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Rationale: Elevated proinflammatory cytokines are associated with
severity of pneumonia, but the role of preinfection cytokine levels
in the predisposition to pneumonia in humans is less clear.
Objective: To ascertain role of preinfection inflammatory markers
on susceptibility to community-acquired pneumonia (CAP).
Methods: Longitudinal analysis over 6.5 yr of a cohort that consisted
of 70- to 79-yr-old well-functioning elderly individuals.
Measurements: Association between preinfection tumor necrosis fac-
tor (TNF), interleukin 6 (IL-6), and C-reactive protein (CRP) levels
and CAP requiring hospitalization.
Results: Of the 3,075 participants, 161 (5.2%) developed at least one
episode of CAP requiring hospitalization over a median duration of
3.3 yr. The highest tertiles of TNF (� 3.7 pg/ml) and IL-6 (� 2.4
pg/ml) were associated with increased risk of CAP, and the adjusted
odds ratios were 1.6 (95% confidence interval [CI], 1.02–2.7) and
1.7 (95% CI, 1.1–2.8), respectively. The adjusted risk of CAP with
at least one of these markers in the highest tertile was 1.6 (95% CI,
1.1–2.3). TNF and IL-6 levels in the highest tertile had a synergistic
effect (p � 0.01 for interaction), and risk of CAP for both markers
in the highest tertile was 2.8 (95% CI, 1.8–4.3). An FEV1 of 50% or
less of predicted was associated with the highest risk of CAP (ad-
justed odds ratio, 3.6; 95% CI, 2.3–5.6). Furthermore, TNF and IL-6
levels modified risk of CAP in participants with coexisting medical
conditions and history of smoking.
Conclusion: In the well-functioning elderly subjects, preinfection
systemic levels of TNF and IL-6 were associated with higher risk of
CAP requiring hospitalization in smokers and those with coexisting
medical conditions.

Keywords: inflammatory markers; interleukin 6; tumor necrosis factor;
pneumonia

Community-acquired pneumonia (CAP) is the most common
infectious cause of death in the United States, with the highest
incidence at the extremes of age (1, 2). Coexisting medical condi-
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tions and nutritional factors increase susceptibility to CAP and
have been studied extensively (1, 3–5), but their frequency in
the elderly population diminishes their ability to discriminate
those at risk. Improving risk stratification to identify elderly
individuals at increased risk of CAP will enhance our ability to
target appropriate preventive measures. The level of inflamma-
tory markers induced during an episode of acute disease indi-
cates the efficiency of immune clearance and correlates with
severity of CAP, but is measured too late to be of predictive
value in healthy individuals (6, 7). Recently, however, cytokines
have been shown to play an active role in the molecular mecha-
nisms of bacterial invasion that initiates pneumonia (8). Al-
though this raises the possibility that elevated preinfection levels
of circulating inflammatory markers may cause invasive disease
and therefore be indicative of higher risk for the development
of CAP, it remains poorly studied in humans (9, 10).

Systemic administration of tumor necrosis factor (TNF) in
rats before inoculation of bacteria into the lungs worsens pneu-
monia by reducing alveolar neutrophil recruitment and bacterial
clearance (11, 12). Furthermore, activation of human cells by
cytokines upregulates eukaryotic receptors used by bacteria to
traverse cells and enter the systemic circulation (8, 9). On the
other hand, animals lacking specific cytokines fail to control
bacterial multiplication in host tissues (13–19). Thus, although
the absence of cytokines is clearly associated with poor outcome
of infection, overproduction of cytokines either at steady state
or induced by disease may not be advantageous. In humans,
circulating inflammatory markers are elevated in medical condi-
tions that increase risk of CAP, such as chronic obstructive
pulmonary disease and congestive heart failure (20, 21). Al-
though the exact mechanisms that increase risk of CAP in pa-
tients with these underlying conditions are poorly understood,
high baseline levels of inflammatory markers may be a potential
link.

