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Abstract

The objective of the study was to investigate the effect of long-term (3.2 years) weight loss on serum levels of the nontraditional
cardiovascular risk factors interleukin (IL)-18 and matrix metalloproteinase (MMP)–9. Moreover, we wanted to assess the significance of the
magnitude of the weight loss and evaluate the potential effects of 36 months of treatment with the lipase inhibitor orlistat on these parameters.
Sixty-eight abdominally obese subjects completed 8 weeks of very low energy diet (600-800 kcal/d) followed by 36 months of randomized
treatment with either orlistat or placebo together with lifestyle intervention. Serum levels of IL-18, MMP-9, and leptin were measured by
flowmetric xMAP technology (Luminex, Austin, TX). Changes in the levels of IL-18, MMP-9, and leptin were similar in the orlistat and the
placebo group during this study. Thus, the 2 groups were combined for further analysis. A weight loss of 8.4 ± 8.8 kg from baseline to 3.2
years was associated with significant decreases in IL-18 (P b .001), MMP-9 (P b .01), and leptin (P b .001). Matrix metalloproteinase–9 was,
however, significantly increased after 8 weeks of very low energy diet–induced weight loss (P b .05). The long-term changes in IL-18 were
significantly associated with changes in body mass index independent of changes in blood pressure and lipids (P b .05). Levels and changes
of IL-18 and MMP-9 were significantly positively associated at 3.2 years (P b .01). Long-term changes in leptin were significantly associated
with changes in IL-18 (P b .01) at 3.2 years. Diet-induced long-term weight loss decreased IL-18 and MMP-9. The decrease in IL-18 was
associated with changes in body mass index independent of changes in blood pressure and lipids, indicating that even a minor weight
reduction (N5%) has beneficial effects on nontraditional cardiovascular risk markers. Orlistat treatment had no independent effects on IL-18,
MMP-9, or leptin in the present study.
© 2009 Elsevier Inc. All rights reserved.
1. Introduction

Obesity is associated with dyslipidemia, hypertension,
insulin resistance, type 2 diabetes mellitus, and an
increased risk of cardiovascular morbidity and mortality
[1-4]. Traditional cardiovascular risk markers such as
high-sensitivity C-reactive protein (hs-CRP) and fibrino-
gen are elevated, and the vascular function assessed by
endothelial function testing is impaired already in obese
adolescents [5]. An early feature of abdominal obesity is
the development of a chronic low-grade inflammation
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[5-7], suggested to originate from especially the visceral
adipose tissue (AT), in which adipocytes [8] as well as
infiltrating adipose tissue macrophages [ATM] [9] secrete
a number of pro- and anti-inflammatory proteins, collec-
tively referred to as adipokines [10].

Interleukin (IL)-18 is a proinflammatory cytokine belong-
ing to the IL-1 family involved in a number of inflammation-
related diseases including atherosclerosis [11]. Plasma IL-18
is increased in obesity [12-14]; is associated with insulin
resistance [12,15]; and is in some studies associated with
atherogenesis, atherosclerotic plaque instability, and cardio-
vascular death [16-19]. Interleukin-18 is expressed primarily
in macrophages and dendritic cells [19] but also in the AT,
particularly in the stromal vascular fraction [12,20,21].
Interleukin-18 has the ability to induce the secretion of
matrix metalloproteinase (MMP)–9, a member of the family
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of zinc-binding proteolytic enzymes involved in the
remodeling of the extracellular matrix [22]. Matrix metallo-
proteinase–9 can also be found in the vulnerable region of
atherosclerotic plaques, where it increases the risk of plaque
rupture; and it is associated with increased risk of
cardiovascular morbidity and mortality [23-25]. Matrix
metalloproteinase–9 is increased in obesity and decreased
by weight loss [26,27]. It is produced in the AT where it is
involved in adipocyte differentiation and AT remodeling
[28]. Matrix metalloproteinase–9 release from human
endothelial cells and coronary artery smooth muscle cells
is reported to be induced by leptin [29].

