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24 Abstract

25 Objectives: A high body mass index (BMI) is associated with a risk for type-2 diabetes mellitus 

26 (DM). The United Arab Emirates (UAE) is experiencing a marked increase in obesity. Data on 

27 the incidence of type-2 DM in this high-risk adult UAE population is unavailable. This study 

28 aimed to evaluate the incidence and risk of developing type-2 DM among individuals with 

29 above-normal BMI in the UAE. 

30 Design: A retrospective cohort study.

31 Setting: Outpatient clinics at a tertiary care centre in Al Ain, UAE.

32 Participants: 362 overweight or obese adult UAE nationals who visited outpatient clinics 

33 between April 2008 and December 2008.

34 Primary outcome measure: Patients with type-2 DM were identified based on diagnosis 

35 established by a physician or glycated hemoglobin (HbA1c) levels ≥ 6.5% during the follow-up 

36 period (until April 2018).

37 Results: The overall incidence rate of type-2 DM during the median follow-up time of 8.7 years 

38 was 16.3 (95% CI: 12.1–21.4) cases per 1000 person-years. Incidence rates in males and females 

39 were 17.7 (95% CI: 1.14–2.60) and 15.0 (95% CI: 0.99–2.35), respectively. Using multivariable 

40 Cox proportional hazard analysis, older age and obesity in females and HbA1c levels in males 

41 were determined to be independent risk factors for developing type-2 DM. 

42 Conclusions: The incidence rate of type-2 DM in overweight and obese UAE nationals is high. 

43 In addition to screening, current strategies should strongly emphasize lifestyle modifications that 

44 decrease HbA1c and BMI levels in this high-risk population. 

45

46
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47 Article Summary

48 Strengths and limitations of this study

49  A long-term (9-years) study that utilizes anthropometric and laboratory data to accurately 

50 quantify previously unknown incidence rate of type-2 DM in a high-risk group in the United 

51 Arab Emirates.

52  In doing so, the results demonstrate different independent risk factors that influence the 

53 development of type-2 DM in males and females suggesting unique focused gender based 

54 strategies to be incorporated into the current preventative program. 

55  The study results provide a baseline to assess effectiveness of national diabetes preventative 

56 programs in obese and overweight individuals while allowing epidemiologists to benchmark 

57 the incidence rates globally. 

58  The usual limitations of a retrospective study apply here as well. A prospective study would 

59 probably also allow capturing data on physical activity, and changes in weight, both of which 

60 can influence development of type-2 DM.

61  Another limitation of this study is missing baseline data on family history and history of 

62 Gestational diabetes both of which are well-known risk factors for developing type 2-DM. 

63 Their contribution if any to the development of new onset type-2 DM in our study population 

64 is not accounted for.

65  

66 Keywords: incidence; obesity; risk factors; type-2 diabetes mellitus; United Arab Emirates

67

68

69
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70 INTRODUCTION

71 There has been a rapid increase in the prevalence of obesity and type-2 diabetes mellitus (DM) 

72 globally. The United Arab Emirates (UAE) is one of the epicenters of this epidemic. Among 

73 UAE nationals, the crude prevalence of obesity and type-2 DM is 37%[1] and 29%[2], 

74 respectively and the number of people with type-2 DM in the country is estimated to reach over 

75 2 million by 2040.[3] 

76 Obesity, defined as a body mass index (BMI) ≥30 kg/m[2,4], is a known risk factor for type-2 

77 DM5 while lifestyle interventions such as weight loss in obese individuals with impaired glucose 

78 tolerance have been shown to reduce the risk for type-2 DM.[6] There has been significant 

79 attention and effort over the last decade in the UAE to curb the prevalence of overweight and 

80 obesity, as well as to decrease the incidence of associated diseases. 

81 The Weqaya, a population-wide CVD screening program, was initiated in 2008[7] to enable 

82 individuals and healthcare providers to implement preventative measures. Epidemiological 

83 studies on type-2 DM in the UAE have primarily focused on its prevalence in the general 

84 population.[8] A decade after the implementation of the preventive program, data on the 

85 incidence of type-2 DM among obese and overweight UAE nationals remain unknown. 

86 In this retrospective longitudinal cohort study, we aimed to determine the incidence of DM 

87 and elucidate the effect of BMI on type-2 DM risk in overweight and obese adult UAE nationals.  

88

89 METHODS

90 Study setting

91 A retrospective electronic medical record review of adult patients who presented to outpatient 

92 clinics at Tawam hospital in Al Ain, UAE between April 1st, and December 31st 2008 was 
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93 performed. The tertiary care hospital is one of two governmental hospitals in the city and serves 

94 an estimated population of 650,000 patients, of which 30% are UAE nationals.[9] Tawam 

95 Hospital and the UAE University research and ethics board granted ethical approval for this 

96 study (CRD239/13). Informed consent was waived because patient records and information were 

97 anonymized and de-identified prior to analysis.

