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Abstract

Background Chronic obstructive pulmonary disease (COPD) is a heterogeneous, progressive pulmonary disorder
with persistent respiratory symptoms resulting from abnormalities in the airways and/or alveoli and was prevalent
globally in 10.3% of people aged 30-79 years in 2019. The prevalence of COPD has increased rapidly in women in the
past decade. This may be due to increased tobacco use, but may also involve sex-specific factors.

Purpose To evaluate the prevalence of COPD in the context of sex and tobacco exposure.

Data sources and searches Comprehensive searches of MEDLINE (OVID), EMBASE and CENTRAL were conducted for
articles published from inception to July 22, 2022.

Study selection We independently evaluated titles, abstracts and full-text articles in a duplicated two-staged
process. Studies were included if they reported the prevalence of COPD as a primary outcome in the context of sex
and tobacco exposure.

Data synthesis and analysis Pooled analysis was conducted with Review Manager 5, and heterogeneity was
assessed with the |2 statistic. For 163, 450 individuals the prevalence of COPD was 3.5-20.7% in males and 6.3-18.5%
in females, and we observed a non-statistically significant difference of 1.53% [95% Cl: -5.83, 8.89] (p=0.68) in females
compared to males with tobacco exposure (Tau?=54.02; Chi*=53.15; df=4 (P<0.00001); I>=92%). Females with
COPD had earlier mortality, greater co-morbidities involving cardiovascular disease and others, and decreased FEV,%
predicted, as compared to males with COPD. Estrogen and androgens may protect against COPD, but smoking-
induced hypogonadism may diminish these effects. Menopause could also be a contributor to worse COPD
outcomes.

Limitations Included articles are limited by the quality of data on tobacco smoke exposure, primarily reported as a
binary risk factor, with lack of availability on duration and intensity of exposure.
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Conclusion There was earlier mortality and reduced FEV, in females with COPD, as compared to males with COPD.
Thus, sex-specific considerations are important in understanding the pathophysiology of COPD and should be a focus

of further research.

Introduction

Chronic obstructive pulmonary disease (COPD) is char-
acterized as a heterogeneous pulmonary disorder with
persistent respiratory symptoms resulting from abnor-
malities in the airways and/or alveoli, leading to chronic
and often progressive airflow obstruction [1]. COPD was
prevalent globally in 10.3% of people aged 30-79 years
in 2019 using the GOLD case definition [2]. Diagnosis
is based on spirometry, which can detect COPD even
in individuals who do not report symptoms. There is no
cure for COPD, and pharmacological and non-pharma-
cological therapies (i.e., physical exercise, healhy eating)
are directed toward improving symptoms and quality of
life, and preventing acute disease exacerbation [3].

Tobacco smoke is the most common cause of COPD,
other risk factors include environmental factors (e.g.,
dust, air pollution and biomass fuels) and to a lesser
degree genetic susceptibility [3]. While COPD was once
more prevalent in men, its prevalence and morbidity has
increased more rapidly in women in the past decade. This
may be attributable to increased tobacco use, but may
involve other factors such as differential susceptibility to
tobacco, exposure to environmental pollution and sex-
specific differences [4]. Sex-specific differences in context
of COPD prevalence are not well understood, and popu-
lation-based studies are often expensive and difficult to
conduct [5].

A study published in 2016 identified that female mice
with chronic tobacco exposure developed more periph-
eral airway obstruction and small airway remodeling
than male counterparts. However, ovariectomy and the
drug tamoxifen, an estrogen receptor-a blocker, reversed
this effect and a male-pattern phenotype was produced.
In the female mice, chronic tobacco exposure was asso-
ciated with the induction of transforming growth factor-
b (TGF-b), decreased expression of antioxidants, and
increased oxidative stress. The major source of reactive
oxygen species was NAPDH oxidase-4, which is upreg-
ulated by TGE-b and plays a key role in airway smooth
muscle proliferation and fibrosis. These observations
suggest that female sex hormones may be responsible
for some of these sex differences in the context of COPD
prevalence [6].

COPD has a significant impact on quality of life
through progressive symptoms, daily life limitations,
worsening mental health, and reduced physical activ-
ity and sleep quality—its substantial social and economic
impacts result in considerable humanistic burden [7, 47]
. A thorough understanding of the epidemiological and

comorbidity factors upon COPD is therefore warranted.
Herein, a systematic review and meta-analysis of the
prevalence of COPD as a primary outcome in the context
of sex and tobacco exposure was conducted.

Methods

This study adhered to Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) guidelines
[8]. An a priori protocol was published on Open Science
Framework [9].

Information sources and search strategy

Comprehensive searches of MEDLINE (OVID), EMBASE
and CENTRAL were conducted for articles published
from inception to July 22, 2022, with the help of a medi-
cal librarian. The terms “smoking’, “COPD” and “sexual
dimorphism” were used. Animal studies were excluded
from the searches. The search strategies can be found in
the online supplementary material (Appendix S1).

Study selection

Search results were uploaded to Covidence (Veritas
Health Innovation Ltd.), which is software for system-
atic review management. Pilots were run until the review
authors reached a Cohen’s kappa inter-rater reliability
value of 0.8. Titles and abstracts were first screened inde-
pendently for eligibility by two authors (MP, SY, SA, SS).
The full texts of potentially relevant articles were then
reviewed by two authors (MP, SY, SA, SS). Any reason
for exclusion was documented at the full-text stage, and
discrepancies were resolved through discussion and adju-
dication with a third reviewer (RC) if necessary. Studies
were included if they reported the prevalence of COPD
as a primary outcome as stratified by sex and tobacco
exposure. Studies were excluded if they did not report
primary data such as systematic reviews or post-hoc
analyses, if they were reviews, abstracts, conference post-
ers, comments or editorials, or if they were not published
in English.

Data extraction

Data extraction was independently completed by two
authors (MP, SY, SA, SS) and discrepancies were resolved
through discussion with a third author (MP, SY, SA, SS)
for full-text articles that met the inclusion criteria. Data
on patient characteristics (sample size, age, sex, tobacco
and any other substances smoking history—exposure
level and pack-years, comorbidities), publication charac-
teristics (country, journal, source of funding), diagnostic
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method (spirometry, patient-reported etc.), diagnostic
criteria (GOLD criteria, etc.), and cause of COPD (e.g.,
tobacco, non-tobacco related) was extracted.

Quality assessment

We used the Newcastle-Ottawa Scale to assess the qual-
ity of included literature [10]. The Newcastle-Ottawa
Scale is a validation tool that examines literature based
on eight items categorized into three groups: study group
selection, group comparability, and establishment of
exposure and outcomes [11].

Statistical analyses

COPD prevalence was calculated as the number of indi-
viduals diagnosed with COPD per total sample popula-
tion. In studies where the standard deviation (SD) was
not available, we calculated it by dividing the length of the
95% confidence interval (CI) by 3.92 and multiplying it by
the square root of the sample size. Meta-analysis was per-
formed with Review Manager software (Version 5.4.1).
The heterogeneity of each meta-analysis was assessed by
visual inspection of the forest plot (e.g. overlapping con-
fidence intervals (CI) and P values), and the I? statistic.
Previous literature recommends the following interpreta-
tion of I*: 0—40%, might not be important; 30-60%, may
represent moderate heterogeneity; 50—90%, may repre-
sent substantial heterogeneity; 75-100%, may represent
considerable heterogeneity [12]. A random effects model
was used to calculate the pooled prevalence.