The aim of the present study was to assess the effects of
a diet-induced weight loss in middle-aged obese subjects on
the nontraditional cardiovascular risk markers IL-18 and
MMP-9. Being a weight loss study, changes in the AT-
specific protein leptin was assessed in parallel. In addition,
the possible differences in the response to an intensive
short-term (8 weeks) and long-term (3.2 years) intervention
were investigated. Finally, we also investigated whether the
antiobesity drug orlistat (a lipase inhibitor) had an
independent effect on these parameters in a randomized
controlled study.
2. Materials and methods

2.1. Study design

The data presented in the present study originated from
a subset of participants in the Scandinavian Multicenter
study of Obese subjects with the Metabolic Syndrome
(SMOMS) [30] where blood samples were taken for
cytokine/adipokine measurements in those of the original
study centers that accepted to participate in this substudy.
All participants who have taken these blood samples are
included in the present substudy (68 of the originally 308
randomized participants). The SMOMS trial was a double-
blinded, randomized intervention study investigating the
antiobesity drug orlistat on weight loss maintenance/regain
after an initial very low energy diet (VLED)–induced
weight loss as compared with placebo [30]. In short, the
study design was: age between 18 and 65 years, body mass
index (BMI) between 30 and 45 kg/m2, and waist
circumference greater than 102 cm (men) or greater than
92 cm (women) with at least one of the following risk
factors: impaired fasting plasma glucose and/or dyslipide-
mia as described in Richelsen et al [30]. The study
consisted of 2 phases. Phase I involved 8 weeks of VLED
(600-800 kcal/d) where subjects who lost greater than 5%
of their initial body weight continued into phase II, which
was a randomized double-blinded treatment phase with 36
months of treatment of 35 participants taking orlistat (120
mg TID) and 33 participants taking placebo in this
substudy combined with a hypocaloric diet and regular
consultations with a dietician as previously described
[30,31]. The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethical
Committees in Denmark, Norway, and Finland. Written
informed consent was obtained from all participants.

2.2. Measurements

Blood samples were obtained at baseline, post-VLED,
and after 3.2 years, respectively. Serum IL-18, MMP-9,
and leptin levels were determined by a multiplex sandwich
immunoassay that was performed as described using
xMAP technology (Luminex, Austin, TX) and a Luminex
100 platform [32]. In short, the serum samples were diluted
1:100 in buffer and set up in filter plate wells for duplicate
determination. To each filter plate well, 50 μL of diluted
sample and 50 μL of a suspension of capture-antibody–
conjugated beads, 1500 beads per analyte, were added.
After 1 1/2 hours of incubation, the beads were washed
twice and subsequently reacted for 1 1/2 hours with a
mixture (50 μL) of relevant biotinylated detection
antibodies, each diluted 1:1000, before 50 μL of
streptavidin-phycoerythrin (20 μg/mL) was added to the
wells; and the incubation was continued for an additional
30 minutes. The beads were finally washed twice,
resuspended in 125 μL of buffer, and analyzed on the
Luminex 100 platform according to manufacturer's
instructions and as described by Skogstrand et al [32].
The IL-18 antibodies are mouse monoclonal D044-3
(capture) and D045-6 (detection) (MBL, Naka-Ku,
Nagoya, Japan), the MMP-9 antibodies are mouse mono-
clonal MAB911 (capture) and goat polyclonal BAF911
(detection) (R&D Systems, Minneapolis, MN), and the
leptin antibodies are mouse monoclonal MAB398 (capture)
and goat polyclonal BAF398 (detection) (R&D Systems).
The working range for each analyte was assessed from the
precision profile and defined as the concentration range
where the coefficient of variation was less than 20%. The
range of protein concentrations investigated and approved
was as follows: IL-18 (20-10 000 pg/mL), MMP-9 (1-
500 ng/mL), and leptin (8-4000 pg/mL). To compare
measurements obtained by the Luminex assay with
conventional enzyme-linked immunosorbent assay (ELISA)
technique, protein levels of IL-18, MMP-9 (R&D Systems),
and leptin (Mediagnost, Reutlingen Germany) were reana-
lyzed in duplicate in 40 randomly chosen samples. The
Luminex multiplex assays and the ELISA kits used different
sets of antibodies that most probably recognize different
epitopes, some of which may be more or less obscured by
interacting serum proteins. Despite this, protein levels
assessed by the ELISA and Luminex methods correlated
significantly: IL-18 (Pearson R = 0.75, P b .001), MMP-9
(R = 0.79, P b .001), and leptin (R = 0.78, P b .001).
Homeostasis model assessment as a measurement of insulin
resistance (HOMA-IR) was calculated as (fasting plasma
glucose ⁎ fasting plasma insulin)/22.5. Lipids, glucose, and
insulin were analyzed in plasma using standardized assays
as previously described [30].
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2.3. Statistics

