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THE RATE OF OBESITY AND THE

numbers of dieters are increas-
ing in parallel.1,2 More than 54
million Americans are cur-

rently dieting, yet the epidemic of obe-
sity continues virtually unabated with
no sign of reversal.3,4 Obesity is an in-
dependent risk factor for cardiovascu-
lar disease.5 Adipocytes synthesize and
secrete several cytokines, including tu-
mor necrosis factor �,6 interleukin 6
(IL-6),7 and adiponectin,8 the latter
being one of the most abundant adi-
pose tissue–specific adipocytokines.

Elevated levels of several proinflam-
matory cytokines, such as IL-6, IL-18,
and tumor necrosis factor �, as well as
the sensitive marker of inflammation
C-reactive protein (CRP), have been
found associated with proxy indicators
of elevated body fat (body weight and
body mass index [BMI], calculated as
weight in kilograms divided by the
square of height in meters) and with car-
diovascular disease risk factors.7,9-12

Moreover, several proinflammatory mol-
ecules, including CRP,13 IL-6,14 and
IL-18,15 have been prospectively associ-
ated with thrombotic cardiovascular
events.

For the present study in obese women,
we measured the serum concentrations
of IL-6, IL-18, and CRP, as well as adi-

ponectin, the novel adipocytokine with
anti-inflammatory and insulin-
sensitizing properties,16 and their rela-
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Context Obesity is an independent risk factor for cardiovascular disease, which may
be mediated by increased secretion of proinflammatory cytokines by adipose tissue.

Objective To determine the effect of a program of changes in lifestyle designed to
obtain a sustained reduction of body weight on markers of systemic vascular inflam-
mation and insulin resistance.

Design and Setting Randomized single-blind trial conducted from February 1999
to February 2002 at a university hospital in Italy.

Patients One hundred twenty premenopausal obese women (body mass index �30)
aged 20 to 46 years without diabetes, hypertension, or hyperlipidemia.

Interventions The 60 women randomly assigned to the intervention group received
detailed advice about how to achieve a reduction of weight of 10% or more through a
low-energy Mediterranean-style diet and increased physical activity. The control group
(n=60) was given general information about healthy food choices and exercise.

Main Outcome Measures Lipid and glucose intake; blood pressure; homeostatic
model assessment of insulin sensitivity; and circulating levels of interleukin 6 (IL-6),
interleukin 18 (IL-18), C-reactive protein (CRP), and adiponectin.

Results After 2 years, women in the intervention group consumed more foods rich in
complex carbohydrates (9% corrected difference; P�.001), monounsaturated fat (2%;
P=.009), and fiber (7 g/d; P�.001); had a lower ratio of omega-6 to omega-3 fatty ac-
ids (−5; P�.001); and had lower energy (−310 kcal/d; P�.001), saturated fat (−3.5%;
P=.007), and cholesterol intake (−92 mg/d; P�.001) than controls. Body mass index de-
creased more in the intervention group than in controls (−4.2; P�.001), as did serum
concentrations of IL-6 (−1.1 pg/mL; P=.009), IL-18 (−57 pg/mL; P=.02), and CRP (−1.6
mg/L; P=.008), while adiponectin levels increased significantly (2.2 µg/mL; P=.01). In
multivariate analyses, changes in free fatty acids (P=.008), IL-6 (P=.02), and adiponec-
tin (P=.007) levels were independently associated with changes in insulin sensitivity.

Conclusion In this study, a multidisciplinary program aimed to reduce body weight
in obese women through lifestyle changes was associated with a reduction in markers
of vascular inflammation and insulin resistance.
JAMA. 2003;289:1799-1804 www.jama.com

©2003 American Medical Association. All rights reserved. (Reprinted) JAMA, April 9, 2003—Vol 289, No. 14 1799

Downloaded From: https://jamanetwork.com/ on 08/21/2022



tions with anthropometric measures and
insulin resistance. We then performed a
randomized controlled trial of lifestyle
changes designed to obtain a sustained
and long-term reduction of body weight
(�10% of initial weight, maintained for
2 years) for evaluating the effect of weight
loss on markers of vascular inflamma-
tion and insulin resistance.

