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SUMMARY
Objective—Adipose tissue-derived inflammation may contribute to metabolic alterations and
eventually to the metabolic syndrome (MetS). The purpose of this study was to: 1) examine the
role of adipocytokines in the association between obesity and the MetS; and 2) to determine
whether the association is different in obese and non-obese persons.

Design—Cross-sectional population-based InCHIANTI study.

Subjects—944 community-dwelling adults aged 65 years and older living in Tuscany, Italy.

Measurements—Obesity was defined as body mass index ≥ 30 kg/m2 and MetS as ≥ 3 of the
ATP-III criteria. Circulating levels of CRP, IL-6, IL-1ra, IL-18, TNF-α R1, adiponectin, resistin,
and leptin were measured. Additionally, insulin resistance was determined using the homeostasis
model assessment (HOMA-IR).

Results—The prevalence of the MetS was 32%. Both overall and abdominal obesity were
significantly associated with the MetS after adjusting for inflammatory cytokines, adipokines and
lifestyle factors. After adjusting for multiple confounders and HOMA-IR, IL-1ra, TNF-α R1 and
adiponectin (p < 0.05) remained significantly associated with the MetS. Having multiple cytokines
in the highest tertile increased the likelihood of having the MetS in both obese (p for trend 0.002)
and non-obese persons (p for trend 0.001) independent of insulin resistance.

Conclusions—Non-obese and obese individuals who develop an intense pro-inflammatory state
may be more prone to develop the MetS than those with lower levels of inflammation.
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INTRODUCTION
Obesity is a known risk factor for diseases, functional decline, disability, and mortality 1.
However, because obesity is typically associated with other risk factors, such as a sedentary
lifestyle, high levels of circulating lipids and hypertension, the pathway by which obesity
independently affect these negative health outcomes is not clear.

Although the prevalence of the metabolic syndrome (MetS) is higher among obese persons,
not all obese individuals display a clustering of metabolic and cardiovascular risk factors 2,
3. Furthermore, characteristic features of the MetS are also found in lean individuals 3, 4.
The mechanisms by which the MetS develops in certain individuals and not in others are not
understood. Adipose tissue, especially in the visceral area, is an active endocrine organ that
produces various inflammatory cytokines, such as interleukin (IL)-6 and tumor necrosis
factor (TNF)-α, and adipokines, such as leptin and adiponectin 5, 6. An inflammatory state
may lead to individual metabolic alterations that result in the features of the MetS 7.
Therefore, obese individuals who develop an intense pro-inflammatory state may be more
likely to develop the MetS than those with lower levels of inflammation.

The purpose of this study was to: 1) examine the role of inflammatory adipocytokines in the
association between obesity and the MetS; and 2) to determine whether the association is
different in obese and non-obese older persons.

METHODS
Study population

The InCHIANTI Study (Invecchiare in Chianti, aging in the Chianti area) is an
epidemiological study of a representative sample of the population living in Tuscany, Italy.
Overall, 1260 persons aged 65 years and older were randomly selected from the population
registry and were eligible for the study. 1155 older adults agreed to participate in the study
(participation rate 91.7%) and 1055 donated a blood sample. Of these, 944 had data on body
mass index (BMI), waist circumference, metabolic syndrome and adipocytokines and were
included in this study. InCHIANTI design and data collection have been described in detail
8. Participants received an extensive description of the study and provided written informed
consent. The Italian National Institute of Research and Care on Aging Ethical Committee
approved the study protocol, which complied with the principles of the Declaration of
Helsinki.

Measures
Anthropometrics—BMI was calculated as weight (kg) divided by height squared (m2).
Weight was measured to the nearest 0.1 kg using a high-precision mechanical scale and
standing height to the nearest 0.1 cm based on wall measure with participants wearing light
indoor clothes and no shoes. Obesity was defined as BMI ≥ 30 kg/m2 9. Underweight (BMI
< 18.5 kg/m2) participants were excluded from the analyses (n = 4).