98

99 Subjects and procedures 

100 The study population consisted of  healthy overweight and obese UAE nationals, aged between 

101 18 and 75 years, who were seen at primary care and specialty outpatient clinics at Tawam 

102 hospital (obstetrics and gynecology, internal medicine, and surgery, as well as subspecialty 

103 clinics). The inclusion criteria were patients without type-2 DM, defined as having glycated 

104 hemoglobin (HbA1c) <6.5%; patients not taking anti-diabetic medications; and those with BMI 

105 ≥ 25 kg/m2 at baseline. The exclusion criteria were patients with missing HbA1c data;  those 

106 with a history of chronic medical conditions such as malignancy, human immunodeficiency virus 

107 infection, receiving steroids or immunosuppression medications, or stage 3–5 chronic kidney 

108 disease [estimated glomerular filtration rate (eGFR) of ≤59 mL/min/1.73 m2][10]. Those who 

109 had undergone weight reduction surgery defined as either restrictive or malabsorptive bariatric 

110 surgery or pharmacotherapy for weight loss were also excluded from the study. The final study 

111 group consisted of 362 subjects with a BMI of ≥ 25 kg/m2  (Fig 1).  

112

113 Definitions and measurements 

114 Initial BMI was calculated from height and weight measured at baseline using the formula 

115 weight (kg) divided by height squared (m2). Overweight and obesity were defined according to 
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116 the World Health Organization classification[4], with a BMI between 25 and 29.99 kg/m2 and 

117 ≥30 kg/m2, respectively. Hypertension (HTN) was defined as systolic blood pressure ≥140 

118 mmHg, diastolic blood pressure ≥90 mmHg, or the use of antihypertensive medications.[11] 

119 Dyslipidemia was defined as serum total cholesterol (TC) of ≥6.21 mmol/L or if the patient had a 

120 documented prescription of lipid-lowering medications.[12] Current or prior history of smoking 

121 tobacco was considered positive for smoking history. Patients were considered to have vascular 

122 disease if they had a documented history of either coronary heart disease, cerebrovascular 

123 disease, or peripheral vascular disease. 

124

125 Outcomes

126 Our study endpoint was incident type-2 DM, defined as either HbA1c ≥6.5% or a diagnosis of 

127 type-2 DM established by a physician occurring at any time during the follow-up period.[13] The 

128 occurrence of incident type-2 DM was based on a review of all of the electronic medical records 

129 until April 30, 2018. All laboratory assays at baseline and follow-up were conducted at the 

130 Medical Laboratory Department at Tawam Hospital. HbA1c levels were measured using an 

131 automated analyzer Integra 400 Plus (Roche Diagnostics, Mannheim, Germany).

132

133 Statistical analyses

134 Differences between sexes were determined using an independent-samples t-test or the Mann-

135 Whitney U test for normal and non-normal data, respectively, with Fisher's exact test (two-tailed) 

136 being used for categorical variables. Person-years at risk for developing type-2 DM was 

137 calculated for each subject as the time from baseline visit to the diagnosis of type-2 DM or the 

138 most-recent outpatient visit, whichever occurred first. The incidence rate of type-2 DM with 95% 
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139 confidence intervals (CI) was calculated per 1000 person-years by dividing the number of new 

140 cases of type-2 DM by the person-years at risk. Sex-specific incidence rates stratified by age and 

141 BMI categories were calculated. Kaplan-Meier time-to-event analysis was conducted with a log-

142 rank test to compare age and BMI categories for incident type-2 DM.

143 Univariable and multivariable Cox proportional hazards modeling (stratified by sex) were 

144 used to examine predictors of incident type-2 DM. The following predictor variables were 

145 examined by univariable Cox modeling: age (categorized as <44 years and ≥44 years), sex 

146 (categorized as female/male), vascular disease (categorized as yes/no), HTN (categorized as 

147 yes/no), dyslipidemia (categorized as yes/no), smoking (categorized as yes/no), HbA1c 

148 (categorized as <5.7% and ≥5.7%), and BMI (categorized as overweight and obese). All 

149 covariables with P <0.1 were included in the final multivariable modeling. Results were checked 

150 by a step-wise method based on likelihood ratios, with entry and removal probabilities set at 0.05 

151 and 0.10, respectively. The proportional hazards assumption was tested using a log-log plot and 

152 were not significant. A P-value <0.05 was considered statistically significant. SPSS version 25 

153 (IBM Corp., Armonk, NY) was used to analyze the data.

154

155 Patient and public involvement

156 There was no patient or public involvement in the design and conduct of the study.

157

158 RESULTS

159 Characteristics of study participants

160 The baseline patient characteristics, including demographic, clinical, and biochemical data of the 

161 362 subjects, are presented in Table 1. The ratio of males to females was almost 1:1. The mean 
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162 age and BMI at baseline were 44.36 ± 14.45 years and 31.69 [interquartile range (IQR) 27.64, 

163 34.18 kg/m2], respectively. When stratified by sex, females were older, had higher BMI and TC 

164 values, and had a higher prevalence of dyslipidemia, at baseline. Conversely, males had 

165 significantly higher baseline systolic and diastolic blood pressure values, as well as a higher 

166 prevalence of smoking history.

