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OBJECTIVE — Levels of adiposity-signaling hormones and inflammatory markers are less
favorable in individuals with the metabolic syndrome; their role in the association between the
metabolic syndrome and cardiovascular mortality remains unclear.

RESEARCH DESIGN AND METHODS — We conducted a prospective study of 977
men and 1,141 women aged 40–94 years in 1984–1987, followed for mortality for a maximum
of 20 years. Adiponectin, leptin, ghrelin, interleukin-6 (IL-6), C-reactive protein (CRP), and
Adult Treatment Panel III–defined metabolic syndrome components were measured in fasting
blood samples obtained in 1984–1987. Cox-proportional hazards models were used in survival
analyses.

RESULTS — The age- and sex-adjusted hazard ratio (HR) (95% CI) for coronary heart disease
(CHD) mortality associated with the metabolic syndrome was 1.65 (1.25–2.18) (P � 0.001); this
association did not differ significantly by sex, age, or diabetic status (P � 0.2 for each interac-
tion). The association between the metabolic syndrome and CHD mortality was not materially
changed after adjustment for adiponectin, leptin, and ghrelin; it was attenuated by 25% after
adjustment for IL-6 and 35% after adjustment for CRP. CHD mortality increased linearly with
greater levels of IL-6 and CRP (Ptrend � 0.001 for each); the age- and sex-adjusted HRs com-
paring highest versus lowest quarter were 3.0 (1.87–4.89) for IL-6 and 2.1 (1.41–3.21) for CRP.
IL-6, but not CRP, remained a significant predictor of CHD mortality in models including both
inflammatory markers and the metabolic syndrome.

CONCLUSIONS — Adiposity-signaling hormones and inflammatory markers explain little
to some of the association between the metabolic syndrome and CHD mortality. IL-6 levels
predict CHD mortality independently of CRP.
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The prevalence of cardiovascular risk
factor clustering termed the meta-
bolic syndrome has risen rapidly

with the background of the global obesity
epidemic (1). Adiponectin, leptin, and
ghrelin are hormonal signals that reflect
current body size and are implicated in
weight homeostasis; adiponectin and lep-

tin are adipocytokines, synthesized and
secreted by adipose tissue, whereas ghre-
lin is primarily produced by the stomach.
Low levels of adiponectin and ghrelin and
high levels of leptin are generally ob-
served in the obese state and have also
been associated with insulin resistance
and the metabolic syndrome (2–10). Pre-

liminary evidence has linked these adi-
posity-signaling hormones to measures of
atherosclerosis and cardiovascular risk
(11–15); prospective studies suggested
their importance for the development of
future cardiovascular events (16 –19).
This raises the question whether adi-
ponectin, leptin, and ghrelin play a role
for the increased risk of cardiovascular
mortality in people with the metabolic
syndrome, but this has not been investi-
gated. A chronic low-grade inflammatory
state is associated with the presence of
the metabolic syndrome (20), potentially
reflecting enhanced production of proin-
flammatory cytokines, including interleu-
kin-6 (IL-6) and tumor necrosis factor-�
by adipocytes and monocyte-derived
macrophages of the greater adipose tissue
mass associated with the syndrome, and
also C-reactive protein (CRP) in the liver
(1). Inflammatory mechanisms are impli-
cated in the atherosclerotic process un-
derlying coronary heart disease (CHD)
(21,22), and both CRP and IL-6 levels
have been shown to predict future coro-
nary events (23–32). This suggests that
the consequences of low-grade inflamma-
tion may underlie the link between the
metabolic syndrome and cardiovascular
mortality, but it has not been investigated.

To identify potential mechanisms of
the association between the metabolic
syndrome and cardiovascular mortality,
we studied the role of adiposity-signaling
hormones (adiponectin, leptin, and ghre-
lin) and proinflammatory markers (IL-6
and CRP) in older adults with or without
the metabolic syndrome and the contri-
bution of IL-6 and CRP, separately and
combined, for the prediction of cardio-
vascular death.