Waist circumference was measured at the midpoint between the lower rib margin and the
iliac crest and was categorized as: 1) Normal < 80 cm in women and < 94 cm in men; 2)
Increased 80–87 cm in women and 94–101 cm in men; or 3) Large ≥ 88 cm in women and ≥
102 cm in men 9.

Metabolic alterations—In accordance with the National Cholesterol Education Program
Adult Treatment Panel III criteria (NCEP ATP-III) 10, MetS was defined as the presence of
three or more of the following five features: 1) waist circumference ≥ 102 cm in men and ≥

Stenholm et al. Page 2

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



88 cm in women; 2) fasting serum triglycerides of ≥ 150 mg/dL or lipid-lowering treatment;
3) fasting serum high-density lipoprotein (HDL) cholesterol < 40 mg/dL in men and <
50mg/dL in women; 4) systolic blood pressure ≥ 130 and/or diastolic blood pressure ≥ 85
mgHg or antihypertensive treatment; 5) fasting serum glucose levels of ≥ 100 mg/dL or anti-
diabetic treatment. Blood pressure was recorded using a standard mercury
sphygmomanometer. All blood pressure measurements were performed three times with the
participant in a supine position separated by intervals of two minutes; the average of the last
two measures was used in the analysis.

Laboratory measurements—Fasting blood samples were collected in the morning after
a 12-hour fast and after a 15-minute rest. Serum and plasma were stored at −80°C until
analysis.

Metabolic determinants: Fasting serum glucose level was determined using an enzymatic
colorimetric assay (Roche Diagnostics, Mannheim, Germany) and a Roche-Hitachi 917
analyzer. A commercial enzymatic test was used for determining serum HDL cholesterol
and triglyceride concentrations (Roche Diagnostics). The inter-assay coefficient of variation
(CV) was less than 3.8% for HDL cholesterol and less than 2.5% for triglycerides. Fasting
insulin was determined using a commercial double-antibody, solid-phase radioimmunoassay
(Sorin Biomedica, Milan, Italy) with an intra-assay coefficient of 3.1%. Using data on
fasting glucose and insulin, the degree of insulin resistance was calculated according to the
homeostasis model assessment (HOMA-IR), which is a good index for assessing insulin
resistance across a wide range of values and is well correlated with insulin-mediated glucose
uptake calculated by euglycemic glucose clamp 11, 12.

Adipocytokines: Biomarkers were chosen for the present study because of their association
with obesity or the MetS 13-15. High sensitivity C-reactive protein (CRP) levels were
measured by enzyme-linked immunoabsorbent assay (ELISA) using purified protein and
polyclonal anti-CRP antibodies (Roche Diagnostics, GmbH, Mannheim, Germany). For high
sensitivity CRP the minimum detectable concentration (MDC) was 0.03 mg/L and the inter-
assay CV was 5%. Serum IL-6 (MDC=0.1 pg/mL; CV=4.5%), interleukin 1 receptor
antagonist (IL-1ra) (MDC=4.00 pg/mL; CV=8.2%.) and TNF-α receptor 1 (TNF-α R1)
(MDC≈8 pg/mL; CV=10%) concentrations were determined by high-sensitive ELISA using
commercial kits (Human Ultrasensitive, BioSource International Inc., Camarillo, CA, USA).
IL-1ra and TNF-α R1 were used instead of IL-1 and TNF-α because measurements of
soluble receptors are more sensitive and easier than those for the respective cytokines 16,
17. IL-18 concentration was measured by sandwich ELISA (Human IL-18 ELISA Kit,
Medical and Biological Laboratories Co, Ltd, Nagoya, Japan) (MDC=12.5 pg/mL; CV <
10.8%). Serum adiponectin concentration was measured using RIA assay (Human
Adiponectin RIA Kit; LINCO Research, Inc, MO, USA) (MDC=1 ng/mL in 100 μL sample;
CV < 10%). Serum leptin was determined using ELISA (Human Endocrine LINCOplex Kit,
LINCO Research, Inc., St. Charles, MO, USA) (MDC=1 ng/mL in 100 μL sample; CV <
7%). Serum resistin concentration was measured using ELISA assay (Alpco Diagnostics,
Salem, NH, USA) (MDC=0.2 ng/mL; CV<7%). All cytokine assays were done in duplicate
for adipocytokine measures and were repeated if the second measure was >10% or <10%
compared to the first. The average of the two measures was used in the analyses.