Data were checked for normal distribution and log base e
([ln] − natural logarithm) transformed if needed. Differences
between treatment groups were analyzed in a linear mixed
model for repeated measurements with an unstructured
covariance structure adjusted for age, sex, and site. For
changes from baseline to 3.2 years, a multiple linear
regression model was made regarding changes in ln IL-18
with adjustment for age, sex, site, and treatment. To explore
the overall variation in IL-18, we established a linear mixed
model for repeated measurements with unstructured covar-
iance structure adjusted for age, sex, study site, and treatment
groups with the following covariates: HOMA-IR, hemoglo-
bin A1c (HbA1c), total cholesterol, low-density lipoprotein
(LDL) cholesterol, high-density lipoprotein (HDL) choles-
terol, triglyceride, diastolic and systolic blood pressure, and
BMI. The b value with the 95% confidence interval (CI) is
the estimated regression coefficient. Results are geometric
means with 95% CIs unless otherwise noted. The level of
significance was set at P less than .05 adjusted for multiple
comparisons if noted (Sidak or Dunnet). The statistical
software used for the analysis was SPSS version 14.0 (SPSS,
Chicago, IL).
3. Results

3.1. Baseline characteristics

Baseline characteristics are shown in Table 1 (unadjusted
values). The orlistat group did not differ significantly from
Table 1
Anthropometric data, cardiovascular risk markers, and lipids according to treatme

Variable Baseline Post-VLED

Weight (kg) 110.8 ± 16.8 97.5 ± 15
113.1 ± 16.1 98.1 ± 12.8

BMI (kg/m2) 37.5 ± 3.4 33 ± 3.3
37.9 ± 4.1 33 ± 3.9

Waist circumference
(cm)

118.4 ± 11.6 107.4 ± 9.7
119.5 ± 11 107.8 ± 9.8

IL-18 (pg/mL) 124.7 (99-157.1) 112.9 (91-140)
106.8 (87.5-130.4) 93.3 (76.2-114.2)

MMP-9 (ng/mL) 128.7 (101.4-163.4) 159.1 (122.8-206.2
122.6 (92.7-162.2) 151.5 (113.5-202.4

Leptin (pg/mL) 1217.4 (964.7-1536.3) 470.2 (336.8-656.5
989 (759.9-1287.3) 352.9 (243.3-512)

Total cholesterol (mmol/L) 6.0 ± 1.2 5.0 ± 1.1
5.9 ± 1.2 4.7 ± 1.0

HDL cholesterol (mmol/L) 1.16 ± 0.28 1.1 ± 0.3
1.16 ± 0.22 1.1 ± 0.2

LDL cholesterol (mmol/L) 3.9 ± 1.1 3.2 ± 0.9
3.6 ± 1.0 2.8 ± 0.8

Triglyceride (mmol/L) 2.2 ± 0.8 1.6 ± 0.7
2.5 ± 1.4 1.7 ± 0.8

The patients were randomized to orlistat or placebo after 8 weeks of VLED (orlistat,
treatment groups concerning absolute levels, but there were differences between ch
3.2 years (P b .05) as shown. Values are unadjusted arithmetic means ± SD except
with 95% CIs.
the placebo group concerning anthropometric variables or
lipids (Table 1), age (45.0 ± 8.4 vs 46.8 ± 8.0 years),
proportion of women (51.1% vs 39.4%, χ2, P = .32),
systolic/diastolic blood pressure (148 ± 9/94 ± 11 vs 151 ±
14/97 ± 11 mm Hg), or HOMA-IR (4.1 ± 3.1 vs 5.1 ± 3.7).

