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Abstract

Background: Although there are numerous studies on the global prevalence of cardiometabolic risk factors
(CMREFs) in military personnel, the pooled prevalence of CMRFs in this population remains unclear. We aimed
to systematically review the literature on the estimation of the global prevalence of CMRFs in the military
population.

Methods: We simultaneously searched PubMed and NLM Gateway (for MEDLINE), Institute of Scientific
Information (ISI), and SCOPUS with using standard keywords. All papers published up to March 2018 were
reviewed. Two independent reviewers assessed papers and extracted the data. Chi-square-based Q test was
used to assess the heterogeneity of reported prevalence among studies. The overall prevalence of all CMRFs,
including overweight, obesity, high low-density lipoprotein (LDL), high total cholesterol (TC), high triglyceride
(TG), low high-density lipoprotein (HDL), hypertension (HTN) and high fasting blood sugar (FBS) was estimated
by using the random effects meta-analysis. A total of 37 studies met the eligibility criteria and were included
in the meta-analysis.

Results: According the random effect meta-analysis, the global pooled prevalence (95% confidence interval)
of MetS, high LDL, high TC, high TG, low HDL and high FBS were 21% (17-25), 32% (27-36), 34% (10-57),
24% (16-31), 28% (17-38) and 9% (5-12), respectively. Moreover, global pooled prevalence of overweight,
generalized obesity, abdominal obesity and HTN were estimated to be 35% (31-39), 14% (13-16), 29% (20-39)
and 26 (19-34), respectively.

Conclusions: The overall prevalence of some cardio-metabolic risk factors was estimated to be higher in
military personnel. Therefore, the necessary actions should be taken to reduce risk of developing
cardiovascular diseases.
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Key messages

e The global prevalence of metabolic syndrome in the
military population was estimated to be 21%.

e The overall prevalence of obesity in the military
population was estimated to be 14%.

e There was considerable variation in the overall
prevalence of cardio-metabolic risk factors was con-
siderable among military personnel.

e The findings suggest that implementing
interventions for the control of cardio-metabolic risk
factors among military personnel seems necessary.

Background

The global prevalence of cardiovascular diseases and Meta-
bolic syndrome (MetS) has increased over the last 20 years.
The prevalence of Mets in men and women varies from 8%
in India to 24% in USA, and from 7% in France to 43% in
Iran, respectively [1]. Studies conducted on subjects over
the past 20 years revealed that overweight, obesity, hyper-
tension and hypercholesterolemia are the four leading
causes of risk factors with the highest share of cardiovascu-
lar diseases [2, 3]. Mets is defined as a group of metabolic
disorders that can lead to developing cardiovascular dis-
eases, including central obesity, dyslipidemia, type II dia-
betes mellitus, certain cancers and all-cause mortality [1].

Sociodemographic factors (e.g. age, race and ethnicity),
health behaviors (e.g. smoking, physical activity) and
neuropsychiatric outcomes (depression, post-traumatic
disorders) play a decisive role in the development of Mets
[4—6]. Some of these factors are independently associated
with military service [7, 8]. Military service personnel work
in a unique environment characterized by high risk condi-
tions and high levels of occupational stress [9]. It has been
reported that military personnel with their heavy responsi-
bilities are more likely to expose a greater risk of develop-
ing cardiovascular risk factors [10, 11].

Obesity and MetS have become the main health threat
factors in military health system and their alarming inci-
dence is a serious challenge for authorized organizations
[12]. A study conducted on a population of military
personnel in Iran reported that the prevalence of Mets,
overweight and abdominal obesity in this group was esti-
mated to be 11, 48 and 45%, respectively [13]. The preva-
lence of MetS in Chinese general population (16.5%) was
much lower than that in the military population (35%)
[14]. Obesity has been called as a serious national security
threat by military institute in the United States [12]. A
study on military personnel in Saudi Arabia revealed that
the prevalence rates of overweight, obesity and current
smoking were 41, 29 and 35% respectively [15].

