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Abstract

Recent

research

suggests

that

women

with

Polycystic

ovary

syndrome(PCOS) may have a higher prevalence of asthma. However, there
is no epidemiological study aimed primarily to explore the relationship
between PCOS and asthma and the effect of BMI on this association.

This study is a cross-sectional analyses of data from the Australian
Longitudinal Study on Women’s Health (ALSWH), a large, community-based,
prospective study to examine an association between PCOS and asthma in
women aged 28 to 33 years (n=478 PCOS, n= 8134 controls).

The prevalence of asthma was 15.2% in women with PCOS and 10.6% in
women without PCOS (P=0.004). Women with PCOS who had asthma had a
trend for a higher BMI compared to women without asthma (29.9±0.9 kg /m2
versus 27.7±0.4 kg/m2; P=0.054). Women without PCOS who had asthma
had a higher BMI compared to women without asthma (26.4±0.2 kg/m2
versus 24.9±0.1 kg/m2; P<0.001). After adjusting for age, BMI and smoking
status, PCOS was associated with increased odds of asthma (OR 1.34, 95%
CI 1.004-1.79, P=0.047).

This study showed both PCOS status and overweight and obese status were
independently associated with asthma. Further prospective studies are
required to explore the possible mechanisms underpinning the association
between asthma and PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is an endocrine disorder which is
becoming increasing more common in women of reproductive age with
prevalence varying from 9 to 18% [1]. The exact prevalence is difficult to
establish due to the use of different diagnostic criteria and variations in study
populations [1-4]. Currently, PCOS is defined by the 2003 Rotterdam criteria,
which requires two out of three criteria: oligo/anovulation, clinical and/or
biochemical hyperandrogenism and ultrasound evidence of polycystic
ovaries and exclusion of other causes of androgen excess or ovulation
disorders [3,4]. Women with PCOS have reproductive health issues such as
irregular periods and infertility as well as metabolic complications such as
obesity, dyslipidemia, hypertension, insulin resistance and type 2 diabetes
mellitus [5-9]. Women can present with varying degrees of clinical symptoms
and biochemical heterogeneity leading to a wide range of phenotypes with
significant negative impact on physical and psychological quality of life [5-9].

Asthma is a recurrent, reversible bronchial obstruction and associated with
bronchial hyper-responsiveness and evidence of chronic airway inflammation
[10]. The disease can start at any age and it may be either atopic or nonatopic [10]. It is one of the most common medical conditions affecting 8-10%
in the community which is chronic and debilitating and has a significant
burden on health-related expenditure [10-12]. The pathogenesis of asthma is
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complex and multifactorial including genetic, immunological and inflammatory
mechanisms and several factors such as smoking, inhalant allergens,
exercise and urbanisation have been identified to contribute to asthma
pathogenesis

[10-12].

Current

treatment

strategies

are

through

environmental control and non-curative pharmacological therapies and
management can be challenging due to medication adherence [10].
Literature on preventive strategies for asthma is limited and due to the
temporal trend in asthma prevalence, asthma remains a significant burden
on health care systems worldwide [11,12].

A recent Danish register-based study showed increased asthma prevalence
in women with PCOS compared with controls (3% vs 2.2%, P<0.001) [13].
Women with PCOS are recognized to have a higher risk of increased obesity
and central obesity with a pooled estimated prevalence of 61% [14].
Epidemiological studies have previously described a link between obesity
and asthma but it is uncertain whether the increased prevalence of asthma in
PCOS is primarily related to obesity [10,15,16]. Non-obese women with
PCOS have metabolic risk factors similar to obese women with PCOS,
suggesting that increased BMI is unlikely to be the sole causative factor for
PCOS related metabolic complications [9,17]. Prior research has also shown
that menstrual irregularities are associated with reduced lung function and
increased severity of asthma, suggesting a possible hormonal component to
the pathogenesis of asthma [18]. There had also been conflicting evidence of
possible relationship between the oral contraceptive pill (OCP) use and
asthma and a possible relationship between exogenous sex hormones use
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and asthma and asthmatic symptoms [18-20]. Therefore, it is important to
ascertain whether PCOS with its complex underlying mechanisms is an
independent risk factor for asthma. However, there are no previous
community based studies with the primary aim of exploring the associations
between asthma and PCOS and effect of BMI on this relationship.

