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OBJECTIVEdInflammatory processes contribute to both diabetes and cardiovascular risk.
We wanted to investigate whether circulating concentrations of proinflammatory immune medi-
ators and adiponectin in diabetic patients are associated with incident cardiovascular events.

RESEARCH DESIGN AND METHODSdIn 1,038 participants with diabetes of the
population-based ESTHER study, of whom 326 showed signs of renal dysfunction, Cox pro-
portional hazards models were used to estimate hazard ratios (HRs) and 95% CIs for the asso-
ciation of increasing concentrations of C-reactive protein (CRP), interleukin-6 (IL-6), IL-18,
macrophage migration inhibitory factor (MIF), adiponectin, and leptin with cardiovascular
events (myocardial infarction, stroke, or fatal cardiovascular event) during a follow-up period
of 8 years.

RESULTSdDuring follow-up, 161 subjects with diabetes experienced a primary cardiovascular
event. Proinflammatory markers were not associated with a higher risk for primary cardiovascular
events in the total study population after adjustment for multiple confounders. However, IL-6 and
MIF were associated with cardiovascular events in subjects with renal dysfunction (HR for the
comparison of top vs. bottom tertile 1.98 [95% CI 1.12–3.52], P [trend] = 0.10 for IL-6; 1.48
[0.87–2.51], P [trend] = 0.04 for MIF). Adiponectin levels were associated with cardiovascular
events in the total population (1.48 [1.01–2.21], P [trend] = 0.03), and the association was even
more pronounced in the subgroup with renal dysfunction (1.97 [1.08–3.57], P [trend] = 0.02).

CONCLUSIONSdIn particular, the absence of an association between CRP and a U-shaped
association of adiponectin levels with incident cardiovascular events show that associations
between circulating immune mediators and cardiovascular risk differ between diabetic patients
and subjects of the general population.
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Increased circulating concentrations of
mostly proinflammatory immune me-
diators reflect inflammation-related

processes that contribute to the develop-
ment of type 2 diabetes and cardiovascu-
lar events. The proinflammatory cytokine
interleukin-6 (IL-6) and the acute-phase
protein C-reactive protein (CRP) are the
most frequently investigated markers of
subclinical inflammation in the context
of cardiovascular risk (1–3). Both markers
of subclinical inflammation were reported
to predict cardiovascular events in a range
of studies (1–3). However, these studies
were mainly population based or consisted
of individuals with a history of cardiovascu-
lar disease, whereas data for large popula-
tions of diabetic patients, who are
characterized by an increased risk of myo-
cardial infarction and stroke, are relatively
rare (4–8). Thus, it is still unclear whether
further immune activation in patients with
type 2 diabetes, a proinflammatory state it-
self, additionally contributes to the increased
cardiovascular risk of diabetic patients.
A previous study indicated that circulating
IL-6 and IL-18, but not CRP, are more
strongly associated with incident cardiovas-
cular events in individuals with high, com-
pared with low, fasting glucose levels (9).

In addition to reports linking proin-
flammatory immune mediators and car-
diovascular risk, there are also numerous
studies on adiponectin in this context.
Adiponectin is an adipocyte-derived
hormone with anti-inflammatory, insulin-
sensitizing, and atheroprotective proper-
ties at least in rodents, but this is less clear
in humans. In epidemiological studies
conducted in the general population,
there is usually no significant association
or an inverse association between cir-
culating adiponectin concentrations
and cardiovascular events or mortality.
However, increased adiponectin levels
are often associated with increased
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cardiovascular risk in individuals with
certain pre-existing conditions, including
comorbidities that are prevalent in dia-
betic patients such as renal dysfunction
and chronic heart failure (10,11). Data on
the direction of the association between
adiponectin and risk of cardiovascular
events in cohorts of diabetic patients are
still scarce.

Our study in a large cohort of patients
with diabetes had the following aims.
First, we wanted to characterize the re-
lationship between proinflammatory im-
munemediators (CRP, IL-6, IL-18, leptin,
macrophage migration inhibitory factor
[MIF]), adiponectin, and other cardiovas-
cular risk factors. Second, we wanted to
assess the risk for incident primary car-
diovascular events with increasing proin-
flammatory immune mediators and
adiponectin. Due to the link of kidney
diseases to both immune activation and
increased cardiovascular risk, the third
aim was to explore these associations in
diabetic patients with prevalent renal dys-
function at baseline.

RESEARCH DESIGN AND
METHODS

Study population
This investigation is based on the
ESTHER study, an ongoing cohort study
including 9,949 subjects, 50–74 years of
age at baseline. Study participants were
recruited by their general practitioners
during a routine health check-up between
2000 and 2002 in Saarland, a federal state
of Germany (12–14). The distributions of
sociodemographic baseline characteris-
tics and common prevalent chronic dis-
eases were similar to the distribution in
respective age categories in the German
National Health Survey, a representative
sample of the German population (12).
The ESTHER study was approved by the
ethics committees of the Medical Faculty
of the University of Heidelberg and the
Medical Association of Saarland and is
conducted in accordance with the Decla-
ration of Helsinki.

