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erum Concentrations of Adiponectin
nd Risk of Type 2 Diabetes Mellitus and Coronary
eart Disease in Apparently Healthy Middle-Aged Men

esults From the 18-Year Follow-Up
f a Large Cohort From Southern Germany
olfgang Koenig, MD, FACC,* Natalie Khuseyinova, MD,* Jens Baumert, PHD,†

hrista Meisinger, MD, MPH,†‡ Hannelore Löwel, MD†
lm, Neuherberg, and Augsburg, Germany

OBJECTIVES We sought to assess the association between serum concentrations of adiponectin and
long-term risk of type 2 diabetes mellitus (T2DM) and coronary heart disease (CHD) in
initially healthy middle-aged men within the same representative population in Augsburg,
southern Germany.

BACKGROUND It has been postulated that high serum concentrations of adiponectin, an emerging biomarker
that is linked to insulin resistance and endothelial dysfunction, may be protective against
T2DM and CHD.

METHODS Serum concentrations of adiponectin were determined in apparently healthy middle-aged
men, sampled from the general population in 1984/1985 and followed until 2002. During this
period, 115 of 887 men had a newly diagnosed T2DM, and 126 of 937 men suffered from
a CHD event.

RESULTS In a Cox model, after multivariable adjustment for cardiovascular risk factors, the hazard ratio of
incident T2DM, comparing extreme tertiles of the adiponectin distribution, was 0.55 (95%
confidence interval [CI], 0.35 to 0.89), and for incident CHD it was 0.62 (95% CI, 0.39 to 0.98).
Further adjustment for high-density lipoprotein cholesterol (HDL-C) attenuated the association,
which became formally non-significant. In joint analysis, men with low adiponectin and low
HDL-C values showed a 2.63 times (95% CI, 1.66 to 4.15) increased incidence of T2DM and
a 1.91 times (95% CI, 1.20 to 3.04) increased incidence of CHD after multivariable adjustment
in comparison with men with high HDL-C and high adiponectin.

CONCLUSIONS For patients with low HDL-C values, additional measurement of adiponectin may be helpful
to identify individuals at very high risk for T2DM and CHD. (J Am Coll Cardiol 2006;48:

ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.06.053
1369–77) © 2006 by the American College of Cardiology Foundation
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ndothelial dysfunction is considered to represent the initial
tep in atherogenesis and is seen before any morphologic
hanges in the arterial vessel wall. Experimental studies have
hown that it is important for plaque initiation and progres-
ion, and that it plays a pivotal role during plaque fissuring
r rupture, leading to an acute coronary syndrome (1).
linically, endothelial dysfunction has been associated with

uture coronary heart disease (CHD) events in patients with
therosclerosis (2).

Insulin resistance represents the pathophysiological hall-
ark of type 2 diabetes mellitus (T2DM) and is highly

revalent in the population. Approximately one-third of the
eneral population above the age of 50 years (3) and two-thirds
f all patients with CHD are insulin resistant (4).

From the *Department of Internal Medicine II—Cardiology, University of Ulm
edical Center, Ulm, Germany; †GSF - National Research Center for Environment

nd Health, Institute of Epidemiology, Neuherberg, Germany; and ‡MONICA/
ORA Myocardial Infarction Registry, Augsburg Central Hospital, Augsburg,
ermany.
A
Manuscript received April 6, 2006; revised manuscript received June 7, 2006,

ccepted June 12, 2006.
Adiponectin, a 244 amino acid collagen-like protein, a
ember of a new family of obesity-related hormones, the

dipocytokines, which is produced solely by white adipose
issue, may be linked to both insulin resistance and endo-
helial dysfunction (5). Low concentrations of circulating
diponectin are associated with low high-density lipopro-
ein cholesterol (HDL-C), obesity, hypertension, and glu-
ose intolerance, all features of the insulin resistance syn-
rome. On the other hand, low adiponectin levels are
ssociated with reduced expression of nitric oxide, and
ncreased expression of angiotensin II and cellular adhesion

olecules from the endothelium (5).
The “common soil” hypothesis put forward by Stern (6)

n 1995 suggests similar underlying pathomechanisms for
therosclerosis and T2DM. Thus, considering that adi-
onectin may represent a link between insulin resistance and
ndothelial dysfunction makes it an attractive candidate
arker for further study in T2DM and atherosclerosis.
Indeed, 2 prospective studies, one using a case-control

esign (7), the other one based on a case-cohort within the

RIC (Atherosclerosis Risk In Communities) Study (8),
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ave reported a protective effect of high plasma adiponectin
evels against T2DM.

In addition, several cross-sectional, clinical studies have
eported lower serum levels of adiponectin in patients with
HD (9–11) than in control subjects, and recently one
rospective study by Pischon et al. (12) in U.S. health
rofessionals for the first time has assessed the predictive
alue of adiponectin for future CHD events and found an
nverse association in apparently healthy, non-diabetic sub-
ects. However, a recent report from the Strong Heart Study
13) could not confirm this association.