There are numerous studies on the global prevalence
of cardio metabolic risk factors (CMRFs) among military
personnel. It is thus important to obtain an overall
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estimation on the prevalence of above-mentioned risk
factors by synthesizing available studies. To date, the
current study is the first meta-analysis conducted on this
topic globally. Therefore, this study aimed to systematic-
ally review the literature on the estimation of the global
pooled prevalence of CMRFs, including overweight,
obesity, high low-density lipoprotein (LDL), high total
cholesterol (TC), high triglyceride (TG), low high-
density lipoprotein (HDL), hypertension (HTN) and high
fasting blood sugar (FBS) in the military population.

Methods

Identification of relevant studies

This is a comprehensive systematic review of all available
evidences on the prevalence of CMRFs in the military
personnel. We developed a systematic review adhering to
the PRISMA-P guidelines [16]. All the documents are based
on the details of the study protocol. Registration number of
current study in PROSPERO is CRD42018103345.

The main root of developing the search strategies is
based on the two main components of “cardio metabolic
risk factors” and “metabolic syndrome” in military per-
sonals. To assess the optimal sensitivity of search for
documents, we simultaneously searched PubMed and
NLM Gateway (for MEDLINE), Institute of Scientific In-
formation (ISI), and SCOPUS as the main international
electronic data sources (Additional file 1).

Inclusion and exclusion criteria

All available observational studies conducted up to
March 2018 c on relevant subjects were included. There
was no limitation for the target groups in terms of age
and gender and language of published studies. In situ-
ation of more than one paper from the one study, the
most complete data were considered. We also excluded
papers with duplicate citation. Non-peer reviewed arti-
cles, conference proceedings and book chapters were
considered for more access to relevant data.

Quality assessment and data extraction
After completing all three steps of data assessment for
titles, abstracts and full texts, the full texts of each article
selected were retrieved for more detailed analysis. The
quality assessment and data extraction were followed a
check list recorded citation, publication year, study year,
place of study, type of study, population characteristics
and methodological criteria (sample size, mean age, type
of measure, results of measures and other information).
The whole process of searching for the data extraction and
quality assessment was followed independently by two re-
search experts. The kappa statistic for agreement of quality
assessment was 0.94. Probable discrepancies between experts
were resolved by discussion. Any disagreements were
resolved by consensus by a third person. The quality
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assessment was performed using a validated quality assess-
ment checklist for prevalence studies [17]. This tool com-
prises 10 items which covers methodological quality of
prevalence studies, including sampling method (2 questions),
data collection (5 questions) and data analysis (3 questions).
Each item can be answered either Yes/No or Unclear/ Not
applicable. The overall score for 10 studies was the total
score > 6, considered as acceptable in terms of quality.

Statistical analysis

The prevalence and 95% confidence intervals (CI) were
used for presenting the results. Chi-square based on Q test
and I square statistics were used to assess the heterogeneity
of reported prevalence among the studies. P<0.05 was
regarded as statistically significant at. Due to severe hetero-
geneity among studies regarding reported prevalence, the
pooled prevalence was estimated using a random-effect
meta-analysis proposed by Der-Simonian and Laird. We
undertook a meta-regression analysis to assess the effect of
study covariates, including the mean age of participants,
quality score, type of personnel, and years of publication of
reported prevalence. Meta-analysis was performed for risk
factors reported in more than four studies. If a study was
reported separately the prevalence of CMRFs over a time
period, the weighted prevalence for the entire period would
calculate and then this value could be considered as an
overall prevalence in the meta-analysis. The prevalence of
MetS was extracted according to International Diabetes
Federation (IDF), World Health Organization (WHO) and
National Cholesterol Education Program- Adult Treatment
Panel III (ATPIII) criteria. Since most studies had reported
MetS by ATP-III criteria, only these studies were included
in meta-analysis. To assess the effect of each study on over-
all prevalence, we performed sensitivity analyses by sequen-
tially removing each study and rerunning the analysis.
Statistical analysis was performed using STATA software,
V.11.1 (StataCorp LP, College Station, Texas, USA).

Results

Study selection process

Figure 1 shows the flowchart of selection of studies for
inclusion in the meta-analysis. In total, 2395 papers were
identified after initial database search. Of these, 51 full-
text papers were assessed for eligibility. In the next
phase, 14 full text papers were excluded and finally 37
studies were eligible for inclusion in this meta-analysis:
[9, 13, 15, 18-51].

