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Abstract

Objectives: Sex steroid hormones may explain known
gender-related variations in asthma prevalence and clinical
manifestation. We investigated the relationship between
use of hormonal contraceptives and asthma in women,
and assessed evidence of biological interaction between
use of hormonal contraceptives and body mass index in
this relationship.

Design: Population-based analysis using data from serial
(i.e. 2003, 2008 and 2010) Scottish Health Surveys.
Setting: Random samples of the Scottish general
population.

Participants: A total of 3257 non-pregnant, 16—45-year-old
women.

Exposure: Current use of hormonal contraceptives.

Main outcome measures: Self-reported current physician-
diagnosed asthma, current wheezing symptoms, wheezing
attacks and treatment for asthma or wheeze.

Results: Women comprising 30.9% (95% confidence inter-
val 29.3-32.5) were currently using any hormonal contra-
ceptive and current physician-diagnosed asthma was
present in 6.5% (95% confidence interval 5.7-7.4). Use of
any hormonal contraceptive was associated with reduced
risk of current physician-diagnosed asthma (odds ratio 0.68;
95% confidence interval 0.47-0.98) and receiving >3
asthma care episodes (odds ratio 0.45; 95% confidence
interval 0.25-0.82), but the evidence was equivocal for
wheezing attacks. Use of hormonal contraceptives among
overweight or obese women was non-statistically signifi-
cantly associated with asthma, but there was 42-135%
increased risk in overweight and obese non-contraceptive
using women.

Conclusions: Use of hormonal contraceptives may reduce
asthma exacerbations and number of care episodes.
Overweight and obese non-contraceptive-using women
may be at increased risk of asthma. Prospective studies
are now needed to confirm these findings. Both oestrogen
and progesterone may stimulate smooth airway muscle
function and inhibit the activities of TH2 responses.
Future studies should investigate these underlying
mechanisms.
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Introduction

Asthma is more common in boys than in girls during
early childhood, but during adulthood the preva-
lence, severity, healthcare utilisation and impact on
health-related quality of life have been found to be
considerably higher in women than in men."® The
specific mechanisms for these differences are unclear,
but female sex hormones have been implicated.'*>
Menstrual-related changes are associated with a
decline in pulmonary function, asthma exacerbations
and hospitalisation.®’” In contrast, hormone replace-
ment therapy is associated with an increased risk of
asthma and use of asthma medications in postmeno-
pausal women,® '* although contrary evidence also
exists. '

Only a few studies have examined the impact of
use of hormonal contraceptives on the risk of asthma.
Some studies have reported no associations between
use of any hormonal contraceptive or combined oral
contraceptives and asthma and asthma symptoms;'’
others have reported a decreased risk,'®!” yet others
have observed an increased risk of asthma, wheeze
and other allergies such as hay fever.'”'® Hormonal
contraceptives come in two main formulations: com-
bined oral contraceptives (i.e. containing both oestro-
gen and progesterone) and progesterone-only
preparations. It is, however, unclear whether the
hormonal contraceptive types may have differential
effects on asthma. Only one study among reproduct-
ive age women studied the different hormonal
contraceptive types, reporting no association
with each type.'”> Among postmenopausal women,
oestrogen-only and oestrogen/progesterone hormone

© The Royal Society of Medicine 2015
Reprints and permissions: sagepub.co.uk/journalsPermissions.nav



Nwaru and Sheikh

359

replacement preparations have both been associated
with an increased risk of asthma,'' '3 as well as con-
trasting effects.'!

Given this uncertainty, we sought to investigate
the relationship between current use of hormonal
contraceptives and asthma in women of reproduct-
ive age. We hypothesised that the use of any hor-
monal contraceptive is associated with higher
prevalence of asthma and poorer asthma outcomes,
and if so we were interested in whether there is a
difference in direction and/or size of effect in those
using combined oral contraceptives and progester-
one-only preparations. Our secondary aim was to
investigate whether there is any evidence of bio-
logical interaction between use of hormonal contra-
ceptives and body mass index in relation to the risk
of asthma.'®

Materials and methods
Ethical considerations

National Health Service South East Scotland
Research Ethics Service assessed this study and
decided that it did not require National Health
Service ethical review since it involved utilisation of
previously collected anonymised data.

