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Abstract

Rationale: Handgrip strength (HGS) predicts mortality in
the elderly, but its determinants and clinical significance
in chronic obstructive pulmonary disease (COPD) has not
been defined.

Objectives:We tested associations of HGS with pectoralis muscle
area (PMA), subcutaneous adipose tissue (SAT), imaging
characteristics, and lung function in smokers with COPD, and
evaluated the cross-sectional and longitudinal associations of HGS
with acute respiratory events.

Methods:We analyzed demographic, clinical, spirometry,
HGS, and imaging data of 272 subjects with COPD, obtaining
measures of airway thickness, emphysema, PMA, and SAT from
chest computed tomography scans. We tested associations of lung
function and imaging characteristics with HGS, using linear models.
HGS association to acute respiratory events at enrollment and
during follow-up (mean, 2.6 years) was analyzed using adjusted
logistic models.

Results:HGS correlatedwith PMA, SAT, forced expiratory volume,
and airway thickness, but not with body mass index or emphysema
severity. In adjusted regressionmodels,HGSwas directly (b, 1.5; 95%
confidence interval [CI], 0.1–3.0) and inversely (b,23.3; 95% CI,
25.1 to20.9) associated with one standard deviation of PMA and
SAT, respectively, independent of bodymass index and emphysema.
In regression models adjusted for age, sex, body mass index, race,
pack-years smoked, current smoking, chronic bronchitis, FEV1%
predicted, emphysema, and airwaymetrics, HGSwas associated with
exacerbation risk; in cross-sectional analyses, there was an increment
of 5% in the risk of exacerbations for each 1-kg decrement in HGS
(risk ratio, 1.05; 95% CI, 1.01–1.08), and there was a similar risk
during follow-up (risk ratio, 1.04; 95% CI, 1.01–1,07).

Conclusions: In ever-smokers with COPD, HGS is associated with
computed tomography markers of body composition and airway
thickness, independent of body mass index and emphysema. Higher
HGS is associated with lower exacerbation frequency.
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Persons with chronic obstructive pulmonary
disease (COPD), at this time the third cause
of mortality among American adults (1),
frequently develop different systemic
manifestations (2), in addition to the well-
known progressive decline in lung function
and persistent respiratory symptoms. An
important, although frequently overlooked
effect, of COPD is the development of
markers of global functional deterioration,
usually known as geriatric conditions,
functional limitations (3, 4), changes in
body composition (5), and cognitive
impairment (6), which are commonly
grouped under the terms “frailty” (7) or
markers of accelerated aging. Two
important components of frailty models,
such as the Fried’s model (8, 9), are
weakness (measured by handgrip strength
[HGS]) and unintentional weight loss of
more than 10 pounds. Low HGS itself is a
strong predictor of all-cause and
cardiovascular mortality at the population
level (10–12), and frailty is prevalent
among patients with COPD referred to
pulmonary rehabilitation (13). Despite the
high frequency and prognostic value of
frailty and its components, these
functional markers of aging are not part
of current guidelines for evaluation,
management, and prognostication of
patients with COPD (3).

These important gaps in the
recognition of extrapulmonary functional
measures as significant predictors of disease
progression have been addressed by the
inclusion of measures of walking ability and
body composition in different
multidimensional models of disease impact,
such as BODE (body mass index [BMI],
obstruction, dyspnea, and exercise). Subjects
with COPD, particularly those with
emphysema-predominant disease, not only
lose weight, which may lead to low BMI
(14), but also may lose muscle mass much
faster than fat (14). Surprisingly, little is
known about the associations of HGS in
COPD or how it correlates with specific

disease phenotypes. Evidence about its
association with COPD outcomes is
conflicting, in particular regarding
exacerbations (15).

Exploring the association of functional
measures and BMI as a measure of body
composition is limited because BMI does
not distinguish between loss of muscle mass
versus gain in fat mass (16). A novel
approach to this problem, validated in the
field of abdominal oncology and surgery, is
to use measures of muscle and fat structures
captured as part of clinically indicated
imaging studies (e.g., abdominal computed
tomography [CT]) as surrogates of body
composition (17, 18). Although this
approach is appealing, the seminal studies
in COPD have relied on imaging analysis of
lower extremity muscles (19), routinely not
part of the imaging tests available in the
evaluation of COPD. Recent developments
in imaging analysis have taken advantage of
the inclusion of extrathoracic structures in
chest CT, such as pectoralis muscles and
subcutaneous fat. Methods to obtain these
measures have been standardized and
proven to be associated with measures
of airflow obstruction, dyspnea, and
6-minute-walk distance (20). The
availability of these methods opens new
opportunities to explore associations of
body composition with COPD
manifestations and outcomes.

