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1. Introduction

Leptin and adiponectin are obesity-related hormones and
cytokines, so-called adipokines, produced by adipocytes. Despite
modulating a number of metabolic processes linked to atheroscle-
rosis [1], including glucose regulation [2], insulin sensitivity [3],
hematopoiesis [4], fatty acid catabolism [5] and angiogenesis [6],
their potential association with coronary heart disease (CHD) is still
a matter of controversy [7,8].

Abbreviations: CHD, coronary heart disease; CRP, C-reactive protein; FU,
follow-up; HR, hazard ratio; HDL-C, HDL-cholesterol; IL-6, interleukin-6; IRMA,
immunoradiometric assay; KORA, Kooperative Gesundheitsforschung in der Region
Augsburg (Cooperative Health Research in the Region of Augsburg); MI, myocar-
dial infarction; MONICA, monitoring of trends and determinants in cardiovascular
diseases; RR, relative risk; S1, MONICA/KORA baseline survey 1 conducted in
1984-1985; S2, MONICA/KORA baseline survey 2 conducted in 1989-1990; S3,
MONICA/KORA baseline survey 3 conducted in 1994-1995; SCD, sudden car-
diac death; sE-selectin, soluble E-selectin; sSICAM-1, soluble intercellular adhesion
molecule-1; TC, total cholesterol.

* Corresponding author. Tel.: +49 731 500 45001; fax: +49 731 500 45021.

E-mail address: wolfgang.koenig@uniklinik-ulm.de (W. Koenig).

Leptin is a pleiotropic adipokine with structural and functional
relation to proinflammatory cytokines and is widely expressed,
including monocytes, myocardial cells [9], and atherosclerotic
lesions [10]. It induces proinflammatory cytokines like MCP-1 [5],
elicits macrophage foam cell formation [11], and promotes platelet
aggregation and arterial thrombosis in obesity [12].

Adiponectin has antiinflammatory effects on the cellular com-
ponents of the vascular wall by inhibiting NF-kappaB signaling [13].
It protects against myocardial ischemia-reperfusion injury through
AMPK- and COX-2-dependent mechanisms, and induces nitric
oxide expression from endothelial cells [14]. Furthermore, exoge-
nous adiponectin administration protects ApoE-deficient mice
from atherosclerosis [15].

Although results from the aforementioned experimental studies
seem to be fairly consistent, data of epidemiological studies remain
somewhat controversial [8,16]. While various studies investigat-
ing the association between circulating adipokine levels and CHD
yielded fairly strong associations, several other investigations were
not able to demonstrate any meaningful relationship with CHD
[17,18].

