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CAPSULE SUMMARY

This review provides the most comprehensive syighisdate indicating associations between sex
steroid hormones and the development and cliniggression of asthma and allergy in females;
estrogen-progesterone imbalances may play an iangogtiological role.



41

42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57

58
59
60
61
62
63

64
65
66
67

68
69
70

71
72
73
74
75

76
77
78

79
80
81

82
83

To the Editor

Asthma and allergy are more common in males thafeimales during early childhood, but the
incidence, severity and impact on quality of life @reater in post-pubertal females than in médes.
Female sex steroid hormones may partly explainethdifferences? In two previous systematic
reviews, early menarche (<12 years) was assoowitadan increased asthma risluhile no significant
association was found between menopause and astdthaugh subgroup analyses indicated an
increased risk in post-menopausal women using heemeplacement therapy (HR)Consideration

of other hormonal factors, along with the full sjpem of relevant outcomes, is necessary for a
comprehensive appreciation of the underlying ewidebase. We therefore undertook a systematic
review investigating the role of endogenous andgerous hormonal factors in the development and
clinical expression of asthma and allergy in fersale

Our methods were published a prigfRROSPERO: 2015:CRD42015026782urther details are
available in the Online Repository. We includedexkpental and analytical epidemiological studies of
females from puberty to adulthood (<75 years). Bypes were puberty, menarche, menstruation,
menopause, hormonal contraceptives, and HRT. Pyimatcomes were self-reported or objectively-
defined incidence or prevalence of asthma, asthtaaegbations, asthma hospitalizations, and asthma
medication use.

We searched 11 bibliographic databases, databdsmsgoing studies and conference abstracts, and
contacted experts for articles published betweemnialy 1990 and November 2015 with no language
restrictions. NM and BN independently screene@djtbbstracts, and full text articles; extractedyst
data; and assessed risk of bias using the Coclireshkeof Bias Tool (experimental studies) and the
Effective Public Health Practice Project tool (atvstional studies). Discrepancies were resolved by
discussion, or arbitration by AS.

Adjusted effect estimates were combined in rand@ieces meta-analyses, performed using Stata

release 14 (StataCorp). Meta-analyses were podsitdtudies on menarche, menstruation, menopause,
hormonal contraceptives, and HRT. Stratified aredysere performed by body mass index (BMI) and

smoking for HRT studies.

Of 22,488 articles retrieved, 64 (reporting 57 stadobservational:51; experimental:6) were inctlde
with 554,293 participants analyzed (references05/2 in References E1, and Figure E1 in the Online
Repository). Study characteristics areavailablecgpuest.

Detailed results are given in the Online Reposijtbere we present key findings. Compared to typical
menarche (11-13yr), early menarche (<11lyr) wascissa with increased risk of new onset (odds
ratio (OR) 1-49, 95%CI 1-14-1-94) and ever astii 1- 06, 95%CI 1-03-1-10), while late menarche
(>13yr) was associated with increased risk of @R 1-11, 95%CI 1-07-1-15), but not new onset
asthma (OR 1-13, 95%CI 0-82-1-56) (Figure 1).

Compared to regular menstruation, irregular measitvn was associated with increased risk of current
asthma (past 12 months) (OR 1-59, 95%CI 1-23-ZFglre E2a), specifically for atopic (OR 2-57,
95%CI 1-66-3-98), but not non-atopic asthma (OF,09%CI 0-54-1-65) (Figure E2b).

Compared to pre-menopause, menopause onset wasatss$avith increased risk of current asthma
(OR 1-25, 95%CI 1-04-1-51) and current wheeze (AR,105%CI 1-05-1-30), but not current allergic
rhinitis (OR 0-94, 95%CI 0-81-1-10) (Figure E3).

Results for hormonal contraceptives were mixedhviibth increased and decreased risks reported
(Figure E3).
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Compared to never use, ever HRT use (hazard tdR) {-37, 95%CI 1.-22-1-54), past use (HR 1-41,
95%Cl 1-22-1-63), current use (HR 1-48, 95%CI -1-Z8), and current use of estrogen-only HRT
(HR 1-85, 95%CI 1-50-2-28) were associated withessed risk of new onset asthma (Figure 2).
Current use was also associated with increaseafisrrent asthma (OR 1-42, 95%CI 1-18-1-70), and
current wheeze (OR 1-40, 95%CI 1-22-1-61), butnoent allergic rhinitis (OR 1-27, 95%CI 0-97-
1.68) (Figure 2). The risk was higher in non-ovegh#non-obese and non-smoking women than in
overweight/obese and smoking women, respectivegu(e E4).

Forty-one of the 51 observational studies had naideisk of bias, while the rest had high risk;sa
experimental studies had high risk of bias (datdlakble on request).

This is the most comprehensive synthesis to-dakénlj sex steroids to the development and expnessio
of asthma and allergy in females. We followed reemnded steps for undertaking a high quality
synthesis. However, the lack of high quality exmemtal studies limited assessment of causality and
relevance to patient care and policy. Although mepidemiological studies adjusted for key

confounders, this was often not comprehensive. Mautgomes (e.g. medication use, exacerbations,
hospitalizations) were not assessed, and so thditda evidence in relation to these.