METHODS
For this trial conducted from February
1999 to February 2002, obese premeno-
pausal women aged 20 to 46 years were
recruited from the outpatient depart-
ment for weight loss of the teaching hos-
pital at the second University of Naples,
Italy. Women were sedentary (�1 h/wk
of physical activity), with no evidence of
participation in diet reduction pro-
grams within the last 6 months, and com-
pleted a personal health and medical his-
tory questionnaire, which served as a
screening tool. Exclusion criteria were
type 2 diabetes mellitus or impaired glu-
cose tolerance (plasma glucose levels of
140-200 mg/dL [7.8-11.1 mmol/L] 2
hours after a 75-g oral glucose load), hy-
pertension (blood pressure �140/90
mm Hg), cardiovascular disease, psychi-
atric problems, history of alcohol abuse
(intake of �500 g/wk in the last year),
current smoking, and any medication
use. No patient was pregnant or be-
came pregnant during the study. The
study was approved by the institutional

committee of ethical practice of our in-
stitution, and all study participants gave
written informed consent.

Women were individually assigned to
either the intervention or control group
by selection of an envelope from a pile
of equal numbers of envelopes for each
group (FIGURE 1). The nurses who
scheduled the study visits did not have
access to the randomization list. How-
ever, the staff members involved in the
intervention were aware of the group as-
signment. Laboratory staff did not know
the participants’ group assignments.

Women in the control group were
given general oral and written informa-
tion about healthy food choices and ex-
ercise at baseline and at subsequent
monthly visits, but no specific individu-
alized programs were offered to them.

Women in the intervention group
were given detailed advice about how to
achieve a reduction in weight of 10% or
more. The program involved education
on reducing dietary calories, personal
goal setting, and self-monitoring (food
diaries) through a series of monthly
small-groupsessions.Behavioralandpsy-
chological counseling was also offered.
The mean caloric intake goal was set at
1300 kcal/d for the first year and 1500
kcal/d for the second year. The recom-
mended composition of the dietary regi-
menwas50%to60%carbohydrates,15%
to 20% proteins, less than 30% total fat,
less than 10% saturated fat, 10% to 15%
monounsaturated fat, 5% to 8% polyun-
saturated fat, and 18 g of fiber per 1000
kcal. This regimen is similar to the Medi-
terranean-styleStep Idiet,which isbeing
considered by the American Heart Asso-
ciation as a possible tool to lower car-
diovascular risk.17 Dietaryadvicewas tai-
loredtoeachwomanonthebasisof3-day
foodrecords.Thesewomenalsoreceived
individualguidanceon increasingphysi-
cal activity, mainly by walking, but also
with swimming or aerobic ball games.
Womenwereenrolled in theprogramfor
24 months and had monthly sessions
with the nutritionist and exercise trainer
for the first year and bimonthly sessions
for the second year. Compliance was
assessed by attendance at the meetings
and completion of the diet diaries.

Height and weight were recorded with
participants wearing lightweight cloth-
ing and no shoes using a Seca 200 scale
with attached stadiometer (Seca, Ham-
burg, Germany). Waist-hip ratio (WHR)
was calculated as waist circumference in
centimeters divided by hip circumfer-
ence in centimeters. Twenty-four-hour
nutrient intakes were calculated with
food-composition tables and patients’
weekly diet diaries. All women were
asked to complete a 3-day food intake
record and to record occupational,
household, and leisure-time physical ac-
tivity to assess dietary adherence and ex-
ercise activity. Foods were measured us-
ing standard measuring cups and spoons
and weight-approximation diagrams.

Insulin sensitivity in the fasting state
was assessed with homeostasis model as-
sessment (HOMA) and calculated with
the following formula: fasting plasma
glucose (mmol/L) � fasting serum in-
sulin (µU/mL) divided by 25, as de-
scribed by Matthews et al.18 High HOMA
scores denote low insulin sensitivity (in-
sulin resistance). Assays for serum total
and high-density lipoprotein choles-
terol, triglyceride, and glucose levels
were performed in the hospital’s chem-
istry laboratory. Plasma free fatty acids
(FFAs) were determined as previously
described.19 Plasma insulin levels were
assayed by radioimmunoassay (Ares,
Serono, Italy).

