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fibrinogen, compared with individuals with normal lung func-
tion.12,13 The cardiovascular risk of subjects with low spiromet-
ric parameters significantly differs based on systemic inflam-
mation level,1,5 suggesting an interplay of systemic inflammation 
with reduced lung function in the development of cardiovas-
cular events.

Although several studies have evaluated the association 
between lung function and cardiovascular events, evidence of 
a link between lung function, systemic inflammation, and car-
diovascular mortality is still limited. In this study, we explored 
whether decline in lung function, as measured by FVC percent 
predicted (FVC% pred) and FEV1 percent predicted (FEV1% 
pred), is a predictor of mortality due to CVD or CAD, and, if 
this hypothesis is correct, whether CRP, a systemic inflamma-
tory marker, is responsible for this association in a general 
population-based cohort.

Methods
Subjects
We used the Third Nutrition and Health Examination Survey 
(NHANES III) database14 and the NHANES III Linked Mortality 

ung function decline is a significant predictor of adverse 
cardiovascular events. Many epidemiologic studies 
have demonstrated that poor lung function, as indicat-

ed by a low forced expiratory volume in 1 s (FEV1) and forced 
vital capacity (FVC), is associated with an increased risk of 
coronary artery disease (CAD), stroke, and cardiovascular 
death.1–7 This risk is independent of cigarette smoking,3,8,9 which 
is a shared risk factor for lung function and cardiovascular 
disease (CVD).8,9 Moreover, lung function parameters are a 
powerful predictor of cardiovascular mortality compared with 
socioeconomic position, cardiovascular risk factors (ie, serum 
cholesterol and blood pressure),7,10 and Framingham risk score 
alone.11
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The exact mechanisms responsible for the association be-
tween lung function and cardiovascular risk remain unclear. 
Low-grade systemic inflammation, however, has been identi-
fied as a plausible mechanistic pathway.1,5,10 Subjects with a 
reduced FEV1 or FVC have elevated levels of circulating in-
flammatory markers, such as C-reactive protein (CRP) and 

L

Received March 11, 2014; revised manuscript received May 13, 2014; accepted May 14, 2014; released online June 30, 2014    Time for 
primary review: 13 days

Department of Occupational and Environmental Medicine, Ajou University School of Medicine, Suwon (K.-b.M.); Institute of Health and 
Environment, Seoul National University, Seoul (J.-y.M.), Korea

Mailing address:  Jin-young Min, PhD, Institute of Health and Environment, School of Public Health, Seoul National University, 599 
Gwanak, Gwanak-ro, Gwanak-gu, Seoul, 151-742, Republic of Korea.    E-mail: yaemin00@snu.ac.kr

ISSN-1346-9843    doi: 10.1253/circj.CJ-14-0308
All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: cj@j-circ.or.jp

Reduced Lung Function, C-Reactive Protein, and Increased 
Risk of Cardiovascular Mortality
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Background:  We explored whether reduced lung function is a predictor of mortality due to cardiovascular or coro-
nary artery disease (CVD or CAD), and, if this hypothesis is correct, whether C-reactive protein (CRP), a systemic 
inflammatory marker, is responsible for this association in a general population-based cohort.

Methods and Results:  We used the Third Nutrition and Health Examination Survey (NHANES III) database and 
the NHANES III Linked Mortality File. A total of 13,310 participants ≥20 years of age who completed a spirometric 
test at baseline examination were included. On comparison of the participants in the lowest forced vital capacity 
percent predicted (FVC% pred) quartile with those in the highest quartile, the hazard ratio (HR) was 2.1 (95% CI: 
1.7–2.6) for cardiovascular mortality and 2.2 (95% CI: 1.6–3.2) for coronary mortality. A similar association was 
observed for forced expiratory volume in 1 s percent predicted (FEV1% pred). When the participants with the highest 
FVC% pred or FEV1% pred (Q4) and low CRP (≤0.22 mg/dl) were defined as the reference group, the adjusted HR 
for cardiovascular mortality was significantly increased in the individuals with the lowest spirometric volume (Q1), 
and the risk was prominent in individuals with high CRP (>0.22 mg/dl).

Conclusions:  There is a significant association between lung function parameters and death from CVD and CAD 
in the general population.    (Circ J  2014; 78: 2309 – 2316)
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cohort analysis in the present study was thus based on 13,310 
NHANES III participants.

NHANES is a publicly released dataset, so we did not 
need informed consent to use this dataset. This study was ex-
empt from the Institutional Review Board approval of Ajou 
University Hospital.

