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Abstract
Background Obesity has proven to be associated with respi-
ratory symptoms and impaired pulmonary function, which
could increase the incidence of postoperative complications
after bariatric surgery. However, the component of obesity
that has the most influence on pulmonary function has not
been identified, especially in Asian-Pacific populations.
Methods This cross-sectional study enrolled obese Chinese
patients ≥18 years of age with a body mass index (BMI) >
32 kg/m2, who were being evaluated for bariatric surgery.
All patients performed pulmonary function test, and the
results were analyzed according to various anthropometric
measurements. Multiple-regression analyses were also
conducted and adjusted for age, sex, and smoking history
to determine the factors that impaired the pulmonary
function of the obese patients.
Results A total of 150 consecutive patients were enrolled
from July 2007 to August 2008. We found that body
weight, BMI, waist circumference (WC), hip circumfer-
ence, and waist-to-height ratio but not waist-to-hip ratio had
a significant correlation with decreased forced vital capacity
(FVC), forced expiratory volume in the first second

(FEV1), total lung capacity (TLC), vital capacity (VC),
and increased diffusing capacity of the lung for carbon
monoxide to alveolar gas volume. After multiple linear
regression analysis, only WC was associated with reduc-
tions in FEV1, FVC, TLC, and VC.
Conclusions Obesity is associated with a restrictive pattern
of impaired pulmonary function in various anthropometric
parameters measured in obese Chinese adults in Taiwan.
Among these parameters, WC had the greatest impact on
pulmonary function, which could also implicate the rate of
postoperative complication and the need of more intensive
care after bariatric surgery.
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Abbreviations
ATS American Thoracic Society
BMI Body mass index
BW Body weight
DLCO Diffusing capacity of the lung for carbon

monoxide
DLCO/VA DLCO to alveolar gas volume
ERV Expiratory reserve volume
FEV1 Forced expiratory volume in the first second
FVC Forced vital capacity
HC Hip circumference
IC Inspiratory capacity
PFT Pulmonary function test
RV Residual volume
TLC Total lung capacity
VC Vital capacity
WC Waist circumference
WHR Waist-to-hip ratio
WHtR Waist-to-height ratio
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Introduction

Obesity poses a major public health challenge in the de-
veloped countries throughout the world, with consequences
such as metabolic disorders, cardiovascular diseases, diabetes,
rheumatoid arthritis, and cancer [1]. There is also increasing
evidence demonstrating the profound adverse effects of
obesity on the respiratory system, including obstructive
sleep apnea, obesity hypoventilation syndrome, and obstruc-
tive airway disease [2–4]. Tai and Chang et al. had assessed
and confirmed a significantly higher prevalence of gastro-
esophageal reflux disease (GERD) and a poorer health-
related quality of life (HRQL) in morbidly obese Chinese
patients before bariatric surgery [5–7]. Previous studies
showed impaired pulmonary function could lead to increased
postoperative complications and intensive care unit (ICU)
admission after bariatric surgery [8, 9]. Body weight (BW)
and body mass index (BMI) can be easily measured and,
therefore, are frequently used in epidemiologic studies.
However, these measures are limited in that they do not
distinguish between fat mass and muscle mass, which have
opposite effects on pulmonary function [10, 11]. There is
increasing evidence that abdominal obesity, often referred to
as a larger waist circumference (WC) or waist-to-hip ratio
(WHR), is associated with a higher risk of diabetes,
hypertension, cardiovascular disease, and cancer, as well as
all-cause mortality [12–15]. Waist-to-height ratio (WHtR) is
also associated with metabolic risks and cardiovascular
disease [16, 17]. The negative effects of abdominal obesity
(WC, WHtR, or WHR) were even more profound than those
of BMI. More and more studies have also evaluated the
relationship of WC and WHR with respiratory function [18,
19]. In addition to WC, hip circumference (HC) had the
opposite association with metabolic syndrome and all-cause
mortality [20, 21]. However, data on the relationship
between the different fat distributions found in obesity and
respiratory function in the Asian-Pacific population are
sparse, and which component of obesity is the most
important determinant of pulmonary function is not known.

