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Abstract

Background: Metabolic syndrome (MS) is a cluster of health problems that set the stage for serious health
conditions and places individuals at higher risk of cardiovascular disease, diabetes and stroke. The worldwide
prevalence of MS in the adult population is on the rise and Bangladesh is no exception. According to some
epidemiological study, MS is highly prevalent in Bangladesh and has increased dramatically in last few
decades. To provide a clear picture of the current situation, we conducted a systematic review and meta-
analysis with an objective to assess the prevalence of metabolic syndrome among the Bangladeshi population
using data already published in the scientific literature.

Methods: We searched MEDLINE, EMBASE and PubMed and manually checked references of all identified
relevant publications that described the prevalence of MS in Bangladesh. Random effects meta-analysis was
used to pool the prevalence. Heterogeneity was explored using formal tests and subgroup analyses. Study
quality and publication bias was also explored.

Results: Electronic and grey literature search retrieved 491 potentially relevant papers. After removing duplicates,
reviewing titles and abstracts and screening full texts, 10 studies were finally selected. Most of the studies were
conducted in rural populations and study participants were mostly females. The weighted pooled prevalence of
metabolic syndrome regardless of gender and criteria used to define metabolic syndrome, was 30.0% with high
heterogeneity observed. Weighted pooled prevalence of metabolic syndrome is higher in females (32%) compared to
males (25%) though not statistically significant (p = 0.434). Prevalence was highest (37%) when Modified NCEP ATP Il
criteria was used to define MS, while it was lowest (20%) when WHO criteria was used. In most cases, geographical
area (urban/rural) was identified as a source of heterogeneity between the studies. Most of the studies met study
quality assessment criteria’s except adequate sample size criteria and evidence of small study effect was also detected.

Conclusions: The prevalence of metabolic syndrome is high and rising in Bangladesh. Strategies aimed at primary
prevention are required to mitigate a further increase in the prevalence and for the reduction of the morbidity and
mortality associated with metabolic syndrome.
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Background

Metabolic syndrome (MS) is a cluster of health problems
that include abdominal fat, high blood pressure, high tri-
glycerides, elevated blood sugar and low HDL cholesterol.
The underlying causes of metabolic syndrome include
overweight and obesity, insulin resistance, an unhealthy
dietary pattern, physical inactivity, genetic factors and
aging [1]. The worldwide prevalence of metabolic syn-
drome in the adult population is on the rise with an esti-
mated prevalence of 20-25% [1]. Adults with metabolic
syndrome are twice as likely to die from and are three
times as likely to have a heart attack or stroke compared
with people without the metabolic syndrome [1-5]. In
addition, they have a five-fold greater risk of developing
type 2 diabetes [6]. In this backdrop, metabolic syndrome
is being considered as public health issue globally [7, 8].

Prevalence of non-communicable chronic diseases and
associated mortality has also increased dramatically in
Bangladesh in the last few decades [9, 10]. Bangladesh, a
developing country with fast economic growth, has been
experiencing rapid urbanization for the past several de-
cades [9, 11]. This development and urbanization raises
the concern that the chronic disease burden may show
an increasing trend in future, especially due to altering
food habit including increased access to and popularity
of processed food, irregular meal times, less physical ac-
tivity, etc. [12].

Though a handful of studies were conducted about
metabolic syndrome in Bangladeshi population [13, 14],
few studies have described the prevalence of metabolic
syndrome and its related factors, hence restricting the
quality of information available on the magnitude of this
problem in Bangladesh. In Bangladesh, there is no
population-based surveillance system to track non-
communicable chronic disease. Also there is a lack of
national population based surveys or central administra-
tive health data’s to obtain accurate information’s on
prevalence of disease like metabolic syndrome. Having
comprehensive information about the prevalence of
metabolic syndrome can be very effective for planning
and executing preventive strategies for such diseases. To
provide a clear picture of the current situation, we con-
ducted a systematic review and meta-analysis with an
objective to assess the prevalence of metabolic syndrome
among the Bangladeshi population using data already
published in the scientific literature. The performance of
meta-analysis will help to combine the existing data on
the prevalence of metabolic syndrome and explore pos-
sible heterogeneity between studies.

Methods

Data sources and searches

We systematically searched MEDLINE, EMBASE and
PubMed (from inception to February 10, 2017) for
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studies on prevalence of metabolic syndrome among
Bangladeshi population. We also searched the reference
lists of all identified relevant publications for informa-
tion about other potential studies. We limited inclusion
to studies published in English. The search strategy

focused on three key elements: metabolic syndrome,
prevalence and Bangladesh. The search strategy is pro-
vided in detail in Table 1.

Study selection

Two reviewers independently identified potentially eli-
gible articles by performing an initial screen of titles and
abstracts. Articles were considered for inclusion if they
reported data from an original study (review articles
were excluded) and reported on the prevalence of meta-
bolic syndrome in Bangladesh. We used broad inclusion
criteria to provide a comprehensive systematic review of
the topic. There were no restrictions on study type (e.g.,
cohort study, cross sectional study), geographic region
(e.g., urban, rural) or age ranges. Studies that reported
the prevalence of metabolic syndrome in the general
population were included. We excluded those studies
where prevalence of metabolic syndrome was measured
only in specific clinical population (e.g. individuals with
hypertension or diabetes) regardless of how they define
those clinical population. However, we did not exclude
studies where hypertension or diabetes in the general
population was used as a criteria to define metabolic
syndrome in order to measure its prevalence. We ex-
cluded the animal and biomedical studies that did not
report prevalence of metabolic syndrome, non-human
studies, and studies that only focused on the prevalence
of a component of metabolic syndrome (e.g. prevalence
of hypertension). Articles were retained when anyone of
the reviewers believed that it should be retained or when
there was uncertainty as to eligibility on the basis of title
and abstract alone. Agreement between reviewers was
quantified. Any disagreement between reviewers was re-
solved by consensus. Selected articles were subsequently
screened on the basis of a full-text review. We consid-
ered any definition of metabolic syndrome.

Data extraction

From the finally selected articles, the following informa-
tion’s were extracted: author and year of publication, age
range of the participants, gender and number of partici-
pants, area (urban/rural) in which the study was carried
out, sample selection procedure, study design, criteria
for diagnosis of metabolic syndrome, and the prevalence
of metabolic syndrome and its components. Two
reviewers independently extracted data using a standard-
ized form. Study quality was assessed by each reviewer,
according to the Joanna Briggs Institute guidance on
conducting prevalence and incidence reviews [15, 16]
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Table 1 Search strategy used in different databases
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MEDLINE

PubMed

EMBASE

1. exp Metabolic Syndrome X/
2. exp. Syndrome/

3. Insulin resistance syndrome.mp.
4. exp. Hypertension/

5. high blood pressure.mp.

6. exp. Hyperlipidemias/

7. lipid disorder.mp.

8.4o0r5

9.6o0r7

10. exp. Hyperglycemia/

11. exp. Diabetes Mellitus/

12. high blood sugar.mp.
13.100r 11 or 12

Search (((((((Metabolic Syndrome) OR Syndrome)

OR Insulin resistance syndrome) OR (((Hypertension)

OR high blood pressure)) AND ((Hyperlipidemia) OR

lipid disorder))) OR ((((Hypertension) OR high blood
pressure)) AND (((hyperglycemia) OR diabetes mellitus)

OR high blood sugar)) OR ((abdominal obesity) AND
((Hypertension) OR high blood pressure))) OR
(((Hyperlipidemia) OR lipid disorder)) AND (((hyperglycemia)
OR diabetes mellitus) OR high blood sugar))) OR
((@bdominal obesity) AND ((Hyperlipidemia) OR lipid disorder)))
OR ((abdominal obesity) AND (((hyperglycemia) OR
diabetes mellitus) OR high blood sugar)))) AND prevalence)
AND Bangladesh

exp. Syndrome/

. exp. Hypertension/

. high blood pressure.mp.
. exp. Hyperlipidemia/

. lipid disorder.mp.

