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Introduction: Asthma and polycystic ovarian syndrome (PCOS) are linked in

several possible ways. To date, there has been no study evaluating whether

pediatric asthma is an independent risk factor for adult PCOS. Our study aimed to

examine the association between pediatric asthma (diagnosed at 0-19 years) and

adult PCOS (diagnosed at ≥20 years). We further assessed whether the

aforementioned association differed in two phenotypes of adult PCOS which

were diagnosed at 20-25 years (young adult PCOS), and at >25 years (older adult
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PCOS). We also evaluated whether the age of asthma diagnosis (0-10 vs 11-19

years) modified the association between pediatric asthma and adult PCOS.

Material and methods: This is a retrospective cross-sectional analysis using the

United Arab Emirates Healthy Future Study (UAEHFS) collected from February

2016 to April 2022 involving 1334 Emirati females aged 18-49 years. We fitted a

Poisson regression model to estimate the risk ratio (RR) and its 95% confidence

interval (95% CI) to assess the association between pediatric asthma and adult

PCOS adjusting for age, urbanicity at birth, and parental smoking at birth.

Results: After adjusting for confounding factors and comparing to non-

asthmatic counterparts, we found that females with pediatric asthma had a

statistically significant association with adult PCOS diagnosed at ≥20 years

(RR=1.56, 95% CI: 1.02-2.41), with a stronger magnitude of the association

found in the older adult PCOS phenotype diagnosed at >25 years (RR=2.06,

95% CI: 1.16-3.65). Further, we also found females reported thinner childhood

body size had a two-fold to three-fold increased risk of adult PCOS diagnosed

at ≥20 years in main analysis and stratified analyses by age of asthma and PCOS

diagnoses (RR=2.06, 95% CI: 1.08-3.93 in main analysis; RR=2.74, 95% CI: 1.22-

6.15 among those diagnosed with PCOS > 25 years; and RR=3.50, 95% CI: 1.38-

8.43 among those diagnosed with asthma at 11-19 years).

Conclusions: Pediatric asthma was found to be an independent risk factor for

adult PCOS. More targeted surveillance for those at risk of adult PCOS among

pediatric asthmatics may prevent or delay PCOS in this at-risk group. Future

studies with robust longitudinal designs aimed to elucidate the exact mechanism

between pediatric asthma and PCOS are warranted.

KEYWORDS

asthma, pediatric asthma, polycystic ovarian syndrome, PCOS, epidemiology, risk
factors, public health

1 Introduction

Asthma is a multifactorial respiratory disease defined by

reversible airway hyperactivity and a wide range of symptoms (1).

Inflammation is a key factor in the pathology of asthma, and cross-

communication between the airways and inflammatory mediators

leads to inflammation that is not only confined to the local airways

but also tends to be systemic (2). Asthma is a common pediatric

disease with more than 80% of first asthma episodes happening in

the first six years of life (3). The main risk factors associated with

pediatric asthma include genetic predisposition, viral respiratory

infections, and female sex hormones (4). In addition, pediatric

asthma has long-term health consequences and is known to be

associated with adult non-communicable diseases such as

hypertension and diabetes (5).

Polycystic Ovarian Syndrome (PCOS) is a complex endocrine

disorder affecting 5-10% of females of reproductive age (6). PCOS is

a multifactorial disorder and risk factors associated with PCOS

include genetic predisposition, hormonal factors, as well as

maternal environmental factors (e.g. metabolic disturbance during

pregnancy) (7, 8). Previous studies found that females with PCOS

have an increased risk of developing subsequent metabolic

disorders, such as cardiovascular disease, hypertension, and

diabetes (7, 9, 10). The etiology of PCOS is not exactly known,

however, chronic systemic inflammation has been proposed as one

of the possible mechanisms (8, 11). In addition, PCOS may have its

early-life origins through exposure to excess androgens at any stage

from fetal development to childhood period (7, 8).

Asthma and PCOS are linked in several possible ways. Previous

studies have established the association between PCOS and

subsequent asthma among reproductive-aged females (12–14).

There is clinical overlap between asthma and PCOS (15),

including alterations in gut microbiota (16–18), menstrual cycle

abnormalities (19–21), infertility (22, 23), obesity (24–26), and

insulin resistance that was found in asthmatics as well as females

with PCOS (27, 28). Previous epidemiological studies have also

found an association between PCOS and subsequent asthma (13,

29). However, there is a limited epidemiological study on another

possible direction of the association between asthma and

subsequent PCOS, including our previous work examining the
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association between asthma diagnosed at <25 years with subsequent

PCOS diagnosed at ≥25 years (30). Asthma may be associated with

subsequent PCOS as asthma and PCOS are multifactorial complex

diseases and they shared pathophysiological mechanisms, including

female hormonal disturbance, systemic/low-grade inflammation, as

well as obesity and, metabolic syndrome (11–14, 31). We thus

predict that pediatric asthma might be associated with adult PCOS,

independent of other relevant risk factors found in our dataset.

Our study aimed to examine the association between pediatric

asthma (diagnosed at 0-19 years of age) and adult PCOS (overall

adult PCOS: diagnosed at ≥20 years, young adult PCOS: diagnosed

at 20-25 years, and older adult PCOS: diagnosed at 25-49 years). We

also assessed whether the age of asthma diagnosis (childhood

asthma: diagnosed at 0-10 years, and adolescent asthma:

diagnosed at 11-19 years) modified the association between

pediatric asthma and adult PCOS. Finally, in the main analysis

and stratified models, we performed restriction analysis by body

size at 10 years old and health status up to 10 years old, to better

address the potential mediating effect of childhood body size and

childhood health on the association between pediatric asthma and

adult PCOS.

