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ABSTRACT

Background and Aims: The influence of metabolic syndrome (MetS) on nidgytanay be influenced by
age- and gender-related changes affecting the impfacndividual MetS components. We investigated
gender differences in the association between Met&onents and mortality in community-dwelling alde

adults.

Methods and Results: Prospective studies were identified through aesyatic literature review up to June
2019. Random-effect meta-analyses were run to atitme pooled relative risk(RR) and 95% confidence
intervals(95%CI) of all-cause and cardiovasculaw)@nortality associated with the presence of MetS
components (abdominal obesity, high triglycerides; HDL cholesterol, high fasting glycemia, and tig
blood pressure) in older men and women. Meta-aaalgsnsidering all-cause (103,859 individuals, 3@,8
men, 55,029 women; 10 studies) and CV mortality,968 individuals, 44,699 men, 50,266 women; 8
studies) did not reveal any significant associafionabdominal obesity and high triglycerides ither
gender. Low HDL was associated with increased allse (RR=1.16,95%CI:1.02-1.32) and CV mortality
(RR=1.34, 95%CI:1.03-1.74) among women, while weatesults were found for men. High fasting
glycemia was associated with higher all-cause rigrta older women (RR=1.35, 95%Cl:1.22-1.50) more
than in older men (RR=1.21, 95%CI:1.13-1.30), and @ortality only in the former (RR=1.36,
95%CI:1.04-1.78). Elevated blood pressure was &sacwith increased all-cause mortality (RR=1.16,

95%CI:1.03-1.32) and showed marginal significastes for CV death only among women.

Conclusions: The impact of MetS components on mortality in olpeople present some gender differences,
with low HDL cholesterol, hyperglycemia, and eladtlood pressure being more strongly associated to

all-cause and CV mortality in women
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INTRODUCTION

Metabolic Syndrome (MetS) is a clinical conditiolmacacterized by a complex cluster of metabolic
dysfunctions. Although MetS has been variously rd&fi in recent decades, it has been most commonly
considered as the presence of at least three ca@ntsamong: large waist circumference, high trighae
levels, low HDL cholesterol, elevated blood pressand high fasting glycemia [1]. As estimated hg t
International Diabetes Federation (IDF), around oueof four individuals worldwide are affected bietS,
with possible differences according to the agedgemand ethnic origin of the population under st[&ig].
The most unifying hypothesis for MetS pathophydglds that it involves the mechanisms of insulin
resistance, mild chronic inflammation, and neur@enithe activation, which may be triggered concuityen
by an increase in visceral adiposity [3-5]. Henemyironmental and lifestyle factors leading to essce
weight play an extremely important role in the depenent of MetS [6], although even individuals with
normal weight can present with MetS [7] and arerdfuge equally exposed to an increased risk of
accumulating additional cardiovascular (CV) andahetic dysfunctions [8].

While MetS has been largely associated with higilecause and CV mortality in adult age, mixed hessu
have emerged from studies on older populationsyavhietS is even more prevalent [9,10]. In lightlué
discrepancy, the relationship between MetS andatityrcould be more deeply explored by analyzingvho
the impact of each single component changes wiithgaghanges in the effects of MetS components on
mortality in advanced age may be due to differemcéise extent of their pathological actions, bisbao the
inappropriateness for older populations of theshodd levels commonly used to define the syndrobie- [
13]. Gender is a further issue. Although the prenved of MetS and its components is generally higher
men than in women of adult age, after menopaude differences tend to disappear or even to rejérge
This is likely due to specific biological connotatéinked to each sex (e.g., hormonal changes),efisas to
gender-related factors (e.g. risk behaviors) legtina steeper increase in the prevalence of Met®men,

who present more frequently with visceral obesitg fow HDL cholesterol, while elevated blood pressu
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hypertriglyceridemia, and hyperglycemia seem tohgemajor contributors to MetS in men [11]. SextigEm
may also play a role in the impact of MetS on C¥kr{14], which increaseper se in women after
menopause. Previous studies have shown that Met8ris strongly associated with CV risk in womemtha
in men, although the difference seems to be masilyn by an increased risk of hyperglycemia, gs till
unclear whether the impact of individual MetS comgats on health-related outcomes is subject toagend
differences [11,15].

