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The potential impact of family history of metabolic
syndrome and risk of type 2 diabetes mellitus: In a
highly endogamous population
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Aim: This study aims to determine the potential impact of positive family history of Metabolic Syndrome (MetS) among two generations,
on developing Type 2 Diabetes Mellitus (T2DM) and the potential relation of consanguineous marriage among patients with MetS
to the risk of developing T2DM among a sample of Qataris. Design: A cross-sectional study. Setting: Primary healthcare (PHC)
centers. Materials and Methods: The survey and measurement were conducted from April 2011 to December 2012 among Qatari
nationals above 20 years of age. Of the 2,182 subjects, who were approached to participate in the study, 1,552 (71%) gave their
consent. Face-to-face interviews were conducted using a structured questionnaire followed by anthropometric measurements and
laboratory tests. Metabolic syndrome was defined using the National Cholesterol Education Program-Third Adult Treatment Panel
(ATP Ill) as well as International Diabetes Federation (IDF). Results: Overall, the prevalence of MetS was 26.2% according to
ATP Il and 36.9% according to IDF (P < 0.0001). The mean age of MetS patients with T2DM was significantly higher than those
without T2DM (Mean 48 + 9.9 vs. 42.5 + 9.2; P < 0.001). The proportion of females was higher among MetS patients with T2DM as
compared to those without T2DM (61% vs. 51%; P = 0.053). In addition, there were significant differences between MetS patients
with and without DM in terms of co-morbidities of hypertension, coronary heart disease, and high cholesterol. The proportion of MetS
patients with positive family history for MetS was significantly higher in MetS patients with T2DM as compared to those without T2DM
(46.7% vs. 33.8%; P = 0.009). The proportion of positive family history of MetS among fathers (35% vs. 21.9%; P = 0.005), mothers
(30.5% vs. 18.8%; P = 0.008), maternal aunt (18.3% vs. 11.2%; P = 0.055), and maternal grand father (19.5% vs. 10%; P = 0.010)
were significantly higher in MetS patients with T2DM as compared to the counterpart. The proportion of consanguineous marriages
was almost two times higher among MetS patients with T2DM as compared to those without T2DM (80.9% vs. 41.9%; P < 0.001). The
proportion of MetS patients with T2DM was lower than MetS patients without DM below 45 years, but after 45 years, the proportion
of MetS patients with T2DM remained higher than their counterparts. Conclusion: Family history of MetS among parents, maternal
aunt, maternal grandfather, and consanguineous marriages among patients of MetS are significantly associated with the development
of T2DM in Qatar. These results support the necessity of earlier screening for T2DM among MetS patients with positive family history
of MetS.
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INTRODUCTION
Access this article online
Quick Response Code: The metabolic syndrome (MetS) is very commonl!'
Website: . 4 .
waﬁj'e;_in worldwide. In the recent years, MetS has internationally
evolved into a recognized clinical entity, assuming an
DO epidemic proportion.'” One component of the MetS,
10.4103/2230-8210.129112 diabetes is a multifactorial disease that involves complex
interactions between genes, environment, and health
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behavior. Type 2 diabetes mellitus (T2DM) is a common
metabolic disorder, characterized by hyperglycemia caused
by impaired glucose homeostasis, and represents a setious
public health problem in many developed countries.!

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
genetic susceptibility and familial aggregation in several
populations.*” Family history is a well-known risk factor
for the developing of T2DM. It was estimated that
the risk for diagnosed T2DM increases approximately
2-4 fold when one or both parents are affected.”! Almost
25-33% of all T2DM patients have family members with
diabetes. Having a first degree relative with the disease
poses a 40% risk of developing diabetes.” T2DM patients
are more likely to have diabetic mothers than diabetic
fathers. The existence of excess maternal transmission
of type 2 diabetes in offspring of affected mothers than
affected fathers is currently debated."” Family history
reflects both inherited genetic susceptibilities and shared
environmental exposures that include cultural factors.!'!?
Thus, family history of diabetes may be a useful tool to
identify individuals at increased risk of the disease and
target behavior modifications that could potentially delay
disease onset and improve health outcomes.