Serum samples for cytokine and CRP
levels were stored at −80°C until as-
sayed. Serum concentrations of IL-6 and
IL-18 were determined in duplicate us-
ing a highly sensitive, quantitative sand-
wich enzyme assay (Quantikine HS,
R&D Systems, Minneapolis, Minn). The
lower limit of detection was 0.7 pg/mL
for both. High-sensitivity CRP was
assayed by immunonephelometry
on a Behring Nephelometer 2 (Dade
Behring, Marburg, Germany). Plasma
adiponectin was assessed using a com-
mercially available radioimmunoassaykit
(HADP-61HK, Linco Research, St
Charles, Mo). In our laboratory, the nor-
mal means (and ranges) for these val-
ues, based on 80 healthy nonobese
women matched to obese women for age
and metabolic characteristics, are as fol-

Figure 1. Flow of Patients Through the Trial
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10 Unwilling to
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Follow-up

5 Dropped Out
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142 Patients Assessed for Eligibility

120 Randomized
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lows: IL-6, 1.9 pg/mL (0.3-12.5 pg/
mL); IL-18, 129 pg/mL (50-275 pg/mL);
CRP, 1.2 mg/L (0.3-10 mg/L); and adi-
ponectin, 8.7 µg/mL (1.6-15 µg/mL).

Data are presented as mean (SD) un-
less otherwise stated. Data were ana-
lyzed by intention to treat. We com-
pared baseline data using a t test for
continuous variables and a nonparamet-
ric Wilcoxon test for IL-6, IL-18, CRP,
and adiponectin. We compared risk fac-
tors and nutrient intakes after 2 years us-
ing a test based on the values at the end
of follow-up and a t test based on differ-
ences from baseline. Results of the analy-
sis omitting patients lost to follow-up did
not differ from that including their last
available records; data are therefore
shown for the analysis that includes all
women. Spearman rank correlation co-
efficients were used to quantify the re-
lations between metabolic variables and
cytokine levels. The effects of weight loss
on cytokine levels were tested by means
of paired t tests on log-transformed val-
ues and a nonparametric Wilcoxon
matched test. Multivariate regression
analysis tested the independent associa-
tion and contribution of changes in BMI,
WHR, FFA, physical activity, and plasma
cytokine concentrations with the depen-
dentvariable (changes inHOMA). P�.05
was considered significant. All analyses
were conducted using SPSS version 9.0
(SPSS Inc, Chicago, Ill).

RESULTS
One hundred twenty women were ran-
domly assigned to the intervention
(n=60) or control group (n=60) (Fig-
ure 1). Because participants were care-
fully screened for exclusion criteria,
both groups were comparable and rela-
tively healthy (TABLE 1). All women
were premenopausal and obese, with
BMI values ranging from 30 to 49. As
expected for an obese female popula-
tion, serum IL-6, IL-18, and CRP
levels were higher than reported in
nonobese women.9-12 In contrast, adi-
ponectin levels were significantly lower
(P=.008) in the obese women in the
present study compared with a group
of nonobese women (n=80) matched
for age and metabolic and clinical char-

acteristics (whose adiponectin levels
were 8.7 µg/mL).

Spearman rank correlation coeffi-
cients between serum cytokine levels and
metabolic variables are shown in
TABLE 2. Univariate correlations are re-
ported because they were affected very
little by adjustment for age. Serum IL-6
levels were positively associated and adi-
ponectin levels were negatively associ-
ated with BMI, WHR, insulin, HOMA,
and FFA. To investigate which vari-
ables might account for the association
between circulating IL-6 or adiponec-
tin levels and insulin resistance, mul-
tiple regression analysis was per-
formed. The independent variables were
those significantly correlated with both
IL-6 and adiponectin in univariate analy-
sis. Only BMI (P=.03), FFA (P=.02), and
HOMA (P=.04) were independently and
significantly associated with IL-6 (posi-
tively) or adiponectin (negatively).

After 2 years of follow-up, there were
3 dropouts in the intervention group and
5 in the control group, all of which oc-
curred after 24 weeks of follow-up. Drop-
outs from the intervention group showed

a decrease in body weight after 24 weeks
of follow-up, suggesting that they were
adhering to the lifestyle changes. Base-
line data showed no important differ-
ences in nutrient intake between the 2
groups (TABLE 3). After 2 years, pa-
tients in the intervention group con-
sumed a greater percentage of calories
from complex carbohydrates, protein,
and monounsaturated fat; had a lower ra-
tio of omega-6 to omega-3 fatty acids; and
had lower energy, saturated fat, and cho-
lesterol intake levels than controls. The
level of physical activity increased more
in the intervention group (from 64 to 175
min/wk) than in the control group (from
71 to 102 min/wk [P=.009]).

