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Abstract
Rationale: Two adipokines, leptin and adiponectin, regulate
metabolic and inﬂammatory systems reciprocally. The role
of adiponectin in chronic obstructive pulmonary disease
(COPD) has been studied. However, there are few data evaluating
the relationship of plasma leptin with COPD severity or
progression.
Objectives: The objective of this study was to evaluate the
relationship of leptin, adiponectin, and the leptin/adiponectin ratio
with COPD severity and progression according to COPD
phenotypes.
Methods: Plasma leptin and adiponectin levels were measured in
196 subjects with COPD selected from the Korean Obstructive Lung
Disease cohort. Using a linear regression model and mixed linear
regression, we determined the relationship of plasma leptin and
adiponectin levels and the leptin/adiponectin ratio to COPD severity
and progression over 3 years.

Measurements and Main Results: The concentration of
adiponectin in plasma positively correlated with percent emphysema
on initial computed tomography (CT) (adjusted P = 0.022), whereas
plasma leptin concentrations and the leptin/adiponectin ratio
exhibited a signiﬁcant inverse correlation with initial FEV1 (adjusted
P = 0.013 for leptin and adjusted P = 0.041 for leptin/adiponectin ratio).
Increased plasma leptin and leptin/adiponectin ratio were signiﬁcantly
associated with change in percent emphysema over 3 years (adjusted
P = 0.037 for leptin and adjusted P = 0.029 for leptin/adiponectin
ratio), whereas none of the adipokines demonstrated an association
with FEV1 decline over the 3-year period.
Conclusions: Plasma adiponectin and leptin vary according to
COPD phenotypes. Plasma leptin and the leptin/adiponectin ratio,
but not adiponectin, were signiﬁcantly associated with changes in
CT-assessed emphysema, suggesting a potential role as a biomarker
in emphysema progression in patients with COPD.
Keywords: adiponectin; leptin; chronic obstructive pulmonary
disease; emphysema
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Chronic obstructive pulmonary disease
(COPD) is a major cause of mortality and
morbidity worldwide, with an estimated
3 million annual deaths (1, 2). It is a chronic
inﬂammatory lung disease characterized by
accelerated decline in lung function and
progressive parenchymal destruction
leading to emphysema (3, 4). COPD is
also associated with low-grade systemic
inﬂammation, which contributes to
the development of extrapulmonary
complications and comorbidities such as
cardiovascular disease, osteoporosis,
depression, metabolic syndrome, and
weight loss (5–7). Indeed, various systemic
inﬂammatory markers, including C-reactive
protein, ﬁbrinogen, and leukocyte counts,
have been associated with COPD severity,
as well as with increased risk of
comorbidities in patients with COPD (7, 8).
Adiponectin, a systemic biomarker
associated with cardiovascular outcome in
COPD (9), is a circulating hormone
produced by adipose tissue, along with leptin
and other cytokines (10, 11). The two
hormones, adiponectin and leptin, have
opposing effects on regulation of metabolic
and inﬂammatory systems (11, 12).
Adiponectin possesses antiinﬂammatory
properties by reducing inﬂammatory
mediators, whereas leptin plays an important
role in up-regulating the inﬂammatory
system. In cross-sectional studies of patients
with stable COPD, however, circulating
adiponectin levels were elevated in patients
with COPD and correlated with systemic
inﬂammation as assessed by serum tumor
necrosis factor-a levels (13–15). Moreover,
adiponectin has received attention as
a biomarker reﬂecting disease activity such as
dynamic hyperinﬂation and radiologically
assessed emphysema (16, 17). Circulating
leptin levels increase further during acute
exacerbations and are signiﬁcantly related to
tumor necrosis factor-a and IL-6 levels on
acute exacerbations (18, 19). Even in stable
COPD, serum leptin levels are dysregulated
(20). However, there are few data evaluating
the relationship of circulating leptin levels
with COPD severity according to COPD
phenotypes. In addition, studies on the
longitudinal relationship of two adipokines,
leptin or adiponectin, with lung function and
extent of emphysema assessed on chest
computed tomography (CT) are limited.
Therefore, the objective of this study was to
investigate the association of adipokines
with COPD severity, such as FEV1 and the
extent of emphysema at enrollment, and
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From June 2005 to March 2011
n = 381 with COPD
(≥ 40 years, post-bronchodilator FEV1/FVC < 70%, 10 pack-yr smoking)

n = 161 without follow-up of at least 3 years

n = 220

n = 15 without initial blood sample
n = 9 without initial volumetric CT scan

n = 196

Figure 1. Study flow diagram. COPD = chronic obstructive pulmonary disease; CT = computed
tomography.

