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Abstract The prevalence of type 2 diabetes (T2DM) is rap-
idly increasing in Pakistan. Various micro- and macro-
vascular complications are associated with disease progres-
sion which increases the economic burden not only on patients
but also on country. The aim of the present study was to
determine the prevalence of micro- and macro-vascular com-
plications among T2DM patients in Pakistan. A cross-
sectional study was carried out on 692 T2DM patients during
July 2011 to December 2012. The participants recruited in this
study were clinically diagnosed by certified diabetologist and
endocrinologists in the Pakistan Institute of Medical Sciences
(PIMS) and Kahuta Research Laboratory (KRL) hospital of
Islamabad. Demographic and clinical data was collected under
supervision of a diabetologist and endocrinologist using a
specially designed questionnaire. Clinical variables were sta-
tistically analyzed using SPSS version 16.0 and Graphpad
prism 5 version 5.01. Of the 678 T2DM patients, 432
(63.62 %) were females with mean age of 51.81+11.43. Out
of total patients, 0.56 % were diagnosed with retinopathy,

Attributed to Atta-ur-Rahman School of Applied Biosciences (ASAB),
National University of Science and Technology (NUST), Islamabad,
Pakistan

D4 Attya Bhatti
attyabhatti@gmail.com

! Atta-ur-Rahman School of Applied Biosciences (ASAB),
National University of Science and Technology (NUST),
H-12 Islamabad, Pakistan

Department of Biotechnology, Abdul Wali Khan University Mardan
(AWKUM), Mardan, Pakistan

Department of Human Genetics, Graduate School of Public Health,
University of Pittsburgh, Pittsburgh, PA, USA

Pakistan Institute of Medical Sciences (PIMS), Islamabad, Pakistan

0.84 % with nephropathy, 0.28 % with neuropathy, 28.17 %
with ischemic heart diseases, 8.45 % with stroke, and 5.35 %
with peripheral vascular disease. Overall, 55.77 % of T2DM
patients were hypertensive and 0.56 % experienced impo-
tence. Significant association of hypertension (P=0.0072),
ischemic heart disease (IHD; P=0.0001), and peripheral vas-
cular disease (PVD; P=0.014) was observed at gender level in
the study subjects. This study indicates high prevalence of
macro-vascular complications along with high triglyceride
level and hypertension among T2DM patients. A study with
larger sample set is suggested to explore the relation of genetic
and environmental factors on disease progression and sub-
population variations.

Keywords Type 2 diabetes - Epidemiology - Micro-vascular
complications - Macro-vascular complications

Introduction

Type 2 diabetes (T2DM) is a chronic, heterogeneous, and
multi-factorial metabolic disorder that involves complex inter-
action of environmental factors and susceptibility genes [ 1—4].
It is characterized by defect in insulin secretion by {3 cells in
pancreatic islets and insulin resistance [5—7]. It affects health
quality and life expectancy of the patients [8]. The escalating
rate of T2DM has made it one of the important global health
challenges [9]. It has been estimated that 371 million people
worldwide suffer from diabetes with 187 million of undiag-
nosed cases. Furthermore, it is one of the major causes of
mortality worldwide with 4.8 million deaths and $471.6 bil-
lion on health care expenditure in 2012 [5, 9—12]. The preva-
lence of T2DM is rapidly increasing in both developed and
underdeveloped countries. More than 60 % of world’s popu-
lation with diabetes is contributed by Asian countries [13—15].
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According to International Diabetes Federation (IDF), Pakistan
is among the top ten countries with highest prevalence of dia-
betes and have 6.6 million people with diabetes [15].

Although many research groups from developed countries
are involved in exploring different factors contributing toward
the progression and development of T2DM, similar research
efforts in developing countries are unsatisfactory. The preva-
lence and interrelationship of the complications associated
with diabetes have not been properly investigated in develop-
ing countries including Pakistan [16]. Therefore, this study
was conducted to obtain information on the prevalence of
various T2DM-associated complications in T2DM patients
and their relationship with duration of disease and age of
onset.

Study design and methods
Study population

This cross-sectional study was carried out in 692 T2DM pa-
tients. The patients were clinically diagnosed by certified dia-
betologist and endocrinologists at Pakistan Institute of
Medical Sciences (PIMS) and Kahuta Research Laboratory
(KRL) hospital of Islamabad, Pakistan, from July 2011 to
December 2012. All participants were screened for T2DM
according to World Health Organization (WHO) and
International Diabetes Foundation (IDF) diagnosis criteria
[15, 17, 18]. The inclusion criteria for T2DM patients include
(1) fasting plasma glucose >126 mg/dL (7.0 mmol/l), (2) a
random blood sugar level of >200 mg/dL (11.1 mmol/L), (3)
2-h values in the 75-g oral glucose tolerance test (OGTT),
cutoff value of >200 mg/dL (11.1 mmol/L), and (4) HbAlc
of 6.5 %.

