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ABSTRACT

HYPERTENSION AMONG ADULTS IN ADDIS ABABA, ETHIOPIA:
PREVALENCE AND DIETARY RISK FACTORS
By: Mulugeta Mekonene
PhD program in Clinical Nutrition, Addis Ababa University, 2024

The global burden of hypertension is rising rapidly, especially in low- and middle-
income countries (LMICs) like Ethiopia, where it has emerged as the leading non-
communicable disease (NCD) in recent years. Overweight and obesity are also
increasingly recognized as major modifiable risk factors for hypertension and
cardiovascular disease (CVD). Hence, early detection of CVD risk is crucial for
prevention and treatment. The Framingham risk score (FRS) is a simplified tool to
predict 10-year CVD risk but has not been validated in sub-Saharan Africa. Fruits and
vegetables (FV) may help lower CVD risk, though the optimal intake levels remain
uncertain. In addition to other lifestyle habits, dietary patterns as a whole likely impact
hypertension and obesity. The Dietary Approaches to Stop Hypertension (DASH) diet
is proven to reduce blood pressure in Western populations, nonetheless, its applicability
to Ethiopia is unknown. Therefore, this dissertation investigated the epidemiology of
hypertension among adults, predicted the 10-year CVD risk of hypertensive patients
and its association with FV intake, and lastly assessed DASH-style diet adherence and

its relation to hypertension and adiposity among adults in Addis Ababa.

A community-based cross-sectional study was conducted from May to June 2021
among randomly selected adults aged 18-64 years (n=600). A face-to-face interview
using an adapted STEPwise was conducted. The participants completed standardized
blood pressure, blood glucose, lipid profile, and anthropometric measurements
including body fat percentage (BF%). FV consumption, salt intake, and stress levels
were also measured with 24-hour dietary recall, INTERSALT equation, and Cohen’s
Perceived Stress Scale, respectively. The 10-year CVD risk was calculated among a
subset of the original samples using the FRS as well as a country-specific Globorisk
score from 191 patients diagnosed with hypertension. Dietary pattern was assessed
using a DASH diet score based on eight food groups constructed from a validated food
frequency questionnaire. Multilevel mixed-effects logistic regression, multiple linear
regression, and multivariate logistic regression models were fitted to determine factors

associated with different outcomes of interests related to hypertension.

Xiv



The sample consisted of a total of 600 adults (mean age: 31.2 + 11.4 years, 51.7%
women). The overall age-standardized prevalence of hypertension was 22.1% and
47.8% according to the JNC7 and the 2017 AHA guidelines, respectively. The age
groups of 40-54 years (AOR= 8.97; 95% CI:. 2.35,34.23), and 55-64 years
(AOR=19.28; 95% CI: 3.96,93.83) as compared to the 18-24 age group, male sex
(AOR=2.90; 95% ClI: 1.22,6.87), obesity (AOR=1.92; 95% CI: 1.02,3.59), abdominal
obesity (AOR=4.26; 95% CI: 1.42,12.81), and very poor sleep quality (AOR=3.35;
95% CI: 1.15,9.78) were independent predictors of hypertension. In the prevalence of
predicted 10-year CVD risk study, a total of 42.4%, 27.7%, and 29.8% of hypertensive
patients were at low, moderate, and high CVD risks, respectively. There was a
substantial agreement between the FRS and Globorisk models (weighted kappa 0.77).
After adjusting for covariates, increasing FV intake from 120-450g/day was
significantly related to 11.1-15.2% lower CVD risk in a dose-response manner.
Additionally, the highest tertile of total fruit, but not total vegetable was associated with
decreased CVD risk. The average DASH score was 22.5 (95% CI: 22.2-22.8), higher
in women 23.7 (95% CI: 23.3-24.2) than men 21.2 (95% CI: 20.7-21.5). After
controlling for confounders, individuals in the highest DASH-style diet adherence had
72% lower odds of hypertension than those in the lowest level. Furthermore, the risk of
adiposity assessed using BF%, waist circumference, and waist-to-hip ratio were
reduced by 15%, 62%, and 82%, respectively, in participants with higher DASH

adherence compared to lower.

The study concluded that hypertension is fairly high among adults and independently
associated with the older age group, male sex, obesity, abdominal obesity, and poor
sleep quality. There is a high prevalence of CVD risk among hypertensive patients and
inversely associated with high FV consumption. The adherence to a DASH-style diet
is moderate; however, high adherence is associated with a reduced risk of hypertension
and adiposity among adults in Addis Ababa. Therefore, the study suggests a need to
develop an integrated NCD prevention and control approach. Specifically, healthy
dietary patterns should be adopted and tailored to public health policies and clinical
practice to halt the NCD burden.

Keywords: non-communicable diseases, blood pressure, hypertension, cardiovascular
disease, fruits, vegetables, Framingham risk score, obesity, adiposity, DASH score,
dietary patterns
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CHAPTER ONE

1. GENERAL INTRODUCTION



1.1. Background of the study

Non-communicable diseases (NCDs) are the leading cause of death worldwide, killing
41 million people every year which is equivalent to more than 71% of all global deaths
and is expected to rise to 52 million by 2030. Cardiovascular diseases (CVD), cancers,
chronic respiratory disease, and diabetes mellitus aggregately contribute to 82% of all
deaths due to NCDs [1]. According to the Global Burden of Diseases (GBD) report, the
leading chronic disease causes of death in 2017 were from CVD (18 million total deaths
worldwide) [2].

NCDs are the most important cause of preventable morbidity and mortality [3]. Nearly
1.5 million disability-adjusted life years (DALY, equivalent to 58% of the global total,
were lost due to NCDs in 2015. Compared to the previous 15-year period, this figure
has increased by 12 percentage points. Moreover, one-third of the global DALY loss
has resulted from a total of four clinical conditions (CVD, cancers, respiratory
conditions, and diabetes) [4].

The epidemiological and nutritional significance of NCDs including CVD is increasing
year-by-year both in developed and developing countries. Between 2000 and 2016, the
total adult mortality attributable to NCDs had increased from 60.5 to 71.3% (11%) [4].
In sub-Sahara Africa the total number of DALY due to NCDs for all ages between 1990
and 2017 mounted quickly from 90.6 million to 151.3 million [5].

The World Health Organization (WHO) estimated NCDs were responsible for 39% of
total deaths from the Ethiopian population in 2016, with a national prevalence of 16%
CVD, 4% cancer, 4% chronic respiratory disease, and 2% diabetes mellitus [6]. CVD

is the leading cause of death and a great deal of suffering among NCDs in Ethiopia.

Hypertension also known as high blood pressure is an important determinant of CVD
caused by nutrition, behavior, and environment throughout life, starting from the fetus
to early childhood nutrition and growth, specific components of the diet (especially
sodium and potassium), high body fat, alcohol, smoking, physical inactivity, air
pollution, and psychological stress [7]. It is also a major risk factor for the incidence of
CVD such as stroke and heart disease. Causing 45% of heart disease-related deaths and
51% of deaths attributed to stroke worldwide. Out of 18 million total deaths due to

CVD, more than half (10.8 million deaths) were from hypertension complications [8].



The global burden of hypertension is increasing drastically, an estimated prevalence of
31.1% (1.39 billion) adults had elevated blood pressure worldwide in 2010. The
magnitude is increasing in low- and middle-income countries (LMIC) (1.04 billion),
largely due to economic growth and population aging, while remaining stable or
decreasing in high-income countries (HIC) (349 million) [9]. The swift epidemiological
change in LMIC from communicable to NCDs in the past few decades is largely
attributable to four major modifiable risk factors such as unhealthy dietary habits

tobacco use, physical inactivity, and alcohol consumption [1].

Ethiopia is also undergoing an epidemiological transition from predominantly
infectious diseases to NCDs like most developing countries, with hypertension
mounting at an unprecedented rate despite the weak health system. A systematic meta-
analysis conducted in Ethiopia estimated between 20% and 30% prevalence of
hypertension, higher in the urban population [10-12]. A population-based study in
Addis Ababa, the capital city of Ethiopia, reported a higher magnitude of 31.5% and
28.9% in males and females, respectively in 2006 [13]. Another survey conducted in
2014 reported a 25% prevalence of hypertension in Addis Ababa, with a higher figure
in males (30.2%) than females (21.2%) [14]. These studies indicated hypertension as a

hidden epidemic in Ethiopia, especially in urban areas like Addis Ababa.

A diet characterized by high-calorie density (from free-sugars and/or fat), an excessive
amount of salt (sodium), low fiber foods, and low plant-based foods as lower intake of
fruits and vegetables (potassium) are deemed to be major nutritional risk factors for
NCDs, specifically hypertension [15]. Dietary risk factors caused 11 million deaths and
255 million DALY in 2017, according to the estimates of GBD [16]. The ongoing fast
transition from the traditional plant-based to the western dietary pattern in developing

countries is one of the major drivers of the pandemic [17].

Higher salt intake increases blood pressure and consequently causes coronary heart
disease and stroke. The 2017 GBD estimated that 3.2 million annual deaths are
attributed to excess salt intake particularly sodium, making high dietary sodium intake
the leading cause of mortality worldwide [16]. The recommendation by WHO on salt
intake is to keep less than 5g per day (the equivalent of 2g sodium), which will

contribute to a lower incidence of hypertension and other NCDs [18]. However, the



current daily average population salt consumption in most countries goes far beyond
the minimal physiological needs as well as the WHO recommendation [19].

Fruits and vegetables (FV) are other components of a balanced diet that play a vital role
in the prevention and treatment of NCDs, as a higher consumption is merely associated
with reduced risk of hypertension, CVD, and all-cause-related mortality [20]. The
WHO recommends a minimum target of 400 g/day or 5 servings or age-specific 330-
600g/day of fruits and vegetables per person [21]. Nevertheless, the global, mean
vegetable (209g/day) and fruit (82g/day) consumption are far lower than the
recommendation [22].

High-calorie diets coming from extra consumption of free sugar and fats are a cause for
concern, because of increase in the energy density of a diet facilitates positive energy
balance and eventually leads to weight gain or obesity [23]. Obesity is a global epidemic
and one of the major public health burdens of modern times. The prevalence of obesity
has doubled worldwide in the last three decades and nearly 600 million adults were
affected in 2015 [24]. In addition, obesity has been recognized as one of the risk factors

for essential hypertension [25].

The modification of the whole dietary pattern rather than a single nutrient or food
demonstrated a greater impact on blood pressure. The Dietary Approaches to Stop
Hypertension (DASH) diet is a benchmark study on diet patterns, which consists of a
higher amount of fruit, vegetables, whole grain, legumes, and low-fat dairy products in
addition to a lower emphasis on fats, sweets, and sodium produced greater blood
pressure reduction in systolic blood pressure (SBP) and diastolic blood pressure (DBP)
of 3.5 mmHg and 2.1 mmHg, respectively in normotensive persons and 11.4 mmHg

and 5.5 mmHg, respectively in hypertensive individuals [26].



1.2. Statement of the problem

NCD was previously thought of as a “disease of affluence”, but currently affects
developing countries disproportionally such as Ethiopia [1]. This is primarily due to the
aggregated effect of population growth, increasing life expectancy, and an increase in
the magnitude of risk factors among LMICs [27]. Nevertheless, there is a dearth of
reliable NCD mortality and morbidity data in Ethiopia which is due to the nature of the
diseases, the more attention given to infectious diseases, and the lack of an established

national surveillance system on chronic diseases, specifically hypertension.

Recent representative information about the epidemiology and related risk factors of
hypertension in Ethiopia is scarce [28]. Most of the available information is from the
estimates and projections of the WHO and GBD mainly based on data generated from
the health information system. However, the 2015 Ethiopian STEPS survey is a recent
representative study conducted in the country. The prevalence of hypertension in the
STEPS study was 16%, with no significant difference by sex though, the urban
population comprised a higher proportion of hypertensive individuals. Moreover,
undiagnosed hypertension was found to be very high in Ethiopia [29]. Therefore,
establishing a regular blood pressure screening with an appropriate study design is vital
to capture the escalating prevalence and risk factors of hypertension. The evidence is
also important for developing specific hypertension preventative intervention strategies

and for further research.

Although excess body-fat mass doesn’t currently posse a bigger public health issue in
rural Ethiopia, the prevalence of obesity and overweight in urban areas is increasing
rapidly year-by-year, particularly in women [30]. The magnitude of obesity and
overweight in adult women was much higher in Addis Ababa compared with other parts
of the country including urban and rural, which showed an increase from 20% in 2011

to 29% in 2016, also rising sharply with increasing age [31].

The contribution of an unhealthy dietary pattern as a behavioural risk factor of
hypertension surpasses the combined effect of tobacco, alcohol, and insufficient
physical activity, which is mainly because of the current increased population adoption
of western dietary patterns and rapid urbanization [32]. The nutritional transition from
traditional plant-based foods (whole grains, legumes, cereals, vegetables, and fruits

with minimal animal-sourced foods) towards energy-dense, highly processed, animal-
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sourced foods which are very high in sugar, saturated fatty acid (SFA), artificial trans-
fatty acid (TFA) and sodium, and low in fruits and vegetables is being prevalent [33].
According to Melaku et al., (2016) [34], dietary risk factors play a significant role in
the NCD burden of Ethiopia. Among them, consumption of low FV and diets high in
sodium are the top dietary risk factors. Likewise, based on the 2015 Ethiopian STEPS
survey, 98% of adults consume insufficient amounts of fruits and vegetables [29].

In Addis Ababa city, the prevalence of hypertension and its immediate risk factors —
including dietary risk factors — is assumed to be on the rise alarmingly. Nevertheless,
concrete evidence is scarce and this has limited the prevention and control efforts in the
city. Furthermore, mechanisms of a surveillance system for risk factors need to be
established to monitor and measure changes over time. This study would help to fill the
gap by availing scientific evidence on the magnitude and risk factors of hypertension
in Addis Ababa.

On the other hand, early identification of hypertensive patients with high CVD risk is
important for risk factor modification and proper medical treatment. The regular CVD
risk status assessment of hypertensive patients could prevent adverse outcomes and
improve quality of life [40]. However, there are no available studies that evaluated the
future 10-year CVD risk of hypertensive individuals using prediction tools in Ethiopia.
In addition, among the dietary factors, the optimum amount and dose-response
association between the intake of FV and CVD risk remain uncertain. Therefore, it is
crucial to predict CVD risk and further assess the ideal intake of FV among

hypertensive patients to implement informed lifestyle modifications in clinical practice.

Non-pharmacological and pharmacological interventions have been recommended for
the reduction of hypertension in various population groups. Lifestyle modification
approaches include weight loss for those who are overweight or obese, regular physical
exercise, a healthy eating pattern, for instance, reducing dietary sodium intake, and
following the DASH dietary approach. Moreover, combining the non-pharmacological
intervention with prescribed anti-hypertensive medication provides an improved blood
pressure reduction or control [26, 35, 36]. Therefore, understanding the magnitude and
finding the major dietary risk factors of the community dwellers of Addis Ababa would
guide to identification of a sound dietary intervention strategy for public health and

clinical practice of hypertensive patients.



The American Heart Association (AHA) and American College of Cardiology (ACC)
recommended the DASH diet for better hypertension management, which is mainly
based on typical American diets [36]. Studies including the DASH indicated that
synergistic effects of food combined into a dietary pattern rather than a single nutrient
or food may provide the maximum health benefit attainable from the diet. Randomized
controlled trials (RCT) indicated that the DASH diet rich in potassium, magnesium,
calcium, and fiber intake, has a beneficial impact on blood pressure reduction in western
populations [26]. Making it a gold standard dietary recommendation for non-
pharmacological intervention in hypertensive patients and to decrease the risk of

hypertension as well as adiposity in the general population.

However, the applicability of DASH diets in Ethiopian settings is not well-studied.
Since the DASH diet was primarily designed for western populations, it is difficult for
Ethiopians to follow the original DASH diet per se, because the Ethiopian dietary
patterns, taste preferences, and food types are very different from the western culture.
There is a need to study the effects of a DASH-style diet on the Ethiopian population.
Therefore, we examined the association between adherence to the DASH-style diet and

the risk of hypertension and obesity among adults.

In general, this dissertation aimed to investigate the prevalence, dietary, and related risk

factors of hypertension among the adult population of Addis Ababa, Ethiopia.



1.3. Literature review
1.3.1. Blood pressure and hypertension: definition and health consequences

Blood pressure is defined as the force exerted by the circulating blood on the large
arterial walls of the cardiovascular system [37]. Maintaining a fairly constant level of
blood pressure is important since prolonged elevated blood pressure can result in
serious harm to different parts of the body while low blood pressure may lead to fainting
due to decreased blood flow to the brain. Blood pressure is controlled by the renin-
angiotensin system (RAS), sympathetic nervous system, and kidneys via regulation of
the volume of electrolytes and body fluids [38, 39]. In approximately 90% of cases,
elevated blood pressure has no specific physiological cause, and is referred to as
primary, essential, or idiopathic hypertension. The other 10% of cases are secondary

hypertension caused by an underlying kidney or adrenal disease [40].

Hypertension is the clinical diagnosis of measured and agreed level of elevated blood
pressure. Globally, numerous guidelines exist regarding the measured blood pressure
classification for the definition of hypertension. Generally, the 2003 Seventh Report of
the Joint National Committee (JNC 7) and the 2014 report of the panel members of the
Eighth Joint National Committee (JNC 8) guidelines defined hypertension as SBP
greater than 140 mmHg and/or DBP above 90 mmHg in individuals above 18 years,
based on a mean of two or more measurements taken while seated in office or being on

anti-hypertensive treatment [41, 42].

Additionally, in the European Society of Cardiology/European Society of Hypertension
(ESC/ESH) guideline, the definition of hypertension remained similar to that of the
JNC 7 [43]. However, another guideline for diagnosis and management of hypertension
has been recently published by the American College of Cardiology/American Heart
Association (ACC/AHA) and defined hypertension as SBP above 130 mmHg and/or
DBP above 80 mmHg and/or being on anti-hypertensive medication [40]. The cut-off
points are based on the existing evidence which shows that treatment of patients to
reduce blood pressure below these values is beneficial [43]. The 2017 ACC/AHA
guideline suggests lower systolic and diastolic blood pressure levels for the definition

of hypertension compared to the previous guidelines (for instance the 2003 JNC 7). The



following tables present the detailed classification of blood pressure in both guidelines
(Table 1 and Table 2).

Table 1: The blood pressure classification according to the Seventh Joint National
Committee (JNC 7) guideline.

Categories SBP (mmHg) DBP (mmHg)
Normal <120 And <80
Prehypertension 120-139 and/or 80-89

High blood pressure or Hypertension

Stage 1 HTN 140-159 and/or 90-99

Stage 2 HTN 160-179 and/or 100-109

Stage 3HTN >180 and/or >110
Isolated systolic HTN >140 And <90

Adapted from Chobanian et al., (2003) [41], the seventh report of the Joint National Committee on the
prevention, detection, evaluation, and treatment of high blood pressure report.

Table 2: The blood pressure classification according to the 2017 ACC/AHA guideline.

Categories SBP (mmHg) DBP (mmHg)
Normal <120 And <80
Elevated BP 120-129 and/or <80
Stage 1 HTN 130-139 and/or 80-89
Stage 2 HTN >140 and/or >90

Adapted from Whelton et al., (2018) [40], The Guideline for the Prevention, Detection, Evaluation, and
Management of High Blood Pressure in Adults: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines.



1.3.2. The Global epidemiology of hypertension

Hypertension is a major contributor to developing CVD such as stroke and heart
diseases, causing 45% of heart disease-related deaths and 51% of deaths attributed to
stroke worldwide [44]. Globally, CVD contributed to approximately 18 million total
deaths in 2019, and out of the total deaths, more than 10.8 million were due to

hypertension complications [8, 45].

Hypertension is a multifactorial disease caused by the interaction of an individual's
genetical makeup and multiple environmental variables that are involved in the
pathogenesis of the disease. Major nutritional, behavioral, and environmental variables
such as advanced age, being overweight or obese, diabetes mellitus (DM), being
physically inactive or following a sedentary lifestyle, cigarette smoking, alcohol
consumption, psychological stress, poor sleep quality, presence of susceptible genes or
family history, consumption of saturated fats, excess salt (sodium), and low intake of
fruits and vegetables (potassium) were found as important risk factors for hypertension
[46, 47].

The incidence of hypertension is increasing globally and is estimated to affect 1.39
billion (31.1%) people. Particularly, the magnitude is higher in low- and middle-income
countries (LMIC) (1.04 billion) than in high-income countries (349 million people).
Besides this, the number of people affected also exceeds those of high-income countries
because of the ongoing economic growth and population aging [48]. According to the
World Health Organization, around a third of the world’s population suffers from the
burden of hypertension and the incidence has been escalating at a rapid proportion due
to recent lifestyle changes [49, 50]. Moreover, the rapid epidemiological transition in
LMIC from communicable to NCDs in the past few decades is largely attributable to
four major modifiable risk factors such as tobacco use, physical inactivity, alcohol

intake, and consumption of unhealthy diet [51].
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1.3.3. The epidemiology of hypertension in Ethiopia

Ethiopia is undergoing an epidemiological, demographical, economic, and nutritional
transition from predominantly infectious diseases to an increasing NCD burden like
most developing countries, with hypertension mounting at an unprecedented rate
despite the fragile health system. The major contributing factors to the increasing
prevalence of NCDs in Ethiopia comprise the recent adoption of a Western lifestyle in
urban areas particularly being more sedentary, cigarette smoking, increased stress, and
intakes of highly processed foods as well as increasing life expectancy in the country
[29, 31, 34].

A surveillance system to monitor the epidemiology and related risk factors of
hypertension has not been established in Ethiopia. The majority of the existing
information is from the estimations and projections of the WHO mainly based on data
produced from the health information system and fragmented surveys. Nevertheless,
the 2015 Ethiopian STEPS survey is considered to be a recent representative study of
NCD that was conducted nationwide. This study found the prevalence of hypertension
to be 16%, affecting a higher proportion of the urban population. Furthermore, the
overall prevalence of undiagnosed hypertension was reported to be very high in
Ethiopia [29].

Additionally, a systematic meta-analysis conducted in Ethiopia estimated the
prevalence of hypertension between 20% and 30%, still a higher proportion in the urban
population [10-12, 52]. One earlier population-based study in Addis Ababa reported a
higher magnitude of 31.5% and 28.9% in males and females, respectively [13]. On the
other hand, a recent survey conducted in Addis Ababa city reported a 29.2% prevalence
of hypertension [53]. All these studies indicated hypertension as a hidden epidemic in

Ethiopia, especially in urban areas such as Addis Ababa.

1.3.4. The link between obesity and hypertension

Obesity is the most prevalent and considered a 21st-century epidemic, nutritional
disorder in developed and developing countries that is associated with increased
cardiometabolic risks [24, 38]. Obesity is defined as a disproportionate body weight for
height with an excessive accumulation of adipose tissue that is usually accompanied by

mild, chronic, systemic inflammation. Fat deposition in obesity results from an
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imbalance between caloric intake and energy expenditure. Accordingly low physical
activity (sedentary life style) and over consumption of high energy-yielding foods
above the needs of an individual results in fat depositions leading to obesity [38]. Based
on the position of fat accumulation in which they are found, adipose tissue in the body
is classified as visceral adipose tissue found in intra-abdominal (mainly mesenteric,
perirenal, and pericardial adipose tissue) and subcutaneous adipose tissue [38, 39].
Visceral fat area correlated with obesity-associated cardiovascular risks, but

cardiovascular risks did not increase with the increase of subcutaneous fat [39].

Obesity has been identified as a major risk factor for primary hypertension commonly
stated as obesity-hypertension [38]. BMI is a significant determinant of SBP accounting
for 14% and 32% of the variance in men and women respectively after controlling for
age in the World Health Organization MONICA (MONItoring of trends and
determinants in CArdiovascular disease) study [54]. In a prospective population study
of men and women, an increase in BMI was significantly related to an increase in SBP
and DBP. Additionally, each 5% weight gain was associated with a 20-30% elevated
risk of developing hypertension [55]. Furthermore, obesity was found as a major
predictor of hypertension adjusting for baseline blood pressure after 8 years of follow-
up in the Framingham Offspring Study. The study also indicated that about 73% and
56% of hypertension cases in men and women respectively were attributed to obesity
[56].

The specific mechanism that links obesity and hypertension is not well understood yet.
Nevertheless, both animal models and human studies have revealed that expansion of
the blood volume and higher rate of sodium reabsorption in the kidneys play a vital role
in obesity-hypertension development [38]. Elevated serum leptin has been associated
with the development of obesity-hypertension through increasing renal sympathetic
nerve activity and reducing sensitivity to appetite inhibition [39]. The higher odds of
hypertension incidence in obese individuals may be also attributed to hyperinsulinemia
which leads to the activation of the sympathetic nervous system and may consequently

increase blood pressure through vasoconstriction or elevated sodium retention [38].

Nearly 58% of the world’s adult population is estimated to be overweight or obese by
the year 2030 [24]. Given the high and increasing magnitude of obesity both in

developed and LMIC countries [38], body weight management is an important measure
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for hypertension prevention and control. Therefore, the identification of strategies to
decrease overweight and obesity in the population is important in reducing the
probability of developing hypertension over time.