. exp. hyperglycemia/

9. exp. diabetes mellitus/
10. high blood sugar.mp.
11. exp. abdominal obesity/
12.40r5

13.60r7

0N UTA WN =

. exp Metabolic Syndrome X/

. Insulin resistance syndrome.mp.

14. exp. Obesity, Abdominal/
15.8 and 9

16. 8 and 14

17.8 and 13

18.9 and 14

19.9and 13

20.13 and 14

21. exp. Prevalence/

22. exp. Bangladesh/
23.1Tor2or3or150r16or
17 or 18 or 19 or 20

24. 21 and 22 and 23

14.8 or9or 10

15.12 and 13

16. 12 and 14

17.11 and 12

18.13 and 14

19. 11 and 13

20.11 and 14

21.1or2or3or15o0r16 or
17 or 18 or 19 or 20

22. exp. prevalence/

23. exp. Bangladesh/

24.21 and 22 and 23

and following data’s were extracted from each study for
quality assessment purpose: was the sample representa-
tive of the target population, were study participants re-
cruited in an appropriate way, was the sample size
adequate, were the study subjects & setting described in
detail, was the data analysis conducted with sufficient
coverage of the identified sample, were objective, stand-
ard criteria used for measurement of the condition, was
the condition measured reliably, and are all the import-
ant confounding factors/subgroups/differences identified
and accounted for.

Data analysis

We grouped studies on the basis of the criteria used to
diagnosis of metabolic syndrome, whether National
Cholesterol Education Program Adult Treatment Panel
III criteria (NCEP ATP III), modified NCEP ATP III cri-
teria, International Diabetes Federation criteria (IDF) or
World Health Organization criteria (WHO). We used
random effects meta-analysis to obtain the weighted
average prevalence with 95% CIs for studies. While de-
fining metabolic syndrome, studies were not all consist-
ent with the way they define different individual
components of metabolic syndrome. For example, some
studies used the term elevated blood pressure while
other used the term hypertension. The threshold for ele-
vated blood pressure or hypertension was also not con-
sistent. Same applies in the case of elevated fasting
blood glucose or diabetes also. Similarly, the terms ele-
vated waist circumference, central obesity or obesity
waist was used interchangeably with no unique cut-off

to measure abdominal obesity. Even in one study, BMI
was substituted for waist circumference. Despite some
minor differences exists in defining and using thresholds
in different components of metabolic syndrome, we ig-
nored such differences while conducting meta-analysis
on the prevalence of metabolic syndrome assuming that
such minor difference won’t impact the overall result.
We also grouped studies on the basis of the gender and
age of the study participants and assessed temporal
change on metabolic syndrome prevalence.

Heterogeneity was assessed using the Cochran Q and
the I statistic and was explored using meta-regression
and stratified analyses according to the gender of the
study participants and criteria used to diagnosis meta-
bolic syndrome. Small study effects were examined using
funnel plot and Egger’s test. Inter rater reliability was
measured. All statistical analyses were performed using
Stata version 13.1 (Stata Corp, College Station, TX)
using the metaprop, metareg, metabias, and metafunnel
commands.

Results

Our electronic search retrieved 488 and grey litera-
ture search retrieved 3 potentially relevant papers on
the prevalence of metabolic syndrome in Bangladesh.
After removing duplicates, reviewing titles and ab-
stracts, 38 articles remained for full text screening;
main reason for exclusion was irrelevance with our
study objective. Of the 38 articles screened (titles and
abstracts), 28 were excluded for the following reasons:
9 were conducted on subjects with diseases, 14 was
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not an original article (13 conference abstract and 1
letter), 3 carried out on Bangladeshi population living
abroad and 2 duplicate studies. Therefore, 10 studies
were finally selected for the present systematic review.
There was good agreement (89.47%) between re-
viewers on the final articles eligible for inclusion. The
selection processes for the articles are shown in
Fig. 1.

A summary describing the characteristic of the
selected studies on the prevalence of metabolic syn-
drome in Bangladesh is presented in Table 2. Most of
the studies were conducted in rural populations (8 out
of 10). Only two studies [13, 17] conducted in urban
population. Almost all the studies were local community
based studies. Five of the studies were conducted in
northern Rangpur region, four studies conducted in cen-
tral Dhaka region and one study conducted in south-
eastern Chittagong region. No studies were conducted
in Sylhet, Khulna, Barisal and Rajshahi region (Add-
itional file 1: Figure S1). Various criteria had been used
to diagnose metabolic syndrome. Four studies used the
criteria for diagnosing metabolic syndrome proposed by
the National Cholesterol Education Program Adult
Treatment Panel III (NCEP-ATP III) [18-21]; one the
criteria of the International Diabetes Federation (IDF)
[17]; one the criteria of the modified NCEP-ATP III [22];
one study used both modified NCEP-ATP III and IDF
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criteria [23]; two study used Modified NCEP-ATP III,
IDF and WHO criteria [13, 14]; and one study used
NCEP ATP III, Modified NCEP ATP III and IDF criteria
[24]. Five studies carried out only on female participants
while five studies on both male and female participants.
Study design was cross-sectional in all the studies and
sample was selected using stratified multi-stage random
sampling procedure by 6 studies and using simple ran-
dom sampling procedure by 4 studies.

The studies selected in this systematic review com-
prised 14,780 subjects, 80.31% of whom were women
and 19.69% men. The minimum age of the partici-
pants was 15 years and above in 5 studies, 20 years
and above in 2 studies, 30 years and above in 2 stud-
ies and 60 years and above in 1 study. Prevalence of
metabolic syndrome is reported by all the studies
ranged from 8.6% to 72.1%. One study [19] did not
report the prevalence and only described the associ-
ation between parity or gravidity and the prevalence
of metabolic syndrome. All the studies where study
participants was both male and female, reported
prevalence data not only for all but also for males
and females separately. One study [18] reported
prevalence of metabolic syndrome by age at menar-
che. Only one study [23] reported age adjusted preva-
lence of metabolic syndrome, other nine studies
reported overall prevalence, gender specific prevalence

Records identified through database searching
(n=488)
PubMed: 284, EMBASE: 167, MEDLINE: 37

Additional records identified through other
sources
(n=3)

| Records after duplicates removed (n = 414) |

l

A

Full-text articles assessed for eligibility (n =38)

A4

| Records screened (title & abstract) (n=414) |—>| Records excluded (n = 376) ‘

—»|

Studies included in systematic review (n = 10)

A 4

Studies included in quantitative synthesis
(Meta-analysis)
0=9)

Full-text articles excluded (n = 28)

Studies consisting of subjects with diseases = 9
(4 diabetic patients, 1 hypertensive patients, 1
stroke patients, 1 acute coronary syndrome
patients, 1 acute myocardial infarction patients, 1
polycystic ovary syndrome patients)

Letter to the editor = 1

Conference abstract = 13

Studies consisting of subjects living in abroad =3
(1 South Asians in UK, 1 British South Asian, 1
Bangladeshi immigrants in USA)