3.2. Weight loss

Eight weeks of VLED treatment induced a mean
reduction in BMI from 37.7 ± 3.7 to 33.0 ± 3.6 kg/m2

(P b .001), corresponding to a decrease of 12.5% ± 3.2% (P b
.05) of initial body weight. Waist circumference was reduced
by 9.9% ± 4.2% (P b .05). After 3.2 years, mean BMI
remained significantly reduced compared with baseline
(34.9 ± 4.6 kg/m2, P b .001), corresponding to a mean
weight loss of 7.4% ± 7.8% (P b .05). Weight loss from
baseline to 3.2 years did not differ significantly between the
orlistat and the placebo group (9.9 ± 8.2 vs 6.8 ± 9.3 kg, P =
.16). However, weight regain from the end of the VLED to
the end of the study (3.2 years) was significantly reduced in
the orlistat group compared with the placebo group (3.4 ± 8.5
vs 8.1 ± 6.5 kg, P b .05, Table 1). In parallel, regain of BMI
and waist circumference was also significantly reduced in the
orlistat group as compared with placebo from the end of the
VLED to 3.2 years (P b .05, Table 1).

3.3. IL-18, MMP-9, and leptin

Neither changes over time nor levels of IL-18, MMP-9,
and leptin (adjusted for sex, age, and study site) differed
significantly between the treatment groups (Table 1). Thus,
the 2 groups were combined for further analyses. Moreover,
nt group

3.2 y Treatment Treatment group
differences

100.9 ± 17.7 Orlistat (P b .05) for period II
106.2 ± 14.6 Placebo
34.1 ± 4.2 Orlistat (P b .05) for period II
35.7 ± 5 Placebo

109.7 ± 12.6 Orlistat (P b .05) for period II
114.1 ± 12 Placebo
89.1 (70.5-112.6) Orlistat
86 (72.6-102) Placebo

) 106.7 (82.1-138.6) Orlistat
) 81.3 (62.9-105) Placebo
) 724.3 (532.7-984.7) Orlistat

658 (470.5-920.2) Placebo
5.5 ± 1.0 Orlistat
5.4 ± 0.9 Placebo
1.2 ± 0.3 Orlistat
1.2 ± 0.3 Placebo
3.5 ± 0.9 Orlistat
3.2 ± 0.9 Placebo
2.0 ± 0.9 Orlistat
2.2 ± 1.1 Placebo

n = 35; placebo, n = 33). There were no significant differences between the 2
anges in treatment groups regarding period II: from the end of the VLED to
those for IL-18, MMP-9, and leptin, which are unadjusted geometric means
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we investigated the possible influence of sex and found no
differences in changes in IL-18, MMP-9, and leptin between
women and men (data not shown). During the VLED, IL-18
decreased by 11% in the combined group (P = .017, Fig. 1).
From baseline to 3.2 years, IL-18 decreased significantly by
24% even when adjusted for multiple comparisons (P b .001,
Fig. 1). Matrix metalloproteinase–9 increased significantly
by 24% during the VLED-induced acute weight loss (P b
.05) but decreased significantly from baseline to 3.2 years
(P b .01, Fig. 1). Leptin decreased significantly both during
the VLED and from baseline to 3.2 years (P b .001, Fig. 1).

3.4. Relationships between degree of weight loss and
changes in IL-18, MMP-9, and leptin

As shown in Fig. 2, the subjects were grouped into tertiles
of changes in BMI from baseline to the end of the VLED and
from baseline to 3.2 years. The changes in IL-18 induced by
the 8 weeks of VLED did not differ between the tertiles of
BMI decrease. The decrease in IL-18 from baseline to
3.2 years was significantly higher in those with the highest
(third tertile) compared with those with the lowest (first
tertile) decrease in BMI (−9.8% to −28.2% vs −3.5% to
+14.6%, Fig. 2). The linear trend of change in IL-18 across
the tertiles of BMI change was also significant (P b .01).
Equivalent trends could be observed regarding changes in
waist circumference and weight (data not shown). The
increase in MMP-9 from baseline to the end of the VLED
was significantly higher (P b .05) in subjects with a larger
decrease in BMI ranging from (∼−14% to −19%) compared
with subjects with a lesser decrease in BMI (∼−6% to
−11%); and the linear trend for change in MMP-9 across
Fig. 1. Interleukin-18, MMP-9, and body weight during the 3.2-year
intervention. Data from the orlistat group and the placebo group are
combined. Values are geometric means with 95% CIs of unadjusted values:
MMP-9 (nanograms per milliliter) (solid dots), IL-18 (picograms per
milliliter) (open dots), and weight (kilograms) (solid triangles). ⁎P less than
.05, ⁎⁎P less than .01, and ⁎⁎⁎P less than .001 for changes compared with
baseline values. Linear mixed model for repeated measurements (with
adjustment for multiple comparisons, Sidak). N = 68.

