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ARTICLE INFO ABSTRACT

Keywords: Background: Diabetes mellitus (DM) is a worldwide public health problem. The burden of diabetes
Undiagnosed diabetes mellitus has been continuously increasing from day to day, especially in developing countries like
Prediabetes

Ethiopia. Globally, half of all cases of diabetes mellitus are undiagnosed. Diabetes mellitus can be
easily handled if it is detected early. There is limited evidence on the magnitude of undiagnosed
diabetics and prediabetes at the community level in Ethiopia, particularly in the study area.
Objective: To assess the magnitude of undiagnosed diabetes mellitus, prediabetes, and associated
factors among adults living in Debre Tabor town.

Methods: A community-based cross-sectional study was conducted in Debre Tabor town from
October to December 2021. A total of 407 participants were selected using a multistage sampling
technique. A pretested structural questionnaire was used to collect demographic, behavioral, and
clinical data. Anthropometric measurements were taken with standardized and calibrated
equipment. A fasting venous blood sample was collected for blood glucose level determination.
Logistic regression was used to identify risk factors. A P-value <0.05 was considered statistically
significant.

Result: The magnitude of undiagnosed diabetes mellitus and prediabetes was found to be 4.5%
(95% CI: 2.9-7.4) and 14.5% (95% CI: 11.1-18.1), respectively. Older age (AOR: 6.50, 95% CI:
1.82-23.21), abnormal body mass index (AOR: 6.84, 95% CI: 1.91-24.54), systolic hypertension
(AOR: 8.74, 95% CI: 2.53-30.19), and family history of diabetes mellitus (FHDM) (AOR: 12.45,
95% CIL: 3.63-42.65) were significantly associated with undiagnosed diabetes mellitus. Using
saturated oil (AOR: 1.97, 95% CI: 1.09-3.55), having a high waist circumference (AOR: 2.16, 95%
CL: 1.20-3.87), and being hypertensive (AOR: 2.26, 95% CI: 1.04-4.96) were all significantly
associated with Prediabetes.

Conclusion: Adults in Debre Tabor town have a high prevalence of undiagnosed diabetes and
prediabetes. A variety of modifiable risk factors were also identified. As a result, focusing the
prevention strategy on such modifiable risk factors may help to minimize the prevalence of un-
diagnosed diabetes mellitus and prediabetes as well as future disease complications.
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1. Introduction

Diabetes mellitus (DM) is a heterogeneous metabolic disorder characterized by the presence of hyperglycemia due to impairment of
insulin secretion, defective insulin action, or both, and disturbances of carbohydrate, fat, and protein metabolism [1,2]. Chronic
hyperglycemia is associated with long-term microvascular (retinopathy, nephropathy, and neuropathy) and macrovascular (ischemic
heart disease, stroke, and peripheral vascular disease) complications [3]. In the absence of an early diagnosis, the complications of
diabetes can be severe [4]. Comorbidities of DM lead to a substantial decrease in the patient’s quality of life as well as socioeconomic
consequences [5]. Global diabetes-related health expenditures were estimated at 966 billion USD in 2021 and are projected to reach
1054 billion USD by 2045 [6].

The prevalence of diabetes is increasing worldwide. The International Diabetes Federation (IDF) estimates that 536.6 million
people were living with diabetes in 2021, and this number is projected to increase by 46%, reaching 783.2 million by 2045 [6,7].
Diabetes was responsible for around 6.7 million adult deaths in 2021. In addition, 541 million people were estimated to have impaired
glucose tolerance or prediabetes worldwide [6]. Low- and middle-income countries (LMICs) account for the vast majority of people
with prediabetes (72.2%), and the European region had the lowest prevalence (5.1%) [8]. People with prediabetes are more likely to
acquire diabetes in the future. Prediabetics are also more likely to develop diabetic complications and cardiovascular disease [1].

As IDF estimates and other studies have shown, approximately 50% of all individuals with diabetes are thought to be undiagnosed
[9-11]. Undiagnosed diabetes is nearly twice as common in Africa (66.7%) as it is in developed countries (37.5%) [12]. This is because
of a lack of testing facilities and equipment, a shortage of educated medical workers, limited access to health facilities, and a lack of
knowledge about diabetes in Africa [13]. Furthermore, in the African region, 77.0% of all diabetes-related fatalities occur before the
age of 60 [14].

Diabetic prevalence is currently increasing more rapidly in poor nations than in industrialized countries, where resources for
diabetic management are low [11]. According to a 2022 IDF report, more than 80% of diabetics live in low- and middle-income
countries [15]. The growth of DM in poor nations is being attributed to sedentary lives, expanding urbanized cultures, and associ-
ated changes in dietary and physical exercise habits [16].