Questions that remain to be addressed center anfthence of different types of sex steroids, dasd
route of administration of exogenous sex sterasl, on the underlying biologic mechanisms through
which hormones may influence asthma and allergylyBaenarche and irregular menstruation are
often signs of anovulation, indicating episodesunbpposed estrogen exposure to target organs and
absences of progesterone expo$uEstrogen-only HRT was associated with asthma,enbihoking,
which may influence estrogen metaboliShad a protective effect. While higher BMI is geailr
associated with a more estrogenic Stared also an increased risk of asthma found increased risk
in both overweight/obese and non-overweight/norseld¢RT users. At the cellular level, estrogen can
have pro- or anti-inflammatory effects, depending aell type and location. Explanations for the
various associations found are undoubtedly comgled, it is unlikely that all can be explained byon
biological mechanism. Our results also suggest #tapy may be a contributing factor in some
instances (irregular menstruation) but not othersnopause). The differences in findings for eanlg a
late menarche may be due to the different asthnteomes investigated: alternatively, the effect
observed in cross-sectional studies may refledrssvcausation. Further mechanistic work is reduire
to elucidate any relationships, as are further itodghal observational studies with detailed
phenotyping of participants.
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175 FIGURE LEGENDS

176  Figure 1. Meta-analyses of studies which investigated associations between onset of menarche and
177 asthmaand allergy in females

178 Note: N.Europe = Northern Europe; OR = oddsratio; RR= riskratio

179  All effect estimates are adjusted

180 Weights are from random effects analysis

181 Early menarche: <1lyr

182  Late menarche: >13yr

183  The comparator group in each analysisistypical menarche: 11-13yr

184 Figure 2. Meta-analyses of studies which investigated associations between use of hormone
185 replacement therapy and asthma and allergy in females

186 Note: HR = hazard ratio; N.Europe = Northern Europe; OR = oddsratio

187  All effect estimates are adjusted

188  Weights are from random effects analysis

189  The comparator group in each analysisis never use



Study Country Design Outcome Effect measure  Effect (95% Cl) \,I‘Veight Population

Early Onset of Menarche and Onset of Asthma

Al-Sahab 2011 Canada  Cohort New-Onset Asthma OR 234(1.19,460) 1166 1176
Fida 2012 USA Cohort New-Onset Asthma RR 159(1.19,213) 2920 3461
Lieberoth 2015 Denmark Cohort New-Onset Asthma OR 1.53(1.15,2.04) 2951 10059
Protudjer 2014  Sweden  Cohort New-Onset Asthma OR 056 (0.26,1.20) 9.73 1355
Protudjer 2015 Sweden  Cohort New-Onset Asthma OR 143(0.73,280) 1173 1352
Wei 2015 Germany Cohort New-Onset Asthma OR 1.87(0.80,4.37) 8.16 869

Pooled (I-squared = 41.5%, p = 0.129) 1.49 (1.14, 1.94)100.00

Early Onset of Menarche and Asthma Ever

Day 2015 UK Cross-sectional Asthma Ever OR 1.06(1.03,1.10) 9825 250037
Gnatiuc 2013 UK Cross-sectional Asthma Ever OR 124(095,162) 146 1968
Macsali 2011 N.Europe Cross-sectional Asthma Ever OR 1.18(0.65,2.15) 029 3354

Pooled (I-squared = 0.0%, p = 0.498) 1.06 (1.03, 1.10)100.00

Late Onset of Menarche and Asthma Ever

po —+ve —<yatoe—

Day 2015 UK Cross-sectional Asthma Ever OR 111(107,1.15) 9973 250037
Gnatiuc 2013 UK Cross-sectional Asthma Ever OR 128(0.64,256) 027 1968
Pooled (I-squared = 0.0%, p = 0.688) 1.11 (1.07, 1.15)100.00

Late Onset of Menarche and Onset of Asthma

Matheson 2015  Australia  Cohort New-Onset Asthma OR * 134(098,183) 4398 2776
Matheson 2015  Australia  Cohort New-Onset Asthma OR 1.09(0.85,1.39) 5170 2776
Wei 2015 Germany Cohort New-Onset Asthma OR 032(0.07,144) 432 869
Pooled (I-squared = 48.6%, p = 0.143) 1.13 (0.82, 1.56)100.00

*




Study Country Design Outcome

Ever Use of HRT and Asthma Onset

Bonnelykke 2015 D Cohort New-Onset Asthma
Romieu 2010 Italy Cohort New-Onset Asthma
Troisi 1005 USA Cohort New-Onset Asthma

Pooled (l-squared = 19.2%, p = 0.290)

Past Use of HRT and Asthma Onset

Barr 2004 USA Cohort New-Onset Asthma
B lykke 2015 D rk  Cohort New-Onset Asthma
Romieu 2010 Italy Cohort New-Onset Asthma
Troisi 1085 USA Cohort New-Onset Asthma

Pooled (l-squared = 0.0%, p = 0.440)