1.3.5. Cardiovascular disease risk and hypertension

Cardiovascular disease affects 523 million people and causes more than 18.6 million
deaths worldwide in 2019 [57]. More than 80% of the attributable burden of the disease
was found in low- and middle-income regions [45]. Globally, hypertension is the most
prevalent cardiovascular disorder affecting more than one billion adults’ population and
it has been identified as a risk factor for stroke, coronary heart disease, congestive heart
failure, peripheral arterial diseases, and renal failure [48, 58]. Similarly, hypertension
is a major risk factor for stroke, coronary heart disease, and other CVDs in Ethiopia
[59].

A meta-analysis of one million adults from 61 prospective observational studies found
that stroke and ischemic heart disease (IHD) mortality increases progressively and
linearly from blood pressure levels as low as 115 mmHg SBP and 75 mmHg DBP
upward (Figure 1). The increased mortality risks are observed in age groups from 40 to
89 years of age. The risk of mortality from IHD and stroke is doubled for every 20
mmHg SBP or 10 mmHg DBP increase [60].
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Figure 1: Stroke and Ischemic heart disease (IHD) mortality rate in each decade of age
plotted for the usual SBP and DBP (Adapted from Lewington et al., (2002) [60]).

1.3.5.1. Assessment of cardiovascular disease risk in hypertension

Early detection of CVD risk status is important for the better treatment of high-risk
individuals and the prevention of adverse outcomes. Previously, hypertension
guidelines relied on blood pressure values as the only or main variables to determine
therapeutic interventions. This approach was maintained up to the 2003 Joint National
Committee (JNC) 7 guidelines [41]. However, the most recent hypertension guidelines
emphasized that the management of hypertension should be related to the quantification
of total cardiovascular disease (CVD) risk [40, 43]. The basis for this approach is that

only a small percentage of hypertensive patients have an elevation of blood pressure
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alone with the majority revealing additional CVD risk factors [61]. The presence of
elevated blood pressure and other metabolic risk factors concomitantly may potentiate
one another. Hence, based on total CVD risk level the thresholds and goals for
antihypertensive treatment as well as treatment approaches for concomitant risk factors
may vary. Therefore, the prediction of CVD risk is important for guiding patient

management.

Several multifaceted and computerized methods have been developed for predicting
total CVD risk, which is the likelihood of experiencing a CVD event typically within
the next 10 years. Most risk stratification algorithms are based on the Framingham
study [62], estimating the 10-year risk for both fatal and non-fatal CHD by SBP and the
existence of other risk factors. Furthermore, the country-specific Globorisk score partly
validated in Sub-Saharan Africa is also becoming widely utilized recently [63]. The
simple and quick calculation of CVD risk may support the health professional and
patient in indicating the proper treatment.

The FRS is a simplified and commonly used tool to aid clinicians in estimating 10-year
CVD incidence among individuals aged >30 years [62]. This tool also helps identify
candidate patients for risk factor modification and preventive therapeutic treatment
[64]. The FRS model considers multiple sex-specific risk factors variables such as age,
SBP, total cholesterol (TC), high-density lipoprotein (HDL)-cholesterol, smoking
habit, diabetes status, and anti-hypertensive medication treatment [62]. This valuable
CVD risk prediction algorithm has been widely used in both developing and developed
countries of the world [65]. The assessment of FRS can ultimately decrease CVD risk
and improve the quality of care for hypertensive patients. The application of FRS has
been studied in various developing countries such as Nigeria, and Malaysia, and has
also been shown to be beneficial to evaluate the CVD risk of diabetic patients in
Bangladesh [66-68]. Nevertheless, no validation study was conducted in Sub-Saharan

African countries like Ethiopia from data based on a large cohort.

1.3.6. Diet and blood pressure

Dietary factors are recognized to impact blood pressure and energy imbalance (obesity)
through inter-related interactions occurring at various levels between nutrients, foods,

and dietary patterns. Additionally, nutrients, foods, and dietary patterns can be affected
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by lifestyle factors such as physical exercise and access to proper nutritional guidance
(Figure 2).

Nutrients, foods, and dietary patterns are all interrelated. Primarily, nutrients as well as
other nutritional compounds with recognized health benefits are delivered by foods and
are essential for human health [69]. Previously the emphasis on the role of nutrients in
health permitted the understanding and prevention of different diseases which
consequently led to the formation of nutrient supplementation approaches.
Nevertheless, as it is well acknowledged, nutrients are consumed from the whole food
in the diet. This results in food synergy, whereby the combination of nutrients delivered
through different food matrices may have superior importance compared to specific
nutrients in individual foods [70]. Lastly, a combination of individual foods leads to the
aspect of dietary patterns, which is easier to translate into food-based dietary
recommendations, such as dietary guidelines and their application in clinical practice
[71].

Lifestyles

(Phyvsical
activity, Stress,
Sleep ete.)

Dietary patterns

Essential
Hypertension

Foods

{Fruits &
Vegetables)

Nutrients

(Sodium.
Potassium)

Figure 2: The relationships and effects of nutrients, foods, dietary patterns and other

lifestyles on essential hypertension (The concepts are compiled from Mills et al., (2020)

[48]).
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1.3.6.1. The effect of individual foods on blood pressure

As described above nutrients are delivered in foods, which also consist of other
components such as polyphenols and plant sterols that evidence have shown to be useful
to the overall human well-being [69]. Besides, research into foods and their effect on
health is important for policy development, particularly translation into food-based
dietary guidelines. Since we do not consume nutrients separately, dietary guidelines
should provide recommendations on the consumption of whole foods, rather than
individual nutrients [71]. Accordingly, various randomized controlled trials and
observational studies have explored the impact of single foods on blood pressure.

A. Fruit and vegetables

The consumption of a diet rich in fruits and vegetables can have a protective effect
against hypertension as well as CVD risk due to the high content of nutrients such as
potassium, minerals, antioxidants, fiber, and vitamins. However, the precise
mechanism of this effect is not yet fully explained and may involve reducing risk factors

like elevated blood pressure, oxidative stress, and inflammation [72, 73].

A higher consumption of fruits and vegetables (>8 servings/day) was significantly
associated with a lower risk of hypertension in a large cohort after 12.9 years of follow-
up. However, the association did not persist significantly after adjusting for potential
covariates including smoking, alcohol intake, physical activity, whole grains, red meat,
low-fat dairy, and nuts; which highlights the contribution of other lifestyle and dietary
factors on hypertension [74]. This suggests that blood pressure level is not only
influenced by single foods like fruits and vegetables but also by other foods that are

consumed in the dietary pattern.

Several studies have indicated an inverse association between the dietary intake of fruits
and vegetables and CVD occurrence. A recent meta-analysis found that an increase in
consumption of fruits, vegetables, or combined intake by 200 g/day is associated with
a reduction of 8-16% in the risk of coronary heart disease, 13-18% stroke, and 8-13%
in the risk of CVD [75]. A similar study also observed that individuals who consumed
higher fruits and vegetables (approximately 500 g/day) experienced a 22% decreased

risk of CVD compared to low consumption [76].
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Additionally, the separate contribution of fruits and vegetables and CVD risk were
assessed in different studies. For instance, the PURE prospective study and a dose-
response meta-analysis of cohort and cross-sectional studies found a significant
reduction in CVD risk with the intake of fruits, but not vegetables [73, 77].

Vegetables may be consumed raw or cooked, and cooking may affect the availability
and digestibility of nutrients such as phytochemicals, vitamins, minerals, and fiber.
Studies suggest that cooking can reduce nutrient and enzyme content and even produce
harmful substances. However, cooking can also increase the bioavailability of some
nutrients like lycopene and [ carotene [73]. The UK Biobank cohort and PURE study
found that higher consumptions of raw, but not cooked, vegetables were associated with
lower CVD, and the protective effect of vegetables may be affected by cooking methods
[73, 78]. Hence, the independent effect of raw and cooked vegetable intake on CVD
risk should be elucidated further.

Many dietary guidelines have suggested inconsistent intake of fruits and vegetables
from 400 to 800 g/day [73, 79] and 100-200 g/day from recent Ethiopian food-based
dietary guidelines [80], based on its primary favorable effects on blood pressure and
the consequent reduction of CVD morbidity and mortality. Nevertheless, these
recommended targets are unaffordable in LMIC [73] and over 98% of the Ethiopian
population consumes less than the minimum recommended intake [29]. Furthermore,
the optimal intake of fruits, and vegetables and the dose-response relationship with

CVD risk remain uncertain.
B. Whole grains

Whole grains are rich sources of dietary fiber, lignin, f-glucans, inulin, minerals, many
phytochemicals, phytosterols, phytin, and sphingolipids [81, 82]. In whole grains, most
bio-actives are derived from their unique bran and germ structure [83]. Current
evidence indicates that the different types of dietary bio-actives present in whole grains
(as well as other plant foods) work synergistically to promote health. Once consumed,
bio-actives may retain their protective character and work as antioxidants or anti-
inflammatory agents [81]. The dietary bio-actives accountable for health benefits linked
with whole grains may also complement those contained in fruits and vegetables when

consumed together [81, 83].
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Although evidence continues to emerge, observational studies consistently suggest that
the consumption of 2-3 servings of whole grains daily is associated with beneficial
health effects (primarily a reduced risk of CVD and obesity). According to a 2016
systematic review of prospective cohort studies, a 90 g/day increase in whole grain
intake (90 g is equivalent to 3 servings) was associated with a 12% reduction in CVD
and a 19% reduction in CHD [84]. Epidemiological and clinical intervention studies
suggest that the intake of whole grains may decrease the risk of CVDs, most probably
due to their ability to lower both blood pressure and low-density lipoprotein (LDL)
cholesterol. Furthermore, prospective cohort studies have consistently revealed that
consumption of whole grains has an inverse association with and a lower risk of death
from CHD, ischemic heart disease, heart failure, and hypertension [81, 85, 86]. The
whole grain's CVD preventive effects are greater than those from cereal fiber alone or
fiber from fruit and vegetable intake.

Although whole grains contain similar energy (i.e., kilocalories) to refined grains, there
is significant evidence that consumption of whole grains may lead to reduced body fat
and weight. Observational studies consistently indicate that consuming approximately
three servings of whole grains per day is associated with a lower body mass index
(BMI), smaller waist circumference, smaller waist-to-hip ratio, and lower abdominal,
subcutaneous, and visceral adipose tissue volume [85]. Prospective cohort studies also
indicate that increases in abdominal obesity and weight gain are lower among
participants who consume higher amounts of whole grains [87]. Consistent with the
aforementioned studies, a systematic review of small RCTs showed that consuming
whole grains may lower body fat percentage, waist circumference, and BMI [88].
Moreover, emerging evidence from clinical studies points out that whole grain
consumption may alter body fat distribution, independent of changes in body weight,

though the mechanism of action is yet to be elucidated [86, 88].
C. Legumes

After increasing the consumption of dietary legumes (beans and peas), blood pressure
reductions have been documented. Dietary legumes are rich sources of plant protein,
dietary fiber, and potassium which have been attributed to lower blood pressure levels
[89]. Consumption of dietary legumes (average 162 g/day) was shown to significantly

lower SBP by 2.25 mm Hg in a meta-analysis of isocaloric randomized controlled trials
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which included participants with and without hypertension [90]. Therefore, dietary
legumes may have a beneficial effect on reducing blood pressure.

D. Nuts

The association between nut consumption and blood pressure has also been explored in
several randomized controlled trials and prospective studies. The blood pressure-
lowering effects of nuts may be elicited by their high amounts of mono and poly
unsaturated fats, magnesium, potassium, and fiber and low in sodium and saturated fats
[91]. These nutrients' effects on blood pressure are well-known but the unique
combination and other features in the nuts might also provide positive results.

The consumption of 1 serving of nuts/day was significantly associated with a 34%
reduced risk of hypertension (RR: 0.66; 95% CI: 0.44, 1.00; P = 0.006) in a meta-
analysis of prospective cohort studies involving participants without and with
hypertension [92]. In contrast, no association was exhibited between nut consumption
and the development of hypertension in the SUN prospective cohort of 9,919 adults
after adjustment for sex, age, and other potential confounding factors [93]. Therefore,
due to contradicted findings, the effect of nut consumption on lowering blood pressure

is not conclusive and it may be influenced by other dietary variables.
E. Dairy products

Dairy foods are rich in protein and bioactive peptides, which may influence blood
pressure via mechanisms such as the impact on the endothelium function, inhibition of
angiotensin-l-converting enzyme, and effect on body weight [94]. Furthermore,
nutrients found in dairy foods such as calcium, magnesium, and potassium have been

associated with reduced blood pressure levels [95].

The relationship between dairy consumption and blood pressure was investigated in a
Spanish longitudinal prospective study among middle-aged adults free from
hypertension, cardiovascular disease, diabetes, and cancer [96]. This study indicated
that intake of low-fat dairy more than 2 servings per day (615 g) was related to a 54%
lower risk of developing hypertension. Likewise, the Rotterdam study revealed the
intake of 561 g per day (3.7 servings) of low-fat dairy was associated with a 31% lower

risk of hypertension after 2 years of follow-up [94].
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Furthermore, the PREDIMED study found an inverse association between low-fat dairy
intake and blood pressure in adults after a 12-month follow-up. The highest quartile of
dairy intake was significantly related to a lower SBP and DBP by 4.2 mm Hg and 1.8
mm Hg, respectively. In this study, dietary intake was assessed using a semi-
quantitative food frequency questionnaire [97]. Nevertheless, no significant
associations were observed with the consumption of whole-fat dairy. The lack of
association might be explained by the detrimental effect of a diet high in saturated fatty
acid on endothelial function [98]. Dairy products are an important constituent of diet as
they contain nutrients highly significant for blood pressure control. However, the
current body of literature recommends limiting the consumption of whole-fat dairy in
the diet.

F. Meat

Consumption of meat would be expected to impact negatively blood pressure due to the
higher amounts of sodium, saturated fat, and nitrates [99]. In contrast, meat
consumption may have a blood pressure-reducing effect because of the presence of
amino acids such as arginine, tryptophan, taurine, and tyrosine that affect the vascular
system. In animal models, L-arginine and taurine were found to lower blood pressure.
In addition, in hypertensive patients L-arginine infusion leads to a reduction of blood

pressure through a vasodilatory effect from an increase production of nitric oxide [100].

In the Coronary Artery Risk Development in Young Adults (CARDIA) prospective
study, the consumption of red and processed meat more than 1-2 times/day at baseline
was positively associated with a 20-40% higher risk of developing hypertension
compared to intake less than 0.6 times/day after 15 years of follow-up [99].
Alternatively, a 26% higher risk of developing elevated blood pressure was found in
normotensive Japanese male workers who consumed less meat compared to those who
consumed meat more frequently after 4.6 years of follow-up [101]. Therefore, since red
meat intake has been shown to be both positively and negatively associated with blood
pressure, its effect may be linked to the intake of overall dietary patterns, rather than as

a single food in the diet.

In general, the majority of available pieces of evidence warranted a better understanding

of the diet-blood pressure association, specifically in higher-risk groups such as
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hypertensive and obese adults. Diets are complex with multiple nutrient interactions,
thus making it difficult to separate the role of a single nutrient or food in relation to
specific health and disease variables [102].

1.3.6.2. The effect of dietary patterns on hypertension

Exploring the effect of single nutrients or foods on blood pressure may have some
positive outcomes, but mostly individual foods are not consumed separately and
included within a whole diet, resulting in synergistic nutrient interactions [103]. Thus,
individual nutrients and foods may not depict the combination of different foods that
individuals consume in real life and their impact on health. Hence, dietary pattern
analysis has been suggested to better recognize associations between diet and chronic
diseases in nutritional epidemiology as an additional method [102]. Therefore, it is
valuable to assess the effects of whole dietary patterns on blood pressure as well as
obesity rather than concentrating on single nutrients or single foods.

A. Dietary Approaches to Stop Hypertension (DASH)

The most renowned study that explored the effect of dietary patterns on blood pressure
was the Dietary Approaches to Stop Hypertension (DASH) trial [26]. This historic
study was a randomized, controlled-feeding clinical trial conducted in 459 adults with
SBP <160 mmHg and DBP 80-95 mmHg and aimed to assess the effects on blood
pressure of three distinct diets namely: the control diet (typical American diet), the fruits
and vegetables diet and the DASH diet (combination diet). The assigned diets were
prepared and provided to the participants from the study center for 8 weeks. The DASH
diet is characterized by high intakes of fruit and vegetables, increased low-fat dairy
products, whole grains, nuts, legumes, and seeds as well as accompanied by low
amounts of salt, sweet, and red meat. It is a diet rich in potassium, calcium, magnesium,

proteins, and fibers with low fat and cholesterol [26].

Among all participants, the DASH diet significantly reduced SBP and DBP by 5.5 and
3.0 mmHg, respectively, compared to the typical American control diet, and by 2.7 and
1.9 mmHg, respectively, compared to the fruits and vegetables diet. However, the
reduction was greater in subjects with hypertension compared to those without

hypertension. Specifically, among the hypertensive participants the DASH diet
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decreased significantly SBP and DBP by 11.47 mmHg and 5.5 mmHg, respectively,
more compared to the control diet [26].

In the DASH study, the participant's body weight was maintained at a constant level,
and sodium intake among the three diets was kept constant (3000 mg/day).
Nevertheless, the DASH diet resulted in a reduction of 73 mg in sodium consumption
compared to a reduction of 232 mg in the fruit and vegetable diet and an increase of
142 mg in the control diet. This may suggest that the total dietary pattern has more on

blood pressure lowering impact than a single nutrient such as sodium.

The effect of reducing sodium was consequently assessed and the low-sodium DASH
diet resulted in significant reductions in SBP of 8.9 mmHg while the DASH diet alone
led to SBP reduction of 5.5 mmHg, thus showing the additional benefit of lowering
sodium in the DASH diet. The DASH-Sodium study further exhibited that consuming
a good quality diet with increased fruit and vegetables may be as valuable as decreasing
sodium if on a similar diet to a poor American-type diet [104].

In a recent meta-analysis of randomized trials, the DASH diet was found to lower SBP
and DBP by 4.9 mmHg and 2.6 mmHg, respectively [105]. Similar meta-analyses have
shown that the DASH diet significantly reduced SBP by 6.7 and 5.2 mmHg as well as
DBP by 3.5 and 2.6 mmHg, in the two studies respectively [106, 107]. Furthermore,
cross-sectional data suggest that adoption of the DASH diet is linked with a lower risk
of future development of hypertension and blood pressure levels [108]. A study also
reported lower office and 24-hour ambulatory blood pressure levels between the higher
and lower quartiles of adherence to the DASH score [109]. In accordance with the
previous, the higher compliance to the diet was related to a 15% decreased risk

compared to the lower compliance after a follow-up of 11 years [110].

The DASH diet can be tailored to take into account locally produced foods and also
consider local dietary habits. This was demonstrated in a low glycemic index Brazilian
diet whereby the food items were adapted to the local production but incorporated the
DASH principles [111]. The DASH diet has also been modified to the Australian
dietary habits based on the original DASH diet including salt reduction [112]. However,
there is no evidence of the applicability of the DASH dietary pattern to decrease disease

risk specifically hypertension based on Ethiopian diets which may have important
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implications for public health policy and health professionals in clinical practice to

provide culturally appropriate dietary recommendations.

1.3.7. The effect of physical activity on blood pressure

While an emphasis on whole dietary patterns and food groups is highly useful, there is
also positive evidence of the effect of physical activity on blood pressure. In addition
to dietary modifications, other lifestyle interventions such as weight reduction and
increased physical activity are suggested for improved blood pressure control (Table 3)
[42]. A modest weight loss has resulted in better blood pressure control in obese
subjects on anti-hypertensive drugs after controlling for other factors such as age, sex,
and degree of obesity [113]. In addition, a meta-analysis of randomized controlled trials
examined weight-reducing diets in hypertensive patients found that around 4kg weight
loss resulted in decreased SBP by 4.5 mmHg and DBP by 3.2 mmHg [114].

Likewise, the improved benefits of incorporating physical exercise and weight
management into the DASH diet were indicated in the 4-month Exercise and Nutrition
interventions for CardiOvasculaR hEalth (ENCORE) study. The interventions of this
study included hypocaloric diet (500 kcal/day) consumption and participation in
supervised physical exercise sessions (3 times/week). The DASH diet plus weight loss
(intervention) group significantly reduced SBP by 5 mmHg and DBP by 3 mmHg
compared to the DASH diet-only group [115]. Therefore, including increased physical
activity and weight loss strategy in the DASH dietary pattern is more beneficial for

blood pressure reduction.
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Table 3: Level of blood pressure decrement associated with adherence to lifestyle

modifications for hypertension management.

Average SBP

Lifestyle modification Recommendation o
reduction in mmHg

) Maintain normal body weight
Weight loss 5-20 per 10 kg loss
(BMI 18.5-24.9 kg/m?)

Adopt a diet high in fruits,

vegetables, and low-fat dairy as

DASH dietary pattern ) 8-14
well as low in saturated and
total fat
) ) Restrict to < 2300 mg sodium
Reduced dietary sodium 2-8
or 5 g salt

) Regular aerobic exercise (at
Increased physical )
o least 30 minutes on most days 4-9
activity
of the week)

No more than 2 standard drinks
Moderate alcohol ) 2-4
for men and 1 drink for women

Adapted from JNC 8 guidelines [42].

1.3.8. Summary of evidence and gaps in the literature

This review of the literature has identified that the rapid increase in hypertension is of
public health concern in Ethiopian urban areas and therefore needs to be duly addressed.
As it has been described in this section, blood pressure is influenced by diet at different
stages precisely; nutrients, individual foods, and dietary patterns. There are consistent
results that recognize the benefits of dietary modifications for blood pressure
management. However, the impact of diet on blood pressure is not yet fully studied in
most LMICs such as Ethiopia. Therefore, there is a need to study the current state of
evidence on how diet affects blood pressure in order to inform both population-level

management of hypertension and individualized clinical practice.

Although adherence to DASH diets and reduction of blood pressure have been well-
recognized, there is no available data on the DASH diet based on Ethiopian foods that

may have the most beneficial impact on blood pressure and adiposity.

25



In order to assist in the investigation of determinants of hypertension, CVD, and
adiposity risks, a conceptual framework was constructed based on the findings of the
literature review (Figure 3). The framework briefly outlines the modifiable and non-
modifiable risk factors, positive, and negative health consequences, and dietary

intervention of hypertension.

In general, this section has identified the following gaps in the evidence base, which

will be addressed in this dissertation:

e There is little comprehensive and representative research on the prevalence and
predictors of hypertension among adults in Addis Ababa, Ethiopia, which are

vital for prevention and control efforts.

e There is a lack of research on the importance of single food such as fruit and
vegetable intake and its association with future CVD risk (predicted 10-year risk

using FRS) among hypertensive patients.

e There is a paucity of studies evaluating the evidence on the relationship between
dietary patterns measured using modified DASH score and incidence of

hypertension as well as obesity.
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Modifiable risk factors

Single nutrients
e Sodium
e Potassium

Single foods Whole dietary patterns
e Fruits and vegetables e DASH diet

e Salt ‘

Non-modifiable factors

e Genetics
e Race

e Demographic factors
(age and sex)

2

Lifestyle factors
Physical inactivity
Smoking
Alcohol
Psychological stress

Obesity I
Hypertension <—J

e Medical conditions

Poor sleep quality

Positive outcomes

Decreased hypertension
incidence

Better BP control
Lower future CVD risk
Reduced adiposity risk

Prevention of morbidity
& mortality

Negative outcomes
CVvD

Chronic kidney disease
Renal failure
Neurological disease
and stroke

Premature death and
disability

Figure 3: A brief conceptual framework for modifiable and non-modifiable risk factors

and health consequences of hypertension.
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1.4. Research questions

1. What is the prevalence of hypertension among adults in Addis Ababa, Ethiopia?

2. What are the key modifiable risk factors of hypertension among adults in Addis
Ababa, Ethiopia?

3. What is the predict 10-year CVD risk and its dose-response association with

fruit and vegetable intake among hypertensive patients?

4. s adherence to a modified DASH-style diet associated with lower hypertension

and obesity incidence among adults in Addis Ababa, Ethiopia?
1.5. Objectives of the dissertation
1.5.1. General objective

The main objective of the study is to determine the prevalence of hypertension, identify
its risk factors, and investigate the potential impact of diet and dietary patterns on

hypertension among the adult population of Addis Ababa, Ethiopia.

1.5.2. Specific objectives

e To determine the prevalence of hypertension and identify its predictors among
adults in Addis Ababa, Ethiopia.

e To predict the 10-year CVD risk of hypertensive patients and assess its

association with fruit and vegetable intake.

e To evaluate the relationship between adherence to the DASH-style diet and the

risk of hypertension and obesity among adults in Addis Ababa, Ethiopia.
1.6. Significance of the study

The prevalence of hypertension and obesity is steadily rising in urban areas of Ethiopia
including Addis Ababa over the past decades. However, empirical evidence is scarce,
and this has utterly affected the prevention and control efforts. Consequently, the
existing burden of diet-related NCDs in the city remains hidden and the health sector
continues to focus on infectious diseases, perinatal mortality, and undernutrition.

