD) for the
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food-insecure HIV-infected adults, and 9.76 years (+4.44 SD) for the food-secure. The majority,
317 (71.72%), of HIV-infected adults were at WHO clinical stage one, of which 163 (73.76%)
were food-insecure and 154 (69.68%) were food-secure. Three hundred eighty-nine (88.01%)

started ART at an early treatment stage, of which 191 (86.43%) were food-insecure and 198

(89.59%) were food-secure.

One hundred thirty-six (31.26%) and 62 (14.25%) of HIV-infected adults did not receive

cotrimoxazole preventive therapy (CPT) and tuberculosis preventive therapy (TPT), respectively,

which in turn increases the risk for Ols and worsens the clinical progression of HIV/AIDS. Nearly

one-fourth (101, 22.85%) of the HIV-infected adults reported consuming fruits and vegetables at

least once per day, as defined by WHO'’s standard for daily FAV consumption: 44 (19.91%) were
food-insecure, and 57 (25.79%) were food-secure (Table 26).

Table 26: Baseline clinical and nutritional characterisitics for follow-up study CD4 count change of HIV-
infected adults receiving ART at health facilities in Northcentral, Ethiopia, 2024 (n=442)

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Presence eating No 177 (80.09) 182 (82.35) 359 (81.22)
problems Yes 44 (19.91) 39 (17.65) 83 (18.78)
Causes of Eating Loss of appetite 35 (79.55) 28(71.79) 63 (75.90)
problem(n=83) Oral candidiasis 8(18.18) 8 (20.51) 16(19.28)
Esophageal candidiasis 1(2.27) 3(7.69) 4(4.82)
Anemia No 140 (63.35) 159 (71.95) 299 (67.65)
Yes 81 (36.65) 62 (28.05) 143 (32.35)
Presence of Ols No 187 (84.62) 177 (80.09) 364 (82.35)
Yes 34 (15.38) 4419.91) 78 (17.65)
Type of Ol disease Tuberculosis 11 (32.35) 7(15.91) 8 (10.26)
(n=109) Pneumonia 3(8.82) 5 (11.36) 8 (10.26)
Diarrheal disease 9 (26.47) 25 (56.82) 34 (43.59)
Dispepsia 5(14.71) 3(6.82) 8 (10.26)
Others 6 (17.65) 4 (9.09) 10 (12.82)
Therapeutic food No 211 (95.48) 213 (96.38) 424 (95.93)
Yes 10(4.52) 8 (3.62) 18(4.07)
Duration of HIV <5 years 54 (24.43) 33(14.93) 87 (19.68)
infection(n=858) 5-10years 59 (26.70) 41 (18.55) 100 (22.62)
>10 years 108 (48.87) 147 (66.52) 255 (57.69)
The average duration of Mean (SD) 8.65 (+4.82) 10.41 (+4.51) 9.53 (+4.75)
HIV infection in years
WHO clinical stage Stage one 163 (73.76) 154 (69.68) 317 (71.72)
Stage two and above 58 (26.24) 67 (30.32) 125 (28.28)
WHO treatment stage Stage one 191 (86.43) 198 (89.59) 389 (88.01)
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Stage two and above 30 (13.57) 23(10.41) 53 (11.99)
Duration of ART <4 years 49 (22.17) 28 (12.67) 77 (17.42)
4-8 years 58 (26.24) 40 (18.10) 198 (22.17)
>8 years 114 (51.58) 153 (69.23) 267 (60.41)
The average duration of Average (SD) 8.17 (x4.62) 9.76 (x4.44) 8.96 (+4.60)
ART in years
Follow up interval Less than 3 months 73 (33.03) 39 (17.65) 112 (25.34)
3 and above months 148 (66.97) 182 (82.35) 330 (74.66)
CPT provision status Provided 130 (60.47) 130 (59.09) 260 (59.77)
(n=435) ongoing 24 (11.16) 15 (6.82) 39 (8.97)
Not provided 61 (28.37) 75 (34.09) 136 (31.26)
TPT provision status or Complete 177 (82.33) 176 (80.00) 353 (81.15)
IPT (n=435) Discontinue/interrupt 3 (1.40) 3(1.36) 6 (1.38)
ongoing 5(2.33) 9 (4.09) 14 (3.22)
Not given 30 (13.95) 32 (14.55) 62 (14.25)
Fruit and vegetable dietary > One time per day 44 (19.91) 57 (25.79) 101 (22.85)
intake < One time per day 177 (80.09) 164 (74.21) 341 (77.15)

7.5.4. Behavioral characteristics of HIV-infected Adults
Only 9 (2.04%) reported having ever been forced to engage in unprotected sex, of which 7 (3.17%)

were food-insecure (Table 26). Forty-four (9.95%) of the HIV-infected adults reported ever
migrating from their previous place of residence to get their daily food, of which 38 (17.19%) were

food-insecure.

A significant proportion of HIV-infected adults, 136 (30.77%), skipped doses of ART in the last
7 days due to unmet restrictions such as needing food with the drug, time schedules, and taking it
on an empty stomach: 74 (33.48%) were food-insecure and 62 (28.05%) were food-secure. Three
hundred three (68.55%) and 373 (84.39%) reported that they closely followed all specific
schedules and special instructions in the past 7 days, respectively, with consistent distribution

among food-insecure and food-secure HIV-infected adults.

More than half (54.52%) of the HIV-infected adults reported strict adherence to ART by not
missing doses in the last 7 days, including 108 (48.87%) who were food-insecure and 133 (60.18%)
who were food-secure. The majority, 269 (60.86%) of HIV-infected adults, demonstrated good
adherence to ART, with 143 (64.71%) being food-insecure and 116 (57.01%) being food-secure.
A notable number of HIV-infected adults reported engaging in various behaviors: 49 (11.26%)
had ever smoked cigarettes, 224 (51.49%) had drunk alcohol, and 26 (5.98%) had chewed khat
(Table 27).
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Table 27: Baseline bhavioral characteristics for follow-up CD4 count change of HIV-infected adults
receiving ART at health facilities in Northcentral, Ethiopia, 2024 (n=574)

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Unprotected sex for No 214 (96.83) 219 (99.10) 433 (97.96)
Daily food Yes 7 (3.17) 2 (0.90) 9 (2.04)
Ever migrated from for No 118 (82.81) 215 (97.29) 398 (90.05)
food Yes 38 (17.19) 6 (2.71) 44 (9.95)
Skipped due to unmet  No 147 (66.52) 159 (71.95) 306 (69.23)
LZ?;‘C“O”S in last 7 Yes 74 (33.48) 62 (28.05) 136 (30.77)
Closely follow the Sometimes 10 (4.52) 5 (2.26) 15 (3.39)
schedule in past 7.days  Most of the time 74 (33.48) 50 (22.62) 124 (28.05)
All of the time 137 (61.99) 166 (75.11) 303 (68.55)
Follow special Sometimes 8 (3.62) 6 (2.71) 14 (3.17)
instruction Most of the time 23 (10.41) 32 (14.48) 55 (12.44)
All of the time 190 (85.97) 183 (82.81) 373 (84.39)
Missing doses in the Missed 113 (51.13) 88 (39.82) 201 (45.48)
last 7 days Not missed 108 (48.87) 133 (60.18) 241 (54.52)
Level of adherence to Good 143 (64.71) 116 (57.01) 269(60.86)
ART Fair 29 (13.12) 34 (15.38) 63 (14.25)
Poor 49 (22.17) 61 (27.60) 110 (24.89)
Ever smoke cigarettes No 196 (91.16) 190 (86.36) 386 (88.74)
Yes 19 (8.84) 30 (13.64) 49 (11.26)
Ever drink alcohol No 107 (49.77) 104 (47.27) 211 (48.51)
Yes 108 (50.23) 116 (52.73) 224 (51.49)
Ever chew chat No 205 (95.35) 204 (92.73) 409 (94.02)
Yes 10 (4.65) 16 (7.27) 26 (5.98)

7.5.5. Incidence of nutritional status of HIV-infected adults for CD4 count
We assessed the nutritional status of HIV-infected adults at three visits over the follow-up duration

to identify its trend over the follow-up period and its effect on immunological progress or CD4

count change of HIV-infected adults. Accordingly, 82 (18.55%) of them developed undernutrition
at the first visit, with 51 (23.08%) being food-insecure and 31 (14.03%) being food-secure (Table
27). At the second visit, 99 (22.71%) developed undernutrition, with 57(26.39%) being food-
insecure and 42 (19.09%) being food-secure. At the third visit, 92 (21.15%) developed
undernutrition, with 58 (26.98%) being food-insecure and 34 (15.45%) being food-secure (Table

28, Figure 16).
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Table 28: Nutritional status for CD4 count change by food security status for HIV-infected adults
receiving ART at health facilities in Northcentral, Ethiopia, 2024. (n=442)

Food security | Nutritional status (1% visit) Nutritional status (279 visit] Nutritional status (3" visit)
status Undernutr Normal Over Undernutr Normal Over Undernutr Normal Over
ition Nutrition ition Nutrition ition Nutrition
No (%) No(%0) No(%0) No (%) No(%0) No(%0) No (%) No(%0) No(%)
Food insecure 51(23.08) 153(69.23) 17(7.69) 57(26.39) 139(64.35) 20(9.26) 58(26.98) 142(66.05) 15 (6.98)
Food secure 31(14.03) 163(73.76) 2(12.22) 42(19.09) 145(65.91) 33(15.00) 34(15.45) 157(71.36) 29(13.18)

Overall Nutional status over the follow-up period
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Figure 16: Overall nutritional status for CD4 count change of HIV-infected adults receiving ART over the

follow-up period at health facilities in Northcentral, Ethiopia, 2024

7.5.6. Incidence of CD4 count change of HIV-infected adults

The CD4 count change of HIV-infected adults was assessed over three consecutive visits. The

CD4 cell count is now considered the most reliable marker for assessing disease progression,

staging the disease, and guiding treatment. A CD4 count falling below 200 cells/mm3 is one of the

criteria used to diagnose AIDS. Accordingly, the median CD4 counts at the first, second, and third
visits were 433 cells/pl (IQR: 255-607), 482 cells/ul (IQR: 326-698), and 523 cells/ul (IQR: 356-
687), respectively (Table 29). There were 105 (23.76%; 95% CI: 20.01-27.96) HIV-infected
adults, 78 (18.35%; 95% CI: 14.96-22.34) HIV-infected adults, and 73 (17.26%; 95% CI: 13.94—
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21.17) HIV-infected adults with a CD4 count of <200 cells/mm3 at the first, second, and third
visits, respectively. The proportion of HIV-infected adults with a CD4 count < 200 cells/mm?3
declined from 23.76% to 17.26% over the 9-month follow-up period. This indicates a slight
increase in the incidence of immunological recovery over the 9 months of follow-up. However,
the incidence of a low CD4 count among food-insecure HIV-infected adults was still higher than
that among food-secure HIV-infected adults at each visit. Specifically, 59 (26.70%), 44 (20.37%),
and 40 (19.14%) of those with a low CD4 count were food-insecure at the first, second, and third
visits, respectively. There was no significant change in immunological recovery from visit to visit
in this group (Table 29).

Table 29: The incidence of low CD4 count among HIV-infected adults receiving ART at health
facilities in Northcentral, Ethiopia, 2024

Food security CD4 count change (1%t visit) CD4 count change (2" visit) CD4 count change (3" visit)
status
< 200 cells/ 200-500 >500 cells/ | <200 cells/ 200-500 >500 cells/ <200 200-500 >500 cells/
mm3 cells/ mm3 mm3 mm3 cells/ mm3 mm3 cells/ cells/ mm3 mm3
mm3
No (%) No(%0) No(%0) No (%) No(%0) No(%0) No (%) No(%0) No(%0)
Food insecure 59(26.70) 75(33.94) 87(39.37) 44(20.37) 74(34.26) 98(45.37) 40(19.14) 60(28.71) 109(52.15)
Food secure 46(20.81) 88(39.82) 87(39.37) 34(16.27) 66(31.58) 109(52.15) | 33(15.42) 60(28.04) 121(56.54)
Total 105(23.76) | 163(36.88) | 174(39.37) | 78(18.35) | 140(32.94) | 207(48.71) | 73(17.26) | 120(28.37) | 230(54.37)

The CD4 count also classified into more precise categories to make it more clear and smooth
modelling process as low CD4 count (< 200 cells/ mm3) and high CD4 count (>200 cells/ mm3).
Accordingly, there were 105 (23.76%), 78 (18.35%), and 73 (17.26%) of HIV-infected adults who
had a low CD4 count (<200 cellsfmmg3). In contrast, 337 (76.24%), 347 (81.65%), and 350
(82.74%) had a CD4 count greater than or equal to 200 cells/mm?, respectively (Table 30, Figure
17).
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Table 30: The incidence of low CD4 count by food security status among HIV-infected adults
receiving ART at health facilities in Northcentral, Ethiopia, 2024

Food security
status

CD4 count (1% visit)

CD4 count (2" visit)

CD4 count (3" visit)

<200 cells/ mm3 >200 cells/ mm3 < 200 cells/ >200 cells/ <200 cells/ >200 cells/ mm3
mm3 mm3 mm3
No (%) No(%) No (%) No(%) No (%) No(%)
Food insecure 59(26.70) 162(73.30) 44(20.37) 172(79.63) 40(19.14) 169(80.86)
Food secure 46(20.81) 175(79.19) 34(16.27) 175(83.73) 33(15.42) 181(84.58)
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Figure 17: The incidence of CD4 count among HIV-infected adults receiving ART over the follow-up
perion at health facilities in Northcentral, Ethiopia, 2024

Finally, during the follow-up period, we tracked a total of 442 individuals (221 food-secure and

221 food-insecure), with 1,326 observations. The overall incidence of low CD4 count change (<

200 cells/fmm3) among observations during the follow-up period was found to be 19.84% (95%
Cl: 17.76%, 22.11%), with 22.14% among food-insecure HIV-infected adults and 17.55% among
food-secure HIV-infected adults.

7.5.7. Predictors of CD4 count change among adults receiving ART
In the bi-variable generalized linear mixed-effects model, nineteen variables—specifically,

sex/gender, age of the respondent, educational status, occupational status, residence, type of care

received, presence of anemia, food security status, presence of eating problems, duration of HIV
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infection, duration of ART follow-up, nutritional status during follow-up, TPT provision status or
IPT, WHO clinical stage, WHO treatment stage, smoking history, alcohol consumption, fruit and
vegetable dietary intake, and adherence to the treatment schedule—were associated with a p-value
of <0.20 and were subsequently selected as candidates for multivariable analysis. The duration of
HIV infection showed a high correlation with the duration of ART follow-up; chewing khat was
strongly correlated with cigarette smoking and alcohol consumption; and following special
instructions was strongly corrected with adherence to the treatment schedule. Professional
judgment was applied to select the most appropriate variables for inclusion in the final models.

Consequently, a multivariable generalized linear mixed-effects regression analysis with an identity
covariance structure was fitted using all eighteen variables simultaneously. Six of the most
contributing factors identified as significant independent predictors of CD4 count change at a 5%
significance level. For the random-effects specification in the identification equation, we selected
a model with an identity covariance structure, which is the default setting, providing a
straightforward approach to managing random effects in our analysis. The model's fit and
adequacy were evaluated using information criteria and a log-likelihood ratio test (LR chi-square
=205.23, p < 0.001).

Correlation Structure | -2LL LR TEST AlC BIC
Identity -480.7115 | 205.23 1005.423 | 1118.824

Accordingly, the gender of HIV-infected adults receiving ART was found to be a significant
independent predictor of low CD4 count change, with the incidence of developing a low CD4
count change among males being 2.8 times higher than that of females (aRR = 2.88, 95% ClI: 1.14,
7.30).

Food security status was the primary predictor considered at the beginning of this follow-up study.
The analysis of the current follow-up data indicated that the food security status of HIV-infected
adults is an independent predictor of low CD4 count after controlling for other potential
confounders. Being food insecure was found to independently increase the risk of low CD4 count.
The incidence of low CD4 count was 2.6 times higher among food-insecure HIV-infected adults
compared to food-secure HIV-infected adults (aRR=2.56, 95% CI: 1.05, 6.26).

Being undernourished was found to be an independent predictor of increased incidence of low

CD4 count change among HIV-infected adults receiving ART. Specifically, the incidence of low
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CD4 count change was 2 times higher among undernourished HIV-infected adults compared to
those with normal nutritional status (aRR=2.17, 95% CI: 1.03, 4.57).

Being anemic was found to be an independent predictor of an increased risk of low CD4 count.
Specifically, the incidence of low CD4 count was 3.4 times higher among HIV-infected adults
with anemia compared to their counterparts during the follow-up period (aRR=3.35, 95% CI: 1.37,
8.17).

The WHO clinical stage and the duration of antiretroviral treatment were identified as significant
independent predictors of CD4 count change in HIV-infected adults. The incidence of low CD4
count was 4 times higher at the advanced WHO clinical stage compared to the early stage
(aRR=4.11, 95% CI: 1.32, 12.84). Likewise, the incidence of low CD4 count was 3.6 times higher
in those receiving ART for 4 years or less compared to those on ART for more than 4 years
(aRR=3.64, 95% ClI: 1.25, 10.63).

However, the analysis did not reveal a significant association between fruit and vegetable
consumption, TPT or IPT provision status, and adherence to ART in the final generalized linear

mixed-effects multivariable regression model. (Table 31).
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Table 31: Predictors of low CD4 count change HIV-infected adults receiveing ART at health facilities in
Northcentral, Ethiopia, 2024.

Variables Response cRR with 95% CI aRR with 95% CI aP-value
Sex Male 3.26 (1.41, 7.53)** 2.88(1.14, 7.30)** | 0.026**
Female 1.0 1.0
Age respodents <35 years 1.0 1.0
35-44 years 2.042 (0.78, 5.36)* 2.01 (0.76, 5.34) 0.162
>45 years 2.04 (0.71, 5.86)* 2.14(0.72, 6.40) 0.173
Educational status No formal education 1.0 1.0
Primary school 0.78(0.30, 2.05)* 0.82 (0.29, 2.26) 0.694
Secondary and above 0.50(0.17, 1.45)* 0.51(0.14,1.79) | 0.292
Occupational status Farmer 1.0 1.0
House wife 0.49 (0.14, 1.76) 0.56 (0.10, 3.15) 0.512
Daily laborer 0.44 (0.12, 1.54)* 0.35(0.07, 1.91) 0.225
Employed 0.40(0.10, 1.55)* 0.72 (1.12, 4.37) 0.720
Merchant/others 0.60(0.17, 2.06) 0.66 (0.12, 3.62) 0.635
Residence Rural 1.0 1.0
Urban 0.49(0.20, 1.20)* 1.57(0.39, 6.35) 0.528
Type of care received | Psychological support 1. 1.0
Economic support 4.33 (0.87, 21.44)* 2.21(0.42,12.64) 0.392
Social support and related 6.00 (0.75, 48.01)* 2.34(0.20, 19.17) 0.491
Presence of eating No 1.0 1.0
problems Yes 2.42 (0.88, 6.67) 2.52 (0.56, 12.62) 0.247
Food security status Food secure 1.0 1.0
Food insecure 1.90 (0.92, 4.33) * 2.56 (1.05, 6.26) ** | 0.039**
Nutrional status Under nutrition 2.34 (1.13, 4.85)** 2.17 (1.03, 4.57)** | 0.042**
Normal 1.0 1.0
Over nutrition 0.61 (0.19, 2.04) 0.85(0.25, 2.88) 0.794
Presence of Anemia No 1.0 1.0
Yes 4.37 (1.84, 10.39) ** 3.35(1.37,8.17)** | 0.008**
WHO clinical stage Stage one 1.0 1.0
Stage two &above 3.78 (1.55, 9.20) ** 4.11 (1.32,12.84)** | 0.015**
Duration of ART <4 years 4.36(1.64, 11.59)** 3.64 (1.25. 10.63)** | 0.018**
>4 years 1.0 1.0
TPT provision status | Given 1.0 1.0
or IPT Not given/discontinue 3.79 (1.32, 10.92)** 1.48 (0.25, 8.87) 0.667
Ever drink alcohol No 1.0 1.0
Yes 2.24 (0.98, 5.15)* 2.16(0.92, 5.05) 0.077
Fruit and vegetable >one time per day 1.0 1.0
intake < one time per day 0.50(0.19, 1.30)* 0.74(0.16, 3.43) 0.699

The analysis for this particular paper indicates that the random effects components of the model
capture the correlation in the repeated measurements. sd(b0i) =3.050 (95% CI: 2.540, 3.662) and

sd("Zij) = 0.285.

Randome-effects parameters

Estimate

Std. err.

[95% CI]

P-value

id: Identity: sd(_cons)

3.050

0.285

(2.540, 3.662)

<0.001
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8. Discussion

8.1. The effect of gender on food insecurity among HIV-infected adults (PaperI)
Our review and meta-analysis estimated the pooled effect of gender on food insecurity among

HIV-infected adults receiving ART. The review and analysis demonstrated that the gender of HIV-
infected adults has strong statistically significant effect on food insecurity. The odds of developing
food insecurity among female HIV-infected adults receiving ART were higher than male HIV

infected adults.

The significant effect of gender on food insecurity found in the current review and analysis is in
line with the findings of a global gap analysis systematic review on food insecurity and HIV/AIDS
in which significant inequity in the experience of food insecurity by gender was found, with
females being most at risk in both resource-rich and resource-limited settings [78]. This finding is
also consistent with the finding of a systematic review for formulating a conceptual framework for
food insecurity and health, in which female HIV-infected adults were most affected by food
insecurity [143]. As discussed above, these findings may be due to the fact that most females in
the relationship have little power over household resource and food allocation, and that they serve
as caregivers, which in turn, inhibits their ability to make further investments in their own skills

and education, increasing their susceptibility to food insecurity.

The finding of the current review was also consistent with the evidence of a global policy review
by the International Food Policy Research Institute, which indicated that gender inequity shapes
power relations and risk [63]. The significant effect of gender on food insecurity in the current
review is in line with the findings of narrative reviews and international food assistance program
guidelines, in which food insecurity remains a challenge for women across diverse settings [58,
72].

Our analysis indicated a relatively consistent significant effect of gender on food insecurity among
HIV-infected adults across study designs and country income levels. We found that cohort studies
had weaker associations than cross-sectional studies due to the lack of temporal relationship

assurance in cohort studies.

In addition, our analysis found that the weakest associations between food insecurity and gender
occurred in the studies conducted in high-income countries and the strongest in low and middle-

income settings. This most likely could be due to a relative lack of female social development
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particularly a lack of education in low-and middle-income settings as well as lower female power
in decision-making around resource allocation. This highlights a limited access to education and
limited female empowerment in decision-making, in these settings. Addressing these issues may
improve women's social development, enhance their decision-making power, and contribute to

more equitable resource allocation.

8.2. Food insecurity and its severity among adults receiving ART (Paper II)
This study aimed to determine the magnitude of food insecurity and identify its associated factors

among HIV-infected adults receiving ART. We found that a significant proportion (33.7%: (30.60,
36.91)) of the HIV-infected adults studied experienced food insecurity during their treatment and
care follow-up. Gender, early age, occupational status, educational status, monthly income, WHO
clinical stage, and duration of ART, were significantly and independently associated with food

insecurity.

The magnitude of food insecurity in this study is in line with the study conducted in West Shoa
Zone (35.2%) [95] and in Kenya (33.5%) [78]. However, the finding is lower than the finding of
some recent studies in Ethiopia, particularly studies conducted in Benishangul Gumuz (76%)
[144], Hospitals in western Ethiopia (68.8%) [41], Debre Markos Town (84.52%) [35], Hosanna
(67.53%) [34], (68.48%) [33], Tigray (40.43%) [96], two studies in Jimma (63.01%) [36],
(85.92%) [30], Kembata Tembaro (57.3%) [145] and in two studies in Butajira (78.11%) [31],
(79.02%) [32]. The difference may be due to the time gap, in which the majority of previous studies
were conducted almost 10 years, and the large sample size and multiple study settings that are

considered in the current study.

The magnitude of food insecurity in this study was also lower than in some previous studies in
African countries. For instance, South Africa among PLHIV (60%) [55], Democratic Republic of
Congo (57%) [25], and Dakar (84.6%) [26], Rural Uganda (74.6%) [89] and (38%) [90]. The long
duration since these studies were conducted, the socio-economic characteristics of the population,
and the cultural context of the study areas are considered to be possible explanations for the

difference in the level of food insecurity.

The magnitude of food insecurity in the current study is higher than the finding of the study
conducted in Dembia Gondar (18.36%) [93] and Arba Minch (19.54%) [94]. The possible
explanation may be the smaller sample in the previous study and the timing of the study.
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We find that 52.4%(46.6, 58.1) of HIV-infected adults experienced a severe form of food
insecurity, which is extremely higher than the finding of studies in Western Ethiopia (16.35%)
[41], Kembata Tambaro Zone (17.4%) [145], two studies in Butajira (42.0%) [31] and (41.7%)
[32], and Brazil (17.6%) [24]. This needs critical attention in care and support during ART follow-
up as only 4.99% of the participants reported that they received food and related care and support
including nutritional counseling. However, the magnitude of severe food insecurity the finding
from Nambia (67%) is higher than the finding of the current study [91]. This finding highlights
the urgent need for improved care and support during ART follow-up, including increased access
to food assistance and nutritional counseling to ensure better health outcomes. We find the strong
and significant association between the gender of HIV-infected adults and food insecurity, in
which the proportion of food insecurity was 2 times higher among females. This finding is
unsurprising and in line with those recent studies on the topic. For instance, a systematic review
that was published by the same authors at the early stage of this study [56], a study conducted in
Arba Minch [94], and the Dominican Republic [97]. However, it needs special attention in a
country like Ethiopia, in which women are more disadvantaged both socially and economically
which can aggravate their food insecurity situation.

Our study found that age and magnitude of food insecurity were significantly associated, in which
the proportion of food insecurity was higher in the early age group as compared to the older age
group. Surprisingly, we find mixed evidence regarding age as a contributing factor for food
insecurity among HIV-infected adults. For instance, the younger age of patients was associated
with an increased proportion of food insecurity in the study conducted in Brazil and other high
resource setting [24, 54], and African countries [146], and while an increased proportion of food
insecurity was found among older age adults in the United States [147] and some studies indicated
a lack of significant association between patients' age with food insecurity. This indicates the need

for further study on the association between the age of HIV-infected adults and food insecurity.

This study found a significant and independent association monthly income of HIV-infected adults
and food insecurity that stipulated the lower the monthly income the higher the proportion of food
insecurity among HIV-infected adults. This finding was fairly established and in line with the
findings of previous studies conducted in Western Ethiopia [41], Hosana Town [34], Kambata
Tembaro zone [145], Arba Minch [94], Butajira [32], and rural Zambian Hospitals [148].
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We found a strong significant association between the proportion of food insecurity and the
educational status of HIV-infected adults, in which the proportion of food insecurity was higher
among HIV-infected adults who had no formal education and attended primary school. The finding
is in line with other previous studies that no education and lower level of education were found to
be strongly associated with food insecurity in Western Ethiopia [41], Hosanna Town [34], Brazil
[24], Jimma Zone [36], and Nigeria [28].

In the current study, the lack of permanent employment was found to have a significantly strong
association with the proportion of food insecurity higher among daily laborer patients. It may be
the result of a lack of permanent employment that will affect earning capacity of the HIV-infected
adults which will also in turn leads to an increased proportion of food insecurity. The finding is
supported by the finding of the previous studies that unemployment was found to have a significant
association with food insecurity in Hosanna Town [34], Nigeria [28], and Brazil [24].

Concerning clinical factors, we find a significant and independent association between the WHO
clinical stage and the duration of antiretroviral treatment among HIV-infected adults. The
proportion of food insecurity among patients with advanced the WHO clinical stage and receiving
ART for less than 4 year’s duration was found to be high. This may be due to worsening disease
situations and deteriorated health status at the advanced clinical stage of HIV with delayed ART
initiation. The significant association of food insecurity with advanced clinical stage is supported
with previous studies conducted in different areas and settings, for example, in Ethiopia [33, 38,
42, 94, 145]. In the same way, significant association with ART is also supported by the findings
of studies conducted in Africa including Ethiopia [54] and Namibia [91], in which the shorter
duration of ART and the high proportion of food insecurity among HIV-infected adults.

However, we found a lack of significant association between food security and socio-economic
status and food support in the final log-binomial multivariable regression while the absence of
food support was found to be strongly associated with food insecurity in South Wollo [42],
Kembata Tembaro and Hossana Town [33, 145] and Dominican Republic [97]. The lack of
significant association between therapeutic feeding supports in the current study may be due to the
fact that very insignificant proportion of HIV-infected adult received food by prescription.
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8.3. Fruit and vegetable dietary intake and its estimated amount consumption

among adults (Paper III)
This study aimed to determine the magnitude of fruit and vegetable dietary intake and identify its

associated factors among HIV-infected adults receiving ART in health facilities of Northcentral
Ethiopia. Accordingly, the current study found that more than three-fourths (76.34%: (73.38,
79.07)) of the HIV-infected adults who participated in the study reported as they consumed fruit
and vegetable with less than one median frequency per day. This indicated the very low fruit and
vegetable dietary intake in the studied population with critically low fruit dietary intake, in which
97.67% (96.41, 98.49) of them reported as the consumed fruit less than one median frequency per
day. The study finds a very low frequency of fruit and vegetable consumption among HIV-infected
adults in northcentral Ethiopia. The proportion of HIV-infected adults who consumed fruit and
vegetable less than once a day was seriously higher than the finding of the study conducted in
Nampula Central Hospital (42.5% and 23.7%) [149], and study conducted among students in OYO
STATE of Nigeria (63%) [150]. However, the finding is lower than the finding of the study
conducted among adults in South Africa, in which only 0.6% of adults reported they had consumed
an adequate amount of fruits and vegetables daily [151]. The finding is higher than the finding
from Five Southeast Asian Countries among the general population of adolescents, in which 28%
reported consuming fruits less than once per day and 13.8% indicated consuming vegetables less

than once per day [152].

The frequency of fruit and vegetable consumption across all nine categories was low, 23.89% and
20.63% of the HIV-infected adults consumed 100% fruit juice and whole fruit once per month,
respectively. Despite the productivity of the study area, only 26.92% and 18.65% of HIV-infected
adults consumed green leafy vegetables and salad one time per month and 2-3 times per month,
respectively. This finding is still very much lower than the finding of the study conducted in
Nampula Central Hospital among a similar population, in which the highest frequency of
consumption were mango, papaya, and bananas among fruits (48.75% of women and 40% of men)
[149].

The overall median amount of the fruit and vegetable dietary intake in this study was was 271.3
g/day, of which the median amount of fruit and vegetable consumption was 248.1 g/day and
273.8g/day, respectively. This finding is lower than the WHO/FAO recommendation that

individuals should consume 400 or more grams of fruits and vegetables for their overall health
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improvement and chronic infections prevention [142]. The finding is in line with the finding of the
studies in Thailand, in which the amounts of fruit and vegetables consumed by study participants
were very much lower than the daily recommended amount [153, 154]. The difference may be the
small sample of the current study and study settings. In addition, the difference may be due to the
difference in the study population in which WHO recommendation is for general health
population, while the current study is conducted among HIV-inefected adults. The finding of the
study also much lower than the finding of study conducted among HIV-Infected pregnant women
in Kenya, in which the overll mean quantity of fruits and vegetables consumed was 301.2g/day
[155].

Marital status, occupational status, caregiver’s category, WHO clinical stage, and duration of ART,
were found to be statistically significant contributing factors for this low level of fruit and
vegetable dietary intake. The current study found that the marital status of the HIV-infected adults
was significantly associated with fruit and vegetable dietary intake, in which, the proportion of
fruit and vegetable was two times higher among divorced as compared with those who are still in
marriage. Surprisingly, we find varied evidence about marital status of HIV-infected adults as a
contributing factor for fruit and vegetable dietary intake. For instance, the finding is in line with
the finding of the systematic review of fruit and vegetable consumption among European elders,
in which most of the socio-demographic and socioeconomic characteristics including marital status
showed statistically significant association with FAV [107]. However, the direction of association
is varied from study to study like the studies conducted in the France and Thialand [154, 156] and
Switzerland [157] indicated that being a single status and separate living status was associated
with high vegetable consumption. The disparity may be due to differences in the study population,
in which both studies were conducted among elders, and the long duration of the previous study. In
another hand, the difference may be the difference in the study settings and the age of participants,

in which the previous studies were conducted in high-income countries and advanced age groups.

The finding of this study showed that the consumption of producers of the fruit and vegetable was
extremely low, in which the proportion of recommended frequency of the consumption is higher
among daily laborers, employers, and mechants as compared to farmers who are the producers of
those fruit and vegetables. This is supported by the global health and metric analysis finding, in
which fruit and vegetable availability has consistently been insufficient to supply recommended
consumption levels [158]. The finding of this study is in line with the finding of study conducted
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among adults in South Africa, in which proportion of consuming 2—3 daily servings of vegetables
and two of fruits was higher among employed adults than unemployed adults including farmers
[151].

The type of caregivers who have been providing care was found to have a statistically significant
association with fruit and vegetable dietary intake, of which the proportion of fruit and vegetable
dietary intake was higher among HIV-infected adults whose caregivers are their children as
compared to those whose caregivers are their mother/fathers. The role of informal caregivers is
critical for the success of ART and related care including nutritional intervention especially
children as caregivers for their families will play a critical role as they may care for their family

more than other categories of caregivers such as mothers/fathers.

The current study finds an independent and statistically significant association between increased
fruit and vegetable dietary intake, and the advanced WHO clinical stage and longer duration of
ART among HIV-infected adults. The proportion of fruit and vegetable dietary intake among HIV-
infected adults with advanced the WHO clinical stage and receiving ART for more than 8 year’s
duration was found to be high. This may be due to the change in their awareness of nutrient-dense
foods consumption, including fruit and vegetable through patient education and nutritional
counseling during the long-duration treatment follow-up. The longer duration of the treatment
follow-up and better awareness about disease progress and related precaution as they had several
contacts with help professionals. As this study is among the very few studies conducted in Africa
following the study conducted among HIV-infected pregnant women and the first study in Ethiopia
among HIV-infected adults, we did not find the literature to compare the findings related to clinical

factors and fruit and vegetable dietary intake.

However, the current study did not indicate a statistically significant difference in fruit and
vegetable consumption among food-secure and food-insecure HIV-infected adults. A similar
finding was observed for psychosocial support in the final Poisson multivariable regression while
the presence of food insecurity was more likely to report decreasing any type of fruit and vegetable
consumption during the COVID-19 pandemic in high-income countries [159]. Other finding
indicated that the fruit and vegetable intake was higher among food-secure households than food
insecure, in which the probability of having low fruit and vegetable intake increased among food-
insecure individuals [160].
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8.4. The effect of food insecurity on clinical progression of HIV/AIDS (Paper IV)
The current multicenter prospective cohort study aimed to examine the effect of food insecurity

on the clinical progression of HIV/AIDS among adults receiving ART and to identify its
independent predictors among HIV-infected adults receiving ART in health facilities of Northcentral
Ethiopia. Accordingly, the study found that the overall incidence of poor clinical progression during
the follow-up period was 21.17% (95% CI. 19.27, 23.18), with the incidence being more than
twice as high among food-insecure individuals (28.84%) compared to food-secure individuals
(13.65%). This finding is surprisingly higher than the findings from the African Cohort Study (9%)
[161], the Treat Asia HIV Observational Database (3 per 100 person-years) [162], and studies
conducted in Ethiopia (12.22% and 10.24%) [163, 164]. However, the two studies conducted in
Ethiopia were retrospective follow-up and cross-sectional studies, which may not be directly

comparable to the current study, which was a prospective cohort study.

We observed an increasing trend in the incidence of poor clinical progression over the follow-up
period, with rates of 18.56%, 21.14%, and 23.84% at the first, second, and third visits, respectively.
The increased trend of food insecurity on the clinical progression of HIV/AIDS persisted
throughout the follow-up, with the incidence of poor clinical progression among food-insecure
HIV-infected adults being twice as high as that of food-secure HIV-infected adults: 25.00%,
28.78%, and 32.85% at the first, second, and third visits, respectively. Despite the lack of studies
directly assessing the effect of food insecurity through prospective follow-up, existing evidence
indicates that food insecurity is associated with a range of negative health outcomes among HIV-
infected adults, including clinical progression. It can affect HIV health outcomes and prevention
strategies in both resource-rich and resource-poor settings [20]. This may be due to the persistent
lack of various forms of support, including therapeutic food support, which only 4.4% of
participants in the current study reported receiving therapeutic food support, as well as the ongoing
insecurity in the study area for more than five years. These factors have contributed to the higher

severity of food insecurity, leading to poor clinical progression.

The findings of this study also indicated a significantly higher risk of poor clinical progression
among food-insecure HIV-infected adults, with more than a fivefold increased risk compared to
food-secure HIV-infected adults. The findings are unsurprisingly supported by evidence from a
study conducted in San Francisco and other resource-poor settings, which indicates that food

insecurity negatively impacts clinical and health outcomes [78] among HIV-infected adults, such
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as incomplete viral load suppression, increased hospitalizations, and disease progression [20, 22,
60, 73], in which 37.2% of HIV-infected adults had unsuppressed viral loads in San Francisco
study [76]. The findings of this study are also supported by a study conducted in Atlanta, Georgia,
where food insecurity was significantly associated with unsuppressed HIV and multiple
hospitalizations for HIV-related conditions [52].

Despite the variation in the setting in which the current study was conducted, the finding is in line
with the finding of a study conducted in New York State, where an increase in the severity of food
insecurity was found to increase the incidence of unsuppressed viral load, an indicator of poor
clinical progression [165]. The findings are supported by a study conducted in Ethiopia, where an
increased incidence of poor clinical progression was found among food-insecure HIV-infected
adults [33].

Surprissingly, the finding is not supported the study conducted among Russians who were not on
ART that there was no significant differences in HIV viral load between food insecure and food
secure groups [84]. The lack of significant differences in the Russian study may be due to the
absence of treatment, which worsened the clinical progression in both groups, or other underlying

factors specific to this context.

The types of care received from informal caregivers, nutritional status during follow-up, duration
of ART follow-up, and WHO treatment stage were found to be significant independent predictors
of poor clinical progression. The type of informal care provided by different sources or caregivers
was identified as a significant independent predictor of poor clinical progression. Specifically,
individuals receiving economic support experienced a higher rate of poor clinical progression
compared to those who received psychological support. This could be due to the fact that economic
support alone may not be as effective in improving clinical outcomes if it does not address the
psychological and emotional needs of individuals. Psychological support has a more direct and
substantial effects on clinical progression by addressing the mental and emotional aspects of
individuals living with HIV. While economic support addresses immediate material needs,
psychological support plays a crucial role in overall disease management and clinical outcomes,

suggesting the integration of both types of support.

The incidence of poor clinical progression among undernourished HIV-infected adults was higher
than among those with normal nutritional status. This finding is unsurprising and consistent with
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studies from Sub-Saharan Africa, where the increased risk of morbidity and mortality is
significantly associated with undernutrition-related immune system dysfunction and increased
susceptibility to opportunistic infections [166]. Similarly, a study conducted in Ethiopia presented
findings that support the current study, showing that food insecurity more than doubled the risk of

malnutrition, which, in turn, increased the odds of poor clinical progression [33].

The study finds the increased incidence of poor clinical progression among HIV-infected adults at
advanced WHO treatment stage. This finding is not surprising, as individuals at advanced
treatment stages are more likely to experience rapid and severe clinical progression due to a
compromised immune system. This results in a higher risk of poor clinical outcomes, such as
deteriorating health, increased hospitalizations, and a higher mortality rate, and can also lead to
significant declines in health and quality of life. This finding is supported by a cohort study among
HIV-infected individuals in Guinea-Bissau, which found that advanced WHO stages at entry were
significantly associated with poorer clinical progression [167]. However, we did not find more
previous studies that measure the effect of entry WHO treatment stages as a predictor variable for

clinical progression.