Study design

We drew on the Scottish Health Surveys, a serial
population-based cross-sectional survey of randomly
selected participants living in private households in
Scotland (http://www.scotland.gov.uk/Topics/
Statistics/Browse/Health/scottish-health-survey). It
is designed to provide a comprehensive picture of
the health of the Scottish population, covering
issues related, but not limited to self-assessed health
and disability, cardiovascular and respiratory disease,
mental health, healthcare utilisation, smoking, and
physical activity and anthropometric and biological
measurements. Government departments, policy-
makers and academic groups frequently use the
data from these surveys in social and healthcare plan-
ning and research.

The survey started in 1995 and was then repeated
in 1998, 2003 and 2008, after which it moved to an
annual survey. A clustered sampling technique was
used to select a representative sample of households
and participants from across Scotland, involving a
personal interview by a trained interviewer and a
nurse interview and anthropometric and biological
measurements. Questions on asthma and wheezing
symptoms were included in the 1998, 2003, 2008,
2010 and 2012 surveys. We used data from the

2003, 2008 and 2010 surveys as these asked compar-
able questions in relation to use of hormonal contra-
ceptives and asthma. A detailed study protocol was
registered at ClinicalTrials.gov (number
NCT02039102) prior to undertaking any analyses.

Study population

A total of 4538 (in 2003), 3623 (2008) and 4130 (2010)
women aged >16 years were interviewed, with
response rates of 63%, 57% and 59%, respectively.
A random sub-sample of participants in 2008 and
2010 answered the questionnaire on asthma and
respiratory symptoms. After selecting non-pregnant,
16-45-year-old women, the weighted study popula-
tion for the present analysis was 3257 women who
responded to the questionnaires on use of contracep-
tives and asthma symptoms.

EXPOSUFC assessment

The women were asked questions about their cur-
rent contraception and type of contraceptives used.
The exposure in the current analysis was current use
of hormonal contraceptives, studied in three groups:
(1) use of any hormonal contraceptive method (mini
pill, combined oral contraceptives, unsure contra-
ceptive pills, emergency pills, Mirena coil, injections
and implant); (2) use of combined oral contracep-
tives; and (3) use of progesterone-only preparations
(mini pill, Mirena coil, injections and implant).
Unsure contraceptive and emergency pills were not
included in the second and third groups since it
was unclear the constituents of these groups of
contraceptive pills and because emergency pills
were not differentiated in the questionnaire and
can come either as oestrogen-progestin or progester-
one-only preparations.

Outcome assessment

Our primary outcome was current physician-
diagnosed asthma, which we defined as ever having
physician-diagnosed asthma and either an attack of
asthma in the last 12 months or had asthma or
wheeze care episodes in the last 12 months.
Secondary outcomes were current wheezing attacks
and number of asthma or wheeze care episodes.
Current wheezing attack was defined as having >3
wheezing attacks in the last 12 months or having
had one or more sleep disturbances per week in the
last 12 months because of wheeze. Current care
episodes for asthma was defined as having >3
asthma or wheeze care episodes in the last 12
months (Table S1).
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Potential confounders

Based on previous literature,'” we selected the follow-
ing potential confounding variables which were col-
lected in the survey: age (16-20, 21-25, 26-30, 31-35,
36-40, >40 years), ethnicity (White, others), body
mass index (<20, 20-24.9, 25-30, >30kg/m?), current
smoking status (never smoker, ex-smoker, current
smoker), Scottish Index of Multiple Deprivation (in
quintiles) (http://www.scotland.gov.uk/Topics/
Statistics/SIMD) and highest educational qualifica-
tion (degree or higher, higher national certificate/dip-
loma or equivalent, higher grade or equivalent,
standard grade or equivalent, others or no
qualification).

