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Abstract
Objective

This study aimed to study the prevalence of undiagnosed diabetes mellitus (DM) and its associated factors in
adults aged over 18 in Zakho City, Kurdistan Region, Iraq.

Methods

A cross-sectional study was conducted recruiting 537 participants with a mean age of 35.43+13.88 years.
Data on sociodemographic characteristics, health behaviors, clinical history, and anthropometric
measurements, including body mass index (BMI) and waist circumference, were collected.

Results

The study sample comprised 345 (64.2%) men and 192 (35.8%) women, with 324 (60.3%) being married and
246 (45.8%) having a university-level education or higher. Regarding health behaviors, 218 (40.6%)
participants engaged in physical activity, 180 (33.5%) were smokers, and 196 (36.5%) reported sleep
disturbances, averaging 7.10+2.02 hours per night. Anthropometric assessments revealed that 209 (38.9%)
were overweight, 131 (24.4%) were obese, and 273 (50.8%) had high waist circumference. The prevalence of
abnormal glucose levels was 51 (9.5%) (95% CI: 7.02-11.98) including 14 (2.6%) (95% CI: 1.26-3.95) with
undiagnosed DM and 37 (6.9%) (95% CI: 4.75-9.03) with prediabetes mellitus (pre-DM). Multivariate
analysis showed significant associations between abnormal glucose levels and increased age (p<0.0001),
high BMI (>25 kg/m?) (p<0.0001), and high waist circumference (p<0.0001). Specifically, age was a
significant predictor for pre-DM (adjusted odds ratio (aOR) 1.04; 95% CI: 1.01-1.07), while age and high
waist circumference predicted undiagnosed DM (aOR 1.90; 95% CI: 1.03-1.16).

Conclusion

This study provided the first estimate of undiagnosed DM in the Kurdistan Region. The current study showed
that the prevalence of undiagnosed DM and impaired fasting glucose were significant emphasizing age, BMI,
and waist circumference as significant risk factors. These findings suggest the need for targeted screening
and preventive strategies in this population to improve DM detection and management.

Categories: Endocrinology/Diabetes/Metabolism, Public Health, Internal Medicine
Keywords: community, diabetes mellitus, prevalence, undiagnosed, zakho city

Introduction

Diabetes mellitus (DM) is increasingly becoming widespread globally. The International Diabetes Federation
(IDF) claims that in 2021, there were about 537 million adults with DM (10.5% of the global adult
population). Even worse is the fact that out of these victims, approximately 240 million or 44.7% are
ignorant of their condition. Approximately 90% of all cases belong to type 2 diabetes mellitus (T2DM). The
burden of DM is expected to rise, reaching 643 million by 2030 (11.3%) and 783 million (12.2%) by 2045 [1].

Alongside DM, the term "prediabetes mellitus (pre-DM)" is used for individuals whose blood glucose is too
high to be regarded as normal (fasting blood glucose >100 mg/dl and <126 mg/dl or two hours postprandial
glucose >140 mg/dl and less than 200 mg/dl), but doesn't meet the criteria to be categorized as DM [2]. The
global prevalence of pre-DM including impaired fasting glucose and impaired glucose tolerance and/or
HbA1C 5.7-6.4% (39-47 mmol/mol) is also increasing. In 2021, it was estimated that about 860 million adults
representing approximately 16.8% of the global population aged over 18 years were affected by pre-DM
according to the IDF [1].
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Undiagnosed DM refers to someone with DM who has not been diagnosed by a physician but has a blood
glucose level meeting the established criteria for the diagnosis of DM [3]. According to the most recent study
done on the prevalence of undiagnosed DM in the total population of the United States, 2.7% of adults aged
20 or above have undiagnosed DM, compared to 5.1% for diagnosed DM [4]. Undiagnosed DM can only be
determined by a health survey, in which individuals' blood glucose levels are tested and they are asked
whether they have been diagnosed with DM or not through their past medical history [3]. Studies have
shown that patients may remain in the asymptomatic phase of pre-DM and T2DM for about 5-6 years before
being diagnosed, during which time complications of DM may develop [5,6]. According to a study done by
the IDF in 2021, the highest proportion of undiagnosed DM was in Africa, Western Pacific (52.8%), and
Southeast Asia regions (51.3%), respectively, with the lowest proportion being in North America and the
Caribbean region (24.2%) [5].

The coronavirus disease 2019 (COVID-19) and other pandemics had a deleterious impact on the healthcare
system in Iraq [7-10]. The pandemic may have impacted DM prevalence in the community by increasing
sedentary behaviors, stress levels, and changes in dietary habits especially among those with limited access
to healthcare and regular screenings during lockdowns and healthcare disruptions. Few studies have been
conducted in the Kurdistan Region of Iraq about DM [11-13]. However, no community-based study has been
conducted to investigate the prevalence of undiagnosed DM in the region. This study aimed to examine the
prevalence of undiagnosed DM and identify the association between undiagnosed DM and
sociodemographic status in individuals aged more than 18 in Zakho City, Kurdistan Region, Iraq.

Materials And Methods
Study design

A community-based cross-sectional study was conducted in Zakho City, Kurdistan Region, Iraq, on January
9, 2024, for a day (from 10 am to 4 pm). The study included participants aged 18 years or older living in
Zakho City and meeting the inclusion criteria. We used the multistage sampling method. In the first stage,
artificial intelligence (AI) was asked to select six different districts in Zakho City randomly (University
Campus, Dream City, Taxe Nasara, Taxe Garamira, Chamishko Camp, and Rekava Ni). In each area,
household sampling was performed randomly by a random number generator. The proportion p=0.5 is
assumed in sample size calculations when the true population proportion is unknown, and this assumption
is made to maximize the sample size. Using the formula for an infinite population, the initial sample size
was calculated, and the final sample size was approximately 384. The total number of individuals enrolled in
this study was 537 with a mean age+standard deviation of 35.73%13.95. Individuals who were previously
diagnosed with DM, pregnant women, and adults under 18 years were excluded.