Duplicate =2

Fig. 1 PRISMA diagram for systematic review of studies that evaluated the prevalence of metabolic syndrome (MS) in the Bangladeshi population
J
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Table 2 Characteristics of studies that evaluated the prevalence of metabolic syndrome (MS) in the Bangladeshi population

Study Year Age Gender Sample Size Study Sampling  Study Criteria Overall Prevalence
Published Range and Type Area Method Design for Prevalence of individual
(Urban/Rural) Diagnosis  of MS (%) components
of MS of MS (%)
Akter et al. 2012 15— Female 1423; Local Rural Stratified Community-  NCEP-ATP  26.14 (age NR
[18] 75 years Community- multi-stage  based cross- Il <12 years
Based random sectional at menarche),
sampling.  study 2573
(age 12-13
years at
menarche),
22.13 (age >
13 years at
menarche)
Akter et al. 2013 15— Female 1219; Local Rural Stratified Community-  NCEP-ATP NR NR
[19] 75 years Community- multi-stage  based Il
Based random cross-sectional
sampling.  study
Bhowmik 2015 > Both 2293; Local Rural Random Population Modified 30.7 (male Elevated waist
et al. [23] 20 years Community- sampling  based NCEP-ATP 309, female  circumference:
Based Cross- lIland IDF  30.5) 39.8;
sectional (Modified dyslipidemia:
study NCEP ATP Ill); 28.7;
245 (male hypertension:
19.2, female  15.5; mean
27.5) (IDF) fasting plasma
glucose:
52
Rahim 2007 > Both 3981; Local Rural Simple Cross- Modified 20.7 (male NR
et at. [14] 20 years Community- Random sectional NCEP-ATP 143, female
Based Sampling survey lIl, IDF and  25.1)
WHO (Modified
NCEP-ATP Ill);
1.2
(male 4.3,
female 15.7)
(IDF); 86
(male 7.6,
female 9.2)
(WHO)
Jesmin 2013 > Female 1802; Local Rural Stratified Community NCEP-ATP 256 Elevated waist
et al. [20] 15 years Community- multi-stage  based M. circumference:
Based random cross-sectional 846; High
sampling  survey blood pressures:
28.16; Elevated
fasting blood
glucose: 35.39;
Low HDL
cholesterol:
84.14; High
triglyceride:
2949
Jesmin 2012 > Female 1535; Local Rural Stratified Population NCEP ATP 25,60 (NCEP  Obesity Waist:
et al. [24] 15 years Community- multi-stage  based Ill, Modified  ATP IIl), 11.60 (NCEP
Based random cross-sectional NCEP ATP  36.68 ATP
sampling survey lIland IDF  (Modified 1), 31.01
NCEP ATP (Modified NCEP
1), 19.80 ATP Ill and IDF);
(IDF) High
triglyceride:
2691;
Low HDL
cholesterol:
8547; High

fasting blood
glucose:
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Table 2 Characteristics of studies that evaluated the prevalence of metabolic syndrome (MS) in the Bangladeshi population

(Continued)
Study Year Age Gender Sample Size Study Sampling  Study Criteria Overall Prevalence
Published Range and Type Area Method Design for Prevalence of individual
(Urban/Rural) Diagnosis  of MS (%) components
of MS of MS (%)
3042 (NCEP
ATP III), 44.76
(Modified NCEP
ATP Il and IDF);
Hypertension:
29.12
Jesmin 2012 2 Female 1485; Local Rural Stratified Community Modified 31.25 Obesity Waist:
et al. [22] 15 years Community- multi-stage  based NCEP ATP 31.31; High
Based random cross-sectional Il triglyceride:
sampling study 26.87; Low HDL
cholesterol:
85.05; High
fasting blood
glucose: 30.57;
Hypertension:
2943
Khanam 2011 > Both 456; Local Rural Randomly  Cross- NCEP ATP  19.5 (male High BMI: 5.3;
et al. [21] 60 years Community- selected sectional Il 180, female  High triglyceride:
Based participants study 20.8) 19.50; Low
from HDL cholesterol:
purposively 98.20; High
selected random blood
blocks glucose: 13.20;
High blood
pressure: 49.80
Saquib 2013 = Both 357; Local Urban Multi-stage  Cross- IDF 450 (male Prevalence of
etal [17] 30 years random sectional 290, female  individual
sampling  study 61.0) components
of MS are
presented
graphically
for male and
female.
Combined
prevalence and
numerical values
are not
presented
Mainuddin 2013 30- Both 229; Local Urban Random Cross- Modified 72.1 (male NR
etal [13] 60 years Hospital- selection sectional NCEP ATP  66.0, female
Based study IIl, IDF and  76.7)
WHO (Modified
NCEP ATP Ill);
38.9 (male
36.0, female
41.1) (WHO);
and 68.6
(male 50.0,
female 82.9)
(IDF)

as well as prevalence in different age groups occa-
sionally. The prevalence of disease is often strongly
age-dependent and age adjustment is used to elimin-
ate the effects of age. The pooling of overall preva-
lence with age adjusted prevalence through meta-
analysis could be misleading. However, meta-
regression did not identify any significant difference
(p=0.656) in overall and age adjusted prevalence of

metabolic syndrome, leads us to pool all the preva-
lences in our meta-analysis.

The weighted pooled prevalence of metabolic
syndrome regardless of gender, age, and criteria used to
define metabolic syndrome, was 30.0% [95% CIL: 25% -
35%]. There was a large amount of heterogeneity in the
prevalence of metabolic syndrome (I = 98.81%; Cochran
Q-statistic p <0.001; Fig. 2). Meta regression did not
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Meta-analysis of the Prevalence of Metabolic Syndrome
%
Study ES(95% Cl)  Weight
Akter et al. 2012, Female (488) —.—: 0.26 (0.23, 0.30) 3.61
Akter et al. 2012, Female (583) —.—: 0.26 (0.22, 0.29) 3.62
Akter et al. 2012, Female (352) - 0.22 (0.18, 0.27) 3.58
Jesmin et al. 2013, Female (1802) - : 0.26 (0.24, 0.28) 3.67
Jesmin et al. 2012, Female (1535) - 0.26 (0.23, 0.28) 3.67
Jesmin et al. 2012, Female (1535) : - 0.37 (0.34, 0.39) 3.67
Jesmin et al. 2012, Female (1535) - 1 0.20 (0.18, 0.22) 3.67
Jesmin et al. 2012, Female (1485) -:l- 0.31(0.29, 0.34) 3.67
Bhowmik et al. 2015, Female (1451) - 0.31(0.28, 0.33) 3.67
Bhowmik et al. 2015, Female (1451) '.': 0.27 (0.25, 0.30) 3.67
Bhowmik et al. 2015, Male (842) -I.— 0.31(0.28, 0.34) 3.65
Bhowmik et al. 2015, Male (842) - 1 0.19 (0.17, 0.22) 3.65
Rahim et al. 2007, Female (2383) - : 0.25 (0.23, 0.27) 3.68
Rahim et al. 2007, Female (2383) - 1 0.16 (0.14, 0.17) 3.68
Rahim et al. 2007, Female (2383) - | 0.09 (0.08, 0.10) 3.68
Rahim et al. 2007, Male (1598) - | 0.14 (0.13, 0.16) 3.67
Rahim et al. 2007, Male (1598) @ H 0.04 (0.03, 0.05) 3.67
Rahim et al. 2007, Male (1598) - I 0.08 (0.06, 0.09) 3.67
Khanam et al. 2011, Female (250) — 0.21(0.16, 0.26) 3.53
Khanam et al. 2011, Male (206) —— : 0.18 (0.13, 0.24) 3.50
Saquib et al. 2013, Female (193) ' —_— 0.61(0.54, 0.68) 3.49
Saquib et al. 2013, Male (209) —— 0.29 (0.23, 0.35) 3.50
Mainuddin et al. 2013, Female (129) 1 —_— 0.77 (0.69, 0.83) 3.40
Mainuddin et al. 2013, Female (129) | —— 0.41 (0.33, 0.50) 3.40
Mainuddin et al. 2013, Female (129) 1 ——®— 0.83(0.76, 0.88) 3.40
Mainuddin et al. 2013, Male (100) : —_— 0.66 (0.56, 0.75) 3.32
Mainuddin et al. 2013, Male (100) —— 0.36 (0.27, 0.46) 3.32
Mainuddin et al. 2013, Male (100) . —_— 0.50 (0.40, 0.60) 3.32
Overall (12 =98.81%, p = 0.00) Q 0.30 (0.25, 0.35) 100.00
.
f T T T l
-5 0 5 1 1.5
Proportion
Fig. 2 Forest plot of prevalence, with 95% confidence intervals (Cls) of metabolic syndrome in Bangladeshi population. Sample sizes for the
studies are given in parentheses