Even though the prevalence of diabetes in Sub-Saharan Africa (3%) was lower than the global prevalence (8.5%) in 2016, there has
been a rising trend in recent decades due to the consequences of rapid urbanization, globalization, and lifestyle changes [17].
Furthermore, it is concerning that more than two-thirds of diabetes mellitus cases in sub-Saharan Africa remain undiagnosed [18,19].
Ethiopia, a sub-Saharan African country, has a high prevalence of diabetes, and diabetes morbidity affected 3.8% of the population in
2016, according to World Health Organization (WHO) diabetes country profiles. Furthermore, diabetes accounts for 1% of all deaths
[20], and undiagnosed diabetes is very common in the country [20-23].

Diabetes currently has no known single cause. However, some factors, such as advanced age, obesity, dyslipidemia, sedentary
lifestyle, and genetic factors, are likely to play an essential role in developing DM in most populations [24]. The American Diabetes
Association recommends that people with a body mass index (BMI) greater than 25 kg/m2, regardless of age, be screened for diabetes.
In addition, those who have high blood pressure, live a sedentary lifestyle, have a family history of diabetes mellitus (FHDM), are over
45 years old, and have been diagnosed with prediabetes should be screened for diabetes once a year [25].

Only a few community-based research studies [21,22,26] have published data on undiagnosed diabetes and prediabetes prevalence
in Ethiopia. However, neither in the study area nor in Northcentral Ethiopia as a whole has a community-based investigation of
diabetes and its associated variables been conducted. As a result, this study was conducted in Debre Tabor Town, Northcentral
Ethiopia, to investigate the magnitude of undiagnosed diabetes, prediabetes, and their related risk factors. Thus, this paper provides
evidence about the magnitude of undiagnosed DM, prediabetes, and their risk factors in northcentral Ethiopia as a whole for
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Fig. 1. Map of the study area (Debre Tabor town).
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policymakers to plan prevention, early diagnosis, intervention methods, and community-based screening programs.

2. Materials and methods

2.1. Study area

The research was carried out in Debre Tabor. It is located 667 km from Addis Ababa, Ethiopia’s capital city, in the South Gondar
Zone of Amhara Regional State, north-central Ethiopia, about 109 km from Bahir Dar, and 50 km east of Lake Tana. The surface area of
Debre Tabor city is about 31.87 km2. The town has a latitude and longitude of 110 51’ N and 380 1’ E, with an elevation of 2706 m
(8878feet) above sea level. There is only one sports ground in the city. There are 36,285 houses in the town, which is divided into six
kebeles (small administrative divisions). According to the population and household survey, the town had a total population of 87,627
people, with 47,319 women and 40,308 men. In town, there is one hospital, three health centers, and four private clinics (Fig. 1).

2.2. Study design, period, and populations

A community-based cross-sectional study design was conducted from October 1 to December 30, 2021, to assess undiagnosed
diabetes mellitus, prediabetes, and their associated factors among adults in Debre Tabor town, north-central Ethiopia. Adults aged 18
years and older who lived at least half a year in the study area, volunteered to give informed written consent, and fulfilled the eligibility
criteria were included in the study.

3. Eligibility criteria

Individuals who were severely ill due to other medical conditions, pregnant women, individuals who ate food, individuals currently
taking any drugs that may affect glucose metabolism (i.e., steroids, B-blockers, and thiazide diuretics), individuals with diagnosed
diabetes mellitus, those with a mental disorder, and those unable to hear and/or speak were all excluded from the study.

4. Sample size and sampling technique

The sample size was generated using a single population proportion calculation with the following assumptions: 6.8% prevalence of
diabetes mellitus from a previous study in Dessie town, northeast Ethiopia [24], 0.03 desired precision, 95% level of confidence, and a
design effect of 1.5. As a result, the ultimate sample size was 407. The study participants were chosen using a multistage cluster
sampling method. The six kebeles were considered as clusters, and the lottery method was used to choose 50% of the clusters (three
clusters). The number of households in each selected cluster was 5020, 6500, and 6010. The sample was then distributed propor-
tionally to the total number of households in each selected kebele. The systematic sampling technique was used to choose households
in each kebele, utilizing the list of households as a sampling frame. Finally, if there was more than one eligible person in the household,
a research participant was chosen by a lottery system.