In the current study, we aimed to
evaluate the associations of imaging-
based markers of body composition
(subcutaneous fat, pectoralis muscle mass)
with HGS in smokers with COPD, and
to test whether the associations are
independent of BMI, markers of lung
function, and severity of emphysema and
airway disease. Furthermore, we aimed to
identify the clinical relevance of measuring
HGS, testing its associations with acute
respiratory events or exacerbations.

This study was presented as an abstract
at the CHEST 2016: American College of
Chest Physicians International Conference,
Los Angeles, CA, October 23, 2016 (21).

Methods

Design and Participants
The current analysis is a cross-sectional
analysis of baseline data from selected
participants with COPD in the NIH-funded
Genetic Epidemiology of COPD Study
(COPDGene; ClinicalTrials.gov identifier:
NCT00608764). COPDGene is an ongoing
multicenter cohort study aiming to identify
genetic factors in smoking-related lung
disease and to assess associations of
susceptibility genes with disease
phenotypes. The design and protocols for
COPDGene have been previously described
(22); briefly, COPDGene recruited non-
Hispanic white or African American adults,
both sexes, current or past smokers, with at
least 10 pack-year history and willingness
to participate in detailed clinical,
physiologic, and imaging evaluation. The
protocols for COPDGene have been
approved at the University of Michigan,
where this analysis was conducted
(University of Michigan Health System
Research Committee institutional review
board approval HUM000014973, July 16,
2010) and all participating centers. All
participants provided informed consent to
participate in the study.

Subjects included in the current
analysis were part of a pilot project
implemented in one COPDGene
participating center to evaluate HGS in
smokers. We included smokers with COPD,
diagnosed using the fixed-ratio GOLD
definition of postbronchodilator FEV1/FVC
ratio below 0.7. COPDGene spirometry is
performed using an EasyOne spirometer,
with values expressed as percentage based
on predictive equations (23).

Handgrip Strength Measurement
Trained personnel measured HGS at
enrollment according to a standardized
protocol, using a Jamar dynamometer
(Fabrication Enterprises, White Plains, NY).
Three measurements were made from the
participant’s dominant unsupported hand,
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and the highest value was used in the current
analyses. We report and compare age- and
sex-specific values, using as normative age
and sex values pooled data from 12 studies, as
reported by Dodds and colleagues (24)

CT Analysis
COPDGene participants underwent a
volumetric CT scan of the chest at full
inflation and relaxed expiration. COPDGene
imaging protocols are described elsewhere
(22). For this study, inspiratory CT data were
used. Emphysema was defined as percentage
of lung attenuation areas below 2950
Hounsfield Units (HU). Wall thickening was
measured using Pi10, which is the square root
of the wall area of a theoretical airway of
10 mm luminal perimeter (25).

CT Measures of Body Composition
Pectoralis muscle (PMA) and subcutaneous
adipose tissue (SAT) areas were measured
by trained analysts unaware of participants’
clinical data, using Slicer software (slicer.
com) (20). To measure PMA, the first axial
image above the aortic arch was used. At
that level, the left and right pectoralis major
and minor muscles were identified on the
anterior chest, and their edges were manually
segmented, using an attenuation range of
250 and 90 HU. The interior of the muscle
was then filled automatically. SAT was
manually segmented between the major
pectoralis muscle and the skin, using a range
of 2200 and 0 HU at same axial slice, with
the muscle edges used as lateral boundaries of
the SAT measurement. In previous work by
our group and others, the intra- and inter-
reproducibility of PMA and SAT (two
readers) ranged from 0.98 to 1.00 (19, 26),
and the current analyses are based on one
reader’s measures. To account for differences
in height and sex, PMA and SAT areas (in
square centimeters) were divided by the
square of the individual’s height (in square
meters), with all measures being used as
cm2/m2; furthermore, the measures were
standardized (rescaled to have a mean of zero
and a standard deviation of one) separately
for each sex, and reported and used in this
analysis as standard deviation units.

Acute Respiratory Disease
Baseline history of respiratory disease events
or exacerbations (27) were defined as
increased cough, phlegm, or shortness of
breath that lasted more than 48 hours,
requiring management with antibiotics
and/or systemic steroids, in the year before

enrollment. Acute events during
longitudinal follow-up (mean, 2.6 years)
were ascertained using a similar question
during regular phone contact or a web-based
survey applied at 3–6-month intervals (28).