The patients with prior history of gestational diabetes, type
1 diabetes (differentiated from T2DM by age of onset and
ketoacidosis), and other forms of diabetes were excluded from
the final analysis (n=10). Each patient underwent detailed
interview to collect history, demographic, and clinical data,
including age, gender, duration of disease, family history, type
of treatment, weight, height, body mass index (BMI), blood
pressure, general health conditions, and the presence of any
micro- and macro-vascular complications and hypertension
(patients already taking hypertension medication or with
blood pressure >130/80 mm Hg were considered as hyperten-
sive) [19, 20]. BMI was calculated using formula weight
(kilograms) divided by square of height in meters.
According to duration of T2DM, patients were divided into
three groups, i.e., <5, 5-10, and >10 years. Similarly, on the
basis of age, the patients were divided into four groups, i.e.,
25-40, 41-55, 56-70, and >70 years.

Each patient was interviewed and data was noted/recorded
on a specially designed questionnaire. An informed consent
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form was signed from each patient and the study was ap-
proved by Institutional Review Board (IRB) of Atta-ur-
Rahman School of Applied Biosciences, NUST.

T2DM-associated complications

Since this was an observational and open label study, data for
all the associated complications like hypertension, retinopa-
thy, nephropathy, neuropathy, ischemic heart disease (IHD),
stroke, impotency, peripheral vascular disease (PVD), urinary
tract infection (UTI), and dental infection were collected from
medical records by the help of endocrinologist and no further
clinical assessments were performed.

Statistical analysis

Statistical analysis was performed in SPSS version 16.0
(SPSS Inc., USA) and Graphpad Prism version 5.01 (San
Diego, California, USA). Frequency of categorical variables
was calculated in percentages, while continuous variables
were described as mean and median. x> test was used
to explore associations in ordinal data at the significance level
of <5 % (0.05).

Results
Demographic and clinical characteristics of study subjects

Of the total 692 T2DM recruited patients, 678 met the inclu-
sion criteria for the study. The clinical and demographic pro-
file of study population is shown in Table 1. Of the 678 pa-
tients, 246 (36.22 %) were males and 432 (63.62 %) were
females with a mean age of 51.81+11.43 (ranges from 27 to
95 years). The mean age of diagnosis was 44.95+10.86 years,
and median age of 44 years with 25th and 27th percentiles of
37 and 52 years, respectively. The average duration of disease
was 7.23+6.754. Females were diagnosed with T2DM at
younger age of 44.50+10.89 (P=0.0332; 41.64 %, diagnosis
age range 25-50 years) as compared to males with average
age of diagnosis at 45.76+10.78 (34.92 %, diagnosis age
range 25-50 years) (Fig. la and Table 1). Furthermore, on
average, newly diagnosed T2DM cases were more prevalent
in females (47.56 %; P=0.05) than males (39.11 %; Fig. 1b).
Obesity, an important risk factor of T2DM, was higher in
females (P<0.0001; Fig. 1c).

Prevalence of T2DM-associated complications and chronic
conditions is presented in Table 2 and Fig. 1d. Of the total
patients, 66.6 % were diagnosed with hypertension (more
prevalent in females), 0.8 % with retinopathy, 1 % with ne-
phropathy, 7.3 % with neuropathy, 18.1 % with IHD, 5.5 %
with stroke, 3.6 % with PVD, and 0.3 % with impotency.
These complications were more prevalent in age group 56—
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Table 1 Demographic and clinical characteristics of T2D patients

