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PURPOSE: To investigate whether interleukin-6 and C-reac-
tive protein levels predict all-cause and cause-specific mortality
in a population-based sample of nondisabled older people.
SUBJECTS AND METHODS: A sample of 1,293 healthy, non-
disabled participants in the Iowa 651 Rural Health Study was
followed prospectively for a mean of 4.6 years. Plasma interleu-
kin-6 and C-reactive protein levels were measured in specimens
obtained from 1987 to 1989.
RESULTS: Higher interleukin-6 levels were associated with a
twofold greater risk of death [relative risk (RR) for the highest
quartile ($3.19 pg/mL) compared with the lowest quartile of
1.9 [95% confidence interval, CI, 1.2 to 3.1]). Higher C-reactive
protein levels ($2.78 mg/L) were also associated with increased
risk (RR 5 1.6; CI, 1.0 to 2.6). Subjects with elevation of both
interleukin-6 and C-reactive protein levels were 2.6 times more

likely (CI, 1.6 to 4.3) to die during follow-up than those with
low levels of both measurements. Similar results were found for
cardiovascular and noncardiovascular causes of death, as well as
when subjects were stratified by sex, smoking status, and prior
cardiovascular disease, and for both early (,2.3 years) and later
follow-up. Results were independent of age, sex, body mass in-
dex, and history of smoking, diabetes, and cardiovascular dis-
ease, as well as known indicators of inflammation including
fibrinogen and albumin levels and white blood cell count.
CONCLUSIONS: Higher circulating levels of interleukin-6
and C-reactive protein were associated with mortality in this
population-based sample of healthy older persons. These mea-
sures may be useful for identification of high-risk subgroups for
anti-inflammatory interventions. Am J Med. 1999;106:
506 –512. q1999 by Excerpta Medica, Inc.

Systemic inflammation, as measured by C-reactive
protein, has been associated with acute myocardial
ischemia (1,2) and long-term risk of coronary ar-

tery disease and stroke (3–5). The role of inflammation in
the pathogenesis of atherothrombosis (6,7) and other
acute and chronic conditions has been well described (8 –
11), but whether markers of inflammation, such as C-re-
active protein, have broader applicability as indicators of
mortality in the general population is unknown.

Inflammation is characterized by a local reaction that
may be followed by activation of a systemic acute phase

reaction (12). Previous studies have estimated the sever-
ity of inflammation by use of circulating C-reactive pro-
tein levels (1–5). However, because C-reactive protein is a
product of the acute phase reaction (13) and because the
concentration of C-reactive protein may be subject to
posttranscriptional regulation (14), C-reactive protein
may not measure all of the relevant effectors of inflam-
mation.

Interleukin-6 is the major initiator of the acute phase
response by hepatocytes and induces the synthesis of C-
reactive protein, as well as other acute phase reactants
(13,15–17). A sensitive, reliable assay for circulating in-
terleukin-6 is now available, but assays for the other ma-
jor inflammatory cytokines, such as tumor necrosis factor
and interleukin-1b, are more problematic. Given the role
of interleukin-6 in C-reactive protein regulation, the
combined use of interleukin-6 and C-reactive protein
levels as indicators of inflammation may provide a better
prediction of risk associated with inflammation than
would use of either indicator alone.

We investigated the predictive value of interleukin-6
and C-reactive protein levels as markers of persistent in-
flammation for all-cause and cause-specific mortality in a
case-cohort study nested in the Iowa 651 Rural Health
Study. We hypothesized that both interleukin-6 and C-
reactive protein levels would be associated with mortality
and that the combined elevation of both markers would
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be associated with the greatest and most consistent in-
creases in risk.

METHODS

Subjects
Study subjects were participants in the Iowa 651 Rural
Health Study, one of four sites of the Established Popu-
lations for Epidemiologic Studies of the Elderly (18). In
1982, 3,673 persons (80% of those eligible) living in two
Iowa counties participated in a comprehensive interview.
Interviews were repeated annually for 7 years, and fol-
low-up for mortality was continued until December 31,
1992. Blood was obtained from 1,940 participants who
were reinterviewed between 1987 and 1989 at the seventh
follow-up interview (76% of those reinterviewed). Spec-
imens were drawn in the morning and early afternoon
from participants and frozen at 2708C until thawed for
assay.

