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Abstract

Background—Although metabolic syndrome (MS) is a typical condition of middle-aged/older
person, the association between MS and mortality risk has not been confirmed in people over 65
years. We hypothesized that while in the elderly MS phenotype might lose its value in predicting
mortality risk, the two core factors of MS, i.e. insulin resistance (IR) and low-grade systemic
inflammation (LGSI) would not.

Methods—1011 community-dwelling older individuals (INCHIANTI study) were included. MS
phenotype was defined by NCEP-ATP-III criteria. IR was calculated by HOMA, high-sensitivity
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C-reactive protein was measured by ELISA. Subjects were divided into four groups based on
presence/absence of IR (HOMA >2.27) and LGSI (hs-CRP = 3g/L): Group 1: no IR/LGSI
(reference); Group 2: LGSI only; Group 3: IR only; Group 4: IR+LGSI. Hazard Ratios (HR) for 9-
years cardiovascular (CVD) and total mortality, according to IR/LGSI groups, were estimated in
subjects with (n.311) and without MS by Cox model.

Results—31.8% of subjects with MS phenotype had no IR, 45.3% had no LGSI; moreover, 51%
of subjects with both IR and LGSI didn’t display the MS phenotype. MS phenotype was not
associated with CVD (HR:1.29; 95%C.1.:0.92-1.81) or total (HR:1.07; 95%C.1.:0.86-1.34)
mortality risk, whereas the presence of IR plus LGSI was associated with increased CVD (no MS:
HR 2.07, 95%Cl:1.12-3.72; MS: HR 9.88, 95%CI:2.18-4), and overall (no MS: HR 1.72, 95%Cl:
1.001-3.17; MS: HR 1.51, 95%CI:1.02-2.28) mortality risk. The presence of IR (HR: 6.90,
95%Cl:1.45-32) or LGSI (HR 7.56, 95%CI:1.63-35) was associated with CVD mortality, only
among individuals with MS phenotype.

Conclusions—Among community dwelling older individuals, IR and LGSI, but not MS
phenotype, was associated with 9-years overall and CVVD mortality risk. Since a reduced “overlap”
between MS phenotype and its physiopathological core (IR and LGSI) might be present with
aging, we suggest that the definition of MS might be more holistic in advanced age, and probably
comprise the measurement of IR and LGSI.
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INTRODUCTION

Metabolic syndrome (MS) is a phenotype characterized by the clustering of some
cardiovascular risk factors including impaired glucose tolerance, central obesity,
dyslipidemia, and hypertension (1). Although the clinical value of diagnosing MS remains
still controversial, the role of MS as a possible predictor of cardiovascular disease (CVD),
coronary heart disease (CHD), and total mortality in adult population has been largely
demonstrated (2), also by systematic review and meta-analysis (3).

MS is a condition of middle-aged and older people, as its prevalence progressively increases
to a maximum of 25-40% among individuals aged over 70 years (4). Nevertheless, the
association between MS phenotype and mortality has not been consistently confirmed in
people over 65 years. Some studies reported a significant association of MS with total (5-7)
or CVD mortality (5;8;9) also in older cohorts, while others found no association (10-13).
On the whole, it appears that MS phenotype becomes a weaker predictor of CVD/total
mortality in late life, and this concept is supported by studies comparing mortality risk in
middle-age versus elderly individuals (12;14).

IR and low-grade systemic inflammation (LGSI), two conditions found very often in people
with MS, may account for mortality risk associated with MS. IR is widely considered the

physiopathological base of MS, and has been associated with increased CVD/total mortality,
both in diabetic and non-diabetic individuals (15-18). LGSI, diagnosed by chronic elevation
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of C reactive protein (CRP), also seems to play an important role in the development of both
IR and MS (19;20). Interestingly, not only LGSI participates to atherosclerosis process
(21;22), but has been also associated with CVD/total mortality both in middle-age (23-25)
and older populations (26-28).

We hypothesized that while in the elderly MS phenotype might lose its value in predicting
CVD/total mortality risk, the two core factors of MS (i.e. IR and/or LGSI) would not. In
order to verify this hypothesis, we investigated the combined effect of IR and LGSI on the
risk for 9-years CVD/total mortality in older individuals with and without MS enrolled in
the INCHIANTI study.

