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Abstract
AIM: To determine the parental transmission of diabetes mellitus (DM) and evaluate its influence on the clinical characteristics.

METHODS: This was a cross sectional study. The survey was carried out in urban and semi-urban primary health care centres. Of the 2400 registered with diagnosed diabetes, 1980 agreed and gave their consent to take part in this study, thus giving a response rate of 82.5%. Face to face interviews were conducted using a structured questionnaire followed by laboratory tests. DM was defined according to the World Health Organization expert group. A trained nurse performed physical examination and measurements. 
RESULTS: Of the study population, 72.9% reported family history of DM. Family history of DM was significantly higher in females (54.2%; P = 0.04) and in the age group below 30 years (24%; P < 0.001). The prevalence of diabetes was higher among patients with diabetic mother (25.4% vs 22.1%) and maternal aunts/uncles (31.2% vs 22.2%) compared to patients with diabetic father and paternal aunts/uncles. Family history of DM was higher in patients of consanguineous parents (38.5%) than those of non-consanguineous parents (30.2%). The development of type 2 diabetes mellitus (T2DM) complications was higher in patients with either paternal or maternal history of DM than those without. No significant difference was observed in the metabolic characteristics of patients with/without family history of DM except for hypertension. Complications were higher in diabetic patients with family history of DM.  
CONCLUSION: The present study has found a significant maternal effect in transmission of T2DM. Family history is associated with the increased incidence of diabetes. 
© 2013 Baishideng. All rights reserved.  
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Core tip: Diabetes is a disease that has a strong clustering in families and has a genetic component. Family history is a well-known risk factor for the developing of type 2 diabetes mellitus (T2DM). The present study has found a significant maternal effect in transmission of T2DM. Family history is associated with the increased incidence of diabetes. 
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INTRODUCTION
Diabetes is a multifactorial disease that involves complex interactions between genes, environment and health behaviour. Type 2 diabetes mellitus (T2DM) is a common metabolic disorder, characterised by hyperglycaemia caused by impaired glucose homeostasis, and represents a serious public health problem in many developed countries[1].  Current studies have revealed a definite global increase in the incidence and prevalence of diabetes. In the 2000, 171 million people were estimated to be diabetic worldwide, which is projected to rise to 366 million cases in the year 2030[2]. It is the fourth or fifth leading cause of death in most developed countries[3]. Given the growing rate of diabetes and its far reaching societal and economic consequences, prevention of diabetes among people at high risk is a public health issue of clinical importance.
Diabetes is a disease that has a strong clustering in families and has a genetic component. It has been widely reported that the occurrence of T2DM is triggered by a genetic susceptibility and familial aggregation in several populations[4,5]. Family history is a well-known risk factor for the developing of T2DM. It was estimated that risk for diagnosed T2DM increases approximately two to four fold when one or both parents are affected[6]. Almost 25% to 33% of all T2DM patients have family members with diabetes. Having a first degree relative with the disease poses a 40% risk of developing diabetes[7]. T2DM patients are more likely to have diabetic mothers than diabetic fathers. The existence of excess maternal transmission of T2DM in offspring of affected mothers than affected fathers is currently debated[8]. Family history reflects both inherited genetic susceptibilities and shared environments which include cultural factors[9]. Thus, family history of diabetes may be a useful tool to identify individuals at increased risk of the disease and target behaviour modifications that could potentially delay disease onset and improve health outcomes.