Age (years) 51.85+11.134
HbAIC 8.7 %
Fasting glucose level (mg/dL) 184.78+85.62
Random glucose level (mg/dL) 260.87+99.57
Systolic BP (mmHg) 1354£21.425
Diastolic BP (mmHg) 86.08+13.4
Total serum cholesterol (mg/dL) 185.15+47.51
HDL cholesterol (mg/dL) 43.43+34
LDL cholesterol (mg/dL) 100.82+39.16
Triglycerides (mg/dL) 210+129
Gender
Male Female Total
N (%) N (%) N
Duration of T2D
<5 78 (40.83 %) 166 (48.96 %) 244
5-10 58 (30.36 %) 103 (30.38 %) 161
>10 55(28.79 %) 70 (20.64 %) 125
Total 191 339 530
BMI
Underweight (below 18.5) 10 (4.95 %) 7 (2.03 %) 17
Normal (18.5 to 24.9) 81 (40.10 %) 78 (22.67 %) 159
Overweight (25.0 to 29.9) 82 (40.59 %) 138 (40.11 %) 220
Obese (30 or higher) 29 (14.35 %) 121 (35.17 %) 150
Total 202 344 546
Age at diagnosis
2540 66 (34.92 %) 142 (41.64 %) 208
40-55 91(48.15 %) 135 (39.59 %) 226
55-70 30 (15.87 %) 60 (17.60 %) 90
>70 2 (1.05 %) 4 (1.17 %) 6
Total 189 341 530
Total serum cholesterol
Below 200 mg/dL 51 (66.23 %) 66 (61.11 %) 117
200-239 mg/dL 16 (20.78 %) 27 (25 %) 43
240 mg/dL and above 10 (12.98 %) 15 (13.89 %) 25
Total 77 108 185
HDL
Below 40 mg/dL 30 (44.78 %) 44 (46.80 %) 74
40-59 mg/dL 33 (49.25 %) 47(50 %) 80
60 mg/dL and above 4 (5.97 %) 3(3.2 %) 7
Total 67 94 167
LDL
Below 100 mg/dL 39 (54.16 %) 43 (45.26 %) 82
100-129 mg/dL 17 (23.61 %) 31(32.63 %) 48
130-159 mg/dL 8 (11.11 %) 16 (16.84 %) 24
160-189 mg/dL 8 (11.11 %) 5(5.26 %) 13
Total 72 95 167
Triglycerides
Below 150 mg/dL 33 (45.21 %) 33(29.73 %) 66
150-199 mg/dL 13 (17.81 %) 26 (23.42 %) 39
200 mg/dL and above 27 (36.98 %) 52 (46.84 %) 79
Total 73 111 184

BP blood pressure, HDL high-density lipoprotein, LDL low-density lipoprotein, 72D type 2 diabetes, BMI body mass index
Diabetes Public Health Resource, CDC 2011. http://www.cdc.gov/diabetes/statistics/
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Fig. 1 a Comparison of age of diagnosis of T2DM among male and
female T2DM patients. b Comparison of duration of T2DM among
male and female T2DM patients. ¢ Comparison of BMI among male

70 years (41.97 %). The most common complication was [HD
along with hypertension. Association analysis of T2DM-
associated complications with duration of disease indicated
the same trend of high hypertension (in groups with disease
duration of less than 5 and more than 10 years). Furthermore,
an increase in prevalence of IHD and PVD with duration of
disease was found, while stroke was more prevalent with 5—
10 years of duration of disease. On the other hand, in males,
these complications showed different trends and there was
gradual increase in prevalence of IHD and stroke with dura-
tion, but PVD was more prevalent with duration of 5-10 years.
These results show that prevalence of IHD with dura-
tion of disease has the same trend in both males and
females. High prevalence of nephropathy was observed
in females; however, an increase in prevalence with du-
ration of disease in both males and females was found.
Neuropathy, on the other hand, showed a decrease in
prevalence with increase in duration of disease in fe-
males, but there was no significant change in neuropa-
thy with duration in males. Retinopathy also showed a
similar trend as neuropathy in both males and females
with duration of disease.
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and female T2DM patients. d Prevalence of diabetes-associated
complications among male and female T2DM patients

Prevalence of infections among T2DM patients

Three common infections associated with T2DM were select-
ed for analysis, including urinary tract infection (UTI), ear and
dental infections. T2DM-associated infection was higher in
female (76.11 %) than in male (23.89 %) patients. UTI was
observed in 35.84 %, ear infections in 3.53 %, and dental
infections in 60.62 % of the total T2DM patients. Of the three
T2DM-associated infection considered in this study, the
gender-based distribution/difference of only UTI was found
statistically significant (OR 0.244 (0.126-0.471);
P<0.0001) (Table 3).

Association between complications and age at diagnosis

Patients were divided into various age groups according to age
at diagnosis, i.e., 25-40, 41-55, 56-70, and >70 years.
T2DM-associated complications were common among pa-
tients with late onset of disease (74.44 %), especially in the
age group of 55-70 years. IHD, being a most prevalent com-
plication, was found in 20 % of the patients diagnosed at age
of 55-70 years, while 7.77 % patients of the same age at
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diagnosis suffered from stroke. Furthermore, hypertension  observed at gender level in the study subjects, IHD being the
was observed in 43.33 % patients diagnosed at older age (later ~ most significant (Fig. 2).
than 55 years) (Table 2).

