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Metabolic syndrome (MetS) is clustering of various cardiometabolic risk factors and it increases the
risk of cardiovascular diseases and diabetes. Unhealthy lifestyle predisposes employees to increased
risk of MetS. This systematic review was conducted to investigate the prevalence of MetS and its
associated factors among working population. Studies published in English during 2005–2017 on the
prevalence of MetS in workforce were searched. MetS was defined using Adult Treatment Panel-III
criteria and searches were carried out in various databases using keywords for titles and/or abstracts.
Forty articles, containing 435,013 participants aged 38.5 (18–64) years, were finally included. Overall
average prevalence of MetS was 21.7% (6.1–58%). Average prevalence of MetS was higher in males
(21.9%) than in females (14.1%). Region-wise prevalence of MetS was 27.93% in North America,
27.65% in South America, 21.27% in Asia, 16.04% in Africa, and 10.47% in Europe. Mean prevalence
of each component of MetS was 39.1% for low HDL, 33.7% for hypertension, 30.8% for
hypertriglyceridemia, 29.2% for central obesity, and 17.6% for hyperglycaemia. Major factors
associated with MetS were male gender, aging, inactivity, smoking, stress, elevated liver enzymes,
higher education, longer work experience, alcohol abuse, shift work, and lower fruit intake. Prevalence
of MetS among workforce was high and it decreases work performance and increases personal and
corporate health-care cost. Employees are suggested to enhance physical activity and adopt healthy
lifestyle. Employers may increase the cardiometabolic health of their employees by increasing
awareness, routine screening for MetS, and by providing various health promotion programs at the
worksite.
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INTRODUCTION
The economic growth and associated shifts in the
sociodemographic features of people globally have led
to changes in the lifestyle and diet with increased risk of
non-communicable diseases (NCDs) e.g. obesity,
metabolic syndrome (MetS), cardiovascular diseases
(CVDs), diabetes mellitus and stroke etc. Metabolic
syndrome is defined as a cluster of several metabolic
abnormalities that include insulin resistance,
dyslipidemia, hyperglycemia, high blood pressure, and
abdominal obesity; insulin resistance is the key
component.1,2 Metabolic syndrome and its components
are risks for CVDs and type 2 diabetes mellitus which
can cause increased morbidity and mortality.3–5
Clustering the components of MetS increases the risk of
these NCDs and the risk is further increased in case of
full MetS.4 MetS is known as a lifestyle related disease
associated with lack of physical activity and high-fat
diet, smoking, and alcohol abuse.6–8 People with MetS
have 2–3 times risk for CVDs, and 3–5 times risk for
diabetes compared with those who don’t have
MetS.2,4,9,10 Nowadays, MetS has been considered as the
main health risk for all populations in both developing
and developed countries. Its prevention and treatment is
a big challenge in medicine which increases the health-
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care cost so that it is an urgent priority for public health
services in all countries.11 The prevalence of MetS is
growing, for example in South Korea it increased
significantly from 24.9% in 1998 to 31.3% in 2007.12 Its
prevalence has been reported to be 14.9% among adults
in Spain, 40% among Mexican adults13, 23% in
Germany14, 20–30% in the USA15, and 27.2% in
Japan16. The prevalence of MetS can be affected by
different factors such as gender, age, environmental
setting, literacy and national health policy.17 Males show
a high prevalence compared with females. In a Japanese
study, for example, its prevalence was 8–25% in males
and 2–22% in females.18,19 Older people have
substantially higher prevalence compared with the
younger people.8,20 Retired, unemployed21, bus drivers22,
university employees23, and workers in the agricultural
industry24, oil industry25, and health care sector26 have
shown different prevalence rates which highlights the
role of employment status on MetS prevalence.
The work environment which is usually
characterized by physical inactivity27 can contribute to
unhealthy lifestyle. MetS is a major health challenge
among employees27,28 who usually spend work hours in
sedentary activities which increases the risk of obesity,
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diabetes, and CVDs29,30. Workforce health can also be
effort reward imbalance28,31 which raises the risk of
CVDs and metabolic disorders.32
for them to improve their health. Knowing the
prevalence of the disease and factors affecting this
disease can help people to improve workers’ healthy
behaviour.11 For the health of workforce who include
about half of the whole population worldwide33, it is not
only important to know individual factors affecting
workers’ health, it is also important to assess the work
environment and the role of work-related factors in
explaining workers’ health patterns to implement more
effective strategies and design effective lifestyle
interventions to prevent MetS34. To the best of our
knowledge, no systematic review has been conducted to
study the prevalence of the MetS, its components and
other associated factors among working population in
the world. So, this systematic review was aimed to
assess the prevalence of MetS, its components, and
other determinants of MetS among workforce in various
regions of the world.

MATERIAL AND METHODS
This systematic review study was conducted based on
the Cochrane Library Guidelines.35 PubMed, Scopus,
Web of Science, Google Scholar, PsycINFO, and
Mendeley databases were searched to find articles
published in English language from 1st January 2005 to
31st December 2017. These databases were chosen
based on their relevance and frequency of their use in
previous similar studies. The prevalence of MetS among
workforce was determined by using US National
Cholesterol Education Program Adult Treatment Panel
(NCEP-ATP III or ATP-III) criteria. Keywords used to
achieve the relevant studies were chosen based on the
Medical Subject Headings (MeSH), keywords offered
by databases, and the objectives of the study. Keywords
included “prevalence”, “metabolic syndrome”,
“cardiometabolic risk”, “staff health OR occupational
health”, “workforce OR staff OR employees”,
“workplace OR work environment OR worksite”. These
keywords were used in various combinations. This
review was restricted to healthy adult workers of both
genders. Case reports, studies conducted on pregnant
employees, and on any group of workers having a
specific disease e.g. CVDs, diabetes, endocrine diseases,
kidney diseases, and liver diseases were excluded. A
Measurement Tool to Assess Systematic Reviews
(AMSTAR) was used as a guide while performing this
systematic review.36
Studies were reviewed by two independent
reviewers in three steps after omitting the duplicated
studies. First, the titles of all found studies were
reviewed and those which did not meet the inclusion
and exclusion criteria were excluded. Second, the
abstracts of all the remained studies were reviewed and