then to explore the relationship of
adipokines with COPD progression, using
change of lung function and emphysema
extent over 3 years.

Methods

3 years. Subjects who were smokers at each
annual visit were deﬁned as continued
smokers and those whose smoking behavior
varied were classiﬁed as intermittent
quitters. The study protocol was approved
by the institutional review boards of
Asan Medical Center (Seoul, Korea; no.
2005-0010).

Patients

One hundred ninety-six subjects with
COPD were from the Korean Obstructive
Lung Disease (KOLD) cohort. Details of
the KOLD Study have been published
previously (21). Subjects were recruited
from pulmonary clinics in 13 hospitals in
the Republic of Korea from June 2005 to
February 2011, and the inclusion criteria
for this study were as follows: (1) those with
COPD, as deﬁned by a postbronchodilator
FEV1/FVC less than 0.7 and more than
10 pack-years of smoking history; (2) those
without history or radiographic evidence of
tuberculosis, bronchiectasis, or other
pulmonary disorders; (3) those with at least
3 years of follow-up; and (4) those with
blood sample and chest high-resolution
volumetric computed tomography (HRCT)
at enrollment (Figure 1).
The KOLD cohort also includes
nonsmoking patients with COPD (7% of
overall patients with COPD). However, we
restricted our analyses to patients with
COPD having a more than 10-pack-year
smoking history, as generally deﬁned in
large cohort or randomized controlled study
for recruitment of patients with COPD. At
yearly visits, subject smoking status was
surveyed with a series of questions. Subjects
were categorized as sustained quitters if they
were nonsmokers at each annual visit for

Adiponectin and Leptin
Measurements

Blood samples, collected at enrollment when
the patients were stable, were separated into
their various components, aliquoted,
transferred to the KOLD Data Coordinating
Center on dry ice, and kept in –808 C
freezers until use. Plasma samples were
thawed, and adiponectin and leptin
concentrations were measured with
a commercially available ELISA kit
(B-Bridge International, Sunnyvale, CA)
according to the manufacturer’s
instructions. The lower limits of detection
of these assays were 0.0234 and 0.17 ng/ml
for adiponectin and leptin, respectively.
Pulmonary Function Test

Spirometry was performed according to the
recommendations of the American Thoracic
Society, using a Vmax 22 (SensorMedics,
Yorba Linda, CA) or a PFDX (MedGraphics,
St. Paul, MN) (22). Absolute values of FVC
and FEV1 were obtained, and the
percentage predicted values (% predicted)
for FEV1 and FVC were calculated from
equations obtained in a representative
Korean sample (23). A positive
bronchodilator response was deﬁned as an
increase of at least 12% and 200 ml in FEV1
from baseline values (24).
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Computed Tomography Data
Acquisition and Analysis