It was reported that several genetic disorders, congenital malformations and reproductive wastage are more frequent in consanguineous marriages[10]. A previous study of Bener et al[11] showed significant increase in the prevalence of common adult diseases in a population with a high rate of consanguinity. The incidence of consanguinity (51%) is relatively high in the State of Qatar with predominantly first cousin marriage comprising 26.7% of all marriages. 
In Qatar, it was reported that diabetes is on rise and if proper intervention and preventive strategies were not adopted, the epidemic of diabetes will prove fatal. The upcoming epidemic and projected increase in the prevalence of diabetes over the next two decades emphasize the importance of early detection[12] of diabetes in the population. Few studies have documented the prevalence of T2DM and its complications in the population of Qatar[13,14]. To the best of our knowledge, the patterns of familial transmission of T2DM in Qatar have not been studied so far. The more significance of maternal or paternal inheritance in diabetes has been a matter of controversy and difference in various populations and races. Hence, this is the first cross-sectional survey of the Arab population in Qatar to determine the influence of familial history of T2DM in the offspring and evaluate its influence on the clinical characteristics of this disease.
MATERIALS AND METHODS
This is a cross-sectional study which was conducted among the diabetic patients registered in diabetic clinics of primary health care (PHC) centres of the Supreme Council of Health. The diabetes care is organized in most of the PHC centres. During the study period from January 2010 to January 2011, the study included the T2DM patients registered in these diabetic clinics and who were taking oral hypoglycaemic drugs. In this study multistage stratified cluster sampling was employed using the administrative divisions of the PHC in Qatar. Target population of each PHC is approximately equal. Stratification was done to obtain representative sample of target population, having equal proportions from both urban and semi urban areas. The sample size was statistically calculated based on 17% prevalence rate of Diabetes in Qatar[14], with 1% level of significance, and assuming 2% bound on error of estimation, giving minimum sample size of 2400 subjects for this study. Of the 2400 patients approached from different PHC centers (10 centers from urban area and 2 centers from semi-urban area), 1980 agreed to participate and gave verbal consent to take part in this study (82.5%). Also, any patients with incomplete laboratory values in the medical records were excluded from the study. The study was approved by the Hamad Medical Corporation prior to commencing data collection. 
Questionnaire
We have developed a structured questionnaire consisting of questions relating to socio-demographic data, family history of diabetes mellitus (DM), lab investigations and complications. The first part included information about socio-demographic characteristics including age, sex, marital status, education level, occupation, height, weight, blood pressure and parental consanguinity. The second section collected information about family history of DM with family relations and complications after the onset of diabetes. The third section included items about laboratory investigations such as blood glucose, glycated haemoglobin, high-density lipoprotein/low-density lipoprotein cholesterol levels, triglyceride, urea, creatinine, bilirubin, albumin etc.. Necessary corrections and modifications were made in the questionnaire after the pilot study. Content validity, face validity and reliability of the questionnaire were tested using 50 subjects. These tests demonstrated a high level of validity and high degree of repeatability (kappa = 0.84)[15]. Family physicians and research nurses reviewed the medical files of diabetic patients in PHC and recorded all lab investigation measurements from their files.
Physical examination and other measurements
A trained nurse performed physical examination and measurements. In order to measure height (centimetre), participants were asked to stand bare feet while maintaining straight posture on height scale (SECA, Germany). Similarly, weight (Kilogram) was measured using the same scale with light clothing and bare feet. BMI was calculated as the ratio of weight (kilogram) to the square of height (meters). 
Hypertension was defined as per World Health Organization (WHO) standardized criteria “systolic blood pressure (SBP) ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg or using anti-hypertensive medication”[16]. In order to measure blood pressure, subjects were asked to sit and rest for at least 10-15 min. Two readings of SBP and DBP were taken from his/her left arm at heart level while using standard zero mercury sphygmomanometer. Average of both readings for SBP and DBP was obtained. 
Laboratory measurements
Study participants with history of T2DM and currently taking oral anti-diabetic medications were considered to have DM. DM was defined as per WHO expert group[17] i.e., fasting venous blood glucose (FBS) concentration ≥ 7.0 mmol/L and/or 2 h post-oral glucose tolerance test (OGTT) venous blood glucose concentration ≥ 11.1 mmol/L.  FBS was measured by glucose meter among all the participants and those with FBS < 7 mmol/L were further tested by an OGTT. In order to conduct OGTT, participants were asked to drink 75 g anhydrous glucose dissolved in 250 mL water within the space of 5 minutes. Samples were processed within 30 min of collection and the above laboratory tests were measured. Subjects with impaired FBS (venous blood glucose concentration for 5.6-6.9 mmol/L) or impaired OGTT (2 h post-OGTT venous blood glucose level of 7.8 11.0 mmol/L) were labelled as pre-diabetes. Glycosylated haemoglobin was analysed using a high-performance liquid chromatography method with a range > 6.5% defined as ‘unsatisfactory’ metabolic control. 
Statistical analysis
Data were analyzed using the Statistical Package for Social Sciences (SPSS, version 19) software. Standard descriptive statistical analysis was performed. Student-t test was used to ascertain the significance of differences between mean values of two continuous variables and one way ANOVA was used to find the differences between continuous variables among more than two groups. Differences between categorical variables were tested through Pearson χ2 or fisher exact test when the assumptions for χ2 test were not fulfilled. Two sided P value of less than 5% was considered as significant. 
RESULTS
Table 1 shows the socio-demographic characteristics of patients with/without family history of DM. Family history of DM was significantly higher in female patients (54.2%; P = 0.041), Qatari nationals (58%; P = 0.020) and in the age group below 30 years (24%; P<0.001). Consanguinity was significantly higher in diabetic patients with family history of DM (38.5% vs 30.2%; P = 0.001) compared to those without family history of DM. 
Table 2 reveals the familial history of diabetes mellitus among diabetic patients. Of the total study population, 72.9% reported a family history of DM. The prevalence of DM in father, mother, brother and sister was 22.1%, 25.4%, 14.2% and 9.3% respectively. In 2nd degree relatives for uncles and aunts, a positive history of T2DM was more common among maternal aunts/uncles than in paternal aunts/uncles (31.2% vs 22.2%). On the maternal side, 83.7% of the diabetic patients have affected mother (25.4%) and at least one relative (58.3%), compared to only 67.3% of diabetic patients with affected father (22.1%) and one family member (45.2%) on the paternal side. 
Table 3 gives physical, metabolic characteristics and complications among diabetic patients according to the family history of DM. No significant difference was found in the metabolic characteristics of diabetic patients according to the family history of DM except for the SBP (P = 0.033) and DBP (P = 0.025). The development of T2DM complications was higher in patients with either paternal or maternal history of DM than those without; significantly higher for sleep loss (13.9% vs 6.7%, 12.2% vs 6.7%; P < 0.001), hypertension (29.6% vs 20.9%, 22% vs 20.9%; P = 0.001), retinopathy (17.6% vs 11.4%, 13.3% vs 11.4%; P = 0.006) and antipathy (8% vs 4.7%, 7.7% vs 4.7%; P = 0.047). 