The duration of ART follow-up was found to be a significant independent predictor of HIV clinical
progression after controlling for the other potential confounders. A shorter duration of ART
follow-up (4 years or less) was associated with an increased incidence of poor clinical progression
among HIV-infected adults receiving ART. This could be due to the adverse side effects of the
medication, which may be more pronounced early in the treatment, coupled with a lack of
comprehensive psychosocial support during these initial stages, leading to challenges in managing

the condition effectively.

The findings of previous studies do not support the current study’s findings. For example, in
Uganda, the longer duration of follow-up was associated with an increased incidence of poor
clinical progression among HIV-infected adults, due to a higher number of hospitalizations and
missed clinic visits [60]. Similarly, a longer duration of follow-up was linked to an increased
incidence of poor clinical progression due to decreased adherence to ART in China [168], and in
a multicenter randomized strategy trial [169].

However, the analysis did not indicate a significant association between HIV-seropositivity

disclosure status and the level of adherence in the final generalized linear mixed-effects
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multivariable regression model. While improved ART adherence had a significant effect on
disease clinical progression in a study conducted in Atlanta, Georgia [111], the disclosure of HIV
status was found to have significant effects on HIV clinical progression through reductions in
adherence to clinic visits and patient representation in a study conducted in Eastern Uganda [170].

8.5. The effect of food insecurity on CD4 count change among adults (Paper V)
The current multicenter prospective cohort study aimed to investigate the effect of food insecurity

on CD4 count changes in HIV-infected adults receiving ART, along with other independent
predictors of CD4 count changes in health facilities in Northcentral Ethiopia. Accordingly, the
median CD4 counts at the first, second, and third visits were 433 cells/ul (IQR: 255-607), 482
cells/ul (IQR: 326-698), and 523 cells/ul (IQR: 356-687), respectively.

This finding is consistent with the findings of the collaborative analysis of cohorts from low-
income countries (sub-Saharan Africa, Latin America, and Asia), where the median CD4 cell count
increased over the follow-up period from 114 cells/uL at ART initiation to 395 cells/uL (IQR 240-
592) at the fifth year of follow-up [171]. The findings from the TREAT Asia HIV Observational
data analysis and the retrospective analysis in northern Ethiopia also indicated that the median
CD4 count continued to increase even when the concurrent HIV viral load was detectable over the
follow-up period [172-174]. However, the median increase in CD4 count in the current study
appears higher than that in previous studies. This may be attributed to the longer duration of
follow-up, the larger sample size with broader area coverage, and the socio-economic variations

of the previous studies from the current one.

The study found that the overall incidence of low CD4 count (<200 cells/mm?) over the follow-up
period was 19.84% (95% CI: 17.76-22.11), with a higher incidence among food-insecure HIV-
infected adults (22.14%) compared to food-secure HIV-infected adults (17.55%). This finding is
in line with the findings of the studies conducted in the different part of the world. For instance,
the longitudinal study and retrospective anlasyis conducted in San Francisco (21.9%) [76] and
Bhutan (20%) [175], in which patients had CD4 counts below 200 cells/mms3.

The study indicates a decline in the incidence of low CD4 count (a CD4 count <200 cells/mm3)
from 23.76% to 17.26% during the follow-up period, suggesting a slight increase in the incidence
of immunological recovery over the 9 months of follow-up. This could be due the effectiveness of

ART in promoting immune recovery, consistent adherence to treatment, and improved patient

104|Page Final Version, Version date: April, 2025



management, leading to enhanced immune function over time. This finding is consistent with the
findings of a retrospective analysis in Ethiopia, where the incidence of CD4+ cell count <200
cells/fmm? declined from 28.3% to 15.0% over the follow-up period [174].

However, the incidence of low CD4 count among food-insecure individuals was consistently
higher than among food-secure individuals: 26.70%, 20.37%, and 19.14% of HIV-infected adults
with a low CD4 count (<200 cells/fmm?) were food-insecure at the first, second, and third visits,
respectively. This suggests that food insecurity may have a persistent effect on immune function
over time, potentially due to inadequate nutritional intake, which can impair immune response and
contribute to lower CD4 counts in food-insecure individuals. This finding is consistent with the
findings of prospective cohort studies conducted in the Boston and Providence area [85] and
British Colombia [53], where the incidence of low CD4 count was persistently higher among food-
insecure individuals across repeated measurements. The study reflected negative changes in CD4
count over the follow-up period, predicting a decrease of 99.5 cells/uL in CD4 count over that
time [85].

The current follow-up study underscores that food insecurity was found to be an independent
predictor of low CD4 count after controlling for other potential confounders, in which the risk of
low CD4 count was more than twofold higher among food-insecure HIV-infected adults compared
to their food-secure counterparts. This finding is supported by studies conducted in San Francisco
[76] and Atlanta, Georgia [52], which showed that food insecurity increased the incidence of low
CD4 cell counts (<200 cellssfmm?) and worsened immunological outcomes. The finding also
supported by the finding of study in British Columbia, Canada, in which the significant decreasing
trend of CD4 count was found in food-insecure HIV-infected adults [53].

However, the finding of a study conducted in a cohort of U.S. veterans [81] and Russia ARCH
cohort [84] were inconsistent with the current study, as there was no significant difference in low
CD4 counts between food-insecure and food-secure individuals. This discrepancy may be due to
variations in the study populations, including differences in socioeconomic status, access to
healthcare, and adherence to ART. These factors could influence the impact of food insecurity on

immune function and CD4 counts, leading to divergent outcomes across different settings.

The gender of participants, nutritional status, presence of anemia, WHO clinical stage, and the
duration of ART were found to be significant independent predictors of low CD4 count. The
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finding indicated the gender of HIV-infected adults receiving ART was found to be a significant
independent predictor of low CD4 count change, in which higher incidence of developing low
CD4 count change found among male than females. This finding is unsurprising and is supported
by the descriptive results of this study, which indicated that more than half of the participants
reported consuming alcohol (51.49%), a behavior common among males in Ethiopia. Evidence
suggests that people with HIV who regularly drink alcohol tend to have a compromised immune
system, with a lower overall CD4 count. This finding is consistent with the findings of studies
conducted in Ethiopia [174] and Bhutan [175] where a larger number of males showed a low CD4
count (<200 cells/pL) compared to females, as well as a study in Brazil and in low-income
countries [171, 176], which found that immune recovery was significantly higher among females

than males.

The finding indicated that poor nutritional status independently predicted an increased incidence
of low CD4 count among HIV-infected adults on ART, with undernourished individuals found to
have twice the incidence of low CD4 count compared to those with normal nutritional status.
Unsurprisingly, this finding was supported by a longitudinal studies conducted in Senegal, which
found that poor nutritional status significantly predicted poor immunologic recovery [26, 177].
This may be due to the persistent lack of various forms of support, including therapeutic food
support, with only a few participants (4%) in the current study reporting they received such
support. This lack likely contributed to undernutrition, leading to low CD4 counts. This was
supported by a study in Malawi, which found that therapeutic food support had significant effects

on nutrition and immunological response [118].

However, surprisingly, this finding is inconsistent with a cohort study in Indonesia, which found
no significant association between changes in nutritional status and changes in CD4 cell count
after 6, 12, and 18 months of treatment [178]. This discrepancy could be due to differences in the
study populations, including baseline nutritional status, healthcare access and quality, dietary
practices, and the availability and quality of nutritional support programs, all of which may have

influenced the outcomes differently.

This study found that anemia independently predicted a threefold increased risk of low CD4 count
among HIV-infected adults during the follow-up period. This may be due to anemia's impact on

immune function, exacerbating the effects of HIV on CD4 counts. This finding is consistent with
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a study conducted in Nepal [179], which found that the presence of anemia was significantly

associated with immunological status.

The study found that WHO clinical stage had a significant independent effect on CD4 count
change, with the incidence of low CD4 count being four times higher at the advanced WHO
clinical stage compared to the early stage. This is likely because advanced WHO clinical stages
are associated with more severe disease progression, which can lead to greater immune system
compromise and lower CD4 counts. Surprisingly, we found inconsistent findings in a study
conducted in Uganda, where more than half of the subjects with CD4 counts (>200 cells/uL) were
at an advanced WHO clinical stage [180], and in a retrospective analysis in Ethiopia [181], where
most patients presenting with severe immunosuppression (CD4 count <200 cells/puL) were
classified in early WHO clinical stages. This discrepancy could be due to an imbalance in the
number of study participants in the Uganda study, where the majority were in the advanced disease
stage, variations in the populations studied, the long time elapsed since the study was conducted,
and the retrospective nature of the study in Ethiopia, where confounders were not adequately
addressed.

The finding revealed that the duration of ART independently influenced changes in low CD4 count
among HIV-infected adults. The incidence of low CD4 count was four times higher in those
receiving ART for 4 years or less compared to those on ART for more than 4 years. This may be
due to longer ART duration allowing more time for immune system recovery and better
management of the disease, leading to improved CD4 counts. This study's finding surprisingly not
supported by a studies in Namibia [91] and Ethiopia [182], which found that a longer duration of

ART was associated with a higher risk of poor adherence, leading to lower CD4 counts.

The analysis did not reveal a significant association between low CD4 count and fruit and
vegetable consumption in the final multivariable generalized linear mixed-effects model, whereas
consuming fruits and vegetables was identified as an important predictor of immune recovery in a
study conducted in the Southwest region of Cameroon [183]. This difference may be due to
variations in the types and quantities of fruits and vegetables consumed and differences in overall

diet quality, which could influence immune recovery.
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9. VALIDITY AND GENERALIZABILITY OF THE STUDY

The validity of any study depends on the study design, data collection instruments, and appropriate
methods for handling random and systematic errors. Therefore, this dissertation has employed
various techniques to enhance internal and external validity at the design, data collection, and
analysis stages. Multiple study designs were used to address the research questions from different
perspectives, including a systematic review and meta-analysis, a multi-facility-based cross-
sectional study, and a multi-facility-based prospective cohort study. Additionally, we tried to
control the effects of bias, chance, and confounding factors at all stages.

We developed an extensive search strategy to include relevant studies on the topic and set
eligibility criteria that were appropriate for selecting suitable articles and documents, including
PICO. The use of the JBI-MAStARI for critical appraisal of identified paper for review helped
ensure the external validity of the study [135]. Additionally, more than one independent reviewer
was involved in the review process to minimize the risk of bias in the selection and quality
assessment of each article or document. A rigorous meta-analysis, including a detailed publication
bias assessment, was conducted to ensure the overall quality of the study, thereby strengthening

both the internal and external validity of the paper.

A fairly large and representative sample size was estimated for primary data based papers,
considering the necessary assumptions, including statistical power, to ensure the
representativeness of the sample and, consequently, the external validity of the papers. Sample
sizes were calculated for all specific objectives within these papers to identify the largest sample
size needed for representativeness across all objectives. As a result, the largest sample sizes were
used for each paper to increase the precision and power of the study. Appropriate statistical
significance tests at the 5% significance level and 95% confidence intervals for each measure of
association (odds and risk ratios) were applied to minimize the role of chance in the estimation
and decision-making processes. Additionally, the use of probability sampling, which ensures an
equal chance for all members of the study population to be selected, helped minimize selection
bias from the chosen health facilities. The high institutional coverage was ensured with
proportionate rural and urban representation. We included eighteen health facilities providing ART
services, covering all 16 districts of the North Shewa zone in the Oromia region, in this

dissertation.
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The primary data collection for this dissertation was based on a prospective cohort study, where
the effect of selection bias is minimal; however, it may still occur due to losses to follow-up.
Notably, the cumulative loss to follow-up rate across all four papers in this dissertation was 3.1%,
which is significantly lower than the estimated loss to follow-up/non-response rate of 5% used in

the sample size calculation for all the objectives of the papers.

The use of standard data collection instruments such as the FANTA tool for food security [112,
125], BRFSS assessment tools for fruit and vegetable dietary intake [100, 126], and the KOBO
Toolbox online data collection platform, along with the recruitment of qualified and experienced
professional data collectors and supervisors, training for data collectors and supervisors, pretesting
of tools for content validation, supervision and follow-up, and proper data management, minimized

measurement bias.

All relevant potential confounders were identified and considered from the existing literature
before developing a conceptual framework at the design stage and selecting of candidate variables
for multivariable regressions to minimize confounding effects during the analysis. Measures for
controlling confounding effects, such as multivariable analysis with backward elimination variable
selection methods, were applied in all regression models used in this dissertation. The use of
regression models appropriates for each study design and data type, such as log-binomial
regression, Poisson regression models with robust variance estimates, and generalized linear
mixed-effects models with a logit link function, improved the estimation of effect measures and

addressed related conditions, thereby ensuring the validity of the findings.

Therefore, the findings of this dissertation can be reasonably generalized to the HIV-infected
population living in the North Shewa zone, the region, and the country in settings with similar
conditions. However, some findings of this study, particularly those based on primary data, are
less likely to be replicated in settings with different sociocultural, socioeconomic, and other related
characteristics—especially in more developed contexts where living standards, including food and

nutrition security and healthy diet practices, have improved.
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10. Strengths and limitations of the study

10.1. Strengths of the study
The following are the strengths of the dissertation: First, the use of comprehensive search strategies

across various databases in the systematic review and meta-analysis helped include both published
and unpublished studies. The use of an internationally agreed-upon and validated critical appraisal
tool/checklist (JBI-MAStARI), along with the involvement of multiple assessors in the quality
assessment and the application of a random effects model, ensured the validity of the findings by
addressing risks of bias in the assessment and selection, as well as potential variability across
studies in the analysis.

Second, the current dissertation utilized multiple study designs and included nearly all hospitals
and high-caseload health centers in the North Shewa Zone, encompassing diverse levels of service
delivery helped to generate comprehensive evidence for policy and program implications. Third,
it is the first study conducted based on a multicenter prospective cohort study to assess the effect
of food insecurity on the clinical progression of HIV/AIDS and CD4 count changes among HIV-
infected adults receiving ART in Ethiopia in general, and in the North Shewa Zone of the Oromia
Region in particular. This also helped to test temporal relationships and assume less recall bias.
Fourth, this study is also the first study conducted in Ethiopia to assess and measure the fruits and
vegetables dietary intake and its estimated consumptions among HIV-infected adults, providing

valuable insights to design nutritional counseling strategies for this population sub-group.

Fifth, the dissertation utilized a large sample size to ensure the precision and power of the study in
relation to the total number of HIV-infected adults receiving ART. This could improve the
representativeness of the sample, ensure the external validity of the findings, and highlight the
importance of the finding at the national level for designing specific interventions and strategies
to address food and nutrition problems among HIV-infected adults. Sixth, the use of standardized
tools (FANTA tool and BRFSS assessment tools), along with their content validation adapted to
the local context, ensure the validity and reliability of the data in assessing and measuring food
security status and fruit and vegetable dietary intake with its estimated consumption.

Seventh, though food insecurity often arises from chronic diseases and related situations
(intermediate and chronic FI), such as prolonged poverty, lack of assets, and inadequate access to

productive or financial resources, it is long-term, persistent, and predictable, following a sequence
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of known events. We considered a follow-up period of less than one year (nine months) to

minimize the effect due to its transient nature.

Eightth, the use of the KoboToolbox digital data collection platform, which allows the investigator
to monitor and approve the data collected on a daily basis, along with training for data collectors
and supervisors, supervision and follow-up, and proper data management, ensured the credibility
of the evidence generated through this study. Ninth, the study considered potential temporal and
cultural variations in dietary patterns for FAV assessment, including the effects of religious fasting
and feast periods. This enhances the reliability of the dietary intake estimates. A structured and
contextually adapted BRFSS tool was employed to capture usual intake while accounting for
seasonal and religious variations.Last, advanced statistical models appropriate for each study
design and data type, such as log-binomial regression, Poisson regression models with robust
variance estimates, and generalized linear mixed-effects models with a logit link function, were
used to ensure accurate estimation of effect measures and to address data-related effects for each

paper in identifying independent predictors.

10.2. Limitations of the study
The study has some situational and methodological limitations. First, restricting the systematic

review and meta-analysis to studies published in English, limited the number of studies included
in the analysis. Second, the use of a cross-sectional study design for the first two papers may limit
the ability to identify causal relationships between dependent and independent variables in both

papers due to lack of a temporal relationship.

Third, there is a possibility of recall bias, particularly in the assessment of food security status and
fruit and vegetable dietary intake, as participants were asked about their experiences over the past
30 days for both issues. Fourth, since both food security status and fruit and vegetable intake were
assessed through participants' self-reports, there is a possibility that some participants may have
misreported, potentially leading to an overestimation or underestimation of the magnitude of food

insecurity and fruit and vegetable dietary intake.

Fifth, there is a possibility of social desirability bias due to the sensitivity of issues under study
and the limited cultural openness in our society to discuss such sensitive topics frankly. Sixth,

the lack of adjustment for day-of-the-week effects in fruit and vegetable (FAV) consumption may
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obscure variations across different days and could have led to underestimation of usual FAV

intake.

Last, there are limited previous studies on fruit and vegetable dietary intake among HIV-infected
populations, as well as prospective cohort studies on the effect of food insecurity on the clinical
progression of HIV/AIDS and CD4 count changes, making comparisons with these findings
challenging.

11. Conclusions
The systematic review and meta-analysis indicated a consistent and statistically significant

association between gender and food insecurity among HIV-infected adults receiving ART, being
female showing a significant positive association with the development of food insecurity across
various settings. This association was strongest in low- and middle-income countries, where the
odds of developing food insecurity among HIV-infected females living in the low and middle

income countries was higher compared to those living in high-income countries.

The study found a high magnitude of food insecurity among HIV-infected adults receiving ART,
with an extremely high magnitude of the severe form of food insecurity. Although there has been
a slight improvement in food insecurity levels among PLHIV over the past few years, it remains
to be a critical public health problem in our society, even in areas with surplus crop production.
The gender of HIV-infected adults, younger age, occupational status, educational status, monthly
income, WHO clinical stage, and duration of ART were all significantly and independently
associated with a high prevalence of food insecurity among HIV-infected adults.

Our finding indicates that a very high proportion of HIV-infected adults consumed fruits and
vegetables less than once per day, a dietary intake considered very low and far below the minimum
recommendations for health, which will reduce protection against opportunistic infections and
non-communicable diseases of all types. Despite living in a surplus production area, farmers were
less likely to consume fruits and vegetables. The marital status, occupational status, type of
caregivers, WHO clinical stage, and duration of ART were found to be significant and independent

predictors of fruit and vegetable dietary intake of HIVV-infected adults.

In this study, poor clinical progression was notably higher among food-insecure individuals, with
more than double the incidence compared to food-secure HIV-infected adults. The trend of poor
clinical progression increased over time, and the effect of food insecurity on HIV/AIDS
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progression remained significant throughout the follow-up period. The types of psychosocial care
received from informal caregivers, food security status, nutritional status during follow-up,
duration of ART, and WHO treatment stage were found to be significant independent predictors
for poor clinical progression.

The study found that while the median CD4 count increased over time, the incidence of low CD4
count (<200 cells/mm3) remained high, particularly among food-insecure individuals, compared
to food-secure individuals. Although there was a decline in incidence of low CD4 count over 9
months, indicating slight immunological recovery, food-insecure individuals consistently
experienced a higher incidence of low CD4 counts. The gender of participants, food security status,
nutritional status, presence of anemia, WHO clinical stage, and duration of ART were found to be

significant independent predictors of low CD4 count.

12. Recommendations
Based on the findings of the study the following recommendations are forwarded:

FMOH, RHB, ZHD, and health facilities

» Policymakers, planners, program managers, and healthcare providers should give due attention
to food insecurity in HIV care and treatment.

» Efforts should be made to strengthen food and nutrition intervention programs, such as "“food
by prescription,™ in a culture- and context-specific manner, which in turn would lead to better
ART adherence, especially during the early initiation of care and treatment.

» Attention should be given to early ART treatment and the advanced clinical stages of patients
through patient education and nutritional counseling tailored to improve food security and
promote healthy dietary practices, including increased consumption of FAVs.

» Policymakers, planners, program managers, and healthcare providers should give due attention
to FAVs consumption to make it part of treatment and care for HIV-infected people.

> There is a need for comprehensive, context-specific nutritional counseling to improve FAV
consumption. This should include a focus on portion size estimation to help estimate the
recommended daily allowance and enhance the culture of portion size estimation.

» As caregivers play a significant role in the care and treatment of HIV-infected adults, it is

important to recognize the critical role of children as caregivers. Incorporating family therapy
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can help enhance the role of children in supporting their family's care, including promoting
FAV consumption.

Developing and implementing targeted food security interventions for HIV-infected
individuals, focusing on improving access to nutritious food to mitigate the effect of food
insecurity on clinical and immunological progressions

Integrate comprehensive nutritional support and counseling into HIV treatment programs, and
ensure that individuals receive appropriate dietary guidance and support to improve their
nutritional status and overall health.

Increase efforts to monitor and support individuals with shorter durations of treatment to ensure
optimal clinical outcomes and reduce the risk of poor progression and low CD4 counts.
Implement targeted nutritional interventions and support programs for food-insecure
individuals to address the higher incidence of low CD4 counts.

Utilize an integrated approach that combines nutritional support, medical care, and social

support to improve overall health outcomes for HIV-infected individuals.

FMOE, MoWSA, REB, ZED, and WEO

>

As lack of formal education and lower education levels are associated with higher food
insecurity, that suggests the need for integrated strategies to improve educational status and
food and nutrition awareness among HIV-infected individuals and the community at large.
The findings suggest the need for critical attention to HIV-infected women, who are
disadvantaged both socially and economically, in the design and implementation of HIV
prevention and control programs that address food insecurity.

Food and nutrition interventions designing and healthcare planning should be culture- and
context-specific to address the gender dynamics of food insecurity and reduce its health effects
on HIV-infected adults.

FMOA, RAB, ZAD, and WAO

>

There should be an emphasis on initiating context- and culture-specific urban agriculture,
including promoting home garden food production and consumption in urban settings to ensure
the availability and diversity of nutrient-dense foods.

The findings also suggest the need for income-generating activities such as diversified home
gardening and agro-pastoral activities.

There should be efforts to create permanent employment opportunities to enhance earning
capacity and improve access to food items.
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Researchers and academic institutions:

» Conduct qualitative research to explore the effects of diverse cultural practices, including food
consumption and food taboos, on food security status, as well as a longitudinal study to assess
the role of nutritional counseling on the food security status of HIV-infected adults.

» Conduct further and focused investigation of FAV dietary intake using both quantitative and
qualitative study to address the nutritional need of this high-risk population sugments.

» Conduct further research to understand the long-term effects of food insecurity and nutritional

status on HIV progression and changes in CD4 count.
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Abstract

Background

HIV-infected adults recemving anti-retroviral therapy hawve a high prevalence of food insecu-
rity in both high- and low-income settings., Wiomen bear an inequitable burden of food inse-
curity due to lack of control ower resources and over housshold food allocation decision-
making. The few studies conducted on the association betwesn food insecunty and gender
among HIV-infected adults have inconclusive findings. Therefors, the objective of this sys-
tematic review and meta-analysis was to estimate the pooled effect of gender on food inse-
curity among HIV-infected adults receiving antiretroviral therapy.-

Method

Wie conducted an electronic, web-based ssarch using PubMed, CINAHL, Popline, MedMar,
Embass, Cochrane library, the JEI Library, the Web of Science and Google Scholar. We
inclueded studies which reported the association between food insscurity and gender among
HiV-infected adults receiving antirstroviral therapy whose age was greater than 18 years.
The analysis was conducted using STATA 14 software. A random effects model was used
1o estimate the pooled effect a 5% confidence interval(Cl). Forest plots were used fo visual-
ize the presence of heterogeneity. Funnel plots and Egger's and Begg's tests ware used to
check for publication bias.

Results

A total of 776 studies were identified of which seventeen studies were included in the meta-
analysis, with a total of 5827 HIV infected adults receiving antiretroviral therapy. We found
that the gender of HIV-infecied adults receiving anti-retroviral therapy had statistically signif-
icant effects on food insecurity. The pooled odds of deweloping food insecurity among
female HIV infacted adults receiving anti-retroviral therapy was 53% higher than mals HIV
infected adults (OR: 1.53, 85% Cl: 1.28, 1.83). Our analysis indicate the findings of studies
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conducted in the high-income countries showed weakest associations between gender and
food insecurity than those conducied in low- and middle-income countries.

Conclusion

Our systematic review and meta-analysis showed statistically significant effect of gender on
food insecurity among HIV-infected adults receiving anti-retroviral therapy in which odds of
food insecurity was higher amaong female HIV infected adults compared to male HIV-infected
adults. These findings suggest that the need to include within fopd and nutrition interventions
for HIV-infected adults receiving antiretroviral treatment, culture- and context-specific gen-
der-based policies to address the sex'gender related vulnerability to food insecurity.

Background

Human immunodeficiency virus (HIV) infection and the acquired immunodeficiency syn-
drome (AIDS) remain a critical global health crisis] 1] Globally in 20186, there were 36.7 mil-
lion people living with HIV of which 45.5% (17.8 million) were women of reproductive age
(15-d9years) [2]. Of the 4.500 daily new HIV infections among adults aged 15 vears and older,
43% are among women and 22% are among young women (15-24yearsh[2].

HIV-lnfection amd food insecurity are closely assoclated in both low- and high-lncome set-
tings. For example, food insecurity defined as having uncertain or limited availability of nutri-
tionally adequate or safe food or the tnabllity 1o procure food in soclally acceptable ways lsas
been identified as the critical contributing factor for poor health outcome among adults living
with HIV[2-5]. In addition to barming immunolegical and dinical outeomes in HIV-infected
individuals, food insecurity has also been shown o increase the risk of HIV exposure and
infection [7].

Studies show a consistently high prevalence of food insecunty among HIV-infected indi-
viduals receiving antiretroviral therapy, with HIV-infected women bear an inequitable burden
of food insecurity in both high- and low-income settings [5-15].

Females are bicdogically, socioeconomically, and socko-culturally at higher risk of HIV
infection than males. Gender inequity shape power relations and access to health education,
and reduces the power of women to negotiate or practice safer sexual behavior which greatly
increases their elsk of HIV-infection in many settings [7]. Particulardy, fermales in rlationships
are often more food-insecure than male partners, as a result of unequal power over economic
resources and household food allocation decision-making. In additon, females often serve as
caregivers and are therefore constrained in their ability to make further investrnents in their
own skills and education, increasing their susceptibility 1o food insecurity[16].

Drespite the fact females have increased vulnerability to food insecurity, studies conducted
an the association between food insecurity and gender among HIV-infected adults receiving
antiretroviral therapy acroas the world (low, middle and high-income countries), have pre-
sented controversial and inconclusive evidences. For instance, some studies have found signifi-
cantly positive effect of gender on food insecurity [13, 14, 17-20], while others falled to
demonsirate the effect [3, 9-11, 15, 21-26].

Estimating the pooled effect of gender on food insecurity among HIV-infected adults and
identify the reasons for this discrepancy in findings s important for addressing food security-
refated problems and for implementing focused interventions to address food security in this
population. Therefore, the main abjective of the current systemmatic review and mets-analysis
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is to estimate the pooled effect of gender on food insecurity among HIV—infected adult
patients receiving antiretroviral therapy. Our research question is: “Does gender of HIV-
infected adults receiving ant-retroviral therapy determine their food security status?”.

The findings of this analysis will be belpful to policy makers and program planners in the
design of appropriate interventions to improve the problems related to the association between
food insecurity and gender among HIV infected adults receiving anti-retroviral therapy. The
findings would also be useful for clinicians and future researchers in related fields

Methods
Search strategy

This systemic review and meta-analysis was conducted to estimate the effects of gender on
food insecurity among HIV-infected adults, receiving antiretroviral therapy. Before beginning
our study, we checked for the presence of the existing systematic reviews and meta-analysis on
our topic using the DARE database (hitp://www library UCSF edu) and the Cochrane library
to avoid duplication. We also checked the availability of ongoing projects related to the current
systematic review and meta-analysis. In addition, we searched the two Trial Registries: ICTRP
and Clinical Trials.gov (searched 30 February, 2018). No previous systematic reviews or meta-
analyses on the topic were found.

We searched all relevant published studies in the following major databases; PubMed,
MEDLINE, Google Scholar, CINAHL, PopLine, MedNar, Embase, the Cochrane library, the [BI
Library, the web of science, and African Journals Online. We also retrieved grey literature using
Google and Google Scholar searches. To identify and retrieve additional articles, we also
reviewed reference lists of identified studies. Unpublished studies were retrieved from the offi-
cial websites of international and local organizations and universities.

The search for published studies was restricted by the age of the study participants (HIV-
infected adults receiving antiretroviral therapy whose age was greater than 18 years), but was
not restricted by time or country. All published and unpublished articles written by the time of
our search in February 30, 2018 were included in the systematic review and meta-analysis.

The following search terms were used: food security status, food insecurity, effect of gender,
effect of gender, adults living with HIV, patients living with HIV, individuals living with HIV,
HIV-infected adults, HIV-infected individuals and antiretroviral therapy separately and/or in
combination.

We pre-defined search terms to allow a comprehensive search strategy that included all the
important studies. All fields within records and Medical Subject Headings (MeSH terms) were
used to help expand the search in advanced PubMed search. The following search strategies
were modified for the various databases using the two important Boolean operators and search
engines with initial keywords/search terms 1) (“Food security status™ OR “food insecurity” AND
“effect of sex™ OR “effect of gender™ AND “adult living with HIV™ OR “Patients living with HIV™
OR “individual living with HIV" AND “antiretroviral therapy®). 2) ("Food insecurity” OR “effect
of sex™ OR “effect of gender™ AND “HIV infected adults™ OR "HIV-infected patients™ OR "HIV-
infected individual™ OR “antiretroviral therapy™ AND “Ethiopia”). The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline was followed during the
systematic review (81 Table) [27].

Study selection and eligibility criteria

The review included articles that were conducted on the association between food insecurity

and gender among HIV-infected people, receiving antiretroviral therapy globally. Participants
were HIV-infected adults on antiretroviral therapy whose age was greater than 18 years,
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regardless of their gender. This review considered both community and instibution based stud-
les, The outoomes considered were food insecurity and its association with gender or the effec
of gender on food insecurity as measured using the Household Food Insecurity Access Scale
(HFIAS)[25, 29]. All stusdy types that were published in the form of journal amicles, master's
thesis and dissertation, that were written in English were included in the review. In addition,
all stusdies conducted using cross sectional, case-control and cohort designs were included. We
excluded studies conducted on the pediatric age group, studies with the methodological prob-
lems, interventional studies, and review arthcles. Retrieved studies were assessed for inclusion
inthe final review by reviewing their tutle, abstract and full-text for their agreement with our
eligibiliry criteria.

Quality assessment and data extraction

‘We used reference management software (Endnote version X7 2) to combine database search
results and to remove duplicate articles manually. The Joanna Briggs Institute Meta-Analysis
of Statistics Assessment and Review Instrument (JBI-MASLARI) was used for critical appraisal
of studies (52 Table) [20]. Trata were extracted by two independent reviewers using a standard-
ized data extraction format. The data extraction spreadsheet included primary author name,
vear of publication, country, study design, sameple size, number of the subject outcorme,
response rate, number male with the outcome, number of fermales with the outcome, the total
number of mabes and females in the study (51 [atase(). Disagreement between reviewers in
the review process were discussed with review team members until consensus was reached.
Discrepancies between two independent reviewers were resolved by involving third reviewer.
When access to full-text articles were not available, document authors were contacted once. If
no reply was received within a month, the documents were excluded from the study.

Data analysis and synthesis

The extracted data were categorized and sorted by quality scores and entered into the com-
puter using command window of STATA v.14. Analysis of the data were done using STATA
v.14 statistical software. The logarithm and standard error of the odds ratio (OR)for each origi-
nal study were generated using “generate” command in STATA. Cochrane’s () statstic (chi-
square), I* and p-values were used to check for heterogeneity of the studbes’ outcomes. The het-
erogeneity was conshdered as low, moderate or high when I° test statbstics results were 25%,
50%, and 75% respectively [11]. Forest plots were alio used to visualize the presence of hetero-
genelty. Because we found high kevel of heterogeneity, we used a random effects mosdel for
analysis to estimate the Deer Simonian and Laisd's pooled effect. Furthermore, to ientify
source of heterogenelty, meta regression was conducted and statistically significant resulis
wiere declared in the presence of heterogeneity. Publication blas was checked using funnel plot
of syrumetry. Further, the statistical significance of publication bias was checked using Egger
and Begg tests [32-24]. A p-value less than 005 was used to declare the presence of publication
Ibias. We performed sensitivity analysis using a random effects model to assess the influence of
a single study on the overall meta-analysis estimate.

Results
Selection and identification of studies

‘We identified a total of 776 studies (775 published and one unpublished sudy) dsat were con-
ducted fram H009 to 2017, Of those identified, 135 duplicate studies were removed and 578 stud-
les were excluded after reviewing of their titles and abstracts. The full text of remsaining the 61
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studies were asgessed for eligibility and for whether they report outcome of interest. OF these, 30
studies were excluded due to lack of outcome of interest and 14 studies were excluded because
they failed to meet the eligibility criteria. OF the remaining studies, the 17 that scored- seven and
above on the JBI quality appraisal ellgibility criteria were Included in the Amal Mets-analyds
The Preferred Reporting [tems for Systematic Reviews and Meta-Analyses (PRISMA} flow dia-
grarm was used 1o guide selection process and present the systematic review overview (Fig 1)

Characteristics of included studies

Atotal of 17 studles that assessed the association between food Insecurity and gender among
HIV infected adults recerving anti-retroviral therapy were included in this systematic review
and meta-analysis, with a total sample of 5827 individuals living with HIV. Eleven of thess
studies were cross sectional and six were prospective cohort. The range of minirmoum and maxi-
mum sample size ranged from 104 in a study condwcted in USA[3]and 796 in a study con-
ducted in Brazl [13]).

773 published studies and 1 unpublished were identified through
database search (Pubbedd MEDLINE, Google scholar, CINAHL,
PopLine, MedMar, Embase, Cochrane library, JEI Library weh of
science, and African Journals Onling). (n=776)

o,
135 articles duplicates excluded
=1
=
P
- =
G| articles enrolled for screening o titlefabstract review o
L
L
378 anticles excluded after title and abstract \ J

63 full text studies checked for eligibility E
=
=

— 30 articles did not report outcome of interest 5]
14 articles did not meet eligihility oriteria
2
U 17 articles were included in Meta -analysis E

Fig 1. PRISMA flow diagram of included studies im the sysiematic review amd nseta-analysis of the effect of gesder on food issecuriny
amsong HIV:infected people receivisg antisetroviral therapy from 2009-2007.
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Tabde 1. Charsctertstics of studies included i the systematic review and meta-snalysis on the effect of gender on food insecurity among HIV mfected pesple receiv-
iing anbiretroviral therapy from 2009-2017.

Study | Antburs Year |Coustry |Country | Sudy  |Sample |Nemboof  |Rop Number male | Nurmk Tutal Tatal R
Na income  |design [ siec subject with | rale with the female with | sember of | number of (a5 C1}
B Bevel ihe e femalc

i M. Asnakew | 35 | Edtinpia | Low Crom- |5 260 2.7 i Tt 136 ¥ 122 (T8, LT
[21] il

] Gedlestal. | BM5 | Edtinpia | Low Crom- | 438 264 e % 11 130 g 212 (136,157
o o

3 Edijo TN | 307 | Estinpia | Low Crom- | ¥4 ™ 100 10 &7 134 400 430 (113 A5K)
etall14] il

4 Tipouetal | 302 | Edbinpia | Low Crom- | 519 201 100 i 115 144 175 1.3 (LB 204)
2z sectional

5 Anemagtal | 305 | Canada | High Cobart | 54 151 100 ™ s a1 “ LAD [{L£5, 1.02)
1

6 Ancmactal | 206 | Canada | High Crom- | 3% 19t 1 ] 5% 14 ! 160 (654, L)
a1 o
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ctal[1a] |
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5]
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[24]
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ctal[15]

14 Weiser [ | 2008 | US4 | High Crom- [ 14 N 100 15 11 6 - 139 (.52 3.1E)
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OfF the total 17 included studies, four were conducted in Ethiopda[14, 17, 21, 22], five studies
i the United States [3, 15, 19, 20, 25], twao kn Canadal9, 10], twio in India[18, 23], Buosstal 24),
Senegal[11], Uganda[26] and Brazil[12] each had one study. Six studies were conducted in
low-income countries[ 11, L4, 17, 11, 22, 28], four studies in middle-income countries] 13, 15,
23, 24] and seven studies in high-income counteies[3, 9, 10, 15, 19, 20, 25].

The findings of individual studies were varted and inconclusive with the effects of gender/
sex found 1o be significant in some studies and in- significant other. OF those studies that
found significant effects of gender on food insecurity, the strongest positive assockation was
found in the study conducted b Ethioptal14], with an odds ratio of 430 (95% CI: 2.13, 8.68)
and the smallest association was found in the study conducted in the United States [20],

OB =1.50(1.01,2.23) (Table 1)

The effect of gender on food insecurity among HIV-infected adults

receiving anti-retroviral therapy

Our analysis of 17 included studies found significant heterogeneity across studies (I* = 45.5%,

p <(022) which suggested that the use of a fixed effect model might lead to unreliable esti-

fiwates because those mode assume that all heterogeneity can be explatned by the covarzates.
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This assumplion may create excessive type | errors when there s residual, or unexplained, het-
erageneity. Toavold this bias, we used random effects model to estimate the pooled effect of
gender on food insecurity among HIV-infected adults tn our 17 included studies using an
inverse variance method.

Using these methods, our meta-analysis found that gender of HIV-infected adults receiving
anti-retroviral therapy had statistically significant effects on their food securty status. The
odds of developing food insecurity among female HIV-infected adults recetving anti-retroviral
therapy were 53% higher than male HIV-infected adults (OR: 1.53, 95% CI: 1.29, 1.83) (Eig 2).

We further investigated the heterogeneity using different statistical techniques to identify
the source of heterogeneity. A meta-regression was performed usng publication year, sample
size and country income level as covariates and by specifying the method for estimating the
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Tabde 2. Related factors with beterogeneity of the effects of gender on food imsecurity amosg HIV-infected adulis
receivieg antiretroviral thesapy, 2009-2017.