Volumetric CT scans were performed on all
subjects, using 16-channel, multidetector,
CT scanners; because this was a multicenter
study, the scanners were from three
manufacturers. These included the
Somatom Sensation 16 (Siemens Medical
Solutions, Forchheim, Germany), the GE
Lightspeed Ultra (General Electric
Healthcare, Milwaukee, WI), and the Philips
Brilliance 16 (Philips Medical Systems, Best,
The Netherlands). However, subjects used
the same manufacturer of CT scanner over
time. Subjects were scanned during
suspended full inspiration and expiration in
the supine position. CT parameters used in
each CT scanner were as follows: 16 3 0.75 mm
collimation, 100 eff. milliamperes-second
(mAs), 140 peak kilovoltage (kVp)
(Somatom Sensation 16); 16 3 0.625 mm,
200 mAs, 140 kVp, pitch 0.938, 0.5 seconds
per rotation (GE Lightspeed); and 16 3 0.75
mm, 133 mAs, 140 kVp, pitch 1, 0.75
seconds per rotation (Philips 16). The
acquired data were reconstructed according
to a standard algorithm, with a thickness of
0.625–0.8 mm and an increment of 0.625–
0.8 mm. The CT machines were calibrated
every week with an American Association of
Physicists in Medicine (AAPM) standard
phantom. Image data were stored in Digital
Imaging and Communications in Medicine
(DICOM) format; this is the international
standard for interconnecting medical
imaging devices on standard networks.
Using in-house software, images of the
whole lung were extracted automatically and
the attenuation coefﬁcient of each pixel
was measured and calculated. Emphysema
was deﬁned as a percentage of lung
attenuation less than 950 Hounsﬁeld units
(HU) (25). The percent emphysema was
determined for the total lung, as well as the
upper lung (above the carina) and the lower
lung (below the carina).
Statistical Analysis

To evaluate the relationship of plasma
adiponectin, plasma leptin, and the ratio of
leptin to adiponectin with (1) initial FEV1,
(2) FEV1 decline rate, (3) initial percent
emphysema on HRCT, and (4) change in
percent emphysema on HRCT, we ﬁrst logtransformed adiponectin and leptin to
achieve normal distribution and to mitigate
the effects of outliers. Linear regression
models were then used to account for the
possible confounding effects of age, body

mass index (BMI), smoking status and
pack-years of smoking at baseline,
cardiovascular disease, positivity of
bronchodilator response, initial percent
emphysema, and use of inhaled
corticosteroid on the initial FEV1 (L) and
FEV1, % predicted. To evaluate
a relationship between adipokines and
percent emphysema on initial HRCT scans,
initial FEV1 (L) was added to age, BMI,
smoking status and pack-years of smoking
at baseline, cardiovascular disease, and use
of inhaled corticosteroid as covariates. Sex
was excluded as a covariate because 97.4%
of the population was male. Because HRCT
was conducted at recruitment and after
3 years, the percentage change in emphysema
was calculated as [(% emphysema at
3-yr follow-up) – (% emphysema at
recruitment)]/3 years. To evaluate a
relationship between adipokines and change
of percent emphysema over 3 years,
statistical adjustment were made for age,
BMI, cardiovascular disease, initial percent
emphysema, use of inhaled corticosteroid,
and exacerbation and smoking status over
3 years.
Because some individuals, who
initiated bronchodilators for COPD
treatment at enrollment, experienced an
increase in FEV1 during the ﬁrst 3 months,
we calculated FEV1 decline rate by using
FEV1 measured at 3 months as the baseline
value. The FEV1 decline rate over 3 years
was analyzed by linear mixed effects model
with a random intercept and slope, using
FEV1 values obtained at 3 months and at
1, 2, and 3 years. Statistical adjustments
were made for age, BMI, cardiovascular
disease, positivity of bronchodilator response,
baseline FEV1 (L), use of inhaled
corticosteroid, and exacerbation and
smoking status over 3 years on FEV1 decline,
expressed in milliliters per year. Data are
presented as median and interquartile range
(IQR) for continuous variables and as
frequency (percentage) for categorical
variables. All tests were two-sided, and a P
value less than 0.05 was considered
signiﬁcant. Data were analyzed with SPSS
Statistics, version 21 (IBM, Armonk, NY)
and R statistical software version 3.0.0.