We conducted a prospective case-cohort study of the
association of interleukin-6 and C-reactive protein levels
with death and disability. Because the study focused on
those in good health (defined as participants without re-
ported disability), we excluded 647 persons who needed
help walking a half mile, climbing a flight of steps, moving
from bed to chair, using a toilet, bathing, or walking
across a small room. We measured interleukin-6 and C-
reactive protein levels on a random sample of the 1,293
remaining eligible high-functioning participants. This
sample was augmented by all others in the high-function-
ing group who died during follow-up. The analytic sam-
ple for this case-cohort study included 499 survivors and
176 subjects who died.

Measurement of Interleukin-6 and C-Reactive
Protein Levels
Plasma interleukin-6 levels were measured by enzyme-
linked immunosorbent assay (ELISA; High Sensitivity
Quantikine kit, R&D Systems, Minneapolis, MN). The
detectable limit for interleukin-6 was 0.10 pg/mL, and the
interassay coefficient of variation was 7%. C-reactive pro-
tein was measured by an ELISA with a sensitivity of .08
mg/L and an interassay coefficient of variation of 9%
(3,19). Values were measured in duplicate, and the aver-
age value was reported for both assays.

Mortality follow-up
Mortality was ascertained by collection of local obituar-
ies, contact with proxies for those who died, and linkage
with the National Death Index. Death certificates were
obtained for 99% of all subjects who died. Cause-specific
mortality was based on underlying cause of death, coded
by the International Classification of Diseases (ICD-9) as
any cardiovascular mortality (ICD-9 codes 410-414, 430-
438, 440-442; 74 deaths) or all other mortality (102
deaths).

Study Variables
Potential confounders of the associations between of in-
terleukin-6 and C-reactive protein with mortality in-
cluded reported cardiovascular disease (heart attack or
stroke), diabetes, and cancer (based on report of an over-
night hospitalization for cancer during the baseline inter-
view, or any subsequent annual interview before the
plasma samples were obtained from 1987 to 1989). Ciga-
rette smoking was categorized as never smokers and ever
smokers, as there were only 35 current smokers. Alcohol
intake was characterized as any alcohol use in the past
year versus none. Body mass index (weight in kilograms
divided by height in meters squared) was calculated on
the basis of measured height and weight from the seventh
follow-up (99% of participants) or reported weight if the
measured weight was unavailable.

We created a variable indicating the use of antioxidant
supplements, including vitamin A, C, or E, and a variable
indicating use of anti-inflammatory drugs, including as-
pirin, salicylates, glucocorticoid preparations, or nonste-
roidal anti-inflammatory drugs, based on drug use re-
ported for the 2 weeks before the 1987 to 1989 interview.
Of the 286 people taking anti-inflammatory drugs, 229
reported aspirin or salicylate use.

The associations of interleukin-6 and C-reactive pro-
tein levels with three other indicators of inflammation
were examined to test whether the associations of inter-
leukin-6 and C-reactive protein levels with mortality
were independent of these indicators. These included se-
rum albumin level, measured using dye-binding bromo-
cresol green in a sequential autoanalyzer (SMAC; Tech-
nicon, Tarrytown, NY), white blood cell count, measured
using a Coulter counter, and plasma fibrinogen level,
measured by a modification of the Clauss clot-rate
method (20). The laboratory coefficient of variation for
fibrinogen was approximately 3%.

Statistical Analysis
Characteristics of the 499 survivors and the 176 subjects
who died were compared using t tests for continuous
variables (age, body mass index) and chi-square statistics
for categorical variables (gender, alcohol intake, smoking
status, medical conditions, and antioxidant and anti-in-
flammatory use). When interleukin-6 and C-reactive
protein levels were used as continuous variables, values
were log transformed to normalize the distributions.
Quartile categories of interleukin-6 and C-reactive pro-
tein levels, derived from the distribution of the cohort
random sample, were used to model the mortality asso-
ciations.