Cunent Use of HRT and Asthma Onset

Barr 2004 USA Cohort New-Onset Asthma
B lykke 2015 D rk  Cohort New-Onset Asthma
Romieu 2010 Italy Cohort New-Onset Asthma
Troisi 1085 USA Cohort New-Onset Asthma

Pooled (I-squared = 57.8%, p = 0.068)

Current Use of HRT and Current Asthma

Gomez-Real 2008 NEurope Cr i Current Asth
Jarvis 2008 UK Cr ional  Current
Lange 2001 Dx Cr i Current

Pooled (l-squared = 0.0%, p = 0.936)

Current Use of Estrogen and Asthma Onset

Barr 2004 USA Cohort New-Onset Asthma
B ykke 2015 D rk  Cohort New-Onset Asthma
Romieu 2010 Italy Cohort New-Onset Asthma

Pooled (l-squared = 26.0%, p = 0.259)

Current Use of HRT and Current Wheeze

Gomez-Real 2008 N.Europe Cr i Current Asth
Jarvis 2008 UK Cr jonal  Current
Lange 2001 Dx Cr jional  Current

Pooled (l-squared = 0.0%, p = 0.629)

Current Use of HRT and Current Allergic Rhinitis
Gomez-Real 2008 N.Europe Cross-sectional Current Allergic Rhinitis
Jarvis 2008 UK Cross-sectional  Current Allergic Rhinitis
Pooled (l-squared = 61.6%, p = 0.107)
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Effect (35% CI) Weight

146(1.21,1.76) 3201
1.21(1.00,146) 3238
145(1.21,1.74) 3471
1.37 (1.22, 1.54) 100.00

148(1.05.200) 17.53
168(1.21.228) 2070
1.16(0.88,157) 2325
142(1.12.1.78) 3851
141(1.22,1.63) 100.00

203(142,200) 17.08
153(1.25,187) 2030
120(0.98,146) 2050
145(1.12,188) 23@3
1.48 (1.22,1.78) 100.00

150(1.03.219) 2321
138(1.08,178) 56.05
142(095.212) 2074
1.42(1.18, 1.70) 100.00

220(150,320) 2595
1.88(144,248) 4051
154(1.13,200) 3355
1.85(1.50, 2.28) 100.00

154(1.17.202) 2577
141(1.13,1.75) 40.16
120(1.02, 1.64) 3407
1.40 (1.22, 1.61) 100.00

147(1.14,1.80) 4857
1.11(0.88,140) 5143
1.27 (0.97, 1.68) 100.00




ONLINE REPOSITORY - TEXT

Endogenous and exogenous sex steroid hormones ithasa and allergy in females: a systematic review
and meta-analysis

METHODS
Our methods are detailed in full in PROSPERO (2@®D42015026762) and in our published protdcol.

Eligibility criteria

Experimental studies (randomized controlled trielRCTs), quasi-RCTs, controlled-clinical trials (C&T
controlled before-and-after studies, and interrdime series designs), and analytical epidemickigstudies
(cohort, case-control, and cross-sectional studiesje eligible for inclusion. Females from pubetty
adulthood (<75 years) were eligible. There was imedf lower age limit of puberty; rather, we usee th
definitions given in each paper. Exposures weregedous (i.e. puberty, menarche, menstruation, pearse)
and exogenous hormonal factors (i.e. hormonal acafitives and hormone replacement therapy (HRT)).
Categories of exposures were defined accordingaaléfinitions used in included studies (e.g. eeslytypical
menarche, irregular vs. regular menstruation, pre- post-menopause, use vs. non-use of hormonal
contraceptives, duration of use of HRT). Our priynautcomes were self-reported or objectively-define
measures of incidence or prevalence of asthmamast#xacerbations, asthma hospitalizations, andofise
asthma medications: again, categories were deéinedrding to the included studies (e.g. has astliagnosis

or not, ever hospitalized for asthma). Our secondatcomes were wheeze, atopic dermatitis/eczeleagia
rhinitis, urticaria, angioedema, food allergy, amgpxis, atopic sensitization, indicators of lungétion and
asthma-specific quality of life.

Search strategy and study selection

We searched 11 bibliographic databases (MEDLINE,BBYE, Cochrane Library, I1SI Web of Science,
CINAHL, Google Scholar, AMED, Global Health, Psy¢iN, CAB International, and WHO Global Health
Library) for articles published between January A 98ecause relevant studies were published frommtie
1990s) and November 2015 with no language resiristiAn example search strategy isprovided in Agpen
E1l below. References cited in included studies vgemeened, and international experts in the fieltew
contacted. Unpublished and ongoing studies wenelsed using ISI Conference Proceedings Citatioexnda
Web of Knowledge, ZETOC (British Library), Curre@bntrolled Trials, ClinicalTrials.gov, and the Atadtan
and New Zealand Clinical Trials Registry. Titlesdaabstracts of retrieved articles and full text iespof
potentially relevant studies were screened indegethd by two reviewers (NM and BN). Discrepanciesrev
resolved by discussion, or arbitration by a thediewer (AS). A record of reasons for rejectiorihag full text
screening stage was kept and inter-reviewer agneewss assessed using the Kappa stafistic.