The inclusion criterion of physician-
diagnosed diabetes at baseline was met by
1,375 subjects. The exclusion criteria
were a diabetes diagnosis prior to the
40th birthday (n = 53; to exclude subjects
with potential type 1 diabetes), a missing
or inappropriate serum sample (n = 39),
self-reported history of myocardial infarc-
tion or stroke at baseline (n = 211), and
loss to follow-up (n = 34), which left
1,038 individuals for analysis.

Data collection
At baseline, data on height, weight, socio-
demographic factors, lifestyle, chronic
diseases with date of onset, hormone
replacement therapy (HRT), and history
and family history of myocardial infarc-
tion or stroke were obtained by a stan-
dardized questionnaire (12). Systolic
blood pressure, HDL cholesterol serum
levels, andmedical conditions were docu-
mented by general practitioners on the
standardized health check-up form.
They additionally reported currently pre-
scribed drugs on a separate sheet.

Study participants were recorded as
diabetic patients if this was documented
on the health check-up form by the
treating physician or if antidiabetic drugs
were prescribed. The same principle was
followed to define subjects with hyper-
tension. Renal dysfunction was recorded
by micro- or macroalbuminuria (urinary
albumin $20 mg/L) or chronic kidney
disease (glomerular filtration rate [GFR]
,60 mL z min21 z 1.73 m22; GFR =
127.7 [cystatin C (mg/L)]21.17 age20.13

[0.91 if female] [1.06 if black]) (15).

Laboratory measurements
Blood samples were taken during the
health check-up from 9,834 study partic-
ipants (8,452 fasting), centrifuged, shipped
to the study center, and stored at 2808C
until analysis. CRP was measured by im-
munoturbidimetry with the wrCRP anti-
body (Bayer, Leverkusen, Germany) on
the ADVIA 2400 (Siemens Healthcare
Diagnostics, Eschborn, Germany). Serum
concentrations of IL-6, MIF, and total
adiponectin (i.e., all isoformsof adiponectin)
were determined using the Quantikine
HS (IL-6) and the Quantikine (MIF and
adiponectin) ELISA kits (R&D Systems,
Wiesbaden, Germany) (16,17). Leptin
and IL-18 serum concentrations were
measured simultaneously by bead-based
multiplex assay using a Bioplex analyzer
(Bio-Rad, Munich, Germany) as described
previously (16). Fluorescent xMAP
COOH microspheres were purchased
from Luminex. Recombinant proteins
and antibody pairs were obtained from
MBL (Nagoya, Japan) (IL-18) and R&D
Systems (leptin). Intra/interassay coeffi-
cients of variation for CRP, IL-6, IL-18,
MIF, adiponectin, and leptin were 2.4/
5.3, 6.7/11.4, 3.3/18.6, 3.1/6.8, 4.7/6.9,
and 2.6/15.4%, respectively.

HbA1c was measured from whole-
blood samples with high-performance
liquid chromatography on the Variant II
(Bio-Rad). Total cholesterol and triglycerides

were determined from serum samples
by a high-performance liquid chroma-
tography method calibrated with the
Synchron LX multicalibrator system
(Beckman Coulter, Galway, Ireland). Se-
rum cystatin C concentrations and uri-
nary albumin concentration in spot
urine samples were measured by immu-
nonephelometry on a Behring Nephe-
lometer II (Siemens Dade-Behring,
Marburg, Germany).

Cardiovascular outcomes
Study participants reported on the occur-
rence of incident myocardial infarctions
and strokes in standardized question-
naires at 2-, 5-, and 8-year follow-up.
Self-reported cases were validated by
standardized questionnaires sent to the
study participants’ general practitioners.
Information on fatal cases was inquired
at a central register of residents’ registra-
tion offices of Saarland on 31 December
2010. The vital status and date of death
for the deceased could be ascertained for
99.8% of the analyzed cohort of subjects
with diabetes. ICD-10 codes for the lead-
ing cause of death could be obtained for
all deceased subjects with diabetes except
one (completeness, 99.5%). All deaths
coded with ICD-10 codes I21-I23 and
I60-I69 were recorded as myocardial in-
farctions and strokes, respectively. Fur-
thermore, all deaths coded with ICD-10
code I00-I99 were considered cardiovas-
cular deaths. A combined end point of
major cardiovascular events was created
from the first occurrence of an incident
myocardial infarction, incident stroke,
or cardiovascular death. In summary,
from 161 incident cardiovascular events
in the analysis population, 152 cases
(94.4%) were based on physician diagno-
ses either from validated nonfatal cases or
death certificates. The nine self-reported
cases, for which validation from physi-
cians could not be obtained, were not ex-
cluded because confirmation rates for
self-reported myocardial infarctions and
strokes in the total ESTHER study were
judged to be reliable (70.7 and 81.1% for
myocardial infarction and stroke, respec-
tively).