To test the hypothesis that joint elevation of interleu-
kin-6 and C-reactive protein levels would confer the
greatest risk, we created five mutually exclusive groups
based on combinations of interleukin-6 and C-reactive
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protein levels. The high extreme group (high both) in-
cluded those with interleukin-6 and C-reactive protein
levels both in quartile 4 (interleukin-6 level $3.19 pg/mL,
C-reactive protein level $2.78 mg/L; n 5 90). The low
extreme (low both), considered as the reference category
in the analysis, included only participants with values be-
low the median (interleukin-6 level ,2.08 pg/mL, C-re-
active protein level ,1.57 mg/L; n 5 227). The three in-
termediate categories were defined as interleukin-6 level
in quartile 4 and C-reactive protein level less than quartile
4 (high interleukin-6), C-reactive protein level in quartile
4 and interleukin-6 level less than quartile 4 (high C-re-
active protein), and either C-reactive protein or interleu-
kin-6 level in quartile 3 but neither in the upper quartiles

(mid-both). All analyses of risk were performed using
EPICURE PEANUTS (21), which calculates hazard ratio
estimates and confidence intervals (CIs) for a case-cohort
study (22) with the time variable calculated as person-
years from the baseline. Relative risks (RR) and 95% CIs
were estimated from models that included sex, age,
smoking history, diabetic status, body mass index, and
history of cardiovascular disease, unless otherwise indi-
cated. Additional models tested whether other indicators
of inflammation affected the results, and models strati-
fied by specific characteristics examined the consistency
of results among selected subgroups. Statistical signifi-
cance was set at P ,0.05, two sided. Continuous values
are reported as means 6 SD.

Table 1. Levels of C-Reactive Protein and Interleukin-6 by Selected Characteristics of the Subjects

Characteristics
Percent of

Study Sample

C-Reactive Protein
Level (mg/L),
Mean 6 SD
(log values)*

Interleukin-6
Level (pg/mL),

Mean 6 SD
(log values)*

Age (years)
71–72 (reference) 15 0.67 6 1.01 0.73 6 0.66
73–74 19 0.56 6 0.99 0.79 6 0.65
75–76 17 0.43 6 1.04 0.84 6 0.66
77–80 24 0.36 6 0.91† 0.79 6 0.66
$80 25 0.46 6 1.24 0.96 6 0.65†

Sex
Women 59 0.39 6 1.07 0.74 6 0.61
Men 41 0.61 6 1.02‡ 0.96 6 0.71†

Cigarette smoker
Never 71 0.43 6 1.06 0.78 6 0.61
Ever 29 0.62 6 1.04† 0.99 6 0.74†

Sex-specific body mass index quintile
Quintile 1 (reference) 0.12 6 1.00 0.77 6 0.77
Quintile 2 0.39 6 1.08† 0.78 6 0.63
Quintile 3 0.54 6 1.04‡ 0.78 6 0.61
Quintile 4 0.69 6 0.94‡ 0.82 6 0.58
Quintile 5 0.67 6 1.02‡ 1.00 6 0.68†

History of diabetes
No 86 0.43 6 1.04 0.81 6 0.65
Yes 14 0.82 6 1.07‡ 0.98 6 0.71†

History of cardiovascular disease
No 82 0.43 6 1.06 0.78 6 0.65
Yes 18 0.73 6 1.00‡ 1.07 6 0.64†

Use of anti-inflammatory drugs
Yes 43 0.42 6 1.11 0.80 6 0.62
No 57 0.53 6 1.01 0.86 6 0.69

Use of specific anti-oxidant
supplements
Yes 8 0.41 6 1.05 0.77 6 0.62
No 92 0.49 6 1.10 0.84 6 0.66

* A log mean value of 0.5 for C-reactive protein corresponds to a level of 1.7 mg/L, and a value of 1.0 for
interleukin-6 corresponds to 2.8 pg/mL.

† .01 , P ,0.05 for category contrasted with reference.
‡ P ,0.01 for category contrasted with reference.
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RESULTS

Diseases and Risk Factors Associated with
Interleukin-6 and C-Reactive Protein
The sample consisted of 279 men and 396 women, with a
mean age of 77.8 6 3.2 years. Twenty-nine percent were
former or current cigarette smokers, and 18% reported
cardiovascular disease or diabetes (Table 1). Less than 4%

of the group had levels of C-reactive protein greater than
the clinically relevant threshold of 10 mg/L. Male sex,
cigarette smoking, greater body mass index, history of
diabetes, and history of any cardiovascular disease were
all associated with greater levels of interleukin-6 and C-
reactive protein. Interleukin-6 and C-reactive protein
levels were lower in those who reported use of anti-in-
flammatory drugs or antioxidant supplements, but these