For each biomarker, values were divided into tertiles based on their distribution. For CRP,
IL-6, IL-1ra, IL-18 and TNF-α R1, the highest tertile was considered indicative of cytokine
dysregulation. Adipokine dysregulation was indicated by the highest tertile for leptin and
resistin and by the lowest tertile for adiponectin. To examine the combined effect of
dysregulated cytokines and adipokines the total number of biomarkers in the highest (lowest
for adiponectin) tertile was calculated. The cut-off values for the highest biomarker tertiles
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were the following: CRP 4.27 mg/L, IL-6 1.84 pg/mL, IL-1ra 164.39 pg/mL, IL-18 435.32
pg/mL and TNF-α R1 1546.20 pg/mL, resistin 4.30 ng/mL, leptin 13.50 ng/mL, adiponectin
80.10 ng/mL (lowest tertile)

Covariates
The level of physical activity in the 12 months prior to the interview was assessed through
an interviewer-administered questionnaire and was categorized as: 1) sedentary / minimal
physical activity; 2) light physical activity performed 2–4 hours per week not accompanied
by sweating; 3) moderate physical activity performed 1–2 hours per week accompanied by
sweating or light physical activity not accompanied by sweating for ≥ 4 hours per week; or
4) moderate / intense physical activity performed for ≥ 3 hours per week accompanied by
sweating. Based on a smoking history questionnaire, subjects were categorized as never
smokers, former smokers or current smokers. Daily alcohol intake (g) was estimated by the
European Prospective Investigation into Cancer and Nutrition Food Frequency
Questionnaire 18. Presence of coronary heart disease, peripheral arterial disease, type 2
diabetes, lung disease and osteoarthritis was ascertained by a trained geriatrician according
to standard, pre-established criteria and algorithms, based on those used in the Women’s
Health and Aging Study, that combine information from self-reported physician diagnoses,
current pharmacological treatment, medical records, clinical examinations and blood tests
19.

Statistical analysis
Study population characteristics according to the MetS status are reported as mean values
and standard deviations for continuous variables and proportions for categorical variables.
Comparisons across groups were examined with Chi-square test for categorical variables,
Kruskal-Wallis test for skewed continuous variables and t-test for normally distributed
continuous variables. Correlations between metabolic determinants (continuous variables)
and adipocytokines were examined with Spearman correlation coefficients. Additionally,
collinearity between adipocytokines was examined using variance inflation factors in
regression models. All variance inflation factors were below 10, indicating non-significant
multicollinearity. Thus, all the adipocytokines were entered simultaneously in the logistic
regression models.

To examine the role of adipocytokines on the association between obesity and MetS, a series
of logistic regression models were constructed. Both BMI and waist circumference were
used as independent variables in predicting the MetS. Model 1 included BMI, age and sex.
Model 2 included adipocytokines, age and sex. Model 3 included BMI, age, sex and
adipocytokines. Model 4 included BMI, adipocytokines, age, sex, education, physical
activity, smoking and alcohol consumption. Due to non-normally distributed adipocytokine
values, biomarkers were log transformed (natural logarithm - Ln) to approximate a normal
distribution. To allow for a direct comparison between adipocytokines, standardized odds
ratios are reportedindicating odds per standard deviation increment in adipocytokine.
Because the definition of the MetS includes waist circumference, in models examining the
association between waist circumference and MetS (Table 4), we eliminated waist
circumference from the ATP-III criteria for the MetS and participants were considered to
have MetS if they met three of four criteria 20.