Data extraction and risk of bias assessment

A data extraction form was developed, independepithted by NM and BN, and refined before use. Nivti a
BN independently extracted study data and complesidof bias assessments. Discrepancies werevessbly
discussion, or arbitration by AS. The risk of biagxperimental studies was assessed using ther&@uelRisk

of Bias Tool® For observational studies, the Effective Publicaltte Practice Project tool was used
(www.ephpp.ca/tools.html). This tool was adapted dse, informed by the Research Triangle Instiitémn
bank? Datg5 extraction and risk of bias assessment wedentaken by NM and UN for the study authored by
BN and AS?

Data analysis and reporting

Descriptive tables were produced to summarize iteeature and characteristics of studies contniguto the
evidence. Effect estimates from studies judged ¢ordasonably homogenous in terms of their clinical,
methodological, and statistical aspects were coetbim random-effects meta-analyses using the ievers
variance methol.Meta-analysis was possible only with observatioggilemiological studies and not with
experimental studies, which were of low quality dwederogeneous. The studies on puberty were heteeogs,
hence no meta-analysis was done; instead, we wulest narrative synthesis of these studies. Metdyaes
were performed for studies on menarche, menstmati@nopause, hormonal contraceptives, and HRi&3tu
eligible for meta-analyses reported one of theofelihg effect measures: hazard ratio (HR); riskardRR); or
odds ratio (OR). We included only adjusted estimate the meta-analyses. For studies of HRT, siedtif
analyses were performed for body mass index (BMdné vs overweight/obese) and smoking (none vs ever
smoker). Heterogeneity was quantified using thetatistic. To enhance comparability between studiat
categorised any of the exposures as binary, egtsfabm exposure categories in studies that usdtipteu
exposure categories were collapsed using the Matastehszel approatlprior to combining in meta-analyses.
Evidence of publication bias was assessed usingdfipiots and the Egger tésall tests were 2-sided, and

1




p<0-05 was considered statistically significantakmses were performed using Stata release 14 (Sigin
Reporting followed the recommendations of the PRASMecklist?

RESULTS

Study selection

A total of 22,488 records were retrieved, of whigh papers (reporting 57 studies) met the critesidoe
included in the review!"2In total, 554,293 participants were analysed acths included studies. Of the 57
studies, 22 were included in at least one metayaisalThe two reviewers agreed on 99% of the recatdhe
titte and abstract screening stage (Kappa=0- 62atidg good or substantial agreement) and 88%eafuihtext
article screening stage (Kappa=0-76 indicating goodsubstantial agreemeft)Articles in non-English
languages (i.e. Frenéh,Turkish!®** and Russiall') were translated. The literature search and sirgen
process are summarised in Figure E1.

Characteristics of included studies

Twenty-six studies exclusively investigated endagen hormones, 20 exclusively investigated exogenous
hormones, and 11 investigated both. Of the 37 studin endogenous hormones, nine focussed on
13,24,28,33,35,53,54,56,67,70 22 on menarchg,,21,23-25,29-31,34,37,38,43-45,48,50,53,54,56(552-64,71,72 five on

puberty,
menstruatiorf?2>304345%3nd 11 on menopaubgt’?/3236:39.4042-45.6264.68.8¢ the 31 studies on exogenous
hormones, 17 focussed on hormonal contraceptivesofiservationaf>26:29:32:37:42:47.49.50.52.60:64.69. 4 g
experimental studié%®) and 18on HRT (14 observationg|'?16:18:19.32,3639-424751.39.63 8 four experimental
studies®?°>>¢§. Asthma diagnosis was a key outcome across stugiéncipally assessed based on self- or
parent-reports. Our other primary outcomes werelyaassessed: six studies assessed asthma examerpat
asthma hospitalisations, or use of asthma meditmti®econdary outcomes included self-reported atopi
dermatitis/eczema, wheeagdlergic rhinitis, and food allergy; measures afdufunction using spirometry; and
specific/total immunoglobulin E assessed usingreesamples. Detailed characteristics of includedistiare

available on request.

Associations between endogenous sex hormonessndfrasthma and allergy

Across studies, early onset of puberty was asstiaith an increased risk of asthma, whereas lasetoof
puberty appeared to be protective (data availableequest). Age at menarche was grouped aroundghef
11-13 years across most studies, with early meeangdically defined as below this age, and late anelme as
above. Compared to typical menarche (11-13yr)yeartnarche was associated with increased risk af ne
onset asthma (OR 1-49, 95%CI 1-14-1-94) and etlemas(OR 1-06, 95%CI 1-03-1-10) (Figure 1 in main
text), while late menarche was associated with esthma (OR 1-11, 95%CI 1-07-1-15), but not nevetons
asthma (OR 1-13, 95%CI 0-82-1-56) (Figure 1 in reait).