identify gender (male vs female, p = 0.434) as a potential
source of heterogeneity in the overall prevalence of
metabolic syndrome but did identify area (urban vs
rural, p < 0.001) as a source of heterogeneity.

Subgroup analysis based on the gender of study
participants

Almost all studies reported a higher prevalence of
metabolic syndrome in females. So we performed a
subgroup analysis based on the gender of the study
participants (Fig. 3). Weighted pooled prevalence of
metabolic syndrome is higher in females, 32% [95%
CL: 27% - 38%] compared to males, 25% [95% CI:
16% - 35%]. However meta-regression did not identify
this higher prevalence of metabolic syndrome in fe-
males statistically significant (p =0.434). There was
significant between study heterogeneity (I =98.61%;
Cochran Q-statistic p <0.001; Fig. 3) in the prevalence
of metabolic syndrome when study participants was
female. Meta-regression shows area (urban vs rural, p
<0.001) is the source of heterogeneity. There was also
significant between study heterogeneity (I* =98.66%;
Cochran Q-statistic p <0.001; Fig. 3) in the prevalence
of metabolic syndrome when study participants was

male. Meta-regression again shows area (urban vs
rural, p =0.007) is the source of heterogeneity.

Subgroup analysis based on criteria used to define
metabolic syndrome

There are a number of alternative definitions available
for metabolic syndrome and these definitions differed
in the proposed components as well as in the cut-off
points used for each component, leading to substan-
tial confusion. Recognizing that such differences in
metabolic syndrome definition will have an impact on
its prevalence, will increase heterogeneity and will
raise concern in meaningful pooling of metabolic syn-
drome prevalence, a subgroup analysis was performed
by dividing the studies based on the criteria they used
to diagnose metabolic syndrome (Fig. 4). The sub-
group analysis will help to explore heterogeneity in
the metabolic syndrome prevalence further.

WHO definition emphasized insulin resistance as
the major underlying risk factor plus presence of two
additional risk factors from obesity, hypertension, high
triglycerides, reduced HDL-C level, or microalbumi-
nuria for diagnosis of metabolic syndrome. The NCEP
ATP III criteria required the presence of any three of
the following five factors as the basis for establishing
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Meta-analysis of the Prevalence of Metabolic Syndrome
(stratified according to the gender of the study participants)
%

Study ES(95%Cl)  Weight
Female :
Akter et al. 2012, NCEP-ATP Il (488) - 0.26 (0.23, 0.30)3.61
Akter et al. 2012, NCEP-ATP Il (583) - 0.26 (0.22, 0.29)3.62
Akter et al. 2012, NCEP-ATP Ill (352) —— : 0.22 (0.18, 0.27)3.58
Jesmin et al. 2013, NCEP-ATP 11l (1802) - 1 0.26 (0.24, 0.28)3.67
Jesmin et al. 2012, NCEP-ATP IlI (1535) - 0.26 (0.23, 0.28)3.67
Jesmin et al. 2012, Modified NCEP-ATP 1Il (1535) L 0.37 (0.34, 0.39)3.67
Jesmin et al. 2012, IDF (1535) - : 0.20 (0.18, 0.22)3.67
Jesmin et al. 2012, Modified NCEP-ATP Il (1485) - 0.31(0.29, 0.34)3.67
Bhowmik et al. 2015, Modified NCEP-ATP IIl (1451) - 0.31(0.28, 0.33)3.67
Bhowmik et al. 2015, IDF (1451) - 0.27 (0.25, 0.30)3.67
Rahim et al. 2007, Modified NCEP-ATP Il (2383) - : 0.25(0.23, 0.27)3.68
Rahim et al. 2007, IDF (2383) - 1 0.16 (0.14, 0.17)3.68
Rahim et al. 2007, WHO (2383) - 1 0.09 (0.08, 0.10)3.68
Khanam et al. 2011, NCEP-ATP lll (250) —— 0.21(0.16, 0.26)3.53
Saquib et al. 2013, IDF (193) : —_—— 0.61(0.54, 0.68)3.49
Mainuddin et al. 2013, Modified NCEP-ATP Il (129) 1 —_— 0.77 (0.69, 0.83)3.40
Mainuddin et al. 2013, WHO (129) | —— 0.41(0.33, 0.50)3.40
Mainuddin et al. 2013, IDF (129) ! —®— 0.83(0.76, 0.88)3.40
Subtotal (1*2 =98.61%, p = 0.00) 0.32(0.27, 0.38)64.74

1
Male !
Bhowmik et al. 2015, Modified NCEP-ATP 11l (842) -F— 0.31(0.28, 0.34)3.65
Bhowmik et al. 2015, IDF (842) - 0.19(0.17,0.22)3.65
Rahim et al. 2007, Modified NCEP-ATP 11 (1598) - 1 0.14 (0.13, 0.16)3.67
Rahim et al. 2007, IDF (1598) . ! 0.04 (0.03, 0.05)3.67
Rahim et al. 2007, WHO (1598) - : 0.08 (0.06, 0.09)3.67
Khanam et al. 2011, NCEP-ATP Il (206) —— 0.18 (0.13, 0.24)3.50
Saquib et al. 2013, IDF (209) — 0.29 (0.23, 0.35)3.50
Mainuddin et al. 2013, Modified NCEP-ATP Il (100) ! —_— 0.66 (0.56, 0.75)3.32
Mainuddin et al. 2013, WHO (100) :—l— 0.36 (0.27, 0.46)3.32
Mainuddin et al. 2013, IDF (100) 1 —_—— 0.50 (0.40, 0.60)3.32
Subtotal ("2 = 98.66%, p = 0.00) - 0.25 (0.16, 0.35)35.26

]
Heterogeneity between groups: p = 0.201 !
Overall ("2 =98.81%, p = 0.00); <> 0.30 (0.25, 0.35)100.00

.