MATERIALS AND METHODS

This study is part of the “Invecchiare in Chianti” (Aging in the Chianti area, INCHIANTI)
study, a prospective population-based study of older persons, designed by the Laboratory of
Clinical Epidemiology of the Italian National Research Council of Aging (INRCA,
Florence, Italy). The study included participants randomly selected from the residents in two
towns of the Chianti area. A detailed description of sampling procedure and data collection
method has been previously published (29). Briefly, in 1998, 1270 persons =65 years were
randomly selected from the population registries. Additional subjects (n=29) were randomly
selected to obtain a sample of 30 men and 30 women aged = 90 years old. Of the initial 1299
subjects, 39 were not eligible. Clinical visits and assessments were performed in the study
clinic and were preceded by an interview conducted at the participants” homes. Trained
interviewers administered structured questionnaires on dietary intakes, household
composition, social networks, economical status, education, and general information on
health and functional status. The INRCA Ethical Committee ratified the entire study
protocol. The analyses presented here are based on data from 1011 individuals aged over 64
in which metabolic parameters and inflammatory mediators had been measured at baseline
visit.

Clinical chemistry parameters

All parameters were measured on fresh serum/plasma drawn after 12 hours overnight
fasting, after the patient has been sedentary in sitting/supine position for 15 minutes.

Plasma lipids, fasting glucose and insulin, and high sensitivity C reactive protein (hs-CRP)
were measured as previously described(30). Cut off value for LGSI was defined at hs-CRP
value = 3.0 mg/L, as reported in literature (31). Insulin resistance was calculated according
to the Homeostasis Model Assessment (HOMA) as follows: fasting insulin (U/L) x fasting
glucose (mmol/L)/22.5.

Insulin Resistance/Low Grade Systemic Inflammation (IR/LGSI) classification

Subjects were divided into four groups based on HOMA and hs-CRP values:

e 1. HOMA <2.27 (median value) and hs-CRP <3 mg/L = no IR, no LGSI
(reference)

e 2:HOMA <2.27 and hs-CRP =3 mg/L = no IR, LGSI
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e 3:HOMA =2.27 and hs-CRP <3 mg/L = IR, no LGSI
 4: HOMA >2.27 and hs-CRP =3 mg/L = IR and LGSI

MS was defined by criteria of the 2005 NCEP-ATPIII-AHA/NHLBI statement (32) in the
presence of =3 of following criteria:

»  Wiaist circumference =102 cm in men or =88 cm in women

e Triglycerides 2150 mg/dL or hypertriglyceridemia treatment

e HDL-C <40 mg/dL in men or <50 mg/dL in women or low HDL-C treatment
» Blood pressure =130/85 mmHg or hypertension treatment

e Fasting glucose =100 mg/dL or hyperglycemia treatment

Mortality Follow-up

Participants were evaluated for the 3-year (2001 to 2003), 6-year (2004 to 2006) and 9-year
follow-up visits (2007 to 2009). Mortality data of the original InChianti cohort were
collected using data from the Mortality General Registry maintained by the Tuscany Region,
and the death certificates that are deposited immediately after death at the Registry office of
the municipality of residence. Cardiovascular mortality, based on underlying cause of death,
was defined as any cardiovascular mortality and coded using the International Classification
of Diseases, 9th Revision (ICD-9 codes: 390-459).

Other Measures

The presence of specific medical conditions was established using standardized criteria
combining self-reported history, medical records, and clinical examination. The following
diseases were considered: coronary heart disease (CHD- acute myocardial infarction,
chronic heart failure, cardiac arrest, acute and chronic ischemic heart disease), peripheral
arterial disease (PAD), stroke, hypertension, and diabetes. Prevalent cardiovascular disease
(CVD) was defined as the presence of one of the following: CHD, PAD, and stroke. The
ankle-brachial index (ABI) was measured in all subjects by using a Doppler stethoscope
(Parks model41-A,; Parks-Medical Electronics, Inc; Aloha, Oregon). Besides clinical
information, the diagnosis of PAD was made If ABI value <0.9

Statistical analysis

Continuous variables were expressed as mean (SD) or median (interquartile range) when
necessary. Means were compared by ANOVA with Bonferroni post-hoc test for multiple
comparison, while medians were compared by Mann-Whitney test. Correlations between
continuous variables were tested by Pearson’s correlation. Proportion were compared by the
x2 test. Hazard Ratios (HR) for all-cause/CVD mortality, according to IR/LGSI groups, were
separately estimated in subjects with (n.311) and without MS (n.700) by Cox proportional
hazard regression analysis. The IR/LGSI group 1 (no IR, no LGSI) was considered as
reference category. The assumption of proportionality of all variables introduced in the
models was assessed through the analysis of Schoenfeld residuals. The Cox models were
adjusted for other factors associated with mortality including age, gender, smoking habit,
total cholesterol (TC), BMI, and diabetes. For CVD mortality, CHD and previous stroke
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were also included into the model. Analyses were performed by SPSS for Windows
statistical package, version 13.0.