Most menstruation studies focussed on the impagt@jular menstruation. Limited information regaigl the
definition of irregular menstruation was providedthe studies included in meta-analyses, with eyl of
menstruation categorised on the basis of self-tepafr whether or not menstruation was regular, betier
cycle length was greater than 32 d&{%:°° Compared to regular menstruation, irregular memasion was
associated with increased risk of current asthrazifly had asthma in the past 12 months) (OR 1-5%Q
1.23-2-05), but not current wheeze (OR 1.-25, 95%0R-1-71) (Figure E2a). Stratifying by atopic at
irregular menstruation was associated with curegapic asthma (OR 2-57, 95%CI 1-66-3-98), but ritht w
current non-atopic asthma (OR 0-95, 95%CI 0-54)1(Fgure E2b).

Compared to the pre-menopausal period, onset obparse was associated with increased risk of durren
asthma (OR 1:25, 95%Cl 1-04-1-51) (Figure E3),vétidan increased risk of new onset asthma in ouy$®

but a decreased risk in anotf&Each type of menopause (natural versus surgica associated with an
increased risk of current asthma in one stifdyyt a decreased risk of new onset asthma in ansthey®® One
study found a significantly higher exacerbatiorerat women who developed asthma around the tintbeif
menopause, compared to women with pre-existingnasth Another found that exacerbations were reported
most frequently by women in early post-menopausdipwed by those in late post-menopause or the
menopausal transition, and those who were pre-narsgh however, no significance tests were perfdithe
This study found the same pattern of reportingdiarent asthma medication U§eOnset of menopause was
associated with increased risk of current wheezg {016, 95%CI 1-05-1-30), but not current allerbiaitis
(OR 0-94, 95%CI 0-81-1-10) (Figure E3).

Associations between exogenous sex hormones dndfristhma and allergy

Results of studies on use of hormonal contraceptivere mixed, with both increased and decreaséd ris
reported across studies (data available on requésthpared to never use, neither current (OR 1958,ClI
0-73-1-85) nor past combined oral contraceptivie(PICP) use (OR 0-68, 95%CI 0-24-1-94) was assatiat
with current asthma (Figure E3). While previous aberal contraceptives was associated with areamed risk

2




of new onset asthma in one stfdya decreased risk after use of hormonal contrageptivas reported in
another (hormonal compositions were not specifidh. one study, use of any hormonal contraceptive wa
associated with increased risk of having three orenasthma or wheeze care episodes in the pasbathsi In
another, women using the combined OCP were leslyltk report using inhaled corticosteroid medimatihan
women not using OCP.One study investigated the role of types of horah@ontraceptives (combined OCP
and progesterone-only preparations compared tousej- but found no association with the risk oheit
current asthma or current asthma or wheeze casedgs. The duration of use of hormonal contraceptives was
generally not associated with any outcome (dataledbla on request). Current combined OCP use was no
associated with current wheeze (OR 0-96, 95%CI-Q-28) (Figure E3). Two experimental studies (CCTSs)
compared OCP to no OCP: mean FEV1/FVC % was sagmfly greater in the intervention group than the
control group in one studij;the opposite occurred in the otRr.

Compared to never use, ever use of any HRT (HR,183%CI 1-22-1-54), past use of any HRT (HR 1-41,
95%CIl 1-22-1-63), current use of any HRT (HR 1886Cl 1-22-1-78), and current use of oestrogen-only
HRT (HR 1-85, 95%CI 1-50-2-28) were associated imitheased risk of new onset asthma (Figure 2 imma
text). Current use was also associated with inegkask of current asthma (OR 1-42, 95%CI 1-181-70
(Figure 2 in main text). One study found an inceelasisk of first-ever asthma hospitalisation wither,
previous, and current use of HRT (but not when HRd been tried for less than six months); use strogen-
only, sequential, and continuous HRT; as well aseiased risk for every five years of HRT dSénother
found a lower exacerbation rate in women using doet HRT compared to those not using HRT Two
studies found no association between asthma matficase and HRT us&*’ Current use of HRT was
associated with increased risk of current wheeze {40, 95%CI 1-22-1-61), but not current allerpiaitis

(OR 1-27, 95%CI 0-97-1-68) (Figure 2 in main teStjatified analyses indicated increased risk tifraa onset

in both non-overweight/non-obese and overweigh8ebeomen using HRT: however, HRT use was associated
with current asthma, current wheeze, and curreldrgid rhinitis in non-overweight/non-obese but not
overweight/obese women (Figure E4). Stratified ys&d also indicated increased risk of asthma cesét
current asthma in non-smoking, but not ever-smokingnen taking HRT (Figure E4). In the four expenirad
studies (one CCT and three RCTs) which investigdted effects of different HRT regimens (comparing
combined and oestrogen-only regimens to placelmm ¢tRT) on lung performance, results were mised:>>%

Risk of bias within studies

Overall, 41 of 51 observational studies were gratederate risk of bias, while the rest were graigth risk

of bias. All six experimental studies had high rafkbias. Overall and domain-specific risk of brasings for
each study are available on request. Funnel pidisated more symmetry for studies on menstruaimhHRT
than studies on menarche, menopause, and hormonthceptives (available on request). The assatipte
values for Egger’s test were as follows: menstamp=0-295; HRT p=0-999; menarche p=0-108; menepaus
p=0-831; hormonal contraceptives p=0-057.
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APPENDIX E1: MEDLINE Search strategy — 11th Nov 205

1 exp Puberty/ or puberty.mp.