Results
Clinical Characteristics of the Cohort

Demographics and clinical characteristics
are presented in Table 1. Of the 196
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subjects, 191 (97.4%) were male and
5 (2.6%) were female, with a median age of
67 years. Median BMI was 23.3 kg/m2. Sixtythree (32.1%) patients were current smokers
and 133 (67.9%) were ex-smokers with
a median smoking history of 43 pack-years.
The initial median FEV1 was 1.39 L,
corresponding to 47% predicted, and the
extent of emphysema as determined by
volume fraction of the lung less than
–950 HU was 20.3%. All patients performed
a bronchodilator test, and 69 (35.2%)
exhibited a positive bronchodilator response.
Median plasma adiponectin and leptin levels
were 8,217 and 7.37 ng/ml, respectively.
Over 3 years of follow-up, sustained
quitters, intermittent quitters, and continued
smokers included 126 (64.3%), 30 (15.3%), and
40 (20.4%) patients, respectively. Of all the
patients (total, 196), 107 (54.6%) patients
reported a total of 214 exacerbations over
3 years (median, 0.3 events/person/yr [IQR, 0.0
to 0.7 events/person/yr]) and the median time
to ﬁrst exacerbation was 1.1 years (IQR, 0.4 to
1.8 yr). Only two patients did not use any
inhaler during follow-up. The decline in FEV1
was –18.6 ml/year (95% conﬁdence interval,
–33.69 to –3.57) and median change in
percent emphysema (n = 143 with HRCT
scans after a 3-yr follow-up) was 0.29%/year
(IQR, –0.65 to 1.69%/yr) for the total lung,
0.72%/year (IQR, –0.50 to 1.75%/yr) for the
upper lung, and 0.28%/year (–0.68 to 1.66%/yr)
for the lower lung.

Relationship of Plasma Adipokines to
Parameters of COPD Severity

Plasma adiponectin levels were signiﬁcantly
associated with parameters of COPD
severity (initial FEV1 and percent emphysema
of total, upper, and lower lung) (Table 2).
This association was noted with respect to
percent emphysema of the total lung
(adjusted P = 0.022; Figure 2) and percent
emphysema of the lower lung (adjusted
P = 0.023) after covariate adjustment. Plasma
leptin levels were signiﬁcantly associated
with initial percent emphysema (total, upper,
and lower lung), but this association
disappeared after adjusting for all covariates
indicated previously. In contrast, plasma
leptin levels exhibited a signiﬁcant inverse
correlation with initial FEV1 (adjusted
P = 0.013; Figure 2). Finally, the leptin/
adiponectin ratio was signiﬁcantly associated
with initial FEV1 (L and % predicted) and
initial percent emphysema (total, upper, and
lower lung). After covariate adjustment, the
1007
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Table 1. Demographics and clinical characteristics
Variable

Value

Age, yr
Sex, male
Body mass index, kg/m2
Smoking status at baseline
Current
Ex-smoker
Pack-years of smoking
mMRC dyspnea scale
Health status
SGRQ total score
Comorbidity
Hypertension
Diabetes mellitus
Cardiovascular disease*
Chronic liver disease
Chronic kidney disease
Malignancy
Pulmonary function test
FEV1, L
FEV1, % predicted
FVC, L
FVC, % predicted
FEV1/FVC, %
Positive bronchodilator response
Six-minute walk distance, m
HRCT scans, parameters
Emphysema, total lung, %
Emphysema, upper lung, %
Emphysema, lower lung, %
Medications
No inhalers
Use of ICS
Use of LABA
Use of LAMA
Biomarkers
Adiponectin, ng/ml
Leptin, ng/ml

67 (61–71)
191 (97.4)
23.3 (20.8–25.3)
63
133
43
2

(32.1)
(67.9)
(29–54)
(1–2)

31 (21–49)
59
21
10
6
2
1
1.39
47.0
3.22
76.4
45
69
441

(30.1)
(10.7)
(5.1)
(3.1)
(1.0)
(0.5)
(1.05–1.75)
(36.6–58.0)
(2.62–3.71)
(64.5–87.8)
(39–53)
(35.2)
(400–483)

20.3 (9.2–34.9)
20.3 (7.8–38.4)
19.1 (8.1–33.0)
84
83
80
61

(42.9)
(42.3)
(40.8)
(31.1)

8,217 (5,473–11,273)
7.37 (3.36–12.11)

