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Cardiovascular diseases are the main cause of death and disability. Metabolic syndrome is a group of several
conditions that has been shown to be a major cardiovascular risk factor. A meta-analysis conducted in 2009 found that
metabolic syndrome is associated with cardiovascular diseases for 2.35 times. However, the study included various study
populations. This study aimed to evaluate and update the cardiovascular risks of metabolic syndrome in hospital setting.
Literature searching was performed under the standard of the Cochrane Handbook on nine databases. There were seven
studies conducted on risk of cardiovascular diseases by metabolic syndrome. There were 13,216 patients with 3,069 patients
(23.22%) diagnosed as metabolic syndrome. Overall relative risk for cardiovascular diseases by presence of metabolic
syndrome was 1.88 (1.61, 2.19). Subgroup analysis by study sites and sex were also performed. The relative risks of
cardiovascular diseases by metabolic syndrome for Asia, non-Asia, male, and female were 2.19, 1.79, 1.66, and 2.28. In
conclusion, patients with metabolic syndrome in hospital setting are at risk for major cardiovascular diseases regardless of

continents or sex.
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Cardiovascular diseases are the main cause
of death and disability; estimated to be 17.6 million
deaths in 2015, The endemic area for incidence of
cardiovascular diseases is Europe compared with other
regions such as Asia. The mortality rate from
cardiovascular diseases in Europe is accounted for 46%
of all deaths; coronary artery disease for 20%, stroke
for 12% and other vascular diseases for 14%. In
addition, it might be sex differences; female sex is at
higher risk than male (51% vs. 42% in terms of
cardiovascular mortality®.

Metabolic syndrome is a group of several
conditions that has been shown to be a major
cardiovascular risk factor®. The prevalence of
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cardiovascular diseases may be high as 34.6% in elderly
patients with metabolic syndrome™>. A meta-analysis
conducted in 2009 found that metabolic syndrome is
associated with cardiovascular diseases for 2.35 times
and cardiovascular mortality by 2.40 times®. However,
the study included various study populations such as
general population and those with risks for
cardiovascular diseases such as diabetes or
hypertension. Patients in hospital setting may have
more severe condition than general population and may
have higher risk of cardiovascular diseases if metabolic
syndrome is presence. The present study aimed to
evaluate and update the cardiovascular risks of
metabolic syndrome in hospital setting.

Materials and Methods

A systematic review and meta-analysis were
followed the Cochrane Handbook and included the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement”.
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Study selection

A systematic review of research studies,
focused on the metabolic risk factors whether affected
the cardiovascular diseases in elderly. Inclusion
criteria’s for the article selection were (1) hospital
setting, (2) study designs were analytical cross-
sectional study, retrospective prospective cohort
study, prospective cohort study, case-control study,
(3) clinical risk factors focused on metabolic profiles,
and (4) outcomes defined as the prediction of CVD.
The cardiovascular diseases included stroke,
myocardial infarction, evidence of coronary artery
disease, or cardiovascular death. The authors included
the studies that have been published, not published,
and were published between the years 2005 to 2018.
The last search date was March 6, 2018, no language
restrictions of all studies.

Search strategy

The authors searched the scientific and
medical database of metabolic syndrome and
association with cardiovascular diseases. The
databases of MEDLINE, EMBASE, SCOPUS, Web of
Science, Science Direct, Ovid, CINHAL, PsycINFO and
the Cochrane Library were search for a combination of
relevant words of metabolic syndrome, risk factors,
prediction, cardiovascular disease, and/or use MESH
terms of metabolic risk factors and/or single of
metabolic profile such as blood pressure, waist
circumference, impaired fasting glucose, diabetes,
hypertension, and increased triglyceride for the
prediction of cardiovascular diseases. Hand searched
for relevant journal of the trail registers and published
abstract and/or full text proceeding from the
conferences will be proceed.

Data collection and analysis

Two reviewers were search the literature and
critical appraisal in each article independently, and
resolved the unclear of the study by consensus. If
article had not unidentified the studies through the
selection criteria and/or methodology, we consulted
an expert opinion. A potential study that met inclusion
will be assesses the quality of scientific evidence by
GRADE (Grading of Recommendations Assessment,
Development and Evaluation). The authors recorded
data collection in the data extraction form of the included
criteria by used the table of information, details in
the tables included general information, study
characteristics, participant, intervention, outcomes and
note.
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Analysis

The authors calculated the results of studies
to determine an accuracy by used 95% confidence
intervals and considered the results of the information
pooling at the study, using random-effects model due
to heterogeneity (I> >50%).The analysis of the overall
results presented by the Forest plot with relative risk
(95% confidence interval) for cardiovascular diseases
by metabolic syndrome; a graph display to demonstrate
the difference between the results of the study; and
biases in ecach study. Subgroup analyses were
performed by study site and sex. Both study site and
sex may be potential predictors for cardiovascular
diseases as mentioned earlier in the introduction®. All
analyses were computed by using Review Manager
version 5.3 Software (The Cochrane Collaboration,
2000)™.