Table 4 shows physical and clinical characteristics and complications of T2DM according to family history of DM while controlling for consanguinity. 556 out of 718 (77.4%) of the diabetic patients of consanguineous parents had either paternal (233/718; 32.5%) or maternal history (323/718; 45%) of DM; whereas family history of DM was lower in patients of non-consanguineous parents (888/1262; 70.4%). No significant difference was found in metabolic characteristics of patients according to the presence of DM in parents and relatives except for the SBP and DBP, found significantly higher among patients with maternal history of DM in the consanguineous group (P = 0.018,  P = 0.007, respectively). In addition, hypertension, retinopathy, and antipathy were significantly higher among patients with paternal history of DM in the consanguineous group (P = 0.002, P = 0.007, P = 0.003, respectively). No significant difference was found in T2DM complications of patients according to paternal/paternal history of DM in the non-consanguineous group. 
Figure 1 shows the association between consanguinity and family history of DN in Arab diabetic population in Qatar. Venn diagram clearly shows the overlapping of parental consanguinity with paternal and maternal history of diabetes mellitus.
DISCUSSION
In the State of Qatar, as a result of changing lifestyle due to rapid urbanization, the prevalence of T2DM is increasing as is observed worldwide. However, the role of genetic and environmental factors remains unclear.  This is the first study that provided insight in the familial aggregation and transmission patterns of T2DM among Arab population residing in Qatar. The study sample revealed that 72.9% of the subjects with DM had a positive family history of diabetes among at least one of their parents, siblings, uncles, aunts and grandparents. The degree of familial aggregation of diabetes among Tunisians[18] was found that 70% of the diabetic patients had a positive family history of diabetes among at least one of their relatives from both sides which is nearly identical to our study. A lower rate was observed in a French study[4], that 66% of the diabetic patients had at least one relative with diabetes among their first and second degree relatives. Similar higher frequencies have also been reported among South Indians[19] (53.9%) and Pakistanis (70%)[20]. On the other hand, lower frequencies of positive family history have been reported by other studies in Asians[21] (36%), Europeans[22] (33%) and Black South Africans (27%)[4]. In the study sample of 1980 diabetic patients, 71% of them reported at least one first degree familial member which is similar to the study results of Crispin et al[23] (76.6%). These results support the strong familial aggregation of diabetes among Arab population with high prevalence among 1st degree relatives. Also, these study findings have proven that people with a family history of diabetes consider themselves to be at greater risk of developing diabetes in their offspring. These results are in agreement with a study of Hariri et al[24] that a family history of diabetes in a first-degree relative doubles a person’s risk of developing diabetes.
Another important study finding was that the investigation of parental transmission patterns of T2DM showed an excess of maternal transmission of T2DM as mothers were implicated more frequently than fathers[25]. In the study sample, 25.4% of the mothers of the diabetic patients were diabetic when compared to 22.1% of the fathers. Consistent with our results, a higher frequency of positive family history among mothers than fathers was reported in studies conducted in Brazil[23] (48.4% vs 21.3%), Britain[25] (36% vs 15%), France[26] (33% vs 17%), Greece[27] (27.7% vs 11%) and Tunisia[18] (21% vs 10%). 
The present study extends the scope of genetic influence on DM by including parents, siblings, uncles, aunts and grandparents in the familial history. It was observed that 83.7% of the diabetic patients have affected mother and at least one relative on the maternal side compared to only 67.3% of diabetic patients having affected father and family member on the paternal side, suggesting a maternal transmission of T2DM in the Arab population. The excess maternal transmission of T2DM reported in this study is in line with studies from different populations with varying frequencies[4,5,19,23,27]. A positive family history of T2DM was more common among maternal aunts/uncles (31.2%) than in paternal aunts/uncles (22.2%), showing that this maternal effect likely extends to the previous generation in 2nd degree relatives as reported in another study[23]. These study results support the existence of excess of maternal transmission of T2DM in their population. On the contrary, in Framingham population study[28], maternal and paternal diabetes conferred equivalent risk for occurrence of T2DM in offspring. In contrast to these findings, McCarthy et al[29] found no difference in parental transmission of T2DM in a population with high prevalence of diabetes. Longer average life span in women could increase the likelihood that mothers develop T2DM. Fathers may have more undetected diabetes because of reduced screening rates and health care utilization or may develop diabetes at an older age than mothers.
In our study, there was an early onset of diabetes among patients with family history of diabetes in the age group 18–30 years (24%) compared to other patients whose parents were non-diabetic (13.4%) which is similar to the results found in Greek diabetic patients[27] and this study reported that the presence of a family history of diabetes result to an early onset of the disease in the offspring. Younger age of onset of diabetes had been noted which implies that these subjects develop diabetes in most productive years of their life and a greater chances of developing complications[30]. Crispin et al[23] reported in their study that when the disease is diagnosed at an early age, genetic component is more important to its development. 