RESEARCH DESIGN AND
METHODS — The Rancho Bernardo
Study comprises a cohort of 82% of all
adult residents of a southern California
residential community, established in
1972–1974 (33). Between 1984 and
1987, 82% (1,093 men and 1,396
women) of surviving community-
dwelling members attended a follow-up
clinic visit when blood samples were ob-
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tained. This visit included a standardized
questionnaire on medical and medication
history, smoking status (current vs. pre-
vious or never), alcohol consumption
(�3 vs. �3 times/week), physical activity
(�3 vs. �3 times/week), and women’s
menopausal status and hormone replace-
ment therapy (HRT) use (current vs. pre-
vious or never users).

Measurements
Waist circumference was measured at the
participant’s natural waist, and hip mea-
surements were taken at the iliac crest.
Systolic and diastolic blood pressures
were measured using the Hypertension
Detection and Follow–Up Program pro-
tocol. Blood samples were obtained by ve-
nipuncture between 0730 and 1100 after
a requested 12-h fast. Lipid and lipopro-
tein levels were measured in a Centers for
Disease Control and Prevention-certified
Lipid Research Clinics laboratory (10).
LDL cholesterol was estimated using the
Friedewald formula. Fasting and 2-h glu-
cose after a 75-g oral glucose tolerance
test were measured by the glucose oxidase
method.

Blood samples for measurement of
CRP, IL-6, adiponectin, ghrelin and lep-
tin were obtained by venipuncture be-
tween 0730 and 1100 after a requested
12-h fast; samples (sera and plasma) were
frozen at �70°C until January through
April 2000, when IL-6 and CRP were
measured in previously unthawed
plasma. CRP was measured in a university
laboratory by an automated, high-
sensitivity method (N Latex CRP mono,
sensitivity: 0.2 mg/l; Dade Behring). IL-6
was measured in an endocrinology re-
search laboratory using a high sensitivity
(0.094 pg/ml) commercial enzyme-
linked immunosorption assay with an al-
kaline phosphatase signal amplification
system (Quantikine HS, human IL-6 im-
munoassay; R&D Systems, Minneapolis,
MN). Adiponectin, ghrelin, and leptin
were measured by radioimmunoassay
(Linco Diagnostics Laboratory, St. Louis,
MO) from previously thawed sera in
2004; women using HRT were excluded
from these measurements (10). Log trans-
formation of IL-6 CRP, adiponectin, gh-
relin, and leptin was performed, and sex-
specific standardized deviation scores
were calculated for comparison purposes.

The prevalence of the metabolic syn-
drome and its components was calculated
using Adult Treatment Panel III recom-
mended cut points (34); use of antihyper-
tensive medication was included as high

blood pressure in this analysis. Persons
with diabetes at baseline were included in
this study. Impaired fasting glucose was
defined as fasting glucose �6.1 mmol/l
(110 mg/dl) and type 2 diabetes (13.8%
of participants) as fasting glucose �7
mmol/l (126 mg/dl), 2-h glucose �11.1
mmol/l (200 mg/dl), or use of diabetes
medication.

History of cardiovascular disease
(CVD) in 1984–1987 (13.2% of partici-
pants) was defined as abnormalities from
a 12-lead resting electrocardiogram (Min-
nesota codes 1.1–1.3, 4.1–4.3, 5.1–5.3,
and 7.1.1), a positive Rose questionnaire
for prolonged chest pain, hospitalization
for coronary revascularization proce-
dures, or reported myocardial infarction
or stroke.

Vital status
Vital status was determined annually by
mailed questionnaires or telephone calls
to previously identified informants
through 2003; vital status was known for
95% of participants and death certificates
were obtained for 93% of decedents.
Cause of death was classified by a certified
nosologist (ICD-9), including CHD
(ICD-9 codes 410–414), stroke (ICD-9
codes 430–436), cardiovascular disease
(ICD-9 codes 390–459), and all causes.

