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Background: The prevalence of obesity is increasing, and there is evidence that obesity, in
particular abdominal obesity as a marker of insulin resistance, is negatively associated with
pulmonary function. The mechanism for this association and the best marker of abdominal
adiposity in relation to pulmonary function is not known.
Study objective: We assessed the association between pulmonary function and weight, body mass
index (BMI), waist circumference, waist/hip ratio, and abdominal height as markers of adiposity
and body fat distribution. We used multiple linear regression to analyze the association of
pulmonary function (ie, FEV1 and FVC) [with maneuvers performed in the sitting position] with
overall adiposity markers (ie, weight and BMI) and abdominal adiposity markers, stratified by
gender, and adjusted for height, age, race, smoking, and other covariates.
Setting and participants: A random sample of individuals (n � 2,153) from the general population
living in western New York state, 35 to 79 years of age.
Results: In women, abdominal height and waist circumference were negatively associated with
FEV1 percent predicted, while all five adiposity markers were negatively associated with FVC
percent predicted. In men, all overall and abdominal adiposity markers were inversely associated
with FEV1 percent predicted and FVC percent predicted.
Conclusion: These results suggest that abdominal adiposity is a better predictor of pulmonary
function than weight or BMI, and investigators should consider it when investigating the
determinants of pulmonary function. (CHEST 2006; 129:853–862)
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Abbreviation: BMI � body mass index

A bdominal adiposity is a cardiovascular risk factor
that is associated with insulin resistance, im-

paired glucose metabolism, hypertension, and dys-
lipidemia, all of which are features that are associ-
ated with the metabolic syndrome.1,2 Insulin

resistance is recognized as a low-grade inflammatory
condition,3,4 and proinflammatory cytokines (ie, adi-
ponectin, leptin, tumor necrosis factor-�, and inter-
leukin-6) are associated with adiposity.5–9 Systemic
inflammation is also thought to play a role10,11 in the
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association between reduced pulmonary function
and cardiovascular mortality as well as all-cause
mortality.12,13 However, the exact mechanism for the
latter association is not fully understood. Insulin
resistance and inflammation that arise from abdom-
inal adiposity may mediate the relation of pulmonary
function and all-cause mortality.

Weight and body mass index (BMI) as measures of
overall adiposity are used as predictors of pulmonary
function in many epidemiologic studies. While these
measures are widely accepted as determinants of
pulmonary function, abdominal adiposity may influ-
ence pulmonary function through a mechanism that
is distinct from that of overall adiposity. Abdominal
adiposity may restrict the descent of the diaphragm
and limit lung expansion, compared to overall adi-
posity, which may compress the chest wall.14 In most
epidemiologic studies, waist circumference and/or
waist/hip ratio represent abdominal adiposity. How-
ever, investigators proposed that abdominal height is
a better indicator of visceral fat (the metabolically
active fat depot) and, thus, is a better marker of
abdominal adiposity.15,16

In this study, we investigated the association of
total body adiposity and abdominal adiposity with
FEV1 and FVC in a random sample of the popula-
tion in western New York state. We hypothesized
that a specific effect of fat distribution on pulmonary
function exists. In particular, we hypothesized that a
greater accumulation of abdominal fat is associated
with lower levels of FEV1 and FVC, and that abdom-
inal fatness is a better predictor of reduced pulmo-
nary function than total body adiposity.

Materials and Methods

Study Subjects

We recruited participants from Erie and Niagara counties in
western New York, as previously described.17 In brief, we
recruited a sample of the general population using lists supplied
by the New York State Department of Motor Vehicles (respon-
dents aged 35 to 65 years) and the Health Care Financing
Administration (respondents aged � 65 years). We used letters
and telephone contact to recruit participants. All study protocols
were approved by the University at Buffalo institutional review
board. Approximately 59.4% of individuals who were contacted
and were eligible for the study agreed to participate. Individuals
with chronic lung disease, cancer, and prevalent cardiovascular
disease (eg, prior myocardial infarction, coronary artery bypass
graft surgery, angioplasty, or diagnosis of angina pectoris) were
excluded from the study. We also excluded individuals with
missing spirometry and anthropometry data, resulting in 2,153
individuals who were eligible for analysis.

Pulmonary Function Tests

Trained personnel performed spirometry between 6:30 and
9:30 am according to American Thoracic Society recommenda-

tions.18 We used two different pneumotachometers; one for the
first 562 participants (Compact; Vitalograph Medical Instru-
ments; Lexena, KS), and another for all other participants (model
2170 spirometer; Vitalograph Medical Instruments). We first
performed two to three slow vital capacity practice maneuvers
followed by at least three but no more than eight acceptable FVC
maneuvers. We considered test results to be reproducible if the
differences between the two best maneuvers were � 200 mL.18

We excluded 6.8% of participants due to pulmonary function test
results that were not reproducible. All pulmonary function tests
were performed while participants were in the sitting position.