2 Material and methods

2.1 Study design, participants, and setting

This is a retrospective cross-sectional study using the United

Arab Emirates Healthy Future Study (UAEHFS) collected from

February 2016 to April 2022. We included all 1334 females aged 18-

49 years who had complete information on the age of asthma and

PCOS diagnosis (Figure 1). The study design, questionnaire, and

methodologies of the UAEHFS are described elsewhere (32). In

brief, the UAEHFS is an ongoing population-based prospective

cohort study among Emirati nationals aged 18 years or above. A

convenience sample of Emirati individuals was invited to

participate from across the UAE. Multiple recruitment centers

were set up across the country where participants filled out the

questionnaire and had some physical measurements. Due to the

COVID-19 pandemic, the recruitment shifted to online-based

starting in April 2020, and an online questionnaire was

introduced to the new participants. Physical measurements, such

as body mass index (BMI), were taken in the participating centers

for new participants that fi l led out and returned the

online questionnaire.

2.2 Ethical approval

The study and its procedures have been reviewed and approved

by the Institutional Review Board at New York University Abu

Dhabi, Dubai Health Authority, Ministry of Health and Prevention

in the UAE, and Health Research and Technology Committee,

reference number DOH/HQD/2020/516. Written consent was

obtained from participants at the centers or by filling out an

online consent form before data collection started.

2.3 Measurements

We analyzed self-reported physician diagnoses for asthma

based on the questionnaire response to: “Has a doctor ever told

you that you had asthma?”. The age at asthma diagnosis was

extracted from the questionnaire response to: “What was your age

when asthma was first diagnosed?”, and pediatric asthma was

defined as asthma first diagnosed at 19 years of age or younger

(pediatric population) (5, 33). Similarly, self-reported physician

diagnosis for PCOS was used based on the questionnaire response

to: “Has a doctor ever told you that you had PCOS?”. The age at

PCOS diagnosis was extracted from the questionnaire response to:

“How old were you when the doctor first told you that you had

PCOS?”, and adult PCOS was defined as PCOS first diagnosed at 20

years of age or above (34). Overall health up to 10 years old was

determined based on the questionnaire response to: “In general,

FIGURE 1

Flowchart of the final analytical sample included in the study.

Juber et al. 10.3389/fendo.2023.1022272

Frontiers in Endocrinology frontiersin.org03

https://doi.org/10.3389/fendo.2023.1022272
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


how was your health in childhood (less than 10 years old)?”, we then

categorized childhood health status variable into two categories:

poor or fair and good or excellent based on the responses. Body size

at 10 years old was determined based on the questionnaire

responses to: “When you were 10 years old, compared to average,

would you describe yourself as: about average, thinner, or

plumper?”, we then classified body size at 10 years old into four

categories of around average, average, thinner, and plumper. Age

was constructed based on the questionnaire response to “What is

your date of birth”, and we kept its continuous form in our analysis.

Urbanicity at birth and current urbanicity were determined based

on the questionnaire response to: “Where do you and your family

live around the time of your birth?”, and “Where do you and your

family live now?”, respectively. We then categorized the city as an

urban area and non-cities (villages, deserts, islands, and others) as

rural or other non-urban. Parental smoking (at birth) was

constructed based on the questionnaire response to “Did your

mother or father smoke regularly around the time when you were

born?” (no/yes). Parental education and education attainment were

constructed based on the questionnaire response to: “What level of

education did your father or mother complete?”, and “What is the

highest level of education that you have completed?”, respectively.

We categorized education levels into three categories (≤6 years, >6

to 12 years, and 12+ years of schooling). Birthweight which was

determined based on the questionnaire item: “What was your birth

weight (in kg)?”, was categorized later into low birthweight (<2.5

kg) and normal birthweight (2.5+ kg). BMI was calculated using the

Tanita MC 780 by nurses at the recruitment centers, and the values

for each participant were recorded and its continuous form was

used in our analysis.

2.4 Statistical analysis

Characteristics of the study participants were evaluated using

numbers with percentage (n, %) for each categorical variable and

mean with standard deviation (mean ± SD) for each continuous

variable (Table 1). To establish asthma as an exposure preceding

PCOS as an outcome, we relied on age at disease diagnosis and

excluded those with adult asthma (diagnosed at >19 years of age)

and adolescent PCOS (diagnosed at <20 years of age). We then

fitted a Poisson regression model with robust variance to estimate

the risk ratio (RR) and its 95% confidence interval (95% CI) to

assess the association between pediatric asthma (diagnosed at 0-19

years of age) and adult PCOS (diagnosed at ≥20 years of age)

(Tables 2-4) (35). We examined the RR and its 95% CI in the crude

and adjusted models, adjusting for age (5, 36), urbanicity at birth

(37, 38), and parental smoking (37, 39). Due to a high amount of

missing values (>50%) on parental education (40, 41) and

birthweight (42, 43), we excluded these potential confounding

factors in the regression analysis even though these are important

confounding factors in this study. In addition, the missing indicator

method was used to handle uncertain values from missing, prefer

not to answer (PFA), and do not know (DN) responses. Analyses

were carried out using STATA 17.0 (StataCorp, TX). P values <0.05

were considered statistically significant.

