UNIVERSITYOF
BIRMINGHAM

iversit}/]ofBirmin am
esearch at Birmingham

Association of adiposity with pulmonary function in

older Chinese:

Pan, Jing; Xu, Lin; Lam, Tai Hing; Jiang, Chao Qiang; Zhang, Wei Sen; Jin, Ya Li; Zhu, Feng;
Zhu, Tong; Thomas, G. Neil; Cheng, Kar Keung; Adab, Peymane

DOI:
10.1016/j.rmed.2017.10.003

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Peer reviewed version

Citation for published version (Harvard):

Pan, J, Xu, L, Lam, TH, Jiang, CQ, Zhang, WS, Jin, YL, Zhu, F, Zhu, T, Thomas, GN, Cheng, KK & Adab, P
2017, 'Association of adiposity with pulmonary function in older Chinese: Guangzhou Biobank Cohort Study’,
Respiratory Medicine, vol. 132, pp. 102-108. https://doi.org/10.1016/j.rmed.2017.10.003

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
https://doi.org/10.1016/j.rmed.2017.10.003

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@Ilists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 25. Apr. 2024


https://doi.org/10.1016/j.rmed.2017.10.003
https://doi.org/10.1016/j.rmed.2017.10.003
https://birmingham.elsevierpure.com/en/publications/f55e4788-4bed-4ed9-8336-56672802cc21

Accepted Manuscript

Association of adiposity with pulmonary function in older Chinese: Guangzhou
Biobank Cohort Study

Jing Pan, Lin Xu, Tai Hing Lam, Chao Qiang Jiang, Wei Sen Zhang, Ya Li Jin, Feng
Zhu, Tong Zhu, G. Neil Thomas, Kar Keung Cheng, Peymane Adab

Pll: S0954-6111(17)30342-6
DOI: 10.1016/j.rmed.2017.10.003
Reference: YRMED 5270

To appearin:  Respiratory Medicine

Received Date: 22 June 2017
Revised Date: 10 September 2017
Accepted Date: 7 October 2017

Please cite this article as: Pan J, Xu L, Lam TH, Jiang CQ, Zhang WS, Jin YL, Zhu F, Zhu T, Thomas
GN, Cheng KK, Adab P, Association of adiposity with pulmonary function in older Chinese: Guangzhou
Biobank Cohort Study, Respiratory Medicine (2017), doi: 10.1016/j.rmed.2017.10.003.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.rmed.2017.10.003

Association of adiposity with pulmonary function in older Chinese: Guangzhou Biobank

Cohort Study

Running title: central obesity with lower lung function
Word count: 3177 words

Jing Pan? Lin Xu®, Tai Hing Lam®?* | Chao Qiang Jiang®*, Wei Sen Zhang®, Ya Li
Jin® Feng Zhu? Tong Zhu?, G Neil Thomas’, Kar K eung Cheng®, Peymane Adab®
#Guangzhou No.12 Hospital, Guangzhou, GuangdongeChi

®School of Public Health, Sun Yat-sen UniversityaBgzhou, Guangdong Province, China
“School of Public Health, The University of Hong Kpmiiong Kong, China

4 public Health, Epidemiology, and Biostatistics, wbnsity of Birmingham, Birmingham,
UK

*Correspondence to: Chao Qiang Jiang and Tai Hang L
Corresponding Author A: Chao Qiang Jiang
Guangzhou No.12 Hospital,

Guangzhou, Guangdong, China

Tel: 0086-13802923162

Fax: 0086-20-38981268

E-mail: jcqianggz@163.com

Corresponding Author B: Tai Hing Lam

School of Public Health, The University of Hong Kpn
Hong Kong, China

Tel: (852)2819 9287

Fax: (852)2855 9528

E-mail: hrmrith@hku.hk

Abstract

Objective We examined the association between different aiijpmdices and pulmonary

function in Chinese adults in the Guangzhou Biob@okort Study (GBCS).



Methods Participants with body mass index (BMI) <18.5 (unwdaght) were excluded.
Adiposity indices including BMI, waist circumferem¢WC), waist hip ratio, waist height
ratio and body fat percentage were measured. Lumgtibn was assessed by spirometry
using a turbine flowmeter. We analyzed percentipted for forced expiratory volume in 1
second (FEWA), forced vital capacity (FVC %) and restrictiespiratory defect (FEV
/FVC ratio >low limits of normal and FVC % <0.80).

Results Of 16186 participants (mean age 6t.4.2 years; 74.0% women), 116 (0.7%) had
only general obesity (BME=28 kg/nf), 4079 (25.2%) had only central obesity (WE:90

cm in men, =80 cm in women) and 1591 (9.8%) had both centrakity and general

obesity. Comparing to those with neither centralgeneral obesity, those with only central
adiposity and with both central and general obdsaty lower pulmonary function (adjustgd
range from -2.85 to -6.02 for FE% and FVC%, adjusted OR range from 1.14 to 1.7® al
<0.05). But those with only general obesity haddydiut non-significant pulmonary function.
(Crudep range from 1.46 to 2.92 for FE% and FVC%, crude OR range from 0.68 to 0.93,
all P >0.05). Both FEW0 and FVC% decreased per standard deviation iretiaasbesity
indices (adjuste@ from -0.46 to -3.17, all P <0.002). A positive @gation of central or
general obesity with restrictive respiratory defeess observed (adjusted odds ratio (AOR)
from 1.50 to 2.04, all P <0.002). Further adjusttienWC reversed the inverse association
between BMI and pulmonary function (adjusfefiom 1.93 to 6.22, all P <0.001) and
restrictive respiratory defect (adjusted AOR from2to 0.80, all P <0.001).