Data collection and procedure

Data were collected using a pretested structured interviewer-administered questionnaire. The questionnaire
contained sociodemographic, behavioral, and clinical characteristics.

Anthropometric data like weight was measured using a high-quality weighing scale device, and height was
measured in a standing position. Body mass index (BMI) was calculated by dividing weight by height in a
meter square. A BMI of <25 kg/m? was considered normal, 25-29.9 kg/m? overweight, and >30 kg/m? obese
[14]. Waist circumference was measured by placing a tape at the level between the lowest rib margin and the
top of the iliac crest around the body. A waist circumference equal to or less than 94 cm in men and 80 c¢cm in
women was classified as normal, while a waist circumference more than 94 cm in men and 80 cm in women
was classified as high [15].

Glucose levels were measured using fingerstick glucose devices. Patients were asked whether they ate
something or were fasting for several hours to define their glucose levels as random or fasting blood glucose
levels, respectively. Fasting blood glucose levels of 126 mg/dL or above were considered as having DM,
whereas fasting blood glucose levels of 100-125 mg/dL were regarded as having "impaired fasting glucose”
levels. However, anyone with random blood glucose levels of 200 mg/dL or above was classified as diabetic,
while those who had random blood glucose levels of 140-199 mg/dL were considered as "impaired fasting
blood" cases [2]. Those with fasting glucose levels of >100 mg/dL or random glucose levels of >140mg/dL
were tested again by fingerstick glucose devices. After the confirmation of high glucose levels above normal,
laboratory workers took 3-5 ml of blood in those participants to be tested for HbA1C using the high-
performance liquid chromatography (HPLC) method.

After the interview, those participants who were diagnosed with DM were informed about their DM status a
week after the interview and advised to consult a DM specialist to get help for further treatment.
Participants with impaired glucose levels were also informed about DM and its complications and risk
factors, such as smoking, physical inactivity, sedentary lifestyle, sleep disturbances, and alcohol
consumption, and were advised to see a healthcare facility for further checkups.

Physical activity is defined as any bodily movement generated by the skeletal muscle that requires energy
expenditure [16]. Participants who were still smoking during the interview were considered as smokers.
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Variables

Age (in years)
Mean+SD

18-24

25-34

35-44

45-54

255

Sex

Male

Female
Educational status
No formal education
Primary or less
Secondary or less
University

Marital status
Single

Married
Occupation

Unemployed

Data analysis

The data were coded, cleaned, entered, and revised using Microsoft Excel (Microsoft Corporation, Redmond,
Washington, United States) and then exported to IBM SPSS Statistics for Windows, Version 26.0 (Released
2019; IBM Corp., Armonk, New York, United States) for further analysis. The descriptive statistics including
means, medians, percentages, and standard deviations presented in tables and texts were calculated to
describe the study population. The chi-squared tests, Fisher's tests, and logistic regression were employed to
identify factors significantly associated with pre-DM and undiagnosed DM. Bivariable regression analysis
was first performed to calculate the crude odds ratios for each variable. Variables with p-values less than 0.2
were then included in the multivariable logistic regression model. This model was used to identify
statistically significant associations between the independent variables and the outcome, as well as to
calculate the adjusted odds ratios with 95% confidence intervals. Variables with a p-value of <0.05 were
considered statistically significant.

Ethical consideration

Ethical approval was obtained from the Scientific Research and Ethics Committee of the College of Medicine,
University of Zakho (approval number: Oct 2023/UoZ e18). Participants were informed about the study and
its objectives. Verbal informed consent was obtained from each respondent before the administration of the
questionnaire.

Results

The total number of individuals enrolled in this study was 537 with a mean age*standard deviation of
35.43+13.88 (Table 7). About two-thirds (64.2%; n=345) of the participants were men. Of the study
participants, 60.3% (n=324) were married. The majority of the study participants were unemployed (46.9%;
n=252), 32.4% (n=174) were government-employed, and 20.7% (n=111) were working privately.
Approximately a third of the participants (33.5%; n=180) were smokers. Of the study participants, 35.5%
(n=196) reported that they have sleep disturbance. The average sleep duration was 7.10+2.02 hours among
the participants (Table ).

AGM
NGM Total, N (%) P-value
Pre-DM, N (%) UDDM, N (%)
34.73+13.46 45.02+15.35 47.85+8.12 35.43+13.88
147 (96.7) 5(3.3) 0(0) 152 (28.3)
127 (97.7) 3(2.3) 0(0) 130 (24.2)
<0.0001>
110 (85.9) 12 (9.4) 6 (4.7) 128 (23.8)
61 (83.6) 7 (9.6) 5(6.8) 73 (13.6)
41 (75.9) 10 (18.5) 3 (5.6) 54 (10.1)
316 (91.6) 20 (5.8) 9(2.6) 345 (64.2)
0.2475
170 (88.5) 17 (8.9) 5(2.6) 192 (35.8)
63 (80.8) 10 (12.8) 5(6.4) 78 (14.5)
83 (88.3) 8 (8.5) 3(3.2) 94 (17.5)
0.005
108 (90.8) 8 (6.7) 3(2.5) 119 (22.2)
232 (94.3) 11 (4.5) 3(2.1) 246 (45.8)
204 (95.8) 8(3.8) 1(0.5) 213 (39.7)
0.001
282 (87) 29 (9) 13 (4) 324 (60.3)
227 (90.1) 17 (6.7) 8(3.2) 252 (46.9)
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Government employed 158 (90.8)
Private employed 101 (91)
Current smoking

Yes 161 (89.4)
No 325 (91)
Physical activity (minutes/week)

Yes 203 (93.1)
No 283 (88.7)

Sleep disturbance

Yes 181 (92.3)
No 305 (89.4)
Sleep duration (mean+SD) 6.83+1.82

12 (6.9)

8(7.2)

12 (6.7)

25 (7)

10 (4.6)

27 (8.5)

12 (6.1)
25(7.3)

7.33+2.09

4(2.3)