The aims of our study are (1) to determine the
prevalence of pulmonary function abnormality in obese
Chinese patients before bariatric surgery and (2) to clarify
the relationship between the various anthropometric mea-
surements of obesity, including BW, BMI, WC, HC, WHtR,
and WHR, to the impairment of pulmonary function.

Materials and Methods

Study Population

Patients ≥18 years of age who had a BMI >37 kg/m2 or a
BMI between 32 and 37 kg/m2 with obesity-related

comorbidities who were being evaluated for bariatric
surgery from July 2007 to August 2008 were enrolled from
the obesity center of E-Da hospital in Southern Taiwan.
These inclusion criteria were based on a modification of the
recommendations of the Asia-Pacific consensus [22]. All
patients underwent a psychiatric interview before surgery to
identify any mental illnesses or unrealistic expectations for
the surgical treatment. Patients were excluded if they had
one of the following conditions: a history of chronic lung
disease, obstructive lung disease, pregnancy, endocrinopathy-
induced obesity, or malignancy. Informed written consent was
obtained before the study and the laparoscopic bariatric
surgery. The study protocol was approved by the Human
Ethics Committees of this institution.

BW and height were measured after overnight fasting.
BMI was calculated on the basis of these measurements. A
D-loop nonstretch fiberglass tape was used for the circumfer-
ence measurements. WC was measured around the abdomen
on the midpoint between the lower border of the rib cage and
the iliac crest, while the participant was standing with the
abdomen relaxed, both feet touching, and arms hanging freely
at the end of a normal expiration. Where there was no natural
waistline, the measurement was taken at the level of the
umbilicus [23]. HC was measured at the maximum
circumference between the iliac crest and the crotch while
the participant was standing and was recorded in the same
position. WHtR and waist-to-hip ratio were defined as WC/
body height and WC/HC, respectively. All the obese patients
received pulmonary function test (PFT) before the bariatric
surgery. Clinical and demographic data were recorded.

Pulmonary Function Testing

PFT was performed with the patient in a sitting position,
with nose clips in place, using a body plethysmography
(Vmax 229, SensorMedics, Yorba Linda, CA, USA) and
was carried out by the same team of technicians according
to the American Thoracic Society/European Respiratory
Society statement [24]. Each participant performed at least
three tests (with at least two reproducible and acceptable
maneuvers). The measurements included forced vital
capacity (FVC), forced expiratory volume in 1 s (FEV1),
vital capacity (VC), expiratory reserve volume (ERV),
residual volume (RV), and total lung capacity (TLC).
Results were considered reproducible if the second highest
FEV1 and FVC values were within 5% of the highest
values. The highest measured FEV1 and the corresponding
measured value of FVC were coded for computer analysis.
Diffusing capacity of the lung for carbon monoxide
(DLCO) was measured with the single breath technique,
and the values obtained were corrected for hemoglobin
concentration. The results of these tests were expressed as
percentage of the predicted normal values.
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Statistical Analysis

For continuous parameters, data were presented as mean±
SD, and categorical parameters were presented as number
and percentage. Pearson’s correlation coefficients were
calculated to describe the relationship between the various
anthropometric measurements of obesity and the parameters
of PFT. Multiple-regression analyses were conducted to
clarify the determinants for the impairment of pulmonary
function. We used various parameters of PFT as the
dependent variables, while the age, sex, smoking history,
BW, BMI, WC, HC, WHtR, and WHR were included as the
independent determinant variables. A forward stepwise
strategy was applied to select significant independent
variables, with P<0.05 as the inclusion criterion. All
analyses were performed using the commercial statistical
software SPSS, version 9.

