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Abstract

Background: Diabetes mellitus is a pressing global health crisis, profoundly impacting mortality
rates, morbidity, and economic stability. Type 1 and Type 2 diabetes are particularly severe
public health challenges in low- and middle-income countries like Ethiopia, where urban
diabetes incidence is alarmingly on the rise. The disease triggers serious acute and chronic
complications, diminishing quality of life and inflating healthcare costs. Hyperglycemic crises,
rampant in low-income settings such as Ethiopia, further exacerbate the burden, leading to
disability, reduced life expectancy, and escalated healthcare expenses. Despite being a leading
cause of hospital admissions and deaths, comprehensive data on diabetes trends, Type 2 diabetes
risk factors among middle-aged adults, and treatment outcomes for hyperglycemic crises remain
scarce in Ethiopia and other sub-Saharan African nations.

Objective: This study aimed to assess time trends in proportions of people with type 1 and type
2 diabetes and risk factors for type 2 diabetes among people attending adult medical outpatient
departments, and treatment outcomes of patients with hyperglycemic crises admitted in adult
medical wards in selected public hospitals in Tigrai Region.

Methods: A comprehensive study conducted across seven public hospitals in the Tigrai Region
aimed to investigate time trends in the proportion of type 1 and type 2 diabetes cases alongside
hyperglycemic crises. This retrospective cross-sectional hospital-based research spanned from
September 2018 to June 2019. It involved the extensive review of 299,806 adult patient records
from registry logbooks, 3056 medical charts focusing on diabetes trends, and 589 cases of
hyperglycemic crises using a data abstraction checklist. Additionally, a matched case-control
study at Ayder Comprehensive Specialized Hospital explored factors associated with type 2
diabetes among middle-aged adults. The study employed rigorous methods, including lottery-
based sampling, to select 120 confirmed type 2 diabetes patients and 240 non-diabetic controls
aged 45 to 64 years consecutively. Data collection utilized the WHO STEPS protocol customized
for the local context to comprehensively assess the case-control study's socio-demographic,
lifestyle, physical, and biomarker measurements. For the trend analysis of type 1 and type 2
diabetes, an Extended Mantel-Haenszel chi-square test of the linear trend was used. Associations
between exposure and outcome variables in the case-control study were determined using

bivariate and multivariable conditional logistic regression. The study employed descriptive

xii



statistics and a logistic regression model to determine the relationship between exposure and
outcome variables for hyperglycemic crises related to in-hospital mortality using SPSS version
25. The significance level was set at p < 0.05 (two-tailed) for all statistical tests. The overall
findings were presented using figures, tables, and text. Ethical approval and permissions were
secured, ensuring compliance with ethical standards and participant confidentiality throughout
the study.

Results: From September 1, 2013, to August 31, 2018, among 299,806 adult patients receiving
care at outpatient departments, the proportion of people with confirmed diabetes was 10.2 per
1000 adult patients (95% CI: 9.8-10.6). The proportion of people with diabetes significantly rose
from 6.8 to 14.3 per 1000 adult patients during this period. Specifically, the proportion of type 1
diabetes increased from 1.0 to 2.2 per 1000 adult urban residents (Ptrend=0.002) and from 1.2 to
2.6 per 1000 adult rural residents (Ptrend=0.001). Similarly, the proportion of type 2 diabetes
increased from 6.9 to 14.0 per 1000 adult urban residents (P trend=0.001) and from 4.0 to 9.5 per
1000 adult rural residents (Ptrend=0.001). Notably, this increase was more pronounced among
women for both type 1 and type 2 diabetes.

The mean ages of cases and controls were similar at 55.9+5.0 years and 55.7+4.8 years,
respectively. The odds of Type 2 diabetes were significantly higher among urban residents
(AOR=5.1, 95% CI [2.0, 13.2]), widowhood individuals (AOR=3.3, 95% CI [1.3, 8.6]), divorced
individuals (AOR=2.8, 95% CI[1.1,7.3]), a positive family history of diabetes (AOR=5.4, 95%
Cl [2.4, 12.5]), daily alcohol consumption (AOR=3.5, 95% CI [1.2, 10.2]), consumption of white
rice as a favorite food (AOR=3.8, 95%CI [1.2,11.6]), elevated waist circumference (AOR=2.4,
95% CI [1.1,5.0]), and elevated waist-to-height ratio (AOR=4.4, 95% CI [1.7, 11.2)]),
hypertension (AOR=3.0, 95% CI [1.7,5.5]), dyslipidemia (AOR=2.8, 95% CI [1.5, 5.4]),
Conversely, engaging in moderate to vigorous intensity leisure physical activity was associated
with lower odds of Type 2 diabetes (AOR=0.27, 95% CI [0.1, 0.72]).

The mean age of patients with diabetic ketoacidosis and hyperosmolar hyperglycemic state was
42.9(x13.6) and 59.3(x£11.2) years, respectively. About 24.2% of diabetic ketoacidosis and 42%
of hyperosmolar hyperglycemic state patients were precipitated by infection, and also
163(37.6%) diabetes ketoacidosis and 33(21.2%) hyperosmolar hyperglycemic state were newly
diagnosed diabetes patients. The in-hospital mortality was 78(13.2%), of which 43(7.3%) deaths

were in patients with hyperosmolar hyperglycemic states. Rural residents had a higher proportion
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of in-hospital mortality (17.9%) compared to urban residents (10.4%). Patients without a history
of diabetes were younger (mean age 43.9£12.6 vs. 48.4+14.9), more likely to reside in rural
areas (53.1% vs. 30.3%), and had a lower proportion of Type 2 diabetes (38.3% vs. 53.7%),
hyperosmolar hyperglycemic state (15.8% vs. 31.8%), and lower proportion of in-hospital
mortality (8.7% vs. 15.5%) compared to those with known diabetes. Rural residence (AOR 3.1,
95% CI 1.8-5.4), history of stroke (AOR 2.7, 95% CI 1.3-5.6), Type 2 diabetes (AOR 2.3, 95%
Cl 1.1-4.7), hyperosmolar hyperglycemic state (AOR 2.4, 95% CI 1.1-5.4), and prior diabetes
history (AOR 2.0, 95% CI 1.04-3.8) were significantly associated with increased mortality risk.
Conversely, presentation with excessive thirst was associated with lower in-hospital mortality
risk (AOR 0.47, 95% CI 0.27-0.81).

Conclusions: The proportion of people with type 1 and type 2 diabetes has increased among
urban and rural residents over time during the study period. Factors such as urban residency,
widowhood/divorce, family history of diabetes, daily alcohol consumption, white rice, elevated
waist circumference, hypertension, and dyslipidemia were associated with a higher risk of type 2
diabetes. In contrast, engagement in moderate to vigorous physical activity was protective. Rural
residents and patients with hyperosmolar hyperglycemic states had higher in-mortality, with a
history of stroke, type 2 diabetes, hyperosmolar hyperglycemic state, and history of diabetes
being significant predictors, while polydipsia was protective. Health education is crucial for
raising awareness about substance misuse, physical activity, and healthy eating habits at
workplaces, schools, and community and family levels. Targeted screening programs for patients
with existing diabetes may reduce morbidity and mortality if cost-effective interventions (for
example education on healthy eating, regular physical activity, medication, and self-monitoring
of blood glucose) are available. A feasible option might be to implement diabetes screening for
patients aged 45 and above and those with known diabetes risk factors attending hospital adult
medical outpatient departments for co-existing illnesses(patients with malaria, tuberculosis,
hypertension, and so on). Furthermore, decentralizing diabetes care services to lower-level health
facilities, enhancing the efficiency of bidirectional referral systems and ensuring the quality,
availability, and affordability of insulin and other diabetes commodities are imperative to

improve outcomes for people with diabetes in Ethiopia and similar settings.

Keywords: trend, type 1 diabetes, type 2 diabetes, middle age adults, hyperglycemic crisis,
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. Introduction

1.1. Background

Diabetes mellitus (DM) is a chronic progressive group of metabolic disorders characterized by
hyperglycemia, resulting from defects in insulin-producing beta cells in the pancreas, insulin
action, or both, manifested by carbohydrates, fat, protein metabolism, fluid, and electrolyte
abnormalities(1). Chronic hyperglycemia, characterized by the occurrence of an FPG value
greater than 126mg/dl, or A1C > 6.5%, or 2-hour post-load plasma glucose (2-hPG) > (200
mg/dl), leads to organ damage, dysfunction, causing symptoms, like excessive thirst, urination,

vision blurring, and weight loss(2,3).

Diabetes risk factors are shaped by genetic and environmental influences, resulting in complex
pathogenesis and presentations. Diabetes is classified based on physiological conditions and
disease etiology into four main types: type 1 diabetes (T1D), type 2 diabetes (T2D), gestational
diabetes mellitus (GDM), and other specific types due to various causes. T1D and T2D are
heterogeneous, differing in pathogenesis, clinical features, and progression. While classification
is crucial for appropriate therapy, some individuals cannot be distinctly classified as T1D or T2D

at diagnosis(1-4).

Type 2 diabetes contributes significantly to diabetes incidence and prevalence, accounting for
90-95% of all cases. Factors in the development of T2D include physical inactivity, unhealthy
diet, cigarette smoking, alcohol use, and obesity(2,5,6). Gender differences in health are linked
to health-protective behaviors, with men's health significantly influenced by health behaviors,
while structural determinants influence women's health. Urbanization leads to health changes,

with sedentary lifestyles increasing obesity and potentially T2D rates(7).

Diabetes is a global public health issue. Almost one-in-two adults with diabetes in the age of
2079-year-olds are estimated to be unaware of their status, with nearly 90% of undiagnosed
individuals living in low and middle-income countries (LMICs) in 2021. Diabetes is estimated to
be among the top 10 causes of death globally, among adults 20-79 years old, with sub-Saharan
Africa(SSA) experiencing the highest morbidity and mortality rates(3). The International
Diabetes Federation(IDF) reported an estimated 4.6% of people with diabetes in 2000(8),



increasing to 10.5% in 2021(3) for adults 20-79 years old, with prevalence varying by age,
gender, and residence. Diabetes incidence rates have decreased or remained stable in high-
income countries like the US, Sweden, Italy, and Switzerland(3,9-12). but are increasing in
LMICs like China, India, Pakistan, Indonesia, and Brazil, diabetes capitals of the world, since
these countries are on rapid epidemiologic, economic, and societal transitions(3,13-15). Eritrea
has the highest documented incidence of T1D globally for 15-24-year-olds with 46.2/100,000
people affected(3,16).

Diabetes results in significant morbidity, mortality, and healthcare costs, with poorly controlled
hyperglycemia leading to both long-term and acute complications. Hyperglycemic crises (HCs),
including diabetic ketoacidosis (DKA) and hyperglycemic hyperosmolar state (HHS), are severe
acute complications requiring intensive treatment and hospitalization(17). In 2016, the U.S.
reported 224,000 cases of HCs, with 203,000 for DKA(18). DKA is more common in young
patients with type 1 diabetes, while HHS is more frequent in older patients with T2D. These
conditions, characterized by varying levels of insulin deficiency, dehydration, ketosis, and
metabolic acidosis, often coexist(17,19-22). Notably, the mortality rate for HHS is ten times
higher than that for DKA(17).

Diabetes is a growing global health issue, with 27% of countries lacking an operational policy or
action plan for diabetes(23). The United Nations (UN) and the WHO advise developing national
diabetes strategies to address specific needs(24,25). The 75th World Health Assembly (WHA)
recommended integrating diabetes prevention and treatment into primary healthcare services.
The WHA adopted five global targets for 2030, including 80% diabetes diagnosis, 80% glycemic
control, 80% blood pressure control, 60% cholesterol-lowering drug access, and 100% access to
affordable insulin, blood glucose meters, and test strips(26). Ethiopia is implementing a strategic
action plan for 2020-2025 to combat non-communicable diseases (NCDs), including diabetes,
through improvements in healthcare infrastructure, public awareness, and provider training,

focusing on community education and early detection(27).

In general, many studies on diabetes in high-income countries reveal varying trends, risk factors

of T2D, and treatment outcomes for the hyperglycemic crisis, while hospital-based data on



diabetes and diabetes-related complications among adults is limited in low-income countries like
Ethiopia.
1.2.  Statement of the Problem

Diabetes is a global health concern with increasing morbidity and mortality rates, estimated to
affect 537 million adults 20-79-year-olds and projected to reach 783 million by 2045 based on
available data from 144 countries extrapolated to 71 countries with no data available from
studies in countries of similar geographical location, IDF Region, World Bank income
classification (low-, middle-, and high-income), ethnicity and language(3). Using the extremlely
limited data available on relative risks of diabetes for mortality was estimated to be responsible
for 6.7 million deaths in 2021, one death every five seconds, and 11.3% of all deaths among 20-
79-year-olds, with higher rates among women and under 60 years old(3). Diabetes-related deaths
account for 35.6% of NCD deaths and 2.7% of all causes worldwide(28), primarily caused by
cardiovascular, kidney, DKA, infection, neuropathy, and foot ulcers(3). The global diabetes
mortality rate varies significantly by region, with regions like Oceania, the Caribbean, and SSA
experiencing rates 2 to 12 times higher than the global average(28). Diabetes imposes a
significant economic burden, with global health expenditure on the condition reaching USD 966
billion in 2021, a 316% rise over the past 15 years(3).

Diabetes incidence has declined in high-income nations, but in LMICs, including Sub-Saharan
Africa(SSA), it is currently a significant public health concern(3). The incidence of T2D in
Brazil, Russia, India, China, and South Africa (BRICS) countries increased by 83.3% from 1990
to 2019, with diabetes-related mortality significantly differing due to disparities in healthcare

infrastructure, economic development, and public health initiatives(29).

Diabetes affects 24 million adults 20-79-year-olds in SSA, increasing 134% by 2045. High
mortality rates, especially among individuals under 60, with 76.4% of deaths occurring in this
age group, represent the highest diabetes-related mortality rates globally. These outcomes are
driven by inadequate healthcare, limited medication access, and socio-economic challenges (30).
Diabetes-related morbidity and mortality in SSA vary significantly, with South Africa(28-30),
Nigeria(3,31), Tanzania(30), Kenya (28), and Ethiopia(32) having the highest rates, with a



notable urban-rural disparity in morbidity and mortality, mainly due to urbanization, lifestyle

changes, and inadequate healthcare(30,33).

Diabetes-related deaths in Ethiopia significantly contribute to the overall mortality from NCDs
(34,35). NCDs are responsible for about 55% of total deaths in urban areas like Addis Ababa,
51% in Tigrai, and 29-43% in more rural regions. Diabetes is one of the top five leading causes
of death due to NCDs in Ethiopia(35). The Global Burden of Disease(GBD) Study estimates for
diabetes-related deaths in Ethiopia accounts 1.0% of all deaths in Ethiopia in 2010 and trended
upward to 1.4% of all deaths in 2015 generated using Cause of Death Ensemble model
(CODEm), highlighting a growing public health concern(34). Ethiopia is grappling with a
significant burden of diabetes and other chronic diseases due to inadequate health literacy,
resource-poor environments, and inadequate health systems(35,36). According to IDF estimates;
Ethiopia's diabetes prevalence has significantly increased from 1.0% from extrapolated estimates
in 2000(8) to 3.3% in 2021 generated from Animaw, W. and Seyoum, Y 2017 from locally
representative 691 urban and 714 rural settings (3) among adults 20-79 years old, with 1.92
million cases, with 57% undiagnosed and 26,448 deaths in 2021, expected to rise due to lifestyle
changes and urbanization (3).

A cross-sectional multistage stratified sampling National STEPS Survey in Ethiopia conducted
in nine regions and two city administrations by Ethiopian Public Health Institute (EPHI) in
10260 people indicated gender disparities in the prevalence of diabetes. Diabetes prevalence is
3.2%, with 3.5% males and 3.0% females in 2016 in the age group of 15 to 69 years old(38). A
hospital-based retrospective record review at the main referral hospital in northwest Ethiopia
reported a 125% average increase in the proportion of both type 1 and T2D from 2000 to
2009(37). Similarly, in 2015, a three year retrospective record review study at Ayder
Comprehensive Specialized Hospital in Tigrai revealed a diabetes proportion of 1.3%(39). A
survey in Gondar revealed that men, poor rural farmers with low BMI, stunted, and
undernutrition are more likely to be diagnosed with T1D, with an annual incidence of 2.75 per
100,000 people(40). Understanding diabetes incidence trends in Ethiopia is crucial for effective
public health planning, disease management, economic planning, and global health equity,

enabling more effective targeted interventions and policies(30,35,41).



Global research indicates that age over 45, gender, residence, marital status, income and
education level, family history of diabetes, high blood pressure, cholesterol, smoking, alcohol
consumption, physical inactivity, and unhealthy diets—all of which are made worse by sedentary
lives and obesity are common risk factors for T 2D(42-47).

Nigerian studies revealed that hyperglycemic crises(36.1%), diabetic foot (19.6%), uncontrolled
hypertension (16.9%), and stroke (8.7%) were the most common complications for T2D patients
upon admission(48), with 18% and 35% fatalities for DKA and HHS, respectively(49).

Diabetes in Ethiopia leads to hospital admissions, complications, and economic losses, affecting
individuals, families, healthcare structures, and national economies(50,51). A study at Tikur
Anbesa Hospital in Ethiopia revealed a 6.5% diabetes-related hospitalization rate, with diabetic
foot ulcers and cardiovascular disease being primary diagnoses for T2D admission. At the same
time, DKA was the leading diagnosis for T1D patients, leading to a 21.0% in-hospital mortality
rate(51). Studies in Ethiopia found that 34.6-45.4%, 13.2-59%, and 32.3-40.4% of
hyperglycemic patients had no prior diabetes history, infection, and non-compliance on

admission, respectively, with mortality rate ranges of 9.8-21%(50-55).

A study in Haramaya revealed that 16.5% of hyperglycemic crisis-related mortality occurs, with
21.4% for HHS and 11.1% for DKA(54). Diabetes-related morbidity and mortality in Ethiopia
are primarily attributed to delayed diagnosis, limited healthcare access, lack of awareness,
inadequate infrastructure, shortage of trained professionals, and inpatient facilities(50). Most
studies on hyperglycemic crises in SSA focused on DKA, while HHS is linked to higher
mortality rates compared to DKA (49,54). Understanding hyperglycemic crises in patients with
and without a prior diabetes history is crucial for improving clinical outcomes, treatment
protocols, patient education, self-management, and public health planning and resource
allocation to better address diabetes challenges(56).

Ethiopia's diabetes prevalence has significantly increased in the past two to three decades, posing
significant economic challenges for drug consumption and bed occupancy(50,51). Hospital-
based evidence on trends, risk factors, and treatment outcomes is limited in SSA countries,

including Ethiopia. This study assessed diabetes mellitus in Tigrai public hospitals, focusing on



time trends of type 1 and type 2 diabetes, risk factors of T2D, and hyperglycemic crisis

characteristics.
1.3. The rationale of the study

Diabetes mellitus is a significant public health issue, causing hospital admissions, mortality, and
economic loss in high-income and LMIC countries, with Ethiopia being the fourth with diabetes
burden in SSA(3); faces a disproportionate burden of diabetes and other NCDs due to
urbanization, economic changes, healthcare system limitations, socio-economic disparities, and
policy inadequacies, necessitating multifaceted approach for addressing challenges(3). However,
healthcare funding focuses on communicable diseases and neglects large populations
experiencing excess morbidity and mortality from NCDs, including diabetes in SSA(36). The
Ethiopian Federal Ministry of Health has developed and implemented national strategic action
plans for 2020-2025 to combat NCDs, including diabetes, focusing on prevention, early
detection, and management(27). However, little attention is given to diabetes, with all those

burdens.

As per IDF and hospital reports, diabetes mellitus has been increasing in the last three decades in
Ethiopia(3,8). Hospital-based data offers valuable insights into diabetes incidence, reflecting the
disease burden among patients seeking medical care and aiding in resource planning, early
detection, and timely intervention. It also helps to identify trends and patterns in outpatient
settings, enabling timely management and intervention. However, hospital-based trends in the
incidence of type 1 and type 2 diabetes are limited. Existing studies on diabetes are either
community-based surveys(38,57) or children and adults mixed reports(37), with health

professionals relying on external evidence to manage diabetes and related problems.

Obesity, unhealthy diets, and sedentary lifestyles exacerbate the T2D burden, especially in
Ethiopia, due to rapid epidemiologic, economic, societal, and nutritional transitions(27,35).
Addressing T2D risk factors is crucial for preventing the disease, reducing healthcare costs, and
developing effective interventions to enhance health outcomes and quality of life. Studying T2D
risk factors in middle-aged adults(45-64 years) allows investigation of risk factors, hormonal
shifts, and metabolic changes, that are crucial for effective intervention, early detection, disease

management, prevention, and public health policy influence in the population with the highest
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number of incident cases of T2D. However, data on local risk factors for the illness in this age
group is scarce. Previous studies in Ethiopia used a community-based cross-sectional study
design(38,57) or a health institution-based cross-sectional design (58), with mixed reports for
children and adults. At the same time, this study aimed to identify risk factors of T2D among

middle-aged adults using a matched case-control study design.

Studying hyperglycemic crises in patients with and without prior diabetes history is crucial for
improving diagnosis, treatment, prevention strategies, patient outcomes, reducing healthcare
burden, optimizing healthcare resources, and promoting targeted interventions. In the existing
studies in SSA, including Ethiopia, most of the studies either focus on DKA (52,55) or only
focus on treatment outcomes (50,54). Both did not attempt to differentiate the characteristics of
patients with and without prior diabetes history. Understanding differences in clinical
characteristics allows researchers and healthcare providers to develop tailored approaches to

prevention, diagnosis, and treatment.

Investigating this area of study will guide policymakers in revising their policies, developing
suitable screening and treatment guidelines, and designing appropriate prevention and control
mechanisms for NCDs, including diabetes mellitus. Likewise, it will be necessary for health

institutions to improve the quality of NCD services, including diabetes patients.

Moreover, healthcare professionals in Ethiopia will learn about type 1 and type 2 diabetes trends
incidence, risk factors T2D among middle-aged adults, and hyperglycemic crisis and outcomes
of care, improving health education, early treatment, and prevention, and designing appropriate
treatment, prevention, and promotional approaches. The findings will inspire researchers to
conduct additional studies, urge scientists to investigate unrecognized areas of interest, and lay

the groundwork for future research.



1.4. Review of Literature

1.4.1. The Biology of Diabetes Mellitus
1.4.1.1.  Definition and description of Diabetes Mellitus

Diabetes mellitus (DM) is a chronic progressive group of metabolic disorders characterized by
hyperglycemia resulting from defects in insulin-producing beta cells in the pancreas, insulin
action, or both, manifested by carbohydrates, fat, protein metabolism, fluid, and electrolyte
abnormalities(1). Chronic hyperglycemia, defined as FPG >126 mg/dl, A1C > 6.5%, or 2-hPG >
200 mg/dl, can cause organ damage and dysfunction, leading to symptoms like excessive thirst,
frequent urination, blurred vision, and weight loss(2,3). Diabetes classification is crucial for
therapy determination, but misdiagnosis is common due to its complex pathogenesis and varied
presentation. Diabetes can be divided into four main types: T1D, T2D, GDM, and diabetes
caused by specific conditions. WHO classifications 2019 identify two major types(2-4).

Type 1 diabetes, accounting for 5-10% of cases, causes irreversible destruction of pancreatic
beta cells, resulting in absolute insulin deficiency. It primarily affects children and young adults,
with symptoms like excessive thirst, hunger, frequent urination, weight loss, vision changes, and
fatigue(2—4). Type 2 diabetes, accounting for 90-95% of cases, causes insulin resistance and
relative insulin deficiency. It mainly affects adults but also occurs in children and adolescents.
While often managed with diet, lifestyle changes, and medication, some may require insulin.

Prediabetes is typically asymptomatic(1-4).
1.4.2. Aetiology and Pathogenesis of Diabetes

Despite extensive research, diabetes's aetiology remains unknown, influenced by physiological
conditions during assessment and diagnosis. Therapeutic approaches for maintaining or
improving glucose tolerance could be influenced by B-cell dysfunction and decreased B-cell
mass. Diabetes is a complex disease caused by defects in insulin sensitivity and secretion.
Genetic and environmental factors can cause B-cell decline. Researchers suggest that various
mechanisms can cause B-cell decline or destruction, leading to hyperglycemia in type 1 and 2
diabetes. Genetic and environmental factors can cause this loss, putting patients at risk for

chronic complications. Rates of progression may vary(1,2,4,5,59).



1.4.3. Clinical Course of Diabetes Mellitus

An insulin deficiency can lead to significant organ damage, resulting in severe health
complications such as cardiovascular diseases, nerve damage, kidney damage, and eye disease if
not properly managed(2,5). The primary mechanism underlying both Hyperosmolar
Hyperglycemic State (HHS) and Diabetic Ketoacidosis (DKA) is the combination of insulin
deficiency and elevated counter-regulatory hormones. This imbalance causes hyperglycemia
through increased gluconeogenesis, accelerated glycogenolysis, and reduced glucose utilization
by peripheral tissues. Consequently, this leads to osmotic diuresis, hypovolemia, a decreased
glomerular filtration rate, and further exacerbation of hyperglycemia(17,60,61). DKA occurs
when decreased insulin and increased hormones activate hormone-sensitive lipase in adipose
tissue, breaking triglyceride into glycerol and free fatty acids (FFASs). This leads to ketone
bodies, decreased serum bicarbonate, and metabolic acidosis(17,62).

In HHS, some insulin reserve prevents lipolysis, leading to minimal or absent ketogenesis. With
decreased fluid intake by the patients who are usually elderly, dehydration is severe in HHS.
Hence, they are predisposed to prerenal acute kidney injury and hyperosmolarity (62). Literature
indicates that high blood glucose levels increase serum concentration(2), leading to glycosuria,
polyuria, nocturia, dehydration, polydipsia, fatigue, blurred vision, abdominal pain, and
headaches. Manifestations include hyperglycemia, excessive thirst, urination, hunger, weight

loss, fatigue, and abdominal pain(2,4,5).
1.4.4. Diagnosis of Diabetes Mellitus

As the literature demonstrates, a diabetes diagnosis can have significant implications for
individuals, potentially leading to stigma that affects employment, insurance, driving status, and
social opportunities, and can have cultural, ethical, and human rights consequences. Conducting

appropriate tests is crucial to prevent disease progression (4).

Blood tests are essential for early diabetes detection, treatment, and risk reduction. The ADA
2020 standards list three diagnostic methods: FPG, OGTT, and Alc. However, research shows
less concordance between these tests. 2-hour PG diagnoses more individuals with diabetes or

prediabetes than FPG or A1C tests. Haemoglobin Alc tests diagnose only 30% of diabetes cases.



Diabetes is defined as Fasting Plasma Glucose (FPG) value >126mg/dl or Alc > 6.5% or 2-hr
post-load plasma glucose > (200 mg/dl), or random blood glucose (RBG) > (200 mg/ dl) in the
presence of signs and symptoms of diabetes(2—4). The postprandial plasma glucose test uses 759
of anhydrous glucose in water, and random glucose tests can be used in patients with classic
hyperglycemia or hyperglycemic crisis symptoms(2,4,5). Diagnosing hyperglycemia requires
two abnormal test results from the same or two separate samples, preferably with the same test,

to confirm the diagnosis. In symptomatic individuals, one abnormal result is diagnostic(3,63).

The literature demonstrates that diagnosing a hyperglycemic crisis relies on patient history,
classic symptoms, and laboratory tests. Diagnosing DKA involves identifying plasma glucose
levels greater than 250 mg/dL, positive urine ketones, arterial pH below 7.3, and bicarbonate
levels under 15 mEg/L. HHS can be presumed in diabetic patients exhibiting altered mental
states, with plasma glucose levels exceeding 600 mg/dL, serum osmolality over 320 mOsm/kg,
minimal or no ketonuria or ketonemia, an anion gap below 12, and no significant acidosis
(HCO3 levels above 15 mEg/L or pH above 7.3)(64,65).

1.4.5. Management of Diabetes Mellitus

The goals of diabetes treatment and quality of life depend on maintaining positive health habits
and psychological well-being, which includes medical nutrition therapy, weight control, physical
activity, alcohol reduction, smoking cessation counseling, and psychosocial care. A study shows
that multidisciplinary lifestyle changes can improve glycemic control and reduce complications
by 50-75%(66). Non-pharmacological diabetes intervention approaches to enhance overall health
and manage diabetes effectively. Personalized treatment goals and strategies are crucial for
success(67,68). The ADA and the European Association for the Study of Diabetes have
emphasized that personalized treatment goals and therapeutic approaches are essential for the
success of T2D(69).

Diabetes self-management education and support (DSMES) is crucial for improving glycemic
targets and reducing drug costs. Patient-centered programs using new technology can delay
complications and enhance self-efficacy. DSME program was reported to reduce drug costs by
62%(63, 68,70).
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Weight reduction and management strategies are crucial for individuals with T2D or prediabetes,
as they delay progression and promote sustained diabetes remission(68). A < 800 kcal/day diet
replacement can induce weight 10ss(63,66,71). Medical nutritional therapy is essential for
preventing and treating Type 2 Diabetes (T2D). A healthy diet low in saturated fat and sodium
high in fruits, vegetables, whole grains, cereals, and legumes is recommended. Individualized

meal planning and referral to a registered dietitian nutritionist can help(72,73).

Physical activity, particularly cardiorespiratory fitness, significantly reduces diabetes incidence
and impact, improving glycemic control, weight maintenance, and medication use. Combining
physical activity with dietary intervention leads to more significant reductions(63). The WHO
and ACSM recommend that adults with diabetes engage in 150-300 minutes of moderate-
intensity or 75-150 minutes of vigorous-intensity physical activity weekly, including muscle-
strengthening activities twice weekly (74,75).

T2D requires medical nutrition and exercise for glucose control, but long-term maintenance
often requires medications(76). A paradigm shift is recommended for combination therapy,
targeting eight pathophysiological mechanisms underlying T2D, including reduced insulin
secretion, elevated glucagon secretion, liver glucose production, neurotransmitter dysfunction,
insulin resistance, and impaired peripheral tissue glucose uptake(77). Insulin therapy is crucial
for glucose control. Patients with Type 1 Diabetes (T1D) need insulin to sustain life, manage
blood glucose, and reduce the risk of complications. For Type 2 Diabetes (T2D) patients
unresponsive to or contraindicated for oral hypoglycemic agents, insulin is also necessary to
control blood glucose and minimize complications(76).

Multiple studies have demonstrated that the treatment goals for hyperglycemic crises in adults
encompass several key objectives. These include identifying and managing the underlying cause,
replenishing fluid volume, resolving ketonemia, correcting acidosis, restoring normal blood
glucose levels, enhancing mental status, optimizing kidney function, replenishing electrolytes
and minerals, and diagnosing and treating coexisting illnesses. Electrolyte levels and venous pH
should be monitored every two hours until bicarbonate levels and the anion gap return to regular

and electrolyte imbalances are corrected(65,78).
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1.4.6. The Epidemiology of Diabetes Mellitus
1.4.6.1. Magnitude and Trends of Diabetes

Prevalence of diabetes mellitus, a global health challenge, is estimated to have increased
significantly among adults aged 20-79, from 4.6% in 2000 to 10.5% in 2021. Diabetes
prevalence in urban and rural areas is estimated to be 12.1%, 8.3%, 11.1%, 10.8%, and 5.5%,
respectively, in high-income, middle-income, and low-income countries, according to the IDF
report(3,8). The global age-standardized prevalence of diabetes is estimated to have risen from
approximately 4.3% in 1980 to 9.0% in 2014 among men and from 5.0% to 7.9% among
women(79). By 2021, the impact and trajectory of estimated diabetes-related health challenges
significantly varied across regions and countries, influenced by age, gender, and urban or rural

residence(3,5).

In high-income countries, DM prevalence is estimated at 3.5-12.2%(12,14, 15,96-98). In a study
in the US, the DM prevalence was estimated at 12.2% of all US adults in 2015(12). A study in
Switzerland revealed that the extrapolated overall diabetes prevalence was 4.9%, higher in men
than in women [5.7% versus 4.2%]. The prevalence increased from 3.9% in 2006 to 4.9% in
2011 and increased with age, while the incidence of diabetes decreased from 0.63% in 2006 to
0.58% in 2011(9). A study in Sweden from 2007 to 2013 showed a steady increase in diabetes
prevalence from 5.8 to 6.8%, but the incidence remained constant at 4.4 per 1000(10). A study in
Ireland showed a significant increase in doctor-diagnosed diabetes prevalence from 2.2% in 1998

to 5.2% in 2015, representing a 0.17% annual increase(83).

IDF reported that in some high-income countries, there is evidence of a falling or stable
incidence of diabetes, regardless of the inevitable rise in prevalence(3). In particular, diabetes
incidence showed a decreasing pattern, which has been seen in the USA[2008-2014],
Denmark[2004-2007], Portugal[2008-2014], Israel[2008-2012], Sweden[2008-2012], Germany
[2008-2010], Canada[2008-2011], and the UK[2008-2014]. Still, it is not yet clear what is
driving the observed falls in incidence(3,84).

According to Sun et al. (2019), the incidence rate of Type 2 Diabetes (T2D) in BRICS countries
was 280.2 per 100,000. Between 1990 and 2019, the incidence of T2D in BRICS increased from
152.9 per 100,000 to 280.2 per 100,000. China had the lowest growth rate at 63.6%, while India
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had the highest at 110.9%. Overall, the incidence rate of T2D among the BRICS population
increased by 83.3% during this period(29).

Investigators from LMICs reported that the trends of diabetes prevalence increased in the
previous four decades, possibly due to rapid economic development accompanied by
environmental, social, and behavioral changes occurring in many LMICs over the past few
decades(79,85). A Kazakhstan study revealed a 1.7-fold increase in Type 1 and Type 2 diabetes
prevalence from 2014 to 2019, with the incidence decreasing 1.5 times in T1D, while T2D
remained similar over the years(86). A Beijing longitudinal study revealed a significant increase
in the incidence of type 1 diabetes from 2.72 in 2007 to 3.60 in 2017 per 100,000 persons(87).
The incidence rate of T2D in South Africa has significantly increased from 148 in 1990 to 306 in
2019 per 100,000 adult populations(29). Similarly, Amadi et al.'s study in Nigeria showed a rise
in T2D incidence from 4.88% in 2014 to 6.04% in 2018, primarily among men and women, but
with a decrease in rural areas(31). Likewise, a study conducted in a northwest Ethiopia hospital
indicated that the average increase in the proportion of Type 1 and Type 2 diabetes mellitus cases
between 2000 and 2009 was 125%(37).

Different studies pointed out that the prevalence and incidence of diabetes have different reports
with various explorative variables such as sex, age, residence, and social class(10,88-91). Other
studies in populations of Western origin and globally have consistently reported higher diabetes
prevalence in men than in women, and being male is strongly associated with the annualized
rates of diabetes per 1,000 individuals. Studies in the US, UK, Sweden, and Thailand reported
that males had higher annualized rates of diabetes per 1,000 individuals compared to women
(10,88-91). Likewise, a study conducted by Madede et al. in Mozambique revealed that diabetes
prevalence increased from 2.9% in 2005 to 7.4% in 2015, with a higher increase among men

from 3.5 to 9.5% compared to women 2.4 to 6.0% over the study period(92).

Whereas, studies in Brazil [2006-2014] and Africa[1980-2014] showed a higher increase was
observed among women compared to their counterpart men from 6.3 to 8.7 % in women and 6.0
to 7.3 % in men(93), and 4.1 to 8.9% for women and 3.4 to 8.5% for men), respectively(94).

Similar studies in Panama and China demonstrated a higher prevalence of diabetes in women
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(6.0% of women Vs 4.3% of men; P < 0.0001) in 2015(95) and 5.8% of men Vs 6.1% of women in
2014(96), respectively.

Studies in the US between 1980 and 2012 showed that the prevalence of diabetes is much higher
in the age group 65-79 years (9.8% in 1980 and 20.7% in 2012) compared to the age group 20-44
years with a prevalence of 1.1% in 1980 and 2.5% in 2012(97). A study in Sweden reported that
the prevalence of diabetes primarily increased with age; 12.8% of women and 18.8% of men >
65 years had diabetes(10). A study in Bulgaria revealed that the prevalence of diabetes primarily
increased in the aged group of 50-59 years: 9.4% in 2006 vs 15.7% in 2012 had diabetes (98).

In Panama, a study reported that 13.8% of individuals aged 60 years and older had diabetes in
2015(95). Similarly, in Brazil, research indicated an overall increasing trend in diabetes
prevalence from 5.5% in 2006 to 8.0% in 2014, with a notable annual increase of 0.57% among
adults aged 65 years and older(93). Furthermore, a study conducted by Madede et al. in
Mozambique revealed that diabetes prevalence rose from 4.2% to 10.1% among individuals aged
45 to 64 years, compared to an increase from 2.3% to 5.7% among those aged 25 to 44 years

over the study period(92).

Diabetes has emerged as an increasingly prevalent and severe public health challenge affecting
both urban and rural areas(48,95,99,100). Studies indicate that the incidence and prevalence of
diabetes vary significantly based on individuals' residence and the country's income level. In
high-income countries, diabetes rates tend to be higher among rural residents compared to urban
residents. For instance, studies in the US have shown that living in higher-density urban
communities was associated with lower odds of new-onset Type 2 Diabetes (OR [95% CI]: 0.80
[0.66, 0.97]) compared to rural areas(101). Similarly, in Alberta, Canada, age- and sex-adjusted
diabetes prevalence increased by 35% among rural Status Aboriginal populations (from 10.9 per
100 in 1995 to 14.7 per 100 in 2006), compared to a 22% increase in urban areas (from 9.4 per
100 in 1995 to 11.5 per 100 in 2006)(102).

Conversely, in low- and middle-income countries (LMICs), diabetes tends to be more prevalent
among urban residents than rural residents (48,95,99,100,103). For example, studies in North
Africa have reported higher diabetes prevalence in urban areas, ranging from 2.6% in rural

Sudan to 20% in urban Egypt(103). Similar patterns were observed in Kazakhstan (16.3% in
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urban vs. 8.6% in rural) (99), China (12.0% in urban vs. 8.9% in rural) (96), and Ethiopia (5.1%
in urban vs. 2.1% in rural) (100).

Adult-onset type 1 diabetes incidence varies significantly, from less than one per 100,000 in
China to over 30 per 100,000 in Northern Europe and Eastern Africa, reflecting geographical
variation in childhood-onset diabetes, whereby countries with high rates in children and
adolescents also tend to have higher rates in adulthood(104). A meta-analysis of adult-onset
T1D incidence in countries showed mixed trends, with a decrease in Sweden, Korea, Taiwan,
and the U.S. from 1983 to 2017, and an increase in Mali from 2007 to 2016, while no change
from Spain, the U.K., and Hong Kong(105). Similarly, a study conducted by Vojislav et al. in
Serbia indicated that a significant decrease in the incidence of type 1 diabetes was determined in
adults aged 25-29, with an annual percentage change of 7.3% between 2006 and 2017(106).

A 2017 study conducted in Finland by Hakkarainen et al. found that the average annual age-
standardized incidence rate of Type 1 diabetes among men aged 18-39 was 29 per 100,000/year,
marking a 33% increase from 1992 to 2007. Women's incidence rate remained stable at 16 per
100,000/year. For working-age individuals (18-64), the age-standardized prevalence of Type 1
diabetes increased by 39% among women and 33% among men(107). Similarly, findings from
Korea indicated that the annual incidence rate of Type 1 diabetes from 2007 to 2013 ranged from
2.73 to 5.02 per 100,000 people, with incidence rates remaining consistent among adults aged
over 30 years. In contrast, the incidence rate of atypical Type 1 diabetes in 2013 was higher in

individuals aged 40 years and older compared to younger age groups(108).

Similarly, a study in Iran indicated that the incidence of type 1 diabetes increased between 1990
and 2019(109). Likewise, a survey conducted by Sandy et al. in Mali revealed that T1D
incidence for 20 to 24 years per 100,000 population/year increased from 0.00 (0.00-0.30) in
2007 to 1.10 (0.64-1.76) in 2016(110). Moreover, Eritrea has the highest documented incidence
of adult type 1 diabetes globally, with 46.2/100,000 people affected(3,16).

A study by S. Alemu and colleagues in Gondar and Jimma found an annual incidence of insulin-
requiring diabetes of 2.1 per 100,000, twice as high in men as women, peaking at 25 and 29
years of age. Insulin-requiring diabetes incidence in urban Gondar and Jimma is five times

higher than in rural areas, primarily among subsistence farmers or unemployed individuals with
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low BMI(111). While a case-series study conducted by Balcha et al. in Gondar diabetes clinics
over 20 years (1996-2016) reported that there was a striking male predominance of cases with a
rural sex ratio, 2.3M:1F was significantly more significant than the urban sex ratio, 1.3M:1F
(P<0.001). When clinical onset was between 20 and 35 years, this was more marked in the poor
rural dwellers than the urban population. While most patients with Type 1 diabetes presented
with low BMIs and reduced height, stunting preferentially affected rural men, with an overall

annual incidence of 2.75 per 100,000 populations(40).

1.4.6.2. Risk Factors of T2D

The aetiology of diabetes is poorly understood; changes in diet and lifestyle due to rapid
economic development are foremost among the principal drives of diabetes. Barring the
environmental impact, the genetic component plays a vital role in the development of diabetes. It
is a progressive, multi-factorial chronic metabolic disorder with a strong link to demographic,
behavioral, and lifestyle factors (dietary habit, sedentary lifestyle, alcohol intake, and cigarette

smoking), the most critical factors(42-47).
1.4.6.3.  Socio-demographic characteristics

Research indicates that socio-demographic factors like location of residence, age, gender,
ethnicity, marital status, education, and income increase the risk of developing T2D, but there is

inconsistency in published reports(86,87,112).

The socio-demographic and geographic burdens of T2D are uneven worldwide and closely
linked to the neighborhood level. In high-income countries, including the US, Canada, and
Australia, people living in deprived neighborhoods are at increased risk of T2D(101,102,113),
whereas, in developing countries, the risk is higher in urbanized areas(7,114,115). Previous
studies in developing countries in Maynamar[12.1% urban Vs 7.1% rural](114), West
Africa[6.2% urban Vs 2.5% rural](115), Algeria[14.5% urban Vs 12.3% rural](7), and North
West Ethiopia[5.1% urban Vs 2.1%](100), reported that the risk of developing T2D in urban

dwellers higher compared to their rural counterparts. Urbanization in developing countries leads
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to changes in eating habits, physical activity, smoking, and alcohol consumption, contributing to
obesity and NCDs, including diabetes(114).

Age significantly increases diabetes risk in both men and women, but studies show no uniformity
in diabetes prevalence across age ranges. A study in China revealed that the odds of developing
diabetes for age >65 years was 1.7 in rural and 4.0 in urban residents, higher compared to ages
20-29 years(116). Similarly, a case-control study in Saudi Arabia revealed that cases were more
likely to be older than 40 years compared to the group whose age was < 40(the odds ratio of the
age > 60 years was 15.6 (117)). A study conducted in Mozambique revealed that higher diabetes
prevalence among the age group 45 to 64 years between 2005 and 2015 was 5.9%(1.6-10.2, p=
0.007)(92). Similarly, a study conducted by Issaka et al. showed that the risk of developing T2D
was 2.26, 2.93, and 4.35 times higher in age groups 35-44, 45-54, and 55-64 years compared to
25-34 years of age, respectively(115). Moreover, studies in West Africa and North West Ethiopia

indicated that diabetes prevalence increased with age up to the oldest age(100,118).

Research shows inconsistencies in findings on the risky gender group for T2D, with health
disparities influenced by lifestyle factors and structural determinants, contrasting men's health
behaviors. Reports show gender differences in health-protective behaviors, with men's health
significantly influenced by their health behaviors and women's health significantly influenced by
structural determinants(7,10,96,100,119-123). Findings from South Africa reported that men had
an increased risk for the development of T2D compared to women(123). At the same time, other
studies in Africa, Brazil, Panama, China, Iran, Senegal, Nigeria, and Northwest Ethiopia
demonstrated a higher prevalence of T2D among women than their counterpart
men(7,10,96,100,119-122). A study conducted by Issaka et al. in West Africa indicated that
being women decreases the risk of developing T2D by 59.0% compared to their men's
counterparts, p=0.001(115).