Varkables Coeefficicnts p-value

Publication Year 00284334 Lsad

Sample size ORI TS LR

Lo s oae covum brie s o074 LTS5

Mbiddle income countries -0.10 13692 73l
High income coustries Reference

g il 0ong 0,137 Lourral pone (000G, 1002

between-study variance. None of the three variables were statistically significant for explaining
the presence of heterogeneity (Table 7).
The presence of publication bias was assessed using funnel plots and Egger and Begyg statis-
tical tests at 5% significant level. There was no siatistical evidence of publication bias. The fun-
nel plot was almost symmetry, the Begg and Egger tests were not statistically significant with
p-value = 0.484 and p-value = (0,321 respectively (Eig 3).
To wdennify the effect of single study on overall meta-analysiz estimate, we performed sens-
trvity analysis using a random effects model. The analysis found no strong evidence for influ-

ence of single study (Eig 4).
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Sub-group analysis by study design

We performed sub-group analysis by study design to minimize the potential random varia-
tions between studies by comparing the effect of gender on food insecurity of HIV-infected
adults. Our sub-group analysis indicated almost consistent significant effect of gender on food
insecurity among HIV-infected adults across the study designs. The analysis indicated that
cohort studies had weaker associations than cross-sectional studies. The odds of developing
food insecurity among female HIV-infected adults was 42% higher compared to male HIV-
infected adults in cohort studies while the odds of developing food insecurity among female
HIV-infected adults was 60% higher compared to male HIV-infected adults in cross sectional
studies, with odds ratios of 1.42 (95% CI: 1.05, 1.92) and 1.60 (95% CI: 1.28, 2.00) respectively

‘E“w ’-'.'_

Sub-group analysis by country income level

In addition, we performed sub-group analysis by country income level to minimize the poten-
tial random variations between studies by comparing the effect of gender on food insecurity
HIV-infected adults. The analysis indicated that studies conducted in high-income countries
found weaker associations than those in low and middle-income countries. The odds of devel-
oping food insecurity among female HIV-infected adults was 44% higher compared to male
HIV-infected adults in the studies conducted in high-income countries, with an odds ratio of
1.44 (95% CI: 1.08, 1.90). While the odds of developing food insecurity among female HIV-
infected adults was 64% and 57% higher compared to male HIV-infected adults in the studies
conducted in low-and middle-income countries with odds ratios of 1.64 (95% CI: 1.15, 2.33)

and 1.57 (95% CI: 1.09, 2.24) respectively (fig 6).
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Discussion

Our review and meta-analysis estimated the pooled effect of gender on food Insecurity among
HIV-infected adults recelving anti-retroviral therapy. The review and analysls demonstrated
that the gender of HIV-infected adults has strong statistically significant effect on food insecu-
raty. The odds of developing food insecurity among female HIV-infected adults receiving anti-
retroviral therapy were higher than male HIV infected adulis.

The significant effect of gender on food Insecurity found n the current systematic review
and analysis is in line with the findings of a global gap analyzis systematic review on food inse-
curity and HIVFATIDS in which significant inequity in the experience of food insecurity by gen-
der was found, with females belng most at risk in both resource-rich and resource-limited
seftings[25]. This finding also consistent with the finding of a systematlc review for
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formulating a concepiual framework for food insecurity and health in which fernale HIV-
infected adults were most affected by food insecurity. [18]. As discussed above, these findings
rray be due 1o the fact that most ferabes in the relationship have linle power over household
resource and food allocation, and that they serve as caregivers. which in turn, inhibits in their
ability to make further lnvestments i thelr own skills and education, increasing thelr suscepti-

bility to food insecurity.

The finding of current systematic review was also consistent with the evidence of global pol-
icy review by the International Food Policy Research [nstitute which indicated gender inequity
shapes power relations and risk[7]. The significant effect of gender on food insecurity in the
current review is in line with the finding of narrative reviews and international food assistance
program guidelines in which food insecurity remains a challenge for women across diverse set-

tings]36, 37].
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Ohur amalysis indicated a relatively consistent significant effect of gender on food insecunty
among HIV-infected adults across study deskgns and country incorme level. We found that
cohort studbes had weaker associations than cross-sectional studies due to the lack of temporal
relationship assurance in cohort studies.

In addition, our analysis found that the weakest associations between food insecunity and
gender occurred in the studies conducted in high-income countries and the strongest in low
and middle income country settings. This most likely due to a relative lack female social devel-
opment particularly alack of education in low-and middle-income wttings as well as lower
fernale power in decision-making around resource allocation.

We used comprehensive search strateghes L our review systematic review and meta-analy-
sis. We searched both published and unpublished studies through different database searches.
‘We used random effects model to address the issues of potential varkabllity across studies.
Maore than one assessor was used in the quality assessment and appraisal process using JBI--
MASEARIL Nevertheless, the restriction of studies published in English language limited the
number of studies included in meta-analysis.

Conclusion

The systematic review and meta-amalysis indicated a consistent, and statistically skgnificant
effect of gender on food insecurity among HIV-infected adults receiving anti-retroviral ther-
apy. Belng fernale was found to have a positive significant effect on the development of food
Insecurity across a range of settings: however, the association was strongest for low- and mad-
dle-income countries. The review found strong significant positive effect on the development
of feod insecurity among fersale HIV infected adults living in the low and middle income
oountries compared to female HIV infected adults living in high income countries. These find-
Ings suggesi that policy makers, planners, and program managers ln these settings should pay
attention to gender dynamics in the design and implementation of HIV prevention and con-
trod program that address food insecurity. Food, nutrition and HIV intervention programs
should be culture and context specific, to address the sex/gender related vulnerabiliry to food
Imsecurity of HIV-infected adults.
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cross-sectional study

Dube Jara Boneya*, Ahmed Ali Ahmed and
Alemayehu Worku Yalew

School of Public Health, College of Health Sciences, Addis Azaba University, Addis Ababa, Ethiopia

Background: Food insecurity plays a crucial role in predicting the spread of
HIV due to the adverse effects of coping mechanisms adopted to mitigate
it. However, there is a scarcity of context-specific evidence regarding food
Insecurity among HIV-infected adults. Therefore, this study aimed to assess the
context-specific magnitude of food insecurity and associated factors among
adults recelving antiretroviral therapy (ART) in health facilities in the North Shewa
Zone, Ethiopia, ultimately contributing to the achievement of the 95-95-95 HIV
treatment target in the local context.

Methods: A multi-facility cross-sectional study was conducted among 865
HiV-infected adults receiving ART and being followed up for their treatment.
We included health facilities that provide ART, including four hospitals and
six health centers. A log-binomial regression model was fitted to identify the
association between food insecurity and independent variables. Adjusted
prevalence ratios (APRs) with a 95% confidence Interval were computed to
measure the strength of the association.

Results: in this study, 290 (33.7, 95% CI: 30.60, 36.91) of the HIV-infected adults
studied had foed insecurity during their treatment and follow-up, of which 152
(5241, 95% Cl: 46.64, 58.13) and 110 {37.93%, CI: 32.50, 43.68) of them were
found to have severe and moderate forms of food insecurity, respectively.
We found that being younger (APR =227, 95% CI: 112, 4.60), being female
(APR =1.87, 95% CI: 1.03, 3.39), lacking formal education (APR =10.79, 95% CI:
14.74, 24.58), having lower educational status (APR =5.99, 95% Cl: 2.65, 13.54),
being a dally laborer (APR=6.90, 95% CI: 2.28, 20.85), having low monthly
Income (APR = 189, 95% Cl: 1.11, 3.22), agvanced WHO clinical stage (APR = 2.34,
95% CI: 1.08, 5.10), and receiving ART for less than 4 years (AOR = 2.28, 95% CI:
1.09, 4.74) were significantly associated with a high proportion of food insecurity
among HIV-infected adults.

Conclusion: The magnitude of food insecurity among HIV-infected adults
recelving ART was high, with an extremely high magnitude of severe food
insecurity. The finding suggests the need for culture- and context-specific
nutritional Interventions to address the gender dynamics of feod insecurity,
attention to the early stage of ART, and the integration of strategies to improve
educational status and enhance Income-generation activities of HiV-infected
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adults. This requines an emphasis on the ink between food Insecurity and HIV in
Ethiopias national faod and nutrition policy.

Leng o

Food insecurity, HIVFAIDE, clinical progression, antiretrosiral therapy, adults

Introduction

Globally, homan immunodebciency wiros (HIV) and acquired
immunodeficiency syndrome (A1) continue to pose critical health
problems at an alarming rate, particulasly in developing countries {1).
By the end of 3022, there were 1.3 million new HIV infections
worldwide, with 38 million pﬂ:]ﬂ:]i.'rhiw‘i.lh]‘"\" [PLHIV), of which
37.5 million HIV infections were among adults (2). Additionally, there
were 300, 00 new HIV infections in Eastern and Southern Africa,
with a total of 208 million PLHIV (3, 4).

In Elhlnpia. there were 7,194 new HIV infections, for a total of
603,537 PLHIV n 2023 (5, 6). The esti | HIV preval e (aged
15=4%) was 091 %, and the estimated AIDVE deaths were 9,984 in 2023
(7. &). This requires a holistic and comprehensive approach in additon
where HIV prevalence is high, such as sub-Saharan Africa, incloding
Ethsapia {9).

As one of the strategic approaches, UMNATDS developed a new set
of ambitsous targets that call for action to reach 95=05-95: 953% of all
PLHIV to know their HIV status, 95% of all people with diagnosed
HIV infection to receive sustained ART, and 95% of all people
receiving ART to have viral suppression by 2025, This 2ims to close
the testing gap and protect the health of millions of PLHIV who are
still not accessing treatment, inchuding in Ethéopia (10, 11,

Ethiopia has made excellent s boward achieving the
G0=50-00 treatment goal of the 2016=2021 strategy, particularly the
second and third 90= among adults, in which 79% of estimated PLHIV
whio know their stahs were on ART, 90% were on ART and 91% were
virally sappressed, with marked regional variations in ART coverage
[12). The HIVJAIDS Nltlum.'lfd.ﬂ.tl.'pcﬂm [MSP) for Ethiopia 3021 =
2025 indicates that the country is committed 1o achieving the global
new and ambitions 95-95-95 HIV prevention roadmap, with a
particular focus on reaching #5% coverage of ART and wviral
suppression naticnally, across all age groups {13).

Food insecurity, defined as “the limited or uncertain availability
of mutritionally adeguate, safe fonds or the inability to acquire
personally acceptable foods in socially acceptable ways” is an
important promoter of HIV transmission and disease progression
(0} and the Iud.in;::u.-:—: -nl'mnrhid.ilj and mortality  L4). It can
have an impact on addressing the 95=95-95 N5P treatment targets
that Ethiopia is committed to achieving, which is critical for
treatment programs to establish community~centered strategies and
systems. Deespite this fact, global evidence indicates that
approximately 2.4 billion people waorldwide, including PLHIV, lack
access to adeguate food, with 3% experiencing moderate or severe
food insecurity. Furthermore, ower 3.1 bilion people were unable to
affiord a nutritiows and healthy diet, with 78% of them residing in
Africa in 2022, This situation is more exacerbated among PLHIV as
a result of various contributing factors, inclading the infection
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process itself {15). In this regard, studies have noted that the
prevalence of food imsecority is high among PLHIV in both
resource-rich settings, where its prevalence ranges from 53.6 10 71%
[ Ut L 5D, and e-poor ssttings, such as cor of Africa
[ 19=22}, where the prevalence of food insecurity ranges fram 49.1
to BE%. In Ethinpci:. {23=32}), the prevalence ranges from 35.2
bo 92 EX

Studies have indicated that educational status, gender, occispation,
foed assistance, delaying and skipping drugs, longer duration of ART,
missing clinical appointments, and exchanging sex for food are
mlr.ibnl:iug factors for Hj'brr‘n-ndinﬂcnritfmlﬂ_l‘LH]‘-’t.!,lﬂ.
2F, AE=35)

In Ethiopia, smdies indicated that the emonomic satus,
educaticmal status of PLHIY, absence of food sapport, unemployment,
ressdence, WHO cEnical stage, poor adherence to treatment, and
inadeguate household dietary diversity were found as contributing
Bactors for food insecurity, while these studies suggested further
in'rul.i.waliuu an the direction of effect about sample variation (26,
2, 36). PLHIV and receiving ART need a sofficient amount of
food to maintain a healthy dietary intake and cope with drug side
effects. Food insecurity can pose significant challenges to the proper
management of food and nuotrition implications of ART (37).
Furthermore, the review of the Mationa] Frod and Mutrition Policy of
Ethiopia indicates that due emphasis was not given to the link between
fond insecarity and HIW {15).

It is apparent that few studies were conducted on food insecuwrity
anl its associated factors among HIV-infected adults in kows and
middle-sincome countries, including Ethiopia. Very little evidence has
been documented online for researchers and policymakers. Therefore,
the main chjective of this stedy was to assess the magnitude of food
inzecurity and its severity and to identify factors associated with food
inzscurity, among adults nﬂ:a\ri:" ART in health falities, in
Mart heentral Ethicpia

Materials and methods
Study design, setting, and period

A multi-facility crosse-sectional stody was conducted as part of a
multi-center prospective follow-up stody in health facilities in Morth
Shewa Zone, Oromia, Ethiopia The Zone has 16 districts {4 town
administrations and 12 rural districts) with an estimated total
population of 1,431,305 (717,552 male individuals and 713,753 female
individuals) {3%). The Zone has 5 hospitals {1 referral hospital and 4
primary hospitals) and &4 health centers. The stedy was condocted in
10 health facilities (4 hospitals and & health centers) that have been
praviding ART services to HIV-infected people with established ART
dlinics between January 2021 and April 2022,
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Population and eligibility criteria

for their treatment in Morth Shewa Puoblic Health Facilities were
considered the source population. All PLHIV who were receiving
ART and had foll p fior their trestment in selected health Bcilities
were the study population. All PLHIV who were receiving ART and
whise ages were greater than 18 years, regandless of their tr t
regimen and duration of followsup, were included in the study.
Patients with other concomitant chromic diseases, such as heart
disease, hypertension, diabetes mellitus, and others that can suppress
the immmune system and deteriorate their nutritional status, induding
pregnant women who started ART, were exchsded.

Sample size determination and sampling
procedure

The carrent stady is part of a mualti=cemer prospective follow-up
stundy that aimed to assess the effect of food insecurity on the clinical
progression of HIV/AIDS and CDM4 count change among adults
receiving ART in North Shewa Zone Health Facilitiex. The required
fior the difference between the two populations, considering major
exposure variables of food insecusity after reviewing different
literature. Therefore, the required sample size was calculated using
STATCALE application of Episinfo version 7.0 statistscal software
[ Iu],mnn'.dﬂ'i.ng_a. conbdemce h\ddﬁ%.pﬂuﬂn{%maﬂjmhﬁd
prevalence ratia (PE) of 2.4 for food support, a one-to-aone allocation
ratio of unexposed to exposed (1:1), a percentage of the outcome
variable in unexposed (food insecure household receiving food
suppart) of 3.4% [25), and 5% nonsresponse rate. The final sample size
was determined to be 865 wsing the two-population proportion
formala bebow (411

= Ty — 1y P2I=p2] Jl
,-[1 \[1 ,]pu #l z.a#ultl Py 22 .

4.
(Pimp

After adding in a 5% non-response rate, the sample size
remained at B65.

Hospitals and health centers in Morth Shewa that provided ART
ard care were identified. All hospitals and six health centers that
provided care were incloded in the study. The calculated sample was
propoctionally allocated 1o each hospital and health center based on
the size of the patient population. Finally, the data were callected fram
the participants selected, using simple random sampling from the
regestration.  of  patients  through  the computer
gemeration method.

ramdoam

Study variables and measurement
The dependent varizble was food security status, which was

aszessed cross-sectionally at baseline using a nine-item Houschold
Food Insecurity Access Scale (HFIAS) developed and refined by the
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USAID Food and Nutrition Technical Assistance ([FANTA) project
{42, 43} and reparted at the individual level. Cnn:i:l:ring the
ohservation independence assaomption, care was taken o not
include more than one individual from the same household. The
HFIAS is a validated instrument and has been :bu'nmiud.ulmpu:h
food insecure households from food secure howseholds across
different cultural contexts, considering the three dimensions of
food security, such as (1) anxiety and uncertainty about household
food supply, (2 insufficient quality (including variety and
preferences of types of feod), and (3) insaficient food intake and
its physical consequences. The results were dichotomized into food
insecurity and food security (16, 19, 44). Sn-:indzn'l.nplp}l:h:
(age, gender, income, educational status,
oocupational status, religion, marital status, residence, number of
children, and psychosocial suppaorts) and clinical factors (duration
of ART treatment, WHO clinical stage, WHO treatment stage of
HIV, opportunistic diseases, therapeutic food support, and
follow-up interval) were treated as independent variables in
this study.

characteristics

[Data collection tools and methods

A structured interviewer-administered questionnaire was
developed to callect sociodemographic and HIV patient follow-up
data. The questionnaire consisted of six parts, namely
saciedemographic characteristics, psychosocial supports, climical
predictors and effects information, therapeutic food-related
information, and household food security status. Food security
data were collected, u:.iug_a strectured interviewersadministered
guestionnaire. Patient records were extracted to collect data on
same vardables, such as type of malignancy, 10s, anemia, and
WHO staging. The questionnaire was pretested on 5% of the
sample at Chanche Hospital for feasibility, consistency, amd
completeness in the population with similar characteristics. The
necessary modification was made based on the result of the pretest
before actual data collection. The content validatiom of the
guestionnaire with kocal experts was performed before adapting
the FANTA food insecurity access scale. Experienced and
gualified nurses, health officer data collectors, and supervisors
were recruited and trained from those hospitals and health
centers. Twao days of training were given to data collectors and
supervisors on the objectives of the study, methods of data
collection, including the use of computer-assisted personal
interviews {CAPIs) n:ing KoboToalbox, and how to maintain the
confidentiality of information. The CAPIs KoboToolbox digital
data collection platform was wsed to collect data using data
collectors on a digital platform. The measurement instruments
were calibrated after every measurement. The collected data were
checked for completeness and consistency

Data management and analysis
The data collected using the KaboToalbox digital data collection

platform were exported to STATA 17 for cleaning and analysis,
induding modeling. Descriptive analysis was used to characterize
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the study variables. A log-binomial regressicn model was fitted 1o
identify factors associated with food insecurity. All predictors
associated with the outcome variable in bivariable analysis with a
pevalue of 0.20 or less were inclieded in the log-binomial regression
madel of multivariable analysis. The crude and APEs, considered
relative risk, together with their corresponding 95% confidence
intervals, were computed. Multi-collinearity of explanatory
variables was checked using the variance inflation factor, and the
ftness of the model was checked. A pevalue of <005 and
corresponding 95% C1 were considered to declare a result as
statistically significant.

Ethical consideration

The study protocod was reviewed and approved by the Institational
Review Board of the Cnuew:nfl'hl]ﬂlﬂ:lmml. Addis Ababa
University, with a protocol mumber of 104/ 19SPH. Permission for
data collection was obtained from respective health facilities before
data collection, and focal persons at ART dinics were informed. Study
participants were informed about the purpose of the study and verbal
confidentiality of collected information was maintained by locking it
in a file cabinet, accessible only by principal investigators. Participation
in this study was voluntary, and participants had full right not to
participate or withdraw from the study. The soft copy of data entered
into a computer was stored in encrypted files on passwords
protected computers.

Results
Sociodemographic characteristics

A total of 865 adults who were HIVeinfected and receiving
antiretroviral Iherlp'p were enrolled, of those, 861 were willi:ng
and able to participate in this study, resulting in an overall
response rate of 99.5%. The majority, 337(37.98%) of the
participants were within the age group 35=44 years, and the mean
age of the enrolled participants was 38.66 {£9.865D) years. In
terms of gender, 529 (61.44%) of them were 1. and

10 53B5/Tpubdn 2024, 1550958

TAELE 1 Sorisdemographic charsciertics of HVeinfected sduls
receiving antirebroviral therapy at health facilities in Nosth Shewa Zone,
Ethiopia, 2023 [n = BELRL

Variables Percent

Frequency

TEL{90.T1%)} were Orthodox Christians. The majority of 615
(T1.43%) participants were from worban areas. Six hundred
forty=two (74.82%) were Cromo in ethnicity, and 532 (60.63%)
were married. Six hundred ninety-two (80.37%) reported that
I:|'bqr had children, of whom S07(73.27%) had less than 4 children,
with a median of 3.0 (IQR: X, 4; Table 1).

Socio-economic characteristics

The distribution of occupational status is almost consistent across
each category. Accordingly, 198 (25.00%) and 193 (22.42%)
HIV-infected adults were merchants and housewives, respectively.
Three hundred eighty-one (44.25%]) of HIV.infectsd adules had no
formal education. Two hundred ninety-two (52.52%) af HIVeinfected
adults reported earning a monthly income of 2,500 and above
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Age of mogundmis
=¥y g e
s LR 7.0
24 e EEe .64
Mean{A00 3660 t k)

Giender of pasticipasts

Male 13 15

Female £ &l

Religiem of parscpnes

Cirthodan ThL 071

Prtestazt 58 638

Cither® 2 ™

Residence

Rural a6 W57

Urhan &15 Tiad

Warstal Statan

Warsicd £ LA

Singls 9 1115

Diwrarced 1t 1268

Wikerwed 132 15.43

Ethzcity of particpants

Cirama 45 Taon

Ambara 113 1074

Ciurage 5 035

Haxing chddrn

Mo 164 [LrE

e £ LT

Humher of childnes [ = 8002}

=4 childnn s TR

4% chaldrn 165 .73

Wiedaz mamiber of Median s

chidren

Wiedas [KIR) ] (2,41
*Cathak, i aad Wakefata.

Ethiopian birr, with a median monthly income of 2500ETE (IQR:
L0, 4,750k, Tabde 20

P?rchosucial support for HIV-infected
adults
Ofthe total, most patients reparted having some searce of socil

suppart for infermal caregiving. Accordingly, 417 (48.43%) of the
HIV=infected adults reported that they received informal care from
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TAELE 2 Socioesconomic charactesistics of HIVeinfectiod adults recehing
antiretrovisal Userapy at health Tacilities in Merth Shewa Zone, Etliopia,
Z0ET [ = BE1].

Variables Percent

Freguency

10 538 5/ Tpubdn 2024, 135058

The magnitude of food insecurity amon
PLHIV ° v I

The food secarity status of PLHIV receiving ART was ascessed
using food insecurity access score and prevalence indicatoss in this
particular study. We used food insecurity indicatars, specifically the
Haousehold Food Insecurity Access Scale (HFIAS) score and its
prevalence indicator, to assess and report the statos and severity of
with questions regarding the frequency of cocurrence. The prevalence
indicators erabled ws to assess and report the severity of food
insecurity ocoarrence, categorizing households into four levels: food
secure, mildly, moderately, and severely food insecure. Accordingly,
200 [33 68%; 95% Cl: {30.60, 36.91)] were food insecure among adule
HIVeinfected pats receiving ART (Figure 1) Among those who

different caregivers. Of those, 273(65.47%) received economic
suppart, followed by psychological support (86, 20.62%). Hundred
ffty-nine (3&.13%) received care fraom their husbands, followed by
wives (86, 30.62% ). Four hundred forty {51.10%) of the HIVeindected
adults had disclosed their HIV status. Hushands (148, 33.64%), wives
(96, 21.82%), and children {92, 20091%) were the common categories
of people to whom studied HIV-infected adults disclosed their HIWV
serostatus | Takle 5).

Climical factors of HIV-infected adult

Oy 43 {4.99%) reparted they received therapeatic feeding in the
ocourses of their treatment follow-up; of those, 3T{86.05%), H6.98%]),
and 36.98%) received plumpy nut, food prepared for treatment, and

were food insscare, 152 (52.41%, CI: 46,64, 58.13) of food insecure
HIV=infected adults were found to hawe a severe form of food
insecurity, followed by a moderate form of food insecarity, 110

Ciccupasonal St
Famer 175 L
Hirsseweiic 155 a0
[raily laboes L& fEATY
Emploned 148 L)
Merchantinther 158 T
Edbscatinzad wiamas
H4o formmal education 381 P
Pramary schesal 240 T
Sceundary and abes 240 T
Wty smcume (= =556}
1,500 ETE 264 AT
(37.9%%, CI: 32.50, 43.68; Table 5).
2,500 ETE F2 s
Wedas monthly income {ETE) Hleckaz R
Wlederm (KR} 500 1,200, 4,750

Factors associated with food insecurity
among PLHIV

We used log-bimommial regression o identify the association
between food insecurity and independent variables, a robust method
of analysis for cross=sectional studies with binary outcomes, aiming to
minimize the imation of the prevalence ratic. The prevalence
ratio is also more interpretable and easier to communicate o
non=specialists than the odds ratia.

Accoadingly, in bivariable analysis, 17 variables—=gender, age,
marital status, occupational status, presence of children, rumber of
children, manthly income, residence, educational status, type of
caregivers, presence af Ols, types of Obs, duration HIV infection,
duration of ART follow-up, ART follow-up interval, WHO clinical
stage, and WHO treatment stage=—showed association with a p-walue
of <02 and were selected as candidates for muhivarishle analysis. Five
of the 17 variables, such as duration of HIV infection, presence of

high pratein diet {eggs ). respectively. They received therapeutic feeding
treatrvent for | to 6 months. Hundred seventy-three [20.5%) of the
patients developed eating problems; of those, 134 (77.46%) reported
that they developed a loss of appetite. Only four (0.46%) of
HIV-infected adulks in the total sample reported malignancies, with
one case of Kaposis saronma, twao cases of cervical cancer, and one case
of unidentified malignancy. Omne hundred seventy-threes (200059 ) of
the paticnts developed oppartonistic infections (Ox) during their care
folboweup, with the most commeon (s being diarrheal disease (68,
39.31%), followed by ruberculosis (43, Z4.86%). A significant
proportion of shadied participants rep | that they developed i
(212, 24 62%)

«care for more than 4years, and the average amount of time that the
studied HIV-mfected adults received treatment was 9.2 years | £4650).
the follow-up imterval time was 3 and above months. The majority,
624072 AT%) and TE4ER T¥%) of the HIV-infected adults were at WHO
clinical stage one and WHC treatment one, respectively { Table 4
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children, ART follow=up interval, type of caregivers, and types of Ols
that showed collinearity with other related variables, were reduced
after collinearity check wusing collinearity diagnostics such as
correlation matrix and variance inflation factor.

Thus, the multivariable log-binomial regression analysis was
performed, taking all variahles into account simuhanecusly, and seven
of the most contributing factors were significantly and independently
associated with food security status at a 5% level of significance.

The gender of HIV-infected adults was found to have a significant
and independent predictor of food insecarity, of which the proportion
of food insscarity was 1.9 times higher among female subjects than
malbe subjects [adjusted prevalence ratin (APR)=1.87, 95% CI= 1.03,
3.39]. Food insecurity was higher among younger HIV-infected adults
than older adults; the proportion of food inseoority was 2.3 times
higher amang those belonging to the age group bess than 35years than
those belanging to the age group greater than 45years (APR =217,
95% CI: 1.12, 4.60). The educational status of the HIVeinfected adults
was found to have a strong significant association with food nsecurity,
of which the propartion of food insecarity was 11 and 6 times higher
among HIVeinfected adults who had no formal education and
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TAELE 5 Fsychedocial suppost for HIV-inlTeched adulls receiing
antiretroviral tserapy at health faciliies in Nasth Shiwa Zone, Ethéopia,
20EI

10 550 STk 2004, 15058

TAELE 4 Clinical faciors of HV-irdecbed sdulls reosiving anbinebnovieal
therapy ot health (acilivies in Morth Shiwa Zome, Ethiopia, 2025,

Variables Frequency Percent
Wariables
51.57
Yew o n
i oy an Peesemca of cating problerss (s = B51)
Tippe o cars seccived [m= 417} - - —_—
Faycholugical support aE R Yex 1T e
Ecenomic suppart 3 547 P —
Physical mpport e el Lous of appatse - TRAR
Social npport Eal aLs iral candidianin ] 120m
Type of carcgies (=417} Easplugeal canchcasss . a7
Mother! father 58 LLEL) Uppartenistic malgruncy
Wl aE R Ha .o TR
Himband 153 g3 Sew 4 [ Y
hildren a1 LLE ] Pomemce of Oladn =881}
Crthers kLY aas ] [
Dhisclnes their Sero-skatas {n =851 Ve 17 DAL
Ha 421 AR Typeof O dimam
Y .y ELID ‘Tuhemla o ET
T et oo s fn =20} Paoamoai 5 2]
Moterifatier a8 LS i— b
Wik 9 Fre Drpepepus " =
Heband e et ixhers 2 2
P ar et Pemmce of ancme
Comrzsmlty msppaster a7 P e “e T
Others 2 75 e e e
Duration of HIV indection
prrreey 15z 2230
attended primary school, respectively, than those who attended S— - o
secondary and above education (AFPR=10.79, 95% CI: 14.74, 24.58) — -
and (APR =5.99, 95% CI: 2,65, 13.54). Aremge st of HIV infacsion tn pramn S
was 6.9 times higher among daily liboser patients than farmer patients WD chrecal dage
when the effect of other variables was kept constant { APR = 6,50, 95% Stage ora 24 TAAT
CI: 2.28, 20.85). The analysis found that lower monthly income leads [— -r —_—
taa higher proportion of foed insecurity, amaong HIV-infected adults, stmgen e e - o
of which the proportion of food insecurity was 1.9 times higher
among HIVe=infected adults who had monthly income less than 2,500 el ——
Ethiopian Birr than those wha had manthly income greater than 2,500 | Stage s BLTY
Ethiopian Birr {APR=1_89, 95% CI: 111, 322). Pr— . -
Ameang clinical factors, the WHO clinical stage and doration of | g theeeasd fer - .
antiretroviral treatmeent were strongly associated with a higher Py
propertion of food insecurity among HIV-infected adults. The mare
advanced the WHO dlinical stage, the higher proportion of food | Z1™= e 1
insecurity among adults was noted. Specifically, the proportion of food Hpe— - =
inzecurity was 2.3 times higher among adults at WHO clinical stage Averaga duswson. of ART in e Seaa s
two than the WHO clinical stage ane (APR=254, 95% C1: LO8,5.10). | ooy - .
The proporticn of food insecurity was 2.3 imes higher among those P— .
receiving ART for bess than 4-year daration (APR =228, 5% Cl: 109,
4.74). Howewer, socko=economic support and food supportitherapeutic b thon 2 - i
fond suppart were not significantly associated with the proportion of [ 20 sbeve ment == o
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r—‘ Food security status (n=861) R —m

# foo2 lnecare

» tood Sevure

L. d

Household food security status of HiVeinfecied adult recehing
antiretrosinal therapy at health facites in Novth Shewa Zone,
Ethiopla, 2023

food insecurity in the final log-binomial multivariable regression
(Table €).

Discussion

This study aimed to d the magnitude of food insecurity,
its severity, and its associated factors among HIVeinfected adults
receiving ART. We found that one-third [33.7%: (30.60, 36.91)] of the
HlV-mlen:dlduhslnu‘mlhebonxhddlwwﬂoodmcumy
Gender, early age, occ | status, edu | status, moathly
income.WHOdnunlsnf and duration of ART were sgnificantly
:ndmdqnnlmtlyanoauzdmﬂlhadmmnty

gnitude of food i ity in this study is in line with the
nnd’yonmhn:ledmlhe\\ful Shoa Zone {35.2%) (31) and in Kenya
(33.5%) (45). However, the finding is lower than the finding of studies
in Ethiopia, particularly studies conducted in Benishangul Gumuz
(76%) (1¢), hospitals in western Ethiopia (68.8%) (47), Debre Markos
Town (84.52%) (29). Hosanna (67.53%) (25), (68.48%) (27), Tigray
(40.43%) (4%), studies in Jimma (63.01%) (30), (85.92%) (21),
Kembata Tembaro (57.3%) (49), and studses in Butagra (78.11%) (25),
(79.02%) (26). The difference may be attributed to several factors,
mdﬂghmwkmmsm&uam&dﬂcmmq

as well as the larger ple size induded d to pr
dies. As a multi-cent nudylhemdunonofmﬂnpkmdyma
d the rep of the area, which could have

contributed to the in the findings. The magnitude of food

10338 Tpubin 2024.1380958

(18.36%) (53) and Arba Minch (19.54%) (3¢). The possble explanation
may be the small le in the preve dies and the timing of
the studies.

We find that 52.4% (46.6, 58.1) of HIV-infected adults from
houscholds living with food insecurity were found to have a severe
form of food insecurity, which is higher than the findings of
studies in Western Ethiopia (16.35%) (17), Kembata Tembaro
Zone (17.4%) (19), and two studies in Butajira (42.0%) (25) and
(41.7%) (26). This highlights the need for critical care and support
attention during ART follows-up, as only 5% of the participants

reported  that they received food support, including
nutritional counseling.
We found a strong and significant iation b the gend

of HIV.infected adults and food insecurity, mwl'ud:lhcptqancmn
of food insecurity was two times higher among female subjects. This
ﬁndmglsnotnnw\sn‘nndnmlme“hlbouumush&csondn
ﬁopw_Por a sy review published carly in this study
bythep | author of Onyenakie et al. (54), a study conducted in
AlbaMind:(k:).and her  study ducted in the
Doumncankqnhlx(h)(hnrrponedsmizfmdmp).Hm.
it requir ion in a y like Ethiopia, where
oﬂb'lfam'u&rmculand ic disadvantages, p ially
aggravating their food insecurity situations.

Our study found that age and magnitude of food insecurity were
significantly associated, with the proportion of food insecurity being
hlﬂzrmdmwunpr*mwndhdxddnmm
Surprisingly, we found mixed ¢ regarding age as a it
factor to food insecurity 1g HIVeinfected adults. For & e, lhe
younger age of patients was associated with an increased proportion
of food insecurity in the study conducted in Brazil and other high-
resource settings (1%, 50) as well African countries (55), while an
increased proportion of food msecurity was found among older adults
in the United States (56), and some studies indicated a lack of
significant association between patients’ age and food insecurity. This
of HIV-infected adults and food insecurity.

This study found a2 significant and independent association
between the monthly income of HIV-infected adults and food
insecurity, which stipulated that the lower the monthly income, the
higher the proportion of food i ity g HIVeinfected adults.
This finding was fairly establich ‘nndmhnewnhﬁnduvofpxmn
stdies conducted in Western Ethiopea (:7), Hosana Town (25),
Kembata Tembaro Zone (19), Arba Minch (3¢), Butajira (26), and
rural Zambsan hospitals (57).

We found a strong and significant association between the
proportion of food insecurity and the educational status of
HIVeinfected adults, in which the propartion of food insecurity was
lﬂgbﬂ’unonglﬂv-mkdedaduhswhobadmfwuul«hcmnnmd

insecurity in this study was also lower than in some previcas studi
in African countries. For instance, among PLHIV, rates were reported
as 60% in South Africa (50), 57% in the Democratic Republic of
Congo (19), 84.6% in Dakar (20), and 74.6% (5!) and 38% (52) in two
studies in rural Uganda. The Jong duration since the previous studies
were conducted, the soci sc characteristics of the population,
and the cultural context of the study areas are adered to be possibl,

d primary school. The finding is in line with other previous
studies that have found no education and lower levels of education to
be strongly associated with food insecurity in Western Ethiopia (17),
Hosanna Town (25), Brazil ( 15), imma Zone (50), and Nigeria (22).

In the current study, the lack of permanent employment was
found to have a significantly strong association with the proportion of

explanations for the difference in the level of food insecurity.
The magnitude of food insecurity in the current study is higher
than the findings of the studi ducted in Dembia Gondar
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it may be the result of a lack of permanent employment, which can
affect the ecarning capacity of HIV-infected adults and, consequently,
increase the proportion of food insecurity. The nding is supported
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by the Ending of the previows lies that ploy was found
to have a significant association with focd insecurity in Hosanna
Town 28], Migeria (22), and Brazil {18).

Concerning clinical factors, we found a significant and
independent association between the WHO dlinical stage and the
duration of antiretroviral treatment among HIV-infected adults. The

THELE S Lewel af Fouseald Tood insecurity amorg HIV-indecbed aduls
receiving antinebroviral therapy at health facilities in North Shewa Zone,
Etfilopsia, 20235,

Variables

Severity of foad ssccusity [m =250)

Mild fod msccme F- 3 el T, 13.64)
Moderaicly food i A3 (250, 49 .58)
imecune

Bovescly meccoee 152 SR 4L{ws 54, 58015

10 3589 Tpubi 2024, 1580958

proportion of food insecurity among patients with advanced WHO
clinical stage and receiving ART for less than 4=year duration was
found to be high. This may be due to worsening disease sitnations
arwd detersorated health status at the advanced clinical stage of HIV
with delayed ART inftiation. The significant association of food
insecurity with advanced clinical stages s supported by previous
stndies conducted in different areas and settings, for example, in
Ethiopia (27, 32, 36, 49, 58). In the same way, a significant association
with the duration of ART & also supported by the findings of studies
conducted in Adfrica, including Erthiopia (59) and Mamibaa (+4), in
which the shorter duration of ART and the high proportion of food
insecurity among HIV-infected adults have been demaonstrated. This
will imply that bonger ART duration, greater than 4years, may
e associated with bower food insecurity, possibly due to imp i
health status and coping capacity among HIVe-infected adults
receiving ART. However, it is not sufficient to establish a canse-and-
effect relationship using a crossssectional survey alone withouat
evidence from a follow-up stady.

THELE & Factors associabed with food secusity stabus anvong HIV-infected adults receiving antiretresiral theragy at Fealth Taclities in North Shewa

Zoni, Ethicpia, 2023

Variables

Gender
Wlale F 243 Lo 8
Female 201 e L&T {124, 2 e L1083 e aase
Age cabagary
=3y L 78 L%, Bogp FE TRERT o [y
15 s prans L0 7 1LS0(LI, 2 1ap LS T4, 2660 [Err
45 £l 178 Lo 8
Edracatinzal viasa
Ho frmal cducation [T E A(32%, TE5) HLTRT, 2 SE e
Pramary schsal B 155 526208, 511 5902 65, 15.54) e
Secundary and above £ e Lo 8
Crccupasonal stato
Farmir x2 4l Lo 8
Hiraserrtic 4 15 ZA9(L3, B Sp A5(0.E 380 naz
[raily labooer [T 4l LLI2(A5E, 1875 6.90{2 28, M A% ey
Ermgployed £ i LDig0uEs, 0.055) L220d 40, 3.74) (-5
Slerchanbiohen 58 140 LEI[LLY, Zoapes 15087, 185 0965
wozthly oozl ETE)
Lisa than 2,500 144 [E] B T4(261, 5 p L1, S A e
2,500 a=d abrerre 7L 1 Lo 8
WH dinical slage
Stage o 233 401 Lo 8
Stage tws s ns LFMLE, 191 = %410, S a0 Las:
Stages thaee azd. four 17 53 LS5, | 2250088, 7.33) LT
Durationn of ART
Sy &L a4 = B5(LSS, 1T EETRLUE 026
sdyrars 208 ) Lo 8
*hican factan that show suacation with EAV at prakis ko than 825 (ruls of thambl M Goar that o Ity ugres writh FV a2 povade e thas 008,
Bk valucs indicates thoss faciam tha shawed 1 writh foad
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}m“fmmdahtkdn‘mﬁnmmbmnbod
y and ic status and food support in the final
log-hiunuﬁllmuhimriaﬂe gr while the ab of supp
was found to be strongly associated with food insecurity in South
Wollo (58), Kembata Tembaro and H Town (27, 49), and the
Dounman Republic (35). The lack of a significant association
ic feeding supports in the current study may be due
mthehnﬂmamnmlpmpumndm-mﬁtdxhhmwd

food by prescription.