Results

Search results

We identified 3211 studies in the searches. Twenty-seven
duplicates were removed, and of the remainder 3092
were excluded during title and abstract screening, leaving
92 studies for full-text screening. Sixty-four studies were
excluded for not reporting primary data stratified by both
sex and tobacco exposure, leaving 27 that met the a priori
inclusion criteria. Of these, five had data for meta-analy-
sis. (Fig. 1)

Twenty two studies were not incuded in the meta-
analysis. Of these 22 studies, three examined popula-
tions from the USA, two examined populations from
Iran, and two studies examined populations from mul-
tiple European countries. A population was studied once
in Brazil, Canada, Egypt, Greece, Korea, Saudi Arabia,
Spain, Sweden, Taiwan, Tanzania, Turkey, and Vietnam.
Five studies collected information on race, which was
reported as (n): Asian (1), Black (3), Caucasian (4), East
Asian (1), Hispanic (1), American Indian (1), Multira-
cial (1), Native Hawaiian (1), or other (2). Furthermore,
six studies reported education and five studies reported
comorbidities.

Page 3 of 20

Two studies reported that the prevalence of COPD
among males was higher than among females. Ten stud-
ies found that tobacco smoking was associated with
COPD, with a separate study finding that women had a
higher likelihood of developing COPD due to tobacco
smoking than men. Four studies investigated the asso-
ciation of occupational-related exposures with COPD,
reporting an increased risk of developing COPD. Sex was
associated with the prevalence of COPD according to five
studies, in which three studies identified male sex as a
risk factor. Four studies found that women with COPD
experienced less disease severity but more comorbidi-
ties than men with COPD, including but not limited to
cardiovascular disease, hypertension, dyslipidemia, anxi-
ety, depression and rheumatoid arthritis. Two studies
reported that women and men responded differently to
tobacco exposure, in which one study found that women
had lower FEV,% predicted than men among those who
currently or formerly smoked tobacco. Seven studies
reported an association of increasing age with the preva-
lence of COPD.

Characteristics of included studies

Of the 27 final studies, six examined study populations
from the USA, four examined populations from China,
and two involved populations from Iran. A popula-
tion was studied once in Brazil, Canada, Egypt, Greece,
Korea, Saudi Arabia, Spain, Sweden, Taiwan, Tanzania,
Turkey, and Vietnam (Table 1). Sixteen studies inves-
tigated the effect of tobacco exposure on the preva-
lence of COPD in both urban and rural communities,
whereas 11 only examined urban populations. Moreover,
only one study examined solely rural communities [23].
Seven studies collected information on race, which was
reported as (n): Asian (1), [17] Black (3), [15, 17, 18] Cau-
casian (4), [15, 17, 25, 26] East Asian (1) [20], Hispanic
(1) [17], Indian, Multiracial (1) [17], Native Hawaiian (1)
[17], unknown (1) [17], or other (1) [17]. Furthermore,
eight studies reported on education, and six reported on
comorbidities.

Quality of screened literature

The quality of the screened literature was assessed as
Good and Fair, as per the Newcastle-Ottawa Scale (Table
2). Eight studies had a rating of Good and had high meth-
odological rigour, whereas 20 had a risk of bias rating of
Fair. Scores (n articles) involving selection ranged from
three (24) to four (4), indicating a low risk of bias in study
participant selection. Scores (n) involving the compara-
bility of study participants ranged from one (4) to two
(24), indicating a low to moderate risk of bias in control-
ling for confounding variables across all studies. Scores
(n) regarding bias in determining outcomes were zero
(1), one (19), and two (8), indicating a high risk of bias
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Studies uploaded onto Covidence
from literature search
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e Primary data was not clinical, or
patient related (n=8)

Fig. 1 Study Selection Flow Diagram. PRISMA flow diagram of included studies

in one study, which utilized self-reported patient surveys
instead of secure electronic medical records, and a low
risk of bias in the remaining studies.

Pooled effect of tobacco exposure on the prevalence of
COPD

Five studies included information on the prevalence of
COPD as stratified by both sex and tobacco exposure.
The prevalence of COPD in males without exposure to
tobacco ranged from 0.8 to 12.8% (Fig. 2A). The preva-
lence of COPD in males with exposure to tobacco ranged
from 3.5 to 20.7%. Pooled analysis showed a mean dif-
ference of -6.02% [95% CI. -8.35, -3.70] (p<0.00001)
in males not exposed compared to those with tobacco
exposure. Results for the test for heterogeneity were:
Tau”=4.93; Chi*=25.54; df=4 (P<0.0001); and I*=84%.
The prevalence of COPD in females without exposure

to tobacco ranged from 2.1 to 7.6%. The prevalence of
COPD in females with tobacco exposure ranged from
6.3 to 18.5% (Fig. 2B). Pooled analysis showed a mean
difference of —6.16% [95% CI: -8.47, -3.85] (p <0.00001)
in females not exposed to tobacco, compared to those
with tobacco exposure. Results for the test for heteroge-
neity were: Tau?=2.32; Chi’=6.39; df=4 (P<0.17); and
I=37%.

Prevalence of COPD vis-a-vis sexually dimorphic response
to tobacco

For males not exposed to tobacco, the prevalence of
COPD ranged from 0.8 to 12.8%, and for females it was
6.3-18.5% (Fig. 2C). Pooled analysis showed a non-
significant trend towards reduction of 3.12% [95% CI:
-0.10, 6.35] (p=0.06) of COPD for females compared
to males without tobacco exposure. Results for the test



Page 5 of 20

45

(2026) 26

Chow et al. BMC Pulmonary Medicine

juepodw 9
0] Waas 0s[e
510308} 13410

-9ouseraid
aseasip ul
suoneleA

ure|dxa Ajjny
10U op A3y1
‘adod oy
$10INQLIUOD
Buons aie

Bupows pue

abe ybnoyyy

sainsodxa
|euonednodo
pue bujows

UM P1e10s
-Se Sem U]
-ena1d Q40D

J8yby v
adod

Jo duajeraud

QY1) yum pare

-Dosse
3Je X35 ‘9del

‘uondedndd

adod

10J 510108}
aAPIpald
1uspuadapul
BIEY
aInsodxa
|euonednodo
pue ‘bupows
‘]apusb ajew
‘3be J1ap|0
ECIEET
Buowe ueyy
12yb1y sem
sajew buowle
adooJo
20U3[eARld

pawodal
pavodailoN 10N

panodal
pauiodai 10N 10N

panodal
paviodai 10N 10N

pawodal
pavodailoN 10N

pa1odalloN %8001k

e1ep apno
‘21nsodxe
|euonednanO

ainsodxa
ueaW sieak
€1 2Insodxa
|euonednd
-0 %1y

paviodai 10N

pavodailoN

pavnodailoN

ueaW JO e1ep
ainsodxa apniD)

payiodai 10N

pavodai 10N

pavodailoN

sdnoib-gns

aiRyip 1
ul Jeak yoed

I4OWS-I9AS
pue Ja3ows
-13A3U Ol )Rl
-edas elep
aInsodxa apni)

Bujows-1ans
8'cc %19

pauiodai 10N

%05 ‘ST
1{OWS JaAIN
905 'St Jows
4eooy 1uaund

%L Ty

'ST0L Jjows
19N3N %889 ‘591
~waEm Jouuloq
%2705 0171
19yowis Jualind)