Baseline Data Collection
The participants were interviewed in NHANES III to obtain 
information on age (20–29, 30–39, 40–49, 50–59, 60–69, or 
70+ years), gender (male or female), race/ethnicity (white, black, 
Hispanic, or other), education (less than high school, high school 
graduate, or college or more), and smoking status (current, for-
mer, or never). Regarding disease history, hypertension was 
defined as systolic blood pressure ≥140 mmHg and diastolic 
blood pressure ≥90 mmHg, anti-hypertensive drug use, or prior 
physician diagnosis of hypertension. Hyper-cholesterolemia 
was defined as serum total cholesterol level ≥6.19 mmol/L, cur-
rent medication use, or self-reported diagnosis by a physician. 

File, which was a mortality follow-up study that matched the 
NHANES III records with data available in the National Death 
Index as of 31 December 2006. The date and cause of death in 
the National Death Index were derived from death certifi-
cates.15

NHANES III is based on a complex multistage probability 
sampling design. Appropriate sampling weights are needed to 
estimate prevalence, means, medians, and other statistics. The 
sampling weights are used to produce correct population esti-
mates because each sampled person does not have an equal 
probability of selection. The sampling weights incorporate the 
differential probabilities of selection and include adjustments 
for non-coverage and non-response.14

We initially included 14,994 study participants who were 
aged ≥20 years and who successfully completed a spirometric 
test at the time of examination. From this sample, 665 partici-
pants were excluded because they had a history of heart attack 
or cerebrovascular disease. We also excluded 1,019 participants 
who had missing variables for cardiovascular risk factors. The 

Table 1.  Baseline Characteristics vs. FVC% Pred and FEV1% Pred

%FVC pred

Q1  
(≤89.49)

Q2  
(89.50–98.86)

Q3  
(98.87–108.00)

Q4  
(≥108.01) P-value†

Age (years)

    20–29 507±16.9 856±28.6 874±29.2 758±25.3 <0.0001

    30–39 488±17.4 752±26.8 811±28.9 757±27.0

    40–49 506±23.2 564±25.9 593±27.2 517±23.7

    50–59 484±32.3 386±25.7 334±22.3 297±19.8

    60–69 594±33.5 408±23.0 343±19.4 426±24.1

    ≥70 635±30.7 385±18.6 417±20.2 632±30.6

Gender

    Male 1,442 (23.4) 1,659 (26.9) 1,539 (24.9) 1,536 (24.9) 　0.0004

    Female 1,772 (24.8) 1,692 (23.7) 1,833 (25.6) 1,851 (25.9)

Race/Ethnicity

    White 1,524 (26.6) 1,448 (25.3) 1,442 (25.2) 1,318 (23.0) <0.0001

    Black    892 (23.8)    870 (23.2)    912 (24.3)  1077 (28.7)

    Hispanic    798 (20.8) 1,033 (26.9) 1,018 (26.5)    992 (25.8)

Education

    Less than high school    864 (29.0)    658 (22.1)    648 (21.7)    812 (27.2) <0.0001

    High school 1,575 (24.5) 1,650 (25.7) 1,671 (26.0) 1,523 (23.7)

    College or more    775 (19.8) 1,043 (26.6) 1,053 (26.8) 1,052 (26.8)

Cigarette smoking

    Current smoker    902 (25.6)    933 (26.5)    907 (25.7)    782 (22.2) <0.0001

    Former smoker    855 (26.5)    720 (22.4)    783 (24.3)    863 (26.8)

    Never smoker 1,457 (22.2) 1,698 (25.8) 1,682 (25.6) 1,742 (26.5)

History of disease

    Hypertension 1,288 (33.4)    872 (22.6)    828 (21.5)    870 (22.6) <0.0001

    Dyslipidemia 1,070 (27.3)    964 (24.6)    921 (23.5)    959 (24.5) <0.0001

    Diabetes    542 (40.3)    330 (24.6)    257 (19.1)    215 (16.0) <0.0001

    Asthma    283 (32.5)    205 (23.5)    190 (21.8)    194 (22.3) <0.0001

    COPD    340 (40.1)    190 (22.4)    169 (19.9)    150 (17.7) <0.0001

Height (cm) 166.1±0.3　　　　　 167.5±0.3　　　　　 166.7±0.3　　　　　 166.2±0.3　　　　　 <0.0001

BMI (kg/m2) 28.1±0.2　　　 27.2±0.2　　　 26.8±0.2　　　 26.6±0.2　　　 <0.0001

TC (mg/dl) 209.6±1.6　　　　　 203.6±1.5　　　　　 203.8±1.5　　　　　 204.3±1.5　　　　　 <0.0001

CRP (mg/dl) 0.6±0.0　 0.5±0.0　 0.4±0.0　 0.4±0.0　 <0.0001

Serum ferritin (ng/ml) 146.5±5.5　　　　　 136.1±5.3　　　　　 124.4±4.5　　　　　 124.9±4.5　　　　　 <0.0001

(Table 1 continued the next page.)
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(ICD-10) was used for deaths occurring from 1999 through 
2000. The underlying causes of death were grouped according 
to the coding system of the National Center for Health Statis-
tics, and all deaths from 1988–1998 that were coded under the 
ICD-9 Clinical Modification guidelines were replaced by the 
ICD-10 underlying causes of death.16 In addition to all-cause 
mortality, we studied the following specific causes of death: 
CVD (ICD-10 code I00–I99) and CAD (ICD-10 code I20–
I25).