3 Results

Table 1 summarizes the descriptive characteristics of study

participants based on their pediatric asthma status. Out of 1334

females aged 18 to 49 years, 130 females reported ever being

diagnosed with asthma when they were 0-19 years of age

(pediatric asthma prevalence = 9.75%). Compared to non-

asthmatics, females with pediatric asthma were older (24.8 ± 6.4

vs 23.8 ± 6.1 years), had a higher BMI (28.5 ± 7.6 vs 23.2 ± 4.7 kg/

m2), a greater proportion resided in urban areas (89.2% vs 83.2%), a

greater proportion had >12 years of schooling (high level of

education) (53.9% vs 48.1%), and a higher proportion diagnosed

with PCOS (14.6% vs 8.5%). In terms of early-life characteristics,

females with pediatric asthma had a higher proportion reporting

poorer overall health up to 10 years old (25.4% vs 11.0%), had a

higher proportion having plumper body size at 10 years old (16.2%

vs 8.4%), had a higher proportion of parental smoking at birth

(29.2% vs 22.4%), and had a higher proportion of lower birthweight

(26.2% vs 15.7%), compared to non-asthmatic females.

Table 2 shows the risk ratios (RRs) of the associations between

pediatric asthma (diagnosed at 0-19 years of age) and adult PCOS

(diagnosed at ≥20 years of age). In the crude and fully adjusted

model, compared to non-asthmatics, pediatric asthma was

significantly associated with adult PCOS (RR=1.73, 95% CI: 1.10-

2.72 in the crude model; and RR=1.56, 95% CI: 1.02-2.41 in the

adjusted model). In the restriction analysis by early-life risk factors,

namely, body size at 10 years old and childhood health status up to

10 years old, the significance diminished among those who had

about average and plumper body size, and those who reported

excellent or good childhood health. Meanwhile, marginal

significance was observed among those who reported poor or fair

childhood health. Lastly, the statistical significance persisted among

those with thinner body size at 10 years old (RR=2.00, 95% CI: 1.01-

3.99 in the crude model; and RR=2.06, 95% CI: 1.08-3.93 in the

adjusted model).

Table 3 shows the risk ratios (RRs) of the associations between

pediatric asthma (diagnosed at 0-19 years of age) and adult PCOS

(diagnosed at ≥20 years of age), stratified by the age of adult PCOS

diagnosis (20-25 years vs >25 years at PCOS diagnosis), in the main

analysis and restricted by early-life risk factors, namely, body size at

10 years old and childhood health status up to 10 years old. In the

young adult PCOS diagnosis stratum (diagnosed at 20-25 years),

pediatric asthma was not associated with adult PCOS. On the

contrary, in the older adult PCOS diagnosis stratum (diagnosed

at >25 years) and after adjusting for confounding, we found that

pediatric asthma had a significantly increased risk for adult PCOS

(RR=2.06, 95% CI: 1.16-3.65). The statistical significance was still

observed among those with thinner and about average body size at

10 years old in the older adult PCOS group even after adjusting for

confounding factors (RR=2.74, 95% CI: 1.22-6.15 among thinner

childhood body size category; and RR=3.40, 95% CI: 1.49-7.73

among about average body size category).

Table 4 presents the risk ratios (RRs) of the associations

between pediatric asthma (diagnosed at 0-19 years of age) and

adult PCOS (diagnosed at ≥20 years of age), stratified by the age of

asthma diagnosis (0-10 vs 11-19 years at asthma diagnosis), in main
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TABLE 1 Characteristics of female study participants based on pediatric asthma status, missing or uncertain vales are not shown (N=1334).

Characteristics Non-asthmatics (N= 1204) With pediatric asthma (N= 130)

Age, year (mean ± SD) 23.8 ± 6.1 24.8 ± 6.4

BMI, kg/m2 (mean ± SD) 23.2 ± 4.7 28.5 ± 7.6

Marital status, n (%)

Single 914 (75.9) 100 (76.9)

Married 235 (19.5) 26 (20.0)

Divorced or separated 38 (3.2) 4 (3.1)

Widow or widower 17 (1.4) 0 (0)

Urbanicity at questionnaire, n (%)

Rural or other non-urbans 173 (14.4) 14 (10.8)

Urban (city) 1002 (83.2) 116 (89.2)

Urbanicity at birth, n (%)

Rural or other non-urbans 233 (19.4) 21 (16.2)

Urban (city) 899 (74.6) 102 (78.5)

Education attainment, n (%)

6 years of schooling or below 48 (4.0) 2 (1.5)

>6-12 years of schooling 577 (47.9) 58 (44.6)

>12 years of schooling 579 (48.1) 70 (53.9)

Parental education attainment, n (%)

6 years of schooling or below 51 (4.3) 5 (3.9)

>6-12 years of schooling 150 (12.5) 18 (13.9)

>12 years of schooling 183 (15.2) 28 (21.5)

Overall health up to 10 years, n (%)

Poor or fair 132 (11.0) 33 (25.4)

Good or excellent 1072 (89.0) 97 (74.6)

Body size at 10 years, n (%)

About average 436 (36.2) 54 (41.5)

Thinner 518 (43.0) 46 (35.4)

Plumper 101 (8.4) 21 (16.2)

Parental smoking at birth, n (%)

No 819 (68.0) 82 (63.1)

Yes 270 (22.4) 38 (29.2)

Birthweight, n (%)

<2.5 kg 189 (15.7) 34 (26.2)

2.5+ kg 288 (23.9) 40 (30.8)

With PCOS diagnosed at> 20 years, n (%)

No 1102 (91.5) 111 (85.4)

Yes 102 (8.5) 19 (14.6)
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analysis and restricted by early-life risk factors, namely, body size at

10 years old and childhood health status up to 10 years old. We did

not find any statistically significant associations in the main analysis

for both strata. However, in the 0-10 years of age of asthma

diagnosis and after adjusting for confounding, the significance

was observed among those with poor or fair childhood health

status (RR=2.54, 95% CI: 1.03-6.30). Meanwhile, in the 11-19

years of age of asthma diagnosis stratum and after adjusting for

confounding factors, we found that those diagnosed with asthma at

11-19 years had a significantly increased risk of adult PCOS among

those reported thinner childhood body size and those reported

excellent or good childhood health status (RR=3.50, 95% CI: 1.38-

8.43 among those reported thinner childhood body size, and

RR=2.13, 95% CI: 1.01-4.50 among those reported excellent or

good childhood health status).