5. Data collection

After informed consent had been obtained, the data were collected. The participants were free to withdraw from the study. The
questionnaire followed the World Health Organization’s step-by-step approach to non-communicable disease surveillance. To collect
data on socio-demographic, behavioral, and clinical characteristics, face-to-face interviews with a pretested and semi-structured
questionnaire were employed. After the interview in the evening, the participants were instructed to fast for the next 10-16 h. A
standard vacutainer tube was used to collect 3-5 mL of venous blood the next morning. The blood sample was clotted for 15-20 min at
room temperature before being centrifuged for 10 min at 3000 rpm. The fasting serum glucose level was then measured in the Debre
Tabor Hospital Clinical Chemistry Laboratory using the Siemens Dimension EXL 200 Integrated Chemistry Analyzer (Siemens
Healthcare Diagnostics Ltd. USA) using the hexokinase method. Prediabetes refers to a level of blood glucose between 100 and 125
mg/dl with no diabetic medication. When the fasting blood glucose (FBG) level is 126 mg/dl or higher or if a history of diabetic
treatment is present, diabetes is diagnosed. Undiagnosed diabetes mellitus is defined as an elevated glucose level that meets the
diabetes mellitus criteria but has not been diagnosed [27].

5.1. Variable measurements

Anthropometric measures were taken using standardized methodologies and calibrated equipment. In light indoor clothing and
bare feet, each eligible participant was weighed to the nearest 0.1 kg. The study participants’ height and weight were used to calculate
their body mass index (BMI) (kg/m2). A handheld stadiometer was used to determine the height. BMI <18.5; 18.5-24.9; 25-29.9; and
>30 were used to define underweight, normal weight, overweight, and obesity, respectively [28,29]. The waist circumference (WC)
was measured at the midpoint between the lower margin of the least palpable rib and the top of the iliac crest. According to the WHO
report, male and female waist circumferences of >102 cm and >88 cm, respectively, were considered abnormal [30].

Each participant’s systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured twice with a mercury sphyg-
momanometer, first in a sitting position and once after a 15-min rest. The second BP reading was taken 5 min after the first reading. The
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average value was then calculated and used to determine the BP result. Hypertension was defined as a systolic blood pressure of >140
mmHg or a diastolic blood pressure of >90 mmHg or current usage of blood pressure-lowering medication [31].

The WHO global recommendation on physical activity was used to quantify physical activity. As a result, a cut-off of 600 metabolic
equivalents (MET)-minutes per week was chosen to distinguish physically active people (achieving 600 or more MET minutes per
week) from sedentary or physically inactive people (achieving fewer than 600 MET minutes per week) [32,33]. When a participant
said he or she smoked tobacco products every day during the data collection period, that was considered a current tobacco smoker.
Participants who had consumed alcohol within the previous 30 days of the data collection period were also deemed current drinkers
[32].

6. Data quality assurance

Before real data collection, the questionnaire was pre-tested on 5% of the sample size in Woreta town, which is located outside of
the study area, for correctness and consistency. Data collectors received a one-day training on the study’s purpose and relevance,
confidentiality, study participants’ rights, consenting, interview techniques, laboratory test procedures, and quality control. Six
trained BSc nurses gathered socio-demographic, behavioral, clinical, and anthropometric data under the supervision of investigators.
The laboratory test was carried out in the lab by four senior medical laboratory technologists. Furthermore, the investigators
extensively monitored and evaluated the data-gathering process regularly to guarantee the completeness and consistency of the data
obtained, and they provided daily comments to the data collectors. The collected data was thoroughly examined for completeness,
accuracy, and clarity.

After the quality control sample was run, the laboratory test was analyzed to ensure that the method was safe. The normal and
pathological quality control samples for the Siemens Dimension EXL 200 Integrated Chemistry Analyzer were performed daily before
the research samples were run. Each quality control reagent was handled according to the manufacturer’s instructions. The instrument
was calibrated when the quality control results failed and according to the manufacturer’s instructions. Using laboratory manuals and
standard operating procedures from the Debre Tabor Comprehensive specialized hospital laboratory, the pre-analytical, analytical,
and post-analytical stages of quality assurance were meticulously followed.

6.1. Data analysis and interpretation

The data was cleaned, corrected, and double-checked for accuracy. Then, the data were entered into Epi Info version 7 and
transferred to the statistical software SPSS version 20 for analysis. Categorical variables were presented using frequency and per-
centages. For continuous variables, the mean and standard deviation were employed. The associations between independent and
outcome variables were determined using bivariate and multivariate logistic regression. To control the effect of confounding variables,
variables with a p-value of <0.2 in the bivariable analysis were kept in the multivariable model. The model’s fitness was determined
using the Hosmer-Lemeshow goodness-of-fit statistic. The strength of the associations between factors was assessed using crude and
adjusted odds ratios, as well as their respective 95% confidence intervals (CI). Statistical significance was defined as a p-value of less

Table 1
Socio-demographic characteristics of the study participants in debre tabor town, northcentral Ethiopia, 2021 (N = 407).