Thus, we sought to assess the association between serum
oncentrations of adiponectin, and long-term risk of T2DM
nd CHD in initially healthy middle-aged men within the
ame representative population in Augsburg, southern
ermany.

ETHODS

tudy design, population, and follow-up. The first
opulation-based MONICA (MONItoring of trends and
eterminants in CArdiovascular disease Augsburg) survey
984/1985 (S1) was used as the database. The MONICA
roject was part of the multinational World Health Orga-
ization MONICA project (14,15). Briefly, 4,022 individ-
als 25 to 64 years of age sampled at random from a study
opulation of 282,279 inhabitants of a mixed urban/rural
rea participated in the S1 (response rate 79.3%). The
resent report is based on 1,074 men aged 45 to 64 years.
articipants with missing values for adiponectin, or control
ariables, were excluded from the respective analyses leading
o a sample of 976 subjects. For follow-up analyses, subjects

Abbreviations and Acronyms
AMI � acute myocardial infarction
Apo � apolipoprotein
ARIC � Atherosclerosis Risk In Communities Study
BMI � body mass index
CHD � coronary heart disease
CI � confidence interval
CRP � C-reactive protein
CV � coefficient of variation
ELISA � enzyme-linked immunosorbent assay
HDL-C � high-density lipoprotein cholesterol
HPFU � Health Professionals’ Follow-Up study
HR � hazard ratio
KORA � KOoperative Gesundheitsforschung in der

Region Augsburg
LPL � lipoprotein lipase
Lp-PLA2 � lipoprotein-associated phospholipase A2

MI � myocardial infarction
MONICA � MONItoring of trends and determinants in

CArdiovascular disease
RR � relative risk
SMC � smooth muscle cell
TC � total cholesterol
T2DM � type 2 diabetes mellitus
ith missing follow-up information or with prevalent g
2DM (n � 89) or with a previous myocardial infarction
MI) (n � 39) were excluded. Thus, for T2DM analysis, a
otal of 887 men had data on all variables studied; for CHD
nalysis, there were 937 men available.

In 2002, the vital status was assessed for all S1 partici-
ants. During the 18-year observation period, 331 of 1,074
en age 45 to 64 years at baseline had died. Incident
2DM was assessed by a questionnaire, which was then

alidated by collecting appropriate information from the
reating physician or from medical chart review (16). Inci-
ent fatal or non-fatal acute MI (AMI) and sudden cardiac
eath were identified through the population-based
ONICA/KORA (KOoperative Gesundheitsforschung in

er Region Augsburg) coronary event registry that covers
he same population (age range, 25 to 74 years) from which
he survey participants had been sampled; follow-up times
ere censored at death or when participants reached the age
f 75 years after which the register-based monitoring of
oronary events ceases. The case finding and validation
rocedures of the clinical AMI diagnoses and the causes of
eath have been described in detail elsewhere (17). In brief,
ases of non-fatal AMI were consecutively identified in up
o 17 regional hospitals. The clinical diagnosis of AMI was
alidated according to MONICA criteria, and categorized
n definite AMI, MONICA diagnosis (MD) 1, possible
MI (MD2), successfully resuscitated AMI without signs
f definitive or possible AMI (MD3), or no acute AMI
MD4). The diagnostic criteria used for the present paper
ere acute chest pain lasting 20 min or longer, not relieved
y rest or nitrates, electrocardiographic changes suggestive
f an evolving MI (Q waves, non-Q waves in up to 4
lectrocardiograms), and a subsequent increase in the con-
entration of at least 1 of 3 cardiac enzymes (creatinine
hosphokinase, aspartate aminotransferase, and lactate de-
ydrogenase) to more than twice the upper limit of normal.
or reasons of comparability, documented troponin values

hat have been collected since 2001 were not considered for
he epidemiologic AMI diagnosis.

Coronary heart disease deaths were identified by checking
ll death certificate diagnoses suspect for CHD as the main
ause of death and by contacting the last treating physician
nd/or coroner (response �85%). According to MONICA
iagnostic criteria for fatal cases before or within 24 h after
ospitalization, witnessed symptoms or a positive history of
HD or the autopsy result (3.4% of the deceased) were used

or the categorization in MD1, MD2, no MI, and unclas-
ifiable deaths without signs of a cardiac or non-cardiac
ause of death (MD9).
urvey methods. All participants completed a standardized
uestionnaire, including medical history, lifestyle, and drug
istory. Blood pressure, body height (m) and body weight
kg), body mass index (BMI, kg/m2), smoking behavior,
istory of diabetes, history of MI, and alcohol consumption
g/day) were determined as described elsewhere (16).
eisure-time physical activity was assessed on a 4-level

raded scale for winter and summer (18). The number of
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ducation years was calculated on the basis of the highest
evel of formal education completed.