Conclusion: Central adiposity and its indices, but not genadabosity and BMI, were
independently associated with lower pulmonary fiomcaind higher risk of restrictive
respiratory defect in older Chinese. (332 words)

Keywords

Pulmonary function, restrictive respiratory defeentral adiposity, general adiposity, WC,

BMI



I ntroduction

The prevalence of obesity has been rising rapidér the past decade to become a
worldwide disease burden [1]. Obesity is well rauagd as a risk factors for type 2 diabetes,
cardiovascular diseases [2] and cancers [3]. Paangnary function (low forced expiratory
volume in 1 second (F&Y) is an important long-term predictor of mortaim the general
population [4] and in particular a marker for candiscular mortality[5]. While body mass
index (BMI) is the most widely used general adiposieasure[6], indices of central

adiposity may be better predictors for future cawescular risk [7, 8].

Many studies have explored the relationship betveelposity indices and lung function,
with most [9-14], but not all [15] of these studs®wing an inverse association of
pulmonary function with central obesity and itsioces. While some studies showing an
inverse association[9, 11, 12] and others showinwgak or non-significant association
[15-17] of pulmonary function with BMI and geneddesity. Interaction by sex and smoking
were seldom tested in previous studies[9]. Thedrwlies that have examined the influences
of different obesity indices on lung function wenainly based on Western populations[11,
12], while Asians have a more central distributddradipose tissue than Caucasians at the
same BMI[18].We found only one study on 770 paptgits reporting forced vital capacity
(FVC) %, but not FEY, was lower in overweight subjects instead of gahaesity subjects
in Xi'an[19]. Few papers explored which adipositglices were independently associated
with pulmonary function, only two papers adjustddiBn analyzing the associations
between central obesity indices and pulmonary fanfll1, 14], one of them indicating that

adjustments strengthened the inverse associatipn[14

Hence, we analyzed the baseline data from the GhauagBiobank Cohort Study (GBCS) to



further explore the association of different adipomdices and pulmonary function.

Methods

Sudy participants

Guangzhou Biobank Cohort Study (GBCS) is a threg-eadlaboration among the
Guangzhou Number 12 Hospital, the Universities ohgiKong and Birmingham. A total of
30430 older Chinese (aged 50 years or over) in Galayu were recruited at baseline from
2003 to 2008, and details have been reported T2@.Guangzhou Medical Ethics
Committee of the Chinese Medical Association appdothe study and all participants gave

written informed consent before participation.

Briefly, trained interviewers used a standardizechputer-based questionnaire to collect
information on the demographic characteristics,ifigand personal disease history and
lifestyle, including smoking and alcohol drinkinthe Chinese version of the International
Physical Activity Questionnaire (IPAQ-C) which wealidated by us was used for assessing
physical activity [21]. IPAQ data were convertednetabolic equivalent scores for each type

of activity, and were categorized to 3 groups @f,Imoderate and high levels of activity.

Body weight and height were measured using stamtatghrotocols and instruments, height
in bare feet was measured to the nearest 0.5 arg adtoltain stadiometer and weight in
light clothes using standardized scales to theas¢&x.5 kilogram using a weighing apparatus
(RGZ-120-RT, Wuxi weighing apparatus factory, Wi&hina). by trained researchers [20].
BMI was calculated as weight divided by squareheftieight (kg/rf). General obesity was

defined using a BMI cut-off poine=28 kg/nf, based on the criteria of the National Health

and Family Planning Commission of the People's Riépof China [22], with BMI

18.5-23.9 kg/rclassified as healthy weight and 24-27.9 Kgas Overweight. We did not



include participants whose BMI <18.5 (underweightpur study because the mechanism for

pulmonary function in those participants would lfeedent from that in other BMI groups.

Waist circumferences (WC) was taken as the minimiraumference between the umbilicus
and xiphoid process, and central obesity was defiiygwWC =90 cm in men and=80 cm

in women [23]. Hip circumference was measured asriaximum circumference around the
buttocks and the symphysis pubis. Waist hip ratiéiR) was calculated as WC divided by
hip circumference. Waist height ratio (WHtR) wafcatated as WC divided by height. Body
fat percentage was measured using a bioelectngadance analyzer analyzer (Tanita

BF350, Tanita Inc., Japan). These data had beehinseveral GBCS papers[24, 25].

For comparison, obesity indices were standardizatuZ score transformation to analyze
the association with pulmonary function. The staddkeviation (SD) of BMI, WC, WHR,
WHIR and body fat percentage was 3.3Kg/@n0 cm, 7%, 6% and 8% in whole study,

respectively. Sex specific SDs were used in diffesex group.

Spirometry was done with a pneumotachograph (ChragstgHI-701, Chest Ml Inc, Tokyo,
Japan) in phase | and a turbine flowmeter (CosmedQuark, Rome, Italy) in phase Il and
two ultrasonic flowmeters (ndd Medical Technolodisy-on PC; Zurich, Switzerland) in

phaselll. Details of the methods have been reported elsenNB6, 27]. Briefly, the

pulmonary function test was conducted in a stangdwsition following standard procedures,
and at least three maneuvers and the best meddti#y/pand FVC were recorded. Predicted
values for FEY and FVC were derived using the equations develbydg and colleagues

for Chinese [28]. The outcome variables were (1Y F% predicted (FEY%),(2) FVC %

predicted (FVC %) and (3) restrictive respiratogfatt (FEV /FVC ratio =lower limits of

normal (LLN) and FVC% <0.80)[29].



