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Association of metabolic syndrome and
its components with all-cause and cardiovascular
mortality in the elderly

A meta-analysis of prospective cohort studies
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Abstract N\
There is increasing evidence regarding the relationship between metabolic syndrome and mortality. However, previous research |
examining metabolic syndrome and mortality in older populations has produced mixed results. In addition, there is a clear need to
identify and manage individual components of metabolic syndrome to decrease cardiovascular disease (CVD) mortality. In this meta-
analysis, we searched the MEDLINE databases using PubMed, Cochrane Library, and EMBASE databases. Based on 20
prospective cohort studies, metabolic syndrome was associated with a higher risk of all-cause mortality [relative risk (RR), 1.23; 95%
confidence interval (Cl), 1.15-1.32; 1> =55.9%)] and CVD mortality (RR, 1.24; 95% Cl, 1.11-1.39; /> =58.1%). The risk estimates of all-
cause mortality for single components of metabolic syndrome were significant for higher values of waist circumference or body mass
index (RR, 0.94; 95% Cl, 0.88-1.00), higher values of blood glucose (RR, 1.19; 95% Cl, 1.05-1.34), and lower values of high-density
lipoprotein (HDL) cholesterol (RR, 1.11; 95% Cl, 1.02-1.21). In the elderly population, metabolic syndrome was associated with an
increased risk of all-cause and CVD mortality. Among the individual components of metabolic syndrome, increased blood glucose
and HDL cholesterol levels were significantly associated with increased mortality. However, older obese or overweight individuals
may have a decreased mortality risk. Thus, the findings of the current meta-analysis raise questions about the utility of the definition of
metabolic syndrome in predicting all-cause mortality and CVD mortality in the elderly population.

Abbreviations: AHA-NHLBI = American Heart Association/National Heart Lung and Blood Institute, BMI = body mass index, Cl =
confidence interval, CVD = cardiovascular disease, FBG = fasting blood glucose, HBP = high blood pressure, HDL = high density
lipoprotein, IDF = International Diabetes Federation, NCEP = National Cholesterol Education, NOS = Newcastle-Ottawa Scale, RR =
relative risk, TG = triglycerides, WC = waist circumference, WHO = World Health Organization.
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1. Introduction

Metabolic syndrome is defined as a combination of impaired
glucose metabolism, dyslipidemia, abdominal obesity, and
elevated blood pressure. The association of this syndrome with
an increased risk of cardiovascular disease (CVD)™ and all-cause
mortality?! in the general population is well known. However,
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the strength of the association between metabolic syndrome and
the risk of CVD and mortality outcomes varies by population
according to factors such as race/ethnicity, sex, and age.*™!
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
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observational studies that have investigated metabolic syndrome as
a predictor of mortality in elderly cohorts have shown conflicting
results. Several studies™®'" have indicated that metabolic
syndrome is significantly associated with mortality in the elderly,
whereas others!'>7'®! have found no significant association.

In providing an overview of metabolic syndrome in the elderly,
regardless of whether metabolic syndrome is considered a unique
entity, there is a clear need to identify and manage its individual
components to reduce the morbidity and mortality associated
with diabetes and CVD.["”I Recently, a large retrospective cohort
study''®! indicated that in elderly adults, individual components
of metabolic syndrome were better predictors of all-cause and
cause-specific mortality than metabolic syndrome as a whole.
Moreover, there may be different or even opposing effects of
individual components of metabolic syndrome on mortality, such
as the reduced risk of CVD and all-cause mortality associated
with obesity.['”2% Therefore, in the current article, we provide a
systematic review and meta-analysis of studies assessing the
impact of metabolic syndrome on CVD and all-cause mortality
among the elderly, focusing on the strength of the association of
each component of metabolic syndrome.

2. Methods

We planned, conducted, and reported this systematic review
according to widely accepted quality standards for reporting meta-
analyses of observational studies in epidemiology. Ethical approval
for this study was not necessary as it was a meta-analysis that
collect and analysis data from the existing literatures.

2.1. Literature search

A medical librarian with experience in systematic reviews
participated in designing the search strategy. We searched the
MEDLINE databases using PubMed, Cochrane Library, and
EMBASE databases via Elsevier for reports published between
April 1979 and May 2017. A PubMed search for studies on
aging, metabolic syndrome, cardiovascular disease, and mortali-
ty was conducted without restrictions by combining search terms
that were synonymous with or related to metabolic syndrome and
mortality. The keywords used in the PubMed search were
converted into search tags for the Cochrane Library and
EMBASE databases (Supplementary Table 1, http:/links.Iww.
com/MD/B933). Furthermore, the reference lists of relevant
articles were manually searched to identify additional studies.

2.2. Eligibility criteria

Published articles were included in the meta-analysis if they met
the following inclusion criteria: assessed elderly participants (age
>60 ys); used a prospective cohort study design; included all-
cause mortality or CVD mortality as a specified outcome;
conducted a baseline assessment of metabolic syndrome; included
data on adjusted relative risk (RR), generally expressed as the risk
ratio in prospective cohort studies, and the corresponding 95 %
confidence interval (CI); were written in English and published in
their entirety; and included the most recent or most informative
study if cohorts were duplicated in more than 1 study.