Figure 1. Combined levels of interleukin-6 and C-reactive protein and risk of mortality for the total study population (N 5 675) and
for subgroups defined by smoking history (ever smokers, n 5 194, never smokers, n 5 481). Dots represent relative risk estimates,
and the bars represent 95% confidence intervals, adjusted for risk factors in Table 2. Low both is the reference category and includes
values below the median for interleukin-6 levels (,2.08 pg/mL) and C-reactive protein levels (,1.57 mg/L); Mid both indicates
C-reactive protein or interleukin-6 mid-range values but neither high; High C-reactive protein indicates high C-reactive protein
levels only (C-reactive protein $2.78 mg/L and interleukin-6 ,3.19 pg/mL); High interleukin-6 indicates high interleukin-6 levels
only (interleukin-6 $3.19 pg/mL and C-reactive protein ,2.78 mg/L); and High both indicates both interleukin-6 and C-reactive
protein levels in the highest quartile (interleukin-6 $3.19 pg/mL and C-reactive protein $2.78 mg/L).

Table 2. Associations between Interleukin-6 and C-Reactive Protein Levels and All-Cause and Cause-Specific Mortality

Inflammatory Marker N
Deaths/

Person-years
Mortality Rate/1,000

Person-years

All-Cause Mortality,
Relative Risk

(95% confidence interval)

Cause-Specific Mortality,
Relative Risk

(95% confidence interval)

Model 1* Model 2†

Any
cardiovascular

disease
(n 5 74)†

All other
(n 5 102)†

Interleukin-6 level (pg/mL)
,1.46 165 30/737 41 1.0 1.0 1.0 1.0
1.46–,2.08 167 34/735 46 1.0 (0.6, 1.7) 1.0 (0.6, 1.7) 1.5 (0.7, 3.4) 0.7 (0.4, 1.5)
2.08–,3.19 160 35/695 50 0.9 (0.6, 1.6) 1.0 (0.6, 1.6) 1.0 (0.4, 2.4) 1.0 (0.5, 1.8)
$3.19 183 77/703 110 2.1 (1.3, 3.4) 1.9 (1.2, 3.1) 2.2 (1.0, 4.8) 1.9 (1.1, 3.4)

C-reactive protein level (mg/L)
,0.91 173 40/752 53 1.0 1.0 1.0 1.0
0.91–,1.57 157 32/695 46 0.9 (0.6, 1.5) 0.9 (0.6, 1.6) 1.0 (0.5, 2.2) 0.9 (.4, 1.7)
1.57–,2.78 166 44/699 63 1.3 (0.8, 2.0) 1.4 (0.8, 2.2) 0.9 (0.4, 2.1) 1.7 (.9, 3.0)
$2.78 179 60/724 83 1.7 (1.1, 2.6) 1.6 (1.0, 2.6) 1.8 (0.9, 3.6) 1.4 (0.8, 2.5)

* Adjusted for age and sex.
† Adjusted for age, sex, prevalent cardiovascular disease, smoking status, diabetes, body mass index.
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differences did not reach statistical significance. Cancer
history and alcohol use were not related to interleukin-6
or C-reactive protein level (data not shown). Subjects
with both elevated interleukin-6 and C-reactive protein
levels had greater fibrinogen levels [age, sex-adjusted
mean for group 5 355 6 90 vs 286 6 53 mg/dL in those
with low interleukin-6 and C-reactive protein levels (P 5
.0001)], higher white blood cell counts [7.6 6 3.2 vs 5.7 6
1.8 cells/mL (P 5 0.0001)], and lower albumin levels
[39.9 6 2.4 vs 41.6 6 2.6 g/L (P 5 0.0001)].

Mortality Risk
Greater interleukin-6 levels were associated with a two-
fold increase in the risk of death, comparing subjects in
the highest quartile ($3.19 pg/mL) with the lowest quar-
tile (RR 5 1.9; CI, 1.2 to 3.1, Table 2). Interleukin-6 levels
were associated with both cardiovascular and other
causes of mortality. C-reactive protein levels showed sim-
ilar, but weaker, associations (Table 2). Inclusion of the
use of anti-inflammatory drugs or antioxidants did not
change these results.

