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Clinical Investigation and Reports

Plasma Concentration of Interleukin-6 and the Risk of
Future Myocardial Infarction Among
Apparently Healthy Men

Paul M. Ridker, MD; Nader Rifai, MD; Meir J. Stampfer, MD; Charles H. Hennekens, MD

Background—Interleukin-6 (IL-6) plays a central role in inflammation and tissue injury. However, epidemiological dat
evaluating the role of IL-6 in atherogenesis are sparse.

Methods and Results-In a prospective study involving 14 916 apparently healthy men, we measured baseline plas
concentration of IL-6 in 202 participants who subsequently developed myocardial infarction (MI) and in 202 stu
participants matched for age and smoking status who did not report vascular disease during a 6-year follow-up. Me
concentrations of IL-6 at baseline were higher among men who subsequently had an Ml than among those who di
(1.81 versus 1.46 pg/mLP=0.002). The risk of future MI increased with increasing quartiles of baseline IL-6
concentrationR for trend<<0.001) such that men in the highest quartile at entry had a relative risk 2.3 times higher th
those in the lowest quartile (95% CI 1.3 to 4B370.005); for each quartile increase in IL-6, there was a 38% increas¢
in risk (P=0.001).This relationship remained significant after adjustment for other cardiovascular risk factors, w
stable over long periods of follow-up, and was present in all low-risk subgroups, including nonsmokers. Although
strongest correlate of IL-6 in these data was C-reactive protei®.43, P<<0.001), the relationship of IL-6 with
subsequent risk remained after control for this fac#®«(.001).

Conclusions—In apparently healthy men, elevated levels of IL-6 are associated with increased risk of future MI. The
data thus support a role for cytokine-mediated inflammation in the early stages of atherogéDiesidation.
2000;101:1767-1772.)
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I nterleukin (IL)-6 is a pleiotropic cytokine with a broad ated with first coronary and cerebrovascular events. Finally,
range of humoral and cellular immune effects relating to elevated levels of IL-6 and other acute-phase proteins have
inflammation, host defense, and tissue injuRyProduced in been reported among patients with acute coronary syn-
response to several factors, including infection, IL-1, dromes??>-25even among those without overt plagque rupture

interferonsy, and tumor necrosis factér$ IL-6 is a central or acute tissue traunfa.
mediator of the acute-phase response and a primary determi- On the basis of these data and the hypothesis that athero
nant of hepatic production of C-reactive protéin. sclerosis fundamentally represents a chronic inflammatory
disorderz7-28 we sought to determine whether plasma levels
See p 1758 of IL-6 might be elevated among apparently healthy individ-