Results

Baseline Characteristics

Of the 162 consecutive obese Chinese patients from July
2007 to August 2008, 150 patients were enrolled, and 12
were excluded because of intolerance or inadequate
performance of PFT. The demographic and various anthro-
pometric parameters, including age, height, weight, BMI,
WC, HC, WHtR, and WHR, are shown in Table 1. Baseline
spirometric measurements are summarized in Table 2.
Females were predominant in this study (59%), and the
age range was 18–59 (32.5±9.8)years. The average value
of the PFT results of these patients was within normal limits
(over 80% of the predicted normal values), except for
mildly lower ERV with an average of 75.0 (range 21–117)
and increased DLCO/VA with an average of 105.4 (range

88–141). A history of smoking, including those who had
ever smoked (former and current), was noted in 28% of this
study population.

The Relationship Between Anthropometric Parameters
and Pulmonary Function Test

Pearson’s correlation coefficients were calculated to de-
scribe the relationship between various anthropometric
parameters and the results of PFT. As shown in Table 3,
BW, BMI, WC, HC, and WHtR, but not WHR, all had a
significant negative correlation to FVC, FEV1, TLC, VC,
and a positive correlation to DLCO and to alveolar gas
volume (DLCO/VA). We found that WC had a more
significant relationship with FEV1 (r=−0.252, P=0.002)
and FVC (r=−0.266, P=0.001; Fig. 1). In addition, BMI,
WC, and WHtR were negatively correlated with ERV.
However, the WHR had no significant correlation with the
parameters of PFT in this study. None of the anthropometric
parameters of obesity had significant correlation with the
value of FEV1/FVC.

Multiple Linear Regression Analysis of Anthropometric
Parameters and PFT

Upon multiple linear regression analysis, after adjusting for
the potential confounding factors age, sex, and smoking
history, as summarized in Table 4, WC was shown to be a
negative determinant for FEV1, FVC, TLC, and VC. Only
HC was a positive determinant for DLCO/VA.

Discussion

This is the first study to address the relationship between
the different methods of measuring obesity and respiratory
function in an Asian-Pacific population. The major finding
of this study was that BW, BMI, WC, HC, and WHtR, but
not WHR, were all negatively correlated with FEV1, FVC,

Table 1 Baseline clinical and anthropometric data (n=150)

Characteristics Value

Men (%) 41.3

Age (years) 32.5±9.8 (18–59)a

Smoking history (%) 28

Body weight (kg) 118.8±22.5 (78–193)a

Height (cm) 167.0±7.5 (149–185)a

BMI (kg/m2) 42.6±7.3 (32–67.5)a

Waist circumference (cm) 121.2±14.4 (91–177)a

Hip circumference (cm) 128.3±17.6 (89–177)a

Waist-to-height ratio 0.73±0.08 (0.56–1.02)a

Waist-to-hip ratio 0.94±0.09 (0.77–1.45)a

a Data are presented as mean±SD (range)

Table 2 Spirometric measurements (n=150)

Pulmonary function parameter Mean value±SD (range)

FVC (% predicted) 94.0±14.9 (55–129)

FEV1 (% predicted) 93.3±15.4 (45–133)

FEV1/FVC 84.0±4.3 (69–93)

TLC (% predicted) 81.6±11.8 (63–111)

VC (% predicted) 96.5±15.5 (45–140)

RV (% predicted) 82.7±32.3 (40–153)

ERV (% predicted) 75.0±21.7 (21–117)

DLCO/VA (% predicted) 105.4±18.8 (88–141)
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TLC, and VC and positively correlated with DLCO/VA.
After adjustment for the potential confounding factors,
including age, sex, and smoking history, only WC had a
negative effect on FEV1, FVC, TLC, and VC. These results
indicated that all the anthropometric parameters of obesity,
except for WHR, were associated with a restrictive pattern
of impaired pulmonary function.