2(1.8)

7(3.9)

7(2)

5(2.3)

9(2.8)

3(1.5)
11 (3.2)

7.15%£2.17

174 (32.4)

111 (20.7)

180 (33.5)

357 (66.5)

218 (40.6)

319 (59.4)

196 (36.5)
341 (63.5)

7.10£2.02

0.95

0.54

0.087

0.27

0.092

TABLE 1: Sociodemographic and behavioral characteristics of the study participants (n=537)

NGM: normal glucose metabolism; AGM: abnormal glucose metabolism; UDDM: undiagnosed diabetes mellitus; pre-DM: prediabetes mellitus; SD:

standard deviation

*: significant at <0.05

The anthropometric measurements and BMI results of participants showed that the rates of those who are
overweight, of normal weight, obese, and underweight were 38.9% (n=209), 33.5% (n=180), 24.4% (n=131),
and 3.2% (n=17), respectively. The waist circumference of approximately half (50.8%; n=273) of the
participants was high, with the result of high-risk central obesity being 31.65% (n=170). Family history of
DM was 40.4% (n=217) positive among individuals. About 43.2% (n=232) had checked their blood glucose
level previously, and 8.8% (n=47) had checked last month. Previous history of hypertension and
dyslipidemia were reported by 9.5% (n=51) and 14% (n=75) of participants, respectively. Also, 3.7% (n=20) of
individuals had a past history of ischemic heart disease, and 3% (n=16) had thyroid disease. Of the total
participants, 14% had symptoms of DM (Table 2).

Variables NGM

Ever checked blood sugar

Yes 205 (88.4)
No 281 (92.1)
Checked blood sugar last month

Yes 44 (93.6)
No 442 (90.2)
Family history of DM

Yes 196 (90.3)
No 290 (90.6)
Symptoms of DM

Yes 65 (86.7)
No 421(91.1)

History of hypertension

2025 Rashad et al. Cureus 17(1): e77618. DOI 10.7759/cureus.77618

AGM

Pre-DM, N (%)

19 (8.2)

18 (5.9)

16 (7.4)

21 (6.6)

9 (12)

28 (6.1)

UDDM, N (%)

8 (3.4)

6 (2)

2(4.3)

12 (2.4)

5(2.3)

9(2.8)

Total, N (%)

232 (43.2)

305 (56.8)

47 (8.8)

490 (91.2)

217 (40.4)

320 (59.6)

75 (14)

462 (86)

P-value

0.14

0.45

0.26

0.22

4 of 11


javascript:void(0)

Cureus

Part of SPRINGER NATURE

Yes 43 (84.3) 5(9.8) 3(5.9) 51 (9.5)
0.13
No 443 (91.2) 32 (6.6) 11(2.3) 486 (90.5)
History of dyslipidemia
Yes 63 (84) 8(10.7) 4(5.3) 75 (14)
0.038
No 423 (91.6) 29 (6.3) 10 (2.2) 462 (86)
History of ischemic heart disease
Yes 16 (80) 4 (20) 0 (0) 20 (3.7)
0.1
No 470 (90.9) 33 (6.4) 14 (2.7) 517 (96.3)
History of thyroid disease
Yes 14 (87.5) 2(12.5) 0(0) 16 (3)
0.68
No 472 (90.6) 35 (6.7) 14 (2.7) 521 (97)
Body mass index (kg/m?)
Mean+SD 27.38+9.10 32.72+18.34 33.6845.46 27.76£10.12
Underweight (<18.5) 17 (100) 0 (0) 0 (0) 17 (3.2)
Normal (18.5-24.9) 174 (96.7) 6 (3.3) 0 (0) 180 (33.5) <0.001
Overweight (25-29.9) 192 (91.9) 14 (6.7) 3(1.4) 209 (38.9)
Obese (230) 103 (78.6) 17 (13) 11(8.4) 131 (24.4)
Waist circumference (cm)
Mean+SD 90.01+14.25 99.13+£16.39 105.714£9.35 90.58+14.57
Normal 254 (96.2) 9(3.4) 1(0.4) 264 (49.2) <0.001
High 232 (85) 28 (10.3) 13 (4.8) 273 (50.8)

TABLE 2: Clinical characteristics of the study participants (n=537)

NGM: normal glucose metabolism; AGM: abnormal glucose metabolism; UDDM: undiagnosed diabetes mellitus; pre-DM: prediabetes mellitus; DM:
diabetes mellitus; SD: standard deviation

*: significant at <0.05

Prevalence of pre-DM and undiagnosed DM

The overall prevalence of abnormal glucose levels was 9.5% (n=51) (95% CI: 7.02-11.98), with undiagnosed
DM being 2.6% (n=14) (95% CI: 1.26-3.95) and pre-DM 6.9% (n=37) (95% CI: 4.75-9.03). The prevalence of
pre-DM and undiagnosed DM were higher in men (3.72% (men) versus 3.16% (women) for pre-DM and
1.67% (men) versus 0.93% (women) for DM) (Table ).

Factors associated with blood glucose levels

Factors Associated With Abnormal Blood Glucose Levels

Among those with abnormal glucose levels (a total of 51 individuals), age, educational status, marital status,
concomitant dyslipidemia, high BMI, and high waist circumference were found to be significantly and
independently related to the abnormal blood glucose levels (Table / and Table 2). In multivariate logistic
regression, age, high waist circumference, and BMI >25 kg/m? were significantly associated with abnormal
blood glucose levels with adjusted odds ratios (aORs) of 1.03 (95% CI: 1.00-1.05), 1.03 (95% CI: 1.01-1.06),
and 2.75 (95% CI: 1.06-7.15), respectively.

Factors Associated With Pre-DM

Among those diagnosed with pre-DM (a total of 37 individuals), in univariate analysis, age, marital status,
educational status, history of ischemic heart disease, waist circumference, and BMI were significantly
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associated with an increased prevalence of pre-DM (Table 3). In multivariate analysis, only age was found to
be significantly associated with pre-DM with an aOR of 1.04 (95% CI: 1.01-1.07) (Table 3).