Other covariates
Demographic (age, sex, race) and biometric
(weight, height) data were collected at
enrollment. Self-administered
questionnaires were used to collect data on
smoking, respiratory symptoms and
medications, and medical history.
Comorbid chronic conditions were self-
reported, based on the answer to the
question, “Have you ever been told by a
physician that you have [condition name]?”
The modified Medical Research Council
Dyspnea Scale scale was used to evaluate
the degree of dyspnea.

Statistical Analysis
Demographics and anthropometric and
lung function data were described as means
with their standard deviation or frequencies,
when appropriate. Correlative analysis of
HGS (absolute value) with markers of body
composition, lung function, and imaging
were analyzed with Pearson’s coefficients. In
an initial analysis, we used multivariate
linear regression to test associations

between HGS (outcome) and markers of
body composition (PMA and SAT, age
and height adjusted and normalized to
be analyzed as 1 standard deviation
increment) in models additionally
controlled for lung function and
CT-measured emphysema and Pi10. We
also analyzed the associations of HGS with
CT measures of body composition in obese
and nonobese subjects, defining obesity as
BMI >30 kg/m2. In these analyses, PMA
and SAT were dichotomized as low PMA
or SAT for those in the lower tertile of
their distribution. Finally, we tested the
association of HGS with respiratory events
at enrollment (cross-sectional) and to any
incident event (longitudinal), using
negative binomial logistic regression
models also adjusted for age, sex, race,
pack-years smoked, current smoking status,
FEV1% predicted, and models of events
during follow-up additionally adjusted for
exacerbation history at enrollment. All
analyses were performed using Stata v.12
(Stata Corp., College Station, TX.).

Results

Description of Participants
The current analysis included 272 COPD
participants with complete measures of

Spirometry severity
GOLD 1–2:

169

Spirometry severity
GOLD 3–4:

103

Participants with COPD and
handgrip strength measured:

272

COPDGene participants
enrolled in the clinical center:

1,379

Exclude participants without
COPD as per fixed ratio

definition:
581

Exclude participants without
handgrip strength

measurement:
526

Figure 1. Flow of participants included in the study. COPD= chronic obstructive pulmonary disease;
GOLD =Global Initiative for Obstructive Lung Disease.
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HGS, body composition, and longitudinal
follow-up, recruited at National Jewish
Health in Denver (Figure 1). Overall,
subjects were predominantly non-Hispanic
whites (92.3%), middle-aged (mean, 64.7 6
8.0 years; mean 6 SD), with a sizeable
proportion of women (44.5%), with a
substantial smoking history (51.1 6 25.4
pack-years), and with 25.4% being current
smokers (Table 1). A HGS below the 25th
percentile of the normative value for age and
sex (24) was found in 65.4% of subjects.
When comparing participants included in the
current analyses with the rest of those with
COPD enrolled at the clinical center for
whom no HGS data were collected, we did
not find significant demographic or tobacco
use differences, although those who had HGS
measured had slightly better measures of lung
function and reported more exacerbations
(see Table E1 in the online supplement). A
detailed description of participants by HGS
tertiles can be found in Table E2.

Handgrip Associations with Body
Composition and Airway Metrics
HGS had moderate correlation with PMA
(r = 0.42; P, 0.001) and inversely with
SAT (r =20.35; P, 0.001), but not with
BMI (r = 0.07; P = 0.25; Table 2 and
Figure 2). HGS also moderately correlated
with Pi10 (r =20.32; P, 0.001), but not

with emphysema extent (r =20.07; P =
0.27). Although HGS did only moderately
correlate with FEV1% predicted (r = 0.12;
P = 0.05), it had a stronger correlation with
FEV1 absolute value (r = 0.47; P, 0.001)
(Table 2). Furthermore, the associations of
higher PMA and low SAT with greater HGS
were maintained, regardless of BMI: higher
PMA and low SAT showed a positive
association with HGS in both participants
with and without obesity (defined as BMI
>30 kg/m2; Figures 3A–3B).