The Health Aging and Body Composition (Health ABC)
study is a prospective observational cohort of well-functioning
elderly participants with longitudinal data for 6.5 yr after enroll-
ment. We examined the association between preinfection circu-
lating levels of inflammatory markers, including TNF, interleu-
kin 6 (IL-6), and C-reactive protein (CRP), and the risk of
hospitalization due to CAP over the ensuing 6 yr. Some of the
results of this study have been previously reported in the form
of an abstract (22).

METHODS

Population

The study population consisted of 70- to 79-yr-old participants residing
in Memphis, Tennessee, and Pittsburgh, Pennsylvania. Health ABC was
designed to prospectively assess the impact of weight and weight-related
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health conditions on incident mobility limitation in a community-
dwelling population. Eligibility criteria included no reported difficulty
with walking a quarter mile, climbing 10 steps, or performing activities
of daily living. Those with recent treatment for cancer, severe dementia,
or plans of leaving the area within 3 yr were also excluded. The institu-
tional review boards at both sites approved the study.

Study Design

The study design was a longitudinal analysis of the Health ABC cohort.

Outcome Measure

The primary outcome was CAP requiring hospitalization. Hospitaliza-
tion was ascertained on the basis of participant self-report and active
surveillance by study personnel. Adjudication of CAP was performed
by an adjudicator at each site, and criteria to adjudicate CAP were
established prospectively. We used a combination of discharge sum-
mary, diagnoses by International Classification of Diseases, ninth edi-
tion (ICD-9), admission history and physical examination, and radiology
reports for each hospitalization to ascertain CAP requiring hospitaliza-
tion (see online supplement).

Inflammatory Markers

Two weeks after the baseline interview to assess coexisting health condi-
tions and spirometry (Year 1 visit), blood samples were obtained in the
morning after an overnight fast in the absence of infection (mean time,
9:25 a.m.; 50% of specimens were collected between 8:55 and 9:58 a.m.).
Plasma TNF and IL-6 levels were measured in duplicate by ELISA
kits (R&D Systems, Minneapolis, MN) using HS600 Quantikine and
HSTA50 kits, respectively. Serum levels of CRP were also measured
in duplicate by ELISA based on purified protein and polyclonal anti-
CRP antibodies (Calbiochem, Darmstadt, Germany). The minimal de-
tectable limits for TNF, IL-6, and CRP were 0.18 pg/ml, 0.1 pg/ml,
and 0.007 mg/L, respectively. Reliability was ascertained using a blind
duplicate system, and interassay coefficients of variation for TNF,
IL-6, and CRP assays were 16, 10, and 8%, respectively (see online
supplement).

Demographics, Comorbid Conditions, and
Nutritional Markers

Age, sex, and race were assessed along with a detailed health history
and a medication inventory at the baseline (Year 1) visit. Prevalent
health conditions, such as congestive heart failure, diabetes, coronary
artery disease, hypothyroidism, and smoking, were determined by a
combination of self-report and use of specific medications. Spirometry
was performed approximately 2 wk at baseline during clinic visit with
a horizontal dry rolling seal spirometer to ascertain lung function. FVC
and FEV1 had to meet American Thoracic Society (ATS) criteria for
acceptability and reproducibility (23, 24). Whole body lean mass was
assessed by dual-energy X-ray absorptiometry (Hologic 4500A; Hologic,
Inc., Waltham, MA). Serum albumin was measured using a Vitros chemis-
try kit (Ortho-Clinical Diagnostics, Johnson and Johnson) from plasma
obtained at the Year 1 visit. Reliability was assessed using blind duplicate
system on 5% of samples, and the coefficient of variation was 2%.

Statistical Analysis

Univariate analysis was performed using �2 and t tests to compare
baseline characteristics of participants with and without CAP. A
Wilcoxon test was used to compare levels of inflammatory markers.
Two-tailed p values were used for all analyses. Kaplan-Meier survival
curves and failure plots were plotted to ascertain relationship between
tertiles of inflammatory markers and CAP events (Figure 1). A logistic
regression model was used for multivariable analysis. Model fit was
ascertained by the Hosmer-Lemeshow test. Interaction effects were
also ascertained and reported, if p value was less than 0.05 (see online
supplement).