We used linear regression to derive FEV1 and FVC prediction
equations for men and women separately using age, height, race,
and gender in never-smokers free of respiratory disease in our
sample (n � 981). We then calculated FEV1 and FVC as the
percentage of predicted values and the FEV1/FVC ratio. When
we compared the results obtained with our internal prediction
equations to those obtained with external prediction equations
from the National Health and Nutrition Examination Survey III,
we found no important differences in the observed associations,
and we reported only the results obtained using internal predic-
tion equations.19

Interview

Trained interviewers collected demographic information, phys-
ical measurements, and detailed lifetime smoking histories dur-
ing in-person interviews. We used two smoking variables for the
analysis. The first one was smoking status (current smoker,
former smoker, or never-smoker). Using a questionnaire, we
classified individuals as current smokers if they were smoking at
the time of the study, and as never-smokers if they had smoked
� 100 cigarettes in their lifetime. We classified all remaining
individuals as former smokers. We also collected lifetime smok-
ing histories by decade to compute the lifetime number of
pack-years.

Physical Measurements

We instructed participants to wear light clothing for their study
visit. The trained interviewers measured height using a wall-
mounted stadiometer and weight using a balance beam scale. For
waist and hip measurements, participants were instructed to
stand erect with the abdomen relaxed, arms at their side, and feet
together (without shoes). Interviewers used tapes to measure the
waist at the narrowest circumference between the bottom of the
ribcage and the top of the iliac crest following normal expiration.
The interviewers measured hip circumference at the largest point
between the iliac crest and the symphysis pubis. For abdominal
height, interviewers used a Holtain-Kahn abdominal caliper.20

Abdominal height was defined as the sagittal diameter of the
abdomen measured by interviewers at the iliac crest while the
participant was in the supine position. The measure of abdominal
height is strongly correlated with visceral adipose tissue when
compared to CT scans and MRIs as the “gold standard.”15,16,21

During standardization sessions for seven interviewers taking two
observations on six subjects, the Pearson correlation coefficients
were 0.97 for weight, 0.75 for the waist/hip ratio, and 0.81 for
abdominal height. We refer to body weight and BMI as overall
adiposity markers, and abdominal height, waist circumference,
and waist/hip ratio as abdominal adiposity markers.

Analysis

We decided a priori to stratify analyses by gender. We
computed the mean values including SDs for all relevant vari-

854 Original Research



ables and the Pearson correlation coefficients to assess relation
among physical measurements. For the multivariable analysis, we
considered each of the following covariates because they were
possibly associated with pulmonary function: smoking status;
lifetime number of pack-years smoked; education; eosinophil
count; and serum carotenoid level. Serum carotenoid measure-
ments were available only for a subsample of subjects (n � 817).

In order to identify whether more obese individuals had
difficulty performing the tests, we compared reproducibility
across abdominal height categories. We compared differences
between the best two FEV1 and FVC measurements across
abdominal height categories to investigate whether more obese
subjects had difficulty with the test. There were no significant
differences.

We analyzed trends in mean FEV1 percent predicted and FVC
percent predicted across quintiles of abdominal height using
general linear models that were adjusted for covariates. To
investigate the individual associations of each adiposity marker
(ie, weight, BMI, waist circumference, waist/hip ratio, and ab-
dominal height) with pulmonary function, we performed linear
regression analysis. In addition to FEV1 percent predicted and
FVC percent predicted, we investigated the dependent variable
FEV1/FVC ratio. We entered each adiposity marker individually
in multivariable models in order to analyze their contribution to
the variation in FEV1 percent predicted, FVC percent predicted,
and FEV1/FVC ratio, and to avoid multicollinearity. We defined
a stronger association as one that yielded a lower p value based on
the measurement properties (ie, less variability and/or higher
coefficients) of the variables.

We investigated effect modification by BMI and smoking. We
classified individuals into three strata according to the BMI
categories � 25 kg/m2; 25 to 30 kg/m2; and � 30 kg/m2, and three
categories based on the mean number of pack-years of smoking.
For all analyses, we used a statistical software package (SPSS,
version 11.0; SPSS; Chicago, IL).22

Results

The mean age of participants in the sample was
56.8 years (SD, 11.3 years) for women and 58.5 years
(SD, 12.5 years) for men. Approximately 6.5% of all
participants were African-American. Raw FEV1 and
FVC values were higher for men, but once we
removed the effects of age, height, and race, FEV1
percent predicted and FVC percent predicted values
were higher for women (p � 0.001). More women in
our sample were current smokers, but men had a
higher lifetime exposure to cigarettes (p � 0.001).
The mean BMI values for women and men were
27.6 kg/m2 (SD, 5.7 kg/m2) and 28.3 kg/m2 (SD, 4.4
kg/m2), respectively.