Satistical analysis

Continuous variables were analyzed using indepédrsdanple t-test and categorical variables
usingy® test. Regression model was used to assess theaiissobetween FEW6, FVC%

and presence of restrictive respiratory defecifiergnt BMI groups and obesity type
(normal, with general obesity only, with centrakslty only and with both general and
central obesity). The linearity of the associatb@tween adiposity measures and pulmonary

function was examined using margins, with margimaar prediction plotted on theaxis
and WC/BMI as a continuous variable on ghaxis. The results showed no evidence for the

non-linearity for both BMI and WC (Figures not shgwsupporting the use of multiple
linear regression to calculate regression coefiigj@) and 95% confidence interval (Cl) for
the association between different obesity statasaaliposity indices (continuous variables)

and pulmonary function measurements with adjustrfeerdge, height, educatiors(primary,
middle school and=college), smoking (never, former and current smgkerccupation

(manual, non-manual and others), physical actiiityy, moderate and high level), airflow
obstruction, self-reported asthma and wheezingpsoariate. Multivariable logistic
regression was used to calculate the odds ratig @tRe presence of restrictive respiratory
defect according to central and general obesitgi@stomous variables) and obesity indices
with adjustment for the same confounders above .Wd€ further adjusted in the regression
model of general obesity and BMI and pulmonary fiom; while BMI further adjusted in the
model of central obesity and WC and pulmonary fiamctTo detect the existence of
potential multicollinearity, we calculated varianioéation factors (VIF) for linear regression
models to quantify how much the variance was iatlalA VIF value of less than 2 usually
means multicollinearity is ignorable[30]. For albdels including both BMI and WC, all
VIFs were less than 2.0, indicating the problermatticollinearity might not be a major

concern. Moreover, the mutual adjustment of BMI @ was done to assess the



independent association of these adiposity measutepulmonary function, and this
method has been used by many other studies tosabsaisindependent associations with

other health conditions or mortality[31-34].

We tested for interaction between obesity and sexguikelihood ratio test for the fitness of
models with or without the interaction terms. Madefth a lower Akaike information
criterion (AIC) value indicate better fitness. Agte was evidence for sex interaction for the
association between adiposity measures and pulmémaction, and body composition as
well as lung volumes vary largely between men anchen, all analyses were performed
stratified by sex. All tests of significance wer¢alled, with P <0.05 as statistically
significant. All analyses were performed using &{e8E 12.0 (StataCorp LP, 4905 Lakeway

Drive, College Station, TX77845 USA).

Results

Of 30430 participants in GBCS study, after exclgdimose with BMI <18.5 (underweight),
16186 (53.2%) with valid data were included in tmalysis [7]. The mean (x standard
deviation) age was 61.4+7.2 years and most of there women (74.0%). 116 (0.7%)
participants were defined as having general obesity, 4079 (25.2%) central obesity only,
and 1591 (9.8%) having both central and generaigbdable 1 shows that compared with
those without, a higher proportion of those withtcal obesity were women and older, had
lower socioeconomic position (lower education aratermanual occupation), lower lung
function, higher prevalence of restrictive resprgtdefect and self reported wheezing, and

were non-smokers.

Table 2 shows that those with overweight and geémdesity, as assessed by BMI, had lower

FVC% than those with normal weiglt from -1.45 to -4.85, all P <0.01). FEX was lower



in women who were obesp {3.70, 95% CI -4.73 to -2.66), but not in thoseowvere
overweight (all p >0.05). The prevalence of resitrecrespiratory defect was higher in those
with overweight and general obesity (OR from -1td91.74, all P <0.01). Further adjusted
for age, height, education, smoking, occupatioyspal activity, airflow obstruction,
self-reported asthma and wheezing did not chargeetults substantially, only the FE¢
became significantly lower in men with overweightlaobesity (adjustefl -1.66 and -3.11,

all P <0.01).

Table 3 shows that those who had central obeslityand who had both central and general
obesity had lower FE6 and FVC% [§ from -2.54 to -7.36, all P <0.01) and higher
prevalence of restrictive respiratory defect (Odtrir-1.76 to -2.23, all P <0.01) than those
with normal weight. Differences between those whd general obesity only and those
without neither central nor general obesity were-significant (all P >0.05). Further

adjustment for the same confounders did not ch#mgeesults substantially.

Table 4 shows that after adjusting for confoun@deve, central obesity and its indices Z
score (WC, WHtR, WHR and body fat) were signifidaiversely associated with FVC%
and FEM% (adjusted3 from -1.27 to -5.39, all P <0.001), and highek 0$ restrictive
respiratory defect (AOR from1.17 to 2.04, all PG{l). The inverse associations between
general obesity and BMI Z score and FVC% and PeWere weaker than that of central
obesity indices (adjusteiifrom -0.46 and -3.46, all P <0.001). Further atipent of BMI
strengthened the association between WC and%Eand FVC% (adjustepl-4.09 and -7.77,
all P <0.001). After further adjustment of WC, BEllscore became positively associated
with FEV,% and FVC% (adjusteglfrom 1.93 to 6.22, P <0.001) and restrictive respry

defect (AOR from 0.72 to 0.80, all P <0.001).



Table 4 also shows that the negative associatiboBesity with lower FEY, FVC and

higher risk of restrictive respiratory defect weteonger in men than in women. After
adjusting for WC, the positive association betwB&t and pulmonary function was
stronger in men than in women (most P values foiirgeraction <0.05). But the associations
of general obesity, WC, weight hip ratio, weighighe ratio and body fat percentage with
poorer pulmonary function did not vary by sex (Pdex interaction >0.05As very few
women (<2%) smoked in China, the interaction tesiveen smoking and adiposity was
conducted in men only (data not shown). We foun@widence that the association of
pulmonary function with obesity varied by smokirigtas (most P for smoking interaction

ranged from 0.11 to 0.80).

Discussion

Our study of older Chinese in Southern China shativatithose with central obesity and
those with both central and general obesity, butimase with general obesity only, had lower
pulmonary function. We also found all obesity stadind indices were associated with lower
FEV;and FVC (except BMI was not significantly assoailangth FEV; in men) and higher
presence of restrictive respiratory defect. Furddgustment of WC reversed the relationship
between BMI with lung function substantially. Oesults suggest that central obesity and its
indices, rather than general obesity and BMI, asoeiated with poor lung function. The

relationships stated above were similar in bothdgeand irrespective of smoking status.