We hypothesise that women with PCOS have increased incidence of asthma
which may or may not be related to obesity. Therefore, the aim of this study
is to examine the self-reported prevalence of asthma in women with and
without PCOS in the general population and to further determine the effect of
BMI on this relationship.

Methods

The ALSWH is a longitudinal, prospective study of women based in the
community who were randomly selected from National Health Insurance
Scheme, the Medicare database which consists of all Australian citizens and
permanent residents. The first survey was mailed in 1996 to women of three
different age groups: aged 18-23 years, 45-50 years, and 70-75 years at that
time. There was intentional oversampling from rural and remote populations
to ensure that these areas were adequately represented [21]. The study’s
initial aims were to investigate the demographics, social, psychological,
physical behavior of Australian women and their impact on self-reported
health issues with a follow up survey being sent every three years.
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Using the cohort of women born from 1973-1978, this study analyzed data
collected at Survey 4 which was conducted in 2006. In 1996, this cohort
originally included 14247 women, of whom 9145 (62%) were still participating
at Survey 4. Data was analyzed from 8612 respondents who responded to
the question on PCOS (Figure 1). The women were aged between 28 to 33
years at Survey 4.

All study methods were approved by the Human Research Ethics
Committees of the University of Newcastle and University of Queensland.

Measures

Outcome variable
Asthma: Women were asked ‘In the last 3 years, have you been diagnosed
or treated for asthma?’. Women who stated “yes” in the survey 4 were
considered to have asthma.

Explanatory variables
PCOS: Women were asked ‘In the last 3 years, have you been diagnosed or
treated for Polycystic Ovary Syndrome?’. Women who answered ‘yes’ were
regarded as having PCOS.

BMI: BMI as calculated from self-reported height and weight and classified
according to WHO (World Health Organization) criteria as healthy weight
(BMI 18.5-24.9 kg/m2), overweight (BMI 25.0- 29.9 kg/m2) and obese
(BMI>30.00 kg/m2).
Dr Thaw Dar Htet
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OCP use: Women who answered ‘yes’ to OCP use of 2 years or more were
defined as having used the OCP.

Smoking: Women were asked ‘How often do you currently smoke cigarettes
or any tobacco products?’. Women who answered “Yes” to ‘Daily, At least
weekly (but not daily), Less often than weekly’, were considered to be
smokers.

Statistical analyses

Data were presented as mean±SE (continuous explanatory variables) or
percentages (categorical explanatory variables). Differences in variables at
baseline between subgroups of the study population were assessed using
univariable regression or χ2 test. Logistic regression analyses were
performed to assess the relationship between PCOS and asthma adjusting
for potential confounding covariates including age, BMI and smoking status.
The selection of variables was based on identifying all measured clinical
variables of known or suspected prognostic importance for the outcome of
interest (and/or exhibiting a p value of less than 0.1 on univariate analysis).
To further explore these relationships, the interaction between PCOS and
BMI (as a continuous measurement) was examined on stratified analysis. All
statistical analyses were survey weighted by area of residence for
adjustment of intentional oversampling of this survey from rural and remote
area. All P values were calculated from two-tailed tests of statistical
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significance with a type I error rate of 5%. All analyses were performed using
Stata software version 12.0 (Stata Corp, Texas, USA).

Results

At survey 4, prevalence of PCOS was 5.8% (95% CI: 5.3%-6.4%) with 478
women out of 8612 reporting PCOS. The demographic characteristics of the
study population are outlined in Table 1. Women with and without PCOS had
similar baseline characteristics except higher BMI as previously reported
[17]. The use of OCP for any length of time was not significantly different in
between women with PCOS and women without PCOS (Table 1).