Finally, we examined whether the association between adipocytokines and the MetS is
different among obese and non-obese persons. The age-adjusted prevalence of the MetS
according to number of dysregulated cytokines and adipokines was examined. Further,
logistic regression analyses were performed to examine the likelihood of the MetS according
to the levels of the individual adipocytokines as well as to the number of dysregulated
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cytokines and adipokines. Linear trends for dysregulated cytokines and adipokines were
calculated using generalized linear models (GLM) by entering categorical variables in the
model as ordinal variables. Because one common denominator underlying the relationship
between obesity and the MetS is likely to be insulin resistance, models were also adjusted
also for HOMA-IR value.

Three-way interactions of sex, obesity and different adipocytokines on the MetS were tested
using GLM. Because they were all non-significant, men and women were pooled together
for analysis. The SAS 9.1 Statistical Package was used for all analyses (SAS Institute, Inc.,
Cary, North Carolina, USA).

RESULTS
The prevalence of the MetS in the study population was 32.2% and was lower in men
(24.1%) than in women (38.7%) (p < 0.001). The prevalence of the MetS was 59.3% among
obese (BMI ≥ 30 kg/m2) and 23.2% among non-obese participants. Other characteristics of
the study population are shown in Table 1.

The correlation coefficients between adipocytokines and metabolic determinants are shown
in Table 2. All adipocytokines were associated with waist circumference (p < 0.05) and all
except resistin were associated with glucose and triglycerides (p < 0.05). Furthermore, all
adipocytokines except leptin were consistently associated with HDL serum levels. Serum
levels of CRP, IL-6, IL-1ra, TNF-α R1 and resistin were positively associated with systolic
blood pressure (p < 0.05).

The associations of obesity, adipocytokines and the MetS are examined in Table 3. In an age
and sex adjusted model (Model 1), both overweight (odds ratio [OR] = 2.50; 95%
confidence interval [CI] 1.67–3.74) and obesity (OR = 8.73; 5.64–13.50) were associated
with increased likelihood of having the MetS. After additionally adjusting for cytokines and
adipokines (Model 3), the odds ratio for the MetS decreased 19% to 2.03 (95% CI 1.21–
3.39) in overweight and 36% to 5.62 (95% CI 3.12–10.15) in obese participants. Moreover,
IL-1ra and adiponectin remained significantly associated with the MetS after additionally
adjusting for education and lifestyle factors (Model 4).

Parallel analyses carried out with waist circumference, as a measure of abdominal obesity,
showed results that were very similar to BMI (Table 4). In addition to high waist
circumference, IL-1ra and adiponectin remained associated with the MetS in models
including age, sex, cytokines and adipokines. Persons with large waist circumference had
elevated odds of the MetS (OR = 3.25; 95% CI 1.64–6.44) in the model including age, sex
and adipocytokines, which was a 25% reduction from the age and sex adjusted model.

Next, the role of obesity status in the association between adipocytokines and the MetS was
examined. As shown in Figure 1 and Figure 2, the prevalence of the MetS increased linearly
with an increasing number of dysregulated cytokines and adipokines among both obese and
non-obese persons. The MetS prevalence was higher among non-obese persons with five
dysregulated cytokines (41.6%) compared to obese persons with no dysregulated cytokines
(35.3%). In terms of dysregulated adipokines the prevalence of the MetS ranged from 17.6%
to 50.3% in non-obese and from 50.0% to 66.7% in obese persons.