Study characteristics

The selected articles were published between 2001 and
2017. Out of 37 studies, 8 contained the prevalence in-
formation for navy, 16 for military personnel, 5 for army,
5 for soldier’s /warship personnel and 3 for air force
staff. Six studies had reported trends in the prevalence
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of CMRFs over a time period [22, 24, 26, 28, 30, 40], so
that their weighted prevalence was considered as an
overall prevalence. Among all publications, 15 studies
were conducted in the American countries [9, 19, 20,
24-27, 29-32, 36, 38, 41, 51], 13 in Europe [22, 28, 33—
35, 37, 39, 40, 44, 45, 48-50] and 9 in Asia [13, 15, 18,
21, 23, 42, 43, 46, 47].

Qualitative synthesis

Table 1 shows the general characteristics of the selected
studies for the prevalence of MetS. According to
ATPIII criteria, the highest and lowest prevalence rates
of MetS were 39 and 9% in US mariners [31] and
French military staffs [49], respectively. The prevalence
range of MetS was 3.8—-39% according to the different
definition criteria.

Characteristics of the selected studies for the preva-
lence of overweight, generalized obesity and abdominal
obesity are shown in Table 2. The highest prevalence of
overweight (66%) and obesity (62%) was reported in Da-
nish seafarers and the US submariners, respectively.

Table 3 shows the characteristics of the selected stud-
ies for the prevalence of abnormal lipid profile and other
CMREFs. A study carried out by Smoley et al. [41] in the
US found the highest prevalence (63%) of Pre-HTN. The
highest and lowest prevalence rates of HTN were ob-
served in the Brazilian military (55.8%) and the Iranian
military (2.6%), respectively. The highest and lowest
prevalence rates of high TG were 50.9% [9] and 5.0%
[32] for American military personnel.

Meta-analysis

The results of meta-analysis are shown in Table 4. The
total sample size of the studies included in meta-analysis
was n=12,153,936. The study population consisted of
men and women aged 16—66 years. The eligible studies
for estimation of the prevalence of MetS, overweight,
obesity, high LDL, high TC and HTN were 10, 19, 22,
29, 6 and 13, respectively.

According to random effect meta-analysis, the rates
of the global pooled prevalence (95% confidence inter-
val) of MetS, high LDL, high TC, high TG, low HDL
and high FBS were 21% (17-25), 32% (27-36), 34%
(10-57), 24% (16-31), 28% (17-38) and 9% (5-12), re-
spectively. Moreover, the rates of the global estimated
pooled prevalence of overweight, generalized obesity,
abdominal obesity and HTN were 35% (31-39), 14%
(13-16), 29% (20-39) and 26% (19-34), respectively.
Figure 2 shows a forest plot of eligible articles for the
estimation of MetS prevalence.

Quality assessment
The quality assessment of the included studies was per-
formed by using a critical appraisal tool for use in
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systematic reviews addressing questions of prevalence.
Accordingly, all studies had an acceptable quality score
(Table 5).

Meta-regression

Results of meta-regression analysis demonstrated that ef-
fect of study characteristics, including the mean age of
participant, quality score, type of personnel, and years of
publication on reported prevalence was not statistically
significant (p > 0.05).

Sensitivity analysis

Sensitivity analyses were performed to assess effect of
each individual study on pooled prevalence rates. The
results showed that no significant changes in in the
pooled prevalence was found in the included studies
(p >0.05).

Discussion
To the best of our knowledge, this is the first meta-analysis
to estimate the global pooled prevalence of CMRFs in the

military population. In the current study, the overall preva-
lence of MetS was estimated to be 21% according to ATP-
III criteria. The prevalence of Mets was among Iranian male
military personnel 11% [13]. Corresponding prevalence was
35% in Chinese military population, while it was 17% in the
Chinese general population [14]. The prevalence of Mets
was 39% among Brazilian soldiers [9], whereas it was 15%
among Royal Jordanian Air Force pilots [4]. In a study con-
ducted by Baygi et al. on Iranian seafarers demonstrated
that the prevalence of Mets was 15% which was lower than
that (33%) for urban dwellers of Tehran [21]. The wide
variation in these prevalence rates may be due to differ-
ences in study samples, age and gender.