In light of the above considerations, we carried awsystematic review and meta-analysis of theeotrr
literature with the aim of summarizing the impattralividual MetS components on mortality in oldaen
and women. Our hypothesis was that the individoatmonents for MetS determined by the standard fsutof
are poorly associated with mortality in the oldepplation, and that the relationship is subjectyémder

differences.

METHODS

This work has been done in accordance with theeBexf Reporting ltems for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines (see Appendixrithe checklist).

Literature search

A systematic review of the literature was perforntiecbugh the PubMed, Web of Science, and CINHAL
electronic databases from inception to June 5, 20t@ reference lists of articles selected, previou
systematic reviews of the topic, [16] and relewaabsites (e.g., Google Scholar, EBSCO Open Didganja
were also manually screened to identify potentialigible studies, including doctoral and mastérsses.
No geographical or language restrictions were adplWe designed a search strategy for each eléctron
database, which included, in accordance with PI@@®ria, the following research themes: metabolic
syndrome components (exposures), all-cause or Clafitp (outcomes), older people (study population)
(Appendix 2). The comparison groups were peoplesging withvs without the various metabolic
syndrome components. In our study design, we applispecific filter to narrow our search to londinal

studies.

Study selection
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The studies were selected on the basis of thesitpinclusion criteria:

- Population: community-based studies in whicleast 60% of participants were aged 65 years orwees
included.

- Exposure and comparison: studies that compamididuals who presented with and did not presert wi
the individual MetS components (i.e., abdominal sitye hypertriglyceridemia, low HDL-C, high fasting
glucose, and high blood pressure) were included.

- Outcome: studies that examined all-cause mortatitCV mortality reporting either the number ofaties
during the follow-up or the estimates for the ridldeath were included.

Since we aimed to evaluate gender differences énasociations between each MetS component and
mortality, we excluded studies that did not repedults for each component, and that did not ptesen
separate analyses for men and women. Studiescautan hospitals or nursing homes were also ey

as were studies that involved only individuals etiéel by particular diseases (e.g., diabetes, atroni

pulmonary diseases, etc.).

To identify eligible studies, a first selection k{le and abstract was carried out independentlytvioy
researchers (MD and AB), who included longitudistaldies that involved community-dwelling older pleop
and investigated the association between MetS atality. In a second step, two independent reviswe
(MD and CT) reviewed the full texts of these stgdiand selected papers based on the inclusion and
exclusion criteria described above. Any disagregmeénring the study selection process were disdusse
between researchers until reaching consensus,ifandcessary, a third independent reviewer (GS) was

involved.

Quality assessment

The quality of the selected studies was assessiepémdently by two researchers (MD and CT) usieg th
Newcastle-Ottawa scale (NOS) for cohort studieq.[Btores on the NOS scale range from 0 to 9, the
higher scores indicating better quality. In thespr@ work, a study with a scord was considered high

quality (for details on the NOS criteria, see Sepptntary Table S1) [18].

Data extraction
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Two independent researchers (MD and CT) extractad fiom the full texts of each of the studies on a
structured Excel form. We extracted the followingtad from each study: the first author’'s last name,
publication year, study cohort and country, MetSinition and criteria with possible modifications,
outcome, risk estimate, and adjustments for cotemiaVhere available, we extracted additional mfmion
stratified by sex on: sample size, follow-up in@nage, and prevalence of MetS. For each MetS ocoa,

we extracted data on the number of all-cause andd€aths over the study period, and, if availalile, t
relative risk (RR) or the hazard ratio (HR), wit/b% confidence interval (95%CI) [19]. In case of
availability of only raw data, we computed a criRle. Where multiple options were available in thmesa
study, we prioritized the most adjusted risk estemand the longest follow-up interval. Where selvera
studies used the same study cohort, we includednthe recent or the one with the most complete data
relevant to the aims of our work. Where MetS congmis were defined according to different critewa,
used data conforming to the most common definitiorthe main analysis, while other cutoffs were
considered in sensitivity analyses. Finally, thehats of the studies were contacted by email when

additional information or clarifications were nedd® to request unpublished data.
Statistical analysis

The associations between the pooled RRs with 958t€all-cause and CV mortality and the presence of
each MetS component in older men and women welenasd from a random-effects meta-analysis.
Random-effects models were chosen because of thectxi heterogeneity in the observational studies
included in our work. The presence of statisticeiehogeneity among studies was tested by usin@liie
squared test (setting statistical significance gt\alue <0.10), and its extent was evaluated whth I-
squared @) statistic [20]. In accordance with previous sasdiwe used’alues of <25% to define low
heterogeneity, 25-75% for moderate heterogeneitg, a75% for high heterogeneity. The presence of
publication bias was evaluated for each analysisguthe Egger regression test, and was graphically

illustrated using funnel plots [21].