In Table 5, the likelihood of the MetS among non-obese and obese persons is examined. In
age and sex adjusted models, odds of the MetS increased linearly with an increasing number
of dysregulated cytokines and adipokines. In non-obese persons, those with 2, 3 and 4–5
dysregulated cytokines had increased likelihood of the MetS (OR = 2.00, 95% CI 1.17–3.44;
OR = 3.28, 95% CI 1.83–5.87 and OR = 3.76, 95% CI 1.91–7.42) compared to persons with
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no dysregulated cytokines. Similarly in obese persons the odds for the MetS were increased
among those with 2, 3 and 4–5 dysregulated cytokines (OR = 3.57, 95% CI 1.42–9.00; OR =
3.36, 95% CI 1.31–8.61 and OR = 5.97, 95% CI 2.24–15.94). The cumulative number of
dysregulated adipokines was associated with increased likelihood of the MetS only in non-
obese persons (OR = 3.13, 95% CI 1.93–5.07). After adjusting for co-variates and insulin
resistance measured with HOMA-IR, insulin resistance remained significant in each fully
adjusted model (Table 5, Model 2) indicating a close association with the MetS. In
comparing likelihood of the MetS between non-obese and obese persons, no interaction
between obesity status and number of cytokines (p = 0.81) or obesity status and number of
adipokines (p = 0.35) on the MetS was found.

In analysis of individual adipocytokines after adjusting for insulin resistance and for co-
variates, increased levels of IL-1ra and TNF-α R1 as well as decreased level of adiponectin
were associated with higher likelihood of the MetS in both non-obese and obese persons (p
< 0.05) (Table 6). In addition, among non-obese persons, increased levels of CRP, IL-6 and
leptin were independently associated with the MetS (p < 0.05).

Subsequent analyses were performed to understand whether association between
dysregulated adipocytokines and the MetS were different in normal weight and overweight
groups. The MetS was present in 14.6% of normal weight persons and 28.4% of overweight
persons. In logistic regression models including HOMA-IR and co-variates, an increasing
number of dysregulated cytokines was linearly associated with increasing likelihood of the
MetS among both normal weight (p for trend 0.003) and overweight persons (p for trend
0.04). Similarly, an increasing number of adipokines was linearly associated with the MetS
in both normal weight (p for trend 0.02) and overweight persons (p for trend 0.02).

Finally, to control for the confounding effect of diabetes on the studied associations, similar
analyses were conducted among non-diabetics (n = 825). Results were comparable with the
results based on the original study population.

DISCUSSION
In this population-based study, we demonstrated that adipocytokines partially account for
the association between obesity and the MetS. Interestingly, we also found that elevated
levels of inflammatory cytokines increased the likelihood of having the MetS among both
obese and non-obese persons independent of insulin resistance estimated by the HOMA-IR.
Finally, of the large number of adipocytokines included, high levels of IL-1ra and TNF-α R1
and low levels of adiponectin were most strongly and independently associated with the
MetS.

The results of this study also confirm current views about the association of obesity,
inflammatory status and the MetS. Adipose tissue-derived inflammatory markers, such as
CRP, IL-6, IL-1ra and TNF-α, have been associated either with individual metabolic
alterations or the MetS 7, 13, 14. In addition, leptin and adiponectin, both derived from
adipose tissue, are associated with the MetS 7, 21-23. The present study extended this line of
research by examining several adipocytokines simultaneously and by examining the
association between adipocytokines and the MetS independent of overall and central
obesity. In this study we used combined measures of multiple cytokines and adipokines to
indicate inflammatory burden. Because the MetS results from alterations in multiple
systems, using a combination of inflammatory markers instead of a single marker increases
the chance of capturing the severity of inflammation, as well as overall and interactive
effects of inflammatory markers on the metabolic alterations.
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Our results showing an association between IL-1ra, TNF-α R1, adiponectin and the MetS
independent of obesity status are consistent with previous literature. Increased levels of
circulating IL-1ra and TNF-α R1 are associated with the MetS and with insulin resistance
independent of obesity 7, 23-25. Soluble receptors for cytokines, such as IL-1ra and TNF-α
R1, have a longer half-life than directly measured IL-6 and TNF-α, which may allow them
to prolong the biological effects of the cytokines 26. In addition, they are considered
sensitive markers of cytokine response because of the better measurement accuracy 16, 17.
Furthermore, a strong association between low circulating levels of adiponectin and the
MetS has been reported 14, 27 and the association may be due to the diminished insulin-
sensitizing actions of adiponectin and its participation in glucose and lipid metabolism 28.
As seen in this study, waist circumference and insulin resistance estimated by the HOMA-IR
are closely correlated with the MetS as well as with several adipocytokines. The
inflammatory factors secreted from adipose tissue contribute considerably to obesity’s
metabolic complications as well as to development of insulin resistance. In fact, it has been
suggested that inflammation should be added as one of the criterion for the MetS 29.