Therefore, this study would help to fill the gap by providing concrete evidence on the
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magnitude and predictors of hypertension in the city using better methodology (such as
applying survey weights and including unexplored predictors) and uncovering

undiagnosed hypertension for earlier intervention.

The major risk factors of hypertension are well-known and are mostly modifiable.
Nevertheless, studies are critically needed to pinpoint the drivers of the epidemic in a
specific setting so that the interventions can be focused and effective. This study
assessed various determinants of hypertension involving socio-demographic, dietary,
and lifestyle factors. Moreover, the study explored the relative health significance of
risk factors and identified the most pertinent ones for possible evidence-based public

and individual intervention to prevent and control hypertension.

This study also predicted 10-year CVD risk using the FRS algorithm and assessed its
relation with FV intake among hypertensive patients, and tested the agreement of FRS
with country-specific Globorisk prediction tool in Ethiopia. The findings are useful for
clinicians and highlight the need for a concerted effort to provide effective interventions

to reduce the risk of CVD in hypertensive patients.

Dietary factors constitute the most significant modifiable risk factor for the early onset
of major chronic diseases, like hypertension. Several studies have investigated the
health effects and benefits of diet, but there is much more to research. Food is critical
for general health and has a great contribution to disease treatment. However, previous
studies conducted in Ethiopia failed to assess the dietary risk factors of NCD in depth.
Hence, finding out the interaction between food and disease is beneficial to planning
dietary pattern modification and designing clinical nutrition interventions. Besides, the
findings of this study may be used as input for policymakers and health professionals
to design appropriate intervention strategies. The information obtained might be also
useful for the prevention of nutrition-related NCDs in Ethiopia and aid as a baseline for

students and researchers to carry out further research.

1.7. Scope of the study

Non-communicable diseases are prevalent in the world, with all their adverse health
outcomes. The problems become worse in LMICs like Ethiopia and mainly consist of
CVD, cancers, chronic respiratory disease, and diabetes mellitus. However, the

magnitude of CVD specifically hypertension is growing rapidly compared to the other
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NCDs in urban areas of Ethiopia. Hence, there is a need for more comprehensive and
up-to-date information to effectively address the burden of NCD.

Therefore, this study mainly aimed to investigate the prevalence of hypertension and
predict the CVD risk of hypertensive patients, and finally evaluate the association of
DASH-style dietary pattern with the risk of hypertension and adiposity in Addis Ababa,
Ethiopia. While the undertaken thematic research project targeted hypertension and
diabetes mellitus from major NCDs, the remaining chapters of this thesis primarily
focused on hypertension. Generally, this doctoral thesis is focused on hypertension and
explores risk factors from a nutrition perspective, as the scope of the work has been
concisely indicated in the above-formulated research questions and objectives. These
questions were the basis for the general discussion and conclusion of the dissertation.

1.8. Limitations of the study

We rigorously conducted this doctoral study in three separate chapters considering valid
and reliable scientific approaches, but the findings should be interpreted in light of some
limitations. The detailed limitations are described below in the respective chapters.
However, some of the general setbacks include the following points. In the overall
dissertation, causal relationships cannot be constructed due to the cross-sectional nature
of the studies, and future large prospective cohort studies are warranted to establish
causality. Although we have considered potential confounders as per the requirement
of the individual studies, the possibility of residual or unmeasured factors cannot be
ignored. The food intake assessment technique that was used may increase the risk of
recall bias and misclassification, but to minimize the risk, data collectors (interviewers)
were trained to elicit the dietary information. Furthermore, we estimated body fat
percentage using a validated equation as a function of multiple skinfold measurements;
however, this method is not as accurate as the most advanced techniques. Additionally,
the thresholds applied to define excess adiposity had not been validated in the research
setting and this may have caused an over- or under-estimation of obesity. Finally, the
study population was recruited from the capital city of Addis Ababa, Ethiopia, so the
translation of the results to the entire country should be treated with caution. With these
limitations, the findings of this doctoral dissertation have the potential to provide new
insight to clinicians, the research community, and decision-makers in addressing the
burden of NCD in Ethiopia.
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1.9. Structure of the dissertation

This doctoral dissertation is organized into chapters with the findings of different
consecutive studies in the form of published papers and manuscript under review. The
first article focused on evaluating the current magnitude and risk factors of hypertension
among the urban population of Ethiopia (Chapter 2). The second article is dedicated to
estimating the predicted 10-year CVD risk using a prediction model and assessing its
relationship with the consumption of fruits and vegetables among hypertensive patients
(Chapter 3). Furthermore, the final paper of this dissertation explores the relationship
between adherence to the DASH-style diet and the risk of hypertension and obesity
among adults (Chapter 4).
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Abstract

The public health significance of hypertension is increasing in low- and middle-income
countries. However, there is limited epidemiological evidence in Ethiopia. We assessed
the prevalence of hypertension and explored its predictors among adults in Addis
Ababa, Ethiopia. A community-based cross-sectional study was conducted from May
to June 2021 among randomly selected adults aged 18-64 years. A face-to-face
interview using an adapted STEPwise Approach to NCD Risk Factor Surveillance
(STEPS) questionnaire was conducted. Multilevel mixed-effects logistic regression
model was fitted to determine factors associated with hypertension. The sample
consisted of a total of 600 adults (mean age: 31.2 + 11.4 years, 51.7% women). The
overall age-standardized prevalence of hypertension was 22.1% and 47.8% according
to the Seventh Joint National Commission (JNC7) and the 2017 American Heart
Association (AHA) guidelines, respectively. About 25.6% were newly diagnosed with
hypertension. The age groups of 40-54 years (AOR= 8.97; 95% CI: 2.35,34.23), and
55-64 years (AOR=19.28; 95% ClI: 3.96,93.83) as compared to the 18-24 age group,
male sex (AOR=2.90; 95% CI: 1.22,6.87), obesity (AOR=1.92; 95% CI: 1.02,3.59),
abdominal obesity (AOR=4.26; 95% CI: 1.42,12.81), and very poor sleep quality
(AOR=3.35; 95% CI: 1.15,9.78) were independent predictors of hypertension. This
study revealed that the burden of hypertension among adults is very high. Hypertension
is independently associated with the older age group, male sex, obesity, abdominal
obesity, and poor sleep quality. Therefore, the study suggests a need to develop regular
blood pressure surveillance programs, weight loss intervention, and improvement of

sleep quality.

Keywords: hypertension; blood pressure; non-communicable diseases; obesity
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2.1. Background

Non-communicable diseases (NCDs) are the leading cause of death worldwide, causing
41 million deaths every year, which is equivalent to more than 71% of all global deaths
[1]. The figure is expected to rise to 52 million by 2030 [1]. Globally, between 2000
and 2019, the total adult mortality attributable to NCDs increased by 31% [2]. More
than three-fourths of NCD-related deaths occurred in low- and middle-income countries
(LMIC) [1].

Hypertension is an important determinant of cardiovascular disease (CVD). Known risk
factors include genetic, behavioral, and environmental exposure throughout life [3].
Specific components of the diet (especially sodium and potassium), obesity, alcohol,
smoking, physical inactivity, and psychological stress are also linked with hypertension
[3, 4]. Hypertension is a major contributor to CVD such as stroke and heart diseases,
causing 45% of heart disease-related deaths and 51% of deaths attributed to stroke
worldwide [5]. Out of 17.9 million total deaths due to CVDs in 2019, more than half

(10.8 million deaths) were from hypertension complications [6, 7].

The global burden of hypertension is increasing drastically. In 2010 an estimated 1.39
billion adults, equivalent to the prevalence of 31.1% had hypertension worldwide. The
magnitude is increasing in LMIC (1.04 billion), largely due to economic growth, dietary
change, and an aging population, while remaining stable or decreasing in high-income
countries (HIC) (349 million people) [8]. The swift epidemiological change in LMIC
from communicable to NCDs in the past few decades is largely attributable to four
major modifiable risk factors such as tobacco use, physical inactivity, alcohol, and
unhealthy diet [1].

Similar to other LMICs, Ethiopia is also undergoing an epidemiological transition
shifting the causes of mortality from infectious diseases to NCDs. In particular,
hypertension incidence is increasing at an unprecedented rate [8, 9]. The fragile health
system that has already been overstretched by infectious diseases and undernutrition, is
unlikely to withstand the increasing burden of NCDs including hypertension. A
systematic meta-analysis and observational studies including a STEPS survey
conducted in Ethiopia as well as Addis Ababa estimated the prevalence of hypertension
to be between 15% and 30% [9-14]. Although studies indicated hypertension as a
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hidden epidemic in Ethiopia, especially in urban areas, surveillance systems on
epidemiology and related risk factors have not been established.

This study used the baseline survey of the SUNCD-AA (Surveillance of Non-
Communicable Diseases in Addis Ababa) established for monitoring the epidemiology
of NCDs including hypertension in Addis Ababa. The study will be used as baseline
data for monitoring the epidemiology of hypertension in Addis Ababa. Establishing a
regular surveillance system in the city with an appropriate study design is vital to
capture the timely changes. The evidence is also important to develop specific
hypertension preventive strategies and interventions. Therefore, this study aimed to
assess the epidemiology and risk factors of hypertension among the adult population of
Addis Ababa, Ethiopia.

2.2. Methods
2.2.1. Study design and setting

This study employed a community-based cross-sectional design that was conducted
from May to June 2021. The present study was from a part of the baseline survey of
SUNCD-AA project designed to monitor the epidemiology of chronic diseases in the
city every five-year using the WHO’s STEPwise Approach to NCD Risk Factor
Surveillance (STEPS) [15].

The study was conducted in Addis Ababa, the capital and largest city of Ethiopia, which
has an estimated population of 4.5 million, of which 68% are adults 18-64 years of age
[16]. Administratively, Addis Ababa is divided into 10 sub-cities and 116 districts and
has 12 public hospitals, 40 private hospitals, 96 health centers, and more than 800

clinics.

2.2.2. Study population

In the SUNCD-AA baseline survey, men and women 18 to 64 years of age, who were
permanent residents of Addis Ababa city were eligible for inclusion regardless of their
medical history. Women participants were excluded if they had a self-reported

pregnancy or gave birth in the past 12 months of the survey.
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2.2.3. Sample size determination and sampling techniques

A total of 600 eligible adults 18-64 years of age were enrolled in the baseline survey at
the selected households. The required sample size was determined using Cochran's
single population proportion formula [17] by assuming: a 20.6% expected prevalence
of hypertension [9], 95% confidence level, 4% margin of error, and design effect
(DEFF) of 1.5. DEFF of 1.5 was determined using the standard DEFF =1+ (n — 1)
formula taking cluster size (n) of 20 and intra-cluster correlation of (8) of 2%.

The study subjects were selected using a multistage cluster sampling technique. All ten
sub-cities were part of the study. One district (‘woreda’) was randomly selected from
each sub-city. Subsequently, two villages (ketena’ - the smallest geographical unit of
the district) were randomly picked from the selected district and ultimately 20 villages
were represented. Finally, from each village, using the urban health extension workers’
database as a sampling frame, 30 households were randomly selected by using a
computer-based random number generator. When multiple eligible subjects were
available in a household, one was chosen randomly. Few selected individuals who were
not willing to take part in the study or could not be found at home after repeated visits

had been replaced with randomly selected eligible subjects from adjacent households.

2.2.4. Variables of the study

The primary outcome of interest was hypertension (coded as yes/no). Hypertension was
defined as systolic blood pressure (SBP) of 140 mmHg or more, or diastolic blood
pressure (DBP) of 90 mmHg or above, or currently on medication for raised blood
pressure based on JNC 7 classification [18], and SBP of 130 mm Hg or more, or DBP
of 80 mmHg or above, or currently on medication as per guidelines provided by the
2017 American Heart Association (AHA) [19].

Socio-demographic characteristics: sex, age, educational status, marital status,
occupation, religion, household size, and wealth index; Anthropometric and
behavioural factors: body mass index, abdominal obesity, waist-to-hip ratio, smoking
status, alcohol consumption, khat chewing, physical activity level, and fruit and
vegetable intakes; Other factors: diabetes mellitus, stress score, sleep duration, and
quality, excessive sleepiness, snoring, and family history of hypertension were the

independent variables that were used to explain the dependent variable.
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2.2.5. Data collection tools and procedures

Data were gathered through face-to-face interviews using an adapted WHO ‘STEPwise
approach for NCD surveillance’ questionnaire, a standard method for monitoring
behavioural, dietary, and metabolic risk factors of NCDs [15]. The questionnaire was
modified according to the STEPS manual to include locally relevant items such as Khat
chewing status. In addition to the WHO ‘STEPwise Approach’ questions, perceived
stress and sleep pattern variables were added. The instrument was also translated to the
Ambharic language, pretested, and contextualized to the local setting. Selected questions
extracted from the Ethiopian Demographic and Health Survey (EDHS) questionnaire
were used to collect socio-demographic and household economy-related information.

Physical activity level was measured by Global Physical Activity Questionnaire
(GPAQ) incorporated into the STEPS tool. The instrument explores three main areas
of day-to-day activities: work (including domestic work), transport, and recreational
activities. Subsequently, total physical activity level was classified as high or low based

on the metabolic equivalent of task (MET)-minutes per week [15].

Current alcohol consumption and smoking status were assessed based on a Yes or No
response question. Participants who consumed any amount of alcohol in the past 30
days were considered alcohol consumers. Khat (Catha Edulis Forsk) (green leaf with
stimulant effect) chewing habits of participants were assessed based on ever chewer
and never chewer. Fruit and vegetable consumption was assessed by asking participants

the number of days the fruit and vegetables were consumed in a typical week.

The stress level was measured using Cohen’s 10-item Perceived Stress Scale (PSS)
[20]. Response categories were based on a 5-point Likert scale ranging from never (0)
to very often (4). To obtain PSS scores, all the items were summed up after the response
of four positively stated items has been reverse coded. Then we categorized the stress
level into low (0-13), moderate (14-26), and high (27-40) perceived stress. The sleep
duration was categorized as short (< 7 hours per day), normal (7-9 hours per day), and

long (> 9 hours per day).

Data were digitally collected using the Open Data Kit (ODK)® system via KoBo
Toolbox® server. Enumerators and supervisors were trained nurses with extensive field

experience. Four-day training was offered to the data collectors using a training manual.
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The training included discussions on principles and ethics of data collection,
standardization of anthropometric measurements, and procedures for measuring blood

pressure and blood glucose levels.
2.2.5.1. Anthropometric measurements

The weight, height, waist, and hip circumferences of all participants were measured
following standard procedures. The weight of the participants was measured using
SH2003B® digital scale (accuracy + 100 g) and the scale was checked to zero before
each measurement. Participants’ weight was measured without shoes and heavy
clothing and recorded to the nearest 0.1 kg. Height was measured without shoes to the
nearest 0.1 cm using a portable Heuer® stadiometer. Body Mass Index (BMI) is
calculated as body weight in kilograms divided by the square of the height in meters.
Overweight/obesity status was classified on BMI (kg/m?) following standard cut-off
points: underweight: (<18.5), normal weight (18.5- 24.9), overweight (25-29.9), and
obese (=30).

Waist and hip circumferences were measured as a measure of central obesity by a non-
stretchable flexible tape with minimal clothing to the nearest 0.1 cm. Waist
circumference was measured by placing a tape around the bare abdomen at the midpoint
between the lower margin of the last palpable rib and the top of the iliac crest of the hip
bone, and classified as normal (men < 94 cm and women < 80 cm), an increased risk
(men 94-102 cm and women 80-88 cm) or greatly increased risk (men > 102 cm and
women > 88 cm) [21]. Hip circumference was measured by placing a measuring tape
around the hip at the maximum circumference over the buttocks or around the greater
trochanter of the femoral bone. Waist-to-hip ratio (WHR) was classified as normal (men

< 0.90 and women < 0.85) or substantially increased (men > 0.90 and women > 0.85)

[21].

All anthropometric measurements were performed in duplicate and if the difference
was within a tolerable range (200 g for weight, 0.5 cm for height, and 1 cm for waist
and hip circumferences), the average was used. Otherwise, the measurements were

repeated.
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2.2.5.2. Blood pressure measurement

Blood pressure was measured using a Folee® automated digital monitor system
following standard procedures. It was taken in a sitting position from the left arm with
feet flat on the floor and arm supported at heart level after 15 minutes of rest. In
individuals with recent exercise, smoking, heavy meal, or caffeine intake, the
measurement was delayed for at least 30 minutes. The measurement was repeated twice
and if the difference was within the acceptable limit (10 mmHg in SBP and 5 mmHg in

DBP) the average was recorded. Otherwise, a new set of readings was taken.
2.2.5.3. Blood glucose measurement

Fasting and random blood glucose level were determined from capillary blood using
the Diavue® monitoring system. Based on the recommendation of the American
Diabetic Association (ADA), we defined diabetic states by aggregating fasting blood
sugar > 126 mg/dl or postprandial blood sugar > 200 mg/dl or on medication for raised

blood sugar [22].
2.2.6. Statistical analysis

Principally Statistical Package for the Social Sciences (IBM Corp., SPSS for Windows
Version 26: New York, USA) was used for data processing and analysis. Additional
analysis was made via STATA/IC 15.0 (College Station, TX: StataCorp LLC).
Categorical variables are expressed using frequency distributions. The normality of
numeric variables was first assessed using the Kolmogorov-Smirnov test and then
appropriate measures of central tendency and dispersion were used to summarize the
data. Arithmetic mean (£ standard deviation (SD)) and median (inter-quartile range
(IQR)) were applied for normal and skewed distributions, respectively. For proportions,
a 95% confidence interval (CI) was estimated using STATA’s binomial CI calculator.
The association between hypertension and the predictor was measured by comparing
normotensive and hypertensive individuals. Bivariable and multivariable multilevel
mixed-effects logistic regression were fitted for categorical variables, by taking villages
as clusters. Crude (COR) and adjusted (AOR) odds ratios were reported. Explanatory
variables with a p-value < 0.25 in the bivariate model were fitted into the multivariate
model to compute AOR and a p-value < 0.05 was considered statistically significant.
Multicollinearity between variables was assessed using the multicollinearity

diagnostics (variance inflation factor (VIF) and tolerance test).
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We standardized the prevalence and predictors of hypertension by assigning survey
weights estimated using the age and sex profile of the city’s population. The product of
design weight and poststratification weight were computed to determine survey
weights. Design weight was calculated as the inverse of the sampling fraction.
Poststratification weight was determined from the recent national population census
using the reported age and sex composition of the city [16]. The dataset is given as a
supplementary file along with this manuscript (Supplementary File 1).

2.2.7. Ethical Considerations

The SUNCD-AA study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human subjects were approved by
the Institutional Review Board of the College of Health Sciences, Addis Ababa
University (ref # 109/20/SPH), and the city government of Addis Ababa Health Bureau
Ethical Review Committee (ERC). Permission was also obtained from all sub-city
administrations and selected district health offices. The enrolment of study subjects was
voluntary. Informed written consent was obtained from each subject without
inducement or undue influence. The identities of the study participants were kept
confidential. Individual study subjects who were found to have raised blood pressure
were given tailored health education and when the condition was judged to be serious,

they were referred or informed to the nearby relevant medical institution.

2.3. Results
2.3.1. Basic characteristics of study participants

A total of 600 adults between 18-64 years of age, from all sub-cities in Addis Ababa
participated in the study. Of the total participants, 310 (51.7%) were female. The mean
(= SD) age of the participants was 31.2 (£ 11.4) years. More than two-thirds of
participants were employed, the majority (93%) had formal education, and nearly half
(46.8%) were married. The majority (81.1%) were Orthodox Christians, followed by
Muslims (15.3%). The median (IQR) household size was 4 (3-5) and the median
monthly household income was 4,000 (2500-7000) Ethiopian Birr or (equivalent to 95
(59-167) USD). Moreover, about 39.2% of participants were categorized into medium
wealth index. Table 4 shows the basic socio-demographic characteristics of the

respondents.
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Table 4: Socio-demographic characteristics of the survey participants, Addis Ababa,
Ethiopia, June 2021.

Variables Frequency (n=600) Percentage

Sex

Men 290 48.3

Women 310 51.7
Age (years)

18-24 214 35.6

25-39 256 42.6

40-54 97 16.2

55-64 33 55
Educational status

No formal schooling 42 7.0

Primary education 169 28.2

Secondary education 249 41.5

Higher education 140 23.3
Marital status

Married/Cohabiting 281 46.8

Not ever married 269 44.8

Widowed 20 3.3

Divorced/separated 31 5.1
Occupation

Not working (including retired) 182 30.4

Trade (including petty trade) 107 17.9

Student 102 17.0

Professional/technical/managerial 91 15.1

Manual (skilled or unskilled) 78 13.0

Others 39 6.6
Religion

Orthodox Christian 486 81.1

Muslim 92 15.3

Protestants 19 3.1

Others 4 0.6
Household size

1-4 387 64.6

>5 213 354
Wealth index

Poor 154 27.4

Medium 221 39.2

Rich 187 33.3

41



2.3.2. Anthropometry and behavioural characteristics

The mean (£ SD) BMI was 23.2 (x 4.2) kg/m? among males and 25.0 (x 4.5) kg/m?
among females. The majority had a normal BMI, while 29.7% and 9% of the adults
were overweight and obese, respectively. The mean waist circumference was 81.8 (+
13.9) cm in men and 80.7 (x 13.9) cm in women; whereas, the mean waist-to-hip ratio
was 0.89 (+ 0.12) and 0.83 (x 0.12) in the two genders, respectively. About 35% of
adults had increased or greatly increased risk based on the waist circumference
classification, and based on the waist-to-hip ratio index, 40.9% had substantially
increased risk (Table 5).

Three hundred forty-five (57.6%) consumed fruits, at least one time per week with a
median of 1 (0-2) days per week, and one-fifth of respondents consumed more than
three days per week. Similarly, more than three forth 459 (76.5%) of the participants
consumed vegetables at least one time per week with a median of 2 (1-3) days per week,
and a third of them consumed more than three days per week.
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Table 5: Anthropometric and behavioural characteristics of the survey participants,
Addis Ababa, Ethiopia, June 2021.

Variables Frequency Percentage

BMI

Underweight 42 7.0

Normal 326 54.4

Overweight 178 29.7

Obese 54 9.0
Abdominal obesity

Normal 393 65.5

Increased risk 107 17.9

Greatly increased risk 100 16.6
WHR

Normal 354 59.1

Substantially increased 246 40.9
Family history of HTN

Yes 178 29.6

No 422 70.4
Fruit consumed in days per week

<3 days 484 80.7

>3 days 116 19.3
Vegetable consumed in days per week

<3 days 423 70.5

>3 days 177 29.5

BMI, body mass index; HTN, hypertension; WHR, waist to hip ratio.

The perceived stress scale estimated that about 2.6% of survey participants had a high
level of stress while, 49.6% and 47.8% had low and moderate stress level scores,
respectively. The median reported sleep duration of the study participants was 8 (7-9)
hours per day, 25.3% of the subjects reported a sleep duration of less than 7 hours per
day, 32.9% reported an average sleep duration of more than 9 hours per day and the rest

had a normal duration of sleep (Table 6).
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Table 6: Stress and sleep pattern characteristics of the survey participants, Addis Ababa,
Ethiopia, June 2021.

Variables Frequency Percentage

Stress score

Low 298 49.6

Moderate 287 47.8

High 16 2.6
Sleep duration

Short (<7 hours) 152 25.3

Normal (7-9 hours) 251 41.8

Long (>9 hours) 197 32.9
Sleep quality

Very good 153 25.4

Good 309 51.5

Average 93 15.5

Poor 31 5.2

Very poor 14 2.4
Excessive sleepiness

Yes 124 20.7

No 476 79.3
Snoring

No 502 83.7

Yes 92 154

Don’t know 6 0.9

2.3.3. Prevalence of hypertension

The mean systolic and diastolic blood pressure of the participants was 119.3 (95% CI:
117.9, 120.6) mmHg and 79.2 (95% CI: 78.3, 80.1) mmHg, respectively. The mean
SBP was 120.7 (95% ClI: 118.7-122.8) mmHg among males and 117.9 (95% CI: 116.1,
119.7) mmHg among females. Similarly, the mean DBP was 80.2 (95% ClI: 78.8, 81.6)
mmHg in males and 78.3 (95% ClI: 77.1, 79.5) mmHg in females.

The overall weighted prevalence of hypertension in Addis Ababa was 22.1% (95% CI:
18.8, 25.5), higher among men 25.7% (95% CI: 20.6, 30.8) than women 18.8% (95%
Cl: 14.4, 23.2). Nearly one in every four adults in the city had hypertension. Of the total

hypertensive respondents, 25.6% had just been diagnosed in the survey.
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The prevalence significantly increased with age (p < 0.001): 40-54 years (46.5%, 95%
Cl: 38.2, 54.8) and 55-64 years (64.9%, 95% CI: 56.0, 73.8). The prevalence of
hypertension varied statistically between the BMI categories (p < 0.001); the highest
being reported was 50.2% (95% CI: 37.2, 63.1) in the obese group, followed by the
overweight group at 31.3% (95% CI: 22.8, 39.8). The magnitude of hypertension
increased steadily from 14.4% among participants in the normal abdominal obesity
category compared to 47.5% in the greatly increased risk category (p for trend < 0.001).
The prevalence of hypertension was also significantly higher in individuals with
substantially increased WHR than normal WHR (31.4% vs 15.6%, p < 0.001), and in
people with diabetes than normal glucose concentration (53.5% vs 18.8%, p < 0.001).
However, we found no association between physical activity level and hypertension
(p=0.96).