aboratory procedures. A non-fasting venous blood sam-
le was collected from all participants while sitting. Samples
or measurement of adiponectin and C-reactive protein
CRP) were stored at �70°C until analysis. Serum levels of
diponectin (�g/ml) were determined with a commercial
nzyme-linked immunosorbent assay (ELISA) (R&D,

iesbaden, Germany). The interassay coefficient of varia-
ion (CV) was 13.7%. Serum CRP concentrations (mg/l)
ere measured using a high-sensitivity immunoradiometric

ssay (range, 0.05 to 10 mg/l) (16). The CV for repeated
easurements was 12% over all ranges. Lipoprotein-

ssociated phospholipase A2 (Lp-PLA2) was determined
ith a commercial Lp-PLA2-ELISA kit (PLAC Test)

upplied by diaDexus Inc. (South San Francisco, Califor-
ia). Total serum cholesterol (TC) and HDL-C were
easured by routine enzymatic methods. Corresponding
Vs were between 1% and 3% for TC and between 3% and
% for HDL-C. The apolipoproteins (Apo)-B and -A-1
ere analyzed by kinetic immunoturbidimetry on a Hitachi

utoanalyzer, model 705. The intra-assay CVs for Apo-B
ere between 2.5% and 1.5%. The corresponding values for

he interassay CVs were between 5.7% and 3.2%. Similar
Vs were found for Apo-A-1. All analyses were run in a
linded fashion.
tatistical analysis. Means or proportions for baseline
emographic and clinical characteristics were computed for
en with and without incident coronary event as well as for
en with and without incident T2DM. The distribution of

diponectin concentrations was markedly skewed and there-
ore log-transformed in analyses where normality was re-
uired. Differences between continuous variables were
ested for statistical significance by means of t test; propor-
ions were tested by chi-square test. We assessed associa-
ions among continuous variables with use of Pearson’s
orrelation coefficient (R). Cox proportional hazards analy-
is was used to assess the independent risk for the incidence
f T2DM or a first CHD event in tertiles of adiponectin.
ertile cut-points were 5.00 and 7.90 �g/ml for n � 887

end point T2DM) and 4.98 and 7.79 �g/ml for n � 937
end point CHD). Results are presented as hazard ratios
HR) together with their 95% confidence intervals (CIs).
irst, age-adjusted HRs were calculated. Results were then

urther adjusted for regular smoking (yes/no), BMI (con-
inuous), physical activity (inactive/active), alcohol con-
umption (0 g/day, 0.1 to 39.9 g/day, �40.0 g/day), actual
ypertension (blood pressure �140/90 mm Hg or on
ntihypertensive medication), and history of diabetes or MI.
inally, additional adjustments were carried out separately

or TC (continuous), HDL-C (continuous). A test for trend
as carried out by assigning median values to each tertile

nd including this variable in the Cox regression. To
xamine the joint effect of adiponectin and HDL-C on the
evelopment of T2DM and acute CHD events, combined

DL-C and adiponectin variables were created. For this p
urpose, the lower tertile values of the 2 parameters were
sed as cut-points to define low and high groups. Tertile
ut-points for HDL-C were 44.1 and 55.3 mg/dl for n �
87 (end point T2DM) and 43.7 and 55.3 mg/dl for n �
37 (end point CHD). Low HDL-C was defined as �44.1
g/dl for end point T2DM and as 43.7 mg/dl for end point
HD. The same way, low adiponectin was defined as
5.00 and 4.98 (�g/ml). Subjects were classified into 4

ategories (low/low, low/high, high/low, and high/high).
hose with high HDL-C and high adiponectin values were

hosen as the reference group. Significance tests are
-tailed, and p values �0.05 were considered as statistically
ignificant. All analyses were performed using the Statistical
nalysis System (Version 8.2, SAS Institute Inc., Cary,
orth Carolina).

ESULTS

aseline characteristics. During an average follow-up of
8 years, a total of 115 cases of incident T2DM in 887 men
nd 126 fatal and non-fatal CHD events, including sudden
ardiac death, in 937 men occurred.

Men with prospectively identified incident T2DM com-
ared with event-free subjects had a significantly higher
MI, had lower HDL-C, and a higher TC/HDL-C ratio.
en with an incident acute CHD event were significantly

lder, had higher TC, higher non–HDL-C, and a higher
C/HDL-C ratio, as well as higher Apo-B levels compared
ith subjects with no CHD event. Conversely, HDL-C and
po-A1 were lower in the case group. Coronary heart
isease cases also were more frequently smokers, were less
requently physically active, and had more frequently a
istory of diabetes. No significant differences were found for
MI, prevalence of actual hypertension (or systolic as well
s diastolic blood pressures), alcohol consumption, and years
f formal education. Concentrations of adiponectin were
arkedly lower in T2DM cases and CHD cases compared
ith non-cases (5.0 �g/ml vs. 6.4 �g/ml, p � 0.001 and 5.5
g/ml vs. 6.3 �g/ml, p � 0.011, respectively), whereas CRP
as considerably higher in CHD cases compared with those

ree of an event during follow-up (2.2 mg/l vs. 1.5 mg/l,
� 0.001) but was not different between T2DM cases and

on-cases (1.7 mg/l vs. 1.5 mg/l, p � 0.22) (Tables 1 and 2).
orrelations and associations between adiponectin and

ther risk factors (n � 976). The strongest positive cor-
elation for adiponectin was seen with HDL-C (R � 0.39,