Statistical analyses
Age- and sex-adjusted geometric means
of adiposity-signaling hormones and in-
flammatory markers by metabolic syn-
drome status were calculated and
differences were assessed using t tests of
log-transformed values. Cox proportional
hazards models were used to investigate
associations between the metabolic syn-
drome and mortality, statistical differ-
ences were tested using �2 tests adjusting
for age, sex, smoking, and LDL choles-
terol. Differences in associations of the
metabolic syndrome and mortality by sex,
age, baseline diabetes, or CVD history
were assessed by including interaction
terms, each tested in a separate model.
The follow-up time was divided into three
periods including an approximately equal
number of cardiovascular deaths (�6,
6–11, and �11 years) to test the propor-
tionality assumption.

Age- and sex-adjusted hazard ratios
(HRs) were calculated before and after ad-
ditional adjustments for adipose-
signaling hormones and inflammatory
markers. Relative changes in HRs were
calculated by dividing the difference be-
tween the adjusted and unadjusted excess

risk by the unadjusted excess risk. Likeli-
hood ratio tests were used to test meta-
bolic syndrome by exposure interaction
terms, adjusting for age and sex.

�2 tests for trend of HRs across four
equally sized groups of IL-6 and CRP
were carried out including and excluding
participants with CRP levels �15 mg/l.
HRs were calculated per unit increase in
IL-6 and CRP; sex- and age-adjusted
models were compared with those in-
cluding the metabolic syndrome and both
inflammatory markers as well as fully ad-
justed models additionally including LDL
cholesterol, smoking status, exercise, al-
cohol consumption, menopausal status,
and HRT use for women. Potential inter-
actions were assessed as described above.
All analyses were performed using SAS
(version 9.1, SAS Institute, Inc., Cary,
NC).

RESULTS — There were 977 men and
1,141 women (mean ages 71.1 and 70.0
years, respectively; range 40.1–93.9
years) who had complete information on
all metabolic syndrome components,
known vital status, and if deceased, had a
known time and assigned cause of death
(85% of all participants attending the
1984–1987 clinic visit). The age-adjusted
prevalence of the metabolic syndrome
was 16.9% (14.6 –19.2) in men and
15.1% (13.0–17.2) in women (P � 0.26).
Inflammatory markers were available in
1,610 of participants (76% of the sam-
ple); ghrelin, adiponectin, and leptin
were available in 1,398 men and non–
HRT-using women (66% of the sample).
The overall prevalence of the metabolic
syndrome in these subgroups was similar,
being 16.5 and 17.5%, respectively.

In age- and sex-adjusted compari-
sons, levels of adiponectin and ghrelin
were significantly lower and levels of lep-
tin, IL-6, and CRP were significantly
higher in those with the metabolic syn-
drome, compared with those without
(Table 1). Investigation of individual
components revealed a similar pattern of
associations (Table 1).

The age-adjusted CHD mortality rate
per 1,000 person-years was 14.0 [95% CI
11.9–16.3] in men and 8.5 [7.2–10.1] in
women; rates increased linearly with the
number of metabolic syndrome compo-
nents present (Table 2) (Ptrend � 0.0001
in both sexes). The age- and sex-adjusted
HR for CHD mortality associated with the
metabolic syndrome (presence of �3
components) was 1.65 ([1.25–2.18], P
value � 0.001); this changed little after
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further adjustment for smoking and LDL
cholesterol (1.63 [1.23–2.16]) (Table 2).
Estimates did not differ significantly by
sex, age, or follow-up period (all interac-
tion P values � 0.2). The association ap-
peared slightly stronger in the 293
participants with diabetes (age- and sex-
adjusted HR 1.81 [1.09 –3.02]), com-
pared with those without (1.49 [1.04–
2.11]) and slightly weaker in the 279
participants with a history of CHD or
stroke (1.26 [0.72–2.20]), compared
with those without (1.79 [1.29–2.47]);
however, none of these differences were
statistically significant (interaction P val-
ues � 0.5 and 0.2, respectively). Adjust-
ment for menopausa l s ta tus (32
premenopausal women) and HRT use
(349 current users) in women had little

effect on the effect estimate (1.78 [1.20–
2.65]); furthermore, the influence of the
metabolic syndrome did not differ by ei-
ther menopausal status or HRT use (both
interaction P values � 0.2). Associations
were weaker or absent for mortality from
stroke, CVD, or all causes (Table 2).