2.3. Exclusion criteria, data extraction, and quality
assessment

Review articles, editorials, commentaries, letters without new
data analyses, meta-analyses, and abstracts were excluded. The
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exclusion criteria for this study were as follows: enrollment that
depended on a particular condition or risk factor, such as
diabetes mellitus or chronic kidney disease and participants who
were not elderly (age <60 ys).

Two investigators (J.S.Y. and K.D.H.), coauthors of the
current study, independently performed 2 subsequent rounds of
screening. In the first round of screening, we excluded irrelevant
studies and reviews based on the title or abstract. In the second
round of screening, we reviewed the full-text articles to further
exclude unrelated studies that did not meet the inclusion criteria.
One investigator (J.S.Y.) performed data extraction, and the
other investigator (K.D.H.) assessed the results for accuracy.
Disagreements between the 2 reviewers were resolved by
consensus. The following information was extracted: family
name of the first author, year of publication, country of origin,
age and sex of the participants, sample size, definition of
metabolic syndrome used, prevalence of metabolic syndrome,
deaths, follow-up duration, adjustment factors, the adjusted risk
estimates and corresponding 95% Cls of all-cause, and CVD
mortality for metabolic syndrome. We extracted the adjusted
RRs that reflected the greatest degree of control for potential
confounding factors for use in our main analysis. To determine
the influence of single components of metabolic syndrome, we
also collected risk estimates for each single component and
compared them with the estimates for metabolic syndrome
obtained in the same studies. The quality score of the included
studies was evaluated using the Newcastle-Ottawa Scale (NOS)
criteria for cohort studies?" (Supplementary Table 2, http://
links.lww.com/MD/B933).

2.4. Data synthesis and analysis

We synthesized the results of the included studies using a random-
effects meta-analysis. The synthesized results are presented as
RRs with corresponding 95% Cls. The statistical heterogeneity
between studies was assessed using Q and I? statistics. For the Q
statistic, heterogeneity was considered present if P <.1, and we
defined low, moderate, and high heterogeneity as I* values of
25%, 50%, and 75 %, respectively. To explore heterogeneity, we
performed subgroup analyses according to prespecified study-
level characteristics using a random-effects meta-analysis.
Potential sources of heterogeneity included geographic location,
sex, age, definition of metabolic syndrome, sample size,
prevalence of metabolic syndrome, follow-up duration, and
adjustment for frailty and quality score. Sensitivity analyses were
performed to test the robustness of the overall analysis. We also
performed a meta-analysis of the effects of single components of
metabolic syndrome, that is, the effects of individual components
compared against the effect calculated for metabolic syndrome as
a whole using the same datasets. Publication bias was evaluated
by visual inspection of Begg’s funnel plot and was tested using
Begg’s test. P < .1 for Begg’s test indicated publication bias. All
statistical analyses were performed using Stata software, version
14.0 (Stata Corp., College Station, TX).

3. Results

3.1. Study search and selection and characteristics
of eligible studies

Figure 1 shows the details of the study selection process. Briefly,
we identified 178 potentially relevant articles on metabolic
syndrome in relation to mortality after an initial screening of titles
and abstracts. After we examined the 178 assembled articles, 158
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articles were excluded. Finally, we identified 20 articles/®1%-2>-321

2214 Articles identified through electronic database searching (all-cause mortality 19 articles:[3-16-22-27.29-32] oy mortality
b 3 bl
Cochrane CENTRAL (n=49), PubMed (n=1103 ), EMBASE (n=1062) 9 articles)[9’11’12’14’16’22’23’28’32] that met the inclusion criteria
The characteristics of the included studies and the quality

249 Articles updated on 30th May 2017

o] assessment are summarized in Table 1/8-16:23-27:29-321 44
Cachrane CENTRAL (n=8), PubMed (n=86), EMBASE (n=155) Table 2.1%1112:14162223.28.32 Al included studies were pub-

lished in 2006 or later, had sample sizes ranging from 680 to
10,547 participants, and had a follow-up duration ranging from
3 to 19 years. Our studies included a total of 57,202 subjects. The

2285 Articles excluded after the initial screening on the basis of title or abstract
Irrelevant articles (n=1775), Reviews (n=42), Duplicates (n=468)

v prevalence of metabolic syndrome in these studies ranged from
178 Patentaly relevant Articles reviewad i full 11% in a study*®! of 3050 adults aged 65 years and older to 57%
in a study™®! of 986 adults aged 75 years and older who were

158 Arlicles excluded after the second screening on the basis of full-text undergoing general health examinations. Participant ages ranged

Studies did not report mortality data in the elderly (n=67), duplicates (n=1) from 60 to 89 years. Two studies?*3Y included men only, and 18