4 Discussion

To our knowledge, this is the first population-based study

evaluating the association between pediatric asthma diagnosed at

0-19 years and adult PCOS diagnosed at 20 years of age or above.

We are able to demonstrate temporality as there is a long interval

time between pediatric asthma and adult PCOS diagnoses in this

analysis. In both crude and adjusted models and compared to non-

asthmatic females, we found that pediatric asthma was significantly

positively associated with adult PCOS (Table 2). Previous studies

have found that PCOS was an independent risk factor for asthma

among reproductive-aged females and suggested a strong

correlation between PCOS and chronic systemic inflammation

such as asthma (12–14, 31). However, our study provided a new

perspective on how asthma and PCOS might be linked in the

opposite direction. Our recent bi-directional study examining

asthma and PCOS found a significant association between asthma

diagnosed at <25 years and adult PCOS diagnosed at ≥25 years,

independent of age and BMI (30). Female hormonal disturbance,

metabolic syndrome, and obesity have been suggested as

overlapping mechanisms that link asthma and PCOS (11–14, 31).

A previous study has shown that obesity may worsen hormone

dysregulation (25), and although there is no exact explanation

linking asthma and metabolic syndrome, there were various

known risk factors, including obesity or high BMI and

dyslipidemia (44). Compared to non-asthmatics, those with

pediatric asthma are known to be more susceptible to subsequent

TABLE 2 Modified Poisson regression analysis between females with pediatric asthma history (diagnosed at 0-19 years of age) and adult PCOS
(diagnosed at ≥20 years of age), in total population and restricted by potential mediators (N=1334).

Crude Model Adjusted Modela

RR [95% CI] P RR [95% CI] P

Main analysis

Non-asthmatics (N=1204) (Reference) (Reference)

Pediatric asthmatics (N=130) 1.73 1.10-2.72 0.019 1.56 1.02 -2.41 0.040

Restriction analysis by body size at 10 years old

About average

Non-asthmatics (N= 436) (Reference) (Reference)

Pediatric asthmatics (N= 54) 1.66 0.78-3.57 0.192 1.39 0.73 -2.66 0.323

Thinner

Non-asthmatics (N=518) (Reference) (Reference)

Pediatric asthmatics (N=46) 2.00 1.01-3.99 0.048 2.06 1.08-3.93 0.028

Plumper

Non-asthmatics (N=101) (Reference) (Reference)

Pediatric asthmatics (N=21) 1.03 0.32-3.29 0.959 1.13 0.27 -4.69 0.871

Restriction analysis by childhood health status up to 10 years old

Poor or fair

Non-asthmatics (N=132) (Reference) (Reference)

Pediatric asthmatics (N=33) 2.00 0.73-5.47 0.177 2.41 0.95 -6.10 0.063

Excellent or good

Non-asthmatics (N=1072) (Reference) (Reference)

Pediatric asthmatics (N=97) 1.68 0.99-2.84 0.051 1.44 0.88-2.38 0.149

aAdjusted for age (continuous), urbanicity at birth (rural/urban), and parental smoking at birth (no/yes).
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chronic diseases due to immune system impairment and persistent

systemic inflammation (45, 46). In addition, compared to their

healthy counterparts, pediatric asthmatics are known to have lower

sympathetic nervous activity, and thereby a lower metabolic rate

which may subsequently affect their vital biological process such as

growth and reproduction (47–49). A previous study that linked

pediatric asthma and reproductive health found pediatric asthma to

be significantly associated with an earlier age at menarche (37).

Therefore, we believe there are possible mechanisms involving

biological factors in the association between pediatric asthma and

adult PCOS since PCOS has been recognized as a chronic metabolic

condition beyond a merely reproductive disorder (50).

We stratified by the age of PCOS diagnosis (Table 3) to better

understand the association between pediatric asthma and adult

PCOS phenotypes; young adult PCOS (diagnosed at 20-25 years),

and older adult PCOS (diagnosed at >25 years). Compared to non-

asthmatics, we found pediatric asthma was significantly associated

with older adult PCOS. Most PCOS-related studies have involved

adult populations (mean age > 25 years), however, PCOS can also

be present in adolescence and young adulthood (aged ≤25 years)

(51, 52). To our knowledge, there is no study on the association

between pediatric asthma and any PCOS phenotypes (young adult

PCOS or older adult PCOS) to compare to our study findings,

however, several possible mechanisms may explain the observed

findings. The expression of PCOS in early adulthood may differ

from and does not necessarily resemble that of clinical and

endocrinological features observed in later adulthood (52).

Elevated sex hormone of adrenal androgen was observed in

females with PCOS (8), and a previous study found that a greater

decrease in adrenal androgen secretion happens between the ages of

20 to 25 years (53). In addition, inflammation is known to be a key

factor in the pathology of asthma (2), and a previous study has

shown that inflammation affects the level of female sex hormones

(11). We believe possible mechanisms involving chronic

inflammation and endocrinological features or sex hormones may

explain the observed association between pediatric asthma and

TABLE 3 Modified Poisson regression analysis between females with pediatric asthma and adult PCOS, stratified by the age of PCOS diagnosis (20-25
years vs >25 years), in total population and restricted by potential mediators (N=1334).