affected due to job stress, high work demands, and
People who suffer MetS often have low level of
knowledge towards the disease so it is very difficult
after removing the irrelevant ones full-text of the
remained studies were printed and reviewed by the
reviewers (Figure-1). The bibliography of the relevant
full-text studies were checked to include any other
studies that were not available through the selected
databases. Forty studies were finally considered for the
analysis. An extraction sheet was developed and the
information of the studies, profession of participants,
study design, criteria used to define MetS, study
population, prevalence of MetS, most common
components of MetS, and factors associated with MetS
were extracted and prepared for analysis. A descriptive
statistical analysis was applied and the results were
presented as figures and tables.
We used ATP III criteria for the diagnosis of
MetS. According to original ATP III criteria37,38 a
person is diagnosed with MetS if he has ≥3 of the
following risk factors: increased waist circumference,
hypertriglyceridemia,
reduced
HDL
(“good’)
cholesterol, raised blood pressure, and fasting
hyperglycemia. The revised ATP III criteria39 is similar
to original ATP III criteria except that former criteria
have a cut-off level of ≥100 mg/dL (5.6 mmol/L) for
fasting hyperglycemia while it is ≥110 mg/dL (6.1
mmol/L) according to later criteria (Table-1). We used
only one criterion to diagnose MetS in order to increase
comparability between studies. Another reason for using
ATP criteria was that it is very commonly used globally
to diagnose MetS. Furthermore, American Heart
Association also accepts the revised ATP criteria.
Although some of the retrieved studies diagnosed MetS
using multiple criteria e.g. ATP III, World Health
Organization (WHO), International Diabetes Federation
(IDF) criteria; however, we extracted information on the
prevalence of MetS and its components only based on
original or revised ATP III criteria.

RESULTS
A total of 1460 potentially relevant articles were
retrieved during initial search of various databases
(Figure-1). After excluding non-relevant, duplicate and
review articles, the abstracts of 325 studies were
examined. Based on the relevance of abstracts, 131 fulltexts articles were read. Forty articles met the selection
criteria and were finally used for this systematic review.
Table-2 shows summary of characteristics of
all the 40 selected studies. Eleven studies were
published during 2005–2010, and the rest of 29 articles
were published during 2011–2017. Of the total 40
studies, 18 were conducted in Asia (five in South Korea;
three in Japan; two each in China, India, Iran, and
Malaysia; one each in Taiwan, Thailand, and Russia).
Eleven studies were carried out in North America (10 in
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the USA, and one in Mexico). Five studies were
conducted in Africa (one each from Ghana, Angola,
Congo, Ethiopia, and Botswana).40–44 All four European
studies were from Spain.45–48 Furthermore, there were
two studies from South America (both from Brazil).38,49
Cross sectional study design was used by 36
studies; three studies were retrospective50–52, and one
was of prospective design53. The sample sizes of the
individual studies ranged from 115 to 259,014 workers.
The total number of participants from all the studies was
435,013. Eight studies included men only, one study54
included women only, and the rest of 31 studies
included both genders. The selected 40 studies included
workers from diverse fields such as health professionals,
bank employees, teachers, granite workers, professional
drivers, and law enforcement officers etc. Age of the
participants in various studies ranged from 18 to 64
(mean=38.5) years (Table-2).
Prevalence of metabolic syndrome
The average prevalence of MetS among all the studies
was 21.7% with minimum prevalence being 6.1%23 to
maximum being 58%.55 The average prevalence of
MetS among males was 21.9% (range: 9.6–37.2%), and
among females was 14.1% (range: 1–28.7%).
Prevalence of MetS was compared between
males and females in 27 studies. Males had significantly
higher prevalence of MetS than females in 22 studies. In
rest of the five studies40,41,43,44,56, females had
significantly higher prevalence of MetS than males; four
of these five studies were from Africa.
The region-wise average prevalence of MetS
in the selected studies was found to be 21.27% in Asian
studies, 27.93% in North American studies, 16.04% in
African studies, 10.47% in European studies, and
27.65% in South American studies. We could not find
any study to assess the prevalence of MetS among
workforce in the South Pacific Region.

Prevalence of the components of metabolic
syndrome
Low HDL cholesterol was the most common
component of MetS with 39.1% mean prevalence (n=23
studies). Second and third most prevalent components
of MetS were hypertension (33.7%) and
hypertriglyceridemia (30.8%) respectively. The mean
prevalence of central obesity and fasting hyperglycemia
were calculated to be 29.2% and 17.6% respectively.
Mean values and range for the prevalence of each
component of MetS can be found in table 3. Out of total
40 studies, 25 have individually reported the first,
second, and third most common components of MetS.
Central obesity was reported as the first most common
component of MetS by 4 studies27,34,43,55 as the second
most common component of MetS by 5 studies, and as
the third most common component of MetS by 10
studies. The number of studies reporting
hypertriglyceridemia, low HDL, hypertension, and
fasting hyperglycemia as the first, second, and third
most common components of MetS are presented in
table-3.
Factors associated with metabolic syndrome
Factors associated with increased prevalence of MetS
are presented in table-4. Increasing age was reported by
25 studies to be significantly associated with increased
likelihood of having MetS. Nine studies reported the
association between sedentary lifestyle and increased
prevalence of MetS. Moreover, another five studies
reported that cigarette smoking is associated with
increased risk of having MetS. Other factors (e.g.
psychological stress, alcohol abuse, shift work, and high
job control etc.) associated with increased prevalence of
MetS in the working population along with the number
of studies that have reported this association can be
found in table-4.