Statistical analyses
Cox proportional hazards models were
used to estimate hazard ratios (HRs) and
95% CIs for the association of increasing
proinflammatory immune mediator and
adiponectin tertiles with cardiovascular
events and to perform a trend test. We
used an age- and sex-adjusted simple
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model and a “fully” adjusted model. Co-
variates of the full model were chosen
from a list of factors potentially associated
with cardiovascular diseases and subclin-
ical inflammation by backward selection
with P , 0.25 to stay in the model. The
list of potential covariates comprised age,
sex, smoking status, physical activity,
high alcohol consumption, BMI, HbA1c,
diabetes duration, systolic blood pressure,
GFR, HDL cholesterol, non-HDL choles-
terol, and use of insulin, oral antidiabetic
drugs, nonsteroidal anti-inflammatory
drugs (NSAIDs), statins, HRT, or antihyper-
tensivedrugsblocking the renin-angiotensin-
aldosterone system (modeled continuously
or in the categories shown in Table 1).
The final covariates of the full model, as-
sociated with cardiovascular events with
P , 0.25, were age, sex, smoking status,
physical activity, HbA1c, systolic blood
pressure, non-HDL cholesterol, GFR,
and use of NSAIDs. We additionally ad-
justed for those variables that did not enter
the full model in sensitivity analyses.
Dose-response relationships were as-
sessed in fully adjusted Cox models by
restricted cubic spline curves with a priori
defined knots at the 5th, 33rd, 66th,
and 95th percentiles of the distributions
of the proinflammatory markers or adipo-
nectin.

Interactions of the proinflammatory
markers and adiponectin among each other
and interactions of these biomarkers with
the variables of the fullmodelwere tested. In
the case of interactions among the biomark-
ers of interest or independent associations of
several of the markers with the cardiovas-
cular end point (at least with an HR of 1.20
for the comparison of top and bottom
biomarker tertile), we aimed for a joint
risk assessment. Due to the strong associa-
tion between kidney diseases, inflamma-
tion, and cardiovascular risk (18,19), all
analyses were also repeated in a subgroup
of subjects with renal dysfunction.

To adequately deal with missing cova-
riate values, 20 datasets were created by
multiple imputation. A detailed description
is given in the Supplementary Appendix.
All statistical tests were two sided, using
an a level of 0.05, and all analyses were
conducted with the software package SAS,
version 9.2 (Cary, NC).

RESULTSdCorrelations and associa-
tions of proinflammatory markers and
adiponectin with conventional cardiovas-
cular risk factors are shown in the Sup-
plementary Data (Supplementary Tables
1–3).

Risk for cardiovascular events
in the total population
During follow-up, 63 study participants
with diabetes had an incident primary
myocardial infarction (6.1%; incidence
rate [IR] = 9.2 per 1,000 person-years
[pPY]), 72 had a stroke (6.9%; IR = 10.7
pPY), and 77 had a fatal cardiovascular
event (7.4%; IR = 8.4 pPY), leading to 161
subjects who reached the composite car-
diovascular end point (15.5%, IR = 23.9
pPY) that only recorded first events in the
case of multiple events. Male sex, higher
age, current smoking, low physical activ-
ity, higher HbA1c, higher systolic blood
pressure, renal dysfunction, use of
NSAIDs, and higher IL-6 at baseline
were significantly associated with inci-
dent cardiovascular events (Table 1).
CRP, adiponectin, and MIF were slightly
(P , 0.2) increased in subjects with in-
cident cardiovascular events, whereas IL-
18 and leptin were rather similar in both
groups.

In the total population, fully adjusted
Cox regression models showed an ;1.5-
fold increased risk of primary cardiovas-
cular events for subjects in the top tertile
of adiponectin levels compared with indi-
viduals in the bottom tertile (Table 2).
Furthermore, a nonsignificant (about
1.3-fold) increased risk in the top IL-6
and MIF tertiles was observed. IL-18
and leptin tertiles showed no association
with cardiovascular events, and the in-
creased risk in the top CRP tertile ob-
served in the simple model did not
persist after adjustment for the covariates
of the full model.

A combined assessment of all proin-
flammatory markers and adiponectin in
the full model showed almost no attenu-
ations in HRs for IL-6, MIF, and adipo-
nectin tertile comparisons, raising the
possibility of independent associations
of these biomarkers with incident cardio-
vascular events (data not shown). In joint
risk assessment, subjects who were in
MIF tertile 3, IL-6 tertile 2 or 3, and
adiponectin tertile 3 had a more than
doubled risk for cardiovascular events
(HR 2.40 [95% CI 1.21–4.77]) compared
with subjects that met none of these cri-
teria (Table 3).