Limitations of the study

The current study assessed the food security stats of HIVeinfected
adults by induding all health facilities with established ART dinics with
diverse service delivery kevels and using a large sample size to determine
the number of HIV-infected adults receiving ART. The KoboToalbax
digital data collection platform allows the investigator to follow and
Wweﬂmodkckddandniymdmdbﬂxsmdmpervm
and use a log | model sustable for estimati '
Memﬂ!aﬁ&ﬁwd&:mwmmm
However, the current sty has some situati and methodologi
hnnmumﬁﬂu&eudlammlmdmmwhxh
dﬂamm&:&diapﬂm!mm‘nrbmhmdcpmdﬂnmd
dependent variables for this specific objective. This temp ~
mqhnndgﬂtybdmﬂiycmalmddkd lations b food

10338 pubin 2024.1380958
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Conclusion
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¥ ng HIVeinfected adults g ART was high, with

ememdymmoﬂoodmucumy.ﬂmudmmdiatedu
its magnitude i still a critical public hulh pmblemmdusocuty
living in areas with surplus crop The gender of
HIVeinfected adults, being younger, occupational status,
educational status, monthly income, WHO clinical stage, and
duration of ART were significantly and independently associated
with a high proportion of food insecurity amang HIVsinfected
adults. The findings suggest the importance of education for
HIVeinfected people, attention to the carly stage of ART, and
advanced clinical stages of patients in the form of patient education
and mnnnom! oounselmg for patients vnlh advanced clinical stages
of the d The | inter hould be cul and
L pecific to address the gender dynamicity of food insecurity
monglﬂv-mkcudmmfmdnwalmmuatﬂwud‘w

phasis on the link b food & ity and HIV in Ethiopias
National Food and Nutrition Policy.
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Fruits and vegetables dietary
intake and its estimated
consumption among adults
receiving antiretroviral therapy in
health facilities in Northcentral
Ethiopia: a multi-facility
cross-sectional study

Dube Jara Boneya®, Ahmed Al Ahmed, Alemayehu Worku Yalew
and Samson Gebremedhin

School of Pubilec Health, Colkege of Health Sciemcoes, Addis Ababa Unikersity, Addis Anaba, Efkopia

Background: Desplite the significant role of freit and wegetables [FAVS) in
preventing a varlety of chronic diseases and thelr potential to bolster irmmune
responses and slow the progression of HIV infection to AIDS, there s a lack
of studies on the dietary intake of FAVs among HIV-infected adults im Africa,
including Ethlopia. Hence, this study almed to investigate the magmnitude of
FAV intake and estimated consumption among HIV-infected adults receiving
antiretrowiral therapy (ART] in northoentral Ethiopla.

Methods: A mublifacility cross-sectional study was conducted on the FAW intake
amang BE5 HIV-infected adults recelwing ART. & Polsson regression model with
robuwst varlance was used to identify factors assoclated with FAVS dietary intake.

Results: The study indicated that 855 (76343, 95% CI: 73,38, 79.07) HIV-infected
adults reported consuming FAVS less than ance per day, with 838 (97.67%, 95% CI:
G641, DA and 676 (FEA.79%, 95% CI: 75.92, 81 40) HIV-infected adults reporting
canswming fruits and vegetables less tham once per day, respectively. The rmedian
QR wotal FAY intake was 2715 (MOR: 92.5, 439.5] gfday, with the median (IGR)
Intake of fruits bedng 248.1 (K2R: 10000, 400.0) gfday and vegetables being 273,78
QR 8244, 348.533) gfday, respectively. We found that being divorced [APR =
157, 95% ClI: 1.14, 2.1, ernployed as a daily laborer (APR = 208, 95% CI: 1.38,
330}, being employed (APR = 1.77F, 95% CI: 1.10, 2.84), merchants [APR = 1.55,
95X CI: 108, 2.47), having children as caregivers [APR = 1.61, 95% CI: 1.02,
2.585), an advanced WHO clinical stage (APR = 1.32, 95% Cl: 1.33(1.03, 1.69]), and
recelving ART for more than & years (APR = 1.78, 95% CI: 1.18, 2.67) were fournd
o be independent predictors of FAV dietary intake among HIV-infected adults.
Froon the findings, we understood that famers were less lkely to consurme FAVs
campared to employed individuals, daily laborers, and merchants.

Conclusion: The finding Indicated a wery low level of FAV dietary intake
amang HW-infected adults recelving ART, fallimg well-below the mdnimwem
recommendation for physically active adults. Despite lving In areas with surplus
production and producing these (terns, farmers are less likely o consurme FAW.
The study emphasizes the Impomance of focusing on the early stage of ART
treatrment for patients and family therapy, including cownseling and guidance
on consuming healthy diets swch as FAVS, to enhance the role of children as
caregivers for their familles. Additionally, there = a nead for comprehensive
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nutritional counseling to improve FAV consumpdtion, with a particular emphadsis
on educating individuals about portion size estimation for the consumption

of FANs.

KITAORDS

fruit, vegetable, HIVIAIDS, dietary intake, antiretroviral therapy, adults

Introduction

In 3022, approximately 1.3 million new HIV infections were
recarded globally, exceeding the global targets by over one million
{1=3) Despite the availahility of efective HIV treatments and tooks
for preventing, detecting. and treating opportunistic infections, the
AlDS pandemic claimed a life every minute, resulting in 500,000
AlDS-related deaths in 2022 ( 2=5).

Good nutrition should be integrated into the care and
treatment plan to enhance treatment success and improve the
quality of life amaong HIVinfected individuals. A well-balanced diet
can contribute toachieving a healthy weight gain, strengthening the
immune system, preventing infection, and reducing hospital stays.
It also helps the body build and maintain muscle mass, enhances
the effectiveness of medications, aids in managing the side effects
of medication, and improves the overall quality of life (¢, 7). Fruits
and vegetables (FAVs) are important components of a healthy diet
and good nutrition. The consumption of FAVs could help prevent a
variety of chronic commaunicable and nons=communicable diseases,
imncluding HIVIAIDS (5L

HIV-infected patients have compromised i systems,
leading to inflammaticn and an increased risk of chronic diseases
and infections. They require balanced portions of fresh FAVs
containing essential micro and macronutrients to address their
nutritional needs and reduce symptams (4).

Few studies conducted in high«income countries amang the
general population, incleding HIVe-infected adules, indicate very
low to low levels of fruit and vegetable dietary intake. In the
USA, only approximately 14% of the total population meets
the recommended fruit intake levels and 8% for vegetables
() Similarly, studies conducted in China and Canada repart
Wmthhmdw&tmuﬂh 55.2% of the labor force
and 40.7% of students falling short of recommended bevels, showing
no significant differences between urban and rural populations
in the proportion of insufficient vegetable intake (10). A study
conducted in Portugal among HIV-infected adults also indicated
the low frequency of fruit and vegetable consamption, in which
425 and 23.7% of participating individuals consumed FAVs less
than once per day (1)L In Africa, studies indicate that only a
small propartion of people consume and meet the recommended
amount. In that lne, a study conducted in Kenya indicates that
51.0% of the people consumed froits during the survey (the
previous day), with 2 mean intake of 189.6 (16.8) g/day, of which
anly 16% of the participants met WHO recommendations {1 2). In
the study conducted in Uganda among adults, it was indicated thas
only 12.2% of them consumed fve or more servings of frusts andlor
vegetables per day in a typical week {13). The evidence from a
review of high=income countries indicated that the sex, age, marital
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status, educational status, and income of participants were found
ta be contributing factors to the low level of fruit and vegetable
consumpiion (4],

A healthy diet, including FAVs, will have a significant impact
not only on the quality of life of patients but also on the success
of ART treatment {1 5). The World Health Organization (WEHO)
recommends a daily intake of 400g of FAVs, equivalent to fve
portions, to mitigate the risk of chronic diseases. This intake is
alzo beneficial for HIV-positive individsals, as it helps address
micronairient rldi.n:imn:iﬂ.:indurling anticxidants such as vitamins
C, A, E, and selenfum. These nutrients contribute to metabolic
regulation and bolster immune responses, potentially slowing the
progression of HIV infection {16, 7).

In this regard, in the review of :uisl:ing evidence, we did
not find a single study investigating fruit and vegetable dietary
intake amaong HIVeinfected acults in Africa, incloding Ethiopia.
Furthermore, the review of national HIV and nutriticn guidelines
revealed that while there is a significant focus on nutritional
counseling for macronutrient and micronutrient deficiencysrelated
problems {18), there is no explicit mention of the benefits of a
healthy diet, which is assumed to contribute to improvements in the
immune system function and enhanced quality of life among HIV-
infected individuals. Therefore, the main ohjective of this study is to
assess the magnitude of fruit and vegetable dictary intake, estimate
the amount consumed, and identify factors associated with these
dietary habits among adults receiving ART in health facilties in
northeentral Ethiopia.

Materials and methods
Study design, settings, and period

This study employed a multi-center facility cross-sectional
study in health facilities located in Morth Shewa Fone, northcentral,
Oromia, Ethiopia. The zome consists of 16 districis, including
four town administrations and 12 rural districts {19). It is
noteworthy that the zone comprises ome referral hospital and
four primary hospitals, along with 64 health centers and 275
health posts. Ameng these facilities, 18 health facilities (four
hospitals and 14 health centers) were identified as having ART
dlinics to provide ART services to HIVeinfected people We
conducted this study in ten health facilities, comprising four
hospitals and six health centers, which were providing ART services
to HIV-infected individuals with high caseloads and established
ART dinics. The study was conducted from Janmary 2021 to
April 2022
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Study population and participants

All people Living with HIV (PLHIV) receiving ART in the
ax health centers and four hospitals, aged 18 years amd older,
regardless of their treatment regimen and duration of follows
up, were eligible for incusion. However, patients with other
concomitant chronic diseases, such as heart disease, hypertension,
and diabetes mellitus, and those that could suppress the immune
system and deteriorate nutriticnal status, as well as pregnant
women who received ART, were excluded from this stody to
ensure data quality. This condition impairs their health and
affects their access to sufficient FAVs. It could also exacerbate the
existing suppressicn of the immune system cansed by the presence
af HIV.

Sample size determination and sampling
procedures

The sample for the current study was determined using the
double-population proportion formula in Epilnfo version 7 for
sample size calculation (20), focusing on the fctors associated
with fruit and vegetable (FAV) dietary intake as the outcome
of interest. Based om a literature review, the sample size was
determined by the differences in FAV dietary intake between the
two populations, considering food suppart as 2 major expasure
variable. Furthermore, it was noted that the proportion of HIV=
infected adult patients with FAV intake without food support was
3.4%, with an adjusted odds ratio for the association between FAV
intake and food support was 2.4 (21). With these figures, this study
used a onesto-one {1:1) allocation ratio of unexposed to exposed,
a 5% level of signifcance (twossided), and 2 power of 80%. To
account for potential nonsresponses, an additional 5% was added
to the sample size, resulting in a total sample size of 865, Four
hospitals and six health centers that provided care were included
in this stady after identifying all haspitals and health centers that
provided ART in Worth Shewa, Oromia A list of all eligible HIV-
infected adults receiving ART in dinks was obtained from the
patient registration book. The calculated sample was allocated
propartionally to each included health facility based on the size of
patient populations. Then, simple random sampling was used 1o
select participants fram the patient registration boak using the SPSS

{version 25) select cases menu.

Study variables and measurement

The dependent variable for the study was FAV dietary
intake in the kst 30 days, assessed through the frequency of

103389l 2024. 1580987

of FAV consamption: nmever, =1 time per month, I=3 times a
maonth, ocnce a week, 2=4 fimes 2 week, 5= times 2 week, once
a day, 2=3 times a day, 4=5 times a day, and 6+ times a day
{16, 271 The median frequency of FAV daily intake was initially
calculated by converting weekly and monthly intake into daily
intake. This was achieved by dividing the frequency of weekly or
monthly reported intake by 7 or 30, respectively. Subsequently,
the freguencies of all FAV variables were summed wp to obtain
the total frequency of FV intake. The median was then calculated
using thie total daily FAV frequency as a continuows varishle (223
Then, it was dichotomouws, coded as 1 if the median frequency
was less than one time per day for low FAV dietary intake
and 0 if the median frequency was greater than or equal to
one time per day for high fruit and vegetable intake (22). In
addition, the adequacy of FAV was also assessed by considering
the portion size of each selected FAY. The portion sizes were then
multiplied by the recommended grams to calculate the median
grams based on the WHINFAQ recommendation. According to
these recommendations, individoals should consome 400 or more
grams of FAVs for overall health improvement, reducing the risk
of certain NCDs and preventing chronic infections (17). This
dictary practice contributes to metabolic regulation and balsters
immune responses, potentially slowing the progression of HIV
infection due to the content of vitamins and minerals such as
witamins C, A, E, and selenium, which possess antioxidant effects
(16, 17k

We considered two independent variable categories. The
frst category incloded sociodemographic and sociceconomic
characteristics [IF. gcnd::. income, edocatsomal sfatus,
ococupational status, ethnicity, religion, marital status, residence,
and psychosocial support). The second category  included
nurition, treatment, and clinical characteristics {the duration of
ART treatment, WHO clinical stage, WHO treatment stage of
HIV, opportunistic infections, therapewtic food suppaort, follow.op
interval, and food secarity status).

[Data collection tools and methods

A structured interviewer-administered questionnaire was
developed to collect sociodemographic, sociosconomic, and
clinical characteristics of HIV=infected adults. Additionally, we
wsed the standard Behavioral Risk Factor Surveillance System
[BRF55) toal to assess the frequency and imtake of FAV among
HIVeinfected adults. Patient records were extracted to collect data
on some variables, such as the type of maligmancy, Is, anemia,
and WHO staging. The data collection process was supervised by
the principal investigator and two held supervisors. Nine health
P als (nurses and health officers) who were mot working

consumption using Behavioral Risk Factor Surveillance System
(BRF55) assessment tools. The frequency of consomption of two
classes of fruits {whaole fruits and 100% Fruit juoice, withowt sugar
or cther additives) and vegetables (such as green leafy vegetables,
like cabbage and salads; cruciferons; marrow; starchy staples like
potatoes, sweet potaboes, green peas, and others; carrots; and other
vegetables) was asessed among HIVsinfected adults in selected
health facilities. We osed 10 categories to assess the frequency

Fresvtiars in Mutrition as

154 |Page Final Version, Version

in ART dlinics were recruited and trained for 2 days before being
deployed for data collection. The guestionnaire was pretested on
5% of the sample at Chancho Hospital to ensure its wvalidity
and reliability, which included content validation of the standard
Behavioral Risk Factor Surveillance System (BEFSS) tool with
local experts before adapting it for data collection. The necessary
amendment was made based on the findings of the pretest before
actoal data collection.
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Data management and analysis

Data were exported from KoboToolbox to STATA 17 for
analysis and modeling. A descriptive analysis was used 1o
describe the characteristics of the study participants. A Poisson
regression model with robust variance was fAtted o identify
factors associated with fruit and wegetable consumption. All
factors that were associated with the outcome wariable in the
bivariable analysis with a psvalue of 0.20 or less were inclusded
in the multivariable Poisson regression madel. The crude and
adjusted prevalence ratios, together with their corresponding 95%
confidence intervals, were computed. The mubticollinearity of
explanatory wariables was checked using the wariance inflation
factor, while the fimess of the model was checked wsing
information criteria sach as AR I.I:IdBlE.HP-‘I'I].I.IEDI‘-I:ﬂ.DS
and the corresponding 95% confidence interval were considered
statistically significant.

Ethical consideration

Ethical clearance for the study was obtained from the
Institutiomal Review Board of the l—_'rnuqc of Health Sciences,
Addis Ababa University, under registration number 104/ 19/5PH.
Data collection commenced only after obtaining permission
from the participating hospitals and bealth centers. All focal
personmne]l at the ART dinics of the respective health facilities
were duly informed abowt the stody protocols. The participants
provided their written informed comsent before participating
in the study, after being fully bricfed on #x purpose. The
confidentiality of the collected data was maintained by not
revealing personal identifiers and locking the data in the
file cabinet. Participation in this study was woluntary, with
participants having the full right to opt out, or withdraw at amy
point from the stody. This study did not cause harm to the
participants except for minor discomfort during the interview
process. There were no direct benefits for the participants
in participating in this study. The soft copy of data entered
into the computer was stored in encrypled files on passwords-
protected computers.

Results

Sociodemographic and sociceconomic
characteristics

A total of 858 HIV-infected adults were enrolled and completed
the interview. A total of 552 {64.34%) participants belonged to the
age group < 40 years, with the mean age of the enrolled participants
was 38 64 (9 85 STV years. Additionally, 527 participants {61.42%)
were women, and 614 participants {71.56%) were from urban areas.
A total of 778 (SL68%) participants were followers of Orthodox
Christianity, and 519 participants (50.49%]) were married. & total of
42 (74.52%]) participants belonged to Oromo in ethnicity. A total
of 158 {23.08%) HIV-infected adults were merchants, followed by
housewives {191, 22.26%). A total of 379 (44.17%) HIV-infected
adults had no formal education, and 291 {52.52%) participants
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TAELE I Sociodersographic ard ecomamic chamacteristics of
Hi¥=inlecied adulis receiving anbirebnocal therapy at bealih fecilithes in
nosthoentral, Ethéopia, 20273

Wariables Fr‘_'f.']ul'-_'r'lﬂj' Parcent
Boaral ECT] 2E 44
Wb &4 T1.56
Religion of participants
Orthodng ) BOLER
Frotestant 1 55 Al
Chary™ | F1 FL T}
Maritad status
Beloerraed Eig [E L]
semgle a 119
Dwronced it (L )
W icdrwed L E vl 1538
Ethnicity of participants
Comn L2 &2
Ambara and Gurage 1ia 2508
Ccrupational status
Farmer | b 20085
Housrwifc FLT0 23 38
oy Labwsrr = 1735
Cmped | fre 1737
Ml hetiohery | % 21306
Educational status
Mo formol edecatmn i 4407
Frizam schisl 1 s
Secondary and sbove Jaa) 2787
Moethly income [n = S53)
31500 ETE I 4738
=2 500 ETE | mi 53 £F
Median monthly Median
income (ETE)
Mdian (1KY 2500 {1200, 4,660
"Cathobe, ol arad Wderfiia,

responded that they earned a monthly income of 2,500 and above
ETE and had a median monthly income of 2500ETE (IQR: 1200,
4,730} (Table 1).
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TABLE 2 Socisecommic Suppon for HIV-infectod sdulls receibng
antiretroviral ierapy at lealth faclities o noriboeriral, Ethiopaa, 2023,

Wariables Percent

Fraguemncy

Socioeconomic support for HIV-infected
adults

Regarding sociceconomic support, 415 (48.37%) HIV-infected
adults received hﬁmﬂmﬁmdﬁaﬂcuﬂﬁmdwﬁiﬂh.
271 (65.30%) and 86 (D0.TX%) HIVe-infected adults received
economic support and psychological support, respectively. The
majority, 245 (72.29%), received care either from their hushands
or wives, and 438 (51.05%) HIV-infected adults had disclosed their
HIV status, with 244 participants {55.71%) disclosing their HIV

to their hushands or wives (Table 2)

Clinical and food-related characteristics of
HIV-infected adults

A total of 172 (20.05%) HIVeinfected adults reported having
eating problems during their treatment followsup, the most
common reasons being the loss of appetite (133, 77.33%), followed
by oml candidiasis (33, 19.19%) Moreover, 173 parficipants
(20.16%) developed opportunistic infections (Ols), and 43
participants { 5.01%]) reported receiving therapeutic feeding during
the treatment follow-up. In total, 212 (24.71%) patients reported
bring anemic during their treatment follow=up. A total of 621
(72.38%) and 761 (88.69%) HIV-infected adults were at the WHO
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TAELE 3 Clinical and Tood-relabed charactersitics of H'V=inlecied adulis
nbceiving sl rebrovinal therapy st healih fecilites in nostheentral,
Ethiopia, 2023

Varlables Freguency Percent

Presence of eating problems [n = 858)

Mo (= TRES

Y 17z 2005

Cauzes of eating problems (m = 172)

Limns of sppetiic 135 TIAE

Oeal 1k 1Han
.

Esophageal & L
el

Presence of s (o= BSE)

Mo Bas TeEa

Y 173 2006

Therapeutic food (n = 858

Mo ELS 450

Y 45 ao1

Pressnce of anemda [0 = 858)

LT e 7539

Y Iz 24T

The average duration of Mean
HIV infectiomn In years

{rr = B58])

Mean

The average duration of
ART in years

N LT
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TABLE 3 |Cositirmssd]

e Aerane e , ]
.mgrfl:eygl;_.ﬁdurdiuﬁur Mean EE E g E E_' F, E_' f E E_
o E
o Tax X =]
Ya & 76% g
Tt 'l = £ |R 5|58 =E
=: HERHHEHEHE
Fousd securne =30 ALY ‘;_I:._ el B sSlw| TS5 = 2
Food smsccu aE L)
22 HEIEREEEEEE
= - = 2 =2/2 2 =
= == = 5 ¥ 5 =
clinical stage one and WHO treatment stage ane, respectively, while L]
534 (62.24%) participants reported that they received ART for maore _ [
than & and the of time that the studied HIV- R 2
L f e anc (e snemge amount o bme ; 2 s 5§ |§§ 8| 58
infected adults received treatment was 921 years {==4.54 500, which I E s2l2|l=2 slgdl 2|2 2|2
is considered a longer ART durats ——n— T FEE T F
A total of 84 {9.76%) and 66 (769%) HIV-infected adults F
claimed to have been forced to engage in unprotected sex and -] ;
daily food, respectively. A significant proportion of the HIV- %'-I\ 22 = -E—E--:-—EE-E—
infected adults reported experiencing food insecurity {288, 33.57%) E w
(Taki= 3). ‘;E- g
& F ElEETR] F H|IE|IF g E
Pl 22 = |2/ 8(z2|2 8|z
i . i = m == Alm | E|H |8
Fruits and vegetable dietary intake — |G
frequency W3 < :ls [5/sls]5/<l
AR ]
We I the froquency of ction of two clases 5 = %%g SHEHEEE
of fruits (whole froits and 100% froft juice without sugar E,_'.
or other additives) and wvegetables (green lefy and salads, i 2 -
cruciferous, marrow, starchy staples, carrots, and other E_ E‘-
vegetables) among HIVeindected adults. We found a wvery E. E
low frequency of FAV consumption among HIVeinfected & Eﬁ.ﬁ EE‘E'—‘:‘EE
adults in relation to the recom ded daily all: e, Omnly 2 -;'f-!'.--..!;- B2 E|lA = H
05 (23.89%) and 177 (20.63%) of the HIVeinfected adulis E bl F | #E 5 8 RE|H| R E
consumed 100% Ffruit juice and whole fruit once per month, H -
respectively. A total of 231 [26.92%) and 160 [18.465%) HIV- E
infected adultxs comsumed green leafy vegetables and salad £
one time per month and 2=3 times per month, respectively. : EEE slglzlzlels
In total, 331 (38.58%) and 300 (35.08%) HIV-infected adults i ¥EJ 5l q8la didlz2ls 2 =
times per meaonth, respectively.  Moreower, 289 (33.68%), 210 = bl
(35.64%), and 107 (1247%) HIVeinfected adults reported 8
consuming marrow vegetables, carrots, amd other wvegetables, = - 5 "5 9 EEEﬁEE
ey (Tl 1) 4 : g1g|s 348228
= | A
:
The level of fruit and vegetable dietary ]
a =
consumption among PLHIV 5 § i i
= & 3 i
In the study, more than threesquarters, ie. 655 : iiji 3-?*
[F634%; 95% CI (7338, 79.07)] HIVeinfected adults =t £ ; gi i j a 5
reported  consuming  FAVs  less  than once  per  day, B -
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u Less than one time per day

FIGLURT 1

Percent of fruit and vegetable dietary intakeln=858)

= Greater than of egual one time per day

FAW dietary intake amoeg HV-infectod aduks ecekdng antinetnovical thesay at publc healh Tacilities n northcantral Edniogpia, 2027,

while ooly 205 [13.66% 95% CI (2083, 2663)] HIV=
infected adults reported consaming FAVs once per day or
mere (Frgure 1).

We also calculated the comsumption of FAVs separately
to  compare their  intake  Accordingly, 838 [97.67%,
5% CI: 96dl, 98.49) and 676 (7E.7%%, 95% CI: 7552,
Bl40} HIV-infected adults  reported conmaming  fruits
and wegetables lexs  than omce  per  day,  respectively,
indicating wvery low consumption of both  fruits  and
vegetables (Figare 2}

Estimated amount of fruit and vegetable
consumption

In this study, we found that there was no  culture

af partion size  estimation, i.|1rJ.mli.|1: for those who
reporbed  consuming  FAVs. It was  wery  difficul
tr  generalize since only &2 and 101 of the ol

sample responded o
vegetables, respectively.

Accordingly, the median (TR total FAV intake was 2713
(IQR: 925, 4395) i.l'd.:.j’. The median (IQR) of the towl
fruit and W:FI:I:E consumption was 2481 (IQR: 100.0, 400.0)
gfday and 273.78 (IQF: 8244, 348.33) giday, respectively. The
propartion of participants consuming 400 g or more of FAWs was
calculated based only on the 108 participants whose amount of
consumption was quantified. Therefore, the proportion of HIV-
infected adults who consumed 400 g or mone of FAV was 33 [3006%)
{Table 5).

the consumption of froits  and
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Factors associated with fruit and vegetable
dietary intake

In the bisvariable Poisson regression analysiz, 14 variables,
namely educational status, marital statuss, occopational status,
maonthly income, categories of caregivers, the types of care received,
the presence of opportanistic infections, the presence of anemia,
ever migrated from a permanent place of resdence, people to
whom they disclose their serostatus, duration of HIV infection,
duration of ART follow-up, the WHO clinical :Izl:..:.nd the WH
treatment stage, showed association with a pevalue of <020 and
were selected as the candidates for multivariable analysis. Owt of
the 14 variables, the duration of HIV infection showed collinearity
with other related variables but was reduced after the collinearity
check using the variance inflation fctar.

Consequently, the multivariable Poisson regressson analysis
with robust variance fitted all 13 variables simultanecusly. Five of
the most contributing factors were significantly and independently
aszociated with FAY dietary intake at a 5% level of significance.

The marital status of the HIV-infected adults was significantly
associated with FAV consumption, with the proportion of FAV
dietary intake being 1.6 times higher among those divosced
compared to those married (APR = 1.57, 5% CL L16, 2.12)
[Tahle &).

The occupational status of patients was found to have a
statistically significant association with FAV dietary intake. The
proportion of FAY dietary intake was two times higher amang daily
lab and employed i [APE = 2.0&, 95% CI: 1.34, 3.20)
mrn]n.r-nd.‘h: patients who are farmers [(APR = 1.77, 95% CI: 1.10,
2 84). Additionally, the proportion of FAV dietary intake was also
1.6 times higher among merchants compared to patients who are
farmers (APR = 1.59, 953% CI: 1.03, 2.47) (Table &)
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The type of caregiver providing care was found to have a
statistically significant association with FAV dietary intake. The
propartson of FAV dietary intake was 1.6 times higher among HIV=
infected adults whose caregivers are their children compared o
those whose caregivers are their mothersffathers [APR = 161, 95%
CI: 1012, 2 55} {Table 6}

The WHO clinical stage and the duration of antiretrowviral
treatment were found bo be significant and independent predictors
of FAV dietary intake. Specifically, HIVeinfected adults at an
advanced WHO clinical stage reported a 1.3 times higher FAV
dietary intake compared to those at the WHO dinical stage
one [APR = 132, 95% CI: 1.3 (L03, 169)]. Similarly, the
propartson of FAY dictary intake among HIV-infected adubs was
L8 times higher among those receiving ART for more than 8
years {APR = L78, 95% Cl: 118, 2.67L However, the analysis
did mot indicate a significant association between food security
states and socieconomic suppart in the final Poisson muoltivariable
regression analysis ( Table 6).
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Discussion

This stisdy aimed to determine the magnitude of FAV dictary
intake, #s estimated amouant, and the factors associated with it
among HIV-infected adults receiving ART in health facilities in
northcentral Ethiopia. Accordingly, the study found that more than
who participated in the study reported consaming FAV less than
once per day, based on the median frequency time. This indicated
wery low FAY dictary intake in the sodied population, particularky
low fruit distary intake. Specifically, 97.67% (9641, 98.49) of them
reported consuming frait less than once per day, based on the
median freguency. The study found a very low frequency of Froit
and hle (FAV) o mption g HIVeinfected adults in
nmorthcentral Ethiopia, which is muoch lower than the consumption
of FAVs in the general population of Ethsopia. Approximately 15%
of households reported consuming FAVs once or more per day
(2%, 24} The proportion of HIV-infected adults consuming FAV
lesz than once per day in this study was higher than the Bndings of
the stndy condicted in Portugal amnong HI'Ve-infected individuals
(425 and 33 7%, respectinely) ( 15), and 63% of stodents of tertiary
institutions from OYO State, Wigeria reported FAV intake of less
than once per day (25} However, the finding is lower than that
of the study conducted among adults in South Africa, where cnly
% of adults with chronic diseases reported comsuming FAV
daily (20). Furthermore, the finding is higher than the findings
from Five Southeast Asian Countries _vIJE_ 1 adal
population, where 28% reported consuming fruits bess than once
per day and 13.8% indicated consuming vegetables bess than once
perday {27
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TABLE & Factors aasociated with the magnitude of il ared vegetable detary intake among HIV-indecied sdults receiing ART at Fealth faclities in
rasribe eniral, Eihiopia, 2023
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The fr v of FAY oo ption across all nine categories
mlnw:ouljliﬂandﬂlﬂﬁufhl{[‘n’-&n&dnd adults
consumed 100% fruit juice and whole fruit once per th

intake was 2481 and 2738 piday, respectively. This level of
murumpllnnwnbdnwﬂ:: WHO/FAD recommendation that
should < ul:m-lﬂﬂnrm:;n.m-nl'

respectively. Dhespite the produoctivity of the study area, only 26.92
mﬂ]&.ﬁsﬁofﬂ::m-iufﬂduladnlummunadpﬂmhlﬂr
vegetables and salad one time per month and 2=3 times per month,
respectively. This finding shows that this prevalence is still lower
than the prevalence found from the results of the study condocted
in which the highest

in Portugal g 2 smilar pop
freg vof o ption was %0, papaya, and bananas among
fruits (48.75% of women and 40% of men) {16).

The study ded that the 1 fian FAV imtake was

271.3 giday; of which, the median amount of fruit and vegetable
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FAVs for their 1l health imp t and chronic infection
mum{lﬂ}.mﬁndingmahohmﬂumsimﬂumdiﬂ
oonducted in Kenya (12). Moreover, the results were in line
with findings from studies in Thailand, in which the amounts of
FAVs consumed by study participants were lower than the daily
recommended amount (29, ). The difference in FAV intake
may be due to diffierences in the study settings and population.
The WHO rec Jation applies to the | population,
md.ndmgﬂ:mewiﬂ:Hmuhﬂmmedjrpxiﬁnlyﬁncn:ad
on HIWe-infected individuals. Additionally, the study in Thailand
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was conducted in a middlesincome country, wheneas our stody
was conducted in a low-income country. These intake levels were
alzo lower than those found in a stody among HIVe-infected
pregnant women (12), suggesting that different subgroups within
the HIV-infected population may have varying nutriticnal profiles
and meeds.

Marstal status, occupational statuos, caregivers category, the
WHO clinical stage, and the duration of ART were found to be
statistically significant factors for this low level of FAV dietary
intake. The current study found that the marital status of HIV-
infected adults was significantly associated with FAY dietary intake,
with the proportion of FAV being higher among divorced people
compared to those who were married. Sorprisingly, we found
varied evidence about the marital statos of HIV-infected adults
as a contributing factor for FAV distary intake. For instance,
the Andings of the studies in France, Thailand, and Switzerland
indscated that being single and having separate living statuses
were associated with high vegetable consumption (50=32) The
disparity may be due to differences in the study population and
settings. The studies mentioned above were conducted in highe
income countries, and the duration of the previous study was
longer. Despite the variation in settings, the current fnding i
consisterit with those from the UK, where marital transition

103589 il 2024. 1380987

counseling provided during t follow-up. Patients with
longer treatment followe-up durations are likely to have greater
awareness of disease progression and necessary precautions due to
their frequent interactions with health professionals. This study is
among the very few conducted in Africa and the first to specifically
explore these variables among HlVsinfected adults in Ethiopia.
Currently, there & a lack of comparative literature regarding the
relationship between clinical factors and FAV dietary intake in

We assessed the FAV dietary intake among HIVeinfcted
adults receiving ART in health facilities in northcentral Ethiopia,
wsing a lasge sample size that ensures the external validity
of our findings. This picneering study within Ethiopia among
HIV=infected adults plays a crocial role in shaping nutriticnal
counseling strategies targeted at this group. The use of the BRFSS
assemsment tocls and the KoboToclbox digital data collection
platform helps to ensure data quality. In addition, the use of a
Poisson regression with a robust variance that suits prevalence ratio
estimation improves the validity of the evidence generated in this
particular stady.

However, this stady does have methodological limitations.
First, since FAV cor ption was d throwgh participants’
selfereports, there i a  potential for overestimation or

d H iom of actual FAY dietary intake. Second, the

played a significant role in froit and vegetabl ptiomn,
Those who remained married showed significant declines in
fruit quantity, fruit wasiety, vegetable quantity, and vegetable
variety compared to those who were separated, divorced, or
remained single.

The findings of this stdy showed that the FAV dietary
intake among farmers who are producers was extremely low
compared to daily laborers, employers, and merchants. This i
sapported by the global health and metric analysis finding, in
which FAV availability has consistently been insufficient to supply
recommended consumption levels (13). Additionally, similar
patterns were observed in Sowth Africa, where FAV consumption
was higher among employed adules (26).

The type of caregivers who have been providing care was
found to have a statistically significant association with FAV dietary
intake, with caregivers who were children of HIV-infected adults
and who showed higher FAV intake. This indicated that children,
as caregivers for their families, will play a critical role, potentially
mare 50 than other categaries of caregivers. They will also play a
critical role in providing advise on variows topics, incleding the
consumption of healthy diets such as FAVs. This study’s findings
are consistent with those of a study condwcted in peri=urban Dar es
Salaam, Tanzania, where the knowledge of family members about
the importance of mutritions food for HIV treatment and their
suppart were found to play a critical role in the corsumption of
a healthy diet {54).

The study revealed an independent and statistically significant
aszociation between increased FAV distary intake and advanced
WH clinical stages, as well as longer durations of antiretroviral
treatment among HIV-infected aduwlts. It was ohserved that the
prevalence of FAY dictary intake among HIV=infected adults at an
advanced WHO clinical stage and those receiving ART for more
than & years was notably high. This correlation may be attributed
to the comulative effects of patient education and nutritional
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cross=sectional design of the study limits our abélity to establish
temporal relationships between outcomes and independent
variables. Third, the assessment of FAV experiences of HIV-
infected adults over the last 50 days is subject to recall bias, which
may affect the accuracy of the reported data.

Conclusion

The finding indicates that a very high proportion of HIV-
infected adults corsumed FAVs less than onme time per day,
which could be considered as a very low FAV dietary intake. The
FAV consumption among HIVeinfected adults is far below the
minimum recommendation for health, which will decrease the
protection against opportunistic infections and non-communicable
diseases of all types. Despite their production and living in
the surplus production of the area, farmers are less likely to
consume FAVs. The marital status, occupational status, type
of caregivers, WHO clinical stage, and duration of ART of
the HIV-infected adults were found to be significant and
independent contributing factors for the FAY dietary intake of
HIVeinfected adults.

Given these Bndings, there is a critical need for comprehensive,
context=  and  colturesspecific  outritional  counseling 1o
improwe FAV consumption, especially among farmers. These
interventions should focus on educating about portion sizes
to ensure adequate daily notrient intake. Additionally, it
is essential to integrate nutriional support into the early
stages of ART and th howt the treatment process. Family
therapy, including counseling on healthy eating habits and
the role of children as caregivers, can further support dietary
improvements. We also suggest further and focused investigation
of FAV dietary intake, using both quantitative and gualitative
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studies to address the muiritional needs of these high-risk
population segrments.
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Abstract

Objectives: The objective this study is to examine the effect of food insecurity on clinical progression of
HIV/AIDS and other independent predictors among HIV-infected adults on antiretroviral therapy in North
Shewa Health Facilities, Northcentral Ethiopia.

Methods:

Design: A multi-facility prospective cohort study was conducted.

Settings and Participants: HIV-infected adults receiving antiretroviral therapy (ART) and currently in
follow-up (n=574), including 287 food-insecure and 287 food-secure individuals.

Main outcomes and Measurements: The clinical progression of HIV-infected adults was measured by
assessing viral load every three months over a 9-month. A viral load of 1,000 copies/mL or higher was
considered poor clinical progression. A generalized linear mixed-effects model was fitted to identify the
effect of food insecurity and other independent predictors on clinical progression.

Results: The study found that 18.56% (95% CI: 15.58-21.97), 21.14% (95% CI. 17.95-24.71), and
23.84% (95% CI: 20.49-27.55) HIV-infected adults had poor clinical progression at the first, second, and
third visits, respectively. The overall incidence of poor clinical progression during the follow-up was
21.17% (95% ClI: 19.27%, 23.18%), with double the incidence among food-insecure individuals. Type of
care received (aRR = 4.72, 95% CI: 1.10, 20.52), being food-insecure (aRR = 5.44, 95% CI: 1.36, 21.76),
being undernourished (aRR = 3.34, 95% CI: 1.21, 9.26), advanced WHO treatment stage (aRR = 6.43, 95%
Cl: 1.21, 34.41), and receiving ART for at least 4 years (aRR = 4.22, 95% ClI: 1.11, 12.07) were found to
be significant independent predictors of poor clinical progression.

Conclusion: The study found that poor clinical progression was notably higher among food-insecure
individuals, with a persistent increase over time, underscoring the sustained and significant effect of food
insecurity. The findings suggest the need to integrate nutritional support, social support, medical care, and
counseling into HIV treatment to mitigate the effects of food insecurity.

Keywords: Food insecurity, HIV/AIDS, clinical progression, antiretroviral therapy, HIV-infected adults

What is already known on this topic
e Scientific evidence shows a complex syndemic relationship between HIV and food insecurity,
where both conditions worsen each other’s effects, requiring further investigation. However, there
is a lack of context- and culture-specific evidence on the effect food insecurity on HIV progression
in among HIV-infected adults receiving ART.
What this study adds
e Generated culture- and context-specific evidence on the effect of food insecurity on the clinical
progression of HIV, which can help to design interventions such as improving access to nutritious
food and enhancing nutritional counseling for HIV-infected adults.
How this study might affect research, practice or policy
e The integration of nutritional support, social support, medical care, research, and nutritional
counseling into HIV treatment is essential to mitigate the effects of food insecurity and other
potential predictors on clinical progression.

Introduction

Despite global efforts, HIV remains a critical public health problem, with 39.9 million people
living with HIV by the end of 2023, 65% of whom are in the WHO African Region, including
Ethiopia [1]. Of these, 38.6 million were adults (>15 years old), and 53% were women and girls
[2]. This includes 1.3 million newly infected individuals, with an estimated 630,000 people died
from HIV-related causes [1, 3]. In Ethiopia, there were an estimated 580,000 adults aged 15 and
over living with HIV by the end of 2023, with about 63.8% being women and girls [4, 5] that
requires a holistic and comprehensive intervention approach [6].
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In this regard, UNAIDS has developed a new set of ambitious targets, known as the 95-95-95
treatment goals. By the end of 2025, the aim is for 95% of all people living with HIV to be
diagnosed, 95% of those diagnosed to be receiving lifesaving antiretroviral treatment, and 95% of
those on treatment to achieve a suppressed viral load. As of 2023, globally, about 86% knew their
status, 77% were accessing treatment, and 72% were virally suppressed [2]. In Ethiopia, about
75% were virally suppressed, which is below the target [4].

Food insecurity is one of the leading causes of morbidity and mortality, closely linked to the HIV
epidemic, and can contribute to unsuppressed viral loads among HIV-infected adults [7]. In
Ethiopia, more than 60% of HIV-infected adults experience high levels of food insecurity, which
may exacerbate their health and treatment outcomes [8-11]. This associated with incomplete HIV
viral suppression [12], household instability and lower household income [13], delayed ARV
treatment initiation, incomplete adherence, and ARV treatment discontinuation [14].

Lack of food security and limited access to healthy diets, along with other independent factors
such as age, gender, marital status [15, 16], alcohol consumption, and annual income [17] may
accelerate the progression to AIDS-related illnesses [14, 16]. However, the effect of food
insecurity on health outcomes will persist, even when accounting for socioeconomic status.
Addressing food security is essential for achieving global HIV prevention, treatment, care, and
support, a commitment made by all United Nations Member States, including Ethiopia [18].