Although prevalence of T2DM is generally high in older
adults, young T2DM patients are increasingly being
reported.>" Several studies on the etiologic factors of
T2DM have been conducted, and, out of many factors,
genetic predispositions are found to be important.[*"1*]
Many diabetologists have supposed that a family history
of diabetes has influence on the metabolic aspects of
patients. However, only few studies have been performed
on its effects on metabolic and clinical factors, except
studies on the influence of family history of diabetes on
T2DM development.[' In addition, metabolic syndrome,
an important risk factor of diabetes and a predictor of
cardiovascular disease,[! was observed to be inherited in
some studies;"*"*l however, there are few studies on its
association with a family history of diabetes and MetS.

Qatar is one of the Arab states, which is known to have
high prevalence of T2DM in its population."'! The most up
to date national stepwise survey conducted by the Supreme
Council of Health in Qatar stated that the prevalence
of T2DM among Qataris is 16.7%." The sutrvey was
conducted among 2,496 Qataris using the World Health
Organization (WHO) STEPwise approach to Surveillance
(STEPS) methodology. In the Arabic culture, there is a high
percentage of relative marriages among the population
of Qatar estimated to be about 54%."" Therefore, the

population of Qatar provides a good sample population
to conduct this study.

The main aim of the study was to determine the potential
impact of positive family history of MetS among two
generations on developing T2DM and the relation of
consanguineous marriages among patients with MetS to
the risk of development of T2DM among a sample of
Qataris. Furthermore, comparisons between subjects with
MetS who has T2DM and subjects with MetS without
T2DM in terms of demographic, biochemical, and clinical
characteristics were done.

MATERIALS AND METHODS

This is a cross-sectional study which was conducted among
the adult Qatari population above 20 years of age residing
in the State of Qatar over a period from April 2011 to
March 2013. The study was approved by Hamad Medical
Corporation prior to commencing data collection. Only
participants who agreed to participate and signed the
consent form were included in the study.

Sampling procedure

A multistage stratified cluster sampling design was developed
using the administrative divisions of the primary health
centers in Qatar that had approximately equal number of
inhabitants. In order to secure a representative sample of
the study population, sampling was stratified with a view
to obtaining proportional representation from urban and
semi urban areas. The sample size was determined on
priori presumption that the prevalence rate of metabolic
syndrome in Qatar was 26.5%, with 99% confidence level
and 2.5% bound on error of estimation, a minimum sample
size of 2,004 subjects was required for this study. Of the
total of 22 primary healthcare centers available, 12 were
selected at random. Of these 10 were located in urban and
two in semi-urban areas of Qatar. Finally, subjects were
selected systematically 1-in-2 using a sampling procedure.
During the study period, 2,064 subjects (men and women)
were approached, of whom 1,552 subjects responded to
the questionnaire making a response rate of 75.2%.

A questionnaire was designed and tested among 100 subjects
as a pilot study to validate the questionnaire. Necessary
corrections have been done after considering the minor
discrepancies that had been found during the pilot study. The
first partincluded information about socio-demographic and
anthropometric characteristics. The second part collected
information about central obesity, hypertension, triglyceride,
high-density lipoprotein; and family history of diabetes, MetS,
and hypertension. The third part collected the information
on lifestyle habits of the patients.
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Qatar boasts one of the highest rates of consanguinity
(54%) in the world with 34.8% of marriages between first
cousins and 13.4% between those related more distantly. It
was important to identify whether the high prevalence rate
of MetS among first and second degree of relatives could
be related to the high consanguineous community.!'"'
Qatar is a small country. All the residents of Qatar have a
unique Health Card (HC) number which is used for availing
the health services provided by different hospitals and
primary health centers under Hamad Medical Corporation.
Complete medical record of each individual is linked with
HC numbers and can be retrieved easily. Information
regarding MetS among different family members of the
study participants was retrieved from the medical records
based on HC numbers provided by the participants.