167

168 Table 1. Baseline characteristics of the study participants.

Total (N=362)

Mean ± SD

Males (N=170)

Mean ± SD

Females 

(N=192)

Mean ± SD

p-value*

Females (%) 53.0 - - -

Age (years) 44.36 ± 14.45 40.2 ± 14.7 48.09 ± 13.2 <0.001

Anthropometric values

BMI (kg/m2)
31.69 (27.64, 

34.18) 

29.56 (27.33, 

32.79)

31.22 (27.91, 

35.77)
0.001

SBP (mmHg) 127.93 ± 17.34 129.92 ± 17.86 126.17 ± 16.72 0.040

DBP (mmHg) 76.94 ± 11.01 79.03 ± 11.34 75.09 ± 10.40 0.001

Laboratory values

HbA1c (%) 5.62 ± 0.48 5.59 ± 0.50 5.64 ± 0.46 0.326

eGFR (mL/min/1.73 m2) 
105.87 ± 16.81 

(N=359)†

104.16 ± 18.47 

(N=167)†
107.35 ± 15.13 0.073

TC (mmol/L) 5.06 ± 0.88 4.89 ± 0.95 5.21 ± 0.99 0.002

History of n (%)

HTN 181 (50.0) 91 (53.5) 90 (46.9) 0.247

Dyslipidemia 141 (39.0) 52 (30.6) 89 (46.4) 0.002

Vascular disease 18 (5.0) 10 (5.9) 8 (4.2) 0.478

Smoking 56 (15.5) 54 (31.8) 2 (1.0) <0.001
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169 HTN hypertension, BMI body mass index, eGFR estimated glomerular filtration rate, SBP 

170 systolic blood pressure, DBP diastolic blood pressure, SD standard deviation, HbA1c glycated 

171 hemoglobin, TC total cholesterol.

172 †The difference in N is due to missing data.

173 *Independent-samples t-test was used to calculate p values for continuous variables and Fisher's 

174 exact test (two-tailed) for categorical variables.

175

176 Incidence

177 After a median follow-up time of 8.7 years (IQR, 8.2–9.0 years), 47 incident cases of type-2 DM 

178 were identified. The overall incidence rate of type-2 DM was 16.3 (95% CI: 12.1−21.4) cases per 

179 1000 person-years and the crude incidence of type-2 DM over the same period was 13.0% (95% 

180 CI: 9.8−16.8%). 

181 Sex-specific incidence rates, as stratified by BMI, were higher in obese females (21.1, 95% 

182 CI: 13.3−32.0 cases per 1000 person-years), when compared to overweight females (5.1, 95% 

183 CI: 1.3−14.0 cases per 1000 person-years) (P=0.013). Incidence rates for type-2 DM were higher 

184 in older females (21.3, 95% CI: 13.5–31.9 cases per 1000 person-years), when compared to 

185 younger females (3.7, 95% CI: 0.6–12.2 cases per 1000 person-years) (P=0.008), (Figs. 2 and 3, 

186 respectively). However, these differences were not significant among males.  

187 Analyses of risk factors

188 We used multivariable Cox regression analyses to examine the association of age, vascular 

189 disease, dyslipidemia, smoking, HTN, BMI, and HbA1c levels with the risk of developing type-2 

190 DM between males and females. When adjusted for all other variables, we found that in males, 

191 an HbA1c level ≥5.7% [hazard ratio (HR) = 3.02, 95% CI: 1.20−7.62] and for females age ≥44 
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192 years (HR = 4.84, 95% CI: 1.13−20.73) and obesity (HR = 3.42, 95% CI: 1.01−11.57) were 

193 significant risk factors for the development of type-2 DM (Table 2).

194

195 Table 2. Predictors of incident type-2 diabetes mellitus in the study population. 

Male (N=170) Female (N=192)Predictor variables

HR (95% CI) p-value HR (95% CI) p-value
Age
<44 years Reference Reference
≥44 years 0.46 (0.17–1.13) 0.135 4.84 (1.13–20.73) 0.034
History of HTN
No Reference Reference
Yes 1.89 (0.74–4.81) 0.183 1.61 (0.67–3.88) 0.292
History of dyslipidemia
No Reference Reference
Yes 2.01 (0.80–5.04) 0.135 0.80 (0.34–1.90) 0.608
History of smoking
No Reference Reference
Yes 0.36 (0.12–1.04) 0.060 4.88 (0.44–54.08) 0.196
History of vascular 
disease
No Reference Reference
Yes 2.46 (0.65–9.27) 0.183 0.60 (0.06–5.50) 0.647
HbA1c
<5.7% Reference Reference
≥5.7% 3.02 (1.20–7.62) 0.019 2.30 (0.83–6.39) 0.109
BMI
Overweight Reference Reference
Obese 1.17 (0.51–2.68) 0.713 3.42 (1.01–11.57) 0.048

196 HTN hypertension, BMI body mass index, HbA1c glycated hemoglobin, CI confidence intervals, 

197 HR hazard ratio.

198

199 DISCUSSION

200 The results of this study showed that the incidence of type-2 DM among overweight and obese 

201 UAE nationals was 1.49% per year during the 9-year study period. The overall incidence rate 
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202 was 16.3 per 1000 person-years. The independent risk factors for the development of type-2 DM 

203 were age (≥ 44 years) and obesity in females and HbA1c levels in males. 

204 Incidence rates

205 The incidence rates of type-2 DM in the general population differ significantly worldwide. This 

206 is possibly due to variations in insulin sensitivity related to the interaction between genetic and 

207 environmental factors among different populations globally.[14] A study conducted over a 12-

208 month period in Ajman, one of the emirates in the UAE, the incidence rate for type-2 DM in the 

209 general Emirati population was 4.8 per 1000 person-years[8], while our study had an incidence 

210 rate 3 times higher. This is not unexpected as our study focused on overweight and obese 

211 individuals and is comparable to other research in high-risk populations in the United States 

212 (15.2 per 1000 person-years)[15], while South-Asian countries e.g. India and Bangladesh 

213 reported incidence rates of 22.2 per 1000 person-years[16] and 16.4 per 1000 person-years 

214 respectively.[17] 