However, little is known about the effect of food insecurity on the clinical progression of
HIV/AIDS and their predictors among adult clients receiving ART in the Ethiopian context. This
highlights a gap in context- and culture-specific evidence on the effects of food insecurity on the
clinical progression of HIV among adults receiving ART. The few studies conducted were cross-
sectional, failing to show temporal relationships or demonstrate the effects of food insecurity and
other independent predictors on the clinical progression among HIV-infected adults. Therefore,
the objective of this study was to examine the effect of food insecurity on clinical progression of
HIV/AIDS among adults receiving ART in North Shewa Zone Health Facilities, Oromia Region,
Northcentral Ethiopia.

Materials and Methods

Study design and settings

A multi-center prospective cohort study was conducted as part of follow-up study in Health
Facilities in North Shewa Zone, Northcentral, Ethiopia. Adminstratively, the Zone is divided into
12 rual and 4 town administrations districts, with five hospitals (one referral hospital and four
primary hospitals), 64 health centers, and 275 health Posts [19]. The study was conducted from
January 2022 to February 2023 in ten health facilities (four hospitals and six health centers with
high caseloads) that have been providing ART services to people living with HIV.

Population and Errollment criteria

The study population consisted of HIV-infected adults receiving ART and had follow-up treatment
at the selected health facilities. The exposure status was determined based on food security status,
assessed using the Food Insecurity Access Score at baseline. Accordingly, the exposed group
consisted of those who were food insecure, while the non-exposed group comprised those who
were food secure. All HIV-infected adults receiving ART who were older than 18 years, regardless
of their treatment regimen or duration of follow-up, were enrolled in the cohort study. Patients
with other chronic diseases, such as heart disease, hypertension, diabetes mellitus, or other
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conditions that could suppress the immune system and deteriorate their nutritional status, as well
as pregnant women who had recently started ART, were excluded.

Sample size determination and sampling procedures

The sample size for the current prospective cohort study was calculated using the STATCALC
application of Epi-info version 7.0 statistical software [20]. The required sample size was
calculated using a two-population proportion formula with the following assumptions: a 95%
confidence level, 80% power, a 1:1 ratio of unexposed (food-secure PLHIV) to exposed (food-
insecure PLHIV), an adjusted rate ratio (RR) of 1.52 for severe food insecurity, and a 27.5%
incidence of poor clinical progression in food-secure individuals [21], and a design effect of 1.5
for intra-cluster correlation and accounting for a 5% loss to follow-up, the final adjusted sample
size was 574 (287 food secure and 287 food insecure individuals). A baseline assessment was
conducted for 865 HIV-infected adults to determine their food security status using using the
Household Food Insecurity Access Scale (HFIAS), the main exposure variable in this cohort study.
Food-secure and food-insecure individuals were identified across four hospitals and six health
centers following baseline assessment. The sample of participants was selected through simple
random sampling using a computer-generated randomization method and then enrolled in the study
for follow-up.

Study Variables and Measurement

The outcome variable was the clinical progression of HIV/AIDS, measured by assessing the viral
load, which indicates the activity of HIV infection and is a useful test to determine the amount of
HIV in the blood. Over time, an increase in viral load reflects more virus production, leading to
rapid progression to AIDS. According to national guidelines, HIV viral load is measured at 6 and
12 months after initiating ART [22]. In this study, HIV viral load measurements were conducted
using standard methods every three months for nine months. A viral load of 1000 copies/mL or
higher in at least two consecutive measurements taken three months apart was considered
indicative of poor clinical progression [22]. Socio-demographic predictors (age, gender, income,
educational status, occupational status, religion, marital status, residence, number of children,
psychosocial supports (presence of caregiver, type of care, type of caregivers, disclosure of sero-
status)); clinical predictors (duration of ART treatment, WHO clinical stage, WHO treatment stage
of HIV, opportunistic diseases, therapeutic food support, follow-up interval, CPT provision, and
IPT provision); nutritional predictors (undernutrition (Protein Energy Diffieciencies), overweight
and/or obesity); food security status; and behavioral predictors (adherence to ART drugs, poor
coping strategies (unprotected sex, labor migration), cigarette smoking, alcohol use, and khat
chewing) were considered independent variables and potential confounders.

Data collection tools and methods

Socio-demographic, clinical, nutritional, and behavioral predictors, household food security status
and fruit and vegetable dietary intake data were collected using structured interviewer-
administered questionnaire. Patient records were reviewed using a data extraction checklist for
variables such as type of malignancy, opportunistic infections (Ols), anemia, WHO staging, and
others. We also assessed weight and height to determine nutritional status using BMI and measured
viral load quarterly for 9 months. Nine data collectors and two supervisors with previous
experience and a health background (nurses and health officers) collected both baseline and
follow-up data using the KoboToolbox digital data collection platform. The questionnaire was
pretested on 5% of the sample at an adjacent hospital to evaluate feasibility and consistency with
a population of similar characteristics. Necessary modifications were made based on the results of
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the pretest before actual data collection. Data collectors and supervisors received two days of
training on the study objectives, data collection methods and tools, and how to maintain
confidentiality of information. The measurement instruments were calibrated after every
measurement.

Data management and Analysis

After exporting data from KoboToolbox to STATA 17, descriptive analysis was conducted to
compare the characteristics of the cohort based on food security status. The overall incidence of
nutritional status and clinical progression of HIV/AIDS was calculated, along with the incidence
over three consecutive visits from follow-up repeated measurements collected quarterly over 9
months. A generalized linear mixed-effects model, specifically mixed-effects logistic regression,
was fitted by introducing random effects to account for clustering effects and to identify the
association between food security and clinical progression of HIV/AIDS. The assumptions of the
generalized linear model, using the variance-covariance structure of the random effects, were
checked through exploratory data analysis before fitting the model. Covariance structures were
selected based on the correlation structure of the data. All predictors associated with the outcome
variable in the bivariable analysis with a p-value of 0.20 or less were included in the multivariable
mixed-effects regression models. The crude and adjusted risk ratios (aRR), along with their
corresponding 95% confidence intervals (CI), were computed. Multicollinearity of explanatory
variables was assessed using the variance inflation factor, and model fitness was evaluated using
information criteria (AIC and BIC). A p-value < 0.05 and the corresponding 95% CI were
considered to indicate statistical significance.

Results

Socio-demographic and Socio-economic characteristics

A total of 574 HIV-infected adults, consisting of 287 food-secure and 287 food-insecure
individuals, were enrolled and followed for three consecutive follow-up intervals (quarters). Of
these, 563 (98.08%) completed the follow-up period, while 10 (1.74%) were lost to follow-up, and
1 (0.17%) died. The majority, 359 (62.54%), were females, of which 196 (68.29%) were food
insecure and 163 (56.79%) were food secure. The distribution of participants' ages was almost
consistent across each category. However, 207 (36.06%) of participants belong to the age group
35-44 years, with the mean age of enrolled participants being 38.59 (£9.83) years. Five hundred
sixteen (89.90%) were followers of Orthodox Christianity: 251 (87.46%) were food-insecure, and
265 (92.33%) were food-secure. Three hundred thirty (57.49%) were married, of which 144
(50.17%) were food-insecure and 186 (64.81%) were food-secure. The majority, 411 (71.60%),
were urban residents: 227 (79.09%) were food-insecure, and 184 (64.11%) were food-secure. Four
hundred fifth-eight (79.79%) of participants reported having children: 222 (77.35%) were food-
insecure, and 236 (82.23%) were food-secure. Of those who reported having children, 331
(72.27%) had less than four children, with 172 (77.48%) being food-insecure and 159 (67.37%)
being food-secure.

The level of food insecurity was higher among daily laborers (104, 36.24%), followed by
housewives (60, 20.91%) and merchants/traders (59, 20.56%). Two hundred eighty-two (49.13%)
of HIV-infected adults had no formal education: 169 (58.89%) were food-insecure, and 113
(39.37%) were food-secure. One hundred ninety-four (51.32%) of HIV-infected adults reported
having a monthly income of less than 2500 Ethiopian birr, of which 140 (66.04%) were food-
insecure (Table 1).
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Table 1: Baseline socio-demographic and economic characteristics of HIV-infected adults receiving ART

at health facilities in Northcentral, Ethiopia, 2024

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Sex Male 91 (31.71) 124 (43.21) 215 (37.46)
Female 196 (68.29) 163 (56.79) 359 (62.54)
Age respondents <35 years 118 (41.11) 88 (30.66) 206 (35.89)
35-44 years 110(38.33) 97 (33.80) 207(36.06)
>45 years 59 (20.56) 102 (35.54) 161 (28.05)
The average age in Average (SD) 37.00(+8.80) 40.18(+10.54) 38.59(+9.83)
ears
)Iéeligion of Orthodox 251 (87.46) 265(92.33) 516 (89.90)
respondents Protestant 23(8.01) 17 (5.92) 40 (6.97)
Others* 13 (4.53) 5(1.74) 18 (3.14)
Marital status Married 144 (50.17) 186 (64.81) 330 (57.49)
Single 31 (10.80) 34 (11.85) 65 (11.32)
Divorced 56 (19.51) 27 (9.41) 83 (14.46)
Widowed 56 (19.51) 40 (13.94) 96 (16.72)
Residence Rural 60 (20.91) 103 (35.89) 163(28.40)
Urban 227 (79.09) 184 (64.11) 411(71.60)
Presence of children No 65 (22.65) 51 (17.77) 116 (20.21)
Yes 222 (77.35) 236(82.23) 458 (79.79)
Number of children <3 children 172 (77.48) 159 (67.37) 331 (72.27)
(n=458) 4-9 children 50 (22.52) 77 (32.63) 127 (27.73)
Occupational Status Farmer 34 (11.85) 80(27.87) 114 (19.86)
House wife 60 (20.91) 56 (19.51) 116 (20.21)
Daily laborer 104 (36.24) 23 (8.01) 127 (22.13)
Employed 30 (10.45) 64 (22.30) 94 (16.38)
Merchant/others 59 (20.56) 64 (22.30) 123 (21.43)
Educational status No formal education 169 (58.89) 113 (39.37) 282 (49.13)
Primary school 84(29.27) 78 (27.18) 162(28.22)
Secondary and above 34 (11.85) 96 (33.45) 130 (22.65)
Monthly income <2500 ETB 140 (66.04) 54 (32.53) 194 (51.32)
(n=378) >2500 ETB 72 (33.96) 112 (67.47) 184 (48.68)

Psychosocial support for HIV-infected adults

*Catholic, musilim and wekefata

Concerning psychosocial support, 303 (52.79%) of the HIV-infected adults received care from
different caregivers, of which 154 (53.66%) were food-insecure and 149 (51.92%) were food-
secure. Of those who received care from caregivers, 161 (61.62%) received economic support,
followed by psychological support (68, 25.09%). Among these, 68 (51.13%) were food-insecure
and 88 (63.77%) were food-secure. Two hundred ninety (50.52%) of the HIV-infected adults had
disclosed their HIV status, of which 154 (53.10%) disclosed their HIV serostatus to their husbands
or wives. The proportion of participants who disclosed their HIV status was higher among the

food-insecure group (147, 51.22%) than the food-secure group (143, 49.83%) (Table 2).
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Table 2: Baseline psyschosocial support of HIV-infected adults receiving ART at health facilities, Ethiopia, 2024

Variables Response Food security status

Food-Insecure Food-secure Total

No (%) No (%) No (%)
Presence caregiver No 154 (53.66) 149 (51.92) 303 (52.79)
Yes 133 (46.34) 138 (48.08) 271 (47.21)
Type of care received Psychological support 35 (26.32) 33(23.91) 68 (25.09)
(n=271) Economic support 79(59.40) 88 (63.77) 167(61.62)
Social support and related 19 (14.29) 17 (12.32) 36 (13.28)
Type of caregiver Mother/ father 28 (21.05) 12(8.70) 40 (14.76)
(n=271) Husband/Wive 68 (51.13) 88 (63.77) 156 (57.56)
Children 25 (18.80) 29 (21.01) 54 (19.93)
Others 12 (9.02) 9 (6.52) 21 (7.75)
Disclose their Sero- No 140 (48.78) 144 (50.17) 284 (49.48)
status Yes 147 (51.22) 143 (49.83) 290 (50.52)
To whom you disclose ~ Mother/ father 21 (14.29) 11 (7.69) 32 (11.03)
(n=290) Husband/Wive 72 (48.98) 82 (57.34) 154 (53.10)
Children 25 (17.01) 33 (23.08) 58 (20.00)
Others 29 (19.73) 17 (11.89) 46 (15.86)

Clinical and food related characterisitics of HIV-infected adults

One hundred thirteen (19.69%) of HIV-infected adults reported having eating problems, with most
common reason reported for having an eating problem was loss of appetite (87, 76.99%). One-
third of HIV-infected adults (30.84%) reported having anemia, which higher in the food-insecure
group (99, 34.49%) compared to the food-secure group (78, 27.18%) as defined by WHO’s
standard for anemia among HIV-infected individuals. One hundred nine (18.99%) developed
opportunistic infections (Ols) while under care, with the most common Ols were diarrheal diseases
(39.45%). A small proportion (13, 4.53%) of participants reported receiving therapeutic feeding,
with 4.53% of food-insecure and 4.18% of food-secure individuals.

Three hundred forty-seven (60.45%) of participants reported receiving ART for more than 8 years:
149 (51.92%) were food insecure and 198 (68.99%) were food secure. The average duration of
ART among the HIV-infected adults was 9.03 years (+4.61 SD), with 8.26 years (x4.77 SD) for
the food-insecure group and 9.80 years (+4.31 SD) for the food-secure group. The majority, 414
(72.13%) started ART at an early clinical stage: 218 (75.96%) of the food-insecure group and 196
(68.29%) of the food-secure group were at WHO clinical stage one. Similarly, 503 (87.63%)
started ART at an early treatment stage: 250 (87.11%) of the food -nsecure group and 253 (88.15%)
of the food-secure group were at WHO treatment stage one. One hundred seventy-nine (31.79%),
of HIV-infected adults were not provided cotrimoxazole preventive therapy (CPT) and 78
(13.85%) of HIV-infected adults were not provided tuberculosis preventive therapy (TPT). A small
proportion (142, 24.74%) of the HIV-infected adults reported consuming FVs at least once per
day, as defined by WHO’s standard for daily FAV consumption (Table 3).
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Table 3: Baseline clinical and nutritional characteristics of HIV-infected adults receiving ART at health

facilities, Ethiopia, 2024

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Presence eating problems No 231 (80.49) 230 (80.14) 461 (80.31)
Yes 56 (19.51) 57 (19.86) 113 (19.69)
Causes of Eating Loss of appetite 46 (82.14) 41 (71.93) 87 (76.99)
problem(n=113) Oral candidiasis 9(16.07) 12 (21.05) 21(18.58)
Esophageal candidiasis 1(1.79) 4 (7.02) 5 (4.42)
Anemia No 188 (65.51) 209 (72.82) 397 (69.16)
Yes 99 (34.49) 78 (27.18) 177 (30.84)
Presence of Ols No 241 (83.97) 224 (78.05) 465 (81.01)
Yes 46 (16.03) 63 (21.95) 109 (18.99)
Type of Ol disease (n=109) Tuberculosis 16 (34.78) 11(17.46) 27 (24.77)
Pneumonia 6 (13.04) 9 (14.29) 15 (13.76)
Diarrheal disease 11 (23.91) 32 (50.79) 43 (39.45)
Dispepsia 6 (13.04) 3 (4.76) 9 (8.26)
Others 7 (15.22) 7 (12.70) 15 (13.76)
Therapeutic food No 274 (95.47) 275 (95.82) 549 (95.64)
Yes 13(4.53) 12 (4.18) 25(4.36)
WHO clinical stage Stage one 218 (75.96) 196 (68.29) 414 (72.13)
Stage two and above 196 (24.04) 91 (31.71) 160 (27.87)
WHO treatment stage Stage one 250 (87.11) 253 (88.15) 503 (87.63)
Stage two and above 37 (12.89) 34 (11.85) 71 (12.37)
Duration of ART <4 years 66 (23.00) 33 (11.50) 99 (17.25)
4-8 years 72 (25.09) 56 (19.51) 128 (22.30)
>8 years 149 (51.92) 198 (68.99) 347 (60.45)
Average duration of ART in years Average (SD) 8.26 (x4.77) 9.80 (+4.31) 9.03 (x4.61)
CPT provision status (n=563) Provided 171 (61.51) 160 (56.14) 331 (58.79)
Ongoing 30 (10.79) 23 (8.07) 53 (9.41)
Not provided 77 (27.70) 102 (35.79) 179 (31.79)
TPT provision status or IPT Complete 230 (82.73) 229 (80.35) 459 (81.53)
(n=563) Discontinue/interrupt 3 (1.08) 3 (1.05) 6 (1.07)
Ongoing 6 (2.16) 14 (4.91) 20 (3.55)
Not given 39 (14.03) 39 (13.68) 78 (13.85)
Fruit and vegetable dietary intake > One time per day 62 (21.60) 80(27.87) 142 (24.74)
< One time per day 225 (78.40) 207 (72.13) 432 (75.26)

Behavioral characteristics of HIV-infected Adults
A total of twelve HIV-infected adults (2.09%) have ever been forced to engage in unprotected sex,
of which 10 (3.48%) were food-insecure. Additionally, 52 (9.09%) of the particpants have ever
migrated from their previous place of residence to get their daily food, of which 45 (15.68%) were
food-insecure. One hundered eighty (31.36%) skipped doses of ART due to unmet restrictions
such as food required with the drug, time schedule, and taking it on an empty stomach in the last
7 days: 96 (33.45%) were food-insecure and 84 (29.27%) were food-secure. Three hundred fifteen
(54.88%) participants reported not missing doses in the last 7 days, of which 137 (47.74%) were
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food insecure and 178 (62.02%) were food-secure. Three hundred fifty-nine (62.54%) of
participats rated as having good adherence. A significant number of participants, 56 (9.95%), 283
(50.27%), and 33 (5.86%), reported that they have ever smoked cigarettes, drunk alcohol, and
chewed khat, respectively (Table 4).

Table 4: Baseline behavioral characterisitics of HIV-infected adults receiving ART at health facilities, Ethiopia, 2024

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Unprotected sex for No 277 (96.52) 285 (99.30) 562 (97.91)
Daily food Yes 10 (3.48) 2 (0.70) 12 (2.09)
Ever migrated from for No 242 (84.32) 280 (97.56) 522 (90.94)
food Yes 45 (15.68) 7 (2.44) 52 (9.06)
Skipped due to unmet No 191 (66.55) 203 (70.73) 394 (68.64)
restrictions in last 7 days  yegg 96 (33.45) 84 (29.27) 180 (31.36)
Missing doses in the last ~ Missed 150 (52.26) 109 (37.98) 259 (45.12)
7 days Not missed 137 (47.74) 178 (62.02) 315 (54.88)
Level of adherence to Good 184 (64.11) 175 (60.98) 359 (62.54)
ART Fair 37 (12.89) 40 (13.94) 77 (13.41)
Poor 66 (23.00) 72 (25.09) 138 (24.04)
Ever smoke cigarettes No 259 (93.17) 248 (87.02) 507 (90.05)
Yes 19 (6.83) 37 (12.98) 56 (9.95)
Ever drink alcohol No 144 (51.80) 136 (47.72) 280 (49.73)
Yes 134 (48.20) 149 (52.28) 283 (50.27)
Ever chew chat No 268 (96.40) 262 (91.93) 530 (94.14)
Yes 10 (3.60) 23 (8.07) 33 (5.86)

Incidence nutritional status of HIV-infected adults

We assessed the nutritional status of HIV-infected adults at three visits over the follow-up duration.
Accordingly, 98 (17.07%) of them developed undernutrition at the first visit, with 61 (21.25%)
being food-insecure and 37 (12.89%) being food secure. At the second visit, 114 (20.14%)
developed undernutrition, with 65(23.21%) being food-insecure and 43 (17.13%) being food-
secure. At the third visit, 105 (18.65%) developed undernutrition, with 63 (22.66%) being food-
insecure and 42 (14.74%) being food-secure (Figure 1).
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Overall Nutional status over the follow-up period
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Figure 1. Overall nutritional status of HIV-infected adults receiving ART over the follow-up period
at health facilities in Northcentral, Ethiopia, 2024

Incidence of Clinical outcome of HIV-infected adults

The clinical outcomes and progression of HIV in adults were assessed by measuring the viral load
of participants over three consecutive visits. A total of 574 individuals were followed, resulting in
1,722 observations. Accordingly, 106 (18.56%; 95% Cl: 15.58-21.97), 119 (21.14%; 95% CI:
17.95-24.71), and 134 (23.84%; 95% CI: 20.49-27.55) HIV-infected adults had poor clinical
progression at the first, second, and third visits, respectively. The incidence of poor clinical
progression was twice as high among food-insecure HIV-infected adults at each visit. Specifically,
71 (25.00%), 80 (28.78%), and 91 (32.85%) of those who showed poor clinical outcomes were
food insecure at the first, second, and third visits, respectively. The overall incidence of poor
clinical progression among observations during the follow-up period was found to be 21.17%
(95% CI: 19.27%, 23.18%), with 28.84% among food-insecure individuals and 13.65% among
food-secure individuals (Table 5).

Table 5. The incidence of clinical progression among HIV-infected adults receiving ART at health
facilities in Northcentral, Ethiopia, 2024

Food security Clinical progression (1%t visit) Clinical progression (2" visit) | Clinical progression (3™ visit)
s Poor Good Poor Good Poor Good

No (%) No(%0) No (%) No(%0) No (%) No(%)
Food-insecure 71 (25.00) 213 (75.00) 80 (28.78) 198 (71.22) 91 (32.85) 186 (67.15)
Food-secure 35 (12.20) 252 (87.80) 39 (13.68) 248 (86.32) 43 (15.09) 242 (84.91)
Total 106 (18.56) 465 (81.44) 119 (21.14) 444 (78.86) 134 (23.84) 428 (76.16)
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Predictors of clinical progression among adults receiving ART

In bi-variable analysis, twenty variables, namely, sex/gender, age, educational status, occupational
status, monthly income, categories of caregivers, types of care received, presence of anemia,
people to whom they disclose their serostatus, duration of HIV infection, follow-up interval,
duration of ART follow-up, presence of eating problems, nutritional status during follow-up, TPT
provision status or IPT, missing doses in the last 7 days (indicating strict adherence to ART), WHO
clinical stage, WHO treatment stage, and practice in following special instructions from health
professionals, showed association with a p-value of < 0.20 and were then selected as candidates
for multivariable analysis.The duration of HIV infection and follow-up interval were highly
correlated with the duration of ART follow-up reduced after the collinearity check using
generalized variance inflation factor.

Consequently, the multivariable generalized linear mixed-effects regression analysis with identity
covariance structure was fitted using all eighteen variables simultaneously. Five of the most
contributing predictors, including food security status which was considered as the main exposure,
were found to be significant independent predictors of clinical progression of HIV/AIDS at a 5%
level of significance. We selected a model with an identity covariance structure, as it provides a
simplified approach to handling random effects in the analysis. In addition, the model fitness or
adequacy was assessed using information criteria and log-likelihood ratio test (LR chiasquare =
133.37, p < 0.001).

From the analysis, we found that the random effects capture the correlation in the repeated
measurement data in this study. sd(b01) =3.237 (95% CI: 2.565, 4.087) and sd("Zij) = 0.385, with
p-value less than 0.001.

Accordingly, the type of care received from different informal caregivers was found to be a
significant independent predictor of poor clinical progression. The incidence of developing poor
clinical progression among those receiving economic support was 5 times higher than those
receiving psychological support (aRR =4.72,95% CI: 1.11, 20.52). Food security status was found
to be an independent predictor of poor clinical progression among HIV-infected adults after
controlling for other potential confounders. The incidence of poor clinical progression was 5.4
times higher among food-insecure HIV-infected adults compared to food-secure HIV-infected
adults (aRR=5.44, 95% CI: 1.36, 21.76).

The nutritional status of HIV-infected individuals was found to be an independent predictor of
poor clinical progression. The incidence of poor clinical progression was 3.3 times higher among
undernourished HIV-infected adults compared to those with normal nutritional status (aRR=3.34,
95% CI: 1.21, 9.26). The WHO treatment stage and duration of antiretroviral treatment were
identified as independent predictors of poor clinical progression among HIV-infected adults. The
incidence of poor clinical progression at the advanced WHO treatment stage among HIV-infected
adults was 6.4 times higher than those with WHO treatment stage one (aRR=6.43, 95% CI: 1.26,
34.41). Similarly, the incidence of poor clinical progression among HIV-infected adults receiving
ART for at least 4 years was 4.4 times higher than those receiving ART for more than 4 years
(aRR=4.22, 95% CI: 1.11, 12.07).

However, the analysis did not indicate a significant association between fruits and vegetables
dietary, HIV-seropositivity disclosure status, CPT provision status, and level of adherence in the
final generalized linear mixed-effects multivariable regression model. This is due to the fact that
some of these variables had severely skewed observations in certain categories and a lack of
significant differences in observations between categories (Table 6).
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Table 6: Predictors of clinical progression of HIV-infected adults receiveing ART at health facilities in Northcentral, Ethiopia,

2024.
Variables Response cRR with 95% CI aAR with 95% CI aP-value
Type of care received Psychological support 1. 1.0
Economic support 4.81 (1.15, 20.06)** 4.72(1.10, 20.52) ** | 0.039**
Social support and related 6.39 (0.94, 34. 55)* 3.04 (0.39, 24.00) 0.291
Food security status Food-secure 1.0 1.0
Food-insecure 11.84 (4.36, 32.17) ** 5.44 (1.36, 21.76) ** | 0.017**
Nutrional status Undernutrition 3.33(1.57, 7.04)** 3.34(1.21, 9.26) ** 0.020**
Normal 1.0 1.0
Over nutrition 0.85 (0.26, 2.74)* 1.69(0.39, 7.30) 0.483
WHO treatment stage Stage one 1.0 1.0
Stage two &above 18.49 (5.74, 59.54) ** 6.43(1.21, 34.41) ** | 0.030**
Duration of ART <4 years 2.23(0.80, 6.25) * 4.22(1.11. 12.07) ** | 0.036**
>4 years 1.0 1.0
Discussion

The current multicenter prospective cohort study aimed to examine the effect of food insecurity
on the clinical progression of HIV/AIDS among adults receiving ART, along with other
independent predictors among HIV-infected adults receiving ART in health facilities of Northcentral
Ethiopia. Accordingly, the study found that the overall incidence of poor clinical progression during
the follow-up period was 21.17% (95% CI: 19.27, 23.18), with the incidence being more than
twice as high among food-insecure HIV-infected adults. This finding is surprisingly higher than
the findings from the African Cohort Study (9%) [23], the Treat Asia HIV Observational Database
(3 per 100 person-years) [24], and studies conducted in Ethiopia (12.22% and 10.24%) [25, 26].
However, the two studies conducted in Ethiopia were retrospective follow-up and cross-sectional
studies, in contrast to the current prospective cohort study, and they did not assess the effect of
food insecurity.

We observed an increasing trend in the incidence of poor clinical progression over the follow-up
period, with rates of 18.56%, 21.14%, and 23.84% at the first, second, and third visits, respectively.
The effect of food insecurity on the clinical progression of HIV/AIDS persisted throughout the
follow-up, with the incidence of poor clinical progression among food-insecure individuals being
twice as high as that of food-secure individuals. Despite the lack of studies directly assessing the
effect of food insecurity through prospective follow-up, existing evidence indicates that food
insecurity is associated with a range of negative health outcomes among HIV-infected adults,
including clinical progression [7]. This may be due to the persistent lack of various forms of
support, including therapeutic food assistance, as only 4.4% of participants in the current study
reported receiving such support. This lack of assistance likely contributed to the higher severity of
food insecurity, leading to poor clinical progression.

The findings of this study also indicated a significantly higher risk of poor clinical progression
among food-insecure HIV-infected adults, with more than a fivefold increased risk compared to
food-secure HIV-infected adults. The findings are unsurprisingly supported by evidence from a
study conducted in San Francisco and other resource-poor settings, which indicates that food
insecurity negatively impacts clinical and health outcomes [27] among HIV-infected adults [7, 16,
28].
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Despite the variation in the setting, the finding of the study is in line with of a study conducted in
New York State, where an increase in the severity of food insecurity was found to increase the
incidence of poor clinical progression [29]. The findings are supported by a study conducted in
Ethiopia, where an increased incidence of poor clinical progression was found among food-
insecure HIV-infected adults [30].

Surprissingly, the finding is not supported the study conducted among Russians who were not on
ART that there was no significant differences in HIV viral load between food insecure and food
secure groups [31]. The lack of significant differences in the Russian study may be due to the
absence of treatment, which worsened the clinical progression in both groups, or other underlying
factors specific to the context.

The types of care received from informal caregivers, nutritional status during follow-up, duration
of ART follow-up, and WHO treatment stage were found to be significant independent predictors
of poor clinical progression. The type of informal care provided by different caregivers was
identified as a significant independent predictor of poor clinical progression. Specifically,
individuals receiving economic support experienced a higher rate of poor clinical progression
compared to those who received psychological support. This could be due to the fact that
economic support alone may not be as effective in improving clinical outcomes if it does not
address the psychological and emotional needs of individuals. Psychological support has a more
direct and substantial effect on clinical progression by addressing the mental and emotional aspects
of HIV-infected adults than economic support.

The incidence of poor clinical progression among undernourished HIV-infected adults was higher
than among those with normal nutritional status. This finding is unsurprising and consistent with
studies from Sub-Saharan Africa, where the increased risk of morbidity and mortality is
significantly associated with undernutrition-related immune system dysfunction and increased
susceptibility to Ols [32].

The study finds the increased incidence of poor clinical progression among HIV-infected adults at
advanced WHO treatment stage. This finding is not surprising, as individuals at advanced
treatment stages are more likely to experience rapid and severe clinical progression due to a
compromised immune system. This results in a higher risk of poor clinical outcomes and can also
lead to significant declines in health and quality of life. This finding is supported by a cohort study
among HIV-infected individuals in Guinea-Bissau, which found that advanced WHO stages at
entry were significantly associated with poorer clinical progression [33].

The duration of ART follow-up was found to be a significant independent predictor of HIV clinical
progression. A shorter duration of ART follow-up was associated with an increased incidence of
poor clinical progression among HIV-infected adults receiving ART. This could be due to the
pronounced adverse side effects of the medication in the early treatment stage, combined with a
lack of comprehensive psychosocial support during these initial stages, leading to challenges in
managing the condition effectively.

The findings of previous studies do not support the current study’s findings. For example, in
Uganda, the longer duration of follow-up was associated with an increased incidence of poor
clinical progression among HIV-infected adults [16]. Similarly, a longer duration of follow-up was
linked to an increased incidence of poor clinical progression in China [34], and in a multicenter
randomized strategy trial [35].

176 |Page Final Version, Version date: April, 2025



However, the analysis did not indicate a significant association between HIV-seropositivity
disclosure status and the level of adherence in the final generalized linear mixed-effects
multivariable regression model. While improved ART adherence had a significant effect on
disease clinical progression in a study conducted in Atlanta, Georgia [36], the disclosure of HIV
status was found to have significant effects on HIV clinical progression through reductions in
adherence to clinic visits and patient representation in a study conducted in Eastern Uganda [37].

The wider institutional coverage used in this study helped to ensure the external validity of the
findings. This study is the first in Ethiopia to use a prospective cohort design among HIV-infected
adults to assess the effect of food insecurity on the clinical progression of HIV/AIDS, which helps
minimize selection bias and confounding. Additionally, the use of advanced statistical models,
specifically generalized linear mixed-effects regression models, improved the estimation of effect
measures, thereby enhancing the validity of the findings. However, the current study has some
situational and methodological limitations. First, there is a possibility of recall bias, particularly in
the assessment of food security status and FAV dietary intake, as participants were asked to recall
their experiences over the past 30 days. Second, since both food security status and FAV dietary
intake were assessed through self-reports, there is a possibility that some participants may have
misreported their experiences, potentially leading to an overestimation or underestimation of food
insecurity and fruit and vegetable intake.

Conclusions

In this study, poor clinical progression was notably higher among food-insecure individuals, with
more than double the incidence compared to food-secure individuals. The trend of poor clinical
progression increased over time, and the effect of food insecurity on HIV/AIDS progression
remained significant throughout the follow-up period. The types of care received from informal
caregivers, food security status, nutritional status during follow-up, duration of ART, and WHO
treatment stage were found to be significant independent predictors of poor clinical progression.
The findings suggest that critical attention should be given to food insecurity in HIV care and
treatment, with an emphasis on early ART initiation and advanced clinical stages through patient
education and nutritional counseling. Additionally, enhancing access to nutritious food, combined
with nutritional support, medical care, and social support, can help mitigate the effects of food
insecurity and improve overall health outcomes HIV-infected adults. The findings also suggest the
need for further studies to understand the long-term effects of food insecurity and nutritional status
on HIV progression.
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Abstract

Background: Food insecurity with HIV accelerates CD4 count decline and immunological failure,
even with treatment. The sustained high prevalence of food insecurity among HIV-infected
individuals suggests the need for context-specific evidence in countries like Ethiopia. Therefore,
the objective of this study is to assess the effect of food insecurity on CD4 count changes among
adults receiving ART in North Shewa health facilities.

Methods: We conducted a prospective cohort study with 442 participants (221 in the food insecure
and 221 in the food secure groups). A generalized linear mixed-effects regression model was fitted
to assess the impact of food insecurity and other predictors on changes in CD4 count.

Results: The findings indicate that 105 (23.76%; 95% CI: 20.01-27.96), 78 (18.35%; 95% CI:
14.96-22.34), and 73 (17.26%; 95% CI: 13.94-21.17) HIV-infected adults had low CD4 counts
(<200 cells/mm?) at the first, second, and third visits, respectively, showing an overall declining
trend over the 9 months. However, the incidence of low CD4 counts among food-insecure HIV-
infected adults remained higher. The overall incidence of low CD4 counts during the follow-up
period was 19.84% (95% CI: 17.76%, 22.11%), with 22.14% among food-insecure and 17.55%
among food-secure HIV-infected adults. The gender of HIV-infected adults (aRR = 2.88, 95% ClI.
1.14, 7.30), being food-insecure (aRR = 2.56, 95% CI: 1.05, 6.26), being undernourished (aRR =
2.17,95% ClI: 1.03, 4.57), being anemic (aRR = 3.35, 95% CI: 1.37, 8.17), advanced WHO clinical
stage (aRR =4.11, 95% CI: 1.32, 12.84), and receiving ART for at least 4 years (aRR = 3.64, 95%
Cl: 1.25, 10.63) were found to be significant independent predictors of low CD4 count.

Conclusion: The study found that the incidence of low CD4 count remained high, particularly
among food-insecure HIV-infected adults, who consistently experienced a higher incidence of low
CD4 counts throughout the follow-up period. The findings suggest targeted, culturally and context-
specific food security interventions, with attention to advanced and early clinical stages of
treatment, addressing gender dynamics to mitigate food insecurity's effects on CD4 count changes.

Keywords: Food insecurity, HIV/AIDS, low CD4 count, HIV-infected adults, North Shewa

Introduction

Human immunodeficiency virus (HIV) infection remains a significant health challenge,
progressing at an alarming rate. It impairs the body’s ability to combat infections by decreasing
CD4 cell counts and attacking the immune cells crucial for responding to infectious agents
globally, including in Ethiopia [1, 2]. In this regard, by the end of 2023, 38.6 million out of 39.9
million people living with HIV were adults, with the majority residing in Africa. Among them, 5.4
million people were unaware of their HIV status in 2023, including in Ethiopia [3]. Africa
accounts for more than 35% of the new HIV infections, with 450,000 of the 1.3 million people
who became newly infected with HIV in 2023, including Ethiopia, with 7,194 new HIV infections

[3-6].

HIV damages CD4 cells, impairing the immune system and increasing susceptibility to
opportunistic infections such as tuberculosis, fungal infections, severe bacterial infections, and
some cancers [3], by targeting and destroying CD4 T lymphocytes in the peripheral blood [7].
The co-existence of food insecurity and malnutrition with HIV infection exacerbates immune
system impairment and accelerates CD4 count decline, leading to immunological failure even
among HIV-infected individuals receiving treatment[8, 9].

182 |Page Final Version, Version date: April, 2025



Food insecurity, which refers to the limited or uncertain access to nutritionally adequate and safe
foods, or the inability to obtain acceptable foods through socially acceptable means, significantly
contributes to the spread of HIV and the progression of the disease [1], is a leading cause of illness
and mortality [10]. It compromises immune function, increases susceptibility to severe illnesses
and opportunistic infections (Ols), decreases CD4 response, reduces survival, and accelerates
immunological failure, even among those receiving ART [9, 11, 12].

Despite of effort that has been made through different strategic interventions, studies indicate high
prevalence of food insecurity among HIV-infected individuals that can predict CD4 count change
immunological progress of the diseases through its effect on CD4 count change [13]. It was
evidenced that the high prevalence of food insecurity both resource-rich and poor settings 71%
and 84.6%, respectively [14-18]. Studies in resource-rich countries have highlighted that food
insecurity increases the odds of having low CD4+ cell counts (less than 200 cells/uL)[11]. It is
significantly associated with clinically low CD4 cell counts, more severe HIV symptoms, and
multiple hospitalizations for HIV-related conditions [19]. Food insecurity also increases the
likelihood of worse immunological outcomes [20, 21].

However, little is known about the effect of food insecurity on CD4 count changes and other
predictors among HIV-infected adults receiving ART in resource-limited countries, including
Ethiopia. Existing cross-sectional studies do not fully address these effects. A comprehensive
understanding of how food insecurity and other predictors affect CD4 count changes is crucial for
tackling poor health outcomes. Therefore, the main objective of this study is to assess the effect of
food insecurity on CD4 count change among adults receiving ART in North Shewa Health
Facilities

Materials and Methods

Study design, settings, and population

We employed a multi-center prospective cohort study across health facilities in the North Shewa
Zone of Northcentral Ethiopia. The zone comprises 16 districts (12 rural and 4 urban) [22].
According to the 2022 zonal report, the zone has five hospitals, 64 health centers, and 275 health
posts, with 5,514 HIV-infected adults receiving ART [22, 23]. The current follow-up study was
conducted from January 2022 to February 2023 at four hospitals and six health centers with high
caseloads, all of which provide ART servicesAll HIV-infected adults receiving ART and had
follow-up treatment, who were older than 18 years, regardless of their treatment regimen or
duration of follow-up, were enrolled in the cohort study at the selected health facilities. Food
security status was assessed at baseline using the Food Insecurity Access Score to determine
exposure status, with food insecure HIV-infected adults at baseline considered as the exposed
group and food secure HIV-infected considered as the unexposed group. We excluded individuals
with other chronic diseases, such as heart disease, hypertension, diabetes mellitus, or conditions
that could suppress the immune system and deteriorate nutritional status, as well as pregnant
women who had recently started ART.

Sample size determination and sampling procedures

The required sample size for this study was calculated using two population proportion formulas
to determine the difference between the two groups, considering major predictors of CD4 count
change based on existing literature. The calculation was performed using the STATCALC
application of Epi Info version 7.0 statistical software [24]. Accordingly, with a 95% confidence
level, 80% power, a 1:1 ratio of unexposed to exposed individuals, an adjusted rate ratio (RR) of
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2.08 for low CD4 count change among food secure individuals, and an incidence of low CD4 count
of 32.3% in food secure HIV-infected adults [25], the required sample size was calculated as 402
using the two-population proportion formula [26].

n. (za/2 2\/(1+%)P(1—P)+ZB 2\/(191 (1—p1)+w)2
(p1-p2)2

=402

Considering a 5% non-response rate for loss to follow-up and a 1.5 design effect for intra-cluster
correlation, the final sample size was 442 (221 from food-secure and 221 from food-insecure HIV-
infected adults). Four hospitals and four health centers providing ART were identified through
communication with the Zonal Department and ART focal points at the health facilities, along
with the number of HIV-infected adults receiving ART from patient registries. The calculated
sample was proportionally allocated to the health facilities based on the number of HIV-infected
adults identified in the baseline assessment for exposure status (food security status). Finally, the
allocated sample of participants was selected using a computer-generated random number method
for simple random sampling and then enrolled in the study for follow-up.