Univariate Multivariate
Variables P-value P-value
COR (95% Cl) aOR (95% Cl)
Age (per year) 1.05 (1.02, 1.10) <0.0001 1.04 (1.01, 1.07) 0.004
Male sex (ref=F) 0.63 (0.32, 1.24) 0.183 0.61(0.21, 1.27) 0.153
Marital status (ref=single) 2.62 (1.17, 5.85) 0.019 1.01(0.37, 2.78) 0.981
Educational status
No formal education 1 1
Primary or less 0.62 (0.23, 1.63) 0.321 0.64 (0.21, 1.95) 0.438
Secondary or less 0.47 (0.17, 1.24) 0.128 0.67 (0.21, 2.10) 0.488
University 0.30 (0.12, 0.73) 0.009 0.63 (0.19, 2.10) 0.446
Occupation
Unemployed 1** 1**
Government employed 1.01 (0.47,2.18) 0.97 1.26 (0.46, 3.45) 0.647
Private employed 1.06 (0.44, 2.53) 0.9 1.70 (0.56, 5.01) 0.341
Current smoking (ref=non-smoker) 0.97 (0.48, 1.98) 0.931 0.77 (0.32, 1.87) 0.576
Physical activity (ref=no physical activity) 1.94 (0.92, 4.10) 0.083 1.50 (0.65, 3.46) 0.342
Sleep disturbance 0.81(0.39, 1.65) 0.559 0.63 (0.29, 1.4) 0.263
Ever checked blood sugar (ref=no) 0.691 (0.35, 1.35) 0.083 0.88 (0.40, 1.94) 0.755
Checked blood sugar last month (ref=no) 3.58 (0.48, 26.77) 0.213 6.81 (0.80, 58.11) 0.079
Family history of DM 1.12(0.57, 2.21) 0.728 1.03 (0.49, 2.15) 0.936
Symptoms of DM 2.08 (0.94, 2.61) 0.071 1.91(0.77, 4.72) 0.164
History of hypertension 1.61 (0.60, 4.35) 0.347 0.97 (0.31, 3.07) 0.966
History of dyslipidemia 1.85(0.81, 4.23) 0.144 1.29 (0.50, 3.25) 0.707
History of ischemic heart disease 1.93 (0.42, 8.82) 0.031 2.10(0.52, 8.2) 0.3
History of thyroid disease 1.93 (0.42, 8.82) 0.398 1.1 (0.21, 5.57) 0.924
Body mass index (kg/m?) 3.34 (1.37, 8.17) 0.008 1.04 (1.01, 1.07) 0.067
Waist circumference (cm) (per cm) 1.04 (1.02, 1.06) 0.001 1.01 (0.98, 1.04) 0.479

TABLE 3: Risk factors associated with undiagnosed pre-DM (n=537)

pre-DM: prediabetes mellitus; DM: diabetes mellitus; COR: crude odds ratio; aOR: adjusted odds ratio

*: significant at <0.05; 1**: remains the same for reference variables in order to measure the p-value of other variables

Factors Associated With Undiagnosed DM

In univariate logistic regression analysis for undiagnosed DM (a total of 14 individuals), age, marital status,
educational level, waist circumference, and BMI were significantly associated with increased DM, while in
multivariate analysis, increasing age and high waist circumference were predictors of undiagnosed DM with
aORs of 1.04 (95% CI: 1.00-1.08) and 1.90 (95% CI: 1.03-1.16) (Table 4).
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Univariate Multivariate
Variables P-value P-value
COR (95% Cl) aOR (95% Cl)
Age (per year) 1.06 (1.02, 1.09) 0.001 1.04 (1.00, 1.08) 0.039
Male sex (ref=F) 0.96 (0.32, 2.93) 0.955 1.33(0.23, 7.85) 0.748
Marital status (ref=single) 9.40 (1.22, 72.46) 0.031 5.51(0.43, 69.99) 0.188
Educational status
No formal education 1 1
Primary or less 0.45 (0.11, 1.98) 0.294 0.284 (0.05, 1.64) 0.16
Secondary or less 0.35(0.08, 1.51) 0.015 0.56 (0.81, 5.96) 0.568
University 0.16 (0.038, 0.7) 0.015 0.65 (0.88, 4.77) 0.67
Occupation
Unemployed 1 1
Government employed 0.72 (0.21, 2.43) 0.594 0.40 (0.06, 2.38) 0.314
Private employed 0.56 (0.12, 2.69) 0.471 0.44 (0.06, 3.38) 0.426
Current smoking (ref=non-smoker) 2.02 (0.70, 5.85) 0.196 3.25(0.80, 13.23) 0.1
Physical activity (ref=yes) 1.29 (0.43, 3.91) 0.651 0.54 (0.12, 2.38) 0.418
Sleep disturbance 0.46 (0.13, 1.67) 0.237 0.29 (0.06, 1.30) 0.106
Ever checked blood sugar 0.55 (0.18, 1.60) 0.271 0.71 (0.17, 2.97) 0.644
Checked blood sugar last month 0.80 (0.13, 2.75) 0.509 1.60 (0.21, 12.35) 0.651
Family history of DM 0.82 (0.27, 2.50) 0.729 0.76 (0.20, 2.90) 0.689
Symptoms of DM 0.50 (0.06, 3.87) 0.505
History of hypertension 2.81(0.75, 10.46) 0.123 0.96 (0.13, 5.28) 0.959
History of dyslipidemia 2.68 (0.82, 8,82) 0.104
History of ischemic heart disease - - - -
History of thyroid disease - - - -
Body mass index (kg/m?) (per unit) 1.029 (1.00, 1.057) 0.034 1.02 (0.97, 1.07) 0.408
Waist circumference (per cm) (ref=normal) 1.05 (1.03, 1.11) <0.0001 1.9 (1.03, 1.16) 0.003

TABLE 4: Risk factors associated with undiagnosed DM (n=537)

DM: diabetes mellitus; COR: crude odds ratio; aOR: adjusted odds ratio

*: significant at <0.05

Discussion

This community-based cross-sectional study aimed to reveal the prevalence of pre-DM and undiagnosed DM
and associated factors among adults >18 years old in Zakho City.