Table 1 shows the characteristics of the study
population as stratified by quartiles of abdominal
height. Women in the highest quartile of abdominal
height were more likely to be older, to be never-
smokers or former smokers, to have lower pulmo-
nary function, and to have higher weight, BMI, waist
circumference, and waist/hip ratio. Men in the high-
est quartile of abdominal height were more likely to
be former smokers, to have lower pulmonary func-
tion, and to have higher weight, BMI, waist circum-
ference, and waist/hip ratio.

Table 2 summarizes the correlation coefficients
for markers of overall and abdominal adiposity.
Correlations were strong among adiposity markers,
with the exception of waist/hip ratio, which showed a
weaker correlation with the other markers. The
correlations were similar for men and women.

Table 3 shows trends in pulmonary function by
quartiles of adiposity markers in men and women.
For women, all inverse trends were statistically
significant at p � 0.05 except for the trend in weight,
BMI, and waist-to-hip ratio for FEV1 percent pre-
dicted. Similarly in men, all inverse trends were
statistically significant. Individuals in the lowest
quartile based on abdominal height had slightly
better pulmonary function compared to individuals
in the lowest quartiles of weight and BMI. We
performed each analysis with log-transformed adi-
posity markers and obtained similar results; there-
fore, we present the nontransformed coefficients to
ease interpretation.

Table 4 summarizes the regression coefficients for
adiposity markers that were entered individually into
FEV1 percent predicted, FVC percent predicted,
and FEV1/FVC ratio linear regression models. Over-
all, there were negative associations of each adiposity
marker with FEV1 and FVC in men and women, but
not all were statistically significant. In women, ab-
dominal height (p � 0.001) and waist circumference
(p � 0.01) were most strongly negatively associated
with FEV1; all five markers of adiposity were nega-
tively associated with FVC (all p � 0.05). In women,
models containing abdominal height explained the
greatest variance in FEV1 and FVC relative to other
adiposity markers. In men, all markers were nega-
tively and statistically significantly associated with
FEV1 percent predicted and FVC percent predicted
(p � 0.05). Similarly in men, abdominal height and
waist circumference explained the greatest propor-
tion of variance in pulmonary function. All adiposity
markers were positively and significantly associated
with airway obstruction (ie, FEV1/FVC ratio).

In linear regression models, we found decreases of
1.81% and 3.69%, respectively, in FEV1 percent
predicted per SD of abdominal height for women
and men. For FVC percent predicted, the percent-
age decrease per SD was 2.96% for women and
5.25% for men. The decrease in FEV1 percent
predicted per SD of waist circumference for women
and men was 1.17% and 2.80%, respectively, and the
FVC decrease was 2.39% for women and 4.20% for
men.

We found statistically significant interaction be-
tween abdominal height and BMI in men and
women (p � 0.10) and, therefore, stratified the anal-
ysis by BMI. Table 5 shows the results of this
analysis. In both men and women, abdominal height
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Table 1—Characteristics of Participants by Quartile of Abdominal Height*

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4

Women (n � 1,168)
Participants, No. 286 296 295 291
Age, yr 53.0 (11.0)

�36.7–79.7�
58.5 (11.3)
�37.1–79.8�

58.8 (11.0)
�35.9–78.9�

58.8 (10.7)
�37.0–79.0�

African American, % 1.4 5.1 7.8 9.6
Education, % high school or beyond 97.9 92.9 90.8 89.0
Smoking status, %

Never-smoker 52.8 50.0 51.2 48.5
Former smoker 28.3 31.4 35.3 38.5
Current smoker 18.9 18.6 13.6 13.1

Lifetime smoking, pack-yr 8.4 (14.9) 9.5 (14.7) 8.3 (14.6) 10.8 (17.7)
FEV1

L 2.76 (0.64) 2.55 (0.51) 2.57 (0.55) 2.45 (0.55)
% predicted 99.50 (17.35) 98.92 (13.48) 99.31 (15.08) 94.82 (14.72)

FVC
L 3.56 (0.70) 3.31 (0.62) 3.28 (0.68) 3.09 (0.67)
% predicted 102.33 (15.54) 101.21 (12.85) 100.03 (14.58) 94.46 (13.95)

FEV1/FVC ratio, % 77.02 (8.52) 77.14 (6.23) 78.33 (6.67) 79.33 (7.31)
Difference between 2 best FEV1 measurements, L 0.035 (0.039) 0.033 (0.031) 0.034 (0.033) 0.040 (0.039)
Difference between 2 best FVC measurements, L 0.054 (0.045) 0.052 (0.048) 0.059 (0.051) 0.054 (0.049)
Weight, kg 57.7 (6.1)

�44.1–75.5�
65.4 (6.7)