� 0.001) and Apo-A1 (R � 0.35, p � 0.001). It was
urther positively correlated with age (R � 0.17, p � 0.001).
diponectin was negatively correlated with TC/HDL-C

R � �0.32, p � 0.001), Apo-B (R � �0.18, p � 0.001),
nd non–HDL-C (R � �0.16, p � 0.001). No correlation
as seen with TC, CRP, Lp-PLA2, and plasma viscosity.
mong demographic characteristics, a history of T2DM
as associated with lower adiponectin levels (p � 0.015),

nd there was a negative correlation with BMI (R � �0.19,

� 0.001) but not with smoking, actual hypertension (or
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ystolic/diastolic blood pressures), low physical activity,
lcohol consumption, and education years. The geometric
ean of adiponectin was not significantly different in

ubjects without or with prevalent MI (6.25 vs. 6.24 �g/ml,
� 0.95) (Table 3).
diponectin and risk of incident T2DM and CHD. Tables
and 5 show HRs of newly developed T2DM and incident
HD events across tertiles of adiponectin during 18 years of

ollow-up. In age-adjusted analyses, subjects in the top
ertile compared with the bottom tertile had a significantly
ecreased risk for a new-onset T2DM (HR 0.44; 95% CI,
.28 to 0.70, p for trend 0.0007) and incident CHD (HR
.56; 95% CI, 0.36 to 0.87, p for trend 0.012). Further
djustment for BMI, smoking, physical activity, alcohol
onsumption, actual hypertension, history of MI (for end
oint T2DM), or history of diabetes mellitus (for end point
HD), and additionally for TC only slightly attenuated the

ssociations, which, however, were still statistically signifi-
ant. After introducing HDL-C in the model, the associa-
ion became clearly non-significant for T2DM (HR 0.81;
5% CI, 0.50 to 1.33, p for trend of 0.40), as well as for
HD (HR 0.71; 95% CI, 0.44 to 1.13, p for trend 0.167).
dditional adjustment for CRP, Lp-PLA2 and plasma

iscosity did not further alter the relationship (data not

Table 1. Demographic and Clinical Characteri
During Follow-Up: MONICA/KORA Augsbu

Characteristics Total

n 887
Age (yrs)* 54.1 (5.8)
Education (�12 yrs)† 74.2
Body mass index (kg/m2)* 27.6 (3.3)
Actual hypertension† 47.2
Systolic BP (mm Hg)* 136.1 (17.6)
Diastolic BP (mm Hg)* 84.4 (11.0)
Low physical activity† 64.8
History of myocardial infarction† 3.6
Smoker†

Never smoker 25.7
Former smoker 41.7
Current smoker 32.6

Alcohol intake†
0 g/day 12.9
0.1–39.9 g/day 44.4
�40 g/day 42.7

Total cholesterol (mg/dl)* 244.8 (44.8)
HDL cholesterol (mg/dl)* 51.5 (16.1)
Total cholesterol/HDL ratio* 5.2 (2.0)
Non-HDL cholesterol (mg/dl)* 193.3 (47.6)
Apolipoprotein A1 (mg/dl)*,‡ 137.1 (21.7)
Apolipoprotein B (mg/dl)*,§ 90.6 (20.5)
Lp-PLA2 (ng/ml)* 265.2 (83.5)
Plasma viscosity (mPa·s)*,� 1.3 (0.1)
CRP (mg/l)¶ 1.6 (0.7–3.6
Adiponectin (�g/ml)¶ 6.3 (4.4–9.1

*Mean (SD), p value from t test; †percent, p value from chi
values; ¶median (lower quartile � upper quartile), p value fr

BP � blood pressure; CRP � C-reactive protein; HDL
forschung in der Region Augsburg study; Lp-PLA2 � lipopr
trends and determinants in CArdiovascular disease study; T
hown). f
Since the introduction of HDL-C strongly attenuated
he association between adiponectin and CHD as well as
ith T2DM and it became non-significant, we looked

loser into the relationship between adiponectin and
DL-C concerning the 2 end points. Estimating the
2DM and CHD incidence by person-years, it turned out

hat, for both end points the highest risk was seen in
ubjects belonging to the bottom tertiles of adiponectin and
DL-C (incidence per 1,000 person-years for T2DM was

0.3 and for CHD it was 14.6). The incidence was lowest in
ll subjects who were in the top tertile of HDL-C, inde-
endent of their adiponectin (incidence per 1,000 person-
ears between 2.5 and 3.9 for T2DM and between 1.2 and
.9 for CHD). In subjects with high adiponectin, the
ncidence per 1,000 person-years was intermediate between
.5 and 13.7 for T2DM and 6.9 and 8.0 for CHD in the 3
ategories of HDL-C.