Fig. 2. Changes in IL-18, MMP-9, and leptin according to changes in BMI.
Values are geometric means with 95% CI of IL-18, MMP-9, and leptin
according to tertiles of change in BMI from baseline to the end of the 8-
week VLED and from baseline to 3.2 years (antilog of ln differences
transformed into percentage changes). ⁎⁎P less than .01 and ⁎⁎⁎P less than
.001 for third vs first tertile (with adjustment for multiple comparisons,
Dunnet). #P less than .05 for third vs first tertile unadjusted for multiple
comparisons. N = 68.
these tertiles was also significant (P b .05), whereas long-
term changes in MMP-9 from baseline to 3.2 years did not
differ between the tertiles. The decrease in leptin was
significantly higher both during the VLED (P b .001) and
from baseline to 3.2 years (P b .001) when comparing
subjects from the third tertile vs subjects from the first tertile
of change in BMI (Fig. 2).

3.5. Correlations

At baseline, IL-18 correlated positively with diastolic
blood pressure (r = 0.27, P b .05, Table 2). After 3.2 years,
IL-18 correlated positively with MMP-9 (r = 0.38, P b .01),
body weight (r = 0.32, P b .01), waist circumference (r =



Table 2
Correlations for IL-18

Levels or changes
(Δ) of Pearson
correlations (r)

IL-18 (levels) Δ IL-18 (changes)

Baseline 3.2 y Baseline to post-
VLED (8 wk)

Baseline to
3.2 y

MMP-9 0.06 0.38† 0.18 0.40†

Leptin 0.14 0.15 0.17 0.58†

BMI 0.08 0.14 −0.05 0.32†

Weight 0.16 0.32† −0.04 0.32†

Waist circumference 0.08 0.33† 0.05 0.30⁎

Waist-hip ratio 0.12 0.26⁎ 0.17 0.09
Cholesterol 0.15 0.05 0.05 0.17
LDL 0.18 −0.02 0.05 0.13
Triglyceride 0.05 0.28⁎ −0.04 0.14
HDL 0.02 −0.25⁎ −0.21 −0.02
Systolic blood pressure 0.05 0.12 0.09 0.27⁎

Diastolic blood
pressure

0.27⁎ 0.06 0.16 0.15

Glucose 0.12 0.09 −0.03 0.29⁎

HOMA-IR 0.20 0.17 0.05 0.28⁎

HbA1c 0.13 0.17 0.15 0.11
Insulin 0.19 0.18 0.06 0.24

Pearson correlations (r) for levels and changes of IL-18 based on the
unadjusted log (base e) values of IL-18. N = 68.

⁎ Correlation is significant at the .05 level (2-tailed).
† Correlation is significant at the .01 level (2-tailed).

950 E.L. Madsen et al. / Metabolism Clinical and Experimental 58 (2009) 946–953
0.33, P b .01), and triglyceride levels (r = 0.28, P b .05)
and negatively with HDL cholesterol (r = −0.25, P b .05)
(Table 2). Changes in IL-18 from baseline to 3.2 years
correlated positively with changes in leptin (r = 0.58, P b
.01), MMP-9 (r = 0.40, P b .01), body weight, BMI and
waist circumference (r = 0.30-0.32, P b .01), systolic blood
pressure, glucose, and HOMA-IR (r = 0.27-0.29, P b .05)
(Table 2).

Changes in MMP-9 from baseline to the end of the VLED
correlated negatively with changes in BMI (r = −0.28, P b
.05), body weight (r = −0.28, P b .05), and waist
circumference (r = −0.34, P b .01) (data not shown).