The unique contribution of the current study is the attempt to distinguish between “simple”
and “complicated” obesity. As the present study shows, not all obese individuals have
metabolic alterations, and metabolic alterations can also exist independent of obesity. Based
on our findings, we suggest that whether or not obese individuals develop the MetS depends
on the degree of concurrent inflammatory state. Furthermore, because similar associations
between cytokines and the MetS were observed in normal weight and overweight
participants, the effect of cytokines seems to be independent of overall obesity status. Only
one previous epidemiological study has examined the association of several adipocytokines
and MetS with different levels of adiposity 7. In their study, You et al. 7 reported that
circulating adipocytokines, such as CRP, IL-6 and TNF-α were significantly higher among
persons with the MetS compared to those without the MetS across body fat percentage
tertiles. The differences in CRP and IL-6 levels between persons with and without MetS
were more pronounced in the highest body fat percentage tertile. Our results also confirm
the findings of a few earlier smaller-scale studies that report higher levels CRP 30 and TNF-
α R1 24 in obese women with the MetS compared to obese persons without MetS.

No independent association between cumulative number of dysregulated adipokines and the
MetS was found in the obese population, although this association was found among non-
obese persons. This finding is difficult to explain based on current knowledge. Kantartzis
and co-workers have reported that associations between adiponectin and insulin resistance,
subclinical inflammation and dyslipidemia are stronger among obese non-diabetic middle-
aged persons than lean persons 31, 32. On the other hand, You and co-workers have
reported that adiponectin and leptin are associated with the MetS across body fat percentage
tertiles 7. In terms of the individual adipokines in the present study, adiponectin was
significantly associated with the MetS in both non-obese and obese persons, whereas leptin
was significantly associated with the MetS only among non-obese persons. Resistin was not
associated with the MetS either obese or non-obese persons. Overall, in humans the
relationship between resistin and metabolic alterations is disputed 15, 23, 33. One
explanation for our findings of a non-significant association between the number of
dysregulated adipokines and the MetS may lay in the existence of a ceiling effect for the
adiponectin and leptin levels in obese persons. Because both of these markers are strongly
associated with the amount of fat mass, a higher number of obese persons were placed in the
dysregulated category (lowest tertile for adiponectin and highest tertile for leptin), making it
more difficult to observe a dose-effect response in the outcome variable.

It is important to identify the causes of variation in inflammatory profiles across obesity
status. What protects some obese persons from developing an increased inflammatory
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profile? What risk factors predispose some normal weight persons to high levels of
inflammation and increased likelihood of metabolic alterations? One plausible hypothesis is
that fat distribution between subcutaneous and visceral adipose depots may cause different
inflammatory responses and susceptibility to metabolic alterations among both obese and
non-obese persons 34. Similarly, different aspects of fatty liver vary in their association with
inflammation and metabolic consequences. For example, preferential hepatic fat storage in
the form of triglycerides, but not long chain Acyl-coenzyme A, appears to protect from
subclinical inflammation and the metabolic syndrome in obesity 35. Small studies have
shown that obese persons without MetS have lower visceral fat content 24, 30 as well as less
fat in the skeletal muscle and liver 2 compared to obese persons with MetS. This makes
sense physiologically, because fat accumulation in the insulin-sensitive tissues of liver or
muscle is associated with insulin resistance and other features of MetS independent of
overall adiposity 36. Unfortunately, this hypothesis could not be tested in our study because
we did not have dual-energy x-ray absorptiometry (DXA) or computed tomography
available to gain additional insight about the total body fat quantity and distribution.