The most widely accepted criteria to identify the MetS
have been proposed by the World Health Organization
(WHO),!Y the European group for the study Insulin
Resistance (EGIR)® and the National Cholesterol
Education Program-Third Adult Treatment Panel NCEP
ATPII).”" The International Diabetes Federation (IDF)?
and American Heart Association (AHA)/National Heart,
Lung and Blood Institute (NHLB1)*! recently proposed
a new worldwide definition of MetS intended to facilitate
its clinical diagnosis and simplify the comparison among
data from different countries. In our study sample, we have
used ATP IIT and IDF definitions to

Diagnostic criteria

National cholesterol education program-third adult
treatment panel

According to ATP III criteria,”!! a participant has the
metabolic syndrome, if she/he has three or more
of the following criteria: (1) Fasting Plasma Glucose
(FPG)=100mg/dl(5.6mmol/L), (2) Blood Pressure > 130/85
mmHg, (3) Triglyceride 2150mg/dl (1.7 mmol/L),
(4) High Density Lipoprtoen (HDL) Cholesterol: Men <40
mg/dl (1.03 mmol/L); Women <50 mg/dl (1.29 mmol/L),
(5) Men with waist circumference >102 ¢cm and women
with waist circumference >88 cm.

International diabetes federation

According to IDF ctiteria,” a patticipant has the metabolic
syndrome, if she/he has a high waist circumference
(294 cm in men and 280 cm in women) plus any two of the
following conditions: (1) FPG 2100 mg/dl (5.6 mmol/L)
or previously diagnosed impaired fasting glucose,
(2) Blood Pressure 2130/85 mmHg or treatment for
hypertension, (3) Triglyceride =150 mg/dl (1.7 mmol/L),
(4) HDL Cholesterol: Men < 40 mg/dl (1.03 mmol/L);
Women <50 mg/dl (1.29 mmol/L) or treatment for low
HDL.

Physical examination and measurements

Physical examination and measurements were performed
by a trained nurse. Height was measured in centimeters
using a height scale (SECA, Germany) while the subject
was standing bare feet and with normal straight posture.
Male subjects were requested to remove their head cover
(Igaal and Guttra). Weight was measured in kilograms using a
weight scale (SECA, Germany). The subjects were asked to
remove any objects from their pockets and to stand on the
weight scale bare feet with light clothing, Body Mass Index
(BMI) was calculated as the ratio of weight (kilogram) to
the square of height (meters). Obesity and overweight
were classified according to WHO criteria.'! A person
was considered obese if the BMI value was 230 kg/m?
overweight if BMI > 25 kg/m?* and <30 kg/m*

Hypertension was taken according to the definition
of ATPIII and IDF which is Systolic Blood Pressure
(SBP) =130 mmHg or Diastolic Blood Pressure
(DBP) 285 mmHg or using anti-hypertensive medication.
Two readings of the SBP and DBP were taken from the
subject’s left arm while seated and his/her arm at heart
level, using a standard zero mercury sphygmomanometer
after at least 10-15 minutes of rest. Then the average of
the two readings was obtained.

Waist circumference was measured in centimeters with
subjects wearing light clothes at midway level between lower
rib margin and iliac crest using non-stretchable measuring
tape. Waist circumference was measured according to the
definition of ATP IIl and IDF and considered as risk factor
for metabolic syndrome.

Laboratory measurements

Fasting blood venous samples were collected from all
participants for determination of impaired fasting glucose,
low HDL, and triglyceride. The criteria for impaired fasting
glucose, low HDL, and triglyceride were according to the
definition of ATP III and IDF as classified above.

Statistical analysis

Data were analyzed using the Statistical Package for Social
Sciences (SPSS, version # 20) software. Student #test was
used to ascertain the significance of differences between
two means of a continuous variable. Chi-square test Fishet’s
exact test (two-tailed) was performed to test for differences
in proportions of categorical variables between two or
more groups. A P value of less than 0.05 was considered
statistically significant. Venn Diagram was created to map
the overlapping between MetS, T2DM, and family history
of MetS. Finally, a family pedigree of three generation with
MetS and consanguineous was presented.
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REsuLTS

Overall, the prevalence of MetS among the sample
population was 26.2% according to ATP III and 36.9%
according to IDF (P < 0.0001).