Marriage has been a fundamental social institution since ancient times, playing a significant role
in the lives of most people (124). Previous studies produced conflicting findings regarding the
association between marital status and T2D(124,125). Research indicates that marriage improves
health outcomes, lowers diabetes incidence, and enhances diabetes treatment adherence in

partnered patients due to the influence of health behaviors and socioeconomic status(125).
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Ramezankhani et al. indicated that being widowed was associated with a lower risk of T2D in
Iran(124). Similarly, findings of both urban and rural areas from West Africa revealed that being
divorced/widowed lowers the risk of developing T2D, compared to single individuals(115),
whereas in Saudi Arabia, being widowed increases the risk of T2D(124). Other studies
conducted in Iran indicated that 23.0% of widowed had T2D compared to 13.2% of married
women (p< 0.001)(7).

Significant studies show that job category is an essential predictor of T2D, which might be
related to physical inactivity. According to a Swedish study, compared to university professors
and physiotherapists, professional drivers, manufacturing workers, and cleaners had a threefold
higher risk of type 2 diabetes(84). In Malaysia, unemployed, senior officials, managers, and
homemakers had the highest prevalence of diabetes at 16.1%, 15.9%, and 14.2%,
respectively(126). Similarly, a study in Saudi Arabia revealed an increased risk of T2D among
jobless/homemakers and employed study participants(112). A study in South East Nigeria
indicated that jobless/homemakers, retired, and bankers were found to have a higher prevalence

of diabetes than people with non-sedentary jobs(127).

Even though several researchers reported that the prevalence of T2D is rising in all
socioeconomic groups, most of the studies revealed that the epidemic is increasing at a greater
rate among individuals from a lower socioeconomic position regarding education, occupation, or
income to measure. Studies in the USA, Germany, Kazakhstan, and Panama reported that the
odds of developing diabetes were higher in less-educated individuals than in educated
people(43,95,97,99). A study in West Africa found that individuals with primary and secondary
education have higher odds of developing T2D than non-educated individuals(115).

In high-income countries, individuals with sustained low-income status or income decrease have
an increased risk of T2D, while those with sustained high-income status or income increase have
a lower risk. This is usually related to low-income people who neglect their health behavior and
may receive fewer health screenings and healthcare access than those with high
income(112,128). A study in Korea reported that individuals who repeatedly experienced low
and meager income for five years showed 22% and 57% higher T2D risk compared to those who

never experienced low and meager income, respectively(128). At the same time, a case-control
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study in Ghana showed that the likelihood of developing T2D was more than fivefold higher in
individuals within the middle socio-economic level compared to those with low socio-economic
level(129). A study conducted by Dawson et al. in Namibia showed that wealthier individuals
had 1.57 increased odds of having diabetes compared to those who were poorer(130).
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1.4.6.4. Behavioral risk factors

1.4.6.4.1. Dietary characteristics

Dietary intake, particularly sugar-sweetened beverages and refined carbohydrates, can
significantly increase the risk of T2D by affecting glucose metabolism and insulin sensitivity
(131,132). High consumption of processed meats, refined grains, sugar-sweetened beverages,
and saturated fatty foods increases the risk of T2D(117,133). A US prospective cohort study
found that sugar-sweetened beverages are significant risk factors for weight gain and T2D(134).
A study on Iranian adults found that tea consumption increases the prevalence of T2D(131),
while coffee consumption has a preventive effect (135). High coffee consumption has been
associated with better glucose tolerance and a substantially lower risk of T2D(136). A US study
found that daily coffee consumption can significantly reduce the risk of T2D by 13% for one cup
per day, 42% for 2 to 3 cups per day, and 47% for four or more cups per day compared to
nondrinkers (P for trend 0.0001) (135).

A case-control study in Saudi Arabia indicated that routine consumption of Kabsa (OR= 5.5),
bakery items (OR =2.4), and French fries (OR= 2.2) increased the risk of T2D(117). A study in
Lebanon revealed that the traditional Lebanese dietary pattern reduced the risk of T2D by 54%.
In contrast, refined grains and fast food patterns significantly increased the risks of T2D in
Lebanese adults, with odds of 3.85 and 2.8, respectively(132). Likewise, a study in 21 countries

found that consuming more white rice (over 450g/day) increases the risk of T2D(137).

Research indicates that certain dietary items, including whole-grain-rich foods, cereal fibers,
legumes, green leafy vegetables, fruits, minerals, and vitamins, can protect against chronic
conditions like T2D(117,131,138). Studies in Iran, Saudi Arabia, and Syrian residents reported
that routine consumption of vegetables has a protective effect of 14, 60, and 30% reduction in the
risk of T2D, respectively(131). A study conducted by Issaka et al. and Gudjinu and Sarfo in
West Africa and Ghana demonstrated that eating large quantities/servings of fruits per eating
protects against the development of T2D, but null association between vegetable consumption
and risk of T2D(115,129). Likewise, a study in Northwest Ethiopia found a higher diabetes

prevalence (6.8%) among those eating fruit and vegetables 4-7 times in an atypical week but
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found no association(100). A study conducted in Mekelle indicated that the participants’ median
fruit and vegetable intake was one and two times a week, respectively(57). On the contrary, a
study by Manyara et al. in Kenya found that cases consumed more fruits and vegetables and less
sugar than controls(139).

1.4.6.4.2. Cigarette smoking and alcohol consumption

Cigarette smoking is an independent modifiable risk factor for T2D. Acute and chronic tobacco
exposure significantly impair glucose tolerance, increase insulin resistance, and consequently
cause T2D(140). So, tobacco use has a strong association with T2D, either as an independent risk
factor or in a cluster with other risk factors, such as centripetal obesity(141). Cigarette smoke,
combined with elevated blood glucose, is linked to vascular damage, endothelial dysfunction,

and blood-clotting cascade activation, causing further damage in individuals with DM(142,143).

Studies show conflicting results on smoking's association with diabetes mellitus, with most
epidemiological studies indicating significant links between smoking and T2D
development(142-146). A US study found that smokers have a dose-dependent increased risk of
developing Type 2 Diabetes, with relative risks of 1.7 for current smokers of >20 cigarettes per
day, 1.5 for current smokers of <20 cigarettes per day, and total pack-years of cigarette smoking
was also associated with the risk of T2D (p for trend, both P<0.01)(147). A study in Saudi
Arabia indicated that smokers had more than 13 times increased possibility of developing T2D
compared to non-smokers(148). Similarly, studies in West Africa showed that the probability of
developing T2D was higher among smokers to 2.5-fold higher after adjusting for clustered
variables(115,118). A systematic review and meta-analysis conducted by Zeru and colleagues in
Ethiopia indicated that the odds of developing T2D were 1.72 times higher among smokers
compared to non-smokers (149). Other investigators in Ethiopia found no association between
smoking and diabetes(57,100,150). On the contrary, studies in China and South Africa indicated

that smokers have a lower likelihood of newly diagnosed diabetes than non-smokers(123,151).

Alcohol use is a major contributor to premature death and disability(27). There is a growing
agreement that alcohol intake is an influencing factor. Moderate alcohol consumption can

improve insulin sensitivity, alter alcohol metabolites, increase HDL-cholesterol concentrations,
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and have anti-inflammatory effects, though the exact dose-response relationship remains
unclear(152,153).

Epidemiological studies regarding the association between alcohol consumption and T2D risk
remain inconsistent. Several studies(58,154-157) revealed that heavy alcohol consumption is the
risk factor for the occurrence of T2D, whereas moderate alcohol consumption is protective for
T2D in both men and women(58,115). Some studies have shown that light and moderate alcohol
consumption is associated with a reduced risk of T2D(152,153,156-158). A prospective survey
of 35,625 adults of the Dutch European Prospective Investigation into Cancer and Nutrition
(EPIC-NL) cohort found moderate alcohol consumption at 40% lower risk than abstention(155).
A study in West Africa demonstrated that alcohol consumption every day reduces the odds of
T2D by 45%c compared to non-alcohol drinkers(115). Likewise, a study in North West Ethiopia
showed that alcohol consumption was preventive from diabetes for the rural residents(100). On
the contrary, a study in Addis Ababa indicated that those who did not drink alcohol were 49%
protected from developing T2D(58).

1.4.6.4.3. Physical inactivity and obesity

Obesity and T2D are strongly associated with an unhealthy diet and physical inactivity. Physical
and social environments influence diet, physical activity behavior, and economic, psychological,
and cultural factors. Lifestyle and habits play a vital role in becoming obese, and almost four out

of five people who are newly diagnosed with diabetes are obese(159,160).

Researchers have found that lifestyle modification combining weight loss and physical activity
significantly reduces the short-term and long-term incidence of T2D in high-risk groups(74,75).
Studies have shown that physical activity can protect T2D(161-163). Studies also show that
inverse associations were observed for increasing activity over time, resistance exercise,
occupational activity, and cardiorespiratory fitness and risk of T2D(157,161). A study conducted
in West Africa revealed that the risk of developing T2D was 1.39 and 1.66 times higher in
people with medium and low physical activity compared to those with high physical
activity(115). The 2015 NCD STEPS survey reanalysis in Ethiopia revealed that physical
activity significantly reduces the 75% risk of diabetes development(150). A similar study in
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North West Ethiopia indicated that at least moderate PA lowers the risk of diabetes by 52%

among urban residents but not for rural residents(100).

A study in Ghana showed that 73% of cases were physically inactive compared to 33.3% of
control groups, and physically inactive participants had a 4.8 times possibility of developing
T2D compared to physically active individuals(129). Similarly, a study conducted in urban and
rural areas of West Africa revealed that people with low and moderate physical activity had 2.17
and 2.15 times the risk of developing T2D compared to individuals with high physical
activity(115). Likewise, a study in Ethiopia found that physically inactive individuals are nearly

six times more likely to develop T2D(149).

Excess weight and physical inactivity are significant modifiable risk factors for T2D, as 85-90%
of individuals with T2D are overweight or obese(164). Adipose tissue's excessive free fatty acid
leads to insulin sensitivity decline, increased glucose levels, insulin resistance, and T2D(165),
with higher BMI associated with increased resistance in older individuals in older people with
T2D(166-169).

Studies demonstrated that higher waist circumference(WC), waist-to-height ratio(WHtR), and
waist-to-hip ratio(WHR) are strong predictors of T2D(115,118,169,170). A study conducted in
West Africa reported that the possibility of developing T2D was 2.59 and 2.58 times higher in
people with elevated waist circumference and obesity, respectively(115). A study by Danquah et
al. in Ghana found that individuals with a higher waist-to-hip ratio risk a 2.6-fold higher risk of
T2D(171). A study in West Africa found that individuals with elevated WC, WHtR, and WHR
had a 1.54, 1.55, and 1.23 times higher likelihood of developing T2D, respectively(118). A
Kenyan study found that a higher waist-to-hip ratio was linked to higher odds of T2D(139).
Likewise, a study conducted in Ethiopia showed that in both sexes, a 1-unit higher BMI and WC
were positively associated with prediabetes/diabetes(150). Systematic review and meta-analysis
indicated that the burden of diabetes mellitus was 5.79 times higher among those adults who had
central obesity (169).

Epidemiological evidence from Saudi Arabia suggested that sedentary behavior (e.g., television
watching) increases the risk of T2D(117). Many studies have shown the health burden of a

sedentary lifestyle, and the WHO rates inadequate physical activities as one of the major threats
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to modern health. There is a visible relationship between inactivity and obesity with a subsequent
and firm linkage with T2D(127). Findings revealed that individuals, both obese and with low
physical activity, had a 7.4-fold increased risk of T2D compared to normal weight, highly
physically active participants (172). Similarly, studies in Saudi Arabia and North West Ethiopia
came up with supporting findings in that physical inactivity was significantly associated with
diabetes mellitus with odds of 2.5 and 1.92, respectively (100,117). Moreover, a study in
Ethiopia indicated that physical inactivity increased the risk of developing T2D(149).

1.4.6.5. Medical history and Comorbidities

A family history of diabetes (FHD) is a significant risk factor for developing T2D)(45). A study
in China found that diabetes prevalence rates were 32.7% in FH2, 20.1% in FH1, and 8.4% in
FHO, with age and gender-adjusted differences(173). Similarly, a study in Korea reported that
those with an FHD involving first-degree relatives had a significantly higher prevalence of
impaired fasting glucose(14.3 vs. 11.7%) and T2D (6.7 vs. 1.8%) compared to those without a
FHD(P < 0.001)(45). Likewise, a systematic review and meta-analysis conducted by Zeru and
colleagues reported that the possibility of developing T2D was more than 6 times higher among
those who had FHD compared to those without such experience(149). Moreover, a study in
North West Ethiopia indicated that the proportion of diabetes was higher among those who had
FHD (18% Vs. 3.1%) compared to those who had not FHD(100).

Diabetes comorbidities increase health risks, complicate diabetes management, and negatively
impact emotional health, medication adherence, self-management, and quality of life. Co-
morbidity in diabetes patients leads to poorer self-management and higher health service
use(174-176). The most common comorbidities in T2D include hypertension, dyslipidemia,
obesity, cardiovascular conditions, arthritis, anxiety, and depression across various
regions(136,177,178). A similar study in the US reported that the most prevalent T2D-related
comorbidities were hypertension (82.5% and 87.2%) and cardiovascular disease (26.9% and
22.3%) in 2008 and 2013, respectively(136).

T2D prevalence is increasing, but longevity may lead to more diverse morbidity. Discover-NOW
dataset identified 224,000 T2D cases in North-West London from 2000-2020. A study found that

30% of T2D patients had three or more comorbidities at diagnosis, increasing to 60% ten years
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later. Hypertension (73%) was the most common, followed by back pain, depression, asthma,
and osteoarthritis. Patients who were obese upon diagnosis exhibited notably distinct
comorbidity profiles in contrast to those who were not obese(179). A case-control study in SSA
that includes Nigeria, Ghana, and Kenya indicated that 71%, 34%, and 27% of T2D participants
had hypertension, hyperlipidemia, and obesity, respectively(180). A prospective study in
Rwanda showed that the co-morbidity of diabetes with hypertension, overweight, and
dyslipidemia was 31%, 33%, and 28%, respectively(181).

Diabetes and hypertension are linked due to shared risk factors like age, obesity, high
cholesterol, sedentary lifestyle, smoking, and stress, with hypertensive individuals more likely to
develop diabetes than normal individuals as hypertensive people develop insulin resistance(182).
Epidemiological evidence suggests that hypertension is statistically related to T2D(170). Studies
from West Africa, Kenya, and Ethiopia indicated that the odds of developing T2D were 2.6,
2.54, and 3 times higher among individuals with hypertension compared to those who do not
have hypertension(115,139,149). Besides, a study conducted by Gebreegziabiher et al. in
Mekelle City reported that the possibility of developing diabetes was about 6 times higher in
people with Systolic hypertension compared to those who had normal systolic blood
pressure(57).

Dyslipidemia, a risk factor for T2D, is more common in diabetes patients due to impacted
enzymes and lipid metabolism pathways, with low HDL-C, elevated cholesterol, and triglyceride
levels significantly associated with new diagnosis. Lipid profile and diabetes are key predictors
of metabolic disturbances like dyslipidemia, hypertension, and CVD. Lipids are crucial in
diabetes pathogenesis, a common manifestation of uncontrolled diabetes, because insulin has
significant regulatory effects on lipid metabolism, and dyslipidemia is increasing globally due to

unhealthy diets, reduced physical activity, urbanization, and obesity(57,183-186).

Gudjinu and Sarfo's study in Ghana found that individuals with poorer HDL-cholesterol and total
cholesterol higher than 6.3mmol/L had higher odds of developing T2D than those with the best
HDL-cholesterol and less cholesterol(129). Similarly, A study in Addis Ababa found that
individuals with high triglycerides had a higher risk of developing diabetes. At the same time,
those with HDL-C > 40 mg/dL lower the risk of diabetes by 44% compared to people with HDL-
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C lower than 40 mg/dL(58). Likewise, a study in Mekelle also reported that people with total
cholesterol >200 mg/dL had a higher risk of developing diabetes compared to those who had <
200 mg/dL(57).

1.4.3. Hyperglycemic Crisis
1.4.3.1. Classification and Magnitude of Hyperglycemic Crisis

Uncontrolled diabetes often leads to hyperglycemic crises (DKA and HHS), which are serious
and life-threatening metabolic complications. DKA involves unchecked hyperglycemia,
metabolic acidosis, and increased ketone concentration, while HHS is severe hyperglycemia,
hyperosmolality, and dehydration without ketoacidosis. Both conditions can occur in different
types of diabetes(21,187,188). Uncontrolled type 1 and 2 diabetes mellitus can lead to extreme
metabolic derangements in DKA and HHS, resulting in poor patient outcomes, increased

mortality rates, and a high risk of infectious complications(21).

Even though the hyperglycemic crisis has either declined or remained stable over time in high-
income countries, it remains a significant challenge for low/middle-income countries with
unacceptably increasing incidence, intra-hospital morbidity, and mortality from this acute
diabetic complication nowadays (189,190). A US study found that 38% of patients with
confirmed hyperglycemic crises had DKA, 35% had HHS, and 27% had combined DKA-HHS
features(191). Similarly, a study in Japan found that 60.4% of patients with hyperglycemic crises
had DKA, 13.2% had HHS, and Mix(192). Likewise, a Nigerian study found that 24.7, 39.2, and
36.1% of diabetes patients with hyperglycemic crises were admitted due to DKA, HHS, and
normal-osmolar hyperglycemic state, respectively(193). Moreover, a Jimma University
Specialized Hospital study revealed that 93% of participants developed DKA, while 7%
developed HHS (50). At Hiwot Fana Specialized University Hospital, 52.3% of patients
admitted with hyperglycemic crisis had an HHS diagnosis, while the rest had DKA(54).

DKA and HHS are common in patients with T1D and T2D, with DKA more common in young
patients and HHS more common in older patients, with different levels of insulin deficiency,
dehydration, ketosis, and metabolic acidosis, often co-existing(17,19-22). A study in Japan
found type 1 diabetes was only detected in patients with DKA and mixed, while T2D was

observed in all groups, particularly in HHS patients, with a lower rate in DKA patients. It was
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still present in 39.1% of patients(192). Similarly, a Danish cohort study revealed that 18.3%,
48.4%, and 33.3% of participants had known type 1 diabetes, known T2D, and had a new
diabetes diagnosis, respectively(194). A study conducted among T2D in China revealed that
41.1%, 46.8%, and 12.0% of patients had DKA, HHS, and DKA-HHS, respectively(195). A
study conducted in Colombia showed that half of the events of DKA and 57% of the events
occurred in people with T2D(196).

In Nigeria, a study found that 64.9% of patients had diabetes, while 35.1% were newly
diagnosed upon hospital admission(193). A study in Cameroon among adults 18 and above
revealed that 85% of patients with hyperglycemic crises had T2D, and 85% had HHS(197).
Diabetes in Ethiopia leads to hospital admissions, complications, and economic losses, affecting
individuals, families, healthcare structures, and national economies(50,51). A study at Tikur
Anbesa Hospital in Ethiopia revealed a 6.5% diabetes-related hospitalization rate, with diabetic
foot ulcers and cardiovascular disease being primary diagnoses for T2D admission. At the same
time, DKA was the leading diagnosis for T1D patients(51). Likewise, Hiwot Fana Specialized
University Hospital in Ethiopia reported that 44.5% and 55.5% of patients had T1D and T2D,
respectively, with 36.4% having no prior DM history at admission(54). A study in JUSH found
that 63.8% of participants had type 1 diabetes, while all type 1 and 79.7 % of T2D patients
developed DKA, and HHS was noted in T2D (P < 0.001)(50).

Diabetes in Ethiopia leads to hospital admissions, complications, and economic losses, affecting
individuals, families, healthcare structures, and national economies(50,51). A study at Tikur
Anbesa Hospital in Ethiopia revealed a 6.5% diabetes-related hospitalization rate, with diabetic
foot ulcers and cardiovascular disease being primary diagnoses for T2D admission. At the same
time, DKA was the leading diagnosis for T1D patients, leading to a 21.0% in-hospital mortality
rate(51). Studies in Ethiopia found that 34.6-45.4%, 13.2-59%, and 32.3-40.4% of
hyperglycemic patients had no prior diabetes history, infection, and non-compliance on

admission, respectively, with mortality rate ranges of 9.8-21%(50-55).
1.4.3.2. Precipitating Factors of Hyperglycemic Crisis

Hyperglycemic crises arise from a combination of underlying causes related to insulin deficiency

and resistance, compounded by various precipitating factors that exacerbate these conditions.
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Infection, insulin omission, new-onset of diabetes, acute medical conditions, certain medications,
poor dietary management, pregnancy, comorbid conditions, emotional stress, dehydration,
trauma, lack of access to medical care, and non-adherence to diabetes management, cultural and
religious beliefs, poor laboratory support, and less emphasis on electrolyte monitoring are the

most common precipitating factors for hyperglycemic crisis(21,22,198,199).

Infection is the leading precipitating factor for hyperglycemic crisis admissions and the risk of
diabetes death. A US study found that infection was the primary reason for 10% of emergency
department visits for adults with diabetes, with urinary tract infections being the most common,
accounting for over 30% of these visits. Diabetes patients are more than twice as likely to be
hospitalized for infection management, with 8-12% of these patients being hospitalized for this
purpose(97). A UK hospital survey found infection as the most common precipitating factor for
diabetic ketoacidosis (45%), followed by insulin omission (20%), with other causes including
newly diagnosed diabetes and alcohol or drug-related issues(200). A Colombian study revealed
that 32% of events were caused by infection, while 27% were due to inadequate therapy(196). A
study in China found that infection (70.3%), newly diagnosed diabetes (17.7%), and non-
compliance with medications (5.7%) are the most common precipitants of hyperglycemic
crises(195).

Similarly, a study in Cameroon revealed that infections (41.7%), newly diagnosed diabetes
(33.3%), and non-adherence to medications were the most common causes of hyperglycemic
emergency admission(197). Likewise, a study at JUSH found that infections, non-compliance
with medications, and newly diagnosed diabetes were the most common precipitants of HCs in
59%, 32.3%, and 45.4% of patients, respectively(50). Moreover, a Hiwot Fana Specialized
University Hospital study revealed that infection, noncompliance, and new-onset diabetes were

prevalent in 48.0%, 38.6%, and 19.6% of patients admitted due to hyperglycemic crises(54).

The most important signs and symptoms and laboratory markers for diagnosing hyperglycemic
emergencies are polydipsia, polyuria, body weight loss, higher blood sugar, level of electrolytes,
and body fluid status. A study in Nigeria mentioned that hypokalemia was reported in 37% of the
study participants. Elevated urea levels and hyponatremia were noted more in patients with DKA
than in patients with HHS (57.5%, 19% versus 53%, 18%)(189). Findings from Taiwan
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demonstrated that the classic symptoms and signs of diabetes, like thirst, polydipsia, polyuria,

and body weight loss, were predominant in patients without a history of diabetes(56).
1.4.3.3. Case-Fatality/ mortality rate

Diabetes, primarily in developing countries, increases morbidity and mortality due to acute
complications like DKA, HHS, and hypoglycemia, with higher mortality rates in patients with
HHS(17,201). In a study by Olamoyegun et al. in Nigeria, the hyperglycemic crisis and DFUs
were the leading causes of diabetes-related in-hospital admission, with hyperglycemic
emergencies accounting for approximately 60% of total admissions(201). Ogbera et al.'s study
in Nigeria found a 20% mortality rate for hyperglycemic crises, with 18% and 35% case fatality
rates for DKA and HHS, respectively(49). Similarly, a Hiwot Fana Specialized University
Hospital study found that hyperglycemic crisis-related mortality was 16.5%, with 21.4% for
HHS and 11.1% for DKA(54).

A study in India showed a 20.9% mortality rate related to hyperglycemic crises, with 7.3% in
newly diagnosed DM patients and 13.5% among known DM(202). Similarly, findings of JUSH
revealed a 9.8% mortality rate related to hyperglycemic crises, with higher rates among known
DM patients (14.6%) than newly diagnosed DM patients(4.1%)(50). Likewise, in Taiwan
revealed that patients with a history of diabetes had a higher mortality rate(50,203), older, lower
Glasgow coma scale, lower classic symptoms of diabetes, higher rate of medical history, higher

infection, and a higher proportion of HHS compared to without history of diabetes(203).

In summary, investigators found mixed trends in adult-onset T1D and T2D incidence, with
high-income countries experiencing decreased or stable diabetes incidence(3) while increasing in
developing countries(29,31,37,85-87,110). Type 1 diabetes incidence: Eritrea has the highest
global incidence at 46.2/100,000 people affected(86,105). Balcha et al. found inconsistent results
in Ethiopian studies, with urban regions of Gondar and Jimma showing higher T1D risk than
rural areas in 2009(111), while in 2024, they reported a notable male predominance in rural
Gondar(40). New findings are reported in this review as risk factors of T2D. Higher intake of
white rice(137) and tea consumption increases(135) increased the risk of T2D, while high coffee

consumption has been associated with better glucose tolerance and a substantially lower risk of
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T2D(135,136). Studies in China and South Africa indicated that smokers have a lower likelihood

of newly diagnosed diabetes than non-smokers(123,151).

The literature review reveals that hyperglycemic crises are the primary cause of diabetes-related
admissions, often precipitated by infection, new-onset diabetes, and non-adherence to diabetes
management. In Ethiopia, 19.6-45.4% of hyperglycemic patients have new-onset diabetes at
admission(50,52-54), while 47% of Taiwanese patients without diabetes history have HHS. The
mortality rate is higher in HHS patients. Hyperglycemic crises in patients without a diabetes
history exhibit distinct clinical characteristics from those with known diabetes(203), which has
not yet been studied in SSA, including Ethiopia.

1.4.3. Conceptual Framework

The conceptual framework explains how lifestyle, behavioral, and personal factors influence
T2D development and hyperglycemic crisis treatment outcomes. The review of research studies,
books, and guidelines aimed to identify lifestyle, behavioral, and personal factors that may
influence diabetes mellitus and treatment outcomes in patients with hyperglycemia. This study
examines lifestyle, behavioral, and personal factors influencing diabetes mellitus and treatment
outcomes in hyperglycemic patients, focusing on the association between determinants and

diabetes outcomes (see Figure 1).

The framework broadly explains determinants of diabetes and treatment outcome of diabetes
care for patients with hyperglycemic crisis, linking them into six groups, namely socio-
demographic factors(age, gender, marital status, religion, ethnicity, education, monthly income,
residence), behavioral factors (physical inactivity, unhealthy diet, tobacco use, harmful use of
alcohol, and khat chewing), co-morbidity and medical history factors (overweight/obesity, raised
blood pressure, abnormal blood lipids, infection, non-adherence to treatment, delayed diagnosis,
history of GDM, family history diabetes), diabetes-related complications(hyperglycemic
crisis(DKA, HHS), long term complications (macro-vascular and micro-vascular complications),

hypoglycemia), and treatment outcome of HCs (Discharge, death, transfer/referral).
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Figure 1: Conceptual Framework of DM: Trend, Risk Factors of T2D and Treatment Outcome
of Hyperglycemic Crises (HCs) among adults in selected public hospitals of Tigrai, Ethiopia
(Developed)

2. Research Questions

1. What was type 1 and type 2 diabetes magnitude over the last five years (from September
1, 2013, to August 31, 2018) in public hospitals of Tigrai?

2. What was the time trend of type 1 and type 2 diabetes by sex and residence over the study
period (from September 1, 2013, to August 31, 2018) in public hospitals of Tigrai,
Ethiopia?

3. What were the facilitators or preventive lifestyle behavior factors among hospital-treated
middle-aged adults with T2D and those not in public hospitals in Tigrai, Ethiopia?
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4. What was the difference in clinical characteristics of hyperglycemic crises (DKA vs.
HHS)?
5. What were the differences in the clinical presentation of hyperglycemic crises in patients
with a prior diabetes history compared to those without a previous one?
6. What was the treatment outcome of care for hyperglycemic crisis among adult patients
with and with no prior diabetes history in public hospitals of Tigrai, Ethiopia?
7. What are the predictors of mortality in patients admitted due to hyperglycemic crises
related to admissions in public hospitals in Tigrai, Ethiopia?
Research hypotheses
% In Tigrai, there is a difference in the time of trend type 1 and type 2 diabetes between
urban and rural adults from September 1, 2013, to August 31, 2018, in public hospitals.
% Middle-aged adults with poor dietary habits and behaviors have a higher risk of
developing T2D.
% In Tigrai hospitals, there is a higher likelihood of higher mortality in patients admitted for
HCs with a history of diabetes compared to those without a history of diabetes.

2.1. Objectives:
2.1.1. General objective:

To assess the Trend, Risk Factors of Diabetes, and Treatment Outcome of Hyperglycemic Crises among

adults in selected public hospitals in Tigrai, Ethiopia.

2.1.2. Specific objectives:

1. To determine the trend in the time of type 1 and type 2 diabetes among adults who
received medical care from September 1, 2013, to August 31, 2018, in selected public
hospitals of Tigrai.

2. To assess the risk factors of T2D among middle-aged adults in Ayder Comprehensive
Specialized Hospital in Tigrai.

3. To compare the hyperglycemic crisis characteristics of patients with and without a prior
diabetes history and care outcomes among adult patients from selected public hospitals in

Tigrai.
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3. Methods and Materials
3.1.Study Area and Period

The study was conducted in the Tigrai Region, located in northern Ethiopia. Mekelle is the
capital of Tigrai. The total projected population of the Tigrai Region was 4,314,456, with
2,124,853 men and 2,189,603 women, with a 2.5% annual growth rate, which gives a projection
of 5,738,996 in 2022, of which 2,812,108 men and 2,926,888 women. The Tigrai Region,
covering 50,078.64 square kilometers, has 985,654 households, with an estimated density of
86.15 people per square kilometer and an average of 4.4 people per household, with urban
households having an average of 3.4 people. In contrast, rural households had an average of 4.6
people. The Tigrai Region is predominantly inhabited by Tigrian people, who make up 96.55%
of the population, with other ethnic groups including Amhara, Irob, Afar, Agaw Kamyr, Oromo,
and Kunama, and 95.6% of the population follows Orthodox Christianity, and 4% are
Muslim(204).

The region comprises 712 health posts, 211 health centers, 22 primary hospitals, 18 general
hospitals, and two referral hospitals owned and operated by the government(205). The Ethiopian
Service Provision Assessment Survey in 2017 reported among all health facilities, excluding
health posts that offer services for NCDs, Tigrai had 56% coverage service for chronic
respiratory disease, 36% service coverage for cardiovascular diseases, 29% service coverage for
diabetes, and 5% service coverage for cervical cancer among health facilities(206). A Health
Resources and Services Availability Monitoring System (HeRAMS) report shows only 3% of
NCD clinics have available services, with 19% having asthma and COPD, 23% and 17% having
hypertension and diabetes partially available services in Tigrai in June 2023(207). There were
6726 people with type 1 and 17,627 with T2D patients who were receiving regular follow-ups at
General and Primary hospitals before November 2020(208). This study was conducted in seven
public hospitals of the Tigrai region, namely, Ayder Comprehensive Specialized Hospital
(ACSH) and general hospitals Mekelle, Lemlem Karl, Adigrat, St.Marry, Suhul, and Abyi Adi.

The data abstraction and collection period was from September 1, 2018 to June 30, 2019.
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3.2.Study design

For the time trend of T1D and T2D: a retrospective hospital-based repeated cross-sectional
study for each year was employed to describe the trend of T1D and T2D for successive five

years from September 1, 2013, to August 31, 2018, in selected public hospitals of Tigrai.

For the risk factors of T2D, a hospital-based matched case-control study design was used for
the risk factors associated with T2D among middle-aged adults at ACSH.

For hyperglycemic crisis: A hospital-based retrospective cross-sectional study design was
utilized to evaluate the treatment outcomes of adult patients experiencing hyperglycemic crises

in selected public hospitals in Tigrai.

3.3.Source and study population

3.3.1. Source population

The time trend of T1D, T2D, and hyperglycemic crises was conducted in six general public
hospitals and one Comprehensive Specialized Hospital. In contrast, the risk factors of T2D were

conducted at ACSH in selected public hospitals of Tigrai.

For the time trend of T1D and T2D: The registry logbooks documenting medical care
provided to adult patients aged 18 years and older in adult medical and emergency outpatient
departments (OPD) were reviewed over a consecutive five-year period (September 1, 2013, to
August 31, 2018) in selected public hospitals of Tigrai.

For the risk factors of T2D: All middle-aged (45 to 64 years) adults who received medical

treatment from ACSH in Tigrai. Cases, controls, and matching are described as follows:

Cases: were known T2D patients for both men and women who have been attending their
follow-up at the ACSH diabetes clinic. T2D patients were ascertained from the diabetes clinic by
the senior physicians, and the case history of diabetes and diabetes-related complications was
verified from the records of diabetes patients by physicians and nurses working in the diabetes

clinic.
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Controls: patients/healthy individuals who visited the general MOPD for any other reasons but
without diabetes confirmed with typical blood glucose values (FPG<100mg/dl) were considered
as controls. Controls were ascertained by senior physicians or General practitioners who were
providing care in the general MOPD using blood glucose tests and other investigations.

Matching: Cases and controls were matched based on age(100,115,118) and
sex(7,10,96,100,119-122), as these factors were identified as associated with T2D in most
reviewed studies. Each case was paired with two controls of the same gender and within £2 years
of age. Controls were selected voluntarily from the non-diabetes, meeting the standard blood
glucose values criteria, to participate in the study.

For hyperglycemic crisis: All adult patients aged 18 years and above who were admitted and
treated from September 1, 2017, to August 31, 2018, in selected public hospitals of Tigrai were

the source population.
3.3.2. Study Population

For the time trend of T1D and T2D: The study examined the complete five-year medical
records of diabetes patients and registry logbooks documenting medical treatment provided to all
adult patients aged 18 years and above in adult medical and emergency outpatient departments
(OPD) from September 1, 2013, to August 31, 2018, in selected public hospitals of Tigrai.

For the risk factors of T2D: The study population for cases was sampled T2D patients for both
men and women among middle-aged adults who were newly diagnosed with T2D from January
1 to December 31, 2018, and who have been attending their follow-up at ACSH diabetes clinic
from March 1 to June 30, 2019. The control study population was sampled men and women
among middle-aged adults confirmed without diabetes who visited the medical OPD of ACSH

during the data collection period.

For hyperglycemic crises: The review included all selected adult diabetes patients aged 18
years and above admitted and treated for hyperglycemic crises in the medical wards of selected
public hospitals in Tigrai from September 1, 2017, to August 31, 2018. Patients were identified

and screened using the registry logbooks.

3.4.Eligibility Criteria
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3.4.1. Inclusion Criteria

For the Time Trend of T1D and T2D: All five years’ medical records of diabetes patients and
registry logbooks of adult patients aged 18 years and above who received medical treatment from
adult medical and emergency OPD units during the period of September 1, 2013, to August 31,
2018, aged 18 years and above in the selected public hospitals of Tigrai were included in the
study.

For the risk factors of T2D: Cases were newly diagnosed with T2D from January 1 to
December 31, 2018, in the middle-aged for both men and women who had been on fellow up
willing to participate in the study during the data collection period at ACSH. Controls were
middle-aged adult patients or healthy individuals for both men and women who were willing to
participate in the research and had the following: never diagnosed with diabetes,
patients/participants having FBG of <100mg/dl, and not taking any anti-diabetic medication.

For hyperglycemic crises: All selected medical charts of adult diabetes patients aged 18 years
and above who were admitted and treated for hyperglycemic crises(DKA and HHS) in the
medical ward of the selected public hospitals of Tigrai during the period September 1, 2017, to
August 31, 2018, were included in the study.

3.4.2. Exclusion Criteria

To accurately capture the trends in the time of T1D and T2D, this study excluded medical charts
of diabetes patients with missing data, gestational diabetes, and those with referral papers from
the studied hospitals. This exclusion was done to reduce the overestimation of cases.

For the risk factors of T2D: Participants/patients having severe co-morbidities like stroke,
chronic renal diseases, chronic lung diseases, heart failure, chronic liver disease, end-stage
cancer, patients with ascites and edema, adults with spinal problems (kyphosis, lordosis,
scoliosis, and kyphoscoliosis), walking using a wheelchair and also pregnant women and women
who gave birth in the last six months were excluded from the study to reduce selection,

confounding and measurement biases.
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Cases Controls

Middle age (45 to 64 years) Middle age (45 to 64 years) adults
adU|t3_diagnosed with T2D without previous diagnosis of diabetes
in last one year Matched 2 controls with 1 case (2:1) on
‘ age (+ 2 years) and gender

209 T2D patients screened from
the diabetes clinic registry
logbook diagnosed from January
1 to December 31, 2018

4

Patient chart reviewed, and
excluded patients with renal
disease (n=4), liver disease=2,
pregnancy=1, did not meet age
45-64 years= 12, history of
stroke= 3. HIV=?_ and CHF=3

‘ To get 240 controls; 269 non diabetes
From 182 T2D patients who patients participate and patients selected
qualify the inclusion criteria; 120 consecutively from the two selected general
selected by SRS using lottery MOPDs
method ‘

‘ 29 patients excluded
9 T2D patients missed follow up * Physical structure problems=4
and replaced from the remaining _ e Clinically evident major renal and CV

cases disorders= 12

e 253 patients blood glucose examined and
13 T2D diagnosed and linked to DM

clinic

120 T2D patients and 240 controls participated in the study

Figure 2: Figure 2: Flow diagram of selection of participants for risk factors associated with T2D

included in this study
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For hyperglycemic crises, medical charts of adult patients with hyperglycemic crises for not
meeting the criteria for DKA or HHS, insufficient data, patients against medical advice, and

patients referred to other health institutions were excluded from the study.

N= 1082
Hyperglycemic crises events
I N=216
l % Hospitalization for events other than DKA or HHS
N= 866
Events analyzed for
hyperglycemic crises events
yPergy N= 196
Excluded for not meeting the criteria for DKA/ HHS
N=18
» Excluded against medical advice and referred to other
hospitals
N=63

Exclude due to insufficient data

N= 589
Included in the final analysis

Figure 3: Flow diagram of sampling and clinical characteristics of patients with and without a

prior history of diabetes

3.5.Sample Size Determination and Sampling Methods

3.5.1. Sample size determination

For the trend of T1D and T2D: All in the five consecutive years (September 1, 2013, to August
31, 2018), medical records of adult patients aged 18 years and above who received medical
treatment were included in the review and screened from the registry logbook. All adult diabetes

patients' medical charts were retrieved and reviewed.

For the risk factors of T2D: We used the power command suite procedure of Stata version 14.1
to calculate the sample size according to the following specifications: significance level (o=

0.05); 80% of power, an odds ratio of exposure in cases relative to controls (OR=2.0);
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correlations of exposure between cases and controls (r= 0.2), number of matched controls to
cases is two and excess body weight assumed rate of exposure among controls is 50% because
have not been conducted before in the middle age bracket. The required number of cases was
120, and that of controls was 240.

For hyperglycemic crises: The sample size was determined using a double population
proportion formula, assuming in-hospital mortalities of 4.1% and 14.6% in patients without and
with a history of diabetes, respectively(50). With a power of 90% and a confidence level of 95%,
and assuming a ratio of patients with a history of diabetes to those without of 2, the required
sample size was calculated to be 137 patients without a history of diabetes and 274 patients with
history of diabetes. The study included all medical records of 589 patients who experienced
hyperglycemic crises and were admitted and treated between September 1, 2017, and August 31,
2018, in the six general hospitals and ACSH.

3.5.2. Sampling Methods

For the Time trend of T1D and T2D, the number of adult patients/clients who received
medical treatment in five consecutive years was found in the registry logbooks/HMIS records.
Information on all adult diabetes patients treated in the five years was retrieved from logbooks

and client cards.

For the risk factors of T2D, cases were selected from T2D patients who visited the ACSH
diabetes clinic for their follow-up appointments and sampled from the diabetes follow-up
registry logbook by simple random sampling using the lottery method. Every time, the selection
of controls was governed by the selection of cases in line with the matching. Controls were
selected from non-diabetes individuals who came to ACSH medical OPD consecutively, aged
between 45 and 64 years and consented to participate in the interview, blood test, and
anthropometric examinations. Consecutive patients visiting the ACSH in the two medical OPDs
from March 1 to June 30, 2019, who met the eligibility criteria, were requested to participate in
the study. In case of refusal, the next patient was approached with the same request. The two

medical OPDs participating were required to interview 120 controls during the study period.
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For hyperglycemic crisis: all medical charts of hyperglycemic crises treated during the study
period of September 1, 2017, to August 31, 2018, were needed. First, the eligible charts were

identified and reviewed by each study hospital.

3.6.Data Collection Techniques and Tools

3.6.1. Design data collection tools

For the Time Trend of T1D and T2D: Data abstraction checklist format was developed by
reviewing different literature (31,41,86,209) to abstract relevant data. Socio-demographic
characteristics (age, gender, residence) of patients, type of diabetes, and year of diagnosis were

abstracted from the medical records of the studied hospitals.

For the risk factors of T2D: Data on both cases and controls were collected using a unified
questionnaire that combined various tools into a single instrument. The primary component of
this questionnaire is the WHO STEPwise approach to surveillance(STEPS), a standardized tool
specifically designed for surveillance of risk factors for NCDs in member
countries(129,141,210). The questionnaire encompassed structured information on various
aspects, including socio-demographic characteristics, family history of diabetes, behavioral
measurements (such as alcohol consumption, cigarette smoking, and dietary habits including
fruit and vegetable intake), physical activity (including occupational, commuting, and
recreational activities, as well as sedentary behaviors), physical measurements (such as blood
pressure, height, weight, waist circumference, and hip circumference), and biomedical
measurements (including blood glucose and blood lipids). It was initially prepared in English and
then translated into Tigrigna, with subsequent back-translation to ensure consistency and

accuracy.

For hyperglycemic crises, a data abstraction checklist format was developed by reviewing the
literature (19,22,50) to abstract relevant data. Socio-demographic characteristics of patients, type
of diabetes, type of hyperglycemic crisis, medical history, history of diabetes, and clinical
characteristics were abstracted from the medical records of the studied hospitals.

3.6.2. Data collection procedures

40



Data collectors and supervisors comprised healthcare professionals, including nurses, health
officers, and physicians, totaling 14 data collectors and seven supervisors. A two-day training
session was conducted for both groups. On the first day, training focused on effective
communication with hospital administrations, documentation workers, medical doctors,
laboratory experts, and respondents, obtaining informed consent, and administering
questionnaires. The second day covered correct measurement techniques for the WHO
STEPwise approach to surveillance (STEPS), abstracting data from registry logbooks and patient
charts, and adherence to WHO guidelines, with instrument standardization conducted before and
during training. A pretest of the STEPs questionnaire was conducted with the data collectors and

supervisors, and any questions were clarified during this session.

For the Time Trend of T1D and T2D: Initially, the registry logbook containing records of all
patients treated in the adult medical and emergency outpatient departments (OPD) of the
hospital, regardless of gender, aged 18 years and above, was obtained. Subsequently, data
collectors screened and abstracted data for each patient who qualifies the eligibility criteria
within the specified time frame, utilizing a standardized data abstraction format to extract
relevant information from the registry logbook. Additionally, medical records of diabetes
patients, including both paper files and electronic files/smart records, were accessed to gather

further information as needed.

For the risk factors of T2D: First, the required questionnaires were distributed to the study
units in ACSH according to the calculated sample size: 120 questionnaires to the diabetes clinic
and 240 to the general medical OPD. The controls' patient selection and data collection were
governed by the patient flow of the cases in line with matching by age and sex. The data were
collected by six trained nurses from the two general medical OPDs and one diabetes clinic, with
complete guidance and supervision from the principal investigator and technical assistance from
the medical doctors working in the selected medical OPDs. The data collection for the controls
was carried out after confirmation of blood glucose level, using a glucometer as they were not

diabetes patients.

After completing STEPs, the medical doctor in the medical OPD to provide care was responsible

for ordering the biomarkers investigation, and the patient and the data collector went together to
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the laboratory unit within the hospital. The laboratory technician collected A venous blood
sample in the glucose tube with fluoride. The FPG level and lipid profiles of controls and cases
were examined using the enzymatic reference method with hexokinase and COBAS reagents
from Roche Diagnostics, Indianapolis, USA. Biochemical analysis was performed within 3 hours

after blood samples were taken.

For the Hyperglycemic Crisis: Initially, all adult patients presenting with hyperglycemic crises
and subsequently admitted and treated in the medical ward(s) of the hospital were identified by
screening the registry logbook. Subsequently, all patient records meeting the eligibility criteria
within the specified period were reviewed and abstracted. This process involved utilizing a
standardized data abstraction format to collect pertinent information from the medical records,

including paper copy files and electronic files/smart records, for further analysis and evaluation.