Adjustments for adiponectin, leptin,
or ghrelin had little influence on the asso-
ciation between the metabolic syndrome
and CHD mortality (Table 3); the maxi-
mum change in HR was observed after
adjustment for adiponectin, which
strengthened the effect estimate by
15.4%. The association (HR [95% CI])
between the metabolic syndrome and
CHD mortality (1.65 [1.19–2.28]) was
attenuated to 1.49 (1.07–2.06), or by
24.6%, after adjustment for IL-6 and to

1.42 (1.02–1.98), or by 35.4%, after ad-
justment for CRP (Table 3). No evi-
dence was found that the influence of the
metabolic syndrome differed according to
levels of adipose-signaling hormones or
inflammatory markers (all tests for inter-
action � 0.1). IL-6 and CRP each showed
a linear and significant relationship with
CHD mortality in age- and sex-adjusted
analyses (Ptrend � 0.001 for both; Table
4). These associations did not differ sig-
nificantly by sex, age, or follow-up period
(all interaction P values � 0.2). Weaker
associations were present for CVD mor-
tality, but did not reach statistical signifi-
cance for stroke.

The age- and sex-adjusted HRs (95%
CI) for CHD mortality comparing top ver-
sus bottom quarter were 3.0 (1.87–4.89)

Table 1—Age- and sex-adjusted geometric mean levels (95% CI) of IL-6 and CRP (1,610 men and women) and ghrelin, leptin, and adiponectin
(1,398 men and women) according to the presence or absence of the metabolic syndrome and components

Metabolic syndrome component n Present Absent P value*

IL-6 (pg/ml)
Metabolic syndrome 266 3.14 (2.91–3.38) 2.31 (2.23–2.40) �0.0001
Hyperglycemia 300 2.59 (2.40–2.79) 2.41 (2.32–2.50) 0.095
High waist girth 252 3.03 (2.80–3.28) 2.35 (2.27–2.43) �0.0001
Hypertriglyceridemia 382 2.78 (2.60–2.97) 2.35 (2.26–2.43) �0.0001
Low HDL cholesterol 248 2.98 (2.75–3.23) 2.36 (2.28–2.44) �0.0001
Hypertension 1,113 2.60 (2.50–2.71) 2.12 (1.99–2.25) �0.0001

CRP (mg/l)
Metabolic syndrome 266 3.36 (2.98–3.78) 1.62 (1.53–1.72) �0.0001
Hyperglycemia 300 2.26 (2.00–2.56) 1.73 (1.63–1.84) 0.002
High waist girth 252 3.10 (2.72–3.54) 1.65 (1.56–1.75) �0.0001
Hypertriglyceridemia 382 2.70 (2.42–3.00) 1.61 (1.52–1.71) �0.0001
Low HDL cholesterol 248 2.71 (2.37–3.10) 1.70 (1.60–1.80) �0.0001
Hypertension 1,113 2.09 (1.95–2.23) 1.34 (1.21–1.49) �0.0001

