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Abstract
Purpose—To identify significant covariates in addition to spirometry that predict mortality in
elderly subjects with obstructive airway disease (OAD).

Methods—268 participants with OAD from the `Health, Aging and Body Composition' study, a
community-based observational cohort of well-functioning elderly aged 70–79 years, were followed
on average for 6.1 years. Covariates related to pulmonary and physical function, comorbidity,
demographics, and three inflammatory markers (IL-6, TNF-α, C-reactive protein) were evaluated
for their association with all-cause mortality (31%) using Kaplan Meier analysis and Cox
proportional modeling.

Results—Percent predicted forced expiratory volume in one second (PPFEV1; hazard ratio (HR)
=2.03, p<0.0001), knee extensor strength (HR=1.36, P=0.0002), interleukin-6 (HR=1.37, P=0.0002)
and 400m corridor walk time (HR=1.24, P=0.008) significantly predicted mortality. A
multidimensional index, the PILE score, was constructed from PPFEV1, IL-6 and knee extensor
strength. Each one point increase in PILE score (range 1–10) was associated with a 30% increase in
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mortality (95% confidence interval: 16–47%) after adjusting for age, race, gender, smoking and
comorbidity, resulting in a 10.4-fold higher risk of death between the highest and lowest risk category.

Conclusion—Subjects with OAD have a wide gradient of risk for mortality that can potentially be
incorporated in clinical decision making.

Keywords
Obstructive airway disease; COPD; Mortality; Elderly; Interleukin-6; Cox proportional hazard
modeling

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is the fourth most common cause of death
in the United States (1). Percent predicted forced expiratory volume in one second (PPFEV1)
is the major prognostic variable used to grade disease severity and predict risk of death in
COPD patients, but it fails to capture important systemic manifestations of the disease (2,3).
Thus, it has only limited predictive power for mortality in COPD patients. Celli et al.(4)
introduced a multidimensional index, the BODE index, that includes not only PPFEV1 (as a
measure of airway obstruction, O), but also three other markers of disease severity: body mass
index (B), dyspnea (D) and exercise capacity (E). The BODE index was shown to be better
than PPFEV1 alone at predicting all-cause and respiratory mortality among patients with
COPD. The BODE index highlights that the prognostic assessment of COPD patients should
include factors other than lung function (4,5).

Since then, several composite indices have been reported to predict mortality in COPD patients.
These include the CPI (COPD Prognostic Index) (6), the DOSE index (Dyspnea, airflow
Obstruction, Smoking status, Exacerbation frequency) (7), and the ADO index (Age, Dyspnea,
airflow Obstruction) (8). The CPI index was developed from a dataset of more than 8000
patients and was shown to predict COPD exacerbations and hospital episodes in addition to
mortality. This index, however, is difficult to construct in routine clinical settings as it
comprises seven variables. Moreover, the CPI index does not include variables which capture
the systemic manifestations of COPD such as loss in endurance and strength. The DOSE index
has the advantage of being simple and not requiring any specialized test or equipment other
than a spirometer to capture its variables. The DOSE index, however, does also not fully capture
the systemic manifestations of COPD and was not compared to the already established BODE
index. The ADO index has only three variables and thus is easy to construct. It was compared
with the BODE index and was found to be superior in predicting mortality in COPD patients
in two different European cohorts, but the authors caution that different protocols were used
for assessing the respective variables. In summary, it is important to note that (a) all the above
indices were developed in COPD patients and (b) none of them included markers of systemic
inflammation.