Sample size determination

In the United Kingdom, oral contraceptives are used
by approximately 35% of women aged 16-49
years.”*?! In the 2010 Scottish Health Survey, use
of contraceptive pills was 20% among women >16
years, and this estimate was suggested to be higher
among younger women than the older ones. These
figures excluded the use of other progesterone-only
contraceptives, such as Mirena coil, injections and
implants. By assuming a conservative prevalence of
current use of any hormonal contraceptives among
women 1645 years at 30% and a 20% prevalence
of ever having physician-diagnosed asthma (as
reported in the combined 2008 and 2010 Scottish
Health Surveys), we estimated that we would need
a sample size of 2494 to have 90% power to detect
an odds ratio of 1.40 for the use of combined oral
contraceptives.'®

Statistical analyses

Simple frequencies, Pearson’s chi-square and Fisher’s
exact tests were used for descriptive analyses; relevant
sampling weights were applied to account for sam-
pling methods and non-response. Logistic regression
modelling was used to estimate the odds ratios for the
associations between use of hormonal contraceptives
and the risk of asthma and wheezing outcomes.
Unadjusted models included survey year as a covari-
ate. Adjusted models included the potential con-
founding factors and survey year. These analyses
were also done separately by survey year. We per-
formed biological interaction analyses to estimate
the synergistic effect of hormonal contraceptives
and body mass index in relation to each study out-
come. We calculated the biological interaction meas-
ures separately for each group of hormonal
contraceptives and  overweight (body mass
index > 25 kg/m?) and hormonal contraceptive and

obesity (body mass index > 30 kg/m?). We estimated
the relative excess risk due to interaction and the
attributable proportion due to interaction with their
accompanying 95% confidence intervals following
the methods proposed by Andersson et al.> The
interaction analyses were not undertaken by survey
year because of lack of statistical power. Statistical
significance for all analyses was taken as two-tailed
p <0.05. Statistical analyses were done using STATA
SE/11.

Results
Characteristics of the study population

The combined 2003, 2008 and 2010 surveys gave us a
total of 3257 women aged 1645 years. Thirty-one per
cent (95% confidence interval 29.3-32.5) were cur-
rently using any hormonal contraceptive and 13.5%
(95% confidence interval 12.3-14.7) and 13.4% (95%
confidence interval 12.3-14.6) were using combined
oral contraceptives and progesterone-only prepar-
ations, respectively (Table 1). There were differences
in the use of hormonal contraceptives with regard to
age, ethnicity, body mass index, smoking, level of
education and survey year (Table 1).

The prevalence of self-reported current physician-
diagnosed asthma was 6.5% (95% confidence
interal 5.7-7.4), >3 wheezing attacks 14.2% (95%
confidence intervals 13.0-15.4) and >3 asthma or
wheeze care episodes 3.3% (95% confidence interval
2.7-4.0) (Table 2). Asthma and wheezing outcomes
differed according to cthnicity, body mass index,
smoking and level of education (Table 2).

Hormonal contraceptives and asthma

Use of any hormonal contraceptive (odds ratio: 0.71,
95% confidence interval (0.50-1.01) was borderline
significantly associated with a decreased risk of cur-
rent physician-diagnosed asthma (Table 3). Use of
combined oral contraceptives and progesterone-only
preparations was also associated with reduced risk of
current physician-diagnosed asthma, but with wide
95% confidence intervals (Table 3). Use of any hor-
monal contraceptive, combined oral contraceptives,
and progesterone-only preparations was associated
with reduced risk of having >3 wheezing attacks in
the last 12 months, but with wide 95% confidence
intervals (Table 3). Use of any hormonal contracep-
tive (odds ratio 0.46, 95% confidence interval
0.27-0.78) and combined oral contraceptives (odds
ratio 0.33, 95% confidence interval 0.13-0.82) was
associated with reductions in asthma or wheeze care
episodes. Use of progesterone-only preparations was
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Table 3. Unadjusted and adjusted associations between current use of hormonal contraceptives and current asthma and wheeze among Scottish women in 2003, 2008 and 2010:

Odds ratios (odds ratio and 95% confidence intervals).

pisodes

>3 current asthma or wheeze care ¢
Odds ratio (95% confidence interval)

g attacks

Odds ratio (95% confidence interval)