3.7.Variables and definitions

1) For the Time trend of T1D and T2D: the dependent variable was the presence or absence
of T1D or T2D in the patient, while the independent variables were age, gender, residence,
and year of diagnosis.

New diabetes case: A physician diagnosed with diabetes for the first time, exhibiting Fasting
Plasma Glucose (FPG) >126 mg/dL or repeated Random Plasma Glucose (RPG) >200 mg/dL,
fatigue, polyuria, polydipsia, and other symptoms.

Type 1 diabetes: The physician diagnosed a type 1 diabetes patient who presented with FPG >
126 mg/dl or RPG > 200 mg/dl plus classic symptoms of excessive urination, thirst, unexplained

weight loss, and increased hunger, were considered as type 1 diabetes patient.

Type 2 diabetes: Physician diagnosed as a T2D patient who presented with FPG >126
mg/dl or RPG > 200 mg/dl plus other symptoms such as excess body weight, physical inactivity,

unhealthy diet, and family history of diabetes, were considered as T2D patient.

Urban residency: Participants who reside in district/\Woreda towns, Zonal towns, or capital

cities of the region were considered urban residents.
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Rural residency: Participants who reside in rural villages or semi-urban areas were considered

rural residents due to most of the society's engagement in agricultural activities.

2) For the risk factors of T2D, Exposure variables included:

a. Behavioral measurements:

Cigarette smoking status: The study classified participants into three categories based on
their smoking status: current smokers, ex-smokers, and never-smokers, determined by their
daily smoking habits. Current smokers were individuals who reported consuming 1-10
cigarettes daily for at least six months, while ex-smokers were those who had stopped
smoking for over six months. Among current smokers, further categorization was made
based on self-reported daily tobacco consumption: 1-10 cigarettes, 11-20 cigarettes, and
more than 20 cigarettes per day(211).

Alcohol intake status: Participants were categorized into three groups based on their
alcohol consumption habits: current drinkers, former drinkers, and never-drank
individuals(139). Current alcohol drinkers were defined as those who had consumed
alcohol at least once within the last 30 days(118). The total amount of alcohol consumed by
each individual was calculated using data on the frequency (number of days per week) and
amount of common alcoholic beverages, including Ethiopian traditional drinks such as
Tella/Suwa, Tej/Meas, beer, wine, and liquor. The amount of alcohol intake per occasion

was categorized as follows(157):

Non-drinkers: individuals who never drank or were ex-drinkers,

Occasional/light drinkers: consuming less than one drink per day,

Moderate drinkers: consuming 1-3 drinks per day for men and 1-2 drinks per day for
women,

Heavy drinkers: consuming more than three drinks per day for men and more than two

drinks per day for women.

The frequency of alcohol intake was categorized as never, sometimes, but less than 1 time per

week, 1-4 times per week, 5-6 times per week, and every day (115). Ethiopian traditional

alcoholic drinks such as Tella, Tej, and Areki were found to have alcohol contents ranging from
3.98% to 6.48%, 8.94% to 13.16%, and 33.95% to 39.90%, respectively, with average values of
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5.17%, 11.47%, and 37.22% v/v, respectively (212). One unit of alcohol (1 drink) was defined as

a four-ounce glass of wine/Tej, a twelve-ounce can of beer/Tela, or one ounce of liquor. Total

alcohol consumption was calculated by summing the intake units for all alcoholic beverages

consumed on one drinking occasion(212).

Physical Activity Assessment: The International Physical Activity Questionnaire (IPAQ)
was employed to evaluate physical activity (PA), assessing Metabolic Equivalent Task
levels (MET) min per week across various life domains, including transportation, work,
and leisure. Work-related activity (vigorous, moderate) for at least 30 minutes continuously
(yes/no, number of days per week, and duration in hours/minutes), travel to and from
places (walking or bicycling) for at least 10 minutes continuously (yes/no, number of days
per week, and duration in minutes), and recreational or leisure physical activity (vigorous,
moderate) for at least 30 minutes continuously (yes/no, number of days per week, and
duration in hours/minutes) were evaluated. The METs min/week for a specific activity
(vigorous, moderate, and low-intensity PA) were calculated by multiplying the MET value
(3.3 for walking, 4.0 for moderate PA, and 8.0 for vigorous PA) by the duration spent in
that activity. Activities lasting at least 10 minutes were considered, with the formula (e.g.,
walking METs min/week = 3.3 x walking minutes x walking days) (213). The IPAQ
scoring protocol categorizes PA levels into low, moderate, and high(213,214). PA levels
were categorized as low if less than 600 MET. Min/week, moderate if 600-2999 MET.
Min/week, and high if > 3000 MET. min/week(115).

Dietary characteristics: Owing to the low level of fruit and vegetable consumption in this
sub-population, individuals who consumed two or more servings of fruits and vegetables
daily, or at least 14 servings per week, were considered to have an adequate intake of fruits
and vegetables instead of the WHO-recommended five servings(118).

Additionally, the most frequently consumed or favorite food was categorized, including
options such as injera made from teff, barley, wheat or sorghum, bread/bakery, white rice,

pasta, and other items (such as ultra-processed foods, saturated fatty acids, butter, etc.).

b. Physical measurements:
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Body mass index (BMI) was calculated by dividing body weight in kilograms by height squared
in meters. BMI was categorized as follows: normal weight (< 25 kg/m2), overweight (25 kg/m2
to 29.9 kg/m?2), and obesity (> 30 kg/m2) (57,58,157,215).

Waist circumference (WC) was measured halfway between the lower ribs and the iliac crest,
with the subject at minimal respiration. In contrast, hip circumference was measured at the
largest circumference around the buttocks. WC values > 94 cm for men and > 80 cm for women

were considered elevated WC(57).

Waist-hip ratio (WHR) values of > 0.88 for men and > 0.82 for women were considered elevated
WHR. Waist Height Ratio (WHtR) values of > 0.49 for men and > 0.50 for women were

considered indicative of central obesity(57).

Blood pressure (BP) was measured using a standard digital sphygmomanometer (OMRON,
model HEM-741CINT) on the left arm after 5 minutes of rest in the sitting position. Systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were calculated as the mean values of
three readings. Based on blood pressure, individuals were classified as normotensive (< 130/85
mmHg); hypertension was defined as systolic blood pressure (SBP) > 140 mmHg, diastolic
blood pressure (DBP) > 90 mmHg, or a previous diagnosis by a healthcare worker(115).

c. Biomarkers: Dyslipidemia is characterized by a lipid profile containing various
abnormalities, individually or in combination. These abnormalities include physician-
diagnosed elevation of total cholesterol (=5.17 mmol/L or >200 mg/dL), LDL cholesterol
(LDL-C) (>3.36 mmol/L or >130 mg/dL), and triglycerides (>1.7 mmol/L or >150 mg/dL),
as well as lower levels of HDL cholesterol (HDL-C) (<1.03 mmol/L or <40 mg/dL for men,
<1.3 mmol/L or <50 mg/dL for women)(38,57).

d. Sociodemographic variables: The variables assessed included gender, age, education,
marital status, and location (urban or rural). Marital status was categorized as (1)
Married/cohabitating, (2) divorced, and (3) widowed. Religion was categorized as (1)
Orthodox Christian, (2) Muslim, and (3) Catholic/Protestant. Educational attainment was
classified into four levels: (1) no formal education, (2) primary education, (3) secondary
education, and (4) higher education. Employment status was categorized as (1) farmer, (2)
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3)

employed, (3) unemployed, and (4) housewife. Monthly income in Ethiopian birr was
divided into quartiles: (Q1) < 2000, (Q2) 2000-3099, (Q3) 3100-5999, and (Q4) > 60000.
Location of residence was dichotomized into (1) urban and (2) rural. Medical history
included family history of diabetes and history of gestational diabetes mellitus (GDM).
Gender was coded as Men = 0 and Women = 1.

For the Hyperglycemic Crisis:

Dependent variable: In-hospital death after treatment(absence or presence of in-hospital
death)

Independent variables:

Patients with prior history of diabetes: Known diabetes patients: Individuals previously
diagnosed with diabetes mellitus by a healthcare professional. While patients with no prior
diabetes history who were diagnosed for the first time during admission with fasting plasma
glucose (FPG) > 126 mg/dL or repeated random plasma glucose (RPG) > 200 mg/dL in
conjunction with symptoms such as fatigue, polyuria, polydipsia, and other relevant
symptoms(203).

Physician-diagnosed hyperglycemic crises (DKA and HHS): Diabetic Ketoacidosis (DKA) is
clinically defined by a random blood sugar level > 250 mg/dL, urine glucose (typically > 3+),
urine ketones (typically > 2+), and signs and symptoms consistent with DKA. Hyperosmolar
Hyperglycemic State (HHS) is characterized by blood glucose levels exceeding 600 mg/dL,

accompanied by mental changes, and mild or absent ketonuria(so).

Level of consciousness: Physician-assessed using the Glasgow Coma Scale (GCS),
categorized as mild (GCS > 13), moderate (GCS 9 to 12), and severe levels (GCS < 8).

3.8.Data Processing, Management and Analysis

The data collection process underwent daily scrutiny to detect inconsistencies and errors, with

close supervision from the principal investigator. Collected data were securely stored in a locked

cabinet. A codebook was prepared to ensure systematic data entry. Data were entered into Epi
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Data Manager 4.3 for Windows 10 software daily and analyzed using SPSS Version 25.0
software. Missing values and outliers were thoroughly examined using SPSS version 25
software. Data cleaning procedures were implemented to rectify errors. The mean/median/mode
imputation method minimizes missing data. Outliers were either removed or transformed based
on their characteristics. These steps ensured the integrity and reliability of the dataset for

subsequent analysis.

Data analysis for the Trend of T1D and T2D: The primary covariate of interest was time (in
years), enabling the assessment of changes in the prevalence of T1D and T2D over time.
Descriptive statistics were calculated, including median (Interquartile Range, IQR) for
continuous variables and proportions for categorical variables. To examine trends in diabetes
prevalence from September 1, 2013, to August 31, 2018, the extended Mantel-Haenszel chi-
square test for linear trends was employed. This analysis was conducted using Epi Info 7.1.5
Statcalc. Trends in both T1D and T2D prevalence were assessed by residence and gender. A p-
value of < 0.05 was considered statistically significant for the linear trend analysis. Additionally,
the incidence rate (expressed per 1,000 person-years) was calculated by dividing the number of
new T1D and T2D cases among adults aged 18 years and above, stratified by urban and rural
residence and gender, by the total number of patients receiving medical services from medical
and emergency Outpatient Departments (OPDs), separately for each residence and gender
category. Similar calculations were performed to determine the five-year prevalence rates.

Data analysis for the risk factors of T2D: The data were analyzed using SPSS version 25
software. Descriptive statistics were computed for each study variable, with percentages and
frequencies used for categorical variables. At the same time, numerical data were evaluated for
normality using various tests, including normality plots, Q-Q plots, histograms, and statistical
tests such as Kolmogorov-Smirnov and Shapiro-Wilk. For normally distributed data, scores,
means, and standard deviations were calculated, whereas skewed data were summarized using
the median and interquartile range (IQR). Results were summarized using text, tables, and
graphs, with population parameters calculated using 95% confidence intervals. Cross-tabulation
assessed the crude association between each categorical predictor variable and the outcome

variable.
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A conditional binary logistic regression model was utilized to demonstrate the relationship
between different independent variables and the dependent variable, generating matched odds
ratios with their 95% confidence intervals. Variables with a p-value less than 0.25 in bivariate
analyses were included in the multivariable analysis. Multicollinearity diagnostics and
interaction of variables were tested using the variance inflation factor (VIF) and tolerance, with
VIF < 10 considered acceptable. The goodness-of-fit of the logistic regression model was
assessed using Hosmer and Lemeshow's test, with a p-value greater than 0.05 indicating model
fitness. Multivariable logistic regression was conducted to control for possible confounding
effects and identify independent predictors. Adjusted odds ratios and their 95% confidence
intervals were reported, with a p-value less than 0.05 (95% CI) considered statistically

significant for independent predictors in the final model.

For the Hyperglycemic, Descriptive statistics were computed for each study variable. For
categorical variables, percentages and frequencies were utilized. Numerical data underwent
assessment for normality through various normality-checking tests, including normality plots, Q-
Q plots, histograms, Kolmogorov-Smirnov, and Shapiro-Wilk tests. Data were entered and
analyzed using SPSS version 25.0 for Windows. For missing variables, the median was used for
continuous variables, and the mode was used for categorical variables to facilitate complete case
analysis. Continuous data were presented as medians with interquartile ranges (IQR) and means
+ Standard Deviation (SD). Comparisons between the two groups were conducted using
independent-sample t-tests (assuming normal distribution) or Mann-Whitney tests (assuming
non-normality) for continuous variables. Nominal variables were represented as absolute
frequencies and proportions. The y2-test was applied for categorical variables. Multivariable
logistic regression was conducted to control for possible confounding effects and identify
independent predictors. Adjusted odds ratios and their 95% confidence intervals were reported,
with a p-value less than 0.05 (95% CI) considered statistically significant for independent

predictors in the final model.

3.9.Data quality assurance

Several measures were implemented to enhance the research's quality, from instrument

development through data analysis, interpretation, and findings elucidation stages.
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For record review (about the Trends of T1D and T2D and hyperglycemic crises), a data
abstraction format was devised in English, and abstraction was conducted in English. For case-
control studies, the data collection instrument was initially formulated in English and then
translated into Tigrigna (local language), followed by a back-translation into English to ensure

linguistic consistency, overseen by language experts.

Data collectors possessing prior research experience, particularly in Non-Communicable
Diseases (NCDs), were recruited and underwent comprehensive two-day training on the study's
objectives, procedures, and the significance of the study tools. Standardized protocols were used
to provide precise measurements of height, weight, hip circumference, waist circumference,
blood pressure, blood glucose levels, and lipid profile tests among study participants to ensure
consistent and accurate measurements. The study implemented rigorous training for data
collectors and supervisors, focusing on precise measurement techniques, regular quality control
checks, and equipment calibration to ensure uniformity and accuracy. Moreover, the study tools
were pre-tested on 5% of the anticipated sample size in institutions not included in the study two
weeks before the data collection. Any necessary adjustments in terminologies, question

sequencing, and meaning were made accordingly.

Data collectors were instructed to verify the completeness of the instrument immediately after its
completion. Each night, the Principal Investigator (PI) and supervisors scrutinized five percent of
the data abstraction and questionnaires for completeness. Any errors, ambiguities,
incompleteness, or other issues encountered were addressed promptly the following day before

commencing the next day's activities.

Furthermore, the collected data underwent coding, cleaning, and exploration before analysis to

ensure its quality and reliability.

3.10. Ethical Consideration

Before data collection, ethical clearance was obtained from the Research Ethics Committee of
the School of Public Health (REC/SPH) and the Institutional Review Board (IRB) of Addis
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Ababa University, College of Health Sciences. Additionally, support letters were secured from
Addis Ababa University to the Tigrai Regional Health Bureau and from the Tigrai Regional
Health Bureau to the respective hospitals. Permission was also obtained from the administrators
of the respective health facilities to access and extract data from patients' records.

Study participants were informed about the study's objectives and procedures, and their
willingness to participate was confirmed. They were assured that their decision to withdraw or
decline participation would not affect their access to healthcare services. Participants were not
exposed to any risks beyond the time spent during the interviews. The study guaranteed
anonymity without disclosing participants' identities; their names were not recorded, and all
provided information was kept confidential.

Participants were informed that there were no direct benefits to them for participating in the
research. Still, the study's outcomes would potentially benefit diabetes patients, healthcare
facilities, researchers, policymakers, and the community. Informed consent was obtained from
all study participants, and they were informed about their rights and expectations. Those with
newly diagnosed diabetes, hypertension, and dyslipidemia were connected to appropriate

healthcare units by physicians.

The study adhered to the principles outlined in the Declaration of Helsinki, ensuring the ethical

conduct of research involving human participants.
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3.11. Dissemination

The findings of this study will be presented to Addis Ababa University School of Graduate
Studies College of Health Sciences and Adigrat University and different stakeholders, including
the Hospitals, Tigrai Regional Health Bureau, Ethiopian Ministry of Health, in the annual
conference of the Ethiopian Public Health Association (EPHA), Ethiopian Diabetes Association
and other agencies who are working in NCDs, particularly on diabetes. Finally, the results are
also papers | and 111 published in Dove Medical Press, Diabetes Metab Syndr Obes, and paper |1
is submitted to BMC Public Health for review in peer-reviewed reputable journals.
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3.12. Tabular Summary of the Methods Applied in the Dissertation

Table 1: Summary of methods based on the objectives of the study

S. | Research objectives Study Study subjects Sample size utilized Data collection | Data analysis

N design tools

1 | To determine urban-rural Cross Registery  logbooks  and | All patients received | A data Descriptive analysis and
differences in the trend of sectional | medical records of newly | medical care from | abstraction Chi-square for trend
type 1 and type 2 diabetes study diabetes patients aged >18 | 2013-2018 (299,806, of | format
among adults who received | design years who received medical | which 3056  were | developed from
medical care from selected care from adult medical and | diabetes) the literature
public hospitals of Tigrali, emergency OPD units between
Ethiopia. (2013 and 2018) in 6 general

and one referral hospitals

2 | To identify factors Matched | Adults of middle age (45 to 64 | 360(120  cases/T2D, | Customized Descriptive and conditional
associated with T2D Case- years) with/without T2D who | and 240 controls/ Non- | WHO STEPS | logistic regression analysis
among middle-aged control received medical treatment | diabetes), matched for | protocol  for | for matched data (Bivariate
adults who received study from ACSH. age and gender NCDs and multi-variable)
medical care from ACSH design Estimated using odds ratio
in Tigrai, Ethiopia. (OR)

3 | To compare hyperglycemic | Cross Patients aged >18 years who | 589(393 with history of | A data Descriptive analysis, 2-
crisis characteristics and sectional | were admitted and treated for | diabetes  and 196 | abstraction test, t-test, Mann—
care outcomes among adult | retrospec | HC in the medical ward | without history  of | format Whitney/Wilcoxon tests,
patients without and with a | tive between Sep. 1, 2017, and Aug | diabetes) developed from | a4 |ogistic regression
history of diabetes from record 31, 2018) in 6 general and one the reviewed analysis
selected public hospitals of | review referral hospitals literature

Tigrai.

52




4. Results

4.1. Trend of T1D and T2D
4.1.1. Characteristics of study participants

Out of the 299,806 adult patients who received medical care services in the studied hospitals,
128,915 (43.0%) were women, and 126,559 (42.2%) were rural residents. Among these patients,
3,056 (10.2 per 1,000 individuals) were confirmed as having diabetes. The diabetes incidence
was higher in urban areas, with 2,011 cases (11.6 per 1,000 urban residents), compared to 1,045
cases (8.6 per 1,000 rural residents) (Table 2).

Nearly quarters (24.2%) of the patients were aged 30 to 39, followed by those aged 18 to 29
(22.9%). The median age at diagnosis for diabetes patients was 46 years (IQR 35-57). For Type
1 diabetes (T1D) patients, the median age was 25 years (IQR 20-30), while for T2D patients, it
was 49 years (IQR 40-60) (Table 2).

Among the 3,056 newly diagnosed diabetes patients, 1,705 (55.8%) were men, and 2,011 (66%)
were urban residents. Of these patients, 487 (15.9%) had T1D, with almost half (50.1%) being
rural residents. Conversely, of the 2,569 T2D patients, 1,768 (68.8%) were urban residents.
Nearly half (49.1%) of all diabetes patients were treated with insulin, and almost one-third
received treatment at ACSH (Table 2).
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Table 2: Characteristics of study participants in selected public hospitals of Tigrai, Ethiopia
(September 1, 2013, to August 31, 2018).

Patient characteristics Frequency Percent
Gender
Men 170,819 57.1
Women 128,987 42.9
Residence
Urban 173,247 57.8
Rural 126,559 42.2
The age category of participants
<30 68,723 22.9
30to 39 72.561 24.2
40 to 49 65.219 21.8
50 to 59 50,631 16.9
60 Years and above 42,672 14.2
Gender of diabetes patients
Men 1,705 55.8
Women 1,351 44.2
Location of residence of diabetes patients
Urban 2011 65.8
Rural 1045 34.2
Type of diabetes
Type 1 diabetes 487 15.9
Type 2 diabetes 2569 84.1
Type 1 diabetes
Urban resident 243 49.1
Rural residents 244 50.1
Type 2 diabetes
Urban residents 1,768 68.8
Rural residents 801 31.2
Treatment given at the time of diagnosis
Advice on lifestyle behavior 185 6.1
OHA 1368 44.8
Insulin 1503 49.1
Co-morbidity
Yes 761 24.9
No 2295 75.1
Hospital diabetes treated
Ayder Comprehensive Specialized Hospital 944 30.9
Mekelle hospital 465 15.2
Ma'ychew Lemlem Karl hospital 408 134
Adigrat hospital 332 10.9
St Merry hospital 376 12.3
Suhul shire hospital 326 10.7
Abyi Adi hospital 205 6.7
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4.1.2. The overall trend in the proportion diabetes by residence and age

The overall time trend in the proportion of diabetes among adult patients increased significantly,
rising from 6.8 (95% CI: 6.1-7.5) to 14.3 (95% CI: 13.3-15.1) per 1,000 adult patients, with a
statistically significant linear trend (%2 = 182.6, P < 0.001); with about 110.3% increase in the
over study period. This increase was observed in both urban and rural populations. In urban
areas, the proportion of diabetes increased from 7.9 (95% CI: 6.9-8.9) to 15.9 (95% CI: 14.6-
17.2) per 1,000 adult urban residents, showing a statistically significant rise (y2 = 78.1, P <
0.001). Similarly, in rural areas, the proportion went up from 5.2 (95% CI: 4.4-6.2) to 12.1 (95%
Cl: 10.9-13.5) per 1,000 adult residents, also with a statistically significant increase (y2 =91.9, P
< 0.001) during the observation period, (Figure 4).
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Figure 4: The overall time trends in the proportion of diabetes by residence in selected public
hospitals of Tigrai, Ethiopia (September 1, 2013, to August 31, 2018).
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The time trend of diabetes showed a steady increase across all age groups during the study
period. The proportion per 1,000 patients were 6.8 (95% CI: 6.2-7.4) for ages 18-29, 7.7 (95%
Cl: 7.1-8.4) for ages 30-39, 11.5(95% CI: 10.7-12.4) for ages 40-49, 12.2 (95% CI: 11.3-13.2)
for ages 50-59, and 15.5 (95% CI. 14.4-16.7) for ages 60 and above. This represents a
statistically significant linear increase (x2 = 34.5, P < 0.001) throughout the observation period.
(Figure 5).
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Figure 5: Time Trends in the proportion of diabetes by age category per 1000 adult patients in
the selected public hospitals of Tigrai, Ethiopia (September 1, 2013, to August 31, 2018).

4.1.3. The Time trend of T1D and T2D by residence and gender

The overall five-year prevalence rate of T1D was 1.6 (95% CI. 1.5-1.8) per 1,000 patients,
showing a statistically significant linear increase (¥2 = 34.5, Ptrend < 0.001). Among urban
residents, the proportion was 1.4 (95% CI: 1.2-1.6) per 1,000 patients, significantly increasing
(x2 =9.1, P =0.002). For rural residents, the proportion was higher at 1.9 (95% CI: 1.7-2.2) per
1,000 patients, with a significant linear trend (%2 = 17.8, P < 0.001). Women had a proportion of
1.7 (95% CI: 1.2-1.6) per 1,000 patients, showing a significant increase (2 = 20.2, P < 0.001),
while the time trend for men was not statistically significant (y2 = 3.1, P = 0.08), (Table 3).
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The overall trend in the proportion of type 1 diabetes increased from 1.1 (95% CI: 0.8-1.4) to 2.4
(95% CI: 2.1-2.8) per 1,000 adult patients. For urban residents, the incidence rose from 1.0 (95%
Cl: 0.7-1.4) to 2.2 (95% CI: 1.8-2.8) per 1,000 adult urban residents. In rural areas, the
proportion increased from 1.2 (95% CI: 0.8-1.7) to 2.6 (95% CI: 2.1-3.3) per 1,000 adult rural

residents over the observation period (Figure 6).
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Figure 6: Time Trends in the proportion of type 1 diabetes by residence per 1000 adult patients
in the selected public hospitals of Tigrai, Ethiopia (September 1, 2013 to August 31, 2018).
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Table 3: The trends of T1D by residence and gender (Extended Mantel-Haenszel chi-square and
proportion) in the selected hospitals of Tigrai, Ethiopia (September 1, 2013 to August 31, 2018).

Variable Year DM OPD+EOPD | Proportion | 95% Cl per | MH-OR
patients patients per 1000 1000
The overall 2013/14 59 55734 1.1 [0.8-1.4] 1.000
Proportion of | 2014/15 76 58806 1.3 [1.0-1.6] 1.221
of T1D 2015/16 91 60221 15 [1.2-1.9] 1.428
2016/17 | 109 61805 1.8 [1.4-2.1] 1.667
2017/18 | 152 63240 2.4 [2/1-2.8] 2.274
Total 487 299,806 1.6 [1.5-1.8] x2= 34.5, P<0.001
2013/14 31 31,914 1.0 [0.7-1.4] 1.000
Proportion of | 2014/15 42 34,370 1.2 [0.9-1.6] 1.254
of TID in 2015/16 45 34,645 1.3 [1.0-1.7] 1.334
urban 2016/17 44 36,244 1.2 [0.9-1.6] 1.250
2017/18 81 36,074 2.2 [1.8-2.8] 2.315
Total 243 173,247 1.4 [1.2-1.6] x2=9.1, P=0.002
Proportion of | 2013/14 28 23,820 1.2 [0.8-1.7] 1.000
T1D in rural 2014/15 34 24,436 1.4 [1.0-1.9] 1.188
2015/16 46 25,576 1.8 [1.3-2.4] 1.536
2016/17 65 25,561 2.5 [2.0-3.2] 2.173
2017/18 71 27,166 2.6 [2.1-3.3] 2.233
Total 244 126,559 1.9 [1.7-2.2] | 2=17.8, P<0.001
2013/14 39 31,312 1.2 [0.9-1.7] 1.00
Proportion of | 2014/15 39 34,273 1.1 [0.8-1.6] 0.914
T1D for men 2015/16 45 34,267 1.3 [1.0-1.8] 1.054
2016/17 63 36,579 1.7 [1.3-2.2] 1.383
2017/18 77 34,460 2.2 [1.8-2.8] 1.796
Total 263 170,891 1.5 [1.4-1.7] | x2=3.1,P=0.08
2013/14 20 24,422 0.8 [0.5-1.3] 1.000
Proportion of | 2014/15 37 24,533 1.5 [1.1-2.1] 1.828
T1D for 2015/16 46 25,952 1.8 [1.3-2.3] 2.235
women 2016/17 46 25,226 1.8 [1.4-2.4] 2.211
2017/18 75 28,780 2.6 [2.1-3.3] 3.162
Total 224 128,915 1.7 [1.5-2.0] x2=20.2, P<0.001

DM: Diabetes, MH-OR: Mantel-Haenszel-Odd Ratio, OPD: Out Patient Department, EOPD:
Emergency Out Patient Department

The overall proportion of T2D was 8.6(95% CI: 8.2-8.9) per 1000 adult patients, showing a

statistically significant increase (%> =151.0, pyeng<0.001). The five-year trend in the proportion of
T2D increased from 5.7(95%CI: 5.1-6.3) to 12.0(95%CI: 11.0-13.0) per 1000 adult patients,
(Ptreng<0.001), with urban from 6.9 to 14.0 per 1000 adult urban residents, (Pieng=0.001) and
rural from 4.0 to 9.5 per 1000 adult rural residents, (Pyeng=0.001). The proportion of for men and
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women were 8.4(95% CI: 7.9-8.8) per 1000 men and 8.8(95% CI: 8.3-9.4) per 1000 women,
respectively, both showing statistically significant increases (%2 = 32.0, P < 0.001 for men and >
=70.3, P <0.001 for women), (Table 4).

Table 4: The Time Trends of T2D by residence and gender (Extended Mantel-Haenszel chi-

square and proportion) in hospitals of Tigrai, Ethiopia (September 1, 2013 to August 31, 2018).

Variable Year DM OPD+EOPD | Proportion | 95% Cl per | MH-OR
patients patients per 1000 1000
Overall 2013/14 | 317 55734 5.7 [5.1-6.3] 1.000
Proportion of | 2014/15 | 407 58806 6.9 [6.3-7.6] 1.216
T2D 2015/16 | 502 60221 8.3 [7.6-9.1] 1.470
2016/17 | 593 61805 9.6 [8.9-10.0] 1.694
2017/18 | 750 63240 12.0 [11.0-13.0] 2.098
Total 2569 299,806 8.6 [8.2-8.9] ¥2=151, P<0.001
Proportion of | 2013/14 | 221 31,914 6.9 [6.0-7.9] 1.000
T2D inurban | 2014/15 | 294 34,370 8.6 [7.7-9.6] 1.237
residents 2015/16 | 359 34,645 10.0 [9.3-11.0] 1.497
2016/17 | 402 36,244 11.0 [10.0-12.0] 1.608
2017/18 | 492 36,074 14.0 [12.0-15.0] 1.983
Total | 1768 173,247 10.0 [9.7-11.0] ¥2=68.4, P<0.001
Proportion of | 2013/14 96 23,820 4.0 [3.3-4.9] 1.000
T2D in rural 2014/15| 113 24,436 4.6 [3.8-5.6] 1.148
residents 2015/16 | 143 25,576 5.6 [4.7-6.6] 1.389
2016/17 | 191 25,561 7.5 [6.5-8.6] 1.860
2017/18 | 258 27,166 9.5 [8.4-11.0] 2.369
Total 801 126,559 6.3 [5.9-6.8] ¥2=74.2, P<0.001
2013/14 | 184 31,312 59 [5.1-6.8] 1.000
Proportion of | 2014/15 | 225 34,273 6.6 [5.8-7.5] 1.118
T2D for men 2015/16 | 281 34,267 8.2 [7.3-9.2] 1.399
2016/17 | 351 36,579 9.6 [8.6-11.0] 1.639
2017/18 | 389 34,460 11.3 [10.2-12.5] 1.932
Total 1,430 170,891 8.4 [7.9-8.8] x2=32.0, P<0.001
2013/14 | 133 24,422 5.4 [4.6-6.4] 1.000
Proportion of | 2014/15 | 182 24,533 7.4 [6.4-8.6] 1.365
T2D for 2015/16 | 221 25,952 8.5 [7.5-9.7] 1.569
women 2016/17 | 242 25,226 9.6 [8.5-11.0] 1.769
2017/18 | 361 28,780 11.3 [11.0-13.9] 2.320
Total 1,139 128,915 8.8 [8.3-9.4] ¥2=70.3, P<0.001

DM: Diabetes, MH-OR: Mantel-Haenszel-Odd Ratio, OPD: Out Patient Department, EOPD:
Emergency Out Patient Department
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The time trend in the proportion of T2D increased from 5.7 (95% CI: 5.1-6.3) to 12.0 (95% CI:
11.0-13.0) per 1000 adult patients. For urban residents, the proportion rose from 6.9 (95% CI:
6.0-7.9) to 14.0 (95% CI: 12.0-15.0) per 1000 adult urban residents. Among rural residents, the
proportion increased from 4.0 (95% CI: 3.3-4.9) to 9.5 (95% CI: 8.4-11.0) per 1000 adult rural

residents during the observation period (Figure 7).
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Figure 7: Time Trends in the proportion of T2D by residence per 1000 adult patients in the
selected public hospitals of Tigrai, Ethiopia (September 1, 2013 to August 31, 2018).
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4.2. Associated Factors of T2D

4.2.1. Socio-demographic of cases and controls

During the study period from March 1 to June 30, 2019, 360 patients were interviewed and
measured for their socio-demographic and medical history, behavioral characteristics, physical
measurements, and biomarker indices. Among these participants, 120 T2D cases were matched
by age and gender, with 240 controls to identify risk factors for T2D. The focus was primarily on
examining socio-demographic characteristics, family history of diabetes, lifestyle behaviors,
dietary characteristics, physical measurements, and biomarker indices.

The mean (SD) ages of the cases and controls were 55.9 (£5.0) and 55.7 (+4.8) years,
respectively. Among the cases, 113 (94.2%) were urban residents compared to 169 (70.4%) of
the controls. Regarding religious affiliation, 111 (92.5%) of the cases and 216 (90.0%) of the
controls followed Orthodox Christianity. Marital status revealed that 87 (73.3%) of the cases and
201(83.8%) of the controls were married, while 19 (15.8%) of the cases and 18 (7.5%) of the
controls were widowed. In terms of education, 44 (36.7%) of the cases and 99 (41.3%) of the
controls had completed primary education, and 24 (20.0%) of the cases and 38 (15.9%) of the
controls had attained higher education. Employment status showed that 74 (61.7%) of the cases
and 126 (52.5%) of the controls were employed, while 24 (20.0%) of the cases and 38 (15.8%)
of the controls were homemakers. Additionally, 31(25.8%) of the cases and 63 (26.3%) of the
controls had a monthly family income of > 6000 Ethiopian Birr(Table 5).

In the cases, nearly half (48.3%) had been previously diagnosed with raised blood pressure,
whereas among controls, this was reported in only one-fifth (17.1%). Among those with raised
blood pressure, 45 (71.4%) of the cases and 21 (46.7%) of the controls had received treatment
prescribed by a healthcare provider within the past two weeks. Similarly, 61 (50.8%) cases had
been diagnosed with raised cholesterol at some point, compared to 56(23.3%) controls. Among
those with raised cholesterol, 37(60.7%) of the cases and 27(46.4%) of the controls had received
treatment within the past two weeks as prescribed by a healthcare provider. Additionally, 28
(23.3%) of the cases reported a family history of diabetes (FHD), while 19 (7.9%) of the controls
had the same family history (Table 5).
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Table 5: Socio-demographic characteristics of cases and controls at ACSH, Tigrai, 2019(n=360).

Patient characteristics Cases Controls COR[95%CI], | p-value
n=120(%) n=240(%) | t(df),
Age in years(Mean + SD) 55.9+5.0 55.7+4.8 t(358)=-0.24 p=0.8
Residence, n (%)
Rural 7(5.8) 71(29.6) 1
Urban 113(94.2) 169(70.4) |6.8[3.0,15.3] | P<0.001
Religion, n (%)
Orthodox 112(93.3) 216(90.0) | 0.78[0.13,4.7] | P=0.5
Muslim 6(5.0) 21(8.8) 0.43[0.06, 3.2]
Catholic/protestant 2(1.7) 3(1.3) 1
Marital status, n(%)
Married 87(72.5) 201(83.8) |1
Divorced/separated 14(11.7) 21(8.8) 1.6[0.6, 4.0]
Widowed 19(15.8) 18(7.5) 2.4[1.2, 4.9] P=0.029
Educational level (%)
No formal education 22(18.3) 55(22.9) 1
Primary education 44(36.7) 99(41.3) 1.0[0.51, 2.0]
Secondary education 30(25.0) 48(20.0) 1.4[0.76, 2.7]
Higher education 24(20.0) 38(15.9) 1.6[0.76, 3.2] | P=0.4
Employment status, n (%)
Employed 74(61.7) 126(52.5) | 3.6[1.5,9.0]
Unemployed 16(13.3) 39(16.3) 0.93[0.52, 1.7]
House-wife 24(20.0) 38(15.8) 1.4[0.75, 2.7] | P=0.031
Farmer 6(5.0) 37(15.4) 1
Quartiles of family income in EB
Q1(< 2000) 9(7.5) 25(10.4) 1
Q2(2000-3099) 40(33.3) 106 (44.2) | 1.1[0.45, 2.4]
Q3(3100-5999) 40(33.3) 46(19.2) 2.4[1.01,5.8] | P=0.023
Q4(> 6000) 31(25.8) 63(26.3) 1.4[0.57, 3.3]
Ever told as having raised BP, n (%)
No 62(51.7) 199(82.9) |1 p< 0.001
Yes 58(48.3) 41(17.1) 4.5[2.8,7.4]
Ever told of having raised cholesterol
No 59(49.2) 184(76.7) 1
Yes 61(50.8) 56(23.3) 3.4[2.1,5.4] p< 0.001
Family History of Diabetes
No 92(76.7) 221(92.1) |1
Yes 28(23.3) 19(7.9) 3.5[1.6, 3.7] P<0.001
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4.2.2. Behavioral Factors of Cases and Controls

4.2.2.1.Cigarette Smoking and alcohol consumption

Almost 5.3% of the participants were current smokers of tobacco products, such as cigarettes,
with a slightly higher proportion among cases (8.3%) compared to controls (3.8%), although this
difference was not statistically significant (p=0.19). Notably, all current smokers were men.
Among the current smokers, 60.0% of the cases and 44.4% of the controls smoked more than 20
cigarettes per day. The mean age at which cigarette smoking started was 28.4 + 5.5 years for
cases and 32.4 £ 5.3 years for controls. The duration of cigarette smoking was 26.6 + 5.5 years

for cases and 23.9 + 5.4 years for controls (Table 6).

In both the cases and controls, a high proportion of participants reported current alcohol
consumption: 82.5% among cases and 78.8% among controls. Among those who consumed
alcohol, the traditional local alcoholic drink ‘Suwa/Tela’ was the most commonly consumed,
with 51.5% of cases and 61.4% of controls preferring it. Beer was the second most popular
alcoholic beverage, consumed by 35.4% of cases and 31.2% of controls. Liquor consumption
was reported in 18.2% of cases and 7.9% of controls, with a statistically significant difference
observed (p=0.01) (Table 6).

Among the cases, 44 (36.7%) were heavy alcohol drinkers compared to 55 (22.9%) of the
controls. Among men, heavy alcohol consumption was reported by 37 (61.7%) cases and 46
(38.3%) controls, whereas among women, it was 7 (11.7%) cases and 9 (7.5%) controls. In terms
of residence, 4 (57.1%) rural cases and 40 (35.4%) urban cases reported heavy alcohol
consumption, while among controls, 17 (23.9%) rural residents and 38 (22.5%) urban residents

were heavy alcohol drinkers, (Table 6).

On average, cases reported consuming 2.06 (+1.6) standard alcoholic drinks per occasion in the
past 30 days, which was higher than controls who reported 1.7 (£1.3) drinks (p=0.01). A higher
proportion of cases (7.5%) reported drinking alcohol daily compared to controls (2.9%). The
median (IQR) number of standard alcoholic drinks per week was 11 (1-12) for cases and 6.25
(0.5-6.75) for controls in a typical week (Table 6).
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Table 6: Cigarette smoking and Alcohol drinking behavior of study participants at ACSH, Tigrai,

Ethiopia, 2019(n= 360).

Patient characteristics Cases Controls | COR[95%CIl],
n=120(%) | n=240(%) | t(df) P-value

Cigarette smoking status

Never smoker 105(87.5) | 222(92.5) |1

Ex-smoker 5(4.2) 9(3.8) 1.2[0.38, 3.6]

Current smoker 10(8.3) 9(3.8) 2.4[0.93, 6.0] P=0.19
Number of cigarettes smoked/day

< 10 cigarettes 2(20.0) 2(22.2) 1

11 to 20 cigarettes 2(20.0) 3(33.3) 0.67[0.1, 9.5]

> 20 cigarettes 6(60.0) 4(44.4) 1.5[0.2, 15.5] P=0.76
Drinking status

Life-time abstainer 5(4.2) 25(10.4) 1

Ex — drinker 16(13.3) 26(10.8) | 3.1[0.98, 9.7]

Current drinker 99(82.5) 189(78.8) | 2.6[0.97, 7.1] P=0.13
During the past 30 days, on average, standard
alcoholic drinks on one occasion (%)

Non-drinker 21(17.5) 51(21.3) |1

Light drinker 13(10.8) 21(8.8) | 1.5[0.67, 3.6]

Moderate drinker 42(35.0) | 113(47.1) | 0.9[0.45, 1.7]

Heavy drinker 44(36.7) 55(22.9) | 1.9[1.02, 3.47 P=0.029
During the past 30 days, how frequently have
you had at least one alcoholic drink?

Non-drinker 21(17.5) 51(21.3) |1

Less than once per week 3(2.5) 17(7.1) | 0.43[0.1,1.6]

1-4 days per week 65(54.2) | 147(61.3) | 1.1]0.6, 1.9] P=0.004

5 -6 days per week 22(18.3) 18(7.5) | 3.0[1.3, 6.6]

Every day 9(7.5) 7(2.9) 3.1[1.03, 9.5]
Common types of alcoholic drinks drunk

‘Suwa/Tela’ (yes, %) 51(51.5) | 116(61.4) | 0.7[0.4, 1.1] P=0.1

‘Meas/Tej’ (yes, %) 9(9.1) 8(4.2) 2.3[0.9, 6.1] P=0.1

Beer (yes, %) 35(35.4) 59(31.2) | 1.2[0.7,2.0] P=0.4

Wine (yes, %) 10(10.1) 18(9.5) | 1.1[0.5, 2.4] P=0.8

Liquor (yes, %) 18(18.2) 15(7.9) | 2.6[1.2,5.4] P=0.01
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4.2.2.2.Dietary Characteristics of Cases and Controls

According to the study participants, injera made from teff/barley/sorghum/wheat was reported as
the favorite diet by 72 (60%) of the cases and 174 (72.5%) of the controls. The second most
commonly consumed diet was bread/bakery made from wheat, with 24 (20.0%) of cases and 33
(13.8%) of controls preferring it (Table 7).

Forty-nine (40.8%) of the cases and 88 (36.7%) of the controls reported not using fruit in their
dishes in a typical week. Only 1.7% of cases and 3.3% of controls consumed 14 or more servings
of fruits in their dishes in a typical week. The median (IQR) number of days fruit was used in a
dish for the cases and controls was 2(0.0-2.0) and 3(0.0-3.0), respectively. Similarly, the median
(IQR) number of dishes of fruit used per day in a typical week for the cases and controls was 1.0
(0.0-1.0) (Table 7).

Fourteen (11.7%) of the cases and 34 (14.2%) of the controls reported not using vegetables in
their dish in a typical week. Only 5.8% of the cases and 8.8% of the controls consumed 14 or
more vegetables in their dish in a typical week. The median (IQR) number of days vegetables
were used in a dish in a typical week for the cases and controls was 1 (2.0-3.0) and 2 (1.0-3.0),
respectively. The mean (SD) number of dishes of vegetables used per day in a typical week was
1.4 (£0.72) for the cases and 1.4(x0.76) for the controls. The median (IQR) number of dishes of
vegetables used in a typical week for the cases and controls was 4 (2.0-6.0) and 5 (1.0-6.0),
respectively (Table 7).

Over 73% of the cases and 67.1% of the controls consumed one to three cups of coffee daily.
Forty-one (34.5%) of the cases and 72 (30.0%) of the controls consumed two or more cups of tea
daily. In a typical week, 28 (23.3%) of the cases and 30 (12.5%) of the controls consumed one to
two bottles of sugar-containing soft drink beverages (p=0.033) (Table 7).
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Table 7: Dietary characteristics of cases and controls at ACSH, Tigrai, Ethiopia, 2019(n= 360).

Patient characteristics Cases Controls COR[95%CI],
n=120(%) | n=240(%) | t(df) P-value
Your most favorite and regularly used food
Injera made from Teff/barely/sorghum | 72(60.0) 174(72.5) 1
Bread/injera made from wheat 24(20.0) 33(13,8) 0.57[0.31, 1.03]
White rice 12(10.0) 11(4.6) 0.38[0.16, 0.90]
Pasta 9(7.5) 13(5.4) 0.6[0.25, 1.5]
Others 3(2.5) 9(3.8) 1.2[0.33, 4.7] P=0.085
Fruit-eating in a typical week
0-13 servings 118(98.3) | 232(96.7) |1
14 and above 2(1.7) 8(3.3) 0.49[0.1, 2.4] p=0.37
Vegetables eating in a typical week
0-13 servings 113(94.2) |219(91.2) |1
14 and above 7(5.8) 21(8.8) 0.67[0.27, 1.6] p=0.33
Coffee consumption per day
None 26(21.7) 58(24.2) |1
1-3 cups 88(73.3) 161(67.1) | 0.52[0.2, 1. 3]
> 3 cups 6(5.0) 21(8.8) | 0.64[0.23,1.8] P=0.35
Tea consumption per day
None 35(29.4) 67(27.9) |1
1 cup 43(36.1) 101(42.1) |1.1]0.62, 1. 1]
> 2 cups 41(34.5) 72(30.0) | 1.3[0.79, 2.3] P=0.5
Soft drink beverages consumption per week
None 83(69.2.3) | 187(77.9) | 0.48[0.27, 0.85]
1-2 bottles 28(23.3) 30(12.5) |0.71]0.25, 2.0]
> 3 bottles 9(7.5) 23(9.6) 1 P=0.033

Others: Processed, fast foods, and fatty acid foods,

4.2.2.3.0ccupational and Leisure Physical Activities(LPA) of Cases and Controls

A comparison of self-reported occupational activity engagement between cases and controls

revealed that only 15(12.5%) of the cases and 79 (32.9%) of the controls engaged in vigorous-

intensity occupational activity. Among those involved in vigorous-intensity occupational

activity, the mean hours of engagement were 16.7 + 8.2 hours per week for cases and 18.1 + 7.3

hours per week for controls. Rural residents showed better engagement in vigorous-intensity

occupational activity, with 6 (85.7%) cases and 48 (67.6%) controls compared to urban residents,

where only 9(8.0%) cases and 31(18.3%) controls engaged in vigorous-intensity occupational

activity (Figure 8). A higher proportion of men reported vigorous-intensity occupational activity,

with 8 (13.3%) cases and 46 (38.3%) controls, compared to women, where 7 (11.7%) cases and

33 (27.5%) controls engaged in such activity, Table 8).
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Figure 8: Percent of urban and rural residents’ engagement in the vigorous-intensity occupational

activity of cases and controls, Tigrai, Ethiopia, 2019(n= 360).

