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ABSTRACT
Metabolic syndrome should be considered an important issue in elderly individuals, as aging is a major contributor to
the prevalence of the constellation of cardiovascular and metabolic risk factors that constitute the syndrome. However,
recent  studies that  have investigated metabolic syndrome as a predictor of mortality in elderly shown conflicting
results. The search was conducted using the PubMed, Cochrane library published in the last 20 years (January 2001 to
January 2021). The search keywords were “Metabolic syndrome”, “cardiovascular disease”, “Mortality” and “Elderl
y”. Data statistical analysis using  Review Manager 5.3 (RevMan Cochrane, London, UK). Based on 6 prospective
cohort studies, metabolic syndrome was associated with a higher risk of cardiovascular mortality when compared to
non-cardiovascular  mortality in the elderly (RR = 0,68; 95% CI=0,64-0,72; P=<0,00001),  there was considerable
heterogeneity in all studies used (I2=98%; P=0,00001). Factor explaining heterogeneity between studies included sex,
age,  sample  size,  prevalence  of  metabolic  syndrome,  follow-up duration,  and  definition  of  syndrome metabolic.
Cardiovascular  mortality compared  to those non-cardiovascular  mortality,  had a higher in elderly with metabolic
syndrome. High blood glucose and hypertension were the main components of the cause of death from cardiovascular
disease in the elderly.  In addition, the combination of several symptoms of metabolic syndrome has a different risk of
death and requires further research in the future.
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1. INTRODUCTION

Metabolic syndrome (MetS) is a group of symptoms
of impaired  glucose metabolism,  dyslipidemia,  central
obesity,  and  hypertension.  The  association  of  an
increased risk of cardiovascular disease and mortality in
patients with the metabolic syndrome is generally well
known  [1].  However,  the  association  between  an
increased  risk  of  cardiovascular  disease  and  an
increased risk of mortality in patients with the metabolic
syndrome  varies  widely  among  populations  based  on
race,  sex,  and  age.  Based  on  previous  retrospective
cohort  studies  showed  that  elderly  individuals  with

metabolic syndrome are one of the risk factors for death
from cardiovascular disease [2]. After the occurrence of
insulin resistance syndrome, several organizations have
developed criteria  for  the metabolic  syndrome so that
they  can  be  applied  in  clinical  practice.  Based  on
epidemiological  studies  that  compared  several
definitions  used  to  diagnose  the  metabolic  syndrome,
the results showed different mortality rates. The criteria
for diagnosis by the Joint Interim Statement (JIS) and
the  International  Diabetes  Federation  (IDF)  show  an
increase in mortality due to cardiovascular disease [3].
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The increasing prevalence of the current metabolic
syndrome is associated with environmental, genetic, and
lifestyle  changes.  The  increased  incidence  of  the
metabolic  syndrome  is  associated  with  increased
mortality  from  cardiovascular  disease.  In  several
studies, the high prevalence of the metabolic syndrome
has a significant correlation with an increased incidence
of coronary heart disease, myocardial infarction, and the
development  of  heart  failure  in  adults  without  a
previous  history  of  cardiovascular  disease  [4].
Components  of  the  metabolic  syndrome  such  as
diabetes, obesity, hyperlipidemia, and hypertension are
known to be cardiovascular factors that can increase the
risk  of  heart  failure.  In  patients  with  heart  failure,
diabetes  is  associated  with  an  increased  risk  of
mortality,  whereas  obesity,  hyperlipidemia,  and
hypertension  are  relative  risks  associated  with
cardiovascular  disease.  These  factors  do  not  occur
separately but tend to occur together in the same person,
so the metabolic syndrome is associated with increased
mortality from cardiovascular disease [5]. Therefore, the
authors would like to discuss further about the impact of
the metabolic syndrome on cardiovascular disease and
the mortality rate due to cardiovascular disease caused
by the metabolic syndrome. The author hopes that this
research  can  help  in  the  management  of  metabolic
syndrome to prevent cardiovascular disease.

2. METHOD

2.1. Inclusion Criteria, Data Sources, and 
Study Search Protocol

The method in compiling this systematic review and
meta-analysis  uses the PRISMA (Preferred  Reporting,
Items  for  Systematic  Reviews  and  Meta-Analysis)
method. The search was conducted using the PubMed
and Medline databases published from January 2001 to
December 2020. The search strategies were “metabolic
syndrome” and “cardiovascular disease” and “mortality”
and “elderly”. The articles obtained were 77 articles and
then  an  assessment  was  carried  out  referring  to  the
inclusion and exclusion criteria. We included RCTs that
met the following inclusion criteria: elderly participants
(≥65  years),  using  a  prospective  cohort  study  design,
death from cardiovascular disease as a result, published
in  English,  and available  in  full  text.  Based  on these
inclusion criteria, there were 6 main articles used in the
review shown in Figure 1.
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Figure 1. PRISMA Method in Article Selection