=
N
(]
Q
.§
)
(=
(9]
=
“
=]
v
o
A

Current physician-diagnosed asthma
Odds ratio (95% confidence interval)

Current use of hormonal

contraceptives

Adj usted’

Adjusted’

Adjusted’

Unadjusted*®

Unadjusted*

Unadjusted*

0.45 (0.25-0.82)

0.008

0.46 (0.27-0.78)

0.004

0.82 (0.63-1.06)

0.130

0.86 (0.67-1.11)

0.241

0.68 (0.47-0.98)

0.039

0.71 (0.50-1.01)

0.059

Any contraceptive

p value

0.40 (0.16-1.05)

0.063

0.33 (0.13-0.82)

0.017

0.96 (0.65-1.42)

0.841

0.88 (0.60-1.28)

0.495

0.71 (0.41-1.23)

0.219

0.69 (0.41-1.16)
0.160

Combined oral contraceptives

p value

0.58 (0.28-1.23)

0.157

0.66 (0.33-1.30)

0.8 (0.59-1.13)

0.223

0.93 (0.68-1.27)

0.635

0.76 (0.47-1.22)

0.256

0.83 (0.52-1.30)

0410

Progesterone-only preparations

p value

0.229

*Adjusted for survey year.

"Adjusted for year of survey, age, ethnicity, body mass index, smoking, Scottish index of multiple deprivation and highest educational qualification.

associated with reduction in asthma or wheeze care
episodes, but the estimates were imprecise (Table 3).

After adjusting for confounders, use of any hor-
monal contraceptive was associated with decreased
risk of current physician-diagnosed asthma (odds
ratio 0.68, 95% confidence interval 0.47-0.98) and
reduction in asthma or wheeze care episodes (odds
ratio 0.45, 95% confidence interval 0.25-0.82)
(Table 3). Use of any hormonal contraceptive was
similarly associated with decreased risk of having
>3 wheezing attacks but with wide 95% confidence
intervals (Table 3). Use of combined oral contracep-
tives and progesterone-only preparations was asso-
ciated with decreased risk of each outcome, but
with wide 95% confidence intervals (Table 3). The
results by survey year were comparable to each
other and similar to the estimates from the combin-
ation of all survey years, except for wide 95% confi-
dence intervals (Tables S2-S4).

Biological interactions between use of hormonal
contraceptives and body mass index in relation to
current asthma

We did not observe any statistically significant asso-
ciation in overweight or obese women who were using
any hormonal contraception in relation to current
physician-diagnosed asthma (Tables 4 and 5). These
results were similar for the use of combined oral
contraceptives and progesterone-only preparations
(Tables 4 and 5). However, in overweight and
obese women who were not using any hormonal
contraceptives, combined oral contraceptives and
progesterone-only preparations, the risk of current,
physician-diagnosed asthma and other outcomes
increased between 42% and 135% (Tables 4 and 5).
Overall, judging by relative excess risk due to
interaction and attributable proportion due to inter-
action, being overweight or obese and at the same
time using any hormonal contraceptive, combined
oral contraceptives, or progesterone-only prepar-
ations appeared to reduce the risk of asthma and out-
comes, although the relative excess risk due to
interaction and attributable proportion due to inter-
action measures were not precise, except for the rela-
tive excess risk due to interaction for the use of
combined oral contraceptives among obese women
in relation to current physician-diagnosed asthma
and having >3 wheezing attacks (Tables 4 and 5).

Discussion

The use of any hormonal contraceptive was asso-
ciated with substantial reductions in current physi-
cian-diagnosed asthma and number of asthma care
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Table 5. Estimates of the biological interactions between use of hormonal contraceptives and body mass index in relation to
number of asthma/wheeze care episodes among Scottish women in 2003, 2008 and 2010.