The joint elevation of interleukin-6 and C-reactive
protein levels was associated with 2.6 times greater mor-
tality (Figure 1) when compared with lower values for
both. The increased risk of mortality was present in both
early (,2.3 years, RR 5 3.5; CI, 1.7 to 7.1) and later
follow-up (RR 5 2.4; CI, 1.3 to 4.5). Risk was similar for
cardiovascular mortality (RR 5 2.7; CI, 1.4 to 5.4) and for
all-other mortality (RR 5 2.4; CI, 1.2 to 4.6). The in-
creased mortality associated with joint elevation of inter-
leukin-6 and C-reactive protein levels was independent of
other indicators of systemic inflammation including al-
bumin level (RR 5 2.4; CI, 1.5 to 4.0), white blood cell
count (RR 5 2.5; CI, 1.5 to 4.1), fibrinogen level (RR 5
2.2; CI, 1.3 to 3.7) or all three inflammatory indicators
(RR 5 1.9; CI, 1.1 to 3.4). Participants with high inter-

leukin-6 levels in the absence of high C-reactive protein
levels also had an increased risk of death (data not
shown). High C-reactive protein levels in the absence of
high interleukin-6 levels were not associated with mortal-
ity.

In separate analyses among ever smokers and never
smokers, the risk of death associated with elevated inter-
leukin-6 and C-reactive protein levels was at least twofold
higher than for the group with low interleukin-6 and low
C-reactive protein levels (Figure 1). Similar results were
found when the study sample was stratified by sex and by
history of cardiovascular disease (Table 3). In these analy-
ses, women, never smokers, and those with no history of
cardiovascular disease who had high levels of interleu-
kin-6 in the absence of high C-reactive protein levels also
had increased mortality.

DISCUSSION

In this population-based study, moderately high levels of
interleukin-6 and C-reactive protein were associated with
increased mortality. Joint elevation of interleukin-6 and
C-reactive protein levels was associated with mortality in
the overall sample, as well as in ever and never smokers,
and those with and without a history of cardiovascular
disease. Our findings extend the results of previous stud-
ies of the associations between acute phase proteins and
cardiovascular disease (1– 6) by demonstrating a clear as-
sociation between interleukin-6 levels and mortality.
Furthermore, the risk associated with inflammation is a
general phenomenon that is not limited to specific sub-
groups, such as those already affected by cardiovascular
disease or who have cardiovascular risk factors. The in-
creased risk is associated with levels of interleukin-6 and
C-reactive protein that are not thought to be clinically

Table 3. Joint Association between Interleukin-6 and C-Reactive Protein Levels and All-Cause Mortality, by Selected Characteristics

Interleukin-6, C-Reactive Protein
Categories‡

Stratified by Gender,* Relative
Risk (95% confidence interval)

Stratified by History of Cardiovascular Disease,†

Relative Risk (95% confidence interval)

Men
n 5 279

Women
n 5 396

History of
Cardiovascular Disease,

n 5 121

No
Cardiovascular

Disease, n 5 554

Low both (n 5 227) 1.0 1.0 1.0 1.0
Mid both (n 5 176) 1.0 (0.5, 1.9) 1.1 (0.6, 2.1) 0.8 (0.4, 2.0) 1.1 (0.6, 2.0)
High C-reactive protein (n 5 89) 1.5 (0.7, 3.2) 0.3 (0.1, 1.2) 1.1 (0.4, 3.2) 0.8 (0.4, 1.7)
High interleukin-6 (n 5 93) 1.1 (0.5, 2.4) 2.5 (1.2, 5.0) 0.9 (0.4, 2.3) 2.3 (1.2, 4.2)
High both (n 5 90) 2.8 (1.4, 5.5) 2.0 (0.9, 4.4) 2.9 (1.1, 8.2) 2.3 (1.3, 4.1)

* Adjusted for age, smoking status, prevalent cardiovascular disease, diabetes, body mass index.
† Adjusted for age, sex, prevalent cardiovascular disease, diabetes, body mass index.
‡ Low both (reference): values below the median for interleukin-6 levels (, 2.08 pg/mL) and C-reactive protein levels (, 1.57 mg/L); mid both:

C-reactive protein or interleukin-6 mid-range values but neither high; high C-reactive protein: high C-reactive protein levels only (C-reactive
protein $ 2.78 mg/L and interleukin-6 , 3.19 pg/mL); high interleukin-6: high interleukin-6 levels only (interleukin-6 $ 3.19 pg/mL and C-reactive
protein , 2.78 mg/L); high both: both interleukin-6 and C-reactive protein levels in highest quartiles (interleukin-6 $ 3.19 pg/mL, C-reactive
protein $ 2.78 mg/L).
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important, and it persists after adjustment for health fac-
tors associated with inflammation.