As subgroup analyses, we performed random-effeeta-danalyses to compare results by MetS criterily (o
for abdominal obesity and high fasting glycemia poments), study location, MetS prevalence, lenfithe

follow-up, and adjustment for confounders. Wherffedent studies defined the same MetS component
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according to different criteria, we took the mosgguently used criterion for our main analysis. (ithe
National Cholesterol Education Program [NCEP] Adukatment Panel 11l [ATP IIl] criteria), and théher
criteria for our sensitivity analysis. Finally, werformed a leave-one-out sensitivity analysisvialgate the
impact of each study on the size of the overabaff22]. Analyses were performed using #péools (to
compute crude RR) anahetaphor [23] packages in R (R Foundation for Statisticalm@uting, Vienna,

Austria) [24].
RESULTS

Of the 4503 records identified from the literatgearch, 167 were eligible at the title-abstractt@n, and

12 studies were ultimately included in our metahgsia (a flow-chart of the study selection procissgiven

in Supplementary Figure S1). Six studies evaludetth all-cause and CV mortality, four only all-caus
mortality, and two only CV mortality. The main feats of the selected works are shown in Table & Th
mean or median age of participants in most of thdies was over 70 years, and the median lengtheof
follow-up interval was 9 years (range 4-16 year®garding location, six studies were conductedurofge
[25-30], three in Asia [31-33], two in the USA39], and one in Australia [35]. The majority of thkeidies
(n=5) used NCEP ATP Il criteria to define MetS £29,30,34], two used the revised NCEP ATP Il (R-
NCEP) [9,33], two the International Diabetes Fetiena(IDF) definition [28,29], two the American Hea
Association and the National Heart, Lung, and Bltastitute (AHA/NHLBI) criteria [32,35], and one ¢h
HC2009 criteria [31]. Two studies presented daterreg to more than one MetS definition [25,29h48d

on these criteria, we found that the median prenaeof MetS was 29.5% in men, and 48.3% in women.
Figures 1-5 illustrate the sex-specific resultdh® meta-analyses of each MetS component and wkca
mortality (103,859 individuals [48,830 men, 55,828men]), and CV mortality (94,965 individuals [4@%
men, and 50,266 women]). The pooled estimatesradddaifter stratifying studies by adjustment foremditl
confounders are presented in Table 2. The resoit®dch MetS criterion in older men and women are

described in the following paragraphs.

Abdominal obesity. Overall, the presence of abdominal obesity wassigstificantly associated with either
all-cause or CV mortality, in both men and womeng(@Fe 1). The between-studies heterogeneity was

moderate in the analysis of all-cause mortalityrian (Q-testP = 0.02, f = 60.7%), and low for CV
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mortality (Q-testP = 0.18, f = 11.4%), but was not estimable for women. ThedEgggression test showed
there to be no publication bia® ©0.05 for all analyses; Supplementary Figures S2-88 significant
differences were observed between studies pregentiadjusted vs. adjusted results (Table 2). Our
subgroup analyses (Supplementary Table S2) shovesghdicant inverse association between high waist
circumference and all-cause mortality when the comept was defined based on ethnic-specific crit@ia
for heterogeneity = 0.02). The leave-one-out amali@upplementary Table S3-S4) revealed that the&s
study potentially attenuated the indirect assommbetween abdominal obesity and all-cause mortadit
men [35], while no relevant differences were obsdrwhen excluding studies whose risk estimates were

adjusted for BMI [25,30].