RESULTS

A cohort of 3,075 well-functioning volunteers, aged 70 to 79 yr,
was monitored prospectively for 6.5 yr. One hundred and sixty-
one (5.2%) participants had at least one hospitalization for CAP

over the ascertainment period. Only 19 participants had more
than one episode of CAP. The median time to onset of the first
CAP event requiring hospitalization was 1,208 d (3.3 yr), and
the last CAP event was recorded 6.3 yr after the baseline visit.

Table 1 compares baseline characteristics of participants
hospitalized at least once to those never hospitalized for CAP.
Participants with CAP were more likely to be males, were current
and past smokers, have higher frequency of coexisting medical
conditions, such as congestive heart failure, coronary heart dis-
ease, diabetes, renal failure, a reduced FEV1, and were more
likely to use oral steroids. Nutritional markers, including weight,
body mass index (BMI), and serum albumin as well as lean body
mass were equally distributed between the two groups. Less than
a third of the participants reported receiving pneumococcal vacci-
nation, and the frequency of pneumococcal vaccination was similar
in participants with and without CAP requiring hospitalization.

TNF, IL-6, and CRP levels measured in blood at the time of
entry into the study (i.e., in the absence of infection) were higher
among participants who experienced subsequent CAP (Table 1).
Median TNF, IL-6, and CRP levels among the 19 participants
with more than one hospitalization for CAP were 3.7 pg/ml,
2.8 pg/ml, and 2.3 mg/L, respectively. A weak correlation was
noted between TNF with IL-6 and CRP, with Spearman correla-
tion coefficients of 0.27 and 0.11, respectively. IL-6 modestly
correlated with CRP and the Spearman correlation coefficient
was 0.44. We estimated risk of each inflammatory marker for
susceptibility to CAP requiring hospitalization after adjusting for
age, race, sex, site, smoking status, coexisting medical conditions,
and oral steroid use (Table 2). TNF and IL-6 levels at the baseline
visit were associated with increased risk of CAP susceptibility,
but CRP levels did not confer higher risk. Although the risk of
CAP increased for every tertile increase in baseline TNF and
IL-6 levels, the results were statistically significant only for the
highest tertiles of TNF and IL-6 levels (Figure 1). In 411 partici-
pants, inflammatory markers were measured approximately a
year apart, and the correlation coefficients were TNF � 0.41,
IL-6 � 0.63, and CRP � 0.66.

TNF and IL-6 were then entered in the model concurrently,
and the risk of CAP was estimated after adjusting for demographic
characteristics and coexisting medical conditions (Table 3).
The highest tertiles of TNF and IL-6 were independent pre-
dictors of CAP susceptibility, and the adjusted odds ratios (ORs)
were 1.6 (1.02–2.7) and 1.7 (1.1–2.8), respectively. Linear dose–
effect relationships between tertiles of TNF and IL-6 and in-
creased risk of CAP were also seen. Although the second tertiles
of both these markers were also associated with higher risk,
the results were not statistically significant. A second logistic
regression model was constructed to ascertain effect of nutri-
tional markers and the association between the highest tertile
of TNF and IL-6, and susceptibility to pneumonia remained
significant and risk estimates remained similar (see online supple-
ment and Table 1).

One hundred and eighty-eight (6.6%) participants reported
having a respiratory tract infection 2 wk before the blood draw.
The median TNF, IL-6, and CRP levels for these participants
were 3.1 pg/ml, 2.3 pg/ml, and 1.9 mg/L, respectively. These 188
participants accounted for only 2.5, 1.8, and 1.8% of subjects in
the highest tertile of TNF, IL-6, and CRP, respectively. The
frequency of CAP among participants reporting respiratory tract
infection and those not reporting a respiratory tract infection
before the blood draw were similar (6.9 vs. 4.9%, respectively;
p � 0.2). The risk of CAP for the highest tertiles of TNF and
IL-6 remained unchanged after excluding these 188 participants
(see online supplement and Table 2).
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Figure 1. Frequency of participants with at least one epi-
sode of community-acquired pneumonia (CAP) requiring
hospitalization stratified by tertiles of tumor necrosis factor
(TNF) and interleukin (IL)-6 levels (Failure plot).