Table 1 shows the comparison of socio-demographic
and clinical characteristics among patients of MetS with
and without T2DM. The mean age of MetS patients
with T2DM was significantly higher than those without
T2DM (Mean 48 £ 9.9 vs. 42.5 £ 9.2; P < 0.001). The
proportion of females was higher among MetS patients
with T2DM as compared to those without T2DM (61%
vs. 51%; P=0.053). Also, the proportion of secondary
and above education was significantly higher among
MetS with T2DM as compared to those without T2DM
(41.5% vs. 28%; P = 0.0006). In addition, there were
significant differences between MetS patients with and

without T2DM in terms of co-morbidities of hypertension
(34.6% vs. 16.2%; P < 0.001), coronary heart disease
(35.4% vs. 23.1%; P =0.009), and high cholesterol (45.9%
vs. 24.4%; P < 0.001), serum triglycerides level (Mean 1.70
+ 0.75 vs. 1.53 £ 0.91; P = 0.0406), waist circumference
(109.93 £ 7.13 vs. 103.51 £ 11.03; P < 0.001), and BMI
(33.38 £ 6.96 vs. 30.88 £ 7.05; P = 0.010).

Table 2 shows the distribution of family history of MetS,
T2DM, and consanguinity among MetS patients with and
without DM. The proportion of MetS patients with positive
family history for MetS was significantly higher in MetS
patients with DM as compared to those without DM (46.7%
vs. 33.8%; P = 0.009). The proportion of positive family
history of MetS among fathers (35% vs. 21.9%; 0.005),
mothers (30.5% vs. 18.8%; P = 0.008), maternal aunt
(18.3% wvs. 11.2%; P = 0.055), and maternal grandfather
(19.5% vs. 10%; P = 0.010) were significantly higher in
MetS patients with T2DM as compated to the counterpart.

Table 1: Comparison of demographic, biochemical, and clinical characteristics among MetS patients with and

without diabetes mellitus in Qatar

Variables Total Patients with MetS patients MetS patients P value
sample MetS n=406 with DM n=246 without DM n=160
n=1552 n (%) n (%) n (%)
Age (meanzSD) 42.66x11.16 45.93+10.03 48.15+9.94 42.52+9.22 <0.001
Age groups (years)
<35 411 (26.5) 52 (12.8) 20 (8.1) 32 (20.0) <0.001
35-44.9 461(29.7) 128 (31.5) 65 (26.4) 63 (39.4)
45-54.9 455 (29.3) 141 (34.7) 95 (38.6) 46 (28.8)
55-64.9 175 (11.3) 73 (18.0) 56 (22.8) 17 (10.6)
65 and above 50 (3.2) 12 (3.0) 10 (4.1) 2 (1.2)
Gender
Male 758 (48.8) 174 (42.9) 96 (39.0) 78 (48.8 0.053
Female 794 (51.2) 232 (57.) 150 (61.0) 82 (51.2)
Education level
<Secondary 863 (55.6) 259 (63.8) 144 (58.5) 115 (71.9) 0.006
>Secondary 689 (44.4) 147 (36.2) 102 (41.5) 45 (28.1)
Occupation
Retired /not working/housewife 643 (41.4) 191 (47.0) 125 (50.8) 66 (41.2) 0.157
Professional** 756 (48.7) 176 (43.3) 98 (39.8) 78 (48.8)
Manual worker 153 (9.98) 39 (9.6) 23(9.3) 16 (10.0)
Co-morbidities*
Hypertension 227 (14.6) 111 (27.3) 85 (34.6) 26 (16.2) <0.001
Coronary heart disease 217 (14.0) 89 (21.9) 87 (35.4) 32 (20) <0.001
High cholesterol 392 (25.3) 152 (37.4) 113 (45.9) 39 (24.4) <0.001
Biochemical parameters (mean=SD)
Fasting glucose (mmol/L) 6.26+2.55 8.31£3.43 10.05+3.28 5.63£1.26 <0.001
Total cholesterol (mmol/L) 4.86+0.83 5.00+0.83 5.05+0.85 4.92+0.80 0.118
HDL cholesterol (mmol/L) 1.40+0.33 1.32+0.27 1.31£0.28 1.35+0.26 0.196
LDL cholesterol (mmol/L) 2.81+0.69 2.88+0.68 2.90+0.67 2.84+0.70 0.347
Triglycerides (mmol /L) 1.41+0.81 1.63£0.81 1.70£0.75 1.53+0.91 0.046
Clinical parameters (mean+SD)
Systolic blood pressure (mmHg) 127.36£16.0 131.57+15.41 133.02+14.77 129.37+16.13 0.020
Diastolic blood pressure (mmHg) 79.23+9.75 82.16+9.42 83.18+9.09 80.61+9.73 0.007
Anthropometric measurements (mean=SD)
Waist circumference (cm) 97.13£12.40 106.04+10.17 109.93+7.13 103.51+11.03 <0.001
Body Mass index (Kg/m?) 29.32%6.09 31.87+7.11 33.38%6.96 30.88+7.05 0.010