Figure-1: Flow diagram showing the selection of studies for this systematic review
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Table-1: Criteria used to diagnose metabolic syndrome
Risk factor

Abdominal obesity
(↑ Waist circumference)
Hypertriglyceridemia
Reduced HDL (“good’)
cholesterol
Raised blood pressure
Fasting hyperglycaemia

NCEP-ATP III criteria, 200137,38
Criteria required:
Any ≥ 3 of the following
Men: >40 in (102 cm)
Women: > 35 in (88 cm)
≥150 mg/dL (1.7 mmol/L)
Men: < 40 mg/dL (1.03 mmol/L)
Women: <50 mg/dL (1.29 mmol/L)
Systolic BP ≥130 mm Hg, or diastolic BP ≥85 mm Hg (or
treated for hypertension)
≥110 mg/dL (6.1 mmol/L) or previously diagnosed type 2
diabetes mellitus

Revised NCEP-ATP III criteria, 200539
Criteria required:
Any ≥3 of the following
Men: >40 in (102 cm)
Women: >35 in (88 cm)
≥150 mg/dL (1.7 mmol/L)
Men: < 40 mg/dL (1.03 mmol/L)
Women: <50 mg/dL (1.29 mmol/L)
Systolic BP ≥130 mm Hg, or diastolic BP
≥85 mm Hg (or treated for hypertension)
≥100 mg/dL (5.6 mmol/L) or previously
diagnosed type 2 diabetes mellitus

Table-2: Summary of the 40 studies selected for this systematic review
First
author,
year,
country
(Ref. #)*

Profession of
the
participants

Myong et
al., 2012
South
Korea74

Korean
working
population

Kang et al.,
2013
South
Korea64

Korean
working
population

Choi et et
al., 2014
South
Korea65

Workers from
a wide range
of small-sized
companies
having

Ryu et al.,
2017
Office workers
South
Korea34

Study
Design and
age and
Criteria Number,
gender of
used for
Participants
diagnosis
of MetS
Total n= 3,288,
Males: 55%
(n=1807),
crossFemales: 45%
sectional,
(n=1481),
ATP III male age: 41.9±0.4
years,
Female
age:41.4±0.5 years
Total n= 1,545,
Men=55.5 %
cross(n=858),
sectional,
Women:44.4%
ATP III
(n=687),
Age: >20 years
Total n= 21784,
Males: 75.7%
(n=16488),
crossFemales: 24.3%
sectional,
(n=5296),
ATP III
Male age:
38.7±10.6 years,
Female age:
40.5±11 years
Total n= 776,
Males: 78.8%
cross(n=610),
sectional,
Females:21.2%
ATP III
(n=164),
Age: 37 (24–59)
years

Prevalence of Metabolic
syndrome % (n)

Most common
components of metabolic
syndrome (MetS)

Factors associated with
increased risk of metabolic
syndrome (MetS)

Overall prevalence of MetS: Among those < 50 years
Male gender, aging.
21.8% (n=717),
of age,
Female manual workers had a
Prev. of MetS in males:
Low HDL was seen in
25.5% (n=461),
45.1% followed by ↑ TGs higher prevalence of MetS than
female non-manual workers
Prev. of MetS in females:
in 36.8% and then
15.9% (n=236).
hypertension in 31.5% of among those younger than age
50.
the participants
Overall prevalence of MetS:
25.8% (n=399),
Prev. of MetS in
men=29.2% (n=250),
Prev. of MetS in
women=19.3% (n=132)

Low HDL-C in 64.4%,
↑ TGs in 29.1%,
abdominal obesity in
26.5%

Male gender,
Job control, heavy alcohol
consumption, current smoking

Overall prevalence of MetS:
In males: ↑ TGs (41.0%),
Male gender, aging, family
12 % (n=2618).
HTN (19.9%), fasting
history of CVD,
Prev. of MetS in males=
hyperglycemia (12.7%). MetS is more prevalent in non13.4% (n=2210), Prev. of
In females: Low HDL
manual workers (office
MetS in females: 7.7%
(17.8%), ↑ TGs (16.7%),
workers/drivers) than in
(n=408)
hypertension (14.2%).
manual workers
Overall prevalence of MetS: ↑waist circumference in
13.5%(n=105),
27.5%,
Male gender. Having any
Prev. of MetS in males: 17% ↑ fasting glucose in 23.1% medical health problems. more
(n=104),
and
knowledge of MetS, higher
Prev. of MetS in Females:
↑ TGs in 22.2% of the
BMI, current smoking and
1% (n=1)
participants
physical inactivity

Shiwaku et
Workers from
al., 2005
different
Japan,
Korea &
companies
72
Mongolia

crosssectional,
ATP III

Overall prev. of MetS:
Total n= 1,384,
12.9% (n=179).
(Japanese: 719,
Male gender,
Most common MetS
The prev. of MetS was 12%
Korean: 408,
Note: The ATP III-BMI25
for
Japanese,
13%
for
comp.
in
men
was
↑
TGs,
Mongolian: 257)
definition is suitable for the
Koreans, and 16% for
while in females it was determination
Males= 50.7%
of MetS among
low HDL.
Mongolians.
(n=702)
Japanese and Koreans, and the
Prev.
of
MetS
in
males=
Females= 49.3%
ATP III-BMI30 is more
14.4%, (n=101),
(n=682)
appropriate for Mongolians.
Prev.
of
MetS
in
females:
Age= 30–60 years
11.4% (n=78)

Kawada et
al., 2010.
Japan75

A wide age
range of
workers

crosssectional,
ATP III

n= 4278 men
Age: 20–59 years

Ojima et
al., 2015
Japan76

Middle-aged
Japanese
employees.

Shafei et
al., 2011.
Malaysia54

Female nurses

Overall prevalence of MetS:
20.9%, (n=892)