Because the highest tertile of TNF and IL-6 levels were indepen-
dently associated with risk of CAP, we ascertained the combined
effect of these inflammatory markers (Table 4 and Figures 1
and 2). The risk increased substantially for participants with two
versus one baseline inflammatory marker level in the highest
tertile (OR, 2.8 vs. 1.6). Furthermore, the interaction between
TNF and IL-6 levels in the highest tertile and risk of CAP was
also significant (p � 0.01), suggesting a synergistic effect for the
combination.

An exponential relationship was noted between FEV1 and
susceptibility to CAP. Mild or moderate reductions in FEV1

were associated with modest increase in risk of CAP (OR, 1.3
and 1.7, respectively). However, an FEV1 of 50% predicted or
less was associated with the highest risk (OR, 3.6), and remained

an independent predictor of CAP susceptibility. Smoking status
and other coexisting medical conditions, such as coronary heart
disease, congestive heart failure, serum creatinine level of more
than 1.5 g/dl, and diabetes were associated with higher risk of
CAP in the univariate analysis (Tables 1 and 3). However, these
covariates were no longer significant in the multivariable analysis
after adjusting for effects of inflammatory markers.

Finally, we ascertained the role of inflammatory markers in
modifying risk of CAP on the basis of comorbid conditions, such
as congestive heart failure, coronary heart disease, diabetes,
serum creatinine level of more than 1.5 mg/dl, and an FEV1 of
50% predicted or less (Table 4 and Figure 2). Participants with-
out any of these comorbid conditions were associated with a
low incidence of CAP (2.9%), and inflammatory markers did
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TABLE 1. BASELINE CHARACTERISTICS OF COHORT

All Participants Hospitalized for CAP Not Hospitalized for CAP
Variable (n � 3,075) (n � 161) (n � 2,914) p Value

Demographic characteristics
Age 73.6 � 2.9 73.7 � 2.8 73.6 � 2.6 0.5
Sex, % males 48.5 55.9 48.1 0.05
Race, % Blacks 41.7 35.4 42 0.1
Site, % Memphis 50.3 46 51 0.3

Comorbid conditions
Congestive heart failure, % 3.1 6.3 2.9 0.007
Coronary heart disease, % 20.8 30.1 20.3 0.0003
Diabetes, % 15.3 22.6 14.9 0.008
Serum creatinine, mg/dl 1.06 � 0.17 1.17 � 0.5 1.06 � 0.15 0.048
FEV1, % predicted

FEV1 � 80% 70.7 50.9 71.8 � 0.0001
80% � FEV1 � 50% 19.2 24.3 18.9 � 0.0001
FEV1 � 50% 10.1 24.8 9.3 � 0.0001

Hypothyroidism, % 7.4 10.1 7.2 0.4
Smoking
Current 10.4 17.5 10 � 0.0001
Past 45.7 54 45.2
Pack-yr of smoking 19.1 � 28 27.5 � 32 18.6 � 27 � 0.0001

Inflammatory markers*
TNF, pg/ml 3.2 (2.4–4.1) 3.6 (2.7–4.9) 3.2 (2.4–4.1) � 0.0001
IL-6, pg/ml 1.8 (1.3–2.8) 2.6 (1.7–3.5) 1.8 (1.2–2.7) � 0.0001
CRP, mg/L 1.7 (1–3) 2.1 (1.2–3.8) 1.6 (1–3) 0.002

Pneumococcal vaccination, % 29.1 30.1 29 0.8
Nutritional markers

Weight, kg 75.8 � 15 75.5 � 15.1 75.8 � 15 0.8
BMI, kg/m2 27.4 � 4.8 26.9 � 5.8 27.4 � 4.9 0.2
Serum albumin, g/dl 4 � 0.3 4 � 0.4 4 � 0.3 0.5
Lean body mass, kg 47.5 � 10.1 48.4 � 10.1 47.5 � 10.1 0.2

Medications, %
Oral steroids 2.3 5.4 2.1 0.02
Aspirin 37.4 38.3 37.4 0.8

Definition of abbreviations: BMI � body mass index; CAP � community-acquired pneumonia; CRP � C-reactive protein;
TNF � tumor necrosis factor.