Ghrelin (pg/ml)
Metabolic syndrome 245 1,255.5 (1,200.4–1,313.0) 1,363.9 (1,331.2–1,397.4) 0.004
Hyperglycemia 297 1,332.0 (1,270.4–1,397.0) 1,343.1 (1,310.7–1,376.3) 0.77
High waist girth 225 1,247.1 (1,182.0–1,315.8) 1,359.9 (1,327.9–1,392.6) 0.004
Hypertriglyceridemia 331 1,281.9 (1,226.2–1,340.2) 1,359.6 (1,326.2–1,393.8) 0.023
Low HDL cholesterol 227 1,212.5 (1,149.7–1,278.8) 1,367.5 (1,335.4–1,400.3) �0.0001
Hypertension 1,048 1,332.6 (1,298.7–1,367.3) 1,365.5 (1,304.4–1,429.4) 0.37

Leptin (ng/ml)
Metabolic syndrome 245 13.77 (12.62–15.04) 7.60 (7.30–7.91) �0.0001
Hyperglycemia 297 11.23 (10.45–12.07) 8.45 (8.14–8.77) �0.0001
High waist girth 225 17.84 (16.57–19.19) 7.84 (7.59–8.10) �0.0001
Hypertriglyceridemia 331 12.04 (11.26–12.86) 8.18 (7.88–8.49) �0.0001
Low HDL cholesterol 227 11.29 (10.40–12.25) 8.57 (8.26–8.88) �0.0001
Hypertension 1,048 9.54 (9.17–9.92) 7.46 (6.96–8.00) �0.0001

Adiponectin (mg/l)
Metabolic syndrome 245 8.15 (7.59–8.74) 12.57 (12.17–12.98) �0.0001
Hyperglycemia 297 10.25 (9.66–10.87) 12.54 (12.16–12.93) �0.0001
High waist girth 225 9.74 (9.11–10.41) 12.53 (12.17–12.91) �0.0001
Hypertriglyceridemia 331 8.82 (8.36–9.30) 13.24 (12.85–13.64) �0.0001
Low HDL cholesterol 227 7.91 (7.43–8.43) 13.06 (12.69–13.43) �0.0001
Hypertension 1,048 11.78 (11.41–12.17) 12.78 (12.07–13.54) 0.026

*P values are based on a t test of log-transformed values.
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for IL-6 and 2.1 (1.41–3.21) for CRP.
These estimates remained essentially un-
changed after excluding participants (n �
53) with CRP levels �15 mg/l (2.9 [1.77–
4.69] for IL-6 and 2.0 [1.32–3.08] for
CRP, Ptrend � 0.001 for both). The age-
and sex-adjusted HR per SD increase in
log-transformed IL-6 was 1.58 (1.37–
1.83); this estimate remained essentially
unchanged after adjustment for the met-
abolic syndrome (1.56 [1.35–1.81]) and
was reduced slightly after additional ad-
justment for CRP (1.46 [1.23–1.74]). In
contrast, the analogous HR for CRP was
1.40 (1.22–1.61); this changed to 1.37

(1.18–1.58) after adjustment for the met-
abolic syndrome, but was attenuated fur-
ther and to nonsignificance after
additional inclusion of IL-6 in the model
(1.13 [0.96–1.33]). Similar results were
obtained in fully adjusted analyses (Table
4). Stratified analyses showed that associ-
ations between the inflammatory markers
and CHD mortality were stronger for par-
ticipants without, compared with those
with a history of CHD or stroke at baseline
(interaction P values 0.05 and 0.02 for
IL-6 and CRP, respectively). Further anal-
yses restricted to participants without
prevalent CVD confirmed that IL-6 (1.51
[1.24–1.85]) but not CRP (1.18 [0.97–
1.43]) was a significant predictor of CHD
mortality in models including both in-
flammatory markers and the metabolic
syndrome.