Finally, we looked at a potential joint relationship be-
ween HDL-C and adiponectin. Figure 1 shows that the
ombination of both low HDL-C and low adiponectin was
ssociated with a statistically significantly increased risk for
uture CHD events (HR 1.91 [95% CI, 1.20 to 3.04]) and
or incident T2DM (HR 2.63 [95% CI, 1.66 to 4.15])
ompared with both markers not being low (referent) in the

for Men With and Without Incident T2DM
ohort Study S1 1984 to 2002 (n � 887)

T2DM Cases T2DM Non-Cases p Value

115 772 —
54.4 (5.9) 54.1 (5.8) 0.645

80.9 73.2 0.079
29.1 (3.5) 27.3 (3.2) �0.001

49.6 46.9 0.592
37.6 (15.5) 135.9 (17.9) 0.350
85.2 (10.3) 84.3 (11.1) 0.392

68.7 64.2 0.351
5.2 3.4 0.321

0.162
20.9 26.4
39.1 42.1
40.0 31.5

0.061
13.0 12.8
53.9 43.0
33.0 44.2

44.0 (43.4) 244.9 (45.1) 0.846
43.6 (11.5) 52.6 (16.4) �0.001
6.0 (2.4) 5.1 (1.9) �0.001

00.4 (43.8) 192.3 (48.1) 0.087
30.2 (19.5) 138.2 (21.8) �0.001
93.7 (17.1) 90.2 (20.9) 0.050
61.6 (78.9) 265.8 (84.2) 0.614
1.3 (0.1) 1.3 (0.1) 0.302
1.7 (0.8–4.2) 1.5 (0.7–3.5) 0.218
5.0 (3.5–7.8) 6.4 (4.6–9.2) �0.001

test; ‡127 missing values; §26 missing values; �31 missing
ann-Whitney U test.
-density lipoprotein; KORA � KOoperative Gesundheits-

associated phospholipase A2; MONICA � MONItoring of
� type 2 diabetes mellitus.
stics
rg C

1

2

2
1

2

)
)

-square
om M
� high
ully adjusted model.
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ISCUSSION

n this prospective cohort study, we assessed the relative risk
RR) for future T2DM and CHD events associated with
educed levels of adiponectin during an 18-year follow-up.

igher adiponectin levels were associated with considerably
ower risk of about 45% to 55% for a first event. These
ssociations were independent of a variety of potential
onfounders. Only the introduction of HDL-C in the
odels resulted in an appreciable attenuation of the associ-

tion, which then became non-significant. Adiponectin was
ot correlated with several markers of inflammation mea-
ured in this cohort, like CRP, Lp-PLA2, and plasma
iscosity. Finally, the present study showed an additive effect
f HDL-C and adiponectin on risk prediction. In joint
nalyses, the highest risk for T2DM as well as acute
oronary events was observed in men with low adiponectin
n combination with low HDL-C.

vidence for an association between adiponectin and
2DM from other studies. To date, 2 prospective studies
ave reported a protective effect of high plasma adiponectin

evels against T2DM. The first one was a small nested
ase-control study including 187 cases with incident T2DM
nd 376 control subjects of both genders within the
opulation-based EPIC (European Prospective Investiga-
ion into Cancer and Nutrition) Potsdam cohort (7). In a

Table 2. Demographic and Clinical Characteri
During Follow-Up: MONICA/KORA Augsbu

Characteristics Total

n 937
Age (yrs)* 54.1 (5.8)
Education (�12 yrs)† 74.3
Body mass index (kg/m2)* 27.7 (3.3)
Actual hypertension† 48.6
Systolic BP (mm Hg)* 136.9 (17.8)
Diastolic BP (mm Hg)* 84.5 (11.3)
Low physical activity† 65.4
History of diabetes† 5.3
Smoker†

Never smoker 25.7
Former smoker 40.8
Current smoker 33.5

Alcohol intake†
0 g/day 12.5
0.1–39.9 g/day 44.9
�40 g/day 42.6

Total cholesterol (mg/dl)* 245.0 (45.7)
HDL cholesterol (mg/dl)* 51.2 (16.1)
Total cholesterol/HDL ratio* 5.2 (2.1)
Non-HDL cholesterol (mg/dl)* 193.8 (48.6)
Apolipoprotein A1 (mg/dl)*,‡ 137.1 (21.4)
Apolipoprotein B (mg/dl)*,§ 90.9 (20.7)
Lp-PLA2 (ng/ml)* 266.5 (84.0)
Plasma viscosity (mPa·s)*,� 1.28 (0.07)
CRP (mg/l)¶ 1.6 (0.7–3.8)
Adiponectin (�g/ml)¶ 6.2 (4.4–8.9)

*Mean (SD), p value from t test; †percent, p value from ch
values; ¶median (lower quartile � upper quartile), p value fr

CHD � coronary heart disease; other abbreviations as in
odel adjusted for age, gender, BMI, waist-to-hip ratio, r
moking, exercise, alcohol intake, education, and glycosy-
ated hemoglobin A1c, across extreme quartiles, an odds
atio of 0.3 (95% CI, 0.2 to 0.7) was seen. However,
djustment for HDL-C was not considered in this analysis.