Interleukin-6 is a pleiotropic cytokine involved in the reg-
ulation of the immune response, including the acute phase
response and hematopoiesis, as well as the regulation of
bone metabolism (23). Interleukin-6 promotes coagulation
in experimental animals (15,24), and C-reactive protein
stimulates tissue factor production (25) and neutrophil ag-
gregation. The propensity to coagulation could indicate a
direct contribution of interleukin-6 and C-reactive protein
to mortality. In our study, subjects with both high interleu-
kin-6 and high C-reactive protein levels had significantly
greater fibrinogen levels. Risk at these levels of interleukin-6
and C-reactive protein may also indicate chronic low-level
inflammation that represents an immune “dysregulation”
with aging (26). However, it is also possible that both inter-
leukin-6 and C-reactive protein levels are indirect indicators
of specific underlying conditions that increase risk. Inflam-
mation may be due to infectious causes of atherosclerosis
(7,27). Greater C-reactive protein levels identify persons at
risk of progression of cardiovascular disease (1,2). Higher
circulating interleukin-6 levels have been reported in severe
congestive heart failure (11) and are prognostic indicators in
multiple myeloma (8). Higher interleukin-6 levels may also
reflect cellular damage, such as oxidative stress (28). Lastly,
interleukin-6 may counterregulate levels of tumor necrosis
factor-a and interleukin-1b (29,30) so that higher interleu-
kin-6 levels may reflect damage from other cytokines.

There is some evidence that the risk associated with
inflammation can be modified. In a randomized trial,
men with higher C-reactive protein levels who took aspi-
rin had a lesser risk of myocardial infarction than those
who did not take aspirin (3). Response to treatment in
multiple myeloma may be associated with reductions in
interleukin-6 levels (31). Treatment with antibodies to
tumor necrosis factor-a has been reported to improve
arthritis (9). In our study, use of anti-inflammatory drugs
or antioxidants did not modify risk; however, we lacked
information on dose and duration of use. Use of inflam-
matory markers, such as interleukin-6 or C-reactive pro-
tein, may identify patients at higher risk and improve the
efficacy of anti-inflammatory interventions.

Our findings were based on single measurements of
interleukin-6 and C-reactive protein levels from blood
generally drawn in the morning or early afternoon. It is
unclear whether interleukin-6 has a circadian pattern of
circulation (32,33). However, in one study, the intraclass
correlation coefficient was .87 for plasma interleukin-6
levels that were measured eight times during 36 days, sug-
gesting stability for at least 1 month (34). A single mea-
surement of C-reactive protein level correlates well with
repeated measures for at least 6 months (19). Use of in-
terleukin-6 and C-reactive protein levels in combination
may increase the specificity for ongoing inflammation.
C-reactive protein levels have been associated with

greater body mass index, history of cardiovascular dis-
ease, smoking, and diabetes (35,36). We found similar
associations in our subjects, which, for the most part,
were shared by interleukin-6. Age was the only exception,
with high interleukin-6 levels associated with older age
and C-reactive protein levels with younger age. The asso-
ciation between smoking and C-reactive protein levels
has been demonstrated previously, but the association of
past smoking with interleukin-6 levels deserves more at-
tention. This association, previously reported in a cross-
sectional study (26), raises the question of whether the
physiologic effects of smoking on appetite, coagulation,
and bone might be results of cytokine activation. Disabil-
ity, a powerful risk factor for mortality, is associated with
greater interleukin-6 levels (26). Therefore, finding an
association between inflammation and mortality in the
disabled elderly might be expected. Thus, we restricted
our study to healthy, nondisabled older people, which
simplifies the interpretation of these results and should
allow generalizability to other populations.

In conclusion, we demonstrated an increased risk of
death associated with elevated levels of interleukin-6 and
C-reactive protein in nondisabled older persons. These
findings may broaden our understanding of the health
correlates and consequences of low-level inflammation,
as well as providing a new way to identify high-risk sub-
groups for anti-inflammatory interventions.