T T T l
-5 0 5 1 1.5
Proportion
Fig. 3 Forest plot of prevalence, with 95% confidence intervals (Cls) of metabolic syndrome in Bangladeshi population, stratified according to the
gender of study participants. Sample sizes for the studies are given in parentheses

the diagnosis of metabolic syndrome: abdominal obes-
ity, elevated triglycerides, reduced HDL-C, elevated
blood pressure, and elevated fasting glucose. The IDF
definition makes the presence of abdominal obesity
necessary for diagnosis of metabolic syndrome plus
any two additional factors listed in the NCEP ATP III
definition. The Modified NCEP ATP III definition
maintains the original NCEP ATP III criteria except
for minor modifications.

Abdominal obesity measured by waist circumference
(WC) is a major component of any metabolic syn-
drome definition. Cut-off point for WC differs among
the metabolic syndrome definitions. The IDF defin-
ition uses ethnic-specific WC cut-off points and rec-
ommends cut-off levels of >90 c¢cm in men and
>80 c¢cm in women for South Asians. Similar to the
IDF definition, Modified NCEP ATP III definition
suggested the cut-off levels of >90 cm in men and
>80 cm in women for Asians. In this present review,
six studies (those with the Modified NCEP ATP III
and IDF definitions) used ethnic-specific WC cut-off
of >80 cm in women or 290 cm in men for South
Asians as there are no national cut-off values specific
for Bangladesh. Remaining four studies (those with

the NCEP ATP III definitions) used WC cut-off of
288 cm in women or 2102 c¢m in men.

Among the studies that used NCEP ATP III criteria
to diagnose metabolic syndrome, weighted pooled
prevalence of metabolic syndrome was 24% [95% CI:
23% - 26%] with non-significant little heterogeneity
between studies (I = 44.64%; Cochran Q-statistic p =
0.09; Fig. 4). The studies that used Modified NCEP
ATP III criteria, weighted pooled prevalence of meta-
bolic syndrome was 37% [95% CIL: 29% - 46%] with
high heterogeneity between studies (I = 98.46%;
Cochran Q-statistic p<0.001; Fig. 4). In meta-
regression gender (male vs female, p =0.854) was not
identified as a source of heterogeneity between the
studies in this sub group, but area (urban vs rural, p
=0.001) was identified as a source of heterogeneity.
The studies that used IDF criteria, weighted pooled
prevalence of metabolic syndrome was 32% [95% CI:
22% - 44%)] with high heterogeneity between studies
(I=99.11%; Cochran Q-statistic p<0.001; Fig. 4).
Area (urban vs rural, p=0.009) was identified as a
source of heterogeneity between the studies in this
sub group but gender (male vs female, p =0.385) was
not identified as a source of heterogeneity. Only two
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(stratified according to the criteria used to diagnosis of metabolic syndrome)
%
Study ES (95% CI) Weight
NCEP-ATP IIl !
Akter et al. 2012, Female (488) - 0.26 (0.23,0.30) 3.61
Akter et al. 2012, Female (583) —— 0.26 (0.22,0.29) 3.62
Akter et al. 2012, Female (352) - 0.22(0.18,0.27) 3.58
Jesmin et al. 2013, Female (1802) - : 0.26 (0.24,0.28) 3.67
Jesmin et al. 2012, Female (1535) - ' 0.26 (0.23, 0.28) 3.67
Khanam et al. 2011, Female (250) —— | 0.21(0.16, 0.26) 3.53
Khanam et al. 2011, Male (206) —— | 0.18 (0.13,0.24) 3.50
Subtotal (12 = 44.64%, p = 0.09) <& | 0.24 (0.23,0.26) 25.19
Modified NCEP-ATP Il :
Jesmin et al. 2012, Female (1535) | - 0.37 (0.34,0.39) 3.67
Jesmin et al. 2012, Female (1485) - 0.31(0.29, 0.34) 3.67
Bhowmik et al. 2015, Female (1451) - 0.31(0.28,0.33) 3.67
Bhowmik et al. 2015, Male (842) - 0.31(0.28,0.34) 3.65
Rahim et al. 2007, Female (2383) ® 0.25(0.23,0.27) 3.68
Rahim et al. 2007, Male (1598) - 1 0.14 (0.13,0.16) 3.67
Mainuddin et al. 2013, Female (129) ! —— 0.77 (0.69, 0.83) 3.40
Mainuddin et al. 2013, Male (100) I —— 0.66 (0.56, 0.75) 3.32
Subtotal (142 = 98.46%, p = 0.00) —_ 0.37 (0.29, 0.46) 28.71
1
IDF !
Jesmin et al. 2012, Female (1535) - ! 0.20(0.18,0.22) 3.67
Bhowmik et al. 2015, Female (1451) - 0.27 (0.25, 0.30) 3.67
Bhowmik et al. 2015, Male (842) - ! 0.19(0.17,0.22) 3.65
Rahim et al. 2007, Female (2383) - : 0.16 (0.14,0.17) 3.68
Rahim et al. 2007, Male (1598) - | 0.04 (0.03, 0.05) 3.67
Saquib et al. 2013, Female (193) —_— 0.61(0.54,0.68) 3.49
Saquib et al. 2013, Male (209) + 0.29 (0.23, 0.35) 3.50
Mainuddin et al. 2013, Female (129) 1 —@— 0.83(0.76,0.88) 3.40
Mainuddin et al. 2013, Male (100) —_—— 0.50 (0.40, 0.60) 3.32
Subtotal (12 = 99.11%, p = 0.00) <:>— 0.32(0.22, 0.44) 32.04
1
WHO 1
Rahim et al. 2007, Female (2383) L] 1 0.09 (0.08, 0.10) 3.68
Rahim et al. 2007, Male (1598) L] 1 0.08 (0.06, 0.09) 3.67
Mainuddin et al. 2013, Female (129) | —— 0.41(0.33,0.50) 3.40
Mainuddin et al. 2013, Male (100) —_—— 0.36 (0.27, 0.46) 3.32
Subtotal (12 =97.65%, p = 0.00) _ 0.20 (0.12,0.31) 14.06
1
Heterogeneity between groups: p = 0.006 !
Overall (12 = 98.81%, p = 0.00); <|> 0.30 (0.25, 0.35) 100.00
1
f T T 1
-5 0 5 1 15
Proportion
Fig. 4 Forest plot of prevalence, with 95% confidence intervals (Cls) of metabolic syndrome in Bangladeshi population, stratified according to the
criteria used to diagnosis of metabolic syndrome. Sample sizes for the studies are given in parentheses

studies used WHO criteria to diagnose metabolic syn-
drome and the weighted pooled prevalence of meta-
bolic syndrome was 20% [95% CI: 12% - 31%] with
high heterogeneity between studies (I = 97.66%;
Cochran Q-statistic p <0.001; Fig. 4). Area (urban vs
rural, p=0.012) was identified as a source of hetero-
geneity between the studies in this sub group but
gender (male vs female, p =0.889) was not identified
as a source of heterogeneity. An obvious consequence
of difference in cut-off points in WC is reflected in
weighted pooled prevalence of metabolic syndrome. A
much higher pooled prevalence (37% Modified NCEP
ATP III, 32% IDF) was observed when WC cut-off of
>90 c¢cm in men and >80 cm in women was used
compared to other cut-off point (24% NCEP ATP III).
The prevalence of metabolic syndrome varies consid-
erably according to the criteria used to diagnosis of
metabolic syndrome. So a subgroup analysis for the
prevalence of metabolic syndrome according to the
criteria used to diagnosis of metabolic syndrome is
probably a better option rather than pooling all the

prevalence of metabolic syndrome from different

studies.