Values are expressed as mean � SD.
* Expressed as median with interquartile range.

not confer higher risk to these participants. The frequency of
CAP among participants with one and two or more comorbid
conditions were 7 and 10.7%, respectively. In contrast to partici-
pants with no comorbid conditions, inflammatory markers in-
creased risk of CAP in participants with one or more comorbid
conditions. Again, participants with both inflammatory markers
in the highest tertile experienced the highest risk, whereas those
with at least one inflammatory marker in the highest tertile were
associated with intermediate risk of CAP. The incidence of CAP
for those with two or more comorbid conditions for both inflam-
matory markers in the highest tertile, either in the highest tertile,
and neither in the highest tertile were 18.3, 9.4, and 6%, respec-
tively; whereas for those with only one comorbid condition were
for the same strata 9.7, 8.6, and 4.7%, respectively (Figure 2).
Inflammatory markers also increased risk of CAP, regardless of
smoking status, diabetes, and FEV1.

DISCUSSION

We have shown an association between baseline TNF and IL-6
levels in the systemic circulation of well-functioning elderly indi-
viduals and an increased risk of subsequently developing CAP
requiring hospitalization. These associations were independent
of coexisting medical conditions, smoking status, and steroid
medication use. Furthermore, we have demonstrated a syner-
gistic effect of TNF and IL-6 and risk of CAP. Participants with
the highest tertile of TNF and IL-6 levels had approximately
2.5-fold higher risk of CAP. Although inflammatory markers

are elevated among smokers and in the presence of coexisting
medical conditions, such as diabetes, congestive heart failure,
reduced FEV1, and elevated serum creatinine, preinfection levels
of TNF and IL-6 modified risk of CAP in the presence of these
coexisting medical conditions and smoking status. Participants
with higher CRP levels were associated with higher risk of CAP
in the univariate analysis, but this was not an independent pre-
dictor in the multivariable analysis.

Comorbid conditions, such as diabetes, congestive heart fail-
ure, and reduced FEV1, are associated with increased risk of CAP
as well as elevated systemic inflammatory markers in previous
studies. In our study, these medical conditions were associated
with increased risk of CAP in the univariate analysis, although
only TNF and IL-6 levels as well as percent-predicted FEV1

were associated with CAP susceptibility in the multivariable
analysis. A potential reason for this association in the multivari-
able analysis (Table 3) could be that the inflammatory markers
are a surrogate marker for a participant’s smoking status and
comorbid conditions, and one could argue that a detailed history
of smoking and comorbid conditions should be sufficient to risk-
stratify individuals. Therefore, we analyzed association between
inflammatory markers and risk of CAP stratified by comorbid
conditions (Table 4 and Figure 2). Our stratified analysis suggests
that increased TNF and IL-6 levels are an effect modifier, both
in the presence and absence of individual comorbid conditions,
such as diabetes and a reduced FEV1. To further clarify whether
inflammatory markers modify the risk of CAP independently,
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TABLE 2. ADJUSTED RISK OF SUSCEPTIBILITY TO
COMMUNITY-ACQUIRED PNEUMONIA FOR
LEVELS OF TUMOR NECROSIS FACTOR, INTERLEUKIN 6, AND
C-REACTIVE PROTEIN (LOGISTIC REGRESSION)

Variable OR (95% CI) p Value

TNF, pg/ml
Tertile 3 (median � 4.6, range � 3.7–29.6) 1.9 (1.2–3) 0.02
Tertile 2 (median � 3.2, range � 2.7–3.72) 1.5 (0.95–2.5) 0.5
Tertile 1 (median � 2.2, range � 0.6–2.69) Referent —
Per log (TNF) increase 1.9 (1.2–2.9) 0.003
Per TNF SD increase 1.3 (1.1–1.5) 0.003

IL-6, pg/ml
Tertile 3 (median � 3.5, range � 2.41–16) 1.6 (1.04–2.6) 0.02
Tertile 2 (median � 1.8, range � 1.43–2.4) 1.2 (0.7–1.9) 0.7
Tertile 1 (median � 1.1, range � 0.2–1.42) Referent —
Per log (IL-6) increase 1.4 (1.1–1.9) 0.009
Per IL-6 SD increase 1.3 (1.1–1.5) 0.009