The Health, Aging and Body Composition Study (Health ABC) is a prospective community-
based observational cohort study in well-functioning elderly (9). In this article we explore the
validity of the BODE index in Health ABC participants with obstructive airway disease (OAD),
examine the role of other covariates associated with airway obstruction in predicting mortality,
and develop a multivariate model (the PILE score) to predict all-cause mortality in this
population.
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Materials and Methods
Study Population

The Health ABC study is a longitudinal study of 3075 well-functioning individuals (50% men;
40% Black) aged 70–79 residing in Pittsburgh, PA and Memphis, TN (10). Participants were
included if they reported no difficulty walking a quarter mile, climbing ten steps without resting
or performing basic activities of daily living. Exclusion criteria included any life-threatening
condition, participation in any research study involving medications or modification of eating
or exercise habits, plans to move out from the geographic area within 3 years, difficulty in
communicating with the study personnel or cognitive impairment. The protocol was approved
by the Institutional Review Boards of the clinical sites. All participants gave written informed
consent.

The present analysis was performed on data collected at enrollment into Health ABC and is
limited to 268 participants with OAD as identified by spirometry based on ATS criteria (Figure
1) (11). OAD was defined as reduced FEV1/FVC as determined by age, gender and race-
normalized values from the third National Health and Nutrition Examination Survey
(NHANESIII) (12). These values were used because they were obtained from a random sample
in the United States representing the age range, gender and racial groups present in the Health
ABC study. Subjects with both airway obstruction and low FVC (mixed pattern) usually due
to hyperinflation or obesity were also included in the OAD population.

Survival Time
Surveillance for survival was conducted by in-person visit alternating with telephone interview
every 6 months. The date of death was determined based on hospital records, death certificates
or informant interviews. During an average follow-up period of 6.1 years (range: 4.0 – 7.2
years), 83 (31.0%) of the 268 participants with OAD died from all causes. 11 (4.1%) were lost
during follow-up and their survival-time was censored based on their date of last contact.

Covariates
Demographics (age, gender, race) and comorbidity (smoking status, pack years of smoking,
history of congestive heart failure, cardiovascular disease, and other prevalent health
conditions) were assessed based on self-report and medication inventory. Prevalence of
diabetes was assessed based upon blood glucose and oral glucose tolerance test. Body mass
index (BMI) was calculated from measured weight and height and was evaluated as continuous
variable as well as categorical variable based on the previously described cutoff of BMI<21
(4,13).

PPFEV1 was determined by spirometry as previously reported (14), following ATS criteria of
reproducibility and acceptability (15). In subjects taking bronchodilators, spirometry was only
performed after their use, and bronchodilator challenge was not part of the protocol (14). Once
subjects were classified with OAD, they were grouped under different stages of severity
according to ATS criteria (16). OAD severity was classified as `mild' (PPFEV1>80),
`moderate' (50–80) or `severe' (<50).

Dyspnea was assessed by self-report and classified as ̀ none', ̀ mild' or ̀ moderate' based on the
following questions. The individuals were asked whether they stopped for breath when
hurrying on a level surface or walking up a slight hill. If answering yes, they were questioned
whether or not they have to stop for breath when walking at their own pace on a level surface.
Subjects who answered yes to both questions were classified as having moderate dyspnea,
while those answering no to both questions were classified as having no dyspnea. Individuals
answering yes only to the first question were classified as having mild dyspnea.
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Exercise capacity was quantified as the performance time of a 400-meter long distance corridor
walk (LDCW) as previously described (10,17), for which participants were instructed to
complete the distance as quickly as they could at a pace they could maintain throughout the
test.

Upper extremity strength was measured as the average of the maximum grip strength of the
left and right hand using an adjustable, Jamar hydraulic hand dynamometer.

Lower extremity strength was assessed by dynamometer measurement of the mean concentric
isokinetic knee extensor strength at 60° per second using a Kin-Com 125-AP Dynamometer
(Chattanooga Group, Chattanooga, TN) (18). The measure was obtained in the right leg only,
unless it had been injured or affected by a condition, such as osteoarthritis, that would impair
joint motion. Best overlapping torque curves were generated using at least three but not more
than 6 trials. Subjects were asked to exert maximum force while extending the knee from 90°
to 30° at 60°/second. Strength was measured as mean maximal torque (Nm) average of three
best trials. There were no mean differences in tests for inter-examiner reliability while the intra-
examination coefficient variation was 11% (19). For 32 participants with missing strength
measurements, values were imputed using age, race, gender, grip strength and leg lean mass
as variables.