Subgroup analysis based on the age of the study
participants and assessment of temporal change in
metabolic syndrome prevalence

The prevalence of disease is often strongly age-
dependent, so an age effect on the prevalence of the
metabolic syndrome is evident and need to be explored.
Beside the overall prevalence, most of the studies (8 out
of 10) provided age stratified prevalence of metabolic
syndrome. However the age grouping in different studies
were different which restricts us providing weighted
pooled prevalence of metabolic syndrome in Bangladesh
among the different age groups. Instead, we divide the
studies based on the mean age of the study participants
and performed a meta-regression. Studies that did not
report the mean age of the study participants, grouped
data mean calculation formula is used to calculate the
mean. For open end age intervals (e.g. <25 or 50 +)
where mean is not possible to calculate, we used median
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Fig. 5 Meta-regression of metabolic syndrome prevalence in
Bangladesh on age of the study participants. a Prevalence of
metabolic syndrome in Bangladesh over the age of the study
participants (stratified by the gender of the study participants). b
Prevalence of metabolic syndrome in Bangladesh over the age of the

study participants (stratified by the definition of metabolic syndrome)

and calculated median age of the study participants.
Meta-regression shows, a significant (p =0.006, mean
age cut-off <40 years) higher weighted pooled prevalence
(36% versus 14%) of metabolic syndrome in study partic-
ipants with mean age greater than 40 years. Overall
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prevalence of metabolic syndrome increases 0.4% (p =
0.38; Fig. 5) for every one year increase in mean age of
the study participants. Such increase in metabolic syn-
drome prevalence over the age of the participants is
quite similar in male and female (Fig. 5a), however, little
different when definition of metabolic syndrome varies
(Fig. 5b). A decrease in metabolic syndrome prevalence
over the age of the study participants was observed for
NCEP ATP III definition (Fig. 5b).

As time of the study can affect the prevalence of meta-
bolic syndrome, we explored such temporal change in
metabolic syndrome prevalence. Studies included in
present review has a time span of eight years from 2007
to 2015. We split the studies into two groups (studies
that conducted before the year 2012 and the studies that
conducted in the year 2012 and afterwards). Meta-
regression shows, a significant (p=0.002) higher
weighted pooled prevalence (37% versus 14%) of meta-
bolic syndrome in studies conducted in the year 2012
and afterwards. Overall prevalence of metabolic syn-
drome increases 3.68% (p =0.006; Fig. 6) for every one
year increase in time of the study conducted. Such in-
crease in metabolic syndrome prevalence over the time
of the study conducted is quite similar in male and fe-
male (Fig. 6a) and also when definition of metabolic syn-
drome varies (Fig. 6b). An increasing trend in pooled
prevalence of metabolic syndrome is observed during
2007-2011 time period while a slightly decreasing trend
is observed during 2012—2015 time period (Fig. 6c).

Prevalence of individual components of metabolic
syndrome
Prevalence of individual components of metabolic
syndrome is reported in 6 studies, of which one study
[17] presented prevalence of individual components of
metabolic syndrome graphically for males and females
but did not present its numerical values. One study
[23] reported only the prevalence of elevated waist
circumference, hypertension, and mean fasting plasma
glucose. Instead of reporting prevalence of low HDL
cholesterol and high triglyceride, it reported preva-
lence of dyslipidemia. Four studies did not report the
prevalence of individual components. Five studies
reported the prevalence of abdominal obesity. In these
five studies, the weighted pooled prevalence of
abdominal obesity was 18.0% [95% CI: 11.0% - 27.0%].
Though a markedly different pooled prevalence of
abdominal obesity (8% versus 27%) was observed
when WC cut-off values shifted from >88 cm in
women or 2102 cm in men to 280 ¢m in women or
290 cm in men.

The prevalence of hypertension was mentioned in
five studies and the weighted pooled prevalence of
hypertension was found 30% [95% CI: 21% - 39%].
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Fig. 6 Meta-regression of metabolic syndrome prevalence in
Bangladesh on the study year. a Prevalence of metabolic syndrome
in Bangladesh over the study year (stratified by the gender of the
study participants).b Prevalence of metabolic syndrome in
Bangladesh over the study year (stratified by the definition of
metabolic syndrome). ¢ Prevalence of metabolic syndrome in
Bangladesh over the different time span

The weighted pooled prevalence of high fasting glu-
cose was 28% [95% CI: 15% - 42%] based on five
studies. Low HDL cholesterol was reported in four
studies and weighted pooled prevalence was observed
89% [95% CI: 83% - 94%]. Four studies reported the
prevalence of high triglyceride and the weighted
pooled prevalence was 26% [95% CI: 23% - 29%].

Study quality assessment

Quality of the studies was assessed according to the set
of criteria based on Joanna Briggs Institute guidance on
conducting prevalence and incidence reviews [15, 16]
and are summarized in Table 3. A set of eight criteria
was used to assess the quality of the studies. The sample
was representative of the target population in all studies
aside from one investigation [13]. Study participants
were recruited in an appropriate way in all the studies.
The sample size was adequate only in 3 (30%) studies.
Study subjects and setting was described in detail in 6
(60%) studies. The data analysis was conducted with suf-
ficient coverage of the identified sample in 6 (60%) stud-
ies. An objective, standard criterion was used for reliably
measure the condition in almost all studies with one
exception [22]. All the studies accounted for important
confounding factors and subgroups.

Publication bias

The funnel plot indicates the existence of asymmetry
and publication bias (Fig. 7) and Egger test (p <0.001)
suggested the presence of small study effects, in which
studies of smaller cohorts reporting higher prevalence of
metabolic syndrome.

Discussion

The present systematic review provides summary esti-
mates for the prevalence of metabolic syndrome in the
Bangladeshi population. The findings of this review sug-
gests that, the weighted pooled prevalence of metabolic
syndrome are between 20.0 and 37.0% depending on the
criteria used to define metabolic syndrome. Prevalence
was highest (37%) when Modified NCEP ATP III criteria
was used, while it was lowest (20%) when WHO criteria
was used. The observed overall pooled prevalence of
metabolic syndrome (30%) in Bangladesh was slightly
higher than the prevalence estimated around the world
(between 20% and 25%) [1].
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Table 3 Study quality assessment of studies that evaluated the prevalence of metabolic syndrome (MS) in the Bangladeshi

population
Study Was the Were study Was the sample Were the Was the data Were objective, ~ Was the  Are all the
sample participants size adequate?  study subjects analysis standard criteria condition important
representative recruited in & setting conducted used for measured confounding
of the target  an appropriate described in  with sufficient measurement reliably?  factors/ subgroups/
population?  way? detail? coverage of the condition? differences
of the identified and
identified accounted
sample? for?
Akter et al. Yes Yes Yes Yes Yes Yes Yes Yes
(2012) 18]
Akter et al. Yes Yes Not Clear Yes Not Clear Yes Yes Yes
(2013) [19]
Bhowmik Yes Yes Not Clear Yes Not Clear Yes Yes Yes
et al. (2015) [23]
Rahim et Yes Yes Not Clear No Not Clear Yes Yes Yes
at. (2007) [14]
Jesmin et al. Yes Yes Yes Yes Yes Yes Yes Yes
(2013) [20]
Jesmin et al. Yes Yes Yes Yes Yes Yes Yes Yes
(2012) [24]
Jesmin et al. Yes Yes Not Clear No Yes Not Clear Not Clear Yes
(2012) 22
Khanam et al.  Yes Yes Not Clear No Not Clear Yes Yes Yes
(2011) 21
Saquib et al. Yes Yes Not Clear Yes Yes Yes Yes Yes
(2013) [17]
Mainuddin No Yes Not Clear No Yes Yes Yes Yes
et al. 2013) [13]