Study Variables and Measurement

The outcome variable was the change in CD4 count, measured as the difference between baseline
CD4 counts and the most recent follow-up CD4 counts, as it is the most reliable marker for
assessing disease progression, staging, and guiding treatment. This change ranged between 50
cells/mm3 and 100 cells/mms3 over a period of six months [27]. Accordinly, we classified the CD4
count as low (less than 200 cells/smm3), moderate (200-500 cells/fmm3), and normal or high
(greater than 500 cellsymm3) [28]. The low CD4 count change (below 200 cells/mm3) was
considered as immunological failure that was considered in the final analysis [27, 29]. Food
insecurity, the primary predictor, was assessed at baseline using the Household Food Insecurity
Access Scale (HFIAS). This scale evaluates dimensions such as anxiety and uncertainty about the
household food supply, insufficient food quality (including variety and preferences), and
insufficient food intake and its physical consequences [27, 30]. Socio-demographic predictors
(age, gender, income, educational status, occupational status, religion, marital status, residence,
number of children, psychosocial support including the presence and type of caregiver, type of
care, and disclosure of serostatus), clinical predictors (duration of ART treatment, WHO clinical
stage, WHO treatment stage of HIV, opportunistic diseases, therapeutic food support, follow-up
interval, CPT, and IPT), nutritional status, and behavioral predictors (adherence to ART drugs,
poor coping strategies, cigarette smoking, alcohol use, and khat chewing) were considered as
independent variables.

Data collection tools and methods

Socio-demographic information, psychosocial support, clinical predictors, therapeutic food-
related information, and behavioral predictors were collected using a structured interviewer-
administered questionnaire at baseline. Food security status and fruit and vegetable dietary intake
data were also collected at baseline using the nine-item Household Food Insecurity Access Scale
(HFIAS) and the Behavioral Risk Factor Surveillance System (BRFSS) tools, respectively. Data
extraction checklist was used collected data on type of malignancy, opportunistic infections (Ols),
anemia, WHO staging, and others. Nutritional status data (weight and height) and CD4 count data
were collected quarterly for 9 months. Experienced professionals (nurses and health officers) who
were not providing services in the ART clinic collected both baseline and follow-up measurements
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using the KoboToolbox digital data collection platform. Two days of training were provided to
data collectors and supervisors by the principal investigator on the study objectives, data collection
methods and tools, including the use of Computer Assisted Personal Interviews (CAPIs) with
KoboToolbox, and how to maintain confidentiality of information. The questionnaire was
pretested on 5% of the sample at Chancho Hospital to ensure the consistency and completeness of
the data. Necessary modifications were made based on the results of the pretest before the actual
data collection. Content validation of both the FANTA and BRFSS tools was conducted with local
subject-related experts before adapting the tools for final data collection. The CAPIs with the
KoboToolbox digital data collection platform was used to collect data. Measurement instruments
were calibrated after each measurement. The collected data were checked for completeness and
consistency.

Data management and Analysis

The collected data were cleaded, coded, and exposed to STATA 17 version for further processing
and analysis. Descriptive statistics was used to describe and compare the characteristics of study
participans based on the study varaibles. The incidence low CD4 count, along with the incidence
of undernutrition over the follw up period was calculated based on repeated measurements
collected quarterly over 9 months. A generalized linear mixed-effects model with logit link
function was fitted to account for clustering effects and to identify the association between food
security and CD4 count change. Variance-covariance structure of the random effects was used to
check model assumption conducting exploratory data analysis before fitting the model. All
predictors associated with the outcome variable in the bivariable analysis with a p-value of 0.20 or
less were included in the multivariable mixed-effects regression models. Crude and adjusted risk
ratios (aRR), along with their corresponding 95% confidence intervals (Cl), were calculated.
Multicollinearity of explanatory variables was assessed using the variance inflation factor, and
model fit was evaluated using information criteria (AIC and BIC). Statistical significance was
indicated by a p-value < 0.05 and the corresponding 95% CI.

Results

Socio-demographic and Socio-economic characteristics

A total of 442 HIV-infected adults, of which 221 were food-secure and 221 were food-insecure,
were enrolled and followed for three consecutive quarters to assess their CD4 count cange. Among
them, 435 (98.42%) completed the follow-up period, 6 (1.36%) were lost to follow-up, and 1
(0.23%) died. Two hundred seventy-one (61.31%) were females, of which 145 (65.61%) were
food-insecure and 126 (57.01%) were food-secure. Two hundred ninety-three (66.29%) of HIV-
infected adults belong to the age group less than 40 years, with the mean age of enrolled
participants being 38.99 (+9.53 SD) years: 166 (75.11%) were food-insecure and 127 (57.47%)
were food-secure. Four hundred (90.50%) of the HIV-infected adults were followers of Orthodox
Christian, of which 195 (88.24%) were food-insecure and 205 (92.76%) were food-secure. Two
hundred fifty (56.56%) were married, of which 114 (51.58%) were food-insecure and 136
(61.54%) were food-secure. The vast majority were from urban areas (80.09% of the food-insecure
group and 64.71% of the food-secure group).

Three hundred forty-eight (78.73%) of HIV-infected individuals reported having children, of
which 167 (75.57%) were food-insecure and 181 (81.90%) were food-secure. Of those who
reported having children, 251 (72.13%) had less than four children, with 128 (76.65%) being food-
insecure and 123 (67.96%) being food-secure. Ninety-seven (21.95%) were daily laborers, of
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which 78 (35.29%) were food-insecure. Two hundred eighteen (49.32%) of HIV-infected adults
had no formal education: 127 (57.47%) were food-insecure and 91 (41.18%) were food-secure.
One hundred forty-nine (51.92%) of HIV-infected adults reported having a monthly income of less
than 2500 Ethiopian birr, of which 106 (64.63%) were food-insecure (Table 1).

Table 1: Baseline socio-demographic and economic characteristics of HIV-infected adults
receiving ART at health facilities, Ethiopia, 2024

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Sex Male 76 (34.39) 95 (42.99) 171 (38.69)
Female 145 (65.61) 126 (57.01) 271 (61.31)
Age respondents <40 years 166 (75.11) 127 (57.47) 293 (66.29)
>40 years 55 (24.89) 94 (42.53) 149 (33.71)
The average age in Average (SD) 36.37 (+8.28) 39.60 (+10.40) 38.99(%9.53)
ears
)Igeligion of Orthodox 195 (88.24) 205 (92.76) 400 (90.50)
respondents Protestant 17 (7.69) 12 (5.43) 29 (6.56)
Others* 9 (4.07) 4 (1.81) 13 (2.94)
Marital status Married 114 (51.58) 136 (61.54) 250 (56.56)
Single 24 (10.86) 29 (13.12) 53 (11.99)
Divorced 42 (19.00) 21 (9.50) 63 (14.25)
Widowed 41 (18.55) 35 (15.84) 76 (17.19)
Residence Rural 44 (19.91) 78 (35.29) 122(27.60)
Urban 177 (80.09) 143 (64.71) 320(72.40)
Presence of children No 54 (24.43) 40 (18.10) 94 (21.27)
Yes 167 (75.57) 181(81.90) 348 (78.73)
Number of children <3 children 128 (76.65) 123 (67.96) 251 (72.13)
(n=348) 4-9 children 39 (23.35) 58 (32.04) 97 (27.87)
Occupational Status Farmer 26 (11.76) 59(26.70) 85 (19.23)
House wife 45 (20.36) 42 (19.00) 87 (19.68)
Daily laborer 78 (35.29) 19 (8.60) 97 (21.95)
Employed 27 (12.22) 49 (22.17) 76 (17.19)
Merchant/others 45 (20.36) 52(23.53) 97 (21.95)
Educational status No formal education 127 (57.47) 91 (41.18) 218 (49.32)
Primary school 64(28.96) 56 (25.34) 120(27.15)
Secondary and above 30 (13.57) 74 (33.48) 104 (23.53)
Monthly income <2500 ETB 106 (64.63) 43 (34.96) 149 (51.92)
(n=287) >2500 ETB 58 (35.37) 80 (65.04) 138 (48.08)

Psychosocial support for HIV-infected adults

*Catholic, musilim and wekefata

Two hundred thirty-nine (54.07%) of the HIV-infected adults received psychosocial support or
care from different caregivers, which was consistent across both groups. Of the support or care
received, 127 (62.5%) received economic support, followed by psychological support (46,
22.66%). The majority, 112 (55.17%), received care from their husbands or wives, of which 49
(49.00%) were food-insecure and 63 (61.17%) were food-secure. Almost half (49.10%) of the
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participants had disclosed their HIV status, of which 114 (52.53%) disclosed their serostatus to
their husbands or wives (Table 2).

Table 2: Baseline pyschosocial support for HIV-infected adults receiving ART at health facilities in Northcentral, Ethiopia, 2024

Variables Response Food security status

Food-Insecure Food-secure Total

No (%) No (%) No (%)
Presence caregiver No 121 (54.75) 118 (53.39) 239 (54.07)
Yes 100 (45.25) 103(46.61) 203 (45.93)
Type of care received Psychological support 26 (26.00) 20 (19.42) 46 (22.66)
(n=203) Economic support 61(61.00) 66 (64.08) 127 (62.5)
Social support and related 13 (13.00) 17 (16.50) 30 (14.78)
Type of caregiver Mother/ father 25 (25.00) 11(10.68) 36 (17.73)
(n=203) Husband/Wive 49 (49.00) 63 (61.17) 112 (55.17)
Children 19(19.00) 22 (21.36) 41 (20.20)
Others 7 (7.00) 7 (6.80) 14 (6.90)
Disclose their Sero- No 110 (49.77) 115 (52.04) 225 (50.90)
status Yes 111 (50.23) 106 (47.96) 217 (49.10)
To whom you disclose ~ Mother/ father 17 (15.32) 10 (9.43) 27 (12.44)
(n=290) Husband/Wive 54(48.65) 60 (56.60) 114 (52.53)
Children 20 (18.02) 23 (21.70) 43 (19.82)
Others 20 (18.02) 13 (12.26) 33 (15.21)

Clinical and food-related characteristics of HIV-infected adults

A significant proportion, 83 (18.78%), of HIV-infected adults reported having eating problems
during their care follow-up: 44 (19.91%) were food-insecure and 39 (17.65%) were food-secure.
Loss of appetite (63, 75.90%) was the main reason for the eating problem. One hundred forty-three
(32.35%) of HIV-infected adults reported having anemia during their care follow-up: 81 (36.65%)
were food-insecure and 62 (28.05%) were food-secure, as defined by WHO’s standard for anemia
among HIV-infected individuals. A total of 78 (17.65%) developed Ols during care follow-up,
with the most common Ols being diarrheal diseases (43.59%), while the occurrence of tuberculosis
(34.78%) was higher among food-insecure HIV-infected adults.

Only 13 (4.53%) of the total sample reported receiving therapeutic feeding. The majority, 267
(60.41%), of participants reported receiving ART for more than 8 years, with the average duration
of ART being 8.96years (+4.60), 8.17 years (x4.62 SD) for the food insecure HIV-infected adults,
and 9.76 years (x4.44 SD) for the food-secure HIV-infected adults. The majority, 317 (71.72%),
of HIV-infected adults were at WHO clinical stage one, of which 163 (73.76%) were food-insecure
and 154 (69.68%) were food-secure. Three hundred eighty-nine (88.01%) started ART at an early
treatment stage, of which 191 (86.43%) were food-insecure and 198 (89.59%) were food-secure.

One hundred thirty-six (31.26%) and 62 (14.25%) of HIV-infected adults did not receive
cotrimoxazole preventive therapy (CPT) and tuberculosis preventive therapy (TPT), respectively.
Nearly one-fourth (101, 22.85%) of the HIV-infected adults reported consuming fruits and
vegetables at least once per day, as defined by WHO’s standard for daily FAV consumption (Table
3).
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Table 3: Baseline clinical and nutritional characteristics of HIV-infected adults receiving ART at
health facilities in Northcentral, Ethiopia, 2024

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Presence eating problems No 177 (80.09) 182 (82.35) 359 (81.22)
Yes 44 (19.91) 39 (17.65) 83 (18.78)
Causes of eating problem(n=83)  Loss of appetite 35 (79.55) 28(71.79) 63 (75.90)
Oral candidiasis 8(18.18) 8 (20.51) 16(19.28)
Esophageal candidiasis 1(2.27) 3(7.69) 4 (4.82)
Anemia No 140 (63.35) 159 (71.95) 299 (67.65)
Yes 81 (36.65) 62 (28.05) 143 (32.35)
Presence of Ols No 187 (84.62) 177 (80.09) 364 (82.35)
Yes 34 (15.38) 44 19.91) 78 (17.65)
Type of Ol disease (n=109) Tuberculosis 11 (32.35) 7(15.91) 8 (10.26)
Pneumonia 3(8.82) 5(11.36) 8 (10.26)
Diarrheal disease 9 (26.47) 25 (56.82) 34 (43.59)
Dispepsia 5(14.71) 3(6.82) 8 (10.26)
Others 6 (17.65) 4 (9.09) 10 (12.82)
Therapeutic food No 211 (95.48) 213 (96.38) 424 (95.93)
Yes 10(4.52) 8 (3.62) 18(4.07)
WHO clinical stage Stage one 163 (73.76) 154 (69.68) 317 (71.72)
Stage two and above 58 (26.24) 67 (30.32) 125 (28.28)
WHO treatment stage Stage one 191 (86.43) 198 (89.59) 389 (88.01)
Stage two and above 30 (13.57) 23 (10.41) 53 (11.99)
Duration of ART <4 years 49 (22.17) 28 (12.67) 77 (17.42)
4-8 years 58 (26.24) 40 (18.10) 198 (22.17)
>8 years 114 (51.58) 153 (69.23) 267 (60.41)
Average duration of ART inyears  Average (SD) 8.17 (x4.62) 9.76 (x4.44) 8.96 (+4.60)
CPT provision status (n=435) Provided 130 (60.47) 130 (59.09) 260 (59.77)
Ongoing 24 (11.16) 15 (6.82) 39 (8.97)
Not provided 61 (28.37) 75 (34.09) 136 (31.26)
TPT provision status or IPT Complete 177 (82.33) 176 (80.00) 353 (81.15)
(n=435) Discontinue/interrupt 3 (1.40) 3 (1.36) 6 (1.38)
Ongoing 5 (2.33) 9 (4.09) 14 (3.22)
Not given 30 (13.95) 32 (14.55) 62 (14.25)
Fruit and vegetable dietary intake > One time per day 44 (19.91) 57 (25.79) 101 (22.85)
< One time per day 177 (80.09) 164 (74.21) 341 (77.15)

Behavioral characteristics of HIV-infected Adults
Only 9 (2.04%) reported having ever been forced to engage in unprotected sex. Forty-four (9.95%)
of the HIV-infected adults reported ever migrating from their previous place of residence to get
their daily food, of which 38 (17.19%) were food-insecure. One hundred thrity-six (30.77%),
skipped doses of ART in the last 7 days due to unmet restrictions such as needing food with the
drug, time schedules, and taking it on an empty stomach: 74 (33.48%) were food-insecure and 62
(28.05%) were food-secure. More than half (54.52%) of the HIV-infected adults reported strict
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adherence to ART by not missing doses in the last 7 days, including 108 (48.87%) who were food-
insecure and 133 (60.18%) who were food-secure. The majority, 269 (60.86%) of HIV-infected
adults, demonstrated good adherence to ART, with 143 (64.71%) being food-insecure and 116
(57.01%) being food-secure. A notable number of HIV-infected adults reported engaging in
various behaviors: 49 (11.26%) had ever smoked cigarettes, 224 (51.49%) had drunk alcohol, and
26 (5.98%) had chewed khat (Table 4).

Table 432: Baselin behavioral characteristics of HIV-infected adults receiving ART at health facilities in

Northcentral, Ethiopia, 2024

Variables Response Food security status
Food-Insecure Food-secure Total
No (%) No (%) No (%)
Unprotected sex for Daily food No 214 (96.83) 219 (99.10) 433 (97.96)
Yes 7(3.17) 2 (0.90) 9 (2.04)
Ever migrated from for food No 118 (82.81) 215 (97.29) 398 (90.05)
Yes 38 (17.19) 6 (2.71) 44 (9.95)
Skipped due to unmet restrictions in last 7 days  No 147 (66.52) 159 (71.95) 306 (69.23)
Yes 74 (33.48) 62 (28.05) 136 (30.77)
Missing doses in the last 7 days Missed 113 (51.13) 88 (39.82) 201 (45.48)
Not missed 108 (48.87) 133 (60.18) 241 (54.52)
Level of adherence to ART Good 143 (64.71) 116 (57.01) 269(60.86)
Fair 29 (13.12) 34 (15.38) 63 (14.25)
Poor 49 (22.17) 61 (27.60) 110 (24.89)
Ever smoke cigarettes No 196 (91.16) 190 (86.36) 386 (88.74)
Yes 19 (8.84) 30 (13.64) 49 (11.26)
Ever drink alcohol No 107 (49.77) 104 (47.27) 211 (48.51)
Yes 108 (50.23) 116 (52.73) 224 (51.49)
Ever chew chat No 205 (95.35) 204 (92.73) 409 (94.02)
Yes 10 (4.65) 16 (7.27) 26 (5.98)

Incidence of nutritional status of HIV-infected adults for CD4 count

We assessed the nutritional status of HIV-infected adults at three visits over the follow-up duration
to identify its trend over follow-up period and its effect on CD4 count change of HIV-infected
adults. Accordingly, 82 (18.55%) of them developed undernutrition at the first visit, with 51
(23.08%) being food-insecure and 31 (14.03%) being food-secure. At the second visit, 99
(22.71%) developed undernutrition, with 57(26.39%) being food-insecure and 42 (19.09%) being
food secure. At the third visit, 92 (21.15%) developed undernutrition, with 58 (26.98%) being
food-insecure and 34 (15.45%) being food-secure (Figure 1).
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Overall Nutional status over the follow-up period
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Figure 1. Overall nutritional status of HIV-infected adults receiving ART over the follow-up period
at health facilities in Northcentral, Ethiopia, 2024

Incidence of CD4 count change of HIV-infected adults

A total of 442 individuals (221 food-secure and 221 food-insecure) were followed, resulting in
1,326 observations used to assess CD4 count changes over three consecutive visits. Accordingly,
the median CD4 counts at the first, second, and third visits were 433 cells/pl (IQR: 255-607), 482
cells/ul (IQR: 326-698), and 523 cells/ul (IQR: 356-687), respectively. One hundred five (23.76%;
95% CI: 20.01-27.96) HIV-infected adults, 78 (18.35%; 95% CI: 14.96-22.34) HIV-infected
adults, and 73 (17.26%; 95% CI: 13.94-21.17) HIV-infected adults were with a CD4 count of
<200 cells/mm? at the first, second, and third visits, respectively. The proportion of HIV-infected
adults with a CD4 count < 200 cells/mm3 declined from 23.76% to 17.26% over the 9-month
follow-up period. This indicates a slight increase in the incidence of immunological recovery over
the 9 months of follow-up. However, the incidence of a low CD4 count among food-insecure HIV-
infected adults was still higher than among food-secure HIV-infected adults at each visit.
Specifically, 59 (26.70%), 44 (20.37%), and 40 (19.14%) of those with a low CD4 count were
food-insecure at the first, second, and third visits, respectively. There was no significant change in
immunological recovery from visit to visit in this group. In contrast, 337 (76.24%), 347 (81.65%),
and 350 (82.74%) had a CD4 count greater than or equal to 200 cells/mms, respectively (Table 5,
Figure 2).
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Table 5. The incidence of low CD4 count change among HIV-infected adults receiving ART at
health facilities in Northcentral, Ethiopia, 2024

Food security CD4 count change (1% visit) CD4 count change (2™ visit) CD4 count change (3" visit)
s <200 cells/ mm3 >200 cells/ mm3 <200 cells/ >200 cells/ < 200 cells/ >200 cells/ mm3
mm3 mm3 mm3
No (%) No(%) No (%) No(%) No (%) No(%)
Food-insecure 59(26.70) 162(73.30) 44(20.37) 172(79.63) 40(19.14) 169(80.86)
Food-secure 46(20.81) 175(79.19) 34(16.27) 175(83.73) 33(15.42) 181(84.58)

The incidence of low CD4 count change among HIV-infected adults
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Figure 2. The incidence of CD4 count change among HIV-infected adults receiving ART over the
follow-up perion at health facilities in Northcentral, Ethiopia, 2024

The overall incidence of low CD4 count change (< 200 cells/mm3) among observations during the
follow-up period was found to be 19.84% (95% CI: 17.76%, 22.11%), with 22.14% among food-
insecure HIV-infected and 17.55% among food-secure HIV-infected adults.

Predictors of CD4 count change among adults receiving ART

In the bi-variable generalized linear mixed-effects model, nineteen variables—specifically,
sex/gender, age of the respondent, educational status, occupational status, residence, type of care
received, presence of anemia, presence of eating problems, duration of HIV infection, duration of
ART follow-up, nutritional status during follow-up, TPT provision status or IPT, WHO clinical
stage, WHO treatment stage, smoking history, alcohol consumption, fruit and vegetable dietary
intake, and adherence to the treatment schedule—were associated with a p-value of < 0.20 and
were subsequently selected as candidates for multivariable analysis. The duration of ART follow-
up, chewing khat, and following special instructions were reduced after the collinearity check
using generalized variance inflation factor.
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Consequently, a multivariable generalized linear mixed-effects regression analysis with an identity
covariance structure was fitted using all eighteen variables simultaneously. Six of the most
contributing factors identified as significant independent predictors of CD4 count change at a 5%
significance level. We selected a model with an identity covariance structure, as it provides a
simplified approach to handling random effects in the analysis. The model's fit and adequacy were
evaluated using information criteria and a log-likelihood ratio test (LR chi-square = 205.23, p <
0.001). The analysis for this particular paper indicates that the random effects components of the
model capture the correlation in the repeated measurements. sd(b0i) =3.050 (95% ClI: 2.540, 3.662)
and sd("Xij) = 0.285, with p-value less than 0.001.

Accordingly, the gender of HIV-infected adults receiving ART was found to be a significant
independent predictor of low CD4 count change, with the incidence of developing a low CD4
count change among males being 2.9 times higher than that of females (aRR =2.88, 95% ClI: 1.14,
7.30).

The food security status of HIV-infected adults is an independent predictor of low CD4 count after
controlling for other potential confounders. Being food insecure was found to independently
increase the risk of having a low CD4 count. The incidence of low CD4 count was 2.6 times higher
among food-insecure HIV-infected adults compared to food-secure HIV-infected adults
(aRR=2.56, 95% CI: 1.05, 6.26).

Being undernourished was found to be an independent predictor of increased incidence of low
CD4 count change among HIV-infected adults receiving ART. Specifically, the incidence of low
CD4 count change was 2 times higher among undernourished HIV-infected adults compared to
those with normal nutritional status (aRR=2.17, 95% CI: 1.03, 4.57).

Being anemic was found to be an independent predictor of an increased risk of low CD4 count.
Specifically, the incidence of low CD4 count was 3.3 times higher among HIV-infected adults
with anemia compared to their counterparts during the follow-up period (aRR=3.35, 95% ClI: 1.37,
8.17).

The WHO clinical stage and the duration of antiretroviral treatment were identified as significant
independent predictors of CD4 count change in HIV-infected adults. The incidence of low CD4
count was 4 times higher at the advanced WHO clinical stage compared to the early stage
(aRR=4.11, 95% CI: 1.32, 12.84). Likewise, the incidence of low CD4 count was 3.6 times higher
in those receiving ART for 4 years or less compared to those on ART for more than 4 years
(aRR=3.64, 95% CI: 1.25, 10.63).

However, the analysis did not reveal a significant association between fruit and vegetable
consumption, TPT or IPT provision status, and adherence to ART in the final generalized linear
mixed-effects multivariable regression model. This is attributed to some variables having severely
skewed observations in specific categories and a lack of significant differences between categories
(Table 6).
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Table 6: Independent predictors of low CD4 count change HIV-infected adults receiveing ART at health facilities in
Northcentral, Ethiopia, 2024.

Variables Response cRR with 95% CI aAR with 95% ClI aP-value
Sex Male 3.26 (1.41, 7.53)** 2.88 (1.14, 7.30)** 0.026**
Female 1.0 1.0

Food security status Food secure 1.0 1.0
Food insecure 1.90 (0.92, 4.33) * 2.56 (1.05, 6.26) ** 0.039**
Nutrional status Under nutrition 2.34 (1.13, 4.85)** 2.17 (1.03, 4.57)** | 0.042**
Normal 1.0 1.0
Over nutrition 0.61 (0.19, 2.04) 0.85(0.25, 2.88) 0.794
Presence of Anemia No 1.0 1.0
Yes 4.37 (1.84, 10.39) ** 3.35(1.37,8.17)** | 0.008**
WHO clinical stage Stage one 1.0 1.0
Stage two &above 3.78 (1.55, 9.20) ** 4.11(1.32,12.84)** | 0.015**
Duration of ART <4 years 4.36(1.64, 11.59)** 3.64 (1.25. 10.63)** | 0.018**
>4 years 1.0 1.0
Discussion

The current multicenter prospective cohort study aimed to investigate the effect of food insecurity
on CD4 count changes in HIV-infected adults receiving ART, along with other independent
predictors of CD4 count changes in health facilities in Northcentral Ethiopia. Accordingly, the
median CD4 counts at the first, second, and third visits were 433 cells/ul (IQR: 255-607), 482
cells/ul (IQR: 326-698), and 523 cells/ul (IQR: 356-687), respectively.

This finding is consistent with the findings of the collaborative analysis of cohorts from low-
income countries (sub-Saharan Africa, Latin America, and Asia), where the median CD4 cell count
increased over the follow-up period from 114 cells/uL at ART initiation to 395 cells/uL (IQR 240-
592) at the fifth year of follow-up [31]. The findings from the TREAT Asia HIV Observational
data analysis and the retrospective analysis in northern Ethiopia also indicated that the median
CD4 count continued to increase even when the concurrent HIV viral load was detectable over the
follow-up period [32-34].

The study found that the overall incidence of low CD4 count (<200 cells/mm?) over the follow-up
period was 19.84% (95% CI: 17.76-22.11), with a higher incidence among food-insecure HIV-
infected adults (22.14%) compared to food-secure HIV-infected adults (17.55%). This finding is
in line with the findings of the studies conducted in the different part of the world. For instance,
the longitudinal study and retrospective anlasyis conducted in San Francisco (21.9%) [11] and
Bhutan (20%) [35], in which patients had CD4 counts below 200 cells/mm3,

The study indicates a decline in the incidence of low CD4 count (a CD4 count <200 cells/mm?)
from 23.76% to 17.26% during the follow-up period, suggesting a slight increase in the incidence
of immunological recovery over the 9 months of follow-up. This could be due the effectiveness of
ART in promoting immune recovery, consistent adherence to treatment, and improved patient
management, leading to enhanced immune function over time. This finding is consistent with the
findings of a retrospective analysis in Ethiopia, where the incidence of CD4+ cell count <200
cells/fmm? declined from 28.3% to 15.0% over the follow-up period [34].

However, the incidence of low CD4 count among food-insecure individuals was consistently
higher than among food-secure individuals: 26.70%, 20.37%, and 19.14% of HIV-infected adults
with a low CD4 count (<200 cells/mm3) were food-insecure at the first, second, and third visits,
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respectively. This suggests that food insecurity may have a persistent effect on immune function
over time, potentially due to inadequate nutritional intake, which can impair immune response and
contribute to lower CD4 counts in food-insecure individuals. This finding is consistent with the
findings of prospective cohort studies conducted in the Boston and Providence area [36] and
British Colombia [20], where the incidence of low CD4 count was persistently higher among food-
insecure individuals across repeated measurements. The study reflected negative changes in CD4
count over the follow-up period, predicting a decrease of 99.5 cells/uL in CD4 count over that
time [36].

The current follow-up study underscores that food insecurity was found to be an independent
predictor of low CD4 count after controlling for other potential confounders, in which the risk of
low CD4 count was more than twofold higher among food-insecure HIV-infected adults compared
to their food-secure counterparts. The finding on the effect of food insecurity is supported by
studies conducted in San Francisco [11] and Atlanta, Georgia [19], which showed that food
insecurity increased the incidence of low CD4 cell counts (<200 cells/mm3). The finding also
supported by the finding of study in British Columbia, Canada, in which the significant decreasing
trend of CD4 count was found in food-insecure HIV-infected adults [20].

However, the finding of a study conducted in a cohort of U.S. veterans [21] and Russia ARCH
cohort [37] were inconsistent with the current study, as there was no significant difference in low
CD4 counts between food-insecure and food-secure HIV-infected adults. This discrepancy may
be due to variations in the study populations, including differences in socioeconomic status, access
to healthcare, and adherence to ART. These factors could influence the impact of food insecurity
on immune function and CD4 counts, leading to divergent outcomes across different settings.

The gender of participants, nutritional status, presence of anemia, WHO clinical stage, and the
duration were found to be significant independent predictors of low CD4 count. The finding
indicated the gender of HIV-infected adults receiving ART was found to be a significant
independent predictor of low CD4 count change, in higher incidence of developing low CD4 count
change found among male that females. This finding is unsurprising and is supported by the
descriptive results of this study, which indicated that more than half of the participants reported
consuming alcohol (51.49%), a behavior common among males in Ethiopia. Evidence suggests
that people with HIV who regularly drink alcohol tend to have a compromised immune system,
with a lower overall CD4 count. This finding is consistent with the findings of studies conducted
in Ethiopia [34] and Bhutan [35] where a larger number of males showed a low CD4 count (<200
cells/pL) compared to females, as well as a study in Brazil and in low-income countries [31, 38],
which found that immune recovery was significantly higher among females than males.

The finding indicated that poor nutritional status independently predicted an increased incidence
of low CD4 count among HIV-infected adults on ART, with undernourished individuals found to
have twice the incidence of low CD4 count compared to those with normal nutritional status.
Unsurprisingly, this finding was supported by a longitudinal studies conducted in Senegal, which
found that poor nutritional status significantly predicted poor immunologic recovery [17, 39]. This
may be due to the persistent lack of various forms of support, including therapeutic food support,
with only a few participants (4%) in the current study reporting they received such support. This
lack likely contributed to undernutrition, leading to low CD4 counts. This was supported by a
study in Malawi, which found that therapeutic food support had significant effects on nutrition and
immunological response [40].
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However, surprisingly, this finding is inconsistent with a cohort study in Indonesia, which there
was no significant association between changes in nutritional status and changes in CD4 cell count
after 6, 12, and 18 months of treatment [41]. This discrepancy could be due to differences in the
study populations, including baseline nutritional status, healthcare access and quality, dietary
practices, and the availability and quality of nutritional support programs, all of which may have
influenced the outcomes differently.

This study found that anemia independently predicted a threefold increased risk of low CD4 count
among HIV-infected adults during the follow-up period. This may be due to anemia's impact on
immune function, exacerbating the effects of HIVV on CD4 counts. This finding is consistent with
a study conducted in Nepal [42], which found that the presence of anemia was significantly
associated with immunological status.

The study found that the WHO clinical stage had a significant independent effect on CD4 count
change, with the incidence of low CD4 count being four times higher at the advanced WHO
clinical stage compared to the early stage. Surprisingly, we found inconsistent findings in a study
conducted in Uganda, where more than half of the subjects with CD4 counts (>200 cells/uL) were
at an advanced WHO clinical stage [43], and in a retrospective analysis in Ethiopia [44], where
most patients presenting with severe immunosuppression were classified in early WHO clinical
stages. This discrepancy could be due to an imbalance in the number of study participants in the
Uganda study, where the majority were in the advanced disease stage, variations in the populations
studied, the long time elapsed since the study was conducted, and the retrospective nature of the
study in Ethiopia, where confounders were not adequately addressed.

The finding revealed that the duration of antiretroviral treatment independently influenced changes
in low CD4 count among HIV-infected adults. The incidence of low CD4 count was four times
higher in those receiving ART for 4 years or less compared to those on ART for more than 4 years.
This may be due to longer ART duration allowing more time for immune system recovery and
better management of the disease, leading to improved CD4 counts. This study's finding
surprisingly not supported by studies in Namibia [45] and Ethiopia [46], which found that a longer
duration of ART was associated with a higher risk of poor adherence, leading to lower CD4 counts.

The analysis did not reveal a significant association between low CD4 count and fruit and
vegetable consumption in the final multivariable generalized linear mixed-effects model, whereas
consuming fruits and vegetables was identified as an important predictor of immune recovery in a
study conducted in the Southwest region of Cameroon [47]. This difference may be due to
variations in the types and quantities of fruits and vegetables consumed and differences in overall
diet quality, which could influence immune recovery.

We assessed the effect of food insecurity on CD4 count change among HIV-infected adults
receiving ART in Northcentral Ethiopia. With a large sample size across multiple health facilities
with diverse levels of service delivery, this approach ensures the external validity of the findings
and provides comprehensive evidence for policy and program implications. This is the first
multicenter prospective cohort study in Ethiopia to assess the effect of food insecurity on CD4
count change among HIV-infected adults receiving ART. It allows for the testing of temporal
relationships and assumes less recall bias. The use of generalized linear mixed-effects regression
models improved the estimation of effect measures, thereby enhancing the accuracy and validity
of the findings. However, we assessed food security status and FAVs dietary intake by asking
participants about their experiences over the past 30 days, which may be subject to recall bias.
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Additionally, self-reported responses increased the possibility that some participants may have
misreported their data, potentially leading to an overestimation or underestimation of their
estimates.

Conclusions

The study found that while the median CD4 count increased over time, the incidence of low CD4
count (<200 cells/fmm3) remained high, particularly among food-insecure HIV-infected adults
Although there was a decline in incidence of low CD4 count over 9 months, indicating slight
immunological recovery, food-insecure HIV-infected adults consistently experienced a higher
incidence of low CD4 counts. The gender of participants, food security status, nutritional status,
presence of anemia, WHO clinical stage, and duration of ART were found to be significant
independent predictors of low CD4 count. The findings suggest the need for targeted and
comprehensive food and nutrition intervention programs, including nutritional counseling tailored
to improve food security and nutritional status among HIV-infected adults. It is also important to
monitor and support individuals with shorter durations of treatment. Food and nutrition
interventions should be designed to be culture- and context-specific to address the gender
dynamics of food insecurity and mitigate its health effects on HIV-infected adults.
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Annex I1: Information sheet and informed consent

Addis Ababa University
College of Health Sciences
School of Public Health

The Effect of Food Insecurity on Clinical Progression of HIV/AIDS and CD4 Count Change
among Adults Receiving ART in North Shewa health facilities, Ethiopia: A multicenter
Prospective Cohort Study

Principal Investigator: Dube Jara (MPHE, PhD Student)

Sponsored by

1. Information sheet and informed consent

1.1. Information sheet

Study title: The Effect of Food Insecurity on Clinical Progression of HIV/AIDS and CD4 Count
Change among Adults Receiving ART in North Shewa health facilities.

Principal Investigators: Dube Jara (MPHE, PhD student)
Supervisors: Prof. Ahmed Ali Ahmed (PhD) and Prof. Alemayehu Worku Yalew (PhD)
Coordinating office: Addis Ababa University, School of Public Health

Introduction: HIV and food insecurity have complicated link, in which one exacerbate the
harmful effects of each other. Food insecurity has a negative effect on the overall nutritional and
health status of people infected by HIV. The few studies conducted were fail to identify the effects
of food insecurity on clinical progression of AIDS and CD4 count change among adults living
with HIV. This questionnaire is prepared to collect information on effect of food insecurity on
clinical progression of HIV/AIDS and CD4 count change among adults receiving ART in North
Shewa health facilities. This questionnaire also helps to assess the socio-demographic
characteristic, psychosocial support.

Purpose: The main objective of this study is to assess the effect of food insecurity on clinical
progression of HIV/AIDS and CD4 count change among adults receiving ART who are already
on follow up in the North Shewa zone Health Facilities. The information you provide is very
helpful to us to get more understanding of the problem to develop strategy on how to alleviate the
problem.

Procedures and Participation: There was a maximum of 30 minutes’ interview to collect general
information. Patient records will be extract to collect data of some variables such as type of
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malignancy, 10s, Anemia, WHO staging and etc. Follow-up was made for selected participants to
collect repeated follow-up data every six months for one year. Your honest answers to these
questions and your continuous interest to participate in the study will help us to better understand
the effect of food insecurity on clinical progression of HIV/AIDS and CD4 count change and
related factors to address the problem. You may be called some time for the purpose of study
during the follow up. Therefore, we would greatly appreciate your full participation in the study.

Confidentiality: In order to ensure confidentiality no names or any personal identifier information
was used as part of the reports or publication of this study. All information collected was kept in
locked files and only the principal investigator had access to the information. Again, we would
like to assure you that the individual information gained through asking you and measurements is
strictly used for the purposes of the study.

Benefits and Risks: By participating in this study and answering the questions, you will not
receive any direct benefit except acknowledgment. However, the information helped us to
understand effect of food insecurity on clinical progression of HIV/AIDS and CD4 count change
among adults receiving ART, in order to appropriately inform future interventions.

Inducement, incentive and compensation: the participation in the process of this study does not
have any form of inducement, coercion and does not bring and risks that incur compensation.

Findings Dissemination: Principal investigator is responsible and fully accountable for
dissemination of findings to all stakeholders in the study area, policymakers and health program
planners, and other concerned bodies. Effort was made to publish the paper on peer-reviewed
journals, and to present at different professional and academic conferences.

Freedom to Withdraw: Please note that participation in this study is voluntary; you may refuse
to participate. You may also at any stage withdraw from the study if you wish to do so. This would
not have any effect at all on your treatment and any other benefits you get from the hospital and
nobody will enforce you to explain the reason of withdrawal.

Person to Contact: You have right to ask information that is not clear about the study before and
during the process of study. You can contact the Principal investigator and his supervisors.
Moreover, this study ethically reviewed and approved by Addis Ababa University College of
Health Sciences IRB. For further information and question for clarity, you may contact the
following people.

Addis Ababa University College of Health Sciences IRB secretary office Tel. 0118961396
Email: chs.irb@aau.edu.et

Principal Investigator name and address: Dube Jara (telephone address +251913910575).
Supervisor name and address: School of Public Health, College of Health Sciences Addis Ababa
University, Mobile:
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1.2. Informed Consent Form

Study title: “The effect of Food Insecurity on Clinical Progression of HIV/AIDS and CD4 Count
Change among Adults Receiving ART in North Shewa health facilities”

| have been well aware of that this study undertaking is a postgraduate degree partial fulfillment
dissertation, which is fully supported and coordinated by AAU College of Health of Sciences,
School of Public Health, and the designate principal investigator is Dube Jara. | have been fully
informed in the language | understand about these study objectives that are to understand the effect
of food insecurity on clinical progression and CD4 count change adults receiving ART in North
Shewa health facilities.

| have been informed that all the information | shall provide to the interviewer will be kept
confidential. I also knew that I have the right to withhold information, skip questions to answer or
to withdraw from the study any time | have acquainted nobody will impose me to explain the
reason of withdrawal. It is also enlightening, there would have no effect at all in my health benefit
or other administrative effect that | get from the hospital. | have assured that the right to ask
information that is not clear about the study before and/or during the process and to contact

Addis Ababa University College of Health Sciences IRB secretary office Tel. 0118961396, Email:
chs.irb@aau.edu.et

Principal Investigator name and address: Dube Jara (telephone address +251913910575).
Supervisor name and address: Mobile:

I have read this form, or it has been read to me in the language |1 comprehend and understood the
condition stated above, therefore, | am willing and confirm my participation by signing the
consent.
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Agreed to participate in the study?