—*| The same cohort (n=5), Specific medical condition (n=37)
Retrospective cohort study (n=2), Cross-sectional studies (n=4)
Irrelevant articles (n=37), Review (n=4), Non English (n=1)

studies!®16-22:23:25-30.321 included both men and women. Many

studies followed specific subsamples, which accounted for much
of the variability. Seven studies!%11:1416:25:28321 Loported out-
comes for men and women. One study'? reported mortality
outcomes for participants aged 60 to 74 and 75 to 89 years.
Thirteen studijes!!%12716:22:25:2628.30-321 oo conducted in
Figure 1. Flow diagram of the search strategy and study selection. Europe, 4 Studies[8,23,27,z9] in the United States, and 3[11,24,30]

in Asia. Eleven studies!®13:16-22:23,25,26,28,30-32] qofined metabolic

20 Articles included in quantitative synthesis (meta-analysis)

All-cause mortality (n=19), Cardiovascular disease mortality (n=9)

Characteristics of included studies regarding metabolic syndrome and all-cause mortality!®-16:23-27:29-32],

Author Country Age mean,  Sex, Definition of metabolic Death, Follow-up, Quality Adjustment factors
range, ys Participant no. syndrome, prevalence, % no. ys score
Otiniano et al®  USA 72, >65 M and F 3050 WHO 11 1128 7 8 Age, sex, live alone, education, smoking, alcohol, activities of
daily living, diabetes, hypertension, and obesity
Butler et al®® USA 73.6, 7079 M and F 3035 NCEP 38 434 6 7 Age, sex, race, smoking, marital status, cohort site, and
diabetes
Ravaglia et al®” Italy 74, >65 M and F 981 NCEP 37.2 137 338 8 Age, sex, education, albumin, smoking, physical activity, and

preexisting diseases

Sundstrém et al®"  Sweden 70 M 1221 NCEP 24 302 9.1 8 Smoking, diabetes, hypertension, and total cholesterol
Simons et all'” Australia 70, >60 M 1233 AHA/NHLBI 31 704 16 7 Age, smoke, alcohol, hypertension, total cholesterol, diabetes,
F 1572 34 683 prior coronary heart disease, and peak expiratory flow
Wang et all'el Finland 70, 65-74 M and F 1025 NCEP 42.7 443 135 9 Age, sex, history of myocardial infarction and stroke,
M 377 218 smoking, alcohol, physical activity, and total cholesterol
F 648 255
Mozaffarian et al®  USA 73, >65 M and F 4528 NCEP 34 2116 15 9 Age, sex, race, education, smoking, physical activity, and alcohol
Wen et all'"! Taiwan 70, >65 M and F 10547 AHA/NHLBI 50.1 1312 8 7 Age, smoking, total cholesterol, estimated glomerular filtration rate
M 5761 45.6
F 4786 54.6
Hildrum et al'? Norway 67, 60-74  Mand F 1973 IDF 47 364 79 8 Age, sex, physical activity, smoking, total cholesterol, and
82, 75-89 M and F 986 57 503 depression
Zambon et al*?! Italy 74, >65 M and F 2910 NCEP 39 632 4.4 8 Age, sex, smoking, physical activity, major disease, body
M 1174 25.6 341 mass index, albumin, and low density lipoprotein
F 1736 48.1 291 cholesterol
Akbaraly et al®?  France 73, >65 M and F 7118 NCEP 21.2 575 7 8 Sex, education, study center, occupation, living alone,
smoking, fish consumption, fruit and vegetable
consumption, body mass index, self-report history of
vascular disease, cognitive deficit, self-report history of
cancer, and self-report history of depression
Salminen et al'¥ Finland 73.5 >64 M and F 1260 Modified IDF 19 422 9 7 Age, sex, smoking, exercise, cardiovascular disease, and low
M 533 17 198 density lipoprotein cholesterol
F 727 21 224
Thomas et all'®! France 69, >65 M and F 6210 Harmonized 40 344 49 7 Age, sex, smoking, family history of diabetes, hypertension,
cardiovascular events, ECG changes, previous stroke and
myocardial infarction, physical activity, and socioeconomic level
Chiang et al®¥ Taiwan 82.5,>75 M 680 IDF 31.6 140 3 8 Age, total cholesterol, triglycerides, and diabetes mellitus
Forti et al®® Italy 732,65 M917 NCEP 22.4 193 6.5 7 Age, education and cohort of origin, smoking, alcohol,
sedentary lifestyle, body mass index, pre-existing major
diseases, use of statins, total cholesterol, serum C-
74, >65 F 1043 33.3 179 reactive protein, and serum interleukin-6
Noale et all'® ltaly 72,65-84 M and F 2592 NCEP 49.3 297 32 8 Age, sex, individual metabolic syndrome criteria and

predictors, education, smoking, marital status,
hypertension, myocardial infarction, heart failure, angina,
stroke, distal symmetrical neuropathy, arrhythmia,
claudication, and disability

Mozaffary et al®  Iran 73, 265 M and F 922 WHO 9.9 193 9.9 7 Age, sex, total cholesterol, smoking, and family history of

cardiovascular disease
Age, sex, education, race, and frailty index
Age, sex, educational level, and frailty

Kane et al®”) USA 74.7,>65  Mand F 2152 IDF 45.5 581 10

9
Hoogendijk et al®®  Netherlands  75.4, 65-88 M and F 1247 NCEP 37 982 19 9

AHA/NHLBI = American Heart Association/National Heart, Lung, and Blood Institute, IDF = International Diabetes Foundation, NCEP = National Cholesterol Education Program, WHO = World Health Organization.
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Characteristics of included studies regarding metabolic syndrome and cardiovascular disease mortali

ty[9,1 1,12,14,16,22,23,28,32]