Definition of abbreviations: HRCT = high-resolution volumetric computed tomography; ICS =
inhaled corticosteroid; LABA = long-acting b-agonist; LAMA = long-acting muscarinic
antagonist; mMRC = modified Medical Research Council; SGRQ = St. George’s Respiratory
Questionnaire.
Note: n = 196. Values are expressed as medians (interquartile range) or frequencies (%).
*Cardiovascular disease included myocardial infarction, cerebrovascular disease, and peripheral
arterial occlusive disease.

leptin/adiponectin ratio was inversely
associated only with initial FEV1 (adjusted
P = 0.041 for FEV1 [L] and adjusted P = 0.028
for FEV1, % predicted).
Relationship of Plasma Adipokines to
Parameters of COPD Progression

As shown in Table 3, there was no
signiﬁcant association between plasma
adiponectin levels and parameters of COPD
progression over time in both crude and
adjusted states. However, there were
signiﬁcant positive correlations between
plasma leptin levels and percent
emphysema progression of total lung and
lower lung after covariate adjustment
1008

(adjusted P = 0.037 for total lung [Figure 3]
and adjusted P = 0.050 for lower lung).
Moreover, there were signiﬁcant positive
correlations between the leptin/adiponectin
ratio and percent emphysema progression
of the total lung and upper lung after
adjusting for covariates indicated
previously (adjusted P = 0.029 for total
lung and adjusted P = 0.023 for upper
lung).

Discussion
The main ﬁndings of the present study were
as follows: independent of other risk factors,

(1) plasma adiponectin concentrations
are positively associated with initial
percent emphysema; (2) plasma leptin
concentrations and the leptin/adiponectin
ratio are inversely associated with initial
FEV1 (L and % predicted); and (3) plasma
leptin concentrations and the leptin/
adiponectin ratio were signiﬁcantly related
to CT-assessed emphysema progression
over 3 years.
Adiponectin, a 30-kD protein secreted
by adipocytes (i.e., adipokine), possesses
antiinﬂammatory, antiatherosclerotic, and
insulin-sensitizing properties (10, 26).
COPDGene Study investigators have
demonstrated an independent relationship
between plasma adiponectin concentrations
and percent emphysema in the lower lung
in patients with COPD (16). We extended
this ﬁnding by showing that plasma
adiponectin concentrations are signiﬁcantly
associated with percent emphysema in both
the total and lower lung by multivariable
regression analysis. With respect to
lung function, plasma adiponectin
concentrations were inversely associated
with initial FEV1, which was consistent
with data from the COPDGene Study (16).
However, this association disappeared after
adjusting for covariates, including BMI.
Leptin, a 16-kD protein, is primarily
a proinﬂammatory adipokine that affects
both the innate and adaptive immune
response (27). Leptin is also expressed in
the human lung with adiponectin. Bruno
and colleagues showed increased leptin
expression in the bronchial mucosa of
patients with COPD compared with normal
subjects and smokers, which was related
to airway inﬂammation and airﬂow
obstruction (28). In an epidemiologic study,
Sin and Man showed that circulating leptin
levels was inversely related to FEV1 among
a representative sample of the U.S.
nonobese adult population (29). We extend
these ﬁndings by showing that higher
plasma leptin concentrations have an
independent association with lower FEV1 in
patients with stable COPD. However, there
was no association between plasma leptin
concentrations and emphysema extent in
the present study.
There are several studies that
investigated association between lung
function decline and plasma adipokines
(9, 30). To our knowledge, this is the ﬁrst
study to examine the relationship between
plasma adipokines and change in
emphysema over a period of 3 years.
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Table 2. Relationships of plasma adipokine concentrations with chronic obstructive pulmonary disease severity
Adiponectin

Leptin

Leptin/Adiponectin

Coefﬁcient b (95% CI) P Value Coefﬁcient b (95% CI) P Value Coefﬁcient b (95% CI)
Crude model
FEV1, L
20.45 (–0.76 to –0.15)
28.93 (–17.98 to 0.12)
FEV1, % predicted
Emphysema, total lung, %
17.94 (8.71 to 27.17)
Emphysema, upper lung, %
15.22 (3.08 to 27.36)
Emphysema, lower lung, %
18.65 (9.65 to 27.65)
Adjusted model
20.01 (–0.29 to 0.29)
FEV1, L*
1.32 (–7.60 to 10.24)
FEV1, % predicted*
†
10.36 (1.52 to 19.20)
Emphysema, total lung, %
†
10.25 (–1.85 to 22.36)
Emphysema, upper lung, %
9.95 (1.39 to 18.50)
Emphysema, lower lung, %†