Confirm their participants by Yes/No in the electornic form

Yes/No date

Signature of the interviewer

Name Signature date
Supervisors/Researcher remark and signature
Name Signature date
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Annex I11: English version Questionnaire

The effect of Food Insecurity on Clinical Progression of HIV/AIDS and CD4 Count Change,
among adults receiving ART in North Shewa Health Facilities, Ethiopia

Code number of the cards

Investigator’s name Signature Date of data collection

Data collector’s name Signature Date

Part I: Socio demographic characteristics

Code
.no

Variables Category (encircle the chosen number)

Skip to

101

Age (in full years)

102

Sex 1.Male
2.Female

103

1.0rthodox
Religion 2.Muslim
3.Protestant
4.Catholic
5.0thers(Specify)

104

1.married
Marital status 2.single
3.divorced
4.widowed
5. separated

105

1. Oromo
Amhara
Agew
Tigre
Others

Ethnicity

o wD

106

1.farmer

Occupational status 2. House wife

3.daily laborer
4.private employee
5.government employee
6.NGOs

7. Merchant

8. other

107

Monthly income

107.1 Household wealth Data
107.1.1. House hold Agricultural land ownership
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Type of land Area by Type of land Area by
self/rent/ self/rent/
107.1.1.1 Self-land(taxed) 107.1.1.5 Land shared for others
107.1.1.2 Land Rent from others 107.1.1.6 Family(relative) land
107.1.1.3 Land Rent for others 107.1.1.7 other
107.1.1.4 Land Shared from others

Total land ownership by Hectare

107.1.2 If your livelihood is by farming, would you tell total annual and type of crop cultivated last year, please?

Major Crops

Total Crop by kuntal

Current Price in birr

Total price in birr

107.1.2.1

107.1.2.2

107.1.2.3

107.1.2.4

107.1.2.5

Household annual crop cultivated from major crops in birr

107.1.3 Does your last year annual crop cultivated cover your household food consumption?
1. Yes 0.No
107.1.4 If your answer is No, how can you cover the remaining food consumption?
107.1.5 other additional income gaining ways

Type of additional income gaining ways

Total crop(kuntal)

Total price in birr

107.1.5.1 Selling animal products(better, egg-----)
107.1.5.2 | Hand worker (wood worker, tailor ...)
107.1.5.3 Selling plant products(Equaliptus, Gasho..)
107.1.5.4 | others)
107.1.5.5 Total Annual Household income gaining ways(in birr)
107.1.6. Total Household livestock
type of animal number type of animal Number
107.1.6.1 | Oxen 107.1.6.7 hoarse
107.1.6.2 | Cow 107.1.6.8 sheep
107.1.6.3 | Donkeys 107.1.6.9 gout
107.1.6.4 | Calves 107.1.6.10 hen
107.1.6.5 | Heifer 107.1.6.11 others_
107.1.6.6 | Mule
107.1.7. Household livestock wealth
TLU=tropical livestock unit and 250kg live ruminant =1 TLU
Type of animal | TLU | Total price ( Birr) Type of live TLU
animal
107.1.7.1 | Oxen 1 107.1.7.7 Horse 11
107.1.7.2 | Cow 0.9 107.1.7.8 Mule 1
107.1.7.3 | Donkeys 0.7 107.1.7.9 Sheep 0.1
107.1.7.4 | Calves 0.25 107.1.7.10 | Goats 0.1
107.1.7.5 | Heifer 0.75 107.1.7.11 | hens 0.13
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107.1.7.6 | Household total annual income from livestock selling in Birr ‘
107.1.8 Total annual income of the household from selling Household livestock __ (in birr)
107.1.9 Total income of the family 1. Annual (in birr)
2.monthly (in birr)
Source: storck et.al 1991
108 1.Rural
Residence 2.Urban
3. Semi urban
1. Can’t read and write
109 Educational Status 2. Can read and write
3. Primary school
4. Secondary school
5. Tertiary
1.Yes
110 Presence of children 2.No > Q201
111 Number of children
Part I1: Psychosocial supports
201 Is there care giver? 1.Yes
2.No | > Q204
202 What are the types of care you get? 1. psychological support
2. Economic support
3. physical support
4. social support
203 Who are the care givers? 1.Mother/ father
2.Religious father
3.Wife
4.Husband
5.Children
6.0thers
204 For whom do you want to disclose about | 1.Mother/ father
your HIV sero-status? 2.Religious father
3.Wife
4.Husband
5.Children
6.Community supporter
7.0thers
Part I11: Clinical predictors and effect information section
301 Current Weight (kg) (kg)
302 Current Height (cm) (cm)
303 Baseline Body Mass Index? (kg/m?)
304 Baseline CD4 count (cells/mm3)
305 Baseline Viral load (Copies/mL)
306 Baseline Hemoglobin level in mg/dl (mg/dI)
307 Have you faced eating problems? 1.Yes
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2.No ¢ > Q309
308 What are causes of eating problems? 1.Loss of appetite
2.0ral candidiasis
3.Esophageal candidiasis
4.0Others
309 Presence of opportunistic malignancy | 1.Yes
2.No > Q311
310 Type of opportunistic malignancy 1.Kaposi’s sarcoma
2.Cervical cancer
3.0thers
311 Presence of opportunistic disease 1.Yes
2.No
312 Type of opportunistic disease 1.Tuberculosis
2.Pneumonia
3. Diarrheal disease
4.Meningitis
5.Dyspepsia
6.0thers
313 Duration of HIV infection from period of
diagnosis (weeks)
314 Presence of anemia 1.Yes
2.No
315 WHO clinical stage of the disease 1.Stage one
2.Stage two
3.Stage three
4.Stage four
316 Who treatment stage of the disease 1. Treatment stage one
2. Treatment stage two
3. Treatment stage three
4. Treatment stage four
317 Total duration of ART treatment
follow up (follow up time)
318 Follow up interval
319 History of Cotrimoxazole preventive | 1. Provided
therapy(CPT) provision status 2. On going
3. Not provided
320 Tuberculosis Preventive Therapy(TPT) | 1. Complete
provision status or IPT 2. Discontinue/interrupt
3. On going
4. Not given
Part IV: Therapeutic food related information
401 Do you take any therapeutic food | 1.yes
2.no

during the course of ART treatment?
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402

If yes, can you mention them?

403 When did you start the therapeutic food
404 For how during did you take it?
Part V: Behavioral predictors
501 Patient interview: What are the | Number of doses skipped:
number of doses skipped due to unmet | Today,
restrictions, i.e. like food required with | Yesterday,
drug, time schedule, with empty | Inthe past three days,
stomach . . . etc In the past seven days,
How closely did you follow specific | 1. Never
502 schedule in the past 7 days? 2. Sometimes
3. About half of the time
4. Most of the time
5. All of the time.
How often did you follow special | 1. Never
503 instruction? 2. Sometimes
3. About half of the time
4. Most of the time
5. All of the time.
For patients who brought their pills, Number of pills remaining
Count pills remaining in the pill bottle
504 & calculate the difference between | Number of pills dispensed last time
actual & expected number of pills
remaining. Expected number of pills remaining
505 Have you ever smoke cigarettes? 1. No
2.yes
506 Have you ever drink alcohol? 1. No
2.yes
507 Have you ever chew chat? 1. No
2.yes
508 Have you ever been forced to engagein | 1. No
the unprotected sex to get your daily | 2. Yes
food?
509 Have you ever migrated from your | 1. Yes
2. No

previous place of residence to search
for food?

Part VI: Household Food Insecurity Access Scale (FIAS) Generic Questions
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601 In the past four weeks, did you | 0. No . S Q603
worry that you and your| 1.yes
household member would not
have enough food?
602 If yes to 601, how many times? | 1. Rarely (once or twice in the past four weeks)
2. Sometimes (three to ten times in the past four weeks)
3. Often(more than ten times in the past four weeks)
603 In the past four weeks, were | 0. Not > Q605
you and any household member | 1. yes
not able to eat the kinds of food
you preferred because of lack
of resource?
604 1. Rarely (once or twice in the past four weeks)
If yes to 603, how many times? | 2. Sometimes (three to ten times in the past four weeks)
3. Often(more than ten times in the past four weeks)
605 In the past four weeks, did you | 0. No 3 Q607
and any household member | 1. Yes
have to eat a limited variety of
foods due to lack of resources?
606 if yes to Q605 1. Rarely (once or twice in the past four weeks)
How many times? 2. Sometimes (three to ten times in the past four weeks)
3. Often(more than ten times in the past four weeks)
607 In the past four weeks, did you | 0. No. > Q609
and any household member | 1. yes
have to eat some foods that you
really did not want to eat
because of lack of resources to
obtain other types of food?
608 If yes to Q607, how many | 1. Rarely (once or twice in the past four weeks)
times? 2. Sometimes (3-10 times in the past four weeks)
3. Often(more than ten times in the past four weeks)
609 In the past four weeks, did you | 0. No. > Q611
and any household member | 1. yes
have to eat a smaller meal than
you felt you needed because
there was not enough food?
610 If yes to Q609, how many | 1. Rarely (once or twice in the past four weeks)
times? 2. Sometimes (3-10 times in the past four weeks)
3. Often (more than ten times in the past four weeks)
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611 In the past four weeks, did you | 0. No. > Q613
and any household member | 1. yes
have to eat fewer meals in a day
because there was not enough
food?
612 If yes to Q611, how many | 1. Rarely (once or twice in the past four weeks)
times? 2. Sometimes (3-10 times in the past four weeks)
3. Often(more than ten times in the past four weeks)
613 In the past four weeks, was | 0. No > Q615
there ever no food to eat of any | 1. Yes
kind in your household because
of lack of resources to get food?
614 If yes to Q613, how many | 1. Rarely (once or twice in the past four weeks)
times? 2. Sometimes (three to ten times in the past four weeks)
3. Often (more than ten times in the past four weeks)
615 In the past four weeks, did you | 0. No: 3 Q617
and any household member go | 1. yes
to sleep at night hungry because
there was no enough food?
616 If yes to Q515, how many | 1. Rarely (once or twice in the past four weeks)
times? 2. Sometimes (three to ten times in the past four weeks)
3. Often(more than ten times in the past four weeks)
617 In the past four weeks, did you | 0. No « > Q701
and any household member go | 1. Yes
a whole day and night without
eating anything because there
was not enough food?
618 If yes to Q617, how many | 1. Rarely (once or twice in the past four weeks)
times? 2. Sometimes (three to ten times in the past four weeks)
3. Often(more than ten times in the past four weeks)

Part VII: Behavioural Risk Factor Surveillance System (BRFSS) fruit and vegetable dietary intake for HIV-infected

adult

701

Now think about the foods you ate or drank
during the past month, that is, the past 30 days,

including meals and snacks.

Never........ (01)

1 times per month........ (02)
2-3 times per month........ (03)
1-2 times per week........ (04)
3-4 times per week........ (05)
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How often did you eat the following fruits and 5-6 times per week........ (06)
vegetables in the past 30 days? You can tell me .
. 1 times per week........ (07)
times per day, per week or per month.
2-3 times per day........ (08)
4-5 times per day........ (09)
6 or more times per day........ (10)
701A In the past one month, how often did you drink 100% fruit juice such as
orange, mango, papaya, avocado, strawberry juices? Do not include || times
fruit-flavoured drinks or fruit juices you added sugar to. —
701B In the past one month, how often did you eat fruits such as banana,
orange, mango, papaya, avocado, pineapple, strawberry, including fresh .
- . o | |times
or dried fruits? Do not count fruit juice.
701C In the past one month, how often did you eat any fruit or drink 100%
fruit juice? Do not include fruit-flavoured drinks or fruit juices you .
| |times
added sugar to.
701D In the past one month, how often did you eat green leafy vegetables or .
. . | |times
lettuce salad with or without other vegetables?
701E In the past one month, how often did you eat cruciferous vegetables like L |[times
cabbage, cauliflower, broccoli with or without other vegetables? —
701F In the past one month, how often did you eat marrow vegetables like L [times
Pumpkin, cucumber and zucchini with or without other vegetables? —
701G In the past one month, how often did you eat potatoes, sweet potatoes, L [times
yams, casava boiled, baked, fried, mashed or as part of other dishes? —
701H In the past one month, how often did you eat carrots? | |times
7011 In the past one month, Excluding the aforementioned vegetables, how .
. |__|times
often did you eat other vegetables?
701J In the past one month, how often did you eat any vegetable? | |times

INTAKE OF FRUITS, VEGETABLES AND SWEETS IN THE PREVIOUS 24 HOURS

702 | Can you please quantify the fruits (excluding fruit juices) you took yesterday in the 24-hour period (from
yesterday sunrise to today's sunrise)? Data collector: if the consumed portion size cannot be estimated enter 99

702A | Orange/mandarin (1 fruit)

702B | Banana (1 fruit)

702C | Mango (1 fruit)

702D | Papaya (1 fruit)

702E | Pineapple (1 slice)

702F | Apple (1 fruit)

702G | Grape fruit (1 fruit)
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702H

Avocado (1 fruit)

7021 | Strawberry (1 fruit)
702J) | Dates (1 fruit)
702K | Lemon/lime (1 fruit)
702L | Watermelon (1 slice)
702M | Other fruit (specify the type and amount consumed)
703 | Can you please quantify the vegetables you took yesterday in the 24-hour period (from yesterday sunrise to
today's sunrise)? Data collector: if the consumed portion size cannot be estimated enter 99
703A | Potato (1 vegetable)
703B | beetroot (1 vegetable)
703C | Tomato (1 vegetable)
703D | Carrot (1 vegetable)
703E | Sweet potato (1 vegetable)
703F | Green leafy vegetables including salads (1 coffee cup)
703G | Cruciferous: cabbage, cauliflower, broccoli (1 coffee cup)
703H | Pumpkin, zucchini (1 slice)
7031 | Cucumber (1 vegetable)
703J) | Other vegetable (specify the type and amount consumed)
Part VIII: Follow up Information format
S.No | Variables First visit (Baseline) Second visit Third visit
801 Weight (kg)
802 Height (cm)
803 BMI (kg/m?) Will be calculated Will be calculated | Will be calculated
804 CD4 (cells/mm?)
805 Viral load (Copies/mL)

Thank Youl!!!
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Miiltoo IV. Guca deggartuu ragaafi waliigaltee Afaan Oromoon
Yunivarsiitii Finfinnee
Kolleejjii Fayya
Mana Barumsaa Fayyaa Hawaasaa

Dhaabbillee fayyaa Kaaba Shawaa gara Kaaba guddu-galeessa Itiyyophiyaatti arggamanitti
adeemsi dhukkubaa fayyadamoonni goricha HIV/AIDS ii agarsiisaniifi dhiibbaan hangina nyaataa
isaanii hanga CD4 irratti gabuu fi sababawwan gurgguddoo dhiibbaalee kanniinii ta’an mata-duree
jedhu irratti go’annaadhaaf guca horddoffii fi aaf-gaaftii bal’inaan dhi’aate.

Dursaan qo’annaa kanaa,
Duubee Jaarraa (Dig. 2", barataa dig.3?)

1. Guca deggartuu ragaafi waliigaltee: Afaan Oromoon.
1.1.Deggartuu ragaafi waliigaltee Afaan Oromoon

Mata-duree qo’annichaa: Dhiibbaan hanqinin ga’umsa soorataa adeemsa dhukkubaa
fayyadamoonni goricha HIV/AIDS ii agarsiisaniifi hanga CD4 irratti gqabuu fi sababawwan
gurgguddoo dhiibbaalee kanniinii ta’an. Qorannichi, dhaabbillee fayyaa Kaaba Shawaa Kaaba
guddu-galeessa Itiyyophiyaatti arggamanititti.

Qo’ataa dursaan: Duubee Jaarraa (Dig. 2™, barataa dig.3")

Gorssitoota qo’annichaa: Profee. Ahimad Ali Ahimad (dig. 3™?) fi Profee. Alamaayyoo Warquu
Yaalaw (dig.3®

Waajjira miilttoo: Yunivarsiitii Finfinneetti Mana Barumsaa Fayyaa Hawaasaa

Seensa: Walitti dhufeenni dhukkuba HIV fi hanqginni ga’umsa soorataa baayyee wal-Xaxaa wanna
ta’eef dhibbaan isa tokkoo isa kan biraa irratti abaasa. Keechattiyyuu, ga’umsi sooraataa haala
waliigala fayyaa fi akkaataa nyaataa namoota dhukkuba HIV dhaan gabaman irratti dhiibbaa badaa
akka fidu qo’annowwan asiin dura taasiifaman hinagarsiisu. Yaa ta’'uyyuu malee, akkaataan walitti
dhufeenya lamaan isaanii jidduu jiru irratti qo’annowwan gaggeeffaman xiqqaa ta’u isaa irra
darbeeyyuu haala hangina soorata ga’aa fudhatuu fi dhiibbaan hanqinin ga’umsa adeemsa
guutuutitti fayyadamuun Nama dhiba. Aaf-gaaffiin Kun, adeemsa dhukkubaa fayyadamoota
qoricha HIV fi dhiibbaan hanqinin ga’umsa soorataa adeemsa dhukkubaa fayyadamoonni goricha
HIV/AIDS ii agarsiisaniifi hanga CD4 irratti gabuufi sababawwan gurgguddoo dhiibbaa kanniinii.
Mata-duree jedhu irratti qo’atuu ta’a. Aaf-gaaffiin bal’inaan dhi’aate Kun haalawwan uummataafi
hawaassummaa, haalawwan xin-samuufi hawaassummaa, rokkoolee keessoo namootaa, rakkoolee
kunuunsa hawaasaa fi naannoo akkasumas dhiibbaan ga’umsi nyaataa qabuu fi sababawwan
gurgguddoo kanniinii qo’atuuf dhi’aatee dha.
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Kaayyoo qo’annichaa: kaayyoon gooroon qo’annaa kanaa dhaabbilee fayyaa Kaaba shawaa
keechatti argamanitti haala dhiibbaan hanqginin ga’umsa soorataa adeemsa dhukkubaa
fayyadamoonni goricha HIV/AIDS ii agarsiisaniifi hanga CD4 irratti gabuu fi sababawwan
gurgguddoo dhiibbaawwan kanniinii xiinxalanii hubachuu dha. Ragaan isin qo’annaa kanaaf jecha
kennitan kaayyoo qo’annichaa galmmaan ga’uu fi rakkoosaa gadi-fageenyaan hubachuun
rakkinichi hundeedhaa akka furamu gochuu keechatti ga’ce olaanaa gumaacha.

Adeemsa qo’annichaa fi hirmmaannaasaa: walumaa galatti ragaa qo’annaa kanaa walitti gabuuf
turmaata yeroo daqiiqa 30 fudhata. Dabalees, ragaaleen dhiibbaa hanqina ga’umsa soorataafi
horddoffiin wallaanamtoota HIV baatii jahaa, jahaan waggaa tokkoof walitti gabama. Ragaan isin
walitti fuufiinsaan qajeelummaan kennitan kaayyoo qo’annichaa galmaan ga’anii fala rakkichaaf
kaa’uu keechatti ga’ee ol-aanaa qaba. Itti dabalees, gaaffiiwwan dhi’aataniif deebiiwwan isin
amanamummaafi hagummaan kennitan dhiibbaan hanqinin ga’umsa soorataa adeemsa dhukkubaa
fayyadamoonni goricha HIV/AIDS ii agarsiisaniifi hanga CD4 irratti gqabuu fi sababawwan
gurgguddoo dhiibbaalee kanniinii baruufi qo’annicha galmaan ga’uuf wanna nu fayyaduuf
hirmmaannaan keechan murteessaa dha. Ragaan kallattiidhaan hirmmaattoota irraa argamuu
hindandeenye galmmee horddoffii yaalamtootaa irraa walitti gabama. Kanaafuu, hirmmaannaa
keechan hinjajjabeessina.

Hiccitii ragaa: Hiccitii raga keechanii eeguuf jecha ragaan eenyummaa dhuunfaa Kan ibsu
kamiyyuu adeemsa gabasaafi maxxansa irratti hojiirra hinoolu. Ragaaleen isin irraa fuudhataman
hundinuu sanduuga qorataa dursaa keessatti gollofamee eegama. Dabalees, ragaan isin irraa
argganne kaayyoo qo’annaa kanaaf qofa Kan oolu ta’uusaa isinii mirkanneessina.

Faayidaafi sodaa: qo’annaa kanatti hirmmaattanii deebiiwwan deebisuu keechaniin faaydaan
kallattiidhaan arggattan galata malee hoomtuu hinjiru. Sodaan isin irra ga’us gonkumaa hinjiru.
Yaa ta’uyyuu malee, ragaan isin kennitan rakkinicha gadi-fageenyaan hubachuudhaan gara fuula
duraatti rakkoo kana furuuf kallattii wallaansaa barbaachisaa kaa’uuf isiniifi namoota biroof
faayidaa guddaa qaba. Itti dabaluudhaanis, qo’annaa kana irratti hirmmaachuu keechaniif
dhiibbaan gaamaa, kan hawaasuummaa, kan xinsamuufi balaan dinagdee isin irra ga’u kamiyyuu
hinjiru.

Qo’annicha irratti hirmmaachisuuf jecha faayidaan dhiibbaa uumuufi beenyaa kennuu:
Qo’annaa kana irratti hirmmaachisuuf jecha faayidaadhaanifi dhiibbaan godhamu gonkumaa
hinjiru. Akkasumas, hirmmaachuu keechaniif beenyaan kennamu tokkollee hinjiru. Qo’annichi
hirmmaattota irratti dhiibbaa fidu wanna hinqabneef qo’annicha irratti akka hirmaataniif dhiibbaan
godhamus beenyaan kennamus hinjiraatu

Tamsaasa bu’aa qo’annichaa: qo’atichi arggannoo/bu’aa qo’annichaa wal-tajjii adda addaa
irratti qgaamolee dhimmisaa ilaallatuuf dhi’eessuuf itti-gaafatamummaa fi dirgama gaba. Kana
irra darbees, bu’aan qo’annichaa maxxansiitoota idil-addunyaa bebbeekamoo ta’an irratti
maxxansiisuun itti-fayyadamoota biraan ga’uuf carraaqqiin hintaasifama.

214|Page Final Version, Version date: April, 2025



Mirga hirmmaataa: Kan ani isinii mirkkaneessuu barbaadu yoo jiraate, hirmmaannaan qo’annaa
kanaa gutumaa guutuutti kan fedhii irratti hundaa’ee dha. Adeemsa aaf-gaafii kanaa keessatti
wanni isinitti hintolle yoo jiraate gidduuttis ta’e walumaa galatti hirmmaannaa keechan addaan
kutuu akka danddeessan isiniin mirkkaneessa. Hirmmaannaa qo’annichaa addaan kutuu keessaniin
eenyullee akka isin hindirgisiisnee fi tajaajila buufaticha fayyaa fi hospitaalicha irraa arggattan
irratt dhiibbaa akka hingabaane isiniin mirkaneessa.

Itti-gaafatamaa aantee: qo’annichi odoo hinjalgabaminis ta’e erga jalgabamee adeemsa
go’annichaa irratti wanni ifa hinta’in yoo jiraate odeeffannoo gaafachuuf mirga guutuu gabdu.
Qo’annicha ilaalchisee gaafii gabddan kamiyyuu dursaa qo’annichaa, dursaa gorsaa qo’annichaa
fi Yunivarsiitii Finfinnee kollejjii saayinsii Fayyaa koreewwan qo’annaa kanaaf dhaabbatan
dubbisuu hindandeessu.

Odeeffannoo dabalataaf:

Yunivarsiitii Finfinnee kollejjii saayinsii Fayyaa qo’annicha ilaalchisee lakk. Bil. 0118961396, E-
meelii: chs.irb@aau.edu.et

Dursaa qo’ataa: Obbo Duubee Jaarraa Lakk.Mob.+251913910575
Gorsaa dursaa qo’annichaa: Profee. Ahimad Ali Ahimad (dig. 3™ Lakk.Mob +251911684399
1.2. Guca walii-galtee hiika Afaan Oromootiin

Mata-duree qo’annichaa: Dhiibbaan hanginin ga’umsa soorataa adeemsa dhukkubaa
fayyadamoonni goricha HIV/AIDS ii agarsiisaniifi hanga CD4 irratti qabuu fi sababawwan
gurgguddoo dhiibbaalee kanniinii ta’an qo’achuu dha. Qo’aannichis, dhaabbillee fayyaa Shawaa
Kaaba guddu-galeessa Itiyyophiyaatti arggamanititti gaggeeffama.

Ani go’annaan kanaan digirii sadafaa guttachuuf hennaan ta’u gutumaa gutuutitti deggersa
Yunivarsiitii Finfinnee Mana baruumsaa Fayyaatiin hawaasaatiin akka ta’e fi dura-bu’aan
go’annichaas Obbo Duubee Jaarraa ta’uu isaanii hubadheen jira. Kaayyoon qo’annaa kanaas
dhaabbilee fayyaa kaaba shawaa keechatti argamanitti haala dhiibbaan hanqinin ga’umsa soorataa
adeemsa dhukkubaa fayyadamoonni goricha HIV/AIDS ii agarsiisaniifi hanga CD4 irratti gabu
hubachuuf akka gaggeeffamu afaan naa galuun naaf ibsamee hubadheen jira. Qaama ragaa guuruu
kanaaf ragaan kennamu kamiyyuu hiccitiin isaa akka eeggamu hubadheen jira. Akkasumas,
qo’annaa kana irratti hirmmaachuudhaan rakkoon akka nama irra hingeenye hubadheen jira.

Ani kanan armaan gaditti mallatteesse kaayyoo qo’annaa kanaa hubadhee hennaa ta’u akkasumas
kiyya nanmirkkaneessa. Qo’annicha ilaalchisee odeeffannoon barbaachisaan hundi anaaf
kennamee jira. Akkasumas, yeroon barbaadetti hirmmaannaa qo’annichaa yoon addaan kute
rakkoon gaamaa alaa irraa yookaan dhaabbilee fayyaa deggarsa irraa arggachaa jiru irraa
dhiibbaan kamiyyuu akka na hinquunnamne anaaf mirkaneeffameejira. Waa’ee qo’annichaa
odeeffannoo oggaan arggachuu fedhutti akkan arggachuu danda’u anaaf mirkanaa’eetu jira.
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Yunivarsiitii Finfinnee kollejjii saayinsii Fayyaa qo’annicha ilaalchisee lakk. Bil. 0118961396, E-
meelii: chs.irb@aau.edu.et

Dursaa qo’ataa: Obbo Duubee Jaarraa Lakk.Mob.+251913910575
Gorsaa dursaa qo’annichaa: Profee. Ahimad Ali Ahimad (dig. 3) Lakk.Mob +251911684399

Odeeffannoo armaan olitti gadi-fageenyaan ibsaman hubatanii qo’annaa kana irratti
hirmmaachuuf fedhii gabdu?

Eyyeen ﬂ

Hirmmaataa eeyyee/lakkii jedhe murteessuu isaani karaa foormii electronikistiin mirkaaneessi

Eeyyee/lakkii Guyyaa

(Aaf-gaafiicha itti fufaa)

Miti (Aaf-gaafiicha addaan kutaa)

Mallattoo ragaa sassaabaa

Magaa Mallattoo Guyyaa

Yaadaa fi Mallattoo to’ataa/ qo’ataa

Yaada Mallattoo

Magaa Mallattoo Guyyaa
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Miiltoo V. Aaf-gaafii hikaa Afaan Oromootiin

Hulaagaa qulqullina ragaa eegsisuuf qophaa’e
Lakk. Koodii kaardii

Magqaa go’atichaa Mallattoo Guyyaa
sassaabame
Magaa sassaabaa ragaa mallattoo

itti

ragaan sassaabame

ragaan

Guyyaa itti

Kutaa I. Odeeffannoo sirna-uummataafi haala hawaasummaa

Lakk. Gaaffilee Ramaddii
Koodii

Ibsa

101 Umrii (waggaa guutuun)

Dhiira
Dhalaa

102 Saala

Ortodoksii
Isilaama
Pirotestaantii
Kaatolikii

5. Kanbiroo

103 Amantaa

Ao ENME

104 Haala gaa’elaa (fuudhaafi heerumaa) | 1. kan fuudhe

2. kan hinfuune

3. kan hike/tte

4. kan irraa du’e/duute

5. addaan ba’anii kan jiraatan

105 Sabummaa 1. Oromoo

2. Amaaraa

3. Aga’uu

4. Tigiree

5. kan biraa(ibsaa)
106 Haala hojjaa 1. Qotee bulaa

2. Haadha warraa
3.Hojjataa guyyaa

4. Hoj.dhaabb. dhuunfaa
5. Hoj. Mootummaa

6. Hoj. miti-mootummaa
7. Daldaalaa(Naggaadee)
8. Kan biraa(ibsaa)

107 Galiin ji’aan arggattan hagam ta’a?

217 |Page Final Version, Version date: April, 2025



107.1.0deeffannoo haala dinagdee
107.1.1.Qabiyyee lafa qonnaa maatiisaa bifa addaddaatiin

Gosa Bali’ina Gosa Bali’ina
gabiyyee isaa gabiyyee isaa
lafaa ximmaadiin lafaa ximmaadii
n
107.1.1.1 Kan ofiisaa 107.1.1.5 Lafa inni
(kan itti nama biraaf
gabbaru) goode
107.1.1.2 Kan nama 107.1.1.6 Lafa
biraa irraa maatiisaa
kiraa fudhate (firasaa)
107.1.1.3 Lafa inni 107.1.1.7 Kan biraan
nama biraatti yoo jiraate
kiraa kennate yaa ibsamu
107.1.1.4 Lafa inni
nama biraa
irraa
gooddate
Qabiyyee lafa waliigalaa heektaaraan

107.2 Jireenyi keessan qonnarratti kan hundaa’ee yoo ta’e oomisha keessan waggaa darbbee
gosa midhaaniitiin naaf ibsuu dandeessuu?

Gosoota Oomisha Gatii yeroo | Gatii
omiishaalee waliigalaa sanaa waliigalaa
gurguddoo kuntaalaan garshiidhaan

107.2.1

107.2.2

107.2.3

107.2.4

107.2.5

Galii  waggaa waliigalaa maatichaa gosa
oomishaalee gurgguddoo irraa argamu
garshiidhaan

107.3. Oomishin midhaanii waggaa darbee fedhii nyaata waggaa maatii keessanii quubsee
jiraa?

1. Eyyeen 0. Miti
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107.4 Deebiin keessan yoo hinquubsine ta’e, isa hafe akkamittiin hufisuu
danddeessan?

107.5 Madda galiiwwan dabalataa biroo

Gosoota madda | Oomisha Gatii waliigalaa
galilwwanii dabalataa | waliigalaa safartuu | garshiidhaan
naannootiin

107.5.1 Bu’aa beeyladaa
gurgurtaa irraa
(dhadha,qillee,kkf)

107.5.2 Hojjii-harkaan (muka
soofuu, kafana
hodhuu)

107.5.3 Bu’aa bigilootaa
gurgurtaa irraa (baar-
zaafii, geeshoo, kKkf.)

107.5.4 Kan biraan  yoo
jiraate(ibsaa)

107.5.5 Galiin waliigalaa maatiin kun waggaattii
madda galii dabalataa irraa arggatu
garshiidhaan

107.6 Hanga gabeenya beeyladaa maatii kanaa

Gosa lakkobsa Gosa Lakkobsa
beeyladaa beeyladaa | waliigalaa
Sangaa/oota 107.6.7 | farad
107.6.1
107.6.2 sa’a 107.6.8 | Hoolaa
107.6.3 Harree 107.6.9 |ra’ee
107.6.4 Jibicha 107.6.10 | hindaagqgoo
107.6.5 Raada 107.6.11 | kanbiraa
107.6.6 gaangee
107.7 Galiin waliigalaa maatiin kun wagggaatti gabeenya beeyladaa irraa arggatu
Gosa TLU | Gatii Gosa TLU
beeyladaa waliigalaa(gar.) beeyladaa
107.7.1 | Sangaa 1 107.7.7 | farad 1.1
107.7.2 | Sa’a 0.9 107.7.8 | gaangee 1
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107.7.3 | Harree 0.7 107.7.9 | hoolaa 0.1

107.7.4 | Jibicha 0.25 107.7.10 | ra’ee 0.1

107.7.5 | Raada 0.75 107.7.11 | hindaagqgoo 0.13
107.7.12 | Kan biro-------

107.7.6 | Qarshiin waliigalaa maatiin kun waggaatti gurgurtaa beeyladoota
addaaddaa irraa argatu

107.1.8 Galiin waliigalaa maatiin kun waggaattigurgurtaa beeyladaa irraa argate,

Qarshii
107.1.9. Waliigala galii maatii kana
108 Bakka jireenyaa 1. Baadiyya
2. Magaalaa
3. Magaala baadiyyaa
109 Sad.barmootaa 1. Dubbisuu fibarreessuu hin danda’an
2. Dubbisuu fi barreessuu ni danda’u
3. Barmoota Sad. 17
4. Barmoota Sad. 2@
5. Barmoota Sad. 3@
110 Daa’ima 1. Eyyeen Gaaf. lakk.201
gabduu? 2. Lakkii
111 Daa’imman
meeqa qabdu?
Kutaa 1. Deggarsa Hawaasummaa fi Xinsamuu kan ilaallatu
201 Maatii isin 1. Eyyee Gaaf. lakk .205
kunuunsu 2. Lakkii
(gargaaru)
gabduu?
202 Kunuunsa maal | 1. kan xinsamuu

maalfaa
arggattu?

2. kan dinagdee
3. kan gaamaa

4. kan hawaasummaa
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203 Maatiin 1. Ayyoo/abbaa
kunuunsa isiiniif L
godhu eenyu? 2. Ayyoo/abbaa amantaa/ kirissinnaa
3. Haadha manaa
4. Abbaa manaa
5. Daa’imman
6. Kan biro
204 Vaayirasiin HIV | 1. Ayyoo/Abbaa
dhiiga keechan | 2. Abbaa/ayyoo amantaa/kiristtinnaa
keecha akka jiru | 3. Haadha manaa
eenyutti  himuu | 4. Abbaa manaa
barbaaddu? 5. ljoollee
6. Hawaasa deggersa godhan
7. Kan biro(ibsaa)------------------
Kutaa I11. Dhiibbaa hangina nyaataa fi dhiibbaa kanniiniff ---------
301 Ulfaatiina amma abu/gabdu? Kilo-Gm
302 Dheerinni amma gabu/gabdu? (SM)
303 Guddinni amma inni/ishiin gabu/gabdu (kg/m2)
?
304 Hanga CD4 inni/ishiin  duraan (cells/fmm3)
gabu/ddu?
305 Dhiibbaan vaayirasii inni/ishiin duraan (copies/mL)
gabu/ddu?
306 Hanga hemoglobiinii mg/dl dhaan
307 Oggaa nyaata nyaattan rakkoon | 1.Eyyeen Gaaf. Lakk.309
isi iira?
akkaataa nyaataan isin mudate jira’ 5 Lakkii
308 Rakkoon adeemsa nyaataan isin 1. Fedhiin nyaataa
guunname maal ture? hirrachuu
2. Fangasii afaanii
3. Fangasii goongoo
4. Kan biro
309 Dhibewwan kaansarii HIV n wal- 1. Eyyeen Gaaf. Lakk.311
gabatanii dhufan gabduu? 2. Lakkii
310 HIV n wal-gabatanii kan dhufan 1. Kaapis sarkoomaa
gosoonni kansarii kamifaa gabdu? 2. Kansarii balbala
gameessaa
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3. Kanbiroo (ibsaa)

311 Dhibeewwan HIV n wal-gabatanii 1. Eyyen Gaaf. Lakk.313
dhufan gabduu? 2. Lakkii -
312 Dhibee gosa kami gabdu? 1. Dhibee TB
2. Dhibee sombaa
3. Dhibee garaa kaasaa
4. Dhibee manjjalloo
(morma jallisu)
5. Dhibee garaachaa
6. Kan biro
313 Dhibeen HIV erga isin irratti argamee
hammam ta’e jira?
314 Rakkoon hirrina dhiigaa isin mudatee 1. Eyyeen
jiraa? 2. Lakkii
315 Akkaataa Dhaabbata Fayya 1. Sad.1
Addunyaattii HIV sad. meegaffaa irratti 2. Sad.?2
arggamtu 3. Sad.3
4. Sad. 4
316 Akkaataa Dhaabbata Fayya 1. Sad. wallaansa 1ffaa
Addunyaattii  wallaansa HIV  sad. 2. Sad. wallaansa 2ffaa
Meeqaffaa irratti arggamtu? 3. Sad. wallaansa 3ffaa
4. Sad. wallaansa 4ffaa
317 Hordoffii qoricha HIV yeroo ammamiif
fudhattan?(yeroo horddoffii)
318 Yeroo meega, meegaan deddebitanii
fudhattu?
319 Seenaa haala kenniisaa yaala ittisaa | 1. Kan kenname
Cotrimoxazole(CPT) 2. Adeemsa irra
3. Hin kennamne
320 Haala kenniinsa Yaala Ittisa Dhukkuba | 1. Kan kenname

Tiruu(TPT)

2. addaan kutuu/adda kutuu
3. Adeemsa iraa

4. Hin kennamne

Kutaa I'V. Nyaata bifa qorichaan qophaa’e haala ittiin sooratan ilaalchisee gaafilee raga guuruuf

qophaa’an
401 Qoricha HIV 0ggaa 1. Eyyeen
fayyadamtan  nyaata  bifa 2. Lakkii

gorichaan qophaa’e fudhattanii
beektuu?
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402 Deebiin keechan eyyen yoo
ta’e, gosa nyaata kanaa naa
maal fa’i?
403 Nyaata bifa qorichaan qophaa’e
fudhachuu yoomii kaastanii
jalgabddan?
404 Yeroo hagamiitiif
fayyadamtan?
Kutaa V. Gaafannoo haala sababawwan sirna-amalaan walgabatan
501 Murtoo goricha fayyadamuu fi | Qoricha ajajame akkaataa
dhukkubsatoota qoricha odoo | ajajameen odoo hinfudhatiin kan
hinfudhatiin  hafan  addaan | hafan
baasanii hubachuu.
Harra----------=--=----
Aaf-gaafii dhukkubsatootaa:
sababawwan fedhiiwwan | Kaleechas----------------
addaddaa (hangina nyaataa, | Guyyoota sadan darbaniif----------
hangina yeroo, kkf.) yeroo y
hagamiif qorichasaanii Guyyoota turban darbaniif---------
akkaataa  ajajameen  odoo
hinfudhatiin haftan?
502 Guyyoota turban darbanitti 1. Gonkumaa hinhordofu
yeroo dhaabbaataa itti tokkoo 2. Yeroo tokko tokkoo
tokkoo qorichaa fudhattan 3. Harka shantama ol
akkamitti horddoftu? 4. Yeroo baayyee nanhordofa
5. Gutumaa gututitti
nanhordofa
503 Qajjeelfama addaa fayyadama 1. Gonkumaa hinhordofu
gorichaa Ogeessa fayyaatiin 2. Yeroo tokko tokkoo
isiniif kenname akkamitti 3. Harka shantama ol
hordoftu? 4. Yeroo baayyee nanhordofa
5. Gutumaa gututitti
nanhordofa
504 Dhukkubsatichi qgoricha inni 1. Ammaa harkasaa irraa
baatiitti  fudhate baruudhaa meeqatu hafe-------------
akkasumas,  baatii  tokko 2. Kiniiniin baatiif
keechatti meeqga akka fudhatee kennameef-----------
baruudhaaf  Kkiniinii harkasaa 3. Amma harkasaa irratti hafe
jiru lakkaa’uu jedhamee kan
tilmaamamu-----------------
505 Sigaaraa xuuxxanii ni beektu? 1. Eyyeen
2. Lakkii
506 Alkoolii/dhugaatii dhugdanii ni 1. Eyyeen
beektu? 2. Lakkii
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507 Caatii/jimaa  gaamtani  ni 1. Eyyeen
beektu? 2. Lakkii
508 Ga’'umsa nyaataa  guyyuu 1. Eyyeen
mirkaneeffachuuf jecha ykn 2. Lakkii
nyaata harraa-boruu
arggachuuf  wal-quunnamtii
saalaa of-eeggannaa hingabne
raawwachuuf  yeroon itti
dirgisiifamtan jira laataa?
509 Ga’umsa nyaataa  keessan 1. Eyyeen
mirkaneeffachuuf ykn nyaata 2. Lakkii
arggachuuf jecha bakka duraan
jiraataa turtan irraa gara biraatti
deemtanii beektuu?
Kutaa VI. Gaafannoo ga’umsa nyaataa maatii madaaluu ilaallatu
601 Torbanoota afuran darbanitti isinii 1. Eyyeen
fi miseensoonni maatiin keechanii 0. Lakkii
wanna nyaannu dhabna jettanii Gaaf.lakk.603
yaaddoftanii beektuu?
602 Deebii gaafii lakk. 601 eyyeen yoo 1. Yeroo baayyee xiggaadhaaf
jettan, yeroo hagamiif? ( torban 4,4 n al- takka/al-
lama)
2. Yeroo takka takka ( turban 4,
4 n al-3 hanga al-10)
3. Yeroo baayyee dhaaf( turban
4, 4 n al-10)
603 Torbanoota afuran darbanitti isinii 1. Eyyeen
fi miseensonni maatii keechanii 2. Lakkii
nyaata nyaachuuf barbaaddan Gaaf.lakk.605
sababa dhi’eessii midhaanii
arggachuu dhabuun odoo
hinnyaatiin yeroon itti haftan jiraa?
604 Deebii gaafii lakk. 603 eyyeen yoo | 0. Yeroo baayyee xigqaadhaaf
jettan, yeroo hagamiif ? (torban4, 4 n al-takka/lama)
1. Yeroo takka takka( turban 4, 4
n al-3 hanga al-10)
2. Yeroo baayyee dhaaf (turban 4,
4 n al-10)
605 Torbanoota afuran darbanitti isinii 1. Eyyeen
fi maatiwwaan keechan nyaata 0. Lakkii
madaalame nyaachuuf feetanii
sababa dhi’eessii midhaanii Gaaf.lakk.607
arggachuu  dhabuun  gossoonni
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nyaata keechanii
hirrate jiraa?

yeroonni itti

606 Deebii gaafii lakk. 605 eyyeen yoo 1. Yeroo baayyee xiqgaadhaaf
jettan, yeroo hagamiif? (torban4, 4 n al-takka/lama)
2. Yeroo takka takka( turban 4,
4 n al-3 hanga al-10)
3. Yeroo baayyee dhaaf ( turban
4, 4 n al-10)
607 Torbanoota afuran darbanitti isiniis 1. Eyyen
ta’e miseensonni maatii keechanii 0. Lakkii
asiin dura kan nyaataa turttan Gaaf.lakk.609
sababa hanqgina dhi’eessii
midhaaniitiin  gosoota  nyaataa
soorachuu hinfeene soorachuuf
haalli isin dirggamtan jiraa?
608 Deebii gaafii lakk. 607 eyyeen yoo 1. Yeroo baayyee xiggaadhaaf
jettan, yeroo hagamiif ? (torban4, 4 n al-takka/lama)
2. Yeroo takka takka( turban 4,
4 n al-3 hanga al-10)
3. Yeroo baayyee dhaaf( turban
4, 4 n al-10)
609 Torbanoota afuran darbanitti isinii 1. Eyyen
fi miseensi maatiii keechanii hanga ..
nyaata fudhachuu barbaaddanii 0. Lakkil Gaaf.lakk.611
sababa hanqina dhi’eessii
midhaaniitiin ~ hangi nyaataa
keechan hirratee jiraa?
610 Deebii gaafii lakk. 609 eyyeen yoo 1. Yeroo baayyee xiggaadhaaf
jettan, yeroo hagamiif? (torban4, 4 n al-takka/lama)
2. Yeroo takka takka( turban 4,
4 n al-3 hanga al-10)
3. Yeroo baayyee dhaaf (
turban 4, 4 n al-10)
611 Torbanoota afuran darbanitti isinii | 1. Eyyen
fi miseensi ma?;tlll “keechanu 0. Lakkii Gaaf lakk 613
sababa hanqina dhi’eessii soorataa
guyyaatti hanga yeroo nyaataa
keechan hirristtanii jirtuu?
612 Deebii gaafii lakk. 611 eyyeen yoo 1. Yeroo baayyee xiggaadhaaf

jettan, yeroo hagamiif?