Previous studies showed that both central and geabkesity were negatively associated with
pulmonary function, but WC had better explanataywer than BMI [9]. Evidence on the
association between BMI and FEANd FVC was complex and the results were inconausi
[9, 16, 35, 36], with one study reporting an inedrtJ-shaped relationship [35], some

reporting a negative [9] or no [16, 36] and evenifpee [16, 36] associations, but none of



them had further adjusted WC to clarify. On theeothand, some studies adjusted for BMI in
exploring the relationships between central obestices and pulmonary function [11, 14],
with one study showing that this strengthened #s®@ation between WC and pulmonary
function [14]. One possible explanation for theipws association between BMI and
pulmonary function could be due to reverse causapeople with chronic lung disease or
poor lung function tended to lose muscle mass tlaaideads to lower BMI. But lack of
exercise due to the poor lung function can ledudb waist circumferenc&he mechanism

by which central obesity may influence pulmonanydiion is different from that of general
obesity. Central obesity may restrict the diaphragavement and limit lung expansion while
general obesity may compress the chest wall [37édaction in the functional residual
capacity due to mass load of adipose tissue arthendb cage and abdomen and in the
visceral cavity might be one of the main mechan|88isA systematic review showed that
WC tends to be inversely associated with FBWd FVC [10].Although accepted worldwide
as an important index for defining obesity, BMI nahdistinguish between the fat mass and
fat free mass, and compartments of body compositicinding fat, bone, water and muscle.
Several studies suggested that the fat distrib@tr@hfat mass amount have distinct effects on
pulmonary function [39, 40]. The association of gibewith pulmonary function might be
affected by the distribution of body fat [10], acehtral obesity was associated with

respiratory mechanics regardless of BMI [11, 41].

Our findings are broadly consistent with previotiglges in the general population that
reported a negative association between centrafjaneral adiposity and pulmonary function.
The European Prospective Investigation into CaandrNutrition-Norfolk (EPIC-Norfolk)
study found an inverse linear association of WHBRhwwulmonary function, and showed that
the association remained significant in subjectiout smoking and/or obesity [14]. The

EPIC-Norfolk study suggested that WHR might be tebeéndicator than BMI in assessing



the role of adiposity in predicting lung functianthe general population. Few studies
adjusted WC for general obesity or BMI for centshésity. However, in our study with a
larger number of participants, all central obesityices showed significantly association with
poorer pulmonary function (lower FE\And FVC and higher risk of restrictive respiratory

defect), which remained with further adjustmenBiI.

Consistent with previous studies [9], We also fothmat the associations of adiposity indices
with pulmonary function were stronger in men thamvomen (P for sex interaction from
<0.001 to 0.35 for FVC), which may reflect genddéfedences in body fat distribution. Men
have greater lean mass but less fat mass than wdmuetheir fat mass tends to accumulate
around the abdomen, while females deposit fat pnéantly around the hips [42]. It is

likely that visceral fat volume, rather than fapportions, affects the reduction of
diaphragmatic movement and chest-wall expansioh f@8smoking is a major risk factors
for poor pulmonary function, but smokers tend teeéha lower BMI and higher WHR [43],
the role of smoking in this association should x&neined with caution. Our findings showed

that the association of adiposity with pulmonamydiion was independent of smoking.

There were several strengths in our study. Firetexcluded participants with under-weight
as they could have underlying diseases and theaneshs and relationships for lung
function could be different and complex. Poolingrthtogether with normal weight people as
a reference group could lead to unclear resultspbly a few studies did exclude them [9, 17,
36, 44]. Second, as adiposity indices were measumed comprehensively, we could explore
the association of different adiposity indices wptlimonary function. Third, BMI and WC
were mutually adjusted, which were seldom conduictgutevious studies, to clarify the
independent effects of different adiposity indioeslung function. Fourth, the large sample

size and detailed assessment of potential confosradewell as effect modifiers also



facilitate our demonstration of the independeng@fbf central obesity on pulmonary

function.

However, there were also some limitations. Firgiaasal inference could not be confirmed
in the current cross-sectional study. Second, aonpse size might not be enough to detect
small but important interaction effects and muciea studies are needed. Third, we cannot
completely rule out the possibility of reverse @itg which means that the higher levels of
adiposity could be the result of reduction in phgbactivity due to poor pulmonary function.
However, we adjusted for physical activity and tésults of a sensitivity analysis examining
the association in those with good and bad selfnted health were similar. Fourth, the
sample size of participants with only general dlyesas much less than that of participants
with only central obesity and with both general aedtral obesity, that might lead to

insufficient power to detect the significance o tifference.

In conclusion, we found that central adiposity &sdndices, but not general adiposity and
BMI, were independently associated with lower putisuy function and higher risk of
restrictive respiratory defect in older Chinese. IB&s even positively associated with
pulmonary function after controlling of WC. The asmtion did not vary by sex or smoking
status, though the negative associations of ceolbegity with lower pulmonary function
were stronger in men. Previous observations on BiMht be inadequate and the
relationships between BMI and pulmonary functiogimibe confounded or mediated partly
by WC, or confused by including pooling under-weiighd normal weight subjects as a
reference. Hence future studies should examineatestiesity and accounting for general
obesity. To maintain better pulmonary function ides Chinese with higher prevalence of
central obesity, we might pay more attentions taticdling WC and central adiposity instead

of BMI and general adiposity.



Conflict of interest statement: We declare no conflict of interests.

Funding statement: The GBCS was funded by the Guangzhou Science artthdlogy
Bureau, Guangzhou (No. 2002Z2-E2051; N0.2012J51D0Q@de University of Hong Kong
Foundation for Educational Development and Rese&tohg Kong (No.
SN/1f/HKUF-DC;C20400.28505200); the Guangzhou RuHRkalth Bureau, Guangzhou

(N0.201102A211004011), China; and the Universitmmingham, UK.