09-€S

€8y

+8l

pavodailoN pavodalion

+09-0%

85-75 payodal 10N

68y payiodai 10N

+81 payiodal 10N

Asianun

‘jooyds ybiy
‘looyds A1epuodas
‘Jooyds Alewlid

+09-0t pavodal 10N

pavodailoN

pauodai 10N

1BYO
3oe|g LPUYM

pavodailoN

pavodailoN

payoday 10N ueqin

[eany

panioday 10N Juequn

[eany

HEEINVETETS Jueqin

s1eak INo4 ueqin

|einy

|_UOND5-5501D) Jueqin

VSN 231D 4109 190uUeT

adoing
|euoneuIaU|

|euinof Aiojelidsal

eu1d) 4109 ueadoing oy

vSn parioday Jj3s ddod

9seasip A1}

uey| eUaD 0109 -elidsal Jjuoiyd

sisojnaJagny pue
s95e351J 153D JO

1dA63 eu1D 4109

[6¥]
£002
15ing

[87]
600¢
oueg

[si]
6007
Hueg

i
810C
29n01

-Yeg

fell
910t

|euinor uendAb3  Aempeg

sbuiputy
urepy

£f101s1H
Bupjows
1ed) yded
Jo abuey
Jo(as)

SaIpIqIow-0) ueapy

(% pue u)
£10351H dIns
-odx3 |ang
ssewolg

(% pue
u) K10asIH
ainsodxg

jows oxneq

-0 dAIssed

aby ajew
-394 abuey 10
(as) uesy

(as) ueaw

aby sjepy
abuey 10
uoie>npg

adey

uoneing uoneso]

poyis

Anuno> Jnsoubelq

JEETE )
lewnor Joyiny

SaIPN3S 9|q1b17 JO sonsHLIdeIRYD) UoeINdOd pue punoibydeg | djqeL



Page 6 of 20

45

(2026) 26

Chow et al. BMC Pulmonary Medicine

%CSLH0C
98'9:0¢> ‘[e10L
J2OWS JUBLND %6T
%9 H+0¢ 09¢ 24ows
%C'S 07> 19NN %9’ 'LEY
{e10] JONOWSX]  JOWS JauLIo]
%601 +0C %L L1 '68EC
%0'S  IOWS UUND
07> Dlewa4 ‘|e10|
JENISVEN g} %L'T
%6 +0C 'S/G1 Jows
%ST  J9ASN %LT LT
uswi ul 07> DeWa4  IINOWS JSWIOH
uey} Uawom JOWSX3 %78 '€601
urgdon o %EYH0T  JHOWS WUaND
2ouserald %81 107> 9eW 9w
ayy 01 sdiys JOWS JUBLND %80
-uoneja %1°€ +0C ‘6201 Jows
Jabuons pey %/'T 07> DN JOAIN 9/'T 'S5 L
1y6I2MIN0 IBOWS-XT  ISNOWS JOWIOH
Bureq pue fep %G°€ '96C | 1]
Bupjows jo pawodal /s91120eDD NG UOWS JUBND umouun leany Abojoiwapida 000C
uonenul Ajjeg pavodailoN JON pauodalioN  sieak>ded joN EIE $9-67 $9-G¢ ybIy ‘mo7 pauodal IoN  (S661-1661) 18K | Jueqin epeued) AaAINg  [e21Ul]D JO [eulnof usyd
adod
YUM usw
ueyl A1Ianss
95835IP 19559
pue ‘aji| jo Au
-lenb yss00d e
‘AlpIgiowod
2I0W dneY
pue ss3)
paxows Jyo %C €T 'S8YC
“1abunok alam  aseasip Jeay uols 124OWS JaASN [05]
Apnissiypul - -uaiadAy ‘aseasip %//S'6/19 Ausianiun ‘jooyds 600C
palenjers  1eay ‘sniijjaw sa} 12OWS JaUII04 K1epuodas ‘jooyds opuieo
adoD yum  -aqeipuoissaidsp  payodal %161 '9b0C Arewd ‘Bujjooyds leiny aupipaw -0d
uswomay]  ‘Aixue ABia|y JON pauodailoN  pauodailoN  JSyowsuaund (801) 1'99 T6) 729 ou YIM siudled  paniodal 10N [PUOIDS S50 Jueqin ureds e YydISs  Aseuowind DNg  -seued
usw (£6'S7) 06' LY — (9Y) L6 SoleW
ueyr ddod USIN 3 (8961) 78 (09) €71 —
dojanap 01 057E — USWOAL  S9[eua4 buijows
JENTEYY] sbuliais Apuaund sbuljais
906 Inoqe (L veos— () 6v Sl R
e SIBOWS U B (LL8L) (9F) 65 — Sajewiay
uswom panodal 60°Eh— USUIOA Bujows Apuai 6007
{IIEe) pauiodai 10N JON  pauodai1oN SpuUBqOId -InDispueqold  (€£5°5) 6895 (C81) ST6S pauiodaiioN  pauiodailoN pauioday 10N ueqin epeue) eua1ld 4109 194D dwe)
£101s1H
Bupjows (% pue
1e3p )ded (% pue u) u) K103sIH
joabuey KiolsiH ains ainsodxy abysjew  aby ajep
sbuipuiy J0(gs) -odxzeng  axjows odxdeq -394 abuey 10 abuey 10 poys JLETR )
urepy IqIoW-0D) ues|y ssewolg -0] dAIsseq (@s)ueapy  (@s) uespy uone>npg aey uoneing uonesoq Anuno) snsoubeiqg [ewinor Joyiny

(ponunuod) | 3jqelL



Page 7 of 20

45

(2026) 26

Chow et al. BMC Pulmonary Medicine

%L¥C0L6'TL
10w JaAaN
%C6€'ErL'TL
1{OWS JaWIO4
%L '9€ '880'€E
J2OWS JUaND
“dd0D oM
asoy) buowy
%0'L5 'YTETIT
190w JanaN
%0°£C /5001