Next, we tested whether the
associations of body composition and
imaging characteristics to HGS were robust
to adjustments for BMI, lung function, and
comorbidities (Table 3). Because HGS is
significantly different by sex (for men, HGS
36.3 6 9.6 [mean 6 standard deviation]
and for women, 21.46 5.1 kg), we included
in the models all body composition
measures adjusted for sex and height, and
further models also included adjustment for
sex. We found that an increment of 1
standard deviation of PMA (sex-specific
and adjusted for height) was associated
with higher HGS (b, 1.5; 95% CI, 0.1–3.0),
whereas for 1 standard deviation increment
in SAT (sex-specific and adjusted for
height), there was lower HGS (b,23.3; 95%
CI, 25.7 to 20.9). Of notice, the univariate
association of HGS with airway metrics was
maintained in multivariate models showing
that as Pi10 increases, there is lower HGS
(b, 23.7 per 1 standard deviation
increment of Pi10; 95% CI, 25.0 to 22.3),
whereas the association with emphysema
was not significant.

Handgrip Is Associated with Acute
Respiratory Events
Of the total participants, almost 30.9%
reported at least one respiratory event in
the year before enrollment. During a follow-
up of 2.6 6 0.73 years (mean 6 SD) 34.0%
had at least one exacerbation, for an
annual rate of 0.6 6 1.1 (mean 6 SD).
Frequent events (>2/year) were present in
12.5% at enrollment and 12.2% during
follow-up. We performed analyses testing

Table 2. Correlation of handgrip strength with measures of body composition, lung
function, and imaging phenotypes

Markers of Body Composition Correlation Coefficient P Value

Pectoralis muscle area 0.42 ,0.001
Subcutaneous fat area 20.35 ,0.001
Body mass index 0.07 0.25
Lung function
FEV1 in liters 0.47 ,0.001
FEV1% predicted 0.12 0.05
Total lung capacity 0.54 ,0.001

Markers of respiratory impact
Chronic bronchitis symptoms 20.04 0.51
mMRC dyspnea score 20.17 ,0.001
Distance walked in 6 minutes 0.30 ,0.001

Imaging characteristics
Emphysema percentage 20.07 0.27
Pi10 20.32 ,0.001

Definition of abbreviation: mMRC=modified Medical Research Council Dyspnea Scale.

Table 1. Description of participants (n = 272)

Demographics

Age, mean (s.d.) 64.7 (8.0)
Female sex, % 44.5
African American, % 7.7
BMI, mean (s.d.) 28.1 (5.6)
Smoking history
Pack-years smoked, mean (s.d.) 51.1 (25.4)
Currently smoking, % 25.4

Lung function
FEV1 in liters, mean (s.d.) 1.70 (0.77)
FEV1% predicted, mean (s.d.) 59.0 (22.5)
FEV1/FVC, mean (s.d.) 0.51 (0.13)
Spirometry severity GOLD stages 3-4, % 37.9

Markers of respiratory impact
Annual respiratory events, mean (s.d.) 0.6 (1.1)
Chronic bronchitis symptoms, % 22.8
mMRC dyspnea score, mean (s.d.) 1.8 (1.3)

Comorbid conditions, %
Obesity (BMI >30 kg/m2) 32.4
Other cardiovascular risk factors 66.5
Diabetes 11.0
Cardiovascular disease 22.1
Musculoskeletal disease 38.6

Definition of abbreviations: BMI = body mass index; GOLD =Global Initiative for Obstructive Lung
Disease; mMRC=modified Medical Research Council Dyspnea Scale; s.d. = standard deviation.
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associations of HGS with acute
respiratory events, adjusting for age, sex,
BMI, race, pack-years smoked, current
smoking, FEV1% predicted, chronic
bronchitis, emphysema, and airway
metrics. Results showed that for a 1-kg
decrement in HGS, participants had a 5%
higher relative risk of reporting
exacerbations during the year before
enrollment (95% CI, 1.01–1.08). In models
equally adjusted and with additional
adjustment for baseline exacerbation
history, each additional kilogram
decrement in HGS was associated with
higher relative risks of having any incident
event during follow-up (rate ratio, 1.04;
95% CI, 1.01–1.07; Table 4). Finally, in
similarly adjusted analyses, we also found
that the risk for severe events (those
requiring emergency visits or hospital
admission) during follow-up was also
higher per 1-kg decrement in HGS (relative
risk, 1.06; 95% CI, 1.01–1.12).