Age mean, Sex, Definition of metabolic Death, Follow-up, Quality
Author Country  range, ys Participant, no.  syndrome, Prevalence, %  No. ys score Adjustment factors
Butler et al®® USA 736, 70-79  Mand F 3055 NCEP 38 130 6 7 Age, sex, race, smoking, marital status, cohort site,
and diabetes
Maggi et al*® Italy 71, 65-84 M 1357 NCEP 25.9 109 4 7 Age, smoking, fasting insulin, and fibrinogen
71, 65-84 F 1724 55.2 134
Wang et all'® Finland 70, 65-74 M and F 1025 NCEP 42.7 250 1.35 9 Age, sex, history of myocardial infarction and
stroke, smoking, alcohol, physical activity, and
total cholesterol
M 377 126
F 648 124
Wen et all'" Taiwan 70, >65 M and F 10547 AHA/NHLBI 50.1 300 8 8 Age, smoking, total cholesterol, estimated
glomerular filtration rate
M 5761 456
F 4786 54.6
Hildrum et all' Norway 77, 60-74 M and F 1973 IDF 47 219 7.9 8 Age, sex, physical activity, smoking, total
cholesterol, and depression
82, 75-89 986 57 331
Zambon et al®? Ity 74, >65 M and F 2910 NCEP 39 230 4.4 8 Age, sex, smoking, physical activity, major disease,
body mass index, albumin, and low density
lipoprotein cholesterol
M 1174 25.6 102
F 1736 481 128
Akbaraly et al®?  France 73, >65 M and F 7118 NCEP 21.2 133 7 8 Sex, education, study center, occupation, living
alone, smoking, fish consumption, fruit and
vegetable consumption, body mass index, self-
report history of vascular disease, cognitive
deficit, self-report history of cancer and self-
report history of depression
Salminen et al™  Finland 735 >64 M and F 1260 Modified IDF 19 181 9 9 Age, sex, smoking, exercise, cardiovascular disease,
and low density lipoprotein cholesterol
M 533 17 81
F 727 21 100
Mozaffary et al'® Iran 73, >65 M and F 922 WHO 40.6 82 9.9 7 Age, smoke, alcohol, hypertension, total cholesterol,

diabetes, prior coronary heart disease, and peak
expiratory flow

AHA/NHLBI = American Heart Association/National Heart, Lung, and Blood Institute, IDF =International Diabetes Foundation, NCEP = National Cholesterol Education Program, WHO = World Health Organization.

syndrome in accordance with the third report of the National
Cholesterol Education Program (NCEP)-Adult Treatment Panel
(ATP-III). Three studies!'*?*2”! assessed metabolic syndrome
using the International Diabetes Federation (IDF) criteria. Two
studies!' ! used criteria from the American Heart Association/
National Heart Lung and Blood Institute (AHA/NHLBI). Finally,
2 studies'”*” used the World Health Organization criteria for
metabolic syndrome, and 1 study!™! used the Harmonized
criteria. As one study'* did not measure waist circumference,
modified IDF criteria were used, with body mass index (BMI)
>30kg/m” serving as a proxy for central obesity. The overall
quality of the studies averaged 8 points (range, 7-9 points) on a
scale from 0 to 9.

3.2. Association of metabolic syndrome with all-cause and
CVD mortality in the elderly

Of the 20 studies included in the meta-analysis, 19 and 9 assessed
all-cause mortality and CVD mortality, respectively. In 21125
studies that assessed all-cause mortality, men and women were
analyzed separately. Onel®®! study that investigated CVD
mortality had 2 datasets since men and women were analyzed
separately. In 1'% study that assessed all-cause and CVD
mortality, adults aged 60 to 74 and 75 to 89 years were analyzed
separately. Finally, the number of available datasets for all-cause
mortality and CVD mortality in relation to metabolic syndrome
was 22 and 11, respectively.

Figure 2 shows a forest plot for all-cause mortality and CVD
mortality in relation to metabolic syndrome in adults aged 60
years and older. Metabolic syndrome was associated with an
increased risk of all-cause mortality and CVD. The combined

RRs (95% CI) of all-cause mortality in 19 studies with 22
datasets and of CVD mortality in 9 studies with 11 datasets were
1.23 (1.15-1.32) and 1.24 (1.11-1.39), respectively. There was
appreciable statistical heterogeneity across the studies (all-cause
mortality, ?=55.9%, P=.001; CVD mortality, I*=58.1%,
P=.008). Supplementary Figure 1, http:/links.lww.com/MD/
B933 shows that there was no evidence of funnel plot asymmetry
in Begg’s test (all-cause mortality, P=.800; CVD mortality,
P=.243).