In the present study, the estimated prevalence rates
of overweight, obesity and abdominal obesity were 35,
14 and 29%, respectively. Bin Horaib et al. in their
study of 5 military regions of Kingdom of Saudi Ara-
bia among 10,500 active military personnel reported
that the proportions of overweight, obesity and ab-
dominal obesity were 41, 29 and 42%, respectively [15].
The prevalence rate of overweight was 52% in the U.S.
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Table 4 The pooled prevalence of cardiometabolic risk factors in Military Population at global level using random effect meta-

analysis method

Variables No. of studies Sample Size Prevalence (Cl 95%) Model 12(%) *P-value
MetS 10 4,912,369 21 (17-25) Random 97 <0.001
Overweight 19 2,867,867 35 (31-39) Random 99 <0.001
Obesity 22 3,211,654 14 (13-16) Random 99 <0.001
Abdominal obesity 8 17,581 29 (20-39) Random 99 <0.001
HTN 13 816414 26 (19-34) Random 99 <0.001
High TG 9 7001 24 (16-31) Random 98 <0.001
Low HDL 9 6033 28 (17-38) Random 99 <0.001
High LDL 29 157,730 32 (27-36) Random 99 <0.001
High TC 6 58,512 34 (10-57) Random 99 <0.001
High FBS 6 4436 9 (5-12) Random 92 <0.001

*According to Q test (Chi-square test)

navy [51], whereas it was 66% among Danish seafarers
[35]. Using the dissimilar cutoff points and including fe-
males in some of the studies may explain differences be-
tween the prevalence figures. Because of the nature of
their job, military individuals are generally assumed to be
healthier. However, our findings showed an alarming
trend in the global prevalence rates of overweight and
obesity, which might be due to unhealthy diet practice
among military personnel [13].

In the present study, the reported prevalence rates of
Pre-HTN and HTN were 62 and 26%, respectively. A
study conducted on male subjects in Saudi Arabia

showed that the prevalence rate of HTN was 33%, indi-
cating a progressive increase in body fat with age [52].
The results of a National survey conducted in the U.S.
demonstrated that the estimated age-adjusted preva-
lence of HTN was 27% in men and 30% in women [53].
The corresponding estimate in general population of
Korea was 33%, increased progressively with age from
14% among 14—24-year-olds to 71% among subjects
aged 75years or older [54]. The prevalence rate of
HTN in people with regular and intensive physical ac-
tivity was 13% lower than that in their non-active peers
[55]. Our results showed that the prevalence rate of

Study
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0.17 (0.16,0.17) 11.65
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0.39(0.34,0.44) 9.91
0.18(0.11,0.26) 8.44
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0.21(0.17,0.25) 100.00

Fig. 2 Forest plot of MetS global prevalence using random-effect model




Baygi et al. BMC Endocrine Disorders

(2020) 20:8

Table 5 Quality assessment of the included studies
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Study Total score [tem [tem 5 [tem ;5 [tem 4 [tem 5 [tem ¢ ltem 5 ltem g [tem o [tem 1o
Payab, 2017 7 N Y Y Y N Y Y N Y Y
Sharma, 2016 5 N - Y Y N Y N N Y Y
Rush, 2016 6 N Y Y Y N Y N N Y Y
Gasier, 2016 3 N N N N N Y uc N Y Y
Baygi, 2016 7 N Y Y Y NA Y Y N Y Y
Fajfrova, 2016 4 N Y Y Y NA N Y N N N
Rhee, 2015 8 N Y Y Y NA Y Y Y Y Y
Reyes-Guzman, 2015 7 N Y Y Y N Y N Y Y Y
Lennon, 2015 6 N Y Y Y NA Y N N Y Y
Hruby, 2015 7 N Y Y Y NA Y uc Y Y Y
Herzog, 2015 7 N Y Y Y NA Y uc Y Y Y
Filho, 2014 5 N N Y Y Y uc N Y Y
BinHoraib, 2013 8 N Y Y Y Y Y Y Y Y
Binkowska-Bury, 2013 4 N Y Y N NA Y ucC Y N N
Marion,2012 7 N Y Y Y NA Y uc Y Y Y
Smith, 2012 7 N Y Y Y NA Y uc Y Y Y
Scovill, 2012 3 N Y Y N N Y uc N N N
Pasiakos, 2012 5 N N Y Y Y uc Y N Y
Hagnas, 2012 3 N Y Y N N N Y N N N
Sundin, 2011 7 N Y Y Y Y N Y Y Y
Hansen, 2011 7 N Y Y Y NA Y N Y Y
Costa, 2011 6 N N Y Y N Y N Y Y Y
Mullie, 2010 6 N N Y Y Y uc N Y Y
Wenzel, 2009 7 N N Y Y N Y Y Y Y Y
Saely, 2009 5 N Y Y N NA Y uc N Y Y
Mullie, 2008 7 N Y Y Y N Y N Y Y Y
Smoley, 2008 8 N Y Y Y NA Y Y Y Y Y
Napradit, 2007 7 N Y Y Y N Y N Y Y Y
Khazale, 2007 5 N Y N Y N Y N N Y Y
Vaicaitiene, 2006 7 N Y Y Y N Y Y N Y Y
Hoeyer, 2005 5 N N Y Y N Y N N Y Y
Al-Qahtani, 2005 6 N N Y N Y Y N Y Y Y
Al-Qahtani, 2005 6 N N Y N Y Y N Y Y Y
Athyros, 2005 6 N Y Y Y N Y N N Y Y
Bauduceau, 2005 5 N Y Y Y N Y Y N N N
Mazokopakis, 2004 3 N N Y Y N Y N N N N
Lindquist, 2001 6 N Y Y Y Y Y N Y N N