215 Risk factors

216 This study revealed some interesting findings regarding the risk factors for developing type-2 

217 DM in this high-risk UAE population. Sex-specific incidence rates of type-2 DM showed a 

218 female preponderance, particularly among older females. These results were not unique and were 

219 also observed among the general population of the UAE.[8] The higher incidence of type-2 DM 

220 among older females may be attributable to the high prevalence of overweight and obesity[18], 

221 sedentary lifestyle, nutritional habits[19], and early menopause witnessed in our population.[20] 

222 Local data shows that for every 1-year increase in age, the risk of obesity among females 

223 increases by 5%.[21]
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224 Individuals with high-normal HbA1c levels have a greater risk of developing type-2 DM.[22] 

225 However, in our study, the independent predictive property of the HbA1c level was only 

226 observed in males. An explanation for this finding could be the high prevalence of male smokers 

227 seen, as smoking has been shown to increase HbA1c levels in people without diabetes.[23] 

228 Obesity in females was also an independent risk predictor for type-2 DM. Studies have shown 

229 that the risk of developing type-2 DM is significantly higher in individuals with BMI ≥30 kg/m2 

230 when compared to those with normal BMI.[5] Interventions that promote weight loss and 

231 decreased BMI, also reduce the risk of developing type-2 DM. An 8-week exercise intervention 

232 program in a UAE student population demonstrated a significant reduction in BMI.[24] Other 

233 controlled intervention studies in high-risk populations[6,25,26] also demonstrated a significant 

234 decrease in the risk of type-2 DM as a result of BMI reduction. 

235 Clinical and public health implications

236 Results from this study demonstrate that the incidence of type-2 DM in the high-risk UAE 

237 population begins to increase by the fourth decade of life, and this trend significantly increases 

238 with higher BMI values. Thus, targeting overweight or obesity, which are modifiable risk factors 

239 for type-2 DM[27], is crucial in reducing this burden. A 2015 study of Emirati adolescents found 

240 the prevalence of pre-diabetes and type-2 DM in overweight and obese children were 5.8% and 

241 0.87%, respectively.[28] Although alarming, the results are unsurprising when we consider the 

242 high prevalence of childhood obesity in the UAE. Furthermore, the rates of overweight and 

243 obesity in young UAE adults was 36%[29], putting them at risk for developing type-2 DM. 

244 Screening programs alone are inadequate and clinicians must strongly recommend lifestyle 

245 modifications to reduce overweight and obesity. 

246 Strengths and limitations
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247 The strengths of this study include the duration of follow-up for our representative sample of 

248 overweight and obese UAE nationals in the second-largest city in the Abu Dhabi Emirate of 

249 UAE. We utilized measured anthropometric and laboratory data in patient charts instead of self-

250 reported information and diagnostic codes for the classification of risk factors and identification 

251 of incident cases. In addition, HbA1c levels or documented diagnosis by a physician were used 

252 to identify incident cases of type-2 DM instead of fasting plasma glucose, which has more 

253 variability.[30,31] 

254 This study has some limitations. These limitations include missing baseline data regarding 

255 family history of type-2 DM, history of gestational diabetes, physical activity, and abdominal 

256 obesity, all of which are well-researched risk factors for the development of DM. A prospective 

257 study will ensure more robust data, as well as changes in lifestyle variables such as exercise, 

258 weight loss or gain. 

259

260 CONCLUSIONS

261 The overall incidence rate of type-2 DM in overweight and obese UAE nationals was 16.3 per 

262 1000 person-years. The HbA1c level in males and obesity in females, particularly in the older 

263 age group, were found to be independent risk factors for the development of type-2 DM. Thus, 

264 there should be a greater emphasis on reducing BMI through lifestyle modifications in these 

265 high-risk groups.  

266
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Flow chart for the inclusion and exclusion of patients. 
HbA1c glycated hemoglobin, eGFR estimated glomerular filtration rate, HIV human immunodeficiency virus. 

100x81mm (300 x 300 DPI) 

Page 22 of 25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

The sex-specific incidence rate of type-2 diabetes mellitus (cases/1000 person-years) stratified by BMI 
categories. BMI body mass index. 
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The sex-specific incidence rate of type-2 diabetes mellitus (cases/1000 person-years) stratified by age. 
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24 Abstract

25 Objectives: A high body mass index (BMI) is associated with a risk of type 2 diabetes mellitus 

26 (DM). The United Arab Emirates (UAE) is experiencing a marked increase in obesity. 

27 Nonetheless, no data is available regarding the incidence of type 2 DM in the high-risk adult 

28 UAE population. Therefore, this study aimed to evaluate the incidence rate and risk of 

29 developing type 2 DM among individuals with above-normal BMI in the UAE. 

30 Design: A retrospective cohort study.

31 Setting: Outpatient clinics at a tertiary care center in Al Ain, UAE.

32 Participants: Three hundred sixty-two overweight or obese adult UAE nationals who visited 

33 outpatient clinics between April 2008 and December 2008.

34 Primary outcome measure: Patients with type 2 DM were identified based on diagnosis 

35 established by a physician or through glycated hemoglobin (HbA1c) levels ≥6.5% during the 

36 follow-up period (until April 2018).

37 Results: The overall incidence rate of type 2 DM during the median follow-up time of 8.7 years 

38 was 16.3 [95% confidence interval (CI): 12.1–21.4] cases per 1000 person-years. Incidence rates 

39 in men and women were 17.7 (95% CI: 11.6–25.9) and 15.0 (95% CI: 9.8–22.2) cases per 1000 

40 person-years, respectively. Multivariable Cox proportional hazard analysis determined older age 

41 and obesity in women, and prediabetes in men to be the independent risk factors for developing 

42 type 2 DM. 