In addition to the potential differences in body composition, differences in quantity,
intensity and type of physical activity may explain differences in inflammatory profiles
among obese persons. It has been widely shown in both observational and intervention
studies that long term physical activity leads to lower circulating levels of inflammatory
markers, such as CRP, IL-6 and TNF-α, and to higher levels of adiponectin, especially when
total body fat mass is also decreased 37-39. Exercise training also improves insulin
sensitivity and HDL levels as well as decreases triglyceride level and blood pressure 40-42.
In studies comparing non-obese persons with and without insulin resistance, lower energy
expenditure and lower peak oxygen uptake have been reported among subjects with insulin
resistance 43. In the current study, we controlled for physical activity, but it did not
contribute much to the excess likelihood of the MetS. However, adjusting for
cardiorespiratory fitness might have been more useful. The inverse association between
cardiorespiratory fitness and health outcomes is generally stronger and more consistent
across studies than the relationship between physical activity and health outcomes 44.

More prospective and genetic studies are needed to examine factors, such as body
composition and physical activity, which can explain the underlying differences in
inflammatory response among obese and non-obese people. Moreover, from a public health
perspective, an important area for future studies is to investigate the health risks related to
different combinations of obesity and MetS. So far there is some evidence that the risk of
cardiovascular events and functional decline is lower among obese persons without
metabolic alterations compared to obese persons with several metabolic alterations, as well
as among non-obese persons without metabolic alterations compared to non-obese persons
with metabolic alterations 45 46. However, it is not known whether obese persons without
the MetS have lower risk of mortality or what the health risks may be among non-obese
persons with the MetS.

Limitations in the present study warrant discussion. First, the cross-sectional design does not
allow us to determine whether increased inflammation is a cause or consequence of
metabolic alterations and/or obesity. However, the current understanding is that excess
adiposity leads to increases in circulating levels of inflammatory cytokines and decreases in
level of adiponectin 47, which further enhance the risk of developing metabolic alterations
48. Second, due to lack of objective body composition measures, we were not able to
examine the role of total body fat and visceral fat on the association between adipocytokines
and the MetS. Third, we evaluated fasting insulin and HOMA-IR as surrogates for insulin
resistance. However, the HOMA-IR index has been validated as an indicator of insulin
resistance in several clinical and epidemiological studies 11, 12, 49. Fourth, the ATP-III
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criteria were used to define the MetS, but there is ongoing dispute about the definition and
concept of the MetS 50. The use of the MetS as an outcome can be justified because it is
related to increased risk of type 2 diabetes and cardiovascular diseases 51. Finally, because
the InCHIANTI Study consists mainly of older Caucasians, the findings may have limited
generalizability to other ethnic and age groups.

In conclusion, altered levels of adipocytokines are associated with the MetS both among
obese and non-obese individuals independent of insulin resistance estimated by the HOMA-
IR. Further studies are needed to understand the role of body composition in promoting an
increased inflammatory response leading to metabolic alterations.
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Figure 1.
Age-adjusted prevalence of the metabolic syndrome (MetS) by number of dysregulated
cytokines (CRP, IL-6, IL-1ra, IL-18, TNF-α R1) in the highest tertile among non-obese and
obese persons*.
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Figure 2.
Age-adjusted prevalence of the metabolic syndrome (MetS) by number of dysregulated
adipokines in the highest (leptin and resistin) and lowest for adiponectin tertile among non-
obese and obese persons*.
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Table 1

Characteristics of the study population according to the presence of the metabolic syndrome

All
(n=944)