�49.8–91.4�
74.5 (8.7)

�50.9–104.1�
90.8 (14.9)

�52.7–155.7�
BMI, kg/m2 22.0 (2.1) �16.2–28.6� 25.2 (2.3)

�20.3–32.3�
28.4 (3.0)

�19.2–36.3�
34.6 (5.2)

�20.3–56.8�
Waist circumference, cm 71.9 (5.8)

�56.0–94.0�
79.3 (6.3)

�45.0–98.5�
88.1 (6.7)

�69.0–107.5�
102.1 (11.2)
�72.1–146.4�

Waist/hip ratio 0.79 (0.1)
�0.6–1.0�

0.80 (0.1)
�0.5–1.03�

0.83 (0.1)
�0.7–1.1�

0.87 (0.1)
�0.7–1.2�

Abdominal height, cm 16.2 (1.1)
�13.1–17.8�

18.7 (0.6)
�17.8–19.7�

21.0 (0.8)
�19.7–22.4�

25.2 (2.4)
�22.4–34.0�

Men (n � 985)
Participants, No. 243 249 246 247
Age, yr 57.4 (13.2)

�36.1–79.4�
58.6 (12.3)
�36.7–79.4�

60.6 (11.2)
�36.6–79.3�

59.6 (11.1)
�36.5–78.7�

African American, % 6.2 7.2 7.3 8.1
Education, % high school or beyond 92.2 92.0 87.8 89.9
Smoking status, %

Never-smoker 46.5 36.9 36.6 38.5
Former smoker 39.1 46.2 51.2 50.2
Current smoker 14.4 16.9 12.2 11.3

Lifetime smoking, pack-yr 10.9 (18.1) 16.4 (20.0) 16.8 (20.7) 16.9 (22.6)
FEV1

L 3.66 (0.78) 3.50 (0.85) 3.35 (0.81) 3.27 (0.79)
% predicted 101.55 (15.44) 96.50 (16.85) 94.81 (17.37) 90.62 (16.30)

FVC
L 4.84 (0.90) 4.58 (0.94) 4.36 (0.95) 4.20 (0.91)
% predicted 105.77 (14.32) 99.13 (14.19) 96.23 (14.63) 91.01 (14.66)

FEV1/FVC ratio, % 75.54 (7.68) 76.15 (8.64) 76.87 (8.12) 77.82 (7.69)
Difference between 2 best FEV1 measurements, L 0.050 (0.042) 0.045 (0.039) 0.050 (0.044) 0.047 (0.041)
Difference between 2 best FVC measurements, L 0.067 (0.054) 0.067 (0.054) 0.066 (0.053) 0.066 (0.054)
Weight, kg 73.9 (7.8)

�30.5–98.2�
82.1 (8.1)

�60.9–103.6�
88.8 (9.0)

�62.0–126.8�
104.5 (13.3)
�74.3–159.1�

BMI, kg/m2 24.3 (2.3)
�12.4–30.0�

26.6 (2.2)
�20.3–35.4�

28.9 (2.5)
�21.8–43.9�

33.6 (3.9)
�24.6–49.1�

Waist circumference, cm 86.3 (6.1)
�58.0–106.4�

93.9 (5.8)
�67.2–114.0�

100.4 (5.9)
�70.0–118.0�

113.1 (9.4)
�86.5–152.5�

Waist/hip ratio 0.92 (0.1)
�0.8–1.1�

0.94 (0.1)
�0.8–1.1�

0.96 (0.1)
�0.7–1.1�

0.99 (0.1)
�0.6–1.2�

Abdominal height, cm 18.5 (1.1)
�13.9–19.9�

20.8 (0.6)
�19.9–21.8�

22.7 (0.6)
�21.8–24.0�

26.6 (2.3)
�24.0–36.4�

*Values are given as the mean (SD) �range�.
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was negatively associated with FEV1 percent pre-
dicted and FVC percent predicted in participants
with a BMI � 25 kg/m2 (p � 0.001). In women with
a BMI of � 25 kg/m2, the association of FEV1
percent predicted and abdominal height did not
reach statistical significance (p � 0.199). In men,

there was a statistically significant association of
abdominal height and FVC percent predicted for a
BMI of � 25 kg/m2. In women, the association
between abdominal height and airway obstruction
was not significant for any BMI category. In men,
abdominal height was positively associated with air-
way obstruction only for men with a BMI of 25 to 30
kg/m2.

We found evidence for the statistical interaction of
abdominal height and smoking, but only in women.
When we stratified subjects based on the lifetime
number of pack-years of smoking at the mean pack-
years for women (ie, 0, � 9.24, and � 9.24 pack-
years), we found that the inverse trends in abdominal
height and pulmonary function were statistically
significant only for never-smokers and women with
� 9.24 pack-years of smoking.