Acknowledgements

The Guangzhou Biobank Cohort Study investigatorchiged: the Guangzhou No. 12
Hospital: WS Zhang, XQ Lao, M Cao, T Zhu, B Liu, @@ng (Co-PIl); The University of
Hong Kong: CM Schooling, SM McGhee, RF Fielding, &Bung, TH Lam (Co-PI); The

University of Birmingham: Peymane Adab, GN Thoméds/eegers, KK Cheng (Co-PI).

References

[1] M. Ng, T. Fleming, M. Robinson, B. Thomson, et al. Global, regional, and national prevalence of overweight
and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease
Study 2013, Lancet 384(9945) (2014) 766-81.

[2] C.M. Apovian, N. Gokce, Obesity and cardiovascular disease, Circulation 125(9) (2012) 1178-82.

[3] A.G. Renehan, M. Tyson, M. Egger, R.F. Heller, M. Zwahlen, Body-mass index and incidence of cancer: a
systematic review and meta-analysis of prospective observational studies, Lancet 371(9612) (2008) 569-78.
[4] H.J. Schunemann, J. Dorn, B.J. Grant, et al. Pulmonary function is a long-term predictor of mortality in the
general population: 29-year follow-up of the Buffalo Health Study, Chest 118(3) (2000) 656-64.

[5] D.D. Sin, Why Are Patients With Chronic Obstructive Pulmonary Disease at Increased Risk of Cardiovascular
Diseases?: The Potential Role of Systemic Inflammation in Chronic Obstructive Pulmonary Disease, Circulation
107(11) (2003) 1514-1519.

[6] K.M. McClean, F. Kee, |.S. Young, et al. Obesity and the lung: 1. Epidemiology, Thorax 63(7) (2008) 649-54.
[7]1 R. Huxley, S. Mendis, E. Zheleznyakov, S. Reddy, J. Chan, Body mass index, waist circumference and waist:hip
ratio as predictors of cardiovascular risk--a review of the literature, European journal of clinical nutrition 64(1)
(2010) 16-22.

[8] C.M. Lee, R.R. Huxley, R.P. Wildman, et al. Indices of abdominal obesity are better discriminators of
cardiovascular risk factors than BMI: a meta-analysis, J Clin Epidemiol 61(7) (2008) 646-53.

[9] H.M. Ochs-Balcom, B.J. Grant, P. Muti, et al. Pulmonary function and abdominal adiposity in the general
population, Chest 129(4) (2006) 853-62.

[10] F.C. Wehrmeister, A.M. Menezes, L.C. Muniz, et al. Waist circumference and pulmonary function: a
systematic review and meta-analysis, Systematic reviews 1 (2012) 55.

[11] R. Lazarus, D. Sparrow, S.T. Weiss, Effects of obesity and fat distribution on ventilatory function: the
normative aging study, Chest 111(4) (1997) 891-8.



[12] S.G. Wannamethee, A.G. Shaper, P.H. Whincup, Body fat distribution, body composition, and respiratory
function in elderly men, The American journal of clinical nutrition 82(5) (2005) 996-1003.

[13] Y.F. Wei, H.D. Wu, CY. Chang, et al. The impact of various anthropometric measurements of obesity on
pulmonary function in candidates for surgery, Obesity surgery 20(5) (2010) 589-94.

[14] D. Canoy, R. Luben, A. Welch, et al. Abdominal obesity and respiratory function in men and women in the
EPIC-Norfolk Study, United Kingdom, American journal of epidemiology 159(12) (2004) 1140-9.

[15] W. Thijs, R. Alizadeh Dehnavi, P.S. Hiemstra, et al. Association of lung function measurements and visceral
fat in men with metabolic syndrome, Respiratory medicine 108(2) (2014) 351-7.

[16] A.W. Fogarty, S.A. Lewis, T.M. McKeever, et al. The association of two different measures of body habitus
with lung function: a population-based study, Respiratory medicine 105(12) (2011) 1896-901.

[17] L. Kongkiattikul, S. Sritippayawan, S. Chomtho, et al. Relationship between Obesity Indices and Pulmonary
Function Parameters in Obese Thai Children and Adolescents, Indian journal of pediatrics (2015).

[18] D. Gallagher, Overweight and obesity BMI cut-offs and their relation to metabolic disorders in
Koreans/Asians, Obesity research 12(3) (2004) 440-1.

[19] S. Wang, X. Sun, T.C. Hsia, et al. The effects of body mass index on spirometry tests among adults in Xi'an,
China, Medicine 96(15) (2017) e6596.

[20] C. Jiang, G.N. Thomas, T.H. Lam, et al. Cohort profile: The Guangzhou Biobank Cohort Study, a
Guangzhou-Hong Kong-Birmingham collaboration, International journal of epidemiology 35(4) (2006) 844-52.
[21] H.B. Deng, D.J. Macfarlane, G.N. Thomas, et al. Reliability and validity of the IPAQ-Chinese: the Guangzhou
Biobank Cohort study, Medicine and science in sports and exercise 40(2) (2008) 303-7.

[22] T.n.h.a.f.p.c.0.t.P.s.R.0. China, Criteria of weight for adults, WS/T 428-2013 (2013).

[23] L. Xu, C.Q. Jiang, C.M. Schooling, et al. Liver enzymes as mediators of association between obesity and
diabetes: the Guangzhou Biobank Cohort Study, Annals of epidemiology (2016).

[24] S. Kavikondala, C.M. Schooling, C.Q. Jiang, et al. Pathways to obesity in a developing population: The
Guangzhou Biobank Cohort Study, International journal of epidemiology 38(1) (2009) 72-82.

[25] X.Q. Lao, G.N. Thomas, C.Q. Jiang, et al. Obesity, high-sensitive C-reactive protein and snoring in older
Chinese: the Guangzhou Biobank Cohort Study, Respiratory medicine 104(11) (2010) 1750-6.

[26] J. Pan, L. Xu, S.X. Cai, et al. The association of pulmonary function with carotid atherosclerosis in older
Chinese: Guangzhou Biobank Cohort Study-CVD Subcohort, Atherosclerosis 243(2) (2015) 469-76.