We sought to further elucidate the role of leptin and adiponectin
in the prediction of incident CHD (fatal and nonfatal myocar-
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Table 1
Baseline demographic, clinical, and laboratory characteristics of the participants with and without incident CHD during follow-up.
Characteristic Men Women
CHD Cases Noncases p CHD Cases Noncases P
Number 253 827 80 901
Age 57.0 (0.53) 52.1(0.39) <.001 58.2 (0.75) 52.5(0.35) <001
Education (<12 years) % 77.1(0.03) 66.9 (0.02) <.001 86.5 (0.04) 85.1(0.01) 0.741
Smoking status (%) <.001 0.378
Current smoker 43.1(0.03) 29.1(0.02) 24.3 (0.05) 18.4(0.01)
Former smoker 38.1(0.03) 41.5(0.02) 18.4 (0.04) 16.6 (0.01)
Never smoker 18.8 (0.02) 29.4(0.02) 57.3(0.06) 65.1(0.02)
Frequency of exercise (%) <.001 <.001
Active 30.4 (0.03) 42.5(0.02) 18.8 (0.04) 35.7 (0.02)
Inactive 69.6 (0.03) 57.5(0.02) 81.2(0.04) 64.3 (0.02)
Alcohol consumption' ( %) 0.175 0.038
og/d 20.9 (0.03) 17.6 (0.01) 59.1 (0.06) 44.0 (0.02)
<39.9/19.9 g/d 43.4(0.03) 50.1 (0.02) 27.5(0.05) 35.7(0.02)
>40/20 g/d 35.7(0.03) 32.2(0.02) 13.4(0.04) 20.3(0.01)
Body mass index (kg/m?) 28.1(0.24) 27.3(0.13) 0.004 295 (0.58) 26.8 (0.15) <.001
Waist-to-hip ratiot 0.95 (<.01) 0.93 (<.01) <.001 0.84(0.01) 0.81(<.01) <.001
Parental history of MI (%) 0.018 0.415
Positive 24.0 (0.03) 18.1(0.01) 20.6 (0.05) 21.6 (0.01)
Unknown 26.6 (0.03) 22.0(0.01) 27.2(0.05) 20.2 (0.01)
Negative 49.5 (0.03) 59.9 (0.02) 52.2 (0.06) 58.2 (0.02)
History of actual hypertension (%) 62.6 (0.03) 44.2 (0.02) <.001 73.5 (0.05) 38.5(0.02) <.001
Systolic blood pressure (mmHg) 141.7 (1.26) 135.8 (0.64) <.001 147.2 (2.58) 131.7 (0.68) <.001
Diastolic blood pressure (mmHg) 83.6 (0.74) 83.4(0.38) 0.823 83.9(1.62) 79.9 (0.37) 0.014
Current HRTS 5.5(0.03) 10.4 (0.01) 0.109
Ratio TC/HDL 5.83(0.13) 5.07 (0.06) <.001 5.40 (0.29) 4.02 (0.04) <.001
C-reactive protein (mg/L)! 2.46(1.07) 1.44 (1.04) <.001 2.79(1.13) 1.44(1.04) <.001
Interleukin-6 (pg/mL)! 3.08 (1.06) 2.12(1.04) <001 3.40 (1.10) 1.90 (1.04) <.001
SICAM-1, ng/mL 869,7(22.3) 785.3 (10.8) 0.001 879.8 (36.7) 729.8 (8.6) <001
sE-selectin (ng/mL) 66.10 (2.51) 59.78 (1.04) 0.020 65.05 (3.35) 51.22 (0.80) <.001
Adiponectin (pg/mL)! 9.47 (1.02) 9.44 (1.01) 0.905 12.51 (1.04) 13.41(1.01) 0.112
Leptin (ng/mL)!! 5.53(1.05) 4.86 (1.03) 0.024 22.44(1.09) 16.73 (1.03) 0.001

Data are weighted percentages for categorical variables, weighted means (standard errors) for normally distributed continuous variables and 'weighted geometric means

with (antilog of standard errors of log means) for skewed continuous variables.
" The t-test for continuous variables and x? test for categorical variables.
f Men: 0, >0 to 39.9g/d, >40 g/d; Women: 0, >0 to 19.9 g/d, >20g/d.
8 Only for women aged >50 years (n=585) with no current use of OC.

¥ Only measured in participants of survey 2 and 3 (cases:n=229; noncases:n=1170).

Weights:cases =all cases/non-missing cases; noncases = 1/sampling fraction with sampling fraction = subcohort/full cohort without cases for each sex and survey.

HRT, hormone replacement therapy.

dial infarction (MI) and sudden cardiac death (SCD)) in a large
prospective population-based cohort study of middle-aged men
and women. The present study investigates the association of leptin
and adiponectin levels and incident CHD in the general popu-
lation. Furthermore, unlike previous studies, we also sought to
analyze the combined effect of leptin and adiponectin using the
leptin/adiponectin ratio, since it has been suggested to provide a
better indicator of atherosclerosis risk than each adipokine alone
[19].

2. Methods
2.1. Study population

The monitoring of trends and determinants in cardiovascular
disease (MONICA)/Cooperative Health Research in the Region of
Augsburg (KORA) studies served as the database for a prospec-
tive case-cohort study in initially healthy, middle-aged men and
women [20]. Briefly, three independent population-based MON-
ICA/KORA Augsburg surveys (S), with a total number of 13,427
participants (6725 men, 6702 women) aged 25-64 (S1) or 25-74
years (S2-S3), were conducted in 1984/85 (S1), 1989/90 (S2) and
1994/95 (S3). All subjects were prospectively followed within the
framework of KORA. The case-cohort design used in the present
study has been described previously in detail [21].

Due to the low incidence of CHD under the age of 35, the present
study was limited to 10,718 persons (5382 men and 5336 women)

between 35 and 74 years of age at baseline who participated in at
least one of the three surveys. After exclusion of 1187 subjects with
missing blood samples and 231 participants with self-reported,
prevalent CHD, the source population for the present study com-
prised 9300 subjects (4507 men, 4793 women).