>3 current asthma or wheeze care episodes

Estimates of interaction

Interactions between Relative excess risk Attributable proportion
use of hormonal contraceptives Odds ratio (95% due to interaction due to interaction
and body mass index confidence interval)* (95% confidence interval)* (95% confidence interval)*

Use of hormonal contraceptives and overweight'

User and overweight 0.97 (0.46-2.03) —0.71 (—1.97 to 0.54) —0.74 (—2.24 t0 0.77)

Non-user and overweight 2.23 (1.33-3.74)

User and overweight 0.93 (0.27-3.16) —0.57 (—2.06 to 0.91) —0.62 (—2.77 to 1.54)

Non-user and overweight 2.17 (1.36-3.46)

User and overweight 1.24 (0.49-3.14) —0.061 (—2.23 to 1.02) —0.49 (—2.07 to 1.09)

Non-user and overweight 2.23 (1.36-3.63)

Any hormonal contraceptive

User and not obese 0.42 (0.21-0.85)

Combined oral contraceptives

User and not obese 0.44 (0.15-1.28)

Progesterone-only preparations

User and not obese 0.56 (0.21-1.44)

*Adjusted for year of survey, age, ethnicity, body mass index, smoking, Scottish index of multiple deprivation, and highest educational qualification.
+Overweight defined as body mass index >25 kg/m?.
Obesity defined as body mass index >30 kg/m?.
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episodes, while combined oral contraceptives and
progesterone-only preparations were imprecisely
associated with decreased asthma or wheezing
attacks. Furthermore, the use of hormonal contra-
ceptives among overweight or obese women was asso-
ciated with reduced risks of asthma exacerbations
and wheezing attacks; in contrast, overweight and
obese women who were not using hormonal contra-
ceptives were at increased risk. 4 priori we hypoth-
esised that use of any hormonal contraceptive may
increase the risk of current asthma and that the role
of combined oral contraceptives may differ from pro-
gesterone-only preparations. We did not confirm
these hypotheses.

The Scottish Health Survey is an important source
of data to assess the health status of the Scottish
population across a number of health indicators,
including respiratory and cardiovascular diseases.***
The survey processes have followed well-designed
and rigorous methodologies of data collection and
management, employing well-accepted measurement
tools for gathering valid responses. The surveys are
random samples of the general Scottish population;
hence, our findings are likely to be generalisable to
the wider population of Scottish women aged 1645
years. As a cross-sectional study, we cannot, how-
ever, rule out the possibility of reverse causation,
although we think that this is unlikely: while it is
possible that women might have been prescribed
contraceptives because of their asthma,? differen-
tially promoting prescription of hormonal contracep-
tives in those with well-controlled asthma is
rationally unlikely. The absence of any recommenda-
tion for prescribing hormonal contraceptives for
treating asthma in major guidelines in the United
Kingdom indicates that it is unlikely to be used on
any large scale by generalists.

Detailed data on use of contraceptives enabled us to
examine the independent associations between the two
main types of hormonal contraceptives (combined
oral contraceptives and progesterone-only prepar-
ations) and asthma. However, grouping of the contra-
ceptives could result in an overlap so that some women
may at the same time fall into different contraceptive
groups. Information on asthma symptoms were also
collected in detail so that we could examine different
definitions of asthma. Although we could not validate
the responses to the questions on contraceptives and
asthma, the proportion of women using hormonal
contraceptives and the prevalence of current asthma
are comparable to other United Kingdom esti-
mates.”*>! We could not undertake the analyses by
ethnicity because non-White ethnic groups were small.

Previous studies have been contradictory: in the
Copenhagen City Health Study use of oral