Individuals with physician-diagnosed chronic air-
flow limitation had already been excluded from this
analysis. However, we also investigated whether the
inclusion of individuals with undiagnosed chronic
airflow limitation would influence the results. We
accomplished this by excluding those with an FEV1
of � 80% predicted. Of 2,153 individuals included in

Table 2—Partial Correlation Coefficients Adjusted
for Age*

Variables Weight BMI
Waist

Circumference
Waist/

Hip Ratio

Women (n � 1,168)
Weight
BMI 0.93
Waist circumference 0.88 0.88
Waist/hip ratio 0.32 0.32 0.60
Abdominal height 0.86 0.88 0.87 0.41

Men (n � 985)
Weight
BMI 0.89
Waist circumference 0.87 0.87
Waist/hip ratio 0.33 0.36 0.55
Abdominal height 0.82 0.83 0.87 0.43

*All Pearson correlation coefficients were statistically significant at
p � 0.001.

Table 3—Trends in FEV1 and FVC by Adiposity Markers*

Variables
Quartile I
(Lowest) Quartile II Quartile III

Quartile IV
(Highest)

Difference
Between
Quartiles
I and IV

p Value
for Trend*

Women (n � 1,168)
FEV1 % predicted

Weight (kg) 97.5 (95.8–99.2) 99.7 (98.0–101.4) 98.6 (96.9–100.3) 96.7 (95.0–98.4) � 0.83 0.069
BMI, kg/m2 97.6 (95.9–99.3) 99.8 (98.1–101.5) 98.3 (96.7–100.0) 96.9 (95.2–98.5) � 0.70 0.090
Waist circumference, cm 98.1 (96.4–99.8) 100.3 (98.6–102.0) 98.4 (96.7–100.1) 95.8 (94.1–97.5) � 2.33 0.003
Waist/hip ratio 97.7 (96.0–99.4) 99.2 (97.6–100.9) 98.2 (96.6–99.9) 97.3 (95.7–99.0) � 0.39 0.433
Abdominal height, cm 99.0 (97.3–100.8) 99.0 (97.4–100.7) 99.2 (97.5–100.9) 95.3 (93.6–97.0) � 3.75 0.002

FVC % predicted
Weight, kg 100.7 (99.0–102.3) 101.3 (99.7–102.9) 99.5 (97.9–101.2) 96.5 (94.9–98.2) � 4.13 0.001
BMI, kg/m2 100.6 (98.9–102.2) 102.0 (100.4–103.6) 99.5 (97.9–101.2) 95.9 (94.3–97.6) � 4.63 0.001
Waist circumference, cm 100.7 (99.1–102.4) 102.4 (100.8–104.1) 99.2 (97.5–100.8) 95.7 (94.1–97.3) � 5.03 0.001
Waist/hip ratio 99.7 (98.0–101.3) 101.0 (99.4–102.7) 99.7 (98.0–101.3) 97.6 (96.0–99.3) � 2.05 0.043
Abdominal height, cm 102.0 (100.3–103.6) 101.3 (99.7–102.9) 100.1 (98.4–101.7) 94.7 (93.1–96.4) � 7.23 0.001

Men (n � 985)
FEV1 % predicted

Weight, kg 96.9 (94.9–98.9) 96.0 (94.1–98.0) 97.2 (95.3–99.2) 93.1 (91.1–95.1) � 3.79 0.018
BMI, kg/m2 96.0 (94.0–98.0) 97.4 (95.4–99.3) 96.9 (94.9–98.8) 93.2 (91.2–95.2) � 2.80 0.017
Waist circumference, cm 98.6 (96.6–100.6) 97.8 (95.8–99.7) 94.8 (92.9–96.8) 92.2 (90.3–94.2) � 6.36 0.001
Waist/hip ratio 97.6 (95.6–99.6) 94.9 (92.9–96.9) 96.8 (94.8–98.8) 94.2 (92.2–96.1) � 3.44 0.047
Abdominal height, cm 100.3 (98.3–102.3) 96.8 (94.9–98.7) 95.3 (93.3–97.2) 91.0 (89.1–93.0) � 9.27 0.001

FVC % predicted
Weight, kg 101.8 (99.9–103.7) 98.7 (96.9–100.5) 97.8 (95.9–99.6) 93.7 (91.9–95.6) � 8.07 0.001
BMI, kg/m2 100.6 (98.7–102.4) 99.8 (98.0–101.7) 98.2 (96.3–100.0) 93.5 (91.6–95.3) � 7.05 0.001
Waist circumference, cm 103.0 (101.2–104.9) 100.4 (98.6–102.2) 96.2 (94.4–98.0) 92.4 (90.5–94.2) � 10.65 0.001
Waist/hip ratio 101.9 (100.1–103.8) 97.7 (95.9–99.6) 97.7 (95.9–99.6) 94.7 (92.8–96.6) � 7.24 0.001
Abdominal height, cm 105.3 (103.5–107.1) 99.3 (97.6–101.1) 96.4 (94.6–98.2) 91.1 (89.3–92.9) � 14.15 0.001