A|th0ugh elevated levels of IL-6 have been reported in uals at risk for future myocardial infarction. We further
some chronic inflammatory conditioAgpidemiological data ~ Sought to determine whether any relationship between IL-6
evaluating the potential role of IL-6 in early atherogenesis are and subsequent vascular risk was modified by other cardio-
sparse. However, experimental studies indicate that vascularvascular risk factors, including markers of chronic
endothelial and smooth muscle cells from normal and aneu- inflammation.
rysmal arteries produce IL%:1° that IL-6 gene transcripts
are expressed in human atherosclerotic lesté#sand that Methods
IL-6 may have procoagulant effectss Furthermore, pro- We performed a prospective, nested, case-control study of IL-6 as a
spective studies of apparently healthy” as well as 'hi h- potential marker for future myocardial infarction among participants
-p T ) pp y ¥y 9 . in the Physicians’ Health Study, a randomized, double-blind,
risk*s-20individuals indicate that elevated levels of C-reactive pjacebo-controlled trial of aspirin (325 mg PO every other day) and
protein, a potential surrogate for IL-6 activity,are associ- B-carotene (50 mg PO every other day) in the primary prevention of
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TABLE 1. Baseline Characteristics of Study Participants 99
Controls Cases 9 %4 AR
(n=202) (n=202) P g 80 .
Age, y 50.1+8.8 50.2+8.8 g 604 ;
Smoking status, % L 0 .
s 20
Never 443 44.3 5
Past 403 403 s °.
Current 15.4 15.4 T : : : : '
Body mass index, kg/m? 24.9+3.0 25.7+3.2 0.02
History of hyperlipidemia, % 8.8 15.8 0.04
Total cholesterol, mg/dL 212.6+34.6 227.0+40.5 0.001 §
HDL cholesterol, mg/dL 51.0+13.9 459+13.7 0.001 %
Triglycerides, mg/dL 145.4+88.2 200.8+153.2 0.001 §
History of hypertension, % 189 26.4 0.07
Blood pressure, mm Hg
Systolic 127.5+12.0 130.4+12.9 0.03
Diastolic 79.4+6.8 80.7+85 0.1 Baseline IL - 6 Concentration (pg/ml}
Family history of CAD, % 13.9 18.2 0.2 Figure 1. Frequency distribution and cumulative frequency of
) 0 baseline 11-6 levels among apparently healthy men participating
Diabetes, % 25 45 03 in the Physicians’ Health Study.
Alcohol use, % 0.3
Daily 277 213 11%, and repeat determinations on the same plasma sample wer
Weekl 41 505 highly correlated (=0.93, P<0.001). Blood specimens were ana-
eexly : : lyzed in blinded pairs, with the position of the case specimen varied
Monthly 12.4 11.9 at random within pairs to reduce the possibility of systematic bias
Rarely/never 188 16.3 and minimize interassay variability. Methods used to evaluate
) ' ' baseline lipid parameters, homocysteine, fibrinogen, C-reactive pro-
Exercise >1/week, % 722 65.7 0.2 tein, and tissue-type plasminogen activator have been described

CAD indicates coronary artery disease.

elsewherg$é.30-32
Because IL-6 levels were skewed, median concentrations were
computed, and the significance of any differences in median values

cardiovascular disease and cancer conducted among 22 071 US maletween cases and controls was assessed by Wilcoxon rank-sum tes
physicians 40 to 84 years of age with no prior history of myocardial e used logistic regression analysis, conditioned on the matching
infarction, stroke, transient ischemic attack, or careeBefore variables of age and smoking, to determine relative risks of future
randomization, between August 1982 and December 1984, potential myocardial infarction after dividing the study sample into quartiles
participants were asked to provide baseline blood samples, which of IL-6 based on the distribution of the control values. Adjusted
were collected in EDTA and processed for long-term storage at estimates of risk were obtained with multivariate models that
—80°C. Of randomized study participants, 14 916 (68%) provided additionally controlled for body-mass index; history of diabetes,
baseline plasma samples. At the time of blood collection, all study hypertension, or hyperlipidemia; parental history of premature ath-
participants were taking active oral aspirin. erosclerosis; and randomized treatment assignment. Stratified anal-
For cases of incident myocardial infarction reported during study yses were performed in low-risk subgroups and by duration of
follow-up, hospital records, death certificates, and autopsy reports follow-up. All probability values are 2-tailed, and all Cls were
were reviewed by a committee of physicians using standardized computed at the 95% level.
criteria to confirm or refute reported events. Reported myocardial
infarction was confirmed if symptoms met World Health Organiza- Results
tion criteria and the event was associated with increased concentra-Baseline characteristics of the study participants are shown in
tions of diagnostic cardiac enzymes or characteristic ECG changes.Taple 1. Owing to matching, the distribution of age and
Deaths due to coronary disease were confirmed on the basis of
autopsy reports, circumstances of death, symptom patterns, and
history of coronary disease. Silent myocardial infarctions were not
included, because they could not be dated accurately.
Study participants who provided an adequate baseline plasma
sample for analysis and who had a confirmed myocardial infarction

%ABLE 2. Baseline Plasma Concentrations of IL-6 According
to Case and Control Status