Forty-eight (40.0%) cases and 151 (62.9%) controls were involved in moderate-intensity
occupational activity. The mean hours of engagement in moderate-intensity occupational activity
were 22.5 + 8.6 hours per week for cases and 24.5 + 10.2 hours per week for controls. Rural
residents showed better engagement in moderate-intensity occupational activity, with 5 (71.4%)
cases and 61 (85.9%) controls compared to urban residents, where 43 (38.1%) of the cases and
90 (53.3%) of the controls were involved in moderate-intensity occupational activity. Similarly,
a higher proportion of men reported moderate-intensity occupational activity, with 8 (13.3%)
cases and 46 (38.3%) controls, compared to women, where 7 (11.7%) cases and 33 (27.5%)

controls engaged in such activity, (Table 8).

Seventeen (14.2%) of the cases and 43 (17.9%) of the controls did not walk or use a bicycle
(pedal cycle) for at least 10 minutes continuously to get to and from places. Five (4.9%) of the
cases and 23 (11.7%) of the controls continuously walked or used a bicycle for at least 10
minutes to get to and from places seven days a week. Nineteen (16.0%) of the cases and 53
(22.1%) of the controls reported walking or using a bicycle for at least 150 minutes per week.
Only 1 (0.8%) of the cases and 4 (1.7%) of the controls were engaged in walking or using a

bicycle for 300 minutes or more in a typical week (Table 8).
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Only 6(5.0%) of the cases and 18(7.5%) of the controls were involved in vigorous-intensity
sports, fitness, or recreational (leisure) activities. Among the cases and controls who were
engaged in vigorous-intensity sports, fitness, or leisure activities, 4(66.7%) of the cases and
15(83.3%) of the controls were involved for 75 minutes or more in vigorous-intensity sports,
fitness, or leisure activities in a typical week. Of those cases and controls that involved vigorous-
intensity sports, fitness, or leisure activities, only 2(33.3%) of the cases and 3(16.7%) of the
controls engaged for 150 minutes per week. Only 8(6.7%) of the cases and 25(10.4%) controls
were involved in moderate-intensity sports, fitness or leisure activities. Three (37.5%) of the
cases and 4(16.7%) of the controls were engaged for 150 minutes or more in moderate-intensity

sports, fitness, or leisure activities in a typical week (Table 8).

Sixty-one (50.8%) of the cases and 64(26.7%) of the controls had low physical activity, and
48(40.0%) of the cases and 152(63.3) of the controls had high physical activity. Six(85.7%) of
the cases and 61(85.9%) of the controls of rural residents were highly active, while only
42(37.2%) and 91(53.8%) of the controls of urban residents were highly active. Thirty-three
(55.0%) of the cases and 27(22.5%) of the controls among men, and 28(46.7%) of the cases and
37(30.8%) of the controls among women had low PA. Only 9(7.5%) cases and 33(13.7%)
controls were engaged in moderate-vigorous leisure physical activity. Regarding the sedentary
behavior of the cases and controls, 63(52.5%) of the cases and 88(37.1%) of the controls spent 6
hours or more in sedentary activities (Table 8).
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Table 8: Occupational and LPA of cases and Controls at ACSH, Tigrai, Ethiopia, 2019(n= 360).

Patient characteristics Cases Controls | COR[95%CIl],
n=120(%) | n=240(%) | t(df) P-value

Vigorous-intensity of occupational PA

Yes 15(12.5) | 79(32.9) |0.3[0.2,0.5]

No 107(87.5) | 161(67.1) |1 P<0.001
Moderate-intensity of occupational PA

Yes 48(40.0) 151(62.9) | 0.4][0.3, 0.6]

No 72(60.0) | 89(37.1) 1 P<0.001
Walk or use a bicycle (pedal cycle) for
at least 10 minutes continuously

Yes 103(85.8) | 197(82.1) | 1.3[0.7, 2.4]

No 17(14.2) | 43(17.1) 1 P<=0.35
Vigorous-intensity sports, fitness/LPA

Yes 6(5.0) 18(7.5) 0.7[0.3, 1.7]

No 114(95.0) | 222(92.5) |1 P=0.37
Moderate-intensity sports, fitness/LPA

Yes 8(6.7) 25(10.4) | 0.6[0.3, 1.4]

No 112(93.3) | 215(89.6) |1 P=0.25
Physical activity (%)

Low 61(50.8) | 64(26.7) | 3.0[1.9,4.9]

Medium 11(9.2) | 24(10.0) 1.5[0.7, 3.2]

High 48(40.0) |152(63.3) |1 P<0.001
Leisure MVPA

None 111(92.5) | 207(86.3) | 2.0[0.9, 4.3]

Yes 9(7.5) 33(13.7) 1 P=0.086
Sedentary behavior

< 4 hours/day 10(8.3) | 55(23.2) 1

4 t0 6 hours/day 47(39.2) | 94(39.7) 1.4[0.9, 2.3]

> 6 hours 63(52.5) |88(37.1) |3.9[1.9,8.3] P=0.001
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4.2.3. Physical and Biomarkers Characteristics of Cases and Controls

Fifty-seven (47.5%) of the cases and 76(31.5%) of the controls were overweight, and 36(30.0%)
of the cases and 32(13.3%) of the controls were obese. For cases and controls, 94(78.3%) of the
cases and 98(40.8%) controls had high waist circumference. Ninety-one (75.8%) of the cases and
136(56.7%) of the controls had high WHR, and also 107(89.2%) of the cases and 131(54.6%) of
the controls had high WHtR (Table 9).

Fifty-four (45.0%) cases and 60(25.0%) controls had a raised total cholesterol. Thirty-four
(28.3%) of the cases and 42(17.5%) of the controls had Men/women < 40/50 mg/dL HDL-C.
Fority one (34.2%) of the cases and 44(18.3%) of the controls had raised raised LDL-C.
Moreover, elevated triglyceride was also detected in 73(60.8%) cases and 117(48.8%) controls.
Fifty-two (43.3%) of the cases and 52(21.7%) of the controls had raised SBP, and 41(34.2%) of
cases and 43(17.9%) controls had elevated DBP. Sixty-eight (56.7%) of the cases and 70(29.2%)
of the controls had hypertension. Fifty-eight (48.3%) of the cases and 60(25.0%) of the controls
had dyslipidemia (Table 9).
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Table 9: Physical and biomarker characteristics of Cases and Controls at ACSH, Tigrai, 2019(n=

360).

Patient characteristics Cases Controls COR[95%Cl],

n=120(%) n=240(%) t(df) P-value

FPG(IQR): Un categorized 55(98-153) 12(84-96)
BMI

Normal 27(22.5) 132(55.0) |1

Overweight 57(47.5) 76(31.7) |3.7[2.1,6.3] | p<0.001

Obese 36(30.0) 32(13.3) 5.5[2.9, 10.3]
Waist Circumference

Men/women < 94/80 26(21.7) 142(59.2) |1

Men/women > 94/80 94(78.3) 98(40.8) 5.2[3.2, 8.7] p< 0.001
WHR

Men/women < 0.88/0.82 29(24.2) 104(43.3) |1

Men/women > 0.88/0.82 91(75.8) 136(56.7) | 2.4[1.5, 3.9] p< 0.001
WHtR

Men/women < 0.49/0.50 13(10.8) 109(45.4) |1

Men/women > 0.49/0.50 107(89.2) 131(54.6) |6.8[3.7,12.9] | p<0.001
Total cholestrol

< 200 mg/dl 66(55.0) 180(75.0) |1 P<0.001

> 200 mg/dl 54(45.0) 60(25.0) 2.5[1.5, 3.9]
HDL-C

Men/women > 40/50 mg/dl 86(71.7) 198(82.5) |1 P=0.019

Men/women < 40/50 mg/dl 34(28.3) 42(17.5) 1.9[1.1, 3.1]
LDL-C

< 130 mg/dl 79(65.8) 196(81.7) |1

> 130 mg/dl 41(34.2) 44(18.3) 2.3[1.4, 3.8] p=0.001
Triglycerides

< 150 mg/dl 47(39.2) 123(51.2) |1

> 150 mg/dl 73(60.8) 117(48.8) | 1.6[1.1, 2.6] P=0.031
SBP

< 130 mmHg 43(35.8) 145(60.4) |1

130 to 139 mmHg 25(20.8) 43(17.9) 1.7[0.92, 3.2]

> 140 mmHg 52(43.3) 52(21.7) 3.4[2.0, 5.6] p< 0.001
DBP

< 85 mmHg 54(45.0) 165(68.8) |1

85 to 89 mmHg 25(20.8) 32(13.3) 1.2[0.62, 2.4]

> 90 mmHg 41(34.2) 43(17.9) 2.9[1.7,4.9] p< 0.001
Hypertension

No 52(43.3) 170(70.8) 1

Yes 68(56.7) 70(29.2) 3.2[2.0,5.0] p< 0.001
Dyslipidemia

No 62(51.7) 180(75.0) 1

Yes 58(48.3) 60(25.0) 2.8[1.8, 4.8] p< 0.001
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4.2.4. Potential risks of T2D Binary logistic regression adjusted odds ratio

According to the results of multivariable logistic regression (Table 10), several factors were
significantly associated with increased odds of T2D. These include urban residence, widowhood
or divorce status, FHD, hypertension, dyslipidemia, consumption of white rice, alcohol
consumption, elevated waist circumference (WC), and high WHtR. Conversely, engagement in

MVPA during leisure was found to be protective against T2D.

The odds of developing T2D were more than fivefold higher among urban residents than rural
dwellers [AOR=5.1, 95%CI (2.0, 13.2)]. Likewise, those being divorced and widowhood were
nearly three times and more than three times more likely to have T2D compared to their married
counterparts [AOR=2.8, 95%CI (1.1, 7.3)] and [AOR=3.3, 95%CI (1.3, 8.6)], respectively
(Table 10).

The odds of having T2D among participants who had hypertension were 3.0 times higher than
those who did not have hypertension [AOR=3.0, 95%CI (1.7, 5.5)]. Besides, the chances of
developing T2D among those with dyslipidemia were almost three times higher than those
without dyslipidemia [AOR=2.8, 95%CI (1.5, 5.4)]. Similarly, those who had a family history of
diabetes experienced more than fivefold higher odds of developing T2D than those who did not
have the same history [AOR=5.4, 95%CI (2.4, 12.5)] (Table 10).

The risk of developing T2D was threefold higher among those who consumed 5 to 6 days in a
typical week and 3.5 times higher in those who drank alcohol every day compared to non-
drinkers [AOR=3.0, 95%CI (1.1, 3.6)] and [AOR=3.5, 95%CI (1.2, 10.2)], respectively. The
odds of developing T2D were 3.8 times higher in those who used white rice as their favorite diet
than those who ate injera made of teff/barely/sorghum[AOR=3.8,95%CI (1.2, 11.6)].

The risk of T2D among those with elevated waist circumferences was almost twice as high as
those with a normal waist circumference [AOR= 2.4, 95%CI (1.1, 5.0)]. Likewise, the odds of
developing T2D among those with an elevated WHtR was 4.4 times higher than those with a
normal WHtR [AOR=4.4, 95%CI (1.7, 11.2)]. Leisure MVPA was associated with lower odds
of T2D compared to those who did not in leisure MVPA[AOR= 0.27,95%CI(0.1, 0.72)] (Table-
10).
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Table 10: Potential risk factors of T2D at ACSH, Tigrai, Ethiopia, 2019(n= 360).

Patient characteristics Cases Controls AOR[95% CI], | p-value
n=120(%) n=240(%)

Residence, n (%)

Rural 7(5.8) 71(29.6) 1

Urban 113(94.2) 169(70.4) | 5.1[2.0, 13.2] p=0.001
Marital status, n(%)

Married 87(72.5) 201(83.8) |1

Divorced/separated 14(11.7) 21(8.8) 2.8[1.1, 7.3]

Widowed 19(15.8) 18(7.5) 3.3[1.3, 8.6] P=0.008
Hypertension

No 52(43.3) 170(70.8) |1

Yes 68(56.7) 70(29.2) 3.0[1.7,5.5] p< 0.001
Dyslipidemia

No 62(51.7) 180(75.0) |1

Yes 58(48.3) 60(25.0) 2.8[1.5, 5.4] p=0.002
Family History of Diabetes

No 92(76.7) 221(92.1) |1

Yes 28(23.3) 19(7.9) 5.4[2.4, 12.5] P<0.001
Cigarette smoking status

Never smoker 105(87.5) 222(925) |1

Ex—-smoker 5(4.2) 9(3.8) 1.5[0.3, 6.3]

Current smoker 10(8.3) 9(3.8) 3.4[0.82,13.9] | P=0.22
Frequency of alcohol intake per week

Non-drinker 21(17.5) 51(21.3) 1

Less than once per week 3(2.5) 17(7.1) 0.2[0.1,1.1]

1-4 days per week 65(54.2) 147(61.3) | 1.1[0.5, 2.1]

5 -6 days per week 22(18.3) 18(7.5) 3.0[1.1, 3.6] P=0.012

Every day 9(7.5) 7(2.9) 3.5[1.2,10.2]
Most favorite and regularly used food

Injera of teff/barely/sorghum 72(60.0) 174(725) |1

Bread/injera made from wheat | 24(20.0) 33(13,8) 1.7[0.8, 4.0]

White rice 12(10.0) 11(4.6) 3.8[1.2,11.6]

Pasta 9(7.5) 13(5.4) 1.3[0.4, 4.7]

Others 3(2.5) 9(3.8) 0.3[0.1, 1.6] P=0.059
Waist Circumference

Men/women < 94/80 26(21.7) 142(59.2) |1

Men/women > 94/80 94(78.3) 98(40.8) 2.4[1.1,5.0] P=0.027
WHtR

Men/women < 0.49/0.50 13(10.8) 109(45.4) |1

Men/women > 0.49/0.50 107(89.2) 131(55.6) | 4.4[1.7,11.2] p=0.002
Engagement in leisure MVPA

None 111(92.5) 207(86.3) |1

Yes 9(7.5) 33(13.7) 0.27[0.1,0.72] | P=0.009
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4.3. Hyperglycemic Crisis

Among the 1082 admissions related to hyperglycemic crises, only 589 (54.4%) met the inclusion
criteria for DKA or HHS. Among these patients, 196 (33.3%) had no prior history of diabetes,
while 393 (66.7%) had a known history of diabetes and were included in the study (Figure 3).

4.3.1. Characteristics of Hyperglycemic crisis(DKA and HHS)

The mean age of patients experiencing hyperglycemic crises was 47.3+14.9 years, with those
diagnosed with DKA having a mean age of 42.9+13.6 years and those with HHS averaging
59.3+£11.2 years. Middle-aged patients (45 to 64 years) comprised 193 (44.6%) of DKA cases
and 103(66.0%) of HHS cases, while 6% of DKA patients and 27.6% of HHS patients were aged
65 years or older. Nearly 60% of both DKA and HHS patients were men. Among them, 181
(41.8%) DKA patients and 42 (26.9%) HHS patients resided in rural areas (Table 11).

Fatigue was reported in 414 (95.6%) DKA patients and 139 (89.1%) HHS patients. Among those
with a medical history, 60 (80.0%) DKA patients and 90 (90.9%) HHS patients had a history of
cardiovascular disease (CVD). Infection precipitated hyperglycemic crises in 105 (24.2%) DKA
patients and 65 (41.7%) HHS patients, 163 (37.6%) DKA patients, and 33 (21.2%) HHS patients

who were newly diagnosed with diabetes (Table 11).

Among the hyperglycemic crisis cases, 301 (69.5%) of DKA patients had type 1 diabetes, while
154 (98.7%) of HHS patients had T2D. The median (IQR) Glasgow Coma Scale scores were 12
(9, 15) for DKA and 9 (7, 11) for HHS. Additionally, DKA patients had a mean baseline urine
ketone level of 2.84+0.7, compared to 0.79+0.65 for HHS patients (Table 11).

The median (IQR) hospital stay for DKA and HHS patients was 7 (6, 13) days and 7 (7, 14)
days, respectively. The in-hospital death was 8.1% (35 patients) for DKA and 27.6% (43
patients) for HHS (Table 11).
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Table 11: Characteristics of DKA and HHS among adults, Tigrai, Ethiopia, 2019(n=589).

Patient characteristics DKA (n, %) HHS(n, %) Total (%)
Age in years (Mean +SD) 42.9(x13.6) 59.3(x11.2) 47.3(x14.9)
Age in years(%)

18 to 44 years 214(49.4) 10(6.4) 224(38.0)

45 to 64 193(44.6) 103(66.0) 296(50.3)

> 65 years 26(6.0) 43(27.6) 69(11.7)
Sex

Male 261(60.3) 95(60.9) 356(60.4)

Female 172(39.7) 61(39.1) 233(39.6)
Residence

Urban 252(58.2) 114(73.1) 366(62.1)

Rural 181(41.8) 42(26.9) 223(37.9)
Symptoms on diagnosis (yes,%)

\omiting 271(62.6) 8(5.1) 279(47.4)

Abdominal pain 99(22.9) 2(1.3) 101(17.1)

Excessive urination 326(75.3) 54(34.6) 380(64.5)

Excessive thirsty 351(81.1) 107(68.6) 458(77.8)

Fruit odor 377(87.1) 32(20.5) 409(69.4)

Weight loss 360(83.1) 48(30.8) 408(69.3)

Fatigue 414(95.6) 139(89.1) 553(93.9)
Medical history (yes, %)

CKD 10(13.3) 35(35.4) 45(25.9)

DFS 6(8.0) 19(19.2) 25(14.4)

CvD 60(80.0) 90(90.9) 150(86.2)

Stroke 12(16.0) 48 (48.5) 60(34.5)

Pancreatitis 12(13.3) 10(12.1) 22(12,6)
Precipitating factors of HC

Infection 105(24.2) 65(41.7) 170(28.9)

Noncompliance to treatment 135(31.2) 15(9.6) 150(25.5)

New onset of diabetes 163(37.6) 33(21.2) 196(33.3)

Recurrent illness 30(6.9) 43(27.6) 73(12.4)
Types of patient

With prior diabetes history 270(62.4) 123(78.8) 393(66.7)

Without prior diabetes history 163(37.6) 33(21.2) 196(33.3)
Diabetes type

Type 1 diabetes 301(69.5) 2(1.3) 303(51.4)

Type 2 diabetes 132(30.5) 154(98.7) 286(48.6)
Glasgow Coma Scale in Median (IQR) 3(12, 15) 2(9, 11) 4(11,15)
Urine Ketones: Uncategorized (Mean £SD) 2.84+0.7 0.79+0.65 2.3+1.13
Hospital Stay in Days in Median (IQR) 7(6,13) 7(7,14) 7(6, 13)
Treatment outcome

Discharge home 398(91.9) 113(72.4) 511(86.8)

In-hospital death 35(8.1) 43(27.6) 78(13.2)
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4.3.2. Characteristics of patients with and without a prior diabetes diagnosis

The distribution of sociodemographic and clinical characteristics varied significantly between
patients with and without a prior history of diabetes. Patients without prior diabetes were
younger on average compared to those with diabetes history (mean age 43.9+12.6 vs. 48.4+14.8
years; p<0.001) and were less likely to be elderly (3.6% vs. 15.8%; p<0.001). They also resided
more frequently in rural areas (53.1% vs. 30.3%; p<0.001) compared to those with a diabetes
history (Table 12).

Regarding clinical features during hyperglycemic crises, patients without prior diabetes exhibited
a higher proportion of classic symptoms such as vomiting (69.4% vs. 36.4%; p<0.001), polyuria
(75.5% vs. 59.0%; p<0.001), polydipsia (83.7% vs. 74.8%; p=0.015), fruity breath odor (84.2%
vs. 72.3%; p=0.001), and weight loss (79.6% vs. 64.1%; p<0.001). Conversely, patients with a
prior diabetes history had a higher prevalence of comorbidities, including Chronic Kidney
Disease (10.7% vs. 1.5%; p<0.001), Cardiovascular diseases (31.3% vs. 13.8%; p<0.001), and
stroke (12.5% vs. 5.6%; p=0.014), (Table 12).

Patients with a prior diabetes history also showed higher rates of type 2 diabetes (53.7% vs.
38.3%; p<0.001), hyperosmolar hyperglycemic state (31.8% vs. 15.8%; p<0.001), and in-
hospital death (15.5% vs. 8.7%; p=0.02) compared to those without prior diabetes. Additionally,
patients with prior diabetes had a higher median baseline blood pressure and a lower mean
baseline urine ketone level (2.1+1.1 vs. 2.7+1.1 mg/dl; p<0.001) compared to patients without
diabetes history (Table 12).
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Table 12: Comparison of clinical characteristics of adult patients with a hyperglycemic crisis

without and with a history of diabetes in a resource-poor community:

Clinical characteristics Diabetes history p-value
No (n=196) Yes (n=393)
Age in years (Mean = SD) 43.9+12.6 48.4+14.9 p<0.001*
Elderly, aged >65 years (%) 7(3.6) 62(15.8) p<0.001*
Gender, Men (%) 118(60.2) 238(60.6) 1.00
Residence (%)
Urban 92(46.9) 274(69.7)
Rural 104(53.1) 119(30.3) p<0.001*
Clinical feature; yes (%)
\omiting 136(69.4) 143(36.4) p<0.001*
Abdominal pain 47(24.0) 54(13.7) 0.002*
Polyuria 148(75.5) 232(59.0) p<0.001*
Polydipsia 159(81.1) 294(74.8) 0.015*
Fruit breath odor 165(84.2) 284(72.3) 0.001*
Fatigue 181(92.3) 372(94.7) 0.3
Weight loss 156(79.6) 252(64.1) P<0.001*
Medical history, yes(%)
CKD 3(1.5) 42(10.7) p<0.001*
DFS 1(0.5) 24(6.1) 0.003*
CVvD 27(13.8) 123(31.3) p<0.001*
Stroke 11(5.6) 49 (12.5) 0.014*
Pancreatitis 12(6.1) 10(2.5) 0.054
Type of DM (%)
Type 1 DM 121(61.7) 182(46.3)
Type 2 DM 75(38.3) 211(53.7) 0.001*

CVD: Cardiovascular Diseases, CKD: Chronic Kidney Disease, DFS: Diabetes Foot Syndrome,
DBP: Diastolic Blood Pressure, GCS: Glasgow Coma Scale, IQR: Inter Quartile Range, RBS:
Random Blood Sugar, SBP: Systolic Blood Pressure, SD: Standard Deviation; *: Statistically
significant.
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Table 13 (Continued).

Clinical characteristics Prior diabetes history p-value
No (n=196) Yes (n=393)
Type of hyperglycemic crisis (%)

DKA 165(84.2) 268(68.2)

HHS 31(15.8) 125(31.8) P<0.001*
In-hospital mortality (%) 17(8.7) 61(15.5) 0.03*
SBP in mmHg in Median (IQR) 90(70; 100) 90(80; 150) 0.02*
DBP in mmHg in Median (IQR) 60(50; 70) 60(50; 100) 0.01*
Body Temperature (°C) (Mean = SD) 36.8£ 0.8 37.3£1.04 P<0.001*
Respiratory rate(Mean + SD) 23.4+2.0 220724 p<0.001*
Pulse rate (Mean = SD) 100.2£7.3 98.1+£7.0 0.001*
GCS in Median (IQR) 14(11, 14) 12(11;14) 0.002*
RBS in mg/dl (Median (IQR)) 538.5(499, 591) 517(472; 600) 0.032*
Urine ketones (Mean £ SD) 27+x1.1 21+ 1.1 P<0.001*
Length of hospital stay (days) 9(7; 13) 9(6; 13) 0.4

Median (IQR)

CVD: Cardiovascular Diseases, CKD: Chronic Kidney Disease, DFS: Diabetes Foot Syndrome,
DBP: Diastolic Blood Pressure, GCS: Glasgow Coma Scale, IQR: Inter Quartile Range, RBS:
Random Blood Sugar, SBP: Systolic Blood Pressure, SD: Standard Deviation; *: Statistically

significant.
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A higher proportion of in-hospital mortality was observed in rural residents compared to urban
residents for both patients with (21.8% vs. 12.8%; p=0.03) and without (13.5% vs. 3.3%;
p=0.023) prior history of diabetes (Table 13).

In patients with prior diabetes history, higher in-hospital mortality was observed in patients who
did not present with polyuria (21.1% vs. 11.6%; p=0.016), polydipsia (23.2% vs. 12.9%;
p=0.022), fruity breath odor (26.6% vs. 11.3%; p<0.001), and weight loss (22.0% vs. 11.9%;
p=0.012) compared to those who had these symptoms on admission. Patients with No Prior
Diabetes History: Higher in-hospital mortality was observed in patients who did not have a fruity
breath odor on admission (25.8% vs. 5.5%; p=0.001) compared to those who did. In both groups
(with and without prior diabetes history), higher in-hospital mortality was observed in patients
with a medical history of Chronic Kidney Disease, Cardiovascular diseases, and stroke compared
to those without such history (Table 13).

Type 2 vs. Type 1 Diabetes: In patients without a history of diabetes, in-hospital mortality was
higher in Type 2 diabetes patients compared to Type 1 (16.0% vs. 4.1%; p=0.009). Similarly, in
patients with a history of diabetes, in-hospital mortality was higher in Type 2 diabetes patients
compared to Type 1 (22.3% vs. 7.7%; p<0.001) (Table 13).

Patients with HHS had a higher proportion of in-hospital mortality compared to patients with
DKA in both groups without a history of diabetes (29.0% vs. 4.8%; p<0.001) and with a history
of diabetes (27.2% vs. 10.1%; p<0.001). Lower mean baseline urine ketones were associated
with higher in-hospital mortality in both groups: without diabetes history (1.9+1.3 vs. 2.8+1.1;
p=0.008) and with diabetes history (1.64+1.2 vs. 2.2+1.04; p=0.002). Among patients with a
prior diabetes history, higher median baseline blood pressure (p<0.01) and random blood sugar
(RBS) readings in mg/dl (p=0.003) were significantly associated with higher in-hospital
mortality (Table 13).
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Table 13: Comparison of participant characteristics and clinical outcomes of adult patients with a

hyperglycemic crisis without and with a history of diabetes in Tigrai, Ethiopia:

Clinical characteristics

With no diabetes history (%)

With a diabetes history (%)

In-hospital Discharge P-value In-hospital Death | Discharge p-value
Death home (n=61) home
(n=17) (n=179) (n=332)

Age in years(Mean + SD) 46.9+14.8 | 43.6%x12.3 0.4 51.8+14.6 47.7+14.7 | 0.047*
Gender, Men(%) 10(8.5) 108(91.5) 0.9 38(16.0) 200(84.0) 0.9
Residence

Urban 3(3.3) 89(96.7) 35(12.8) 239(87.2)

Rural 14(13.5) 90(86.5) 0.023* 26(21.8) 93(78.2) 0.03*
Clinical presentations

Vomiting 11(8.1) 125(91.9) 0.9 16(11.2) 127(88.8) 0.07

Abdominal pain 2(4.3) 45(95.8) 0.4 4(7.4) 50(92.6) 0.1

Polyuria 11(7.4) 137(92.6) 0.4 27(11.6) 205(88.4) 0.016*

Polydipsia 8(5.0) 151(95.5) 0.001* 38(12.9) 256(87.1) 0.02*

Fruit breath odor 9(5.5) 156(94.5) 0.001* 32(11.3) 252(88.7) p<0.001*

Fatigue 16(8.8) 165(91.2) 1.00 58(15.6) 314(84.4) 1.00

Weight loss 14(9.0) 142(91.0) 1.00 30(11.9) 222(88.1) 0.012 *
Medical history

CKD 2(66.7) 1(33.3) 0.02* 13(31.0) 29(69.0) 0.007*

DFS 0(0.0) 1(100.0) 1.00 6(25.0) 18(75.0) 0.2

CVD 6(22.2) 21(77.8) 0.017* 31(25.2) 92(74.8) 0.001*

Stroke 4(36.4) 7(63.6) 0.009* 17(37.4) 32(65.3) p<0.001*

Pancreatitis 2(16.7) 10(83.3) 0.3 3(30.0 7(70.0) 0.4
Type of diabetes (%)

Type 1 DM 5(4.1) 116(95.9) 0.009* 14(7.7) 168(92.3)

Type 2 DM 12(16.0) 63(84.0) 47(22.3) 164(77.7) | <0.001*
Hyperglycemic crisis (%)

DKA 8(4.8) 157(95.2) | p<0.001 27(10.1) 241(89.9)

HHS 9(29.0) 22(71.0) 34(27.2) 91(72.8) | p<0.001*
Length of hospital stay (days) | 13(8; 16) 9(7;12) 0.07 8.5(6;12) 9(6;13) 0.5

in Median (IQR)

CVD: Cardiovascular Diseases, CKD: Chronic Kidney Disease, DFS: Diabetes Foot Syndrome, DBP:
Diastolic Blood Pressure, GCS: Glasgow Coma Scale, IQR: Inter Quartile Range, RBS: Random Blood
Sugar, SBP: Systolic Blood Pressure, SD: Standard Deviation; *: Statistically significant
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Table 14 (Continued).

Clinical characteristics With no diabetes history (%) With a diabetes history (%) P-value
| In--hospital Discharge | P-value In-hospital Discharge
death home death home
(n=17) (n=179) (n=17) (n=179)
SBP (Median (IQR)) 90(70; 90) 90(70; 100) 0.4 110(82.5;160) | 90(74;120) 0.001*
DBP (Median (IQR)) 60(50; 60) 60(50, 70) 0.6 80(60;100) 60(50;80) 0.006*
BT (°C) (Mean £ SD) 36.9+ 0.9 36.8+ 0.9 0.8 373t 1.0 373t 1.0 0.6
RR(Mean = SD) 234+ 25 23.4+£2.0 0.9 21.2+ 2.7 22.3+ 2.3 0.004*
PR (Mean £ SD) 101.7+ 8.9 100.1+7.2 0.5 96.7+ 6.7 98.4+7.0 0.09
GCS in Median (IQR) 12(9; 15) 14(11;15) 0.2 12(10;14) 13(11;14) 0.2
RBS (Median (IQR)) 578(498;600) | 538(498,585) 0.3 600(471.5;600) | 512(470;600) | 0.003*
Urine ketones 1.9+1.3 28+ 1.1 0.008* 1.6+1.2 2.2+1.0 0.002*

(Mean = SD)

CVD: Cardiovascular Diseases, CKD: Chronic Kidney Disease, DFS: Diabetes Foot Syndrome, DBP:
Diastolic Blood Pressure, GCS: Glasgow Coma Scale, IQR: Inter Quartile Range, RBS: Random Blood

Sugar, SBP: Systolic Blood Pressure, SD: Standard Deviation; *: Statistically significant
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On the multivariable logistic regression model (Table 15), independent predictors of in-hospital
mortality were rural residents [AOR=3.1, 95% CI 1.8, 5.4], patients with a medical history of
stroke [AOR=2.7, 95% CI 1.3, 5.6], type 2 diabetes [AOR=2.3, 95% CI (1.1, 4.7)], hyperosmolar
hyperglycemic state [AOR=2.4, 95% CIl (1.1, 5.4)], and patients with a prior diabetes
history[AOR=2.0, 95% (CI 1.04, 3.8)]; while presentation with polydipsia on admission was
preventive [AOR=0.47, 95% CI1 0.27, 0.81]; (Table 14).

Table 14: Potential risks of hyperglycemic crisis-related mortality among patients without and

with a history of diabetes in a resource-poor community in Tigrai, Ethiopia:

Clinical characteristics Outcomes of care (%)
In-hospital | Discharge | COR(95 % CI) AOR(95 % CI)
mortality home
(n=17) (n=179)
Residence
Urban 38(10.4) 328(89.6) |1 1
Rural 40(17.9) 183(82.1) | 1.9[1.2,3.1] 3.1[1.8, 5.4]*
Stroke
Yes 21(35.0) 39(65.0) | 4.6[2.5,8.1] 2.7[1.3, 5.6]*
No 57(10.8) 472(89.2) |1 1
Vomiting
Yes 27(9.7) 252(90.3) | 0.5(0.33, 0.90) 1.5(0.74, 3.13)
No 51(16.5) 259(83.5) |1 1
Excessive thirst
Yes 46(10.2) 407(89.8) | 0.37(0.22,0.61) | 0.47(0.27,0.81)*
No 32(23.5) 104(76.5) |1 1
Type of DM
T1D 19(6.3) 284(93.7) |1 1
12D 59(20.6) 227(79.4) | 3.9(2.25,6.7) 2.3(1.1, 4.7)*
Type of hyperglycemic crisis
DKA 35(8.1) 398(91.9) |1 1
HHS 43(27.6) 113(72.4) | 4.3(2.6,7.1) 2.4(1.1,5.4)*
Type of patient
With a prior known DM 61(15.5) | 332(91.9) |1.94(1.1,3.4) 2.0(1.04, 3.8)*
With no prior DM 17(8.7) 179(91.3) |1 1
diagnosis

T1D: Type 1 diabetes, T2D: Type 2 diabetes, *: Statistically significant,
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4.4. Summary of the main findings of the dissertation

In this section, the main findings from the three manuscripts are outlined & reviewed.
Table 15: Summary of main findings from the three manuscripts

S.N

Obijectives

Major findings

To determine the trend in
the proportion of type 1
and type 2 diabetes among
adults who received
medical care from
selected public hospitals

in Tigrai, Ethiopia.

Two hundred ninety-nine thousand eight hundred six adult patients received medical care from adult
medical OPD and emergency units in the five years (September 1, 2013 to August 31, 2018).

Out of these patients, 10.2(95%ClI: 9.8-10.6) per 1000 adult patients were confirmed as diabetes
patients from September 1, 2013 to August 31, 2018.

The overall proportion of diabetes increased significantly from 6.8(95%CI: 6.1-7.5) to 14.3(95%(CI:
13.3-15.1) per 1000 adult patients over the study period.

The time trend in the proportion of diabetes increased for both urban from 7.9(95%Cl: 6.9-8.9) to
15.9(14.6-17.2) per 1000 adult urban residents, (Piend<0.001) and rural from 5.2(95%CI: 4.4-6.2) to
12.1(95%Cl: 10.9-13.5) per 1000 adult rural residents, (pueng<0.001) in the observation.

The five-year proportion of T1D was 1.6(95% CI: 1.5-1.8) per 1000 patients, with a statistically
significant increase ((Pweng<0.001)) for a linear trend. The trend of type 1 diabetes increased for both
urban areas from 1.0 to 2.2 per 1000 adult urban residents (Ptrend=0.002) and rural areas from 1.2
to 2.6 per 1000 adult rural residents (Pieng=0.001).

The five-year trend of T2D increased from 5.7(95%Cl: 5.1-6.3) to 12.0(95%CI: 11.0-13.0) per 1000
adult patients (Pieng<0.001), with urban urban from 6.9 to 14.0 per 1000 adult urban residents,
(Ptreng=0.001) and rural from 4.0 to 9.5 per 1000 adult rural residents, (Pieng=0.001).

Notably, a higher increase for T1D and T2D was observed among women patients.
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To assess the risk factors
associated with T2D
among middle-aged adults

who received medical care

The mean (SD) ages of cases and controls were 55.9(£5.0) and 55.7(+4.8) years old, respectively.

The odds of T2D was significantly higher among:

e urban residents (AOR=5.1, 95%CI ([2.0, 13.2]),

e widowhood(AOR=3.3, 95%CI (1.3, 8.6]) and divorced(AOR=2.8, 95%CI([1.1,7.3]),
e hypertension (AOR=3.0, 95%CI ([1.7,5.5]),

o dyslipidemia(AOR=2.8, 95%ClI ([1.5, 5.4]),

e positive family history of diabetes(AOR=5.4, 95%ClI ([2.4, 12.5]),

e consuming alcohol 5 to 6 days in a week(AOR=3.0, 95%CI ([1.1, 3.6]),

e consumed alcohol every day(AOR=3.5, 95%CI ([1.2,10.2]),

e consuming white rice as favorite food(AOR=3.8,95%CI([1.2,11.6]),

o elevated waist circumference(AOR= 2.4, 95%CI ([1.1, 5.0]),

e elevated WHtR(AOR=4.4, 95%CI([1.7, 11.2]),

The odds of T2D reduced among people:

Engaged in leisure MVPA(AOR= 0.27, 95%CI ([0.1, 0.72]) were preventive

To compare
hyperglycemic crisis
characteristics and care
outcomes among adult
patients with and without
a history of diabetes from
selected public hospitals

in Tigrai.

The mean age of patients with DKA and HHS was 42.9(x£13.6) and 59.3(%£11.2) years, respectively.
About 42% of patients with DKA and 27% with HHS were rural residents.

Infection was found in 24.2% of DKA and 42% of HHS patients, and 163(37.6%) DKA and
33(21.2%) of HHS patients were newly diagnosed diabetes patients.

The overall mortality was 78(13.2%), of which 43(7.3%) deaths were in patients with HHS. In
comparison, the remaining (5.9%) was due to DKA, and mortality was higher in the rural residents
(17.9%) compared to their urban counterparts (10.4%).
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e Compared to patients with a prior diabetes history; patients no prior diabetes history were more
younger with > 65 years(3.6% Vs. 15.8%; p< 0.001)

v’ Patients with no prior diabetes history were more rural residents (53.1% Vs. 30.3%, P< 0.001),

v had more significant signs and symptoms of diabetes,
= petter consciousness, higher median RBS (538.5 Vs. 517, p= 0.032), higher urine ketones (3

Vs. 2, p<0.001), the lower mortality rate (8.7% Vs. 15.5%, p=0.015)

v" had a higher mortality rate in rural residents(7.1% Vs. 1.6%, p= 0.01), T2D (6.6% Vs. 2.1%,
P<0.001), and HHS(4.6% Vs. 4.1%) with lower urine ketones(2 Vs. 3; p=0.002) compared to urban
residents, type 1 diabetes and diabetic ketoacidosis, respectively.

The odds of in-hospital mortality was significantly higher among:

rural residents [AOR=3.1, 95% CI 1.8, 5.4],

patients with a medical history of stroke [AOR=2.7, 95% CI 1.3, 5.6],

type 2 diabetes [AOR=2.3, 95% CI (1.1, 4.7)],

hyperosmolar hyperglycemic state [AOR=2.4, 95% CI (1.1, 5.4)], and

patients with a prior diabetes history[AOR=2.0, 95% (CI 1.04, 3.8)];

while presentation with excessive thirst on admission was preventive [AOR= 0.47, 95% CI 0.27,
0.81];

AN N N N SN
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5. Discussion

The current study attempts to determine the trends of type 1 and 2 diabetes, factors associated
with T2D, and treatment outcomes of hyperglycemic patients among hospital-treated adult
patients (aged > 18 years) in selected public hospitals in Tigrai. For more details, see the

discussion section, which is organized into sections and papers below as follows:
5.1. Trend of Type 1 and Type 2 diabetes

The findings of this study revealed that diabetes affected 10.2 per 1000 adult patients, with 11.6
per 1000 urban residents and 8.6 per 1000 rural residents. Over time, there was a consistent rise
in adult diabetes proportion in both urban and rural areas, encompassing both type 1 and type 2
diabetes and affecting both men and women patients. Particularly noteworthy was the increasing

trend among women during the observation period.

The study's findings indicate a significant increase, more than doubling, in the proportion of
adult diabetes over the past five vyears, aligning with findings from prior
research(31,41,86,216). This alarming trend suggests potential influences from rapid
epidemiological, economic, and societal shifts, childhood nutritional stunting(40), chronic
undernutrition, and enhancements in diabetes detection and recording mechanisms(114,217).
However, the findings of this study are inconsistent with findings from high-income countries,
and diabetes is declining(3,9). This inconsistency might be due to better health literacy, healthy
diet, regular physical exercise, and decreasing coexisting illnesses (218,219). The proportion of
this doctor-diagnosed diabetes is lower than findings from previous studies in Ireland(83),
Kazakhstan(86), China(220), Iran(221), Brazil(85), and Nigeria(31). The observed variation
could stem from disparities in urbanization levels, varying health literacy, differences in
diagnostic criteria, the tendency to underestimate diabetes among patients with co-existing

conditions, and deficiencies in documentation practices(37,219).

The study highlighted a notable increase in the five-year prevalence of adult diabetes across all
age brackets, with the most significant rise observed among individuals aged 60 years and older.
This trend is consistent with findings from previous studies with similar objectives, indicating a

concerning escalation in diabetes prevalence, particularly among older age groups
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(10,86,92,95,98,220). Aging can lead to impaired insulin secretion due to impaired [-cell
function and adaptation to insulin resistance, possibly due to lifestyle changes, like obesity and

diminished physical activity, poor diet, and increased comorbidity(222).

In the twenty-first century, diabetes affects both urban and rural populations and is a profound,
challenging, and widespread public health concern, especially in emerging nations' urbanized
areas(3,13,114,223). The current study reveals that despite an increasing trend of adult diabetes
among urban and rural residents, the urban population exhibits the highest proportion , consistent
with previous studies in Nigeria(31). Urbanization alters eating habits, physical activity,
smoking, and alcohol consumption, which is linked to obesity and NCDs. Urbans have better
healthcare access, including reliable diabetes screening, anti-diabetic medications, education, and
social services, while rural populations lack it, potentially leading to premature death before
diagnosis(115,224). Rural areas face disproportionate health resource allocation, contributing to
poverty, food insecurity, illiteracy, poor sanitation, and communicable diseases. The degradation
of diabetes infrastructure leads to inadequate screening, non-adherence to guidelines, lack of
counseling, and long-distance travel to health services. Addressing this inequality is crucial for
improving diabetes intervention(225). In high-income countries, diabetes incidence and
prevalence are higher in rural residents compared to urban. This might be due to rural residents
having lower incomes, limited access to healthcare, and reduced opportunities for physical
activity, which may lead to poor dietary habits, higher obesity rates, and increased diabetes
prevalence(101,102).

The study indicates a consistent increase in type 1 diabetes prevalence over the study period,
consistent with previous research in Finland, Korea, Iran, Mali, and Eritrea(107-110). In
contrast, other similar studies in Serbia reported that a significant decrease in the incidence of
type 1 diabetes was determined in adults aged 25-29 with an annual percentage change -of 7.3%
between 2006 and 2017(106). The variation in the newly diagnosed type 1 diabetes between
countries is multifactorial, involving complex interactions between genetic, environmental,
healthcare-related, and socioeconomic factors(40,105). Evidence supports that geographical
variation in adult-onset type 1 diabetes is similar to childhood-onset type 1, with countries with
high rates in children and adolescents often having higher rates in adulthood(104). In this study,
the proportion of adult type 1 diabetes is 1.6 per 1000 adult patients, which is higher than in
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previous studies by Gondar and Jimma(111l) and Gondar(40) 2.1 and 2.75 per 100000
population, respectively. The variation might be due to differences in study settings, denominator
of the study, and genetic, environmental, healthcare-related, and socioeconomic factors.
Moreover, Eritrea has the highest documented type 1 diabetes proportion globally, with
46.2/100,000 people affected, which has a similar culture, feeding habits, and geographical
locations to our study participants(3,16). Even though the type 1 diabetes proportion observed in
this study is higher than in previous studies, this is likely due to the study being conducted in
general and referral hospitals. The actual proportion of type 1 diabetes may be even more
significant because many individuals may die before receiving a diagnosis and accessing
treatment. Additionally, some patients presenting with DKA might be incorrectly classified as
having T2D(226,227).