[27] P. Yin, C.Q. Jiang, K.K. Cheng, et al. Passive smoking exposure and risk of COPD among adults in China: the
Guangzhou Biobank Cohort Study, Lancet 370(9589) (2007) 751-7.

[28] M.S. Ip, FW. Ko, A.C. Lau, et al. Hong Kong Thoracic, P. American College of Chest, Updated spirometric
reference values for adult Chinese in Hong Kong and implications on clinical utilization, Chest 129(2) (2006)
384-92.

[29] H. Backman, B. Eriksson, L. Hedman, et al. Restrictive spirometric pattern in the general adult population:
Methods of defining the condition and consequences on prevalence, Respiratory medicine 120 116-123.
[30] M.H. Kutner, C.J. Nachtsheim, J. Neter, Applied Linear Regression Models, 4 ed., McGraw-Hill Irwin2004.
[31] L. Xu, T.H. Lam, C.Q. Jiang, et al. Adiposity and incident diabetes within 4 years of follow-up: the
Guangzhou Biobank Cohort Study, Diabetic medicine : a journal of the British Diabetic Association (2017).
[32] H.H. Lee, H.J. Lee, J.1. Cho, et al. Overall and abdominal adiposity and hypertriglyceridemia among Korean
adults: the Korea National Health and Nutrition Examination Survey 2007-2008, European journal of clinical
nutrition 67(1) (2013) 83-90.

[33] P. Guallar-Castillon, T. Balboa-Castillo, E. Lopez-Garcia, et al. BMI, waist circumference, and mortality
according to health status in the older adult population of Spain, Obesity (Silver Spring, Md.) 17(12) (2009)
2232-8.

[34] D.R. Brenner, K. Tepylo, K.M. Eny, et al. Comparison of body mass index and waist circumference as
predictors of cardiometabolic health in a population of young Canadian adults, Diabetology & metabolic
syndrome 2(1) (2010) 28.

[35] D.D. Sin, S.F.P. Jones Rl Fau - Man, S.F. Man, Obesity is a risk factor for dyspnea but not for airflow
obstruction, Arch Intern Med 162(13) (2002) 1477-81.

[36] Y. Chen, D. Rennie, Y.F. Cormier, et al. Waist circumference is associated with pulmonary function in
normal-weight, overweight, and obese subjects, The American journal of clinical nutrition 85(1) (2007) 35-9.
[37] M.S. Biring, M.I. Lewis, J.T. Liu, et al.r, Pulmonary physiologic changes of morbid obesity, The American
journal of the medical sciences 318(5) (1999) 293-7.

[38] C.M. Salome, G.G. King, N. Berend, Physiology of obesity and effects on lung function, Journal of applied
physiology (Bethesda, Md. : 1985) 108(1) (2010) 206-11.

[39] C. Maiolo, E.l. Mohamed, M.G. Carbonelli, Body composition and respiratory function, Acta diabetologica
40 Suppl 1 (2003) S32-8.

[40] R. Lazarus, C.J. Gore, M. Booth, et al. Effects of body composition and fat distribution on ventilatory



function in adults, The American journal of clinical nutrition 68(1) (1998) 35-41.

[41] F.L. Fimognari, S. Scarlata, R. Pastorelli, et al. Visceral obesity and different phenotypes of COPD, American
journal of respiratory and critical care medicine 180(2) (2009) 192-3; author reply 193.

[42] J.C. Wells, Sexual dimorphism of body composition, Best practice & research. Clinical endocrinology &
metabolism 21(3) (2007) 415-30.

[43] R.J. Troisi, J.W. Heinold, P.S. Vokonas, et al. Cigarette smoking, dietary intake, and physical activity: effects
on body fat distribution--the Normative Aging Study, The American journal of clinical nutrition 53(5) (1991)
1104-11.

[44] N. Leone, D. Courbon, F. Thomas, et al. Lung Function Impairment and Metabolic Syndrome, American
journal of respiratory and critical care medicine 179(6) (2009) 509-516.



Table 1. Demographic characteristics and clinieabmeters by central obesity status
(N=16186)

Men Women
Normal WC Central P-value Normal WC Central P-value
obesity S obesity S

Number 3366 837 7150 4833
Men, n (%)
Age, y, meantSD 63.846.8 64.7£7.0 <0.001 59.4+7.0 2.167.1 <0.001
Education, n (%) 0.54 <0.001

<Primary 959 (28.5) 242 (28.9) 2703 (37.8) 2736 (56.6)

Middle school 1851 (55.0) 445 (53.2) 3969 (55.5)862 (38.5)

=College 556 (16.5) 150 (17.9) 478 (6.7) 235 (4.9)
Smoking, n (%) <0.001 <0.001

Never 1289 (38.3) 324 (38.7) 6961 (97.4) 464(p

Former 943 (28.0) 289 (34.5) 84 (1.2) 101 (2.1)

Current 1134 (33.7) 224 (26.8) 105 (1.5) 99)1.
IPAQ Physical 0.92 0.01
activity, n (%)

Low 281 (8.4) 71 (8.5) 633 (8.9) 381 (7.9)

Moderate 1426 (42.4) 360 (43.0) 2568 (35.9) 1&R13])

High 1659 (49.3) 406 (48.5) 3949 (55.2) 2601 (»3.8
Occupation, n (%) 0.91 <0.001

Manual 1246 (37.0) 313 (37.4) 3010 (42.1) 249664pH

Non-manual 1458 (43.3) 365 (43.6) 2450 (34.3) 1@®544)

Others 662 (19.7) 159 (19.0) 1690 (23.6) 8731(18.