CRP, mg/L
Tertile 3 (median � 3.9, range � 2.5–85.2) 1.2 (0.7–2) 0.6
Tertile 2 (median � 1.7, range � 1.15–2.4) 1.1 (0.7–1.8) 0.9
Tertile 1 (median � 0.9, range � 0.2–1.14) Referent —
Per log (CRP) increase 1.2 (0.9–1.4) 0.2
Per CRP SD increase 1.1 (0.9–1.4) 0.2

Definition of abbreviations: CI � confidence interval; CRP � C-reactive protein;
IL � interleukin; OR � odds ratio; TNF � tumor necrosis factor.

Values adjusted for age, race, sex, site, congestive heart failure, coronary artery
disease, smoking status, diabetes, renal failure, oral steroid use, and FEV1. Each
inflammatory marker was entered in the logistic regression model separately.

we ascertained the associations after combining these comorbid
conditions. Compared with participants without any comorbid
conditions and TNF as well as IL-6 levels in the lowest tertiles,
participants with both markers in the highest tertiles were associ-
ated with a four- and eightfold higher risk of CAP in participants
with one and two or more comorbid conditions, respectively.

TABLE 3. UNADJUSTED AND ADJUSTED RISK OF
SUSCEPTIBILITY TO COMMUNITY-ACQUIRED PNEUMONIA
FOR INFLAMMATORY MARKERS

Unadjusted Adjusted
Variable OR (95% CI) OR (95% CI)

TNF tertile 3 vs. tertile 1 2.1 (1.4–3.3) 1.6 (1.02–2.7)
TNF tertile 2 vs. tertile 1 1.5 (0.9–2.3) 1.4 (0.9–2.2)
IL-6 tertile 3 vs. tertile 1 2.6 (1.6–4) 1.7 (1.1–2.8)
IL-6 tertile 2 vs. tertile 1 1.7 (1.04–2.7) 1.3 (0.8–2.1)
Severity of lung disease

Severe (FEV1 � 50%) 3.8 (2.6–5.7) 3.6 (2.3–5.6)
Moderate (65 � FEV1�50) 2.2 (1.2–4.1) 1.7 (0.8–3.4)
Mild (80 � FEV1 � 65) 1.7 (1.1–2.6) 1.3 (0.8–2.2)

History of coronary artery disease 1.7 (1.2–2.4) 1.2 (0.8–1.7)
History of congestive heart failure 2.2 (1.1–4.4) 1.3 (0.6–2.8)
Serum creatinine � 1.5 mg/dl 2.4 (1.3–4.3) 1.3 (0.7–2.7)
History of diabetes 1.7 (1.1–2.5) 1.3 (0.8–2)
Smoking status, ever smoked vs.

never smoked 1.7 (1.2–2.4) 1.4 (0.97–2.1)
Oral steroid use 2.5 (1.2–5.3) 1.3 (0.5–3.2)
Age, per yr increase 1.01 (0.9–1.1) 1.01 (0.9–1.1)
Sex, males vs. females 1.4 (0.9–1.9) 1.2 (0.8–1.7)
Race, Whites vs. Blacks 1.3 (0.9–1.8) 1.4 (0.9–2.1)
Site, Memphis vs. Pittsburgh 0.8 (0.6–1.1) 0.7 (0.5–1.01)

Definition of abbreviations: CI � confidence interval; IL � interleukin; OR � odds
ratio; TNF � tumor necrosis factor.

Values adjusted for age, race, sex, site, congestive heart failure, coronary artery
disease, smoking status, diabetes, renal failure, oral steroid use, and FEV1. Only
2,674 participants and 139 cases of community-acquired pneumonia included in
the adjusted model due to missing data for exposure variables and covariates. Both
inflammatory markers were entered in the logistic regression model concurrently.