The estimated prevalence of pre-DM in the current study was 6.9%, which is lower than the rates reported in
France (7.2%), Iran (12%), and Ethiopia (10.5%) [17-19]. However, this prevalence is higher than the rates in
a study done in Swaziland (6.5%) [20]. Pre-DM is an intermediate state of raised blood glucose between
normal glucose tolerance and T2DM. People with pre-DM carry an increased risk of T2DM, with
approximately 5-10% of people developing T2DM each year. Previous studies issued that pre-DM is also
associated with DM complications like nephropathy, small fiber neuropathy, diabetic retinopathy, and an
increased risk of macrovascular disease [21]. Age, marital status, educational status, history of ischemic
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heart disease, waist circumference, and BMI were found to be significantly associated with pre-DM in the
present study. Our study showed that there's a significant relationship between age and the development of
pre-DM in both univariate and multivariate analyses, consistent with previous reports [17,18,20,22,23]. The
prevalence of pre-DM was the highest among the age group of 35-44 years. Consistent with the present
study, BMI is regarded as a strong risk factor for pre-DM [24,25]. Previous reports have shown that an
increase in BMI is significantly associated with the progression of pre-DM to DM [26]. In a study conducted
in China, it was shown that BMI was independently associated with regression to normoglycemia in adults
with impaired fasting glucose. Participants with higher BMI had a significantly lower reversal rate than those
with a lower BMI [27]. Two studies done in Germany and Singapore showed that weight loss was associated
with regression from pre-DM to normoglycemia [28,29].

In contrast to previous studies [20,23,30], we didn't find any significant association between hypertension
and pre-DM maybe due to the small sample size of pre-DM. In the present study, we also found a
relationship between ischemic heart disease and pre-DM. Numerous studies showed that pre-DM can lead to
cardiovascular disease and several mechanisms such as inflammation and vasoconstriction, which can
promote atherosclerosis in the coronary arteries, were observed in the pre-DM state [31,32].

The overall prevalence of undiagnosed DM in this study was 2.6%. This is comparable to studies done in the
United States (2.6%), Iran (3.8%), and Turkey (3.6%) [33-35]. However, our study findings were lower than
the study results conducted in Morocco (5.9%), Kuwait (6.9%), Iraq (11%), and Malaysia (8.9%) [36-39]. The
possible explanation for this could be associated with sociodemographic characteristics, lifestyles, and
health-seeking behavior. The differences in the prevalence of undiagnosed DM among different studies
could be due to variations in sociocultural characteristics, lifestyles, the composition of the study
population, differences in diagnostic criteria, and the level of community awareness related to DM and
other non-communicable diseases.

In the present study, we observed that the prevalence of undiagnosed DM increases with increased age.
Different previous studies reported that DM increases with advancing age [19,35,36,38-40]. The odds of
developing undiagnosed DM increase 1.04 times with increasing age per year. As for gender differences, the
prevalence of undiagnosed DM was higher in men than women, but in contrast to previous studies done in
Ethiopia and Kuwait, this association didn't reach a significant statistical level [19,37]. According to our
study, we found a significant relationship between undiagnosed DM and marital status in univariate
analysis (p=0.03), consistent with previous studies from Ethiopia, Turkey, and Malaysia [19,35,39]. On the
contrary, a study done in Brazil observed that the risk of increasing undiagnosed DM increases with single,
divorced, or widowed status [41]. This is difficult to explain and more studies are recommended to explore
this.

Based on educational level, the present study observed a significant association between undiagnosed DM
and educational level, consistent with a study done in Ethiopia [40]. Our data suggests that individuals with
higher education levels, particularly those with a university education, are more likely to be in the non-DM
category compared to those with less education. This might be explained as follows: individuals with higher
education might have more awareness about the disease and may have better access to healthcare facilities.
In contrast to previous reports [19,42], we didn't find any significant association between undiagnosed DM
and physical activity. This could be explained by the small sample size recruited in this study and the
difference in the methodology of the other research.

Similarly, the present study showed that smoking status was not associated with increasing undiagnosed
DM. This was consistent with studies done in Ethiopia and India [43,44]. We didn't find any statistically
significant association between undiagnosed DM and family history, maybe due to the low number of
undiagnosed DM cases. On the contrary, the presence of an association between family history and
undiagnosed DM was observed in previous studies done in Ethiopia, Sudan, and India [19,45].

We didn't reveal any relationship between undiagnosed DM and hypertension and cardiovascular disease,
inconsistent with previous reports [19,39]. The mechanism between hypertension and DM is complex but
includes vascular remodeling and increased body fluid volume caused by insulin resistance-inducing
hyperinsulinemia and hyperglycemia, leading to increased peripheral artery resistance [46]. Similarly, in the
present study, a statistically significant association was not observed between dyslipidemia and
undiagnosed DM. Several studies have concluded that there is a significant relationship between
dyslipidemia and DM [35,47]. More studies recruiting a larger sample size are needed to explore such a
relationship.

Finally, we observed a significant association between undiagnosed DM and increasing BMI, with the
prevalence of overweight and obese people being 63.3% among participants. Increasing weight
circumference and central obesity were also significantly associated with undiagnosed DM. This finding was
consistent with previous studies [43,48]. This can be explained as follows: the excess abdominal fat in central
obesity facilitates insulin resistance by secreting various substances such as inflammatory cytokines (e.g.,
TNF-a and IL-6), free fatty acids (FFAs), and adipokines (e.g., adiponectin and resistin), leading to
inflammation, glucose intolerance, and hyperglycemia [49].
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Strengths and limitations of the study

This study was community-based and involved an appropriate sample size. Another major strength of the
study was the fact that blood glucose levels were taken twice in patients with fasting blood sugar of equal or
more than 100 mg/dL, or random blood sugar of equal or more than 140 mg/dL, together with the use of
HbA1C measurement in order to improve reliability and avoid bias. However, the study has several
limitations. The lines between rural and urban areas were blended. Therefore, including each group
separately in the study is no longer possible. Another limitation of the population-based study is that the
study was subject to recall bias regarding self-reported data like physical activity, smoking status, and social
behaviors.