Asthma was reported in 15.2% of women with PCOS compared with 10.6%
of women without PCOS (P=0.004) (Figure 2A). Women with PCOS who had
asthma had a trend for a higher BMI compared to women without asthma
(29.9±0.9 kg /m2 vs 27.7±0.4 kg/m2, P=0.054) (Figure 2B). Women without
PCOS who had asthma had a higher BMI compared to women without
asthma (26.4±0.2 kg/m2 vs 24.9±0.1 kg/m2, P<0.001) (Figure 2B).

Univariable and multivariable regression analyses
On univariable regression analysis, asthma was associated with PCOS (OR
1.5, 95% CI: 1.14-2.0, P=0.004). Smoking and OCP use were not associated
with asthma (Table 2).
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On multivariable analysis, the significant relationship between PCOS and
asthma was maintained (adjusted OR 1.34, 95% CI: 1.00-1.79, P=0.047)
(Table 2). BMI in both the overweight and obese categories remained
significantly associated with asthma after adjusting for PCOS status, age and
smoking (Table 2). There was no significant interaction between PCOS and
BMI for the outcome of asthma (P=0.09).

Discussion

To the best of our knowledge, there have been no community-based studies
examining the association between asthma and PCOS in women of
reproductive age. We examined here the self-reported diagnosed asthma in
women with PCOS compared to those without PCOS in a large communitybased cohort of women aged 28-33 years, with specific focus on the
relationship with PCOS status and BMI. Our findings also support previous
evidence that increased BMI is associated with asthma. We advance
knowledge in this field by reporting for the first time that PCOS status was
associated with increased risk of asthma independently of BMI.

Our findings are in agreement with a retrospective study of women aged
between 12-60 years from the Danish population, which reported an
increased prevalence of asthma (3% vs 2.2%, P<0.001) and a higher usage
of asthma medication (19.2% vs 14,1%, P<0.001) in age-matched women
with and without PCOS [13]. It also supports a prior Australian research
which showed a higher prevalence of asthma in pregnant women with PCOS
compared to pregnant women without PCOS (13.6% vs 9.9%, P<0.001) [6].
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A retrospective cohort study of age-matched Australian women with and
without PCOS (>15 years old) similarly reported that women with PCOS were
hospitalized more often for asthma compared with controls (10.6% vs 4.5%,
P<0.001) [22]. In both Danish and Australian studies, data on BMI was not
available and therefore we were not able to assess the relationship between
PCOS, asthma and BMI. Here, we significantly extend the results of this
previous research by reporting that while BMI was independently associated
with asthma, the elevated prevalence of asthma in PCOS was maintained
after adjustment for BMI. Our results therefore suggest an independent
relationship between PCOS and asthma. There is no current literature to
explain the exact mechanism underpinning this association.

A Northern European study by Svanes et al reported that self-reported
irregular menstruation was significantly associated with self-reported asthma,
asthma symptoms and hay fever in women aged between 25-42 years, but
not in women aged more than 43 years [23]. It was hypothesized that sex
hormone imbalances and metabolic risk factors underlying pathological
irregular menstruation may be responsible for this association rather than the
irregular menstruation per se [23]. A cross-sectional analysis of women aged
28-44 years from a European community reported that forced vital capacity
(FVC) was significantly lower and asthma, asthma symptoms and hay fever
were more prevalent in women with irregular menstruation at any level of
BMI [19]. Previous comparative studies have shown abnormal estradiol
and/or progesterone levels in reproductive-aged women with asthma
compared to women without asthma [24]. Furthermore, women with Turner’s
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syndrome have significantly reduced bronchial reactivity after receiving
estrogen treatment [25]. Irregular menstruation and an altered sex hormone
profile are major features of PCOS. The significant association of PCOS with
asthma regardless of BMI found in our study further supports the previous
literature that there may be a contributing role of sex hormones towards the
pathogenesis of asthma in women [26-28].