The other report was based on a case-cohort design from
he ARIC study (8) including 581 subjects of both genders
ith incident T2DM and 572 non-cases. In multivariable

nalysis, adjusting for age, center, gender, race, family
istory of diabetes, hypertension, fasting glucose, insulin,
aist-to-hip ratio, and additionally for an inflammation

core but not for HDL-C, the HR was 0.58; 95% CI 0.34
o 0.99 across extreme quartiles. Thus, these data nicely
ompare with the results we found in our cohort study if
djustment for HDL-C is not considered.
vidence for an association between adiponectin and
HD from other studies. Our data are in line with several

ross-sectional clinical studies that have recently reported
ower serum adiponectin levels in patients with CHD
9–11) than in control subjects. Kumada et al. (9) found a
-fold increased risk for CHD associated with low adi-
onectin levels (�4 �g/ml) in 225 CHD patients and 225
lood donors. Furthermore, a strong inverse association
etween adiponectin concentrations and risk of CHD was
bserved among 312 patients with angiographically defined
table CHD and 479 healthy blood donors (10). The odds

for Men With and Without Incident CHD
ohort Study S1 1984 to 2002 (n � 937)

CHD Cases CHD Non-Cases p Value

126 811 —
55.7 (4.9) 53.9 (5.9) �0.001

77.8 73.7 0.334
27.8 (3.3) 27.6 (3.3) 0.712

57.1 47.2 0.038
39.7 (15.8) 136.5 (18.0) 0.061
84.9 (10.8) 84.5 (11.3) 0.652

77.0 63.6 0.003
12.7 4.2 �0.001

�0.001
13.5 27.6
34.9 41.7
51.6 30.7

0.151
17.5 11.7
39.7 45.7
42.9 42.5

57.0 (46.8) 243.1 (45.2) 0.002
47.1 (15.0) 51.9 (16.2) 0.002
6.0 (2.4) 5.1 (2.0) �0.001

09.9 (48.7) 191.3 (48.1) �0.001
33.5 (20.3) 137.6 (21.5) 0.047
98.1 (21.7) 89.7 (20.3) �0.001
85.2 (105.5) 263.6 (79.8) 0.029
1.30 (0.07) 1.27 (0.07) �0.001
2.2 (1.1–5.7) 1.5 (0.7–3.4) �0.001
5.5 (3.9–7.9) 6.3 (4.5–9.0) 0.011

e test; ‡28 missing values; §27 missing values; �31 missing
ann-Whitney U test.
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or traditional cardiovascular risk factors was 0.52 (95% CI,
.28 to 0.95, lowest vs. upper quintile), which, however,
ncreased considerably and became non-significant after
dditional adjustment for HDL-C.

In the only prospective study in non-diabetic subjects
ublished to date, of 18,225 male participants of the HPFU
Health Professionals’ Follow-Up) Study, 266 men who
ubsequently developed CHD events (fatal and non-fatal

I) during a 6-year follow-up were compared with 532
vent-free controls, matched for age, date of blood draw,
nd smoking status (12). The authors found a significantly
educed risk of subsequent AMI associated with higher
evels of adiponectin in serum at baseline; notably, this
ssociation was also reduced after adjustment for covariates,
ut persisted after inclusion of lipids (LDL-C and HDL-C)

able 3. Unadjusted Associations and Correlations of
diponectin (Log-Transformed) With Demographic and
linical Characteristics for Men: MONICA/KORA Augsburg
ohort Study S1 1984 to 2002 (n � 976)

Characteristics
Association With

Adiponectin p Value

ge* 0.171 �0.001
ducation†
�12 yrs 6.32 (1.69)

0.243
�12 yrs 6.05 (1.71)

ody mass index* �0.188 �0.001
ctual hypertension†
No 6.29 (1.68)

0.664
Yes 6.21 (1.72)

ystolic blood pressure* 0.013 0.676
iastolic blood pressure* �0.005 0.883
ow physical activity†
No 6.05 (1.68)