paulwexd 12OWS JaUII04
S9seasip %091 '009'65
JIUoIYd J3YI0 93OS JUaND
ay3 Josow “dd0oD Yam
pue ddod 404S 350y buowly BYO
aneY 01 5J9 '95e3sIp ASupIy %65 '95€'81T ‘|lereInN
S{OWs Jansu ‘uoisusadAy 120WS JanaN Diuedsiy
ueyi A joiassjoyd Yoy %C'LE '¥8L9TL [ooys ‘uelpu 1
SJ0W B19M  'sa13qeIp ‘uolssaid 12OWS JaUII04 |B21UYI3] JO [00YDS uedLIWY aseasig (04
SI9HOWS 9N -9p ‘aseasip 1eay %61 ‘Ory'09 ybiy parenpeib ‘uellemen Kieuowind ann wey
-ebp Jawiloy  Aleuosod Jedued  paodal 93OS JUaND {J00YDS [eDIUYD3Y  SANEN ‘UelSY |einy -onisqo ooy -buiu
pueiuaun)  ‘BUIYISE 'SHLYUY 10N pauodailoN  pauodalloN ‘[er0] Apnis uj +81 +01  ‘]ooyds ybiy ‘DUoN  Helg ‘PUYM SLIUOW D3y Jueqin vsn pauoday loN  Jo [euinor ddod -un)
%LEY9
'86¢°01 DlewS
12OWS JININ
9%69'S€ 145
e\ JNOWS
191naN %1 £ 09
a|doad uy ‘71091 1oL
Bupows yum 12OWS JININ
pajeosse %C8'LE '867¢E
213M 0d0OD :3]ewa Jajows
pue ‘sease 19A7 %81°89
uegingns ui '590/ @B
20UIpISal 12OWS Jang
‘saliobared uolsuanadAy %6C6E 'S9E01 [85]
painsul ‘Mous ‘9seasip  pauodal £10] 1OWS J9A] |einy 0202
‘9be X3 Aiavie A1euolod) 10N pauodailoN  pauodalioN  sniels Bupjows +or +0f pauiodaiioN  pauiodailoN sieak a1y Jueqin uemie| pauoday loN yieaydignd HNg  bunyd
£101s1H
Bupjows (% pue
1e3p )ded (% pue u) u) K103sIH
joabuey KiolsiH ains ainsodxy abysjew  aby ajep
sbuipuiy J0(gs) -odxzeng  axjows odxdeq -394 abuey 10 abuey 10 poys JLETR )
urepy ues|y ssewolg -0] dAIsseq (@s)ueapy  (@s) uespy uone>npg aey uoneing uonesoq Anuno) snsoubeiqg [ewinor Joyiny

(ponunuod) | 3jqelL



Page 8 of 20

45

(2026) 26

%LLR 16T
:Bupjows |eu
-1918d %617
81 :Bupows
IS
:5109(gNs [e10]
%LL7R
9¢¢ Buptowss
|euialey
%y SEL
Bupjows |eu
-191eN :dd0D %vC L6
Yam s2(gng UOWS JUBLND
19p|0 :5102(gNs [e10]
%8L78 0¢) 19 %L1 TS
SI0108) GG :BUPBOWS LDHOWS JUSLND  LDJOWS JULIND
|euiatew Aq |euialey ‘dd0D Yum :ddoD Yam
pasusnyul st %0, 6  S13(QNSIBPI0  s123(ANS 19P|O
pue sajews) BUBOWS [BU  (17) T HOWS 969G ‘6€ IMOWS aupIpaw [81]
uljudjeaaud si -9 :Jd0D  UauND:ddoD  uaund:gdod 2JeD [eDLD pue 110z
40D 195U0 pauodal  33suQ-Aie] 195UQ-A|1e3 195UQ-A|1e3 Kiojesdsal jo uew
-A|1ea 21913 pauiodai 10N 10N Yim s123(gns Yum103fgng yum123lgns 08-S 08-S pauiodailoN  f2e|g RUYM eLAWDSIY  [euinofueduawy  -2104
USWIOM
pue usw ©%CS1)
Usamiaq sni SLLYT/LLLE
-e1s Bunjows 2I0W 10 0§
Ul duaieyip (%8+€)
juedyiubis e S/ ¥¢/0198 05
Jo asnedaq ueY1SS9| 01 67 (%t 1€) 295
Aurew (9%69-9%) (9997) 99/650 0T 440Ws
‘Uswom pue CCL99/808 S/LL¥T/€659 ST 1ua1IND (%8-8)
uaw Udamiaq 6a0B|bIOM  UBY) SS3| 0} US| /95 99/8¢79
Apuesyiubis ayrul (%t€7)  JOWs Jauio4
pai12yip AdOD s|esiwsyd SLL¥T/108S (%8:65) JayBiy pue jooyds [¢q]
10 9ujeraud (9%£:0%) 989 103snp O} usuBYL /95 99/0/0 OF yb1y Aiepuodas SUPIPa A10%es 8107
ayl pauodalloN  99/#168 ainsodxj 53| 01 QUON| 12OWS JaNIN (€11 0SS (601) £¥S “amoj pue Alewd paniodai1oN euaD 0100 -ldsay 19oueTay| bueq
adod 4o
S)UBUILLIRISP
Juenodwl a1
pooypyiya ul
sUoId3yul K10}
-eJdsai pue s1el seq
‘eUILISe JO 1NOYIM 31e|Nd|ed
Kio1s1y Ajiwaey 351931 0) piey aupipaw
© 'SSOUDAIS g s onel [15]
-uodsal-1adAy panodal 31eJ 2dU3PIdUL Aorendsarjo |10z 02
Kemary paviodai 10N 10N pauodalloN palodailoN ‘payiodai 10N 0T 0T palodailoN  pauodal 10N uegin ueadoinj Q| eLRID TOD  [PUINOf UBdLBWY  -IB\SP
£101s1H
Bupjows (% pue
1e3p )ded (% pue u) u) K103sIH
joabuey KiolsiH ains ainsodxy abysjew  aby ajep
sbuipuiy J0(gs) -odxzeng  axjows odxdeq -394 abuey 10 abuey 10 poys JLETR )
urepy IqIoW-0D) ues|y ssewolg -0] dAIsseq (@s)ueapy  (@s) uespy uone>npg aey snsoubeiqg [ewinor Joyiny

Chow et al. BMC Pulmonary Medicine

(ponunuod) | 3jqelL



Page 9 of 20

45

(2026) 26

Chow et al. BMC Pulmonary Medicine

abe
Yum puan
Buiseanul
ue sey | pue
‘umou Ajsno %8EE §5T'051
-1na1d ueyy ‘661 @PW D[eWR4 %7 /S
Apuanbay 34 %6'€E "[TERRN %L LY
210w adod RGIREIEN PAAZSUENLEE] SUDIPAN [€s]
03 spea| %6'EE ‘€6 IV Siaxouws |eIny |BUISIUJO [RUINOf  800T
Bupiows payodaljoN siusned |y pauodaiioN  pauodaiioN  JULNd J0jAUO 0/-61 0/-61 payodaljoN  pauodal 10N payioday JoN Juequn Aan| S1V/SY3 ‘@109 ueadoing  uaung
%87 '8LLL
3)ewa -
%L5'691€
Ble -
BENeIIS
1973 %S
‘00D 10} s YOzl
1ybiy e yum 9)ewa -
pa1eosse %EY'LEVT
sem sapnJed EENE Q€| Djewa -
ojuebio sno BENGIIS €8l 2. -
-lJeA pue uswl PEUEIN] ‘ddOD-UON
-nig/jeydse ‘dd02-UoN O'L9ewd -
Josjanal ybly %8 '6C1 09¢ 9le -
01 aInsodxa Bewad - :adod
‘0S| "Sawiny %98 |on4/ssewolg
Buipjam pue ‘96¢ B_IN - 0} pasodxj %L'LS 621
“ISneyxs BENeITIS 07l 9w - USNOWS J9AF
[9sa1p ‘uon Jon3 0GL N - %687 'L LE'0T
-e|nsu| pue %81 ‘67 ‘AdOD-UON  I3OWS JoASN
winsdAbB ‘soy 9)ewa - 00Z 9w - :dd0OD-UON
1o} punoj sem %t L 0'€C 2N - %L¥8
diysuonepai ‘05 P[eN - ‘adod ‘7641 UHOWS
asuodsal BENeIIS |oN4/ssewolg  Jang - %6'S L ‘6EE Asepuodas-isod 6]
-ansodxa 19A9N 01 pasodxaun  USHOWS JAN - ‘Alepuodas yo1easal 1207
aniisod v payiodai JoN ddOD pauodalloN  UBIPS Ul ||y 'adod 0/-52 0/-52 ‘A1epuodss-ald  pariodal 10N pa1oday 10N ueqin uspams eI 0109 [PIUSWUOIIAUT  UyeID
£101s1H
Bupjows (% pue
1e3p )ded (% pue u) u) K103sIH
joabuey KiolsiH ains ainsodxy abysjew  aby ajep
sbuipuiy J0(gs) -odxzeng  axjows odxdeq -394 abuey 10 abuey 10 poys JLETR )
utey IqI0W-0) uespy ssewolg -0] 3AIssed (as) uesly  (@s) ues uone>np3 ey uoneing uone’o Anunoy snsoubeiqg |eusnor soyiny