2.2. Exclusion criteria, extraction, and quality 
assessment

The exclusion criteria we used in this meta-analysis
were  a  specific  condition or  risk factor  for  metabolic
disease and non-elderly (<60 years) participants. Article
reviews,  meta-analyses,  and  abstracts  were  also
included in the exclusion criteria.  The authors  of  this
study independently screened articles based on titles and
abstracts and then reviewed the methods and results of
full-text research articles. The information reviewed in
the  article  is  first  author,  year  of  publication,  age,
gender,  sample size,  definition of metabolic syndrome
used, mortality rate, death from cardiovascular disease
caused  by  the  metabolic  syndrome,  and  other  risk
factors  that  influence  mortality.  Articles  that  met  the
inclusion  and  exclusion  criteria  were  included  in  this
meta-analysis.

2.3. Data synthesis and analysis

The synthesized results are presented as  RRs with
95% confidence intervals (95% CI). We used Q and I2

statistics  to analyze  heterogeneity among the included
trials. The Q statistic shows heterogeneity when the P
value  <  0.10,  while  I2 <  50%  indicates  that  the
heterogeneity  is  moderate.  If  the  value  of  I2>50% or
P<0.10, the random effects model was adopted. We also
performed a sensitivity analysis by excluding each study
sequentially  if  the  I2 value  was  >50% or  P<0.10 and
calculated  the  meta-analysis.  Results  were  considered
statistically significant at P < 0.05. Funnel plots were
examined  visually,  Egger's  test  was  used  to  test  for
publication  bias,  and  P  <  0.05  was  considered
significant  for  publication  bias.  All  analyzes  in  our
study were  performed  using Review Manager  version
5.3 (RevMan Cochrane, London, UK).
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3. RESULT

3.1. Study Selection and Characteristics of the 
Trials Included

We  identified  77  studies  using  keywords  and
obtained  12  potentially  relevant  studies.  We  found  6
RCTs with  a  total  of  1,145  elderly  patients  with  the
metabolic  syndrome  who  died  from  cardiovascular
disease with a duration of follow-up varying from 4 to 9

years.  The  characteristics  used  in  each  study  are
summarized in table 1.

Table 1. Demographic characteristics of eligible studies

Numbe
r of

patients

A
ge

(years
old)

Ave-
rage age

(years old)

Fol
low- up
(years)

Sex Metaboli
c syndrome
definition

Metabolic
syndrome
prevalence

(%)

Num
ber of
CVD

mortality

Numb
er of Non-

CVD
mortality

Mozaffa
ry et al. 
(2014) [8]

922 ≥
65

73 9.9 M
and F

WHO 40.6 82 111

Akbaral
y et al. 
(2010) [10]

7.118 ≥
65

73 7 M
and F

NCEP 21.2 133 442

Salmine
n et al. 
(2010) [9]

1260 ≥
65

73.5 9 M
and F

IDF
Modification

19 181 241

Hildrum
et al. (2009) 
[7]

1973 6
0-74

77 7.9 M
and F

IDF 47 219 364

Zambon
et  al.  (2008)
[4]

2910 ≥
65

74 4.4 M
and F

NCEP 39 96 134

Wen et 
al. (2008) [6]

10547 ≥
65

70 8 M
and F

AHA/
NHLBI

50.1 300 182

3.2. Correlation of metabolic syndrome with 
cardiovascular death in the elderly

The  forest  plot  provided  in  Figure  2  shows  a
statistically  significant  finding  for  cardiovascular
mortality in adults over 60 years of age who have the
metabolic syndrome (RR = 0.68; 95% CI = 0.64-0.72; P

=  <  0.00001).  Based  on  the  statistical  results,  it  was
found that  there was considerable heterogeneity in all
studies  used (I2=98%;  P=0.00001).  The forest  plot  of
the statistical  calculation results is  shown in Figure 2
below

Figure 2. Forest plot of the number of deaths from cardiovascular and non-cardiovascular diseases in the elderly with
metabolic syndrome

In this study, funnel plots were assessed to exclude
the risk of publication bias. Based on the results of the
funnel plot, symmetrical results were obtained based on
the 6 different studies included in this study, this shows
that the results of the study have a low publication bias.
The funnel plot of statistical calculation results is shown
in Figure 3 below.
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Figure  3.  Funnel  plot  of  the  number  of  deaths  from
cardiovascular  and  non-cardiovascular  diseases  in  the
elderly with metabolic syndrome.