Among participants without any comorbid conditions, the fre-
quencies of CAP among participants without any marker in the
highest tertile, at least one marker in the highest tertile, and
both markers in the highest tertile were 2.3, 3.7, and 7.8%,
respectively. However, due to the low incidence of CAP in parti-
cipants without any comorbid conditions, we did not have ade-
quate power to detect an association in this subgroup. We ob-
served similar results after stratifying our results based on
smoking status. Although inflammatory markers modified risk
of CAP among smokers, the associations were not significant
among participants who never smoked due to low frequency of
events in these groups. These analyses suggest that inflammatory
markers may modify risk of CAP only among smokers or partici-
pants with comorbid conditions.

The results of our study emphasize the role of inflammatory
markers in improving risk stratification rather than a causal role
in the susceptibility to CAP. Numerous mechanisms have been
hypothesized to explain this effect of inflammatory markers (25).
Proinflammatory markers, like TNF, upregulate adherence of
bacteria to human endothelial and alveolar epithelial cells by
increasing expression of receptors that bind to these organisms
(8, 26). This critical step facilitates bacterial entry into the alveo-
lar spaces and the systemic circulation. In addition, systemic
inflammatory markers may also reduce the effectiveness of the
host immune response by impairing alveolar macrophage TNF
production, reducing neutrophil recruitment and phagocytosis
(12). Once bacteria gain access to the systemic circulation, ele-
vated proinflammatory cytokines may increase bacterial growth
(13, 27). Whether these responses are mediated by TNF or IL-6
itself, downstream markers, or IL-10 is an area of ongoing inves-
tigation (28–30). In comparison to TNF and IL-6, CRP was not
associated with CAP susceptibility after adjusting for coexisting
medical conditions. The objective of our study was to ascertain
the role of systemic inflammatory markers in the risk stratifica-
tion, rather than causal mechanisms. The median duration of
CAP after measurement of inflammatory markers was 3.3 yr.
The confirmation of our results in future studies using measure-
ments of inflammatory markers in the months preceding CAP
or measuring levels over time would strengthen the causal role
of preinfection systemic inflammatory markers in increasing risk
of CAP.

Our study also demonstrates an important relationship be-
tween severity of lung disease and increased susceptibility to
CAP. Chronic lung disease or chronic obstructive pulmonary
disease has been identified as a risk factor for CAP in numerous
studies (3, 5, 31). However, pulmonary function tests were sel-
dom performed in these studies. Self-report often underesti-
mates underlying lung dysfunction in elderly individuals (32).
Spirometry results that met ATS criteria for acceptability and
reproducibility were available in 93% of subjects in our study.
The relation between FEV1 and risk of CAP is not linear, but
rather exponential. Mild (80 � FEV1 � 65% predicted) or mod-
erate lung disease (50 � FEV1 � 65% predicted) increased
risk of CAP modestly and these results were not statistically
significant. In comparison, participants with an FEV1 of 50%
predicted or less were associated with a 3.5-fold higher risk.

Various nutritional markers have been studied in CAP sus-
ceptibility, including BMI, serum albumin, arm muscle area,
and triceps skin-fold thickness (5, 31). Compared with previous
studies, BMI and serum albumin did not predict CAP susceptibility
in our study (3–5). We attempted to identify various cutoffs of
BMI or serum albumin, but neither subgroup was associated
with higher risk. Nutritional factors are probably important in
the susceptibility to CAP, but these measurements were obtained
approximately 3 yr before the hospitalization for CAP in our
study. Measurements in the months preceding hospitalization
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TABLE 4. ADJUSTED RISK ACCORDING TO NUMBER OF INFLAMMATORY MARKERS IN THE
HIGHEST TERTILE FOR ALL PARTICIPANTS AND STRATIFIED BY FEV1, SMOKING STATUS, AND
COMORBID CONDITIONS

At Least One
Neither Inflammatory Inflammatory Marker Both Inflammatory

Variable Marker in Tertile 3 in Tertile 3 Markers in Tertile 3

All participants Referent 1.6 (1.1–2.3) 2.8 (1.8–4.3)†

Stratified by FEV1

FEV1 � 50% (n � 269)* 2.8 (1.3–6.4) 6.3 (3.3–11.9) 6.8 (2.9–16)
FEV1� 50% (n � 1,949) Referent 1.4 (0.8–2.3) 2.5 (1.4–4.7)