Median IL-6, pg/mL

during follow-up (cases) were each matched with 1 control subject. Controls Cases P
Controls were study participants who also provided adequate base- —
line plasma samples and who remained free of reported vascular Al participants 146 181 0.002
disease during follow-up. Controls were randomly selected from Nonsmokers 1.39 1.70 0.002
study participants who met the matching criteria of agd. (year), No hypertension 1.40 1.77 0.003
length of study follow-up (6-month intervals), and smoking status T
(past smoker, current smoker, or never smoked). With these criteria, No hyperlipidemia 14 1.80 0.009
202 cases and 202 matched controls were evaluated in this analysis. No diabetes 1.42 1.78 0.001

Stored plasma obtained at baseline from each case and control No obesity 1.38 1.68 0.006
subject was thawed and assayed for IL-6 by use of a commerciall

) Y y y No family history of CAD 148 182 0.007

available ELISA (R&D Systems). In pilot data based on these frozen

plasma samples, coefficients of variation ranged between 5% and CAD indicates coronary artery disease.
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TABLE 3. Crude and Adjusted Relative Risks of Future Myocardial Infarction
Among Apparently Healthy Men According to Baseline Level of IL-6

Quartile of IL-6 (range, pg/mL)

1 2 3 4
(<1.04) (1.04-1.46) (1.47-2.28) (>2.28) P for Trend

Crude analysis

Total cohort
RR 1.0 14 2.8 2.3 <0.001
95% Cl 0.7-2.6 1.6-5.1 1.3-4.3
P . 0.3 0.001 0.005

Nonsmokers
RR 1.0 1.4 25 2.6 0.001
95% Cl 0.7-2.7 1.4-47 1.3-4.8
P e 0.3 0.003 0.01

Total and HDL cholesterol adjusted

Total cohort
RR 1.0 1.5 29 2.3 0.003
95% Cl 0.7-2.9 1.6-5.4 1.2-4.3
P e 0.3 0.001 0.01

Nonsmokers
RR 1.0 1.6 2.6 25 0.003
95% Cl 0.8-3.1 1.4-51 1.3-5.1
P e 0.2 0.004 0.01

Fully adjusted

Total cohort
RR 1.0 1.9 35 2.3 0.01
95% Cl 0.9-3.9 1.8-6.9 1.1-4.6
P e 0.08 0.001 0.03

Nonsmokers
RR 1.0 2.1 3.1 2.7 0.009
95% Cl 1.0-4.5 1.6-6.7 1.1-5.7
P . 0.06 0.002 0.02

RR indicates relative risk.

Models for total cohort matched on age and smoking status. Fully adjusted models additionally
controlled for total and HDL cholesterol, body mass index, diastolic blood pressure, diabetes, family
history of premature coronary artery disease, alcohol use, and exercise frequency.

smoking was identical for cases and controls. As expected in low-risk subgroups of nonsmokers and those with no history
a prospective study of myocardial infarction, cases had higher of hypertension, hyperlipidemia, diabetes, or obesity or a
baseline levels of total cholesterol and triglycerides, lower family history of premature myocardial infarction (all
levels of HDL cholesterol, and a greater prevalence of P=0.001).
hypertension and obesity than controls. As shown in Table 3, the relative risk of first myocardial
The overall frequency distribution of baseline IL-6 levels is infarction increased with increasing quartiles of baseline IL-6
presented in Figure 1. As shown, IL-6 levels ranged between concentration R for trend <0.001) such that men in the
0.015 and 10.01 pg/mL in a pattern virtually identical to that highest quartile at baseline had a relative risk 2.3 times higher
expected from fresh blood samples obtained in otherwise than those in the lowest quartile (95% CI 1.3 to 4.3,
healthy populations (0.01 to 11.5 pg/mL; data on file, R&D P=0.005); overall, each quartile increase in baseline plasma
Systems, Minneapolis, Minn). concentration of IL-6 was associated with a statistically
Median plasma concentrations of IL-6 at baseline were significant 38% increase in risk of future myocardial infarc-
significantly higher among men who went on to experience a tion (95% Cl 15% to 66%P=0.001).The relationship be-
first myocardial infarction than among men who remained tween baseline IL-6 level and risk of future myocardial
free of reported cardiovascular disease during follow-up (1.81 infarction was not altered in analyses that adjusted for
versus 1.46 pg/mLP=0.002). As shown in Table 2, these baseline differences in total cholesterol, HDL cholesterol,
differences were present in the total cohort as well as in the body mass index, blood pressure, diabetes, a family history of
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Figure 2. Relative risk of future myocardial infarction associated Figure 3. Median baseline IL-6 levels according to number of
with SQCh increasing quartile of baseline IL-6 concentration traditional risk factors present (hypertension, hyperlipidemia,
according to months of follow-up. smoking, diabetes, age >60 years, family history, and body