After 2 years, both groups had a sig-
nificant decrease in body weight, BMI,
WHR, blood pressure, glucose, insulin
and HOMA, triglycerides, and FFA, with
a larger effect in the intervention group
(TABLE 4). High-density lipoprotein cho-
lesterol increased more in the interven-
tion group. Serum concentrations of
IL-6, IL-18, and CRP were significantly
reduced in those the intervention group
compared with controls, while adipo-

Table 1. Clinical Characteristics of Study Participants*

Intervention Group
(n = 60)

Control Group
(n = 60) P Value

Age, y 34.2 (4.8) 35.0 (5.1) .70
Weight, kg 95 (9.4) 94 (9.2) .65
Body mass index† 35.0 (2.3) 34.7 (2.4) .75
Waist-hip ratio 0.86 (0.07) 0.87 (0.07) .81
SBP, mm Hg 124 (8.5) 123 (7.9) .59
DBP, mm Hg 85 (4.7) 85 (4.9) .61
Glucose, mg/dL 106 (14) 105 (13) .57
Insulin, µU/mL 14 (4) 14 (4) .45
HOMA‡ 3.6 (0.4) 3.7 (0.5) .64
TC, mg/dL 197 (23) 193 (23) .51
HDL-C, mg/dL 46 (10) 46 (10) .88
Triglycerides, mg/dL 142 (44) 142 (53) .81
FFA, mmol/L 581 (102) 562 (98) .63
IL-6, pg/mL§ 4.3 (1.9-9.0) 4.1 (2.0-9.0) .39
IL-18, pg/mL§ 225 (189-291) 217 (183-289) .45
Adiponectin, µg/mL 5.6 (2.2) 5.4 (2.1) .50
CRP, mg/L§ 3.2 (1.5-8.4) 3.4 (1.4-8.3) .37
Abbreviations: CRP, C-reactive protein; DBP, diastolic blood pressure; FFA, free fatty acids; HDL-C, high-density li-

poprotein cholesterol; IL-6, interleukin 6; IL-18, interleukin 18; SBP, systolic blood pressure; TC, total cholesterol.
SI conversion factors: to convert glucose from mg/dL to mmol/L, multiply by 0.0555; insulin from µU/mL to pmol/L,

multiply by 7.175; TC and HDL-C from mg/dL to mmol/L, multiply by 0.0259; and triglycerides from mg/dL to mmol/L,
multiply by 0.0113.

*Data are presented as mean (SD) except where otherwise indicated.
†Body mass index is calculated as weight in kilograms divided by the square of height in meters.
‡Homeostatic model assessment (HOMA) of insulin sensitivity in the fasting state is calculated as fasting plasma glu-

cose (in mmol/L) � fasting serum insulin (in µU/mL) divided by 25.18

§Data are presented as median (interquartile range).
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nectin levels were significantly in-
creased (FIGURE 2). The magnitude and
significance of the weight loss–
induced difference in cytokine and CRP
levels were similar when a paired t test
was performed on log10-transformed val-
ues or when a nonparametric Wil-
coxon matched test was used.

In the intervention group, changes in
cytokine and CRP concentrations were
related to the reduction in BMI (for IL-6,
r=0.35; P=.02; for IL-18, r=0.29; P=.04;
for CRP, r=0.41; P=.008; and for adi-
ponectin, r=−0.31; P=.02). For evalu-
ating the independent association of
changes in HOMA with changes in se-

rum IL-6 and adiponectin levels, a mul-
tivariate analysis was performed in
which HOMA was the dependent vari-
able and BMI, WHR, physical activity,
plasma FFA, and serum IL-6 and adi-
ponectin were the independent vari-
ables. Free fatty acids (27.6% of the vari-
ance; P=.008), IL-6 (15% of the variance;
P=.02), and adiponectin (22% of the
variance; P=.007) were independent
predictors of HOMA and explained ap-
proximately 65% of the variability.