The proportion of subjects who had hypertension according to the JNC7 guideline
among Addis Ababa adults was 22.1%, while the corresponding prevalence was 47.8%
when the new guideline of ACC/AHA 2017 was used, with a relative increase of 116%
(Figure 4).
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Figure 4: Prevalence of hypertension according to JNC7 and ACC/AHA 2017
guidelines, Addis Ababa, Ethiopia, June 2021 (N = 600). JNC, Joint National
Commission; ACC, American College of Cardiology; AHA, American Heart

Association.
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2.3.4. Predictors of hypertension

In the bivariate logistic regression model, age group of 40-54 years, age group of 55-
64 years, marital status, BMI, abdominal obesity, DM status, and sleep quality were

found to be significantly associated with hypertension (Table 7).

Our multilevel multivariable logistic regression model suggested several independent
factors that were identified as hypertension predictors after controlling for multiple
covariates. Age and sex were associated with hypertension. The likelihood of
hypertension increased with increased age. The odds of hypertension increased almost
nine times (AOR=8.97; 95% CI: 2.35, 34.23) in the age group of 40-54 years, and it
was twenty times (AOR=19.28; 95% CI: 3.96, 93.83) higher in the age group of 55-64
years as compared to participants with 18-24 years of age. The risk of hypertension was
greater in men by almost three times (AOR=2.90; 95% CI: 1.22, 6.87) than in women.

Obese (BMI > 30) participants were twice (AOR=1.92; 95% CI: 1.02, 3.59) more likely
to be hypertensive compared to normal BMI. Moreover, participants with abdominal
obesity were almost four times (AOR=4.26; 95% CI: 1.42, 12.81) more likely to
develop hypertension as compared to their counterparts. The study also indicated very
poor sleep quality increased the odds of hypertension by threefold (AOR = 3.35; 95%
Cl: 1.15, 9.78) compared to subjects with very good sleep quality. Additionally,
diabetes was shown to increase the likelihood of hypertension though with borderline
insignificance (AOR=1.78; 95% ClI: 0.93, 3.41, p=0.07) (Table 4).

However, in this study, important risk factors hypothesized in other studies including
smoking, alcohol use, physical activity level, stress level, sleep duration, low fruit, and
vegetable consumption were not significantly associated with the incidence of
hypertension. The association of these risk factors with hypertension might be
attenuated due to the variation of behavioral characteristics with other study settings,
underreporting of factors related to substance abuse (social desirability bias) and sample

size.
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Table 7: Bivariable and multivariable multilevel logistic regression analyses of factors

associated with hypertension among adults in Addis Ababa, Ethiopia, June 2021.2

Hypertensive

Variables Category COR (95% ClI) AOR (95% CI)
% (95% CI)
s Women 58 18.8 (135, 24.1) 1 1
ex
Men 75 25.7(18.8,32.6) 1.64(0.91,2.93) 2.90 (1.22,6.87) *
18-24 15 7.1 (7.5, 15.0) 1 1
25-39 51 19.8(14.3,25.3) 3.27(0.94,11.32)  3.57 (0.85, 15.00)
Age Group
40-54 45  46.5(38.2,54.8) 11.60 (3.81, 35.27) ** 8.97 (2.35, 34.23) **
55-64 21  64.9(56.0, 73.8) 24.41 (6.37, 93.44) **19.28 (3.96, 93.83) **
No formal schooling 12 29.1 (17.2,44.7) 1
) Primary education 37 21.9(16.2,28.8) 0.67(0.30, 1.46) NI
Education level )
Secondary education 52 20.8 (16.1,26.3)  0.63(0.30, 1.34) NI
Higher education 32 22.6(16.4,30.3) 0.67 (0.27, 1.66) NI
Single, not ever married 39  14.6 (10.9, 19.4) 1 1
) Married/Cohabiting 72  25.6 (20.8,31.1) 2.04 (1.08, 3.86) * 0.62 (0.32, 1.18)
Marital status )
Widowed 14 68.9 (45.3,85.6) 13.55 (6.16, 29.79) ** 2.50 (0.83, 7.55)
Divorced/separated 8 25.3(12.9,43.8) 2.13(0.74,6.06) 0.71 (0.25, 2.04)
Normal 46  14.0 (10.2, 17.7) 1 1
BM| Underweight 4 9.9 (0.7,19.1) 0.83(0.17, 4.01) 0.85 (0.16, 4.49)
Overweight 56 31.3(24.5,38.2) 293(1.77,4.87)**  1.69 (0.89, 3.21)
Obese 27 50.2 (36.7,63.6) 7.15(4.39,11.64) ** 1.92(1.02, 3.59) *
] Normal 57  14.4 (9.4, 19.5) 1 1
Abdominal )
besit Increased risk 29 26.5(15.7,37.3) 2.40(1.07,5.37)* 2.56 (0.69, 9.46)
obesi
Y Greatly increased risk 47  47.5(39.0,56.0) 6.79 (3.36, 13.69) ** 4.26 (1.42,12.81) *
WHR Normal 56  15.6 (9.6, 21.6) 1.00 1.00
Substantially increased 77  31.4 (25.8,37.1) 2.54(1.41,4.58) **  0.48 (0.23, 1.01)
Current smoking No 128 21.8(18.7,25.4) 1
status Yes 5 30.7(13.2,56.2)  1.40(0.50, 3.88) NI
Current alcohol No 69 23.4(18.9, 28.6) 1
use Yes 64 20.9 (16.6,25.8)  0.84 (0.59, 1.18) NI
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Level of physical High 101 22.3(18.7,26.4) 1
activity Low 32 215(156,289)  0.98 (0.51, 1.87) NI
Normal 87 18.8(14.0,23.7) 1 1
DM status Prediabetes 27 25.8(15.8,36.0) 1.53(0.67, 3.50) 1.06 (0.51, 2.18)
Diabetes 19 53.5(38.0,69.2) 5.05(2.68,9.50)**  1.78(0.93, 3.41)
Low 65 21.6(17.3,26.7) 1
Stress score Moderate 64 22.5(18.0,27.7)  0.94 (0.58, 1.50) NI
High 4 23.8 (8.6,51.0) 1.07 (0.33, 3.41) NI
7-9 hours 54 21.7 (17.0,27.2) 1
Sleep duration <7 hours 35 229(16.8,30.2) 1.10(0.65, 1.85) NI
>9 hours 44 22.0(16.7,28.4)  1.03(0.53,1.99) NI
Very good 20 12.8(8.3,19.1) 1 1
Good 81 26.0(21.4,31.2) 256(1.17,5.59) * 2.22 (1.08, 4.54)
Sleep quality Average 21 22.8(15.3,32.5) 2.00(0.81, 4.95) 1.99 (0.69, 5.75)
Poor 7 24.0(12.0,42.3) 2.37(0.91,6.18) 1.19 (0.43, 3.30)
Very poor 4  27.4(10.2,55.7) 2.52(0.64,9.82) 3.35(1.15,9.70) *
) >3 days 22 18.6 (12.5, 26.8) 1
Fruit per week
<3 days 111 22,9 (19.4,26.9)  1.32(0.50, 3.45) NI
Vegetable per >3 days 38 21.3(15.9,28.0) 1
week <3 days 95 22.4(18.7,26.6)  1.08(0.49, 2.37) NI

2Result obtained from multilevel mixed-effects regression model considering cluster as level 2
Note: *Significantly associated with P < 0.05; ** Significantly associated with P < 0.01 on multiple logistic
regression; NI, not included because P > 0.25 in the unadjusted model

n, number of hypertensive individuals; AOR, adjusted odds ratio; Cl, confidence interval; COR, crude odds ratio.
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2.4. Discussion

We assessed the prevalence of hypertension and its associated risk factors in Addis
Ababa. Hypertension is fairly high in adults from Addis Ababa. Our study found a
significant association between hypertension and older age group, male sex, obesity,

abdominal obesity, and very poor sleep quality.

Age-standardized prevalence of hypertension was 22.1% (95% CI: 18.8, 25.5), which
implies nearly one-in-four adults in Addis Ababa are hypertensive. This study also
found the prevalence of hypertension in 25.7 % of men and 18.8 % of women. The
overall result is almost similar to the recent studies [9, 14, 23, 24]. However, it is lower
as compared to global and sub-Saharan regional prevalence [3, 8]. We also estimated
the prevalence according to the JNC7 and ACC/AHA 2017 guidelines which were
22.1% (95% CI: 18.8, 25.5) and 47.8% (95% CI: 41.3, 54.3), respectively- with a
relative increase of 116%. A study from Iran and India reported similar findings [25,
26]. Currently, Ethiopia is using the JNC7 guideline but a study should be conducted

on which guideline to be utilized for earlier detection and better blood pressure control.

Our study revealed increasing age and being male as important predictors of
hypertension. Supporting evidence was reported from the studies conducted in Ethiopia
and elsewhere [10, 14, 23, 27-30]. Age increase hypertension due to structural changes
in the walls of blood vessels [31], and men are more likely to be susceptible to

behavioral risk factors.

Obesity, diet (salt, fruits and vegetables), and physical inactivity are major risk factors
for hypertension [8]. In this study, obesity and abdominal obesity exhibited a significant
association with hypertension. Studies also reported similar results [9, 10, 32]. Obesity
can increase blood pressure through a series of mechanisms, including insulin
resistance, activation of the sympathetic nervous system, and sodium retention resulting
in increased renal reabsorption and activation of the renin-angiotensin system [33].
Thus, the rise in the proportion of overweight and obese adults in Addis Ababa (38.7%)
and low consumption of fruits and vegetables might indicate the increasing incidence
of hypertension in the future. This finding suggests the need for weight loss
interventions focusing on dietary and physical activity to decrease the rate of

hypertension.
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The link between sleep, stress, and hypertension has been given due attention in recent
studies. We found that a very poor sleep quality increases the odds of hypertension by
threefold compared to very good sleep quality, studies from the US [4] and China [34]
reported similar findings. Poor sleep quality and increased stress influences leptin and
ghrelin levels in the body which increase appetite and reduce energy expenditure, this
eventually results in obesity, and increased risk of hypertension [35]. This study found
that sleep quality and nutritional status are increasingly related and highlights the

importance of integrated approaches for the prevention of hypertension.

Generally, without intervention, the incidence and burden of hypertension are expected
to continue to increase, therefore, future large intervention studies and clinical trials are
warranted to test integrated strategies based on nutrition-related weight loss, sleep
improvement, and stress management for hypertension prevention and control,

especially in the urban adult populations.

This study applied survey weights to adjust differences in the probability of selection
where no study has been done with a similar design in the study setting so far. To make
the study comprehensive, important determinants like sleep quality and psychological
stress were included. Though, the study is not without limitations. The current study is
cross-sectional, and therefore, causal inference cannot be construed. Although the study
is comprehensive, it would have been better to include risk factors like hyperlipidemia

and salt intake in our model.

2.5. Conclusion

Hypertension prevalence is high in Addis Ababa, one in every four adults is
hypertensive. This indicates that hypertension become an increasing trend in the
population. Older age group, male sex, obesity, abdominal obesity, and very poor sleep
quality were significantly associated with hypertension. Moreover, diabetes exhibited
borderline significant association with elevated blood pressure. Therefore, the study
suggests a need to develop regular blood pressure surveillance programs for early
diagnosis as well as prevention of complications; applying integrated intervention
strategies such as weight loss through proper nutrition augmented with physical activity
for the prevention of overall obesity, and improvement of sleep quality to reduce the

risk of developing hypertension.
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Complementary information

We acknowledge that the choice of the JNC 7 guideline could be contrasted with the
more recent WHO or the JNC 8 hypertension guidelines. The WHO and JNC 8
guidelines might offer different thresholds and management strategies for hypertension.
However, the criteria we used do not impact the prevalence results and associated

predictors identified in the study.

Moreover, the blood pressure measuring apparatus we used in this study was not part
of the calibrated and validated instruments provided by the WHO. The utilization of
WHO-listed devices could have enhanced the accuracy and reliability of our
measurements. This suggests that future studies should align more closely with up-to-
date guideline recommendations to improve the robustness and applicability of the

findings.
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Short title: CVD risk of hypertensive patients in Addis Ababa
Abstract

Objective: In low-income countries, such as Ethiopia few studies have evaluated the
risk of cardiovascular disease (CVD) among hypertensive patients. We assessed the 10-

year CVD risk of hypertensive patients.

Design: This cross-sectional study was part of a larger survey conducted in Addis
Ababa. The 10-year CVD risk was calculated using the Framingham Risk Score (FRS)
algorithm based on seven sex-specific risk factors as well as a country-specific
Globorisk score. Fruits and vegetables (FV) consumption, salt intake, and stress levels
were measured with 24-hour dietary recall, INTERSALT equation, and Cohen’s
Perceived Stress Scale, respectively. A multiple linear regression model was fitted to

explore the association.
Setting: Addis Ababa, Ethiopia, 2021.
Participants: A sample of 191 patients diagnosed with hypertension.

Outcome measures: Predicted 10-year cardiovascular risk of hypertensive patients.
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Results: A total of 42.4%, 27.7%, and 29.8% of hypertensive patients were at low,
moderate, and high CVD risks, respectively. The majority (80.1%) of patients
consumed inadequate FV, 95.7% consumed salt >5g/day, and 58.1% had moderate to
high-stress levels. There was a substantial agreement between the FRS and Globorisk
prediction models (weighted kappa 0.77). In the unadjusted model, FV consumption
(>450g/day) and total fruit intake in the highest tertile were associated with 14.2% and
6.7% lower CVD risk, respectively. After adjusting for lifestyle factors, increasing FV
intake from 120-450g/day was significantly related to 11.1-15.2% lower CVD risk in a
dose-response manner. Additionally, total fruit, but not total vegetable intake in the
highest tertile, was significantly associated with decreased CVD risk.

Conclusion: We found a high prevalence of CVD risk among hypertensive patients.
High FV consumption was inversely associated with CVD risk. This suggests that
patients should be advised to increase FV intake to minimize CVD risk.

Keywords: hypertension, cardiovascular disease, fruits, vegetables, Framingham risk

score
Strengths and limitations of this study

e Although the agreement between FRS and country-specific Globorisk scores
was analyzed, it would have been better to use a country-specific validated FRS

model and include more hypertensive subjects.

e The study was conducted in urban hypertensive patients, so the results may not

be generalizable to the whole Ethiopian population.

e Important determinants like psychological stress, body fat percent, salt intake,
physical activity level, and FV consumption were considered. However, there

may be unmeasured or unknown confounders that could influence the results.

e Causal inference cannot be constructed since the study design is cross-sectional.
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3.1. Background

The incidence of cardiovascular disease (CVD) is increasing worldwide, affecting 523
million people and over 18.6 million deaths in 2019 [1]. More than three-fourths of the
deaths that occurred in low-and middle-income countries (LMICs) were due to CVD
[2]. Hypertension is a leading risk factor for CVDs such as stroke, coronary heart
disease, congestive heart failure, peripheral arterial diseases, and renal failure globally
[3]. In Ethiopia, hypertension is a major risk factor for stroke, coronary heart disease,
and other CVD [4].

Early detection of CVD risk status is important for the better treatment of high-risk
individuals and the prevention of adverse outcomes. The Framingham risk score (FRS),
developed by D'Agostino et al., (2008) [5] is a simplified and common tool used to aid
clinicians in predicting 10-year CVD events among individuals aged >30 years. It also
helps identify candidate patients for risk factor modification and preventive medical
treatment [6].

The FRS algorithm considers multiple sex-specific risk factors such as age, systolic
blood pressure (SBP), total cholesterol (TC), high-density lipoprotein (HDL)-
cholesterol, smoking habit, diabetes status, and anti-hypertensive medication treatment
[5]. This valuable CVD risk prediction model has been widely utilized in both
developed and developing countries [7]. The FRS can improve the quality of care for
hypertensive patients and ultimately help reduce the CVD burden. It has been used in
different LMIC such as Nigeria [8], and Malaysia [9], and also found to be useful to
assess CVD risk of diabetic patients in Bangladesh [10]. However, there is no validation
study in Sub-Saharan Africa based on large cohort data. This study preferred FRS
because it predicts multiple CVD outcomes than other risk models. Furthermore, we
ascertained the agreement with country-specific Globorisk score partly validated in
Sub-Saharan Africa [11].

Several factors contribute to the progression and severity of CVD risk, including
hypertension, hyperlipidemia, diet, physical inactivity, and smoking [12, 13]. The
predominant risk factors for CVD in Ethiopia were diet and high SBP, accounting for
over 50% of disability-adjusted life years (DALYS) [14]. Several meta-analyses have

reported an inverse association between the dietary intake of fruits and vegetables (FV)
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and CVD incidence [15, 16]. Many dietary guidelines have recommended inconsistent
consumption of FV from 400 to 800 g/day [17, 18] and 100-200 g/day from recent
Ethiopian food-based dietary guidelines [19], based on its primary favorable effects on
blood pressure and the consequent reduction of CVD morbidity and mortality.
However, these targets are unaffordable in LMIC [17] and more than 98% of the
Ethiopian population consumes less than the minimum recommended intake [20].
Moreover, the optimal intake of FV and the dose-response association with CVD

remain uncertain owing to variations in the study design.

In addition to the known modifiable risk factors, many LMICs may have other factors
for CVD risk such as air pollution and increased stress levels which are not considered
in existing CVD risk prediction algorithms [21, 22]. Considering the prevalent use of
FRS to predict CVD risk and to implement health-risk lifestyle modifications in clinical
practice, dietary analysis according to FRS may be necessary to further address
modifiable risk factors and decrease the epidemic of CVD burden.

Hence, this study explored the effects of FV consumption by considering other possible
lifestyle habits in the original FRS model. Additionally, there are no available data
evaluating the 10-year CVD risk in hypertensive subjects in Ethiopia. Therefore, this
study predicted the 10-year CVD risk and further assessed its association with FV

intake among hypertensive patients in Addis Ababa, using recent FRS prediction tools.
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3.2. Methods
3.2.1. Study design and subjects

This cross-sectional study is part of the baseline survey of the Surveillance of Non-
Communicable Diseases in Addis Ababa (SUNCD-AA) project designed to monitor the
epidemiology of chronic diseases in the city every five years using the WHO’s
STEPwise Approach to NCD Risk Factor Surveillance (STEPS) [23]. This study was
conducted between May and June 2021. In the survey, the required sample was
determined using single population proportion formula, and 600 men and women aged
18 to 64 years, who were permanent residents of the city were selected using a
multistage cluster sampling technique. Women were excluded if they had a self-
reported pregnancy or gave birth within the past 12 months of the survey. The detailed
methods of the original study have been described elsewhere [24].

For this specific analysis, male and female participants aged 30 to 64 years with a
confirmed diagnosis of hypertension were eligible for inclusion. Individuals under the
age of 30 years were excluded from the study because of the age requirement of FRS

algorithm.

The sample of hypertensive patients was calculated based on a priori sample size
calculation from the F-test—Linear multiple regression fixed model, using G*Power
software version 3.1.9.7 (Universitat Dusseldorf, Dusseldorf, Germany). The
regression model must include risk factors associated with CVD risk. With an estimated
effect size f2 supposed to be moderate (0.15), a maximum of five predictors in the
model, a power of 0.95, and an a-level of p < 0.05, this resulted in 138 patients required
to be included. However, in this study, we recruited 200 patients with hypertension

from the original study.

3.2.2. Variables of the study

The primary outcome of interest was a 10-year cardiovascular risk predicted using the
FRS algorithm and FV consumption as an exposure variable. The independent or
confounding variables consisted of socio-demographic, clinical, and dietary
characteristics that were not used to construct the FRS. This included body fat

percentage, physical activity level, perceived stress score, salt intake, and household

62


file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%203.docx%23_ENREF_23
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%203.docx%23_ENREF_24

size. The potential confounders in the relationship between CVD risk and FV intake
were identified from previous studies [1, 17, 25, 26].

3.2.3. Data collection tools and procedures

In the original data analysis [24], data were gathered using an adapted STEPS
questionnaire, a standard method for monitoring the behavioral, dietary, and metabolic
risk factors of NCDs [23]. The questionnaire was translated into the Amharic language,
pretested, and contextualized to the local setting. Selected questions extracted from the
Ethiopian Demographic and Health Survey (EDHS) questionnaire were used to collect
socio-demographic (educational status, marital status, occupation, religion, and
household size) and household economy-related information (wealth index computed

from household income tertiles and categorized as poor, medium, and rich).

Physical activity levels were measured using the Global Physical Activity
Questionnaire (GPAQ) tool. The total physical activity level was calculated based on
the metabolic equivalent of task (MET)-minutes per week [23]. Smoking status was

assessed using a ‘yes’ or ‘no’ question.

The stress level was measured using Cohen’s 10-item Perceived Stress Scale (PSS)
[27]. The response categories were based on a 5-point Likert scale ranging from never
(0) to very often (4). To obtain PSS scores, all items were summed up after the
responses of the four positively stated items were reverse coded. We then categorized
the scores as low (0-13), moderate (14-26), and high (27-40) perceived stress.

3.2.4. Assessment of fruit and vegetable intake

An interviewer-administered 24-hour dietary recall questionnaire adapted and validated
for use in developing countries [28, 29] was used to specifically collect fruit and
vegetable consumption. The amounts and types that the participants consumed over the
past 24-hour for twenty-six items of FV (excluding fruit juices and potatoes) [19] were
recorded by trained interviewers. The standard weight of each reported item was
multiplied by the portion size and then converted into total grams per day. In this study,
participants were classified into adequate and inadequate FV intake groups based on
the minimum Ethiopian dietary guideline (100-200 g/day) [19] to WHO and other

countries recommendations (400 g/day and above) [17, 18]. The adequate groups had
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an intake of more than 120, 250, 400, or 450 g/day. The inadequate group had a daily
intake of less than the cut-off points for their respective category.

3.2.5. Assessment of 10-year cardiovascular disease risk

The FRS model predicts several CVDs, including coronary death, myocardial
infarction, coronary insufficiency, angina, ischemic stroke, hemorrhagic stroke,
transient ischemic attack, peripheral artery disease, and heart failure. The 10-year
probability of CVD was estimated for each patient using the updated Framingham risk
score (FRS) [5]. FRS scores were calculated based on sex, age, TC, HDL-cholesterol,
SBP, smoking habits, diabetes status, and anti-hypertensive treatment. Additionally, we
used the laboratory-based version of Globorisk calculator estimated from a person’s
country of residence, age, sex, SBP, TC, smoking habits, and diabetes status to predict
10-year CVD risk [11]. Globorisk predicts only CVD risk of heart attack and stroke in
healthy individuals. Absolute CVD risk percentage over 10 years was classified as low
risk (< 10%), intermediate risk (10-20%), and high risk (> 20%) [6].

3.2.6. Blood pressure and blood sugar measurements

In the original study, blood pressure was measured using a Folee® automated
digital monitor system following standard procedures. The measurement was taken
twice and the average recorded if the difference was within the acceptable range (10
mmHg in SBP and 5 mmHg in DBP). Otherwise, a new set of tests was carried out.
Hypertension was defined as systolic blood pressure (SBP) of 140 mmHg or more, or
diastolic blood pressure (DBP) of 90 mmHg or above, or current use of medication for
raised blood pressure based on the JNC 7 classification [30]. Fasting and random blood
glucose levels were also determined from capillary blood using the Diavue® monitoring
system. Based on the recommendation of the American Diabetic Association (ADA),
we defined diabetic status by aggregating fasting blood sugar > 126 mg/dl or
postprandial blood sugar > 200 mg/dl or on medication for raised blood sugar [31].

3.2.7. Estimation of body fat percent

We estimated body fat percent using the Siri Equation [32], % BF = (495/D) - 450,
where D is the density of the body (g/ml) and assessed using the validated equation of

Durnin and Womersley (1974) [33] based on four skinfold measurements. From the
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equation, Body density (g/ml) = x — (ylog 10 L) where: L is the total of the
skinfolds (mm) and x and y are age- and sex-specific constants.

3.2.8. Salt intake analysis

Daily salt intake was estimated from 10ml of random (spot) urine samples. The samples
were transported to the National Reference Laboratory of the Ethiopian Public Health
Institute (EPHI) and stored at -80°c until analysis. Both urinary Sodium and Creatinine
were measured using COBAS Integra 400 plus (Roche Diagnostic GmbH, Mannheim,
Germany), which uses the ion-selective electrode (ISE) method and enzymatic method

for sodium [34] and creatinine [35] respectively.

The 24-hour urinary sodium excretion was estimated using the INTERSALT equation.
This equation was selected because it was developed using a large heterogeneous
population sample and published both including and excluding potassium
concentrations from spot urine [36]. The estimated 24-hour sodium was divided by 17.1
to get grams of salt per day.