Conclusions

This study provided the first estimate of undiagnosed DM in the Kurdistan Region. The current study showed
that the prevalence of undiagnosed DM and impaired fasting glucose were significant. This suggests the
importance of promoting the screening for pre-DM and DM, aiming to detect the disease at an early stage,
preventing the progression of pre-DM to DM and its complications, and reducing the economic burden of
DM through appropriate early intervention and public awareness projects regarding lifestyle changes and
adherence to treatment.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Brisik Rashad, Nawfal R. Hussein, Ibrahim A. Naqid, Vindad Hashim Dirbas

Acquisition, analysis, or interpretation of data: Brisik Rashad, Nawfal R. Hussein, Ibrahim A. Naqid,
Vindad Hashim Dirbas

Drafting of the manuscript: Brisik Rashad, Nawfal R. Hussein, Vindad Hashim Dirbas
Supervision: Brisik Rashad, Nawfal R. Hussein, Ibrahim A. Naqid

Critical review of the manuscript for important intellectual content: Nawfal R. Hussein, Ibrahim A.
Nagqid

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Scientific Research and Ethics Committee of the College of Medicine, University
of Zakho issued approval Oct 2023/UoZ e18. Animal subjects: All authors have confirmed that this study
did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

Acknowledgements

We extend our heartfelt gratitude to the students of the College of Medicine, University of Zakho, for their
outstanding participation in the data collection process.

References

1. SunH, Saeedi P, Karuranga S, et al.: IDF Diabetes Atlas: global, regional and country-level diabetes
prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. 2022, 183:109119.
10.1016/j.diabres.2021.109119

2. 2. Diagnosis and classification of diabetes: standards of care in diabetes-2024 . Diabetes Care. 2024, 47:520-

42.10.2337/dc24-S002

Young TK, Mustard CA: Undiagnosed diabetes: does it matter?. CMAJ. 2001, 164:24-8.

Harris MI: Undiagnosed NIDDM: clinical and public health issues . Diabetes Care. 1993, 16:642-52.

10.2337/diacare.16.4.642

5. Ogurtsova K, Guariguata L, Barengo NC, et al.: IDF Diabetes Atlas: global estimates of undiagnosed diabetes
in adults for 2021. Diabetes Res Clin Pract. 2022, 183:109118. 10.1016/j.diabres.2021.109118

6. Heydari I, Radi V, Razmjou S, Amiri A: Chronic complications of diabetes mellitus in newly diagnosed
patients. Int ] Diabetes Mellit. 2010, 2:61-63. 10.1016/].ijdm.2009.08.001

~ o

2025 Rashad et al. Cureus 17(1): €77618. DOI 10.7759/cureus.77618 9of 11


https://dx.doi.org/10.1016/j.diabres.2021.109119?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.diabres.2021.109119?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc24-S002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc24-S002?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/11202663/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/diacare.16.4.642?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/diacare.16.4.642?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.diabres.2021.109118?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.diabres.2021.109118?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijdm.2009.08.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijdm.2009.08.001?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

10.

11.

12.

13.

14.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Hussein NR, Ahmed MT, Rashad BH, et al.: A cross-sectional study of clinical characteristics and outcomes
among adults with laboratory-confirmed SARS-CoV-2 infection with Omicron variant. ] Pure Appl
Microbiol. 2023, 17:1814-23. 10.22207/JPAM.17.3.46

Hussein NR, Nagqid I: Strict social distancing measures helped early control of SARS-CoV-2 spread in Duhok
City, Irag. ] Infect Dev Ctries. 2022, 16:1370-1. 10.3855/jidc.12901

Mohammed Z, Ahmed AJ, Mustafa MH, Warda DS, Hameed MA, Hussein NR: Evaluating IgG levels,
vaccination effects, and COVID-19 infection severity in renal transplant recipients. BioMed Target Journal.
2024, 2:30-4. 10.59786/bmtj.214

Hussein NR: Covid-19, cholera and Crimean-Congo hemorrhagic fever in Iraq: a country with three
outbreaks. Mediterr ] Hematol Infect Dis. 2022, 14:2022077. 10.4084/MJHID.2022.077

Rashad BH, Abdi BA, Naqid IA, et al.: Risk factors associated with poor glycemic control in patients with
type two diabetes mellitus in Zakho City. ] Contemp Med Sci. 2021, 7:167-70. 10.225317/jcms.v7i3.970
Rashad BH, Abdi BA, Naqid IA, et al.: False beliefs about diabetes mellitus in the Kurdistan region of Iraq: a
population-based study. Galician Med J. 2023, 30:E202331. 10.21802/gmj.2023.3.1

Mohammed LY, Jamal SA, Hussein NR, Naqid IA: Prevalence of vitamin D deficiency and associated risk
factors among general populations in Duhok Province, Kurdistan Region, Iraq. ] Contemp Med Sci. 2021,
7:330-3. 10.22317/jcms.v7i6.1073

Weir CB, Jan A: BMI classification percentile and cut off points. StatPearls [Internet]. StatPearls Publishing,
Treasure Island (FL); 2023.