Plasma concentrations of interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and C-reactive
protein (CRP) were determined by immunoassays in peripheral blood specimens collected by
venipuncture after an overnight fast (11,20). Cytokines (IL-6 and TNF-α) were measured in
duplicate by enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis,
MN). The detectable limits for IL-6 (HS600 Quantikine kit) and TNF-α (HSTA50 kit) were
0.10 pg/mL and 0.18 pg/mL, respectively. Serum CRP was also measured in duplicate by
ELISA on the basis of purified protein and polyclonal anti-CRP antibodies (Calbiochem, San
Diego, CA) with a detection limit of 0.007 mg/L. Blind duplicate analyses (n=150) for IL-6,
CRP, and TNF-α showed coefficients of variation of 10.3, 8.0, and 15.8%, respectively (20).
For missing values of IL-6 (7%), quintiles corresponding to CRP were assigned as their
concentrations were highly correlated.

PILE score and BODE index
For constructing the PILE score, each subject received points ranging from 0 to 4 according
to their inclusion in quintiles for PPFEV1 (P), plasma levels of IL-6 (IL) and knee extensor
strength (E) (Table 3a). The final score for each subject was obtained by summing up the points
corresponding to each variable. PILE scores ranged from 1 to 10 with higher scores implying
greater risk of death.

A modified BODE index was also constructed in a similar manner as described by Celli et al.
(4) and compared with the PILE score in its predictive capability for all-cause mortality (Table
3b). It was modified from the original BODE index in two aspects: a) exercise capacity was
measured using LDCW instead of a 6 min walk test; and b) the gradual differences in the
dyspnea assessment in Health ABC were less detailed.

Statistical Analysis
Covariates between survivors and non-survivors were compared with the student t-test and
χ2-test and correlation analyses were performed to explore potential associations.

Initially, univariate Kaplan-Meier analysis and Cox proportional hazards modeling were
performed to identify covariates of prognostic importance and to obtain hazard ratios (HR)
(21). Continuous covariates were coded into quintiles, with upper and lower extremity strength
and LDCW coded separately for men and women to account for gender effects. Survival
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functions among subgroups were compared by log rank test. Breslow's approximation was
used to handle ties in survival times. Subsequently, multivariate Cox regression analysis was
performed using forward, backward and stepwise regression with likelihood ratio, Wald and
Score statistics to identify significant covariates at a 95% confidence level. The proportionality
assumption for Cox regression modeling was satisfied. A multidimensional index was
formulated from final selected covariates and independently evaluated by Cox modeling
adjusting for age, race, gender, smoking status and comorbid conditions. The model was
evaluated internally using bootstrap generated confidence intervals for hazard ratios (22,23).

Akaike information criteria (AIC) and Bayesian information criteria (BIC) were computed as
diagnostics for model fits. C-statistic was computed to compare the new index to BODE or
PPFEV1 alone in their predictive performance for risk of death (24).

Results
Survivors and non-survivors differed significantly in PPFEV1, IL-6 concentration, knee
extensor strength and LDCW (Table.1). There was also a significant gender difference with
41% deaths in men compared to only 18% deaths in women.

Kaplan Meier and univariate Cox proportional hazards analysis both indicate that all-cause
mortality in the study participants was significantly predicted by PPFEV1 (HR=2.03,
P<0.0001), knee extensor strength (HR=1.36, P=0.0002), IL-6 concentration (HR=1.37,
P=0.0002), and time for LDCW (HR=1.24, P=0.008) (Table.2). Thus, participants having more
severe airway obstruction, less knee extensor strength, elevated plasma IL-6 levels, and a
slower walking pace were at greater risk of death. Smoking status (HR=1.45, P=0.03), gender
(HR=2.6, P=0.0002), and comorbid conditions (HR=1.32, P=0.01) also significantly predicted
mortality. The risk of death increased from never smokers to former to current smokers, from
women to men, and with increasing number of comorbid conditions. Dyspnea (HR=1.36,
P=0.053) and plasma concentrations of CRP (HR=1.18, P=0.04) showed only marginal
significance in predicting mortality (Table.2).