Variables Category Frequency Percentage

Age <35 years 219 53.8
>35 years 188 46.2

Sex Male 195 47.9
Female 212 52.1

Religion Orthodox 380 93.4
Muslim 20 4.9
Protestant 7 1.7

Marital status Married 301 74.0
Never married 64 15.7
Widowed 31 7.6
Divorced/separated 11 2.7

Educational status No formal education 36 8.8
Primary school 50 12.3
High school 101 24.8
College/University 220 54.1

Occupation Government employee 163 40.0
Private sector employee 76 18.7
Housewife 85 20.9
Merchant 51 12.5
Others 32 7.9

Monthly income <1000 ETB 4 1.0
100-1800 ET B 83 20.4
1801-2400 ET B 60 14.7
>2400 ETB 260 63.9

Abbreviation: ETB, Ethiopian Birr.
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than 0.05.
6.2. Ethical consideration

Debre Tabor University’s Research and Ethical Review Committee granted ethical approval; the letter’s reference number was
CHS/1827/2021. Additionally, the Debre Tabor town administration, Debre Tabor town Kebele administration, Debre Tabor town
health office, and Debre Tabor Comprehensive Specialized Hospital senior management have all written letters of support. The study
was conducted as per the Declaration of Helsinki. The data was collected after getting written informed consent from both the literate
and legal guardians of all illiterate participants. The participants in the study received no financial compensation or benefit what-
soever. The study participants were identified using codes to protect data confidentiality, and no unauthorized individuals had access
to the information obtained. Those participants who had elevated blood glucose levels and raised blood pressure were liked to Debre
Tabor Hospital for further diagnosis and management of their condition.

7. Results
7.1. The sociodemographics and habits of the study participants

The study had a total of 407 participants, with a 100% response rate. The average age of the participants was 35 + 12.7 years old.
About 46.2% of all participants in the study were over the age of 35. The majority of those who took part, 93.4%, were Orthodox
Christians, and 52.1% of those who took part were female. In addition, 74% of the participants were married, and 9.6% had no formal
education (Table 1). Moreover, 33.7% of the participants used saturated oil, 33.2% were physically inactive, and 33.4% drank alcohol
(Fig. 2).

7.2. Anthropometrics and clinical characteristics

About 20.6% of the total participants had a BMI of 25 kg/m2 or higher, 42.3% had an abnormal waist circumference, 12% had
systolic hypertension, 11.5% had a family history of DM, and 10.3% had a previous diagnosis of hypertension (Table 3).

7.3. Undiagnosed diabetes mellitus and prediabetes

The magnitude of undiagnosed DM was 4.9% (95% CI: 2.9-7.4). In addition, the magnitude of prediabetes was 14.5% (95% CI:
11.1-18.1). The magnitude of undiagnosed DM was high among males (3.4%) and those over the age of 35 (3.7%). However, the
magnitude of prediabetes was higher in those who were married (10.9%) and in those participants who had an abnormal waist
circumference (8.3%) (Table 2).

7.4. Factors associated with undiagnosed diabetes mellitus

Older age, being male, having a BMI >25 kg/m2, having increased systolic blood pressure (SBP), being physically inactive, and
having a family history of DM (FHDM) were all found to be significantly associated with undiagnosed DM in a bivariate logistic
regression analysis. However, in the multivariable logistic regression analysis, older age, BMI>25 kg/m2, increased systolic blood
pressure, and FHDM were independently associated with undiagnosed DM. As a result, those participants who were aged >35 years
were 6.5 (AOR = 6.50, 95% CI: 1.82 to 23.21) times more likely to have undiagnosed DM than participants aged <35 years. Similarly,
participants with systolic hypertension were 8.7 (AOR = 8.74, 95% CI: 2.53 to 30.19) times more likely to have undiagnosed DM
compared to non-hypertensive participants. Furthermore, participants with a BMI of >25 kg/m2 were 6.8 (AOR = 6.84, 95% CI:
1.91-2.54) times more likely to have undiagnosed DM than those with a BMI of less than 24.9 kg/m2. Moreover, those participants

80
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Fig. 2. Habits of the study participants in Debre Tabor town, Northcentral Ethiopia,2021(N = 407).
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The distribution of DM and prediabetes by socio-demographic and behavioral characteristics of the study participants in debre tabor town, north-
central Ethiopia, 2021 (N = 407).