Results

There were 3,525 articles reported on metabolic
syndrome and/or cardiovascular diseases in mentioned
databases (Figure 1). Of those, 59 articles included in
the review processes; 34 articles were excluded due to
unclear study design (10) and no report on
cardiovascular outcomes (24). There were 25 potential
articles but only 7 articles were included in the analysis
due to unable to pooled data in 18 articles. All seven
articles were shown in Table 1®!9. All studies were
conducted in cohort design. There were two articles
conducted only in male'? and female!"> patients. Two
articles had high risk of biases; one in long term follow-
up!'” and one in adequacy of follow-up"?.

In total, there were 13,216 patients in all seven
studies. Of those, 3,069 patients (23.22%) were
diagnosed as metabolic syndrome. Overall relative risk
for cardiovascular diseases by presence of metabolic
syndrome was 1.88 (1.61,2.19) with the I? of 36% (Figure
2).

Two subgroup analyses were performed by
study site (Figure 3 and 4) and sex (Figure 3 and 4).
There were two studies conducted in Asia (Figure 3)
and metabolic syndrome increases risk cardiovascular
diseases by 2.19 (1.56, 3.08) with the I* 0f 30%. For non-
Asia studies (Figure 4), the relative risk of metabolic
syndrome on cardiovascular diseases was 1.79 (1.53,
2.10) with the I? of 30%. Male patients with metabolic
syndrome also increases risk of cardiovascular diseases
by 1.66 times (1.43, 19.3) with the I? of 0% (Figure 5).
Similarly to male sex, there were five studies included
in the analysis. The relative risk of female sex for
cardiovascular diseases was highest at 2.28 (1.49, 3.48)
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but the I* was also highest at 77% (Figure 6).
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Figure 1.  Study flow diagram.

cardiovascular diseases in hospital setting was
comparable to the previous meta-analysis which
included various study populations (1.88 vs. 2.35)©,
The lower relative risk in the present study may explain
from better healthcare management and awareness of
patients resulting in lower overall cardiovascular risk.
Even though this study included fewer studies than
the previous meta-analysis (7 vs. 87), the results are in
the same direction. The 95% confidence interval in this
study was not wide (1.61, 2.19) indicating good quality
of data.

The previous study in Europe showed that
European patients were at higher risk for cardiovascular
diseases than other ethnicities®. In this meta-analysis
did not find any differences between Asia and non-
Asia analysis. The relative risk was somewhat higher
in Asian population though (2.19 vs. 1.79) as shown in
Figure 3 and 4. Note that there were only two studies
from Asia, while five studies from non-Asia group. The
analysis was not performed in European setting per se.

Female patients with metabolic syndrome may
have higher risk for cardiovascular diseases than male
patients (relative risk 2.28 vs. 1.66) as shown in Figure
5 and 6. However, there are significant heterogeneity in
the analysis of female sex (I? of 77%). It may be clear
that male patients with metabolic syndrome are at risk
for cardiovascular diseases. But, further studies may
be required for female patients with metabolic
syndrome.

There are some limitations in this study.
First, NCEP-ATP III definition is the most common
definition used in this meta-analysis. Only one study

Table 1. Characteristic of the metabolic syndrome [MS] associated with the risk of cardiovascular diseases

Authors, Study designs Population Age F/U, yr Delnitionof MS
publication year range,
yr
Scuteri et al, 2005 Prospective cohort — Cardiovascular Health 68t078 4.1 NCEP-ATPIIIWHO
Study [CHS]
Hwang et al, 2009 Prospective cohort  Health Promotion Center 20to 78 8.7 NCEP-ATPIII
of'the Samsung Medical
Andreadis et al, 2007  Prospective cohort ~ Hypertensive 46t0 72 2.1 NCEP-ATPIII
Ingelsson et al, 2007  Cohort study Framingham Offspring Study 47 to 65 7.2 NCEP-ATPIII
Cabrera et al, 2007 Prospective cohort  Elderly women 60to 84 7 NCEP-ATPIII
Taheuchi et al, 2007 Prospective cohort Men 48 t0 72 2.1 NCEP-ATPIII
Hunt et al, 2007 Cohort San Antonio Heart Study 25t0 64 4.1 NCEP-ATPIII

(SAHS)

F/U = follow-up; NCEP-ATP III = National Cholesterol Education Program—Adult Treatment Panel I1I; WHO = World