Age of PCOS diagnosis: 20-25 years of age Age of PCOS diagnosis: > 25 years of age

Crude Model Adjusted Modela Crude Model Adjusted Modela

RR [95% CI] P RR [95% CI] P RR [95% CI] P RR [95% CI] P

Main analysis

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.32 0.65 -2.70 0.443 1.33 0.65 -2.72 0.442 2.40 1.27 -4.53 0.007 2.06 1.16 -3.65 0.013

Restriction analysis by body size at 10 years old

About average

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 0.40 0.06-2.92 0.367 0.39 0.06-2.79 0.350 3.91 1.53-9.98 0.004 3.40 1.49-7.73 0.004

Thinner

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.46 0.46-4.63 0.523 1.55 0.49-4.94 0.454 2.87 1.13-7.26 0.026 2.74 1.22-6.15 0.015

Plumper

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.92 0.54-6.85 0.316 2.55 0.65-9.96 0.180 N/A N/A

Restriction analysis by childhood health status up to 10 years old

Poor or fair

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.42 0.30-6.73 0.657 1.63 0.37-7.10 0.517 3.05 0.72-13.0 0.132 3.11 0.61-15.7 0.170

Excellent or good

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.31 0.58-2.97 0.512 1.25 0.55-2.82 0.599 2.30 1.11-4.77 0.026 1.87 0.94-3.69 0.073

aAdjusted for age (continuous), urbanicity at birth (rural/urban), and parental smoking at birth (no/yes). N/A reflects insufficient sample size.
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older adult PCOS phenotype in our study. Future studies to

elucidate the exact mechanism of the association between

pediatric asthma and older adult PCOS are warranted.

We further stratified the analysis by the age of asthma diagnosis

(Table 4) to separate two distinct asthma phenotypes of childhood

asthma (diagnosed at 0-10 years of age) and adolescent asthma

(diagnosed at 11-19 years of age) and its association with adult

PCOS. Childhood asthma (asthma diagnosed at 0-10 years) and

adolescent asthma (asthma diagnosed at 11-19 years) were shown

to be not significantly associated with adult PCOS in the crude and

adjusted models. Asthma is known to be a uniquely diverse disorder

with many clinical expressions throughout childhood and

adolescence period (3). Childhood asthma and adolescent asthma

are shown to be distinct in several ways, including their risk factors.

The main risk factor for childhood asthma is a genetic

predisposition (4), whereas the main risk factor for adolescent

asthma is related to sex hormones (3). Our significant association

between pediatric asthma and adult PCOS was only observed

among those diagnosed with asthma at 11-19 years in the crude

analysis, but the significant association disappeared after adjusting

for confounding factors. Adolescence is a transitional stage of

physical and psychological development, which is marked by the

puberty period in which changes in reproductive hormones occur,

and body weight gain following menarche is suggested to mediate

the association between pediatric asthma and adult PCOS (54).

Compared to healthier counterparts, pediatric asthmatics tend to

have a lower sympathetic activity, hence a lower metabolic rate that

may affect fat storage and may lead to overweight or obesity (47,

48). In addition, weight gain at puberty has been shown to be a

significant risk factor for adult PCOS (52). The involvement of

weight gain during puberty in the association between adolescent

asthma and adult PCOS may be worth further investigation.

We also performed restriction analysis by body size at 10 years

old and childhood health status up to 10 years old in all analyses

(Table 2-4) to further explore the role of obesity in the association

between pediatric asthma and adult PCOS since we could not rule

out the possibility that childhood obesity and childhood health

status may mediate the association between pediatric asthma and

adult PCOS. Further analysis showed that childhood obesity or

childhood health status alone was unlikely to explain the

TABLE 4 Modified Poisson regression analysis between females with pediatric asthma and adult PCOS, stratified by the age of asthma diagnosis (0-10
vs >11-19 years), in total population and restricted by potential mediators (N=1334).

Age of asthma diagnosis: 0-10 years Age of asthma diagnosis: 11-19 years

Crude Model Adjusted Modela Crude Model Adjusted Modela

RR [95% CI] P RR [95% CI] P RR [95% CI] P RR [95% CI] P

Main analysis

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.59 0.94-2.68 0.082 1.46 0.89-2.39 0.130 2.27 1.01-5.10 0.047 1.99 0.93-4.23 0.075

Restriction analysis by body size at 10 years old

About average

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.46 0.60-3.54 0.405 1.18 0.56-2.49 0.657 2.57 0.71-9.25 0.150 2.39 0.80-7.19 0.120

Thinner

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.69 0.72-4.00 0.229 1.68 0.76-374 0.202 2.88 1.04-7.98 0.042 3.50 1.38-8.43 0.008

Plumper

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.20 0.38-3.78 0.753 1.36 0.36-5.17 0.649 N/A N/A

Restriction analysis by childhood health status up to 10 years old

Poor or fair

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 2.28 0.83-6.18 0.106 2.54 1.03-6.30 0.044 N/A N/A

Excellent or good

Non-asthmatics (Reference) (Reference) (Reference) (Reference)

Pediatric asthmatics 1.39 0.74-2.66 0.307 1.23 0.66-2.28 0.511 2.65 1.20-5.87 0.016 2.13 1.01-4.50 0.047

aAdjusted for age (continuous), urbanicity at birth (rural/urban), and parental smoking at birth (no/yes). N/A reflects insufficient sample size.
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mechanism between pediatric asthma and adult PCOS, as the

observed significance disappeared when the analysis was

restricted to those with average or plumper body size at 10 years

old, as well as to those with poorer/fair or excellent/good childhood

health status up to 10 years old (Table 2). Childhood body size

(obesity or overweight) may be related to pediatric asthma and

adult PCOS through the following mechanisms. In addition to their

lower metabolic rate as previously mentioned (47, 48), pediatric

asthmatics are known to have poorer childhood health and may

limit their physical activities due to their asthma conditions, hence,

more susceptible to subsequent childhood overweight or obesity,

compared to their healthy counterparts (37, 55). However, due to

the design of this study, we could not further evaluate whether

childhood obesity or childhood health status indeed mediated the

association between pediatric asthma and adult PCOS.