Ringane MC, Choma SS: The optimal WC cut-off points for the prediction of subclinical CVD as measured by
carotid intima-media thickness among African adults: a cross-sectional study. BMC Cardiovasc Disord. 2021,
21:575. 10.1186/s12872-021-02389-5

Bull FC, Al-Ansari SS, Biddle S, et al.: World Health Organization 2020 guidelines on physical activity and
sedentary behaviour. Br | Sports Med. 2020, 54:1451-62. 10.1136/bjsports-2020-102955

Lailler G, Fuentes S, Kab S, et al.: Prevalence and risk factors associated with prediabetes and undiagnosed
diabetes in France: the national CONSTANCES cohort. Diabet Epidemiol Manag. 2023, 10:100121.
10.1016/j.deman.2022.100121

Najafipour H, Farjami M, Sanjari M, Amirzadeh R, Shadkam Farokhi M, Mirzazadeh A: Prevalence and
incidence rate of diabetes, pre-diabetes, uncontrolled diabetes, and their predictors in the adult population
in southeastern Iran: findings from KERCADR study. Front Public Health. 2021, 9:611652.
10.3389/fpubh.2021.611652

Atrese T, Fekadu L, Kune G, Shita A, Woldemikael K: Prevalence of undiagnosed diabetes mellitus and
associated factors among adult residents of Mizan Aman Town, Southwest Ethiopia: community-based
cross-sectional study. PLoS One. 2024, 19:e0302167. 10.1371/journal.pone.0302167

Gbadamosi MA, Tlou B: Prevalence of abnormal glucose metabolism among adults attending an outpatient
department at a tertiary referral hospital in Swaziland: a cross-sectional study. BMC Public Health. 2020,
20:392. 10.1186/512889-020-08489-9

Tabdk AG, Herder C, Rathmann W, Brunner EJ, Kiviméki M: Prediabetes: a high-risk state for diabetes
development. Lancet. 2012, 379:2279-90. 10.1016/S0140-6736(12)60283-9

Yan Z, Cai M, Han X, Chen Q, Lu H: The interaction between age and risk factors for diabetes and
prediabetes: a community-based cross-sectional study. Diabetes Metab Syndr Obes. 2023, 16:85-93.
10.2147/DMS0.S390857

Ampeire IP, Kawugezi PC, Mulogo EM: Prevalence of prediabetes and associated factors among community
members in rural Isingiro district. BMC Public Health. 2023, 23:958. 10.1186/s12889-023-15802-9

Miao Z, Alvarez M, Ko A, et al.: The causal effect of obesity on prediabetes and insulin resistance reveals the
important role of adipose tissue in insulin resistance. PLoS Genet. 2020, 16:e1009018.
10.1371/journal.pgen.1009018

Latif R, Rafique N: Prevalence and risk factors of prediabetes in young Saudi females in a university setting .
Ethiop J Health Sci. 2020, 30:929-40. 10.4314/ejhs.v30i6.11

Hu H, Kawasaki Y, Kuwahara K, et al.: Trajectories of body mass index and waist circumference before the
onset of diabetes among people with prediabetes. Clin Nutr. 2020, 39:2881-8. 10.1016/j.cInu.2019.12.023
Han Y, Hu H, Huang Z, Liu D: Association between body mass index and reversion to normoglycemia from
impaired fasting glucose among Chinese adults: a 5-year cohort study. Front Endocrinol (Lausanne). 2023,
14:1111791. 10.3389/fendo.2023.1111791

Kowall B, Rathmann W, Heier M, et al.: Impact of weight and weight change on normalization of prediabetes
and on persistence of normal glucose tolerance in an older population: the KORA S4/F4 study. Int ] Obes
(Lond). 2012, 36:826-33. 10.1038/ijo.2011.161

Wong MS, Gu K, Heng D, Chew SK, Chew LS, Tai ES: The Singapore impaired glucose tolerance follow-up
study: does the ticking clock go backward as well as forward?. Diabetes Care. 2003, 26:3024-30.
10.2337/diacare.26.11.3024

Asmelash D, Asmelash Y: The burden of undiagnosed diabetes mellitus in adult African population: a
systematic review and meta-analysis. ] Diabetes Res. 2019, 2019:4134937. 10.1155/2019/4134937

Acar B, Ozeke O, Karakurt M, et al.: Association of prediabetes with higher coronary atherosclerotic burden
among patients with first diagnosed acute coronary syndrome. Angiology. 2019, 70:174-80.
10.1177/0003319718772420

Bergman M: Pathophysiology of prediabetes and treatment implications for the prevention of type 2
diabetes mellitus. Endocrine. 2013, 43:504-13. 10.1007/s12020-012-9830-9

Cowie CC, Rust KF, Byrd-Holt DD, et al.: Prevalence of diabetes and impaired fasting glucose in adults in the
U.S. population: National Health And Nutrition Examination Survey 1999-2002. Diabetes Care. 2006,
29:1263-8. 10.2337/dc06-0062

Esteghamati A, Gouya MM, Abbasi M, et al.: Prevalence of diabetes and impaired fasting glucose in the adult
population of Iran: National Survey of Risk Factors for Non-Communicable Diseases of Iran. Diabetes Care.
2008, 31:96-8. 10.2337/dc07-0959

Nuhoglu I, Deger O, Topbas M, Erem C: The prevalence of diabetes and associated risk factors among adult

2025 Rashad et al. Cureus 17(1): €77618. DOI 10.7759/cureus.77618

10 of 11


https://dx.doi.org/10.22207/JPAM.17.3.46?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22207/JPAM.17.3.46?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3855/jidc.12901?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3855/jidc.12901?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.59786/bmtj.214?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.59786/bmtj.214?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4084/MJHID.2022.077?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4084/MJHID.2022.077?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22317/jcms.v7i3.970?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22317/jcms.v7i3.970?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21802/gmj.2023.3.1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21802/gmj.2023.3.1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22317/jcms.v7i6.1073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22317/jcms.v7i6.1073?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/31082114/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12872-021-02389-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12872-021-02389-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bjsports-2020-102955?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bjsports-2020-102955?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.deman.2022.100121?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.deman.2022.100121?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpubh.2021.611652?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpubh.2021.611652?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0302167?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0302167?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12889-020-08489-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12889-020-08489-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(12)60283-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(12)60283-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S390857?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S390857?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12889-023-15802-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12889-023-15802-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pgen.1009018?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pgen.1009018?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4314/ejhs.v30i6.11?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4314/ejhs.v30i6.11?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clnu.2019.12.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clnu.2019.12.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2023.1111791?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2023.1111791?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ijo.2011.161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ijo.2011.161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/diacare.26.11.3024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/diacare.26.11.3024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2019/4134937?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2019/4134937?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0003319718772420?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0003319718772420?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12020-012-9830-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12020-012-9830-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc06-0062?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc06-0062?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc07-0959?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc07-0959?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pcd.2022.05.010?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

population in a Turkish population (Trabzon City). Prim Care Diabetes. 2022, 16:549-54.
10.1016/j.pcd.2022.05.010