MetS: Metabolic syndrome (ATPIII criteria), numbers are provided as frequency with percentage unless stated otherwise. *The numbers represent only positive

responses. **Professional: Doctor, lawyer, engineer etc
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Table 2: Family history of MetS, DM, and consanguinity among MetS patients with and without DM in Qatar

Variables Total sample Patients with MetS patients MetS patients P value
n=1552 MetS n=406 with DM n=246 without DM n=160
n (%) n (%) n (%) n (%)

Family history of MetS
Positive 470 (30.3) 169 (41.6) 115 (46.7) 54 (33.8) 0.009
Negative 1082 (69.7) 237 (58.4) 131 (53.3) 106 (66.2)

History of MetS in family relations*
Father 331(21.7) 121(29.8) 6 (35.0) 35 (21.9) 0.005
Mother 321(20.7) 105 (25.9) 5 (30.5) 30 (18.8) 0.008
Brother 183 (11.8) 0 (14.8) 9 (15.9) 21 (13.1) 0.449
Sister 131 (8.4) ) 31 (12.6) 16 (10.0) 0.423
Paternal uncle 187 (12.0) 8 (16.7) 47 (19.1) 1(13.7) 0.115
Paternal aunt 159 (10.2) 6 (16.3) 44 (17.9) 2 (13.8) 0.270
Maternal uncle 198 (12.8) .2) 51(20.7) 3(14.4) 0.105
Maternal aunt 171 (11.0) .5) 45 (18.3) 8 (11.2) 0.055
Paternal grandfather 198 (12.8) ) 51(20.7) 8 (17.5) 0.422
Paternal grandmother 206 (13.3) 8 (16.7) 45 (18.3) 3 (14.4) 0.302
Maternal grandfather 199 (12.8) ) 48 (19.5) 16 (10.0) 0.010
Maternal grandmother 189 (12.2) 8 (14.3) 40 (16.3) 8 (11.2) 0.159

Family history of DM
Positive 268 (17.3) 84 (20.7) 47 (19.9) 37 (23.1) 0.326
Negative 1284 (82.7) 322 (79.3) 199 (80.9) 123 (76.9)

Consanguineous marriages
Yes 503 (32.4) 266 (65.5) 199 (80.9) 67 (41.9) <0.001
No 1049 (67.6) 140 (34.5) 47 (19.1) 93 (58.1

MetS: Metabolic syndrome (ATPIII criteria), *The numbers represent only positive responses

Th? proportion of positive family history of MetS among N=1552 Family history of metabolic

siblings, paternal uncle and aunt, maternal uncle, paternal syndrome

grandfather and mother and maternal grandmother

were not significant between MetS patients with and

without T2DM. The proportion of consanguineous

marriages was almost two times higher among MetS

patients with T2DM as compared to those without T2DM

(80.9% vs. 41.9%; P < 0.001).

Figure 1 shows the distribution of MetS patients with and

without T2DM across different age groups. The proportion

of MetS patients with T2DM was lower than MetS patients
. Metabolic

Wlthout. T2DM below 4.15 years but after 4§ years the syndrome T20M

proportion of MetS patients with DM remained higher

than their counterparts.

Figure 2 shows a typical one family with consanguinity and
MetS in three generations.

DiscussioN

The MetS presents a high prevalence in the world,""" in
developed and developing countries. Also, in our study
sample, the prevalence of MetS was high among Qataris
and varied according to the definition used. The prevalence
of MetS was lower with NCEP-ATP III (26.2%) and
higher when using IDF definition (36.9%). The MetS
prevalence varies depending on the diagnosis criteria;
most are higher with IDF than ATP III criteria as seen in

Figure 1: Venn Diagram showing the overlapping of Metabolic syndrome
(MetS) with T2DM and family history of MetS (N=1552) Metabolic syndrome:
406 T2DM: 379 Family history of MetS: 470

our study. As the two definitions are based on much of
the same components, the difference in prevalence was
mainly related to different waist circumference and to the
focus on central obesity as an obligatory component in the
IDF definition in contrast to being one out of five equally
weighted components in the 2005 ATP 111 definition.