*Values are given as the mean (95% confidence interval). Trends were adjusted for smoking status, pack-years of smoking, education, and
eosinophils.

www.chestjournal.org CHEST / 129 / 4 / APRIL, 2006 857



the study, approximately 13.6% had an FEV1 of
� 80% predicted. We found clear differences in the
association when we split the group using this crite-
rion; namely, there was no inverse association of any
adiposity markers with pulmonary function in the
group with an FEV1 of � 80% predicted (data not
shown). When we considered serum carotenoids as
covariates (which we previously reported to explain a
proportion of variance in pulmonary function), we
found no important differences in the reported
associations of adiposity markers and pulmonary
function (data not shown).

Discussion

We investigated the relation of a number of
adiposity markers with pulmonary function in a
population-based study. We found inverse associa-
tions of abdominal height and waist circumference

with pulmonary function in men and women with
BMI values of � 25 kg/m2. Abdominal height and
waist circumference explained the greatest propor-
tion of variance in FEV1 and FVC relative to other
markers of adiposity. Also, the inverse association of
abdominal height and pulmonary function was evi-
dent only in women who had been classified as
never-smokers or smokers in the lowest 50% of the
sample in terms of lifetime pack-years of smoking.

Our results confirm our a priori hypothesis that
abdominal adiposity is negatively associated with
pulmonary function. The results of this study are
particularly noteworthy in that abdominal height,
which is a highly specific marker for visceral adipos-
ity,15,16 explained the greatest amount of variance in
pulmonary function among all of the adiposity
markers (ie, weight, BMI, waist/hip ratio, and
waist circumference), according to R2 values in the
linear regression models. Visceral adipose tissue

Table 4—Regression Coefficients for Adiposity Markers Entered Into Separate Models Predicting FEV1, FVC,
and FEV1/FVC*

Variables

FEV1 % Predicted FVC % Predicted FEV1/FVC Ratio

� (SE) R2 � (SE) R2 � (SE) R2

Women (n � 1,168)
Weight, kg � 0.036 (0.03) 0.086 � 0.119 (0.03)† 0.045 0.083 (0.01)† 0.149
BMI, kg/m2 � 0.130 (0.08) 0.087 � 0.383 (0.07)† 0.051 0.224 (0.04)† 0.150
Waist circumference, cm � 0.086 (0.03)‡ 0.090 � 0.176 (0.03)† 0.055 0.086 (0.02)† 0.145
Waist/hip ratio � 5.200 (5.90) 0.085 � 14.539 (5.72)‡ 0.035 8.150 (2.79)‡ 0.127
Abdominal height, cm � 0.503 (0.12)† 0.098 � 0.821 (0.12)† 0.068 0.297 (0.06)† 0.140

Men (n � 985)
Weight, kg � 0.102 (0.03)‡ 0.140 � 0.208 (0.03)† 0.085 0.078 (0.02)† 0.179
BMI, kg/m2 � 0.363 (0.11)† 0.142 � 0.666 (0.11)† 0.081 0.238 (0.05)† 0.179
Waist circumference, cm � 0.233 (0.04)† 0.159 � 0.350 (0.04)† 0.117 0.089 (0.02)† 0.179
Waist/hip ratio � 20.910 (8.40)‡ 0.138 �41.410 (7.90)† 0.071 15.851 (3.92)† 0.135
Abdominal height, cm � 1.152 (0.15)† 0.180 � 1.637 (0.14)† 0.162 0.373 (0.07)† 0.184

*Each model was adjusted for smoking status, lifetime number of pack-years smoked, education, and eosinophils; FEV1/FVC ratio models were
also adjusted for age, height, and race.

†p � 0.001.
‡p � 0.05.

Table 5—Abdominal Height Regression Coefficients in Models Stratified by BMI*

Variables

FEV1 % Predicted FVC % Predicted FEV1/FVC Ratio

� (SE) p Value � (SE) p Value � (SE) p Value

Women
BMI � 25 kg/m2 (n � 445) � 0.518 (0.40) 0.199 � 0.256 (0.50) 0.500 � 0.029 (0.20) 0.885
BMI 25–30 kg/m2 (n � 378) � 1.350 (0.42) 0.001 � 1.738 (0.42) 0.001 0.345 (0.19) 0.073
BMI � 30 kg/m2 (n � 345) � 1.193 (0.24) 0.001 � 1.238 (0.23) 0.001 0.056 (0.13) 0.658