The findings of this study align with previously published research, indicating a notable
proportion of type 1 diabetes among rural residents(40,217). The annual proportion of type 1
diabetes is higher in rural areas, at 1.9 per 1000 people, compared to 1.4 per 1000 in urban areas.
The increase in type 1 diabetes proportion among rural residents may be attributed to poverty
and childhood malnutrition. Tigrai has faced numerous severe famines, predominantly affecting
rural areas, prompting residents to seek medical care due to the acute nature of the disease. S.
Fekadu et al. reported a strong association between insulin-requiring diabetes, poor education,
and indicators of poverty indicators (217). The findings of this research indicated that the trend
of type 1 diabetes significantly increased among women compared to their men counterparts.
However, this contradicts the findings of a study by Hakkarainen et al. in Finland, which showed
that the proportion of type 1 diabetes among men aged 18-39 was 29 per 100,000 per year, with
a 33% increase from 1992 to 2007; in contrast, the proportion among women remained stable
during the same period(107). The disparity might be due to differences in structural
determinants, nutritional status, hormonal differences, and behavioral factors. It might be more
marked detection bias in Ethiopia than Finland because women are more likely to be tested for
diabetes because they are more likely to access health services (eg during pregnancy or for other

reasons) than men.

The proportion of all diabetes that is T2D is higher in low-income countries than in higher-
income countries. It affects the productive age groups(3), particularly in SSA countries like

Ethiopia, due to rapid epidemiologic transition and low health literacy(32). T2D prevalence is
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higher in developing countries’ urban populations and higher in high-income countries' rural
populations (13,101,114,223). The study revealed a higher prevalence of T2D in urban residents
than in rural residents, a trend observed in other developing countries(13,114). Aung WP et al.
reported that being a rural resident is 38% protective compared to being an urban resident (114).
Urbanization leads to changes in eating habits, physical activity, smoking, and alcohol
consumption, contributing to obesity and comorbidity, with sedentary lifestyles and unhealthy
diets persisting due to epidemiologic and demographic transitions, with a notable increment
trend (2,3,29,31,114). This finding is consistent with a study in Nigeria, the trend of T2D
decreasing in rural residents(31), but inconsistent with studies in high-income countries, where
diabetes prevalence vary by income level, with rural areas experiencing higher diabetes
incidence in high-income countries and the urban regions having lower odds of new-onset
diabetes. T2D proportion incidence is higher in rural and urban residents (101,223). The
increasing trend of T2D in urban and developing countries and rural areas in high-income
countries may be due to epidemiologic and demographic transitions(101,228). The study reveals
a significant rise in T2D proportion among women, possibly due to biological, lifestyle,
socioeconomic, and cultural factors. Factors include processed food, stress due to multiple roles,
frequent healthcare visits, obesity, and cultural norms and practices influencing diet, physical

activity, and healthcare access for women(94,229).

The rising T2D proportion in low-income countries is posing significant public health
challenges, including delayed diagnosis, increased complications, and affecting healthcare
systems and economic stability. To combat T2D, a multifaceted approach involving healthcare
access, prevention programs, socioeconomic disparities, and supportive policies is needed at

local, national, and international levels(2,3).
5.2. Risk Factors Associated with T2D

This study endeavored to determine factors associated with T2D in the hospital setting of Tigrai.
The study found that urban residency, widowhood/divorce, family history of diabetes,
hypertension, dyslipidemia, consumption of white rice, alcohol consumption, elevated waist
circumference, and WHIUtR levels were significantly associated with increased odds of T2D, while

leisure MVVPA is found preventive.
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The socio-demographic and geographic burdens of T2D are uneven throughout the world, with
neighborhoods in high-income countries like the US, Canada, and Australia showing increased
risk for those living in deprived areas. Deprived neighborhoods have limited access to healthy
foods, physical activity, healthcare, education, social support, and environmental pollutants,
increasing their risk of developing T2D(101,113,223,230), whereas, in developing countries, the
risk is higher in urbanized areas(114,115,129). The study found that urban residents have more
than five times higher odds of developing T2D compared to rural residents, which is consistent
with previous studies in Myanmar(114), West Africa(115), Ghana(129), Algeria(7), and North
West Ethiopia(100). Urbanization in developing countries leads to dietary changes, increased
smoking, alcohol consumption, and sedentary lifestyles, contributing to obesity and NCDs like
diabetes(115,228).

Marriage, a vital social institution since ancient times, has been linked to various health issues.
Still, previous studies have found conflicting findings regarding the association between marital
status and T2D(7,115,124,125). Previous studies in Brazil and West Africa indicated being
divorced/widowed lowers the risk of developing T2D compared to married and single,
respectively(115,125). The study reveals that divorced and widowhood individuals are 2.8 and
3.3 times more likely to develop T2D compared to married individuals, consistent with research
from Iran and Saudi Arabia(7,124). Inconsistencies may be attributed to geographical location,
culture, and socio-economic status disparities. Studies suggest that marriage improves health
outcomes, lowers diabetes incidence, and improves adherence to treatment in partnered patients
influenced by health behaviors and socioeconomic status(125). The death of a spouse can lead to
significant stress and anxiety, lack of social support, change in lifestyles, financial strain, and
feelings of loneliness and isolation, which could lead to a lack of motivation to engage in healthy
behaviors and poorer health outcomes, including an increased risk of developing T2D.

Studies have demonstrated that an FHD is linked to various metabolic abnormalities and is a
significant risk factor for developing T2D. In the current study, patients with an FHD have over
five times the risk of developing T2D compared to those without a family history, consistent
with previous research findings(42,100,173,231-234). FHD can include environmental factors
besides the genetic risk that provides for obesity and some lifestyle factors, such as alcohol

consumption, smoking, and diet. Individuals with an FHD may share similar lifestyle habits and
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environmental exposures with their relatives, such as unhealthy dietary patterns, sedentary
behavior, and obesity, which were reported to be associated with an FHD(42,235).

Cigarette smoking significantly impairs glucose tolerance and increases insulin resistance,
leading to T2D, either independently or in clusters with other risk factors like centripetal
obesity(140,141,147). Experience with cigarette smoke, combined with elevated blood glucose,
is linked to vascular damage, endothelial dysfunction, and blood-clotting cascade activation,
causing further vascular damage in individuals with diabetes(142,143). Studies show conflicting
results on the link between smoking and T2D. While most epidemiological studies show a higher
likelihood of developing T2D in smokers in Saudi Arabia, West Africa, and North
Ethiopia(115,148,149), China and South Africa reported smokers have a lower probability of
newly diagnosed diabetes than non-smokers(123,151). At the same time, the findings of this
study indicated a null association between smoking and T2D. Possibly only one in twenty
participants (5.3%) are current smokers of any tobacco products, such as cigarettes, with a higher
proportion of cases (8.3%) compared to controls (3.8%) with an insignificant difference
(p=0.19), which might be a negligible number to give important facts, and all smokers are men.
Similarly, other investigators in Ethiopia found no association between smoking and
T2D(57,100,150).

Previous studies(154-157) indicate that heavy alcohol consumption is a risk factor for Type 2
Diabetes, while moderate alcohol consumption is protective in both men and women. Even
though the biological mechanisms remain poorly understood, moderate alcohol consumption has
been linked to improved insulin sensitivity, changes in alcohol metabolites, increased HDL
cholesterol concentrations, and anti-inflammatory effects. However, the exact dose-response
relationship remains unclear(152,153). A study in West Africa demonstrated that alcohol
consumption every day reduces the odds of T2D by 45%(115). Likewise, a study in North West
Ethiopia showed that alcohol consumption was preventive for diabetes for rural residents(100).
In the present study, alcohol consumption everyday increases 3.5 times the risk of T2D
compared to non-drinkers. The variance may be attributed to lifestyle differences, patient
characteristics, type, and alcohol consumption.

Dietary intake is a significant environmental risk factor for developing and preventing T2D, with

nutritional patterns potentially having more substantial health effects than individual foods,
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nutrients, or food groups(168). Consuming sugar-sweetened beverages, refined carbohydrates,
processed meats, refined grains, and fatty foods can increase the risk of T2D by disrupting
glucose metabolism and insulin sensitivity(117,133). The current study found that white rice
consumption increases the risk of T2D by 3.8 times compared to those who ate injera made of
teff/barely/sorghum. This is consistent with a large-scale study that found that consuming more
white rice (over 450 g/day) increases the risk of diabetes (137). This may be due to white rice's
high glycemic index(Gl) and low fiber content, which can lead to weight gain, insulin resistance,
and T2D risk, while replacing healthier carbohydrates like whole grains, legumes, and
vegetables, which have lower Gl, higher fiber content, and more nutrients, increasing metabolic
diseases, including T2D(236,237).

Epidemiological studies demonstrated that elevated waist circumference, WHR, and WHItR are
imperative indicators of central obesity, which is strongly linked with insulin resistance,
inflammation, hormonal imbalances, and genetic factors that contribute to the development of
T2D in both men and women (159,170,238); which is consistent with the finding of the present
study, the risk of developing T2D is 2.4 and 3.2 times higher among individuals with elevated
waist circumference and WHtR compared to those who have normal waist circumference and
WHIR, respectively. Excessive abdominal fat accumulation, especially visceral fat, indicated by
increased waist circumference, WHR, and WHItR, releases fatty acids and inflammatory
substances, potentially causing insulin insensitivity and elevated glucose levels, potentially
leading to T2D(57,165). Managing central obesity through lifestyle modifications, including
healthy eating, regular PA, and weight loss, can significantly reduce the risk of developing
T2D(3).

Previous studies have established that hypertension is an independent predictor of T2D (239).
The current study found that individuals with hypertension are 3.0 times more likely to develop
T2D compared to those with normal blood pressure. This finding is consistent with studies
conducted in West Africa(115), Ethiopia(149), and Tigrai(57), where the risk of developing T2D
in hypertensive patients was found to be 2.6, 3, and 6 times higher, respectively, compared to
individuals with normal blood pressure. This might be due to both hypertension and T2D
frequently coexist and contribute to each other's complications through shared

pathophysiological mechanisms that justify their co-existence.
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Dyslipidemia has recently been recognized as a risk factor for T2D. Literature shows that low
levels of HDL-C, elevated levels of triglycerides, LDL-C, and total cholesterol are significantly
associated with newly diagnosed T2D(57,166,183-185,240-243). In the current study, the
possibility of developing T2D is nearly three times higher among individuals with dyslipidemia
compared to those who do not. This finding is parallel with findings in Ghana(129), Addis
Ababa(58), and Tigrai (57). This coexistence might be due to elevated levels of free fatty acids
derived from triglycerides contribute to insulin resistance by interfering with insulin signaling
pathways in peripheral tissues, with the inclination of increasing concentration of blood glucose
and cholesterol nearly in the same manner as physical inactivity, body weight in general and

central obesity in particular(165,244).

Previous studies on the impact of fruit and vegetable intake on type 2 diabetes (T2D) risk have
yielded inconsistent results(245-248). Some studies have found an inverse association between
higher intakes of total fruit (247,249) and total vegetables (246,247,250) with the risk of T2D.
Conversely, other studies found no significant associations between total fruit (246,248,251) and
vegetables(248,251). Similarly, the current study found no significant association between fruit
and vegetable consumption and T2D. Perhaps only 2 (1.7%) of the cases and 8 (3.3%) of the
controls reported consuming 14 or more servings of fruits in a typical week, with an insignificant
difference (p=0.37). Similarly, only 7 (5.8%) of the cases and 21 (8.8%) of the controls
consumed 14 or more servings of vegetables in a typical week, also with an insignificant
difference (p=0.33). These numbers may not provide substantial insights due to their negligible
proportion. The variations among these studies could be attributed to differences in the types of
fruits or vegetables consumed and variances in participant characteristics, study designs, and
assessment methods. Nonetheless, fruits and vegetables are abundant sources of dietary fiber,
antioxidants, and phytochemicals, which can regulate blood sugar levels, enhance insulin

sensitivity, and potentially mitigate the risk of type 2 diabetes(115,129).

Studies consistently show that regular physical activity, including resistance exercise,
occupational activities, and cardiorespiratory fitness, can protect against T2D, emphasizing the
importance of incorporating these activities into daily routines(157,161). In the present study,
involvement in MVPA, moderate-intensity, and vigorous-intensity occupational activities, as

well as engaging in moderate and vigorous-intensity sports, fitness, or leisure activities, and
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regular walking or bicycling for at least 10 minutes continuously, did not show a significant
association with a reduction in the risk of developing T2D, including total physical activity (PA)
and occupational moderate-to-vigorous physical activity (MVPA). However, individuals
engaged in leisure MVPA experienced a 27.0% protective effect against T2D. This discrepancy
might be due to differences in the activity type, duration, participants’ characteristics, study
design, and assessment methods. However, the findings of this study are consistent with findings
from Japan reported that occupational physical activity and walking to and from work are not
associated with diabetes.

In contrast, leisure MVPA reduces the risk of diabetes(46). The WHO and ACSM recommend
that adults with diabetes engage in 150-300 minutes of moderate-intensity or 75-150 min of
vigorous-intensity physical activity per week, including muscle-strengthening activities twice a
week. Regular physical activity is essential in reducing the risk of developing T2D and
improving outcomes for those already diagnosed. Regular MVPA is crucial for diabetes
prevention and management, improving insulin sensitivity, glycemic control, cardiovascular
health, and mental well-being. Healthcare providers should encourage personalized physical
activity(74,75).

5.3.  Hyperglycemic Crisis

The study reveals DKA is the most common diagnosis among diabetic patients with
hyperglycemic crises; the hospital stay and in-hospital mortality of HCs are higher in HHS.
Similarly, in this study, patients with no prior diabetes history had a higher proportion of classic
signs and symptoms of diabetes. Patients with a diabetes history have higher T2D, HHS, and
chronic diseases and a higher mortality rate, particularly in rural residents. Besides, patients with
certain conditions, such as T2D, HHS, lower urine ketones, chronic kidney disease,
cardiovascular disease, stroke, diabetes, and rural residences, have higher in-hospital mortality.

At the same time, excessive thirst on admission is protective.

The study reveals that 73.5% of hyperglycemic crisis admissions are linked to DKA, higher than
Hiwot Fana Specialized University Hospital's(HFSUH) 52.3%(54) but lower than Jimma
University's (JUSH) 93%(50) admitted due to DKA, respectively. This discrepancy might be due

to differences in type of diabetes, rate of onset, symptoms and severity, population differences,
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precipitating factors, diagnosis, and recognition. The reason for the higher proportion of DKA
could be the combined effect. DKA, a common symptom of type 1 diabetes, is more frequent
due to its rapid onset, often precipitated by factors that are more immediately recognized and
managed like missed insulin doses or acute illnesses, severe symptoms like nausea, vomiting,
abdominal pain, and deep rapid breathing, and younger individuals with insulin variability,
leading to more frequent hospital admissions(50,64). In the present study, DKA patients in our
study had 70% type 1 diabetes, severe symptoms (see Table 12), 31.2% non-compliance to
medication, 37.6% newly diagnosed diabetes, and higher ketone bodies in the urine. Effective
management of diabetes, prompt recognition of symptoms, and patient education are essential in
reducing the incidence of DKA and HHS.

The most common precipitants of hyperglycemic crises in our study are the new onset of
diabetes 33.3 %, infections 28.9 %, non-compliance to antidiabetic medications 25.5 %, and
recurrent illness 12.4%. There is a higher proportion of newly diagnosed diabetes than in
Jimma(50) and Haramaya(54) studies. These discrepancies might be related to differences in
study settings where our study was predominantly conducted in general hospitals, with two-fifths
of admitted patients with hyperglycemic crises being rural residents, which could be related to
limited access to healthcare services and screening practices. Furthermore, there is a higher
infection rate on admission in patients with HHS compared to DKA (41.7% Vs 24.2%). The
reasons could be related to the combination of impaired immune function, mucosal barrier
dysfunction, impaired wound healing, and history of hospitalization, which increases the risk of

infection in patients with HHS compared to those with DKA.

This research's findings are consistent with those in Jimma(50) and Taiwan(203), where DKA
patients are younger than patients with HHS. Young adults with type 1 diabetes are more likely
to develop DKA due to disrupted diabetes management behaviors like irregular eating, substance
abuse, and skipping insulin doses, leading to a higher incidence of DKA(17). Elderly individuals
are more likely to develop T2D, characterized by insulin resistance and deficiency, and may also
have comorbidities like CVDs, CKD, or infections exacerbated by hyperglycemia and lead to
HHS. Besides, elderly individuals may experience impaired thirst sensation and reduced kidney
function, increasing their susceptibility to dehydration and electrolyte imbalances, common
characteristics of HHS.
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Understanding hyperglycemic crises in patients with and without a prior diabetes history is
crucial for improving clinical outcomes, treatment protocols, patient education, self-
management, and public health planning and resource allocation to better address diabetes
challenges(56). The study found that patients with no prior diabetes history had better
consciousness compared to those with a previous diabetes history. They had more pronounced
signs and symptoms of hyperglycemic crisis (vomiting, abdominal pain, polyuria, polydipsia,
fruity breath odor, and body weight loss) compared to patients with a prior diabetes history,
which is in line with findings in Taiwan(203). We believe that it could be due to two-thirds of
patients without diabetes history presenting with classic diabetes symptoms due to high blood
glucose levels causing urination, nocturia, thirst, fatigue, blurred vision, weight loss, and

abdominal pain(2,4,5).

The study reveals that rural residents face a higher hyperglycemic crisis in patients without a
diabetes history than those with diabetes. Rural residents face health challenges like low health
literacy, treatment gaps, limited healthcare access, long-distance travel to health services, lower
income, and lack of health insurance, healthcare provider shortages, cultural and behavioral
factors, leading to diabetes diagnosis delays(252). To combat diabetes, a comprehensive
approach involving improved healthcare access, increased diabetes education, preventive care
services, and socioeconomic barriers, particularly in rural areas, is crucial. We suggest expanding
diabetes care services to primary healthcare units, integrating diabetes screening into health
extension packaging programs, and offering diabetes self-care management education.

Additionally, diabetic ketoacidosis (DKA) was more prevalent among patients with no prior
history of diabetes (84.7%). In contrast, hyperosmolar hyperglycemic state (HHS) was more
prominent in patients with a pre-existing diabetes history. Consequently, a higher in-hospital
mortality was observed in patients with known diabetes. This finding contrasts with a study
conducted in Jimma(50) but aligns with findings from studies conducted in Taiwan and South
Africa(203,253). The higher proportion of DKA in patients with no prior diabetes history may
be related to a relatively younger age, and more than half of the patients are rural residents,
which could be associated with poverty(217,254).
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The hyperglycemic crisis-related in-hospital mortality is 13.2%, which is higher than studies in
Colombia, China, Taiwan, and Jimma that reported in-hospital mortality ranging from 2.27 to
10.69%0(50,96,203,255) but lower than in Nigeria(20%)(256), Haramaya(16.5%) (54) and Tikur
Anbesa Hospital Addis Ababa(21%)(51). The disparity might be due to differences in study
settings, patient characteristics, access to diabetes commodities, severity, treatment delay,
comorbidities, elderly age, infections, neurological impairment, electrolyte imbalances, inpatient
management protocol of hyperglycemic crisis, inadequate laboratory investigations at
presentation, and insufficient laboratory monitoring during treatment to monitor patient
response(50,187,257). The study reveals that most patients are treated in general hospitals, less
equipped with diabetes commodities and trained diabetes care providers, and 40% of patients are
rural residents, with 53.1% having no diabetes history. Rural residents may face challenges in
accessing healthcare services, leading to delayed diagnosis and increased risk of severe diabetic

complications.

The study found a higher in-hospital mortality in patients with HHS compared to DKA. This
higher in-hospital mortality in HHS patients may be due to delayed diagnosis, dehydration,
hyperosmolality, underlying comorbidities, increased complications, management challenges,
and age-related complications compared to DKA patients(54). The study found a lower in-
hospital mortality among patients with no prior diabetes history compared to those with a pre-
existing diabetes history. However, it's important to note that many diabetes patients might pass
away undiagnosed or before receiving access to diabetes treatment, especially in rural areas.
Despite this, the in-hospital mortality observed in this study was still higher compared to studies
conducted in China, Taiwan, and Jimma(50,96,203). The disparity may be due to delayed
diagnosis of T2D, where patients seek medical attention only after experiencing the disease's
complications. The study revealed a more than threefold increase in-hospital mortality among
rural patients compared to urban patients, a trend consistent with findings from a survey
conducted in China (96). Rural patients face higher in-hospital mortality due to limited access to
diabetes screening preventive services, lower income, lack of health insurance, long-distance

travel, and lack of awareness, leading to complications and worsening conditions.

Patients with a medical history of chronic kidney disease, cardiovascular disease, and stroke are

linked to higher in-hospital mortality compared to those without such conditions. Specifically,
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with a medical history of stroke, patients have a 2.7 times greater likelihood of death upon
admission, consistent with findings from a study in Taiwan (96,203). Additionally, the study
revealed that patients with T2D and HHS experienced more than a twofold higher in-hospital
mortality compared to patients with type 1 diabetes and DKA, respectively. Moreover, higher in-
hospital mortalities were observed in patients with lower mean urine ketone levels, which is
common in T2D and HHS patients. The increased in-hospital mortality in diabetes patients is
attributed to inadequate inpatient management, inadequate laboratory monitoring, delayed
recognition, and ignorance of complications, leading to severe dehydration and neurological

deficits, ultimately resulting in death.

Moreover, there was a twofold higher in-hospital mortality in patients with a prior diabetes
history compared to those with no prior diabetes, consistent with a study conducted in Taiwan
(203). Prolonged hyperglycemia resulting from poorly managed diabetes and lack of awareness
about diabetes complications could potentially contribute to increased in-hospital mortality (50).
Lack of the presence of a routine annual checkup policy for NCDs- in Ethiopia, including
diabetes, has led to delayed recognition and treatment after developing diabetes-related
complications. Early identification, swift treatment initiation, and aggressive management are

crucial for improving outcomes and reducing mortality in patients with hyperglycemic crises.

The study findings indicate that patients presenting with classic signs and symptoms of diabetes
(such as vomiting, polydipsia, polyuria, fruity breath odor, and weight loss) upon admission had
lower proportions of in-hospital mortality compared to those who did not exhibit these
symptoms. This reduction in mortality for patients presenting with polydipsia on admission
highlights the importance of early symptom recognition of hyperglycemia, which can prompt
earlier medical intervention, potentially reducing complications and improving outcomes.
However, failure to promptly recognize hyperglycemic symptoms in type 2 diabetes and lack of

awareness about diabetes complications could result in mortality(96,203).
6. Validity and Generalizability

Internal validity refers to the extent of inferring that the independent variable is indeed causing

or influencing the dependent variable(258). The research utilized various procedures to ensure
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internal validity and minimize bias, chance, and confounding effects, evaluating these factors as

alternate explanations for the findings.

The dissertation evaluated chance's impact using large, representative samples and confidence
intervals. However, small sample sizes in some independent variables necessitated re-

categorization by merging or excluding these categories during multivariate analysis.

In our efforts to minimize bias, a series of comprehensive actions spanned from the initial design
of data collection tools to the eventual analysis of gathered data. We meticulously tailored
questionnaires and checklists, drawing from established protocols and relevant literature.
Additionally, we sought to enhance its validity by seeking feedback from senior endocrinologists
or diabetes experts, leading to several adjustments. Experienced nurses, public health
professionals, collectors, and supervisors proficient in NCD research were recruited. During this
time, our supervisors and data collectors received thorough training sessions to ensure
proficiency in their roles, where they gained valuable skills to handle the project's objectives
smoothly. They learned how to interact with study participants gently, avoiding any
unintentional hints that could affect their responses that could indicate agreements,
disagreements, or a kind of surprise in the answers provided by study participants, with diligent
supervision maintained throughout the data collection process. Standardized protocols were used
to ensure accurate measurements of height, weight, hip circumference, waist circumference,
blood pressure, blood glucose levels, and lipid profile tests among study participants. The study
implemented rigorous training for data collectors and supervisors, focusing on precise
measurement techniques, regular quality control checks, and equipment calibration to ensure
uniformity and accuracy, and these concerted efforts aimed to mitigate potential interviewer and
measurement biases, thereby enhancing the integrity of our study. The data collectors and
participants were blind about the study's hypothesis to minimize bias.

Content validity concerns the degree to which an instrument has an appropriate sample of items
for the measured construct (258). Thus, a comprehensive literature review was conducted to
abstract the variables measured to ensure content validity. To improve the instrument's validity,

we adopted the WHO STEPS protocol and similar kinds of literature and customized it to our
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context. In addition, the instrument was pre-tested in 5% of the sample size in Wukro General

Hospital, and the tool was modified accordingly.

To enable statistical conclusion validity, adequate statistical power was achieved by taking a
sufficient sample size, and variables were clearly defined. We included all patients from the
registry logbook and patient charts over the study period for paper I and Il to minimize the
potential for selection biases, and we also used simple random sampling for paper Il. In addition,
Matching was done in the design stage for the case-control study, and multivariable binary
logistic regression analysis was done for papers Il and Il to control the effect of potential
confounders. The study used robust statistical methods to analyze complex data, setting a
significance threshold of p < 0.05 and employing a 95% confidence interval. We ensured
rigorous interpretation while mitigating the influence of random chance. The study used a
comprehensive approach to analyze data, including hypothesis testing, diagnostic tools, and
statistical tests. The study used diagnostic tools like histograms, Q-Q plots, and rigorous
statistical tests such as Kolmogorov-Smirnov and Shapiro-Wilk to improve evidence quality in
Paper I1l. We used non-parametric tests and multivariable statistical analyses to ensure internal
validity and minimize confounding factors, ensuring the reliability and robustness of our findings
during the design and analysis stages. We used the mean/median/mode imputation technique for

papers | and 111 to minimize missing data.

External validity refers to generalizing the research findings to other settings or populations. It
allows findings to be generalized beyond the specific context (258,259). In healthcare systems,
where factors like patient demographics, resource availability, and healthcare professionals are
similar, findings can be extrapolated to other settings. This homogeneity in operational dynamics
allows for the adoption of interventions across different settings. Since the health care system
organizations in the country operate in similar settings regarding patient mix, resources, and
professional mix, the findings can reasonably apply to other similar health facilities. Therefore,

external validity is essential in research to advance healthcare practices on a broader scale.

100



7. Strengths and Limitations

This study exhibits several strengths. Firstly, in Paper I, the study utilized a large sample size
that included all 18 years and above adult patients who sought medical care from all adult
medical OPDs and EOPDs with all medical records of diabetes patients who had been diagnosed
over the review years, which gave us the actual image of the target population. In Paper Ill, the
study meticulously examined all patient charts treated for hyperglycemic crises in the study year.

Another strength of the study is its utilization of the standardized WHO STEPS method, which
ensures comparable results across countries. In the case-control study, unlike many previous
studies in Ethiopia that used a cross-sectional study design, this study used a matched case-
control study design. Previous studies included their target population as all age groups or adults
aged 18 and older. In contrast, our target groups were the most risky age brackets (middle-aged
45 to 64 years old) only. Most of the previous Ethiopian studies assessed all types of diabetes,
while this study targeted the most commonly extensively explored risk factors of T2D. Unlike
the existing studies in the country, which often relied on Random Plasma Glucose tests from the
capillary blood samples, our study employed both fasting and venous blood samples, producing
more accurate glucose concentration estimates. Moreover, we used a better, fully automated
clinical chemistry analyzer machine to analyze biomarkers. Further enhancing the precision and

reliability of our findings.

Besides, T2D patients were ascertained from the diabetes clinic by the senior physicians. The
controls were ascertained by senior physicians or General practitioners providing care in the
general medical OPD, using blood glucose tests and other investigations. At Ayder
Comprehensive Specialized Hospital, better-experienced healthcare providers, equipment, and

material supplies were available.

It is necessary to acknowledge the study’s limitations. A key limitation of this study is the lack of
a comprehensive critical appraisal of the studies included in the literature review. The potential
roles of chance, bias, and confounding in these studies were not systematically assessed, which
may affect the robustness of the conclusions drawn from the literature. Future reviews should

rigorously evaluate study quality to improve the interpretation of evidence.
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The nature of record-reviewed data had limitations as there were incomplete data to address
objectives | and Ill. Regarding the incompleteness of the data, the review charts had some
missing data for some variables, which could have led to differences in an unmeasured
independent variable for which no correction could be made. Data were not validated, which
could have led to misclassification of diabetes type and types of hyperglycemic crises. The data
were retrospective chart reviews, and the total number of adults with diabetes was
underestimated because some patient charts were lost. Not all adult patients who received
medical services from the study units were tested for diabetes for those who came for other
medical illnesses. As a result, the findings of this study may not show the true magnitude of
diabetes. The study is limited to medical and emergency units, which do not include obstetrics
and surgical units, which may further underestimate the proportion of diabetes. The study was
limited in including critical diagnostic criteria for classifying hyperglycemic crises because
studies in general hospitals lack advanced laboratory setups. Approximately 8% of the data from
the charts and logbooks were missing, primarily affecting key variables like age, gender, and
place of residence for objective I, while was about 12.1% missing data for objective Ill, which
majorly affects medication dosage and frequency, frequency of admission, clinical presentations,
diabetes-related complications, laboratory results, and follow-up results. The data appeared to be
missing at random for most variables, but non-random patterns were observed in the
documentation of follow-up visits. To minimize the limitations, diabetes patients’ data in the
logbooks with a diagnosis of diabetes were cross-checked with the data in the patient chart and
electronic medical record. For the third objective, the possible limitation was minimized by
cross-checking the charts with electronic medical records during the data collection. We used the

mean/median/mode imputation technique during the data analysis to minimize missing data.

The researcher utilized a comparative cross-sectional study design, opting for a snapshot
approach instead of follow-up due to data limitations, such as incomplete records,
inconsistencies in accuracy, and disparities in availability between exposed and unexposed
groups. These challenges could introduce bias by affecting unmeasured independent variables.
Recognizing this limitation, the study objective was tailored accordingly. A prospective cohort
study is recommended for a more accurate assessment of in-hospital mortality rate differences

between patients with and without a prior history of diabetes.
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In this study, despite matching cases and controls by age and gender, residual confounding
factors—such as family history, stress, healthcare access, comorbidities (hypertension,
hyperlipidemia), social support, and neighborhood environment may still affect the relationship
between the exposures and T2D. Similarly, for both cases and controls, we measured dietary
assessment, alcohol consumption, cigarette smoking, and PA at one point in time, and this may
not represent habitual behavior levels across the lifetime. Measurement error in self-reporting is
unavoidable and frequently skew results toward the hypothesis due to biased self-reported
behaviors—social desirability and approval further influence these reports. Likewise, as this
study is hospital-based, its findings may not apply to the broader community in the region or

country.

Likewise, we could not compare our findings with the existing data from Ethiopia or other sub-
Saharan African countries. No studies have investigated the trend of type 1 and type 2 diabetes
among urban and rural residents aged 18 years and above, risk factors of T2D in middle-aged
adults (45 to 64 years), and treatment outcomes hyperglycemic crises in patients with and with
no prior diabetes history. Therefore, some comparisons made with high- and middle-income
countries are of limited value due to participant characteristics, study methods, health literacy,

health service utilization, and healthcare system differences.

The researcher used a physician's diagnosis for type 1 diabetes, T2D, hyperglycemic crises
(DKA and HHS), hypertension, and dyslipidemia without input in diagnosis. The diagnosis of
type 1 diabetes was based on clinical assessment, considering age, presentation, clinical features,
and immediate requirement for insulin, without indications of T2D or another diabetes type. The
researcher didn’t attempt to examine autoantibodies and C-peptide test results to confirm the

diagnosis due to a lack of resources and testing capacity within the Hospitals and the Region.

8. Conclusions and Recommendations

8.1. Conclusion

Over the five-year study, the proportion of diabetes in this study was 10.2 per 1000 adult
patients, with 11.6 per 1000 urban residents and 8.6 per 1000 rural residents. The trend of adult

diabetes mellitus steadily increased over time for both type 1 and type 2 diabetes among urban

103



and rural residents for both men and women in the observation period. Notably, the proportion of

type 1 diabetes increased more in rural residents, especially among women.

We found that being an urban resident, widowhood/divorced, FHD, hypertension, dyslipidemia,
consumption of rice, alcohol consumption, high waist circumference, and WHtR were confirmed

possible risk factors of T2D, while leisure MVPA is protective.

The proportion of in-hospital mortality for hyperglycemic crises was 13.2%. Patients with a prior
diabetes history had a higher proportion of in-hospital mortality (15.5%) compared to those with
no prior diabetes history (8.7%). Furthermore, mortality was also higher among rural residents
and among patients with type 2 diabetes and hyperglycemic hyperosmolar state in both patients.
Independent predictors for in-hospital mortality included living in rural areas, having T2D,
experiencing HHS, a history of stroke, and a history of diabetes, while excessive thirst was a

preventive factor.
8.2. Recommendations

To Tigrai Regional Health Bureau:

o Develop and evaluate in a piolet diabetes screening protocol for all adults with coexisting
diseases, 45+ years old, and NCD risk factors in healthcare settings.

o Enhancing health education programs to raise awareness about the health risks associated

with alcohol, tobacco, intake of processed foods, and sedentary behaviors

« Encouraging people to consume a healthful diet and discouraging sugar-containing processed
unhealthy foods.

o Promote the enhancement of dependable diabetes care services at primary healthcare units

and integrate diabetes screening into health extension programs.

o Develop an efficient bidirectional referral system between hospitals, health centers, and
health posts to decentralize diabetes services to the grassroots level of the primary health care
unit, including health posts closer to where patients reside, which will help in the early

detection of complications.
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o Create tailored informational materials about diabetes and related risk factors, including
obesity, physical inactivity, tobacco use, alcohol abuse, and poor nutrition, emphasizing
primary prevention strategies.

e With concerned bodies, mainly the Bureau of Agriculture means must be developed to
increase affordable access and availability of vegetables and fruits in local markets.

o Promote diabetes awareness and healthy lifestyles at work by allocating time, room, and
supplies with essential physical exercise equipment and access to a healthful diet.

« Formulate policies guaranteeing access to quality, available, and affordable insulin and other

diabetes commaodities at the community level.

o Develop guidelines and protocols to improve the inpatient management of hyperglycemic

crises and equip advanced laboratory investigations in general hospitals.
To Woreda Health offices/ Health care managers

o Healthcare managers and administrators across all levels of the healthcare system should
prioritize diabetes prevention and control due to its escalating prevalence and the higher rates
of complications and mortality.

o Ensure timely essential diagnostic and treatment supplies are available, supported by robust
supervision and mentorship initiatives.

o Healthcare institutions should implement robust screening strategies for diabetes and its risk
factors and other NCDs, such as obesity, high blood pressure, and elevated cholesterol levels.

o Implement screening (blood glucose testing) programs to identify and diagnose pre-diabetes
and diabetes earlier among high-risk groups. These groups include individuals with a family
history of diabetes, obesity, hypertension, elevated cholesterol levels, and those with a
history of significant laboratory findings or gestational diabetes.

o Ensure that physicians are trained to seize the opportunity for medical screening of patients
aged 45 and above and pregnant women to detect conditions like gestational diabetes during
routine visits for other purposes.

« Implement screening programs for patients already diagnosed with diabetes to detect
complications like retinopathy, nephropathy, coronary heart disease, and foot problems early,

aiming to minimize associated morbidities and mortalities.
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Establish appropriate consultation and screening for DM and HTN in health centers;

Conduct mass screening campaigns for diabetes and hypertension

Health care professionals

Healthcare professionals need to prioritize timely identification and effective management of
patients with diabetes to alleviate the burden of the condition.

Health professionals should raise awareness in rural communities about the risk factors,
symptoms, and potential complications of diabetes. Moreover, they should ensure diligent

monitoring of diagnosed diabetes patients due to the heightened risk of complications.

Research Institutions/ Researchers

Investigate characteristics of type 1 diabetes in Tigrai

Conduct prospective cohort studies on the management of hyperglycemic crises in both
government and private healthcare institutions at different levels.

Investigate diabetes-related morbidities and mortalities at different levels of healthcare
institutions and in the community.

Assess psycho-social trauma and quality of life in patients with diabetes

Determine the cost of inpatient diabetes management

Assess the bidirectional referral linkage between health centers and hospitals and its

effectiveness on the treatment outcome of diabetes patients
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Annex I: English Version Checklist and Questionnaire

Part | Data extraction sheet from the logbooks

ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCES
SCHOOL OF PUBLIC HEALTH

General instruction for data collectors/supervisors

This is a checklist for abstracting data from patient registry logbooks who received medical care
from September 1, 2013 to August 31, 2018 to be filled by the respective data collectors you as
part of research team are responsible to adhere to the ethical issues in maintaining confidentiality
and hand over the logbooks and charts to the records office immediately after taking the
necessary information needed, and say thank you to the record office staffs.

Name of data extracter:

Name of hospital:
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Name of hospital:

Data extraction sheet report form from the registry logbooks and record a count in each box

Patients visited

Year of Urban Rural Age
diagnosis Men Women Men Women group Count
Count Count Count Count

2013/4 18-29
2014/5 30-39
2015/6 40-49
2016/7 50-59
2017/8 > 60
Total

Name of the data abstracter: Signature:

Name of the data abstracter: Signature:
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ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCES
SCHOOL OF PUBLIC HEALTH
General instruction for data collectors/supervisors

This is a checklist for collecting data from patient chart of patients with diabetes mellitus who
were newly diagnosed from September 1, 2013 to August 31, 2018 to be filled by the respective
data collectors, you as part of research team are responsible to adhere to the ethical issues in
maintaining confidentiality and hand over the logbooks and charts to the records office
immediately after taking the necessary information needed, and say thank you to the record
office staffs.

Name of the nurse/health officer:

Name of hospital:

QN | Identification information:
101 | Patient card no 105 | Date of OPD visit
102 | Age in years 106 | Year of diagnosed:
103 | Sex: 1. Male 2. Female 107 | Referral (if any)
104 | Residence: 1. Urban 2. Rural
Characteristics of newly diagnosed adult diabetes patients at OPD during diagnosis
QN | Variable QN | Variable
108 | Reason the patient has sought medical 109 | What were the vital sign at the time of
care (you can circle more than one) diagnosis
1. Polyuria 1. BP:SBP DBP
2. Polydepsia 2. Pulse rate:
3. Polyphagia 3. Temperature:
4. Fever 4. Respiratory Rate:
5. Fatigue 5. Weight : Kg
6. Others (specify) 6. Height: m
7. Not stated............ 66
110 | Family history of diabetes 111 | If QN 107 is yes, which family members
1. Yes 1. Father
2. No 2. Mother
3. Not stated............... 66 3. Siblings
4. Grand father
5. Grand mother
6. Others (specify)
7. Not stated............... 66
112 | Type of Diabetes Mellitus 113 | What were the laboratory test findings at
1. Type | DM time of diagnosis
2. Type Il DM 1. FBS /RBS/ AI1C (circle one)
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3. Gestational DM
4. Others (specify)
5. Notstated................ 66

2. Lipid profile
a. LDL
b. HDL
c. Total triglycerides
d. Total cholesterol level
e. Other lab tests (specify)
3. Notstated................ 66

114 | Did the patient had additional disease 115 | If Q 111 is yes; what was the co-
1. Yes morbidity with diabetes
2 No 1. Hypertension
3. Not stated............. 66 2. Heart disease
3. Kidney disease
4. Diabetic foot ulcer
5. Others (specify)
6. Not stated............... 66
116 | What was the treatment for the patient 117 | N.B. Any special information available

1. Advice

OHAs

Insulin

Others (specify)

. Not stated............. 66

(SEENEAIN

from the chart should be documented in
this check list

Suggestions after completing the checklist by the data collector (report any missing data, vague
sentences, spoiled or unreadable statements, etc below)

Data collector’s

Signature
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Part 1I: A Semi-Structured Questionnaire
ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCES
SCHOOL OF PUBLIC HEALTH
Consent Form
This questionnaire is prepared to assess risk factors of T2D among adult diabetes patients treated
in selected public hospitals, Tigrai, Ethiopia.
Subject Information Sheet
Dear respondent
Good morning/Good afternoon. Thank you for your interest in talking with me today. My name

IS . I am working with Mr. Getachew Gebremedhin who is

a member of a team conducting a study to assess the risk of T2D among hospital treated adult
patients in your locality. The research is to be conducted as partial fulfillment for the
requirement of Doctor of Philosophy under college of health sciences, Addis Ababa University;

you are randomly selected to take part in this research interview.

The purpose of my visit today is to take information from you on the aforementioned issue. If
you are willing to participate in the study, | will ask you few questions lasting for 30 minutes. |
will measure your body weight and height in order to assess your nutritional status, and my
working mate will take also 10ml venous blood from your arm for analysis of your glycaemic
level and lipid profile. And then at end; I will tell you your result; and if you are found to have
diabetes or any other disease, you will be referred for treatment and advice. In addition; the
questionnaire will not be used for any other analysis apart from this study and won’t be stored in

anyway. However, no financial payment will be made for your participation.

Your name will not be written on this form and will never be used in connection with any of
your information. You do not have to answer any question that you do not feel comfortable with,
and you may end this task any time you want to. However, your honest answers to these
questions and your continuous interest to participate in the study will help us in better
understanding of common risk factors for T2D in your locality, and will eventually help in
designing and implementing appropriate prevention and intervention programs to alleviate the

problem. Hence, we would greatly appreciate your help in involving in the study. Your
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participation in the study is fully based on your interest and choice. Your participation or non-
participation will not be related with the health service that you will get from this health
institution.

If you have any un-clarity on my visit you can ask me now so that | can elaborate it. If you come
across with any concern during my stay with you, you can stop me and raise it anytime you want.
It is also possible to communicate the principal investigators Getachew Gebremedhin through
the telephone address +251914 155081.

Informed Consent Form

With due understanding of the aforementioned information, are you willing to participate in the
study?

Yes |:| (Proceed with the interview)

Signature of the interviewee
Name Signature date

No |:| (Terminate the interview)

Signature of the interviewer
Name Signature date

Supervisors/Researcher remark and signature

Name Signature date
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Part I: Socio-Demographic characteristics

No. | Question Response Code
301 | Sex Male | 1 C1
Female | 2
302 | What is your date of birth in Ethiopian / / If known, Go to C4 C2
Calendar? Don't Know 99 dd  mm year
303 | How old are you? Years C3
Orthodox 1
304 | Whatis your religion? II;/: gi(ilsrgnt g c4
Catholic 4
Others (specify) 5
Refused 88
What is your ethnicity? Tigreway/ti 1
305 Ambharay/ti 2 C5
Afar 3
Others(Specify) 4
Refused 88
306 | What is your marital status? Single 1
Married 2 C6
Divorced 3
Widowed 4
Refused 88
Iliterate 1
307 What is the highest level of education g;zgg ég g cr
you have completed?
Grade 9-10 4
Grade 11-12 5
College/University complete 6
Post graduate degree 7
Refused 88
308 | Which of the following best describes your | Civil servant 1
main work status over the past 12 months? | Self employed 2 C8
Farmer 3
Student 4
Homemaker 5
Unemployed 6
Retired 7
Housewife 8
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Refused 88
309 | Taking the past year, can you tell me what | Per month Or Go to C10
the average earnings of the household have | Per year C9
been? Refused 88
310 | Where is your residence? Rural 1
Urban 2 C10
Refused 88
History of chronic diseases
311 | Do you ever told by a doctor as have raised | 1. Yes If yes, Go | C11
blood pressure? 2. No g;ClZ
312 | If C1lis yes; did the doctor or other health | 1. Yes
care providers prescribed medication? 2. No
313 | Do you ever told by a doctor as have raised | 3. Yes If yes, Go | C12
cholestrol? 4. No to C13
88
314 | If C11is yes; did the doctor or other health | 3. Yes
care providers prescribed medication? 4. No
313 | Do you have family history of diabetes 1. Yes If yes, Go
2 No to C14 C13
88
3. Don’t know
1. Father
314 | If C12is yes, which family members 2 Mother Ci14
3. Siblings
4. Grand father
5. Grand mother
. 88
6. Others (specify)
7. Refused
Part I1: Behavioral Measurements
No. | Question Response Code
314 | What is your status in cigarrete smoking? 1. Never smoke
T1

2. Ex-smoker
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3. Current smoker

315 | Do you currently smoke tobacco products daily?