(torban4, 4 n al-takka/lama)
2. Yeroo takka takka( turban 4,
4 n al-3 hanga al-10)
3. Yeroo baayyee dhaaf (
turban 4, 4 n al-10)
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613 Torbanoota  afuran  darbanitti | 1. Eyyen
nyaatni mana keechanitti nyaattan ..
sababa harka-gallinaatiin haalli isin | 0 LaKKl! Gaaf.lakk.615
guutumaa guutuutitti odoo
hinsooratiin haftan jiraa?
614 Deebii gaafii lakk. 613 eyyeen yoo 1. Yeroo baayyee xigqaadhaaf
jettan, yeroo hagamiif ? (torban4, 4 n al-takka/lama)
2. Yeroo takka takka( turban 4,
4 n al-3 hanga al-10)
3. Yeroo baayyee dhaaf (
turban 4, 4 n al-10)
615 Torbanoota  afuran  darbanitti | 1.Eyyen
nyaatni mana keechanitti nyaattan ..
dhi’eessiin ~ midhaanii  ga’aan 0. Lakkii Gaaf.lakk.617
wanna hinturreef maatii keechan
keechaa odoo irbaata (iraatii)
hinnyaatiin bule jiraa?
616 Deebii gaafii lakk. 615 eyyeen yoo 1. Yeroo baayyee xiggaadhaaf
jettan, yeroo hagamiif? (torban4, 4 n al-takka/lama)
2. Yeroo takka takka( turban 4,
4 n al-3 hanga al-10)
3. Yeroo baayyee dhaaf (
turban 4, 4 n al-10)
617 Torbanoota  afuran  darbanitti | 1. Eyyen
nyaatni mana keechanitti nyaattan "
dhi’eessii ga’aan sababa hinturreef 0. Lakkii Gaaf.lakk.701
maatii keechan keessaa  wanna
takka odoo hinsooratiin hagabuu
isaa oolee kan bule jiraa?
618 Deebii gaafii lakk. 617 eyyeen yoo 1. Yeroo baayyee xiggaadhaaf
jettan, yeroo hagamiif? (torban4, 4 n al-takka/lama)
2. Yeroo takka takka( turban 4,
4 n al-3 hanga al-10)
3. Yeroo baayyee dhaaf (
turban 4, 4 n al-10)

Afaan Oromootiin

701

Me waa’yee haala nyaataa dhugaatii kee ji'a
darbee yaadadhu. Jechuunis, guyyoota 30
mman darban keessatti, nyataa, ciree, kkf
dabalatee.

Gonkumaa........(01)
jiatti si‘a tokko........(02)

Ji’atti si’a 2 hang 3 tti........(03)
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Torbanitti si’a 1 hanga 2 tti........(04)

Kuduraalee fi fuduraalee armaan gadii yoom, Torbanitti si’a 3 hanga 4 tti........(05)

yoomfaa nyaatte guyyoota 30 mman darban
keessatti? Guyyaatti si'a meeqa akka nyaattu,

torbanitti ykn immoo ji"atti jettanii natti himuu | Torbanitti si‘a 1........(07)

dandeessu.

Torbanitti si’a 5 hanga 6 tti........(06)

Guyyaatti si’a 2 hanga 3 tti........(08)
Guyyaatti si’a 4 hanga 5 tti

Guyyaatti si‘a 6 fiisaan ol ........(10)

701A

Ji’a darbe keessatti, juusii kuduraalee (100%) akka burtukaanii,
maangoo, paappayyaa, abukaadoo, goraa faa si’a meeqa dhugde?

Dhugaatiiwwan dhandhama kuduraalee ykn kuduraalee juusii shukkaara
itti dabaluun fayyadamte itti hinlakkaa’in.

Si'a| |

701B

Ji’a tokko darbe keessatti, kuduraalee akka muuzii, burtukaanii,
maangoo, paappayyaa, abukaadoo, anaanaasii, goraa, juusiwwan ho’aa
fi goggogaa dabalatee, si’a meeqa dhugde?Juusii tokko tokkoon
hinlakkaa’iin.

Si'a | |

701C

Ji’a tokko darbe keessatti, kuduraa gosa kamiiniyyuu haa ta’uu, juusii
kuduraa 100% si'a meeqga nyaatte, yookaan dhugde?

Dhugaatiiwwan dhandhama kuduraalee ykn kuduraalee juusii shukkaara
itti dabaluun fayyadamte itti hinlakkaa’in.

Si'a | |

701D

Ji’a tokko darbe keessatti, fuduraalee baalawoo magariisaa yookaan
salaaxaa, qoosxaa faa si’a meeqga nyaatte? Qophaa isaanii ta’u yookaan
fuduraalee biroon makamees ta’u.

Si‘a|___|

701E

Ji’a tokko darbe keessatti, fuduraalee waan akka raafuu, koliflaahorii,
brokoolii faa si’a meeqa nyaatte? Qophaa isaaniis ta’u yookaan
fuduraalee biroon makamees ta’u.

Si‘a|___ |

701F

Ji’a tokko darbe keessatti, fuduraalee (marrow vegetables) kanneen akka
bugqgee, kukumber, zukiiinii si'a meeqa nyaatte? Qophaa isaanii
yookaan fuduraalee biroon makamees ta’u.

Sa|l___ |

701G

Ji’a tokko darbe keessatti, nyaatawwan akka dinichaa,
hanbaalbee/mixaaxisaa/, yaamsii, kasaavaa danfe, tolchame,
sukkuumame yookaan nyaata bifa biraan hojjetame, si’a meeqa
nyaatte?.

sial_ |

701H

Ji’a tokko darbe keessatti, kaarotii si’a meeqa nyaatte?

Sal|___ |

7011

Ji’a tokko darbe keessatti, fuduraalee armaan olitti tarreeffamaniin alatti,
fuduraalee biroo si'a meeqa nyaatte?

Siral____|

701)

Ji’a tokko darbe keessatti, fuduraa kamiyyuu si’a meeqga nyaatte?

Si‘a|___ |
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kutaa VI: Haala soorata kuduraalee, fuduraalee fi nyaata mi’aa’woo sa’atii 24 keessatti

702 Baayyina nyaata kuduraalee nyaattee (juusii kuduraan alatti), kaleessa ganamaa kaaftee hanga harra
ganamaatti, saa’a 24 keessatti jechuudhaa, natti himuu dandeessaa?
Raga sassaabaa: yoo hanga sooratame tilmaamuun hindanda’amne, lakk. 99 galch.
702A | Burtukaanii/mandariinii ( firiidhaan)
702B Muuzii (firiidhaan)
702C | Maangoo (firiidhaan)
702D | Paappayyaa (firiidhaan)
702E | Anaanaasii (firiidhaan)
702F | Appilii (firiidhaan)
702G | lja wayinii (firiidhaan)
702H Abukaadoo (firiidhaan)
7021 Goraa (firiidhaan)
702) Tamirii (firiidhaan)
702K | Loomii /laayimii (firiidhaan)
702L | Hababii (muraadhaan)
702M | Kuduraalee biroon yoo jiraate, (gosa isaa fi hanga sooratte ibsi)
703 Baayyina nyaata fuduraalee nyaattee kaleessa ganamaa kaaftee hanga harra ganamaatti, saa’a 24 keessatti
jechuudhaa, natti himuu dandeessaa?
Raga sassaabaa: yoo hanga sooratame tilmaamuun hindanda’amne, lakk. 99 galchi.
703A Dinicha (baayyina firiidhaan)
703B Hundee diimaa (baayyina firiidhaan)
703C Timaatimii (baayyina firiidhaan)
703D Kaarotii (baayyina firiidhaan)
703E Mixaaxisa/hinbaalbee (baayyina firiidhaan)
703F Fuduraalee baalawoo,salaaxaa dabalatee (sinii bunaatiin)
703G Gosawwan raafuu: raafuu, kooliifilaahorii, birookoolii (sinii bunaatiin)
703H Buqqgee, Zukiiniii (muraadhaan)
7031 kiyaara (1 vegetable)
703) Fuduraalee biroon yoo jiraate, (gosa isaa fi hanga nyaatame ibsi)

Kutaa VI. Guca iitiin ragaan hordoffii guuramu

Lakk. | Gosa raga Dawwii 1™ | Dawwii2™ | Dawwii3?

801 | Ulfaatina(K/g)

802 | Dheerina(cm)

803 | Hanga madaalli namaa(K/g)

804 | Hanga CD4(cells/mm3)

805 | Dhiibbaa vaayirasii (copies/mL)

Galatoomaal!

228 |Page Final Version, Version date: April, 2025




ANZ VI. PAMICT FCTF9™ PATRIR T AITH a0/ 85 PATRIRY T $O

A&.N ANN RLNCAL
M AN hAE
PUNLHAN MG FIRUCT N
NATY AP P& PMT +RTF NATLT MONAR ATEEP ANNN, PATALN, REY LT +M P PTF PYdRID
1815 PALELC ®M7T AL PIRIN PNTT PADT +60F AT A+60F PT PT TRATLHT NTA CON AL
ATIMTE +HIEF PPN HOHE PATHAT 90760, AOM L %P::

PHU MG+ PG +a0l.aq/ 1
8.N B¢ (25 89141 P35 8.91C +90)
1. PRMCE +C79° PhI°9T+ AIH a0/ 85 PhTP T+ $O

1.1. PAMCTF F+CFI PAI°I°TH AW o8

ARGk CON: PATARN LYY +MPTPT PUMRIR L LFF PALELC AMT AL PTP PNTT FEAT
+80F AT ATB0F PT PT FPATLFTF MTF AT AP P PMT +RTIT NATRLT THONAR ATEEP::

PG +ARL ML 8N, 5 (25 8,914, P3F 892 +TIL)
PGk AMNLPF: T/C AU L AA, AU (35 8°14) AT T/C AATIPL MCE PAD- (35 £.°14)

MA+NNLL NC: 8N ANN RLACAE PUNZHAN M +IUCT N+

o, P: ATALNA, AT 929N PATST FEAT PAFE 9T FIF NMIR P+DAAN NACPE NHY 97 F1+Far
A8, PAAD-T 18 +60F PNNAN: NTALIP PIRIN PATE NHTALM NLLN O+ PH APTF AMPAL PMTT
AR 97 3 FF0r AL ARSFP +60F AL, PADM MGRF PADARFA:: 110 97 NAE 1T TFIRTF HEP
PtMF DEHF NEMC DEF NARPTFO-I° NATC PIRN PATT FEAT NATALA, UTRIR Y245 PABEC
@MY AP PADT +80F NFAU NATRARH ATLAMD I ABLE J2 Y6 AT MPIP PATFLA: U APMEP
PATARN ALY LT +MPMPTF PUMIR Y 2FF PASEC AMT ADD AR IR PAFT PAD-T +60F
AT ATBOF PT PT IRATLET NMA CON AL ATIMGF 1M &U HCHC Mm% PNYT-UHNT TUNGP
FEPTFYE PAI-ANTT TYNLP FEETFTE AMP PAM- FoICFT: TMYNLPT ANNNLP ANNN FoIC0FI9:
PRI PNTT PADT +BOF AT ATOOF PT PT PN YETTF ATIMGF P+HIE T

MGk AATY: PHU MTF PT AATY ALY AP PA PMT +£99% ATTA AL PA PATARA, LYY
+MPMPF PYADGR Y 4G PALEL AMT AGM AL NIRIN PAHT FEAT PaRaDm +60F AF ATEOF
PT PT GRRTLETF AOL ARG MDP YO AHU mTTF PAUAMT TOLE PG+ AATY ATIANTS BTy
MAPT NADL 8T F94 P b/ENT HEPTFT ATIANT N&E+E MG LPLPA::

PRG+h Y2+ AT +NFLTHF: PHU mTF MPAA dOLE ACANAN NATNL 30 L£PPTT LDABA: NHU
Ntenas PIRoIN PATST FEAT +005°F +LPH PATTA AR ZEPT ARTE A0PF NPALNT M4 £ANANA:
: NG+ NHNFFL NAA+E NPTF PALAM-F AOZE PG+ AATY) ATYANT: 4G AT)4. ADEFY ATHIRMF:
N&+E MG LRZPA: NHUI® N+6TIs ADPEPT PRAM ADTHE AT +hTL CPANT PRTALM
meYyt +MPMmPTF PYMRIe YL+T PAREC MMT AR NP PAFT FEAT PaRAM +80F A
AT8OT PT PT PATLFT ATIDPT MGT+T MFT ATILL NATLLET PACAP +ATER DAY 1D
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NtAFLPF NepF PMLIF d/EPT hAtTA HIN LANANA:  AALIID d>A +ATLPTTY
ATNZF AT

P8 MAMLRIF: PAD/E MAMLPITT ACPMNE ANA T°II° ALTF TAAND T Y7+T PaRIA6
/B NS7CHS NUFARE Y2+ MmBIR AL hEMATC: AR NACAP PHANAMN ARZEPF NPT +aDL.a9¢
NRAG P+@ALD AMT @AM EMNPA: NHRTIZL PHAMT ABLE PAG+hTY AATH NF Paym-A dO(PR7
AT IIMAT::

mPIog 9% NHU DTF NARA+LPT D PRPFT NARARAAPT NIPN IT O-6p P P71 FF IOIID it
MPID RLPCIR: P LCANPHIR NIF ALFCIR: PFPIR Y PO AMT AOZE PFa4T mAST NMDP
ADLLT T4 P P/&NT TN, PUNTPT APMERPFT ATIADANT AACAPST AdeT NPT h&+E Mmoo
LRLPA: NHETZ NHYU MGF NARAHEP JOYIR K 25F KNART MUNLRT NT-ANTR AT ANF PP
+8FG +60F PAM-gR::

N®G+ A718.0+4 NMPI° P14.4.F AT NA AMT: N MG+ AT8A+E ATH Lo MRFa-gR (Mo
PY744F ALFCT® ATE IR NARA+HEP 9OIGR KehF A REAMIP: MG+ N+AFLPT PR PALCH-
+&AF NAAAT NG+ ABA+S NTIAT JoII° PAq74.4.NF MLID PAR AMM- NA AEFCIP:

PGk % F ACETF: +TLTLMD- PG+ 95/ @Mt N+HALE AL /NF 18R AT MANFF@ ANAT
PAALT JALTTS 9183 AANTF: NHI® NHAA @MukT NAATR A& F+Pe NPFT YT $F N9 +gD
A+MPTPTF AT LN Mot LR IA

P+AF§ aONF: P L ITPAPT 1IC NFC PHU DT +ATE ah NA™X NEPLETT AL PHaRw/+
10 MNEATR U1 NA™Ac PPACPMEP 1LY PA+MFPT 17C hA NAPUA Mklm ATEMTFA
RCITDAPFAU:: MG+ NARUA NMIRZNP aQF9R PR PN L L5 NPT A PORPTHTT PURIRT & J&
AL +60F P PaDm AR Py AZITPATYAU:

PPCN +Mé: MG+ haEan4 N&FIR Py Mo+ n+EMZ NIA NG+ 18T 1A% LAUFNTT dn/g
PARMPS a-A ABNF hA:: NAMG+ PARFLCPF MYIFMID M PR PG+ PT +0RL.A5/7 PG+ PG A99N
AT NALN ANN RIACHEN ALTA hAE MG+ P aRANT: Phaq 4 +mNeFF @9797C £FAA: ANAM
a5

R8N ANN RIACHNt PMS ALTIN hAE MG+  PamadAnt hag+ NAh- 0118961396, Email:
chs.irb@aau.edu.et

Pq +mLML: AT SN 5 NTPNLA NNAN €DC +251913910575
PG PT AMNS: T/C AU L A, AU L (35 £4) NNAR €M C +251911684399

1.2. PAMCE F+CTFI™ P14+ A P

ARGk CON: PATARN YL} +MPTMPT PUYMRIR Y LFF PALELC AMT AL PIRI PNTT FEAT
+00F AT A+0F PT PT FPATLFTF DTF NATRT AP LA PMT +RMF NATLT MONAR AFE% P

ALt BU mT A3 8¢ anan eyt ATLMNYET ax Naxx k&N ANN RLACAL PUNZTAN M
FIRUCHNT PALLIE AT NPT +ARLML A% 8N B4 ANHNNLTF PARNLE AR +7THNPAU: PHU
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MGFE AATY ATIAT AT AP P PMT +2MF PATALNA, ALY 1T +MPTPF PURIR Y214 PALLL
MY AL PIPIN PATT FEAT +00F ATRZ8F ATLMNYLe NARINT 92 +7A2A% +LeFPAU:
ADRZE ANAN, PTR,AMFO A M-g° dB/E M AMLPY+ PHMNP PR +28 FAU: ATE IR NG+
NaA+E, 8% ATLAA +TTHNAU::

A NHU NFTF P& PHUT MG AATH NARTYHAN A78,U9° UANY NePCh PAR @Mt aBNF A 18A%
NMO& NMGH AMA+E ALY R I9MAU: NAMG+ ANEALD: A28 +AMSEA: A8 U9
NEANT 1TH NARMFT NATEIIR @65, +60F MLI® NMLT +2T9F P99, L7 TM PUNIRT £96 AL +80F
MG+RY MELM ATRIPFA HLIUMATA: NAMGE TTF PLANTT 28 NANT 1H 9997+
AT8TFATR +ZJIMAT A

A2N ANN INCAtL PMS ALIN hAE Mg+ PaqaAnt heg+ HAN- 0118961396, Email:
chs.irb@aau.edu.et

PG +a0La9L: 1% 8N B NTPNLA NNAR €DC +251913910575
PRG+ PT AMNL: T/C AUTRE AA, AU L (3F 8912) NNAN €MC +251911684399

NHU NAL P+IA6-F HCHC ARLEPTF NARLEF NHU MTH ATPA+TE &P LT 1PFH?

AP ]

P+AF& &P LT MMPTFMT AP/ALLAT® NTMAT NAARTCTINN & AZITTD

AP/REEAT® ¢

(LATPMELRT PD)

neeA [ ] (ATMLLT AECMY)

Pan/B ANANG- £CTY

ngo &oCTM +7
P+&MML/P+aR LT unNs &L
nge &oCTM ¢
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ANZ VII: PRAMCE +CT9° PAMMLP

PARLE Mty ACPMNSP P+HIE PARADHE ADN, (i

R TNl (Wl T Y o U ——
S NPT, P72 S UL TN e B a/8 e+ANANNY $Y-mmmmmeeeee-
pansg ANANG- AT° &L a0/ 8 PhANANNT P Yommmmmmmmmmmmmmee

NEA ATL:-PNT-UHNGT MUNSR U1FPT aolE

ne | mPRPT a e
®PC

ey Aem,

101 | xeay (naopi qank)

102 [E 1. o8
2. N

103 Uuemest ACTEAN
ao-fA, 9o
TCHNF T

ntAN

o~ w0 DN

104 | eoNF Ui £

£AIN

Pt /T
PIR+NF/NT

+APL+a PR

105 NehC ACI®
AT
A0
6

AA (F1AS)

106 Pg i Me

PN+ ACPNT

PPy Wits

P tPmMmc

panyaNt Witd

PARYINFR PAUY +RID Witd

198

No g~ RPIar DRI DdR
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8. AA(INGY)

107

PC MNPT 97 PUA 107

107.1 Pg°mM}Y UNt+ aoZ8eF

107.1.1 PR+AM POCA a4t BHF N+ALP Nt

P4t Nt ARYT N&+ P4t Nt ARYT N4+ Nma e
nNmen e
107.1.1.1 | e4fr (PORINCNT) 107.1.15 | AAA PO4-- a0t
107.1.1.2 | nAA P+ns-Pa>» oDt 107.1.1.6 | en+AN (PHOR L)
a4t
107.1.1.3 | AAA PN aRgt 107.1.1.7 | AANA £7AB
107.1.14 | nAA 0440 ao gt
MPAA PADL+ BHF NANFC
107.2 a®+824PP ACA NPT PATRT  AMPAL FPCHPT NANA ARTF NIA6-AT?
PT PT PIRLT ANAT MPAA °CF NrT e PP +EPI M$PAA P2 NNC
107.2.1
107.2.2
107.2.3
107.2.4
107.2.5
PRA+AN ACRFP AMPAL 1N, NPT PT I°CHF NAC
107.3 PA9RS PANA FRCHP PAHANMT AMRFR IR &EF AGTAPFA? 1 APY 0. PAg™
107.4 @ANP AANLIARI® NPy ¢4 &EF AT&YT AR&RT Fi
107.5 AT teTi¢ PN, NG AT
+eT3 07N, TNIFD- ALTT MPAA F°CF+ NANNNM- APANP | MPAA PI NNC
107.5.1 | PATNAT +PO2 NAPAM (BT
ATRAA..)
10752 | PAE aop (AGLIANNNLT...)
107.5.3 | PAOPT +PO2 NACAM(NUCHEILA...)
10754 | AA DA 7A6)
10755 | entAM AGRF® AMPAL TN, N+ PN, MAIE 2T NNC

107.6 PN+HAM PATNNT ANT ABM7

PATNAG-RRYT | @M PATNAD-AL YT M$A AemC
107.6.1 | na4(PF) 107.7.74.2N
107.6.2 | Age 107.7.8 N9
107.6.3 | hUP 107.7.9 &P4
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107.6.4 | @4 107.7.10 &C
107.6.5 | 1.eC 107.7.11AA
107.6.6 | n@pe
107.7 PR+ MPAA AR+ 7N, hATAAT YNT
PNAF ATNNA TLU MPAA PNA ATNA TLU
A7 Po (1C) RYAL
10771 | na 1 107.7.7 &N 1.1
107.7.2 | Ago 0.9 107.7.8 N& Ao 1
107.7.3 | hUP 0.7 107.7.9 N9 0.1
107.7.4 | me4y 0.25 107.7.10 GPA 0.1
107.7.5 | qec 0.75 107.7.11 | er 0.13
107.7.12 | AA—ccoeeee
107.7.6 | en+AM MPAA AGRF@ 70, PNF ATNA ARYF APk NNC
111.8 NHAMN AR+ @AM NATAAT AP P77 MPAA N, = (NNC)
111.9 PNHAN AMPAL M-
108 paneL e N 1. IMC
2. h+ag
3. héan+am
109 PHIRUCT B2 1. d°9&S YN PARL T
2. OP9&S AN Paq T
3. Pangan/p o/8 +9RUCTH
4. PUA+E £48 FIPUCT
5. AN+E 828
110 AB AAPH? 1. AA
2 PAgGD ~ M.k 201
111 Nt AT AAPT?
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h&A UAT:-NT-ANTRT MUNSLR £9&7% P+aAh+

201 ATANNN PLAMPTF £8F NEAN AAPT? 1. hA
2. PAgD R m.¢ 205
202 P P77+ PATANNN ALTET PVETFM-? 1. NI1-ANSTP gJ&
2. AhPmhe go&
3. AhA®@ &9
4, MUNLP &I
203 ATANNN PORLANPE 8% NEAN 97T 10?2 1. ATHANT
2. PYLMPT AN
3. 9°N+F
4. NA
5. AET
[T P —
204 PhT. A NN NEAPPE M- ATL97% ATRY 1. ASH/ANT
MAMP/AOTIC LLAIN? 2. PYLMPE ANF
3. 9°ht
4. NA
5. AET
6. PAUNLAN £I& NenPT
ALY ) T —
N&A NNT:-PIR) PATS +00F AT A+OOF UNISTP PFT PST PR YL+ T AGAPT P+HIE AOHCHC
301 AU PAD-/AT PANLF ABM7? (n/e1)
302 AUT PADH/AT PaDF adm? (cm)
303 AUT PA@/AT AOMY )HLF? (kg/m2)
304 apan/p AL PAM/AT PALELC A°M7Y (cellss/mm3)
305 | anEan/p AL PAM/AT PRLZN ewG (copies/mL)
306 P49P7 AN MY N mg/dl
307 goo ) ANA/AONS/ PIMMPF PRAD I FoIC AA
"A? PAgD — | Mm.$ 309
308 AAIMAPPF PRAD I FoC IOAT P+ 92 INC? &AM aRbyN

PA& @NM 477N
PRI N 477N
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309 KRTLNT +hAd peyam. ehinC NAFPT 1. hA
AAPF? 2. PAgD T.& 311
310 RTLAT ThFAd P M. PAPYF PhIAC NAF | 1. h7An AChe
goy hRYT? 2. PmMUeT NC hINC
3. AA(TIABR)----mmmmmmmmmeeae
311 ARTENT HhTA®- P m. NAFPT AAPT? 1. AA
2. PAgD — | ™+313
312 9oy ALY NAF AAPH? 1. PtNNAF
2. PAgRN 9oF
3. Pt@m@ma NAF
4, PME4t 1HC NMF
5. PennJcd FOIC
6. AA
313 PATLEA NAF N+ITNPT 9°Y PUA 1H PTA?
314 PLI® TN FOIC 1P FA/TFA 1. AP
2. PAgP
315 NAATR MG 2CEF doAZt NI+E PhRTEMA NAF | 1. BZE AR
228 AL TFm 2. BLE UAT
3. BB NNT
4. RLE Rt
316 NAAT® MG LCEF MPALF NI+E PATLN NAF | 1. UAIRT 828 AL
UngeT B8 AL TF@- 2. Uh9RT 228 AT
3. Uh9eq 228 AdE
4. UN9PG £LB hit
317 PRTLN eY1F: U9 httd 9°71PUA 1H
®AB2(PNF A 1) -
318 NeATT 1H ATFTA AAPT
319 PCotrimoxazole PaPhANP UAIRET AAmMmA Uid | 1. e+AM
#eh 2. NARYLt AL
3, AA+AMYe::
320 PAYN 1$CA A®NANL ANIPT (1 Tt) AAMM Ui | LrmGee
2. Pte/m
3.NUEF AL
4. hRA+AM9®
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N&A Ast: NARLY LT avAh P+HIE 29N APANE T e+aAN+ A28 AANAN e+HIE ARHCHC

401

ATALN PEY1Ft AMed™ NAREeYyt dhih
P+HIE 9o MALD POrPA?

1. AP
2. PA9®

402

MmANPT AP hUPY PONASTT 9°9NF AHZHGT
2FAN?

403

N eyt aAn P+HIE gro) dAemA e dDFyo-
PEaD4.F?

404

A9RY PUA 1H 10 PN 8F?

hEA ANF:- N1-NULP hYe+FT N+Aht PHHIE CoMmedP

501

P et @CIF AT EALFFMT ARPNS
P b4 NA+HETT PAPASNTT LH NHT TNt

PNATET PPA mPE: NTAPR PATAN &AITT
(PPN AT NLH AMLTE @HAF) T2N7T 0T ATRTY
PUA 1H @ &ALFFMT NTFOHH RALT ALDNS
PCEe?

a2 it N+oHH mAlT

LAPNSNT 1H

502

NAAST  ANT  $9%F APYI8TS MEALT
PMMASNT P1LH NAS ATt ATRT &NFtAFA?

N6d-N AANF+ATR
AT1878 1H

No199A 1H NAL

ANHE @Y 11 AhF+AAL
a- Na- ARg+AAL

o~ N e

503

NMS NATP P+AMPT AR PAREALT ADANE
aan/ @ A78,F 2ntAdA?

Neped-N AANTATD
AT81E 1R

nNeITmA 11 NAL

ANHE DT 10 2h+AAL
5. @& Na>A An+AAUL

P wbd e

504

NA+ET M NOC POALMT AR ALt NTIPRT NMC
AND AT ATLPAL NAPEMC NAL. PAQLY TIPS
(ALY NAPEMC)

AUT NAE AL AT NIET $4--mmm-

ADC PHAM ALTTF ——oememeeen
AT NAE Bdd +NA Paqanst

505

LI henh PO-SAN?
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506 MmMH MDT PO-PA? 1. AP
2. hEAGP
507 st PI° PP A? 1. AP
2. hELAGP
508 POAT TOAT PR PATTPFT ATRZ 7 MLID 1. AP
OAF® PN ATINTE MTT PALY PN NI 2. hREAGD
AYTEF ATILLO PHILENT DB3F 1N DL?
509 PgRaN PATTPTYT ATITH DLIR gRoNT 1. AP
ATINTE AA P& hMPeNt AhNN, ML AA 2. hREAJD
ANNN, +AL ParPA?
NEA NENT: PN+HAN ANAT P92 PATS J°HT OMEST
601 NA&T At ATPTFT ACAPS PNHANP ANAT | 1. AP
paRaRYI+F Pk NAG- A+ ParPA? 0. h® — | PP ®™C
603
602 AT L% 601 AP NAT 9T PUA 1LH? 1. NMI® Nmdt (ATL-ATLH/N
4 AGRYE)
2. A7187L (3t010 1H/N 4 ATRTE)
3. N 1H (10 TH/N 4 AFRTE)
603 NAST het ATRYFF ACAPT PNLHANP ANAT | 1. AP
Ao PAATTT 929 PIRON 9INGF TmE | 0. he N A & S L
gORYPF ARAD(: PpGNF Lt AA? 605
604 AT PE 603 AP NAT 9T PUA 1LH? 1. NMI® Nmdt (ATL-ATLH/N
4 AIPYE)
2. R187L (3t010 1LH/N 4 ATRHE)
3. N 1H (10 TH/N 4 ATRHE))
605 NAGT het ATRYFE ACAPT PNLHANP ANAT | 1. AP
AN PLATET PPN ANDETF  PIRoI | 0. AL __|mPe emC
INGF T@MF FPNTPF ARIFFDTY PHINFIH 607
AA?
606 AM P 605 AP NATIRT PUA 1H? 1. NM9® Nhdk (ATL-UATLH/N
4 AGRYE)
2. A187L (3t010 1LH/N 4 ATRYE)
3. N 1H (10 TH/N 4 AR
607 NAGTF A&t AGRTFF ACATR PR PLHANP ANAT | 1. AP
&+ AT PMLLAMTT PRl ARYIET | 0. hE A I o e
609
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PRI ANGT Mt
P+IRBNT AIMT, AA?

Rt AR

608 ADPE 507 AP NAT 927 PUA 1LH? 1. Nmge Nhe+ (R 2-
UATLH/N 4 A9PYE)
2. h1878 (3 to 10 1H/N 4
AgPYE)
3. NH 1H (10 TH/N 4 AFR7E)
609 | NA&TF Aot ATPTIFT ACAPT PNAANP ANAT | 1. AP mPE  em(
Paq@IEY  P9R) AN Nd PR INGF | 0. AL — | 611
NATRSPE goNTPT Py RNFLH AA?
610 AT PE 509 AP NAT 97 PUA LH? 1. Nmge Nhe+ (R 2-
UATLH/N 4 A9RYE)
2. A1878 (3 to 10 1H/N 4
A9RYE)
3. N 1H (10 TH/N 4 AFRTE)
611 | NA&F it ATPTIFT ACAPT NAANP ANAT | 1. AP
N$F @AM PAAIHRTY PIRN LH.LF Nd T | 0. AL — | P eC
NATRS TPATLF PbyANFLH AA? 613
612 | AmPE 611 AP NAT 97 PUA 1H? 1. NM9® Nhdk (A1L-UATLR/N
4 AGRYE)
2. AT878 (31010 TH/N 4 NTPTF)
3. NH 1H (10 TH/N 4 A9R7E)
613 NA&T At ATRTFT NP @D PARMINTT | 1. AP
gl NAPI® TMT  GERTPT aA OOk | 0. AL — | TP ®™C
PAHADITNF TH AA? 615
614 ADPE 513 AP NAT 97 PUA 1LH? 1. Nmge N+ (R 2-
UATLH/N 4 A9RYE)
2. A1878 (3 to 10 1H/N 4
AgRYE)
3. N 1H (10 TH/N 4 A7)
615 NA&F At NIRRT MNP O-AM PARAINT | 1. AP
goo) Ng IR TN NATRPSE RRTPT & | 0. he —— S L
ALARYM P+ PA+AAN ANA AA? 617
616 AM P 615 AP NAT 927 PUA 1H? 1. Nmg= Nk (A18-

FATLH/N 4 A9RTH)

2. A1878, (3 to 10 1H/N 4
A9RYE)

3. ANt 10 (10 TH/N 4 ATPYE)
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617 NA&T At ARTFT NNFP @AM PARMITT | 1. AP
goall N 9N NAGRRS JPRTPE  9o19° | 0. AR — | ™fE e7C
ALADIN b3 O AAE PR PAAAN ANA AA? 701
618 AMPE 517 AP NA T IR PUA 1H? NMI® Nhet (ATE-UFATLIH/N
4 AFPYE
A187%8, (310 10 1H/N 4 ATRTT)
N 1H (10 LH/N 4 AFRTT)
Ambharic version
701 | AU NNAL®- 30 57 P+DNPFO-7 Nedn........ (01)
FooINFG ARMMFT PARE P IRNTFTY g I°
f c NOC AT ....... (02)
PhN::
NOC N2-31H........ (03)
N9 PUA £91919°R PUN+AFY AFNATS UL =2 T 08
GLELPT NNALD A8 OC +aP7+? NN+ N34 1H........ (05)
L9y NeTT NATRTFHT LI NM( S -
AN A 7945 &FA A O (06)
NPT 1L 1H........ (07)
N$T N2-3 1H........ (08)
Ne7 N4-51H........ (09)
Ny 6 1H MLI™ NHL NAL........ (10)
701U NNAL@- 30 $57F NI°T PUA £7919°H 100% PE LG ETIEE AL,
NEENTE MY 7707 ARNRT ATEC s PAA MM-? U ANLC 1H
PHNTTY PELGS T MLIP NG G MATR P+HHIE, AOMMTY —
Y -LTalLEE
701A NNAL M- 30 $5F PELF 4 MeT NEERICC NTPY PUA £91919PH
FOFLPTII AL OHI NCENTT YT 7707 ARNAT ATTNT ATEL PAT | | |18
+a0+? 2U PRLP MBIP PALLY &6 BERTOL-Ax
701 NNAL@- 30 $57%F NI°T PUA £1919PR -G MLID 100% PR LG STt
+a0F LI MM-? MM-? £U NN.C PHERTRLNTTY PRAES sMe ML | | | 1H
N&LES MAIR P+HIE CMMTY ARMIOCIP::
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Assurance of principal investigator

I, the undersigned agree to accept all responsibilities for the scientific and ethical conduct of the
research project and for the provision of required progress reports as per terms and conditions of
the research publications office in effect at the time of grant is forwarded as the result of this
application. 1 will provide timely progress report to my advisors and seek the necessary advice and

approval from my primary advisor in the course of the research.

—

e Name of the PhD student: Dube Jara Boneya Signature: 7=

= Date: 28/05/2025

Approval of the primary supervisor

e Name of the primary advisor: Prof. Ahmed Ali Signature: Date:
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