Association analysis of clinical variables at gender level Discussion
Association of T2DM-associated complications at gender lev- ~ T2DM is an extremely heterogeneous, multifactorial metabol-

el is shown in Table 3. Significant association of hypertension  ic disorder characterized by combination of deficiency of in-
(P=0.0072), IHD (P=0.0001), and PVD (P=0.014) was  sulin secretion and insulin resistance that involves complex
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interaction of environmental factors and susceptibility genes
[5]. The etiology of diabetes is very complex involving vari-
ous pathogenic processes ranging from autoimmune destruc-
tion of pancreatic beta cells to insulin deficiency and insulin
resistance that may be a consequence of various environmen-
tal and genetic factors [21]. Diabetes mellitus has become one
of the leading and important health problems worldwide [9,
15]. T2DM is one of the common diseases in Pakistan.
Prevalence of T2DM has also increased in Pakistan in the past
few years placing it at the tenth position in the countdown with
6.6 million people with diabetes that was 5.2 million in year
2000 [14, 15, 22].

Various T2DM-associated micro- and macro-vascular
complications develop through the natural progression of the
disease. To our knowledge, this is the first cross-sectional
epidemiological study to collectively report prevalence of var-
ious macro- and micro-vascular complications among T2DM
patients in Pakistan although individual studies of micro-
vascular complications and stroke have been conducted in
different regions of Pakistan. The present study was conduct-
ed on 692 T2DM patients including 36.22 % males and
63.62 % females. Various studies have shown that diabetes
is more prevalent in middle-aged males than in females
[23-26], and our results are consistent with the previous stud-
ies as we observed 48.15 % males and 39.59 % females in age
group of 40-55 years. On the other hand, newly diagnosed
T2DM cases were common in females diagnosed at age of
24-40 years than males.

Lipid profiling of patients showed normal serum cholester-
ol (185.15+47.51 mg/dL; n=185), normal HDL cholesterol
(43.43+34 mg/dL; n=167), near-normal LDL cholesterol
(100.82£39.16 mg/dL; n=167), and elevated triglyceride
(210129 mg/dL; n=184) levels. High triglyceride level
was prevalent in females (46.84 %) than in males (36.98 %).
High triglyceride level is a risk factor not only for T2DM but
also for cardiovascular diseases. Cardiovascular diseases are
one of the important complications associated with T2DM.
This indicates high risk of developing cardiovascular diseases
in these patients [27]. That may be the reason why we found
higher prevalence of heart-related complications like IHD
(18.1 %), stroke (5.5 %), and PVD (3.6 %) in our study sample
group.

Prevalence of hypertension (30.08 % in male and 28.70 %
in female) among T2DM patients was consistent with
Crawford et al. (22.8 % male and 20.1 % female) [28]. They
also showed high prevalence of hypertension among patients
within age group of 20-39 years that is inconsistent with our
results where the highest prevalence was found in patients
with in age group of 56-70 years. Newly diagnosed T2DM
patients are more hypertensive than patients with 5-10 years
of disease duration. In case of females, we observed that new-
ly diagnosed and those with longer duration of disease (>10)
have more hypertension as compared to those with 5—10 years
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of disease duration. This may be because hypertension in-
creases with age [29].

Prevalence of retinopathy was only 0.8 % that is less than
in a previously reported study conducted in Abbottabad,
Pakistan, by Hayat et al. [30] in which they reported 17 %
of cases with retinopathy. Similarly, Ali et al. reported 31.4 %
prevalence of retinopathy in T2DM patients of Lahore,
Pakistan [31]. Overall, all studies carried out on prevalence
of retinopathy in Pakistani T2DM patients reported variable
results. This shows that a large study is needed in order to
reach a consensus of prevalence [32-35]. Studies conducted
on Indian population observed 28.9 % prevalence of retinop-
athy in Northwest India and 23.7 % in Chennai region. This
shows that the Indian population although considered similar
to our population has more prevalence of retinopathy [36-38].