mass index >27.3 kg/m?).

premature coronary artery disease, alcohol use, and exercise
frequency (Table 3). risk of future myocardial infarction was associated with each

Smokers had significantly higher median concentrations of increasing quartile of IL-6 (95% CI 12% to 86%=0.005).
IL-6 than did nonsmokers (2.23 versus 1.58 pg/mL;  Nonlipid cardiovascular risk factors that correlated with
P<0.001). However, because we matched case and controllL-6 levels included age r&0.15, P=0.002), systolic
subjects on smoking status, confounding by this factor was (r=0.27, P=0.001) and diastolicr(=0.21, P=0.001) blood
minimized. Moreover, in analyses limited to nonsmokers, the pressure, and body mass index0.26,P=0.001). As shown
relationship between baseline level of IL-6 and subsequent in Figure 3, median levels of IL-6 increased with increasing
risk remained highly significant such that the relative risks of number of traditional risk factors (hypertension, hyperlipid-
future myocardial infarction from lowest to highest quartiles €mia, smoking, diabetes, ages0 years, family history, and
of IL-6 among nonsmokers were 1.0, 1.4, 2.5, and 2.6of body mass index27.3 kg/nf) (P for trend 0.001). However,
trend 0.001). As in the total cohort, these effects were as shown in Tables 2 and 3, adjustment for these factors hac

minimally altered in analyses that adjusted for lipid and & minimal effect on the relationship between IL-6 levels and
nonlipid risk factors (Table 3). future risk of myocardial infarction. Alcohol consumption

To assess whether the effect of baseline IL-6 levels on risk &S0 _appeared to affect IL-6 such that daily drinkers had
of future myocardial infarction varied over time, we stratified significantly higher plasma levels than those who consumed

i P Icohol on a less frequent basis (2.7 versus 2.9 pg/mL;
our analyses by months of follow-up. Statistically significant a_ . .
increases in risk were found to be associated with elevations P=0.001). By contrast, daily EXercisers tended to have lower
of IL-6 in the first 2 years of follow-upRP=0.04), in years 2 levels of IL-6 than those who exercised less frequently,
to 4 (P=0.006), and in years 4 to ®E0 02') A’s shown in although this association was not statistically significant (2.1

. . . . . . . versus 2.3 pg/mLP=0.2). As shown in our multivariate
Figure 2, the relative risk associated with each increasing -~
. . . analyses, additional control for these factors had no effect on
quartile of baseline IL-6 level was stable over long periods of

k . . . our overall results.

time, with no §|gn|f|cant time t rends noted. We repeated these analyses for events that occurred befor
_Log-normahzed concentration of IL-6 was qot cor_related the termination of the randomized aspirin component of the

with total cholesterol r(=—0.01, P=0.9) or trlglyc_erldes Physicians’ Health Study. In this subgroup, as in the cohort as