Lung Function Test
Lung function testing (spirometry) was preformed according 
to the 1987 American Thoracic Society recommendations.17 A 
more detailed description is available in the Hankinson et al 
study.18 Briefly, using screening questions, participants who 
had undergone chest or abdominal surgery within 3 weeks or 
had experienced heart problems (myocardial infarction or heart 
attack, angina or chest pain, or congestive heart failure) were 
excluded from testing. Body measurements were taken, in-

Diabetes was defined as fasting plasma glucose ≥6.99 mmol/L, 
non-fasting plasma glucose ≥11.1 mmol/L, current insulin use, 
or prior physician diagnosis of diabetes. History of respiratory 
disease included asthma or chronic obstructive pulmonary dis-
ease (COPD) based on prior physician diagnosis. Anthropo-
metric variables included height in centimeters and body mass 
index (BMI), which was calculated by dividing weight in ki-
lograms by height in meters squared. Total cholesterol (mg/dl), 
CRP (mg/dl), and ferritin were included as biomarkers of mor-
tality risk and were treated as continuous variables.

In addition, because most participants (56%) had CRP below 
the lowest detectable level of 0.22 mg/dl, CRP was catego-
rized into 2 subgroups: low CRP (≤0.22 mg/dl) and high CRP 
(>0.22 mg/dl).

Mortality Follow-up
The International Classification of Diseases, 9th Revision 
(ICD-9) was used for deaths occurring from 1988 through 1998, 
and International Classification of Diseases, 10th Revision 

%FEV1 pred

Q1  
(≤86.84)

Q2  
(86.85–97.16)

Q3  
(97.17–106.74)

Q4  
(≥106.75) P-value†

Age (years)

    20–29 444±14.8 860±28.7 926±30.9 765±25.5 <0.0001

    30–39 443±15.8 766±27.3 845±30.1 754±26.9

    40–49 467±21.4 611±28.0 581±26.7 521±23.9

    50–59 534±35.6 368±24.5 319±21.3 280±18.7

    60–69 641±36.2 389±22.0 328±18.5 413±23.3

    ≥70 680±32.9 372±18.0 382±18.5 635±30.7

Gender

    Male 1,550 (25.1) 1,646 (26.7) 1,514 (24.5) 1,466 (23.7) <0.0001

    Female 1,659 (23.2) 1,720 (24.1) 1,867 (26.1) 1,902 (26.6)

Race/Ethnicity

    White 1,599 (27.9) 1,423 (24.8) 1,405 (24.5) 1,305 (22.8) <0.0001

    Black    900 (24.0)    913 (24.3)    856 (22.8) 1,082 (28.9)

    Hispanic    710 (18.5) 1,030 (26.8) 1,120 (29.2)    981 (25.5)

Education

    Less than high school    873 (29.3)    672 (22.5)    677 (22.7)    760 (25.5) <0.0001

    High school 1,586 (24.7) 1,690 (26.3) 1,613 (25.1) 1,530 (23.8)

    College or more    750 (19.1) 1,004 (25.6) 1,091 (27.8) 1,078 (27.5)

Cigarette smoking

    Current smoker 1,074 (30.5)    978 (27.8)    818 (23.2)    654 (18.6) <0.0001

    Former smoker    922 (28.6)    732 (22.7)    769 (23.9)    798 (24.8)

    Never smoker 1,213 (18.4) 1,656 (25.2) 1,794 (27.3) 1,916 (29.1)