The dose-response relationships be-
tween all analyzed proinflammatory
markers and incident cardiovascular
events were approximately linear. How-
ever, there is a noteworthy flattening of
the IL-6 dose-response curves at higher
serum levels (Supplementary Fig. 1). In
contrast, the dose-response curve for

adiponectin and cardiovascular event
risk showed a U-shaped association in
the fully adjusted model (Fig. 1A).

Three significant interaction terms
(P , 0.05) of 1) adiponectin and HbA1c

levels, 2) leptin levels and systolic blood
pressure, and 3) MIF levels and smoking
were detected. Subjects with an HbA1c

.8% were at higher cardiovascular risk
if they were in the top adiponectin tertile
(HR for comparison with bottom adipo-
nectin tertile 2.15 [95% CI 1.04–4.44],
P [trend] = 0.002) than subjects with
an HbA1c #8% (1.30 [0.80–2.11],
P [trend] = 0.719). Subjects with systolic
blood pressure .150 mmHg were at
higher cardiovascular risk if they were in
the upper two leptin tertiles (HR for com-
parison with bottom leptin tertile 2.12
[1.01–4.44], P [trend] = 0.120) than sub-
jects who had a systolic blood pressure
#150 mmHg (0.96 [0.61–1.52],
P [trend] = 0.942). Finally, current smok-
ers were at higher cardiovascular risk if
they were in the top MIF tertile (HR for
comparison with bottom MIF tertile 3.54
[1.27–9.86], P [trend] = 0.025) than sub-
jects who did not smoke (1.02 [0.66–
1.57], P [trend] = 0.606).

Risk for cardiovascular events in
subgroup with renal dysfunction
In the subgroup of 326 subjects with renal
dysfunction, the incidence of cardiovas-
cular events was particularly high: n = 82
(25.2%; IR = 41.7 pPY). In this subgroup,
hypertension and higher adiponectin lev-
els were associated with incident cardio-
vascular events (Supplementary Table 4).
Furthermore, CRP, IL-6, and MIF were
slightly increased (P , 0.2) among cases,
whereas IL-18 and leptin were not.

In subjects with renal dysfunction,
the HRs for primary cardiovascular events
were more strongly increased (about
doubled) in subjects within the top tertile
of IL-6 levels and adiponectin levels
compared with individuals in the bottom
tertile (Table 2). The same pattern was
observed for CRP and MIF, with an
;1.5-fold increased risk in the top tertile,
but the estimate did not reach statisti-
cal significance except for the trend test
for increasing MIF concentrations
(P [trend] = 0.04). In agreement with the
results from the total population, IL-18 and
leptin tertiles showed no association with
cardiovascular events. A combined as-
sessment of all proinflammatory markers
in the full model showed attenuated
HRs for CRP and IL-6 and only adipo-
nectin and MIF remained significantly
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associated with the outcome in the full
model (both P [trend] = 0.01). Subjects
who were in tertile 3 of both MIF and
adiponectin levels had an ;2.8-fold in-
creased risk for cardiovascular events
compared with subjects that were in
lower tertiles (Table 3).

The dose-response relationships be-
tween all analyzed proinflammatory
markers and incident cardiovascular
events were also approximately linear in
subjects with renal dysfunction (not
shown). However, the U-shaped curve
between adiponectin levels and cardio-
vascular events observed in the total
population was not found in subjects
with renal dysfunction (Fig. 1B). Instead,
a rather J-shaped curve was observed be-
cause cardiovascular risk at low adiponec-
tin levels (,5 mg/mL) was only marginally
increased.

CONCLUSIONSdIn this large cohort
of diabetic patients, high adiponectin
concentrations were associated with
higher risk for primary cardiovascular
events after adjustment for multiple con-
founders, whereas no associations were
found for CRP, IL-18, and leptin. A weak
association was observed for IL-6 and
MIF that was not statistically significant.
These associations were more pro-
nounced in a subgroup with renal dys-
function in which results for IL-6 andMIF
also reached statistical significance. The
aforementioned associations of proin-
flammatory immune mediators and adi-
ponectin with cardiovascular events were
independent from each other and enabled
risk stratification by several of these bio-
markers to identify patients at particularly
high cardiovascular risk. The lack of an
association of CRP with cardiovascular
events and the association of high adipo-
nectin levels with incident cardiovascular
events that was particularly pronounced
in subjects with diabetes and renal dys-
function indicated differences from ob-
servations from the general population.