0.004
0.09 (–0.06 to 0.24)
0.053
3.35 (–1.10 to 7.80)
,0.001 26.68 (–11.27 to –2.09)
0.014 26.23 (–12.21 to –0.26)
,0.001 26.64 (–11.14 to –2.15)

0.253
0.139
0.005
0.041
0.004

0.14
3.86
27.71
26.94
27.80

(0.01 to 0.26)
(0.14 to 7.57)
(–11.48 to –3.93)
(–11.90 to –1.97)
(–11.49 to –4.11)

0.996 20.23 (–0.41 to –0.05)
0.771 27.01 (–12.54 to –1.48)
0.022
1.38 (–4.45 to 7.20)
0.096
3.16 (–4.75 to 11.08)
0.023
1.04 (–4.60 to 6.68)

0.013
0.013
0.641
0.432
0.717

20.15
25.13
22.02
20.79
22.13

(–0.30
(–9.71
(–6.79
(–7.29
(–6.75

to
to
to
to
to

–0.01)
–0.55)
2.75)
5.71)
2.48)

P Value

0.033
0.042
,0.001
0.006
,0.001
0.041
0.028
0.405
0.811
0.364

Definition of abbreviation: CI = confidence interval.
Note: Coefficient = the mathematical weightings of the explanatory variables (the regression coefficient).
*Adjusted for age, body mass index, smoking status and pack-years of smoking at baseline, cardiovascular disease, positivity of bronchodilator response,
initial percent emphysema, and use of inhaled corticosteroid.
†
Adjusted for age, body mass index, smoking status and pack-years of smoking at baseline, cardiovascular disease, initial FEV1 (L), and use of inhaled
corticosteroid.

Unexpectedly, plasma adiponectin levels
were not associated with emphysema
progression. This lack of association gives
a different view regarding the role of
adiponectin as a contributor to emphysema
development (16). On the basis of a crosssectional study, it was not clear whether the

elevation in adiponectin is a causal
determinant or reactive response in relation
to emphysema. The role of adiponectin
in emphysema development has been
controversial in animal models (31–33).
Adiponectin-deﬁcient mice exhibit
structural changes in the lung (emphysema-

like phenotype) and alveolar macrophage
activation (31). In addition, the
emphysema-like phenotype was
ameliorated by adiponectin
supplementation, suggesting that
adiponectin has a protective effect in the
progression of structural lung parenchymal

B

A

1.7

1.6

25

Initial FEV1 (L)

Initial emphysema, total lung (%)

30

20

1.5

1.4

1.3

1.2

15
Adjusted coefficient = 10.36 (95% CI, 1.52 to 19.20), Adjusted P = 0.022

3.4
(2,512)

3.6
(3,981)

3.8
(6,310)

4.0
(10,000)

Adiponectin (ng/ml)-log scale

4.2
(15,849)

4.4
(25,119)

Adjusted coefficient = –0.23 (95% CI, –0.41 to –0.05), Adjusted P = 0.013

0.0
(1.0)

0.2
(1.6)

0.4
(2.5)

0.6
(4.0)

0.8
(6.3)

1.0
(10.0)

1.2
(15.8)

1.4
(25.1)

Leptin (ng/ml)-log scale

Figure 2. Relationship of log-transformed adipokines with initial percent emphysema and FEV1. (A) Plasma adiponectin levels were significantly
associated with initial percent emphysema of total lung after adjustment for age, body mass index, smoking status and pack-years of smoking at baseline,
cardiovascular disease, and use of inhaled corticosteroid and initial FEV1 (L). (B) Plasma leptin levels were inversely associated with initial FEV1 (L) after
adjustment for age, body mass index, smoking status and pack-years of smoking at baseline, cardiovascular disease, positivity of bronchodilator
response, initial percent emphysema, and use of inhaled corticosteroid. CI = confidence interval.
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Table 3. Relationships of plasma adipokine concentrations with chronic obstructive pulmonary disease progression: annual change
Adiponectin 3 Time*