Characteristics Category Total N (%) Undiagnosed DM(n = 407) Prediabetes (n = 387)
Yes No Yes No
n (%) n (%) n (%) n (%)
Age <35 years 219 (53.8) 5(1.2) 214 (52.6) 32(8.3) 182 (47.0)
>35 years 188 (46.2) 15 (3.7) 173 (42.5) 24 (6.2) 149 (38.5)
Sex Male 195 (47.9) 14 (3.4) 181 (44.5) 26 (6.7) 155 (40.0)
Female 212 (52.1) 6 (1.5) 206 (50.6) 30(7.8) 176 (45.5)
Religions Orthodox 380 (93.4) 19 (4.7) 361 (88.7) 52 (13.5) 309 (79.8)
Muslim 20 (4.9) 1(0.3) 19 (4.7) 4(1.0) 15 (3.9)
Protestant 7@1.7) 0 (0) 7 (1.7) 0 (0) 7 (1.8)
Marital status Married 301 (74.0) 18 (4.4) 283 (69.5) 42 (10.9) 241 (62.3)
Never married 64 (15.7) 1(0.3) 63 (15.5) 7 (1.8) 56 (14.5)
Widowed 31(7.6) 1(0.3) 30 (7.4 5(1.3) 25 (6.5)
Divorced/Separated 11 (2.7) 0 (0) 11 (2.7) 2(0.5) 9(2.3)
Educational status No formal education 36 (8.8) 1(0.3) 35 (8.6) 9(2.3) 26 (6.7)
Primary school 50 (12.3) 3(0.7) 47 (11.6) 9(2.3) 38(9.8)
High school 101 (24.8) 2(0.5) 99 (24.3) 13 (3.4) 86 (22.2)
College/University 220 (54.1) 14 (3.4) 206 (50.6) 25 (6.5) 181 (46.8)
Occupation Government employee 163 (40.0) 10 (2.5) 153 (37.6 16 (4.1) 137 (35.4)
Private sector employee 76 (18.7) 3(0.7) 73 (17.9) 9(2.3) 64 (16.5)
Housewife 85 (20.9) 0 (0) 85 (20.9) 15 (3.9) 70 (18.1)
Merchant 51 (12.5) 5(1.2) 46 (11.3) 6 (1.6) 40 (10.3)
Others 32(7.9) 2(0.5) 30 (7.4) 10 (2.6) 20 (5.2)
Income <1000 ETB 4(1.0) 1(0.3) 3(0.7) 1(0.3) 2(0.5)
100-1800 ET B 83 (20.4) 4(0.9) 79 (19.4) 11 (2.8) 68 (17.6)
1801-2400 ET B 60 (14.7) 5(1.2) 55 (13.5) 9(2.3) 46 (11.9)
>2400 ETB 260 (63.9) 10 (2.5) 250 (61.4) 35 (9.0) 215 (55.6)
Commonly used food oil Unsaturated oil 270 (66.3) 11 (2.7) 259 (63.6) 30 (7.8) 229 (59.2)
Saturated oil 137 (33.7) 9(2.2) 128 (31.5) 26 (6.7) 102 (26.3)
Physical activity Active 272 (66.8) 18 (4.4) 254 (62.4 34 (8.8) 220 (56.8)
Inactive 135(33.2) 2(0.5) 133 (32.7) 22 (5.7) 111 (28.7)
Alcohol consumption Current drinker 128 (31.4) 6 (1.5) 122 (30) 17 (4.4) 105 (27.1)
Ex-drinker 8(2.0) 0 (0) 8(2) 1(0.3) 7 (1.8)
Never drank 271 (66.6) 14 3.9 257 (63.1 38(9.8) 219 (56.6)

Table 3

The Distribution of DM and Prediabetes by anthropometric measurement and Clinical Characteristics of Study Participants in Debre Tabor Town,
Northcentral Ethiopia, 2021 (N = 407).

Characteristics Category Total N (%) Undiagnosed DM (n = 407) Prediabetes (n = 387)
Yes No Yes No
n (%) n (%) n (%) n (%)
BMI (kg/m?) <25 323 (79.4) 12 (2.9) 311 (76.4) 42 (10.9) 269 (69.5)
>25 84 (20.6) 8(2) 76 (18.7 14 (3.6) 62 (16.0)
SBP Non hypertensive 358 (88.0) 8(2) 350 (86) 54 (14.0) 296 (76.5)
Hypertensive 49 (12.0) 12 (2.9) 37 (9.1) 2(0.5) 35 (9.0)
DBP Non hypertensive 375 (92.1) 18 (4.4) 357 (87.7) 53 (13.7) 303 (78.3)
Hypertensive 32 (7.9) 2(0.5) 30 (7.4) 3(0.8) 28 (7.2)
WC Normal 235 (57.7) 9(2.2) 226 (55.5) 24 (6.2) 202 (52.2)
Abnormal 172 (42.3) 11 (2.7) 161 (39.6) 32(8.3) 129 (33.3)
FHDM Yes 47 (11.5) 12 (2.9) 35 (8.6) 7 (1.8) 28 (7.2)
No 360 (88.5) 8(2) 352 (86.5) 49 (12.7) 303 (78.3)
Diagnosed Hypertension Yes 42 (10.3) 2(0.5) 40 (9.8) 11 (2.9) 29 (7.5)
No 365 (89.7) 18 (4.4) 347 (85.3) 45 (11.6) 302 (78.0)

Abbreviations: FHDM, Family History of Diabetes Mellitus; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; WC, Waist Circumference;

DM, Diabetes Mellitus.

who had a family history of DM were 12.4 (AOR = 12.45, 95% CI: 3.63 to 42.65) times more likely to have undiagnosed diabetes than

the participants who hadn’t had a family history of DM (Table 4).