4.1 Strengths and limitations

To our knowledge, our study is unique because it is the first

population-based study examining the association between

pediatric asthma and adult PCOS. We were able to assess the

association with clear temporality and were able to control for

relevant confounding factors. In addition, the large sample size in

this study was suitable to perform stratification and/or restriction

analysis to better assess and address the potential mediating effect

on the association between pediatric asthma and adult PCOS.

Epidemiological study of PCOS during different life stages is still

limited and this study might guide future research.

Despite the strength of our study, we acknowledge some

limitations. One major limitation pertains to the self-reported

diagnosis of asthma and PCOS which might raise the concern

about disease ascertainment accuracy. However, previous studies

have shown self-reported asthma and PCOS diagnoses to be reliable

(56–58). Self-reported age of asthma diagnosis was found to be

accurate and had a low variability across categories of demographic

and health-related characteristics (56), and self-reported PCOS was

found to have high sensitivity in predicting PCOS (78%) compared

to the sensitivity of PCOS diagnosis using the Rotterdam criteria

(89%) (59). We have also adjusted for age in our adjusted analysis to

further address the recall error for all self-reported variables.

Furthermore, our study was also prone to misclassification,

especially regarding childhood variables such as childhood body

size, childhood health status, and parental smoking. However, we

believe asthmatics and non-asthmatics in this study reported

childhood variables in a similar fashion, resulting in non-

differential misclassification. With regards to the convenience

sampling design employed in our study, we have attempted to

improve the representativeness of the sample by inviting the entire

eligible population of the UAE to participate and operating multiple

recruitment centers in different regions across the country to ensure

ease of access. Another limitation is that we did not have

information on the severity of asthma and PCOS to examine the

associations involving disease severity (31). Our study may be prone

to survivorship bias since we only included those who were alive at

the questionnaire time; however, childhood mortality rates are low

in the UAE and this is likely to have had a minimal effect on the

findings (60). Our study also a had low sample size and statistical

power in certain stratification analyses, such as in certain strata in

the childhood body size and childhood health status (with N/A

reflecting insufficient sample size). Lastly, our study may have been

subjected to unmeasured confounding factors, including those

factors with significant missing values such as parental education

(40, 41) and birthweight (42, 43). However, our sensitivity analysis

revealed similar results with or without the involvement of parental

education and birthweight in the adjusted model (data not shown).

4.2 Conclusions

Our data demonstrated that pediatric asthma was an

independent risk factor for adult PCOS. More targeted

surveillance for those at risk of adult PCOS among pediatric

asthmatics, may prevent or delay adult PCOS occurrence in this

at-risk group. Future population-based studies with robust

longitudinal designs aimed to elucidate the exact mechanism

between pediatric asthma and PCOS are warranted.
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Svanes C, Gómez-Real F. Risk factors for premenstrual asthma: a systematic review and
meta-analysis. Expert Rev Respir Med (2017) 11(1):57–72. doi: 10.1080/
17476348.2017.1270762

21. Becerra-Diaz M, Song M, Heller N. Androgen and androgen receptors as
regulators of monocyte and macrophage biology in the healthy and diseased lung.
Front Immunol (2020) 11:1698. doi: 10.3389/fimmu.2020.01698

22. Collée J, Mawet M, Tebache L, Nisolle M, Brichant G. Polycystic ovarian
syndrome and infertility: overview and insights of the putative treatments. Gynecol
Endocrinol (2021) 37(10):869–74. doi: 10.1080/09513590.2021.1958310

23. Gade E, Thomsen S, Lindenberg S, Backer V. Female asthma has a negative effect
on fertility: what is the connection? Allergy (2014) 2014:131092. doi: 10.1155/2014/
131092

24. Assad N, Qualls C, Smith LJ, Arynchyn A, Thyagarajan B, Schuyler M, et al.
Body mass index is a stronger predictor than the metabolic syndrome for future asthma
in women. the longitudinal CARDIA study. Am J Respir Crit Care Med (2013) 188
(3):319–26. doi: 10.1164/rccm.201303-0457OC

25. Glueck CJ, Goldenberg N. Characteristics of obesity in polycystic ovary
syndrome: etiology, treatment, and genetics. Metab (2019) 92:108–20. doi: 10.1016/
j.metabol.2018.11.002

26. Naderpoor N, Shorakae S, Joham A, Boyle J, De Courten B, Teede HJ. Obesity
and polycystic ovary syndrome. Minerva Endocrinol (2014) 40(1):37–51.

27. Barber TM, Franks S. Obesity and polycystic ovary syndrome. Clin Endocrinol
(2021) 95(4):531–41. doi: 10.1111/cen.14421

28. Carpaij OA, Van den Berge M. The asthma–obesity relationship: underlying
mechanisms and treatment implications. Curr Opin Pulm Med (2018) 24(1):42–9. doi:
10.1097/MCP.0000000000000446