43 Conclusions: The incidence rate of type 2 DM in overweight and obese UAE nationals is high. 

44 In addition to screening, current strategies should strongly emphasize lifestyle modifications to 

45 decrease HbA1c and BMI levels in this high-risk population. 

46
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47 Article Summary

48 Strengths and limitations of this study

49  This long-term longitudinal cohort study determines the incidence rate and risk factors of 

50 type 2 diabetes mellitus in overweight and obese United Arab Emirates nationals.

51  Anthropometric and laboratory data were obtained instead of self-reported information for 

52 the classification of risk factors and identification of incident cases.

53  The study’s subjects were recruited from a single large public hospital’s ambulatory clinics; 

54 therefore, our findings may not apply to the general UAE population.

55  No data were available for review regarding additional confounders, such as family history 

56 and changes in weight and physical activity.

57  

58 Keywords: incidence; obesity; risk factors; type 2 diabetes mellitus; United Arab Emirates

59

60 INTRODUCTION

61 A rapid worldwide increase has been observed regarding the prevalence of type 2 diabetes 

62 mellitus (DM) and obesity. The United Arab Emirates (UAE) is one of the epicenters of this 

63 epidemic. In a 2007 study, the age-standardized rates for prediabetes and type 2 DM among 

64 UAE nationals were 24.2% and 29%, respectively.[1] However, in a 2019 study of young 

65 Emirati men, the age-adjusted prevalence of prediabetes was much higher at 41.3%.[2] By 

66 contrast, the prevalence of type 2 DM in North America and Western European countries are 

67 well below 12%.[3-6] Notably, the number of people with type 2 DM in the UAE is estimated to 

68 reach over two million by 2040.[7] 
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69 Overweight, defined as body mass index (BMI) between 25 and 29.99 kg/m2 and obesity, 

70 defined as BMI ≥30 kg/m2,[8] are known risk factors of type 2 DM.[9] More recently, the age-

71 adjusted prevalence of overweight and obesity among Emirati men between the ages of 18 and 

72 30 years was noted to be 27% and 30%, respectively.[2] In contrast, the corresponding 

73 prevalence in another study was 23% and 10% among young Emirati women.[10] Both these 

74 studies determined increased BMI to be strongly associated with diabetes.

75 Both obesity and type 2 DM are well known cardiometabolic risk factors for vascular 

76 complications, such as coronary heart disease and peripheral vascular disease. The prevalence of 

77 these vascular diseases in the UAE is 10.5% and 11.1%, respectively.[1] These and other 

78 vascular-related complications have resulted in the UAE having one of the highest reported 

79 global death rates for cardiovascular disease—204 per 100,000 for women and 309 per 100,000 

80 for men.[11] 

81 The rise in the incidence of diabetes and its complications among the UAE population has 

82 been in parallel to the economic surge, resulting in growing urbanization and changing lifestyle 

83 habits in the country. Nevertheless, over the last decade, UAE has diverted its attention and 

84 endeavored to curb the burden of overweight and obesity, as well as to decrease the incidence of 

85 associated conditions like diabetes. The Weqaya program, a population-wide CVD screening 

86 program, was initiated in 2008[12] to enable individuals and healthcare providers to implement 

87 CVD preventative measures. For continued assessment of the effectiveness of these local 

88 interventions, ad hoc analysis of population data at pre-defined intervals over a long period is 

89 required. However, epidemiological studies on type 2 DM in the UAE have primarily focused on 

90 its prevalence in the general population.[1, 2, 13] Despite having information from the Weqaya 

91 program, data regarding the incidence of type 2 DM among obese and overweight UAE nationals 
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92 remains poorly researched. This lapse is primarily because of the significant resource investment 

93 required to conduct observational cohort studies with prolonged follow-up. 

94 Therefore, in this long-term, longitudinal retrospective study, we aimed to calculate the 

95 incidence rate of type 2 DM and elucidate the effects of BMI on DM risk in adult UAE nationals 

96 who are overweight and obese.  

97

98 METHODS

99 Study setting

100 A retrospective electronic medical record review was performed of adult patients who presented 

101 to outpatient clinics at Tawam Hospital in Al Ain, UAE, between April 1, 2008, and December 

102 31, 2008. Tawam Hospital is one of the two large government hospitals in the city of Al Ain and 

103 serves an estimated 60,000 adult UAE nationals in the city who are overweight and obese.[14, 

104 15] The Research and Ethics Board of Tawam Hospital and the UAE University granted ethical 

105 approval for this study (CRD239/13). Informed consent was waived because patient records and 

106 information were anonymized and de-identified before analysis.

107

108 Subjects and procedures 

109 The study population consisted of UAE nationals who were overweight and obese, aged between 

110 18 and 75 years, who were seen at the outpatient departments at Tawam Hospital. The inclusion 

111 criteria were patients without type 2 DM, defined as having glycated hemoglobin (HbA1c) 

112 <6.5%; patients not taking antidiabetic medications; and those with BMI ≥ 25 kg/m2 at baseline. 