A study conducted in Lahore region of Pakistan observed
56.2 % T2DM patients with nephropathy[31]. Another study
conducted in Karachi reported 20.2 % prevalence [32] while a
study from Peshawar region has shown 67 % prevalence of
nephropathy in T2DM patients [39]. In the current study, we
observed nephropathy in 1 % T2DM patients that is much
lesser than observed by others. Study on Indian patients
showed prevalence of 32.5 % which is not consistent with
any of the studies conducted in Pakistan. Similarly, all these
studies also reported higher prevalence of neuropathy, which
is one of the most common long-time complication associated
with T2DM, while in this study, we observed 7.3 % T2DM
patients diagnosed with neuropathy. The huge difference in
data might be difference in environmental and socio-
economic and lifestyle factors. Another possible reason might
be genetic composition of people living in these regions be-
longing to different sub-populations that have different ethnic
backgrounds that contribute toward increased risk of develop-
ing T2DM-associated complications.

Prevalence of macro-vascular complications like THD,
stroke, and PVD was 18.1, 5.5, and 3.6 %, respectively, in
the study population. One of the two studies that reported
macro-vascular complications in Pakistani T2DM patients ob-
served 2.6 % prevalence of stroke and the other study ob-
served 26.4 % IHD. But, no other study is conducted so far
for prevalence of PVD in Pakistani population except for the
present study. Our results show more prevalence of stroke
than reported previously. But, prevalence of IHD was ob-
served to be less than in previous studies [32, 40]. As our
results show, higher level of triglycerides in T2DM patients
may be the reason why we observed higher percentage of
heart-related complications in T2DM patients [37]. Although
a study in South Asian population observed 23.3 % preva-
lence of macro-vascular complication, they did not describe
the prevalence of different macro-vascular complications sep-
arately [41].

Impotency was prevalent among 0.3 % of patients only and
no female was reported with any sexual dysfunction. A study
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in northern area of Pakistan observed 17.1 % with mild,
37.8 % with mild to moderate, 21.7 % with moderate, and
20.7 % with severe erectile dysfunction [42]. Another study
in Karachi region of Pakistan reported prevalence of different
types of impotence. In this study, Shaikh et al. reported that the
most common type of impotence was erectile dysfunction that
was prevalent in 55 % patients, while retrograde ejaculation
was the least prevalent (10 % patients) dysfunction in study
population [43].

Complications were most prevalent in patients of middle
age. The most common complications associated with T2DM
were heart-related including IHD, PVD, and stroke. Various
environmental and genetic factors might contribute toward
elevated triglyceride levels thus resulting in high prevalence
of macro-vascular complications. Our study also shows high
prevalence of hypertension in females than in males that might
be due to various lifestyle and environmental factors as
Pakistan is a developing country and the majority of the
masses live below the poverty levels and cannot afford good
treatment, medicines, and healthy food. There is also high
illiteracy rate so they are unable to well manage the disease
[44, 45].

Macro-vascular complications show variable trends with
duration of disease in males and females. Males show a trend
toward increase in prevalence of IHD and stroke with increase
in duration of disease as reported in various studies conducted
in an Indian population [32, 38]. But, the trend was variable in
females as IHD prevalence increases with duration of disease;
stroke is more prevalent in female patients with 5-10 years of
duration of T2DM. We did not find any study that shows
similar trend. One of the reasons for this variability can be
improved knowledge about disease and better management
with passage of time. But, PVD prevalence increases with
duration of disease among females and is more prevalent with
duration of 5-10 years among males. Prevalence of micro-
vascular complications like nephropathy increases with dura-
tion of disease in females and males but is more prevalent in
females. But, neuropathy and retinopathy on the other hand
show decreasing trend with increase in duration of disease in
females, but there is no significant change with duration in
males.

We also calculated prevalence of various infections and
found that the most common infection is dental infection.
Our results indicate that ear infections are rare among the
T2DM patients. We observed that females have more preva-
lence of infections than males. This is the first study to report
the prevalence of infections among Pakistani T2DM patients.
The chi-square test was applied to check the significance of
the data and we found significant association of macro-
vascular complications confirming the higher prevalence of
these in our population. We also find out that prevalence of
complication is higher among hypertensive patients. This is
consistent with the previous studies [25, 28, 31, 38].

Our study was a preliminary observational study of
Rawalpindi, Islamabad region of Pakistan, and we found var-
iability in different studies carried out so far out in Pakistani
population from different regions of Pakistan. The limitation
of our study was that it was an open-label observational study
and we had a problem of missing data as we did not perform
any additional clinical assessments to cope with missing clin-
ical history and due to non-cooperation of many patients as
well. We need a larger study to verify the results and for a
more comprehensive epidemiological data to better under-
stand and manage the T2DM and associated complications.
We also need to associate genetic and environmental factors
with epidemiological data in order to better understand ethnic
variations among sub-populations and their effect on disease
progression and management.
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