High triglyceride levels. A marginal significant association between higlglyceride levels and reduced
all-cause mortality was observed in older womenilevho significant results were found considering C
mortality for both genders, and all-cause mortalioy older men (Figure 2). The between-studies
heterogeneity was low (Q-te$®:= 0.34, f = 2.5%) for men for CV mortality, but moderate tbe other
analyses. No publication bias emerged at the Egagession test(>0.05 for all analyses; Supplementary
Figure S2). The non-significant association betwegrertriglyceridemia and mortality did not subsialfy
change at our subgroup analyses (Table 2, Supptamgeiable S5), while the leave-one-out analyses
suggested that the Simons [35] and Wen [32] stuaiisntially attenuated the indirect associatiotwben

high triglycerides and all-cause death in womerpffementary Table S3-S4).

Low HDL cholesteral. Low levels of HDL-C increased both all-cause (RR.%6, 95% CI: 1.02-1.32) and
CV mortality (RR = 1.34, 95% CI: 1.03-1.74) amongmen, while similar but weaker results were found
for men, with marginal significant estimates for @\rtality (Figure 3). The between-studies hetenegyg

was moderate for all analyses, and there was mieeree of publication bias (Supplementary FigureS32

Our subgroup analyses (Supplementary Table S6)eshdiat in the studies with longer follow-up there
were stronger associations between low HDL-C ahdaalse mortality in both gendemB {or heterogeneity
<0.05), and CV mortality among womeR for heterogeneity <0.001). Similarly, as showrTable 2, the
association between low HDL-C and increased alseaand CV mortality seemed to be accentuated when

considering studies with adjusted results in bathdgrs, especially in meR for heterogeneity <0.05). The
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leave-one-out analyses (Supplementary Table S3ev4épled that the Kuk [9] Salminen [28] and Zambon
[30] studies potentially attenuated the pooledltesan the association between HDL-C and CV mdytath
men. A similar effect was observed in the femaledge for the studies of Kuk [9], Sun [31] and W48§],

while the work of Yen [33] tended to strengthen divect association between HDL-C and CV mortality.

High fasting glycemia. Our pooled results showed that high fasting glyeewas associated with increased
all-cause mortality in older men (RR = 1.21, 95% T13-1.30), and more markedly in older women RR
1.35, 95% CI: 1.22-1.50) (Figure 4). The findingsrevsimilar for CV mortality only among women (RR =
1.36, 95% CI: 1.04-1.78). Between-studies hetereigggmas moderate for all analyses, except CV rligrta
in men (non-estimable). Possible publication biagrged only among studies on high fasting glyceania
CV mortality in women R = 0.03, Supplementary Figure S2). Our subgroupyaeal(Supplementary Table
S7) revealed a stronger association between afhigjmg glycemia levet6.1 mM and CV mortality in
women P for heterogeneity = 0.05). Moreover, in studiesdicted in Asia or Australia there was an
increased risk of all-cause mortality among wontetriof heterogeneity = 0.09), and among men in studie
with longer follow-up intervals K for heterogeneity = 0.05). No substantial diffexen were observed,
instead, when comparing studies that presentedjustad vs. adjusted results (Table 2). At the leave-
out analysis, the Salminen [28], Wen [32] and Y&8] [studies seemed to attenuate the associatiorebpt
high fasting glycemia and CV mortality among wométo substantial differences where seen after
excluding the study of Maggi [26], whose resultsravadjusted for fasting insulin levels (Supplemgnta

Table S3-S4).

Elevated blood pressure. The presence of high blood pressure was assocwtbdincreased all-cause
mortality (RR = 1.16, 95% CI: 1.03-1.32), and shdwaemarginal significant relationship with CV mditta

(RR = 1.39, 95% CI: 1.00-1.94) in women, but notrien (Figure 5). Between-studies heterogeneity was
moderate in the analyses on women, but high iretbasmales. No publication bias emerged from thgeEg
regression testP(>0.05 for all analyses; Supplementary Figure S2).dinificant differences emerged
when comparing studies by confounders’ adjustrratitough the direct association between elevateoldbl
pressure and all-cause and CV mortality seemee todre marked in adjusted models for men (Tabl&n?2).

the other subgroup analyses (Supplementary TableEsBopean study populations seemed to weaken the
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association between high blood pressure and aflecenortality in menK for heterogeneity = 0.05), and CV

mortality in both menR for heterogeneity = 0.003) and wom&hf¢r heterogeneity = 0.02). Instead, studies
with longer follow-up reported stronger associagidretween high blood pressure and all-cause mgrtali
among womenkK for heterogeneity <0.001). The leave-one-out aislghowed that the Wang [29] study

potentially attenuated the results on CV mortaityong women (Supplementary Table S3-S4).