2 exp Menarche/ or menarche.mp.

3 exp Menstruation/ or exp Menstruation Disturb@hoe menstruation.mp.

4 exp Menopause, Premature/ or exp Postmenopause/rmpause. mp.

5 sex hormones.mp. or exp Gonadal Steroid Hormares{p Estrogens/ or estrogens.mp. or exp Progestée
or progesterone.mp. or Testosterone Congenersstmsterone.mp. or exp Testosterone/ or Testogteron
Propionate/

6 exp Contraceptive Agents/ or contraceptives.mexp Contraceptives, Oral/ or oral contraceptivgs.or
exp Contraceptives, Oral, Combined/ or combined aatraceptives.mp. or exp Medroxyprogesterone
Acetate/ or exp Contraceptive Agents, Female/ pr@antraceptives, Oral, Hormonal/ or exp Contraoepor
hormonal contraceptives.mp. or exp Ethinyl Estriidio

7 exp Hormone Replacement Therapy/ or exp Estraglidilormone replacement therapy.mp.
8lor2or3or4or5or6or7

9 exp Asthma/ or asthma.mp.

10 wheeze.mp.

11 exp Dermatitis, Atopic/ or atopic eczema.mp.

12 exp Hypersensitivity, Immediate/ or exp Hypessgvity/ or atopy.mp. or allergy.mp. or atopic
sensitisation.mp. or allergic sensitisation.mp.

13 exp Rhinitis, Allergic, Seasonal/ or exp Rhaithllergic, Perennial/ or exp Allergens/ or allerghinitis.mp.
14 exp Conjunctivitis, Allergic/ or Rhinoconjundiig.mp.

15 exp Conjunctivitis, Allergic/ or Rhinoconjunditig. mp.

16 exp Urticaria/ or urticarial.mp.

17 exp Angioedema/ or angioedema.mp.

18 exp Food Hypersensitivity/ or food allergy.mp.

19 exp Anaphylaxis/ or anaphylaxis.mp.

20 lung function.mp.

21 airway function.mp. or exp Bronchial Hyperreaity/

22 exp Forced Expiratory Volume/ or forced expirpteolume in 1 second.mp.

23 exp Peak Expiratory Flow Rate/ or peak expisafiow.mp.
249o0r100r11orl12or13o0r14orl15o0r1660L18 or 19 or 20 or 21 or 22 or 23

258 and 24

26 limit 25 to female



Total records from electronic medical databases = 22255 Records from other sources = 233
c MEDLINE = 1222 EMBASE = 9484 Global Health = 282 Current Controlled Trials =0
2 Web of Science=7025 AMED=12 Cochrane Lib=741 ClinicalTrials.gov = 223
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Figure E1. PRISMA flow diagram summarizing theidentification, screening, eligibility, and
inclusion of studies which investigated associations between endogenous and exogenous sex
steroid hormonal factorsand asthma and allergy in females

Note: For Google Scholar, thefirst 400 hits were selected for screening



Study Country  Design Outcome Effect measure Effect (95% CI) Weight Population

Irregular Menstruation and Cumrent Asthma

Galobardes 2012 UK Cross-sectional Current Asthma Atopic OR —— 279(1.32,589) 1103 3502
Galobardes 2012 UK Cross-secional Cument Asthma Nonatopic  OR — 1.02 (045, 231) 934 3502
Gomez Real 2007 Europe Cross-secfional Cument Asthma OR 1.56 (1.03, 236) 3211 1623
Svanes 2005 MN.Europe Cross-sectional Cumrent Asthma OR 154 (1.11,2.13) 4751 4077

<4 %

Pooled (l-squared = 10.6%, p = 0.340) 1.59 (1.23, 2.05) 100.00

Irregular Menstruation and Current Wheeze

Gomez Real 2007  Europe Cross-sectional Cument-Wheeze OR [ 152 ({1.06, 217) 4034 1623
Swvanes 2005 M.Europe Cross-seclional Cument Wheeze OR - 1.10 {(D.88, 1.37) 5966 4077
Pooled (l-squared = 56.3%, p = 0.130) {0 1.25(0.92, 1.71) 100.00

MOTE: Weights are from random effects analysis

Figure E2a. M eta-analyses of studies which investigated associations between irregular
menstruation and asthma and allergy in females

Note: N.Europe = Northern Europe; OR = oddsratio

All effect estimates are adjusted

The comparator group in each analysisisregular menstruation

%
Study Country Design Outcome Effect measure Effect (95% CI)  Weight
Irregular Menstruation and Atopic Asthma
Galobardes 2012 UK Cross-secfional Current Asthma Atopic OR —— 279(132, 589) 3448
Gomez-Real 2007 Ewope  Cross-sectional Curment Asthma Atopic OR ——— 245(143,423) 6552
Pooled (l-squared = 0.0%, p = 0.789) O 257 (1.66,3.98) 100.00