Men
BMI � 25 kg/m2 (n � 224) � 1.178 (0.64) 0.068 � 1.421 (0.59) 0.017 � 0.117 (0.32) 0.712
BMI 25–30 kg/m2 (n � 466) � 2.330 (0.36) 0.001 � 3.155 (0.33) 0.001 0.560 (0.19) 0.003
BMI � 30 kg/m2 (n � 295) � 1.808 (0.31) 0.001 � 1.889 (0.28) 0.001 0.073 (0.15) 0.629

*Each model was adjusted for smoking status, lifetime number of pack-years smoked, education, and eosinophil concentrations; FEV1/FVC ratio
models were also adjusted for age, height, and race.
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influences circulating concentrations of interleu-
kin-6, tumor necrosis factor-�, leptin, and adi-
ponectin,5– 8 which are cytokines that may act via
systemic inflammation to negatively affect pulmo-
nary function. Therefore, abdominal height may
negatively impact pulmonary function via the ac-
tion of insulin resistance. Investigators reported an
inverse association of serum leptin concentration
with FEV1 as well as higher levels of C-reactive
protein, leukocytes, and fibrinogen, which are
other markers of systemic inflammation.23 There-
fore, inflammation may be part of the link between
impaired pulmonary function and mortali-
ty.12,13,24,25 The concurrent measurement of in-
flammatory markers and insulin resistance mark-
ers may allow for the determination of whether the
mechanism is inflammatory or mechanical in na-
ture.

Another possible mechanism for the association
of abdominal adiposity and pulmonary function is
a mechanical limitation of chest expansion during
the FVC maneuver. Increased abdominal mass
may impede the descent of the diaphragm and
increase thoracic pressure.26 Abdominal adiposity
is likely to reduce expiratory reserve volume via
compressing the lungs and diaphragm.27,28 This
will result in lower FVC measurements, which we
indeed observed via the strong inverse association
of every adiposity marker with FVC in men and
women. All spirometry maneuvers were per-
formed with the subject in the sitting position.
Therefore, we cannot rule out the influence of
sitting during spirometry on reduced pulmonary
function, as one study29 reported small but statis-
tically significant differences in FVC compared to
standing spirometry in individuals with a BMI of
� 30 kg/m2. Also, there is evidence that FEV1
values are larger if testing is performed with the
subject in the standing position.30 Current guide-
lines recommend either the standing or sitting
position for spirometry.18 The results obtained
with these techniques may reveal interchangeable
results.

Early investigations of pulmonary function and
weight showed a positive association between these
variables. In our study, weight was inversely associ-
ated with pulmonary function in men and women.
Our findings support the hypothesis that the rela-
tionship of pulmonary function and overall weight is
now a more complex issue. The inverse association
may be partially explained by changes in the preva-
lence of adiposity in more recent decades,31 as a
large proportion of individuals are classified into
higher BMI categories.

It is difficult to tease apart the effects of BMI and
abdominal adiposity due to their high correlation.

Linear regression models became unstable when we
included correlated predictors in models simulta-
neously. Therefore, we presented the association of
relative and abdominal adiposity markers and pul-
monary function separately, as well as the association
of abdominal adiposity and pulmonary function strat-
ified by BMI category. These results suggest that
both overall and abdominal adiposity are negatively
associated with FEV1 and FVC, and support the
hypothesis that abdominal adiposity markers (ie,
abdominal height and waist circumference) have
better explanatory power than total body adiposity
measured as BMI or weight. Abdominal height and
waist circumference are highly correlated; however,
we recognize that abdominal height, although prob-
ably a better marker for visceral adipose tissue
compared to waist circumference, presents a more
challenging measurement to obtain.32

The finding of slightly higher pulmonary function
in the lowest abdominal height quartile compared to
weight and BMI quartiles supports the notion that
having a lower abdominal height may be a better
indicator of overall health compared to having a low
BMI or weight, since individuals with a low BMI
may have varying levels of abdominal adiposity,
depending on gender. However, this finding may
also be due to chance.

When we examined airway obstruction in relation
to abdominal adiposity in our study, we found statis-
tically significant inverse associations of abdominal
height and airway obstruction when BMI is � 25
kg/m2, and positive associations when BMI is � 25
kg/m2. This positive association of airway obstruction
with increasing relative and abdominal adiposity may
suggest that the association is due to the strong
association of FVC and abdominal adiposity.