DISCUSSION

Our systematic review and meta-analysis suggesthkampact of MetS components on all-cause and CV

mortality changes with advancing age and presemie slifferences between men and women.

Abdominal obesity. Abdominal obesity has been suggested as playingipartant role in MetS and has
been largely associated with a higher risk of mlibytén young and adult individuals. However, thesults
regarding its impact on mortality in advanced ageehbeen mixed [31,33,36—-38]. Interestingly, thel@d
results of our meta-analysis did not show any §icamt association between abdominal obesity ahd al
cause or CV mortality. Among the studies we assegsdy Simons et al., who used BMI instead of wais
circumference, reported a direct association betvedesity and all-cause mortality in older men [3@hile
Kuk and colleagues even found the opposite [9].s€h@ndings raise several issues. First of allploher
populations waist circumference is not always iatli@ of visceral obesity due to possible age-eelat
reductions in stature and changes in body compasj89], which could lead to misclassification bersd
may skew the association between abdominal obasidymortality. On the other hand, the use of BMaas
proxy for abdominal obesity in older age could a@lsoproblematic because it does not provide inftona
on body composition, and older adults with reduocsgkscle mass and high adiposity could still have a
normal BMI [40]. Secondly, our results may be iefheed by selective survival, since the individualo
are more vulnerable to the adverse effects of obesi health could have died at a younger age,enthi¢
survivors may represent the most resilient overitéidpese older population [16]. Previous studiegeha
shown that mortality increases only with a mark&dess of weight, while overweight or grade 1 olyesit
carried a similar or even lower risk of all-caussatth compared with normal weight [36—38,41]. Althlou

the survival advantage linked to modest excessweggstill unclear, it has been suggested thét less
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likely to be associated with the presence of clirdiseases, but, instead, may increase the reslieholder
individuals [16,34].

High triglyceride levels. Our pooled results did not show any strong sigaificassociation between high
triglycerides levels and all-cause or CV mortalityolder men and women. However, mixed results geter
when we evaluated individual studies. In some casgsertriglyceridemia even seemed to be associated
with a lower risk of CV [31] or all-cause mortality only one gender (male [9,31] or female [28,3)),3
and in another case in both men and women [33].v€msely, only Forti et al. found that
hypertriglyceridemia increased all-cause mortalityolder men [25], confirming previous findings [42
Similarly to what we found for abdominal obesityhet lack of strong associations between
hypertriglyceridemia and mortality in older peopteuld be due to selective survival, since individuaith
higher CV risk associated with elevated triglycesatould have died earlier, while the more redilastults
reached older age. Moreover, higher triglycerigethe elderly could reflect better nutritional s&gtand low
levels could be sign of illness or frailty [25].

Low HDL cholesterol. As well known, HDL cholesterol has antioxidant ardi-inflammatory actions that
may prevent the onset or slow the progressiontadrasclerosis and related diseases [43,44]. Inreaggat
with some studies [45], but conflicting with oth¢8g], our meta-analysis confirms a low HDL-C lewas a
significant risk factor of mortality in older pe@p[46]. This effect was more marked for women, aen

we considered the CV mortality in studies with sbofollow-up intervals. As suggested by previousks,

the observed gender differences could be due tathages in sex hormones occurring after menopause,
which alter lipid metabolism and increase the posgic value of lipid alterations in women more than
men [47-49]. In addition, as mentioned for othert&eomponent, an aspect to consider is selective
survival, since men with worse CV prognosis linkedinhealthy lipid profiles could have died at anlier
age.

High fasting glycaemia. Our results highlight gender differences in thesrof hyperglycemia as a risk
factor of mortality. In particular, high fastingygkemia was associated with increased all-causeatitgrby
21% in older men, and by 35% in older women, wthkerisk of CV death was significantly higher (+36%
only in women. The greater predictive values of/aled glycemia and high blood pressure comparehl wit

MetS itself in advanced age was already reportethénCardiovascular Health Study (CHS) [34]. This
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finding may be related to the substantial roleruiin resistance in promoting chronic inflammatiemd
atherosclerosis, which overall increase CV risk£58). In the older population of the CHS, the asgam
with mortality was tested with the most commonlgdisutoff levels of fasting glycaemia — 5.6 and &