CONCLUSIONS — In this prospec-
tive cohort followed for up to 20 years,
levels of adiposity-signaling and proin-
flammatory cytokines differed signifi-
cantly by the presence or absence of the
metabolic syndrome and explained little
to some of the association between the
metabolic syndrome and CHD mortality.
Adipose tissue is now recognized as an
active endocrine organ producing a vari-
ety of bioactive substances. This has led to
the speculation that metabolic and circu-
latory diseases associated with fat accu-
mulation may develop as a consequence
of adipocyte dysfunction and altered lev-
els or receptor expression of adipocyto-

kines, including leptin and adiponectin.
In line with this hypothesis, previous
studies have linked adiposity-signaling
hormones to measures of atherosclerosis
and cardiovascular risk (11–15). Prospec-
tive studies have shown a detrimental ef-
fect of high leptin levels for cardiovascular
events in some (16,17) but not all cases
(35,36). Adiponectin levels were in-
versely related to the risk of myocardial
infarction in men without prior heart dis-
ease (18) and among patients with end-
stage renal disease (19). The suggestion of
adiposity-signaling hormones as cardio-
vascular risk factors on the one hand and
their close link with obesity, insulin resis-
tance, and diabetes on the other raises the
possibility of adiposity-signaling hor-
mones being one mechanism for the in-
creased CHD risk associated with the
metabolic syndrome. Results of the
present study provide little support for
this hypothesis; adjustment for adiponec-
tin, leptin, and ghrelin separately or com-
bined did not materially change the
association between the metabolic syn-
drome and coronary mortality. Likewise,
the metabolic syndrome has been linked
to a chronic low-grade inflammatory state
(20). In this study, levels of IL-6 and CRP
explained approximately one-third of the
association between the metabolic syn-
drome and CHD mortality. IL-6 showed a
strong and linear association with CHD
mortality, independent of the metabolic
syndrome and CRP levels. In contrast, the
association between CRP and CHD mor-

Table 2—HR (95% CI) for mortality associated with the number of metabolic syndrome components in 1,141 men and 977 women of the Rancho
Bernardo Study

Outcomes
Number of

components n Deaths (women/men)

HR (95%CI)*

Total population Women Men

CHD 0 405 29 (12/17) 1 1 1
1 875 127 (58/69) 1.19 (0.79–1.79) 1.13 (0.60–2.12) 1.26 (0.74–2.15)
2 501 72 (29/43) 1.17 (0.75–1.80) 1.25 (0.63–2.46) 1.11 (0.63–1.95)
3 213 33 (17/16) 1.55 (0.93–2.57) 1.83 (0.86–3.91) 1.35 (0.68–2.69)
4 98 21 (13/8) 2.00 (1.13–3.64) 2.21 (0.97–5.02) 1.96 (0.84–4.59)
5 26 11 (4/7) 4.12 (2.04–8.32) 3.18 (1.00–10.1) 5.08 (2.09–12.4)

Ptrend � 0.0002 Ptrend � 0.004 Ptrend � 0.02
CHD �3 1,781 228 (99/129) 1 1 1

�3 337 65 (34/31) 1.63 (1.23–2.16) 1.80 (1.18–2.73) 1.54 (1.04–2.29)
Stroke �3 1,781 110 (55/55) 1 1 1

�3 337 22 (13/9) 1.28 (0.80–2.05) 1.84 (0.98–3.47) 1.04 (0.51–2.12)
CVD �3 1,781 519 (245/274) 1 1 1

�3 337 128 (74/54) 1.50 (1.23–1.83) 1.18 (1.38–2.39) 1.28 (0.95–1.71)
All causes �3 1,781 1,048 (514/534) 1 1 1

�3 337 241 (118/123) 1.43 (1.24–1.65) 1.46 (1.19–1.80) 1.44 (1.18–1.76)

*Adjusted for age and sex, as appropriate, smoking, and LDL cholesterol; sex interaction P values � 0.6, 0.6, 0.2, and 0.9 for mortality from CHD, stroke, CVD, and
all causes, respectively.