113 The exclusion criteria were patients with missing HbA1c data; those with a history of chronic 

114 medical conditions, such as malignancy, human immunodeficiency virus infection, receiving 
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115 steroids or immunosuppression medications, or stage 3–5 chronic kidney disease [estimated 

116 glomerular filtration rate (eGFR) of ≤59 mL/min/1.73 m2].[16] Moreover, patients who had 

117 undergone weight reduction surgery, defined either as restrictive or malabsorptive bariatric 

118 surgery or pharmacotherapy for weight loss were excluded from the study. The final study group 

119 consisted of 362 subjects with a BMI of ≥ 25 kg/m2 (Fig. 1).  

120

121 Definitions and measurements 

122 Initial BMI was calculated from baseline height and weight measurements using the formula 

123 weight (kg) divided by height squared (m2). Overweight and obesity were defined according to 

124 the World Health Organization classification,[8] based on a BMI between 25 and 29.99 kg/m2 

125 and ≥30 kg/m2, respectively. Hypertension (HTN) was defined as systolic blood pressure ≥140 

126 mmHg, diastolic blood pressure ≥90 mmHg, or the use of blood pressure medications.[17] The 

127 definition of dyslipidemia was a serum total cholesterol (TC) of ≥6.21 mmol/L or if the patient 

128 had a documented prescription of lipid-lowering medications.[18] Prediabetes was defined as 

129 having an HbA1c level between 5.7% and 6.4%.[19] Current or prior history of smoking tobacco 

130 was considered a positive smoking history. Patients with a documented history of coronary heart 

131 disease, cerebrovascular disease, or peripheral vascular disease were identified to have a vascular 

132 disease. 

133

134 Outcomes

135 Our study endpoint was incident type 2 DM, defined as either HbA1c ≥6.5% (based on the 

136 definition of DM by the American Diabetes Association) or a diagnosis of type 2 DM established 

137 by a physician at any time during the follow-up period.[19] The occurrence of incident type 2 
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138 DM was based on a review of all the electronic medical records until April 30, 2018. All 

139 laboratory analyses were performed at the Medical Laboratory Department of Tawam Hospital. 

140 An automated analyzer, Integra 400 Plus (Roche Diagnostics, Mannheim, Germany) was used to 

141 measure HbA1c levels. The HbA1c results were reported as a percentage using the International 

142 Federation of Clinical Chemistry-National Glycohemoglobin Standardization Program master 

143 equation.[20]

144

145 Statistical analyses

146 Using a formula by Rosner (2015),[21] a sample size of 353 was calculated. This was based on 

147 the anticipated incidence of diabetes of 17.3% [22] and using 80% power at a two-sided 

148 significance level of 0.05. The sample size was further increased by 20% to account for patients 

149 lost to follow-up and those with missing data. 

150 Inter-sex differences were determined using the Mann-Whitney U test or the independent-

151 samples t-test for non-normal and normal data, respectively. For categorical variables, Fisher’s 

152 exact test (two-tailed) was used. Person-years at risk for incident type 2 DM was calculated for 

153 each patient as the time from the baseline visit to the diagnosis of type 2 DM or the most recent 

154 outpatient visit, whichever occurred first. The incidence rate of type 2 DM with a 95% 

155 confidence interval (CI) was calculated per 1000 person-years by dividing the number of new 

156 cases of type 2 DM by the person-years at risk. Sex-specific incidence rates were calculated 

157 stratified by age and BMI categories. Kaplan-Meier time-to-event analysis was conducted with a 

158 log-rank test to compare age and BMI categories for incident type 2 DM.

159 Univariable and multivariable Cox proportional hazard models were evaluated to examine 

160 predictors of incident type 2 DM in the entire cohort and stratified by sex. The following 
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161 predictor variables were examined using univariable Cox modeling: age (categorized as <44 

162 years and ≥44 years), sex, vascular disease, HTN, dyslipidemia, smoking, HbA1c (categorized as 

163 <5.7% and ≥5.7%), and BMI (categorized as overweight and obese). All covariables with P <0.1 

164 were included in the final multivariable model. A stepwise method based on likelihood ratios, 

165 with entry and removal probabilities set at 0.05 and 0.10, respectively, was used to check the 

166 results. The log-log plot was used to evaluate the proportional hazards assumption and was not 

167 significant. A P value <0.05 was considered statistically significant. SPSS version 25 (IBM 

168 Corp., Armonk, NY) was used to analyze the data.

169

170 Patient and public involvement

171 There was no patient or public involvement in the design and conduct of the study.

172

173 RESULTS

174 Characteristics of study participants

175 The baseline patient characteristics of the 362 subjects, are presented in Table 1. The ratio of 

176 men to women was almost 1:1. At baseline, the mean age was 44.4 ± 14.5 years and the BMI 

177 was 31.7 kg/m2 [interquartile range (IQR) 27.6, 34.2 kg/m2]. When stratified by sex, women 

178 were older, had higher BMI and TC values, and had a higher prevalence of dyslipidemia at 

179 baseline. Conversely, men had significantly higher baseline systolic and diastolic blood pressure 

180 values, as well as a higher prevalence of smoking history.