The equation for the prediction of 24-hour urinary sodium excretion from spot urine in

mmol/L:

1. Male = 23.51 + [0.45 x spot Na (mmol/L)] - [3.09 x spot Cr (mmol/L)] + [4.16 X
BMI (kg/m?)] + [0.22 x age (in years)]

2. Female = 3.74 + [0.33 x spot Na (mmol/L)] - [2.44 x spot Cr (mmol/L)] + [2.42 x
BMI (kg/m?)] + [2.34 x age (years)] - [0.03 x age? (years)]

3.2.9. Laboratory assessments

Biochemical parameters including serum total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and
triglyceride (TG) were measured using COBAS Integra 400 plus (Roche Diagnostic
GmbH, Mannheim, Germany) by the enzymatic colorimetric method in the Ethiopian

Public Health Institute National Reference Laboratory.
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3.2.10. Statistical analysis

SPSS software (IBM Corp., SPSS for Windows Version 26: New York, USA) was used
for data processing and analysis. Categorical variables are expressed using frequency
distributions. The normality of numeric variables was assessed pictorially and using the
Kolmogorov-Smirnov test. The arithmetic mean (x standard deviation (SD)) and
median (inter-quartile range (IQR)) were calculated for normal and skewed
distributions, respectively. Unadjusted statistical comparisons between categorical
variables and categorical outcomes were performed using the Chi-square (»2) and Chi-
square for the trend tests.

Cohen's kappa coefficient (k) was used to assess the agreement between predicted high-
risk FRS and Globorisk scores. The agreement was considered as slight (0.01-0.20),
fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80), and almost perfect
(0.81-1.00) according to Landis and Koch (1977) [37].

Multiple linear regression analysis was used to examine the association between
possible predictors and predicted 10-year CVD risk as independent and dependent
variables, respectively. The FRS scores were transformed using a log function to make
the data more symmetric and to reduce the influence of outliers because the data
violated the normality assumption. Subsequently, the coefficients were exponentiated
to obtain the original scale of the data for interpretation. A p-value < 0.05 was

considered statistically significant.
Ethical Considerations

The SUNCD-AA protocol was cleared by the Institutional Review Board of the College
of Health Sciences, Addis Ababa University (109/20/SPH), and Addis Ababa City
Administration Health Bureau Ethical Review Committee (ERC). Informed written

consent was obtained from each subject without inducement or undue influence.
Patient and public involvement

There was no patient and public involvement in this study.
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3.3. Results

3.3.1. Basic characteristics of study participants

Out of 200 hypertensive patients between 30-64 years of age enrolled in the original
study, 191 (95.5%) had complete data and met the study eligibility criteria. The mean
(= SD) age of the hypertensive patients was 51.6 (+ 10.2) years. Of the total participants,
55.5% were female. More than half of the participants were unemployed, the majority
(80.6%) had formal education, and nearly two-thirds (68%) were never married. The
majority (78.5%) were Orthodox Christians, followed by Protestants (14.1%) (Table
8).
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Table 8: Socio-demographic characteristics of hypertensive patients, Addis Ababa,
Ethiopia, June 2021.

Variables (n=191) Frequency Percentage
Sex

Men 85 44.5
Women 106 55.5
Age groups (years)

30-39 30 15.7
40-54 65 34.0
55-64 96 50.3
Educational status

No formal schooling 37 19.4
Primary education 55 29.4
Secondary education 57 29.9
Higher education 41 215
Marital status

Married/Cohabiting 12 6.3
Not ever married 130 68.0
Widowed 34 17.8
Divorced/separated 15 7.8
Occupation

Not working (including retired) 98 51.3
Trade (including petty trade) 24 12,5
Student 34 17.8
Professional/technical/managerial 28 14.6
Manual (skilled or unskilled) 1 0.5
Others 6 3.1
Religion

Orthodox Christian 150 78.5
Muslim 11 5.8
Protestants 27 14.1
Others 3 15
Household size

1-4 101 52.9
>5 90 47.1
Wealth index

Poor (T1) 68 38.2
Medium (T2) 60 33.7
Rich (Ts) 50 28.1
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3.3.2. Clinical, anthropometric, and behavioral characteristics

The hypertensive patients have higher than normal mean systolic and diastolic blood
pressure, which were found to be 145.4 (95% CI: 143.1, 147.7) mmHg and 92.5 (95%
Cl: 92.4 - 95.5) mmHg, respectively. In the study, we also measured the mean BMI (x
SD) and body fat percent in both genders, which were 27.88 (+ 4.9) kg/m? and 34.0%
(95% CI: 33.0, 35.0), respectively. Moreover, the average daily salt intake and
perceived stress score were estimated to be 8.2 g/d (95% CI: 8.0, 8.5) and 15.0 (95%
Cl: 13.3 - 15.2), respectively.

3.3.3. Prevalence of predicted 10-year CVD risks

The overall (mean £ SD) predicted 10-year CVD risk score of hypertensive patients
using the FRS algorithm was 16.3% (£13.4), with the 95% CI ranging from 14.3 to
18.2. Totally, 42.4%, 27.7%, and 29.8% of hypertensive patients were at low,
intermediate, and high predicted risk of CVD, respectively. On the basis of Globorisk
model, 46% of the patients were in the low-risk, 31% in the moderate-risk, and 23% in
the high-risk category. Substantial agreement was found between the FRS and
Globorisk (weighted kappa 0.77, 95% CI: 0.70-0.83), in which 92% of patients were

classified in the same way using both scores (Table 9).

The 10-year risk of developing CVD among the high-risk group was significantly
higher in men compared to women (60% Vs 40%), older age group (55-64) compared
to younger age (30-39) (76.4% Vs 0.9%), diabetic in contrast to pre-diabetic (40% Vs
19.1%), and anti-hypertensive medication users compared to non-users (51.8% Vs
48.2%) (p<0.001). Patients with high body fat percent than normal range, moderate to
high-stress levels compared to low stress and high SBP (>140 mmHg Vs <140 mmHg)
also significantly had high risk of future CVD (p<0.001, p=0.034, and p=0.002,
respectively). Additionally, FV consumption in the third tertile (248-2354 g/day)
compared to the first tertile exhibited a lower risk of CVD (p for trend < 0.007), with a
dose-response relationship. The distribution of estimated 10-year CVD risk in the

different subgroups is presented below (Table 10).

Moreover, as shown in Figure 5, there is a significant linear association between log-
transformed predicted 10-year CVD score and risk factors such as SBP (r = 0.40, p <
0.001), age (r =0.79, p <0.001), glucose level (r =0.35, p < 0.001), total cholesterol (r
= 0.25, p =0.001), HDL-C (r = 0.18, p = 0.015) and total FV (r = 0.16, p = 0.025).
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Table 9: Predicted categories of 10-year CVD risk using the FRS and Globorisk model

and degree of agreement among hypertensive subjects, Addis Ababa, Ethiopia, June

2021.
FRS Globorisk Weighted kappa
CVD risk P value
n (%) 95% ClI n (%) 95% CI (95% CI)
Low risk (< 10%) 81(42.4) 35.3,49.4 74(46.0) 38.1,53.7
Moderate risk (10-20%) 53 (27.8) 21.3,34.1 50(31.0) 23.8,38.2
High risk (> 20%) 57 (29.8) 23.2,36.3 37(23.0) 16.4,29.5 0.77(0.70,0.83) <0.001

Abbreviation: CVD: Cardiovascular diseases; FRS: Framingham Risk Score; CI:

Confidence interval.
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Table 10: Prevalence of predicted 10-year CVD risk categories with the socio-

demographic and behavioral factors among hypertensive patients (n = 191), Addis

Ababa, Ethiopia, June 2021.

CVD risk
Variables Category Total Low risk High risk®  p-value b
n (%) n (%) n (%)
Men 85 (44.5) 19 (23.5) 66 (60.0)
Sex < 0.001**
Women 106 (55.5) 62 (76.5) 44 (40.0)
30-39 30 (15.7) 29 (35.8) 1(0.9)
Age group 40-54 65 (34.0) 40 (49.4) 25 (22.7) < 0.001**
55-64 96 (50.3) 12 (14.8) 84 (76.4)
. No 186 (97.4) 81(100.0) 105 (95.5)
Current smoking 0.052
Yes 5 (2.6) 0 (0.0) 5(4.5)
Normal 103 (53.9) 58 (71.6) 45 (40.9)
DM status Prediabetes 36 (18.8) 15 (18.5) 21 (19.1) <0.001**
Diabetes 52 (27.2) 8 (9.9) 44 (40.0)
Anti-HTN No 115 (60.2) 62 (76.5) 53 (48.2) < 0.001**
treatment Yes 76 (39.8) 19 (23.5) 57 (51.8) '
Low 80 (41.9) 38 (46.9) 42 (38.2) 0.034*
Stress level Moderate 103 (53.9) 43 (53.1) 60 (54.5) '
High 8(4.2) 0 (0.0 8 (7.3)
High 122 (63.9 52 (64.2 70 (63.6
Physical activity ° J (63.9) (64.2) (63.6) 0.936
Low 69 (36.1) 29 (35.8) 40 (36.4)
Salt <5g/d 8 (4.3) 1(1.3) 7 (6.4) 0.087
> 5 g/d 179 (95.7) 77 (98.7) 102 (93.6)
) <140 mmHg 66 (34.6) 38 (46.9) 28 (25.5)
High SBP 0.002*
>140 mmHg 125 (65.4) 43 (53.1) 82 (74.5)
Normal 46 (24.1) 32 (39.5) 14 (12.7)
Body fat percent ¢ ) <0.001**
High 145 (75.9) 49 (60.5) 96 (87.3)
T1 (0-49.6) 64 (33.5) 20 (24.7) 44 (40.0)
FV (g/day) T, (58-244) 63 (33.0) 26 (32.1) 37 (33.6) 0.007*¢
T3 (248-2354) 64 (33.5) 35(43.2) 29 (26.4)

Abbreviation: DM: Diabetes mellitus; HTN: Hypertension; FV: Fruits and vegetables; SBP: systolic

blood pressure; BMI: Body mass index; T: Tertile. 2 high risk is >10% of FRS. ® physical activity level
classified as high if MET-min/week > 600 and low < 600. ¢ body fat percent > 25% for men and > 35%

for women @ p-value was obtained from the chi-square test. ** p < 0.001, * p < 0.05. © chi-square for

trend test.
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Figure 5: The linear association between logarithm of the predicted 10-year CVD score

and different risk factors among hypertensive patients, Addis Ababa, Ethiopia, June

2021.
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3.3.4. Predictors of CVD risks

The relative contribution of different FV categories and separate fruit and vegetable
related to the predicted 10-year CVD risk (log-transformed % FRS) of the hypertensive
patient was evaluated in a multivariate linear regression analysis (Table 11). In the
unadjusted model (Model 1), FV consumption (> 450g/day) and fruit intake in the third
tertile (Ts) were associated with 14.2% and 6.7% lower risk of CVD, respectively.
Moreover, further adjusting the model with percent body fat, perceived stress score,
high physical activity level, salt intake > 5g/day, and household size increased the
number of statistically significant coefficients associated with FV categories (Model 2).

The increment in FV intake was significantly related to a lower predicted 10-year CVD
risk. The consumptions of greater than 120g/day, 250g/day, 400g/day, and 450g/day
were associated with 11.1%, 12.4%, 14.1%, and 15.2% reductions in future CVD risk,
respectively. Additionally, when assessing the contribution of fruits and vegetables
separately, total fruit intake in the third tertile (T3) compared to the first tertile (T1) was
related to a 6.6% decline in CVD risk score. However, increased vegetable consumption

in the highest tertile (T3) was not significantly related to CVD risk in either model.
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Table 11: Univariate and multivariate linear regression analysis of different FV
categories and separate fruit, and vegetable intake with log-transformed CVD risk
score, Addis Ababa, Ethiopia, June 2021.

) Fruit and vegetable (g/day) ° Fruit? Vegetable #
Variables
> 120 > 250 > 400 > 450 (Tavs Ta) (Tsvs T1)
Model 1
B -0.109 -0.118 -0.137 -0.153 -0.069 -0.017
%% CIB -0.221,0.003 -0.237,0.002 0.277,0.002 -0.298,-0.007 -0.129, 0.008 -0.080, 0.046
p-value 0.056 0.054 0.054 0.040 0.026 0.596
Model 2
B -0.118 -0.132 -0.152 -0.165 -0.068 -0.009
95% CI B -0.235,-0.001 -0.259,-0.006 -0.305,0.002 -0.326,-0.004 -0.133,-0.004 -0.075, 0.057
p-value 0.049 0.040 0.050 0.045 0.036 0.779

Model 1: Unadjusted; Model 2: Further adjusted with body fat percent, PSS (perceived stress score),
physical activity (high), salt (> 5g/day based on the WHO cut-off point) and household size (>5);
aAdditionally fruit and vegetable adjusted with each other. PThe reference is less than the expressed
intake of the respective catagories. Abbreviation: T: Tertile; Cl: Confidence interval. p < 0.05 are

indicated in bold.

74



3.4. Discussion

We assessed the predicted 10-year CVD risk and explored the association with the
consumption of FVV among hypertensive patients in Addis Ababa. There is a fairly high
prevalence of predicted CVD risk among hypertensive patients. We observed
substantial agreement between the FRS and Globorisk models according to the kappa
statistics. The FRS could predict multiple CVD outcomes in terms of clinical
significance for hypertensive patients and was used throughout the analysis of this
study. The consumption of increased total fruit and combined FV were found to
decrease the risk of future CVD.

The prevalence of high CVD risk was 29.8% among hypertensive patients in Addis
Ababa. The present finding is comparable with high CVD risk of 28.2% hypertensive
subjects from an institution-based cross-sectional study in Addis Ababa [38]. The
overall result is also almost similar to the recent cohort study of Iran that found 28.3%
high CVD risk measured using FRS among adults [7]. However, the prevalence is
higher as compared to the African (Kenya, Nigeria, Tanzania, and Uganda) community-
based study (20.3%) [39] and 23% high risk among hypertensive patients from the US
[40]. Therefore, the study highlights practicing routine CVD risk assessment for
hypertensive patients in Ethiopia by healthcare providers for earlier treatment and

lifestyle modification options.

Our study found high CVD risk in 60% of men and 40% of women. The 10-year risk
of CVD was markedly higher in men than women hypertensive patients. Other studies
also have reported similar results [7, 41, 42]. A lower risk of CVD in women might be
due to the protective effect of endogenous estrogen [43]. Hence, more consideration

should be given to men when designing prevention and treatment strategies.

As indicated in our findings, risk factors such as being diabetic, anti-hypertensive
medication use, increased stress, and higher SBP were significantly associated with a
high risk of CVD. Similar studies also confirmed these correlations [1, 5, 7, 44, 45].
Furthermore, our study explored the independent effect of other potential risk factors

that were not included in the FRS model.

Our multiple linear regression analysis found that after controlling for covariates

(percent body fat, perceived stress score, high physical activity level, and salt intake
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>5g/day), a daily intake of 120g to 450g FV was significantly related to 11.1% to 15.2%
lower predicted 10-year CVD risk among hypertensive patients. The findings are
consistent with the recent meta-analysis, which found an increase in consumption of
fruit, vegetables, or combined FV by 200 g/day is associated with a reduction of 8-16%
in the risk of coronary heart disease, 13-18% stroke, and 8-13% in the risk of CVD [15].
A similar study also reported that individuals who consumed a high amount of FV
(approximately 500 g/day) experience a 22% decreased risk of CVD compared to low
intake [46]. The fact that our results were statistically significant after controlling for
other potential confounding factors suggests a robust relationship between FV intake
and CVD risk.

Diet is found to be an important predictor of CVD risk. There is strong evidence to
support that the consumption of a diet rich in FV can have a protective effect against
CVD due to the high content of nutrients such as vitamins, minerals, antioxidants, fiber,
and potassium [17, 47]. However, the exact mechanism of this effect is not fully
elucidated and might involve reducing risk factors like high blood pressure, oxidative

stress, and inflammation [17, 47].

Additionally, this study assessed the separate contribution of fruits and vegetables.
Thus, after adjustment for covariates, total fruit intake in the highest tertile compared
to the lowest tertile was associated with a 6.6% reduced risk of CVD. In contrast,
increased total vegetable consumption in the highest tertile was not linked with a
decrease in CVD risk. These results are in line with the PURE prospective study and a
dose-response meta-analysis of cohort and cross-sectional studies, which reported a

significant association with the intake of fruits, but not vegetables [17, 25].

Vegetables may be eaten raw or cooked, and cooking may affect the availability of
nutrients such as phytochemicals, vitamins, minerals, and fiber, as well as their
digestibility. Studies suggest that cooking can reduce nutrient and enzyme content and
even produce harmful substances. Nevertheless, cooking can increase the
bioavailability of some nutrients like lycopene and B carotene [17]. The UK Biobank
cohort and PURE study found that higher intakes of raw, but not cooked, vegetables
were associated with lower CVD, and the protective effect of vegetables may be

influenced by cooking methods [17, 48]. Therefore, the independent effect of raw and
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cooked vegetable consumption on CVD risk in hypertensive patients should be
elucidated further.

Adopting a healthy lifestyle may decrease the risk of coronary heart disease by 81-94%,
while pharmacotherapies reduce it only by 20-30% [49]. Therefore, integrated
interventions focusing on lifestyle modifications (healthy dietary patterns with a higher
proportion of FV, especially increasing the fruit portion) are crucial in the prevention
and treatment of CVD.

Additionally, the study emphasizes the importance of stratifying hypertensive patients
pertaining to their CVD risk levels. Since, when the CVD risk score level was assessed
and informed to patients, reduction in SBP and cessation of smoking were documented
[50]. Consequently, the patients would benefit from the correct use of medicines
adjusted to their comorbidities, avoiding the use of unnecessary medications in the low-
risk groups, which contributes to reducing CVD morbidity and mortality. Hence,
treatment of hypertensive patients should not be solely based on BP values, but consist

of a comprehensive strategy, considering associated risk factors.

The current study, for the first time, predicted 10-year CVD risk using the FRS
algorithm and assessed its relation with FV intake among hypertensive patients, and
tested the agreement of FRS with country-specific Globorisk prediction tool in
Ethiopia. Our findings are useful for clinicians and highlight the need for a concerted
effort to provide effective interventions to reduce the risk of CVD in hypertensive
patients. To make the study more comprehensive, important determinants like
psychological stress, body fat percent, salt intake, physical activity level, and FV
consumption were included. Though, the study is not without limitations. The fact that
the study was conducted in urban hypertensive patients may restrict the generalizability
of the results to the entire Ethiopian population. The current study is cross-sectional,
and therefore, causal inference cannot be constructed between the variables examined
and CVD risk. Hence, future prospective studies are needed to further confirm the
findings. Additionally, despite comprehensive adjustment for lifestyle, clinical, and
dietary factors, residual confounding by unknown, unmeasured, or imprecisely
measured factors may influence the results. Although the study pointed out remarkable
findings, it would have been better to use a country-specific validated FRS model and

include more hypertensive subjects.

77


file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%203.docx%23_ENREF_49
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%203.docx%23_ENREF_50

3.5. Conclusion

A high proportion of hypertensive patients in Addis Ababa are at moderate to high risk
of developing CVDs over 10 years. Substantial agreement was observed between risk
groups of the FRS and Globorisk models. In the current study, a potent relationship
between predicted 10-year CVD risk score and FV were identified. The consumption
of combined FV from lower (120 g/day) to higher (450 g/day) doses were significantly
linked with lower CVD risk in hypertensive patients. Moreover, total fruit intake
significantly decreased CVD risk than total vegetable consumption. However, further
studies are required to further elucidate these associations in a longitudinal design.
Therefore, the finding suggests clinicians to apply integrated preventive and therapeutic
strategies for patients according to their risk levels. Furthermore, patients should be
recommended to adopt healthy dietary patterns (incorporating more FV, especially
fruits) and lifestyle modifications to decrease their future CVD risks.
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Abstract

Background: Numerous studies have indicated that adherence to the DASH diet
prevents blood pressure and cardiometabolic risks. However, to effectively reduce these
risks, a country-specific DASH diet is necessary. In this study, we assessed the
adherence of adults in Addis Ababa, Ethiopia to a DASH-style diet and its association
with the risk of hypertension and adiposity.

Methods: We used a cross-sectional data from SUNCD-AA study of apparently healthy
and hypertensive adults aged 18-64 years (n = 600). The participants completed
standardized blood pressure and anthropometric measurements including body fat
percentage. Dietary pattern was assessed using a DASH diet score constructed from a
food frequency questionnaire. The DASH score was calculated based on eight food
groups divided into 5 distinct intake categories. The relationships between DASH-style
diet, hypertension, and adiposity indicators were assessed using multivariate logistic
regression models.

Results: The mean + SD age of participants was 31.2 + 11.3 years. The average DASH
score was 22.5 (95% CI: 22.2-22.8), higher in women 23.7 (95% CI: 23.3-24.2)
compared to men 21.2 (95% ClI: 20.7-21.5). The highest DASH scores were observed
in individuals with normal adiposity indices, non-alcohol drinkers, and 18-24, and 55-
64 age groups (p<0.001). After controlling for potential confounders, individuals with
the highest adherence to a DASH-style diet had 72% (P trend <0.001) lower odds of
hypertension than those with the lowest DASH score. Furthermore, participants with
greater adherence to the DASH-style diet were 15%, 62%, and 82% less likely to have
a higher body fat percentage, WC, and WHR, respectively (P trend <0.001).
Conclusions: The adherence to a DASH-style diet is moderate among adults in Addis
Ababa. We found that adherence to a DASH-style diet reduced the risk of hypertension
and adiposity in the studied population. This healthy dietary pattern should be adopted

and tailored to public health policies and clinical practice to decrease NCD burden.
Keywords: hypertension; adiposity; DASH score; dietary pattern
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4.1. Introduction

Hypertension is a major global public health concern that affects approximately 1.39
billion people worldwide, with a pooled prevalence of 31.5% in low-and middle-
income countries (LMIC) [1]. Elevated blood pressure is a predominant cause of
cardiovascular diseases (CVD) and related complications, such as stroke, heart disease,
and kidney failure [2]. In Ethiopia, hypertension has recently become the leading non-
communicable disease with a prevalence estimated from 15% to 30% according to a
national STEPS survey and systematic meta-analysis studies, causing a high burden of
morbidity and mortality [3-5], and it is also increasing rapidly in urban areas such as
Addis Ababa (22.1%) [6].

Obesity is estimated to be the attriubitable risk factor for 65-78% new cases of essential
hypertension, and the link between excess adiposity and elevated blood pressure is well
established [7]. The prevalence of obesity is rising rapidly among Ethiopian adults,
particularly in urban areas, 3.1% of men and 7.6% of women are estimated to be either
overweight or obese [8]. Ethiopia is currently undergoing a rapid epidemiological
transition due to urbanization, lifestyle changes, and shifts in dietary patterns that have

contributed to an increase in the prevalence of obesity and hypertension [9].

The complex interplay of genetic, behavioral, and environmental factors leads to an
increased risk of hypertension. Notably, modifiable and non-modifiable risk factors
such as sex, age, excessive alcohol consumption, tobacco use, socio-economic status,
and body mass index (BMI) are among the most important determinants of non-
communicable disease burden [3]. Furthermore, study findings suggested that an
unhealthy diet and lifestyle (physical inactivity) could significantly contribute to

increase the incidence of hypertension, obesity, and cardiometabolic diseases [10].

A single food or nutrient has been the focus of the majority of previous nutritional
epidemiology investigations on the diet-disease relationship [11]. However, this
approach can be challenging to identify the precise effects of a particular nutrient or
food because people typically consume a variety of foods that may have complex
interactions or synergistic effects [12]. Therefore, dietary pattern analysis has been
suggested as a substitute strategy for exploring the association between disease and
dietary intake [11].
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The Dietary Approaches to Stop Hypertension (DASH) diet is a well-known dietary
pattern that emphasizes the consumption of fruits, vegetables, whole grains, and low-
fat dairy foods while limiting the intake of saturated and trans fats, added sugars, and
sodium [13]. Several studies have shown that adherence to the DASH diet is associated
with a lower risk of hypertension, visceral obesity, and metabolic syndrome, and is
recommended by many countries as a healthy dietary pattern [14-17]. However, these
studies were conducted in Western communities, and the results may not be
generalizable to Africans including the Ethiopian population with different food
cultures and dietary habits. Hence, in the present study, we used a food group-based
DASH score system suggested by Fung et al., (2008) [18] modified from Ethiopian
local foods to measure adherence to DASH dietary pattern.

To the best of our knowledge, there is no evidence of the applicability of the DASH
dietary pattern to decrease disease risk based on Ethiopian diets. The findings of this
study may have important implications for public health policy and health professionals
in clinical practice to provide culturally appropriate dietary recommendations.
Therefore, in this study, we calculated a modified DASH-style diet score adapted from
local food items and examined its relationship with the risk of hypertension and

adiposity among adults in Addis Ababa, Ethiopia.
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4.2. Methods
4.2.1. Study design and subjects

This community-based cross-sectional study used baseline survey data from the
Surveillance of Non-Communicable Diseases in Addis Ababa (SUNCD-AA) project
conducted between May and June 2021. In the survey, a total of 600 adult men and
women aged 18 to 64 years (467 apparently healthy, 100 known hypertensive patients
and 33 newly diagnosed cases), who were permanent residents of Addis Ababa city
participated. Women were excluded if they had a self-reported pregnancy or had given
birth within the previous 12 months. A multistage random sampling method was used
to recruit potential participants. The detailed methods of this study have been described

previously elsewhere [6].