Irregular Menstruation and Nonatopic Asthma

Galobardes 2012 UK Cross-secfional  Current Asthma Nonatopic OR —_— 102 (D45, 231) 4629
Gomez-Real 2007 Europe Cross-secfional Current Asthma Nonatopic OR —_—— 089 (042, 190) 537
Pooled (l-squared = 0.0%, p =0.810) <> 095(0.54, 1.65) 100.00

MNOTE: Weights are from random effects analysis

Figure E2b. M eta-analyses of studieswhich investigated associations between irregular
menstruation and asthmain females, stratified by atopy

Note: N.Europe = Northern Europe; OR = oddsratio

All effect estimates are adjusted

The comparator group in each analysisisregular menstruation

1



PANEL A PANEL B

% i % i
Study Country Design Outcome Effect measure Effect (95% CI) Weight Population Study Country  Design Outcome Effect measure Effect (95% CI) Weight Population

Onset of Menopause and Current Asthma Current OCP Use and Current Wheeze

Macsali 2009 N.Europe Cross-sectional Current Wheeze OR 1.10(091,1.32) 5499 5869

Gomez-Real 2008 H.Europe  Cross-sectional Current Asthma OR —_— 0.84 (0.57, 1.55) 14.08 1827

GomezReal 2008 Eurcpe Cro sonal  Current Asthma or i 143 (0.84,2.45) 1217 1724 Nwaru 2015 UK Cross-sectional Current Wheeze OR 0.82(0.63,1.06) 4501 3257
_ ) Pooled (I-squared = 69.2%, p = 0.072) 0.96 (0.72. 1.28) 100.00

Jarvis 2008 UK Cross-sectional Current Asthma OR 1.28(1.04, 1.61) T3.76 3724

<h

Pooled (I-squared = 0.0%, p = 0.457) 1.25 (1.04, 1.51)100.00

Current OCP Use and Current Asthma

Macsali 2009 N_Europe Cross-sectional CumentAsthma OR 145(1.11,1.90) 3262 5869

Onset of Menopause and Current Wheeze

e ertye e

Matheson 2015 Australia  Cohort Current Asthma OR 158(0.76,3.29) 1913 2776
Gomez-Real 2008 M.Europe  Cross-sectional Current Wheeze OR - 1.18(1.02, 1.37) 5377 1527

Nwaru 2015 UK Cross-sectional Current Asthma OR 068 (047,098) 2978 3257
Jarvis 2008 UK Cross-sectional  Current Wheeze OR = 122(1.01,148) 3174 3724

Salam 2006 USA Cohort Current Asthma OR 1.35(063,2.89) 1846 905
Songur 2002 Turkey Cross-sectional Current Wheeze OR - 1.00(0.75, 1.33) 14.50 1082

Pooled (l-squared =74.1%, p = 0.009) 1.16 (0.73, 1.85)100.00
Pooled (l-squared = 0.0%, p = 0.499) o 1.16 (1.05, 1.30)100.00

Previous OCP Use and Current Asthma
Onset of Menopause and Current Allergic Rhinitis Maiheson 2015  Australia  Cohort Current Asthma ~ OR 136(068,273) 3624 2776
Gomez-Real 2008 MW.Europe  Cross-sectional Current Allergic Rhinitis OR —0|— D87 (0.71, 1.32) 2445 1724 Salam 2006 USA Cohort Current Asthma  OR 0.85(D.28,2.60) 29.04 005
Jarvis 2008 UK Cross-sectional Current Allergic Rhinitis. OR - 083(0.78, 1.11) T5.55 3724 Wei 2015 Germany Cohort Current Asthma OR 027(0.12,059) 34.71 869
Pooled {I-squared = 0.0%, p = 0.817) (: 0.94 (0.81, 1.10)100.00 Pooled (I-squared = 78.3%, p = 0.010) 0.68 (0.24, 1.94) 100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis

Figure E3. Meta-analyses of studieswhich investigated associations between onset of menopause and asthma and allergy in females (PANEL A); and
between oral contraceptive pill use and asthma and allergy in females (PANEL B)
Note: N.Europe = Northern Europe; OR = odds ratio. All effect estimates are adjusted. The comparator group is pre-menopause (PANEL A)/never use (PANEL B).