Airway Obstruction, n 200 (5.9) 34 (4.1) 0.03 363 (5.1) 258 (5.3) 0.53
(%)

Self-reported 140 (4.2) 46 (5.5) 0.10 123 (1.7) 183 (3.8) <0.001
wheezing, n (%)

Self-reported asthma,552 (1.9) 16 (2.3) 0.48 82 (1.3) 83 (2.0) 0.01

n (%)

Height, cm, mean+SD 164.0+5.8 166.3+6.2 <0.001 153.5%#5.3 154.1+55 6D.0
Body mass index,23.0+2.3 27.512.4 <0.001 22.6%+2.2 26.5+2.8 <0.001
kg/m?, mean+SD

WC, cm, mean+SD 79.6%6.2 94.614.7 <0.001 72.6+4.6 6.245.5 <0.001
Waist/hip ratio, 0.89+0.05 0.97+0.04 <0.001 0.82+0.05 0.90+0.06 €D.0
mean+SD

Waist/height ratio, 0.49+0.04 0.57+0.03 <0.001 0.47+0.03 0.56+0.04 &D.0
mean+SD

Body faf, %, 22.31#5.0 29.1+4.7 <0.001 31.0#55 38.7+6.4 <0.001
mean+SD

Restrictive respiratory 654 (20.7) 280 (34.9) <0.001 1026 (15.1) 1151 (5.20.001
defect, n (%)

FEVy, L, meantSD 2.32+0.58 2.24+0.57 0.001 1.84+0.40 7240.41 <0.001
FEV:1 %, %, 92.1+18.9 86.8+21.0 <0.001 96.9+17.2 92.3+t18.0 €D.0
mean+SD

FVC, L, mean+SD 3.00+0.66 2.88+0.64 <0.001 2.2980.4 2.14+0.48 <0.001
FVC %, %, meantSD 91.8+£16.7 85.4+19.2 <0.001 9531 89.3%£16.2 <0.001
FEV1/FVC, %, 77.1+8.8 77.5%£8.3 0.21 80.1+6.5 80.3+7.2 0.19
mean+SD

WC, waist circumference; IPAQ, International Plogsi Activity Questionnaire; FEV



forced expiratory volume in 1 second; FE%, forced expiratory volume in 1 second %
predicted; FVC, forced vital capacity; FVC %, fadodtal capacity % predicted;

Central obesity: waist circumferencg90 cm in men or=80 cm in women.

Airway obstruction: FEY /FVC ratio <lower limits of normal (LLN) withoutedf-reported
asthma.

Restrictive respiratory defect: FEYFVC ratio =LLN and FVC % <0.80.

T n=6397, missing values were excluded here only.



Table 2. Association (regression coeffici@hbdd ratio, 95% confidence interval (Cl)) of diéat BMI groups with Pulmonary function (N=16186)

N FEV.%, % FVC %, % Restrictive respiratory defect

Crudep (95% CI) Adjusted (95% CI)  Crudé (95% CI) Adjusted (95% CI) Crude OR (95% CI) Adjusted OR (9
Men
Normal 2280 0.00 0.00 0.00 0.00 1.00 1.00

Overweight 1571 0.11(-1.14t01.36)  -1.66 (-2.89 t0 -0.44) .901(-3.01t0 -0.78) -2.74 (-3.92t0 -1.56)  1.42(1t0 1.66) 1.58 (1.32 to 1.9(
Obesity 352  -1.01(-3.20t0 1.17)  -3.11 (-5.191t®4) -3.32 (-5.27 t0 -1.37)  -4.13 (-6.14 t0 -3.121.68 (1.30 to0 2.17) 1.89 (1.42 t0 2.5

P-value 0.70 <0.001 <0.001 <0.001 <0.001 <0.001
Women
Normal 6202 0.00 0.00 0.00 0.00 1.00 1.00

Overweight 4426  -0.38 (-1.06 t0 0.30)  -0.45 (-1.13t0 0.22) .451(-2.08t0 -0.81) -1.20 (-1.85t0 -0.55)  1.1D{lto 1.31) 1.16 (1.04 to 1.3(
Obesity 1355 -3.70 (-4.7310-2.66) -3.10 (-443207) -4.85(-5.8110-3.88) -3.97 (-4.96 t®9. 1.74 (1.51 to 2.01) 1.60 (1.37 to 1.8
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

BMI: body mass index; FEV forced expiratory volume in 1 second; FVC, foreddl capacity; Cl: confidence interval; OR: odtdio;

Restrictive respiratory defect: FEYFVC ratio =lower limits of normal and FVC % <0.80

Normal: 18.5 <BMI < 24 kg/nf; Overweight: 24<BMI < 28 kg/nf; Obesity: BMI =28 kg/nf;

Adjustment include age, height, education, smokioggupation, physical activity, airflow obstructjoself-reported asthma and wheezing as
appropriate



Table 3. Association of different obesity statugwRulmonary function (N=16186)

N FEV1%, % FVC %, % Restrictive respiratory defec

Crude OR (95%  AdjustedOR (¢

Crudep (95% CI)  Adjusted (95% Cl)  Crudeé (95% CI)  Adjusted (95% CI) c) cl)

Men
Normal 3319 0.00 0.00 0.00 0.00 1.00 1.00
General obesity only 47 1.46 (-4.10t07.02) -A-2473t03.25) 1.98(-2.971t06.94) -0.69 (-6.0@1163) 0.93(0.45t01.94) 1.12 (0.48t6

Central obesity only 532  -6.87 (-8.63 to -5.10) 86b(-7.64 to -4.08) -7.36 (-8.931t0-5.78) -6.2D.92t0-4.48) 2.23(1.82t02.72)1.70 (1.29t0 2.2
General and central305 -2.54 (-4.81t0-0.28) -3.31(-5.4410-1.17%.42 (-6.44t0 -2.40) -4.20 (-6.27 t0-2.14) 1.I687 to 2.30) 1.42 (1.03t0 1.€

obesity

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Women

Normal 7081 0.00 0.00 0.00 0.00 1.00 1.00

General obesity only 69 282 (-1.32t06.97) 24%( to 6.51) 2.92(-0.930t0 6.77) 1.89 (-2.06.8) 0.68 (0.311t0 1.48) 1.03 (0.46 to 2.2
Central obesity only 3547 -4.27 (-4.98 to -3.57) .882(-3.58 t0 -2.13) -5.59 (-6.25t0-4.94) -3.58%Z31t0-2.83) 1.80 (1.63t0 2.00)1.14 (0.99t0 1.5
General and centrall286 -5.38 (-6.421t0-4.34) -4.27 (-5.32t0-3.23%.60 (-7.56 t0 -5.63) -5.07 (-6.07 t0 -4.07) 2(1B3t02.43) 1.41(1.18t0 1.6

obesity
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

FEV; %, forced expiratory volume in 1 second % predict&/C %, forced vital capacity % predicted; Cinédence interval; OR: odd ratio;
Restrictive respiratory defect: FEYFVC ratio =lower limits of normal and FVC observed to predictatio <0.80.