In the study sample, positive family history of DM was more common among diabetic patients of consanguineous parents (77.4%) with high prevalence of maternal history (45%), whereas it was lower in patients of non-consanguineous parents (70.4%). It was reported in a recent study of Bener et al[11] that there was a significant increase in the prevalence of diabetes mellitus in consanguineous couples in Qatar. The current data showed that consanguinity increased the family history of DM in patients. This means consanguinity is an important factor in the causation of diabetes mellitus in offspring. 
The influence of various transmission pattern of T2DM on metabolic factors and diabetic complications have been examined. Results showed no significant difference in clinical parameters between patients with parental or maternal history of diabetes in the study sample except for hypertension which is similar to the study results of Bos et al[31]. Study in Tunisia[18] showed no significant difference in clinical parameters between patients with paternal or maternal history of diabetes in the studied sample. The development of sleep loss, hypertension, retinopathy and antipathy were significantly higher in the studied patients with family history of DM than those without. Jali et al[30] found retinopathy and neuropathy less in patients with family history of DM and risk was same in both the groups with respect to nephropathy.
Harrison et al[32] documented that family history information may serve as a useful tool for public health because it reflects both genetic and environmental factors. Examining family history of DM may be a valuable approach for identifying patients at risk for diabetes. In addition, this survey provides some indication that knowledge of family history of diabetes may lead to identify people at increased risk of diabetes and perhaps motivate them to make preventive life style changes that could favourably affect both clinical practice and patient behaviour.