REFERENCES
1. Liuzzo G, Biasucci LM, Gallimore JR, et al. The prognostic value of

C-reactive protein and serum amyloid A protein in severe unstable
angina. NEJM. 1994;331:417– 424.

2. Haverkate F, Thompson SG, Pyke SDM, Gallimore JR, Pepys MB,
for the European Concerted Action on Thrombosis and Disabilities
Angina Pectoris Study Group. Production of C-reactive protein
and risk of coronary events in stable and unstable angina. Lancet.
1997;349:462– 466.

3. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH.
Inflammation, aspirin, and the risk of cardiovascular disease in ap-
parently healthy men. NEJM. 1997;336:973–979.

4. Kuller LH, Tracy RP, Shaten J, Meilahn EN, for the MRFIT Re-
search Group. Relation of C-reactive protein and coronary heart
disease in the MRFIT nested case-control study. Am J Epidemiol.
1996;144:537–547.

5. Tracy RP, Lemaitre RN, Psaty BM, et al. Relationship of C-reactive
protein to risk of cardiovascular disease in the elderly: results from
the Cardiovascular Health Study and the Rural Health Promotion
Project. Arterioscler Throm Vasc Biol. 1997;17:1121–1127.

6. Thompson SG, Kienast J, Puke SDM, Haverkate F, van de Loo JC.
Hemostatic factors and the risk of myocardial infarction or sudden
death in patients with angina pectoris. European Concerted Action
on Thrombosis and Disabilities Angina Pectoris Study Group.
NEJM. 1995;332:635– 641.

7. Vallance P, Collier J, Bhagat K. Infection, inflammation, and
infarction: does acute endothelial dysfunction provide a link? Lan-
cet. 1997;349:1391–1392.

8. Pelliniemi TT, Irjala K, Mattila K, et al, for the Finnish Leukemia
Group. Immunoreactive interleukin-6 and acute phase proteins as
prognostic factors in multiple myeloma. Blood. 1995;85:765–771.

Interleukin-6, C-Reactive Protein, and Mortality Risk/Harris et al

May 1999 THE AMERICAN JOURNAL OF MEDICINEt Volume 106 511



9. Moreland LW, Baumgartner SW, Schiff MH, et al. Treatment of
rheumatoid arthritis with a recombinant human tumor necrosis
factor receptor (p75)-Fc fusion protein. NEJM. 1997;337:141–147.

10. Jilka RL, Hangroc G, Girasole G, et al. Increased osteoclast devel-
opment after estrogen loss: mediation by interleukin-6. Science.
1992;257:88 –91.

11. Torre-Amione G, Kapadia S, Benedict C, Oral H, Young JB, Mann
DL. Proinflammatory cytokine levels in patients with depressed left
ventricular ejection fraction: a report from the Studies of Left Ven-
tricular Dysfunction (SOLVD). J Am Coll Cardiol. 1996;27:1201–
1206.

12. Pannen BHJ, Robotham JL. The acute-phase response. New Hori-
zons. 1995;3:183–197.

13. Gauldie J, Richards C, Northemann W, Fey G, Baumann H. IFNB2/
BSF2/IL-6 is the monocyte-derived HSF that regulates receptor-
specific acute phase gene regulation in hepatocytes. Ann NY Acad
Sci. 1989;557:46 –59.

14. Kushner I, Jiang SL, Zhang D, Lozanski G, Samols D. Do post-
transcriptional mechanisms participate in induction of C-reactive
protein and serum amyloid A by IL-6 and IL-1? Ann NY Acad Sci.
1995;762:102–107.

15. Mestries C, Kruithof EKO, Gascon MP, Herodin F, Agay D, Ythier
A. In vivo modulation of coagulation and fibrinolysis by recombi-
nant glycosylated human interleukin-6 in baboons. Eur Cytokine
Network. 1994;5:273–281.

16. Bataille R, Klein B. C-reactive protein levels as a direct indicator of
interleukin-6 levels in humans in vivo. Arthritis Rheum. 1992;35:
982–983.

17. Lu ZY, Brailly H, Wijdenes J, Bataille R, Rossi JF, Klein B. Measure-
ment of whole body interleukin-6 (IL-6) production: prediction of
the efficacy of anti-IL-6 treatments. Blood. 1995;86:3123–3131.