For the case-cohort study, a random sample of the source popu-
lation, called here the subcohort, containing 2163 subjects (1154
men, 1009 women) was selected stratifying by sex and survey.
Participants with missing values for leptin, adiponectin or any of
the covariables used in the present analysis were excluded lead-
ing to a subcohort of 1820 subjects (901 men, 919 women). The
final stratum-specific sample sizes were used together with the
stratum-specific sizes of the cohort of interest to compute sam-
pling fractions, and the inverse of the sampling fractions yielded
the survey and sex specific sampling weights: 4.63, 4.28, 6.56 for
men, and 4.41, 5.06, 6.45 for women. A variant of these weights was
used for calculations of weighted means and proportions based on
the cohort random sample and additional incident CHD cases.

2.2. Assessment of risk factors for cardiovascular disease,
ascertainment of CHD at follow-up, statistical methods

All assessment procedures and standard laboratory meth-
ods have been described elsewhere [22]. Serum levels of
interleukin-6 (IL-6), soluble E-Selectin (sE-selectin) and soluble
intercellular adhesion molecule-1 (sSICAM-1) were determined as
previously described using commercially available ELISAs [23,24].
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Table 2

Weighted Pearson correlation coefficients between leptin, adiponectin, the leptin/adiponectin ratio and selected biomarkers for CHD, based on the randomly cohort sampled

subcohort, adjusted for sex.

Characteristics Log leptin Log adiponectin Log leptin/adiponectin ratio
R p R p R p

Log leptin - - -0.157 <0.001 0.932 <0.001
Log adiponectin -0.157 <0.001 - - -0.504 <0.001
Log I1-6 0.200 <0.001 -0.079 <0.001 0.204 <0.001
Log CRP 0.361 <0.001 -0.139 <0.001 0.367 <0.001
Age 0.183 <0.001 0.232 <0.001 0.075 0.001
BMI 0.661 <0.001 -0.171 <0.001 0.640 <0.001
sE-selectin 0.162 <0.001 —-0.070 0.003 0.167 <0.001
sICAM-1 0.065 0.006 0.013 0.589 0.052 0.026
Systolic blood pressure 0.245 <0.001 —0.003 0.892 0.215 <0.001
Diastolic blood pressure 0.220 <0.001 —0.078 <0.001 0.221 <0.001
Physical activity —0.093 <0.001 -0.035 0.132 —0.069 0.003
TC/HDL-C ratio 0.249 <0.001 —-0.284 <0.001 0.322 <0.001
Waist-to-hip ratio” 0.389 <0.001 —-0.164 <0.001 0.400 <0.001
" n=1228.

C-reactive protein (CRP) concentrations were measured with a
high-sensitivity immunoradiometric assay (IRMA) [25] or a high-
sensitivity latex-enhanced nephelometric assay on a BN Il analyzer
(Dade Behring, Marburg, Germany) as previously described in more
detail [26]. Serum levels of leptin and adiponectin were both mea-
sured by ELISAs from Mercodia, Uppsala, Sweden. The intra- and
inter-assay coefficients of variation were <10.0%. All analyses were
run in a blinded fashion.

For all analyses a p-value <0.05 was considered to be statistically
significant. All statistical evaluations were performed using the SAS
software package (Version 9.1, SAS-Institute, Cary, NC, USA).

Most aspects of data collection and laboratory measurements
have been described before. For additional details and informa-
tion on statistical analyses, please see the online data supplement
(www.sciencedirect.com).

3. Results

Overall, 2061 participants (333 subjects with incident CHD and
1728 subjects without incident CHD) of the 3 population-based
MONICA/KORA Augsburg surveys were included in this case -
cohort study. The mean FU time (£+SD) was 10.8 (+4.6) years. The
baseline demographic, clinical, and laboratory characteristics of
the study population are shown in Table 1. Subjects with incident
CHD were older, were less likely to be never smokers, were less
active, and showed a higher body mass index (BMI) and waist-
to-hip ratio (WHR) compared with noncases. Furthermore, cases
more frequently reported hypertension, and less likely negative
parental history of MI, whereas significant differences for educa-
tional levels only were observed in men and significant differences
in alcohol consumption between the two groups only in women.
As expected, total cholesterol (TC)/high-density lipoprotein choles-
terol (HDL-C) ratio was considerably higher in cases compared with
noncases. Furthermore, concentrations of C-reactive protein (CRP)
and interleukin-6 (IL-6) were higher in CHD cases than in noncases;
(p<0.001 for both parameters). Both, leptin and adiponectin levels
were higher in women. Geometric means of leptin were 5.5 (1.1)
ng/Lin male and 22.4(1.1) ng/L in female cases and 4.9 (1.0) in male
and 16.7 (1.0) in female noncases, and for adiponectin in cases they
were 9.5 (1.0) pg/mL for men and 12.5 (1.0) pg/mL for women
and in noncases 9.4 (1.0) pg/mL for men and 13.4 (1.0) pg/mL for
women.