No MetS (n=640) MetS
(n=304)

p value*

Age (years), mean (SD) 74.3 (6.8) 74.3 (6.9) 74.4 (6.6) 0.77

Men, % 44.49 49.84 33.22 <.001

Education (years) mean (SD) 5.4 (3.2) 5.6 (3.4) 5.0 (2.8) 0.005

Body Mass Index ≥ 30 kg/m2, % 25.0 15.0 46.1 <.001

Physical activity, % <.001

 Sedentary / minimal 17.22 14.91 22.04

 Light 44.31 42.07 49.01

 Moderate 32.94 36.26 25.99

 Intense 5.53 6.75 2.96

Smoking, % 0.13

 Never 58.47 56.25 63.16

 Former 27.75 29.06 25

 Current 13.77 14.69 11.84

Alcohol use (g/day), mean (SD) 14.9 (20.5) 16.8 (22.6) 10.9 (14.5) <.001

Diseases

 Coronary heart disease, % 8.3 6.3 12.6 0.001

 Peripheral arterial disease, % 6.1 4.1 10.5 0.001

 Type 2 Diabetes, % 12.6 6.1 26.3 <.001

 Lung disease, % 9.3 8.6 10.9 0.26

 Osteoarthritis, % 11.2 10.9 11.8 0.68

Medications

 Antihypertensive drug use, % 41.3 34.4 55.9 <.001

 Lipid-lowering drug use, % 4.8 2.2 10.2 <.001

 Anti-diabetic drug use, % 7.1 3.8 14.1 <.001

Metabolic syndrome components

 Blood pressure ≥130/85 mmHg†, % 84.2 78.3 96.7 <.001

 Waist circumference
 M: ≥102 cm / F: ≥ 88 cm, %

40.5 23.0 77.3 <.001

 Triglycerides ≥ 150 mg/dL‡, % 28.4 11.6 63.8 <.001

 HDL Cholesterol
 M: <40 mg/dL / F: <50 mg/dL, %

21.7 5.9 54.9 <.001

 Blood glucose ≥ 100 mg/dL§, % 27.0 13.4 55.6 <.001

Adipocytokines

 CRP (mg/L), median (IQR) 2.6 (1.3–5.4) 2.3 (1.2–4.8) 3.3 (1.8–6.3) <.001

 IL-6 (pg/mL), median (IQR) 1.4 (0.8–2.1) 1.3 (0.8–2.0) 1.6 (0.9–2.5) <.001

 IL-1ra (pg/mL), median (IQR) 133.0
(96.4–184.5)

120.9
(91.0–164.6)

166.8
(120.2–229.8

<.001
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All
(n=944)

No MetS (n=640) MetS
(n=304)

p value*

 IL-18 (pg/mL), median (IQR) 380.7
(300.9–474.5)

375.5
(287.2–467.8)

398.0
(315.2–507.2)

0.007

 TNF-α R1 (pg/mL), median (IQR) 1330.8
(1089.0–1694.4)

1298.9
(1060.0–1595.3)

1428.9
(1137.6–1921.0)

<.001

 Adiponectin (ng/mL), median
(IQR)

11.5
(7.0–17.3)

12.7
(8.0–19.0)

8.9
(5.6–14.3)

<.001

 Leptin (ng/mL), median (IQR) 8.8
(4.1–16.6)

6.8
(3.4–14.3)

12.4
(7.7–24.0)

<.001

 Resistin (ng/mL), median (IQR) 3.5 (2.7–4.7) 3.5 (2.7–4.6) 3.7 (2.7–5.1) 0.04

Notes: Values are shown in mean (SD) and medians (IQR) for continuous variables and N (%) for categorical variables. MetS = metabolic
syndrome; SD = standard deviation; HDL = high-density lipoprotein cholesterol; IQR = inter-quartile range; CRP = C-reactive protein; IL-6 =
interleukin 6; IL-1ra = interleukin 1 receptor antagonist; IL-18 = interleukin 18, TNF-α R1 = tumor necrosis factor-α receptor 1.

*
Difference between No MetS and MetS

†
or use of anti-hypertensive medication

‡
or use of lipid-lowering medication

§
or use of anti-diabetic medication.
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