— and, in line with previous works [34], we founilt higher thresholds could be better predictors of
mortality in advanced age. This issue needs tailtbdr corroborated in the future, as well as thiemtial
differential impact on mortality of prediabetes w/ert diabetes. As far as gender differences en th
association of elevated fasting glycaemia with @aldyt are concerned, we observed stronger resultéder
women, especially regarding CV mortality. Thesedifigs corroborate previous meta-analyses, which
showed that the relative risk of CV diseases arakstassociated with hyperglycemia was higher imen
than in men [562,54-57]. Although the higher CV rigkofile of diabetic women could play a role in
explaining these disparities, the results were angbhd after adjustment for other CV risk factors,
suggesting that other mechanisms may be involvébd. Among these, variations in sex hormones, a
longer period in the pre-diabetes stage, and déldiagnosis and treatment of CV could contributéhio
observed gender differences, but this needs fudhefication [54,56-58].

Elevated blood pressure. The pooled results of our meta-analysis suggesthigh blood pressure may be
associated with an increased risk of all-cause @vidnortality only in older women. Similar resultere
found in the CHS, with women showing a higher miagytaisk linked to this MetS component than men,
after adjusting for sociodemographic, lifestyled arther cardio-metabolic factors. However, mixetlfings
have emerged from other studies, although onlyadiethem focused extensively on older people. Desp
similar increases in systolic blood pressure wessoeiated with greater CVD risk in women than imme
[59-62], no differences emerged for CV mortalit2][@r other outcomes, such as ischemic heart dsears
stroke [63]. Our results support a stronger impafcelevated blood pressure on mortality among older
women, and this could be due both to sex-speadifig.( hormonal changes after menopause) and gender-
specific (e.g., risk behaviors, disparities in thenagement of the disease) aspects, which willrdedeture
investigations [64]. A further issue to be cons@dkewhen interpreting our results is the possiblectige
survival of those men less vulnerable to the adveffects of hypertension in young and adult adeernw
women’s CV risk is lower due to the action of egans. Finally, it should be considered that oldswpe

are susceptible not only to high but also to lowobl pressure. Studies suggest that the relatiofshipeen
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blood pressure and mortality in advanced age s¢éetfns J-shaped with a nadir around 100 mmHg [28,59]
confirming that in older people low blood pressooeld be a marker of frailty and health deterianmatiThis
may have influenced our results since the additiois& of death due to low blood pressure seembeto
more marked in older men than in women, and cchédefore have offset the mortality risk due to ated

blood pressure [59].

Potential limitations of our work include the rélaly small number of studies, and the heteroggrasitong
them, especially due to ethnic-related factors,aisdifferent MetS criteria and residual confourglion the
studied associations. Moreover, as reported whestudsing the single MetS criteria, potential
misclassification and selective survival biasesdnte be taken into account in the interpretationoof
findings. In particular, both the duration of expasto the cardio-metabolic components of MetS, thed
interference of therapeutic actions (that couldehelwanged over time) on the presence of such comnslit
are substantial factors that may have influenceddiserved associations. On the other hand, th@fuse
random-effect meta-analysis and the sensitivity utajroup analyses performed support our mainrfgg]i
and the gender-specific focus on the associatibmds® single MetS criteria and mortality might egent a

source of novelty of our work.

CONCLUSIONS

Our systematic review and meta-analysis suggestlteainfluence of individual MetS components ol al
cause and CV mortality differs in older people canegl with young or middle-age adults, and presents
some gender-specific features. While low HDL chies, hyperglycemia, and hypertension also seem to
predict mortality in the elderly, especially amowgmen, the associations of both abdominal obesity a
high triglyceride levels with mortality seem to Wea in advanced age. These findings support the ttee
use a personalized approach when evaluating metdimslth of older people in the clinical practiGuch
approach should prefer the assessment of singl& Metponents rather than the overall syndrome and
should account for age- and gender-related aspetgould modify the impact of single MetS compatse

on individuals’ prognosis.
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Table 1. Characteristics of the 12 studiesincluded in the systematic review and meta-analysis