Aging

Hypertension (29.7%), Participants with decayed teeth
crossn= 4716 males
Overall prevalence of MetS: followed by dyslipidemia
showed a ↑ prevalence of
sectional,
11 % (n=521)
MetS, overweight or obesity,
(28%) and then central
hypertension, dyslipidemia,
AHA
Age: 42 or 46 years.
obesity (24.2%)
and hyperglycemia
Aging, total years of
Total n= 404
employment and one-way
crossfemales,
The prevalence of MetS:
commuting time to work
sectional,
Age: 42.1±7.19
24.3% (n=98)
(minutes).
ATP III
years
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Study
and
Profession of Design
Most common
Criteria Number, age and Prevalence of Metabolic
the
gender of
components of metabolic
used
for
syndrome
%
(n)
participants
Participants
syndrome (MetS)
diagnosis
of MetS
Total n= 659,
Hypertension in 43.7%,
Males: 23.4%
Chee et al.,
Among
cross(n=154), Females: Overall prevalence of MetS:
Low HDL in 43.4%,
2014
government sectional,
27.9%
(n=184)
Abdominal obesity in
76.6% (n=505),
Malaysia77
employees
ATP III
36.4% of the participants
Age: 34.49±8.80
years
Prabhakara
crossn= 2122 men.
Overall prevalence of MetS: ↑ TGs in 57.9%, Low
n et al.,
Industrial
HDL in 67.2%,
sectional,
Age: 20-59 (42)
28.1% (n=596)
2005.
population
Hyperglycemia in 37% of
ATP
III
years
India60
participants
Srilakshmi
crossElevated
BP in 40%,
Granite
n= 210 males,
Prevalence of MetS: 33 %
et al., 2015.
sectional, Age=20-50 years
Abdominal obesity in
workers
(n=69)
78
India
ATP III
29%, low HDL in 34%
Total n= 1488,
Overall prevalence of MetS
↑ TGs in 45.9% of
men: 92%
Alavi et al., Office workers
crosswas 35.9% (n=534),
participants,
(n=1372),
2015
sectional,
Prevalence
in
men:
37.2%
women:8%
low HDL level in 45.5%,
(n=510), Prevalence in
Iran58
ATP III
Hypertension in 21.1%
(n=116),
women:20.6% (n=24)
Age= 36±7.7 years
Low HDL in 79.3% of
n= 991 males
Prevalence of MetS= 26.1%
participants,
Ebrahimi et Professional
crossAge=42.17±10.65
(n= 257)
↑ triglycerides (TGs) in
al., 2016
sectional,
drivers
years
56.3%,
Iran79
ATP III
Abdominal obesity in
25.2%
Total n= 2273,
Overall
prevalence
of
MetS:
Males: 53%
6.1% (n=139),
Cheserek et University
cross(n=1198),
Hypertension in 37.9%,
al.,
workersPrev. of MetS in males:
sectional,
↑ TGs in 20.8%,
Females:
47%
2014
administration ATP III
9.6%
(n=115),
(n=1075),
Reduced HDL in 13.8%
Prev. of MetS in females:
China23
and academic
Age:22–60
2.23 % (n=24),
(42.5±8.6) years
Total n= 33149,
Overall prevalence of MetS:
Men= 58.3%
employees Retrospecti
Within the metabolic
25.7% (n=8519),
from govt.
ve
(n=19337),
Wang et
syndrome group most
al., 2016
institutions, observation Women= 41.7% Prevalence of MetS in men: common component was
30.9% (n=5975),
(n=13812),
China50
universities or al study,
overweight/obesity
Prev. of MetS in women:
companies
ATP III
Age=43.8±12.8
18.4%(n=2541)
years,
Overall prevalence of MetS: Among shift workers,
Workers at
Total n= 1732 men,
29.4%(n=509),
Hypertension was present
Lu et al.,
crosssteel plants.
day workers: 862,
Prev. of MetS in shift
in 50.1%,
2017
sectional, shift workers: 870,
workers: 31.7% (n=276), Central obesity in 38.9%
Taiwan67
ATP III
Age: 42±8 years
Prev. of MetS in day
and
workers: 27.0% (n=233)
↑ TGs in 36.2%
Overall prev. of MetS: 9.7%
Total n=1,373
(n=133),
Patrakitko
Prev. of Intermediate MetS:
Males=16.2%
Retrospecti
mjorn et
Hospital staff
(n=223)
46% (n= 611),
ve study,
al., 2011
Females=83.8%
prev. of MetS in males=
ATP III
Thailand51
18% (n=41),
(n=1150)
prev. of MetS in females=
8% (n=92)
Total n= 1561
Overall prevalence of MetS:
Males: 21.6%
Abdominal obesity in
18.8% (n=293)
Konradi et
cross(n=338),
45.6%
Bank
Prevalence
in
men:
28.4%
al., 2011
sectional,
Females: 78.4%
Hypertension in 35.2%
(n=96)
employees
27
Russia
ATP III
(n=1223),
Prevalence in women:16.2% ↑ TGs in 28.4% of the
Mean Age=38.5
participants
(n=198)
years
Overall prevalence of MetS: Among individuals with
Primarily
Total n=871,
MetS, 29.8% had ↑ TGs
27% (n=234),
Godefroi et white-collar
crossMen=68% (n=592), Prevalence of MetS in men:
levels,
al., 2005
sectional,
28.1% were hypertensive
(e.g.,
Women= 32%
30.2% (n=180),
57
USA
engineers,
ATP III
(n=279),
and
Prev. of MetS in women:
accountants)
Age: 21–77 years
23.0% had abdominal
19.7% (n= 55)
obesity.
Employees
Total n= 5512,
Overall prev. of MetS:
The most common comp
from large,
Males= 38.7%
22.6% (n = 1247),
Burton et
Crossof MetS was low HDL-C
multistate
(n=2133),
Prev. of MetS in males:
(41.1%) followed by high
al., 2008
sectional,
financial
Females=
61.3%
23.7%
(n=505),
70
USA
AHA
BP (38.3%) and then ↑
services
(n=3379),
Prev. of MetS in females:
TGs (31.5%)
Corporation.
Age: 18-64 years
22% (n=742)
First
author,
year,
country
(Ref. #)*
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Factors associated with
increased risk of metabolic
syndrome (MetS)

Male gender, aging, current
behavioral stage of physical
activity

Aging

Sedentary lifestyle and stress
Male gender, aging
office work, University
education, lack of physical
activity, low intake of fruits and
smoking

Aging, Being a professional
driver

Male gender, aging.
High prevalence in those with
administrative jobs.

Male gender and aging

Shift work was independently
associated with MetS.

Male gender, aging.
↑ creatinine, ↑ uric acid and ↑
AST levels.

Male gender, Aging
Low physical activity,
smoking, & alcohol abuse

Male gender, aging, sedentary
lifestyle. History of
hypertension, heart disease, or
stroke. Those with an
increased heart rate and ↑ levels
of C-reactive protein.
Male gender,
MetS was associated with poor
perceived health, ↑ illness days,
and an ↑ trend of STD
incidence

J Ayub Med Coll Abbottabad 2019;31(2)

First
author,
year,
country
(Ref. #)*

Study
and
Profession of Design
Criteria Number, age and
the
gender of
participants used for
Participants
diagnosis
of MetS

Schultz et
al., 2009
USA69

Total n= 4188,
Males= 83.4% (n=
3492),
Females= 16.6%
(n= 696),
Average age: 40.8
years

Employees of
crossa
manufacturing sectional,
ATP III
corporation

Yoo et al.,
2009
USA63

Law
enforcement
officers

Davila et
al., 2010
USA56

Workers from
40 various
occupations

Birnbaum
et al., 2011
USA80

Office-based
employees

Burton et
al., 2014.
USA52

Employees of retrospectiv
e
US-based
Fortune 100 observation
al study,
company
AHA

Capizzi et
al., 2010
USA71

Employees
crossfrom a large sectional,
manufacturing ATP III
firm.