4.2.2. Dietary intake assessment

The typical dietary intake of study participants was assessed using a semi-quantitative
food frequency questionnaire (FFQ). The questionnaire was administered face-to-face
by a trained interviewer and consisted of a list of local foods with a standard serving
size. The adapted FFQ contained 42 items and participants were asked about the usual
frequency at which they consumed each item across the previous year. The response
categories ranged from never or less than once per month, once per month, 2-3 times
per month, once per week, twice per week, 3-4 times per week, 5-6 times per week,
once per day, 2-3 times per day, and 4 or more times per day. Then, adherence to the
DASH diet was examined by calculating the total scores of eight food components
(fruits, vegetables, whole grains, legumes, and nuts, low-fat dairy, sodium, red and

processed meats, and sweetened beverages).

4.2.3. Dietary approach to stop hypertension diet score calculation

The DASH diet is a dietary pattern originally developed to prevent and control
hypertension. The DASH score was determined based on the protocol first specified by
Fung et al., (2008) [18] which includes eight dietary components. The scoring criteria
for the DASH-style diet score were adapted based on Ethiopian local foods and the
mean intake related to food groups (Table 12). Each food group was divided into 5
intake categories to calculate a total score. For healthy food groups, such as fruits,

vegetables, whole grains, legumes, nuts, and low-fat dairy products, individuals
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received 5 to 1 point for the following intake categories: 5 = more than 7 times per
week, 4 = 7 times per week, 3 = 5-6 times per week, 2 = 3-4 times per week, and 1 =
less than twice per week. Except for whole grain intake, which was categorized in terms
of times per day due to higher consumption. For the other food groups, however, we
modified the scoring system to times per week because of inadequate recommended
intakes such as fruits and vegetables per day in our study. Additionally, the scores for
unhealthy food groups (sodium, red and processed meats, and sweetened beverages)
were reverse-coded so that the lowest intake category received 5 points and the highest

intake category received 1 point.

Sodium intake was estimated from random (spot) urine samples using COBAS Integra
400 plus (Roche Diagnostic GmbH, Mannheim, Germany) by the ion-selective
electrode (ISE) method [19] in the National Reference Laboratory of Ethiopian Public
Health Institute and categorized into quintiles. The scores were summed and the overall
score ranged from 8 to 40, indicating the lowest and highest DASH diet adherence. This
score was then divided into 5 categories (range in this study: <18, 19-21, 22-24, 25-27,
and >28) so that individuals in the fifth category represented the highest adherence

compared to the first.
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Table 12: Scoring criteria for the modified DASH-style diet score based on Ethiopian

foods and mean intake of related food groups across categories, Adapted from Fung et

al., (2008) [18].

Mean
Components Foods Scoring criteria servings/week
95% CI)
Fruits All fresh fruit except juices 2.69 (2.33,3.06)
Vegetables All fresh vegetables 4.64 (4.20, 5.07)

Legumes and nuts

Whole Grains *
(serving/day)

Dairy Products

Beans, peas, lentils, (fresh,

dried, or powdered), nuts

Injera (7eff), bread, Kita,

(oats, sorghum, corn, barely)

Milk (whole, skim, powder),

yogurt, and cheese

Cl1 (<2/week) = 1 point
C2 (3-4/week) = 2 points
C3 (5-6/week) = 3 points
C4 (7/week) = 4 points
C5 (>7/week) = 5 points

3.90 (3.64, 4.15)

1.87 (1.78, 1.95)

1.81 (1.58, 2.04)

Sweetened

beverages *

Red and organ meat

a

Sodium P

Sugar-sweetened beverages,

energy drinks

Beef, lamb, mutton, chicken,

and organ meat (roast,
mince, stew)
Sodium from urinary

excretion

Reverse score:
Cl1 (<2/week) = 5 points
C2 (3-4/week) = 4 points
C3 (5-6/week) = 3 points
C4 (7/week) = 2 points
C5 (>7/week) = 1 point

0.42 (0.33, 0.50)

1.38 (1.17, 1.59)

3195 (3133,
3258)

Abbreviations: DASH, Dietary Approaches to Stop Hypertension; C, category.

* Whole grains were measured from intake of teff (local flat bread), a super-grain considered to be rich

in fiber and phytochemicals.

 Higher categories represent higher intake; however, in constructing the DASH score, high intake, and

high categories received lower scores.

b
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4.2.4. Variables of the study

The explanatory variable was adherence to the DASH-style diet score compared with
the lowest to the highest category. The primary outcome of interest were hypertension
and three adiposity indicators, measured using body fat percentage (BF%), waist
circumference (WC), and waist-to-hip ratio (WHR).

4.2.4.1. Hypertension

Hypertension was defined as systolic blood pressure (SBP) >140 mmHg or diastolic
blood pressure (DBP) >90 mmHg, or the use of antihypertensive drugs based on JNC
7 classification [20]. Blood pressure measurements were taken following standard
procedures using a validated digital sphygmomanometer (Folee®) in a quiet
environment, after 15 min of rest in the sitting position. Participants were instructed to
avoid drinking alcoholic beverages and caffeine and not to exercise prior to the
examination. The measurement was repeated twice, and if the difference was within the
acceptable limit (10 mmHg for SBP and 5 mmHg for DBP), the average was considered

for this analysis. Otherwise, a new set of readings was taken.
4.2.4.2. Adiposity measurements

Obesity was defined based on the WHO sex-specific thresholds for a higher body fat
percentage of > 25% for men and > 35% for women [21]. We estimated body fat
percentage using the Siri Equation [22], while age- and sex-specific body density was
assessed using the validated equation of Durnin and Womersley (1974) [23] based on

four skinfold measurements.

Another adiposity measurement was assessed from waist and hip circumferences using
a non-stretchable flexible tape with minimal clothing, rounded to the nearest 0.1cm. To
measure WC, the tape was placed around the bare abdomen at the midpoint between
the lower margin of the last palpable rib and the top of the iliac crest of the hip bone.
Abdominal obesity is categorized as normal (men <94 cm and women <80 cm),
increased risk (men 94-102 cm and women 80-88 cm), or greatly increased risk (men
>102 cm and women >88 cm) [24]. Hip circumference was measured by placing the
tape around the hip at the maximum circumference over the buttocks or around the

greater trochanter of the femoral bone. WHR was categorized as normal (men <0.90
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and women <0.85) or substantially increased (men >0.90 and women >0.85) [24]. The
measurements were performed in duplicate, and if the difference was within a tolerable
range (1 cm for waist and hip circumferences), the average was used. Otherwise, the

measurements were repeated.
4.2.4.3. Assessment of covariates

Data were gathered in the original study [6] using an adapted STEPS questionnaire [25],
and selected variables were used for covariate assessment. The questionnaire was
translated into the Amharic language, pretested, and contextualized to the local setting.
Selected questions extracted from the Ethiopian Demographic and Health Survey
(EDHS) questionnaire were also used to collect sociodemographic related information.

Specifically, we collected information on age groups (18-24, 25-39, 40-54, and 55-64
years), sex (male/female), educational status (no formal schooling, primary, secondary,
and higher education), current alcohol intake (yes/no), and occupation. We also
measured weight and height, which were used to calculate BMI (in kg/m?), and
classified the participants as underweight (<18.5), normal weight (18.5-24.9),
overweight (25-29.9), and obese (>30) following standard cut-off points. Physical
activity was assessed using the Global Physical Activity Questionnaire (GPAQ) tool.
The total physical activity level was calculated based on the metabolic equivalent of
task (MET)-minutes per week [25] and grouped into high, moderate, and low activity
levels. Additional variable information regarding marital status, religion, wealth index
(computed from household income tertiles and categorized as poor, medium, and rich),

and blood glucose levels were collected.

The Open Data Kit (ODK)® system was used to digitally collect data via KoBo
Toolbox® platform. The enumerators and supervisors were trained nurses with good
experience in data collection. The training given for this specific study comprised
standardization of anthropometric measurements, dietary assessment through FFQ, and

procedures for measuring blood pressure and blood sugar levels.
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4.2.5. Statistical analysis

Data analysis was performed using SPSS software (IBM Corp., SPSS for Windows
Version 26: New York, USA). Normally distributed continuous variables are presented
as mean (z standard deviation (SD)) and categorical variables are expressed using
frequency distributions. The normality of numeric variables was assessed pictorially
and using the Kolmogorov-Smirnov test. Kruskal-Wallis test and t-test were used to
compare different variables stratified by sex. Spearman correlation coefficients were
calculated between the DASH scores and potential covariates. Unadjusted statistical
comparisons were performed to assess the association between the DASH-style diet
and different variables using the chi-square test.

To examine the association between DASH diet adherence and hypertension, and
adiposity, we fitted multivariable logistic regression models. In addition to the
unadjusted model to compute crude odds ratio (COR), we further adjusted the model
for potential confounders such as age groups, sex, physical activity level, BMI
(categorized), alcohol consumption, educational, and occupational status to obtain
adjusted odds ratio (AOR). We considered the DASH diet score categories as ordinal
variables in the models to calculate the p-trend of odds ratios across increasing

categories. Statistical significance was set at P < 0.05.

4.2.6. Ethical Considerations

The SUNCD-AA study was conducted according to the guidelines laid down in the
Declaration of Helsinki, and all procedures involving human subjects were approved
by the Institutional Review Board of the College of Health Sciences, Addis Ababa
University (109/20/SPH). Informed written consent was obtained from each

participant.
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4.3. Results
4.3.1. Basic characteristics of study participants

The study included 600 adults aged 18-64 years, with slightly more women (51.7%)
than men (48.3%). The majority of participants were in the category of 18-39 age group
(78.2%). Educational status was varied in proportion, with the highest from secondary
education level (41.5%), followed by primary education (28.2%). Additionally, the
majority of the participants were either married or cohabiting (46.8%), currently not
working (30.4%), and followed Orthodox Christians (81.1%). Furthermore, around
39.2% of respondents were categorized into the second tertile wealth index (Table 13).
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Table 13: Age- and sex-standardized sociodemographic characteristics of participants,
Addis Ababa, Ethiopia, June 2021.

Variables Frequency Percentage
(n=600)
Sex
Men 290 48.3
Women 310 51.7
Age (years)
18-24 214 35.6
25-39 256 42.6
40-54 97 16.2
55-64 33 55
Educational status
No formal schooling 42 7.0
Primary education 169 28.2
Secondary education 249 41.5
Higher education 140 23.3
Marital status
Married/Cohabiting 281 46.8
Not ever married 269 44.8
Widowed 20 3.3
Divorced/separated 31 5.1
Occupation
Not working (including retired) 182 30.4
Trade (including petty trade) 107 17.9
Student 102 17.0
Professional/technical/managerial 91 15.1
Manual (skilled or unskilled) 78 13.0
Others 39 6.6
Religion
Orthodox Christian 486 81.1
Muslim 92 15.3
Protestants 19 3.1
Others 4 0.6
Wealth index #
Poor (T1) 154 27.4
Medium (T2) 221 39.2
Rich (Ts) 187 33.3

# Tertiles of wealth index was generated based on household income
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4.3.2. Anthropometric, clinical, and behavioural characteristics

Our results indicated that there were statistically significant differences (p < 0.05)
between men and women in several variables. Compared to women, men had
significantly higher mean values of age (31.9 vs. 30.5 years), SBP (120.7 mm Hg vs.
117.9 mm Hg), DBP (80.2 mm Hg vs. 78.3 mm Hg), sodium excretion (3456.4 vs.
2952.2 mg/24-h), total physical activity (7993 vs. 4904 MET-minutes/week), and WHR
(0.88 vs. 0.83). Women in contrast to men, on the other hand, had higher mean values
of BMI (24.9 vs. 23.1 kg/m?), and DASH score (23.7 + 4.0 vs. 21.2 + 3.3). Interestingly,
glucose levels and WC were not significantly different between men and women (Table
14).

Table 14: Anthropometric, physiological, clinical, and biochemical characteristics of

the study participants stratified by sex (N = 600).

Total Men Women
Variables p-value
Mean + SD Mean + SD Mean + SD
Age (years) 31.2+113 319+114 30.5+11.2 0.003
SBP (mmHg) 119.3+16.9 120.7+17.8 1179+ 159 0.001
DBP (mmHg) 79.2+11.3 80.2+11.9 78.3+10.7 0.009
Glucose (mg/dL) @  114.7+34.4 114.1+29.9 115.2 +£38.2 0.70
Sodium (mg/24 h) S0 b4 2952.2 +570.8 < 0.0001
779.6 883.4
BMI (kg/m?) 240+ 4.4 23.1+4.2 249144 < 0.0001
WC (cm) @ 81.2+13.8 81.7+13.8 80.7 £13.8 0.34
WHR 0.86 £0.12 0.88+0.12 0.83+0.11 < 0.0001
Total physical
activity (MET- 6395 + 8394 7993 + 9740 4904 £ 6580 < 0.0001
minutes/week)
DASH score 22.5+3.8 21.2+3.3 23.7+4.0 < 0.0001

Abbreviation: SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index;

WC: waist circumference; WHR: waist-to-hip ratio; DASH: Dietary Approaches to Stop Hypertension.

K Kruskal-Wallis test and 2 t-test were used for comparison between men and women.
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4.3.3. Association of DASH-style diet with independent variables

The DASH score, which reflects adherence to a DASH-style diet, association with
independent variables was presented in Table 15. The overall average DASH-style diet
score was 22.5 (95% CI: 22.2-22.8). The disaggregated mean score among apparently
healthy, known hypertensive patients and newly diagnosed cases were 22.7 (95% CI:
22.3-23.1), 21.9 (95% CI: 21.3-22.6) and 21.4 (95% CI: 20.4-22.3), respectively. Our
results showed that women had higher DASH scores than men (p <0.001). The younger
and older age groups (18-24 and 55-64) had higher mean DASH scores than middle age
groups (25-39 and 40-54) (p < 0.001). Non-alcohol drinkers had higher DASH scores
compared to alcohol drinkers (p < 0.001). Individuals with high total physical activity
had lower mean DASH scores than those with low or moderate physical activity levels
(p < 0.001). Secondary and higher educational status (p < 0.001) and participants with
trade occupations were associated with higher DASH scores (p < 0.001). Individuals
with a normal BMI had higher DASH scores compared to those who were underweight
or obese (p < 0.001). Additionally, there was a positive association between
hypertension, BF%, WC as well as WHR and mean DASH scores (p =0.057, p =0.038,
p =0.041, p < 0.001, respectively).

The correlation between DASH scores and potential covariates are also shown in Table
16 and Figure 6. The results indicated that increased age (r = -0.130), SBP (r =-0.163),
alcohol consumption (r =-0.104), WC (r =-0.205), WHR (r = -0.371), physical activity
(r =-0.180), and sodium intake (r = -0.425) were negatively correlated with the DASH
score (p < 0.001). In contrast, the DASH score was positively correlated with female
sex (r = 0.338), fruit (r = 0.468), vegetable (r = 0.613), legume and nut (r = 0.582),
whole grain (r = 0.258), and low-fat and dairy (r = 0.315) consumptions (p < 0.001).
However, DBP, BMI, sweetened beverages, and red, and organ meat consumption were

not significantly correlated with the DASH score.

100



Table 15: Association of modified DASH-style diet across different variables.

DASH score (8-40) (mean

. _ a
Variables Category and 95% CI) p-value
Men 21.2 (20.7-21.5)
Sex <0.001
Women 23.7 (23.3-24.2)
18-24 23.2 (22.6-23.8)
25-39 22.1(21.7-22.5
Age group ( ) <0.001
40-54 21.7 (21.0-22.4)
55-64 22.4 (21.2-23.6)
_ No 23.0 (22.4-23.4)
Alcohol consumption <0.001
Yes 22.1 (21.7-22.5)
High 21.9 (21.5-22.3)
Level of total physical activity Moderate 23.7 (22.9-24.4) <0.001
Low 22.8 (22.1-23.4)
No formal schooling 22.2 (21.3-23.3)
Primary education 21.7 (21.1-22.2
Educational status mary eaucdt i ( ) <0.001
Secondary education 23.0 (22.4-23.5)
Higher education 22.5 (21.9-23.1)
Not working 22.4 (21.8-23.0)
Manual 21.8 (21.2-22.5)
Trad 23.9 (22.9-24.8
Occupational status . race . ( ) <0.001
Professional/technical/ 22.4 (21.7-23.2)
Student 22.5(21.7-23.3)
Others 20.5 (19.5-21.5)
Underweight 20.7 (19.4-21.9)
. Normal 23.1 (22.7-23.6)
BMI categorized ) <0.001
Overweight 21.9 (21.5-22.5)
Obese 21.4 (20.4-22.4)
Normal 22.7 (22.3-23.0)
HTN : 0.057
Hypertensive 21.7 (21.2-22.3)
b No 22.5(22.1-22.9)
BF% 0.038
Yes 22.3 (21.8-22.8)
Normal 22.8 (22.4-23.2)
wC Increased risk 21.9 (21.4-22.5) 0.041
Greatly increased risk 21.7 (21.0-22.4)
Normal 23.2 (22.8-23.6)
WHR <0.001

Substantially increased

21.4 (21.0-21.8)

2 Chi-square tests were used. ® Obesity based on BF% (WHO, >25% in males and >35% in females).

Abbreviation: BF%, Body fat percentage; HTN, Hypertension; WC, Waist circumference; WHR, waist-to-hip ratio.
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Table 16: Spearman’s correlation coefficients of potential covariates and DASH scores.

DASH score 95% ClI
Variables p-value
p coefficient  Lower Upper

SBP (mmHg) mean -0.163 -0.243 -0.081 <0.001

DBP (mmHg) mean -0.051 -0.133 0.032 0.216
Female gender 0.338 0.263 0.410 <0.001

Age group -0.130 -0.211 -0.048 0.001

Alcohol consumption -0.104 -0.185 -0.021 0.012
WC (cm) -0.205 -0.283 -0.124 <0.001
WHR -0.371 -0.441 -0.297 <0.001

BMI (kg/m?) -0.077 -0.159 0.006 0.060
Physical activity (MET-minutes/week) -0.180 -0.259 -0.099 <0.001
Fruits (serving/week) 0.468 0.400 0.530 <0.001
Vegetables (serving/week) 0.613 0.559 0.662 <0.001
Legumes and nuts (serving/week) 0.582 0.524 0.634 <0.001
Whole grain (serving/day) 0.258 0.179 0.334 <0.001
Low-fat and diary (serving/week) 0.315 0.238 0.387 <0.001

Sweetened beverage (serving/week) 0.068 -0.015 0.150 0.098

Red and organ meats (serving/week) 0.029 -0.054 0.112 0.477
Sodium (mg/day) -0.425 -0.491 -0.355 <0.001

Abbreviation: SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; WC:
waist circumference; WHR: waist-to-hip ratio; DASH: Dietary Approaches to Stop Hypertension.
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Figure 6: Estimated associations between the modified DASH-style diet and systolic
and diastolic blood pressure.

103



4.3.4. DASH-style diet and risk of hypertension and adiposity

The association of a DASH-style diet with hypertension and the three adiposity
indicators among adults was evaluated using multivariable logistic regression models
expressed in COR and AOR with 95% Cls (Table 17). In the unadjusted model, the risk
of hypertension is 76% (COR = 0.24, 95% ClI: 0.08, 0.69; P for trend < 0.001) lower in
the highest DASH adherence (C5) compared to the lowest DASH adherence (C1).
Moreover, the risk of enlarged WC and WHR decreased by 46% (COR = 0.54, 95%
Cl: 0.33, 0.88; P for trend = 0.007) and 82% (COR = 0.18, 95% CI: 0.08, 0.37; P for
trend = 0.004), respectively, in the highest compared to lowest DASH adherence.
However, there was no significant trend association between the DASH diet adherence

and BF% in the crude model.

Additionally, the reduction in hypertension risk was slightly attenuated to 72% (AOR
= 0.28, 95% CI: 0.07, 0.99) after adjusting for potential covariates, with significant
trend in the higher related to the lowest DASH adherence (P for trend < 0.001).
Similarly, the risk of adiposity measured using BF%, WC, and WHR in the highest
DASH adherence were decreased by 15% (AOR = 0.85, 95% CI: 0.77, 0.94; P trend <
0.001), 62% (AOR =0.38,95% CI: 0.17, 0.82; P trend < 0.001), and 82% (AOR = 0.18,
95% CI: 0.06, 0.48; P trend < 0.001), respectively, compared to the lowest DASH

adherence, after adjusting for potential variables.
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Table 17: Multivariate logistic regression analysis of modified DASH categories with

hypertension and body adiposity in adults.

Variables

DASH score @

Cl1
(<18)

C2
(19-21)

C3
(22-24)

C4
(25-27)

C5
(>28)

P-trend*

HTNP®
COR
AOR

BF% ©
COR
AOR

wc ¢
COR
AOR

WHR
COR
AOR

1
1

0.93 (0.50, 1.70)
0.96 (0.46, 1.97)

1.02 (0.99, 1.06)
0.95 (0.88, 1.02)

1.09 (0.79, 1.51)
0.85 (0.49, 1.48)

0.76 (0.46, 1.24)
0.47 (0.23, 0.95)

1.83 (1.00, 3.34)
1.62 (0.78, 3.38)

1.03 (1.00, 1.07)
1.01 (0.93, 1.08)

1.23 (0.88, 1.71)
1.00 (0.56, 1.78)

0.89 (0.52, 1.49)
0.51 (0.24, 1.07)

0.98 (0.50, 1.91)
1.33 (0.56, 3.13)

1.06 (1.02, 1.10)
0.98 (0.91, 1.07)

0.88 (0.60, 1.27)
0.59 (0.31, 1.12)

0.35 (0.19, 0.62)
0.22 (0.09, 0.51)

0.24 (0.08, 0.69)
0.28 (0.07, 0.99)

1.04 (1.00, 1.08)
0.85 (0.77, 0.94)

0.54 (0.33, 0.88)
0.38 (0.17, 0.82)

0.18 (0.08, 0.37)
0.18 (0.06, 0.48)

<0.001
<0.001

0.428
<0.001

0.007
<0.001

0.004
<0.001

Adjusted model for sex, age, physical activity, BMI categorized, alcohol consumption, educational and
occupational status. ® elevated blood pressure >140/90 mmHg; © Obesity based on percent body fat
(WHO, >25% in males and >35% in females); ¢ WC >88 cm in women and >102 cm in men. # Values
are reported as odds ratio and 95% confidence intervals. Bold values indicate statistical significance (p
< 0.05). “ To obtain the P-trend value, an ordinal logistic regression was performed by treating the DASH
categories as an ordinal variable.

Abbreviations: C, Category; COR, Crude odds ratio; AOR, Adjusted odds ratio; BF%, Body fat
percentage; DASH, Dietary Approaches to Stop Hypertension; HTN, Hypertension; WC, Waist

circumference; WHR, waist-to-hip ratio.
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4.4. Discussion

We evaluated the association between a DASH-style diet and risk of hypertension and
adiposity indicators among adults in Addis Ababa. There is moderate adherence to the
DASH dietary pattern among apparently healthy individuals and hypertensive patients.
Our study revealed that greater adherence to a DASH-style diet was significantly
associated with lower risk of hypertension. Moreover, adherence to the DASH dietary
pattern decreased the odds of adiposity measured using body fat percent, waist

circumference, and WHR after adjusting for potential covariates.

The DASH diet emphasizes greater consumption of fruits, vegetables, whole grains,
legumes, nuts, and low-fat dairy products. Moreover, it limits the intake of red and
processed meat, sweetened beverages, and sodium [13]. A growing body of evidence
has shown that DASH diet may positively influence blood pressure and obesity [14].

In the current study, we found that adherence to the DASH diet was negatively
associated with a 72% decreased risk of developing hypertension. Our finding is
consistent with similar previous studies. A longitudinal study from Brazil demonstrated
a 26% lower risk of hypertension with higher adherence to the DASH diet [26].
Similarly, a prospective cohort study indicated that adopting a similar diet could prevent
38% and 43% of new hypertension cases in Chinese women and men, respectively [27].
Furthermore, systematic review and meta-analysis confirmed significant reductions in
blood pressure, total cholesterol, and LDL cholesterol levels through adherence to the
DASH diet [28]. Hence, this healthy dietary pattern may be tailored to local foods as a

suitable diet for preventing cardiovascular diseases.

Additionally, this study found that adherence to a DASH-style diet was associated with
a 15% decreased risk of body fat percent, 62% lower odds of high waist circumference,
and an 82% reduced risk of having enlarged WHR. Comparable results from several
studies substantiated our findings. The DASH diet was associated with a 74% decreased
risk of central obesity and a 68% lower risk of general obesity in Iranian adolescents
[29]. A cross-sectional study among adults also reported a 54% lower likelihood of
central obesity in the top DASH quartile [16]. Furthermore, the DASH diet is rich in
foods that are proposed to be inversely associated with weight gain and body

composition [17, 30]. Our study highlights that the Ethiopian plant-based dietary

106


file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%204.docx%23_ENREF_13
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%204.docx%23_ENREF_14
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%204.docx%23_ENREF_26
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%204.docx%23_ENREF_27
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%204.docx%23_ENREF_28
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%204.docx%23_ENREF_29
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%204.docx%23_ENREF_16
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%204.docx%23_ENREF_17
file:///C:/Users/Mulugeta%20Mekonene/Desktop/WRITE%20UP/My%20Words/Chapter%204.docx%23_ENREF_30

pattern especially whole grain from teff injera and vegetables might play vital role to
decrease the risk of obesity.