Yes 1

No 2, If No Goto Al T2
316 | If yes Q#315, on average, how many cigarettes do you smoke per T3
day? 1. 1-9 cigarettes/day
2. 10-20 cigarettes/day
3. > 20 cigarettes/day
317 | How old were you when you first started smoking daily? Age in years T4
Don’t know ........... 99
318 | If yes Q#115, do you remember how long ago it was? Inyears_ T5a
Inmonths___ T5b
Inweeks T5¢c
Alcohol consumption
No. | Question Response Code
319 | What is your status in alcohol consumption? such as beer, wine, Al
wisky, ArekiTella, Teji, or others? 1. Never drink
2. Ex-drinker
3. Current drinker;
If never or ex-
drinker Goto D1
320 | Have you consumed an alcoholic drink within the past 30 days? | Yes=1 A3
No= 2
321 | If yes for Q#320; how frequently did you drink alcoholic? 1. Daily A3
2. Three times a week
3. Once a week
4. Iweek
5. Don't know ...... 99
6. Refused...... 88
322 | During the past 30 days, on average, how many bottle/glass of 1. Numberhbottle_ | A4
alcoholic drinks did you have during one drinking occasion? 2 Don't know. ... 99
3. Refused........ 88
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323 | During the past 30 days, what was the largest number of Largest number A5
alcoholic drinks you had (glass, bottle and the like) on a single Don't know 99
occasion, counting all types of alcoholic drinks together? Refused 88

CORE: Diet

The next questions ask about the foods, fruits and vegetables that you usually eat. | have a nutrition card here
that shows you some examples of local fruits and vegetables. Each picture represents the size of a serving. As

you answer these questions, please think of a typical week in the last year.

No.

Question

Response

Code

324

Which one of the food items do you consumed regularly/your
favorite/staple food?

1. Injera  made  of

Teff/Sorgum/barely

2. Injera/bread/bakery/k

ita made of wheat
Rice

Pasta

Red meat

o ok~ w

(butter, )
7. Processed foods
8. Others

Faty acid rich foods

D1

326

In a typical week, on how many days do you eat fruit?

No. of days If Zero
days, goto D5
Don't Know 99

D3

327

How many servings of fruit do you eat on one of those days?

No. of servings
Don't Know 99

D4

328

In a typical week, on how many days do you eat vegetables?

No. of days If Zero
days, goto D7
Don't Know 99

D5

329

How many servings of vegetables do you eat on one of those
days?

No. of servings
Don't Know 99

D6

330

What sugar contained beverages/caffeine commonly do you
drink?

1. Coffee with sugar/or

without sugar
2. Tea
Soft drinks
4. Others

w

D7

331

In a typical week, on how many days do you drink these
beverages

1. Coffee
2. Tea

D8
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3. Soft drinks
4. Others

332

How many servings of these beverages do you drink on one of
those days? (cups)

1) Coffee with/or
without sugar

2) Tea

3) Soft drinks

4) Others

D9

Physical Activity
Next I 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.
There are various domains of activity which need to be included; work activities in and around the home and
garden, to get from place-to-place (transport-related) and recreation (discretionary or leisure-time) exercise or
sports activities. This opening statement should not be omitted.

No. | Questions Response Code
Activity at work

333 | Does your work involve vigorous-intensity activity that causes Yes 1 P1
large increases in breathing or heart rate like [carrying or lifting No 2
heavy loads, digging or Construction work] for at least 30 minutes | If no go to P4
continuously?

334 | In a typical week, on how many days do you do vigorous intensity | No. of days P2
activities as part of your work?

335 | How much time do you spend doing vigorous-intensity activities Hours : minutes_ : | P3
at work on a typical day?

336 | Does your work involve moderate-intensity activity that causes Yes 1 P4
small increases in breathing or heart rate such as brisk walking [or | No 2; If No go to P7
carrying light loads] for at least 30 minutes continuously?

337 | In a typical week, on how many days do you do moderate intensity | Number ofdays | P5
activities as part of your work?

338 | How much time do you spend doing moderate-intensity activities | Hours : minutes__ : | P6

at work on a typical day?

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]

No.

Questions

Response

Code
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339 | Do you walk or use a bicycle (pedal cycle) for at least 10minutes | Yes 1 P7
continuously to get to and from places? No 2;If nogotoPl0

340 | In a typical week, on how many days do you walk or bicycle for at | No. of days P8
least 30 minutes continuously to get to and from places?

341 | How much time do you spend walking or bicycling for travel ona | Hours : minutes___: | P9

typical day?

Recreational activities:

The next questions exclude the work and transport activities that you have already mentioned. Now | would
like to ask you about sports, fitness and recreational activities (leisure),[insert relevant terms].

342 | Do you do any vigorous-intensity sports, fitness or recreational Yes 1 P10
(leisure) activities that cause large increases in breathing or heart | No 2; If no goto P13
rate like [running or football] for at least 30 minutes
continuously?
343 | In a typical week, on how many days do you do vigorous intensity | No. of days P11
sports, fitness or recreational (leisure) activities?
344 | How much time do you spend doing vigorous-intensity sports, Hours : minutes__ : | P12

fitness or recreational activities on a typical day?

Sedentary behavior:

The following question is about sitting or reclining at work, at home, getting to and from places, or with

friends including time spent [sitting at a desk, sitting with friends, travelling in car, bus, train, reading,

playing cards or watching television], but do not include time spent sleeping.

345 | How much time do you usually spend sitting or reclining on a Hours : minutes_ : | P13
typical day?
Part 111 Physical Measurements
CORE: Blood Pressure
No. | Question Response Code
346 | Interviewer ID M1
347 | Blood pressure reading Systolic mmHg M2a
Diastolic mmHg M2b
348 | During the past two weeks, have you been treated for raised BP 1. Yes M3
with drugs prescribed by a doctor or other health worker? 2. No
CORE: Height and Weight
349 | For women: Are you pregnant? 1. Yes;ifyesgotopartlV | M4
2. No
350 | Record participant's height in cm with one decimal point. cm M5
351 | Record participant's weight in kg with one decimal point. kg M6
352 | Record participant's waist circumference in centimetres with cm M7

144




one decimal point.

353 | Hip circumference in centimetres with one decimal point. _____cm M8
Part 1V: Biochemical Measurements
CORE: Blood Glucose
354 | During the past 12 hours have you had anything to eat or drink, 1. Yes Bl
other than water? It is essential that the participant has fasted. 2. No
355 | Time of day blood specimen taken (24 hour clock), Enter time Hours : B2
measurement started. Minutes hrs  minutes
356 | Fasting blood glucose [choose accordingly: mmol/l or mg/dl] mmol/I B3
Double check that the participant has fasted. mg/dI
357 | AlC % B4
358 | Today, have you taken insulin or other drugs (medication) that 1. Yes B5
have been prescribed by a doctor or other health worker for 2. No
raised blood glucose? Select appropriate response.
CORE: Blood Lipids
359 | Total cholesterol [choose accordingly: mmol/l or mg/dl]Record | mmol/l B6
value for total cholesterol. mg/dI
360 | During the past two weeks, have you been treated for raised | 1. Yes B7
cholesterol with drugs (medication) prescribed by a doctor or | 2. No
other health worker? Select appropriate response.
361 | Triglycerides [choose accordingly: mmol/l or mg/dl] mmol/I B8
Record Value For Triglycerides. mg/dl
362 | HDL Cholesterol [Choose Accordingly: Mmol/L Or Mg/DlI] mmol/l___ B9
Record Value For HDL Cholesterol. mgidl___
363 | LDL Cholesterol [Choose Accordingly: Mmol/L Or Mg/Dl] mmol/l__
Record Value For LDL Cholesterol. mg/d|

Thank you for giving us your time!!
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Part 111: Checklist for hyperglycemic crisis data extraction

ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCES
SCHOOL OF PUBLIC HEALTH

General instruction for data collectors/supervisors

This is a checklist for collecting data from patient chart of patients with hyperglycemic

emergencies to be filled by the respective nurses/health officers/public health experts, you as part

of research team are responsible to adhere to the ethical issues in maintaining confidentiality and

hand over the charts to the records office immediately after taking the necessary information

needed, and say thank you to the record office staffs.

Name of the data collector:

Name of hospital:

Year of first diagnosed:
Duration with diabetes years
Date and year of admission

Date of discharge
Number of admission

Variable
Patients medication for the diabetes before
admission
1. Insulin;
a. Type of Insulin
2. Oral hypoglycemic agents

QN Identification information:
201 Patient card no 205
202 Age inyears 206
203 Sex: 1. Male 2. Female 207
204 Residence: 1. Urban 2. Rural 208
209 Referral (if 210
any)

Characteristics of adult diabetes patients with hyperglycemic emergencies
QN Variable QN
211 Type of Diabetes Mellitus 212

1. Type | DM

2. Type Il DM

3. Gestational DM

4. Others (specify)

5. Not stated............. 66
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a. Type of OHAs
3. Insulin and OHAs, if both
a. Type of Insulin
b. Type of OHAS
4. Not stated............ 66




213 Type of Hyperglycemic Emergencies 214 What were the precipitating factors for HEs

1. Diabetic Ketoacidosis 1. Infection
2. Hyperosmolar Hyperglycemic 2. Noncompliance to treatment
state 3. New diagnosis of diabetes
3. Mixed 4. Trauma/lnjury
4. Others (specify) 5. Cultural and religious beliefs
5. Not stated........... 66 6. Others (specify)
7. Not stated............. 66
215 If QN 214 is infection; what type of 216 If Q 214 is noncompliance to treatment; what is
infection/s the reason
1. UTI 1. Medication discontinuation
2. Pneumonia e Reason of discontinuation
3. Sepsis
4. Pulmonary TB 2. Missed dose of medication
5. Insulin site infection e Reason for missed doses
6. Diabetic foot ulcer
7. Oral infection 3. Others(specify)
8. Osteomyelitis
9. Others (Specify)
10. Not stated............... 66
217 What clinical manifestations was the 218 What was the vital sign of the patient
patient had 1. Weight of patient in Kg
1. Vomiting 2. Height of patient in meter
2. Abdominal pain 3. BP: SBP DBP
3. Polyuria 4. Temperature
4. Polydipsia 5. Respiratory rate
5. Shortness of breath 6. Pulse rate
6. Impaired LOC 7. Others(specify)
7. Fever 8. Not stated........... 66
8. Others (specify)
9. Notstated ............. 66
219 What were the laboratory test findings 220 What was the medication that the patient has
at admission taken for HEs
1. FBS/RBS/AI1C (circle one) 1. [Insulin;
2. Lipid profile a. Regular insulin
a. LDL b. Lente insulin
b. HDL c. Mixed insulin
c. Total triglycerides d. Others (specify)
3. Total cholesterol 2. Oral hypoglycemic agents
level Type of OHAs
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4. Not stated............ 66 3. Insulin and OHAs, if both
Type of Insulin

Type of OHAS
221 What type of IV fluids the patient had 222 Does the patient had additional disease
taken with in the first 24 hours of 1. Yes
admission per hour 2. No
1. Normal saline____litres 3. Not stated.......... 66
2. Ringer lactate_litres
3. D5W litres
4. DNS Liters
223 If Q222 is yes; what was the co- 224 What was the treatment outcome of the patient
morbidity with diabetes 1. Discharge with improvement
1. Hypertension 2. Died
2. Heart disease 3. Others(specify)
3. Diabetic foot ulcer
4. Tuberculosis
5. HIV/AIDS
6. Others (specify)
7. Not stated.......... 66

225 N.B. Any special information available from the chart should be documented in this check list
Suggestions after completing the checklist by the data collector (report any missing data, vague
sentences, spoiled or unreadable statements, etc below)

Data collector’s Supervisor’s
Signature Signature
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Annex II: Tigrigna version of Questionnaires

TOA chG 2: T9ICT (ST HCHC aPEANT avcht 17
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Annex II: Tigrigna version of Questionnaires

F+OAR, 8cheG 2: TICT (ST HCHC aPéALT aocht 7
heA, AL V):- 228k T il §8 +avAAQ AN, Ohd aPHT0 PPANA

AG.0 AN fL0Cht:

DAE AR TOS
heA, tuCt dtan oS
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h(1&d PPN 0% NPAME G0 NG G AL T0echt S It O Kchdot aPHT PFIRAG P0A =

(19° av/8h " KL
O PATHA:
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Name of hospital:

Data extraction sheet report form from the registry logbooks and each box is for 1000 count

Patients visited

Year of Urban Rural Age
diagnosis Men Women Men Women group Count
Count Count Count Count

2013/4 18-29
2014/5 30-39
2015/6 40-49
2016/7 50-59
2017/8 > 60
Total

Name of the data abstracter: Signature:

Name of the data abstracter: Signature:

151




+OXR, 0chGF 2: FCT AT HCUC aPéANT avhtT7
N§A, AL A):- aol8hF il G8 Hchhol, aPHI R0

A0 ANO RLOCHT
DA 4270 TOT
heA. TPVCt Nt 7O

AmPAN, OI°Cch, TAFT T8I0CTHT 9L

P HEe $o Dl apncg® 1/2005 haql 1ha, 2010 At +ae&A0Travt Hoe PATHA A0 G %08t +avAddt:
QAN MhI°G AN AT A +hngPt: 0090 +E AL Pode Hie T FPAA:: NARI° GRAI° AW, LI +aPCoLCT
&G0 AhTI9° ANCE AAI® HHN7 A0 G2 Mh9PG NCRIP NIPCAL Pk aPLAhT HIPAR DS T09° NI° ANA GOH,
apGot: HAPI® 98,3 G0 hNF AthHhA A1 P00 NIPADT PPAMC JPhAD- aPh a0k A HI0C TPDO-GAT°
PhtFd IPh A7 HHaPhh avl8hF G0 (LC | NCA hed, °N9h T Al ALAR ANG IPOrFADN o009
NP7 G0 nCA hGFAL LICAN:

A9 av/ 8K Kl
a9° AT
N PG\, h(6T
101 | hCo. ¢8d 105 | Date of OPD visit
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110 | a0 OFANI® Ao99° ANCP HAP AN 1842 ? 111 | &P £0¢ 110 aPAOI°® AD A PHDLT APGL
1. »o 1. an
2. ALDTY 2. h&
3. ALTINOY................ 66 3. h@/het
4. AN Y
5. AmPNet
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5. A8007................ 66 v. LDL
A. HDL
. Total trigly cerides
av_Total cholestrol level
l. QR ooPT(108)
W10 ..o 66
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Objective: This study carried out to describe urban-rural differences in the trend of type 1
and type 2 diabetes among adults who have received medical treatment from public hospitals
over the last five years.

Methods: The trends of adult diabetes assessed from September 1, 2013, to August 31,
2018, using hospital-based retrospective medical records of 299,806 adult patients in the
adult medical outpatient and emergency units. Data were collected using a uniform data
abstraction format. An extended Mantel-Haenszel chi-square test of the linear trend used to
examine the trend over time.

Results: Of the total 299,806 adult patients, 3056 (1.02% (95% CI: 0.98-1.06)) patients were
confirmed diabetes patients. The overall trend in the proportion of diabetes had increased from 6.8 to
14.3 per 1000 adult patients. The trend of type | diabetes increased for bothurban from 1.0 to 2.2 per
1000 adult urban residents and rural from 1.2 to 2.6 per 1000 adult rural residents, with statistically a
significant increase (x>~ 9.1, P=0.002) and (x>=17.8, P<0.001) for linear trend, respectively. The
trend of type 2 diabetes increased for both urban from 6.9 to 14.0 per 1000 adult urban residents and
rural from 4.0 to 9.5 per 1000 adult rural residents, with a statistically significant increase (xz768.4.
P<0.001) and (3°=74.2, P<0.001) for lincar trend, respectively. The higher increase in the proportion
of'both type 1 and type 2 diabetes observed among women patients.

Conclusion: The trend in the proportion of type 1 and type 2 diabetes increasing for both
urban and rural residents, with a higher increase observed among women. These findings
highlight health-care professionals and policymakers to design effective public health poli-
cies to treat each type of disease.

Keywords: urban, rural, trend, type 1 diabetes, type 2 diabetes

Introduction

Diabetes is onc of the most epidemic diseases of this century. The global size of
diabetes has grown from 108 million in 1980 to 425 million in 2017, and this could
be reached 693 million by 2045 and varies by age, gender and residence.? In the
modern era, diabetes has no border that imposes unacceptably high human, social,
and economic costs on countries at all income levels worldwide. In 2015, roughly 5
million people aged 20 to 79 vears died from diabetes-related deaths, which is
equivalent to one death every six seconds, and about 14.5% of the global all-cause

mortality among adults.'?
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Acute and long-term diabetes complications bring
about substantial economic loss by increased use of health
services, loss of productivity, disability, and premature
death. As a result, diabetes imposes the economic burden
on individuals, familics, national health systems and the
cconomy of a country.' >

Even though incidence rates of diabetes are decreasing
in the developed countries in the previous two decades
such as in the United States (US) and Switzerland;*> still,
it 1s alarmingly increasing in low and middle-income
countries (LMICs) such as China, India, and Brazil.*® In
2017, about 80% of people with diabetes live in LMICs,
since these countries were on rapid economic and societal
transitions. ' !

Ethiopia is the leading country in Sub-Saharan Africa
(SSA), with over 2.6 million adult diabetes patients; with an
estimated diabetes prevalence of 5.2% in 2017." probably
catalyzed by economic and societal transitions, and child-
hood malnutrition, with about 70% of adults with undiag-
nosed diabetes."'®'? Recent studies in  Ethiopia'*™'®
indicated that more than one-third of patients admitted
with hyperglycemic emergencies were undiagnosed dia-
betes, which suggests people die undiagnosed and the pre-
valence of diabetes could be beyond this magnitude.

Studies indicated that type 1 diabetes (T1D) and type 2
diabetes (T2D) are the two major public health concerns
types of diabetes clsewhere in the world, including
Ethiopia.'®'” Even though both type 1 and type 2 diabetes
results in hyperglycemia, pathophysiology, and ctiology of
the discases are distinct and require us to consider each
type of diabetes independently.'® Study in the US sug-
gested that type 1 and type 2 diabetes accounted for
about 6% and 91% of all cases of diagnosed diabetes,
respectively.'® Recent studies in Italy and Ethiopia indi-
cated, type 1 diabetes is strongly associated with poverty
and markers of undernutrition, most marked in the rural
cases and excess among men compared to women.'*
The trend on the prevalence of T2D is alarmingly
increased over time in developing countries, including
SSA countries due to marked economic and epidemiologic
transitions, which result in altering lifestyle practices, and
marked increases in overweight and obesity.5?!

Studies indicate that both type 1 and type 2 diabetes
have become an increasingly prevalent, problematic and
severe public health issue for both urban and rural resi-
dents, with the highest prevalence in urban areas.®”**%
Studies in Ethiopia, Myanmar, India, and Peru showed

the prevalence of diabetes is higher for urban dwellers

compared to rural residents.*** ¢ Location of residence
is also important in terms of access to care and health
outcomes; people living in rural areas have increased
their

treatment gaps and acute complications with

diabetes. '>%7

Sex-related differences in lifestyle may lead to differ-
ences in the risk of developing diabetes mellitus and, in
consequence, to differences in the prevalence of this condi-
tion in women and men.>"?® Studies in the US, Italy, and
Ethiopia indicate that male participants had a higher risk than
female study participants in all age-groups for both type |
and type 2 diabetes.''*2° But other studies in SSA countries
suggested that the prevalence of diabetes is higher among
women compared to men; this is due to higher rates of
obesity among women,?-*® or history of gestational diabetes
mellitus, which is associated with an increased risk of sub-
sequent T2D in mothers and their offspring.''*

Although diabetes brings real economic loss by
increased use of health services, loss of productivity, dis-
ability and premature death in the developing nations
including Ethiopia, robust data on adult diabetes are scarce
in Ethiopia as well in Tigray; where most clinical data are
not timely assessed and made accessible for policy and
decision-makers. This study demonstrated the trend in the
proportion of adult TID and T2D for both urban and rural
residents, which will have a crucial input in shifting
healthcare prioritics for policymakers and planners for
planning health services for the needy and preventing
premature adult deaths.

Methods and Materials
Study Period and Population

The study was conducted in seven public hospitals of
Tigray in northern Ethiopia among adult patients aged 18
years and above, who received medical treatment from
adult medical outpatient and emergency units from
September 1, 2013, to August 31, 2018.

Study Design and Data Collection

This study was a hospital-based retrospective record
review of patients registered in the study period and
units. All five years” medical records of adult patients
aged 18 years and above who received medical treatment
were included in the review and screened from the registry
log book. But adult patients with gestational diabetes and
diabetes patients with referral papers were excluded from

the study to decrease over enumeration of cases.
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Data abstracted using a uniform data abstraction format
prepared to gather relevant data from the medical records
both paper copy file and ¢ file/smart care/after the data
abstraction format pretested from 295,806 adult patients.
Nursing and public health experts recruited for data
abstraction. Data collectors and supervisors were trained
for one day on how to retricve, abstract relevant data from
the medical records, and keep records back in the original
location. The data abstraction format pretested in 300 adult
medical records two weeks before the actual data abstrac-
tion period for fitness and consistency.

Operational Definitions

New diabetes case: Physician diagnosed as a diabetes
patient for the first time with fasting blood sugar (FBS)
=126 mg/dL, or repeated random blood sugar (RBS) =200
mg/dL plus fatigue, polyuria, polydipsia, and other symp-
toms, we considered a new diabetes paticnt.l’2

Type 1 diabetes: When the patient presented with FBS
> 126 mg/dL or RBS = 200 mg/dL plus classic symptoms
excessive urination, excessive thirst, unexplained weight
loss, and increased hunger, we considered as type 1 dia-
betes patient.?

Type 2 diabetes: When the patient presented with FBS
= 126 mg/dL or RBS = 200 mg/dL plus other symptoms
such as excess body weight, physical inactivity, unhealthy
diet, and family history of diabetes, we considered as T2D

patient.”

Data Analysis

Data entered in Epi data manager 4.3 for Windows 10
software and analyzed using SPSS Version 25.0 software,
and we used a list-wise deletion for missing variables to
have a complete case analysis across time. The key cov-
ariate of interest was the time (in years), which allowed
the estimation of change in the prevalence of type 1 and
type 2 diabetes over time. We calculated Mean and
Standard Deviation (SD), and proportions for continuous
variables and categorical variables, respectively. Extended
Mantel-Haenzel chi-square test for linear trends used to
examine trends in diabetes proportion for the period
September 1, 2013, to August 31, 2018, using Epi info
7.1.5 STAT CALC, and the trends of both type 1 and type
2 diabetes observed by residence and gender. A p-value of
<0.05, considered statistically significant for the linear

trend, and findings presented in text, table, and figures.

Ethical Statement

The ethical statement protocol approved by the Institution
Review Board (IRB) of Addis Ababa University-College
of Health Sciences (AAU-CHS), and waiver letter
obtained. In addition, a written permit obtained from the
Tigray Regional State Health Bureau and respective hos-
pitals” administrative bodies after submitting the protocol
and explaining the purpose of the study. For the sake of
privacy and confidentiality, no personal identifiers, such as

names, were collected.

Results
Out of the total 299,806 adult patients who received med-
ical care services in the studied hospitals, 128,915 (43.0%)
of the patients were women, and 126,559 (42.2%) of them
were rural residents. From those patients who received
medical treatment, 3056 (10.2 per 1000 adult patients)
were confirmed, diabetes patients. The proportion of dia-
betes was 11.6 per 1000 urban residents, and 8.6 per 1000
rural residents. The mean (+SD) age of adult diabetes
patients at diagnosis was 46.04 (+14.96) years, with
26.41 (£9.45), and 49.65 (£12.98) years, for Type 1 dia-
betes (T1D) and Type 2 diabetes (T2D), respectively. Of
the total of 3056 newly diagnosed adult diabetes patients,
1705 (55.8%) were men and 2011 (66%) of the diabetes
patients were urban residents. Four hundred eighty-seven
(15.9%) of adult diabetes patients, were type | diabetes
patients and half of these were rural residents. Of the total
2569 T2D patients, 1768 (68.8%) were urban residents.
Almost one-third of the diabetes patients treated at Ayder
comprehensive specialized hospital (ACSH) (Table 1).
Supporting information available (PPTX) in Tables Sl
and S2.

The overall trend of diabetes had increased from 6.8 to

14.3 per 1000 adult patients, with increased for both urban
(7.9 to 15.9 per 1000 adult urban residents) and rural (from
5.2 to 13.2 per 1000 adult rural residents) in the observa-
tion period (Figure 1). Supporting information available in
Tables S1 and S2.

The trend of diabetes had a higher increase in those

ages group 60 and above years, with 15.5 per 1000 adult
patients compared to those in the age group of 18 to 29
years with 6.8 per 1000 adult patients in the observation
period (Figure 2). Supporting information_available in
Tablc S3.

The overall proportion of Type | diabetes was 0.16%
(95% CI: 0.15-0.18), with a statistically significant
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Table | Characteristics of Newly Diagnosed Adult Diabetes

Patients in Selected Public Hospitals of Tigray, Ethiopia
(September |, 2013 to 2018, August 31, 2018)
Patient Characteristics Frequency Percent
Gender
Men 1705 55.8
Women 1351 44.2
Residence
Urban 2011 65.8
Rural 1045 342
Age
<29 466 153
30 to 39 561 18.4
40 to 49 750 24.5
50 to 59 617 20.2
60 Years and above 662 21.7
Type of diabetes
Type | diabetes 487 15.9
Type 2 diabetes 2569 84.1
Type | Diabetes
Urban resident 243 49.1
Rural residents 244 50.1
Type 2 Diabetes
Urban residents 1768 68.8
Rural residents 801 312
Hospital Diabetes Treated
Ayder comprehensive specialized hospital | 944 309
Mekelle hospital 465 15.2
Ma'ychew Lemlem karl hospital 408 13.4
Adigrat hospital 332 10.9
St Merry hospital 376 12.3
Suhul shire hospital 326 10.7
Abyi Adi hospital 205 6.7

increase (2= 34.5, P<0.001) for linear trend. The propor-
tion of T1D for both urban and rural residents was 0.14%
(95% CI: 0.12-0.16) and 0.19% (95% CI: 0.17-0.22), with
a statistically significant increase (x°= 9.1, P=0.002) and
(#=17.8, P<0.001) for lincar trend, respectively. The

—e— Urban

Per 1000

proportion of TID for women was 0.17% (95% CI:
0.12-0.16), with statistically  significant
(}(272().2, P<0.001) for linear trend, but not for men (}(2—
3.1, P= 0.08) (Table 2).

The overall trend of type 1 diabetes had increased from

increase

1.1 to 2.4 per 1000 adult patients, with the trend of type 1
diabetes increased for both urban (1.0 to 2.2 per 1000 adult
urban residents) and rural (from 1.2 to 2.6 per 1000 adult
rural residents) in the observation period (Figure 3).

The overall proportion of T2D was 0.86% (95% Cl:
0.82-0.89), statistically  significant
(7=151.0, P<0.001) for linear trend. The proportion of
T2D for both urban and rural residents was 1.0% (95%
CI: 0.97-1.10) and 0.63% (95% CI: 0.59-0.68), with
statistically significant increase ()*=68.4, P<0.001) and
(=74.2. P<0.001) for lincar trend, respectively. The
proportion of T2D for both men and women was 0.84%
(95% CI: 0.79-0.88) and 0.88% (95% CI: 0.83-0.94),
with statistically significant increase (y°=32.0, P<0.001)

with increase

and (y°=70.3, P<0.001) for lincar trend, respectively
(Table 3).

The overall trend of T2D has increased from 5.7 to
12.0 per 1000 adult patients, with increased for both urban
(6.9 to 14.0 per 1000 adult urban residents) and rural (from
4.0 to 9.5 per 1000 adult rural residents) in the observation
period (Figure 4).

Discussion

The present study used a retrospective record adminis-
trative health care data from hospital logbook and
patient charts to investigate urban-rural differences in
the trend of type 1 and type 2 diabetes among adult
patients in resource-poor community Tigray between
September 1, 2013, and August 31, 2018. The propor-
tion of diabetes in this study was 10.2 per 1000 adult
patients, with 11.6 per 1000 urban residents and 8.6 per
1000 rural residents with age. The trend in the propor-
tion of adult diabetes steadily increased with time in

Rural Overal

Figure | The overall trends in the proportion of diabetes by residence in the selected public hospitals of Tigray, Ethiopia (September |, 2013 to August 31, 2018).
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Figure 2 Trends in the proportion of diabetes by age category per 1000 adult patients in the selected public hospitals of Tigray, Ethiopia (September I, 2013 to August 31,
2018).

both urban and rural residents for both TID and T2D, The finding of this study suggests, the trend in the
and for both men and women patients in the observation  proportion of adult diabetes has definitely risen more
period. than double over the last five-years observation period,

Table 2 The Trends of TID by Residence and Gender (Extended Mantel-Haenszel Chi-Square and Proportion) in the Selected
Hospitals of Tigray, Ethiopia (September, 2013 to August, 2018)

Variable Year DM OPD Proportion of DM | 95% CI MH-OR
Patients Patients (%)

Overall Proportion of TID 2013/14 59 55,734 011 [0.08-0.14] 1.000

2014/15 76 58,806 0.13 [0.10-0.16] | 1.221

2015/16 9l 60,221 0.15 [0.12-0.19] | 1.428

2016/17 109 61,805 0.18 [0.14-0.21] | 1.667

2017/18 152 63,240 0.24 [0.21-0.28] | 2.274

Total 487 299,806 0.16 [0.15-0.18] | »*= 345, P<0.001
Proportion of TID Among Urban 2013/14 31 31914 0.10 [0.07-0.14] | 1.000
Residents 2014/15 42 34370 0.12 [0.09-0.16] | 1.254

2015/16 45 34,645 0.13 [0.10-0.17] | 1.334

2016/17 44 36,244 0.12 [0.09-0.16] | 1.250

2017/18 8l 36,074 0.22 [0.18-0.28] | 2.315

Total 243 173,247 0.14 [0.12-0.16] | »*= 9.1, P=0.002
Proportion of T1D Among Rural 2013/14 28 23,820 0.12 [0.08-0.17] | 1.000
Residents 2014/15 34 24,436 0.14 [0.10-0.19] | 1.188

2015/16 46 25,576 0.18 [0.13-0.24] | 1.536

2016/17 65 25,561 0.25 [0.20-0.32] | 2.173

2017/18 71 27,166 0.26 [0.21-0.33] | 2.233

Total 244 126,559 0.19 [0.17-0.22] | x*=17.8, P<0.001
Proportion of TID Among Men 2013/14 39 31,312 0.12 [0.09-0.17] | 1.00

2014/15 39 34273 0.11 [0.08-0.16] | 0.914

2015/16 45 34,267 0.13 [0.10-0.18] 1.054

2016/17 63 36,579 0.17 [0.13-0.22] | 1.383

2017/18 77 34,460 0.22 [0.18-0.28] | 1.796

Total 263 170,891 0.15 [0.14-0.17] | x*= 3.1, P=0.08
Proportion of TID Among Women 2013/14 20 24,422 0.08 [0.05-0.13] | 1.000

2014/15 37 24,533 0.15 [0.11-0.217 | 1.828

2015/16 46 25952 0.18 [0.13-0.23] | 2.235

2016/17 46 25,226 0.18 [0.14-0.24] | 2.211

2017/18 75 28,780 0.26 [0.21-0.33] | 3.162

Total 224 128915 0.17 [0.15-0.20] | x*=20.2, P<0.001

Abbreviations: DM, diabetes; MH-OR, mantel-haenszel-odd ratio; OPD, out patient department.
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Figure 3 Trends in the proportion of type | diabetes by residence per 1000 adult patients in the selected public hospitals of Tigray, Ethiopia (September 1, 2013 to August

31, 2018).

and this is consistent with studies in Ethiopia, Brazil,
China, and India 52+2%31 Therefore, rapid economic and
societal transitions, childhood nutritional stunting, chronic
undernutrition, improving recording, and diabetes detec-
tion mechanisms could lic behind these alarmingly
increasing trends of diabetes.' ">

Even though the findings of this study showed faster
increase in the trend of adult diabetes, the prevalence is
lower than from the findings of Ethiopia, Tanzania, Iran,
and India.®***"*? The discrepancy might be due to differ-
ences in the level of urbanization, health literacy, diagnos-
tics criteria, underestimating diabetes for patients with
other illnesses.'** The current finding is also much
lower compared to the national estimated prevalence of
diabetes with 5.2%, which might be due to people die
undiagnosed, and about 70% of people with diabetes do
not know that they have diabetes.’

This study pointed out the trend in the proportion of
adult diabetes has increased among all age groups and most
pronounced being with people aged 60 and older years. This
finding is in line with similar studies in the US, Sweden,
Bulgaria, and Panama, with increasing the trend of diabetes
with age over time.***3% Aging could impair B-cell func-
tion and impaired P-cell adaptation to insulin resistance
leading to impaired insulin secretion, which might be
related to obesity and decreased physical activity. >

Studies indicated that diabetes becomes an increasingly
prevalent, challenging, and severe public health issue in
the 21st century, for both the urban and rural residents,
with the highest prevalence in urbanized regions."**>?7 In
the current study, even though the trend of adult diabetes is
increasing for both urban and rural residents, but the high-
est proportion observed in urban residents. This study is

consistent with studies in Ethiopia, Myanmar, Iran, India,
and Kazakhstan.®>*2537 Affluent people live in urban
areas, reducing the number of people living in traditional
rural livelihoods, which might result in obesity associated
with rising living standards."**>3" Likewise, urban life is
a more complicated, stressful, and competitive life com-
pared with the rural ones.”>=*3? Although the urban popu-
the

including reliable screening methods and diabetes treat-

lation has better access to healthcare services,
ment, people die undiagnosed due to lack of health ser-
vices in rural residents.*”

A study in the US suggested that type 1 and type 2
diabetes accounted for about 6% and 91% of all cases of
diagnosed diabetes, respectively.'® Recent studies in Italy
and Ethiopia indicated, type 1 diabetes is strongly asso-
ciated with poverty and markers of undernutrition, most
marked in the rural cases and excess among men com-
pared to women.'72%4® The trend in the prevalence of T2D
is alarmingly increasing over time in developing countries,
including SSA countries due to marked economic and
epidemiologic transitions, which result in altering lifestyle
increases and

practices and marked

21,2841

in  overweight
obesity.

In several epidemiological studies, TID in adults is a
significant and widespread health problem associated with
unacceptably high rates of morbidity and mortality in SSA
countries, as a result of childhood nutritional stunting,
chronic undernutrition, and environmental factors.'”?%4?
Although the proportion of T1D in the current study is 1.6
per 1000 adult patients, the potential proportion might be
greater than that indicated finding. It might be due to many
people die before they are diagnosed and access to diabetes
diabetes

treatment and some type | misclassified as
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Table 3 The Trends of T2D by Residence and Gender (Extended Mantel-Haenszel Chi-Square and Proportion) in Hospitals of Tigray,

Ethiopia (September, 2013 to August, 2018)

Group of Proportion Year DM OFD Proportion of DM | 95% CI MH-OR
Patients Patients (%)

Overall 2013/14 317 55,734 0.57 [0.51-0.63] | 1.000
Proportion of T2D 2014/15 407 58,806 0.69 [0.63-0.76] | 1.216

2015/16 502 60,221 0.83 [0.76-091] | 1.470

2016/17 593 61,805 0.96 [0.89-1.00] | 1.694

2017/18 750 63,240 1.20 [1.10-1.30] | 2.098

Total 2569 299,806 0.86 [0.82-0.89] | =151, P<0.00!
Proportion of T2D Among Urban 2013/14 221 31914 0.69 [0.60-0.79] | 1.000
Residents 2014/15 2%4 34,370 0.86 [0.77-0.96] | 1.237

2015/16 359 34,645 1.00 [0.93-1.10) | 1.497

2016/17 402 36,244 1.10 [1.00-1.20] | 1.608

2017/18 492 36,074 1.40 [1.20-1.50] | 1.983

Total 1768 173,247 1.00 [0.97-1.10] | *=68.4, P<0.001
Proportion of T2D Among Rural 2013/14 96 23,820 0.40 [0.33-0.49] | 1.000
Residents 2014/15 113 24,436 0.46 [0.38-0.56] | 1.148

2015/16 143 25,576 0.56 [0.47-0.66] | 1.389

2016/17 191 25,561 0.75 [0.65-0.86] | 1.860

2017/18 258 27,166 0.95 [0.84-1.10] | 2369

Total 801 126,559 0.63 [0.59-0.68] | =742, P<0.001
Proportion of T2D Among Men 2013/14 184 31,312 0.59 [0.51-0.68] | 1.000

2014/15 225 34,273 0.66 [0.58-0.75] | I.118

2015/16 28| 34,267 0.82 [0.73-0.92] | 1.399

2016/17 351 36,579 0.96 [0.86-1.10] | 1.639

2017/18 389 34,460 1.10 [1.10-1.20] | 1.932

Total 1430 170,891 0.84 [0.79-088] | 4*=32.0, P<0.001
Proportion of T2D Among Women 2013/14 133 24,422 0.54 [0.46-0.64] | 1.000

2014/15 182 24,533 0.74 [0.64-0.86] | 1.365

2015/16 221 25952 0.85 [0.75-0.97] | 1.569

2016/17 242 25226 0.96 [0.85-1.10] | 1.769

2017/18 361 28,780 1.30 [I.10-1.40] | 2.320

Total 1139 128915 0.88 [0.83-0.94] | 4*=703, P<0.001

Abbreviations: DM, diab : MH-OR, mantel-h:

T2D.2%*2% The overall trend of type 1 diabetes is increasing
in the current study, which is consistent with other studies in
the US, Sweden, and SSA countries,'® #44

Different studies suggest that there are major differences in
the age and gender of presenting cases together with marked
urban-rural variations in the incidence of TID.!'%% Wwe
found differences in the proportion of type 1 diabetes between
urban and rural areas with almost twofold higher in the rural
compared to the urban residents. Type | diabetes is strongly
associated with poverty and markers of undernutrition most
marked in the rural cases,'”* and acute nature of the discase
made rural residents seek medical care.*’ This is inconsistent

with studics in Ethiopia urban centers had higher incidence

|-odd ratio; OPD, out patient department.

rates than the surrounding rural areas.'” which could be due to
genetic, environmental, cultural, and socioeconomic varia-
tions. Another striking feature of the disease in this study
was an excess proportion of TID in women compared to
their men counterparts. It could be due to little attention
given to girls in their childhood which lead to undernutrition,
genetic susceptibility, and undernutrition at particular times in
pregnancy affects many genes that control hepatic and pan-
creatic function.!”'9?%3¢ This finding is inconsistent with
findings in Ethiopia and Italy, where the proportion of type 1
diabetes is excess among men.'”'%2°

Even though T2D prevalence is reaching cpidemic
proportions elsewhere in the world, it is disproportionately
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Figure 4 Trends in the proportion of T2D by residence per 1000 adult patients in the selected public hospitals of Tigray, Ethiopia (September |, 2013 to August 31, 2018).

higher in low-income countries. ' SSA countries, includ-
ing Ethiopia, take the lion share in the magnitude of
diabetes due to a rapidly epidemiologic and demographic
transition.®¢ In developing countries, the prevalence of
T2DM is higher among urban residents compared to their
rural counterparts; however, it is higher for rural residents
in developed countries. %227

The trend of T2DM is increasing with time for both
urban and rural residents. In this study, we found a higher
proportion of T2DM in an urban resident compared to a
rural resident. These marked urban and rural differences in
the prevalence of T2DM have reported in other developing
6.2348 pio

increase might be due to epidemiologic and demographic

countries in India, Bangladesh, and Peru.

transitions, with a sedentary lifestyle and unhealthy diet are
still problematic and with a notable increment trend."*
This study is inconsistent with study in Canada where pre-
valence of T2DM is higher among rural residents compared
to urban residents.”’”

Several studies indicated that the prevalence of T2DM
is higher among men compared to women.**>*? Unlike
other studics, we found in this study, women with a higher
proportion of T2DM compared to men. This discrepancy
could be due to a higher rate of obesity among women

. 29,30
compared to their men counterparts

and history of
gestational diabetes mellitus, which is associated with
increased risk of subsequent T2D in mothers. '

It is imperative to acknowledge, as our results must be
viewed in light of several important limitations. The first
limitation, the incompleteness of the data in the review
charts had some missing data for some variables, which
could have led to differences in an unmeasured indepen-
dent variable for which no correction could be made. The

second limitation, data were not validated, which could

have led to misclassification of diabetes type. Third, the
data were retrospective chart review and underestimate the
total number of adults with diabetes, due to some patient
charts were lost and not all adult patients who received
medical service from the study units were tested for dia-
betes for those who came for other medical illnesses. The
fourth, the study is limited to medical outpatient and
emergency units, which do not include obstetrics and
surgical units, which might underestimate the proportion
of diabetes. Although this finding is not representative of
the entire nation, it can generalize for those who are
receiving medical services from adult medical outpatient

and emergency units of general hospitals of Tigray.

Conclusion

The overall trend of diabetes is increasing with age over
time in the study period. We observed significant increases
in the trend of both type | and type 2 diabetes among adult
patients, for both urban and rural residents steadily with
time. A higher proportion of type | diabetes is increased in
rural residents, and with a statistically significant increase
in women study participants, but not in men. Type 2
diabetes has a higher proportion of increase among urban
residents, and women participants with time in the obser-
vation period.

Our study results might hasten the academia and public
interest, resulting in renewed efforts to design effective
public health policies. Knowledge about regional preva-
lence and trend of type 1 and type 2 diabetes in both urban

den of discase and long-term cost-effectiveness of public
health interventions and policies aimed at improving dia-
betes management and help to prioritize regional and

national plans for future type-specific health services.
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Risk factors for type 2 diabetes mellitus among middle-aged adults’ out-patients at Ayder
comprehensive specialized hospital, Tigrai: Matched Case-Control study.

Getachew Gebremedhin'™?, Fikre Enqueselassie®t, Helen Yifter’, Negussie Deyessa’

Abstract

Background: Type 2 diabetes mellitus (T2D) is a growing global health concern, with limited
knowledge about risk factors among middle-aged adults in Africa, including Tigrai. The study
aimed to identify the possible risk factors of T2D among middle aged adults in Tigrai, Ethiopia.
Methods: A matched case-control study was conducted on 120 cases and 240 controls at Ayder
Comprehensive Specialized Hospital in Tigrai. Cases were known T2D patients who were
diagnosed from January 1 to December 31, 2018; and who were on follow up while controls
were patients without diabetes. Data on socio-demographic, medical, behavioral, and physical
measurements were collected and analyzed using SPSS software to determine associations

between exposure and outcome variables.

Results: The mean ages of the cases and controls were 55.9+5.0 and 55.7+4.8 years old,
respectively. The odds of Type 2 diabetes were significantly higher among urban residents
(AOR=5.1, 95%CI ([2.0, 13.2]), widowhood(AOR=3.3, 95%CIl ([1.3, 8.6]) and
divorced(AOR=2.8, 95%CI([1.1, 7.3]), hypertension (AOR=3.0, 95%CIl ([1.7,5.5]),
dyslipidemia(AOR=2.8, 95%CI ([1.5, 5.4]), positive family history of diabetes(AOR=5.4,
95%CI ([2.4, 12.5]), consumed alcohol every day(AOR=3.5, 95%CI ([1.2, 10.2]), consuming
white rice as staple diet(AOR=3.8,95%CI ([1.2, 11.6]), elevated waist circumference(AOR= 2.4,
95%CI ([1.1, 5.0]), and elevated waist to height ratio(AOR=4.4, 95%CI([1.7, 11.2]), while
moderate to vigorous intensity leisure physical activity (AOR= 0.27, 95%CI ([0.1, 0.72]) was
preventive.

Conclusion: We found, urban residency, widowhood, diabetes history, daily alcohol
consumption, white rice diet, hypertension, dyslipidemia, elevated waist circumference and
waist-to-height ratio, hypertension, and dyslipidemia increase risk of type 2 diabetes,
engagement in leisure moderate to vigorous intensity physical activity was preventive. Future
actions policy makers have to be focused on appropriate timely action plans for the prevention and control

of risks of T2D from early years of life.

Keywords: Type 2 diabetes, risk factors, adults, middle age, Tigrai
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Introduction

Diabetes mellitus (DM) is one of a global, multifactorial and complex clinical and public health
challenge that has reached epidemic proportions, and whose social and economic impact is
growing(260). Diabetes is among the top 10 causes of death in adults aged 20-79 years
worldwide and was estimated to have caused 6.7 million deaths globally in 2021(3). Diabetes is
becoming a major challenge in the healthcare system; which is usually associated with disability,
reduced life expectancy, and has a high cost of treatment. It also imposes an economic burden on
individuals, families, national health systems, and the economy of a country(5,6).