Multivariate analysis by Cox regression resulted in the selection of PPFEV1 (P), IL-6 (IL) and
knee extensor strength (E) as the most significant covariates after adjusting for age, race,
gender, smoking status and comorbid conditions. The mean PILE score for non-survivors
(mean {SD}: 6.3 {2.0}) was significantly higher (p<0.0001) than survivors (4.6 {2.1}). There
was no significant difference between mean PILE scores of men and women (5.4 {2.3} vs. 4.9
{2.2}, P=0.08), Whites and Blacks (5.1 {2.2} vs. 5.3 {2.3}, P=0.83), and participants with or
without cardiovascular disease or congestive heart failure. The mean hazard ratio per PILE
score point increase was 1.30 (95% confidence interval: 1.16–1.47). Thus, each point increase
in PILE score was associated with a 30% increase in all-cause mortality after adjusting for age,
gender, race, smoking status and comorbid conditions. Participants with a PILE score of 10
had a 10.4-fold higher risk of death compared to individuals with a PILE score of 1 (Table.4).
There were no deaths in the group of individuals with a PILE score of 1 in contrast to 80%
deaths in the group having a PILE score of 10.

The modified BODE index for the studied Health ABC cohort was constructed similar to the
PILE score (Table 3b). Kaplan Meier plots were constructed with quartiles for PILE score or
modified BODE index as different strata (Figures 2 and 3), as well as PPFEV1 (Figure 4). Each
quartile increase in PILE score caused a significant increase in mortality. The highest quartile
was associated with 64% mortality in a 6-year period. The survivorship functions for the
modified BODE index and PPFEV1 for the same data were also significantly different among
quartiles (P<0.0001). Both AIC (844) and BIC (858) of the survival model with the PILE score
were lower when compared to the BODE index (AIC=856, BIC=870) indicating better model
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fit of the data with the PILE score. Moreover, the C-statistic for the ability of the PILE score
to predict risk of death was 0.71 as compared to 0.64 for the modified BODE index and 0.63
for PPFEV1 alone, indicating a superior predictive capability of the PILE score for mortality
in the studied Health ABC population.

Discussion
PPFEV1 is an important health indicator that has been associated with disease progression and
mortality in pulmonary and extrapulmonary conditions (25–28). It has been recognized,
however, that a single measurement of PPFEV1 incompletely reflects the complex clinical
consequences of COPD and its systemic manifestations (4,16). In the present analysis, we used
mortality over a 6-year period among Health ABC participants with OAD to investigate
nonspirometric predictors of mortality including BMI, self-reported dyspnea, plasma
concentrations of inflammatory markers, and various measures of strength and endurance.
PPFEV1, plasma IL-6 concentration, and knee extensor strength were identified as independent
predictors for mortality in participants with OAD. As our study involved well-functioning
elderly from a community-based cohort study in whom airway obstruction has been suggested
to be under-recognized (14) rather than participants diagnosed with COPD, it may be more
suited to understand the relationship between the investigated covariates, OAD and mortality
in a general population of elderly. Only 44% (118) participants of our study cohort with OAD
reported any previous diagnosis of airway disease (24.3% asthma, 20.5% chronic bronchitis,
19% emphysema, 3.7% COPD).

Low BMI is a common clinical observation in COPD, and BMI has been shown to be inversely
related to mortality in COPD, with a threshold value of 21 (1,13,16). In the present analysis,
BMI did neither predict mortality as a categorical covariate with a threshold of 21 nor as a
continuous covariate, most likely because the mean BMI of the present cohort was 25, with
only a minor proportion of individuals having a BMI<21 (19%).