History of disease

    Hypertension 1,303 (33.8)    864 (22.4)    798 (20.7)    893 (23.2) <0.0001

    Dyslipidemia 1,081 (27.6)    958 (24.5)    908 (23.2)    967 (24.7) <0.0001

    Diabetes    475 (35.3)    346 (25.7)    285 (21.2)    238 (17.7) <0.0001

    Asthma    394 (45.2)    215 (24.7)    143 (16.4)    120 (13.8) <0.0001

    COPD    423 (49.8)    175 (20.6)    137 (16.1)    114 (13.4) <0.0001

Height (cm) 166.9±0.3　　　　　 167.7±0.3　　　　　 166.4±0.3　　　　　 165.6±0.3　　　　　 <0.0001

BMI (kg/m2) 27.8±0.2　　　 27.2±0.2　　　 26.9±0.2　　　 26.8±0.2　　　 <0.0001

TC (mg/dl) 210.2±1.6　　　　　 203.6±1.5　　　　　 202.8±1.5　　　　　 204.8±1.5　　　　　 <0.0001

CRP (mg/dl) 0.6±0.0　 0.5±0.0　 0.4±0.0　 0.4±0.0　 <0.0001

Serum ferritin (ng/ml) 147.7±5.7　　　　　 136.4±5.1　　　　　 124.3±4.6　　　　　 123.6±4.4　　　　　 <0.0001

Data given as n (%) or mean±SE. †Chi-squared test for categorical variables and ANOVA for continuous variables.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; FEV1% pred, forced expiratory volume in 1 s 
percent predicted; FVC% pred, forced vital capacity percent predicted; TC, total cholesterol.
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To further assess whether CRP contributed to the association 
between lung function and mortality, we divided CRP into 2 
subgroups, low CRP (≤0.22 mg/dl) and high CRP (>0.22 mg/dl), 
based on the detection limit. HR was calculated for the ex-
treme quartiles (Q1) of each FVC% pred and FEV1% pred in 
relation to CRP level, by classifying participants with the high-
est spirometric parameters (Q4) and low CRP as the reference 
group. The model was adjusted for age, gender, race/ethnicity, 
education, smoking, history of CVD or respiratory disease, 
height, BMI, and total cholesterol.

Results
Table 1 lists the frequency (%) and mean ± SE for FVC% pred 
and FEV1% pred, grouped by subject baseline characteristics. 
Significant trends in all characteristics were observed for both 
quartiles of FVC% pred and FEV1% pred (P<0.05 for trend). 
Specifically, participants with the lowest FVC% pred or 
FEV1% pred were more likely to be older, female, white, and 
have less than high school education. These participants had 
also a history of disease (ie, hypertension, dyslipidemia, dia-
betes, asthma, and COPD) and elevated BMI, total cholesterol, 
CRP, and serum ferritin. In this sample, the overall prevalence 
was 9.2% (n=1,224) for CVD mortality and 4.9% (n=657) for 
CAD mortality. The subject baseline characteristics with and 
without CVD or CAD mortality are provided in Table S1.

Table 2 lists age- and gender-standardized mortality and 
the HR (95% CI) for mortality from CVD and CAD based on 
the quartile of the spirometric volume at baseline. CVD and 
CAD mortality was the highest in the lowest quartile (Q1), and 
the mortality rate gradually decreased as the quartiles increased. 
On comparison of the participants in the lowest FVC% pred 
quartile with the individuals in the highest quartile, the ad-
justed HR was 2.1 (95% CI: 1.7–2.6) for cardiovascular mor-
tality and 2.2 (95% CI: 1.6–3.2) for coronary mortality, after 
adjusting for CVD risk factors, including smoking, CVD his-
tory (ie, hypertension, dyslipidemia, and diabetes), BMI, total 
cholesterol, CRP, and ferritin level. The risk significantly in-
creased, even in response to a small reduction (ie, Q2 and Q3) 
in FVC% pred. For FEV1% pred, the corresponding HR were 

cluding standing height, weight, and sitting height. The testing 
procedure was explained to and demonstrated for each exam-
inee by a spirometry technician.

A testing session consisted of repeated FVC maneuvers. The 
technicians were instructed to obtain between 5 and 8 maneu-
vers, ensuring that the subject produced the highest possible 
peak flows and that maximum exhalation continued for at least 
6 s until there was a plateau in the volume-time curve. At the 
completion of each maneuver, a display was provided of all 
flow-volume curves: FVC; FEV1; peak expiratory flow; expi-
ratory time; and percentage difference between each FVC, 
FEV1, and peak expiratory flow and the corresponding largest 
value. To classify test reliability, 2 senior quality technicians 
at the spirometry quality control center reviewed all tests.19

Statistical Analysis
To account for the complex sampling design, the weighted es-
timates of the population parameters were computed using the 
NHANES Analytic and Reporting Guidelines. All analysis 
was done using PROC SURVEY in SAS 9.2 (SAS Institute, 
Cary, NC, USA) and R (R Foundation for Statistical Computing, 
Vienna, Austria). Statistical significance level was set at α=0.05 
(2-sided).