General obesity: BMI=28 kg/nf

Central obesity: waist circumferencg90 cm in men or=80 cm in women

Adjustment include age, height, education, smokingupation, physical activity, airflow obstructj@elf-reported asthma and wheezing as
appropriate



Table 4. Association (adjusted regression coefiicp#odd ratio, 95% confidence interval

(CI)) of obesity indices with pulmonary functionafl participants see above and by sex

Men

Women

B (95% CI) P

B (95% CI) P

FEV1%, %
Central obesity
General obesity
WC, SD

WC, SD*

BMI, SD

BMI, SD*
WHR, SD
WHtR, SD
Body fat %, SD

FVC%, %
Central obesity
General obesity
WC, SD

WC, SD*

BMI, SD

BMI, SD*
WHR, SD
WHtR, SD
Body fat %, SD

Presence of
restrictive

respiratory defect

Central obesity
General obesity
WC, SD

WC, SD*

BMI, SD

BMI, SD”
WHR, SD
WHtR, SD
Body fat %, SD

-4.82 (-6.26 to0 -3.37) <0.001
-2.40 (-4.40 t0 -0.39) 0.02
-2.60 (-3.23t0 -1.97) <0.001
-7.66 (-8.81 to -6.51) <0.001

-0.46 (-1.11t0 0.20)  0.17
6.22 (-5.03t0 7.41)  <0.001
-2.86 (-3.52 t0 -2.20) <0.001
-2.51 (-3.16 to -1.86)  <0.001
-1.48 (-2.88 10 -0.09) 0.04

<0.001
0.003
<0.001
<0.001
0.001
<0.001
<0.001
<0.001
0.001

-5.39 (-6.79 to -4.00)

-2.95 (-4.90 to -1.01)
-3.17 (-3.78 t0 -2.57)
-7.77 (-8.87 t0 -6.66)
-1.12 (-1.76 t0 -0.48)
5.65 (4.50 to 6.80)
-3.15 (-3.78 t0 -2.51)
-3.09 (-3.72 t0 -2.46)
-2.29 (-3.64 t0 -0.95)

Odds ratio (95% Cl) P

2.04 (1.67 t0 2.49)  <0.001

1.53(1.16t02.02)  0.002
1.53(1.39t01.68)  <0.001
2.02 (1.67 10 2.43)  <0.001
1.31(1.19t0 1.44)  <0.001
0.72 (0.59 10 0.87)  0.001
1.43 (1.29t0 1.58)  <0.001
1.54 (1.39t0 1.70)  <0.001
1.55(1.23t01.95)  <0.001

-3:392 to -2.60)  <0.001
-2:8190 to -1.92) <0.001
-2.22 (-21681.86) <0.001
-4.09 (-41673.52) <0.001
-0.78 (-1.11:-6044) <0.001
2.24 (1.70t0 2.77)  08Q.
-2.16 (-21611.82) <0.001
-2.15 (@6 -1.81) <0.001
-1.27 (-1.81 to -0.73)0.001

-3@I760 to -3.33) <0.001

-3-4640 to -2.51) <0.001
-2.67 (-3.012.33) <0.001
-4.29 (-41843.74) <0.001
-1.22 (-1.950.90) <0.001
1.93 (1.42 to 2.45) 80.0
-2.45 (-22@82.11) <0.001

-2.60 (26 -2.26) <0.001
-1.82 (-2.32 t0 -}.3%0.001

Odds ratio (95% CI) P

153810 1.71)  <0.001

1.5091021.74)  <0.001
1.35 (1.27.481  <0.001
1.62 (1.4818).  <0.001
1.15 (1.09 1)  <0.001
0.80 (0.73t00.88)  <0.00
1.31 (1.24891  <0.001
1.34 (1.264%2)  <0.001

1.17 (1.05t0 1.31)  06.0

FEV,, forced expiratory volume in 1 second; FVC, foreddl capacity; WC, waist
circumference; BMI, body mass index; WHR, waist tapo; WHtR, waist height ratio;
General obesity: BMI=28 kg/nf
Central obesity: waist circumferencg90 cm in men or=80 cm in women

Restrictive respiratory defect: FEV1/FVC ratislower limits of normal and FVC % <0.80
1SD BMI =2.92 kg/rfiin men, =3.12 kg/fin women
1SD WC=8.43 cm in men, =8.30 cm in women



1SD WHR =6.0% in men, =6.4% in women

1SD WHtR=5.1% in men, =5.5% in women

1SD body fat %=5.6 % in men, =6.9 % in women

Adjustment include age, height, education, smokiregupation, physical activity, airflow
obstruction self-reported asthma and wheezing poppate.

*: further adjusted for BMI

* further adjusted for WC

" n=6397, missing values were excluded here only.



1. Those with central obesity had lower lung function, independent of general obesity.
2. Those with only general obesity had better but non-significant pulmonary function.
3. General and central obesity indices inversely associated with lower lung function.
4. Adjustment for WC reversed the inverse association between BMI and lung
function.

5. Central but not general obesity was independently associated with lower lung

function.
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