7.5. Factors associated with prediabetes

In the bivariate logistic regression analysis, educational status, using saturated oil, abnormal WC, and previously diagnosed
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Bivariate and multivariable analysis of factors associated with undiagnosed DM among the population at Debre Tabor Town, Northcentral Ethiopia,

2021 (n = 407).

Variables DM n (%) COR (95% CI) AOR (95% CI) P-Value
Yes No
Age <35 years 5(1.2) 214 (52.6) 1 1
>35 years 15 (3.7) 173 (42.5) 3.71 (1.32-10.41) 6.50 (1.82-23.21) * 0.004
Sex Male 14 (3.4) 181 (44.5) 2.66 (1.02-7.05) 1.97 (0.54-6.63) 0.275
Female 6 (1.5) 206 (50.6) 1 1
BMI (kg/mz) <25 12 (2.9) 311 (76.4 1 1
>25 8(2) 76 (18.7 2.73 (1.08-6.91) 6.84 (1.91-24.54) * 0.003
SBP <140 mmHg 8(2) 350 (86) 1 1
>140 mmHg 12 (2.9) 37 (9.1) 14.19 (5.45-36.93) 8.74 (2.53-30.19) * 0.001
Physical activity Active 18 (4.4) 254 (62.4 4.71 (1.08-20.62) 4.10 (0.84-19.95) 0.080
Inactive 2 (0.5) 133 (32.7) 1 1
FHDM Yes 12 (2.9) 35 (8.6) 15.09 (5.78-39.39) 12.45 (3.63-42.65) * <0.001
No 8(2) 352 (86.5) 1

Note: *p < 0.05, statistically significant association.
Abbreviations: AOR, Adjusted Odds Ratio; CI, Confidence Interval; COR, Crude Odds Ratio; BMI, Body Mass Index, FHDM, Family History of
Diabetes Mellitus; SBP, Systolic Blood Pressure; DM, Diabetes Mellitus.

hypertension were found to be significantly associated with prediabetes. In multivariate analysis, however, using saturated oil,
abnormal WC, and previously diagnosed hypertension were all independently associated with prediabetes. Those participants who
used saturated oil were 1.97 (AOR = 1.97, 95% CI: 1.09 to 3.55) times more likely to have prediabetes than unsaturated oil consumers.
In addition, participants who had an abnormal waist circumference were 2.16 (AOR = 2.16, 95% CI: 1.20 to 3.87) times more likely to
have prediabetes than the participants who had normal WC. Moreover, study participants with previously diagnosed hypertension had
2.26 (AOR = 2.26, 95% CI: 1.04 to 4.96) times higher odds of prediabetes than undiagnosed participants (Table 5).

8. Discussion

The present magnitude of undiagnosed diabetes was 4.5% (95% CI: 2.9-7.4). This finding was in line with those of studies con-
ducted in Mizan-Aman,southwest Ethiopia (5.8%) [34]; Dessie, northeast Ethiopia (4.9%) [24]; Gilgel Gibe, southwest Ethiopia (3.8%)
[35]; Gondar, northwest Ethiopia (3.5%) [36]; Dire Dawa, eastern Ethiopia (6.2%) [20]; Dabat, northwest Ethiopia (5.1%) [37];
Jimma, southwest Ethiopia (5.7%) [38]; Bishoftu, Ethiopia (5%) [39]; South Africa (3.3%) [40]; Henan, China (4.2%) [41]; Quebec,
Canada (6.2%) [42]; Tehran, Iran (5.1%) [43]; Qatar (5.9%) [44]; Punjab, India (6.8%) [45]; Pakistan (7.1%) [46]; and Bangladesh
(5.4%) [471].

However, this result was higher than those found in studies conducted in Hosanna, Southern Ethiopia (2.1%) [18], Sidama,
Southern Ethiopia (1.0%) [48], Koladiba, Northwest Ethiopia (2.3%) [26], and Benin (0.7%) [49]. This disparity could be due to a
variety of factors, including differences in the study population, sample size, and socio-demographic features of study participants. In
contrast to research undertaken in Benin, Sidama, and Koladiba (Ethiopia), the current study focused solely on city dwellers. People’s
lifestyles are influenced by urbanization, and it is one of the most common risk factors for diabetes mellitus progression [49-51].
Furthermore, the Sidama, Ethiopia, study includes people aged 15 and above, whereas our study includes people aged 18 and up.