(r=0.03, P=0.5) and was modestly correlated with HDL

. a whole, each increasing quartile of IL-6 was associated with
cholesterol (=0.15, P=0.003). Modest correlations were . increased risk of subsequent myocardial infarctiriof

also found between IL-6 and several nontraditional markers {rang 0.001) such that those with the highest levels at baseline
of vascular risk, including antigen level for tissue-type paq a relative risk 4.1 times higher than those with the lowest
plasminogen activator £0.21, P=0.004), total plasma ho-  |gyels (95% CI 1.7 to 9.5P=0.001). The highest risk was
mocysteine (=0.15, P=0.003), fibrinogen 1(=0.24, observed among those with elevated levels of IL-6 who were
P=0.002), and soluble intercellular adhesion molecule-1 randomly assigned to placebo (relative risk 723:0.001).
(r=0.19,P=0.001). The strongest correlate of IL-6 in these The reduction in risk of first myocardial infarction attribut-

data was log-normalized plasma concentration of C-reactive able to aspirin was similar for those with and without elevated
protein §=0.43, P=0.001). However, the relationship be- |evels of IL-6.

tween IL-6 and myocardial infarction remained statistically

significant after controlling for this inflammatory marker. Discussion

Specifically, in analyses that adjusted for baseline plasma These data indicate that baseline levels of the inflammatory
concentration of C-reactive protein, a 44% increase in relative cytokine IL-6 are significantly elevated among apparently
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healthy men at risk for future myocardial infarction. The sampling, any effect of this agent on IL-6 levels could not
relationship between IL-6 level and risk was not altered in have affected our main resufis.
analyses that adjusted for baseline differences in total cho-  Stimuli underlying IL-6 production in apparently healthy
lesterol, HDL cholesterol, body mass index, blood pressure, men at risk for future myocardial infarction are uncertain. It
diabetes, a family history of premature coronary artery is possible, for example, that preclinical atherosclerosis is
disease, alcohol use, or exercise frequency; it was stable oveiitself an inflammatory stimulus and that IL-6 is a marker
the 6-year follow-up period and was present even among all rather than a cause of disease. On the other hand, becaus
low-risk subgroups evaluated, including nonsmokers. monocyte-derived macrophages are abundant in atheroscle
Prior data evaluating the role of IL-6 among healthy rotic plaque and IL-6 gene transcripts are expressed in humar
individuals at risk for future coronary events are sparse. In the atheroma, it is also possible that increased IL-6 production
setting of acute ischemia, however, it has recently been from endothelium and vascular smooth muscle has direct
shown that IL-6 levels increase with the acute-phase responseeffects on plaque proliferation and stabilf2e IL-6 levels
and that these elevations may be a marker for plague also increase with infectiohz-36and it has been hypothesized
instability 24-26 However, because blood samples in the pres- that infection might aggravate atherogenésis this cohort,
ent study were collected at baseline, we can exclude the however, baseline IgG titers directed agai@lamydia
possibility that acute ischemia was a cause of IL-6 elevation pneumoniagHelicobacter pylorj herpes simplex virus, and
in these data. Thus, if an enhanced inflammatory response iscytomegalovirus were not associated with increased vascular
present among individuals with a propensity for acute plaque risk or with increased levels of inflammatory markats?
ruptures® then our data indicate that such effects are present  Together, these prospective epidemiological data support a
and can be clinically detected many years in advance of first fundamental role for cytokine-mediated inflammation in the
myocardial infarction. early stages of atherogenesis, data that corroborate and exten
Elevated levels of IL-6 have previously been observed in the recent finding that IL-6 levels are associated with in-
several autoimmune disorders, including arthritis, Castleman ¢regsed mortality in the elderfy.As such, we believe these
syndrome, psoriasis, mesangial proliferative glomerulone- gata support the possibility that anti-inflammatory therapies

current data provide support for the hypothesis that athero- yreatment and prevention.

sclerosis represents, at least in part, a fundamentally inflam-

matory conditior? Acknowledgments
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