0.196
Yes 6.36 (1.70)
istory of diabetes
No 6.31 (1.69)

0.015
Yes 5.25 (1.73)
istory of MI
No 6.25 (1.68)

0.949
Yes 6.24 (1.96)

moker† 0.316
Never smoker 6.27 (1.72)
Former smoker 6.40 (1.66)
Current smoker 6.04 (1.72)

lcohol intake† 0.555
0 g/day 6.20 (1.76)
0.1–39.9 g/day 6.14 (1.71)
�40 g/day 6.38 (1.66)

otal cholesterol* �0.031 0.339
DL cholesterol* 0.386 �0.001
otal cholesterol/HDL ratio* �0.316 �0.001
on-HDL cholesterol* �0.156 �0.001
polipoprotein B*,‡ �0.176 �0.001
polipoprotein A1*,§ 0.348 �0.001
p-PLA2* 0.046 0.156
lasma viscosity*,� �0.036 0.264
RP* �0.028 0.377

Pearson correlation coefficient; †geometric mean (GSD) of adiponectin; ‡28 missing
ata; §29 missing data; �34 missing data.

MI � myocardial infarction; other abbreviations as in Table 1.
n the model (RR, 0.56; 95% CI, 0.32 to 0.99). Further
M

djustment for glycemic status and CRP did not appreciably
ffect the results.

Low plasma adiponectin levels also predicted progression
f coronary artery calcification, a marker of subclinical

able 4. HRs for Incident Type 2 Diabetes Mellitus According
o Baseline Levels of Adiponectin Estimated by Cox
roportional Hazard Models: MONICA/KORA Augsburg
ohort Study S1 1984 to 2002 (n � 887)

Tertiles of Adiponectin p Value
for

TrendT1 T2 T3

edian (�g/ml) 3.81 6.32 10.60
IQR 3.05–4.45 5.64–7.07 9.05–13.20
umber cases/

non-cases
57/241 31/263 27/268

odel 1
HR 1.00 0.50 0.44 0.0007
95% CI Ref. 0.33–0.78 0.28–0.70
odel 2
HR 1.00 0.54 0.55 0.016
95% CI Ref. 0.34–0.84 0.35–0.89
odel 3
HR 1.00 0.54 0.55 0.015
95% CI Ref. 0.34–0.84 0.34–0.88
odel 4
HR 1.00 0.63 0.81 0.40
95% CI Ref. 0.40–0.99 0.50–1.33

odel 1: adjusted for age; Model 2: adjusted for age, smoking status, alcohol
onsumption, body mass index, physical activity, actual hypertension, and history of
yocardial infarction; Model 3: Model 2 and additional adjustment for total

holesterol; Model 4: Model 2 and additional adjustment for high-density lipoprotein
holesterol.

CI � confidence interval; HR � hazard ratio; IQR � interquartile range; Ref �
eferent; other abbreviations as in Table 1.

able 5. HRs for an Incident Coronary Heart Disease Event
ccording to Baseline Levels of Adiponectin Estimated by Cox
roportional Hazard Models: MONICA/KORA Augsburg
ohort Study S1 1984 to 2002 (n � 937)

Tertiles of Adiponectin p Value
for

TrendT1 T2 T3

edian (�g/ml) 3.80 6.23 10.40
IQR 3.06–4.44 5.58–7.04 8.94–13.00
umber cases/

non-cases
51/262 42/270 33/279

odel 1
HR 1.00 0.75 0.56 0.012
95% CI Ref. 0.50–1.13 0.36–0.87
odel 2
HR 1.00 0.80 0.62 0.042
95% CI Ref. 0.53–1.23 0.39–0.98
odel 3
HR 1.00 0.78 0.62 0.046
95% CI Ref. 0.51–1.19 0.39–0.98
odel 4
HR 1.00 0.87 0.71 0.167
95% CI Ref. 0.57–1.33 0.44–1.15

odel 1: adjusted for age; Model 2: adjusted for age, smoking status, alcohol
onsumption, body mass index, physical activity, actual hypertension, and history of
iabetes; Model 3: Model 2 and additional adjustment for total cholesterol; Model 4:

odel 2 and additional adjustment for high-density lipoprotein cholesterol.
Abbreviations as in Table 4.
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isease and a strong predictor of future CHD events in type
diabetic and non-diabetic subjects, independently of other

ardiovascular risk factors (19). In addition, hypoadi-
onectinemia was associated with ischemic cerebrovascular
isease (20).
Most recently, again based on data from the HPFU

tudy, Schulze et al. (21) prospectively looked into the
elationship between adiponectin and CHD events in
2DM patients. The database comprised 745 men, age 46

o 81 years with confirmed T2DM who were followed for
years. Eighty-nine incident CHD cases were identified