COMMENT
In this study, we tested the hypothesis
that a multidisciplinary approach aimed

at reducing body weight by 10% or more
was effective at 2 years and reduced cir-
culating levels of inflammatory mark-
ers of future cardiovascular events. The
physiological rationales underlying these
hypotheses are that (1) obesity is a dif-
ficult problem, such that at most, 10%
of dieters manage to keep the weight
off in the long term20; (2) obesity has
been positively associated with insulin
resistance and increased serum concen-
trations of vascular inflammatory mark-
ers9-10; and (3) adipose tissue has been
proposed as a factor directly modulat-
ing proinflammatory and anti-inflam-
matory cytokine levels.6-8

In the baseline cross-sectional analy-
sis of all 120 obese women, we ob-
served significant associations between
metabolic variables and levels of inflam-
matorymarkers. Similar toprevious stud-
ies,7,9-11 we found positive correlations
among body weight, BMI, WHR, and lev-
els of CRP, IL-6, and IL-18, suggesting
that the circulating levels of these cyto-
kines may reflect, at least in part, pro-
duction by adipose tissue. Fasting
serum concentrations of IL-6 were posi-
tively associated and adiponectin levels
were negatively associated with all of the
markers of insulin resistance measured
(fasting insulin levels, HOMA, and
WHR). The mechanisms whereby high
IL-6 or low adiponectin levels can in-
duce insulin resistance at the cellular
level are poorly understood. However,

Table 2. Correlations With IL-6, IL-18, and Adiponectin in All Obese Women (n = 120)

IL-6 P Value IL-18 P Value Adiponectin P Value

Weight 0.41 .008 0.37 .007 −0.44 .007
Body mass index* 0.39 .008 0.41 .008 −0.35 .007
Waist-hip ratio 0.45 .006 0.37 .006 −0.44 .007
Glucose 0.21 .04 0.10 .09 −0.15 .04
Insulin 0.19 .03 0.21 .04 −0.27 .009
HOMA* 0.41 .008 0.13 .08 −0.34 .008
TC 0.06 .13 0.07 .14 −0.02 .37
HDL-C −0.08 .10 0.04 .24 0.09 .10
Triglycerides 0.09 .09 0.05 .19 −0.18 .05
IL-6† NA 0.13 .08 −0.25 .02
IL-18† 0.13 .08 NA −0.09 .10
Adiponectin −0.25 .02 −0.09 .10 NA
CRP† 0.52 .006 0.10 .09 −0.35 .008
FFA 0.40 .008 0.12 .08 −0.45 .007
Abbreviations: CRP, C-reactive protein; FFA, free fatty acids; HDL-C, high-density lipoprotein cholesterol; HOMA, ho-

meostatic model assessment of insulin sensitivity; IL-6, interleukin 6; IL-18, interleukin 18; NA, data not applicable;
TC, total cholesterol.

*For definitions, see Table 1 footnotes.
†Log-transformed data.

Table 3. Nutrient Indices at Entry to Study and at 2 Years*

Nutrient Intake

Intervention Group (n = 60) Control Group (n = 60)
Corrected
Difference
(95% CI)†

P Value
at 2 YearsBaseline 2 Years

Mean
Change

P
Value Baseline 2 Years

Mean
Change

P
Value

Total energy, kcal/d 2070 (175) 1650 (141) −420 �.001 2100 (185) 1190 (174) −110 �.001 −310 (−450 to −170) �.001
Carbohydrates, % 58 (2.0) 55 (1.7) −3 .005 59 (2.1) 58 (2.9) −1 .02 −2 (−3 to −1) .009
Complex carbohydrates, % 40 (2.5) 48 (2.1) +8 �.001 39 (2.4) 38 (2.2) −1 .02 +9 (4.4 to 13.6) �.001
Fiber, g/d 16 (1.8) 25 (1.6) +9 �.001 14 (1.9) 16 (1.7) +2 .02 +7 (3 to 11) �.001
Protein, % 14 (1.9) 17 (1.7) +3 .02 14 (1.7) 14 (1.5) +0.5 .04 +2.5 (1 to 4) .008
Fat, % 28 (3.1) 28 (2.7) 0 .40 27 (3.3) 28 (2.9) +1 .02 −1 (−2.5 to 0.6) .15