Item ;: Was the sample representative of the target population?
Item ,: Were study participants recruited an appropriate way?

Item 3: Was the sample size adequate?
Item 4: Where the study subjects and setting described in detail?

Item s: Was the data analysis conducted with sufficient coverage of the identified sample?
Item ¢ Were objective, standard criteria used for measurement of the condition?
Item 7: Was the condition measured reliably?

Item g: Was there appropriate statistical analysis?
Item o: Are all important confounding factors/subgroups/different identified and accounted for?
Item ;o: Were subpopulations identified using objective criteria?

Y: Yes, N: No, UC: Unclear, NA: Not applicable
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HTN in military personnel was 26% that was lower
than that in the general population. This is likely ex-
plained by a reverse association between intensive phys-
ical activity and HTN.

Based on our findings, the estimated prevalence
rates of high TG, low HDL, high LDL and high TC
were 24, 28, 32 and 34%, respectively. The results of
a study conducted among 911 Korean military avia-
tors demonstrated that the prevalence rates of ele-
vated TG and reduced HDL were 16.6 and 7.9%,
respectively [23]. The prevalence rates of mentioned
figures in the general Korean population were signifi-
cantly lower than those of their peers in Air Force
[56]. A meta-analysis conducted by Tabatabaei et al.
in Iranian general population showed that these fig-
ures for high TG, low HDL, high LDL and high TC
were 41.6, 46, 35.5 and 43.9%, respectively [57]. The
significant differences between general population and
military personnel with respect to lipid profile could
be explained by their strict standards for physical ac-
tivity on a regular basis as which might have positive
effects on their overall health status.

In the current study, the overall prevalence rates of
high FBS and diabetes were 9 and 5%, respectively. The
global prevalence rare of diabetes for all age groups has
been estimated to be 2.8% in 2000 and 4.4% in 2030
[58]. The results of a study performed in Greece showed
that the prevalence rate of diabetes was 10.6% in general
population and 3.0% among military staff [48]. This is
likely due to higher physical activity levels in the military
personnel compared to their peers in the general popu-
lation. Additionally, nutrition and physical activity of
military individuals are strictly controlled for maintain-
ing their healthy body weight which has a positive effect
on managing FBS level and preventing Diabetes and
other non-communicable diseases and their risk factors.

The limitations of this study are as follows, in most of
the included studies, convenience sampling was used to
estimate the prevalence which might be decreased gener-
alizibiability of reported prevalence. Moreover, definition
of some cardio- metabolic risk factors in the included pri-
mary studies was heterogeneous which the pooled preva-
lence might be limited by the different definitions.

Conclusions

The overall estimated prevalence of some cardio-
metabolic risk factors was estimated to be higher in
military personnel. Therefore, this study provides
strong evidence to the military healthcare providers’
and policy makers for devising and implementing feas-
ible interventions in order to control risk factors in this
occupation. Moreover, further studies are needed to
identify associated risk factors and reveal best predic-
tors of high-risk subpopulation.
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