Similarly, dyspnea showed only marginal significance (P=0.07) in predicting mortality in the
present analysis although several studies reported the degree of dyspnea to be stronger
correlated with mortality in COPD than PPFEV1 (29,30). Dyspnea, however, is a multifactorial
condition whose etiology is often not clear and most elderly people are reluctant complaining
about dyspnea, associating their symptoms to age rather than disease (31,32). In Health ABC,
50% of participants did not report of dyspnea despite suffering from obstructive airway disease
(14). In addition, study enrollment was limited to well-functioning elderly, so that only 10%
of the studied OAD population had moderate dyspnea.

While OAD is often discussed in spirometric terms, much of the disability caused by it is
attributed to its systemic manifestations characterized by decreased lower extremity lean body
mass, strength and endurance (33–35). In Health ABC, LDCW, knee extensor strength, and
grip strength were used to assess exercise tolerance, and lower and upper extremity strength,
respectively (10). Both time for LDCW and knee extensor strength were found to predict
mortality after adjusting for confounding factors, but both were significantly correlated (r=
−0.28, P<0.0001). This is in agreement with previous reports that peripheral muscle weakness
is significantly associated to low exercise tolerance (36,37). Only knee extensor strength as
the better predictor entered the multivariate regression model. Although grip strength has been
widely used as a general indicator of frailty, it was not a significant predictor of mortality in
the present cohort, probably due to a preferential distribution of muscle weakness in lower as
compared to upper extremities in COPD (36,38,39). This is further supported by the
observation that quadriceps strength is a better predictor than grip strength to differentiate
normal from OAD participants in Health ABC (11).
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Systemic inflammation correlates well with disease severity in COPD (33) and has been
suggested as the ̀ missing link' between airway dysfunction and extrapulmonary manifestations
of COPD (40). Increased circulating levels of IL-6 and TNF-α have been reported in COPD
(41–44), and IL-6 was inversely correlated with PPFEV1 in both obstructive and normal
individuals (11). In our analysis, only IL-6, but not TNF-α was a significant predictor of
mortality in OAD. A potential explanation might be the very short half-life of TNF-α (6–7
minutes) as compared to IL-6 (3–4 hours) (11), resulting in less stable, more fluctuating TNF-
α concentrations as compared to IL-6, which might have resulted in its reduced predictive
power for mortality in OAD. Surprisingly, CRP did not predict survival in our cohort, despite
having been described as elevated in COPD (45–48).

We combined the identified three independent predictors for mortality in a multidimensional
index, the PILE score. While the previously described BODE index is limited to measures of
pulmonary function, dyspnea, endurance and BMI, addition of a measure of systemic
inflammation seems to increase the predictive capability of the PILE score in the present study.
The differences between PILE score and BODE index may further be explained by the fact
that we used a modified BODE index with different measures for exercise capacity and
dyspnea, and that Celli et al. (4) used a population of COPD patients rather than well-
functioning elderly to develop the BODE index, including substantially more individuals with
very severe obstruction (PPFEV1<35), 38% vs. 1%, respectively.

Recently, a new approach has been suggested for determining lower limits of normal lung
function parameters across all ages (49). This approach takes into account that the between
subject variability in FEV1 and FVC is not constant, but increases with age in the elderly. As
the normal range for these parameters is defined by the median ± 2 times the coefficient of
variation, the range of normal increases with increasing age. Failure to account for this
increased variability in the elderly could misclassify some normal subjects as `below
normal' (49). So far, however, the equations presented for this approach are limited to non-
hispanic White subjects, and are thus not applicable to the Health ABC population with its
substantial representation of Black subjects. In order to evaluate whether our analysis was
affected by this potential misclassification, however, we performed a sensitivity analysis by
removing 10% our study subjects (N=27) with the highest FEV1/FVC ratio and repeated our
analysis. The PILE score with the reduced population (N=241) was 1.30 (95% CI 1.16–1.47,
P <0.0001) which is identical to that obtained with all 268 subjects thus indicating the
robustness of the PILE score and a lack of effect of this potential misclassification.