Many factors may play a role in the development of the
metabolic syndrome including age, race, weight, menopause
in women, smoking, low income and low socio-economic
status, high carbohydrate intake, cigarette smoking,
low physical activity, consumption of soft drink,*'"""!
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Figure 2: Family pedigree of three generation with Metabolic Syndrome and consanguineous

antipsychotic drugs, T2DM, poor cardiovascular fitness,
and genetic factors.!'"'****1 Our data support the notion
that obesity (classified by BMI) and central obesity in
particular is a strong risk factor for type 2 diabetes, a
finding that is consistent with those reported previously in
various racial/ethnic populations.!*! 1216172122627 Globally,
it has been estimated that approximately 58% of T2DM is
attributable to overweight and obesity and 90% of T2DM
in Western countries is attributed to weight gain.” When
lower cut-off points for BMI and waist circumference
were used, Asians appeared to have a higher prevalence of
obesity-especially central obesity-than Caucasians.

Although numerous studies have reported the separate
associations between BMI, metabolic syndrome, insulin
resistance, and the risk for T2DM,*!*!l we are aware of
only one study that has investigated associations between
BMI/MetS categories, BMI/insulin resistance categories,
and diabetes risk.'" In the previous study by Meigs ez a/.,"!
all participants with MetS or insulin resistance were at
higher risk for diabetes regardless of BMI status, whereas
overweight/obese individuals without the MetS were at
no increased risk. Moreover, obese participants without
insulin resistance were at a threefold higher risk for diabetes
relative to normal-weight participants without insulin

resistance, whereas overweight individuals without insulin
resistance were at no increased risk.

el**! was the key factor

In most studies, increasing ag
affecting the prevalence of metabolic syndrome and it
also showed in our study. Increasing in BMI was correlated
with increasing prevalence of MetS in this study. This is in
agreement with other studies.'*"?'51 There is controversy
about the relation between sex and MetS in different studies.
In this study, prevalence of MetS was significantly higher
in women than men. Other studies were in agreement
with our findings.l Genetic, cultural, physical activity, and
nutritional differences can be the cause of controversies.

This association was seen in some other studies.?**!

Significantly higher proportion of co-morbidities like
hypertension, high triglycerides, coronary heart disease, and
high cholesterol were found among the MetS with T2DM
group. This is expected since T2DM is an established risk
factor of cardiovascular diseases™ and long ago has been

found to be associated with the different clusters of the MetS
such as high cholesterol, triglycerides,™ and hypertension.P!

More recently Meis ez al.*? reported that genetic inheritance
¥ > P g
predisposes African Americans of components of
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MetS in obese, glucose-tolerant, first degree relatives of
African-American patients with T2DM and study revealed
that the prevalence of MetS is higher in a subgroup of
African-Americans who were first-degree relatives of
patients with type 2 diabetes than that of African-Americans
in the National Health and Nutrition Examination Survey
(NHANES III); and waist circumference rather than
metabolic parameters was the single most important
parameter and was more likely to meet the MetS criteria
in African-American relatives. This is consistent with the
present study.

Furthermore, a parental history of MetS increases the
risk of developing MetS among their offspring. This is
advocated by the findings that genetic factors may account
for as much as 50% of the variable in level of the MetS
traits in offspring.” %'+l It was clear from our study that
the proportions of subjects with maternal family history
of MetS who have T2DM were significantly higher than
that who did not have T2DM. Further analysis should be
made to investigate this interesting finding,

Limitations of study

This study is cross-sectional in nature with no follow up
and, therefore, it has inherent difficulty to determine the
temporal association between cause and effect. However,
the various differences according to family history that were
shown in this study might be clinically meaningful for the
prevention of T2DM among MetS patients.

CoNCcLUSION

Family history of MetS among parents, maternal aunt,
maternal grandfather, and consanguineous marriages
among patients of MetS are significantly associated with
the development of T2DM in Qatar. These results support
the necessity of earlier screening for T2DM among MetS
patients with positive family history of MetS.
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