Leptin 3 Time*

Leptin/Adiponectin 3 Time*

Coefﬁcient b (95% CI) P Value Coefﬁcient b (95% CI) P Value Coefﬁcient b (95% CI)
Crude model
FEV1, ml/yr
Emphysema, total lung, %/yr
Emphysema, upper lung, %/yr
Emphysema, lower lung, %/yr
Adjusted model
FEV1, ml/yr†
Emphysema, total lung, %/yr‡
Emphysema, upper lung,
%/yr‡
Emphysema, lower lung, %/yr‡

218.9
21.34
21.43
21.25

P Value

47.4)
0.80)
0.62)
1.00)

0.574
0.218
0.171
0.273

217.1
0.16
0.12
0.16

15.4)
1.17)
1.09)
1.23)

0.300
0.755
0.807
0.764

29.0
0.33
0.31
0.32

18.4)
1.19)
1.14)
1.22)

0.519
0.450
0.452
0.489

223.8 (–89.8 to 42.1)
21.04 (–3.33 to 1.26)
21.63 (–3.83 to 0.56)

0.477
0.372
0.143

212.7 (–45.1 to 19.7)
1.46 (0.09 to 2.84)
1.27 (–0.08 to 2.61)

0.441
0.037
0.065

24.9 (–32.1 to 22.3)
1.28 (0.13 to 2.42)
1.29 (0.18 to 2.40)

0.721
0.029
0.023

20.69 (–3.07 to 1.69)

0.568

1.43 (0.00 to 2.86)

0.050

1.17 (–0.02 to 2.35)

0.054

(–85.3
(–3.48
(–3.48
(–3.51

to
to
to
to

(–49.7
(–0.85
(–0.85
(–0.90

to
to
to
to

(–36.4
(–0.53
(–0.51
(–0.59

to
to
to
to

Definition of abbreviation: CI = confidence interval.
*Interaction effect indicates whether the FEV1 change over time differs depending on the level of adiponectin, the level of leptin, or the leptin/adiponectin
ratio.
†
Adjusted for age, body mass index, cardiovascular disease, positivity of bronchodilator response, initial FEV1 (L), use of inhaled corticosteroid, and
exacerbation and smoking status during follow-up.
‡
Adjusted for age, body mass index, cardiovascular disease, initial percent emphysema, use of inhaled corticosteroid, and exacerbation and smoking
status during follow-up.

changes (32). In contrast, Miller and
colleagues showed that adiponectindeﬁcient mice were protected against
tobacco-induced inﬂammation and
emphysema (33). Therefore, the role of
adiponectin in emphysema development
remains uncertain.
Although the magnitude of this effect
was relatively small, plasma leptin levels

showed a signiﬁcant positive association
with emphysema progression. Several
animal studies have indicated a role for
leptin in postnatal lung development (34,
35). Huang and colleagues demonstrated
that leptin-deﬁcient mice exhibited
signiﬁcantly decreased lung volume and
lower alveolar surface area at 2 weeks of
age relative to wild-type mice. Moreover,

Annual change of
emphysema, total lung (%)

2

1

0

–1

–2

Adjusted coefficient = 1.46 (95% CI, 0.09 to 2.84) Adjusted P = 0.037

0.0
(1.0)

0.2
(1.6)

0.4
(2.5)

0.6
(4.0)

0.8
(6.3)

1.0
(10.0)

1.2
(15.8)

1.4
(25.1)