Our findings are in line with studies
that showed that the association between
CRP and cardiovascular risk was much
weaker in individuals with high glucose
levels or with diabetes than in subjects
with lower glucose levels or without di-
abetes (4,5,9) and with an Italian study
that found no association of CRP and car-
diovascular disease in diabetic patients
without known cardiovascular disease
(7). In contrast, CRP was associated with
incident cardiovascular events and/or
mortality in cohorts of diabetic patients

Table 1dBaseline characteristics of the study population stratified by incident
cardiovascular event status

Characteristic
n (without/
with CVE)

Without CVE With CVE

P
Freq. (%) or
median (IQR)

Freq. (%) or
median (IQR)

Demographic
Male sex (%) 877/161 424 (48.3) 93 (57.8) 0.028
Age (years) 877/161 64 (60–69) 66 (61–70) 0.007

Lifestyle
Current smoking (%) 848/153 125 (14.7) 36 (23.5) 0.007
High alcohol intake (%)a 780/134 37 (4.7) 4 (3.0) 0.364
Low physical activity (%)b 871/159 628 (72.1) 127 (79.9) 0.042

Clinical
HbA1c (%) 876/160 6.7 (6.1–7.6) 7.0 (6.2–8.1) 0.005
Diabetes duration
(years) 647/118 4 (1–10) 6 (1–11) 0.213

Obesity (BMI$30 kg/m2)
(%) 874/161 384 (43.9) 67 (41.6) 0.585

BMI (kg/m2) 874/161 29.3 (26.7–32.4) 28.7 (26.5–31.6) 0.282
Hypertension (%) 877/161 645 (73.6) 129 (80.1) 0.078
Systolic BP (mmHg) 857/159 140 (130–155) 148 (135–160) 0.048
Non-HDL cholesterol
(mg/dL) 560/102 167 (136–193) 177 (144–210) 0.064

HDL cholesterol (mg/dL) 560/102 46 (38–55) 45 (37–55) 0.603
Triglycerides (mg/dL)c 735/131 143 (97–211) 143 (97–211) 0.530
Renal dysfunction (%)d 877/161 244 (27.8) 82 (50.9) ,0.001
Family history of CVD
(%)e 848/145 171 (20.2) 33 (22.8) 0.720

Medication
Antidiabetic medication
(%) 877/161 0.634
No medication 424 (48.4) 75 (46.6)
Oral antidiabetic
drugs only 321 (36.6) 57 (35.4)

Insulin 132 (15.1) 29 (18.0)
RAAS blocker (%) 877/161 307 (34.6) 65 (40.4) 0.192
Statins (%) 877/161 75 (8.6) 13 (8.1) 0.842
NSAIDs (%)f 877/161 191 (18.4) 52 (32.3) 0.004
Current HRT in
women (%)g 435/68 82 (18.1) 9 (13.2) 0.325

Immunological markers
CRP (mg/L) 877/161 2.5 (1.3–5.3) 3.1 (1.3–7.0) 0.176
IL-6 (pg/mL) 877/161 2.5 (1.4–4.9) 3.0 (1.7–7.1) 0.004
IL-18 (pg/mL) 877/161 124 (74–189) 127 (72–201) 0.463
Adiponectin (mg/mL) 877/161 7.6 (4.7–10.6) 8.0 (4.5–11.7) 0.189
Leptin (ng/mL) 877/161 5.8 (2.4–11.4) 5.7 (2.4–11.3) 0.474
MIF (ng/mL) 877/161 44.1 (23.7–75.8) 49.3 (26.3–80.2) 0.131

The numbers in bold represent a significant association (P, 0.05). BP, blood pressure; CVD, cardiovascular
disease; CVE, cardiovascular event; Freq., frequency; RAAS, renin-angiotensin-aldosterone system. aMen
$40 g/day and women $20 g/day ethanol. bLess than 1 h/week of vigorous physical activity. cMeasured in
fasting serum samples. dMicro- or macroalbuminuria (defined by urinary albumin $20 mg/L) or chronic
kidneydisease (defined byGFR,60mL zmin21 z 1.73m22;GFR=127.73 [cystatinC (mg/L)]21.173 age20.133
[0.91 if female]3 [1.06 if black]). eDefined as premature myocardial infarction or stroke in parents, siblings,
or children (i.e., for men age 55 years or less and for women age 65 years or less). fAnatomical Therapeutic
Chemical codes B01AC06, M01A, N02BA, and N02BE51 in the physician’s drug records or self-reported
daily intake of (usually not prescribed) painkillers. gAnatomical Therapeutic Chemical codes G03C, G03D,
G03F, and G03HB01 in the physician’s drug records or self-reported HRT use.
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from Korea and Finland (6,8). Further-
more, a large pooled analysis from four
U.K. cohorts observed significant associa-
tions of CRP with cardiovascular and all-
cause mortality in both subjects with and
without diabetes, and diabetes was not an
effectmodifier (20).Our study also included
less severe, nonfatal, cardiovascular events,
which make the results not directly compa-
rable. Larger, adequately powered studies
are required to investigate the association
of CRP with myocardial infarction, stroke,
and cardiovascular mortality separately in
subjects with andwithout diabetes to shed
light on the conflicting results in the

literature.We conclude that our study sup-
ports the results of the studies that ob-
served an interaction between elevated
blood glucose levels and CRP with regard
to cardiovascular risk with an attenuation
of the association in diabetic patients.