Stratified by smoking status
Ever smoked (n � 1,140)* 1.1 (0.6–2.2) 2.7 (1.5–5) 3.5 (1.7–7.1)
Never smoked (n � 1,015) Referent 0.9 (0.4–2.1) 2.2 (0.9–5.4)

Stratified by diabetes
Diabetes (n � 313)* 1.4 (0.5–3.6) 2.2 (1–4.7) 5.2 (2.4–11.7)
No diabetes (n � 1,846) Referent 1.8 (1.1–3) 2.4 (1.3–4.5)

Stratified by comorbid conditions
Two or more comorbid conditions (n � 234)* 2.5 (0.8–7.6) 4 (1.8–8.9) 8.1 (3.6–18.1)
One comorbid conditions (n � 627) 1.9 (0.9–3.9) 3.6 (1.9–6.9) 4 (1.8–9.1)
No comorbid conditions (n � 1,298) Referent 1.3 (0.7–2.7) 1.6 (0.6–4.5)

Values adjusted for age, race, sex, and site. Comorbid conditions include history of congestive heart failure, coronary artery
disease, FEV1 � 50% predicted, serum creatinine � 1.5mg/dl, and diabetes.

* Numbers do not add to 3,075 due to missing data for inflammatory marker or covariates.
† p Value for the interaction between risk of community-acquired pneumonia for tumor necrosis factor (TNF) tertile 3, interleukin

(IL)-6 tertile 3, and the combination of TNF and IL-6 in tertile 3 was 0.01.

Figure 2. Frequency of CAP for all participants and stratified by FEV1,
smoking status, history of diabetes, and comorbid conditions. Comorbid
conditions include history of congestive heart failure, coronary heart
disease, diabetes, serum creatinine levels greater than 1.5 mg/dl, and
FEV1 of 50% predicted or less. Dark gray bars, both inflammatory markers
in tertile 3; light gray bars, at least one inflammatory marker in tertile 3;
white bars, none of the inflammatory markers in tertile 3.

or changes in these measures over time may more accurately
reflect risk of nutritional markers.

Our study has limitations. First, we adjusted for common
comorbid conditions that are associated with susceptibility to
CAP. However, residual confounding due to unmeasured co-
morbidities cannot be excluded. Second, the role of a single
cytokine measurement in risk stratification is unclear. The corre-
lation coefficients for inflammatory markers measured a year
apart in our study were modest and consistent with previous
studies (33–35). The lack of correlation would tend to make the
associations weaker than if multiple measures were available,
referred to as regression-dilution bias. Cytokines may also fluc-
tuate with episodes of infection, after the initial measurement,
and thereby misclassify individuals. However, this would tend
to move the estimate toward the null. Another source of variabil-
ity in circulating cytokine levels could be genetic variation, and
polymorphisms within the TNF and IL-6 genes are associated
with differences in systemic levels of these cytokines. Whether
these cytokine gene polymorphisms are associated with suscepti-
bility to CAP is currently under investigation. Third, we did not
adjust for multiple comparisons. We ran three models to adjust
for potential confounders and avoid overfitting any individual
model. The lower limits of the confidence intervals for TNF was
1.02 in the adjusted analyses and may represent type I error.
However, the adjusted risk of CAP for the highest tertiles of
TNF and IL-6 remained consistent across each of these models.

In conclusion, comorbid conditions are important predictors
of susceptibility to CAP. In particular, an FEV1 reduced to 50%
of predicted or less is a strong risk factor for CAP requiring
hospitalization in the elderly. Inflammatory markers do not mod-
ify risk of CAP in the absence of comorbid conditions. However,
in the presence of these comorbid conditions, elevated baseline
levels of TNF and IL-6 in the systemic circulation, in the absence
of ongoing infection, may modify risk of CAP, particularly in
combination and at the highest tertile (TNF � 3.7 and IL-6 �
2.4 pg/ml). Once measured, the predictive value of these markers
for high risk of developing CAP extended for more than 5 yr
and thus may improve risk stratification in the elderly.
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