PANEL A PANEL B

Study Country Design Qutcome Effect measure Effect (95% CI) %eight

%

HRT Use and Asthma Onset in Overweight’Obese Females (BMI=25 kg/m2) Study Country Design Outcome Effect measure Effect (35% CI) Weight
Barr 2004 usa Cohort New-Onset Asthma  HR 158 (0.92,273) 2445
Bonnelykke 2015 Denmark Cohort New-Onset Asthma HR - 1.36 (0.88, 211) 3807
Romieu 2010 Italy Cohort New-Onset Asthma  HR o= 1.54 (0.99, 2.39) 3748 ; :
Pooled (I-squared = 0.0%, p = 0.851) 0 148(1.13, 194) 100.00 HRT Use and Asthma Onset in Non-smoking Females
- Bonnelykke 2015  Denmark  Cohort New-Onset Asthma HR - 168(124,228) 44861
HRT Use and Asthma Onset in Non-Overweight/Obese Females (BMI<25 kg/m2)
Barr 2004 USA Cohort New-Onset Asthma ~ HR = 3.09(1.83,521) 2646 Romieu 2010 ftaly Cohort New-Onset Asthma HR L 145(110,191) 5539
Bonnelykke 2015 Denmark Cohort New-Onset Asthma  HR L] 1.49 (121, 1.83) 42.81
Romieu 2010 Italy Cohort New-Onset Asthma HR - 147 (095,227) 3073 Pooled (l-squared = 0.0%, p = 0.481) o 1.55(1.26, 1.90) 100.00
Pooled (l-squared = 70.0%, p = 0.036) &> 1.80(1.21,268) 100.00
HRT Use and Current Asthma in Overweight/Obese Females (BMI=25 ka/m2) A 2
Gomez-Real 2006 N.Europe Cross-sectional Cumrent Asthma OR e 131(0.71,242) 21.70 HRT Use and Asthma Onset in Ever Smng Females
Jarvis 2008 uK Cross-secfional Cumrent Asthma OR *|  119(086,164) 7830 Bonnelykke 2015 Denmark  Cohort New-Onset Asthma  HR e 134(106,1.70) 5143
Pooled (l-squared = 0.0%, p = 0.786) 3 122 (091, 162) 100.00
- Romieu 2010 italy Cohort New-Onset Asthma HR * 1.02 (0.79, 1.31) 4857
HRT Use and Curmrent Asthma in Non-Overweight/Obese Females (BMI<25 kgim2)
Gomez-Real 2006 N Europe Cross-sectional Cument Asthma OR ==  1.77(1.08,290) 4185 Pooled (l-squared = 58.1%, p=10.122) ‘D 1.17 (080, 1.53) 100.00
Jarvis 2008 UK Cross-sectional Cument Asthma OR = 1.42(0.93,2.16) 58.15
Pooled (l-squared = 0.0%, p = 0.505) 1O 1.56 (1.13, 2.14) 100.00
HRT Use and Cument Wheeze in Overweight/Obese Females (BMI=25 kg/m2) HRT Use and Cument Asthma in Non-smoking Females
Gomez-Real 2006 N.Europe Cross-secfional Cument Wheeze OR 4= 126(080,205) 2695 GomezReal 2006 MEurope Crosssectional CurentAsthma  OR == 247(124,472) 5541
Jarvis 2008 UK Cross-sectional Cument Wheeze OR - 1.01 (0.76, 1.35) 73.05
Pooled (I-squared = 0.0%, p =0.401) L1 1.05 (0.4, 1.38) 100.00 Lange 2001 Denmark Cross-secional Current Asthma OR =] 330(157,695) 4459
HRT Use and Curmrent Wheeze in Non-Overweight/Obese Females (BMI<25 kg/m2) Pooled (l-equared = 0.0%, p = 0.544) o 278(1.69,457) 100.00
Gomez-Real 2006 N Europe Cross-sectional Cument-Wheeze OR g 1.71(122,240) 929
Jarvis 2008 UK Cross-sectional Cument-Wheeze OR L ] 207 (2.03,211) 90.71

¥

Pooled (l-squared = 18.2%, p = 0.269) 2.03(1.82,2.27) 100.00

HRT Use and Cument Asthma in Ever Smoking Females

HRT Use and Current Allergic Rhinitis in Overweight/Obese Females (BMI=25 kg/m2)

) TS Gomez-Real 2006 N.Europe Cross-sectional Current Asthma OR i 1.30(0.82,207) 5821
Gomez-Real 2006 N Europe Cross-sectional Cumrent Allergic Rhinitis OR - 139 (0.89,217) 3821 |
Jarvis 2008 UK Cross-sectional Current Allergic Rhiniis OR - 0.96 (0.3, 126) 61.79 Lange 2001 Denmark  Cross-gectional  Cument Asthma OR b al 1.20(0.69, 2.08) 41.79
Pooled (l-squared = 48.1%, p = 0.165) 1.11 (0.78, 1.57) 100.00
- T Pooled| (l-squared = 0.0%, p = 0.828) Io 1.26 (0.88, 1.79) 100.00
HRT Use and Current Allergic Rhinitis in Non-Overweight/Obese Females (EMI<25 kg/m2)
Gomez-Real 2006 MN.Europe Cross-sectional Cumrent Allergic Rhinitis OR -> 1.56 (1.18, 2.07) 57.28 - 1) Jt
Jarvis 2008 UK Cross-sectional Cument Allergic Rhiniis OR 4=  1.73(1.25 240) 4272 NOTE: Weights are from random effects analysis
Pooled (l-squared = 0.0%, p = 0.638) [+ 1.63(1.32,202) 100.00

NOTE: Weights are from random effects analysis

Figure E4. M eta-analyses of studieswhich investigated associations between use of hormone replacement therapy and asthma and allergy in females,
stratified by overweight/obesity (PANEL A) and smoking status (PANEL B)
Note: HR = hazard ratio; N.Europe = Northern Europe; OR = odds ratio. All effect estimates are adjusted. The comparator group in each analysisis never use.