Discussion

The current analysis of 272 subjects with
COPD reveals interesting findings about the
associations and effect of HGS: We found
that HGS was associated with CT-based
markers of body composition, independent
of BMI and CTmeasures of emphysema and
airway disease. Furthermore, we found that
HGS was modestly associated with cross-
sectional and longitudinal respiratory
events, independent of common markers of
exacerbation risk, including lung function,
smoking, and history of bronchitis. Our
findings support the concept that systemic
effects of disease, identifiable using physical
measures such as HGS, are another
important dimension of tobacco-related
diseases and need to be considered part of its
clinical evaluation.

Our results demonstrate the clinical
utility of testing HGS, which we selected as a

feasible, noncomplex, and validated marker
of physical performance in the elderly,
already one of the measures included in
frailty models (8, 29). HGS is infrequently
used or reported as a functional measure in
patients with respiratory disease, perhaps
because it is commonly considered part of a
complex battery of functional tests. Using
this simple functional measure, we found
that 65.4% of our participants had low
HGS, a striking figure compared with
15.4% reported for community-dwelling
adults (30), and 33% on subjects with
esophageal cancer (31). Because our
participants are relatively younger, our
findings suggest not only a high frequency
but also an early development of a systemic
functional decline in COPD. These
findings also support the need for early
identification and interventions to preserve
functional status in subjects with COPD,
because maintaining physical function and
muscle bulk, for which HGS may be an
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Figure 2. Correlation between handgrip strength and imaging markers of body composition. The scatterplots show the correlations between handgrip
strength and (A) pectoralis muscle area (r = 0.39), (B) subcutaneous fat area (r =20.34), and (C ) body mass index (r = 0.05).
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important surrogate measurement, could
be associated with reduced risk for
cardiovascular disease many decades
later (32).

These findings agree with and expand
previous studies showing associations
between HGS and markers of COPD
severity, such as hyperinflation and FEV1,
previously found to be highly correlated
with HGS (for hyperinflation, r =20.51
and for FEV1, r = 0.59) (33). We extend
these findings using a larger sample of

subjects and by showing similar
correlations (FEV1, r = 0.47; TLC, r = 0.54).
These findings could be interpreted as
additional evidence that functional
measures probably depend on the same
factors explaining cardiovascular fitness in
COPD, such as hyperinflation and airflow
obstruction. In addition, we found that
HGS was associated with body
composition, evaluated by chest CT scans, a
very common diagnostic method, which
could affect medical practice. Evaluation of

body composition is considered by many
clinicians to require methods reserved for
investigative purposes (34, 35), and hence
to be beyond the scope of their practice. By
deriving measures of body composition
(PMA and SAT) from conventional chest
CT scans, and demonstrating that they are
associated with HGS, which we in turn
showed to be related to conventional
COPD outcomes including respiratory
event frequency, we highlight a new
opportunity to use the information
provided by CT scans performed for other
clinical reasons. For example, although not
the main goal of the current investigation,
CT measures of PMA were found to be
associated with a lower incidence risk ratio
of reporting any exacerbation at baseline
(incidence risk ratio, 0.40 per 1 standard
deviation PMA) when controlling for
demographics, lung function, and smoking
history. This could be particularly
important with the growing amount of
imaging available as part of lung cancer
screening programs with low-dose CT
scans. Interestingly, we were able to show
that both low PMA and high SAT are
independently associated with HGS, and
that they are also independent of BMI. The
fact that PMA and BMI have a separate
effect on functional status aligns with
growing awareness of a subgroup of ever-
smokers with low muscle mass and
function, yet normal BMI, as a result of
excess fat tissue (36), and the potential for
conflicting effects of BMI and muscle mass
on clinical outcomes in COPD (37, 38).
Concordant with those findings, we
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Figure 3. Differences in handgrip strength by body composition and imaging groups. The association between low pectoralis muscle area and low handgrip
strength (A) is present, regardless of body mass index (BMI). In a similar manner, higher subcutaneous tissue area is associated with low handgrip strength (B),
even if the subject has normal body mass index. All comparisons are based on two-way analyses of variances, corrected for multiple comparisons.

Table 3. Association of handgrip strength with body composition and airway metrics
(change in handgrip strength in kilograms [95% CI] per unit increment in predictor)

Predictor Model 1 Model 2 Model 3

Pectoralis muscle area
(per 1 s.d.)

1.7 (0.3 to 3.1) 1.7 (0.3 to 3.2) 1.5 (0.1 to 3.0)

Subcutaneous fat area
(per 1 s.d.)