Leptin (ng/ml)-log scale

Figure 3. Relationship between log-transformed leptin and emphysema progression. Plasma leptin
levels were positively associated with annual change in percent emphysema, total lung after adjustment
for age, body mass index, cardiovascular disease, initial percent emphysema, use of inhaled
corticosteroid, and exacerbation and smoking status during follow-up. CI = confidence interval.
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these differences were ampliﬁed through
7 weeks of age. In another experiment,
they showed that leptin replacement in
leptin-deﬁcient mice increased lung
volume, which corresponded with
enlarged alveolar size and surface area
(35). Nevertheless, as there are limited
data on leptin-related emphysema in
human studies, uncertainty about whether
leptin has a causal role in observed
differences in emphysema outcomes in the
present study remained.
Neither adiponectin and leptin nor
the leptin/adiponectin ratio was related to
lung function decline over 3 years. On the
contrary, a study involving the Hokkaido
COPD Cohort and COPD Quantiﬁcation
by Computed Tomography, Biomarkers,
and Quality of Life (CBQ) study
has shown that the ratio of leptin to
adiponectin was associated with lung
function decline (30). Compared with the
reports based on the Hokkaido COPD
Cohort and CBQ Study, the subjects with
COPD in the present study had more
severe airﬂow limitation, leading to
slower lung function decline. This might
result in a lack of signiﬁcant association
of adipokine levels with lung function
decline. Another explanation would be
the selection of adjustment factors.
Although the rate of FEV1 decline is
affected by initial FEV1, bronchodilator
reversibility, emphysema, and smoking
status and exacerbations during follow-up
(36, 37), the results of the previous study
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were adjusted for age, sex, height, and
body mass index only. Thus, it is unclear
whether a fully adjusted model in that
study would have shown similar results to
those in the KOLD cohort.
It is important to note the limitations
of the present study. First, this study used
a relatively short follow-up duration with
a small number of patients with COPD.
Second, because this was a multicenter
study cohort, three different types of CT
scanner were used. However, to minimize
variation, the imaging protocols were
modiﬁed using similar reconstruction
methods, resolution, and radiation dose.
Considering that our baseline comparison
data between adipokine and variables were
consistent with previous studies (15, 16)
(i.e., the association of adiponectin with
BMI [P , 0.001], initial lung function and
percent emphysema, the association
between leptin and BMI [P , 0.001], and
the inverse relationship between leptin and
active smoking status [P , 0.001]), the
selection bias from a small number of
patients with COPD or different machines
was likely minimal. Third, 143 of 196
patients (73%) who had an HRCT scan
at the 3-year follow-up were included
in the analysis related to emphysema
progression. Comparison of baseline
characteristics between patients with
HRCT scans (n = 143) and those without
HRCT scans (n = 53) at the 3-year follow-up
(see Table E1 in the online supplement)
revealed no signiﬁcant differences in age,
sex, BMI, smoking status, quality of life
(St. George Respiratory Questionnaire
score), FEV1, or plasma adipokine
concentrations. However, patients with

HRCT scans showed signiﬁcantly higher
percent emphysema at the initial HRCT
scan than did those without an HRCT
scan at the 3-year follow-up. Given the
inverse association between initial percent
emphysema and emphysema progression in
the present study (P = 0.023), inclusion of
the 53 patients with relatively lower percent
emphysema may portray a greater effect
of the association between adipokine
and COPD-related parameters. Fourth,
compared with previous studies, the annual
decline in FEV1 (–19 ml/yr) in our study is
relatively small (38). However, there is
geographic variation in the annual rate of
decline in FEV1, and Asian patients show
a trend toward a reduced annual rate of
decline in FEV1 (–20 ml/yr) that is
comparable to our study (39). In the
Hokkaido COPD Cohort Study with
Japanese patients, the annual decline in
FEV1 was –32 ml/year and most subjects
in the cohort (71%) had mild to moderate
COPD. Considering that the average
decline in FEV1 is faster in patients with
mild to moderate COPD than in patients
with severe or very severe COPD, the
inclusion of mostly severe or very severe
COPD (58%) in the present study may in
part explain the relatively low decline in
lung function over time. Fifth, 97% of the
study population was male, due to the
high prevalence of male smokers in Korea.
Martinez and colleagues showed that
emphysema is less extensive in females
relative to males among patients with
severe COPD (40). Thus, our results may
be limited to a generalization of female
patients. In addition, adiponectin and
leptin concentrations were measured only
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