(ponunuod) | 3jqelL



Page 10 of 20

45

(2026) 26

Chow et al. BMC Pulmonary Medicine

%€l
‘TvS :bunp
|ewliue
/POOMaIY
/POOM
%STT €6
auljoseb
/IO
%S9
'6£97 158D
Sewa
%YLL
‘/€:Bunp
[ewiue %C66'TCLY
/POOMaIY 2JIHOWS J9AIN
/POOM %10 ‘91 oS
%LTT '898 JOWI04 %170 ‘9L
duljoseb 0w BN
ilie} %07 0:0¢< DlewsS
%659 %073 0:0C-0L %C'LS
S9N '615T S %80 e 0l-1 ‘9561 HOWS
9B SeWay  I9NIN %9'G1 ‘965
'SUYLIe plolew %ETL %66 OWS JauIo]
-NAYIISIBPIOSIP  ‘6/6 :Bunp B 6/€0C< %EEE 'TLTL
adoD yum  [e1Rjsondsnu Jewiue %9'8LRTL/  HIOWS U
pajeposse  !uoissaidap pue  /poomaiy 07-01 %E 07 ElEN
219M SIe3A  A13IXUE 'DUI0IPUAS /POOM R/LL01-1 %79/
sped ajowJo  dljogeIdw el %97T Bl '8/09 :I2%OWs
oLjo Moy -pidijsAp ‘snijlsw ‘1081 Ul %EVREVE  JININ %L L 'TL9
bupows e sa1ageip ‘uols  -0seb/|l0 07< %EL P E]S  HDOUIS JDULIOS
‘Buijooyds -usnadAy ‘saseasip %759 107-01 %TZL %191 '8871 s1eak 7| < ‘sieak 5]
Josieak  bun|dluoIyd 2se3 ‘861G [seD) ®Y/6:0l-1  UINOWS JUSUND 71-6's1eak g—9 |einy ela1d aupIpaw 120z
19Mma) 9By -SIp Jendseoipied) |10l panodal 10N |e10L |e10L. 0/-G€ 0/-GE  'sieak G> @1es|| panodalloN pauioday 10N Jueqin uel| NT1pue 10D  Areuowind DNg 1uery
£101s1H
Bupjows (% pue
1e3p )ded (% pue u) u) K103sIH
joabuey KiolsiH ains ainsodxy abysjew  aby ajep
sbuipuiy J0(gs) -odxzeng  axjows odxdeq -394 abuey 10 abuey 10 poys JLETR )
urepy ues|y ssewolg -0] dAIsseq (@s)ueapy  (@s) uespy uone>npg aey uoneing uonesoq Anuno) snsoubeiqg [ewinor Joyiny

(ponunuod) | 3jqelL



Page 11 of 20

45

(2026) 26

Chow et al. BMC Pulmonary Medicine

adod
yum syuaned
Huowe
uswi ueyy
Juawureduwl
uonouny
Areuownd
2J9/3S dIOW
ERIEIENE]
USWIOM
Buptouss %68/
Aym urejdxa 'G/ OWS
Ajlened Aew J9AIN %S 0L
SDUIBYIP ‘01 jows
paie[aI-xos 18UI04 %501 ‘0L
sdnoib uopes UDOWS JUBIND
-532 bupjows 9w
pue Bupjows %8'EE
QY1 ul usw ‘68 UHOWS
UeLj) USWom ISASN %C° LT
VIPE]] ‘9G JNOWS
Apueoyiubis (£01) Jowiod %Sk 6L 1 4DJeasal [edIpawl
sem paid pawodal |'6C :R[BWD  :SOWS USLND |eUONEUIRIUI [z
%LA34 parodal 10N 10N pauodalloN (£91) 8¢ Blew (] (99)T6s (9%) 665 paodal 10N pauodal 10N sieak om| ueqin eulys eLR> 3109 Jojewnorayl  8Lozn
%C66 'L
LOWS J9ASN
%8°0'| JBows
12UI04 90 ‘0
2OWS BN
9)eWaq %/ €L Yl
UOWS J9ASN
9%S'9C 'LT JMows
J9WI04 %865 19
UOWS JUBLND
e
05<aby
%686 ‘881
OWS J9AIN
%0 ‘0 -I2jows
JBWIO{ %] ‘7
0w BN
9[eWa] 9%9°7T 'SE
adod OWS J9AIN
Jo aduajerald 9%S'EL LT UOUS
3y yum pare 19WI04 %5°€9 ‘66
-Dosse IoWs UL [0zl
3Je X35 pue pavodal Bl |einy 102
Bupjows ‘aby pauiodai 10N 10N pauodal1oN paviodai 10N 05> 3by 09-05 09-0S paviodai 10N uelsy 15e3 1eak 3UQ Jueqin WeUIdIA aloo adod we
£101s1H
Bupjows (% pue
1e3p )ded (% pue u) u) K103sIH
joabuey KiolsiH ains ainsodxy abysjew  aby ajep
sbuipuiy J0(gs) -odxzeng axjows odxdeq -394 abuey 10 abuey 10 poys JLETR
urepy IqIoW-0D) ues|y ssewolg -0] dAIsseq (@s)ueapy  (a@s) uespy uoie>npg aey uoneing uonesoq Anuno) snsoubelqg Jewinor Joyiny