We used the largest FVC and FEV1 and derived FVC% 
pred and FEV1% pred using the Hankinson et al equation.18 
Overall risk analysis for CVD and CAD mortality involved 
calculating the quartiles of each FVC% pred and FEV1% pred. 
Cox proportional hazards regression was used in the multi-
variate analysis of mortality, and the hazard ratios (HR) and 
95% confidence intervals (95% CI) of the outcome variables 
for participants in the first (Q1), second (Q2), and third (Q3) 
quartiles were calculated relative to the fourth (Q4) quartile of 
each FVC% pred and FEV1% pred. The model was adjusted 
for age, gender, race/ethnicity, and education. Additional ad-
justment was conducted for smoking, a history of disease (hy-
pertension, dyslipidemia, diabetes, asthma, or COPD), height, 
BMI, total cholesterol, and CRP level. Adjusted Kaplan-Meier 
estimates, stratified by quartiles of spirometric volume, for car-
diovascular and coronary mortality were determined and are 
presented as event curves.

Table 2.  Mortality According to FVC% Pred and FEV1% Pred

CVD mortality CAD mortality

Standardized 
mortality (%)†

Model I Model II
Standardized 
mortality (%)†

Model I Model II

Adjusted HR  
(95% CI)

Adjusted HR  
(95% CI)

Adjusted HR  
(95% CI)

Adjusted HR  
(95% CI)

FVC% pred

    Q1 (≤89.49) 11.2 (10.2–12.1) 2.6 (2.1–3.2) 2.1 (1.7–2.6) 6.0 (5.3–6.7) 2.8 (2.0–3.8) 2.2 (1.6–3.2)

    Q2 (89.50–98.86) 7.6 (6.7–8.6)　　 1.6 (1.3–2.0) 1.6 (1.3–1.9) 4.6 (3.9–5.3) 1.9 (1.4–2.7) 1.8 (1.2–2.5)

    Q3 (98.87–108.00) 6.9 (6.1–7.8)　　 1.5 (1.2–1.9) 1.4 (1.2–1.8) 4.0 (3.4–4.7) 1.5(1.0–2.1) 1.4 (1.0–2.1)

    Q4 (≥108.01) 6.2 (5.5–6.8)　　 Reference Reference 3.3 (2.8–3.8) Reference Reference

    P-trend <0.0001 <0.0001 <0.0001 <0.0001

FEV1% pred

    Q1 (≤86.84) 10.4 (9.5–11.3)　　 2.2 (1.8–2.6) 1.7 (1.4–2.1) 5.6 (5.0–6.3) 2.2 (1.7–3.0) 1.8 (1.4–2.4)

    Q2 (86.85–97.16) 7.6 (6.6–8.5)　　 1.4 (1.1–1.7) 1.2 (0.9–1.6) 4.3 (3.6–5.0) 1.5 (1.1–2.1) 1.4 (1.0–2.0)

    Q3 (97.17–106.74) 7.3 (6.4–8.2)　　 1.3 (1.0–1.6) 1.2 (1.0–1.5) 4.1 (3.4–4.7) 1.3 (0.9–1.9) 1.3 (0.9–1.9)

    Q4 (≥106.75) 6.6 (5.9–7.3)　　 Reference Reference 3.8 (3.3–4.3) Reference Reference

    P-trend <0.0001 <0.0001 <0.0001 0.0023

†Age- and gender-standardized mortality from CVD and CAD. Model I was adjusted for age, sex, race/ethnicity, and education. Model II was 
further adjusted for smoking, history of disease (hypertension, dyslipidemia, diabetes, asthma, or chronic obstructive pulmonary disease), 
height, BMI, TC, CRP, and ferritin.
CAD, coronary artery disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio. Other abbreviations as in Table 1.
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between lung function and mortality from CVD and CAD.
Table 3 lists the distribution of CVD and CAD mortality by 

combination of FVC% pred and FEV1% pred. Lung function 
was categorized into 4 groups: normal FVC and normal FEV1 
(FVC% pred ≥80, FEV1% pred ≥80); normal FVC and low 
FEV1 (FVC% pred ≥80, FEV1% pred <80); low FVC and 
normal FEV1 (FVC% pred <80, FEV1% pred ≥80); and low 
FVC and low FEV1 (FVC% pred <80, FEV1% pred <80). As 

1.7 (95% CI: 1.4–2.1) for cardiovascular mortality and 1.8 (95% 
CI: 1.4–2.4) for coronary mortality. Significant overall trends 
in risk were observed for both FVC% pred and FEV1% pred 
(P<0.05 for trend). In addition, subgroup analyses were con-
ducted based on ever smoking (former and current smokers), 
age (<65 years or ≥65 years) and sex (Tables S2–S4). Except 
for the FEV1% pred related to CVD and CAD mortality among 
adults (<65 years), there was an overall significant association 

Table 3.  Lung Function Pattern and Mortality

Lung function
CVD mortality CAD mortality

No. events  
(%)