The relationship between OCP use and asthma was explored in this study
given that the existing evidence regarding the influence of OCP use on
asthma symptoms is conflicting [19,20]. OCP use has been reported to be
associated with increased asthma symptoms in women with normal and
overweight BMI categories in a Nordic Baltic population [19]. Conversely,
Salam et al reported that females with pre-existing asthma have less
wheezing if they are using the OCP [20]. However, these studies did not
include the indication for OCP use such as oligomenorrhoea, PCOS or
contraceptive purposes. It is therefore not possible to clarify the potential
contribution of PCOS to the observed association between OCP use and
asthma in previous studies. As previously reported, in our study, OCP usage
in women with PCOS was reduced compared with women without PCOS
[29]. Our study did not show any significant association between OCP use
and asthma on univariable analysis. Therefore, the association between
OCP use and asthma and the effect of this potential association on the
relationship between PCOS and asthma warrants further research using
longitudinal studies to explore the possible influence of sex hormones on the
pathophysiology of asthma.
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We confirm previous reports of an elevated BMI in women with PCOS
compared to those without PCOS [8,30]. Furthermore, we also report here
that there is a trend for women with asthma to have a higher BMI in the
PCOS group and a significantly higher BMI in the non-PCOS group. BMI in
both overweight and obese categories was significantly associated with
asthma, supporting previous evidence linking obesity to asthma [11,15,16]. A
meta-analysis of prospective epidemiologic studies demonstrated a doseresponse relationship between increasing BMI and 1-year incident asthma
with an OR of 1.51 (95% CI: 1.27-1.80, P<0.001) [31]. The mechanism
behind this association is unclear and several contributing factors have been
postulated such as genetics, hormonal influences, enhanced inflammatory
response due to increased cytokine levels in obese patients leading to
increased airway inflammation as well as the mechanical effect of obesity
[15,16,32,33]. While we have shown here that PCOS is independently
associated with asthma, this elevated BMI in PCOS may then further
increase the prevalence of asthma in comparison to women without PCOS.
We therefore hypothesise that further aetiological factors related to PCOS
may contribute to the increased risk of asthma observed here and in prior
research.

One of the well documented metabolic complications of PCOS is insulin
resistance and type 2 diabetes independent of BMI [9,17]. In a crosssectional study of 3911 British females aged 60-79 years, forced expiratory
volume in 1 second (FEV1) and lower Forced Vital Capacity (FVC), which
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reflects lung volume were inversely associated with insulin resistance and
type 2 diabetes [34]. PCOS is also considered to be associated with chronic
low-grade inflammation similar to obesity and as well as auto-immunity
[7,35,36]. The underlying inflammatory process of PCOS may be contributing
to airway inflammation and increased risk of asthma. As our study showed
increased prevalence of asthma in women with PCOS, further longitudinal
studies are warranted to explore whether the metabolic characteristics such
as insulin resistance and/or inflammatory nature of PCOS is contributing to
this association with asthma.

The strengths of our study include a large number of participants from a
randomly selected community-based cohort representative of the general
Australian population [21]. Although attrition occurred in this cohort study, it is
reported to be of minimal impact on associations between variables [37]. The
prevalence of self-reported PCOS in our study is lower than the prevalence
of PCOS in the literature. This is most likely due to under-diagnosis of PCOS
in the Australian population as reported by March et al where an estimated
70% of Australian women with PCOS were not diagnosed which may
underestimate the association between PCOS and asthma [1]. The limitation
of our study is reliance on self-reported diagnosis of PCOS and asthma. No
physical measures or biochemical samples were obtained. However, selfreported PCOS diagnosis in this survey had been previously validated
against menstrual irregularities [38]. Self-reported asthma in previous studies
had been shown to reflect physician diagnosed asthma accurately [39]. Self-
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reported BMI has also been validated to correlate with observed BMI by a
recent study [40].

Our study has data regarding the proportion of women who have hay fever,
allergies and sinusitis. However, the survey question for this data was nonspecific and cannot specify the atopic nature of the conditions. This lack of
data on atopy is one of the limitations of our study. However, it is important to
note that as atopy and asthma are closely related, the inclusion of atopy data
may have a confounding effect on the outcome variable, asthma. Although
our study has data on irregular periods, given the close relationship between
irregular periods and PCOS, we have not included irregular periods as an
explanatory variable [2,3,5]. Our study did not have data on the severity of
asthma and the type of asthma treatment and the data for physical activity
and mood disorders were not included. This is also an observational study
only and cannot be used to establish causation between PCOS, BMI and
asthma.