181

182 Table 1. Baseline characteristics of the study participants
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Total (N = 362)

Mean ± SD

Men (N = 170)

Mean ± SD

Women (N = 

192)

Mean ± SD

P value*

Women (%) 53.0 - - -

Age (years) 44.4 ± 14.5 40.2 ± 14.7 48.1 ± 13.2 <0.001

Anthropometric values

BMI (kg/m2) 31.7 (27.6, 34.2) 29.6 (27.3, 32.8)
31.2 (27.9, 

35.8)
0.001

SBP (mmHg) 127.9 ± 17.3 129.9 ± 17.9 126.2 ± 16.7 0.040

DBP (mmHg) 76.9 ± 11.0 79.0 ± 11.3 75.1 ± 10.4 0.001

Laboratory values

HbA1c (%) 5.6 ± 0.5 5.6 ± 0.5 5.6 ± 0.5 0.326

eGFR (mL/min/1.73 m2) 
105.9 ± 16.8 (N = 

359)†

104.2 ± 18.5 (N = 

167)†
107.4 ± 15.1 0.073

TC (mmol/L) 5.1 ± 0.9 4.9 ± 1.0 5.2 ± 1.0 0.002

History of n (%)

HTN 181 (50.0) 91 (53.5) 90 (46.9) 0.247

Dyslipidemia 141 (39.0) 52 (30.6) 89 (46.4) 0.002

Vascular disease 18 (5.0) 10 (5.9) 8 (4.2) 0.478

Smoking 56 (15.5) 54 (31.8) 2 (1.0) <0.001

183 HTN hypertension, BMI body mass index, eGFR estimated glomerular filtration rate, SBP 

184 systolic blood pressure, DBP diastolic blood pressure, SD standard deviation, HbA1c glycated 

185 hemoglobin, TC total cholesterol.

186 †The difference in N is because of the missing data.

187 *Independent-samples t-test was used to calculate P values for continuous variables and Fisher’s 

188 exact test (two-tailed) for categorical variables.

189

190 Incidence
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191 After a median follow-up time of 8.7 years (IQR, 8.2–9.0 years), 47 incident cases of type 2 DM 

192 were identified. The overall incidence rate of type 2 DM was 16.3 (95% CI: 12.1−21.4) cases per 

193 1000 person-years, and the crude incidence over the same period was 13.0% (95% CI: 

194 9.8−16.8%). The incidence rate of type 2 DM increased with patient age (Fig. 2). When stratified 

195 by sex, the incidence rates, were 17.7 (95% CI: 11.6–25.9) and 15.0 (95% CI: 9.8–22.2) cases 

196 per 1000 person-years in men and women, respectively. 

197 Sex-specific incidence rates, as stratified by BMI, were higher in obese women (21.1, 95% 

198 CI: 13.3−32.0 cases per 1000 person-years) compared with overweight women (5.1, 95% CI: 

199 1.3−14.0 cases per 1000 person-years) (P = 0.013). Incidence rates for type 2 DM were higher in 

200 older women (21.3, 95% CI: 13.5–31.9 cases per 1000 person-years) compared with younger 

201 women (3.7, 95% CI: 0.6–12.2 cases per 1000 person-years) (P = 0.008), (Fig. 3). However, 

202 these differences were not significant among men.  

203 Analyses of risk factors

204 We used multivariable Cox regression analyses to examine the association of age, sex, vascular 

205 disease, dyslipidemia, smoking, HTN, BMI, and HbA1c levels with the risk of developing type 2 

206 DM in the entire study cohort, as well as between men and women. When adjusted for all other 

207 variables, we observed that in men an HbA1c level ≥5.7% [hazard ratio (HR) = 3.02, 95% CI: 

208 1.20−7.62] and in women age ≥44 years (HR = 4.84, 95% CI: 1.13−20.73) and obesity (HR = 

209 3.42, 95% CI: 1.01−11.57) were significant risk factors for the development of type 2 DM (Table 

210 2).

211

212 Table 2. Predictors of incident type 2 diabetes mellitus in the study population 

Predictor Total (N = 362) Men (N = 170) Women (N = 192)
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variables HR (95% CI) P 
value

HR (95% CI) P 
value

HR (95% 
CI)

P 
value

Age
<44 years Reference Reference Reference
≥44 years 1.20 (0.59–2.44) 0.619 0.46 (0.17–

1.13)
0.135 4.84 (1.13–

20.73)
0.034

Sex
Women Reference
Men 1.60 (0.83–3.05) 0.160
History of HTN
No Reference Reference Reference
Yes 1.78 (0.94–3.37) 0.075 1.89 (0.74–

4.81)
0.183 1.61 (0.67–

3.88)
0.292

History of 
dyslipidemia
No Reference Reference Reference
Yes 1.32 (0.70–2.51) 0.393 2.01 (0.80–

5.04)
0.135 0.80 (0.34–

1.90)
0.608

History of 
smoking
No Reference Reference Reference
Yes 0.58 (0.23–1.49) 0.259 0.36 (0.12–

1.04)
0.060 4.88 (0.44–

54.08)
0.196

History of 
vascular disease
No Reference Reference Reference
Yes 1.57 (0.54–4.54) 0.408 2.46 (0.65–

9.27)
0.183 0.60 (0.06–

5.50)
0.647

HbA1c
<5.7% Reference Reference Reference
≥5.7% 2.29 (1.16–4.52) 0.016 3.02 (1.20–

7.62)
0.019 2.30 (0.83–

6.39)
0.109

BMI
Overweight Reference Reference Reference
Obese 1.86 (0.99–3.50) 0.053 1.17 (0.51–

2.68)
0.713 3.42 (1.01–

11.57)
0.048

213 HTN hypertension, BMI body mass index, HbA1c glycated hemoglobin, CI confidence intervals, 

214 HR hazard ratio.

215

216 DISCUSSION
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217 The results of this study revealed that the crude incidence of type 2 DM among the UAE 

218 nationals who are overweight and obese was 1.49% per year during the 9-year study period. The 

219 overall incidence rate was 16.3 per 1000 person-years. The independent predictors for the 

220 development of type 2 DM were age (≥44 years) and obesity in women and prediabetes in men. 