Table 3—Age- and sex-adjusted HR (95% CI)
for CHD mortality associated with the pres-
ence of the metabolic syndrome before and
after additional adjustments

Adjustments n HR (95%CI)*

Adiposity
hormones

1,398

Unadjusted* 1.52 (1.10–2.09)
Ghrelin 1.51 (1.10–2.09)
Leptin 1.50 (1.05–2.13)
Adiponectin 1.60 (1.13–2.26)
All above 1.56 (1.08–2.25)

Inflammatory
markers

1,610

Unadjusted* 1.65 (1.19–2.28)
IL-6 1.49 (1.07–2.06)
CRP 1.42 (1.02–1.98)
All above 1.43 (1.03–1.99)

*All HRs are adjusted for age and sex.
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tality was attenuated to nonsignificance
after adjustment for IL-6. Although the
association between CRP and cardiovas-
cular events has been extensively studied,
including a recent meta-analysis (23),
fewer investigators have examined the
role of IL-6 (24–32). The correlation be-
tween IL-6 and CRP is high (age- and sex-
adjusted partial correlation coefficient 0.5
[P � 0.0001] in this study), because IL-6
is the main stimulant of hepatic produc-
tion of CRP (30). Whether the CRP-CVD
association largely reflects the underlying
effect of IL-6 or is an IL-6-independent
mechanism is uncertain: some (26 –
28,30), but not all, studies (25,31) re-
ported an effect of IL-6 that is either
independent of or stronger than that of
CRP. From an etiological and interven-
tional perspective, certainty is required
regarding which factor is the primary
cause or mediator.

To our knowledge, this is the first
long-term prospective study to investi-

gate the role of adiposity-signaling hor-
mones and proinflammatory markers for
the association between the metabolic
syndrome and cardiovascular mortality;
however, some limitations should be
noted. Participants are adult residents of a
predominantly white, upper-middle class
community; results may not apply to
other social classes or ethnic groups. The
prevalence of the metabolic syndrome is
difficult to compare across populations
due to differences in the definition used
and characteristics of the sample, partic-
ularly social and ethnic composition (1).
In this study, its prevalence was lower
than that reported for white men and
women from the National Health and Nu-
trition Examination Survey III using the
same diagnostic criteria (37), and lower
levels of obesity, particularly in the
women of this study, may have contrib-
uted to this difference. This lower preva-
lence may affect the generalizability of our
results if associations were expected to

differ significantly among populations
with varying metabolic syndrome preva-
lences; however, findings of associations
between the metabolic syndrome and
CHD mortality in a variety of settings pro-
vide little support for this theory.

Ghrelin, adiponectin, and leptin were
measured from previously thawed serum
of blood samples taken and stored 20
years earlier; however, our levels are sim-
ilar to those reported in the literature us-
ing the same assays (10), and no
significant alterations have been reported
for freezing and thawing (38–40). Values
obtained from a single morning sample
may inadequately reflect levels through-
out the day or over a longer period. Al-
though ghrelin levels are highly variable
during the day, fasting morning levels ac-
curately reflect daily ghrelin exposure
(41). This has also been reported for adi-
ponectin and leptin (42,43). Single mea-
surements of IL-6 and CRP have been

Table 4—Age- and sex-adjusted HRs (95% CI) for mortality from CHD, stroke, and CVD, according to levels of IL-6 and CRP in 1,610 men and
women

CHD deaths Stroke deaths CVD deaths

n 209 84 450
IL-6

Quartile 1 (�1.51 pg/ml) 1 1 1
Quartile 2 (1.51–2.27 pg/ml) 1.41 (0.85–2.36) 1.28 (0.63–2.61) 1.30 (0.95–1.80)
Quartile 3 (2.27–3.64 pg/ml) 2.00 (1.23–3.26) 1.57 (0.79–3.14) 1.60 (1.18–2.19)
Quartile 4 (�3.64 pg/ml) 3.03 (1.87–4.89) 1.87 (0.93–3.77) 2.32 (1.70–3.15)

Ptrend �0.0001 0.06 �0.0001
Per log increase 1.94 (1.57–2.39) 1.34 (0.95–1.89) 1.62 (1.40–1.88)
Per SD in log increase* 1.58 (1.37–1.83) 1.22 (0.97–1.55) 1.40 (1.26–1.54)