Adjusted HR†  
(95% CI)

No. events  
(%)

Adjusted HR†  
(95% CI)

Normal FVC and FEV1 (FVC1% ≥80, FEV1% ≥80) 825 (7.4)　　 Reference 448 (4.0)　　 Reference

Normal FVC and low FEV1 (FVC1% ≥80, FEV1% <80) 119 (15.0) 1.4 (0.9–2.0) 57 (7.2) 1.1 (0.6–2.0)

Low FVC and normal FEV1 (FVC1% <80, FEV1% ≥80)   55 (18.8) 2.8 (1.5–5.2)   31 (10.6) 3.8 (1.9–7.8)

Low FVC and low FEV1 (FVC1% <80, FEV1% <80) 225 (21.5) 2.1 (1.5–2.8) 121 (11.6) 2.1 (1.3–3.2)

†Adjusted for age, sex, race/ethnicity, smoking, education, the history of disease, height, BMI, TC, CRP, and ferritin.
Abbreviations as in Tables 1,2.

Figure.    Cumulative (A,C) cardiovascular and (B,D) coronary artery disease mortality for extreme forced vital capacity percent 
predicted (FVC% pred) or forced expiratory volume in 1 s percent predicted (FEV1% pred) quartiles and C-reactive protein (CRP). 
( ) High CRP (>0.22 mg/dl); ( ) low CRP (≤0.22 mg/dl).
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The participants with the lowest FVC% pred or FEV1% pred 
(Q1) at baseline had a nearly 2-fold increased risk of CVD and 
CAD mortality compared with individuals with the highest 
baseline FVC% pred or FEV1% pred (Q4). After adjusting for 
cardiovascular risk factors (ie, smoking, hypertension, diabetes, 
and systemic inflammatory markers), the HR remained sig-
nificant and was dose responsive (P<0.05 for trend; Table 4). 
Subgroup analyses based on ever smoking (former and current 
smokers), age (<65 years and ≥65 years), and sex also indi-
cated a robust association between lung function and mortal-
ity risk. In addition, the cardiovascular risk differed when the 
CRP was stratified as low (≤0.22 mg/dl) or high (>0.22 mg/dl). 
CRP level increased cardiovascular mortality risk, and the risk 
increases were prominent among the subjects with the lowest 
spirometric data.

The present findings reinforce existing evidence of an as-
sociation between lung function and cardiovascular mortality. 
Many studies, from epidemiologic studies to systematic reviews, 
have shown that reduced lung function, even a relatively mod-
est reduction, significantly predicts cardiovascular mortality 
over short- and long-term follow-up periods.4–7,9 The current 
study also showed significant trends of increasing risk with 
diminishing spirometric volumes. Compared with the highest 
spirometric volumes (Q4), participants in the lowest quartile 
(Q1) had an increased risk of CVD (HR, 2.1; 95% CI: 1.7–2.6) 
for FVC% pred; HR, 1.7, 95% CI: 1.4–2.1 for FEV1% pred). 
The increased risks were present not only in the participants 
with the worst spirometric parameters but also in those indi-
viduals with a moderate reduction. A significant increase in 
CAD mortality was of particular interest. Few studies have 
focused on reduced lung function as a predictor of CAD or 
death.3,4,6,7,20 From a longitudinal study of the Renfrew and 
Paisley survey, Hole et al found that subjects with the lowest 
FEV1% pred had a nearly 2-fold increased risk of ischemic 
heart disease mortality.7 Schünemann et al examined whether 
lung function remained a significant predictor of mortality 
over 25 years using data from the Buffalo Health Study.4 For 
the entire follow-up period, the adjusted HR for ischemic heart 
disease were 2.11 (95% CI: 1.20–3.71) for men and 1.96 (95% 
CI: 0.99–3.88) for women. These observations were similar to 

expected, participants with normal lung function had the low-
est prevalence of mortality. Regarding the mortality from CVD 
and CAD, the participants with low FVC and low FEV1 had 
the highest prevalence of mortality (21.5% and 11.6%, respec-
tively), followed by those with low FVC and normal FEV1 
(18.8% and 10.6%, respectively). Adjusted HR for CVD and 
CAD mortality were significantly increased in individuals 
who had low FVC and normal FEV1 (CVD: HR, 2.8; 95% CI: 
1.5–5.2; CAD: HR, 3.8; 95% CI: 1.9–7.8) or who had low 
FVC and FEV1 (CVD: HR, 2.1; 95% CI: 1.5–2.8; CAD: HR, 
2.1; 95% CI: 1.3–3.2) compared with those with normal lung 
function. Subjects with normal FVC and low FEV1, however, 
were not associated with that mortality risk.