18. Cornoni-Huntley J, Ostfeld AM, Taylor JA, et al. Established pop-
ulations for epidemiologic studies of the elderly: study design and
methodology. Aging. 1993;5:27–37.

19. Macy EM, Hayes TE, Tracy RP. Variability in the measurement of
C-reactive protein in healthy subjects: implications for reference
intervals and epidemiological applications. Clin Chem. 1997;43:52–
58.

20. Geffken D, Keating F, Kennedy M, Cornell E, Bovill E, Tracy R. The
measurement of fibrinogen in population-based research: studies
on instrumentation and methodology. Arch Pathol Lab Med. 1994;
118:1106 –1109.

21. Preston DL, Lubin JH, Pierce DA, McConney ME. Epicure User’s
Guide. Seattle, WA: HiroSoft International Corporation, 1993.

22. Prentice RL. A case-cohort design for epidemiologic cohort studies
and disease prevention trials. Biometrika. 1986;73:1–11.

23. Papanicolaou DA. The pathophysiologic roles of interleukin-6 in
human disease. Ann Intern Med. 1998;128:127–137.

24. Van der Poll T, Levi M, Hack CE, et al. Elimination of interleukin-6
attenuates coagulation activation in experimental endotoxemia in
chimpanzees. J Exp Med. 1994;179:1253–1259.

25. Cermak J, Key NS, Bach RR, Balla J, Jacob HS, Vercellotti GM.
C-reactive protein induces human peripheral blood monocytes to
synthesize tissue factor. Blood. 1993;82:513–520.

26. Cohen HJ, Pieper CF, Harris TB, Rao KMK, Currie MS. The asso-
ciation of plasma IL-6 levels with functional disability in commu-
nity-dwelling elderly. J Gerontol Med Sci. 1997;52A:M201–M208.

27. Danesh J, Collins R, Peto R. Chronic infections and coronary heart
disease: is there a link? Lancet. 1997;350:430 – 436.

28. Baeuerle PA, Rupec RA, Pahl HL. Reactive oxygen intermediates as
second messengers of a general pathogen response. Path Biol. 1996;
44:29 –35.

29. Tilg H, Dinarello CA, Mier JW. IL-6 and APPs: anti-inflammatory
and immunosuppressive mediators. Immun Today. 1997;18:428 –
432.

30. Xing A, Gauldie J, Cox G, et al. IL-6 is an anti-inflammatory cyto-
kine required for controlling local or systemic acute inflammatory
response. J Clin Invest. 1998;101:311–320.

31. Van Zaanen HC, Koopmans RP, Aarden LA, et al. Endogenous
interleukin-6 production in multiple myeloma patients treated
with chimeric monoclonal anti-IL6 antibodies indicates the exis-
tence of a positive feed-back loop. J Clin Invest. 1996;98:1141–1148.

32. DeRijk R, Michelson D, Karp B, et al. Exercise and circadian
rhythm-induced variations in plasma cortisol differentially regulate
interleukin-1, IL-6 and tumor necrosis factor-production in
humans: high sensitivity of TNF-a and resistance of IL-6. J Clin
Endocrinol Metab. 1997;87:2182–2191.

33. Sothern RB, Roitman-Johnson B, Kanabrocki EL, et al. Circadian
characteristics of IL-6 in blood and urine of clinically healthy men.
In Vivo. 1995;9:331–339.

34. Rao KMK, Pieper CS, Currie MS, Cohen HJ. Variability of plasma
IL-6 and crosslinked fibrin dimers over time in community-dwell-
ing elderly subjects. Am J Clin Pathol. 1994;102:802– 805.

35. Mendenhall MA, Patel P, Ballam L, Strachan D, Northfield TC.
C reactive protein and its relationship to cardiovascular risk
factors: a population-based cross sectional study. BMJ. 1996;
312:1061–1065.

36. Tracy RP, Macy EM, Bovill EG, et al. Lifetime smoking exposure
affects the association of C-reactive protein with cardiovascular dis-
ease risk factors and subclinical disease in healthy elderly subjects.
Arterioscler Thromb Vasc Biol. 1997;17:2167–2176.

Interleukin-6, C-Reactive Protein, and Mortality Risk/Harris et al

512 May 1999 THE AMERICAN JOURNAL OF MEDICINEt Volume 106