Pearson correlation coefficients (R) adjusted for sex were calcu-
lated between log leptin and inflammatory markers, lipid variables
or conventional risk factors based on the randomly sampled sub-
cohort of 1820 individuals. They revealed a positive, statistically
significant, correlation between log leptin and log IL-6, log CRP,

ICAM-1 and E-selectin (Table 2). Furthermore, a positive correla-
tion between log leptin and age, body mass index (BMI), TC/HDL-C
ratio and waist-to-hip ratio and systolic and diastolic blood pres-
sure and a negative correlation with log adiponectin and physical
activity were also observed. Strongest correlations were found for
BMI (R=0.66), waist-to-hip ratio (R=0.39) and log CRP (R=0.36).

Adjusted Pearson correlation coefficients (R) between log
adiponectin and inflammatory markers, lipid variables or con-
ventional risk factors revealed an inverse, statistically significant,
correlation between log adiponectin and log CRP. Furthermore sig-
nificant inverse correlations between log adiponectin and BMI,
TC/HDL-C ratio, waist-to-hip ratio, IL-6, E-selectin, diastolic blood
pressure and a positive correlation with age were also observed.
None of these correlation coefficients reached an absolute value
above 0.3.

Correlations of the ratio of leptin/adiponectin with risk factors
were similar to those observed for leptin.

Table 3 shows the results of Cox proportional hazards analysis, in
which the association of baseline levels of leptin with incident CHD
was assessed. In age, sex and survey adjusted analyses (Model 1),
there was a statistically significant association between increased
concentrations of leptin and incident CHD (HR regarding top vs bot-
tom tertile, 1.35; 95% CI, 1.00 to 1.83; P for trend 0.013), whereas
this association was no longer statistically significant after further
adjustment for BMI, smoking status, physical activity and alco-
hol intake (Model 2) (HR, 1.07; 95% CI, 0.74 to 1.53; P for trend
0.484).The association was even further attenuated after additional
adjustment for systolic blood pressure, TC/HDL-Cratio and parental
history (Model 3) (HR, 0.88; 95% CI, 0.60 to 1.29; P for trend 0.758).
Adjustment for inflammatory markers and markers of endothelial

Table 3
Hazard ratios (95% CI) for the risk of incident CHD according to baseline concentra-
tions of leptin.

Tertiles of leptin

T1 T2 T3 p for trend

HR HR

Model 1° 1.0 1.03
Model 2f 1.0 091
Model 3* 1.0 0.78
Model 48 1.0 0.76

95% CI HR 95% ClI

0.75-1.41 1.35
0.65-1.27 1.07
0.55-1.11 0.88
0.54-1.09 0.79

1.00-1.83 0.013
0.74-1.53 0.484
0.60-1.29 0.758
0.53-1.17 0.887

* Adjustment for age, sex, survey.

I Additional adjustment for BMI, smoking status, physical activity, alcohol con-
sumption.

* Additional adjustment for systolic BP, TC/HDL-C ratio, parental history of MIL.

§ Additional adjustment for CRP, IL-6, ICAM-1, sE-selectin.
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Table 4
Hazard ratios (95% CI) for the risk of incident CHD according to baseline concentra-
tions of adiponectin.

Tertiles of Adiponectin

T1 T2 T3 p for trend
HR HR 95% Cl HR 95% ClI
Model 1° 1.0 094 0.69-1.27 1.42 1.06-1.91 0.025
Model 2f 1.0 088 0.64-1.21 1.19 0.86-1.64 0.318
Model 3¢ 1.0 077 0.55-1.06 0.91 0.65-1.28 0.632
Model 48 1.0 0.75 0.54-1.05 0.87 0.62-1.23 0.492

" Adjustment for age, sex, survey.

f Additional adjustment for BMI, smoking status, physical activity, alcohol con-
sumption.

# Additional adjustment for systolic BP, TC/HDL-C ratio, parental history of MI.

8 Additional adjustment for CRP, IL-6, ICAM-1, sE-selectin.

Table 5
Hazard ratios (95% CI) for the risk of incident CHD according to baseline lep-
tin/adiponectin ratio.