(ponunuod) | 3jqelL



Page 12 of 20

45

(2026) 26

%907

6€ IBYOWS
19NN %€/ '35
1OWS JaUIOH

usw %¥CS /88
uljusjerasd NOWS WUBND
2I0W 1M 9w
S3NIPIgIOWod %1929
g ‘sseasip (05-20) IOWS J9AIN
a3 JO swioj G¢ B[eway %6'L7 1907
J9p|iw Ag (G/-9€)  HOWS JaULIOH 35easip Aleuow v
pazua1oeieyd 76 9.\ (bues %91 ‘7861 -Ind aA12NISqO 107
2som suuaned pauodal ajenbiul)  USHOWS JUBLND DluoIYd Jo eusnof  nouue
EIlIVEE] pauiodai 10N 10N pauodalioN uespy Ble pauiodaiioN  paniodailoN eua1) 4109 Jeuoleusaiu]  -oledeq
(88%) ¥5'8
:Aouspuadap
Juedyiubis
816911
:Aouspuadap
S1eIapow
-01-MOT  9%t/G /T UIOWS
's1eafyoed U0 JUBLND %861 ‘86
e1ep papiroid  1IOWS JSWIOH
sid z| pue %YL LLE
adod Aouspuadap  uaxows BN
10J 510308} S1 2UNOdIU paseq :5109(gNs ||y
Juenodwil -wolsiabeq %S'TT
2Je X35 9jeW 10y pazAjeue ‘g6 43%OWs 4dOD 4]
pue buows pavuodal alam /g ‘sid ON %6'/€ €€ |eunof Aioesidsal 8107
‘sisojnJagn|. pavodailoN 10N pauodalioN 967 3Y1 JO UNOWSs Ad0D paniodalioN  pauiodailoN eLR1d 4109 ueadoingay] enibepy
‘usw
ueyl alp 01
JENTEYY]
QUOM USUIOM
‘kdessyy zO
w31 buoy
uo ddod
yum syuaied
Buowe ‘(zOed
‘DO SIeAk
-poed ‘abe)
SI9PUNOJUOD (862) QUDIPSYY
|enualod Joy /'G9 Djewa4 aled) [edNnL) pue [cal
Bupunod xapu| Aupigiow  pawodai (1'0€) 57/ ®rN Aiojelidsay Jo 900z op
2B 1YY -0D) uospieyD 10N pauodalloN (1°0€) 969 :[e10] pauiodai 10N pauiodaiioN  pauiodailoN eURIID 010D [RUINO[ UBDLIBWY  -BYDBN
£101s1H
Bupjows (% pue
1e3p )ded (% pue u) u) K103sIH
joabuey KiolsiH ains ainsodxy
sbuipuiy Jo(@gs) -odxgand axows odxdeq poysy Jea\ g
urepy IqIoW-0D) ues|y ssewolg -0] dAIsseq snsoubeiqg [ewinor Joyiny

Chow et al. BMC Pulmonary Medicine

(ponunuod) | 3jqelL



Page 13 of 20

45

(2026) 26

Chow et al. BMC Pulmonary Medicine

adod
10§ 510108}
sk ulew ayy (00 %0 ‘vl olpwad [s¢]
24om Bupjows pawodal 6/1 DeW] %6'LE Vo6 PN |eany lewnol 107
pue ‘abe ‘Sjepy pavodai 10N 10N  PauOdal 10N (£'€7) /ST RBIN %ETT '8E LT [e10L +09-0% +09-0% pavodailoN  pauodal 10N [BUON123S SS0ID) /Ueqin  eigely ipnes euald 109 |esIpawi Ipnes 11eM
%9 7S/
1OWS J9ASN
%6'€ 1L ISOUS
JaWI04 %Z'S 6L
OWS BN
9w
%076
YT/l uqows
J9AIN 9%1°96 89T
1OWS ISUIOH
%86 0L/
9OWS JUaND
eI
%65
Aadod 1B 8LY'TL UMOWS
10J 510108} XSl 19NN %10 ‘64T
Juedylubis HOWS JOWIOH [oz]
DUIM X35 %6'8¢ 67718 sYyi0 oLoc
9jew pue abe pavuodai 2OWS BN ‘umousiun S9POd uos
‘Bupjwows pavodailoN 10N pauodalloN pavodailoN ‘le1o| +0S +0S paviodai 10N DUYM 1euo1123s-5501D) ueqin VSN dnsoubelp 6-aD| aled Alojendsay  -dwioy)
%81 'S,
aInsodxa 11OWS JSWIOH
0280} 0} %S'£L'99C
anp abewep UNOWS 13N
bunj jo uon 9w
-ed0| pue adAy %TTE ‘861
a1 01 Apualay 11{OWS JSWIOH
~ip puodsai (/1) se8€ %' /9 vl
Sajewa) panodal DPW4 (1'77)  4SOWS BN |euinof A1oxesdsal 6007 !
pue sajepy pauiodai 10N 10N pauodal 10N 0£9% 9eW e (6'5)95°/S 65) 1'85 paviodai 10N AUYM sieak om|. ueqin Ajey eLR1d 0109 ueadoingay]  -jaziong
£101s1H
Bupjows (% pue
1e3p )ded (% pue u) u) K103sIH
joabuey KiolsiH ains ainsodxy abysjew  aby ajep
sbuipuiy J0(gs) -odxzeng  axjows odxdeq -394 abuey 10 abuey 10 poys JLETR )
urepy IqIoW-0D) ues|y ssewolg -0] dAIsseq (@s)ueapy  (@s) uespy uone>npg aey uoneing uonesoq Anuno) snsoubeiqg [ewinor Joyiny

(ponunuod) | 3jqelL



Page 14 of 20

45

(2026) 26

Chow et al. BMC Pulmonary Medicine

abe yum
paseasnul
pue uawom
Ul ueyl usw
uraybly Jaybiy
Apuesyiubis 10 963)|02 {jooyds
Semdd0od 4o uby jjooys [9¢]
aouaferald paviodal 3|pPIW JaMO] IO |einy 110z
ay| pavodailoN 10N pauodalloN pauiodai 10N +61 +61  [ooyds Alejuawalg  papodal 10N [euoND3s-5501) Juequn ©310Y eua1D 4109 Abojoudsay OOA
%0178
58z :sieafyped
0C< %S0
$91 :sieak-yoed
61-01%0'L 7R
adod 19¢ :sieak-yoed
10 510128} sl 6-1 %S'L6 %T'L6
Jofew ase uon B /8S'8C  '[8S'8T UMOWS
-eJNpa MO| sieak-yoed o 19ASN %90
pue ‘saseasip D[ewa ‘71z 4ows
Kiorendsal jo %Lp7g  JOUWIO] %Z7'T O/
Kiois1y [eyual 8/G9:s1eafpped  LR)OWS JUDLND
-ed ‘ybnod 0Z< %Lyl JCIEIES]
oIy G£97 sleak %901
pooypiiyd -ped61-01 ‘TH8L IOWS
‘WBremiapun %S9 %C'8L B BLOE  49ASN %6 ‘99T
‘uonnjjod eIl 05963 sieaf-ped g—|  USNOWS JSULIOH 1RYbIY pue 263)

JleJusIque  sjsojndiagni {pooy BRWRY  THE9LPRW  %9Eh R TH8L %86'8L6'01 -02{jooyds ybiy La
‘Buiows  -pIyd Ul SHIYdU0Iq %97 -4 %TSER sleaksped 0 OIS JUSUND) pue 3|ppIw ss3| |einy 8107
snaseb) JO BIUOWINAUY ‘998G DB\ 1889 9B\ Bew e +07 +0¢  Jo|ooyds Aewd panodal JoN sieak a1y Jueqin eulyD eua1ld 4109 19oue]  Buep

£101s1H
Bupjows (% pue
1e3p )ded (% pue u) u) K103sIH
joabuey KiolsiH ains ainsodxy abysjew  aby ajep
sbuipuiy J0(gs) -odxzeng  axjows odxdeq -394 abuey 10 abuey 10 poys JLETR )
urepy IqIoW-0D) ues|y ssewolg -0] dAIsseq (@s)ueapy  (@s) uespy uone>npg aey uoneing uonesoq Anuno) snsoubeiqg [ewinor Joyiny