Goetzel et
al., 2017
USA81

Employees at
Observatio
Lockheed
nal study,
Martin
AHA
Corporation,
USA

Lemke et
al., 2017.
USA55

US long-haul
truck drivers.

Prevalence of Metabolic
syndrome % (n)

Overall prev. of MetS:
↑ TGs was the most
30.2% (n=1266).
common risk,
Prev. of MetS in males:
followed by ↑ BP and then
32.5% (n=1134)
obesity
Prev. of MetS in Females:
18.9% (n=132)

crossn= 386 white males, Overall prevalence of MetS:
sectional,
Age= 39.1 (8.7)
23.1% (n=89)
ATP III
23–60 years
Overall prevalence of MetS:
Total n= 8457
18.7% (1581).
Males=53.5%
crossPrevalence of MetS in
sectional,
(4523),
males: 20.2% (914),
ATP III
Females=46.5%
Prevalence of MetS in
(3934)
females:21.4% (842)
Total n= 203,
Overall prevalence of MetS:
Males=66%
cross23.6 % (n=48).
(n=134),
Prevalence of MetS in
sectional,
Females=
34%,
ATP III
males: 25.8% (n=34)
(n=69),
Women 20.3% (n=14).
Age: 45±8.59 years

crosssectional,
ATP III

Total n= 4345,
Males= 34.1%
(n= 1483),
Females= 65.9%
(n=2862),
Average age:
41.6 years
Total n= 1813,
Males= 74.6%
(n=1352),
Females= 25.4%
(n=461),
Age= 44.8±0.3
years
Total n= 10,018,
Males:62.44%
(n=6255),
Females:37.56%
(n=3763),
Mean age: 45.5
years
n=115 males
Age: 46.6(±10.5)
years

Most common
components of metabolic
syndrome (MetS)

Overall prevalence: 30.2%
(n=1312)
Prev. of MetS in males:
33.1% (n= 491)
Prevalence in females:
28.7% (n= 823)

Prevalence of MetS: 58%
(n=66)

Female gender, aging
transportation & material
occupations

Hypertension in 55.2%,
↑ TGs in 47.8%,
Obesity in 33.0%

Mexican
health workers

Male gender, aging

Male gender, aging, ↑ Health
The most common
care costs, ↑ % of absenteeism
component of MetS was & presenteeism, ↑ risk for selflow HDL-C, followed by reported illness absence days,
abdominal obesity and safety belt use, stress, smoking,
then ↑ TGs
depression, and osteoporosis.
Male gender,
MetS appeared to adversely
interact with mental health in
men

56.8% had high
cholesterol,
57.4% were obese, and
34.0% of the participants
had high BP
↑ Waist circumference in
79%,
low HDL in 66 %, and ↑
TGs in 50 %

Total n= 1462,
Males: 24.8%
Overall prevalence of MetS:
(n=363),
28.6% (n=418)
Females75.2%(n=1
099),
Total n= 150,
Health care
Overall prevalence of MetS:
Men= 29.3%
workers
at
34.0% (n=51),
Low HDL in 80%,
Garrido et Kanye 7th -day
cross(n=44),
Prev. of MetS in men: 15.9% Hypertension in 44%,
al., 2009
sectional,
Women=
70.7%
Adventist
(n=7),
Abdominal obesity in
Botswana40
ATP III
(n=106),
Hospital,
Prev. of MetS in women:
42% of the participants
Age=39.2±11
(22–
Kanye
41.5% (n=44)
65) years
Active
Reduced HDL in 39.4%,
Owiredu et sportspersons
crossTotal n= 186
The prevalence of MetS:
Hypertension in 25.0%,
al., 2011
sectional, Age= 43.56±1.06
7.4% (n=14)
& sedentary
Abdominal obesity in
Ghana42
ATP III
years
workers
12.2%
In women: Low HDL in
Overall Prevalence of MetS: 23.2%, central obesity in
Total n = 1935,
12.5% (n=242)
19.6% and ↑ TGs in
Tran et al.,
Bank
crossMales= 60.5 %
19.5%.
2011
Employees and sectional, (1171), Females= Prevalence in men: 10.0% Among men:
Low HDL
(n=117),
Ethiopia44
teachers
ATP III
39.5% (764)
Prevalence in women:16.2%
in 23.4%, high BP in
(n=124)
21.8% and ↑ TGs in
21.3%.
Flores et
al., 2016.
Mexico53

Male gender, Health care cost
& presenteeism ↑ with ↑ in no.
of components of MetS. Those
with MetS were more likely to
report arthritis, diabetes,
depression, chronic pain, heart
problems, acid reflux, stroke &
chronic bronchitis/emphysema
Physical inactivity

Overall prevalence of MetS: Among employees with
20.4% (n=370),
MetS, the most common
Prev. of MetS in males:
component was ↑ TGs
22.8% (n=309),
(42.7%) followed by
Prev. of MetS in females: hypertension (37.2%) and
13.2% (n=61)
then low HDL (35.7%).