Tertiles of leptin/adiponectin ratio

T1 T2 T3 p for trend
HR HR 95% CI HR 95% CI
Model 1° 1.0 139 1.01-1.91 1.78 1.30-2.43 <0.001
Model 2f 1.0 1.26 0.88-1.78 1.44 1.00-2.09 0.051
Model 3¢ 1.0 113 0.78-1.61 1.13 0.77-1.66 0.352
Model 485 1.0 1.06 0.73-1.54 1.01 0.68-1.51 0.650

" Adjustment for age, sex, survey.

f Additional adjustment for BMI, smoking status, physical activity, alcohol con-
sumption.

 Additional adjustment for systolic BP, TC/HDL-C ratio, parental history of MI.

8 Additional adjustment for CRP, IL-6, ICAM-1, sE-selectin.

dysfunction (Model 4) further attenuated the relation between ele-
vated leptin concentrations and risk of subsequent coronary events.
No interactions between tertiles of leptin or adiponectin and sex
were indicated using likelihood ratio tests. Results for the sex spe-
cific analyses are shown in the online supplement Table 1.

Conversely to leptin, as Table 4 shows, low levels of adiponectin
were associated with incidence of CHD after adjustment for age,
sex and survey (Model 1). However, after additional adjustment for
coronary risk factors (models 2-4), the association was no longer
significant. Again, there was no significant sex interaction. Stratified
analyses are shown in the online supplement Table 2.

Table 5 shows, that the leptin/adiponectin ratio was also sig-
nificantly associated with the risk of incidence CHD in model 1
(HR, 1.78; 95% CI, 1.30 to 2.43; P for trend <0.001), whereas further
adjustment for BMI, smoking status, physical activity and alcohol
intake (Model 2) decreased the HR and it became borderline non-
significant (HR, 1.44; 95% CI, 1.00 to 2.09; P for trend 0.051). In

Table 6
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the final model 4, the HR comparing top versus bottom tertiles of
the leptin/adiponectin ratio was non-significant and no sex specific
differences were noted (Online supplement Table 3).

Furthermore we analyzed the hazard ratios (95% CI) for incident
CHD according to baseline concentrations of leptin and adiponectin
stratified by BMI (Table 6). For leptin there was no significant
interaction with BMI, while elevated adiponectin concentrations
seemed to be protective in overweight, but not in normal weight
and obese, subjects.

4. Discussion

The present study reports the potential association between
leptinand adiponectin and incident CHD in initially healthy middle-
aged men and women from the general population. Our findings
indicate no association between leptin, adiponectin and their ratio
with the risk of CHD after adjustment for potential confounders.

4.1. Leptin and risk of CHD

In a prospective case-control study of hypertensive men and
women, serum leptin was compared in 171 patients with MI
and in 342 matched controls. Baseline leptin concentrations
were significantly higher among patients with MI compared
to matched controls (25.1 versus 20.0ng/mL, P=0.007). This
difference remained significant after adjustment for traditional car-
diovascular risk factors [27]. Welsh et al. measured leptin levels in
a cohort of 5672 patients with vascular disease and could not show
an association with cardiovascular disease risk in multivariable
adjusted analyses in men or women [28].

These results however cannot be directly compared to our find-
ings, since they were based on subjects with pre-existing end-stage
renal disease or vascular disease, whereas our data came from
mainly healthy subjects drawn from the general population.

Studies in patients without pre-existing vascular disease also
yielded discrepant results. While a nested case-control study from
WOSCOPS (West of Scotland Coronary Prevention Study), in 377
male cases and 783 controls, reported a 20% increase in CHD per one
standard deviation (SD) increase in leptin levels after multivariable
adjustment [29], Sattar et al. only found a moderate and statistically
non-significant association between leptin levels and CHD risk that
was further attenuated following adjustment for BMI [17]. Concor-
dantly with this finding, recently it was shown in a moderate-sized
community-based elderly sample that higher circulating leptin lev-
els were associated with a greater risk of cardiovascular disease, but
leptin did not provide incremental prognostic information beyond
BMI [30]. In a meta-analysis of available prospective studies on cir-
culating leptin levels and CHD risk, involving a total of 1335 cases
and 3407 controls, the combined risk ratio comparing extreme
thirds of leptin levels across all studies was 2.28 (95% CI, 1.42 to

Hazard ratios (95% CI) for incident CHD according to baseline concentrations of leptin and adiponectin stratified by BMI.