In conclusion, the study findings showed an excess maternal transmission of T2DM in a sample of Arab diabetic population residing in Qatar. The data support the dominant maternal role in the development of diabetes mellitus in their offspring. No significant difference was observed between maternal and paternal diabetes in metabolic characteristics except for hypertension. Complications were higher in diabetic patients with family history of DM. Family history of DM was higher in patients of consanguineous parents compared to non-consanguineous parents. The presence of a family history of diabetes resulted to an early onset of the disease to the offspring. Interventions to change the life style habits among families might reduce the risk of diabetes in the offspring of diabetic patients.
ACKNOWLEDGMENTS
The authors would like to thank the Hamad Medical Corporation for their support and ethical approval (ref: RP 10067/10).
COMMENTS
Background

Diabetes is a disease that has a strong clustering in families and has a genetic component. Family history is a well-known risk factor for the developing of type 2 diabetes mellitus (T2DM). The high incidence of consanguineous marriages in the State of Qatar highlighted the importance of determining the influence of familial history of T2DM in the offspring. 
Research frontiers

The study indicated that knowledge of family history of diabetes may lead to identify people at increased risk of diabetes. The study highlighted the importance of identifying this high risk group and make preventive life style changes which might reduce the risk of diabetes in offspring. 
Innovations and breakthroughs

The important study findings of this article are compared to studies conducted regionally and internationally which make the readers to understand the high prevalence of diabetes mellitus in consanguineous population. 
Applications

This will encourage the researchers in this region to explore the paternal transmission of T2DM in their community and do intervention studies to change the life style habits among families.
Peer review

The authors recommended through this study that family history information may serve as a useful tool for public health because it reflects both genetic and environmental factors. The physicians should consider the family history of diabetes mellitus to identify the onset of DM in their offspring. 
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Figure 1 Association between consanguinity and family history of diabetes mellitus in Arab diabetic population in Qatar (n=1980). DM: Diabetes mellitus.
Table 1 Socio-demographic characteristics of patients with/without

family history of diabetes mellitus (n = 1980)
	
	Patients
	P value

	
	With family history of DM1
(n=1444)
	Without family history of DM

(n=536)
	

	Age (yr)
18-30

30-39

40-49

50-59

≥ 60
	346 (24.0)

280 (19.4)

258 (17.9)

400 (27.7)

160 (11.1)
	72 (13.4)

66 (12.3)

132 (24.6)

194 (36.2)

72 (13.4)
	< 0.001

	Gender
Males

females 
	661 (45.8)

783 (54.2)
	273 (50.9)

263 (49.1)
	0.041

	Nationality 
Qatari

Other Arabs 
	838 (58.0)

606 (42.0)
	342 (63.8)

194 (36.2)
	0.020

	Educational level
Illiterate

Elementary

Intermediate

Secondary

University
	240 (16.6)

267 (18.5)

305 (21.1)

381 (26.4)

251 (17.4)
	71 (13.2)

114 (21.3)

99 (18.5)

152 (28.4)

100 (18.7)
	0.154

	Occupation
Housewife

Sedentary and professional

Manual

Businessmen

Army/police clerk
	370 (25.6)

356 (24.7)

249 (17.2)

153 (10.6)

127 (8.8)

189 (13.1)
	128 (23.9)

162 (30.2)

97 (18.1)

53 (9.9)

39 (7.3)

57 (10.6)
	0.134

	Monthly household income (QR)
< 5000

5000-10,000

10000-15000

> 15000


	93 (6.4)

470 (32.5)

510 (35.3)

371 (25.8)
	39 (7.3)

175 (32.6)

200 (37.3)

122 (22.8)
	0.589

	Consanguinity
Yes

No
	556 (38.5)

888 (61.5)
	162 (30.2)

374 (69.8)
	0.001




1Up to third generation, two sided P values based on Pearson χ2 test. DM: Diabetes mellitus.
Table 2 Familial history of diabetes mellitus among diabetic patients (n = 1980)

	Family history of 

diabetes1
	n (%)



	Negative

Positive
	536 (27.1)

1444 (72.9)