Overall prevalence of MetS:
24.9% (n=2494)

Factors associated with
increased risk of metabolic
syndrome (MetS)

Cohort
Study
ATP III
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Longer work experience and
work day sleep quality

↑ ALT levels were associated
with increased risk of MetS

Female gender and aging

Sedentary lifestyle

Female gender and aging

257

J Ayub Med Coll Abbottabad 2019;31(2)

First
author,
year,
country
(Ref. #)*

Gombet et
al., 2012
Congo43

Study
Design and
Profession of
Number, age and
Criteria
the
gender of
used for
participants
Participants
diagnosis
of MetS

Bank
employees

Magalhães Employees of
et al., 2014
a public
Angola41
university

crosssectional,
ATP III

crosssectional,
ATP III

Employees
Alegría E,
crossfrom a large
et al., 2005 car factory & a sectional,
Spain45
department
ATP III
Store

Sa´nchezChaparro et
al., 2008
Spain46

Non-manual
and manual
workers.

crosssectional,
ATP III

Total n= 126,
Males= 55.6%
(n=70), Females=
44.4% (n=56),
Age= 42±9 years
Total n= 615,
males: 47.8 %
(n=294), females:
52.2 % (n=321),
Age= 44.5±10.6
years
Total n= 7256,
Males: 82.4%
(n=5979),
Females: 17.6%
(n=1277),
Age= 45.4±9.8
years
Total n= 259,014
Males:72.9%(n=18
8,804),
Females:27.1%(n=7
0,210),
Age: 36.4 [16-74]
years
Total n= 43265
Males= 56.7%
(n=24529)
Females=43.3%
(n=18736)
Age: 20–65 years

Prevalence of Metabolic
syndrome % (n)

Most common
components of metabolic
syndrome (MetS)

The prevalence of MetS:
8.7% (n=11)

Abdominal obesity in
Female gender, aging. a pro39.7%,
Fasting hyperglycemia in inflammatory state (↑ ESR),↑
liver enzymes, longer duration
26.2%,
of rural–urban migration
Known hypertension in
26.2 %

The prevalence of MetS:
17.6% (n= 108)

Factors associated with
increased risk of metabolic
syndrome (MetS)

Low HDL in 50.1%,
Hypertension in 45.2%,
Overweight in 29.3%.

Overall prevalence of MetS:
Hypertension in 40% of
10.2% (n=743)
the workers,
Prev. of MetS in men: 11.9%
Obesity in 28.5%,
(n=716),
↑ TGs in 18.3%
Prev. of MetS in women:
2.11% (n= 27)

Female gender and aging

Male gender, aging, obesity,
hypertension and diabetes.
High prevalence of MetS in
manual workers than office
workers and managers (an
inverse relationship with social
class).
Male gender, Aging.
Among females, the ageadjusted prevalence of MetS
was higher in blue-collar
(manual) than in white-collar
(non-manual) workers

Overall prev. of MetS: 9.5%
(n=24606),
Prev. of MetS in men: 11.6%
(n=21901), Prev. of MetS in
women: 4.1% (n=2878)

Overall prev. of MetS:
7.35% (n=3180),
Prev. of MetS in males:
Male gender, aging
9.93% (n=2435), Prev. of
MetS in females: 3.98%
(n=745)
Overall prevalence of MetS:
Workers from
Total n= 636,
Romero14.9% (n=95),
a
crossMales: 67.9%
Male gender, Sedentary/light
Saldaña et
Prev. of MetS in males:
Local
sectional, (n=432), Females:
Physical activity associated
al. 2016.
19.4% (n=84),
government
ATP III
32.1% (n=204),
with MetS
48
Spain
Prev. of MetS in females:
office
Age: 45.1±8.8 years
5.4%(n=11)
Total n = 501.
Overall prevalence of MetS:
Male gender, aging
Salaroli et
crossMales: 50.9%
17.2% (n=86), Prev. in
Bank
Individuals with college
al., 2013.
sectional, (n=255), Females:
men:19.6% (n=50),
degrees, overweight and
employees
Brazil38
ATP III
40.1% (n=246) Prevalence in women:14.6%
obesity
Age=20-64 years
(n=36)
Ribeiro et
Descriptive
Nursing
n= 226,
Overall prevalence of MetS:
al., 2015.
study
Aging, anxiety and stress
personnel
Age: 23-66 years
38.1% (n=86)
49
Brazil
ATP III
*studies are listed by regions/continents: first Asian studies, then North American, followed by African, European and South American studies.
Studies from each country in a region are grouped and listed in chronological order.
Tauler et
al., 2014
Spain47

Workers from
post offices,
health dept.
and public
administration

crosssectional,
ATP III

Table-3: Number of studies reporting first, second, and third most common components of MetS (n=25
studies)
Mean Prevalence (range)
1st most common
component of MetS
2nd most common
component of MetS
3rd most common
component of MetS
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Central
obesity
29.2 (4–79)%

↑ TGs

Low HDL

Hypertension

30.8 (3.9–57.9)%

39.1 (9.5–80.0)%

33.7 (9.4–55.2)%

Fasting
hyperglycaemia
17.6 (5.7–37.0)%

3 articles

5 articles

9 articles

8 articles

0 article

5 articles

7 articles

4 articles

7 articles

3 articles

11 articles

6 articles

3 articles

4 articles

1 article
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Table-4: Factors associated with increased prevalence of metabolic syndrome
Factors associated with increased prevalence of metabolic syndrome along with the number of studies that have reported this association
 Aging: 25 studies
 Alcohol abuse: 2 studies27,64
 Sedentary lifestyle: 9 studies
 Family history of diabetes, CVD: 1 study65
 Smoking: 5 studies27,34,52,58,64
 Lower intake of fruits: 1 study58
49,52,69,78
 Psychological stress/depression: 4 studies
 Longer duration of rural-urban migration: 1 study43
 Elevated liver enzymes (ALT, AST, gamma GT): 3 studies  More knowledge of MetS: 1 study34
43,51,53
 High job control: 1 study64
45,46,74
 Manual workers: 3 studies
 Shift work: 1 study67
 Non-manual workers e.g. administrators, office workers,  Absenteeism: 1 study52
drivers: 2 studies58,65
 Increased trend of STD illness: 1 study70
 Higher education: 2 studies38,58
 Increased illness days: 1 study70
 Longer work experience: 2 studies54,55
 Decayed tooth: 1 study76
 Being a professional driver: 2 studies55,79
 Increased ESR: 1 study43
 Presenteeism: 2 studies52,69
 Increased CRP: 1 study57
52,69
 Increased health-care cost: 2 studies
 Increased creatinine & uric acid: 1 study51
Abbreviations: AHA, American Heart Association; BMI, Body Mass Index; BP, Blood Pressure; CVDs, Cardiovascular Diseases; HDL, High
Density Lipoproteins; IDF, International Diabetes Federation; LDL, Low Density Lipoproteins; MetS, Metabolic syndrome; NCDs, Noncommunicable Diseases; NCEP ATP-III, National Cholesterol Education Program Adult Treatment Panel III; TGs, Triglycerides; WHO, World
Health Organization