(ponunuod) | 3jqelL



Page 15 of 20

45

(2026) 26

Chow et al. BMC Pulmonary Medicine

%9076
:s1eafk yped +0g
%T07 G SIeak
“ed 0g-SL
%YL 19 8 sieak
Sf2ed §1-0
%8'/6"8 69¢ 1
:s1eaf-yoed o=
D)W
%0°LT R 68€ %b26 'TLEL
:s1eafsped +0g 1IHOWIS JIASN
%STCRTI6C %80 T xows
sieaksped  IBUIIO4 %8 | YT
06-Gl %yl oS Juaund)
R 167 s1eak 9lewa
“pedgl-0 %L L1
%1879 S8 ‘98¢ OIS
Inyuy s1eaf-ped 0= 9NN %T'SL ‘61T
U1 35easIp 3y} DRI\ IIOWS JSWIOH
104 510108} 3is1 %L°EL 9 865 %S°1S ‘95,
3|qeuanald Sieafped+0g UIOWS UBLND
Jofew are %L 0L L6T EIE
(Buneay io :s1eaf-yded %065
Bupjo0> 4oy %6'tY 0€-SL % LL ‘851 Ufows
|eod 03 ainsod 7/ PrW R 697 SIeaK 19NN %/ L 'LEC
-x3) uonn|jod -394 %G /€ Spoed GI—0  USNOUIS JSULIOS
Jre Joopul ‘681 =P %6798 ¥SLL 9%5'8C 08 JayPiy looyds [29]
pue buijows %80V sieafped o= uIyows LN K1epuodas Jamo| |einy QuUPIPa 6107
020eqo| pauodalloN  ‘196:ei0]  pauodalloN |eloL |exo| 6€S 9'€S o jooyds Aleuid  panodal JoN |BUOIID3S SSOID Jueqin eulyd e 100 Aleuowlind DG eyz
fio1s1H
Bunjows (% pue
1e3) )deg (9% pue u) u) K10151H
joabuey KiolsiH ains ainsodx3 abysjew  abyajepw
sbuipul. Jo(gs) -odxzeng  vjows odxdeq -84 abuey 10 abuey 10 poyisy JLETR )
ulely  sanIpIgIOW-0) ues|y ssewolg -0] SAIsseq (as)uespy  (a@s) uesiy uones>npg ey uoneing uonedoq] Anuno> snsoubelq |euinor Joyiny

(Panunuod) | 3jqelL



Chow et al. BMC Pulmonary Medicine (2026) 26:45

Table 2 Quality assessment using the Newcastle-Ottawa scale
of eligible cohort studies
Study, year Selection Comparability Outcome Quality

Badway 2016 [13] 3 2 1 Fair
Bahtouee 2018 [14] 3 1 1 Fair
Bang 2009 [15] 3 2 1 Fair
Blanc 2009 3 2 1 Fair
Buist 2007 3 2 1 Fair
Camp 2009 3 2 1 Fair
Carrasco-Garrido 2009 3 2 1 Fair
Chen 2000 [16] 4 2 1 Fair
Chung 2020 3 2 2 Good
Cunningham 2015 [17] 3 1 0 Fair
deMarco 2011 3 2 2 Good
Fang 2018 4 2 1 Fair
Foreman 2011 [18] 3 2 2 Good
Grahn 2021 [19] 3 2 1 Fair
Gunen 2008 3 2 2 Good
Kiani 2021 3 2 2 Good
Lam 2014 [20] 3 2 1 Fair
Li2018 [21] 3 2 1 Fair
Machado 2006 [22] 3 2 1 Fair
Magitta 2018 [23] 3 2 1 Fair
Papaioannou 2014 [24] 3 2 2 Good
Sverzellati 2009 [25] 3 2 2 Good
Thompson 2010 [26] 3 2 1 Fair
Wali 2014 3 1 1 Fair
Wang 2018 [27] 4 2 2 Good
Yoo 2011 3 2 1 Fair
Zha 2019 4 2 1 Good

Scores involving selection ranging from three to four indicate a low risk of
bias in study participant selection. Scores involving the comparability of study
participants ranging from one to two indicate a low to moderate risk of bias in
controlling for confounding variables across all studies

for heterogeneity were Tau=12.48; Chi’>=107.22; df=4
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(P<0.00001); and I>=96%. In males exposed to tobacco,
the prevalence of COPD ranged from 3.5 to 20.7%, and
in females it was 6.3-18.5% (Fig. 2D). Pooled analy-
sis showed a reduction of 1.53% [95% CI: -5.83, 8.89]
(p=0.68) in females compared to males with tobacco
exposure. Results for the test for heterogeneity were:
Tau’=54.02; Chi*=53.15; df=4 (P<0.00001); and
*=92%.

Discussion

We evaluated the association between sex, tobacco
smoking status, and developing COPD by performing a
meta-analysis of COPD prevalence in 163,450 individu-
als across five cohorts and identified differences in preva-
lence according to sex and smoking status [16, 26—29].
Our findings showed no statistically significant trend
towards reduced COPD in women at baseline with no
tobacco exposure compared to men, as well as a trend
towards reduced prevalence with tobacco exposure.
However, evidence regarding sex, COPD, and tobacco
exposure was diverse, and more research on the preva-
lence of COPD and sex-specific risk factors is needed.
Although the prevalence of COPD was not statistically
significant, women have different clinical outcomes to
tobacco [24, 25]. There is an obvious sexually dimorphic
response in the development of COPD in both popula-
tions when exposed to tobacco compared to no exposure
[13-15].

The role of tobacco

Tobacco exposure is overwhelmingly responsible for
the development of COPD [17]. Risk factors for tobacco
exposure and dependence have been previously identified
and include age, sex, genetics, depression, substance use,

A)
Not Exposed Exposed Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV,R: 95% Cl Year IV, R 95% CI
Chen 2000 0.8 9.81980506 1029 3.5 2387755102 1296 257%  -270[4.13,-1.27] 2000 =
Thompson 2010 7.8 2762179119 11724 146 3422125181 7998 27.3%  -6.80[-7.70,-5.90] 2010 =
Fang 2018 8.8 5421738833 7842 15 7862206823 6578 225%  -6.20[-8.45,-3.95 2018 -
Wang 2018 128 106882385 8296 207 1608680589 18793 18.3% -790[11.15-4.65] 2018 -
Zha 2019 7.9 2155142746 386 181 112.2263435 756 6.2% -10.20[-18.48,-1.92] 2019 -
Total (95% CI) 29277 35421 100.0%  -6.02[-8.35,-3.70] ]

i Tl = ARz _ R | \ , ,
Heterogeneity: Tau®= 4.93; Chi*= 25.54, df= 4 (P < 0.0001); F= 84% Moo 0 5 0 100

Test for overall effect: Z=5.08 (P < 0.00001)

Favours Not Exposed Favours Exposed

B)
Not Exposed Exposed Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Rand 95% Cl Year IV, Rand 95% CI
Chen 2000 21 1518607258 1575 8.2 3710878118 1093 37.3%  -6.10[-8.42,-3.78] 2000 u
Thompson 2010 25 9.8068073 754 6.3 2539156084 430 352%  -3.80[-6.30,-1.30] 2010 b
Fang 2018 5.1 60.38460914 28587 185 925922895 285  4.3% -13.40[2417,-263] 2018 —
Wang 2018 7.6 1136815241 31774 158 68.07568957 1266 21.7% -8.20[12.15,-4.258] 2018 -
Zha 2019 5 4913538149 1372 17.8 46.11539363 24 1.5% -12.80[31.43,583] 2019 E—
Total (95% CI) 64062 3098 100.0%  -6.16 [-8.47,-3.85] 4
Heterogeneity: Tau®= 2.32, Chi*=6.39, df=4 (P=017), F=37% '-1DD -5'0 B 5-0 100-