3.6. Multiple linear regression of changes in IL-18

Multiple linear regression showed that changes in IL-18
from baseline to 3.2 years were independently associated
with changes in BMI (B = 1.457; 95% CI, 0.045-2.870; P b
.05) even after adjustment for age, sex, site, treatment group,
changes in blood pressure, triglyceride, total cholesterol,
LDL cholesterol, and HDL cholesterol (log base e values)
(model R2 = 0.33, P = .03). The unadjusted bivariate
correlation between changes in IL-18 and HOMA-IR was
significant (r = 0.28, P b .05) but not after adjustment for
lipids, blood pressure, and fixed factors (P = .18).
Analyzing changes in MMP-9 from baseline to 3.2 years
with an identical model did not show significant associa-
tions with changes in BMI. Inclusion of IL-18 demonstrated
a significant positive association between long-term
changes in MMP-9 and IL-18 even after adjustment for
lipids, blood pressure, BMI, and fixed factors (B = 0.686
[0.262-1.110], P b .01).
To obtain a more detailed analysis of the factors correlated
with the variation in IL-18, we established a linear mixed
model for repeated measurements with an unstructured
covariance structure incorporating all visits of the study
using log base e values. This model incorporated the
variation in BMI, HbA1c, HOMA-IR, and systolic and
diastolic blood pressure together with triglycerides, total
cholesterol, LDL cholesterol, and HDL cholesterol and was
adjusted for sex, age, treatment group, and study site. Using
this model, it was shown that the overall variation in IL-18
during the study was independently positively associated
with BMI (B = 1.09; 95% CI, 0.40-1.78; P = .002), HbA1c

(0.65 [0.03-1.28], P = .040), and diastolic blood pressure
(0.58 [0.03-1.28], P = ,042), whereas HDL had a
nonsignificant inverse association with IL-18 (−0.43
[−0.88 to +0.02], P = .063). All coefficients are independent
of each other and adjusted for the other mentioned fixed
factors and covariates (including HOMA-IR). No significant
factors emerged when analyzing the variation in MMP-9 in
the same manner as for IL-18.
4. Discussion

The present study is, to our knowledge, the first to report
that weight loss up to 3.2 years induced by a hypocaloric diet
and lifestyle intervention significantly reduces circulating
levels of both IL-18 and MMP-9, and that the long-term
changes in IL-18 are significantly associated with changes in
BMI even after adjustment for lipids, blood pressure, sex,
and age. Traditional cardiovascular risk markers such as hs-
CRP, fibrinogen, and IL-6 are increased in obese subjects
and are associated with the development of atherosclerosis
and cardiovascular disease [33-36]. In this study, we have
focused upon IL-18 and MMP-9, 2 newer nontraditional
cardiovascular risk factors [16,25] involved in atherogenesis
and plaque instability [17,18,24]. Interleukin-18 has been
shown to take part in the chronic low-grade inflammation
that may be a pathogenetic factor behind the metabolic
syndrome and type 2 diabetes mellitus [37-39]. Thus, the
finding that a lifestyle-induced weight loss greater than 5%
maintained for up to 3.2 years was associated with
significant reductions in the levels of both IL-18 and
MMP-9 may have important implications for reducing the
risk of development of the metabolic syndrome, diabetes,
and cardiovascular diseases.

In the present study, we found no effects of long-term
orlistat treatment on plasma levels of IL-18, MMP-9, or
leptin. This may be related to the study design where the
pronounced weight loss of approximately 14 kg induced by
the VLED may have obscured the possibly more discrete
effects of long-term orlistat treatment. This is in accordance
with the original SMOMS study where orlistat treatment was
without effects on cardiovascular risk factors, although
orlistat reduced the weight regain by 2.5 kg at 3.2 years [30].
Other groups have shown that orlistat lowers free fatty acids
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[40] and hs-CRP [41]. Although we did not find any effects
of orlistat treatment on the examined variables, we retained
the possible effects of the treatment groups in the analyses of
the long-term changes and overall variation to adjust for a
potential confounding of the results.