Juber et al. 10.3389/fendo.2023.1022272

Frontiers in Endocrinology frontiersin.org10

https://doi.org/10.1016/j.jaci.2003.10.041
https://doi.org/10.1016/j.jaci.2007.09.017
https://doi.org/10.3389/fped.2019.00256
https://doi.org/10.3389/fped.2019.00256
https://doi.org/10.1016/j.jaci.2010.07.011
https://doi.org/10.1016/j.jaci.2010.07.011
https://doi.org/10.1111/pai.13395
https://doi.org/10.1186/s12958-016-0173-x
https://doi.org/10.1111/j.1365-2605.2005.00623.x
https://doi.org/10.1016/j.molmet.2020.01.001
https://doi.org/10.1089/jwh.2006.0098
https://doi.org/10.17219/acem/59380
https://doi.org/10.17219/acem/59380
https://doi.org/10.1016/j.rmed.2016.08.025
https://doi.org/10.1183/13993003.01334-2016
https://doi.org/10.1007/s43032-021-00662-8
https://doi.org/10.3390/jcm9010233
https://doi.org/10.3390/ijms24086959
https://doi.org/10.1016/j.mehy.2012.04.016
https://doi.org/10.1186/s12931-017-0511-3
https://doi.org/10.1016/j.trecan.2019.12.007
https://doi.org/10.1210/jc.2014-3886
https://doi.org/10.1080/17476348.2017.1270762
https://doi.org/10.1080/17476348.2017.1270762
https://doi.org/10.3389/fimmu.2020.01698
https://doi.org/10.1080/09513590.2021.1958310
https://doi.org/10.1155/2014/131092
https://doi.org/10.1155/2014/131092
https://doi.org/10.1164/rccm.201303-0457OC
https://doi.org/10.1016/j.metabol.2018.11.002
https://doi.org/10.1016/j.metabol.2018.11.002
https://doi.org/10.1111/cen.14421
https://doi.org/10.1097/MCP.0000000000000446
https://doi.org/10.3389/fendo.2023.1022272
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


29. Zierau L, Meteran H, Backer V, Lindenberg S, Skytthe A, Thomsen SF. The risk
of asthma is increased among women with polycystic ovary syndrome: a twin study.
ERJ Open Res (2019) 5(3):00018-2018. doi: 10.1183/23120541.00018-2018

30. Juber NF, Abdulle A, AlJunaibi A, AlNaeemi A, Ahmad A, Leinberger-Jabari A,
et al. Association between self-reported polycystic ovary syndrome with chronic
diseases among emiratis: a cross-sectional analysis from the UAE healthy future
study. Int J Women’s Health (2023) 15:289–98. doi: 10.2147/IJWH.S398651

31. Xu Y, Zhou Z-Y, Pan J-X, Huang H-F. Associations between asthma and
polycystic ovary syndrome: current perspectives. Front Endocrinol (2022) 13:936948.
doi: 10.3389/fendo.2022.936948

32. Abdulle A, Alnaeemi A, Aljunaibi A, Al Ali A, Al Saedi K, Al Zaabi E, et al. The
UAE healthy future study: a pilot for a prospective cohort study of 20,000 united Arab
Emirates nationals. BMC Public Health (2018) 18(1):1–9. doi: 10.1186/s12889-017-
5012-2

33. Furu K, Skurtveit S, Langhammer A, Nafstad P. Use of anti-asthmatic
medications as a proxy for prevalence of asthma in children and adolescents in
Norway: a nationwide prescription database analysis. Eur J Clin Pharmacol (2007) 63
(7):693–8. doi: 10.1007/s00228-007-0301-9

34. Carmina E, Campagna AM, Lobo RA. A 20-year follow-up of young women
with polycystic ovary syndrome. Obstet Gynecol (2012) 119(2):263–9. doi: 10.1097/
AOG.0b013e31823f7135

35. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional
studies: an empirical comparison of models that directly estimate the prevalence ratio.
BMC Med Res Methodol (2003) 3(1):1–13. doi: 10.1186/1471-2288-3-21

36. Bennett CJ, Mansfield DR, Mo L, Joham AE, Cain SW, Blumfield ML, et al. Sleep
disturbances may influence lifestyle behaviours in women with self-reported polycystic
ovary syndrome. Br J Nutr (2022) 127(9):1395–403. doi: 10.1017/S0007114521002361

37. Juber NF, Waits A, Dlamini LP, Nguyen T, Masango BZ. Associations between
pediatric asthma and age at menarche: evidence from the Indonesian family life survey.
J Asthma (2022) 60:1–10. doi: 10.1080/02770903.2022.2030750

38. Balaji S, Amadi C, Prasad S, Bala Kasav J, Upadhyay V, Singh AK, et al. Urban
rural comparisons of polycystic ovary syndrome burden among adolescent girls in a
hospital setting in India. BioMed Res Int (2015) 2015:158951. doi: 10.1155/2015/158951

39. Gollenberg AL, Addo OY, Zhang Z, Hediger ML, Himes JH, Lee PA. In utero
exposure to cigarette smoking, environmental tobacco smoke and reproductive
hormones in US girls approaching puberty. Horm Res Paediatr (2015) 83(1):36–44.
doi: 10.1159/000369168

40. Celedón JC, Soto-Quiros ME, Silverman EK, Hanson LA, Weiss ST. Risk factors
for childhood asthma in Costa Rica. Chest (2001) 120(3):785–90. doi: 10.1378/
chest.120.3.785

41. Merkin SS, Azziz R, Seeman T, Calderon-Margalit R, Daviglus M, Kiefe C, et al.
Socioeconomic status and polycystic ovary syndrome. J Womens Health (2011) 20
(3):413–9. doi: 10.1089/jwh.2010.2303

42. Xu X-F, Li Y-J, Sheng Y-J, Liu J-L, Tang L-F, Chen Z-M. Effect of low birth
weight on childhood asthma: a meta-analysis. BMC Pediatr (2014) 14(1):1–8. doi:
10.1186/1471-2431-14-275

43. Sadrzadeh S, Hui E, Schoonmade L, Painter R, Lambalk C. Birthweight and
PCOS: systematic review and meta-analysis. Hum Reprod Open (2017) 2:10. doi:
10.1093/hropen/hox010

44. Serafino-Agrusa L, Spatafora M, Scichilone N. Asthma and metabolic syndrome:
current knowledge and future perspectives. World J Clin cases (2015) 3(3):285. doi:
10.12998/wjcc.v3.i3.285