Tertiles of leptin

T1 T2 T3 p trend p interaction
HR HR 95% CI HR 95% CI
Normal weight (BMI <25 kg/m?) 1.0 0.60 0.28-1.26 0.84 0.22-3.21 0.389 0.471
Overweight (BMI 25-30 kg/m?) 1.0 0.85 0.21-1.43 0.68 0.39-1.18 0.922
Obese (BMI >30 kg/m?) 1.0 2.18 0.33-14.50 2.88 0.43-19.40 0.635
Tertiles of adiponectin
Normal weight (BMI <25 kg/m?) 1.0 0.80 0.36-1.78 1.96 0.83-4.62 0.189 0.012
Overweight (BMI 25-30 kg/m?) 1.0 0.80 0.49-1.31 0.52 0.29-0.95 0.032
Obese (BMI > 30 kg/m?) 1.0 0.80 0.39-1.64 1.16 0.58-2.31 0.569

Adjustment for age, survey, sex, physical activity, alcohol consumption, systolic BP, TC/HDL-C ratio, parental history of MI, CRP, IL-6, SICAM-1, sE-selectin.
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3.68) in analyses adjusted for sex and age only, and was attenuated
to 1.44 (95% (I, 0.95 to 2.16) after further adjustment for potential
confounders [17].

4.2. Adiponectin and risk of CHD

An inverse association of adiponectin with coronary heart dis-
ease (CHD) has been reported from several studies. However,
meta-analysis of seven prospective studies involving a total of 1318
CHD cases, only yielded an odds ratio of 0.84 (95% CI, 0.70 to
1.01) comparing extreme tertiles of adiponectin [18]. Consistent
with previous data we report that circulating adiponectin levels
are inversely associated with waist-to-hip ratio, BMI, the TC/HDL
cholesterol-ratio, the inflammatory markers CRP and I1-6 and the
endothelial marker sE-selectin. However, in contrast to various pre-
vious reports, and despite the observed moderate, but significant,
inverse correlations between adiponectin levels and BMI/waist-
to-hip ratio, the present study, involving 2061 subjects, indicates
that low levels of circulating adiponectin do not predict future risk
of CHD after adjustment for potential confounders. Nethertheless,
elevated adiponectin concentrations seemed to be protective in
overweight.

4.3. Leptin/adiponectin ratio and risk of CHD

To the best of our knowledge no previous prospective study
examined the leptin/adiponectin ratio with regard to CHD risk.
Pearson correlation coefficients show strikingly similar results
between leptin and the leptin/adiponectin ratio. In this study, after
fully adjustment, the ratio does not yield any additional informa-
tion on CHD risk compared to leptin. Our data is in contrast to a
cross-sectional study in Italian subjects, which suggested that the
leptin/adiponectin ratio might be a better marker of intima media
thickness of the carotid artery than either adiponectin or leptin
alone [19]. However, it should be pointed out that cross-sectional
observations are prone to several biases, therefore further prospec-
tive data are needed to confirm this observation.

4.4. Limitations and strengths of the study

This study has several limitations that need to be addressed.
First, the mean FU period of 11 years is relatively long and might be
responsible for the weakening of the association between the risk
marker and the disease outcome. Second, concentrations of leptin,
adiponectin and their ratio were significantly correlated with the
majority of other measured inflammatory markers and risk factors
for CHD. Thus, it may be difficult to keep the single effects of one
marker apart due to the collinearity. However, regression diagnos-
tics revealed that there were no collinearity problems in the final
models.

Our study has also several strengths which include the
population-based prospective design conducted in initially healthy
subjects, the large number of incident cases, the simultaneous mea-
surement of several adipokines and inflammatory factors, a long
follow-up period, the minimization of the likelihood of survival
bias because fatal and nonfatal coronary events were included in
our study, and the careful adjustment for conventional risk factors
by multivariable methods.

5. Conclusion

In conclusion, adipokines are predictors of coronary events, but
after adjustment for other coronary risk factors, we cannot demon-
strate a statistically significant independent association between
increased leptin and decreased adiponectin concentrations and
subsequent coronary events in apparently healthy, middle-aged

subjects in this large prospective case-cohort study. Moreover,
our findings demonstrate that the ratio of these pro- and anti-
inflammatory adipokines does not significantly improve prediction
of incident CHD compared to either adipokine alone. Thus, lep-
tin, adiponectin and the leptin/adiponectin ratio are unlikely to
present major independent risk factors for CHD. However, the lack
of prognostic impact of increased leptin and decreased adiponectin
concentrations on the incidence of CHD among apparently healthy
subjects does not completely exclude the potential significance
of adipokine-regulated mechanisms in the pathophysiology of
atherothrombotic disease, especially taking into account the potent
plaque stabilizing and destabilizing properties of these molecules.
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