19 MIs and 70 cases of coronary artery bypass surgery). In
ultivariate analyses, an inverse association was found with
29% risk reduction for a doubling of adiponectin levels.
owever, inclusion of HDL-C into the model attenuated

his association (RR, 0.78; 95% CI, 0.57 to 1.06), and it
ecame non-significant. Thus, the authors concluded that
he association between low adiponectin and CHD may be
ediated, in part, by the effects of adiponectin on HDL

holesterol.
These data are in line with a report from the Strong
eart Study (13). From this group at particular risk of

besity and T2DM, 251 incident cases and 251 matched
ontrols were identified. The mean BMI was 31 kg/m2, and
here were 74% T2DM patients. Neither in unadjusted nor
n adjusted analyses was adiponectin found to be associated
ith incident CHD in this cohort. Taking the latter 2

tudies together, one may conclude that the relationship
etween adiponectin and CHD is less apparent in the
resence of T2DM, and thus associations are likely to be
ifferent according to the prevalence of obesity and associ-

igure 1. Hazard ratio (95% confidence interval [CI]) for incident type 2
y subgroups of adiponectin and high-density lipoprotein cholesterol (HD
ted metabolic disorders. t
orrelations between adiponectin and other risk factors.
ll studies have consistently reported relationships between

diponectin and metabolic and lipid measures, the strongest
orrelation being present between adiponectin and HDL-C
nd Apo-A1, respectively (R � 0.30 to 0.45) (10,22). Thus,
he molecular mechanism of this relationship is of particular
nterest. In a recent study, von Eynatten et al. (22) reported
ata from 206 non-diabetic men and 110 patients with
2DM in whom they found an association between de-

reased post-heparin lipoprotein lipase (LPL) activity and
ow plasma adiponectin, independent of systemic inflam-

ation and insulin resistance. Conversely, dramatically
aised levels of LPL activity have been found with increased
lasma adiponectin in an animal model (23). Thus, adi-
onectin may directly stimulate the expression of LPL,
hich then will result in increased HDL-C levels. In

ontrast with other studies (10,12,24), we did not see an
nverse correlation between adiponectin and CRP in this
tudy. Therefore, the associations of both molecules with
2DM and CHD may operate through different
echanisms.
otential prodiabetic and proatherosclerotic mechanisms
f low adiponectin serum concentrations. The mecha-
isms whereby adiponectin exerts its physiological actions
re not entirely understood. Apart from its role as an
nsulin-sensitizing agent, and its implication in metabolic
isorders, adiponectin might also be involved in the regu-

ation of inflammatory processes that are contributing to
therosclerosis by, for instance, inhibiting the expression
f adhesion molecules, and by preventing the attachment
f monocytes to the endothelial surface via inhibition of
uclear factor-kappa-B signaling (5). Furthermore, through

tes mellitus (T2DM) and incident coronary heart disease (CHD) in men
) tertile combinations. Ref � referent.
diabe
he inhibition of macrophage scavenger receptor A gene
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xpression, adiponectin reduces cholesterol ester accumula-
ion and decreases oxidized low-density lipoprotein uptake,
hereby diminishing the transformation of macrophages
nto foam cells (25), a crucial step in atherogenesis. Finally,
mooth muscle cell (SMC) proliferation and migration is
lso suppressed by adiponectin (26).

Very recent data in adiponectin-deficient mice have
hown a 2-fold increase in neointimal thickening and
ncreased proliferation of vascular SMCs in arteries after

echanical injury (26,27). In addition, adiponectin knock-
ut mice showed high levels of TNF-alpha mRNA in
dipose tissue (28).

Thus, these data suggest an antidiabetic and antiathero-
enic role of increased concentrations of adiponectin and
hat hypoadiponectinemia, in particular in combination
ith low HDL-C, therefore might be associated with a

trongly increased risk of T2DM and atherosclerotic dis-
ase. The effects of both, low adiponectin and low HDL-C
n endothelial dysfunction, and their enhancement of an
nflammatory response may represent 2 plausible arguments
or their additive effect on risk (1,5).
tudy strengths and limitations. The present study has
everal strengths and limitations. We used a complete
ohort of men, drawn randomly from the general popu-
ation in southern Germany, and analyzed the association
etween hypoadiponectinemia and risk of T2DM and
HD simultaneously considering HDL-C in the same
opulation. We used only hard coronary end points in our
nalysis, whereas in other studies either revascularization
rocedures or stroke were included in addition to fatal and
on-fatal MI. The considerably longer follow-up of 18 years
xtends the observations reported from these other studies
egarding the time frame within which adiponectin might
e a useful predictor.
onclusions. Despite its relatively small sample size, our

tudy provides evidence for an inverse association between
erum concentrations of adiponectin and subsequent risk of
2DM and CHD in apparently healthy middle-aged men

rom the same representative, general population. Individ-
als with low adiponectin values combined with low
DL-C open a new field of pathophysiological research for
better understanding of the underlying mechanisms within

he pathway to incident T2DM and CHD. Public health
elevance is given, because, among the middle-aged Augs-
urg population, more than 20% of men were affected by
his specific disorder. Therefore, additional measurement of
diponectin in individuals with low HDL-C could help to
dentify a highly prevalent subgroup at increased risk for
2DM and CHD.
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