Sample
size

Follow-up  \\ s riteria MetS Outcomes [n deaths] Adjustment factors

Author, year Cohort (Country) (years) prevalence

Age

700 (M) 73.0£0.3 (M) 10.5 (M)

i 55.5 (M) All-cause mortality [n=1027]
Kuk, 2010 [9] NHANES 11 (US) 7791y 741203 (F) 11.7 (F) R-NCEP 54.7 (F) CV mortality [n=518] "€
Age, education, cohort, smoking status, alcohol
Forti, 2012 CSBAand PS 917 (M) 73.245.9 (M) 22.4 (M) _ . _ intake, sedentary lifestyle, BMI, pre-existing nrajo
[25] studies (ltaly) 1043(F) 74.046.4 (F) 6.5 NCEP 33.3(F) All-cause mortality [n=372] diseases, use of statins, total cholesterol, s&RR
and IL-7
Maggi, 2006 1169 (M) 71.6+4.9 (M) 25.9 (M) . _ . L . I
26] ILSA (Italy) 1493 (F) 72.2+6.1 (F) 4 NCEP 55.2 (F) CV mortality? [n=203] Age, smoking status, fasting insulin levels, filogen
Ohrvik, 2009 Population-based 197 (M) 9 (M) 24.2 (M) \ . _
[27] study (Sweden) 203 (F) 75 10.3 (F) NCEP 36.9 (F) All-cause mortality [n=228] None
Salminen, Population-based 533 (M) 64 9 (BMI>5!gl\jvas used 17.0 (M) All-cause mortality [n=422] Age, current smoking, frequency of exercise, CVD,
2010 [28] study (Finland) 727 (F) = instead of WC) 21 (F) CV mortality’ [n=181] LDL cholesterol, other MetS components
Wang, 2007  Population-based 377 (M) i ar Age, history of Ml or stroke, current smoking, dico
[29] study (Finland) 648 (F) 65-75 135 IDF CV mortalify{n=250] consumption, physical activity, total cholesterol
) . _ Age, smoking, physical activity, BMI, LDL
Zambon, Pro.V.A. study 1174 (M) >65 4.4 NCEP 25.6 (M)~ All-cause mo.rtalltx[n—632] cholesterol, MetS. For all-cause mortality, model
2009 [30] (Italy) 1736 (F) 48.1 (F) CV mortality? [n=230] : o X
adjusted also for major diseases and albumin.
Sun, 2012 Population-based 994 (M) 61.1+5.6 (M) 15.1 HC2009 28.0 (M) All-cause mortality [n=414] Age, marital status, education, occupation, current
[31] study (China) 541 (F) 59.6+4.4 (F) ' 48.4 (F) CV mortality’ [n=153] smoking, current drinking, LDL-C.
Wen, 2008 Population-based 5761 (M) 70.2+4.4 (M) 45.6 (M) All-cause mortality [n=1312] .
[32] study Taiwar) 4786 (F)  70+4.5 (F) 8 ARANHLBL o4 ()Y  cv mortality? [n=300]  \9%> SMoking, total cholesterol, eGFR
Age, marital status, education, smoking, alcohol
Yen, 2015 Population-based 33991 (M) 65 4 R-NCEP 40.5 (M) All-cause mortality [n=2944] consumption, regular exercise, renal function statu
[33] study {Taiwan) 39556 (F) - 59.5 (F) CV mortality’ [n=704] hyperuricemia, hypoalbuminemia, anemia, platelet
count, liver function
. . Age, race, education, smoking status, smoking
Mozaffarian, Cardiovascular 1665 (M) 73.04£5.1 (M) 31.0 (M) ) . _ . . L
2008 [34] Health Study (US) 2593 (F) 73.045.2 (F) 15 NCEP 38.0 (F) All-cause mortality [n=2116] history, physu;al activity, alcohol use, and eatthe
other MetS criteria
. AHA/NHLBI Age, smoking habits, alcohol consumption, total
Simons, 2007 Dubbo st.udy 1233 (M) 68.66.7 (M) 16 (BMI>29.3 instead 31.0 (M) All-cause mortality [n=1387] cholesterol, prior CHD, PEF (all criteria are il
[35] (Australia) 1572 (F) 69.6%7.3 (F) of WC) 34.0 (F) in the model)