In the current study, however, the magnitude of undiagnosed diabetes was lower than in Bahir Dar, northwest Ethiopia (10.2%)

Table 5
Bivariate and multivariable analysis of factors associated with prediabetes among the population at Debre Tabor Town, Northcentral Ethiopia, 2021
(n = 387).

Variables Prediabetes n (%) COR (95% CI) AOR (95% CI) P-Value
Yes No
Educational status No formal education 9(2.3) 26 (6.7) 2.51 (1.05-5.96) 2.28 (0.93-5.60) 0.071
Primary school 9(2.3) 38 (9.8) 1.72 (0.74-3.97) 1.78 (0.75-4.22) 0.190
High school 13 (3.4) 86 (22.2) 1.09 (0.53-2.24 1.06 (0.51-2.23) 0.869
College/University 25 (6.5) 181 (46.8) 1
Commonly used food oil Unsaturated oil 30 (7.8) 229 (59.2) 1
Saturated oil 26 (6.7) 102 (26.3) 1.95 (1.10-3.46) 1.97 (1.09-3.55) * 0.025
WC Normal 24 (6.2) 202 (52.2) 1 1
High 32(8.3) 129 (33.3) 2.09 (1.18-3.71) 2.16 (1.20-3.87) * 0.010
Diagnosed Hypertension Yes 11 (2.9) 29 (7.5) 2.55 (1.19-5.45) 2.26 (1.04-4.96) * 0.041
No 45 (11.6) 302 (78.0) 1 1

Note: *p < 0.05, statistically significant association.
Abbreviations: AOR, Adjusted Odds Ratio; CI, Confidence Interval; COR, Crude Odds Ratio; WC, Waist Circumference.
Others: Includes students, and retired.
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[22], East Gojjam, Ethiopia (11.5%) [21], Texas, USA (11%) [52], and Augsburg, Germany (8.2%) [53]. This disparity could be
attributed to differences in lifestyle, genetics, sample size, socioeconomics, and sociodemographics. The study population also varied
in age; we included adults 18 and up, whereas the German study covered an older population of 55-74 years, and the East Gojjam,
Ethiopia, study included adults 25 and up. The onset of DM is linked to advanced age [20,36,37,45-48]. However, the higher prev-
alence of undiagnosed DM in the USA and Germany studies could be attributable to the use of oral glucose tolerance tests (OGTT) and
HbA1C to diagnose DM, whereas only fasting blood glucose was used to diagnose DM in our study, thereby underestimating the
magnitude of undiagnosed DM.

In the present study, the magnitude of prediabetes was 14.5% (95% CI: 11.1-18.1). This finding was supported by research
conducted in Mizan-Aman, southern Ethiopia (15.9%) [34], Dessie, northeast Ethiopia (15.7%) [24], Koladiba, northwest Ethiopia
(12%) [26], and Bahir Dar, northwest Ethiopia (12.9%) [22], Jimma, southwest Ethiopia (12.9%) [38], Augsburg, Germany (16.4%)
[531, Qatar (12.5%) [44], and Pakistan (14.4%) [46]. However, this result is lower than that of research conducted in Ningbo, China
(28.5%) [54], Texas, USA (32%) [52], and Bangladesh (22.4%) [47]. This variation could be due to a variety of factors, including
differences in lifestyle, genetics, sample size, socioeconomic, and sociodemographic factors. Moreover, this discrepancy could be due
to differences in the ages of study participants; in the current study, we only include people aged 18 and up, whereas in the China
Study, the participants’ ages ranged from 20 to 80 years, and in the Bangladeshi study, the participants’ ages ranged from 35 to 80
years. Another explanation for variance could be related to the use of different diagnostic methodologies; both the Ningbo (China) and
Texas (USA) investigations employed oral glucose tolerance tests and HbA1C to diagnose DM and prediabetes, but we only used fasting
blood glucose in our study, which could be understating the magnitude of prediabetes.

The magnitude of prediabetes in the present study was higher than the studies conducted in Dabat, northwestern Ethiopia (9.31%)
[37]; Sidama, southern Ethiopia (2.6%) [48]; Gilgel Gibe, southwest Ethiopia (9.7%) [35]; Iganga, Uganda (3.9%) [55]; Jeddah, Saudi
Arabia (10.2%) [56]; Henan, China (7.22%) [41]; Tehran, Iran (8.7%) [43]; South Africa (4.8%) [40]; and Punjab, India (6.3%) [45].
This disagreement might be due to variations in lifestyle, genetics, sample size, socioeconomic, and sociodemographic factors. In
addition, the difference might be because of the study setting and age variation of the study participants; the present study was done
only on urban residents, while the studies done in Sidama, southern Ethiopia; Gilgel Gibe, southwest Ethiopia; Henan, China; South
Africa; and Punjab, India, include both urban and rural residents. Moreover, in the current study, the age of the study participants was
18 years and above, while in the Sidama and South Africa studies, the age of the study participants was 15 years and above, and in the
Uganda study, the age of the study participants spanned from 13 to 60 years.