TABLE 1 reported the general characteristic of the sample according to the presence or
absence of MS phenotype as defined by NCEP-ATP Il criteria. Subjects with MS were
younger and more often females; the prevalence of diabetes, CHD, and peripheral arterial
disease was higher in MS individuals compared with those without MS.

Participants with MS

The principal characteristics of 311 older subjects with MS diagnosis, according to IR/LGSI
classification are described in TABLE 2. Among individuals with MS, those with IR and
LGSI (group 4) were the most frequent (38.1%), followed by those with isolated IR (group
2: 29.9%). Individuals with IR and LGSI were younger, more often affected by
hyperglycemia/diabetes, and were characterized by higher values of waist circumference,
BMI, and plasma triglycerides.

Participants without MS

The principal characteristics of 700 older subjects without MS, according to IR/LGSI
classification are reported in TABLE 3. Among them, those with no IR nor LGSI were the
most frequent (34.2%), followed by those with either IR or LGSI (24.6% and 23.6%,
respectively). Diabetes and hyperglycemia were more frequent in subjects with IR (group 3
and 4), while low HDL-C and previous stroke were more frequent in subjects presenting
LGSI (group 2 and 4). Subjects with IR and LGSI were more often affected by PAD, and
had higher BMI.

Whole sample

The prevalence of MS was 17% in subjects without IR and LGSI (group 1), 24% in subjects
with isolated LGSI, 35% in those with isolated IR, and 49% in those with IR and LGSI (p
for trend<0.001). Compared to participants without MS, those with MS had higher
prevalence of IR (68% versus 42%) and LGSI (55% versus 41%). Nevertheless, despite
being recognized as two “core features” of MS, we found that the overlap between IR and
LGSI and MS phenotype was only partial. Indeed, 31.8% of subjects with MS phenotype
had no IR, while 45.3% of them had no LGSI; on the other hand, it has to be underlined that
51% of subjects with both IR and LGSI didn’t display an MS phenotype.

Participants with MS had significantly higher values of HOMA compared to those without
MS, overall and among those with isolated IR or LGSI or both conditions (p<0.01).
Moreover, among participants with IR only, those with MS had higher CRP levels than
those without the MS (p<0.01). After adjustment for age, gender, and diabetes, MS was not
an independent predictor of CVD mortality (HR: 1.29; 95%C.1.:0.92-1.81), nor of total
mortality (HR: 1.07; 95%C.1.:0.86-1.34). Instead, IR (HR: 1.68; 95%C.1.:1.21-2.32) but not
LGSI (HR: 1.29; 95%C.1.:0.98-1.69) significantly predicted CVD mortality, while IR and
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LGSI were both significant risk factors for total mortality (age and gender adjusted HR:
1.24; 95%C.1.:1.009-1.53, and 1.27; 95%C.1.:1.07-1.52, respectively).

TABLE 4-A shows event rates and adjusted HR for CVD mortality, according to IR/LGSI
classification, in individuals without and with MS. In people without MS (FIGURE 1-A),
the HR was similar between group 1 (no IR, no LGSI) and group 2 (isolated LGSI), with a
non-significant increase in group 3 (isolated IR). Only in group 4 (IR and LGSI) the risk was
higher compared to group 1 (HR 2.07; 95%C.1.:1.12-3.72). Among subjects with MS, the
event rate was unexpectedly low in individuals without IR and LGSI (FIGURE 1-B).
Compared with these individuals, a significant increase in the HR for CVD mortality was
observed not only in subjects with both LGSI and IR (HR 9.88; 95%C.1.:2.18-44), but also
in those with IR (HR 6.90; 95%C.I.:1.45-32) or LGSI (HR 7.56; 95%C.1.:1.63-35).

HR for CVD mortality according to IR/LGSI, were no significantly difference between

subjects with or without MS. Only in subjects of group 1 (without IR neither LGSI) MS
seemed associated with lower CVVD mortality compared with those without MS (4.6 vs

15.3/1000 persons-year; p: 0.25).

TABLE 4-B reports event rates and adjusted HR for total mortality according to IR/LGSI
classification, separately for participants with and without MS. Interesting, while mortality
rates in IR/LGSI groups were quite different, within the same group the diagnosis of MS
made only small differences. Compared to participants without IR and LGSI, participants
with both IR and LGSI, but not those with IR or LGSI alone, had increased HR for
mortality, and this was true both in those with and without MS. (FIGURE 1-C and 1-D).

DISCUSSION

In this study we hypothesized that in the elderly population MS phenotype might lose its
values in predicting CVD/total mortality risk, while conversely IR and/or LGSI would not.