3.3. Subgroup and sensitivity analyses

Subgroup analyses were performed based on age (>median vs
<median), sex (men vs women), geographic location (Europe,
United States, or Asia), follow-up duration (>10 ys vs <10 ys),
sample size (>1000 vs <1000), definition of metabolic syndrome
(NCEP, IDF, AHA/NHLBI, or Harmonized), prevalence of
metabolic syndrome (>median vs <median), adjustment of frailty
(yes vs no), and quality score (>8 vs <8). Table 3 summarizes the
subgroup analyses of metabolic syndrome and all-cause and
CVD mortality in the elderly. Overall, a positive association
between metabolic syndrome and increased risk of all-cause
mortality was consistently observed in each subgroup, except for
the Asian subgroup (RR 1.14, 95% CI 0.83-1.56, I*=75.1%),
the sample size <1000 subgroup (RR 1.19, 95% CI 0.90-1.56,
I’=72.8), and the IDF definition of metabolic syndrome
subgroup (RR 1.04, 95% CI 0.93-1.18, 12=29.1). However,
the positive association between metabolic syndrome and risk of
CVD mortality was not statistically significant in the sample size
<1000 subgroup (RR 1.41, 95% CI 0.82-2.43, I’=77.8%) or
the IDF definition of metabolic syndrome subgroup (RR 1.10,
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All-cause mortality

A A5

Relative %
Author Year Sex Age Risk (95% CI)  Weight
Ofiniano 2005 Mand F 265 —:—4— 1.46 (1.16, 1.84) 4.51
Butler 2006 MandF 70-79 . 1.06 (0.64, 1.75) 1.52
Ravaglia 2006 MandF 265 —— 1.79(1.24,259) 247
Sundstrém 2006 M 70 -—— 1.26 (0.95, 1.67) 3.63
Simons 2007 M 260 | —— 1.53 (1.30, 1.80) 6.20
Simons 2007 F 260 —_— 1.35(1.15, 1.59) 6.14
Wang 2007 MandF 65-74 —_— 1.08 (0.89, 1.31) 5.34
Mozaffarian 2008 Mand F 265 — 1.22 (1.11, 1.34) 8.00
Wen 2008 MandF 265 —_— 1.16 (1.03, 1.30) 7.40
Hildrum 2009 MandF 60-74 ——-ﬁ—‘v— 1.14 (0.92, 1.41) 4.88
Hildrum 2009 MandF 75-89 -—--t-—-:- 1.05 (0.87, 1.26) 5.54
Zambon 2009 MandF 265 ——— 1.41(1.16,1.72) 5.26
Akbaraly 2010 MandF 265 g 1.55(1.25,1.92) 485
Salminen 2010 MandF 264 ——— e 0.90 (0.69, 1.17) 3.88
Thomas 2011 MandF >65 S g md 1.05 (0.85, 1.30) 4.90
Chiang 2012 M 275 . 0.71(0.45,1.12) 1.79
Forti 2012 M 265 —_— 1.05 (0.72, 1.53) 241
Forti 2012 F 265 - 1.60(1.15,2.22) 2.93
Noale 2012 MandF 65-84 - 1.13 (0.73,1.74) 1.95
Mozaffary 2014 MandF 265 - 1.55 (1.15,2.09) 3.33
Hoogendijk 2017 Mand F 65-88 = 1.15(1.01,1.31) 7.02
Kane 2017 MandF 265 +——— 1.14 (0.97, 1.34) 6.05
Overall (l-squared = 55.9%, p = 0.001) ¢ 1.23 (1.15, 1.32) 100.00
NOTE: Weights are from random effects analysis ;
T \ T 1|5 I 5 I 2l6

Author Year Sex Age

Akbaraly 2010 MandF 265
Salminen 2010 MandF 264
Mozaffary 2014 MandF 265

Overall (l-squared = 58.1%, p = 0.008)

NOTE: Weights are from random effects analysis

Butler 2006 MandF 70-79 —y— 1.23(0.98,1.54) 10.94
Maggi 2008 F 65-84 —_— E 0.82(0.56,1.20) 6.05
Maggi 2006 M 65-84 E 1.12(1.09,1.16) 19.72
Wang 2007 MandF 65-74 —:—0— 1.35(1.05,1.74) 9.83
Wen 2008 MandF 265 —E—-.— 148 (1.16,1.89) 10.07
Hildrum 2008 MandF 60-74 — —Q—;— 1.09 (0.83,1.43) 9.09
Hildrum 20089 MandF 75-89 ——*—E— 1.11(0.89,1.39) 11.08
Zambon 2009 MandF 265 —E—Q— 1.60(1.17,219) 7.7

Relative %

Risk (95% Cl)  Weight

1.73(1.12,267) 492

1.07 (0.74,1.55) 6.14

> 1.94 (1.22,3.00) 4.44

1.24(1.11,1.39) 100.00

B 5 1

Figure 2. Forest plot of the RRs of all-cause mortality (A) and CVD mortality (B) associated with metabolic syndrome in the elderly.

95% CI0.94-1.28, I*=0). When we included 2 studies?®*"! that
adjusted for frailty, the association between metabolic syndrome
and all-cause mortality was reduced but remained statistically
significant (RR 1.15, 95% CI 1.03-1.27, ’=0.0%). Sensitivity
analyses showed that no single study had an effect on the positive
association between metabolic syndrome and risk of all-cause
mortality or CVD mortality (Supplementary Figure 2, http:/
links.lww.com/MD/B933).