221 Incidence rates

222 The incidence rates of type 2 DM in high-risk populations differ worldwide. This difference is 

223 probably because of variations in insulin sensitivity related to the interaction between genetic 

224 and environmental factors among different ethnic and population groups globally.[23] In a 

225 United States study of predominantly overweight and obese African-American women, reported 

226 the incidence rate of type 2 DM was 15.2 per 1000 person-years[24] and is comparable to our 

227 study. There has been only one other study that has assessed the incidence rate of type 2 DM in 

228 the UAE.[13] The study was conducted over 12 months in Ajman, one of the emirates in the 

229 UAE and revealed that the incidence rate for type 2 DM was 4.8 per 1000 person-years. 

230 However, this study cannot be directly compared with our study because it was conducted on the 

231 general population, and our study cohort comprised only overweight and obese UAE nationals. 

232 Risk factors

233 This study revealed some interesting findings regarding the risk factors for developing type 2 

234 DM in the high-risk UAE population. Sex-specific incidence rates of type 2 DM exhibited a 

235 female preponderance, particularly older women. Nevertheless, these results were not unique and 

236 were also observed among the general population of the UAE.[13] The higher incidence of type 

237 2 DM among older women may be attributable to the high prevalence of overweight and obesity, 

238 sedentary lifestyle, nutritional habits, and early menopause witnessed in our population.[25-28] 
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239 Furthermore, individuals with high-normal HbA1c levels have a greater risk of developing 

240 type 2 DM.[29] However, when we stratified our cohort by sex, the independent predictive 

241 property of the HbA1c level was only observed in men. An explanation for this finding could be 

242 the high prevalence of smoking history in men, as smoking has been shown to increase HbA1c 

243 levels in individuals without diabetes.[30] Moreover, obesity in women was noted to be an 

244 independent risk predictor for type 2 DM. Studies have demonstrated that the risk of developing 

245 type 2 DM is significantly higher in individuals with BMI ≥30 kg/m2 compared with those with 

246 normal BMI.[9] Therefore, interventions that promote weight loss and reduce BMI can reduce 

247 the risk of developing type 2 DM. Notably, an eight-week exercise intervention program in a 

248 UAE student population demonstrated a significant reduction in BMI.[31] In addition, other 

249 controlled intervention studies in high-risk populations[32,33] demonstrated a significant 

250 decrease in the risk of type 2 DM consequent to BMI reduction. 

251 Clinical and public health implications

252 In the UAE, much of the increase in type 2 DM has occurred because of social and economic 

253 changes—from traditional, semi-nomadic lifestyle to sedentary, urban, and high-income 

254 lifestyle. Consequently, the progression toward type 2 DM and cardiovascular disease starts early 

255 in the UAE because of the high prevalence of childhood obesity.[1, 34] A 2015 study of Emirati 

256 children and adolescents with a BMI ≥25 kg/m2 determined the prevalence of prediabetes and 

257 type 2 DM to be 5.4% and 0.87%, respectively.[35] Therefore, reducing the burden of type 2 

258 DM in the UAE will require intensive population-wide interventions to promote regular physical 

259 activity and a healthy diet,[33, 36] particularly among the Emirati youth. 

260 Furthermore, the results of this study highlight the need to focus on Emirati women as a 

261 specific target group for obesity prevention programs. These programs should begin in childhood 
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262 because 21% are obese by the time they are 30 years of age.[26] In addition, it is imperative to 

263 have a multidisciplinary approach to address the high incidence of type 2 DM, wherein 

264 pediatricians, primary care providers, dieticians, and specialists work collaboratively toward 

265 promoting weight reduction and maintaining a healthy BMI in our population.

266 Strengths and limitations

267 The strengths of this study include the long duration of follow-up for our representative sample 

268 of overweight and obese individuals in the second-largest city in the Abu Dhabi Emirate of UAE. 

269 We used the anthropometric and laboratory data documented in patient charts instead of self-

270 reported information and diagnostic codes for the classification of risk factors and identification 

271 of incident cases. In addition, HbA1c levels or physician diagnosis formed the basis to identify 

272 incident cases of type 2 DM instead of fasting plasma glucose that has more variability.[37,38] 

273 Nonetheless, this study had some limitations. Baseline data regarding family history of type 2 

274 DM, history of gestational diabetes, physical activity, and abdominal obesity were unavailable—

275 all of which are well-researched risk factors for the development of DM. Nevertheless, a 

276 prospective study can provide more robust results. Furthermore, data on additional confounders, 

277 such as family history, changes in weight and physical activity, were unavailable for review. 

278 Finally, subjects for this study were recruited from a single largest tertiary care hospital’s 

279 ambulatory clinics; thus, our findings may not apply to the general UAE population.

280

281 CONCLUSIONS

282 The overall incidence rate of type 2 DM in UAE nationals who are overweight and obese was 

283 16.3 per 1000 person-years. Notably, prediabetes in men and obesity in women, particularly 

284 older women, were determined to be independent predictors for the development of incident type 
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285 2 DM. Hence, it is imperative to emphasize BMI reduction through lifestyle modifications in 

286 these high-risk groups.
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