	Family relations
	

	  Father
	437 (22.1)

	  Mother
	503 (25.4)

	  Brother
	281 (14.2)

	  Sister
	184 (9.3)

	  Paternal uncle
	244 (12.3)

	  Paternal aunt
	195 (9.8)

	  Maternal uncle
	325 (16.4)

	  Maternal aunt
	293 (14.8)

	  Paternal grand father
	235 (11.9)

	  Paternal grand mother
	221 (11.2)

	  Maternal grand father
	264 (13.3)

	  Maternal grand mother
	272 (13.7)


1Up to third generation.
Table 3 Physical, metabolic characteristics and complications among
diabetic patients according to family history of diabetes mellitus (n = 1980) 
	Parameters
	Family history*
	No family history of DM

(n = 536)
	P value

	
	Paternal History

(n = 635)
	Maternal History

(n = 809)
	
	

	
	
	
	
	

	Age (yr)
	44.9 ± 14
	45.1 ± 15
	46.7 ± 13.3
	0.073

	Duration of diagnosis (yr)
	6.9 ± 4.2
	7.3 ± 4.3
	6.4 ± 3.3
	0.001

	BMI (kg/m2)
	27.4 ± 4.9
	26.8 ± 4.8
	27.7 ± 4.9
	0.033

	Metabolic characteristics
	
	
	
	

	Systolic blood pressure (mmHg)
	129.9 ± 19.5
	129.1 ± 18.1
	127.1 ± 14.7
	0.033

	Diastolic blood pressure (mmHg)
	81.3 ± 11
	80.4 ± 10.5
	79.4 ± 8.5
	0.025

	Fasting glucose (mmol/L)
	9.9 ± 8.0
	9.1 ± 5.0
	9.1 ± 4.7
	0.092

	HbA1c 
	8.2 ± 2.2
	7.9 ± 2.1
	8.1 ± 2.2
	0.188

	Serum urea level 
	5.9 ± 1.5
	6.3 ± 2.3
	5.8 ± 1.7
	0.135

	Serum creatinine (mmol/L)
	77.2 ± 9.5
	78.1 ± 9.8
	73.8 ± 8.6
	0.371

	Total cholesterol (mmol/L)
	5.0 ± 1.1
	4.8 ± 1.1
	4.9 ± 1.2
	0.095

	Serum alkaline phosphate
	94.6 ± 11.3
	101.7 ± 13.8
	100 ± 12.4
	0.402

	T2DM complications n (%)
	
	
	
	

	Sleep loss 
	88 (13.9)
	99 (12.2)
	36 (6.7)
	< 0.001

	Hypertension 
	167 (29.6)
	156 (22.0)
	111 (20.9)
	0.001

	Neuropathy 
	60 (9.4)
	82 (10.1)
	44 (8.2)
	0.494

	Retinopathy 
	112 (17.6)
	108 (13.3)
	61 (11.4)
	0.006

	Nephropathy 
	93 (14.6)
	105 (13.0)
	58 (10.8)
	0.151

	Antipathy 
	51 (8.0)
	62 (7.7)
	25 (4.7)
	0.047


Data are expressed as absolute numbers (percentage) or mean ± SD. Up to third generation, two sided P values based on one way ANOVA with post hoc tukey for quantitative variables and χ2 test for categorical variables. DM: Diabetes mellitus; T2DM: Type 2 diabetes mellitus; BMI: Body mass index.
Table 4 Physical and clinical characteristics of patients among consanguine and non consanguine parents (n = 1980)

	
	Consanguineous  (n = 718)
	Non-consanguineous  (n = 1262)

	Parameters
	Paternal history of DM

(n = 233)
	Maternal history of DM

(n = 323)
	Without familial history

(n = 162)
	P value
	Paternal history
of DM

(n = 402)
	Maternal history of DM

(n = 486)
	Without familial history

(n = 374)
	P value

	Age  (yr)

	43.9 ± 14.7
	45.1 ± 15.4
	47.3 ± 13.4
	0.058
	45.5 ± 13.6
	45.1 ± 14.8
	46.3 ± 13.3
	0.532