We found the highest prevalence of obstruction
(ie, FEV1/FVC ratio, � 80%) in the lowest quartiles
of BMI and abdominal height. These results support
previous findings by Sin et al33 of no significant
increased risk of obstruction (ie, FEV1/FVC ratio,
� 80%) in obese individuals (highest BMI quintile
compared to other quintiles) in the National Health
and Nutrition Examination Survey III sample. These
results suggest that obesity is not associated with
airway obstruction based on spirometry, but rather
may be more associated with symptoms of asthma
and obstruction.33,34

The inverse association of abdominal height and
FEV1 in women and men was limited to those with
BMI values of � 25 kg/m2. The association of ab-
dominal height and FVC in women was statistically
significant in those with BMI values of � 25 kg/m2.
In men, however, there was an inverse association of
abdominal height and FVC in every BMI category.
These results suggest that abdominal adiposity can
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negatively influence pulmonary function even when
individuals are classified as being overweight using
standard measures of obesity (ie, BMI, � 25 kg/m2).

When we stratified by smoking status, we found
the strongest associations of abdominal height and
pulmonary function in women who were never-
smokers as well as in women who were in the lowest
50% of the sample in terms of lifetime number of
pack-years of smoking. Therefore, the null associa-
tions in women who have smoked � 9 pack-years in
their lifetime and in individuals with an FEV1 of
� 80% predicted may cause a nonlinear relationship
of abdominal height and pulmonary function.

Other investigators explored the association of
obesity with pulmonary function. Canoy et al35

analyzed the association of waist/hip ratio and
pulmonary function in the European Prospective
Investigation Into Cancer and Nutrition study, and
reported an inverse association that remained
significant after adjustment for BMI. Our results
are similar in that the association remained signif-
icant in never-smokers. Chen et al36 analyzed waist
circumference and pulmonary function in a sam-
ple of men and women in the United Kingdom.
These authors found inverse associations of waist
circumference and pulmonary function. Harik-
Khan et al37 investigated the association of fat
distribution and pulmonary function using waist/
hip ratio. They reported an inverse association of
FEV1 and waist/hip ratio in men only, which was
similar to our findings. Our results also supported
an inverse association between FVC and waist/hip
ratio. Lazarus et al38 found no inverse associations
of waist circumference or waist/hip ratio with FVC
in women. These authors also reported an inverse
association of abdominal girth/hip breadth ratio
with pulmonary function after adjustment for BMI
in men over a narrow age range in the Normative
Aging Study.39 We found no evidence for effect
modification by age in our study. Collins et al40

examined 42 normal to mildly obese firefighters
and found decreased pulmonary function in men
with a waist/hip ratio of � 0.95.

Longitudinal studies of pulmonary function de-
cline allow for the determination of the effect of
changes in body composition on pulmonary function.
These studies41–44 have implicated weight gain as an
important predictor of pulmonary function decline,
an association that appears to be stronger in men. In
one study45 of obese women (BMI, � 30 kg/m2),
weight loss during a 6-month period improved FVC
and FEV1; however, it did not change the FEV1/
FVC ratio. A dietary intervention of weight loss in
obese men showed improved FEV1 and FVC with
the loss of abdominal fat after 3 months on a

hypocaloric Mediterranean diet.46 The results of
these studies combined suggest that weight gain is
associated with pulmonary function decline; how-
ever, these negative effects on pulmonary function
may be potentially reversible with weight loss.

The finding of an inverse association of abdominal
height and waist circumference and the stronger
association of abdominal adiposity and pulmonary
function in men points to the importance of what has
been called “apple vs pear-shaped” body types. As
with other chronic conditions, increased abdominal
adiposity or having an “apple-shape” may be an
important indicator of lung health. Further research
should be focused on characterizing the mechanism
for the association of abdominal adiposity and re-
duced pulmonary function.

The major strength of our study lies in the avail-
ability of multiple standardized anthropometric mea-
surements, spirometry, and detailed lifetime smok-
ing histories. We were able to analyze the
contribution of overall and abdominal adiposity
markers to variation in pulmonary function, includ-
ing abdominal height. Our study is a random sample
of individuals from the general population, so we
were able to investigate this association in nonobese
individuals. In addition, the results were similar
when we modeled raw FEV1 and FVC instead of
using the percent predicted form.

The cross-sectional nature of this study is a
limitation, as it does not provide information about
a temporal sequence. Longitudinal studies are
needed to further investigate how abdominal adi-
posity and changes in abdominal adiposity influ-
ence pulmonary function. The findings should be
interpreted with caution due the moderate partic-
ipation rate. In addition, we cannot generalize
these findings to children or young adults. A study
of abdominal adiposity and pulmonary function in
subjects in these age groups would be of interest
because these individuals may not have yet at-
tained maximal pulmonary function, which may
influence pulmonary function decline and mortal-
ity risk.

Conclusion

We found negative associations of abdominal adi-
posity and pulmonary function in men and women
from the general population that are not limited to
severely obese persons. Abdominal adiposity is an
important determinant of impaired pulmonary func-
tion, and it is of greater importance than overall
adiposity markers such as weight and BMI. We
suggest that investigators consider the inclusion of
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markers of abdominal adiposity as a potential con-
founding factor when investigating the determinants
of pulmonary function.
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