In conclusion, we report here for the first time the potential link between
asthma, PCOS and BMI. We report an increased prevalence of asthma in
women with PCOS and an independent association of both PCOS and BMI
with increased risk of asthma. The pathophysiology underlying PCOS and
asthma is likely multifactorial and further prospective longitudinal populationbased studies are required to clarity the complex interplay between
hormonal, metabolic and inflammatory factors underlying asthma, PCOS and
BMI. The insight provided by our study advances our current understanding
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of the wider health implications of asthma and PCOS. This knowledge will
provide us with a broader range of screening strategies for women with
asthma and PCOS and their associated co-morbidities. It also directs our
future approach to implementing a more comprehensive management for
asthmatic women with PCOS.
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Table 1: Baseline characteristics in women with and without PCOS
Variable

PCOS

Non-PCOS

(n=478)

(n=8134)

p-value

Age (years)

30.5±0.1

30.6±0.02

0.12

Weight (kg)

77.0±1.0

69.1±0..2

<0.001

28.0±0.3

25.1±0.1

<0.001

BMI < 18.5 (n %)

14 (3.6)

291 (3.9)

0.76

BMI 18.5 – 24.9 (n %)

169 (38.6)

4347 (58.7)

<0.001

BMI 25.0 – 29.9 (n %)

117 (25.7)

1780 (22.4)

0.13

BMI ≥ 30.0 n (n (%)

149 (32.2)

1245 (15.1)

<0.001

Asthma

77 (15.2)

856 (10.6)

0.004

Smoking (n %)

80 (16.5)

398 (19.0)

0.22

No OCP use

39 (8.0)

686 (8.8)

0.58

OCP use (<2 years)

51 (11.0)

610 (7.8)

0.02

OCP use (2-6 years)

120 (24.8)

1934 (24.1)

0.75

OCP use (>6 years)

262 (56.2)

4857 (59.2)

0.22

Year 12 or less

116 (22.6)

2030 (21.5)

0.60

Trade / certificate

150 (29.1)

2228 (26.2)

0.19

University / higher university degree

210 (48.3)

3848 (52.3)

0.12

Less than $15,999

125 (27.2)

2117 (26.1)

0.65

$16,000 – $51,999

196 (42.0)

3400 (44.3)

0.37

$52,000 or more

126 (30.8)

1986 (29.6)

0.59

No paid job

90 (18.7)

1565 (18.3)

0.84

Trades and services

99 (19.9)

1588 (17.7)

0.26

Advanced trades and services

102 (21.6)

1577 (19.9)

0.41

Professional

177 (39.9)

3243 (44.1)

0.10

2

BMI (kg/m )

OCP use (%)

Highest qualification (%)

Annual personal income (%)

Occupation (%)

All estimates adjusted for area of residence to account for over sampling of women from
rural and remote areas
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Values are reported as mean ± SE or proportions. BMI, Body Mass Index
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Table 2: Univariable and multivariable regression of factors associated with
asthma
Univariable regression

P value

Odds ratio (95% CI)

Multivariable

P value

regression*
Odds ratio (95% CI)

PCOS

1.50 (1.14-1.98)

0.004

1.34 (1.00-1.79)

0.047

Age (years)

0.94 (0.89-0.99)

0.02

0.94 (0.89-0.99)

0.01

0.97 (0.63-1.51)

0.90

0.97 (0.62-1.50)

0.89

2

BMI (kg/m )
BMI < 18.5
BMI 18.5-24.9

Reference category

BMI 25.0-29.9

1.24 (1.03-1.50)

0.03

1.24 (1.02-1.50)

0.03

BMI ≥ 30.0

1.82 (1.50-2.21)

<0.001

1.77 (1.46-2.15)

<0.001

Smoking

1.01 (0.84-1.22)

0.89

0.99 (0.82-1.20)

0.92

OCP use

1.00 (0-82-1.22)

0.97

* adjusted for age, BMI and smoking status
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