DISCUSSION
Prevalence of metabolic syndrome
In this systematic review, overall average prevalence
of MetS among all the studies was calculated to be
21.7%. This means, more than 1/5th of the adult
workers suffer from MetS. However, in some of the
studies used for this review this prevalence was as
low as 6.1%23 and in some others as high as 58%55.
Such a high prevalence of MetS in otherwise healthylooking working population is worrisome as MetS
increases the risk of having CVDs57 and diabetes
mellitus.
The average prevalence of MetS among
males (21.9%) was higher than the average
prevalence of MetS among females (14.1%). Twenty
two out of 27 studies, which have compared the
prevalence of MetS between males and females, have
reported significantly higher prevalence of MetS
among males. This indicates that male gender is more
likely to be affected by MetS among working
population. Another study58 has reported that male
office workers are more likely to be affected by MetS
than female office workers. However, in five studies
used for this systematic review females had higher
prevalence of MetS than males. Interestingly, four of
these five studies were from Africa. African females
may be more prone to develop MetS than African
males. One of the implications of these finding may
be that male employees should be given repeated
awareness of their increased risk of having MetS, and
the importance of adopting a healthy lifestyle. This
does not mean that females should be ignored while
targeting the high-risk male group.
It is interesting to note that six
studies40,47,49,51,53,54 reported high prevalence of MetS
among health-care providers e.g. doctors and nurses.
As health professionals are more likely to be aware of
various NCDs and their risk factors, general public

may expect them to be healthier than general
population. This high prevalence of MetS and its
components among health professionals, who
themselves are responsible for promoting health and
healthy behaviours among the general population, is
worrisome. As health care providers have immediate
access to the medical care, the diagnosis and
management of MetS and its components should be
even more expeditious among them.40
North American studies showed highest
(27.93%) average prevalence of MetS, followed by
South American studies (27.65%). It means that in
Americas, more than 1/4th of the working population
is suffering from MetS. There were 11 studies from
North America but only two studies from South
America. Therefore, the average prevalence of MetS
that we found may be representative of the
prevalence of MetS in North America. However, the
average prevalence of MetS that we found may not
be true representative of the prevalence of MetS in
other South American countries as the only two
South American studies used were from Brazil.38,49
Average prevalence of MetS in the Asian studies was
calculated to be 21.27%. It means more than 1/5th of
the adult workers in Asia are having MetS; however,
this prevalence varies on the basis of age, gender and
country. The least average prevalence of MetS
(10.47%) was found in European studies. However,
all the four European studies45–48 were from only one
country- Spain. Therefore, this average prevalence of
MetS may not be true representative of the
prevalence of MetS in other European countries. We
also noted that no study has assessed the prevalence
of MetS among workforce in the South Pacific
Region; hence, there is need to evaluate the burden of
MetS and its components among workforce in this
region of the world where risk of NCDs is very
high.59
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In this systematic review, MetS was defined by only
one (ATP III) criteria to enhance comparability
among studies. The other criteria e.g. IDF criteria and
WHO criteria were not used as the cut-off values of
the parameters (variables) used to diagnose MetS are
somewhat different from ATP III.37 However, it is
important to mention here that the average prevalence
of MetS by using the other criteria (IDF, WHO)
might have been even higher than we found by using
ATP III criteria as has been evidenced by some
studies.27,43,60
Prevalence of the components of metabolic
syndrome
Central obesity
In this review, the mean prevalence of central obesity
was calculated to be 29.2% which is lower than its
mean prevalence (45.8%) in another systematic
review on MetS in Latin America.61 However, our
study is not limited to any one region; hence, it is
giving a global value of the prevalence of central
obesity among workforce. Furthermore, we found
that central obesity was reported to be the 1st, 2nd and
3rd most common component of MetS in three, five,
and eleven original articles, respectively. As central
obesity is associated with increased likelihood of
MetS45, weight loss along with dietary and other
lifestyle modifications should be considered as
important measures for the prevention and
management of MetS.
Elevated blood pressure
We found that hypertension was the second most
prevalent (33.7%) component of MetS. Hypertension
was reported to be the 1st, 2nd and 3rd most common
component of MetS in eight, seven, and four original
articles, respectively (Table-3). Hypertension is a
well-established major modifiable risk factor for
CVDs. The significance of hypertension as an
important component of MetS can be understood by
the findings of a study48 in which 77.9% of all the
cases of MetS were detected by using only two noninvasive
parameters
(waist/hip
ratio
and
hypertension).
Dyslipidemia
Low HDL cholesterol and hypertriglyceridemia are
two of the biochemical components of MetS. Low
HDL was the first most common component of MetS
with mean prevalence of 39.1% which is lower than
the mean prevalence (62.9%) in another systematic
review.61 Low HDL was reported to be the 1st, 2nd
and 3rd most common component of MetS in nine,
four, and three original articles, respectively.
Hypertriglyceridemia was the third most prevalent
(30.8%) component of MetS. The mean prevalence of
hypertriglyceridemia in our study is lower than the
prevalence (46.7%) in another regional systematic
review
on
the
prevalence
of
MetS.61
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Hypertriglyceridemia was reported to be the 1st, 2nd and
3rd most common component of MetS in five, seven,
and six original articles, respectively (Table-3).
Fasting hyperglycemia
Fasting hyperglycemia was reported to be the 2nd and
3rd most common component of MetS in three, and
one original articles, respectively (Table-3). Central
obesity measured as increased waist circumference is
an important component of MetS which often
contributes to insulin resistance and hyperglycemia.62
So, decrease in weight may lead to enhanced glucose
tolerance.
Factors associated with metabolic syndrome
Irrespective of the criteria used, aging was associated
with increased prevalence of MetS in both genders as
reported by 25 studies. One of its implications may
be that there should be more robust adoption of
healthy lifestyle for the prevention MetS and its
components among older workers.
Sedentary lifestyle was also reported by nine
studies to increase the prevalence of MetS. Indoor
jobs which require minimal physical activity increase
the risk of MetS. These days, we spend most of our
awake time in the offices which decreases the amount
of physical activity which we can do during 24 hours.
Most of the office workers e.g. doctors, university
employees, teachers, bankers, administrators etc. are
at increased risk of MetS due to their sedentary
lifestyle. WHO emphasizes that health promotion and
awareness of wellbeing at the worksite is very
important to reduce the risk of MetS and other NCDs.
It may be useful to create opportunities for
employees to do exercise at the worksite. Yoo et al63
have suggested that increasing physical activity
decreases the risk of MetS; furthermore, increased
physical activity may also buffer the influence of
perceived stress on the development of MetS.
Four studies27,34,52,58 have reported that
smoking is also associated with increased likelihood
of having MetS and its individual components in both
genders. In one of the studies, it was observed that
current smoking is associated with increased
prevalence of MetS in women but not in men.64 One
of the implications of these findings may be that there
might be beneficial effects of workplace-based
interventions for smoking cessation on reducing the
prevalence of MetS and its components among
working population.34
Alcohol abuse was also reported by two
studies27,64 to be associated with increase occurrence
of MetS. Hence, employees may be benefitted by
decreasing or avoiding the alcohol intake. Another
study65 reported that having family history of CVDs
and diabetes mellitus also increases the risk of having
MetS. So, the persons having family history of CVDs
and/or diabetes mellitus should be warned to adopt a
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healthy lifestyle for preventing or delaying the
development of MetS.
One of the studies58 reported that there was
higher prevalence of MetS among those with low
intake of fruits. Evidence suggests that higher intake
of fruits and vegetables may decrease the
development of MetS and its components.66 This
protection provided by fruits and vegetables against
cardio-metabolic risk factors may be due to the
presence of dietary fibres, essential antioxidants,
vitamins and minerals in fruits and vegetables.
Another study67 showed that shift-workers
were more likely to have MetS than day-workers.
Furthermore, increased circulating levels of resistin
and total white blood cell counts were observed
among
shift-workers.
This
suggests
that
cardiometabolic changes among shift-workers may
have been induced by chronic inflammation.67 As
shift-work is likely to decrease sleep quality among
shift-workers, this increased prevalence of MetS may
have been caused by poor sleep as suggested by other
studies.68
MetS affects the performance of working
population and increases financial burden on
individuals and their companies. Two studies52,69
reported that MetS was associated with increased
likelihood of presenteeism. Another study suggested
that there was an increased risk of absenteeism
among those with MetS.52 Presenteeism is being on
job but not fully functioning due to some medical or
other condition. Absenteeism is the habitual pattern
of being absent from job without any good reason.
Both presenteeism and absenteeism decrease the
productivity of employees and their companies.
Schultz et al69 has mentioned that increase in the
number of components of MetS increases health-care
cost in the employees. Workers with MetS who do
sufficient exercise have lower health-care cost per
annum compared with non-sufficient exercisers.
Workers with MetS, in general, are more likely to
have poor physical and mental health as compared to
those without MetS.52,70,71
Strengths and limitations
There are several strengths of this systematic review.
To the best of our knowledge, this is the first
systematic review in the world on the prevalence of
MetS and its components among apparently healthy
working population. We have reviewed studies
published on both genders during last 13 years. Most
of the studies (n=29) were published recently
between 2011 and 2017 with a high total number
(n=435,013) of participants. We have used only one
(ATP III) criteria for the diagnosis of MetS with the
advantage of enhancing comparability among studies.
There are some potential limitations for this
systematic review as well. First, studies published