3.4. Association of components of metabolic syndrome
with all-cause and CVD mortality

The 4 definitions of metabolic syndrome applied and the cut-off
points for studies regarding the components of metabolic
syndrome and all-cause and CVD mortality using the NCEP-
ATP IILB16321 AHA/NHLBLU'Y  modified IDE!'*  and
Harmonized criteria*®! are shown in Supplementary Table 3,
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Subgroup meta-analyses regarding metabolic syndrome and all-cause and cardiovascular disease mortality in the elderly.

All-cause mortality

Cardiovascular disease mortality

P for P for
Group Subgroup Datasets RR (95% CI) P (%) heterogeneity ~ Datasets RR (95% CI) P (%) heterogeneity
Age, ys > Median: 12 1.20 (1.01-1.33 61.7 .003 7 1.18 (1.04-1.34) 50.4 .060
< Median 10 1.26 (1.15-1.38 50.1 .035 4 1.37 (1.13-1.67) 42.8 155
Sex Men 8 1.20 (1.05-1.38 54.9 .030 5 1.29 (1.09-1.53) 44.8 124
Women 6 1.22 (1.02-1.44 63.1 .019 5 1.20 (0.91-1.60) 47.2 .054
Geographic location Europe 15 1.24 (1.13-1.36) 60.5 .018 8 1.18 (1.05-1.33) 48.3 .060
United States 4 1.22 (1.12-1.33 8.3 .351 1 1.23 (0.98-1.54) - -
Asia 3 1.14 (0.83-1.56 75.1 .018 2 1.57 (1.26-2.67) 1.6 313
Follow-up duration, ys > 10 6 1.24 (1.13-1.36) 58.4 .035 0 - - -
<10 16 1.23 (1.11-1.35 57.8 .002 11 1.24 (1.11- 58.1 .008
Sample size > 1000 17 1.24 (1.16-1.32 50.6 .009 9 1.23 (1.09- 57.2 017
< 1000 5 1.19 (0.90-1.56 72.8 .005 2 1.41 (0.82— 77.8 .034
Definition of metabolic WHO 2 1.49 (1.24-1.79 0.0 .756 1 1.94 (1.22— - -
syndrome
NCEP 11 1.27 (1.16-1.39) 395 .085 6 1.24 (1.06- 64.2 .016
IDF 4 1.04 (0.93-1.18) 29.1 228 3 1.10 (0.94- 0.0 .985
AHA/NHLBI 3 1.33 (1.12-1.57) 74.6 .020 1 1.48 (1.16- - -
Harmonized 1 1.05 (0.85-1.30) - - 0 - - -
Prevalence of > Median® 1 1.16 (1.09-1.22) 0.9 433 6 1.23 (1.03-1.49) 59.7 .030
metabolic syndrome
< Median® 11 1.30 (1.16-1.47) 66.0 .001 5 1.26 (1.07-1.48) 58.1 .008
Adjustment of frailty Yes 2 1.15 (1.03-1.27) 0.0 .935 - - - -
No 20 1.24 (1.15-1.34) 58.5 .001 - - - -
Quality score > 8 13 1.22 (1.12-1.32) 51.4 .010 6 1.27 (1.11-1.45) 30.7 0.205
<8 9 1.24 (1.09-1.41) 64.5 .004 5 1.24 (1.01-1.51) 67.8 0.014

AHA-NHLBI=American Heart Association/National Heart Lung and Blood Institute, Cl=confidence interval, IDF = International Diabetes Federation, NCEP = National Cholesterol Education, RR = relative risk,
WHO =World Health Organization.
: Median, 73 and 72.5 years old for all-cause mortality and cardiovascular disease mortality, respectively.
 Median, 35.5% and 40.6% for all-cause mortality and cardiovascular disease mortality, respectively.

http:/links.lww.com/MD/B933. Supplementary Table 4, http://
links.lww.com/MD/B933 summarizes the influence of single
components of metabolic syndrome on all-cause mortality
(Supplementary Table 4a, http:/links.lww.com/MD/B933) and

CVD mortality (Supplementary Table 4b, http:/links.lww.com/
MD/B933), indicating the diagnostic criteria used for these
components and the estimates of risk. Figure 3 shows the risk
estimates of all-cause!®!">1%15:32] 3nd CVD mortalityl!"1416:32]

Outcome

Exposure

All-cause mortality

No. of

Datasets

Individual component vs.