While comparing our findings with reports from other
regions, we see mixed results. A systematic review of
Latin American countries showed a prevalence of 24.9%
(ATP II)] [25]. A combined prospective cohort studies
of Europe reported the overall prevalence of metabolic
syndrome 15% (WHO) in nondiabetic adults [26]. The
prevalence of metabolic syndrome among adults accord-
ing to a national survey of US is 35% (NCEP ATP III)
and 39% (IDF) [27]. In a systematic review conducted on
gulf countries, the reported prevalence of metabolic syn-
drome with ATP III definition ranged from 19.5-37.2%
(men) and from 13.5-42.7% (women), while with the
IDF definition, the prevalence ranged from 18.4-36.2%
(men) and from 16.1-45.9% (women) [28]. The preva-
lence in a sub-Saharan African setting varies from O to
7.3% according to different definition of metabolic syn-
drome [29]. A systematic review on prevalence of meta-
bolic syndrome in Asia-pacific region reported a
prevalence of 11.9% (NCEP ATP III) to 49.0% (modified
NCEP ATP III) [30]. The weighted mean prevalence of
metabolic syndrome was 14.0% (WHO), 26.1% (ATPIII),
29.8% (IDF) and 32.5% (modified ATPIII) in South Asia
according to a systematic review [31].

This study demonstrated low HDL cholesterol as the
most frequent individual component of metabolic

syndrome with weighted pooled prevalence of 89%.
High blood pressure was shown the second most
prominent metabolic syndrome component with
weighted pooled prevalence of 30%. High fasting glu-
cose was the third most prevalent metabolic syn-
drome component in our study (28%). The underlying
factors behind the increased prevalence of low HDL,
high blood pressure, and high fasting glucose among
Bangladeshi population could be multifarious. How-
ever, regional changes in disease patterns from com-
municable to non-communicable diseases, an
increasing trend of urbanization and fascination for
adopting western lifestyle could influence such high
prevalence  [32, 33]. Rapid and unplanned
urbanization is responsible for lifestyle change such as
physical inactivity, changes in diet and stress and is
closely linked with higher prevalence of metabolic
syndrome and is evidenced by the higher weighted
pooled prevalence of metabolic syndrome observed
among urban population (56% compared to 21% in
rural population).

We observed high between-study-heterogeneity across
the studies. One possible source of heterogeneity is the
area (urban/rural) where study was conducted. Preva-
lence of metabolic syndrome also differed in males and
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evaluated the prevalence of metabolic syndrome in ; Bangladeshi
population

females and it is more prevalent in females as identi-
fied by subgroup analysis. Within the male and fe-
male subgroups, there was high between-study-
heterogeneity on prevalence of metabolic syndrome.
As different studies used different criteria to diagnosis
of metabolic syndrome, a subgroup analysis based on
the criteria used to define metabolic syndrome was
performed to assess the heterogeneity on the preva-
lence of metabolic syndrome among the studies.
However, heterogeneity was still observed within the
subgroups, and study area and gender was identified
as the source of heterogeneity within the subgroups.

Evidence of small study effect was detected (p < 0.001),
in which smaller studies reported higher prevalence of
metabolic syndrome. Publication bias was also evident
from the asymmetry on the funnel plot. Study quality
assessment shows most of the studies fail to meet the
criteria “adequate sample size” for their studies. Also in
some studies the data analysis was conducted without
sufficient coverage of the identified sample, which is a
concern.

The strength of this study is the comprehensiveness
of the process, which included a search of three dif-
ferent databases, well-defined inclusion/exclusion cri-
teria, and extensive use of reference lists. Thus it is
unlikely that any relevant studies would have been
missed. Nonetheless, there are limitations to our sys-
tematic review and meta-analysis. We could not con-
sider non- English publications as well as very local
level journals that are not available through the major
academic databases. Also a point needs to be noted
that there is no uniformity of metabolic syndrome
definitions, age groups, waist circumference cut-offs,
and study settings in the studies included in the
present  review, resulting in  limitations in
comparability.
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Conclusion

To our knowledge, this is the first comprehensive report
to systematically evaluate the scientific literature on the
prevalence of metabolic syndrome in Bangladesh. Des-
pite differences in diagnostic criteria, gender, age and
geographic area of subjects studied, the prevalence of
metabolic syndrome is high and rising in Bangladesh
according to this systematic review and recommends an
urgent attention from both the clinical and public health
viewpoint. Hence strategies aimed at primary prevention
are required to mitigate a further increase in the preva-
lence and for the reduction of the morbidity and mortal-
ity associated with metabolic syndrome. It is also
extremely important to explore possible risk factors,
especially those related to lifestyle, which need to be
addressed. Knowledge of these factors may be inform-
ative in the monitoring of metabolic syndrome and
could contribute to planning and prevention strategies
to tackle this problem.
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Additional file 1: Figure S1. The regions where studies conducted to
identify metabolic syndrome prevalence in Bangladesh. (DOCX 83 kb)

Abbreviations

BMI: Body mass index; HD: High density lipoprotein; IDF: International
Diabetes Federation; MS: Metabolic syndrome; NCEP-ATP [II: National
Cholesterol Education Program Adult Treatment Panel Ill; WC: Waist
circumference; WHO: World Health Organization

Acknowledgements
Not applicable.

Funding
This research received no grant from any funding agency in the public,
commercial or not-for-profit sectors.

Availability of data and materials
Not Applicable.

Authors’ contributions

MZIC directed the present study. MZIC, AMA, ZF, PDB, and BMAAM
contributed to the study concept and design. All the authors helped with
article searches, review and selection. MZIC, AMA, ZF, PDB, BMAAM, TA, TAT,
and MMR performed the analysis and MZIC interpreted the results. MZIC,
AMA and TCT contributed drafting the manuscript. MZIC JF MJU and TCT
worked as methodological advisors. All authors revised it critically for
important intellectual content, read and approved the final manuscript.

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s12889-018-5209-z

Chowdhury et al. BMC Public Health (2018) 18:308

Author details

'Department of Community Health Sciences, University of Calgary, TRW
Building (3rd Floor), 3280 Hospital Drive NW, Calgary, AB T2N 476, Canada.
“Department of Statistics, Shahjalal University of Science and Technology,
Sylhet, Bangladesh. *Department of General Surgery, North East Medical
College, Sylhet, Bangladesh. “Department of Clinical Pathology, Sylhet MAG
Osmani Medical College Hospital, Sylhet, Bangladesh. *Department of Family
Medicine, University of Calgary, Calgary, AB, Canada.

Received: 23 October 2017 Accepted: 23 February 2018
Published online: 02 March 2018

References

1. International diabetes federation, the IDF consensus worldwide definition of
the metabolic syndrome. https://www.idf.org/e-library/consensus-
statements/60-idfconsensus-worldwide-definitionof-the-metabolic-
syndrome. Accessed 10 Aug 2017.

2. Ranasinghe P, Mathangasinghe Y, Jayawardena R, Hills AP, Misra A.
Prevalence and trends of metabolic syndrome among adults in the Asia-
pacific region: a systematic review. BMC Public Health. 2017;17:101.

3. Bilbeisi AHE, Shab-Bidar S, Jackson D, Djafarian K. The prevalence of
metabolic syndrome and its related factors among adults in Palestine: a
meta-analysis. Ethiop J Health Sci. 2017,27:77-84.