According to International Diabetes Federation (IDF) report; the number of diabetes cases has
progressively increased from 151 million in 2000 to 463 million in 2019 worldwide. In 2019,
about 79.4% of the diabetes cases live in low- and middle-income countries (LMIC). China,
India, and Pakistan are the diabetes capitals of the world, where nearly half of diabetes cases are
found in these countries (5,8,261-263).

Type 2 diabetes mellitus (T2D) is the main driver of the epidemic, accounting for approximately
90% of all diabetes cases. The mortality, morbidity, social and economic burden of T2D has
been steadily increasing worldwide at an alarming pace. T2D is a heterogeneous disorder most
commonly characterized by insulin resistance, a state of reduced insulin-mediated glucose
uptake, in the presence of incapacity of the pancreatic beta cells to produce and provide
sufficient insulin to meet the required needs(2,5,79,264).

The etiology of T2D is complex and multifactorial; behavioral factors (physical inactivity,
unhealthy diet, alcohol consumption, smoking, and obesity) are the most pivotal factor for the

occurrence of T2D for both men and women(5,216).

Different studies have reported significant links between smoking and the development of T2D
(142,146). However, contrary findings are reported, smokers have a lower likelihood of newly

diagnosed diabetes than non-smokers in Chinese men with normal weight (151).

Certain prospective studies confirmed that moderate alcohol consumption was inversely

associated with the occurrence of T2D(155,156), whereas heavy alcohol consumption as being
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the risk factor for the for the development of T2D in the Western populations(144,154), and also

other studies have reported a null association(156,157).

Findings regarding the intake of fruit and vegetables on T2D have been inconsistent(245-250).
Some of the studies have shown an inverse association with risk of T2D with higher intakes of
total fruit(247,249), and total vegetables(246,247,250), whereas other studies did not find
associations for total fruit (246,248,251) or total vegetables(248,251).

Some epidemiological studies reported a contradict findings regarding physical activity over the
occurrence of T2D. The incidence of T2D was significantly inversely associated with moderate-
intensity activity alone(162), vigorous-intensity activity alone(46,162), typical walking
pace(157,162), and vigorous-intensity exercise combined with  moderate-intensity
exercise(46,157); whereas moderate-intensity exercise alone(46,157), and vigorous-intensity
exercise combined with moderate-intensity exercise(162,265) were null association with T2D.
Study in Japan, walking for at least 30 min per day was shown to reduce the risk of T2D by

approximately 50%(266).

Studies confirmed that increased time spent in sedentary behaviors was conversely positively
associated with the occurrence of T2D. Being inactive in physical activity is the main reason for
being overweight and obese (162,265). Obesity is well recognized to be one of the major
modifiable risk factors for the development of T2D. Many epidemiological studies have

suggested a progressive increase in the prevalence of T2D with obesity(170,267,268).

The importance of lifestyle factors in the etiology of T2D has been well documented in Western
and Asian populations, with its contradicting findings, and inconclusive. However, evidence is
limited in SSA, including Tigrai regarding physical activity, alcohol consumption, smoking, fruit
and vegetable consumption over the occurrence of T2D among adults, specifically among middle
aged adults. The aim of this study was to identify the possible risk factors of T2D among middle

aged adults in Tigrai.
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Methods and Materials

Study design and population

The study was conducted in Tigrai among adult patients aged 45-64 years who received medical
care at Ayder Comprehensive Specialized Hospital (ACSH) from adult medical outpatient units
from March 1 to June 30, 2019.

A hospital-based matched case-control study design was used to compare the association
between SES, physical activity, smoking, alcohol consumption, fruit and vegetable consumption,

physical measures, biomarkers and T2D risk.

Cases: were known T2D patients for both men and women among middle-aged adults who were
newly diagnosed with T2D from January 1 to December 31, 2018, and have been attending their
follow up at ACSH diabetes clinic. The case history of diabetes was verified from the record of
diabetes patients by physicians and nurses working in the diabetes clinic. Controls: were
patients/healthy individuals who visited the general medical outpatient department (OPD) for
any other reasons but without diabetes confirmed with normal blood glucose values

(FBS<100mg/dl) were considered as controls(Figure 1).

Matching: cases and controls were matched by age and sex as they were found to be associated
with T2D in majority of the studies reviewed. Two controls were matched to each case based on
gender and age (+ 2 years). The gender and age (+2 years), matched individuals who were
willingly selected to become participants of the study with normal blood glucose values were

considered as controls(Figure 1).

Participants/patients having severe co-morbidities like stroke, chronic renal diseases, chronic
lung diseases, heart failure, chronic liver disease, end-stage cancer, and also pregnant women
and women who gave birth in the last 6 months, adults with spinal problems (kyphosis, lordosis,
scoliosis, and kyphoscoliosis), amputation of the leg and patients on wheel chair were excluded

from the study(Figure 1).
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Cases Controls

Middle a_lge (4510 6_4 years) Middle age (45 to 64 years) adults
adUItS_d'agnosed with T2D without previous diagnosis of diabetes
in last one year Matched 2 controls with 1 case (2:1) on

‘ age (+ 2 years) and sex

209 T2D patients screened from
the diabetes clinic logbook
diagnosed from January 1 to
December 31, 2018

4

Patient chart reviewed, and
excluded patients with renal
disease (n=4), liver disease,
pregnancy=1, did not meet age
45-64 vyears= 12, history of
stroke= 3. HIVV=2. and CHF=3

‘ To get 240 controls; 269 non diabetes
patients participate and every fifth patient
was recruited in the two selected general
OPDs

From 184 T2D patients who fit to
the inclusion criteria; 120 selected | M—p
by SRS using lottery method

‘ 29 patients excluded

9 T2D patients missed follow up e Physical structure problems=4
and replaced from the nested @R . Ciinically evident major renal and CV
controls disorders= 12

e 253 patients blood glucose examined and
13 T2D diagnosed and nested to the cases

L

120 T2D patients and 240 patients participated in the study

Figure 9:Flow diagram of selection of participants for factors associated with T2D included in this study
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We used the StatCalc procedure of Stata version 14.1 to calculate the sample size according to
the following specifications: significance level (o= 0.05); 80% of power, an odds ratio of
exposure in cases relative to controls (OR=2.0); correlations of exposure between cases and
controls (r=0.2), number of matched controls to cases is 2 and excess body weight assumed rate
of exposure among controls is 50% because have not been conducted before in the middle age

bracket. The required numbers of cases were 120; and that of controls were 240.

Cases were selected from T2D patients who visited the ACSH diabetes clinic for their follow-up
appointments and sampled from the diabetes follow-up registry book by simple random sampling
using the lottery method who consented to participate were selected for the interview and
anthropometric examinations. Controls were selected from non-diabetes individuals who came to
ACSH medical OPD and sampled consecutive method, whose age was between 45 and 64 years,
who consented to participate were selected for the interview, and blood test and anthropometric
examinations. Consecutive patient visiting the ACSH in the 2 medical OPDs from March 1 to
June 31, 2019, who met the eligibility criteria, was requested to participate in the study. In case
of refusal, the next patient was approached with the same request. Each of the 2 medical OPDs

participating was required to interview 120 controls during the study period.
Data collection tools and techniques

A semi-structured interviewer-administered questionnaire was adopted and adapted from the
WHO STEPS protocol and similar kinds of literature (269-272). The questionnaire included
structured information on socio-demographic characteristics and medical history of patients,
family history of diabetes, behavioral measurements (alcohol consumption, cigarette smoking,
diet(fruits and vegetables)), physical activity(activity at work, travel to and from place,
recreational activities, and sedentary behaviors)), physical measurements(blood pressure, height
and weight, waist circumference, hip circumferences), biomedical measurements(blood glucose,
blood lipids). The questionnaire was prepared in English and translated into Tigrigna and back-

translated to ensure consistency in the phrasing of questions.
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Data collectors and supervisors were health care professionals (nurses and physicians). A total of
6 data collectors and 2 supervisors were recruited. Training was given for the data collectors and
supervisor for two days. The first day of training highlighted how to communicate with
respondents and how to obtain informed consent and how to conduct questionnaires, medical
doctors, and laboratory experts. During the second day, the correct measuring methods for all
three STEPs were in focus, in accordance with the standardized methods of WHO guidelines.
The standardization of instruments was carried out before and during the training. A pretest was
conducted for STEPs with the data collectors and supervisors, and questions were also clarified.

First the required numbers of questionnaire were distributed to the study units in ACSH
according to the calculated sample size, 120 questionnaires to the diabetes clinic and 240 to the
general medical OPD. The patient selection and data collection of the controls were governed by
patient flow of the cases in line with matching by age, sex and day of interview. The data were
collected by six trained nurses from the two general medical OPDs and one diabetes clinic with
full guidance and supervision of the principle investigator, and also with technical assistance of
the medical doctors working in the selected medical OPDs. The data collection, for the controls
were carried out after confirmation blood glucose level using glucometer as they were not

diabetes patients.

After completing STEPs, the medical doctor who was in the medical OPD to provide care was
responsible to order the biomarkers investigation and the patient and the data collector went
together to the laboratory unit within the hospital. A venous blood sample was collected by the
laboratory technician in the glucose tube with fluoride, and according to the standard of
procedure (SOP), the FPG level for the controls, and the lipid profiles for both the controls and
cases were investigated on plasma from whole blood with the enzymatic reference method with
hexokinase, using reagents of COBAS from Roche Diagnostics, Indianapolis, USA. Biochemical

analysis was started within 3 hours after blood samples were taken.

The exposure variables included socio-demographic characteristics (age, sex, marital status,
religion, educational level, family monthly income, and employment status), medical history and
family history of diabetes, behavioral measurements (Smoking, alcohol consumption, physical

activity(occupational PA, walking to and from places, leisure-time PA, and sedentary behaviors),
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dietary characteristics(most favorite/staple diet, coffee and tea, sugar contained beverages,
vegetable and fruit consumptions), physical measurements (height and weight, waist
circumference, hip circumferences, BMI, WHR, and WHtR), biomedical characteristics
(biomarkers)

Data collectors and supervisors were recruited based on their research experiences. Data
collectors and supervisors were nurse experts. The training was given for data collectors and
supervisors for two days on the objective of the study, data collection tools, and procedures to
ensure consistency of interviewing, measuring anthropometrics, and high-quality data.
Appropriate customization and modifications were made after the instrument was pretested on
10% of the study population for cultural appropriateness and clarity. Anthropometric

measurement tools were calibrated before measurement to maintain the accuracy of the data.
Measurements

Body mass index (BMI) was calculated as body weight (kg) divided by height squared (m2).
BMI was categorized as normal weight (< 25kg/m2 ), overweight (25 kg/m2 to 29.9 kg/m2 ) and
obesity (> 30 kg/m2 ) (57,58,215,272).

Waist circumference (WC) was measured halfway between the lower ribs and the iliac crest
while the subject was at minimal respiration, while hip circumference is measured at the largest
circumference around the buttocks. WC values > 94cm for men and > 80 cm for women is
considered as elevated WC(57).

Waist Hip Ratio (WHR) was the WHR Values of >0.88 for men and > 0.82 for women were
regarded as elevated WHR. Waist Height Ratio (WHtR) values of >0.49 for men and >0.50 for

women were considered central obesity(57).

Blood pressure (BP) was measured using a standard digital sphygmomanometer (OMRON,
model HEM-741CINT) on the left arm after 5 minutes of rest in the sitting position. Systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were calculated from the mean value of
three readings. Based on blood pressure, an individual is classified as normotensive (< 130/85
mmHg); Pre-hypertensive (130-139/85-89 mmHg), and hypertensive (>140/90 mmHg or by the
use of antihypertensive medications) for SBP and DBP, respectively(57).
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Dyslipidemia treatment was defined by the use of lipid-lowering drugs.

Blood collection was standardized, and laboratory assays were conducted in the same clinical
chemistry laboratory. The fasting status was declared by the participants at the time of blood

collection and the duration of 8 hours was requested.

One unit of alcohol (1 drink) was defined as four-ounce glass of wine/Me’as, or twelve-ounce
can of beer/’Suwa’, or One- ounce of liquor. Total alcohol consumption was calculated by
adding units of intake for all alcoholic beverages that the patient has taken in one drinking

occasion.

Level of alcohol consumption was categorized by 1) Non-drinkers: Never/ex-drinker, 2)
Occasional/light: < 1 drinks/day, 3) Moderate drinker: M: 1-3 drinks & W: 1-2 drinks/day, 4)
Heavy drinker: M: > 4 drinks and W: > 3 drinks per day.

The Ethiopian traditional alcoholic drinks have the alcohol contents of Tella, Tej and Areki
samples ranged from 3.98 to 6.48, 8.94 to 13.16 and 33.95 to 39.90 with average values of 5.17,
11.47 and 37.22 %v/v, respectively(212).

Vigorous-intensity occupational physical activity: These are tasks that require significant
physical effort and result in elevated heart rate, breathing rate, and sweating. Such as heavy
lifting, carrying heavy loads, digging, chopping wood, plowing fields, harvesting crops, and
handling large livestock, operating heavy machinery, laying bricks or concrete, and carrying
heavy building materials or other tasks that involve intense muscular effort and energy

expenditure.

Moderate-intensity occupational physical activities: These are tasks that require some physical
effort but are not as strenuous as vigorous activities. Such as walking or standing for extended
periods, light lifting or carrying, sweeping the floor, washing windows, gardening, hanging
laundry on a clothesline, moving light furniture, walking and putting household items away,

carrying water or firewood, housework that involves intense scrubbing/cleaning.

Urban residency: participants whose residency is in district/Woreda towns or Zonal towns or

capital city of the Region were considered urban residency.
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Rural residency: participants whose residency is in rural villages or in semi urban areas were

considered rural residency.

Once the data were collected; it was handled confidentially, a codebook was prepared, the data
were coded, and be double entered into SPSS version 25 daily. Data checking was done to verify
the consistency and backups were saved. Data cleaning was conducted for errors and implausible
values that might result from an incorrect reading, incorrect reporting, incorrect filling, and

incorrect sensing, incorrect coding, and incorrect typing.

After cleaning the data, frequency tables, graphs, and proportions were used to present the
results. In addition, the association between the exposure and the outcome variables was
determined using bivariate and multivariate logistic regression analysis. Odds ratios with 95%

confidence intervals and p-values were calculated to measure the strength of association.

To assure the quality of the data/research the adapted questionnaire and checklist were prepared
using a simple and easily understandable Tigrigna language. Standardization on translation was
given emphasis during training. A pre-test was conducted on 10% of study subjects to evaluate
the completeness and consistency of the tools. Accordingly, appropriate modifications and
corrections were made. At the end of every data collection day, each questionnaire was
examined, and pertinent feedback was given to the data collectors and supervisors. Data entry
was carried out by the experienced data entry clerk with close supervision by the principal
investigator. Data cleaning was conducted out exclusively by the principal investigator, and
finalized questionnaires/checklists and the data were stored in a well-secured cabinet.

The ethical statement protocol approved by the Institution Review Board (IRB) of Addis Ababa
University-College of Health Sciences (AAU-CHS), and letter approval obtained. In addition, a
written permit obtained from the Tigrai Regional State Health Bureauanda written permit was
obtained from the ACSH medical director and respective administrative bodies after submitting
the protocol and explaining the purpose of the study. All participants were informed about the
purpose of the study and individual written informed consent was obtained before the interview
and before obtaining blood sample at the time of data collection, anthropometric examination,
and blood testing, and the data collectors and the principal investigator were blinded about the

cases and controls of T2D, only the nurse and physician in the selected diabetes clinic and
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medical OPD in charge were aware because they were in charge of providing all necessary care
concerning diabetes. Respondents were not identified by name; they were also informed that they
had the right to participate, not to participate, and to withdraw any time they like during the
study. Respondents were also informed; no information other than for this study was collected.

Result

Socio-demographic characteristics

In the study period from March 1 to June 30, 2019, a total of 360 patients were interviewed and
measured for their socio-demographic and medical history, behavioral characteristics, physical
measurements, and biomarker indices. Of those, 120 T2D cases were matched on age and sex
with 240 controls to identify risk factors of T2D, primarily focusing on socio-demographic
characteristics, family history of diabetes, lifestyle behaviors, dietary characteristics, physical

measurements, and biomarkers.

The mean (SD) ages of the cases and the controls were 55.9 (£5.0) and 55.7 (+£4.8), respectively.
One hundred thirteen (94.2%) cases and 169(70.4%) controls were urban residents. One hundred
eleven (92.5%) of the cases and 216(90.0%) of the controls were Orthodox Christianity
followers. Eighty seven (73.3%) of the cases and 201(83.8%) of the controls were married, and
19(15.8 %) of the cases and 18(7.5%) of the controls were widowed. Forty-four (36.7%) of the
cases and 99(41.3) of the controls had primary education, and 24(20.0%) of the cases and
38(15.9%) of the controls attained higher education. Seventy-four (61.7%) of the cases and
126(52.5%) of the controls were employed, and 24(20.0%) of the cases and 38(15.8%) of the
controls were housewives. Thirty-one (25.8%) of the cases and 63(26.3%) of the controls had a

monthly family income > 6000 Ethiopian Birr (Table 6).

In the cases and controls, almost half (48.3%) of the cases and one-fifth (17.1.0%) of the controls
were ever told as having raised blood pressure. Of those who had raised BP, 45(71.4%) of the
cases and 21(46.7%) of the controls were treated for raised BP during the past two weeks
prescribed by a doctor or other health care providers. Sixty-one (50.8%) of the cases and
56(23.3%) of the controls were ever told as having raised cholesterol. Thirty-seven (60.7%) of

the cases and 27(46.4%) of the controls were treated for raised cholesterol during the past two
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weeks prescribed by a doctor or other health care providers. Twenty-eight (23.3%) of the cases

and 19(7.9%) had FHD, (Table 1).

Table 16: Socio-demographic characteristics of cases and controls at ACSH, Tigrai,

2019(n=360).

Patient characteristics Cases Controls COR[95%CI], | p-value
n=120(%) n=240(%) | t(df),
Age in years(Mean * SD) 55.945.0 55.7+4.8 t(358)=-0.24 p=0.8
Residence, n (%)
Rural 7(5.8) 71(29.6) 1
Urban 113(94.2) 169(70.4) |6.8[3.0,15.3] | P<0.001
Religion, n (%)
Orthodox 112(93.3) 216(90.0) | 0.78[0.13,4.7] | P=0.5
Muslim 6(5.0) 21(8.8) 0.43[0.06, 3.2]
Catholic/protestant 2(1.7) 3(1.3) 1
Marital status, n(%)
Married 87(72.5) 201(83.8) |1
Divorced/separated 14(11.7) 21(8.8) 1.6[0.6, 4.0]
Widowed 19(15.8) 18(7.5) 2.4[1.2, 4.9] P=0.029
Educational level (%)
No formal education 22(18.3) 55(22.9) 1
Primary education 44(36.7) 99(41.3) 1.0[0.51, 2.0]
Secondary education 30(25.0) 48(20.0) 1.4[0.76, 2.7]
Higher education 24(20.0) 38(15.9) 1.6[0.76, 3.2] | P=0.4
Employment status, n (%)
Employed 74(61.7) 126(52.5) | 3.6[1.5, 9.0]
Unemployed 16(13.3) 39(16.3) 0.93[0.52, 1.7]
House wife 24(20.0) 38(15.8) 1.4[0.75, 2.7] | P=0.031
Farmer 6(5.0) 37(15.4) 1
Quartiles of family income in EB
Q1(< 2000) 9(7.5) 25(10.4) 1
Q2(2000-3099) 40(33.3) 106 (44.2) | 1.1[0.45, 2.4]
Q3(3100-5999) 40(33.3) 46(19.2) 2.4[1.01,5.8] | P=0.023
Q4(= 6000) 31(25.8) 63(26.3) 1.4[0.57, 3.3]
Ever told as having raised BP, n (%)
Yes 62(51.7) 199(82.9) |1 p< 0.001
No 58(48.3) 41(17.1) | 45[2.8,7.4]
Ever told as having raised cholesterol
No 59(49.2) 184(76.7) |1
Yes 61(50.8) 56(23.3) 3.4[2.1,5.4] p< 0.001
Family History of Diabetes
No 92(76.7) 221(92.1) |1
Yes 28(23.3) 19(7.9) 3.5[1.6, 3.7] P<0.001
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Cigarette Smoking and alcohol

Almost one in twenty participants (5.3%) are current smokers of any tobacco products, such as
cigarettes, with a higher proportion of cases (8.3%) compared to controls (3.8%) with
insignificant differences (p=0.19), and all smokers are men. Of the current smokers, only
6(60.0%) of the cases and 4(44.4%) of the controls smoke >20 cigarettes per day. The mean
(xSD) ages of cigarette smoking started among cases (28.4+5.5) and controls (Vs. 32.4+5.3)
years old, and the duration of cigarette smoking between cases and controls was 26.6+5.5 and
23.915.4, respectively, (Table 7).

In the cases and the controls, the proportion of current drinkers of alcohol was 82.5% and 78.8%,
respectively. In both the cases and controls from those who consumed alcohol, the traditional
local alcoholic drink ‘Suwa/Tela’ was the most commonly consumed by 51.5% of the cases and
61°4% of the controls. Among those who drank alcoholic drinks, beer was the second most
widely consumed alcoholic drink in 35(35.4%) of the cases and 59(31.2%) of the controls. The
proportion of liquor consumption among the cases and controls was 18(18.2%) and 15(7.9%).
(p=0.01), (Table 7).

Forty four (36.7%) of the cases and 55(22.9%) of the controls were heavy alcohol drinkers.
Thirty sven (61.7%) of men and 7(11.7%) of women among the cases, and 46(38.3%) of men
and 9(7.5%) of women among the controls were heavy alcohol drinkers. Four (57.1%) of rural
and 40(35.4%) of urban residents among the cases, and 17(23.9%) of rural and 38(22.5%) of
urban residents among the controls were heavy alcohol drinkers. The overall average number
(xSD) of standard alcoholic drinks during the past 30 days in one drinking occasion was higher
among the cases 2.06(x1.6) compared to the controls 1.7(x£1.3), p=0.01). Higher proportion of
cases (7.5%) compared to controls (2.9%) drank alcohol every day. The median (IQR) number of
standard alcoholic drinks per week for the cases and the controls was 11(1-12) and 6.25(0.5—

6.75) alcoholic beverages, in a typical week, (Table 2).
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Table 17: Cigarette smoking and Alcohol drinking behavior of study participants at ACSH,
Tigray, Ethiopia, 2019(n= 360).

Patient characteristics Cases Controls | COR[95%CIl],
n=120(%) | n=240(%) | t(df) P-value

Cigarette smoking status

Never smoker 105(87.5) | 222(92.5) |1

Ex — smoker 5(4.2) 9(3.8) 1.2[0.38, 3.6]

Current smoker 10(8.3) 9(3.8) 2.4[0.93, 6.0] P=0.19
Number of cigarettes smoked/day

< 10 cigarettes 2(20.0) 2(22.2) 1

11 to 20 cigarettes 2(20.0) 3(33.3) 0.67[0.1, 9.5]

> 20 cigarettes 6(60.0) 4(44.4) 1.5[0.2, 15.5] P=0.76
Drinking status

Life time abstainer 5(4.2) 25(10.4) 1

Ex — drinker 16(13.3) 26(10.8) | 3.1[0.98,9.7]

Current drinker 99(82.5) 189(78.8) | 2.6[0.97,7.1] P=0.13

During the past 30 days, on average, standard
alcoholic drinks on one occasion (%)

Non-drinker 21(17.5) 51(21.3) |1

Light drinker 13(10.8) 21(8.8) | 1.5[0.67, 3.6]

Moderate drinker 42(35.0) | 113(47.1) | 0.9[0.45, 1.7]

Heavy drinker 44(36.7) | 55(22.9) | 1.9[1.02,3.47 |P=0.029

During the past 30 days, how frequently have
you had at least one alcoholic drink?

Non-drinker 21(17.5) 51(21.3) |1
Less than once per week 3(2.5) 17(7.1) | 0.43[0.1,1.6]
1-4 days per week 65(54.2) | 147(61.3) | 1.1[0.6, 1.9] P=0.004
5 -6 days per week 22(18.3) 18(7.5) | 3.0[1.3, 6.6]
Every day 9(7.5) 7(2.9) 3.1[1.03, 9.5]

Common types of alcoholic drinks drunk
‘Suwa/Tela’ (yes, %) 51(51.5) | 116(61.4) | 0.7[0.4, 1.1] P=0.1
‘Meas/Tej’ (yes, %) 9(9.1) 8(4.2) 2.3[0.9, 6.1] P=0.1
Beer (yes, %) 35(35.4) 59(31.2) | 1.2[0.7,2.0] P=0.4
Wine (yes, %) 10(10.1) 18(9.5) | 1.1[0.5, 2.4] P=0.8
Liquar (yes, %) 18(18.2) 15(7.9) | 2.6[1.2,5.4] P=0.01

Dietary Characteristics of Cases and Controls

As the study participants reported, seventy-two (60%) of the cases and 174(72.5%) of the
controls reported injera made from teff/barely/sorghum as their favorite/staple diet they usually
ate. Bread/injera made of wheat was the second most commonly consumed diet in 24(20.0%) of
cases and 33(13.8%) of the controls (Table 3).
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Forty-nine (40.8%) of the cases and 88(36.7%) of the controls reported that they did not use fruit
in their dish in a typical week. Only 1.7% of cases and 3.3% of controls consumed 14 or more
servings of fruits in their dishes in a typical week. In a typical week, the median (IQR) number of
days fruit use in a dish for the cases and the controls were 2(0.0-2.0) and 3(0.0-3.0),
respectively. The median (IQR) number of dishes fruit use for the cases and the controls were the
same 1.0(0.0-1.0) number of dishes per day in a typical week. Similarly, the median (IQR)
number of dishes of fruit used in a typical week for the cases and controls were 3(0.0-3.0) and
4(0.0-4.0), respectively. Fourteen (11.7%) of the cases and 34(14.2%) of the controls reported
that they did not use vegetables in their dish in a typical week. Only 5.8% of the cases and 8.8%
of the controls consumed 14 and above servings vegetables in their dish in a typical week. The
median (IQR) number of days vegetables use in a dish in a typical week for the cases and
controls were 1(2.0-3.0) and 2(1.0-3.0), respectively. In a typical week, the mean (SD) number
of dishes of vegetable use per day was 1.4(+0.72) for the cases and 1.4 (x0.76) dishes for the
controls. In a typical week, the median (IQR) number of dishes of vegetable use for the cases and
controls were 4(2.0-6.0) and 5(1.0-6.0), respectively (Table 3).

More than 73% of the cases and 67.1% of the controls consumed one to three cups of coffee per
day. Forty-one (34.5%) of the cases and 72(30.0) of the controls consumed two or more cups of
tea every day. In a typical week, 28(23.3%) of the cases and 30(12.5%) of controls consumed
one to two bottles of sugar-contained soft drink beverages (p=0.033) (Table 3).
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Table 18: Dietary characteristics of cases and controls at ACSH, Tigrai, Ethiopia, 2019(n= 360).

Patient characteristics Cases Controls COR[95%ClI],
n=120(%) | n=240(%) | t(df) P-value
Your most favorite and regularly used food
Injera made from Teff/barely/sorghum | 72(60.0) 174(72.5) 1
Bread/injera made from wheat 24(20.0) 33(13,8) 0.57[0.31, 1.03]
Rice 12(10.0) 11(4.6) 0.38[0.16, 0.90]
Pasta 9(7.5) 13(5.4) 0.6[0.25, 1.5]
Others 3(2.5) 9(3.8) 1.2[0.33, 4.7] P=0.085
Fruit eating in a typical week
0-13 servings 118(98.3) | 232(96.7) |1
14 and above 2(1.7) 8(3.3) 0.49[0.1, 2.4] p=0.37
Vegetables eating in a typical week
0-13 servings 113(94.2) | 219(91.2) |1
14 and above 7(5.8) 21(8.8) 0.67[0.27, 1.6] p=0.33
Coffee consumption per day
None 26(21.7) 58(24.2) |1
1-3 cups 88(73.3) 161(67.1) | 0.52[0.2, 1. 3]
> 3 cups 6(5.0) 21(8.8) | 0.64[0.23, 1.8] P=0.35
Tea consumption per day
None 35(29.4) 67(27.9) |1
1 cup 43(36.1) 101(42.1) |1.1[0.62,1.1]
>2 cups 41(34.5) 72(30.0) | 1.3[0.79, 2.3] P=0.5
Soft drink beverages consumption per week
None 83(69.2.3) | 187(77.9) | 0.48[0.27,0.85]
1 -2 bottles 28(23.3) 30(12.5) | 0.71]0.25, 2.0]
> 3 botltles 9(7.5) 23(9.6) 1 P=0.033

Others: Processed, fast foods, and fatty acid foods,

Occupational and Leisure Physical Activities (LPA) of Cases and Controls

A comparison of self-reported occupational activity engagement between the cases and controls

revealed that only 15 (12.5%) of the cases and 79 (32.9%) of the controls engaged in vigorous-

intensity occupational activity. Of those who were involved in vigorous-intensity occupational

activity, the mean hour engagement was 16.7+8.2 hours per week for cases and 18.1+7.3 hours

per week for controls. Rural residents had better engagement in vigorous-intensity occupational

activity, with 6(85.7%) cases and 48(67.6%) for controls compared to the urban residents, only

9(8.0%) of the cases and 31(18.3%) of the controls engaged in vigorous-intensity occupational

activity (Figure 2). A higher proportion of vigorous-intensity occupational activity was self-

194




reported in 8(13.3%) of cases and 46(38.3%) for controls among men compared to 7(11.7%) of

cases and 33(27.5%) for controls among women (Table 4).

90 - 85.7
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80 -

20 - = Controls
60
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40
30
50 18.3

10 -

Rural Urban

Figure 10: Percent of urban and rural residents’ engagement in the vigorous-intensity

occupational activity of cases and controls, Tigrai, Ethiopia, 2019(n= 360).

Forty-eight (40.0%) of the cases and 151(62.9%) of the controls were involved in moderate-
intensity occupational activity. The mean hour engagement in moderate-intensity occupational
activity was 22.5+8.6 hours per week for cases and 24.5+10.2 hours per week for controls. Rural
residents had better engagement in moderate-intensity occupational activity, with 5(71.4%) cases
and 61(85.9%) for controls compared to the urban residents, 43(38.1%) of the cases and
90(53.3%) of the controls involved in moderate-intensity occupational activity. Similarly, a
higher proportion of moderate-intensity occupational activity was self-reported in 8(13.3%) of
cases and 46(38.3%) for controls among men compared to 7(11.7%) of cases and 33(27.5%) for

controls among women (Table 4).

Seventeen (14.2%) of the cases and 43(17.9%) of the controls did not walk or use a bicycle
(pedal cycle) for at least 10 minutes continuously to get to and from places. Five (4.9%) of the
cases and 23(11.7%) of the controls spent walking or using a bicycle for at least 10 minutes
continuously getting to and from places for seven days a week. Nineteen (16.0%) of the cases

and 53(22.1) of the controls spent walking or using a bicycle for 150 minutes per week. Only
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1(0.8%) of the cases and 4(1.7%) of the controls spent walking or using a bicycle for 300

minutes and more in a typical week (Table 4).

Only 6(5.0%) of the cases and 18(7.5%) of the controls were involved in vigorous-intensity
sports, fitness, or recreational (leisure) activities. Among the cases and controls who were
engaged in vigorous-intensity sports, fitness, or leisure activities, 4(66.7%) of the cases and
15(83.3%) of the controls were involved for 75 minutes or more in vigorous-intensity sports,
fitness, or leisure activities in a typical week. Of those cases and controls that involved vigorous-
intensity sports, fitness, or leisure activities, only 2(33.3%) of the cases and 3(16.7%) of the
controls engaged for 150 minutes per week. Only 8(6.7%) of the cases and 25(10.4%) of the
controls were involved in moderate-intensity sports, fitness or leisure activities. Three (37.5%) of
the cases and 4(16.7%) of the controls were engaged for 150 minutes or more in moderate-

intensity sports, fitness, or leisure activities in a typical week (Table 4).

Sixty one (50.8%) of the cases and 64(26.7%) of the controls had low physical activity, and
48(40.0%) of the cases and 152(63.3) of the controls had high physical activity. Six (85.7%) of
the cases and 61(85.9%) of the controls of rural residents were highly active, while only
42(37.2%) and 91(53.8%) of the controls of urban residents were highly active. Thirty-three
(55.0%) of the cases and 27(22.5%) of the controls among men, and 28(46.7%) of case and
37(30.8%) of the controls among women had low PA. Only 9(7.5%) of the cases and 33(13.7%)
of the controls were engaged in moderate-vigorous leisure physical activity. Regarding the
sedentary behavior of the cases and controls, 63(52.5%) of the cases and 88(37.1%) of the

controls spent 6 hours or more in sedentary activities (Table 4).
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Table 19: Occupational and LPA of cases and Controls at ACSH, Tigrai, Ethiopia, 2019(n=

360).
Patient characteristics Cases Controls | COR[95%CIl],
n=120(%) | n=240(%) | t(df) P-value

Vigorous-intensity of occupational PA

Yes 15(12.5) | 79(32.9) |0.3[0.2,0.5]

No 107(87.5) | 161(67.1) |1 P< 0.001
Moderate-intensity of occupational PA

Yes 48(40.0) 151(62.9) | 0.4][0.3, 0.6]

No 72(60.0) | 89(37.1) 1 P<0.001
Walk or use a bicycle (pedal cycle) for
at least 10 minutes continuously

Yes 103(85.8) | 197(82.1) | 1.3[0.7, 2.4]

No 17(14.2) |43(17.1) |1 P<=0.35
Vigorous-intensity sports, fitness/LPA

Yes 6(5.0) 18(7.5) 0.7[0.3, 1.7]

No 114(95.0) | 222(92.5) |1 P=0.37
Moderate-intensity sports, fitness/LPA

Yes 8(6.7) 25(10.4) | 0.6[0.3,1.4]

No 112(93.3) | 215(89.6) |1 P=0.25
Physical activity (%)

Low 61(50.8) | 64(26.7) | 3.0[1.9,4.9]

Medium 11(9.2) | 24(10.0) 1.5[0.7, 3.2]

High 48(40.0) |152(63.3) |1 P<0.001
Leisure MVPA

None 111(92.5) | 207(86.3) | 2.0[0.9, 4.3]

Yes 9(7.5) 33(13.7) 1 P=0.086
Sedentary behavior

< 4 hours/day 10(8.3) | 55(23.2) 1

4 t0 6 hours/day 47(39.2) | 94(39.7) 1.4[0.9, 2.3]

> 6 hours 63(52.5) |88(37.1) |3.9[1.9,8.3] P=0.001

Physical and biomarkers characteristics of Cases and Controls

Fifty-seven (47.5%) of the cases and 76(31.5%) of the controls had overweight, and 36(30.0%)
of the cases and 32(13.3%) of the controls were obese. For cases and controls, 94(78.3%) of the
cases and 98(40.8%) controls had high waist circumference. Ninety-one (75.8%) of the cases and
136(56.7%) of the controls had high WHR, and also 107(89.2%) of the cases and 131(54.6%) of
the controls had high WHtR (Table 10).
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Fifty-four (45.0%) of the cases and 60(25.0%) of the controls had a raised total cholesterol.
Thirty-four (28.3%) of the cases and 42(17.5%) of the controls had Men/women < 40/50 mg/dL
HDL-C. Fority one (34.2%) of the cases and 44(18.3%) of the controls had raised raised LDL-C.
Moreover, elevated triglyceride was also detected in 73(60.8%) of the cases and 117(48.8%) of
the controls. Fifty two (43.3%) of the cases and 52(21.7%) had raised SBP, and 41(34.2%) of
cases and 43(17.9%) had elevated DBP. Sixty-eight (56.7%) of the cases and 70(29.2%) of the
controls had hypertension. Fifty-eight (48.3%) of the cases and 60(25.0%) of the controls had
dyslipidemia (Table 5).
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Table 20: Physical and biomarker characteristics of Cases and Controls at ACSH, Tigrai,

2019(n= 360).

Patient characteristics Cases Controls COR[95%Cl],
n=120(%) n=240(%) t(df) P-value

BMI

Normal 27(22.5) 132(55.0) |1

Overweight 57(47.5) 76(31.7) 3.7[2.1, 6.3] p< 0.001

Obese 36(30.0) 32(13.3) 5.5[2.9, 10.3]
Waist Circumference

Men/women < 94/80 26(21.7) 142(59.2) |1

Men/women > 94/80 94(78.3) 98(40.8) 5.2[3.2,8.7] p< 0.001
WHR

Men/women < 0.88/0.82 29(24.2) 104(43.3) |1

Men/women > 0.88/0.82 91(75.8) 136(56.7) | 2.4[1.5, 3.9] p< 0.001
WHtR

Men/women < 0.49/0.50 13(10.8) 109(45.4) |1

Men/women > 0.49/0.50 107(89.2) 131(54.6) |6.8[3.7,12.9] | p<0.001
Total cholestrol

<200 mg/dl 66(55.0) 180(75.0) |1 P<0.001

> 200 mg/dl 54(45.0) 60(25.0) 2.5[1.5, 3.9]
HDL-C

Men/women > 40/50 mg/dl 86(71.7) 198(82.5) |1 P=0.019

Men/women < 40/50 mg/dl 34(28.3) 42(17.5) 1.9[1.1, 3.1]
LDL-C

< 130 mg/dl 79(65.8) 196(81.7) |1

> 130 mg/dl 41(34.2) 44(18.3) 2.3[1.4,3.8] p=0.001
Triglycerides

< 150 mg/dl 47(39.2) 123(51.2) |1

> 150 mg/dl 73(60.8) 117(48.8) | 1.6[1.1, 2.6] P=0.031
SBP

< 130 mmHg 43(35.8) 145(60.4) |1

130 to 139 mmHg 25(20.8) 43(17.9) 1.7[0.92, 3.2]

> 140 mmHg 52(43.3) 52(21.7) 3.4[2.0, 5.6] p< 0.001
DBP

< 85 mmHg 54(45.0) 165(68.8) |1

85 to 89 mmHg 25(20.8) 32(13.3) 1.2[0.62, 2.4]

> 90 mmHg 41(34.2) 43(17.9) 2.9[1.7,4.9] p< 0.001
Hypertension

No 52(43.3) 170(70.8) 1

Yes 68(56.7) 70(29.2) 3.2[2.0, 5.0] p< 0.001
Dyslipidemia

No 62(51.7) 180(75.0) 1

Yes 58(48.3) 60(25.0) 2.8[1.8, 4.8] p< 0.001
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Potential risks of T2D Binary logistic regression adjusted odds ratio

On multivariable logistic regression (Table-6), urban residence, widowhood/divorce, FHD,
hypertension, dyslipidemia, consumption of rice, alcohol consumption, elevated WC and WHtR

were significantly associated with increased odds of T2D, while leisure MVPA is protective.

The odds of developing T2D were more than fivefold higher among the urban residents
compared to the rural dwellers [AOR=5.1, 95%CI (2.0, 13.2)]. Likewise, those being divorced
and widowed were nearly three times and more than times more likely to have T2D compared to
their married counterparts [AOR=2.8, 95%CI (1.1, 7.3)] and [AOR=3.3, 95%CI (1.3, 8.6)],
respectively (Table-6).

The odds of having T2D among participants who had hypertension were 3.0 times higher than
those who did not have hypertension [AOR=3.0, 95%CI [1.7,5.5]. Besides, the chances of
developing T2D among those who had dyslipidemia were almost three times higher compared to
those who had not dyslipidemia [AOR=2.8, 95%CI (1.5, 5.4)]. Similarly, those who had a family
history of diabetes experienced more than fivefold higher odds of developing T2D than those
who did not have the same history [AOR=5.4, 95%CI (2.4, 12.5)] (Table-6).

The risk of developing T2D were threefold higher among those who consumed 5 to 6 days in a
typical week and 3.5 times higher in those who consumed alcohol everyday compared to non-
drinker [AOR=3.0, 95%CI (1.1, 3.6)] and [AOR=3.5, 95%CI (1.2, 10.2)], respectively. The odds
of developng T2D were 3.8 times higher in those who used rice as favourite/regular diet
compared to those who ate injera made of teff/barely/sorghum[AOR=3.8,95%CI (1.2, 11.6)].
The risk of developing T2D among those with a elevated waist circumferences was almost more
than times higher compared to those with a normal waist circumference [AOR= 2.4, 95%CI (1.1,
5.0)]. Likewise, the odds of developing T2D among those with an elevated WHtR was 4.4 times
higher compared to those with a normal WHtR [AOR=4.4, 95%CI (1.7, 11.2)]. Participants who
engaged in leisure MVPA reduced their risk of T2D by 27% compared to those who did not
engaged in leisure MVPA [AOR= 0.27, 95%CI (0.1, 0.72)] (Table-6).
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Table 21: Potential risk factors of T2D at ACSH, Tigrai, Ethiopia, 2019(n= 360).

Patient characteristics Cases Controls AOR[95% CI], | p-value
n=120(%) n=240(%)

Residence, n (%)

Rural 7(5.8) 71(29.6) 1

Urban 113(94.2) 169(70.4) | 5.1[2.0, 13.2] p=0.001
Marital status, n(%)

Married 87(72.5) 201(83.8) |1

Divorced/separated 14(11.7) 21(8.8) 2.8[1.1, 7.3]

Widowed 19(15.8) 18(7.5) 3.3[1.3, 8.6] P=0.008
Hypertension

No 52(43.3) 170(70.8) |1

Yes 68(56.7) 70(29.2) 3.0[1.7,5.5] p< 0.001
Dyslipidemia

No 62(51.7) 180(75.0) |1

Yes 58(48.3) 60(25.0) 2.8[1.5, 5.4] p=0.002
Family History of Diabetes

No 92(76.7) 221(92.1) |1

Yes 28(23.3) 19(7.9) 5.4[2.4, 12.5] P<0.001
Cigarette smoking status

Never smoker 105(87.5) 222(925) |1

Ex — smoker 5(4.2) 9(3.8) 1.5[0.3, 6.3]

Current smoker 10(8.3) 9(3.8) 3.4[0.82,13.9] |P=0.22
Frequency of alcohol intake per week

Non-drinker 21(17.5) 51(21.3) |1

Less than once per week 3(2.5) 17(7.1) |0.2[0.1,1.1]

1-4 days per week 65(54.2) 147(61.3) | 1.1[0.5, 2.1]

5 -6 days per week 22(18.3) 18(7.5) | 3.0[1.1, 3.6] P=0.012

Every day 9(7.5) 7(2.9) 3.5[1.2,10.2]
Most favorite and regularly used food

Injera of teff/barely/sorghum 72(60.0) 174(725) |1

Bread/injera made from wheat | 24(20.0) 33(13,8) 1.7[0.8, 4.0]

Rice 12(10.0) 11(4.6) 3.8[1.2, 11.6]

Pasta 9(7.5) 13(5.4) 1.3[0.4, 4.7]

Others 3(2.5) 9(3.8) 0.3[0.1, 1.6] P=0.059
Waist Circumference

Men/women < 94/80 26(21.7) 142(59.2) |1

Men/women > 94/80 94(78.3) 98(40.8) 2.4[1.1,5.0] P=0.027
WHIR

Men/women < 0.49/0.50 13(10.8) 109(45.4) |1

Men/women > 0.49/0.50 107(89.2) 131(55.6) | 4.4[1.7,11.2] | p=0.002
Engagement in leisure MVPA

None 111(92.5) |207(86.3) |1

Yes 9(7.5) 33(13.7) 0.27[0.1,0.72] | P=0.009
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Discussion

This study endeavored to determine factors associated with T2D in the hospital setting of Tigrai.
The study found that urban residency, widowhood/divorce, family history of diabetes,
hypertension, dyslipidemia, regular consumption of rice, alcohol consumption, elevated waist
circumference and WHtR levels were significantly associated with increased odds of T2D, while

leisure MVPA is found preventive

The socio-demographic and geographic burdens of T2D are uneven throughout the world, with
neighborhoods in high-income countries like the US, Canada, and Australia showing increased
risk for those living in deprived areas. Deprived neighborhoods have limited access to healthy
foods, physical activity, healthcare, education, social support, and environmental pollutants,
increasing their risk of developing T2D(101,113,223,230), whereas, in developing countries, the
risk is higher in urbanized areas(114,115,129). The study found that urban residents have more
than times higher odds of developing T2D compared to rural residents, which is is consistent
with previous studies in Myanmar(114), West Africa(115), Ghana(129), Algeria(7), and North
West Ethiopia(100). Urbanization in developing countries leads to dietary changes, increased
smoking, alcohol consumption, and sedentary lifestyles, contributing to obesity and NCDs like
diabetes(115,228).