contraceptive pills was not associated with the preva-
lence of self-reported asthma, wheeze and use of
asthma medication.” Use of combined oral contra-
ceptives was, however, associated with a decreased
risk of current asthma in our study although with
imprecise estimates, and as well it was borderline
associated with reduction in asthma care episodes.
Use of any hormonal contraceptive or sub-types
was not associated with asthma severity in a study
from England,'® contrary to our observation. The
women in that study were only aged 20-30 years
compared to 1645 years in our study, which may
explain the differences in findings. Salam et al.'” in
a cohort study of girls/women aged 13-28 years
found that use of oral contraceptive pills was asso-
ciated with an increased risk of current wheeze
among women without asthma, but associated with
a reduced risk of current wheeze in women with a
history of asthma. The authors indicated that their
findings may imply that the airways of women with
and without a history of asthma may respond differ-
ently to exogenous sex hormones.!” We could not
study whether there are differences in women with
allergic asthma. However, in an Australian study of
29-32 year-old women, while use of combined oral
contraceptives was associated with a decreased risk of
current asthma in all women, combined oral contra-
ceptives use did not predict asthma among women
who had asthma or wheeze by the age of 7 years.'®
Macsali et al.'® reported that the use of oral
contraceptive pills was associated with an increased
risk of asthma, wheeze and hay fever in women aged
25-44 years. By stratifying the analyses by body mass
index, the increased risk of asthma and allergy was
specific to normal weight and overweight women but
not in lean women.'® Both the independent associ-
ations between use of oral contraceptive pills and
its interaction with body mass index as observed in
Macsali et al. study are contrary to our observations.
Overall, the use of combined oral contraceptives was
equivocally associated with reductions in asthma care
episodes in our study. In addition, the synergistic
effect of use of combined oral contraceptives and
body mass index showed that while use of combined
oral contraceptives appears to reduce the risk of
asthma in overweight or obese women, the risk was
increased in overweight and obese women who were
not using combined oral contraceptives, any hormo-
nal contraceptives or progesterone-only preparations
The study by Macsali et al.,'® however, examined
only statistical interaction contrary to biological
interaction investigated in our study. Other previous
studies did not take into account the interaction
between hormonal contraceptives and body mass
index. Considering the biologically plausible synergy
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between body mass index and endogenous or exogen-
ous sex steroid hormones,*® a formal investigation of
this potential synergistic effect should be based on
biological interaction rather than statistical inter-
action.”?” While statistical interaction focuses on
including a product term between two factors
(which in themselves may not conceptually have
any evidence of synergistic effect) in a model, it has
been recommended that reliably uncovering possible
biological interaction or synergy between two factors
would require formal evaluation using additive
models.”” Future studies in this evidence base
should therefore undertake these steps.

The immunological properties of hormonal contra-
ceptives may include influence on smooth muscle func-
tion, inflammation and modification of airway
responsiveness.*?*** Both oestrogen and progester-
one are believed to independently possess these
properties, but evidence is conflicting as both pro-
and anti-inflammatory effects have also been observed
for these hormones.**®?’ For example, while both
hormones have been thought to relax the bronchial
smooth muscle and reduce contractile responses,
thereby improving lung function,* oestrogen may
also stimulate the endothelial nitric oxide synthase in
bronchiolar epithelial cells,”®* while progesterone is
associated with reduced diurnal peak expiratory flow
rate variability during pregnancy.'’-?*%*

There is some evidence that endogenous steroid
hormones fluctuate during the menstrual cycle and
such fluctuations may increase asthma exacerbations
in women.’>3" A predominance of T-helper cell 2
over T-helper cell 1-mediated immunity has also
been observed during the premenstrual period, indi-
cating that exogenous sex hormones may inhibit
T-helper cell 2 immune responses.’> Case studies
and case series indicate that intake of exogenous sex
hormonal preparations may reduce the need for
asthma medications and improve lung function.'”*
The conflicting findings from few existing population-
based studies, however, mean that the putative
effect of hormonal contraceptives on asthma is
inconclusive.

Conclusions

We have shown that use of any hormonal contracep-
tive is associated with substantial reductions in cur-
rent asthma. Analysis of data by contraceptive type
also suggested reductions in risk, but these were
imprecisely estimated. It is therefore unclear whether
this represents an oestrogen, progesterone, or a com-
bination of oestrogen and progesterone effects. In
overweight and obese women, use of any type of hor-
monal  contraceptives may reduce asthma

exacerbations, but may increase the risk in over-
weight and obese non-contraceptive using women.
Prospective population-based studies, particularly
with a long-term follow-up of women from puberty
to pre-menopause with careful longitudinal assess-
ments of use of hormonal contraceptives and
asthma, are now required to understand the mechan-
ism through which exogenous hormonal preparations
may impact on asthma. Future studies should also
consider the role of different types of hormonal
contraceptives and the possible biological interaction
with body mass index.
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