only in English language were used; however, studies
published in non-English language were less than 5%
which were less likely to affect the results. Secondly,
some studies have used original ATP-III criteria (2001)
and some other studies have used revised ATP-III
criteria (2005) for the diagnosis of MetS. Moreover, a
few studies45,69,72 used BMI, instead of waist
circumference, to define central obesity. These slight
variations of ATP-III criteria may have some potential
effect on the comparability of studies. Thirdly, studies
from different countries have included employees with
different mean ages. Moreover, most of the studies
included both genders; however, some studies included
only male or female participants. These variations in the
age and gender of the participants may also have
affected the comparability of the prevalence of MetS
among studies. Lastly, meta-analysis was not done.
Recommendations
As the adult population is predominantly the
working population in most of the countries, it is
very important that workforce should be living a
healthy life so that they may contribute to the
development of their institutions and nations. As
evidence has suggested very high prevalence of
MetS among workforce, there is need to start
onsite programs for health promotion and
prevention of MetS. Such programs may include
MetS awareness56, regular physical exercise, and
lifestyle modifications e.g. cessation of smoking
and alcohol abuse, healthy eating habits.27,50
Individuals at high risk of future CVDs should be
identified/screened and managed properly. Some
researchers73 have given the idea of pre-metabolic
syndrome which is presence of any two
components of MetS however the person does not
meet the full criteria for diagnosis of MetS.
Diagnosing and managing such cases who just
have pre-metabolic syndrome may be a better
approach to prevent or delay the progression to full
blown MetS. Such primordial ad primary
prevention programs may reduce the productivity
losses due to MetS.44,52,60,69 Some studies23,40,65
suggest that there should be routine screening for
MetS especially among those with family history of
CVD.
Moreover, gender and occupation specific
interventions are required to prevent the risk of diabetes
mellitus and CVDs. Capizzi et al71 have studied that
health promotion programs at the worksite can lead to
an improvement in the cardio-metabolic and mental
health of the employees. It is also recommended that
studies are performed in Pakistan to determine the
prevalence of MetS and its components among
employees of different professions e.g. bankers,
teachers, professional drivers, and hospital employees
etc.
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CONCLUSIONS
Irrespective of the criteria used to diagnose MetS,
working population has high prevalence of MetS and
its various components. Although, there is high
prevalence of MetS in both the genders, males
usually have higher prevalence than females. MetS
decreases the quality of life and productivity; persons
with MetS are more likely to report poor mental
health. MetS also increases the health care cost; thus,
it may increase financial burden on employees and
their employers. Preventive measures e.g. eating
healthy diet, regular physical activities and other
lifestyle modifications may be very helpful for the
employees to decreases their risk of having MetS and
its various components. It may be wise for the
employers to provide worksite health promotion
programs (e.g. onsite fitness centre) and routine
medical check-ups for their employees. Such
activities may reduce cardio-metabolic risk, and can
increase the physical and mental fitness among
employees leading to enhanced productivity for
employees and their companies.
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