The current research found an association between older age and undiagnosed diabetes. Similar findings were obtained in other
studies [20,37,43,45-49,52,21,36]. Because of the commonly seen decline in physical activity, aging is known to be associated with
increased adiposity and decreased muscle mass. Insulin sensitivity is thought to be reduced as a result of these alterations, predisposing
people to metabolic syndrome or diabetes [56]. Furthermore, the aging process is linked to a decline in B-cell proliferative potential
and an increase in apoptotic sensitivity [57].

In the present study, undiagnosed DM was associated with a higher BMI (BMI 25 kg/m2), which was supported by other studies
[18,20,22,24,34,39,41,43,47,49,53,56]. Obesity can cause a rise in the production of adipokines and cytokines, which contribute to
insulin resistance, as well as a decrease in the levels of adiponectin, which acts as an insulin sensitizer [58]. Obesity is also associated
with fat deposition, especially in the liver, which leads to insulin resistance [59].

In the current study, systolic hypertension was revealed to be highly associated with undiagnosed diabetes. This result was
consistent with earlier studies [24,40,43,48,52,53]. Higher blood pressure has been linked to microvascular and endothelial
dysfunction, which can lead to insulin resistance [60].

Undiagnosed diabetes was associated with a family history of diabetes, according to our findings. This result was similar to that of
previous investigations [21,22,24,36,39-41,43-46,56]. If one parent has diabetes, the lifetime chance of any offspring having diabetes
is roughly 40%, and if both parents have diabetes, the lifetime risk is nearly 70% [61]. The exact mechanism by which genetic pre-
disposition causes DM is unknown, but lifestyle and living situations within families may play a role [62].

The magnitude of prediabetes was significantly associated with abdominal obesity, and this finding was in line with the report from
other studies [35,41,44,56]. Abdomen obesity is caused by the accumulation of adipocytes in the abdominal area, which causes the
release of highly active hormones known as adipokines, which have been linked to insulin resistance and impaired glucose homeostasis
[35,41].

In our study, hypertension was also found to be a risk factor for prediabetes. Study participants with previously diagnosed hy-
pertension had 2.26 (AOR = 2.26; 95% CI: 1.04 to 4.96) times higher odds of prediabetes than undiagnosed participants. This finding
was similar to those of studies conducted in Uganda [55] and Ningbo, China [54]. Angiotensin II activity is elevated in the circulatory
system of hypertension patients, which could be one probable reason. Angiotensin II influences the function of the pancreatic islets by
activating the renin-angiotensin-aldosterone system, resulting in islet fibrosis and reduced insulin production, ultimately leading to
insulin resistance [63,64].

Another modifiable risk factor for prediabetes identified in this investigation was the use of saturated oil. Saturated oil users were
1.97 times more likely than unsaturated oil users to have prediabetes (AOR = 1.97, % CI: 1.09 to 3.55). Increased circulating and/or
hepatic saturated fatty acids have been linked to the development and progression of nonalcoholic fatty liver disease (NAFLD) as well
as liver damage via apoptosis activation [65]. It is strongly linked to visceral obesity and insulin resistance, with postprandial
hyperinsulinemia and abnormal glucose tolerance being common in NAFLD patients. Furthermore, in the general adult population,
NAFLD is a substantial and independent risk factor for pre-DM [66].
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8.1. Limitation of the study

Firstly, this study was a cross-sectional study and therefore was not able to establish a causal relationship between undiagnosed DM
or prediabetes and the risk factors identified. Secondly, because of a lack of resources, we didn’t use an oral glucose tolerance test or
HbAlc, but we only used fasting blood glucose for diagnosis, so the magnitude of Undiagnosed DM and Prediabetes may be under-
estimated. Thirdly, the study did not address lipid profile measurement because of a lack of resources. Fourthly, the study did not
address c-peptide measurement because of a lack of resources, so we couldn’t differentiate between type 1 DM and type 2 DM.

9. Conclusion

Adults in Debre Tabor town have a high magnitude of undiagnosed diabetes and prediabetes. Undiagnosed DM was associated with
being older, having a higher BMI, having systolic hypertension, and having FHDM. Abdominal obesity, hypertension, and the use of
saturated oil were all associated with prediabetes. As a result, focusing the prevention strategy on such modifiable risk factors may help
to minimize the magnitude of undiagnosed diabetes mellitus and prediabetes, as well as future disease complications.
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