Obesity can profoundly alter pulmonary function and
diminish exercise capacity by its adverse effects on
respiratory mechanics, resistance within the respiratory
system, respiratory muscle function, lung volume, work
and energy cost of breathing, control of breathing, and gas
exchange. BMI is the most popular and practical tool for
the evaluation of obesity and is frequently used in large-

Table 4 Regression coefficients and standard error (in parentheses) of
the multiple linear regression analysis after adjusting for age, sex, and
smoking history

Pulmonary function
parameter

WC HC

FVC% −0.22** (0.09)

FEV1% −0.28** (0.08)

FEV1/FVC

DLCO/VA% 0.43** (0.10)

TLC% −0.15* (0.07)

VC% −0.23** (0.09)

RV%

ERV

DLCO diffusing capacity of the lung for carbon monoxide, DLCO/VA
DLCO to alveolar gas volume, ERV expiratory reserve volume, FEV1
forced expiratory volume in the first second, FVC forced vital
capacity, HC hip circumference, RV residual volume, TLC total lung
capacity, VC vital capacity, WC waist circumference

*P<0.05; **P<0.01
Fig. 1 Correlation of WC with FEV1% and FVC%, FEV1 = forced
expiratory volume in the first second; FVC = forced vital capacity

Table 3 Pearson’s correlation coefficients for various anthropometric measurements of obesity and parameters of PFT

Pulmonary function
parameter

Weight BMI WC HC WHtR WHR

FVC% −0.22** −0.19* −0.27** −0.21** −0.24** −0.09
FEV1% −0.21** −0.19* −0.25** −0.21** −0.24** −0.06
FEV1/FVC

DLCO/VA% 0.25** 0.25** 0.23** 0.30** 0.22**

TLC% −0.17* −0.18* −0.18* −0.17* −0.18*
VC% −0.23** −0.20* −0.27** −0.21* −0.24**
RV%

ERV% −0.18* −0.20* −0.24**

BMI body mass index, DLCO diffusing capacity of the lung for carbon monoxide, DLCO/VA DLCO to alveolar gas volume, ERV expiratory
reserve volume, FEV1 forced expiratory volume in the first second, FVC forced vital capacity, HC hip circumference, RV residual volume, TLC
total lung capacity, VC vital capacity, WC waist circumference, WHR waist-to-hip ratio, WHtR waist-to-height ratio

*P<0.05; **P<0.01
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scale epidemiologic studies. However, an increasing num-
ber of studies have evaluated the relationships of WC and
WHR with pulmonary function and suggested that abdom-
inal fat deposition was a somewhat better predictor of
pulmonary function than BMI [19, 25]. Two previous
studies in Canada and UK found that WC was significantly
associated with decreased FVC and FEV1, but not with
FEV1/FVC [19, 26], which was consistent with the present
study. Similarly, an epidemiologic study previously con-
ducted in Taiwan also showed that BMI had only a slight
effect on respiratory function [27]. However, another study
in the UK found that WHR was negatively correlated with
FVC and FEV1 [28], which was not found in our study.
Gonzalez et al. reported that FEV1 <80% was indepen-
dently associated with an increased likelihood of compli-
cated postoperative management and ICU admission after
bypass surgery for morbid obesity, which implied that the
patients with a larger WC might need more intensive care
after the bariatric surgery [8].