Saturated 12 (2.1) 8 (1.6) −4 .01 12 (2.0) 11 (1.5) −0.5 .05 −3.5 (−5 to −2) .007
MUFA 10 (2.0) 13 (1.5) +3 .01 10 (2.0) 11 (1.4) +1 .02 +2 (0.8 to 3.3) .01
PUFA 6 (1.0) 7 (0.8) +1 .02 6 (1.1) 7 (0.8) +0.5 .02 +0.5 (−0.5 to 1.5) .17

Omega-6/omega-3 fatty
acid ratio

11 (2.0) 6 (0.8) −5 �.001 13 (2.1) 13 (1.9) 0 .41 −5 (−8 to −2) �.001

Cholesterol, mg/d 340 (34) 235 (29) −105 �.001 345 (37) 332 (33) −13 .03 −92 (−131 to −51) �.001
Abbreviations: CI, confidence interval; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
*Data are presented as mean (SD).
†Intervention group minus control group.
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IL-6 increases plasma FFA and fat oxi-
dation in humans,21 whereas plasma
adiponectin levels are positively associ-
ated with whole-body insulin sensitiv-
ity.22 Interestingly, there is some evi-
dence that adiponectin may participate
in fatty acid and energy homeostasis.23

It is possible that a high production of
IL-6 from adipose tissue associated with
low production of adiponectin may be
involved in obesity-associated insulin re-
sistance through convergent effects on
increasing plasma fatty acid levels. The
associations we found between FFA and
IL-6 and adiponectin, both at baseline
and after weight loss, seem to support
this interpretation.

This study shows that weight loss can
be effectively achieved in the long term
by a multidisciplinary approach to life-
style changes in obese premenopausal
women. The intervention program
showed improvement in the number of
surrogate traditional and novel cardio-
vascular risk factors, which were better
than those observed in controls. Our re-
sults suggest that to be successful, inter-
ventions should be multifactorial and of
long duration. Otherwise, the initial ef-
forts and enthusiasm for healthier life-
styles are eroded by external obeso-

Figure 2. Serum Concentrations of Cytokines and C-Reactive Protein at Baseline and 2 Years
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Data are shown as medians, interquartile ranges, and extreme values. P values are for comparisons of treat-
ment effects between the intervention and control groups.

Table 4. Cardiovascular Risk Factors at Baseline and at 2 Years*

Risk Factors

Intervention Group (n = 60) Control Group (n = 60)

Corrected
Difference (95% CI)†

P Value
at 2 YearsBaseline 2 Years

Mean
Change

P
Value Baseline 2 Years

Mean
Change

P
Value

Weight, kg 95 (9.4) 81 (7.5) −14 �.001 94 (9.2) 91 (9.0) −3 .01 −11 (−14 to −8) �.001
Body mass index‡ 35 (2.3) 30 (2.1) −5.2 �.001 34 (2.4) 34 (2.4) −1 .04 −4.2 (−6.4 to −2) �.001
Waist-hip ratio 0.86 (0.07) 0.78 (0.07) −0.08 �.001 0.87 (0.07) 0.85 (0.07) −0.02 .03 −0.06 (−0.09 to −0.03) .008
SBP, mm Hg 124 (8.5) 121 (8.4) −3 .01 124 (7.9) 122 (7.8) −1.0 .15 −2 (−3.5 to −0.5) .009
DBP, mm Hg 85 (4.7) 82 (4.6) −3 .01 84.5 (4.9) 83.2 (4.5) −1.3 .27 −1.7 (−3 to −0.4) �.001
Glucose, mg/dL 106 (14) 97 (13) −9 .01 105 (13) 103 (11) −2 .16 −7 (−9 to −5) �.001
Insulin, µU/mL 14 (4) 9 (3) −5 .02 14 (4) 12 (3) −2 .02 −3 (−5 to −1) .009
HOMA‡ 3.6 (0.4) 2.3 (0.3) −1.3 .02 3.7 (0.5) 3.3 (0.4) −0.4 .02 −0.9 (−1.3 to −0.5) .008
TC, mg/dL 197 (62) 193 (58) −4 .04 193 (23) 193 (23) 0 .50 −4 (−12 to 4) .13
HDL-C, mg/dL 46 (12) 54 (12) +8 .03 46 (12) 46 (12) 0 .40 +4 (2 to 6) .02
Triglycerides, mg/dL 142 (44) 123 (35) −19 .04 150 (53) 142 (44) −8 .30 −12 (−18 to −5) .04
FFA, mmol/L 581 (102) 419 (63) −162 .01 562 (98) 523 (85) −39 .11 −123 (−200 to −53) .01
IL-6, pg/mL§ 4.3 (1.9-9.0) 2.9 (1.1-6.5) −1.4 .01 4.1 (2.0-9.0) 3.8 (2.1-8.9) −0.3 .15 −1.1 (−1.7 to −0.6) .009
IL-18, pg/mL§ 225 (185-291) 157 (112-212) −68 .02 217 (183-289) 206 (165-274) −11 .24 −57 (−100 to −12) .02
Adiponectin, µg/mL 5.6 (2.2) 8.3 (2.9) +2.7 .02 5.4 (2.1) 5.9 (2.1) +0.5 .13 +2.2 (1.0 to 3.5) .01
CRP, mg/L§ 3.2 (1.5-8.4) 2.1 (0.9-7.1) −1.1 .01 3.4 (1.4-8.3) 3.1 (1.3-8.2) −0.3 .19 −0.8 (−2.0 to −0.4) .008
Abbreviations: CI, confidence interval; CRP, C-reactive protein; DBP, diastolic blood pressure; FFA, free fatty acids; HDL-C, high-density lipoprotein cholesterol; HOMA, homeo-