Pengpid S, Peltzer K: Prevalence and correlates of undiagnosed, diagnosed, and total type 2 diabetes among
adults in Morocco, 2017. Sci Rep. 2022, 12:16092. 10.1038/s41598-022-20368-4

Mohammad A, Ziyab AH, Mohammad T: Prevalence of prediabetes and undiagnosed diabetes among Kuwaiti
adults: a cross-sectional study. Diabetes Metab Syndr Obes. 2021, 14:2167-76. 10.2147/DMS0.5296848
Mansour AA, Al-Maliky AA, Kasem B, Jabar A, Mosbeh KA: Prevalence of diagnosed and undiagnosed
diabetes mellitus in adults aged 19 years and older in Basrah, Iraq. Diabetes Metab Syndr Obes. 2014, 7:139-
44.10.2147/DMS0.559652

Ismail H, Omar MA, Saminathan TA, et al.: Prevalence of undiagnosed type 2 diabetes mellitus and its
associated factors among the Malaysian population: the 2015 National Health and Morbidity Survey,
Malaysia. Glob ] Health Sci. 2018, 10:153. 10.5539/GJHS.V10N8P153

Megerssa Y, Gebre M, Birru S, Goshu A, Tesfaye D: Prevalence of undiagnosed diabetes mellitus and its risk
factors in selected institutions at Bishoftu Town, East Shoa, Ethiopia. ] Diabetes Metab S. 2013, S12:008.
10.4172/2155-6156.512-008

de Oliveira CM, Viater Tureck L, Alvares D, et al.: Relationship between marital status and incidence of type
2 diabetes mellitus in a Brazilian rural population: the Baependi Heart Study. PLoS One. 2020, 15:0236869.
10.1371/journal.pone.0236869

Bener A, Zirie M, Janahi IM, Al-Hamaq AO, Musallam M, Wareham NJ: Prevalence of diagnosed and
undiagnosed diabetes mellitus and its risk factors in a population-based study of Qatar. Diabetes Res Clin
Pract. 2009, 84:99-106. 10.1016/j.diabres.2009.02.003

Ruiz PL, Hopstock LA, Eggen AE, Njolstad I, Grimnes G, Stene LC, Gulseth HL: Undiagnosed diabetes based
on HbAlc by socioeconomic status and healthcare consumption in the Tromsg Study 1994-2016. BMJ Open
Diabetes Res Care. 2021, 9:e002423. 10.1136/bmjdrc-2021-002423

Prabhakaran D, Chaturvedi V, Ramakrishnan L, Jeemon P, Shah P, Snehi U, Reddy KS: Risk factors related to
the development of diabetes in men working in a north Indian industry. Natl Med ] India. 2007, 20:4-10.
Ramasamy |, Parthasarathy U: Prevalence of undiagnosed diabetes and prediabetes among voluntary blood
donors in a tertiary health care setting. Int ] Res Med Sci. 2017, 4:2569-75. 10.18203/2320-
6012.ijrms20161850

Ohishi M: Hypertension with diabetes mellitus: physiology and pathology . Hypertens Res. 2018, 41:389-93.
10.1038/s41440-018-0034-4

Alzaheb RA, Altemani AH: Prevalence and associated factors of dyslipidemia among adults with type 2
diabetes mellitus in Saudi Arabia. Diabetes Metab Syndr Obes. 2020, 13:4033-40. 10.2147/DMS0.5246068
Xu Z, Qi X, Dahl AK, Xu W: Waist-to-height ratio is the best indicator for undiagnosed type 2 diabetes .
Diabet Med. 2013, 30:e201-7. 10.1111/dme.12168

Kahn SE, Hull RL, Utzschneider KM: Mechanisms linking obesity to insulin resistance and type 2 diabetes.
Nature. 2006, 444:840-6. 10.1038/nature05482

2025 Rashad et al. Cureus 17(1): €77618. DOI 10.7759/cureus.77618

11 0of 11


https://dx.doi.org/10.1016/j.pcd.2022.05.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-022-20368-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-022-20368-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S296848?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S296848?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S59652?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S59652?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5539/GJHS.V10N8P153?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5539/GJHS.V10N8P153?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4172/2155-6156.S12-008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4172/2155-6156.S12-008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0236869?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0236869?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.diabres.2009.02.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.diabres.2009.02.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjdrc-2021-002423?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjdrc-2021-002423?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/17557514/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18203/2320-6012.ijrms20161850 ?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18203/2320-6012.ijrms20161850 ?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41440-018-0034-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41440-018-0034-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S246068?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S246068?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/dme.12168?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/dme.12168?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nature05482?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nature05482?utm_medium=email&utm_source=transaction

	Prevalence and Determinants of Undiagnosed Diabetes Mellitus Among Adults in Zakho City, Kurdistan Region, Iraq: A Community-Based Cross-Sectional Study
	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Study design
	Data collection and procedure
	Data analysis
	Ethical consideration

	Results
	TABLE 1: Sociodemographic and behavioral characteristics of the study participants (n=537)
	TABLE 2: Clinical characteristics of the study participants (n=537)
	Prevalence of pre-DM and undiagnosed DM
	Factors associated with blood glucose levels
	TABLE 3: Risk factors associated with undiagnosed pre-DM (n=537)
	TABLE 4: Risk factors associated with undiagnosed DM (n=537)


	Discussion
	Strengths and limitations of the study

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