4. DISCUSSION

In  this  meta-analysis,  there  were  6  RCT  studies
published  in  2001-2021  on  mortality  from
cardiovascular  disease  in  the  elderly  with  metabolic
syndrome.  Based  on  the  results  of  this  meta-analysis
showed an increased risk of death from cardiovascular
disease  in  the  elderly  population  with  metabolic
syndrome.  The  estimated  risk  of  death  from
cardiovascular  disease  in  the  elderly  with  metabolic
syndrome  was  0.68  (0.64-0.72).  Correlation  of
metabolic syndrome with cardiovascular causes of death
in the elderly can be influenced by geographic location,
sample size, and the definition of metabolic syndrome
used  in  the  study  which  is  a  weakness  in  the  meta-
analysis adjustment.

A study by Hildrum et al. examined the risk of death
from  cardiovascular  disease  in  adults  and  the  elderly
with metabolic syndrome, which found an increased risk
of death from cardiovascular disease in the elderly with
metabolic  syndrome with the general  adult  population
(14.2%  and  20.7%,  respectively)  [8].  This  difference
may occur  due to factors  related to the aging process
such  as  weakness,  malnutrition,  and  an
immunocompromised  state  where  in  this  situation  the
elderly  has  a  greater  risk  of  contracting  infectious
diseases so that they can increase the risk of death due
to a decrease in physiological functions needed by the
body  in  overcoming  the  metabolic  syndrome
experienced.6

In  the  study  of  Mozaffary  et  al.,  there  was  an
increased risk of death from cardiovascular  disease in
the elderly with metabolic syndrome by 60% who were
diagnosed using the JIS and WHO definitions [8]. Based
on the  definition  of  metabolic  syndrome by  the  IDF,
central  obesity  is  a  core  component  of  the  metabolic
syndrome,  but  this  component  does  not  show  a
significant  relationship  with  mortality  from
cardiovascular  disease.  This  is  different  from  the
definition  of  metabolic  syndrome  by  WHO  and  JIS
which  uses  body  mass  index  (BMI)  or  waist
circumference (WC), where this value shows a 10 times
greater  risk  increase  when  accompanied  by  impaired

glucose  metabolism  and  hypertension  which  is
associated with death from cardiovascular  disease [8].
The  results  of  this  study  have  different  results  from
those of Salminen et al., where the IDF's definition of
metabolic syndrome can predict  higher mortality from
cardiovascular disease when accompanied by impaired
glucose  metabolism  and  hypertension  [9].  This  is
because  the  obesity  component  of  the  metabolic
syndrome  as  measured  by  BMI  can  reduce  the
prevalence  of  metabolic  syndrome in this study when
compared to WC measurements (WC > 94 cm in men
and WC > 80 cm in women. BMI is associated with fat
mass, in the elderly body fat mass is replaced by fat due
to  aging  which  is  clearly  visible  in  women.  In  both
studies,  the  components  of  blood  glucose  and
hypertension were the main components of the cause of
death  from cardiovascular  disease  in  the  elderly  with
hypertension  regardless  of  the  definition  used  in  the
diagnosis of the metabolic syndrome [9].

The results of a study conducted by Zambon et al.
showed  that  41%  of  deaths  due  to  cardiovascular
disease in the elderly with metabolic syndrome, where
in this study components of the metabolic syndrome in
the form of high blood glucose,  hypertension and low
HDL  were  significantly  associated  with  death  from
cardiovascular  disease.  Research  conducted  by
Akbaraly et al. showed an increased risk of death from
cardiovascular  disease  in  the  elderly  with  metabolic
syndrome with an RR of 2.21 (95% CI 1.07-4.55) where
this  increased  risk  of  death  was  associated  with  a
component  of the metabolic  syndrome in the form of
glucose  levels  [10].  Blood pressure,  HDL cholesterol
and hypertension are the main contributors to death in
the elderly with metabolic syndrome [4].

This meta-analysis study has limitations as in some
RCTs it has different variations regarding the definition
in  diagnosing  the  metabolic  syndrome  used.  The
population included in the RCT case study is still in a
relatively small area. However, based on the funnel plot,
there is no significant bias between each study. Several
studies  in  this  meta-analysis  showed  that  the
hypertension component was an independent risk factor
for death from cardiovascular disease in the elderly with
metabolic  syndrome.  Of  each  component  of  the
metabolic  syndrome,  elevated  blood  glucose  and  low
HDL  cholesterol  were  significantly  associated  with
increased mortality in the elderly. Thus, the findings of
this meta-analysis raise questions about the definition of
the metabolic syndrome that can be used to predict the
cause  of  death  from  cardiovascular  disease  in  the
elderly.

5. CONCLUSION

Metabolic  syndrome  is  a  group  of  symptoms  of
impaired  glucose  metabolism,  dyslipidemia,  central
obesity,  and  hypertension.  Cardiovascular  mortality
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compared to those non-cardiovascular mortality, had a
higher in elderly with metabolic syndrome. High blood
glucose and hypertension were the main components of
the cause  of  death  from cardiovascular  disease  in  the
elderly.  In  addition,  the  combination  of  several
symptoms of metabolic syndrome has a different risk of
death and requires further research in the future.
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