The specific mechanisms and the role of each nutrient or food group linked to the
beneficial effect of the DASH-style diet on cardiometabolic risks are not yet fully
elucidated. Nevertheless, the DASH dietary pattern contains fruits, vegetables, whole
grains, lean proteins, and low-fat dairy, which provide a diverse range of vitamins,
minerals, phytochemicals, and antioxidants [13, 31]. These nutrients have anti-
inflammatory and antioxidant properties that can reduce oxidative stress and
inflammation and contribute to improved vascular function and insulin sensitivity,
thereby positively influencing both hypertension and adiposity [17, 30, 31]. A study
revealed that the DASH diet led to a significant reduction in markers of inflammation,
such as C-reactive protein (CRP), further supporting its anti-inflammatory effects [32].

The DASH diet is low in sodium and high in potassium, calcium, and magnesium.
Sodium increases blood pressure by promoting fluid retention, while potassium,
calcium, and magnesium have vasodilatory effects that relax blood vessels and lower
blood pressure [33]. A systematic review and meta-analysis study found a significant
reduction in SBP and DBP among individuals adhering to the DASH diet, highlighting

its importance as a non-pharmacological approach to hypertension management [34].

Whole grains and high fiber contents of the DASH diet enhance satiety and support
appetite control, potentially lowering caloric intake and supporting weight management
[33]. High fiber intake may influence insulin secretion and stimulation of anorectic
hormones, such as glucagon-like peptide-1(GLP-1) and peptide YY (PYY), and
decrease the risk of adiposity through suppression of postprandial blood glucose
elevation and appetite. It is also possible that high-fiber diets may change the
hypothalamic-pituitary-adrenal (HPA) energy metabolism pathway and consequently

leads to reduced body fat accumulation [35].

The consumption of whole, unprocessed instead of high-sugar processed foods may
also contribute to weight loss and a decreased risk of obesity, a major risk factor for
hypertension [36]. Additionally, the DASH diet emphasis on lean protein sources
supports the preservation of lean body mass while promoting fat loss [37]. In line with
this, a study demonstrated that adherence to the DASH diet was associated with lower

body mass index (BMI) and waist circumference, indicating a potential role in reducing
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central adiposity [16]. Moreover, the diet's impact on improved glucose metabolism
and reduced risk of insulin resistance may contribute to adiposity reduction [33].

Although there is no specific study on the mechanisms and nutrient contributions of the
Ethiopian diet with metabolic diseases, it is likely due to the consumption of plant-
based foods such as injera. Injera (a sourdough flatbread mainly made from teff) is the
most common food in Ethiopia. Teff is a nutritious super-grain rich in complex
carbohydrates, essential fatty acids, fiber, minerals, and phytochemicals such as
polyphenols and phytates compared to other cereal grains [38]. In Ethiopia, different
stews or sauces made from legumes, vegetables, spices, and different dairy products are
consumed with teff injera. These foods are typically similar to the original DASH diet
components which may provide additional health benefits. A study found that daily teff

consumption improved blood glucose control and atherogenic lipoproteins [39].

Overall, this study provides initial evidence for the potential benefits of a DASH-style
diet to reduce the risk of hypertension and adiposity in Ethiopia. The study highlights
the importance of incorporating the DASH-style diet into clinical practice.
Furthermore, public health policies should promote the adoption of this dietary pattern

as part of a comprehensive and cost-effective approach to decrease the burden of NCDs.

The strength of the present study includes the estimation of sodium intake which is a
hallmark of the DASH diet from urine samples. In addition, the DASH score was
tailored to local foods, making it more accurate to capture the dietary patterns of
participants. However, the results should be interpreted in light of some limitations.
Due to the cross-sectional nature of the current study, a causal relationship cannot be
inferred, and large prospective cohort studies are warranted to establish causality.
Although we have considered potential confounders, the possibility of residual or
unmeasured factors cannot be excluded. It should be noted that the analysis was carried
out in mixed bag of cases and apparently healthy participants. The food intake was
estimated using FFQ, which may increase the risk of recall bias and misclassification,
but in the present study interviewers were trained to elicit dietary information.
Furthermore, the DASH score in some food groups was modified to servings per week
instead of day due to inadequate intakes in our study. Finally, the study population was
recruited from Addis Ababa, Ethiopia, so the translation of results to entire country

should be treated with caution.
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4.5. Conclusion

The overall adherence to the DASH-style diet is moderate in Addis Ababa, and a higher
proportion of women follow this dietary pattern than men. The risk of hypertension and
adiposity were significantly associated with a DASH-style diet. Our finding emphasizes
the relevance of this dietary approach for hypertension and obesity prevention as well
as management. However, additional prospective or interventional studies are required
to further elucidate these associations. Therefore, the finding suggests clinicians
recommend individuals to adopt and tailor DASH dietary patterns in combination with
other lifestyle modifications to prevent and manage hypertension. Furthermore, there is
a need for public health policies that promote adherence to healthy dietary patterns in

the population.
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5. GENERAL DISCUSSION

5.1. Discussion of key findings

The prevalence, dietary, and related risk factors of hypertension among the adult
population of Addis Ababa, Ethiopia are investigated in this thesis. Initially, the
prevalence of hypertension using both the JNC7 and ACC/AHA guidelines was
assessed and its most important determinants were identified. After determining
hypertensive subjects in the first study, we predicted future CVD risk via the FRS model
(the validity was checked with the country-specific Globorisk model) and evaluated its
association with FV intake in hypertensive patients. Finally, adherence to the DASH-
style diet and its relative contribution to reducing hypertension and adiposity risk was
assessed with the aim of tailoring the widely used DASH dietary pattern based on

Ethiopian local foods.

5.1.1. Hypertension and associated risk factors in Addis Ababa

As presented in chapter 2, the age-standardized prevalence of hypertension in Addis
Ababa was 22.1%. The magnitude is higher in men compared to women. These findings
are consistent with the recent studies [10, 11, 116, 117], but are lower than the global
and sub-Saharan regional figures [47, 48]. The prevalence was more than doubled when
further assessed using 2017 ACC/AHA guideline. Similar trends have been observed
in Iran and India [118, 119]. Ethiopia follows the JNC7 guideline, but further research

is needed to determine the most effective guideline for hypertension management.

Being older and male sex are significant non-modifiable risk factors for hypertension,
as supported by data from Ethiopia and elsewhere [11, 53, 116, 120-123]. Modifiable
risk factors like diet, physical inactivity, and obesity play a crucial role [48]. We found
a strong correlation between both general and abdominal obesity and hypertension,
mirroring results from other studies [10, 53, 124]. Thus, given the rising rate of obesity

and low FV intake in Addis Ababa, hypertension trends may continue to increase.

Our study also revealed that poor sleep quality could triple the risk of hypertension,
which is consistent with studies from the US [46] and China [125]. Generally, this study
suggests to consider integrated strategies that include dietary weight loss and improved

sleep quality to reduce the risk of hypertension, mainly in urban areas.
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5.1.2. Fruit and vegetable intake and CVD risk among hypertensive patients

In our study, 29.8% of hypertensive patients have a high CVD risk. This figure is
comparable with recent studies from Addis Ababa and Iran [65, 126], but it's higher
than the rates reported in community-based studies from East Africa [127] and among
hypertensive patients from the US [128]. Our finding underscores the need for routine
CVD risk assessments in Ethiopia for early treatment and lifestyle modifications.

The 10-year CVD risk was significantly higher in men than women, a finding that is
reflected in other parallel studies [65, 121, 129]. Hence, men should be a primary focus
when developing prevention and treatment strategies. Our study also identified
significant factors of CVD risk like diabetes, anti-hypertensive medication, increased
stress, and higher SBP, as confirmed by other similar studies [57, 61, 62, 65, 130].

The impact of other potential risk factors not included in the FRS model were described
in chapter 3. A daily FV intake of 120g to 450g was associated with 11.1 to 15.2%
lower CVD risk among hypertensive patients. This is consistent with recent comparable
studies [75, 76]. Our results remained statistically significant after controlling for
covariates suggesting a strong link between FV intake and CVD risk. Additionally, the
highest tertile of total fruit intake was associated with a 6.6% reduced risk of CVD.
However, an increase in total vegetable consumption was not significantly related to
decreased CVD risk. These findings are aligned with other similar studies [73, 77].
Further research is needed to elucidate the independent effects of raw and cooked

vegetable intake on CVD risk.

Adopting a healthy lifestyle could decrease CHD risk by 81-94%, while medications
only reduce the risk by 20-30% [131]. Therefore, integrated interventions that promote
healthy dietary patterns with a higher proportion of FV, particularly fruits, are crucial
in the prevention and treatment of CVD. Moreover, our study emphasizes the
importance of stratifying hypertensive patients based on their CVD risk levels. When
patients were informed about their CVD risk scores, reductions in SBP and smoking
cessation were observed [132]. This allows patients to use medications correctly based
on their comorbidities and avoid unnecessary medications in low-risk groups.
Therefore, the treatment of hypertensive patients should not rely solely on BP values

but should involve a comprehensive strategy that considers associated risk factors.
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5.1.3. DASH-style dietary pattern and risk of hypertension and adiposity

The DASH diet promotes the increased intake of fruits, vegetables, whole grains,
legumes, nuts, and low-fat dairys while limiting the intake of red and processed meats,
sweetened drinks, and sodium [104]. There is an evidence suggesting that dietary
patterns similar to DASH diet can have a positive impact on BP and obesity [133].

As discussed in chapter 4, higher adherence to the DASH diet was linked to a 72%
reduction in hypertension risk. Our finding is consistent with the Brazilian [134] and
Chinese [110] studies. It is also confirmed that adherence to the DASH-style diet can
reduce blood pressure, total cholesterol, and LDL cholesterol [107]. Therefore,
adapting this dietary pattern to local foods could be beneficial for CVD prevention.

Moreover, following a DASH-style diet was associated with a 15% reduction in BF%,
62% lower odds of high WC, and 82% reduced risk of increased WHR. Comparable
results were reported from other studies [135, 136]. Besides, the DASH diet is rich in
foods that are inversely linked to weight gain and body composition [137, 138]. Our
study emphasizes that the Ethiopian plant-based dietary pattern, particularly whole

grain from teff injera and vegetables, could play a crucial role in reducing obesity risk.

While there is no specific study on the mechanisms and nutrient contributions of the
Ethiopian diet to metabolic diseases, it is likely due to the consumption of plant-based
foods such as injera. Injera, a sourdough flatbread primarily made from teff, is a
common food in Ethiopia. Teff is a nutritious super-grain rich in nutrients, and
phytochemicals that is essential for health as compared to other cereal grains [82].
Different stews or sauces made from legumes, vegetables, spices, and various dairy
products are consumed with teff injera in Ethiopia. These foods are typically similar to
the original DASH diet components, which may provide additional health benefits. In
line with this, a study found that daily teff consumption improved blood glucose control

and atherogenic lipoproteins [139].

In summary, this study provides preliminary evidence for the potential benefits of a
DASH-style diet in reducing the risk of hypertension and adiposity in Ethiopia. It also
underscores the importance of incorporating the DASH-style diet into clinical practice.
Furthermore, public health policies should advocate for the adoption of this dietary

pattern as part of a comprehensive and cost-effective strategy to reduce NCD burden.
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5.2. Methodological discussion
5.2.1. Study design and sample

A cross-sectional study design was employed to address the research questions and
specific objectives outlined in chapter 1 of this thesis. The collection of data in one
specific time point enables the researchers to optimize the completeness of data and
maintain control of the information acquisition process compared to the longitudinal
approach. However, it is essential to recognize that cross-sectional studies necessitate
a large sample size to yield reliable and precise data. In general, the current study
included fairly adequate and representative samples from the general adult population
and hypertensive patients.

It is also crucial to acknowledge that the cross-sectional design does not provide
insights into temporal relationships between the examined variables [140]. Despite this
limitation, our study contributes novel information that enhances our understanding of
dietary and other relevant factors. When interpreting our findings, we remain cognizant

of the lack of causal association between outcome variables and independent factors.

5.2.2. Internal validity

Internal validity represents the trustworthiness of the measurement of the group of
people in the study and is affected by selection bias, information bias, confounding

factors, and random error or chance [141].
A. Selection bias

In cross-sectional studies, the occurrence of selection bias is attributed to the use of
inappropriate sample selection procedures and study participation related factors. This
bias arises from the use of non-random techniques and high non-response rate, which

can impact the study by underestimating or overestimating the actual effect [141, 142].

For the three specific objectives included in this thesis, similar procedure was followed
to select our study participants. We utilized a multistage cluster sampling method to
choose our study subjects and employed a simple random sampling technique to select
the study districts, villages, and participants. The participation rate in this study was
substantial. To mitigate potential bias due to non-response, we took deliberate steps to

enhance participation. These efforts included clarifying the study's objectives for
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potential participants and conducting data collection at their own houses. Additionally,
we made repeated visits to participants' houses if they were absent during our initial
visit. Those who declined to participate or couldn’t be found after repeated attempts
were replaced with individuals from nearby households. On the other hand, the
distribution of participants among the study areas was random and included from all
sub-cities. Hence, the likelihood of selection bias in this study might be minimal.

B. Measurement Bias

In this thesis, several data quality control measures were implemented to mitigate
information bias. To counteract interviewer-related bias, we trained the data collectors
and supervisors for 4 days using a training manual to minimize any bias arising from
the data collection process. We also conducted a pretest to familiarize the data
collection team with the data collection tools and provided additional lesson to address
any identified gaps from the pretest. During the actual data collection phase, regular
supervision was carried out to oversee the whole process. To manage bias related to the
interviewee, we utilized memory aids (prompts) and implemented standardized
procedures to control conditions that could alter the subjects’ statuses. However, a
social desirability bias was anticipated for self-reported responses related to behavioral
questions such as smoking, khat chewing, and harmful alcohol consumption. To reduce
social desirability bias, we ensured confidentiality and used anonymized data collection

and analysis methods for survey participants.

To handle instrument bias, we used standard and calibrated laboratory equipment and
other data collection tools. Blood sample collection, serum extraction, transport,
storage, and laboratory analyses were carried out following standard procedures. The
laboratory analyses were conducted at EPHI with qualified personnel. The quality of
analysis was assured through the use of proper controls and blank samples. The
questionnaires for this thesis were developed by adapting standardized questions from
the WHO STEPS survey [143]. The questions were further enriched by incorporating
feedback from the pretest. Dietary intake was collected from all the study participants
using FFQ and specific 24-hour recall for sweet and FV [144]. These methods may
increase the risk of recall bias and misclassification [145], but interviewers were trained
to elicit dietary information. In this study, we were primarily interested in calculating

DASH dietary patterns rather than quantifying food and nutrient intake.
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C. Confounding variables

The issue of potential confounding can be addressed at the stage of study design, and
implementation, while its effect can be controlled during analysis using an appropriate
statistical method [141, 142]. In this thesis, we gathered information on a wide range
of pertinent variables based on the conceptual framework, and the effect of confounding
was controlled by using multivariable analysis (Chapter 2-4); however, variables that
were not assessed remain potential confounders. For instance, the consumption of salt

and hyperlipidemia were not considered in the analysis of the second chapter.
D. Random error

Random error or chance occurs as the result of variability in samples and affects the
reliability of study [142]. The likelihood of chance could be minimized through the
inclusion of large samples. In this thesis, we tried to enroll adequate study participants
from all sub-cities of Addis Ababa and used efficient statistical methods to control
random error. For the first objective, we fitted multilevel mixed-effects logistic
regression by taking villages as clusters, while we used multiple linear regression
analysis and Cohen’s kappa coefficient (k) reliability test for the second objective.
Finally, multivariable logistic regression models were applied in the last objective. We
also computed survey weights in the statistical analysis of the study. Furthermore, the
presence of a statistically significant association cannot be reliable evidence of
causation. The observed association could be the result of chance. Hence, a statistical

significance was ascertained using a p-value with a cutoff point of < 0.05 and 95% CI.

5.2.3. External validity

The study was carried out in Addis Ababa, the capital city of Ethiopia, with an adequate
sample size and high rate of participation that strengthens the external validity. The
population represents urban areas with better economic growth and changing lifestyles.
We believe that the above results described in this thesis are valid for the studied area
and other similar areas. However, the translation of the results to other populations
should be treated with caution. Similarly, the fact that the second objective was
conducted in urban hypertensive patients may limit the generalizability of the results to
the entire Ethiopian population. Nonetheless, the findings from this study provide new

insights that could be valuable for understanding the link between diet and disease.
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5.3. Strength and weakness

Several major strengths distinguish the current study from previous efforts. In general,
this study applied survey weights to adjust differences in the probability of selection
where no study has been done with a similar design in the study setting so far. To make
the study more comprehensive, important determinants like psychological stress, sleep
quality, BF%, salt intake, physical activity level, and FV consumption were included.
The present study, for the first time, predicted 10-year CVD risk using the FRS
algorithm and assessed its association with FV intake among hypertensive patients. The
agreement of FRS with the country-specific Globorisk prediction model in Ethiopia
was also tested. In addition, the DASH score was tailored to local foods, making it more

accurate to capture the dietary patterns of participants.

However, all the results should be interpreted in light of some limitations. Due to the
cross-sectional nature of the current study, a causal relationship cannot be inferred, and
large prospective cohort studies are warranted to establish causality. Despite the
comprehensive adjustment for lifestyle, clinical, and dietary factors, residual
confounder by unknown, unmeasured, or imprecisely measured factors may influence
the overall results. Additionally, the food intake was estimated using FFQ, which may
increase the risk of recall bias and misclassification, but in the present study,
interviewers were trained to elicit dietary information. Finally, the study population was
recruited from Addis Ababa, Ethiopia, so the translation of the results to the entire

country should be treated with caution.

5.4. Implication to clinical practice, policy or future research

The first study shows that the magnitude of hypertension appears to be increasing in
Addis Ababa and needs due attention from the government and public sectors. There is
also a large difference in the prevalence of hypertension between the JNC7 and
ACC/AHA 2017 guidelines. Hence, a study should be conducted on which guidelines
to be utilized for earlier detection and better blood pressure control. Addressing the
most important modifiable risk factors that are found in this study may decrease the
incidence of hypertension. However, future large intervention studies and clinical trials
for hypertension prevention and control are warranted to test integrated strategies such

as diet-related weight loss, sleep improvement, and stress management.
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The second study indicated a prevalence of high CVD risk among hypertensive patients.
The result suggests a routine CVD risk assessment practice in hypertensive patients by
healthcare providers is necessary for better treatment outcomes. Additionally, patients
would benefit from the correct use of medicines adjusted to their comorbidities,
avoiding medications in the needless groups, therefore, our study underscores the
importance of stratifying hypertensive patients on their CVD risk levels. Hence, the
treatment should consist of a comprehensive strategy considering multiple risk factors.
Therefore, focusing on healthy dietary patterns consisting of FV (from 120 g/day to a
higher quantity, especially increasing the fruit portion) is crucial in the prevention and
treatment of CVD. Furthermore, the independent effect of raw and cooked vegetable
consumption on CVD risk in hypertensive patients should be elucidated in further

studies.

The last study revealed that greater adherence to a DASH-style diet based on the
Ethiopian diet was associated with a lower risk of hypertension and adiposity. However,
future prospective or interventional studies are essential to further elucidate the
findings. Generally, this study provides initial evidence for the potential benefits of a
DASH-style diet as part of a comprehensive and cost-effective approach to reducing
CVD risk in Ethiopia. It also highlights the importance of incorporating the DASH-

style diet into clinical practice and public health policies.
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6. GENERAL CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

This doctoral thesis has made an input to the limited body of literature about NCD in
Ethiopia. The thesis addressed the question of what is the current status of hypertension
in Addis Ababa city in addition to how dietary factors might influence elevated blood
pressure in the context of the adult population and hypertensive patients by providing
evidence of the relationship between single foods, dietary patterns, and hypertension,
obesity as well as CVD risks in the study setting. The results from the analyses

conducted in this study have implications for public health and clinical practice.

The prevalence of hypertension is fairly high, almost one in every four adults in Addis
Ababa is hypertensive. The present study indicates that hypertension become an
increasing trend in the population. Key predictors of hypertension were advanced age
group, male sex, obesity measured by BMI, abdominal obesity, and very poor sleep
quality. In addition, being diabetic revealed a borderline significant association with

elevated blood pressure.

A higher percentage of hypertensive patients are at moderate to high risk of developing
future CVDs. The FRS and Globorisk models predicted between risk groups exhibited
substantial agreement. Although further studies are required to further elucidate these
associations in a longitudinal design, a potent relationship between predicted 10-year
CVD risk and FV was identified. The consumption of combined FV from lower (120
g/day) to higher (450 g/day) doses was significantly linked with lower CVD risk in
hypertensive patients. Further, total fruit intake significantly decreased CVD risk than

total vegetable consumption.

The adherence to a DASH-style diet is moderate in Addis Ababa, and a higher
proportion of women follow this dietary pattern than men. The risk of hypertension and
adiposity were significantly associated with adherence to a DASH-style diet. The study
emphasizes the application of this dietary approach for hypertension and obesity
prevention as well as management. Thus, this finding provides a foundation for the
potential benefits of a DASH-style diet to reduce NCD risk in Ethiopia.

125



6.2. Recommendations

Although it is difficult to forward recommendations based on one study only, the cross-
sectional nature of the present study creates limitations for how the results can be used.
However, here are some suggested recommendations based on the findings of this
thesis:

e The government should give appropriate priority to working with NCDs in
Ethiopia, not only to infectious diseases. They need to make relevant policies in
collaboration with the scientific community in directing the consumption of

food toward more healthy diets and lifestyles.

e The Addis Ababa city and federal governments should develop regular blood
pressure surveillance programs for early diagnosis as well as prevention of

hypertension-related complications.

e Integrated intervention strategies such as weight loss through proper nutrition
augmented with physical activity for the prevention of overall obesity, and
improvement of sleep quality to reduce the risk of developing hypertension

should be planned.

e Clinicians should apply integrated preventive and therapeutic strategies for
hypertensive patients according to their CVD risk levels (calculated from CVD

risk assessment models like FRS).

e Hypertensive patients should be recommended to adopt healthy dietary patterns
(incorporating more fruits and vegetables, especially fruits) and lifestyle

modifications to decrease their future CVD risks.

e The work further supports that a whole diet-based approach is more appropriate
in facilitating public health in relation to NCD than single food items that result

in contradictory dietary choices.

e There is a need for public health policies that promote adherence to healthy
dietary patterns in the population. Health professionals and dietitians should
recommend individuals to adopt and tailor the DASH diet in combination with

other lifestyle modifications to prevent and manage hypertension and adiposity.
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In public health and clinical settings, in addition to messages on salt (sodium)
reduction or increased potassium intake, providing food-based dietary advice
(adherence to the DASH diet) for the management of high blood pressure would
also be beneficial, especially in hypertensive patients. This includes advice on
increased consumption of foods that were found to be associated with lower
blood pressure in this thesis such as increased fruit and vegetables.

For more accurate conclusions and recommendations, future epidemiological
studies should have a longitudinal design with repeated measurements of the
dietary and other lifestyle factors. Furthermore, randomized controlled trials on
the effects of dietary patterns on blood pressure would strengthen the findings
of this thesis. These can be carried out in primary health care setting and for a
longer duration to establish the role of nutrients, foods and dietary patterns
especially in hypertensive and obese participants.
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APPENDICICES

1. English survey questionnaire

Non-communicable diseases in Addis Ababa, Ethiopia: epidemiology, economic
burden and multisectoral response community-based survey questionnaire for

use with adults 18-64 years of age august 2020

Introduction/Purpose:
Good morning/Good afternoon. Thank you for your interest in talking with me today.

My name is and I’'m working for School of Public Health, Addis

Ababa University. We are conducting a survey about magnitude and risk factors of
chronic non-communicable diseases among adults 18-64 years in Addis Ababa. We
would very much appreciate your participation in this survey. You are selected for this
survey randomly among adults 18-64 years living in the kebele of . Intotal,
600 adults in Addis Ababa will be asked to take part in this part of the study.
Procedures:

If you agree to take part in this study, I would like to ask you about your lifestyle and
nutritional behaviors that are relevant for non-communicable diseases for about 30
minutes. | will also measure your body weight, height, waist circumference and skinfold
thickness with the intension of evaluating your nutritional status. Further, I will measure
your blood pressure using this digital blood pressure monitoring system. | will take two
body measurements and blood pressure measurements to ensure the information is
consistent and correct. At the end, | would will take 3 ml of blood from the antecubital
area of the arm using a sterile syringe and 10 ml of urine sample using clean urine
sample collection cup. The collected blood sample will only be analyzed for blood
glucose level and lipid profile. The urine sample will only be used for determining your
urinary creatinine and sodium levels. Your blood and samples will not be used for any
other analysis and won’t be stored after the aforementioned analyses are completed. My
field supervisor may also visit your household and ask you few questions in order to
countercheck the information | collected from you. | will document all the pertinent
information you provided on this smart phone.