Adiponectin and cardiovascular
event risk showed a U-shaped association
in our cohort of diabetic patients. The risk
was particularly strongly increased at high
adiponectin levels if diabetes was poorly
controlled (HbA1c .8.0%). These data
are novel because most previous studies
analyzing this association were popula-
tion based or based on patients with

high cardiovascular risk or pre-existing
cardiovascular conditions. The popula-
tion-based studies observed no statisti-
cally significant (21,22) or inverse
associations (23,24) of adiponectin with
cardiovascular outcomes, which is in line
with our finding at low adiponectin
levels. In contrast, studies in high-risk
populations or with pre-existing cardio-
vascular conditions reported statistically
nonsignificant or positive associations
(25–27), which is in line with our finding
at high adiponectin levels. Our subgroup
analysis in diabetic patients with renal
dysfunction, which is a strong predictor

Table 2dHRs for cardiovascular events according to immune mediator tertiles in the total population and in subjects with renal dysfunction

Total population Subgroup with renal dysfunction

Tertile 1 Tertile 2 Tertile 3 P (trend) Tertile 1 Tertile 2 Tertile 3 P (trend)

n (total) 346 346 346 109 109 108
CRP
Range (mg/L) 0.16–1.63 1.63–4.34 4.36–162.0 0.17–1.84 1.84–5.11 5.27–85.2
Cases (freq., %) 48 (13.9) 54 (15.6) 59 (17.1) 19 (17.4) 32 (29.4) 31 (28.7)
HR (95% CI)
Simple modela 1.0 1.25 (0.84–1.86) 1.51 (1.02–2.24) ,0.01 1.0 1.85 (1.04–3.38) 1.94 (1.10–3.53) 0.19
Full modelb 1.0 0.99 (0.66–1.48) 1.01 (0.67–1.52) 0.12 1.0 1.70 (0.93–3.10) 1.47 (0.80–2.72) 0.32

IL-6
Range (pg/mL) 0.09–1.75 1.76–3.86 3.86–1,158.0 0.41–2.37 2.38–4.98 4.99–1,158.0
Cases (freq., %) 42 (12.1) 57 (16.5) 62 (17.9) 21 (19.3) 28 (25.7) 33 (30.6)
HR (95% CI)
Simple modela 1.0 1.44 (0.97–2.16) 1.60 (1.09–2.38) 0.04 1.0 1.45 (0.83–2.59) 2.04 (1.18–3.60) 0.07
Full modelb 1.0 1.17 (0.78–1.76) 1.27 (0.84–1.92) 0.10 1.0 1.37 (0.77–2.42) 1.98 (1.12–3.52) 0.10

IL-18
Range (pg/mL) 2.1–91.6 91.7–164.6 164.8–2,981.3 3.5–103.6 104.6–178.6 178.8–2,196.0
Cases (freq., %) 53 (15.3) 53 (15.3) 55 (15.9) 31 (28.4) 27 (24.8) 24 (22.2)
HR (95% CI)
Simple modela 1.0 1.02 (0.70–1.50) 1.08 (0.74–1.59) 0.97 1.0 0.89 (0.52–1.50) 0.79 (0.45–1.34) 0.83
Full modelb 1.0 1.08 (0.73–1.59) 0.98 (0.66–1.43) 0.77 1.0 0.88 (0.52–1.50) 0.75 (0.43–1.31) 0.87

Adiponectin
Range (mg/mL) 0.39–5.65 5.67–9.35 9.41–24.28 0.39–6.18 6.18–10.19 10.22–24.28
Cases (freq., %) 51 (14.7) 46 (13.3) 64 (18.5) 22 (20.2) 24 (22.0) 36 (33.3)
HR (95% CI)
Simple modela 1.0 0.94 (0.63–1.41) 1.44 (0.98–2.12) 0.04 1.0 1.10 (0.61–1.98) 2.24 (1.29–3.97) 0.01
Full modelb 1.0 0.90 (0.60–1.37) 1.48 (1.01–2.21) 0.03 1.0 1.04 (0.56–1.93) 1.97 (1.08–3.57) 0.02

Leptin
Range (ng/mL) 0.02–3.33 3.34–8.95 8.97–50.0 0.1–4.2 4.2–9.9 9.9–50.0
Cases (freq., %) 56 (16.2) 59 (17.1) 46 (13.3) 29 (26.6) 30 (27.5) 23 (21.3)
HR (95% CI)
Simple modela 1.0 1.08 (0.74–1.58) 1.02 (0.62–1.68) 0.58 1.0 1.07 (0.62–1.85) 0.91 (0.45–1.82) 0.95
Full modelb 1.0 1.06 (0.72–1.57) 0.89 (0.53–1.49) 0.62 1.0 1.03 (0.58–1.81) 0.83 (0.40–1.71) 0.62