Metabolic syndrome

RR (95% ClI)

FBG 6 | —o—— 1.19(1.05, 1.34)
HBP 6 S S a— 1.10(0.93, 1.31)
HDL 6 o — 111 (1.02,1.21)
TG 6 —o—:- 0.95 (0.89, 1.02)
WC+BMI 6 —0— 0.94(0.88, 1.00)
MS 6 : — 1.17(1.07,1.28)
|
CVD mortality |
FBG 5 :-—o— 1.16(1.00, 1.35)
HBP 5 - O 1.23(0.83, 1.83)
HDL 5 | e ae— 1.28(1.10, 1.48)
TG 5 : o 1.07 (0.89, 1.29)
WC+BMI 5 —to—— 1.06 (0.91,1.24)
Ms 5 : — 1.40(1.21,1.61)
|
|
T T I T T T T T
8 1 13 16 19

Figure 3. Results of the meta-analysis of each component of metabolic syndrome, full metabolic syndrome, all-cause mortality and CVD mortality. BMI=body
mass index, CVD = cardiovascular disease, FBG =fasting blood glucose, HBP =high blood pressure, HDL = high-density lipoprotein, MS =metabolic syndrome,
TG =triglycerides, WC=waist circumference.
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for each component of metabolic syndrome and for full metabolic
syndrome. The overall risk estimate of all-cause mortality for full
metabolic syndrome in six datasets was 1.17 (1.07-1.28). The
risk estimates of all-cause mortality for higher values of
triglycerides and obesity (waist circumference or BMI), compared
with lower values, were 0.95 (0.89-1.02) and 0.94 (0.88-1.00),
respectively. These estimates were significantly lower than those
associated with the full syndrome in the same datasets (all
P<.001). The overall risk estimates of all-cause mortality for
higher values of blood glucose and blood pressure (compared
with lower values) and lower values of HDL cholesterol
(compared with higher values) were 1.19 (1.05-1.34), 1.10
(0.93-1.31), and 1.11 (1.02-1.21), respectively. These estimates
were similar to those recorded for the full syndrome in the same
datasets (P=.826, P=.532, and P=.405, respectively). The
overall risk estimate of CVD mortality for full metabolic
syndrome in 5 datasets was 1.40 (1.22-1.62). The risk estimates
of CVD mortality for higher values of triglycerides and obesity
(waist circumference or BMI) compared with lower values were
1.07 (0.89-1.29) and 1.06 (0.91-1.24), respectively. These
estimates were significantly lower than those associated with the
full syndrome in the same datasets (P=0.026 and P=0.033,
respectively). The overall risk estimates of CVD mortality for
higher values of blood glucose and blood pressure (compared
with lower values) and lower values of HDL cholesterol
(compared with higher values) were 1.16 (1.00-1.35), 1.23
(0.83-1.81), and 1.28 (1.10-1.48), respectively. These estimates
did not differ from those recorded for the full syndrome in the
same datasets (P=.074, P=.547, and P=.392, respectively).

4. Discussion

The findings of this meta-analysis indicate that metabolic
syndrome is associated with an increased risk of CVD mortality
and all-cause mortality in elderly populations. Summarizing the
results, we observed a 24% increased risk of CVD mortality and
23% increased risk of all-cause mortality among elderly adults
with metabolic syndrome compared to those without metabolic
syndrome. The pooled RR values of CVD mortality and all-cause
mortality were similar. However, the 95% CI of all-cause
mortality was narrower, likely because of the larger sample size.
The association of metabolic syndrome with CVD and all-cause
mortality was slightly affected by geographic location, sample
size, definition of metabolic syndrome, and adjustment for frailty
in the subgroup meta-analyses.

A meta-analysis conducted by Wu et al®! examined the
association between metabolic syndrome and all-cause mortality
among adults aged >20 years in 21 studies. They found that in the
general adult population, adults with metabolic syndrome had an
increased risk of all-cause mortality compared with those without
(RR 1.46,95% CI1.35-1.57). As aging is a major contributor to
the growing prevalence of metabolic syndrome, it is reasonable to
assume that older persons are more frequently affected by the
constellation of cardiovascular and metabolic risk factors that
constitute metabolic syndrome. Metabolic syndrome predicts
cardiovascular mortality, including in older persons.[”>3!
However, the pooled RR of our study was much lower than
that reported in the meta-analysis of Wu et al, which found an
opposite trend in the elderly population (mean age 72.9 ys, >60
ys) than in the overall adult population (mean age 57.5 ys, >20
ys). This discrepancy may because of aging-related factors, such
as frailty, malnutrition, and immunocompromised states.!>*!
Under these conditions, the chance that older people will acquire
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infectious diseases is greater, thus increasing the risk of mortality
because of the impairments in homeostasis and functional reserve
needed to cope with these stressors.!>*! The relationship between
metabolic syndrome and mortality in older adults may be
explained by other health outcomes, such as frailty and chronic
disease. A study®?”! showed that metabolic syndrome was
positively correlated with frailty index in younger adults (<65
ys) but not in older people (>65 ys). Furthermore, the frailty
index was a better predictor of mortality risk than metabolic
syndrome at all ages. Another study®®! showed that physical
frailty and chronic disease together constituted a large part of the
association between metabolic syndrome and 19-year all-cause
mortality in older adults. In our subgroup analyses conducted
with adjustment for frailty, the association between metabolic
syndrome and mortality was reduced (RR 1.15, 95% CI 1.03—
1.27) but remained statistically significant. The results of the RR
analyses were not significantly heterogeneous (I°=0.0%, P
=.935). Nevertheless, a small number*®>”! of studies was used in
the analyses. Thus, these results should be interpreted cautiously.