Several of the variables tested in the present analysis (IL-6, knee extensor strength, long
distance corridor walk) have been independently linked to increased mortality in elderly
subjects (10,19,50). This suggests that the PILE score may be applicable to general elderly
populations, including subjects with obstructive as well as restrictive lung function patterns.
However, the scope of the present manuscript was to test the influence of these variables
(including the composite PILE score) on mortality in subjects having OAD (N=268), as these
variables have been consistently shown to be associated with COPD.

Our study has several other limitations that need to be considered: First, the findings from this
analysis are only applicable to community dwelling elderly people due to the strict inclusion
criteria employed, according to which only individuals free of disability and mobility
impairment were enrolled in the Health ABC study. Moreover, the PILE score, in contrast to
the BODE index, has not yet been independently evaluated in a different population. Thus, its
predictive capability for mortality may be limited to populations with similar age and functional
status as the Health ABC cohort. Second, our analysis is limited to all-cause mortality rather
than mortality from respiratory causes, predominantly because our cohort comprised well-
functioning elderly with mild-to-moderate OAD rather than diagnosed COPD patients with
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higher disease severity. Thus, only a small fraction of deaths was documented to be caused
solely by respiratory conditions. Third, as bronchodilator challenge was not part of the protocol,
participants were tested for spirometry only after their use, and some of the OAD participants
may have a mixture of OAD and asthma (51). As only a relatively small proportion of study
participants used bronchodilators (1.5%), this is unlikely to affect the interpretation of our
results. Finally, we did not have LDCW performance times for 83 participants as they could
not complete the test. These participants were combined with the worst performers for LDCW
which might have created a potential bias in our analysis.

There are several studies that have utilized multivariate approaches to assess various domains
affected by COPD (4,6,8) in clinically diagnosed COPD patients. As our analysis involved
well-functioning elderly from a community-based cohort study in whom airway obstruction
has been suggested to be under-recognized (14) rather than subjects diagnosed with COPD, it
may be more suited to understand the relationship between the investigated covariates, OAD
and mortality in a general population of elderly. Therefore, the results should not be
extrapolated to predict survival in COPD patients. In summary, our investigation suggests that
there is a wide gradient of mortality risk in elderly individuals with OAD, and multidimensional
indexes such as the PILE score should be further explored in clinical practice to determine their
utility for a more differentiated prognosis of survival in this population.
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FIGURE 1.
268 participants with obstructive airways disease (OAD) were selected from the Health ABC
cohort based on ATS criteria.
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FIGURE 2.
Kaplan Meier plot using quartiles of PILE score as stratum (P < 0.0001). Higher PILE scores
indicate greater risk of death. The table indicates the number of individuals in each PILE score
quartile.
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FIGURE 3.
Kaplan Meier plot using quartiles of the modified BODE index as stratum (P = 0.003). The
table indicates the number of individuals in each BODE index quartile.
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FIGURE 4.
Kaplan Meier plot using PPFEV1 as stratum (>80%, 51–80%, <50%) (P = 0.0002). The table
indicates the number of individuals in each PPFEV1 category.
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TABLE 4

Relationship between PILE score, hazard ratio and percentage of deaths during an average follow-up period of
6.1 years in 268 Health ABC participants with obstructive airway disease.

PILE score Hazard ratio Number of participants % Deaths

1 1 17 0

2 1.3 23 13

3 1.7 24 25

4 2.2 32 22

5 2.8 51 22

6 3.7 38 37

7 4.8 45 50

8 6.2 16 63

9 8.0 17 58

10 10.4 5 80
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