static model assessment of insulin sensitivity; IL-6, interleukin 6; IL-18, interleukin 18; SBP, systolic blood pressure; TC, total cholesterol.
SI conversion factors: see Table 1.
*Data are presented as mean (SD) unless otherwise indicated; †Intervention group minus control group; ‡For definitions, see Table 1 footnotes; §Data are presented as median

(interquartile range).
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genic environmental forces.24 If the
lifestyles can be maintained, they will re-
duce the amount of weight gain and the
risk of associated diseases.

The obese women we studied had yet
to heed the messages about preven-
tion of heart disease. Baseline diets in
our participants contained large
amounts of saturated fat, cholesterol,
and refined carbohydrates and small
amounts of fiber and omega-3 fatty ac-
ids. Dietary supplementation with
whole grain products, legumes, fruit,
vegetables, fish, and olive oil was as-
sociated with improvement of nutri-
ent indices at 2 years (Table 3) and a
substantial decrease in cardiovascular
risk (Table 4) in the intervention group.
Given the strict exclusion criteria, the
obese women were healthy at base-
line, and no cardiovascular events oc-
curred in the 2 years of follow-up. How-
ever, diets with similar characteristics
to those we used, accompanied by small
weight changes, can reduce cardiac end
points in high-risk patients in the first
few months of follow-up.25,26

The vascular inflammatory markers
that improved after 2 years of fol-
low-up in the intervention group are
linked to future thrombotic events
through mechanisms of plaque desta-
bilization. Consistent findings sup-
port a predictive role of CRP and IL-6
in different populations,27 IL-18 has
been identified as an independent pre-
dictor of cardiovascular death in pa-
tients with a broad spectrum of coro-
nary artery disease,15 and circulating
levels of adiponectin are lower in pa-
tients with coronary artery disease.28

Thus, the increased cardiovascular risk
of obese persons may be seen as the re-
sult, at least in part, of increased in-
flammatory stimuli and decreased anti-
inflammatory mechanisms.

The obesity-inflammation relation-
ship has been addressed by previous
studies9-11,22,29,30 that were character-
ized by limited follow-up, absence of
a control group, small numbers of pa-
tients, and lack of adiponectin data, at
least for nonsurgically treated obese pa-
tients.22 We show that a multidisci-

plinary program aimed to reduce body
weight in obese women through life-
style changes, including a low-energy
Mediterranean-type diet and in-
creased exercise, is feasible and gives
sustained results over 2 years, as indi-
cated by the significant reduction of
markers of inflammation and im-
proved insulin sensitivity. Although we
cannot exclude that the change in
physical activity and food intake may
have contributed to the effects of weight
loss, the potential benefits of the pro-
gram justify its evaluation as a way to
decrease cardiovascular risk in obese
patients.
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