We further investigated the association between lung func-
tion and cardiovascular mortality by assessing CRP level. Figure 
presents the cumulative mortality from CVD and CAD in the 
extreme quartiles of FVC% pred and FEV1% pred, by classi-
fying individuals based on whether they had high (>0.22 mg/dl) 
or low (≤0.22 mg/dl) CRP. Participants with the lowest spiro-
metric volume and high CRP had the highest cumulative risk, 
and the risk was nearly 15% and 7–8% for CVD and CAD, 
respectively.

Table 4 lists the HR for mortality in the extreme quartiles 
of lung volume in relation to CRP level, after adjusting for 
potential risk factors. When participants with the highest spi-
rometric parameters (Q4) and low CRP were defined as the 
reference group, the adjusted HR for cardiovascular mortality 
significantly increased in individuals with the lowest FVC% 
pred or FEV1% pred (Q1), and the risk was prominent in sub-
jects with high CRP. A similar pattern was observed for CAD 
mortality. Individuals who had the lowest spirometric param-
eters (Q1) and >0.22 mg/dl CRP simultaneously had the high-
est HR for FVC% pred and for FEV1% pred: HR, 2.4 (95% 
CI: 1.5–3.7), and HR, 2.3 (95% CI: 1.6–3.3), respectively.

Discussion
In this prospective cohort study of a representative sample of 
the US population, we found that reduced lung function was 
significantly associated with cardiovascular mortality in adults. 

Table 4.  Mortality According to Extremes of Lung Volume and CRP

CVD mortality CAD mortality

No. events (%) Adjusted HR† (95% CI) No. events (%) Adjusted HR† (95% CI)

FVC% pred

    Lowest (Q1)

        High CRP 16.4 2.5 (1.9–3.3) 8.5 2.4 (1.5–3.7)

        Low CRP 13.3 1.9 (1.5–2.4) 7.1 2.0 (1.4–2.7)

    Highest (Q4)

        High CRP 10.5 0.9 (0.7–1.3) 4.9 0.9 (0.6–1.2)

        Low CRP   7.7 Reference 4.2 Reference

FEV1% pred

    Lowest (Q1)

        High CRP 15.8 2.2 (1.8–2.8) 7.9 2.3 (1.6–3.3)

        Low CRP 13.5 1.7 (1.4–2.2) 7.5 1.9 (1.4–2.6)

    Highest (Q1)

        High CRP 11.9 1.3 (1.0–1.6) 6.4 1.2 (0.9–1.8)

        Low CRP   7.9 Reference 4.3 Reference

†Adjusted for age, sex, race/ethnicity, education, smoking, history of disease (hypertension, dyslipidemia, diabetes, 
asthma, or chronic obstructive pulmonary disease), height, BMI, and TC. High CRP, >0.22 mg/dl; low CRP, ≤0.22 mg/dl.
Abbreviations as in Tables 1,2.
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results. We found that cumulative mortality from CVD and 
CAD increased as lung function decreased and that CRP was 
elevated. High CRP significantly increased HR among sub-
jects with the lowest FVC% pred or FEV1% pred (Table 4). 
These findings suggest an important role for systemic inflam-
mation in the link between poor lung function and cardiovas-
cular risk.

Establishing whether reduced lung function elicits systemic 
inflammation or whether increased systemic inflammation 
leads to a decline in lung function is difficult. The present re-
sults suggest that reduced lung function is responsible for 
systemic inflammation. An experimental study by Suwa et al 
provided evidence supporting this hypothesis.36 The inhalation 
of fine particulate matter in hyperlipidemic rabbits provoked 
a low-grade pulmonary inflammatory response, a release of 
potentially harmful cytokines, and changes in blood coagula-
bility. That study suggested that particle-induced airway inflam-
mation leads to the propagation of systemic inflammation, which 
may in turn increase the risk of acute cardiovascular events 
and the potential for accelerated atherosclerosis and CVD.37 
Future studies are needed to clarify the mechanistic pathway 
related to systemic inflammation in the association between 
lung function and cardiovascular risk.

The lung function test is a non-invasive method used in 
clinical settings to provide additional prognostic information 
on CVD that may help to better predict the risk for future car-
diovascular events. In addition, previous studies suggested that 
there are associations between impaired lung function and in-
flammation markers as well as prospective cardiovascular events. 
Clinicians who manage patients with possible respiratory in-
flammation, such as an occupational history or exposure to 
dust and particles, could evaluate both the cardiovascular and 
respiratory systems. By exploring emerging data that indicate 
a link between lung function, inflammation and CVD, new 
management strategies to produce better outcomes in patients 
who have impaired lung function and CVD may be discovered.