20.6 (21.9 to 0.8) 20.5 (21.9 to 0.8) 23.3 (25.7 to 20.9)

Imaging characteristics
Pi10 (per 1 s.d.) 23.5 (24.8 to 22.2) 23.7 (25.0 to 22.3)
Emphysema %

(per 1 s.d.)
20.4 (21.8 to 1.0) 0.2 (21.8 to 1.4)

Covariates
FEV1% predicted 20.03 (20.11 to 0.04)
Body mass index 0.7 (0.2 to 1.2)
Diabetes 20.6 (24.7 to 3.5)
Musculoskeletal

disease
25.7 (28.2 to 23.1)

Definition of abbreviations: CI = confidence interval; s.d. = standard deviation.
All entries represent b coefficient and 95% confidence interval (b [95% CI]). Pectoralis muscle area
and subcutaneous fat area values were derived by dividing the area (in square centimeters) by the
square of the individual’s height (in square meters), with all measures being used as cm2/m2; the
measures were also standardized (rescaled to have a mean of zero and a standard deviation of one)
separately for each sex, as described in the MATERIALS AND METHODS. In all analyses, pectoralis muscle
area and subcutaneous fat area were included in the same model. Model 1: Bivariate associations.
Model 2: Model 1 also adjusted for imaging characteristics. Model 3: Model 2 also adjusted for
predicted percentage of FEV1, body mass index, diabetes, and musculoskeletal disease.
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demonstrated that the effect of low PMA
on HGS is relevant, regardless of the
subject’s BMI or SAT.

Interest in how HGS affects patient-
centered outcomes in different diseases
(31, 39–41) has been strengthened by
population-based studies confirming that
low HGS is a risk factor for all-cause death
and cardiovascular mortality (11). Evidence
on the associations of HGS and outcomes
in subjects with tobacco-related diseases is
growing, linking it to hospital admissions
(42) and to walking distance (43). A large
study of COPD patients found an
association between low HGS and
mortality, but not exacerbations (15). We
extended the findings by confirming the
presence of a modest but significant
association between low HGS and acute
respiratory events/exacerbations, including
more severe exacerbations requiring
emergency department visits or hospital
admission. Follow-up of this and other
cohorts is needed to ascertain the effect of
HGS on survival.

Another interesting finding of our
study is the association between HGS and
CT measures of emphysema and airway
disease. Although it could be tempting to

hypothesize that low HGS could be more
frequent among patients with COPD with
characteristics of the emphysematous type,
we found that HGS is strongly associated
with airway wall thickening, but not with
emphysema. The association with airway-
predominant imaging phenotype is
aligned with recent evidence that
nonemphysematous COPD has stronger
associations with cardiometabolic
diseases than emphysema (44). Because
inflammatory processes are pathways to the
development of cardiometabolic conditions,
and an inflammatory profile is reported
among subjects with low HGS at the
population level, the associations have
biological plausibility that deserve further
study (45).

Our analyses are subject to some
limitations, including the selection of the
measures of body composition. Although we
used analysis of chest CTs, instead of the
gold standard of dual absorptiometry or
other methods such as bioelectrical
impedance (16, 34), these novel imaging
markers of body composition have proved
to be reliable, to be associated with other
clinical markers of respiratory disease
severity (20), and to have great potential for

translation to the clinical practice in
subjects with respiratory disease.
Furthermore, we made every possible
effort to separate the independent
associations of muscle and fat, from the
most common measure of BMI, with
encouraging findings. Another potential
limitation is the evaluation of cross-
sectional associations between HGS and
acute respiratory events, a design that
impedes inferences about the direction of
the association. However, participants were
also followed for more than 2 years, and the
association between baseline HGS and
subsequent respiratory events was
maintained. Using a self-reported outcome
of exacerbation could be seen as another
limitation, but COPDGene has designed
and validated a system that follows
participants to ascertain this outcome (28).
A final limitation is that we tested a
selected group of participants in a cohort
study, not a representative sample of the
population, including a low burden of
emphysema and fewer African American
participants. Strengths of the current
analyses include its use of a cohort with
detailed data on lung function and imaging;
the experience of the researchers with
the imaging analysis methods; and the
inclusion in our models of most of the
relevant variables associated with acute
respiratory events or exacerbations in
subjects with or at risk for COPD.

Conclusions
In conclusion, we show that smokers
with COPD frequently have low HGS,
that independent of BMI, HGS strongly
associates with markers of body
composition (PMA and SAT) and with
measures of lung function and lung
structure, in particular airway thickness, and
that HGS independently is associated with
increased risk for exacerbations. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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