In obese patients, the prevalence of respiratory symp-
toms, especially dyspnea, may increase with increasing
BMI [29]. The sensation of dyspnea can be partially
explained by the increased ventilatory drive and reduced
static lung volume [30, 31]. The work of breathing may be
markedly increased [32]. VC as well as IC can be low,
reflecting decreased performance of the inspiratory muscles
[30]. The lung, thoracic cage, and the abdominal cavity
comprise a closed system with the diaphragm as the
connecting interface. When there is an increase in the
abdominal and diaphragmatic pressure, the pleural pressure
may be altered and a decrease in total lung capacity,
pulmonary compliance, and pulmonary volume may follow
[33]. Frezza et al. demonstrated that increases in BMI are
associated with increases in intra-abdominal pressure [34].
However, Lambert et al. showed that the intra-abdominal
pressure correlated to the sagittal abdominal diameter, an
index of the degree of central obesity, but not BW or BMI
[35]. Many studies have shown that obesity can lead to
restrictive pulmonary function impairment, including re-
duced FEV1, FVC, ERV, and TLC [2, 30, 36]. This
impaired pulmonary function may result from the increased
abdominal load that alters the chest wall mechanics; thus, it
is reasonable to suppose that abdominal obesity is more
predictive than BMI. This hypothesis was supported by a
previous study conducted by Hamoui et al., which showed
that reduced VC was the strongest predictor of postopera-
tive complications, reflecting increased intra-abdominal
pressure and diminished chest wall compliance [9]. Our
present study showed that VC was negatively correlated with
BW, BMI, WC, HC, and WHtR. However, only WC had a
negative effect on VC after adjustment for the confounding
factors. Again, the result implies that an increased WCmight
increase the rate of postoperative complications.

A previous study conducted by Vishal Sekhri et al.
emphasized the potential role of age and sex in the impact
of obesity on pulmonary function [37]. In that study,
subjects over 40 years of age had significantly lower FVC
and FEV1/FVC than those aged below 40 years. Male sex
also had greater impact on the FVC, FEV1, FEV1/FVC,
TLC, and ERV. These results may be explained by the
observation that abdominal obesity tends to increase with
age. Furthermore, previous studies [38–40] have described
a predominantly upper body or central (abdominal) pattern
of obesity in men. In contrast, women had a predominantly
lower body or peripheral (gluteal) pattern of fat distribution.
The different body fat distributions between men and women
may explain the different effects on pulmonary function, in
which abdominal obesity leads to a greater compression of
the thoracic cage by the excessive tissue. In the present study,
when we adjusted for the potential confounders of age, sex,
and smoking history, only WC was correlated with pulmo-
nary function, especially with FEV1 and FVC.

There is heterogeneity in the effects of obesity on the
change in DLCO, and the exact pathophysiologic mecha-
nism is unclear. Most studies [36, 41], but not all [37], have
demonstrated an increased DLCO in obese patients, and
some even have a reduced DLCO [42]. Obese patients
without clinically apparent heart disease may have a high-
output state and elevated total and central blood volumes,
which will increase the capillary blood volume and thereby
result in elevated DLCO. However, reduced DLCO can
also be found in obese individuals, which may reflect a
structural change in the interstitium of the lung, resulting
from lipid deposition, cellular hyperplasia, alveolar en-
largement, and decreased alveolar surface area [30]. In this
study, DLCO decreased as BMI, HC, and WHtR increased.
In contrast, DLCO/VA significantly increased with BW,
BMI, WC, HC, and WHtR, but not WHR, which is probably
because of a decreased alveolar area in these obese patients.
After adjustment for the confounding factors, however, only
HC was positively correlated with DLCO/VA.

There are some limitations of this study. First, the
analyses of the study were based on cross-sectional data
and were limited to those individuals who came for evalua-
tion for bariatric surgery. Longitudinal follow-up may be
needed to clarify the potential for reversal of these effects
after weight reduction. Selection bias may have existed,
although we adjusted for some potential confounders. Also,
we simplified smoking status (never, former, or current) and
pack-years smoked as a single confounding factor.

In conclusion, the results of this study suggested that that
all the anthropometric parameters of obesity measured in
obese Chinese adults in Taiwan, except for WHR, were
associated with a restrictive pattern of impaired pulmonary
function. Among these parameters, WC had the greatest
impact on pulmonary function, which could also implicate
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the rate of postoperative complication and the need of more
intensive care after bariatric surgery.
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interest to disclose.
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