The limitations of this study included the use of a single 
spirometric measurement at baseline and a long interval be-
tween measurement and follow-up. We acknowledge that lung 
function certainly changed over the follow-up period, and that 
the influence of changes in lung function on the risk of death 
was not addressed. In addition, because spirometric testing is 
effort-dependent, a degree of measurement error in the ascer-
tainment of lung function can exist, despite a standardized 
protocol and strict quality control. The NHANES III Linked 
Mortality File ascertained mortality from death certificates, but 
this approach may overestimate the burden of cardiovascular 
events as the cause of death, especially at older ages,38 and 
misclassification bias is possible. Finally, we adjusted for 
cardiovascular risk factors and disease in the statistical model; 
due to the observational nature of this investigation, we cannot 
rule out the possibility of residual confounding effects by un-
measured confounders.

Conclusions
Lung function decline is associated with an increased mortal-
ity risk from CVD and CAD in the general population. We 
have also provided evidence of the significant association 
between spirometric lung volume, CRP, and cardiovascular 
mortality. The present study confirms the findings of previous 
reports and indicates that the association between reduced lung 
function and cardiovascular risk is mediated by low-grade 
systemic inflammation. This suggests that lung function mea-
sures are beneficial for targeting individuals who are at high 

the present risk estimate, with an approximately 2-fold in-
creased risk, and suggested that the increased risk was appar-
ent even for a slight reduction of FEV1% pred.4,7 In the Ath-
erosclerosis Risk in Communities study, Schroeder et al found 
a strong association between lung function and the incidence 
of CAD among women but a weaker association among men, 
both in the full cohort and among never smokers.3 More inter-
estingly, a recent study showed that the addition of FVC to 
Framingham risk score, which is a global risk algorithm for 
estimating cardiovascular event risk, provided a significant 
benefit in predicting mortality (area under the curve, 0.64 vs. 
0.56; P<0.05) in intermediate-risk individuals.11

Although lung function effectively predicts CVD and CAD 
mortality, the mechanism underlying this association is still 
unclear. Several potential explanations for the association 
have been proposed. First, smoking may be responsible for 
this relationship because smoking affects both lung function 
and CVD and death.21,22 This association, however, is inde-
pendent of smoking status and is present in never smok-
ers.3,7,9,23,24 Sabia et al found that the contribution of smoking 
history (current smoking, recent ex-smoker, long-term ex-
smoker, and never smoker) to lung function and cardiovascu-
lar risk association might not be very large, implying that smok-
ing is not the only explanation for this phenomenon.10 Second, 
lung function could be an indicator of general health, thus 
associating poor lung function with mortality risk in general.4 
Third, the lung is a primary defense organ against external 
exotic agents, such as air pollution and diesel exhaust fumes, 
and could result in increased tolerance to toxic substances, 
which then leads to disease and death.25–27 In addition, a po-
tential central player in the association is low-grade systemic 
inflammation. Systemic inflammatory markers have been in-
versely associated with spirometric indices and have been 
suspected of being involved in lung function-related cardio-
vascular events.28–32 Recent data emphasized the importance 
of inflammatory markers, which explain more of the associa-
tion between lung function and mortality than other variables, 
including socioeconomic position, health behaviors, cardio-
vascular risk factors, and disease.10

Considerable attention has been focused on CRP in relation 
to the association between lung function and cardiovascular 
mortality.9,29,30,33 CRP level has been used as a consistent 
measure of underlying low-grade systemic inflammation and 
as an important marker linked to the development of cardio-
vascular events.33–35 Circulating CRP level is associated with 
increased mortality in both the general population and COPD 
patients.5,33 Although an association between lung function, 
inflammation, and CVD and death has been suggested, few 
studies have evaluated the potential relationship. Engstrom et 
al investigated whether FVC was associated with high inflam-
mation-sensitive plasma proteins (ISP) including 1-antitryp-
sin, ceruloplasmin, fibrinogen, haptoglobin, and orosomucoid, 
and whether inflammatory markers contributed to increased 
cardiovascular events among men with reduced FVC.1 They 
found that low FVC was associated with high ISP and with an 
increased risk of myocardial infarction and cardiovascular 
death. Notably, among men with low FVC, the relative risk of 
myocardial infarction was 2.5 (95% CI: 1.7–3.6) for individu-
als with high protein levels and 1.7 (95% CI: 1.1–2.4) for men 
with low protein levels. Sin and Man reported that subjects 
with moderate and severe airflow obstruction had an increased 
risk of ischemic changes on electrocardiogram.5 In particular, 
individuals with elevated CRP (>0.22 mg/dl) had a nearly 
2-fold (relative odds, 2.2; 95% CI: 1.5–3.3) increased risk of 
cardiac injury. The present observations are similar to these 
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