Marriage, a vital social institution since ancient times, has been linked to various health issues,
but conflicting findings have been found in previous studies, regarding the association between
marital status and T2D(7,115,124,125). Previous studies in Brazil and West Africa indicated
being divorced/widowed lowers the risk of developing T2D compared to married and single,
respectively(115,125). The study reveals that divorced and widowed individuals are 2.8 and 3.3
times more likely to develop T2D compared to married individuals, consistent with research
from Iran and Saudi Arabia(7,124). Inconsistencies may be attributed to disparities in
geographical location, culture, and socio-economic status. Studies suggest marriage improves
health outcomes, lowers diabetes incidence, and improves adherence to treatment in partnered
patients, influenced by health behaviors and socio-economic status(125). The death of a spouse
can lead to significant stress and anxiety, lack of social support, change in lifestyles, financial

strain, and feelings of loneliness and isolation, which could lead to a lack of motivation to
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engage in healthy behaviors and poorer health outcomes, including an increased risk of

developing T2D.

Epidemiological studies have shown that a family history of diabetes (FHD) is associated with a
range of metabolic abnormalities and is a strong risk factor for the development of T2D. In the
current study, patients with a FHD have a more than fivefold risk of developing T2D compared
to those with a negative FHD, which is consistent with previous studies(42,100,173,231-234).
FHD can include environmental factors besides the genetic risk that provides for obesity and
some lifestyle factors, such as alcohol consumption, smoking, and diet. Individuals with an FHD
may share similar lifestyle habits and environmental exposures with their relatives, such as
unhealthy dietary patterns, sedentary behavior, and obesity, which were reported to be associated
with an FHD(42,235).

Cigarette smoking significantly impairs glucose tolerance and increases insulin resistance,
leading to T2D, either independently or in clusters with other risk factors like centripetal
obesity(140,141,147). Experience with cigarette smoke, combined with elevated blood glucose,
is linked to vascular damage, endothelial dysfunction, and blood-clotting cascade activation,
causing further vascular damage in individuals with diabetes(142,143). Studies show conflicting
results on the link between smoking and T2D. While most epidemiological studies show a higher
likelihood of developing T2D in smokers in Saudi Arabia, West Africa, and North
Ethiopia(115,148,149), China and South Africa reported smokers have a lower likelihood of
newly-diagnosed diabetes than non-smokers(123,151). At the same time, the findings of this
study indicated a null association between smoking and T2D. Possibly only one in twenty
participants (5.3%) are current smokers of any tobacco products, such as cigarettes, with a higher
proportion of cases (8.3%) compared to controls (3.8%) with an insignificant difference
(p=0.19), which might be a negligible number to give important facts, and all smokers are men.
Similarly, other investigators in Ethiopia found no association between smoking and
T2D(57,100,150).

Previous studies(154-157) indicate that heavy alcohol consumption is a risk factor for Type 2
Diabetes, while moderate alcohol consumption is protective in both men and women. Even

though the biological mechanisms remain poorly understood, moderate alcohol consumption has
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been linked to improved insulin sensitivity, changes in alcohol metabolites, increased HDL
cholesterol concentrations, and anti-inflammatory effects, though the exact dose-response
relationship remains unclear(152,153). A study in West Africa demonstrated that alcohol
consumption every day reduces the odds of T2D by 45%(115). Likewise, a study in North West
Ethiopia showed that alcohol consumption was preventive for diabetes for rural residents(100).
While in the present study, alcohol consumption everyday increases 3.5 times higher risk of T2D
compared to non-drinker. The variance may be attributed to various factors such as difference in
lifestyle, patient characteristics, type, amount, and frequency of alcohol consumption.

Dietary intake is a significant environmental risk factor for developing and preventing T2D, with
dietary patterns potentially having greater health effects than individual foods, nutrients, or food
groups(168). Consuming sugar-sweetened beverages, refined carbohydrates, processed meats,
refined grains, and fatty foods can increase the risk of T2D by disrupting glucose metabolism
and insulin sensitivity(117,133). The current study found that regular rice consumption increases
the risk of T2D by 3.8 times compared to those who ate injera made of teff/barely/sorghum. This
is consistent with a large-scale study found that consuming more white rice (over 450 g/day)
increases the risk of diabetes (137). This may be due to white rice has high glycemic index(Gl)
and low fiber content can lead to weight gain, insulin resistance, and T2D risk, while replacing
healthier carbohydrates like whole grains, legumes, and vegetables, which have lower GI, higher

fiber content, and more nutrients, increasing metabolic diseases, including T2D(236,237).

Epidemiological studies demonstrated that elevated waist circumference, WHR, and WHItR are
imperative indicators of central obesity, which is strongly linked with insulin resistance,
inflammation, hormonal imbalances, and genetic factors that contribute to the development of
T2D in both men and women (159,170,238); which is consistent with the finding of the present
study, the risk of developing T2D is 2.4 and 3.2 times higher among individuals with elevated
waist circumference and WHtR compared to those who have normal waist circumference and
WHItR, respectively. The excessive non-essential fat accumulation around the abdomen,
particularly visceral fat with increased waist circumference, WHR, and WHIR, releases fatty
acids and inflammatory substances that interfere with insulin action, which may lead to raised

glucose levels, low secretion of insulin by the pancreas or insulin insensitivity, both leads to
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T2D(57,165). Managing central obesity through lifestyle modifications such as healthy eating,

regular physical activity, and weight loss can help reduce the risk of T2D.

Previous studies have shown that hypertension is an independent predictor of T2D(239). The
findings of the current study showed that the possibility of developing T2D is 3.0 times higher in
patients with hypertension compared to individuals with normal blood pressure. This finding is
consistent with studies in West Africa(115), Ethiopia(149), and Mekelle City (57), and the risks
of developing T2D are 2.6, 3, and 6-fold higher in patients with hypertension compared to
individuals with normal blood pressure, respectively. This might be due to both hypertension and
T2D frequently coexist and contribute to each other's complications through shared

pathophysiological mechanisms that justify their coexistence.

Dyslipidemia has recently been recognized as a risk factor for T2D. Literature shows that low
levels of HDL-C, elevated levels of triglycerides, LDL-C, and total cholesterol are significantly
associated with newly diagnosed T2D(57,166,183-185,240-243). In the current study, the
possibility of developing T2D is nearly three times higher among individuals with dyslipidemia
compared to those who do not. This finding is parallel with findings in Ghana(129), Addis
Ababa(58), and Mekelle city (57). This coexistence might be due to elevated levels of free fatty
acids derived from triglycerides contribute to insulin resistance by interfering with insulin
signaling pathways in peripheral tissues, with the inclination of increasing concentration of blood
glucose and cholesterol nearly in the same manner as physical inactivity, body weight in general

and central obesity in particular(165,244).

Findings of previous studies regarding the intake of fruit and vegetables on T2D have been
inconsistent(245-248). Some of the studies have shown an inverse association with the risk of
T2D with higher intakes of total fruit(247,249) and total vegetables(246,247,250). In contrast,
other studies did not find associations for total fruit (246,248,251) or total vegetables(248,251).
The study found no significant association between fruit and vegetable consumption and T2D.
Probably only 2(1.7%) of the cases and 8(3.3%) of the controls consumed 14 and more servings
of fruits in a typical week, with an insignificant difference (p=0.37), and only 7(5.8%) of the
cases and 21(8.8%) of the controls consumed 14 and more servings of vegetables in a typical
week, with an insignificant difference (p=0.33), which might be a negligible number to give

important facts. The inconsistency among these studies may be explained by differences in the
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types of fruits or vegetables consumed in different study populations as well as a difference in
participants’ characteristics, study design, and assessment methods. Fruits and vegetables are a
rich source of dietary fiber, antioxidants, and phytochemicals, which can help regulate blood
sugar levels, improve insulin sensitivity, and potentially reduce T2D risk(115,129).

Findings of various observational studies demonstrated that physical activity has a protective
effect on T2D, and inverse associations were observed for increasing activity over time,

resistance exercise, occupational activity, and cardiorespiratory fitness and risk of T2D(157,161).

In the current study, engagement in moderate-intensity, vigorous-intensity occupational,
moderate and vigorous-intensity sports, fitness or leisure activities, and walking or using a
bicycle (pedal cycle) for at least 10 minutes continuously are not significantly associated with
reduction of T2D. This discrepancy might be due to differences in the type of activity, duration
of the activity, participants’ characteristics, study design, and assessment methods. Regular
physical activity plays an essential part in reducing the risk of developing T2D and improving

outcomes for those who have already been diagnosed with the condition.

Strengths and Limitations

This study has several strengths, including the use of the standardized WHO STEPS method,
which ensure comparable results across countries. The strength of the present study was, unlike
many previous studies in Ethiopia that they used is cross- sectional study design, meaning that
associations cannot be assumed to be causal; this study uses matched case control study design.
Similarly, previous studies include their target population was either all age groups or adults
aged 18 years old and more, whereas our target groups were the most risky groups (middle age
45 to 64 years old) only. In most of previous Ethiopian studies, they assessed all types of
diabetes while this study targeted the most common, T2D. In most of previous studies, unlike
various earlier studies in the country that have used a random capillary blood sample, we have
used both fasting and venous blood samples, which produces more accurate estimates of glucose
concentration. Moreover, we have used a better fully automated clinical chemistry analyzer

machine for analysis of biomarkers.

Besides, T2D patients were ascertained from the diabetes clinic by the endocrinologists, and the

controls were ascertained by senior physician or General practitioner who were providing care in
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the in the general medical OPD using blood glucose test and other investigations, and it was at
Ayder Comprehensive Specialized Hospital where better experienced health care providers,
equipment and material supply is available. The selections of the controls were governed by the
follow up of T2D patients selected from the diabetes clinic. The selected T2D patients were who
was diagnosed in the last one year to minimize the recall bias. Moreover, the data collectors were
kept blinded for the cases and non-cases during the data collection process of the case control

study.

It is imperative to acknowledge, as our results must be viewed in light of some important
limitations. For both the cases and controls; we measured dietary assessment, alcohol
consumption, cigarette smoking, and physical activity at one point in time, and this may not have
represented habitual behavior levels across the lifespan. Measurement error in self-report is
inevitable, and the misclassification attributed to self-reported behaviors likely biased the
association toward the hypothesis. Besides, social desirability and/or social approval could also
affect self-reported behaviors. Likewise, since the current study is hospital based it might not be

generalized to the whole community in the region and the country.
Conclusion

We found, being an urban resident, widowhood/divorced, FHD, hypertension, dyslipidemia,
consumption of rice, alcohol consumption, elevated waist circumference and waist-to-height
ratio were confirmed possible risk factors of T2D, while leisure MVPA is protective. Normal
individuals should practice healthy lifestyle behaviors like exercising regularly to prevent weight

gain, eating healthily, and controlling blood pressure.
Abbreviations

BMI, body mass index; CVD, cardiovascular disease, DBP, diastolic blood pressure; DM,
diabetes mellitus; ETB, Ethiopian Birr; FBG, fasting blood glucose; HDL-C, high-density
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C, low-density lipoprotein cholesterol; NCDs, non-communicable diseases; SD: Standard
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Objective: To compare hyperglycemic crisis characteristics and outcomes of care 1 adult
patients without and with a history of diabetes in Tigrai. Ethiopia

Methods: A retrospective record review of diabetes patients, 196 without and 393 with
a history of diabetes who had been treated in the medical wards from September 1/2017 to
August 31/2018. aged 18 years and above was included. An mdependent-samples t-test/
Mann-Whitney tests, ¥ -test. and logistic regression analysis were used to analyze the data
using SPSS version 23.0.

Results: Patients without history of diabetes were younger [43.9=12.6 vs 48 4+14.9]. more
rural residents [33.1% vs 30.3%], lower proportion of type 2 diabetes [38.3% wvs 53.7%].
hyperosmolar hyperglycemic state [15.8% ws 31.8%)]. with lower mortality rate [8.7% vs
15.5%] compared to with a history of diabetes. A higher mortality reported in rural residents
[13.5% ws 3.3%: without vs 21.8% vs 12.8%: with history]. and lower urine ketones [1.9+
1.3 vs 2.8= 1.1: without vs 1.6+ 1.2 vs 2.2= 1.0; with a hustory] compared to their counter-
parts in both patients, respectively. Rural residents [AOR (95% CT): 3.1 (1.8, 3.4)]: medical
history of stroke [AOR (95% CT); 2.7 (1.3, 5.6)]; type 2 diabetes [AOR (95% CI); 2.3 (1.1,
4.7)]. hyperglycemic hyperosmolar state [AOR (95% CI): 2.4 (1.1. 5.4)]: and with a history
of diabetes [AOR. (95% CT): 2.0 (1.04, 3.8)] were significantly associated with mortality. but
polydipsia [AOR (95% CI): 0.47 (0.27. 0.81)] was preventive.

Conclusion: This finding suggests that rural residents. medical history of stroke. type 2
diabetes, hyperglycemic hyperosmolar state, and with a history of diabetes were independent
predictors of mortality while polydipsia was preventive. Therefore, the need for more public
health awareness campaigns, screening for people having known risk factors. and expansion
of diabetes care services to the primary health care units is a fundamental measure.
Keywords: hyperglycemme crisis. mortality. new-onset, with istory. outcome

Plain Language Summary

This study aims to compare hyperglycemic crisis characteristics and outcomes of care m
adult patients without and with a history of diabetes in Tigrai. Ethiopia. A retrospective
medical chart review of all adult patients aged 18 years and above with a hyperglycemic
crisis of 196 without and 393 with a history of diabetes admitted in a medical ward from
September 1/2017 to August 31/2018; are included in the study. Patients without a history of
diabetes are younger with a mean age of (44 vs 49 years). more rural residents (33.1% vs
30.3%). lower the proportion of type 2 diabetes (38.3% wvs 53.7%) and hyperosmolar
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hyperglycemic state (15.8% ws 31.2%) compared to with
a history of diabetes. Mortality 1s higher m patients with
a history of diabetes [15.5% vs 8.7%). rural residents [13.5%
wvs 3.3%: without, and 21.8% vs 12.8%; with]. and with lower
urine ketones [1.9+ 1.3 vs 2.8+ 1.1; without and 1.6+ 1.2 vs 2.2+
1.0; with] compared to their counterparts. A 30 days cases of
mortality 15 3.0, 2.7, 2.3, 2.4, and 2.0 times higher m rural
residents, who had a stroke. type 2 diabetes., hyperglycemic
hyperosmolar state, and with a history of diabetes. respectively:
but reduced by 47% in patients with excessive thirst. In general.
tural residents. a history of stroke. type 2 diabetes. hyperglyce-
mic hyperosmolar state, and with a history of diabetes are nisk
factors for mortality while excessive thirst is preventive.
Therefore, the need for more public health awareness campaigns,
screening for people having known risk factors, and expansion of
services to health centers is a fundamental measure.

Introduction
The hyperglycemic crisis 1s the meost common hife-
threatening acute metabolic-complication, which results
i significant morbidity and nlcllmlir_\',l_3 Diabetic ketoaci-
dosis (DKA), and hyperosmolar hyperglycemic state
(HHS), are the two most common hyperglycemic crises,
where patients requiring intensive treatment and
hospltalizanon_gfs Both DKA and HHS are extreme meta-
bolic derangements associated with uncontrolled types 1
and 2 diabetes mellitus. DKA is more commen in young
people with type 1 diabetes (T1D) and HHS 15 more
frequently reported m adult and elderly patients with
type 2 diabetes (T2D); however, each type of diabetes
may be associated with DKA or HHS. Hyperglycemic
crises are a continuum of metabolic derangements that
differ in the rapidity of onset. clinical features, the severity
of dehydration, and the degree of ketosis 2368

The hyperglycemic crisis 15 becoming a major chal-
lenge 1n the healthcare system: which 1s usually associated
with disability, reduced lLife expectancy, and has a high
cost of treatment. >’ The annual incidence of the hypergly-
cemic crisis 15 estimated to be 9.5 per 1000 persons with
diabetes, and there were 207,000 hospitalizations for the
hyperglycemic crisis reported in the Umited States of
America (USA) m 20147 In the USA, about 43% of the
total medical cost for diabetes 1s spent on hospital mpati-
ent care 1

8A study in Tarwan reported that about one-fourth of
hyperglycemc crisis admission was patients  without
a history of diabetes. Patients without a history of diabetes
were younger and less elderly. had better consciousness and

renal function. more significant diabetic signs and symptoms.

higher blood sugar, a higher proportion of DEA and less
proportion of HHS, less opportunity of mfection, medical
history. and a 30 days cases of 111011a11r§.'.“

In Africa. the hyperglycemic crisis was the main rea-
son for hospital admission of patients with diabetes ran-
ging from about 26% in South Africa to 40% in Nigeria
with mortality rates ranging, from 7.5% in South Africa to

12712 Admissions for HHS. in contrast to

34% 1n Nigeria.
DEA, were more common in patients with a new diagno-
215 P

©7 Studies m

Ethiopia, 23.6-43% of patfients with the hyperglycemic

s1s of diabetes in South Africa and Ethiopia.

crisis were with new onset of diabetes at admission with
a 30 days cases of mortality 4.1%: but 14.6% with
a history of diabetes. 1517

Although the hyperglycemic crisis is a major challenge
m the healthcare system in developing nations. ncluding
Ethiopia; but robust data on the hyperglycemic crisis char-
acteristics and outcome of care in patients without and
with a history of diabetes i1s lacking, which will have
a crucial mput 1n shifting healthcare priorities and manage-
ment protocol.

Methods
Study Design, Population and Data

Collection

The study conducted in randomly selected six general and
one referral hospitals of Tigrai in northern Ethiopia among
adult patients aged 18 years and above, who admitted and
treated for a hyperglycemic crisis in the medical wards
2017, to August 31, 2013. Data
extracted from January to March 2019. This study was

from September 1.

a hospital-based retrospective record review and all one-
year medical records of adult patients aged 18 vears and
above who had been admitted and treated were included n
the review if they met the mclusion criteria. But, adult
patients who left agamnst medical advice, referred to other
health institutions, and pregnant mothers were excluded
from the study.

The sample size calculated using a double population
proportion formula with the assumption of 4.1% and
14.6% mortality rates i patients without and with
a history of diabetes, respectively.® a power of 90% and
confidence mnterval of 95% and a ratio of patients with
history diabetes to without a history of diabetes 1s 2. Then,
the required sample size was 137 patients without a history
of diabetes and 274 patients with a history of diabetes.
But, finally. all medical records of patients (196 without
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and 393 with a history of diabetes) with hyperglycemic
admitted and treated between
September 1, 2017, to August 31, 2018, in the six general

crists  who  were
hospitals and Ayder Comprehensive specialized hospital
were included.

Data were abstracted using a uniform data abstraction
format prepared to gather relevant data from the medical
records both from paper copy file and e file/smart care/.
The data were abstracted from 196 patients without
a history of diabetes and 393 patients with a history of
diabetes with DEA and HHS. By Nurse and public health
experts recrutted for data abstraction. Data collectors and
supervisors tramned for one day on how to retrieve. and
abstract relevant data from the medical records. The data
abstraction format was pretested in 60 adult medical
records two weeks before the actual data abstraction
period

Operational Definitions

Type 1 diabetes: When the patient presented with FBS =
126 mg/dl or RBS > 200 mg/dl plus classic symptoms
excessive urination, excessive thirst. and unexplained
weight loss.

Tvpe 2 diabetes: When the patient presented with FBS
> 126 mg/dl or RBS = 200 mg/dl plus other symptoms
such as excess body weight. physical mactivity, unhealthy
diet, and family history of diabetes %1%

Diabetic Ketoacidosis (DKA): DKA was defined as
admission blood glucose =250 mg/l and wrine dipstick
ketone level = +22

Hyperosmolar Hyperglycemic State (HHS): HHS was
defined as blood glucose =600 mg/dL. alteration i mental
status, and mild or absent ketonuria >

Level of consciousness: Based on the Glasgow Coma
Scale (GSC); the level of consciousness is classified as
better consciousness (mild) when GSC > 13; Moderate
level of consciousness when GSC 1s 9 to 12; Severe
alterad level of consciousness when the GSC < 3.

Without a history of diabetes: Patients who denied and
had no medical record of diabetes and diagnosed for the
first time with fasting blood sugar (FBS) = 126 mg/dl. or
repeated random blood sugar (RBS) = 200 mg/dl plus
fatigue, polyvuria, polydipsia, and other symptoms.n

Definition of End-Point: We used 30-day mortality as
the primary end-point. People who survived at least 30
days whether or not they were still hospitalized were
constdered ‘survivors’ for this analysis. We used 30-day
mortality as the primary end-point because the hospital

stay of 98.8% of patients was within 30 days m the present
study. Also, 30 days 15 a universally acceptable endpoint

for outcome studies.!!

Data Analysis

Data entered and analyzed using SPSS version 25.0 for
Windows. Continuous data presented as the median and
interquartile range (IQR) [25th; 75th percentiles] and
means = Standard Deviation (SD). Comparisons between
two groups made using either an independent-samples
r-test (assuming a normal distribution) or Mann—
Whitney/Wilcoxon tests (assuming non-normality) of the
continuous variables.

The nominal variables presented as absolute frequencies
and proportions, and the Iz-test or a Fisher’s exact test was
used for categorical variables. The association between the
exposure and outcome variables was determmed using
a logistic regression model with 95% confidence intervals
(CI). Significance was set at p < 0.05 (two-tailed) to extract
variables effective i a model.

Ethical Statement

The ethical statement protocol was approved by the
Institution Board (IRB) of Addis Ababa
University-College of Health Sciences (AAU-CHS). fol-
lowing the Helsinki Declaration, and a waiver letter was

Review

obtained. Besides, written permission was obtained from
the health bureau of the Tigrai Regional State after sub-
mitting the protocol and explaining the purpose of the
study. For the sake of privacy and confidentiality, all charts
used mn this research were kept private and confidential;
where data were password protected and filled checklists
were kept locked mn a cabinet. No information other than
for this study pupose was collected from the patient
charts. including personal identifiers.

Results

Of the 1082 hyperglycemic crisis-related admissions, only
589 (54 4%) of them met the inclusion criteria for DEA or
HHS. Out of those patients with a hyperglycemic crisis.
196 (33.3%) patients without a history of diabetes, and
393 (66.7%) patients with a history of diabetes were
mncluded 1n the study (Figure 1)

The distribution of socio-demographic and clinical
characteristics differs between those patients without
and with a history of diabetes. Those patients without
a history of diabetes were comparatively younger than
those with a history of diabetes with a mean (=SD) age of
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N= 1082
Hyperglycemic crises events

N=216

italization for events other than DKA or HHS

N= 866
Events analyzed for

hyperglycemic crises events

N= 589

Excluded for not meeting the criteria for DKA/ HHS

Excluded against medical advice and referred to other
hospitals

Exclude due to insufficient data

N=196

N=18

N=63

Included in the final analysis

I

N= 196

Without history of diabetes €|

Comparing clinical
characteristics

N=393
With a history of diabetes

Figure | Flow diagram of analyzed events and comparing clinical characteristics of patients without and with a history of diabetes.

[43.9=12.6 vs 48.4=14.8 years; p<0.001]. and also they
were less elderly [3.6% vs 15.8%; p< 0.001]. Similarly,
patients without a history of diabetes were more rural
[53.1% vs 30.3%; p<0.001] compared to
patients with a history of diabetes. Regarding to the

residents

clinical characteristics of hyperglycemic crisis, patients
without a history of diabetes had relatively higher pro-
portion of classic signs and symptoms of diabetes [vomit-
mg (69.4% wvs 36.4%; p<0.001), polyuna (75.5% vs
59.0%; p<0.001). (83.7% vs 74.8%;
p=0.015). fruit breath odor (84.2% vs 72.3%; p=0.001),
and weight loss (79.6% vs 64.1%; p<0.001)]. Whilst,
patients with a history of diabetes had a comparatively

polydipsia

higher proportion of medical history of Chronic Kidney
Disease (10.7% vs 1.5%: p<0.001), Cardiovascular dis-
eases (31.3% vs 13.8%: p<0.001). and stroke (12.5% vs
5.6%; p=0.014): compared to their counterparts. Besides,
patients with a history of diabetes had comparatively
a higher proportion of Type 2 diabetes, hyperosmolar
hyperglycemic state, and a 30 days cases of mortality
rate (53.7% vs 38.3%; p<0.001), (31.8% vs 15.8%:
p<0.001). and (15.5% vs 8.7%; p=0.02) comparad to
patients without a history of diabetes, respectively
Likewise, comparatively, patients with a history of dia-
betes had a higher median of baseline blood pressure
readings in mmHg than patients without a history of
diabetes. However; patients with a lustory of diabetes

had relatively lower mean baseline body urine ketones
(2.1= 1.1 vs 2.7= 1.1: p<0.001) i mg/dl compared to
their counterparts. respectively, (Table 1).

As Table 2 showed. comparatively a higher proportion
of mortality was observed in rural residents than urban
residents m both patients without and with a history of
diabetes (13.5% vs 3.3%; p= 0.023). and (21.8% vs
12.8%; p= 0.03); respectively. In patients with a history
of diabetes, a higher proportion of mortality was observed
i patients who did not presented with polyuria (21.1% vs
11.6%: p=0.016), polvdipsia (23.2% vs 12.9%: p=0.022),
fruit breath odor (26.6% vs 11.3%; p<0.001). and weight
loss (22.0% vs 11.9%; p=0.012) compared to patients who
had on admission. Whereas, in patients without a history
of diabetes, a higher proportion of mortality was observed
i patients who had not fruit breath odor on admission
(25.8% vs 5.5%: p=0.001) compared to those who had the
presentation on admission. In both patients without and
with a history of diabetes, a higher proportion of mortality
was observed in patients who had a medical history of
Chronic Kidney Diseases, Cardiovascular diseases. and
stroke than without a medical history. Similarly, 30 days
of cases mortality was higher in Type 2 diabetes patients
than type 1 diabetes (16.0% vs 4.1%; p= 0.009) and
(22.3% vs 7.7%; p<0.001) m both patients without and
with a history of diabetes. respectively. Besides, patients
with HHS had comparatively a higher proportion of
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Table | Comparison of Clinical Characteristics of Adult Patients
with a Hyperglycemic Crisis without and with a History of
Diabetes in a Resource-Poor Community

Clinical Characteristics History of Diabetes p-value
Without With
(n=196) (n=393)
Age in years (Mean £ 5D) 43.9£126 48.4 p<0.001*
149
Elderly, aged 265 years (%) 7 (3.6) 62 (15.8) | p<0.001%
Gender, Men (%) 118 (60.2) 238 1.00
(60.6)
Residence (%)
Urban 92 (46.9) 274 p<0.001*
(69.7)
Rural 104 (53.1) 119
(30.3)
Clinical feature; yes (%)
Vomiting 136 (69.4) 143 p<0.001*
(36.4)
Abdominal pain 47 (24.0) 54 (13.7) | 0.002*
Polyuria 148 (75.5) 232 p<0.001*
(59.0)
Polydipsia 159 (81.1) 294 0.015*
(74.8)
Fruit breath odor 165 (84.2) 284 0.001*
(72.3)
Fatigue 181 (92.3) 372 0.3
(94.7)
Weight loss 156 (79.6) 252 P<0.001*
(64.1)
Medical history, yes (%)
CKD 3(1.5) 42 (10.7) | p<0.001*
DFS 1(0.5) 24 (6.1) 0.003*
cvD 27 (13.8) 123 p<0.001*
(31.3)
Stroke 11 (5.6) 49 (12.5) | 0.014*
Pancreatitis 12 (6.1) 10 (2.5) 0.054
Type of DM (%)
Type | DM 121 (61.7) 182 0.001*
(46.3)
Type 2 DM 75 (38.3) 211
(53.7)
Type of hyperglycemic crisis (%)
DKA 165 (84.2) 268 P<0.001*
(68.2)
HHS 31 (15.8) 125
(31.8)
(Continued)

Table | (Continued).

Clinical Characteristics History of Diabetes p-value
Without With
(n=196) (n=393)

The 30 day mortality (%) 17 (8.7) 61 (15.5) | 0.03*

SBP in mmHg in Median 90 (70; 100) | 20 (80; 0.02*
(IQR) 150)

DBP in mmHg in Median 60 (50; 70) | 60 (50; 0.01%
(IQR) 100)

Body Temperature (*C) 36.8+ 0.8 37.3% P<0.001*
(Mean % SD) 1.04

Respiratory rate (Mean + | 23.4 £ 2.0 22,07 £ p<0.001*
SD)y 24

Pulse rate (Mean * SD) 100.2+£73 | 98.1£7.0 | 0.001*

GCS in Median (IQR) 141,14 | 12 0.002*%

(11;14)

RBS in mg/dl (Median 538.5 (499, | 517 (47%; | 0.032*
(IQR)) 591) 600)

Urine ketones (Mean * 27 LI 21+ L1 P<0.001*
sD)y

Length of hospital stay 9(7; 13) 9 (6 13) | 04
(days) Median (IQR)

Mote: *Statistically significant.

Abbreviations: CVD, cardiovascular diseases; CKD. chronic kidney disease: DFS,
diabetes foot syndrome; DEP. diastolic blood pressure; GCS, Glasgow Coma Scale;
IQR, inter quartile range: RBS, random blood sugar; SBR. systolic blood pressure;
SD. standard deviation

mortality than patients with DKA (29.0% vs 4.8%; p<
0.001) and (27.2% vs 10.1%; p=0.001) in both patients
without and with a history of diabetes. respectively.
Similarly, in both patients without and with a astory of
diabetes: lower mean baseline urine ketones (1.9+ 1.3 vs
2.8+ 1.1; p=0.008): and (1.64+ 1.2 vs 2.2+ 1.04; p=0.002)
was statistically significantly associated with a 30 days
cases of mortality, respectively. Also, in patients with
a history of diabetes a higher median blood pressure in
mmHg (p<0.01), and RBS m mg/dl (p= 0.003) readings at
baseline was statistically significantly associated with a 30
days cases of mortality

On the multivariate logistic regression model (Table 3),
mdependent predictors of a 30 days case of mortality were
a rural residents [AOR=3.1, 95% CI 1.8, 5.4], patients with
a medical history of stroke [AOR=2.7. 95% CI 1.3. 5.6]. type
2 diabetes [AOR=2.3. 95% CI (1.1, 4.7)], hyperosmolar
hyperglycemic state [AOR=2.4. 95% CI (1.1. 5.4)]. and
patients with istory of diabetes [AOR=2.0, 95% (CT 1.04.
3.8)]; whale presentation with polydipsia on admission was
preventive [AOR= 047, 95% CI 0.27, 0.81]: (Table 3).
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Table 2 Comparision of Hospital Management and Clinical Outcomes Adult Patients with a Hyperglycemic Crisis without and with
a History of Diabetes in a Resource-Poor Community

Clinical Characteristics Without History (%) P-value | With a History (%) p-value
Died (n= Alive (n= Died (n=é1) | Alive (n=
17) 179) 332)
Gender, Men (%) 10 (8.5) 108 (91.5) 0.9 38 (16.0) 200 (84.0) 0.9
Residence
Urban 3(33) 89 (96.7) 0.023* 35(12.8) 239 (87.2) 0.03*
Rural 14 (13.5) 90 (86.5) 26 (21.8) 93 (78.2)

Clinical presentations

Vomiting I (8.1) 125 (91.9) 09 16 (11.2) 127 (88.8) 0.07
Abdominal pain 2(43) 45 (95.8) 0.4 4(7.4) 50 (92.6) 0.1
Polyuria 1 (7.4) 137 (92.6) 04 27 (11.6) 205 (88.4) 0.016%
Polydipsia 8 (5.0) 151 (95.5) 0.001% | 38 (12.9) 256 (87.1) 0.02*
Fruit breath odor 9(5.5) 156 (94.5) 0001 | 32(11.3) 252 (88.7) p<0.001*
Fatigue 16 (8.8) 165 (91.2) 1.00 58 (15.6) 314 (84.4) 1.00
Weight loss 14 (9.0) 142 (91.0) 1.00 30 (11.9) 222 (88.1) 0.012%

Medical history

CKD 2 (66.7) I (33.3) 0.02* 13 (31.0) 29 (69.0) 0.007+
DFS 0 (0.0) I {100.0) 1.00 6 (25.0) 18 (75.0) 0.2
VYD 6(22.2) 21 (77.8) 0.017* 31 (25.2) 92 (74.8) 0.001*
Stroke 4(36.4) 7 (63.6) 0.009* 17 (37.4) 32 (65.3) p<0.001*
Pancreatitis 2(16.7) 10 (83.3) 03 3 (30.0) 7 (70.0) 0.4
Type of diabetes (%)
Type | DM 5(4.1) 116 (95.9) 0.009* 14 (7.7) 168 (92.3) <0.001*
Type 2 DM 12 (16.0) 63 (84.0) 47 (22.3) 164 (77.7)
Hyperglycemic crisis (%)
DKA 8(4.8) 157 (95.2) p<0.001% | 27 (10.1) 241 (89.9) p=<0.001*
HHS 9(29.0) 22 (71.0) 34(27.2) 91 (72.8)
Age in years (Mean % SD) 46,9148 436123 0.4 51.8x14.6 477147 0.047*
SBP (Median (IQR)) 90 (70; 90) 90 (70; 100) 0.4 110 (82.5;160) | 90 (74;120) 0.001*
DBP (Median (IQR)) 60 (50; 60) 60 (50, 70) 0.6 80 (60;100) 60 (50:80) 0.006*
BT (*C) (Mean £ SD) 36.9£ 0.9 36.8+ 0.9 0.8 37.3£ 1.0 3732 1.0 0.6
RR (Mean % SD) 23.4£ 25 23.4£2.0 0.9 21.2£ 27 223+ 23 0.004*
PR (Mean % SD) 101.7+ 8.9 100.1£7.2 0.5 96.7+ 6.7 98.417.0 0.09
GCS in Median (IQR) 12 (9% 15) 14 (11;15) 0.2 12 (10;14) 13 (11;14) 0.2
RBS (Median (IQR)) 578 (498;600) | 538 (498;585) 03 600 512 {470;600) 0.003*
(471.5;600)
Urine ketones (Mean  SD) 1.9+ 1.3 2.8% 1.1 0.008* l.6x 1.2 22+ 1.0 0.002*
Length of hospital stay (days) in Median (IQR) | 13 (8; 16) 9(7; 12) 0.07 8.5 (6;12) 9 (613) 0.5

Mote: *Statistically significant.
Abbreviations: CVD. cardiovascular diseases: CKD. chronic kidney disease: DFS. diabetes foot syndrome: DEF. diastolic blood pressure: GCS, Glasgow Coma Scale: IQR.
inter quartile range; RBS, random blood sugar; SBR systolic blood pressure; SD. standard deviation.

Discussion diabetes. Whalst, the proportion of Type 2 diabetes. hyper-

In this study. patients without a history of diabetes had  osmolar hyperglycemic state. and medical history of

a higher proportion of classic signs and symptoms of  chronic diseases were higher among those patients with
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Table 3 Potential Risks of Hyperglycemic Crisis-Related Mortality Among Patients without and with a History of Diabetes in

a Resource-Poor Community

Clinical Characteristics Qutcomes of Care (%) COR (95% CI) AOR (95% CI)
Died (n=17) Alive (n= 179)
Residence
Urban 38 (10.4) 328 (89.6) I |
Rural 40 (17.9) 183 (82.1) 19112 3.1] 3.0 [1.8, 5.4]*
Stroke
Yes 21 (35.0) 39 (65.0) 4.6 [25, 8.1] 27 [1.3, 5.6]*
MNo 57 (10.8) 471 (89.2) 1 I
Vomiting
Yes 27 (9.7) 252 (90.3) 0.5 (0.33, 0.50) 1.5 {0.74, 3.13)
No 51 (16.5) 259 (83.5) I |
Excessive thirst
Yes 46 (10.2) 407 (89.8) 0.37 (0.22, 0.61) 0.47 (027, 0.81)*
No 32(23.5) 104 (76.5) 1 I
Type of DM
TID 19 (6.3) 284 (93.7) I |
T2D 59 (20.6) 227 (79.4) 1.9 (225, 6.7) 23 (1.1, 4.7)*
Type of hyperglycemic crisis
DKA 35(8.1) 398 (91.9) 1 I
HHS 43 (27.6) 113 (72.4) 4.3 (26, 7.1) 24 (1.1, 5.4)*%
Type of patient
With a history of DM 6l (15.5) 332 (91.9) 1.94 (1.1, 34) 2.0 (1.04, 3.8)*
Without a history of DM 17 (8.7) 179 (91.3) I |

Mote: “Statistically significant.

Abbreviations: TID, type | diabetes; T2D. type 1 diabetes.

a listory of diabetes. Also, the mortality rate was com-
paratively higher in those patients with a history of dia-
betes. A higher proportion of mortality was observed
patients from rural. Similarly, higher a 30 days case of
mortality was reported among those patients with T2D,
HHS, a lower mean of urine ketones. had a medical history
of chronic kidney disease, cardiovascular disease, and
stroke. Rural residence patients, type 2 diabetes. hvpergly-
cemic hyperosmolar state, had a medical history of stroke.
and history of diabetes were mdependent predictors of
mortality while had polydipsia on admission was
preventive.

In the current findings, although patients without
a history of diabetes had better consciousness compared
to with a history of diabetes, but had more pronounced

signs and symptoms for hyperglycemic crisis (vomiting,
abdominal pain, polyuria, polydipsia, fruity breath odor,
and body weight loss) compared to patients with a history
of diabetes; which 1s in line with findings in Taiwan.!! We
believe that it could be due to two-third of the patients
without a history of diabetes had type 1 diabetes that
presents with these classic signs and symptoms of diabetes
mellitus 1517

In the curent study. comparatively a higher proportion
of the hyperglycemic crisis among rural residents in
patients without a history of diabetes than those with
a hustory of diabetes. This 15 due to people living in rural
areas have mcreased treatment gaps, less access to health
care services, and long-distance travel to health services.

On the other hand, somewhat a greater proportion of
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hyperglycemic crisis among urban residents in patients
with a lustory of diabetes compared to those patients with-
out a history of diabetes. This might be due to poor
compliance, unaffordability of insulin medicine, and nac-
cessibility of anti-diabetes medicines. We suggest expan-
sion diabetes care services to the primary health care units,
mtegrate diabetes screening in the health extension packa-
ging programs, and providing diabetes self-care manage-
ment education.

Furthermore, DKA was more common in patients with-
out a history of diabetes (84.7%), while HHS 1s more
pronounced in patients with a history of diabetes. As
a result, a higher mortality rate is reported in patients
with a Instory of diabetes. This finding contradicts
a study conducted in other parts of Ethiopia2 but consistent
with findings from Taiwan and South Africa!™!® The
higher incidence of DKA n patients without a history of
diabetes may be related to a relatively younger age and
more than half of the patients are from rural residents
which could be associated with po\'err_v_m’zl

The overall 30 days case of hyperglycaemic crisis-
related mortality 1s 13.2%; which 1s higher than studies
m Colombia, Chma, Tarwan, and other parts of Ethiopia
that reported mortality rates ranging from 227 to
10.6%: 121122 but lower than 20% mortality 1n ngel‘la.23
The disparity might be due to differences in inpatient
management protocol of hyperglycemic crisis, madequate
laboratory investigations at presentation, insufficient
laboratory moniforing during treatment to monitor patient
response, and also the absence of routine annual checkup
policy for NCDs- in Ethiopia. Besides a delayed diagnosis
of T2D, and then present for medical attention after devel-
oping diabetes complications.

In this study. a lower mortality rate in patients without
a lustory of diabetes than patients with a hustory of dia-
betes 1s reported. Many diabetes patients might die undiag-
nosed and before access to diabetes treatment particularly
m rural areas. This finding 15 still lugher than studies m
other parts of Ethiopia, China, and Taiwan 2 This
disparity might be due to a delayed diagnosis of T2D
and then present for medical attention after developing
diabetes complications. And also; the absence of inpatient
management protocol, and msufficient laboratory monitor-
mg during treatment to meonitor patient response in the
studied hospitals. The researchers suggest the expansion
of reliable diabetes care services to the prumary health care

units and mtegrating diabetes in the health extension

packaging. Furthermore, the inpatient management proto-
col of the hyperglycemic crisis has to be equipped with
adequate laboratory mvestigations and sufficient labora-
tory monitoring during treatment to monitor patient
response.  Also. routine annual checkup policies for
NCDs. mcluding diabetes have to be mplemented.

In this finding, more than three times higher a 30 days
cases of mortality among rural patients than urban: which
1s consistent with a study in China. > This higher mortality
m rural patients might be people living in rural areas have
less access to diabetes screening and preventive services.
Besides, long-distance travel to health care services, and
have mcreased treatment gaps. Likewise, these individuals
are unaware of their glycemic state and then present for
medical attention after developing diabetes complications
and worsening of the conditions. Therefore, the need for
more public health awareness campaigns about diabetes,
and the expansion of diabetes care services to the primary
health care units particularly in the rural areas 1s
a fundamental measure.

The findings of this study revealed that lower mortality
1s reported in patients who had classic signs and symptoms
of diabetes (vomiting. polydipsia, polyuria, fruity breath
odor, and body weight loss) than those who had not on
adnmussion. Mortality 1s reduced by 47% in patients who
had polydipsia on admission. Nevertheless, delayed recog-

nition of hyperglycemic symptoms in T2D and ignorance
1122

of diabetes complications might lead to mortals
Public health awareness campaigns have to be made to
mcrease health-seeking behavior to make annual checkups
and the classic symptoms of diabetes.

In both patients, a lugher proportion of mortality 1s
reported 1n patients who had a medical history of chronic
kidney disease, cardiovascular disease, and stroke com-
Patients who had
a medical history of stroke are 2.7 times as great as the
likelihood of mortality those who had not a medical his-

pared to patients who had not

tory of the stroke on admission. This study 1s consistent
with the study in Taiwan 22 Medical attention after
developing diabetes complications. absence of integrated
mpatient management protocol of hyperglycemic crisis
and co-morbidity. and madequate laboratory monitoring
during freatment fo monitor patient response might be
the reasons for higher mortality.

In this study, patients with type 2 diabetes, and hyper-
osmolar hyperglycemic state had more than two folds
higher mortality than patients with type 1 diabetes, and
DEA respectively. A higher 30 days cases of mortality are
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observed in patients with a lower mean of urine ketones
which 1s common T2D and HHS in both patients without
and with a history of diabetes. This higher mortality might
be due to delayed diagnosis of T2D and ignorance of
diabetes complications which results in severe dehydration
and neurologic deficit that can lead to death. We recom-
mend more public health awareness campaigns and dia-
betes screening for people with known risk factors.
Furthermore, two folds higher a 30 days of cases
mortality in patients with a previous history of diabetes
than without a history of diabetes: which 15 parallel with
a study Taiwan.!! Long-standing hyperglycemia due to
poorly controlled diabetes and ignorance of diabetes com-
plications might be the reason for the higher mortality.
Nevertheless, the present study had several limitations.
The first limitation, the data were obtained retrospectively
from patient charts, where clinical presentations or records
might not have been completely documented. Some
patients may have been excluded due to a lack of data
for analysis. The second limitation, data were not vali-
dated, which could have led to musclassification of type
hyperglycemic crisis, though the overlaps do not affect the
present study results. Third. the study 1s limited to include
important diagnostic criteria for the classification of hyper-
glycemic crises due to the study 1s conducted i general
hospitals with a lack of advanced laboratory setups.
Fourth, the study 1s limited to medical wards, and do not
include patients against medical advice, pregnant mothers.
and patients referred to other hospitals. Fifth. this was
a single- Regional State study, where findings from our
database might not be generalizable to the entire national
hospitals, but it can generalize for hospitals in Tigrai.

Conclusions

Comparatively a higher 30 days cases of mortality in
patients with a history of diabetes compared to patients
without a lustory of diabetes. Moreover. a lugher propor-
tion of mortality 15 rural residents in both patients. Also.
mortality was higher among patients with type 2 diabetes
and hyperosmolar hyperglycemic state in both patients.
Rural residents, Type 2 diabetes, hyperosmolar hypergly-
cemic state, had a medical history of stroke, and with
a lustory of diabetes were independent predictors of 30
days cases of mortality; while polydipsia was preventive.
We suggest regular check-ups and screening for NCDs and
more public health awareness campaigns. We also recom-
mend expanding diabetes care services to the primary
health care units and integrate diabetes screening in the

health extension packaging programs. Furthermore,
mnproving the mpatient management protocol of hypergly-
cemic crisis  and equpped advanced laboratory

mvestigations.
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