Risks:

We believe there are no risks to you from participating in this study. The blood sample
will be taken using sterile needle and syringe so that you will have no risk of disease

transmission; however, you may feel minor pain at that moment.
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Benefits:

If you take part in the study, I will inform you about your nutritional status, blood
glucose level and blood pressure measurement immediately. Later on, if you wish, |
will contact you via your telephone address and inform you about your lipid profile.
Further, from the collected data the research team may learn new things that will help
others.

Compensation:

You will not be paid for participating in this study.

Confidentiality:

We will keep your answers confidentially. We will not share your answers with any of
your neighbours or family. We will use a number instead of your name on study forms.
Your name and other facts that might help people recognize you will not appear when
we present this study to others or publish its results. Any information that might identify
you (like telephone number, first name) will be kept separate from your answers, and
your answers will be kept in a secure place for analyses by the researchers only. The
digital questionnaires will be password protected and the data will be stored on
password-protected computers.

Voluntary Participation and Withdrawal:

Taking part in this study is voluntary. You can choose not to talk to us or ask us to
leave, and if you do agree to participate you can stop the interview at any time or skip
any questions that you don’t want to answer. There are no right or wrong answers. We
just want to hear more about your own ideas and experiences. Also, after finishing the
interview, you can refuse to have your answers included in the study.

Contact person:

If you have any questions, we will be happy to answer them. And in case you ever want
to contact the principal investigator, you should call +251916822815 and ask for Dr.
Samson Gebremedhin. If you have any question during data collection you may call
Mr. Mulugeta Mekonene at +251913334231.You can also contact the ethics committee
that approved the research project through: Tel. +251118961396 or e-mail address:
chs.irb@aau.edu.et.

Comprehension:

Do you have any questions about the survey?

Do you have any questions about the anthropometric and blood pressure

measurements? Do you have any questions about the blood sample collection?
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Consent:

If you wish to be in this study, please sign below

Participant's Signature and Date

Person obtaining consent, signature and date

Data collector:

If written consent is given, proceed to the interview.

If she/he is not willing to take part in the study, thank her/him and discontinue the

interview.

SECTION I: BASIC DESCRIPTION OF THE QUESTIONNAIRE

No | Question Answer/Choices Skip/Select
101 | Date of interview (dd/mml/yy) /|
102 | Team number ||
103 | Supervisors’ name
104 | Interviewers’ name
106 | Name of the sub-city
106 | Name of the woreda
107 | Name of the kebele
108 | Household number ||
109 | Type of household Primary selection........ (01)
Replacement........ (02)
110 | Time the interview was started [ A 4
111 | First name of the interviewee
112 | Contact phone number
SECTION II: SOCIODEMOGRAPHIC AND ECONOMIC INFORMATION
No Question Answer/Choices Skip/Select
201 | How old are you? age (in years) || [|Years DK........ (98)
202 | Sex of the respondent Male........ (01)
Female........ (02)
203 No formal schooling........ (01)
What is the highest level of education Pl;frzsa:;asr;r?c:;)rrignspﬁ:?s;: Egi;
you have completed? Secondary school completed........ (04)

High school completed........ (05)
College/University completed........ (06)
Post graduate degree........ (07)
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204

Marital status

Not ever married........ (01)
Married/cohabiting........ (02)
Widowed........ (03)
Separated........ (04)
Divorced........ (05)

205 | What is your occupation? That is, what Not working........ (01)
kind of work do you mainly do? Household and domestic........ (02)
Unskilled manual........ (03)
Skilled manual........ (04)
Driver........ (05)
Petty trade........ (06)
Trade........ (07)
Sales........ (08)
Professional/technical/Managerial...(09)
Student........ (10)
Others (Specify)........(99)
206 | How much do you earn in a typical I A I Y
month? DK........ (98)
207 | How much does you household earn in [
a typical month? DK........ (98)
208 | Relationship of the respondent to the Partner........ (01)
household head Son or daughter........ (02)
Other relative........ (03)
The respondent is the HH head........ (04)
House made........ (05)
Others (Specify)........(99)
209 | Total number household members [
210 | Total number of children ever born [ Q202=02
SECTION Ill: SUBSTANCE USE
No | Question Answer/Choices Skip/Select
301 | Do you currently smoke any tobacco products, such as Yes........ (01)
cigarettes, cigars or pipes? No........ (02) | >306
302 | po you currently smoke tobacco products daily? Yes........ (01)
No........ (02)
303 | How old were you when you first started smoking? _|__lyearsold
Don’t remember........(99)
304 | Do you remember how long ago it was? || |yearsago
Don’t remember........(99)
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305 | On average, how many of the following products do
you smoke each week? >308
A | Manufactured cigarettes ]
B | Hand-rolled cigarettes ]
C | Pipes full of tobacco ]
D | Cigars, cheroots, cigarillos ]
E | Number of Shisha sessions ]
F | Other [
306 | the past, did you ever smoke any tobacco products? Yes........ (01)
No........ (02) | >308
307 | In the past, did you ever smoke daily? Yes........ (01)
No........ (02)
308 | During the past 30 days, did someone smoke in your Yes........ (01)
home? No........ (02) | >310
309 | How often does anyone smoke inside your house? Daily........ (01)
Would you say daily, weekly, monthly? Weekly........ (02)
Monthly........ (03)
310 | Have you consumed any alcohol such as beer, wine, Yes........ (01)
spirits or [add other local examples] in the past 12 No........ (02) | >317
DK........ (99) | >317
months?
311 | During the past 12 months, how frequently have you Daily........ (01)
had at least one standard alcoholic drink? 5-6 days per
_ week........ (02)
Data collector: Read responses 3-4 days per
week........ (03)
Data collector: one standard alcoholic drink is 1-2 days per
. week........ (04)
equivalent to: 1 bottle/can of beer, 2 cups of tella, 1
1-3 days per
cup of Tej, 1 glass of wine, 1 shot of distilled sprit like month. ... .. (05)
whisky, gin, vodka Less than once a
month........ (06)
Never........ (07)
312 | Have you consumed any alcohol within the past 30 Yes........ (01)
days? No........ (02) | >317
DK........ (99) | >317
313 | During the past 30 days, on how many occasions did || |occasions
you have at least one standard alcoholic drink? Don’t remember........(99)
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314 | During the past 30 days, when you drank alcohol, how | |___ | |standard drinks
many standard drinks on average did you have during | Don’t remember........(99)
one drinking occasion?
315 | During the past 7 days, how many standard drinks did || |standard drinks
you have? Don’t remember........(99)
316 | During the past 7 days, how many standard drinks of
the following did you consume?
A | Beer ||| | DK........ (99)
B | Wine ||| | DK........ (99)
C | Sprit like whisky, gin, vodka ||| | DK........ (99)
D |Tella ||| | DK........ (99)
E | Tej L ||| DK..... (99)
F | Other (Specify) ||| | DK........ (99)
317 | Have you ever chewed chat? Yes........ (01)
No........ (02) | >401
DK........ (99) | >401
318 | Did you chew chat in the past 12 months? Yes........ (01)
No........ (02) | >401
DK........ (99) | >401
319 | During the past 7 days, how many times (session) did || [sessions
you chew chat? Don’t remember........(99)
SECTION IV: PHYSICAL EXERCISE
No | Question Answer/Choices Skip/Select

Now, | am going to ask you about the time you spend doing different types of physical activity in a typical

week. Please answer these questions even if you do not consider yourself to be a physically active person.

Work: Think first about the time you spend doing work. Think of work as the things that you have to do

such as paid or unpaid work, study/training, household chores, harvesting food/crops, fishing or hunting

for food, seeking employment. [Insert other examples if needed].

401

Does your work involve vigorous-intensity activity that
causes large increases in breathing or heart rate like

[carrying or lifting heavy loads, digging or construction

work] for at least 10 minutes continuously?

>404
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402

In a typical week, on how many days do you do vigorous-
intensity activities as part of your work?

I
days

403

How much time do you spend doing vigorous-intensity
activities at work on a typical day?

hrs mins

404

Does your work involve moderate-intensity activity, that
causes small increases in breathing or heart rate such as
brisk walking [or carrying light loads] for at least 10

minutes continuously?

>404

405

In a typical week, on how many days do you do moderate-

intensity activities as part of your work?

|
days

406

How much time do you spend doing moderate-intensity
activities at work on a typical day?

hrs mins

Travel to and from places: The next questions exclude the physical activities at work that you have already

mentioned. Now | would like to ask you about the usual way you travel to and from places. For example

to work, for shopping, to market, to place of worship. [Insert other examples if needed]

407 | Do you walk or use a bicycle (pedal cycle) for at least 10 Yes........ (01)
minutes continuously to get to and from places? No........ (02) | >410
408 | In a typical week, on how many days do you walk or |||
bicycle for at least 10 mins continuously to get to and from days
places?
409 | How much time do you spend walking or bicycling for [ .
travel on a typical day? hrs mins

Sport and recreational activities: The next questions exclude the work and transport activities that you

mentioned. Now | would like to ask you about sports, fitness and recreational activities.

410

Do you do any vigorous-intensity sports, fitness or
recreational activities that cause large increases in
breathing or heart rate like [running or football] for at least

10 minutes continuously?

>413

411

In a typical week, on how many days do you do vigorous-

intensity sports, fitness or recreational (leisure) activities?

||
days

412

How much time do you spend doing vigorous-intensity

sports, fitness or recreational activities on a typical day?

hrs mins

154




413 | Do you do any moderate-intensity sports, fitness or Yes........ (01)
recreational activities that cause a small increase in No. . (02) | >416
breathing or heart rate such as brisk walking, cycling,
swimming, volleyball for at least 10 minutes
continuously?

414 | In a typical week, on how many days do you do moderate-
intensity sports, fitness or recreational activities?

415 | How much time do you spend doing moderate-intensity
sports, fitness or recreational activities on a typical day?

416 | How much time do you usually spend sitting or reclining
on a typical day excluding time spent sleeping? (including:
sitting or reclining at work, at home, getting to and from
places, traveling in car, reading, watching television, etc)

SECTION V: DIETARY BEHAVIOUR

No | Question Answer/Choices Skip/Select

501 | During the past 12 hours have you had anything to eat Yes........ (01)
or drink, other than water? No........ (02)

502 | What type of oil or fat is being currently used for meal Palm oil........ (01)
preparation in your household? Coconut oil.......... (02)

Olive oil........ (03)

Peanut oil........ (04)
Sunflower oil........(05)
Soybean oil........ (06)
Linseed oil........ (07)
Nigger seed oil........ (08)
Sesame seed Oil........ (09)
Corn Oil........ (10)

Butter or ghee........(11)
Others (Specify)........(99)

503 | On average, how many meals per week do you eat that | |meals
were not prepared at a home? By meal, | mean DK....... (98)
breakfast, lunch and dinner.

504 | How much salt or salty sauce do you think you Far too much........ (01)

consume?

Too much........ (02)

Just the right amount...(03)
Too little........ (04)

Far too little........ (05)
Don't know........ (98)
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505. Now | want to ask you about your habitual intake of different food groups

Types of food groups

Never or <
once/ month

1/mont
h

2-3/
month

1/ week

2/ week

3-4/
week

5-6/
week

Everyday

2-3/day

4 or
more/day

A

Cereals

Enjera

Bread

Kita

Pasta, spaghetti, macaroni, noodles,

Breakfast cereals

O0|0O0 0O

O0|0O0 0O

O0|0O0| 0O

O0|g|iod

O0|g|iod

O0|a|od

O0|a|od

O0|a|ad

O0|a|ad

O0g|a|aid

Legumes, nuts and oil seeds

Beans and peas (fresh, dried or powdered)

Nuts

Oil seeds (excluding extracted oil)

o0

o0

0o

oio|o

oio|o

oio|o

oio|o

oo

oo

ooio

Meat

Beef, lamb, pork, chicken (roast, mince, stew,
burgers, etc)

Fish (fresh, dried or canned)

Organ meats

a0

a0

a0

oo

oo

oo

oo

oo

oo

oo

Milk and milk products

Milk (whole/skim/powder)

Cheese

Butter

Other milk products

Ooo|ioo

Ooo|ioo

Ooo|iono

oioo|o

oioo|o

oio|o|o

oio|o|o

ooo|o

ooo|o

oio|o|o

Eggs

Eggs as boiled, fried, scrambled, etc. (one)

O

O

d

(]

(]

O

O

O

O

O

Fruit servings (excluding juices)
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Oranges, lemons, grapefruit, mandarin (1 fruit)

Pineapple (1 slice)

Mango (1 fruit) papaya (1 slice)

Strawberries (8 fruits), Grapes (32 fruits)

Avocado (1 fruit)

Others (1 serving)

Ooono|oo

Ooono|oo

Oooo|oo

gioooo|io

gioooo|io

oioooo|io

oioooo|io

oioooo|io

oioooo|io

oioooo|io

Vegetables servings (1 cup)

Green leafy vegetables: kale, spinach

Cruciferous: cabbage, cauliflower, broccoli

Marrow: Pumpkin, cucumber and zucchini

Carrots, yellow sweet potatoes

Roots: potatoes, sweet potatoes, yams

Other vegetables

oooooo

oooooo

oooooo

gioooo|io

gioooo|io

gioooo|io

gioooo|io

gioooo|io

gioooo|io

gioooo|io

Sweets

Sugar

Candies

Chocolates

Cookies, biscuits

Pastries

O0o|0Oo|.

O0o|0Oo|.

Oo|0Oo|.d

oo|o|oid

oo|o|oid

oo|o|oid

oo|o|oid

oo|o|oimd

oo|o|oimd

oo|o|oid

Drink servings (1 cup, bottle or can)

Tea

Coffee

Sugar sweetened beverages/energy drink

Fruit juice (homemade or preserved)

Ooo|ono

Ooo|ono

Ooo|ono

gioo|o

gioo|o

gioo|o

gioo|o

goioo|o

goioo|o

goioo|o

Trans fatty acid containing foods
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Margarine

Hydrogenated vegetable oils

Deeply fried foods (French fries, chicken fries)

00O

00O

O 0O

Oo|Qo|a

Oo|Qo|a

Ooo|ia

Ooo|ia

Ooo|a

Ooo|a

Ooo|o

Other ultra-processed foods

Store-bought cakes

Fast food burgers

Store-bought pizza

Store-bought ice cream

Chips

Breakfast cereal with added sugar

Store-bought sweetened bread

Chocolates, candies, cookies, biscuits

Instant noodles

Artificially flavored milk products

Spreads (margarines, chocolate spreads)

Prepacked meal

Preserved fruit juice

Oooooooooooo|oi.

Oooooooooooo|oi.

Ooooooooooo|o|d

giooooo|o|o|o|oond

giooooo|o|o|o|oond

giooooo|oo|oooOdd

giooooo|oo|oooOdd

giooooo|oooo OO O

giooooo|oooo OO O

giooooo|oooo OO d
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SECTION VI: SPECIFIC 24-HR RECALL DIETARY ASSESSMENT

601 | Which day of the week does this record represent?
Monday O \ Tuesday O \ Wednesday [J | Thursday OJ \ Saturday OJ \ Sunday OJ
602 | Was yesterday a typical day? Yes........ (01)
No........ (02)
Quantity of the following food groups/items consumed yesterday in the 24-hour period
Data collector: Give participants time to think and respond then write the total amount
601 | Fruits
A | Orange, mandarin (1 fruit) Don't know........(99)
B | Banana (1 fruit) Don't know........(99)
C | Mango (1 fruit) Don't know........(99)
D | Papaya (1 fruit) Don't know........(99)
E | Pineapple (1 slice) Don't know........(99)
F | Apple (1 fruit) Don't know........(99)
G | Grapefruit (1 fruit) Don't know........(99)
H | Avocado (1 fruit) Don't know........(99)
I | Strawberry (1 fruit) Don't know........(99)
J | Dates (1 fruit) Don't know........(99)
K | Lemon/Lime (1 fruit) Don't know........(99)
L | Watermelons (1 slice) Don't know........(99)
M | Other fruits (specify the type and amount consumed) Don't know........(99)
602 | Vegetables
A | Potato (1 vegetable) Don't know........(99)
B | Beetroot (1 vegetable) Don't know........(99)
C | Tomato (1 vegetable) Don't know........(99)
D | Carrot (1 vegetable) Don't know........(99)
E | Sweet potato (1 vegetable) Don't know........(99)
F | Green leafy vegetables including salads (1 coffee cup) Don't know........(99)
G | Cruciferous: cabbage, cauliflower, broccoli (1 coffee cup) Don't know........(99)
H | Pumpkin, zucchini (1 slice) Don't know........(99)
I | Cucumber (1 vegetable) Don't know........(99)
J | Other vegetables (specify the type and amount consumed) Don't know........(99)
603 | Sweets
A | Table sugar (tea spoon) Don't know........(99)
B | Honey (tea spoon) Don't know........(99)
C | Candies (in number) Don't know........(99)
D | Biscuit, cookies (in number) Don't know........(99)
E | Cake (in number) Don't know........(99)
F | Soft drinks (bottle) Don't know........(99)
G | Fruit juice (cup) Don't know........(99)
H | Chocolate (bar) Don't know........(99)
I | lce-cream (in number) Don't know........(99)
J | Other sweets (specify the type and amount consumed) Don't know........(99)
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SECTION VII: PERCEIVED STRESS SCALE

Data collector: Please read out each of the following 10 items one-by-one and ask the respondent to rate them into:

0 = Never 1 = Almost Never 2 = Sometimes 3 = Fairly Often 4 = Very Often

No | Question Never Almost Sometimes Fairly Very
Never Often Often
701 | In the last month, how often have you
been upset because of something that
happened unexpectedly?
702 | In the last month, how often have you
felt that you were unable to control the
important things in your life?
703 | In the last month, how often have you
felt nervous and “‘stressed”?
704 | In the last month, how often have you
felt confident about your ability to
handle your personal problems?
705 | In the last month, how often have you
felt that things were going your way?
706 | In the last month, how often have you
found that you could not cope with all
the things that you had to do?
707 | In the last month, how often have you
been able to control irritations in your
life?
708 | In the last month, how often have you
felt that you were on top of things
709 | In the last month, how often have you
been angered because of things that
were outside of your control?
710 | In the last month, how often have you
felt difficulties were piling up so high
that you could not overcome them?
SECTION VIII: SLEEP PATTERN ASSESSMENT
No Question Answer/Choices Skip/Select
801 | Typical bedtime N
My sleep pattern is irregular........ (96)
802 | Typical awakening time N
My sleep pattern is irregular........ (96)
803 | Typical hours in bed || |hours
My sleep pattern is irregular........ (96)
804 | Typical hours of sleep || |hours
My sleep pattern is irregular........ (96)
805 | Typically, how long does it take you to 0-15 min.........(01)
fall asleep? 16-30 min......... (02)
31-45 min......... (03)
46-60 min......... (04)
>60 min.........(05)
806 | Typical number of awakenings per night |___|times
807 | If you then wake up one or more times 0-15 min.........(01)
during the night, how long are you 16-30 min......... (02)
awake in total? (Add up all the time you 3145 min......... (03)
are awake.) 46-60 min......... (04)
>60 min.........(05)
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808 | How would you rate your sleep quality Very good.........(01)
over the last 1 month? Good.........(02)
Data collector: Readout the answers Average......... (03)
Poor.........(04)
Very poor......... (05)
809 | Do you have the problem of excessive Yes........ (01)
sleepiness during the day? No........ (02)
810 Yes........ (01)
Do you have the problem of snoring? No........ (02)
DK........ (99)
SECTION IX: HISTROY OF CHRONIC DISEASES
No | Question Answer/Choices | Skip/Select
901 | Have you ever had your blood pressure measured by a doctor Yes........ o1)
or other health worker? No........ (02) | > Q1005
902 | Have you ever been told by a doctor or other health worker Yes........ (01)
that you have raised blood pressure or hypertension? No........ (02) | > Q1005
903 | In the last one week, have you taken any drugs (medication) Yes........ 01)
for raised blood pressure prescribed by a doctor or other No........ (02) | > Q1005
health worker?
904 | What specific drugs (medication) for raised blood pressure
are you taking? DK........ (98)
905 | Have you ever had your blood sugar measured by a doctor or Yes........ 01)
other health worker? No........ (02) | > Q1009
906 | Have you ever been told by a doctor or other health worker Yes........ (01)
that you have raised blood sugar or diabetes? No........ (02) | > Q1009
907 | In the last one week, have you taken any drugs (medication) Yes........ 01)
for diabetes prescribed by a doctor or other health worker? No........ (02) | > Q1009
908 - o . i
What specific drugs (medication) for diabetes are you taking? DK 98)
909 | Have you ever had your cholesterol (fat levels in your blood)
measured by a doctor or other health worker? > Q1101
910 | Have you ever been told by a doctor or other health worker
that you have raised cholesterol? > Q1101
911 | Inthe last one week, have you taken any oral treatment
(medication) for raised total cholesterol prescribed by a > Q1101
doctor or other health worker?
912 | What specific drugs (medication) for raised cholesterol are
you taking? DK........ (98)
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SECTION X: PHYSICAL AND ANTHROPOMETRIC MEASUREMENTS

Anthropometric measurement

First measurement

Second measurement

1001

Systolic blood pressure (mmHg)

1002

Diastolic blood pressure (mmHg)

1003

Heart rate (bpm)

1004

Height (cm)

1005

Weight (kg)

1006

Waist circumference (cm)

1007

Hip circumference (cm)

1008

Triceps skinfold thickness (mm)

1009

Biceps skinfold thickness (mm)

1010

Subscapular skinfold thickness (mm)

1011

Suprailiac skinfold thickness (mm)

|
|
|
|
SECTION XI: BIOCHEMICAL MEA

SUREMENTS

1101

Time of day blood specimen taken (24-
hour clock)

hrs mins

1102

Time of day urine sample taken

hrs mins

1103

Fasting blood glucose (mg/dl)

1104

Total cholesterol

1105

Triglycerides (mg/dl)

1106

HDL Cholesterol (mg/dl)

1107

LDL Cholesterol (mg/dl)

1108

Urinary sodium (mmol/l)

1109

Urinary creatinine (mmol/l)
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3. Ethical approval

ADDIS ABABA UNIVERSITY, COLLEGE OF HEALTH SCIENCES (IRB)
ASN AN RLOCHE MSALTN hAT
Institutional Review Board
ANNEX 3
Form AAUMFE 03-008
IRB'’s Decision
Meeting No: 11/2020 Meeting Date: November 25,2020
_Protocol number: 109/20/SPH - ST
Protocol Title: Non-communicable &1;;;1tmlwlm Ethiopia: Epidenmiology,
economic burden and multisectoral response

Principal Investigator: Dr. Samson Gebremedhin

Institute: " 1 College of Health Sciences, AAU )

Elements Reviewed (AAUMF 01-008)

M Attached [J Not attached

[J Yes [] No

Review of Revised Application Date of Previous review: '

Decision of aw meeting: MApproved [JApproved with Recommdndation

[JResubmission [] Disapproved

_ e

I. Elements approved- 1. Protocol Version No: 3
2. Protocol Version Date:
3. Informed consent Version No. 3
4. Informed Consent Version Date:
II. Obligations of the PI-
1. Should comply with the standard international & national scientific and ethical guidelines
2. All amendments and changes made in protocol and consent form needs IRB approval
3. The Pl should report SAE within 10 days of the event
4. End of the study. including manuscripts ad thesis works should be reported to the IRB
5. The PI should report non-compliance and unanticipated events

IIL. TO NERC []

Institution Review Board (IRB) Approval: Period from: March 16, 2021 to March 15,2022
Follow up report expected in

3 Months 6 months 9months v oneyear

Chairperson, IRB
Dr. Adamu Addissjc

Signature’ _ 1, 'V T
Date: ‘March 16,2021 v ..4-
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. hBN0 AN hepoy A LLC mS Ne
City Government of Addis Ababa Health Bureau

Ret.N.o.73 bse/ | €373 )

Date 0] /‘7)/,})

TO:

e Gulelle Sub-city Health Office
¢ Bole Sub-city Health Office

¢ Yeka Sub-city Health Office

¢ Lideta Sub-city Health Office
¢ Arada Sub-city Health Office

o Akaki Kality Sub-city Health Office

e Addis Ketema Sub-city Health Office
e Kirkos Sub-city Health Office

e Nifas Silk Lafto Sub-city Health Office
s Kolfe Keranio Sub-city Health Office

Subject: Request to access Facilities to conduct approved research

This letter is to support Samson Gebremedhin (PhD) of “Non-communicable diseases in
Addis Ababa, Ethiopia: Epidemiology, economic burden and multiscctoral response "The
study proposal was duly reviewed and approved by Addis Ababa Health Bureau IRB, and the
principal investigator is informed with a copy of this letter to report any changes in the study
procedures and submit an activity progress report to the Ethical Committee as required.

Therefore we request the facility and staffs to provide support to the principal investigator.

¢al Clearance
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4. Sample pictures of data collection process
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