Adjusted for metabolic syndrome 1.56 (1.35–1.81) 1.19 (0.94–1.52) 1.38 (1.25–1.53)
Additionally adjusted for CRP 1.46 (1.23–1.74) 1.27 (0.96–1.67) 1.38 (1.23–1.56)
Fully adjusted† 1.47 (1.24–1.76) 1.20 (0.90–1.58) 1.35 (1.19–1.52)
No history of CHD or stroke‡ 1.67 (1.42–1.97) 1.15 (0.89–1.49) 1.43 (1.28–1.60)
History of CHD or stroke‡ 1.18 (0.85–1.64) 1.73 (0.91–3.30) 1.13 (0.88–1.45)
P value for interaction 0.05 0.29 0.06

CRP
Quartile 1 (�0.84 mg/l) 1 1 1
Quartile 2 (0.84–1.73 mg/l) 1.32 (0.85–2.04) 0.79 (0.43–1.44) 1.03 (0.78–1.35)
Quartile 3 (1.73–3.90 mg/l) 1.47 (0.96–2.26) 0.79 (0.43–1.47) 1.15 (0.88–1.51)
Quartile 4 (�3.90 mg/l) 2.13 (1.41–3.21) 1.08 (0.60–1.94) 1.40 (1.07–1.83)

Ptrend 0.0002 0.80 0.008
Per log increase 1.36 (1.20–1.54) 1.04 (0.84–1.28) 1.17 (1.07–1.28)
Per SD in log increase* 1.40 (1.22–1.61) 1.04 (0.83–1.31) 1.19 (1.08–1.32)

Adjusted for metabolic syndrome 1.37 (1.18–1.58) 0.99 (0.78–1.26) 1.16 (1.05–1.28)
Additionally adjusted for IL-6 1.13 (0.96–1.33) 0.89 (0.68–1.16) 0.99 (0.89–1.11)
Fully adjusted† 1.12 (0.95–1.32) 0.92 (0.70–1.20) 1.00 (0.90–1.12)
No history of CHD or stroke‡ 1.51 (1.28–1.77) 1.01 (0.79–1.31) 1.24 (1.11–1.38)
History of CHD or stroke‡ 1.03 (0.78–1.36) 1.08 (0.62–1.88) 0.96 (0.78–1.19)
P value for interaction 0.02 0.89 0.03

*SD in log increase (IL-6 2.81 in women and 2.61 in men; CRP 5.24 in women and 5.15 in men). †Fully adjusted model includes age, sex, metabolic syndrome, CRP,
IL-6, LDL cholesterol, smoking, exercise, alcohol consumption, menopausal status, and HRT use. ‡1,399 participants without prevalent disease (deaths from CHD �
152, stroke � 69, and CVD � 345); 211 participants with prevalent disease (deaths from CHD � 57, stroke � 16, and CVD � 105).

Langenberg and Associates

DIABETES CARE, VOLUME 29, NUMBER 6, JUNE 2006 1367

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/29/6/1363/593239/zdc00606001363.pdf by guest on 10 April 2024



shown to adequately represent usual lev-
els over a prolonged period (44,45).

A number of statistical tests were per-
formed, and 5% of comparisons are ex-
pected to be significant by chance alone
with � � 0.05. Adjustment for multiple
comparisons was not performed for sev-
eral reasons. All analyses were based on a
priori hypotheses, and many of the tests
were performed to obtain adjusted and
unadjusted estimates rather than to add
new comparisons. Further, adjustment
for multiple comparisons may obscure
true associations (46), and in this study
emphasis was given to the discussion of
estimates and their 95% CIs rather than to
levels of significance alone.

In summary, adiposity-signaling hor-
mones and inflammatory markers differ
significantly among persons with and
without the metabolic syndrome and ex-
plain little to some of the association be-
tween the metabolic syndrome and CHD
mortality in older adults. IL-6 predicts
CHD mortality independent of CRP.
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