	BMI  (kg/m2)
	27.4 ± 4.8
	26.6 ± 4.9
	28.1 ± 4.9
	0.028
	27.4 ± 5.0
	26.9 ± 4.8
	27.6 ± 4.8
	0.428

	Duration of DM  (yr)
	6.6 ± 3.9
	7.2 ± 4.4
	5.9 ± 2.9
	0.004
	7.2 ± 4.3
	7.4 ± 4.2
	6.7 ± 3.5
	0.065

	Metabolic charecteristics
	
	
	
	
	
	
	
	

	Systolic BP  (mmHg)
	129.6 ± 20.4
	130.7 ± 17.9
	125.9 ± 11.2
	0.018
	130.1 ± 19.1
	128.2 ± 18.1
	127.8 ± 16.5
	0.224

	Diastolic BP  (mmHg)
	81.3 ± 11.4
	81.1 ± 10.7
	78.2 ± 8.0
	0.007
	81.2 ± 11.4
	79.9 ± 10.4
	80.0 ± 9.1
	0.220

	Fasting glucose (mmol/L)
	10.3 ± 8.9
	8.9 ± 5.0
	8.9 ± 5.4
	0.071
	9.7 ± 9.6
	9.3 ± 5.0
	9.3 ± 4.3
	0.689

	HbA1c 
	7.8% ± 2.1%
	7.7% ± 2.1%
	7.8% ± 2.3%
	0.900
	8.3% ± 2.4%
	7.9% ± 2.2%
	8.3% ± 2.1%
	0.121

	Serum urea level
	5.8 ± 3.0
	6.2 ± 3.2
	5.9 ± 4.4
	0.622
	5.9 ± 2.7
	6.3 ± 3.1
	5.7 ± 2.8
	0.170

	Creatinine  (mmol/L)
	71.9 ± 8.5
	78.0 ± 9.8
	72.4 ± 9.4
	0.313
	75.5 ± 9.9
	76.2 ± 10.2
	70.9 ± 8.6
	0.372

	Tot. cholesterol (mmol/L)
	4.9 ± 1.1
	4.8 ± 1.1
	4.9 ± 1.2
	0.626
	5.0 ± 1.2
	4.8 ± 1.1
	4.9 ± 1.3
	0.173

	Serum alkaline phosphate
	92.2 ± 11.1
	99.3 ± 12.8
	93.5 ± 12.2
	0.683
	95.9 ± 12.5
	102.9 ± 13.2
	104.6 ± 13.5
	0.460

	T2DM complications n (%)
	
	
	
	
	
	
	
	

	Sleep loss     

	44 (18.9)
	40 (12.4)
	12 (7.4)
	0.003
	44 (10.9)
	59 (12.1)
	24 (6.4)
	0.017

	Hypertension  
	67 (32.5)
	59 (20.6)
	31 (19.1)
	0.002
	100 (27.9)
	97 (22.9)
	80 (21.7)
	0.114

	Neuropathy 
	19 (8.2)
	34 (10.5)
	12 (7.4)
	0.446
	41 (10.2)
	48 (9.9)
	32 (8.6)
	0.712

	Retinopathy 
	44 (18.9)
	41 (12.7)
	13 (8.0)
	0.007
	68 (16.9)
	67 (13.8)
	48 (12.8)
	0.231

	Nephropathy
	29 (12.4)
	40 (12.4)
	13 (8.0)
	0.303
	64 (15.9)
	65 (13.4)
	45 (12)
	0.276

	Antipathy
	21 (9.0)
	21 (6.5)
	4 (2.5)
	0.003
	30 (7.5)
	41 (8.4)
	21 (5.6)
	0.284

	Hypoglycemia 
	62 (26.6)
	91 (28.2)
	46 (28.4)
	0.899
	111 (27.6)
	113 (23.3)
	99 (26.5)
	0.299

	Impotence 
	15 (6.4)
	17 (5.3)
	3 (1.9)
	0.104
	33 (8.2)
	38 (7.8)
	19 (5.1)
	0.180


Data are expressed as absolute numbers (percentage) or mean ± SD. Two sided P values based on one way ANOVA with post hoc tukey for quantitative variables and χ2 test for categorical variables. DM: Diabetes mellitus; BMI: Body mass index; HbA1c: Hemoglobin A1c; BP: Blood pressure.
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