Test for overall effect: Z=5.23 (P < 0.00001)

Favours No Exposure Favours Exposure

Fig. 2 Effect of tobacco exposure on COPD prevalence in (A) males and (B) females
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education, income, race, and geographic location [16,
17, 28, 30]. It is imperative to examine the relationship
between sex and COPD having corrected for tobacco
exposure and other moderating variables, as females
were found to have greater tobacco-related co-morbidi-
ties such as airway hyper-responsiveness, asthma, respi-
ratory infections in childhood, cardiovascular disease,
anxiety, depression, and rheumatoid arthritis [19, 27, 29,
31]. A previous study found that predicted forced expi-
ratory volume in 1 s (FEV,%) was significantly lower in
women than men in both groups, who did and did not
stop tobacco smoking [21]. On the other hand, women
had significantly higher predicted FEV,% in the group
without active tobacco smoking history, as compared to
males who did not smoke tobacco. Therefore, women
experience a greater detrimental response to tobacco
exposure than their male counterparts [21]. A study from
Greece found that women had milder forms of disease
and men had more comorbidities [24]. In contrast, a
study from Brazil, found that after correcting for poten-
tial confounders including age, smoking pack-years, and
the partial pressure of oxygen in the blood, women were
more likely to die than men [22]. Overall, studies from
different geographic regions have heterogenous findings.

Tobacco and Estrogen

Estrogens have long been known to be active inflamma-
tory mediators in asthma pathogenesis [32]. Although
their role in COPD pathogenesis is not clear, estrogens
are inflammatory response modulators in COPD., In
COPD, cytotoxic lymphocytes in the airways are mark-
edly elevated with higher levels of estrogen playing a
protective role [23]. A study measuring the impact of
hormone-replacement therapy on FEV,% predicted in
post-menopausal women found that those using hor-
mone-replacement therapy (HRT) had a higher FEV %
predicted and less obstruction, compared to those not
using HRT [17]. Early menopause is associated with a
higher risk of COPD-related hospitalizations and death
[33]. Furthermore, oral contraceptives are associated
with lower risks of COPD-related hospitalizations, death,
and a higher FEV, and forced vital capacity [33].

Tobacco and testosterone

Androgens protect against asthma symptoms and exac-
erbations in men, with childhood asthma disappearing
during adolescence and reappearing in the fifth decade of
life — this closely follows the ebb and flow of androgen
production across a lifetime. Higher levels of testoster-
one and dehydroepiandrosterone in men are associated
with greater lung capacity and airway calibre, suggesting
a protective role in other inflammatory lung pathologies
including COPD [34]. A 2019 study investigated the role
of testosterone replacement therapy (TRT) in men with
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COPD, and found that TRT decreased the rate of COPD-
related hospitalizations and slowed the progression of
the disease [35]. Total and free testosterone levels are
elevated in males who smoke tobacco compared to males
who do not smoke. Testosterone levels are similar in
those who never smoked or formerly smoked, indicating
a dose-dependent effect of cigarette smoking on testos-
terone production [36]. More than half of the partici-
pants in a 2012 study of COPD had a testosterone level of
less than 2.8ng/ml. When comparing serum testosterone
with the severity of COPD, the lower the testosterone the
more severe the COPD [37, 38].

Tobacco and prolactin

Increased plasma nicotine directly correlates with
increased prolactin levels and acutely raises prolactin in a
dose-dependent manner [38]. Also, increased serum pro-
lactin decreases the secretion of gonadotropin-releasing
hormone (GnRH) [39, 40]. With GnRH chronically sup-
pressed, less estrogen and testosterone are produced.
This hormonal pathway may partially explain the differ-
ence in pathophysiology and predisposition for COPD
of men compared to women. In both sexes, testoster-
one and estrogen may play a protective role, but women
may experience worse COPD outcomes than men due to
more significant decreases of estrogen with age.

Proteomic, Genetic, and epigenetic consequences of
tobacco smoking

Cigarette smoking results in a distinct and long-lasting
epigenetic signature caused by DNA methylation. This
prominent consequence has the potential to elucidate
how cigarette smoking predisposes individuals to mul-
tiple disorders including those of a respiratory nature
[41]. Quantifying epigenetic age acceleration is possible
thanks to measures such as GrimAge acceleration (Gri-
mAA), which relies on analyzing these DNA methyl-
ations to create an inferred age. Those who were smoking
currently displayed an almost 5-year increase in GrimAA
compared to their chronological age. When stratifying by
sex, females who smoke showed a 3.85-year increase and
males showed a 7.37-year increase in GrimAA compared
to their chronological age, indicating a sexually dimor-
phic response to cigarette smoking [42]. This study pro-
vides further evidence for a protective effect of estrogen
in cigarette smoking-related pathologies.

Cigarette smoking alters the proteome of the respira-
tory tract. However, a recent study showed that levels of
81 out of 203 total proteins detected in the respiratory
tract are significantly altered in people who currently
smoke. When comparing women to men, the proteomic
differences are markedly increased in women, particu-
larly when investigating proteins of the complement
pathway [43]. This sex-related difference may also shed
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Fig. 3 Effect of sex on COPD prevalence in those with (A) tobacco exposure and those (B) without tobacco exposure

light on the differing predispositions of women and men
to COPD. While considering the consequences of genetic
expression in cigarette smoking, a 2014 study found that
175 genes were differentially expressed in males who
smoke compared to those who do not smoke, and 237
genes were differentially expressed in females who smoke
compared to those who do not smoke [44].

Limitations

A limitation of the studies that we examined was that
the authors of included articles herein did not control
for the potential of second-hand smoke exposure in
populations that were not actively exposed to tobacco.
This would bias the results towards the null, whereby a
difference in COPD prevalence would be more difficult
to detect. There is also limited quality of data reporting
tobacco smoke exposure, as it is primarily reported as a
binary risk factor with no further details. Furthermore,
there is a lack of data reporting duration and intensity
of tobacco smoke exposure. Rates of COPD also differed
between countries, potentially due to environmental,
cultural, genetic, geographical, socioeconomic, political,
and structural factors or other reasons that could not be
controlled.

Conclusions

Our meta-analysis of 163,450 individuals across five
cohorts conducted showed that women have no statisti-
cally significant lower prevalence of COPD compared
to men. Narrative synthesis showed that women have
worse outcomes, such as earlier mortality and decreased
FEV,% predicted. Tobacco exposure is overwhelmingly
responsible for the development of COPD, and as such,
tobacco dependence management is the mainstay of
non-pharmacologic COPD treatment [45]. Estrogen and

androgens may have protective effects against COPD,
but smoking-induced hypogonadism may diminish this
effect. Menopause could also be a large contributor to
worse COPD outcomes in women. Cigarette smoking
also has a long-lasting epigenetic signature through DNA
methylation, which may contribute to the predisposi-
tion toward respiratory disorders in those who smoke
tobacco. Overall, this study highlights the importance of
sex-specific considerations in understanding the patho-
physiology and development of COPD, in addition to
environmental, cultural, genetic, geographical, socioeco-
nomic, political, and structural factors and underlines the
need for further research into this topic, as many other
reviews have emphasized [46] (Fig. 3).
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