4. Mohan V, Deepa M. The metabolic syndrome in developing countries.
Diabetes Voice. 2006;51:15-17.

5. Park YW, Zhu S, Palaniappan L, Heshka S, Carnethon MR, Heymsfield SB.
The metabolic syndrome: prevalence and associated risk factor findings
in the US population from the third National Health and nutrition
examination survey, 1988-1994. Arch Intern Med. 2003;163:427-36.

6.  Stern MP, Williams K, Gonzalez-Villalpando C, Hunt KJ, Haffner SM. Does
the metabolic syndrome improve identification of individuals at risk of
type 2 diabetes and/or cardiovascular disease? Diabetes Care. 2004;27:
2676-81.

7. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet. 2005;
365:1415-28.

8. Hildrum BCB, Mykletun A, Hole T, Midthjell K, Dahl AA. Age-specific
prevalence of the metabolic syndrome defined by the International
Diabetes Federation and the National Cholesterol Education Program: the
Norwegian HUNT 2 study. BMC Public Health. 2007;7:220.

9. Saquib N, Saquib J, Ahmed T, Khanam MA, Cullen MR. Cardiovascular
diseases and Type 2 Diabetes in Bangladesh: A systematic review and meta-
analysis of studies between 1995 and 2010. BMC Public Health. 2012;12:434.

10. Karar ZA, Alam N, Streatfield PK. Epidemiological transition in rural
Bangladesh, 1986-2006. Glob Health Action. 2009;2:1904.

11, Laskar SI. Urbanization in Bangladesh: Some contemporary observations.
Bangladesh Dev Stud. 1996,24:207-16.

12. Misra A, Misra R, Wijesuriya M, Banerjee D. The metabolic syndrome in
south Asians: continuing escalation and possible solutions. Indian J Med
Res. 2007;125:345-54.

13. Mainuddin A, Choudhury K, Ahmed K, Akter S, Islam N, Masud J. The
metabolic syndrome: comparison of newly proposed IDF, modified ATP
II'and WHO criteria and their agreements. Cardiovascular Journal. 2013;
6:17-22.

14. Rahim M, Khan AA, Sayeed M, Akhtar B, Nahar Q, Ali S, et al. Metabolic
syndrome in rural Bangladesh: comparison of newly proposed IDF, modified
ATP Il and WHO criteria and their agreements. Diab Metabolic Syndrome.
2007;1:251-7.

15. Munn Z, Moola S, Riitano D, Lisy K. The development of a critical appraisal
tool for use in systematic reviews addressing questions of prevalence. Int J
Health Policy Manag. 2014;3:123-8.

16. Munn Z, Moola S, Lisy K, Riitano D. The systematic review of prevalence and
incidence data, the Joanna Briggs institute Reviewer's manual 2014.
Australia: The Joanna Briggs Institute; 2014.

17. Saquib N, Khanam MA, Saquib J, Anand S, Chertow GM, Barry M, et al. High
prevalence of type 2 diabetes among the urban middle class in Bangladesh.
BMC Public Health. 2013;13

18. Jesmin S, Islam M, Sultana S, Okazaki O, Hiroe M, Moroi M, et al. Association
of age at menarche with metabolic syndrome and its components in rural
Bangladeshi women. Nutr Metab. 2012;9:99.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

Page 14 of 14

Akter S, Jesmin S, Rahman MM, Islam MM, Khatun MT, Yamaguchi N, et al.
Higher gravidity and parity are associated with increased prevalence of
metabolic syndrome among rural Bangladeshi women. PLoS One. 2013;8
Jesmin S, Islam AS, Akter S, Islam MM, Sultana SN, Yamaguchi N, et al.
Metabolic syndrome among pre-and post-menopausal rural women in
Bangladesh: result from a population-based study. BMC Res Notes.
2013,6:157.

Khanam MA, Qiu C, Lindeboom W, Streatfield PK, Kabir ZN, Wahlin A. The
metabolic syndrome: prevalence, associated factors, and impact on survival
among older persons in rural Bangladesh. PLoS One. 2011,6

Jesmin S, Mia S, Islam AM, Islam R, Sultana SN, Zaedi S, et al. Prevalence of
metabolic syndrome among rural Bangladeshi women. Diab Res Clin Pract.
2012,95(1):e7-€9.

Bhowmik B, Afsana F, Siddiquee T, Munir SB, Sheikh F, Wright E, et al.
Comparison of the prevalence of metabolic syndrome and its association
with diabetes and cardiovascular disease in the rural population of
Bangladesh using the modified National Cholesterol Education Program
Expert Panel Adult Treatment Panel Il and Inte. J Diab Investig. 2014;6:280-
8.

Jesmin S, Islam MR, Islam AMS, Mia MS, Sultana SN, Zaedi S, et al.
Comprehensive assessment of metabolic syndrome among rural
Bangladeshi women. BMC Public Health. 2012;12:49.

Mérquez-Sandoval F, Macedo-Ojeda G, Viramontes-Horner D, Ferndndez
Ballart J, Salas Salvadd J, Vizmanos B. The prevalence of metabolic
syndrome in Latin America: a systematic review. Public Health Nutr.
2011;14:1702-13.

Hu G, Qiao Q, Tuomilehto J, Balkau B, Borch-Johnsen K, Pyorala K.
Prevalence of the metabolic syndrome and its relation to all cause and
cardiovascular mortality in nondiabetic European men and women. Arch
Intern Med. 2004;164:1066-76.

Ford ES. Prevalence of the metabolic syndrome defined by the
international diabetes federation among adults in the US. Diabetes
Care. 2005;28:2745-9.

Mabry R, Reeves M, Eakin E, Owen N. Gender differences in prevalence of
the metabolic syndrome in gulf cooperation council countries: a systematic
review. Diabet Med. 2010,27:593-7.

Fezeu L, Balkau B, Kengne A-P, Sobngwi E, Mbanya J-C. Metabolic
syndrome in a sub-Saharan African setting: central obesity may be the
key determinant. Atherosclerosis. 2007;193:70-6.

Ranasinghe P, Mathangasinghe Y, Jayawardena R, Hills AP, Misra A.
Prevalence and trends of metabolic syndrome among adults in the Asia-
pacific region: a systematic review. BMC Public Health. 2017;17

Aryal N, Wasti SP. The prevalence of metabolic syndrome in South Asia: a
systematic review. Int J Diab Develop Countries. 2015;36:255-62.

Low WY, Lee YK Samy AL. Non-communicable diseases in the Asia-Pacific
region: prevalence, risk factors and community-based prevention. Int J
Occup Med Environ Health. 2015,28:20-6.

Misra A, Khurana L. The metabolic syndrome in south Asians: epidemiology,
determinants, and prevention. Metab Syndr Relat Disord. 2009;7:497-514.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central



https://www.idf.org/e-library/consensus-statements/60-idfconsensus-worldwide-definitionof-the-metabolic-syndrome
https://www.idf.org/e-library/consensus-statements/60-idfconsensus-worldwide-definitionof-the-metabolic-syndrome
https://www.idf.org/e-library/consensus-statements/60-idfconsensus-worldwide-definitionof-the-metabolic-syndrome

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources and searches
	Study selection
	Data extraction
	Data analysis

	Results
	Subgroup analysis based on the gender of study participants
	Subgroup analysis based on criteria used to define metabolic syndrome
	Subgroup analysis based on the age of the study participants and assessment of temporal change in metabolic syndrome prevalence
	Prevalence of individual components of metabolic syndrome
	Study quality assessment
	Publication bias

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