Metabolic syndrome and mortality

We found no association between MS and 9-years CVD/total mortality risk. Unlike what has
been reported in young/middle-age population, the association between MS and mortality
has not been consistently demonstrated in older people. Our findings are different from
those reported in other populations; however, most of studies reporting a significant
association (5-7) used the 2002 NCEP-ATP Il MS criteria (33) with a higher cut-point for
elevated fasting glucose (EFG: =110 mg/dL) compared to 2005 updated criteria (EFG: =100
mg/dL) used in this study (32). In the Cardiovascular Health Study (5) mortality risk was
evaluated by using both NCEP-ATP 111 cut points for EFG (5); when the lower EFG cut-off
was used, the association between MS and mortality was weaker (RR: 1.12 vs RR: 1.22);
moreover, MS didn’t predict mortality in the absence of EFG. It is possible that by using a
higher cut-off these authors indentified a “MS phenotype” closer to the “diabetic
phenotype”; this might justify the higher mortality, since diabetes preserves its association
with mortality in the elderly (34). Additionally, our population was older compared to those
populations, and this indirectly suggests the possible weakness of MS as predictor of
mortality in late life (5;6).
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Two studies specifically compared mortality risk in middle age versus elderly MS
individuals. Sundstrom et al. evaluated the same sample of men at ages 50 and 70, reporting
a lower prognostic impact for MS at age 70 (14), while Hildrum et al. found that MS was
not associated with the risk of total/CVD mortality after 60 years of age (12). Besides
methodological arguments, our results agree with other longitudinal studies (9-11).
Different reasons might explain our negative findings. In particular, a different significance
of the single risk factors composing MS phenotype (e.g. abdominal fat accumulation,
hypertension, increased fasting glycaemia) might be present in advanced age, in relation to
“usual” modifications related to the aging process; this would lead to misclassification bias,
i.e. to the inclusion into MS phenotype of subjects that actually have not MS. Moreover, a
selection due to early mortality among MS adult individuals surviving to advance age might
be also present; finally, the late onset of MS in some/most of individuals might reduce
significantly the exposure to the risk factors over time, and as result their clinical
significance.

Insulin resistance, low grade systemic inflammation, and 9-years mortality

We also tested the association between IR/LGSI and mortality risk; indeed, these conditions
represent the “pathophysiological core” of MS, and have been correlated themselves with
CVD/overall mortality (15-18;23-28). We found that isolated IR or LGSI were not
associated with total mortality risk, whereas they were associated with higher CVD
mortality, but only in subjects with MS phenotype. On the other hand, subjects with both IR
and LGSI had higher CVD/total mortality, independently of the presence of MS phenotype.
Thus, while MS phenotype did not, IR together with LGSI identified a sub-group of
individuals with the highest risk of CVVD/overall mortality.

Previous studies reported that IR or LGSI were, considered apart, independent risk factors
for mortality (15;16;26;35;36). Perseghin et al. found a significant association of HOMA-IR
with CVD (HR:1.05, 95%CI:1.03-1.08) and overall mortality (HR:1.05, 95%CI:1.03-1.07)
after 15 years follow up (16). Harris et al. (26) reported that higher CRP and/or I1L-6 levels
were independently associated with increased CVD/non-CVD death in older individuals
(26). Laaksonen et al. found an increased risk for CVD/total mortality associated with higher
CRP levels, after multivariate adjustment including fasting glucose and insulin;
nevertheless, these authors did not evaluate the simultaneous presence of IR and LGSI (36).
The reason why in our sample IR and LGSI would separately affect C\VD mortality only in
individuals with MS phenotype is not clear, and two explanations are possible in our view:
1. We observed that among individuals with either IR or LGSI, higher HOMA (and hs-CRP)
were associated with higher probability of having not only MS phenotype, but also
dyslipidemia, diabetes, central obesity, and finally of having increased CVD mortality; 2.
this phenomenon might partially depend also on the very low mortality rate found in MS
individuals without IR/LGSI (reference group). Thus, it seems that MS phenotype might be
helpful in identifying, among subjects with either IR or LGSI, a sub-group with increased
CVD mortality risk. Referring to the “overflow-ectopic fat” model (37;38), our data support
the hypothesis that, among older subjects with IR and/or LGSI, MS phenotype might
identify those individuals in which larger amounts of adipose tissue had been deposited at
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undesirable sites (i.e. liver, skeletal muscle, and visceral fat) determining higher CVD
mortality.