MIF
Range (ng/mL) 5.3–30.8 30.9–64.6 64.9–267.0 6.7–33.3 33.4–64.6 65.6–235.3
Cases (freq., %) 49 (14.2) 51 (14.7) 61 (17.6) 25 (22.9) 23 (21.1) 34 (31.5)
HR (95% CI)
Simple modela 1.0 1.08 (0.73–1.60) 1.37 (0.94–2.01) 0.09 1.0 1.01 (0.57–1.79) 1.53 (0.91–2.59) 0.06
Full modelb 1.0 1.06 (0.71–1.58) 1.29 (0.88–1.88) 0.09 1.0 0.91 (0.50–1.64) 1.48 (0.87–2.51) 0.04

The numbers in bold represent a significant association (P , 0.05). Freq., frequency. aAdjusted for age and sex. bAdjusted for age, sex, smoking, physical activity,
HbA1c, systolic blood pressure, non-HDL cholesterol, GFR, and NSAIDs (yes/no).
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of cardiovascular events, also points in
this direction and is supported by previ-
ous reports from other populations
with kidney diseases (28,29). It is known
that patients with certain proinflamma-
tory conditions like coronary heart dis-
ease, heart failure, and chronic kidney
disease have increased adiponectin levels
(10,11). This could serve as an expla-
nation for these findings if increased adi-
ponectin levels indicate pre-existing
cardiovascular conditions, although they
might not be on the causal pathway to
cardiovascular events. On the contrary,
subjects with well-controlled diabetes
without comorbidities do not have in-
creased adiponectin levels. However,
these relatively healthy subjects can none-
theless be obese, which is associated with
lower adiponectin levels and an increased
cardiovascular risk in the general popula-
tion (24). This mixture of relatively
healthy obese subjects with low adipo-
nectin levels and comorbid subjects with
high adiponectin levels in our cohort of
older subjects with diabetes can explain
the observed U-shaped curve of adipo-
nectin levels and cardiovascular events.

In contrast to adiponectin, leptin is a
proinflammatory adipokine. Fewer stud-
ies for cardiovascular outcomes have been
published for leptin than for adiponectin
and most of them showed no indepen-
dent association in general population
samples (22). Thus, findings on leptin in
our diabetic study population did not
deviate from findings in the general
population.

The proinflammatory cytokine IL-18
is associated with an increased risk of type
2 diabetes (30), but it is not clear whether
it is also associated with incident cardio-
vascular events. Previous population-
based cohorts (31–34) and cohorts with
acute coronary syndromes or high-risk
populations for cardiovascular diseases
(9,35–38) yielded inconsistent results. In-
creased IL-18 concentrations were associ-
ated with a higher risk of cardiovascular
events in some studies (9,32,35,36,38),
whereas no statistically significant associa-
tion was evident in others after adjustment
for confounders (31,33,34,37). Differences
in study characteristics or the definition of
cardiovascular outcomes among these stud-
ies cannot explain the conflicting results.
Neither in our cohort of diabetic patients
nor in our subgroupwith diabetes and renal
dysfunction did IL-18 show a significant
association with the incidence of cardiovas-
cular events, which supports the view that
IL-18 levels are not associated with cardio-
vascular outcomes.

Furthermore, there is no consensus
about the association of circulating concen-
trations of the proinflammatory cytokine
MIF and cardiovascular events. Population-
based studies observed a weak (39) or no
association (17) of increasing MIF levels
with cardiovascular outcomes. We ob-
served that risk for incident cardiovascular
events was weakly, but not statistically sig-
nificantly, increased in subjects with high
MIF concentrations in the total study pop-
ulation, and that risk was significantly in-
creased in the subgroup with renal

dysfunction in the fully adjusted model ex-
tended by adiponectin. These are the first
data for subjects with diabetes from a large
population-based cohort. They are sup-
ported by the results from a smaller cohort
of patients with stable coronary artery dis-
ease in whichMIF was positively associated
with incident coronary events in patients
with impaired glucose tolerance or type 2
diabetes but not in those without these
conditions (40). Additional studies are
warranted that investigate whether MIF
contributes to cardiovascular risk indepen-
dently of other proinflammatorymarkers in
different populations (especially in subjects
with diabetes and renal dysfunction) and
to explore potential pathways.

We had previously observed and
reported a strong association of high IL-6
levels and primary cardiovascular events
in diabetic patients in this cohort with a
smaller number of events until the 5-year
follow up (13). This finding was only
replicated with the extended follow-up
data in the subgroup with renal dys-
function after adjusting for GFR, which
was not included in the model of the
previous analysis. Modeling IL-6 as a
log-transformed term, as suggested by the
dose-response curves, would have
yielded a significant association in the
subgroup and the total population
(P [trend] = 0.03 inboth groups).However,
formal testing did not reveal a statistically
significant deviation from linearity and,
therefore, these results are not shown in
the main tables. Nevertheless, taken to-
gether, our results support suggestions

Table 3dJoint risk assessment for incident cardiovascular events of MIF, adiponectin, and IL-6 in the total population and of MIF and
adiponectin in subjects with renal dysfunction