Health Organization.
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MmSs Non MS Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% ClI A B
Andreadis et al 2007 50 424 47 583 11.7% 1.46[1.00,213) — ®7
Cabrera etal 2006 48 206 46 30 12.4% 1.57 [1.09, 2.26) — @2
Hunt et al, 2007 47 M 94 3701 135% 240([1.71,3.39) e 7/ .
Hwandg et al., 2009 50 459 86 1877 13.9% 2.50[1.79, 3.50] — @7
Ingelsson et al 2007 59 531 61 1249 13.4% 2.08[1.47,293) — @7
Scuteri et al, 2005 136 431 328 1744 273% 1.68[1.42,1.99) - s
Takeuchi et al,, 2005 23 197 39 583 T7.9% 1.75[1.07,2.85) — @7
Total (95% CI) 3069 10147 100.0% 1.88[1.61, 2.19] L 3
Total events 413 T01
Heterogeneity: Tau®= 0.01; Chi*= 9.42, df= 6 (P = 0.15); F= 36% D=2 045 é é
Testfor overall eflect 2= 8.05 (P < 0.00001) “ NomMS NS

i f bias legen
(A) Representativeness of the exposed cohort
(B) Selection of the non-exposed cohort
(C) Ascertainment of exposure
(D) Demonstration that outcome of interest was not present at start of study

(E) Comparability of cohorts on the basis of the design or analysis controlled for confounders

(F) Assessment of outcome
(G) Was follow-up long enough for outcomes to occur
(H) Adequacy of follow-up of cohorts

Figure 2.  Forest plot of metabolic syndrome on cardio-vascular diseases in seven studies conducted in hospital setting.
Ms Non MS Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFGH
Hwang etal, 2009 50 459 96 1976 62.8% 2.50(1.79, 3.49] -~ @20720000
Takeuchi et al, 2005 ( Men) 23 197 39 583 37.2% 1.75[1.07, 2.85] — 7290720000
Total (95% CI) 656 2559 100.0% 2.19[1.56, 3.08) e
Total events 73 125
Heterogeneity: Tau® = 0.02; Chi*=1.43, df=1 (P = 0.23); F= 30% 052 0:5 i, %
Test for overall effect Z= 4.49 (P < 0.00001) “  NonMS MS
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(B) Selection of the non-exposed cohort

(C) Ascertainment of exposure

(D) Demonstration that outcome of interest was not present at start of study

(E) Comparability of cohorts on the basis of the design or analysis controlled for confounders

(F) Assessment of outcome
(G) Was follow-up long enough for outcomes to occur
(H) Adequacy of follow-up of cohorts

Figure 3.
setting.

combined the WHO and NCEP-ATP III definition
(Table 1). Second, the cardiovascular diseases as an
outcome in the present study referred to several major
cardiovascular diseases; not specifically to any
cardiovascular diseases. Finally, two studies may
have high risks for follow-up biases as mentioned in
the results.

In conclusion, patients with metabolic
syndrome in hospital setting are at risk for major
cardiovascular diseases regardless of continents or
Sex.

What is already known on this topic?

Generally, metabolic syndrome is a major risk
factor for cardiovascular diseases.
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Forest plot of metabolic syndrome on cardiovascular diseases in two studies conducted in Asian hospital

What this study adds?

Metabolic syndrome is a risk factor for
cardiovascular diseases in hospital setting regardless
of ethnicity and sex.
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MS Non MS Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H,Random, 95% Cl M-H, Random, 95% CI ABCDEFGH
Andreadis et al,2007 50 424 47 583 14.1% 1.46[1.00,2.13) —— 27000007
Cabrera et al,,2006 { Women) 48 206 46 310 14.9% 1.57 [1.09, 2.26) —_ 270007200
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Figure 4.  Forest plot of metabolic syndrome on cardiovascular diseases in five studies conducted in non-Asian hospital
setting.
Ms Non MS Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H,Random, 95% CI M-H, ,95% CI ABCDEFGH
1.2.1 Male
Andreadis et al 2007 (Men) 23 193 21 266  69% 1,51 [0.86, 2.65] 1
Hunt et al,,2007 (Men) 27 376 62 1564 11.4% 1.811.17,2.81] —_—
Hwang et al,, 2009 { Men) 38 382 68 1379 15.0% 2.02[1.38,2.95) —
Scuteri et al 2005 ( Men) 88 203 212 763 57.6% 1.56 [1.28, 1.90] =
Takeuchi et al., 2005 ( Men) 3 197 39 583 941% 1.75[1.07, 2.85] —
Subtotal (95% Cl) 1351 4555 100.0% 1.66 [1.43,1.93] *
Total events 199 402
Heterogeneity: Tau®= 0.00; Chi*=1.73,df=4 (P=07%, F=0%
Test for overall effect Z=6.75 (P < 0.00001)
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Figure 5.

male sex.
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