It can be assumed that the association between metabolic
syndrome and mortality is influenced by individual components
of metabolic syndrome. Therefore, we evaluated the influence of
each component of metabolic syndrome using the data available
from 6 studies.®!"141¢-32] These results indicated that the
increased risk of all-cause mortality and CVD mortality caused
by metabolic syndrome was not greater than the summed risk of
individual metabolic syndrome components, namely, increased
fasting glucose, elevated blood pressure, and decreased HDL.
Two exceptions were increased triglycerides and obesity (WC
and BMI), which were inversely associated with all-cause
mortality. Among the metabolic syndrome components, high
glucose and low HDL cholesterol significantly predicted the risk
of CVD and all-cause mortality. Low HDL cholesterol has
already been established as an independent risk factor for
mortality in the geriatric population.**=#! Finally, among
metabolic syndrome components, elevated glucose level has
consistently predicted higher mortality in older adults.!3:11:16:321

Notably, obesity had a borderline significant inverse association
with all-cause mortality. We found a 6 % decreased risk of all-cause
mortality among obese elderly adults with an increased waist
circumference and BMI >30kg/m?. Several hypotheses have been
proposed to explain the obesity paradox observed in our study.
First, selective survival bias is a concern in observational studies.
Specifically, individuals who are more susceptible to the adverse
health effects of obesity caused by environmental or genetic factors
may die when they are younger, resulting in a more resilient
overweight older population. Second, in older people, although fat
proportion increases with age, higher BMI may also be the result of
higher muscle mass, which may result in functional benefits and
better survival.®**°! Finally, obesity may also provide an energy
reserve during periods of poor intake in stress or illness.[*!!
Therefore, the more fat an elderly individual has, the better his or
her survival in old age may be, and thus, overweight or obese
people may have higher life expectancies than others. For example,
in a study that obtained body composition data from community-
living older men, the waist circumference associated with the
lowest mortality risk was in the overweight range.**! A recent
meta-analysis''” of an elderly population (median age >80 ys)
demonstrated that compared with normal-weight individuals
(BMI 18.5-24.9 kg/m?), all-cause mortality decreased by 12% for
those who were overweight (BMI 25-29.9kg/m?) and 26% for
those who were obese (BMI >30kg/m?). However, all-cause
mortality increased by 39% for underweight individuals (BMI
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<18.5kg/m?). Consistent with a prior meta-analysis of the elderly
general population,*! our meta-analysis showed that obesity
reduced all-cause mortality risk among the elderly. However, the
studies included in this meta-analysis were limited in terms of the
associations between each component of metabolic syndrome and
all-cause mortality. Therefore, the results of this analysis should be
interpreted with caution.

In several studies, high blood pressure was postulated to be an
independent risk factor for CVD mortality and all-cause
mortality.[">***¢! A meta-analysis suggested that prehypertension
may be an independent risk factor for CVD mortality in the adult
population,*”! showing that prehypertension (systolic blood
pressure of 120-139 mmHg or diastolic blood pressure of 80—
89 mmHg) was associated with increased CVD but not all-cause
mortality. Notably, in our analyses, elevated blood pressure (>130/
85 mmHg or treated hypertension) was not associated with CVD
mortality or all-cause mortality. Several mechanisms may explain
this nonsignificant effect of elevated blood pressure on mortality in
elderly persons. A considerable proportion of elderly individuals
with functional disability suffer from widespread vascular
alterations, ranging from atherosclerosis and arterial stiffness to
microcalcification.!*®! Elevated blood pressure may be a compen-
satory mechanism that preserves the perfusion of vital organs, such
as the heart and brain, thereby ultimately preventing morbidity,
and mortality among some older adults.!*” It is also possible that
poorly functioning older persons may be more vulnerable to the
adverse effects of antihypertensive medications.*®! Our findings
are consistent with prior studies that have found that the
association between blood pressure and mortality diminishes with
age because the prevalence of frailty increases with age.[>%1]

Potential limitations of this study should be noted. Residual or
unmeasured confounding factors may have influenced the results
despite the calculation of risk estimates that reflected the greatest
degree of control for potential confounders. Only studies
published in English were considered. We were limited to data
reported in published articles and did not have access to
individual patient-level data. There was some heterogeneity in the
different definitions of metabolic syndrome used. Because of the
potential heterogeneity between studies, we synthesized the
results of the included studies using a random-effects meta-
analysis, which incorporates both within- and between-study
variability. In addition, to explore heterogeneity, we performed
subgroup analyses according to prespecified study-level charac-
teristics using random-effects meta-analyses.

In summary, metabolic syndrome is associated with moder-
ately increased CVD mortality and all-cause mortality in older
populations. Of the individual components of metabolic
syndrome, both elevated blood glucose and HDL cholesterol
were associated with significantly increased mortality, equaling
the association of full metabolic syndrome. Regardless of the
presence of metabolic syndrome, elderly individuals with high
blood glucose and low HDL cholesterol should receive greater
attention because of their higher risk of mortality. In contrast,
obese or overweight elderly individuals may be likely to have
lower all-cause mortality. Thus, the findings of the current meta-
analysis raise questions about the utility of the current definition
of metabolic syndrome in predicting all-cause mortality and CVD
mortality in the elderly population.
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