Finally, some important limitations of the study must be acknowledged. First, we used an
indirect measure of insulin resistance (HOMA), while a direct measure such as the
hyperinsulinemic euglycemic clamp would be much more precise. However, HOMA has
been validated with the hyperinsulinemic euglycemic clamp (39). Second, the sample of
subjects with MS was not very large; of consequence, the size of the IR/LGSI groups was
small and this caused large confidence intervals in Cox analysis. Third, we did not consider
the rate of CVD events, and this might be an additional important outcome in older people
affected by MS. Conversely, we would like to underline the strength of our research; indeed
to our knowledge this is the first study that methodically analysed the combined effect of IR
and LGSI, finding a relevant association with mortality in older population.

CONCLUSIONS

In conclusion, we found that in a population of community dwelling older individuals the
simultaneous presence of IR and LGSI, but not MS phenotype, was associated with a
significant increase of 9-years overall and CVD mortality risk. Our findings do not question
the usefulness of MS phenotype in identifying a cluster of vascular risk factors, but strongly
underline the concept that its clinical predictive value is essentially related, at least in the
elderly, to the presence of IR and LGSI. Compared to adulthood, there might be a reduced
“overlap” between MS phenotype and its physiopathological core (IR and LGSI) in older
age, perhaps because of the confounding effect of some “usual” modification of aging itself,
such as visceral fat accumulation, increase fasting glycaemia, and hypertension. Our study
suggest that the definition of MS should be more holistic in advanced age, and probably
comprise also the measurement of IR and LGSI.
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Figure 1.
Cox survival curves according to insulin resistance/low grade systemic inflammation (IR/

LGSI) group. Group 1 =no IR, no LGSI ; Group 2=no IR, LGSI ; Group 3=1IR, no

LGSI ; Group 4 = IR and LGSI. Panel A-B: Survival curves for cardiovascular mortality in
individuals without (A) or with (B) MS. Adjusted for age, gender, diabetes, total cholesterol,
BMI, smoking habit, coronary heart disease, and previous stroke. Panel C-D: Survival
curves for total mortality in individuals without (C) or with (D) MS. Adjusted for age,
gender, diabetes, total cholesterol, BMI, and smoking habit.
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characteristics of 1011 community-dwelling older individuals from the InChianti study according to the
absence (n” 700) or presence (n” 311) of metabolic syndrome (updated NCEP-ATP-111 criteria).

TABLE 1

Controls Metabolic Syndrome P
(n. 700) (n. 311)
AGE (yrs) 76.148 7546 0.005
GENDER (F%) 53.7 65.2 0.001
ATP 111 MS CRITERIA (%)
- INCREASED WAIST 26.5 79.8 0.001
- HIGH TRIGLYCERIDES 9.2 61.1 0.001
-LOW HDL-C 9.3 54.7 0.001
- HYPERTENSION 90.8 98.1 0.001
- HYPERGLYCEMIA 12.3 57.4 0.001
FASTING GLUCOSE (mg/dL) 89.1+18 109.0£35 0.001
FASTING INSULIN (U/L) 9.44 (6.60-13.0) 11.5 (8.5-16.3) 0.001
HOMA score 2.05 (1.44-2.94) 3.01 (2.02-4.55) 0.001
Hs-CRP (mg/L) 2.42 (1.22-5.47) 3.36 (1.82-6.48) 0.001
IR/LGSI Group:
1.NO IR, NO LGSI 240 (34.2%) 48 (15.4%)
2.LGSI,NO IR 165 (23.6%) 51 (16.4%)
3. IR, NO LGSI 172 (24.6%) 93 (29.9%)
4.BOTH IR AND LGSI 123 (17.6%) 119 (38.3%) 0.001
TOT. CHOL. (mg/dL) 215+36 221+38 0.04
TRIGLYCERIDES (mg/dL) 10545 175486 0.001
LDL-C (mg/dL) 135+34 138.1+£35 0.08
HDL-C (mg/dL) 58+15 47+10 0.001
BMI (kg/m2) 26.2+3 29.9+4 0.001
SBP (mm/Hg) 148.5+£19.5 155£19 0.001
DBP (mm/Hg) 83.5+8.3 8518.4 0.01
DIABETES (%) 8.0 207 0.001
CHD (%) 6.6 10.0 0.05
STROKE (%) 6.5 6.9 0.48
ABI <0.9 (%) 8.8 17.0 0.001
SMOKING (%)
-NEVER 58.2 63.0
- FORMER 30.2 27.6
- CURRENT 11.6 9.4 0.08

Page 13

BMI: body mass index; ABI: ankle brachial index; CHD: coronary heart disease IR: insulin resistance; LGSI: low grade systemic inflammation

For CRP, insulin, HOMA, ABI: median (interquartile range)
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