Circulating levels of IL-18 have been associated with
various components of the metabolic syndrome [37] such as
positive associations with insulin resistance, triglycerides,
blood pressure, and visceral adiposity [42-46] and negative
association with HDL cholesterol [42,47]. In agreement with
this, we found that IL-18 was positively correlated with
diastolic blood pressure and triglycerides and negatively
correlated with HDL. Recently, a cross-sectional study
reported significant associations between IL-18 and insu-
lin/HOMA-IR, which however disappeared after adjustment
for BMI or waist circumference [43]. We did not find any
cross-sectional association with HOMA-IR but found an
association between changes in HOMA-IR and IL-18, which
however disappeared after additional adjustment for changes
in lipids, blood pressure, and other factors. In the present
study, we found a significant and independent association
between changes in BMI (or waist circumference) and IL-18.
This is in agreement with some studies [13,48] but opposed
to other (short-term) diet or exercise studies and bariatric
surgical interventions, in which circulating IL-18 has been
reported to be more closely associated with insulin
sensitivity than with measures of obesity [12,15]. Another
study shows nearly similar associations between changes in
IL-18 and changes in BMI or HOMA-IR, but stronger
associations with other anthropometric variables such as
changes in waist-hip ratio [49]. Thus, diverse evidence exists
regarding the mechanisms that affect levels of and changes in
circulating IL-18. Subjects in short-term weight loss or
exercise studies as well as studies of bariatric surgery with a
follow-up period of 1 year will still be in a hypocaloric state,
which could result in a more dominating association between
IL-18 and HOMA-IR than with anthropometric changes per
se. Finally, gastric bypass surgery induces significant
changes in levels of glucagon-like peptide–1, which through
its beneficial effects on glucose homeostasis could be
hypothesized to exert a weight loss–independent effect on
IL-18 levels [50]. The discrepancies in the studies outlined
above support a multifactorial view upon the regulation of
IL-18 as reported in the present study. Here BMI, HbA1c, and
diastolic blood pressure were all independently associated
with the variation in IL-18 even after adjustment for sex, age,
HOMA-IR, and lipids. The association with long-term
changes in BMI might be due to the integrative nature of
weight loss as a marker/inducer of improvements in glucose
and lipid metabolism as well as inflammation with a
significant amount of intercorrelation between these factors,
but the association with the reduction in BMI also underlines
the positive effects of long-term weight loss upon inflamma-
tion and nontraditional cardiovascular risk markers.

There was a rather high correlation found between
changes in leptin and IL-18 during the weight loss/weight
loss maintenance intervention (r = 0.58). The precise reason
for this is unknown; but it has previously been shown that
leptin may affect inflammation and immune function and,
moreover, may regulate the production of IL-18 [51]. The
latter might be an explanation for the correlation between
changes in leptin and IL-18 observed in the present study.

It has been shown that IL-18 may induce the secretion of
MMP-9 in peripheral blood mononuclear cells, which is
consistent with our finding that IL-18 is positively associated
both with MMP-9 cross-sectionally (at 3.2 years) and with
the changes during weight loss from baseline to 3.2 years.
This association remains significant even after adjustment
for metabolic variables; but this association says, however,
nothing about the causality. Matrix metalloproteinase–9 has
in several studies been associated with the development of a
cardiovascular event [23,25]. The present study found that
long-term weight loss was associated with a reduction in
circulating levels of MMP-9. This may indicate that weight
reduction greater than 5% sustained for up to 3.2 years may
be beneficial and potentially reduce the risk of cardiovas-
cular events. In contrast to this, a short-term intensive weight
loss after the VLED was found to increase the level of MMP-
9. This increase correlated inversely with changes in BMI
and other measures of obesity and could hypothetically result
from MMP-9 involvement in AT remodeling [28] during an
intensive weight loss. Moreover, there are indications that
rapid and pronounced weight loss (eg, induced by VLED)
may induce a transient inflammatory response in the AT [52]
that might also enhance the production of MMP-9 [53].
Given the association between plaque rupture and MMP-9,
transiently elevated levels of MMP-9 during rapid and
intensive weight loss regimens could potentially have
adverse effects in susceptible individuals. The possibly
negative health effects of rapid and pronounced weight loss
need to be investigated in more details in future studies.

In conclusion, long-term weight loss in abdominally
obese subjects was found to be associated with a significant
reduction in circulating levels of IL-18 and MMP-9,
suggesting that a modest weight loss in this high-risk
population may be beneficial and potentially reduces the risk
of cardiovascular disease.
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