IL-6 tertile 2 or 3 MIF tertile 3 Adiponectin tertile 3 ntotal ncases IRa Simple model HR (95% CI)b Full model HR (95% CI)c

Total population
d d d 175 16 13.0 1.0 1.0
+ d d 287 43 23.1 1.80 (1.03–3.28) 1.47 (0.82–2.64)
d + d 56 7 20.0 1.63 (0.63–3.82) 1.48 (0.60–3.65)
d d + 101 16 23.7 2.01 (0.99–4.08) 2.13 (1.06–4.32)
+ + d 174 31 27.1 2.28 (1.27–4.28) 1.86 (1.00–3.45)
+ d + 130 25 32.4 2.70 (1.44–5.19) 2.23 (1.17–4.25)
d + + 24 4 27.2 2.32 (0.66–6.40) 2.40 (0.79–7.29)
+ + + 91 19 33.9 2.82 (1.44–5.58) 2.40 (1.21–4.77)

Subjects with renal dysfunction
d d 139 25 28.1 1.0 1.0
+ d 74 20 43.8 1.66 (0.91–2.99) 1.69 (0.93–3.07)
d + 80 24 55.5 2.25 (1.26–4.02) 2.01 (1.12–3.62)
+ + 33 13 69.3 3.07 (1.48–6.11) 2.79 (1.33–5.86)

The numbers in bold represent a significant association (P, 0.05). ncases, incident case numbers; ntotal, sample size with imputed missing values in imputed dataset 1.
aIncidence rate per 1,000 person-years. bAdjusted for age and sex. cAdjusted for age, sex, smoking, physical activity, HbA1c, systolic blood pressure, non-HDL
cholesterol, GFR, and NSAIDs (yes/no).
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that IL-6 plays a role in the development
of cardiovascular diseases in subjects with
diabetes.

Besides IL-6, MIF was also only sig-
nificantly associated with cardiovascular
events in subjects with diabetes and renal
dysfunction but both were useful for risk
stratification in all subjects with diabetes.
Subjects who were in the IL-6 middle or
top tertile, MIF top tertile, and adiponec-
tin top tertile had a more than doubled
risk for cardiovascular events compared

with subjects that met none of these
criteria. Diabetic patients are per se at an
increased risk for cardiovascular events,
but IL-6, MIF, and adiponectin could be
of value for further risk stratification. The
observed interactions of adiponectin with
HbA1c and MIF with smoking could es-
pecially add predictive value to cardiovas-
cular risk models for subjects with
diabetes that contain these conventional
cardiovascular risk factors. Overall, the
correlations and/or associations of

proinflammatory markers and adiponec-
tin among each other and with conven-
tional cardiovascular risk factors were
weak, which is another argument for the
potential value of IL-6, MIF, and adipo-
nectin in cardiovascular risk assessment
in subjects with diabetes. Moreover, the in-
dependence of these associations and the
interactions seen here are potentially inter-
esting for the pathophysiology of cardiovas-
cular disease and need to be further
explored in more mechanistic studies.

The strengths of our study include the
selection of diabetic patients from a co-
hort that is representative for this patient
group in Germany, which supports the
external validity of the results, its large
sample size, the high response rates in
follow-up examinations, the detailed as-
sessment of renal dysfunction by serum
cystatin C and urinary albumin levels, and
the availability of multiple biomarkers of
subclinical inflammation. The study also
has limitations. The results can only be
generalized for older (50–74 years of age)
Caucasian adults with type 2 diabetes
(only 0.05% of study participants were
born in a non-European country). The as-
sumption that subjects who reported dis-
ease onset before 40 years of age have type
1 diabetes is imprecise and was chosen
due to the lack of autoantibody measure-
ments. Furthermore, we relied on single
measurements of biomarkers, whereas se-
rial measurements may have yielded a
higher precision (2). Further limitations
are that sample size restrictions did not
allow myocardial infarction and stroke
to be analyzed as separate end points
and that we had to rely on BMI to adjust
for obesity because data for waist circum-
ference were not available.

In conclusion, in this large cohort of
diabetic patients, high adiponectin con-
centrations were associated with a higher
risk for primary cardiovascular events,
whereas no significant associations were
found for the proinflammatory markers
CRP, IL-6, IL-18, leptin, and MIF after
adjustment for confounders. However,
besides adiponectin, IL-6 and MIF were
also strongly associated with cardiovas-
cular events in a subgroup with renal
dysfunction. Our data indicate that the
associations between circulating immune
mediators and cardiovascular risk differ
between diabetic patients and subjects of
the general population. Furthermore, the
associations of increasing IL-6, MIF, and
adiponectin levels with cardiovascular
events were independent from each other
and enabled risk stratification, which has

Figure 1dDose-response relationship of adiponectin levels with risk for incident cardiovascular
events in subjects with diabetes (A) and subjects with diabetes and renal dysfunction (B) in fully
adjusted models.
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implications for the potential use of these
biomarkers in cardiovascular risk models
specifically designed for diabetic patients.
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