Notes. CV mortality refers to2ICD-9 codes 390-45%;ICD-10 codes 110-115, 120-125, 150, 160-166, 1691, 174;° ICD-9 codes 390-398.9, 401.0-429.9, 430.0-
438.9;° ICD-9 codes 390-459, ICD-10 codes 100-198breviations: AHA/NHLBI, American Heart Association/the Natidrtdeart, Lung, and Blood Institute;
BMI, body mass index; CHD, coronary heart dise&®P, C-reactive protein; CVD, cardiovascular disg&s female; HC2009, Harmonized Criteria of 2009;
ICD, International Classification of Diseases; IDiternational Diabetes Federation; IL-7, Intekieu7; LDL-C, low density-lipoprotein cholesterdfjetS,
metabolic syndrome; M, male; MI, myocardial infawmat NCEP, National Cholesterol Education ProgrRaNCEP, Revised National Cholesterol Education
Program; PEF, peak expiratory flow; WC, waist cmference.



Table 2. Pooled Relative Risk of mortality according to the presence of MetS criteria considering studies stratified by adjustment for potential confounders

All-cause mortality

Cardiovascular mortality

N Men Women Men Women
M etS component
studies RR (95%Cl) P-value RR (95%Cl) P-value studies RR (95%Cl) P-value RR (95%Cl) P-value
Abdominal obesity
Unadjusted models 2 0.83 (0.64-1.08) 0.91 (0.76-1.10) 0.83 (0.61-1.13) 0.96 (0.69-1.34)
0.26 0.57 0.29 0.70
Adjusted models 8 0.98 (0.87-1.10) 0.97 (0.90-1.04) 1.00 (0.86-1.17) 0.89 (0.766)1.0
High triglyceride levels
Unadjusted models 2 0.83 (0.66-1.16) 0.91 (0.67-1.23) 0.86 (0.62-1.19) 0.78 (0.41-1.49)
0.45 0.90 0.66 0.71
Adjusted models 8 0.98 (0.84-1.13) 0.89 (0.78-1.02) 0.93 (0.79-1.11) 0.89 (0.6B}.1
Low HDL cholesterol
Unadjusted models 2 0.93 (0.80-1.08) 1.08 (0.77-1.52) 0.94 (0.73-1.22) 1.08 (0.53-2.21)
0.04 0.66 0.02 0.53
Adjusted models 8 1.11 (1.04-1.19) 1.18 (1.01-1.37) 1.33 (1.16-1.54) 1.39 (1.03}1.8
High fasting glycemia
Unadjusted models 2  1.17 (0.97-1.41) 1.39 (1.04-1.86) 1.05 (0.82-1.34) 1.30 (0.58-2.93)
0.70 0.83 0.78 0.87
Adjusted models 8  1.22 (1.12-1.32) 1.34 (1.18-1.53) 7 1.01 (0.8)1 1.40 (1.00-1.96)
Elevated blood pressure
Unadjusted models 2  0.89 (0.57-1.37) 1.34 (0.93-1.95) 1.09 (0.39-3.03) 1.82 (0.71-4.69)
0.27 0.41 0.74 0.55
Adjusted models 8  1.16 (0.96-1.40) 1.14 (0.99-1.31) 7 1.32 (0.8002 1.33 (0.90-1.96)

Abbreviations: RR, relative risk; 95%CI, 95% confidence interval



FIGURE LEGENDS

Figure 1. Association between the presence of abdominal obesity and all-cause and car diovascular
mortality in older men and women

Abbreviations; Cl, confidence interval.

Figure 2. Association between the presence of high triglyceride levels and all-cause and
cardiovascular mortality in older men and women

Abbreviations; Cl, confidence interval.

Figure 3. Association between the presence of low HDL cholesterol and all-cause and
cardiovascular mortality in older men and women

Abbreviations: Cl, confidence interval.

Figure 4. Association between the presence of high fasting glycemia and all-cause and
cardiovascular mortality in older men and women

Abbreviations: Cl, confidence interval.

Figure5. Association between the presence of elevated blood pressure and all-cause and
cardiovascular mortality in older men and women

Abbreviations: Cl, confidence interval.
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HIGHLIGHTS

- Single metabolic syndrome components influence mortality differently by age and gender
- Low HDL cholesterol and hyperglycemia predict mortality more strongly for the female gender
- Hypertension increase mortality in older women, but not in older men

- Abdominal obesity and high triglyceride scarcely influence mortality in advanced age