45. Juhn YJ. Influence of asthma epidemiology on the risk for other diseases. Allergy
Asthma Immunol Res (2012) 4(3):122–31. doi: 10.4168/aair.2012.4.3.122

46. Sumino K, O’Brian K, Bartle B, Au DH, Castro M, Lee TA. Coexisting chronic
conditions associated with mortality and morbidity in adult patients with asthma. J
Asthma (2014) 51(3):306–14. doi: 10.3109/02770903.2013.879881

47. Wolf JM, Nicholls E, Chen E. Chronic stress, salivary cortisol, and a-amylase in
children with asthma and healthy children. Biol Psychol (2008) 78(1):20–8. doi:
10.1016/j.biopsycho.2007.12.004

48. Spraul M, Ravussin E, Fontvieille AM, Rising R, Larson DE, Anderson EA.
Reduced sympathetic nervous activity. a potential mechanism predisposing to body
weight gain. J Clin Investig (1993) 92(4):1730–5. doi: 10.1172/JCI116760

49. Glazier DS. Is metabolic rate a universal ‘pacemaker’for biological processes. Biol
Rev (2015) 90(2):377–407. doi: 10.1111/brv.12115

50. El Hayek S, Bitar L, Hamdar LH, Mirza FG, Daoud G. Polycystic ovarian syndrome:
an updated overview. Front Physiol (2016) 7:124. doi: 10.3389/fphys.2016.00124

51. Jena SK, Mishra L, Naik SS, Khan S. Awareness and opinion about polycystic
ovarian syndrome (PCOS) among young women: a developing country perspective. Int
J Adolesc Med Health (2021) 33(3):123–6. doi: 10.1515/ijamh-2018-0166

52. Michelmore KF. Polycystic ovary syndrome in adolescence and early adulthood.
Hum Fertil (2000) 3(2):96–100. doi: 10.1080/1464727002000198771

53. Davison SL, Bell R, Donath S, Montalto JG, Davis SR. Androgen levels in adult
females: changes with age, menopause, and oophorectomy. J Clin Endocrinol Metab
(2005) 90(7):3847–53. doi: 10.1210/jc.2005-0212

54. Abraham S, Boyd C, Lal M, Luscombe G, Taylor A. Time since menarche,
weight gain and body image awareness among adolescent girls: onset of eating
disorders? J Psychosom Obstet Gynaecol (2009) 30(2):89–94. doi: 10.1080/
01674820902950553

55. Alqahtani N, Scott J, Ullah S. Physical activity and sedentary behaviors as risk
factors of obesity among rural adolescents. J Child Adolesc Behav (2015) 3:1.
doi: 10.4172/2375-4494.1000185

56. Mirabelli MC, Beavers SF, Flanders WD, Chatterjee AB. Reliability in reporting
asthma history and age at asthma onset. J Asthma (2014) 51(9):956–63. doi: 10.3109/
02770903.2014.930480

57. Day F, Karaderi T, Jones MR, Meun C, He C, Drong A, et al. Large-Scale
genome-wide meta-analysis of polycystic ovary syndrome suggests shared genetic
architecture for different diagnosis criteria. PloS Genet (2018) 14(12):e1007813. doi:
10.1371/journal.pgen.1007813

58. Toren K, Brisman J, Järvholm B. Asthma and asthma-like symptoms in adults
assessed by questionnaires: a literature review. Chest (1993) 104(2):600–8. doi: 10.1378/
chest.104.2.600

59. Elting MW, Korsen TJ, Rekers-Mombarg LT, Schoemaker J. Women with
polycystic ovary syndrome gain regular menstrual cycles when ageing. Hum Reprod
(2000) 15(1):24–8. doi: 10.1093/humrep/15.1.24

60. Sagynbekov K. Childhood and maternal health in the middle East and north
Africa. Milken Institute (2018), 1–26.

Juber et al. 10.3389/fendo.2023.1022272

Frontiers in Endocrinology frontiersin.org11

https://doi.org/10.1183/23120541.00018-2018
https://doi.org/10.2147/IJWH.S398651
https://doi.org/10.3389/fendo.2022.936948
https://doi.org/10.1186/s12889-017-5012-2
https://doi.org/10.1186/s12889-017-5012-2
https://doi.org/10.1007/s00228-007-0301-9
https://doi.org/10.1097/AOG.0b013e31823f7135
https://doi.org/10.1097/AOG.0b013e31823f7135
https://doi.org/10.1186/1471-2288-3-21
https://doi.org/10.1017/S0007114521002361
https://doi.org/10.1080/02770903.2022.2030750
https://doi.org/10.1155/2015/158951
https://doi.org/10.1159/000369168
https://doi.org/10.1378/chest.120.3.785
https://doi.org/10.1378/chest.120.3.785
https://doi.org/10.1089/jwh.2010.2303
https://doi.org/10.1186/1471-2431-14-275
https://doi.org/10.1093/hropen/hox010
https://doi.org/10.12998/wjcc.v3.i3.285
https://doi.org/10.4168/aair.2012.4.3.122
https://doi.org/10.3109/02770903.2013.879881
https://doi.org/10.1016/j.biopsycho.2007.12.004
https://doi.org/10.1172/JCI116760
https://doi.org/10.1111/brv.12115
https://doi.org/10.3389/fphys.2016.00124
https://doi.org/10.1515/ijamh-2018-0166
https://doi.org/10.1080/1464727002000198771
https://doi.org/10.1210/jc.2005-0212
https://doi.org/10.1080/01674820902950553
https://doi.org/10.1080/01674820902950553
https://doi.org/10.4172/2375-4494.1000185
https://doi.org/10.3109/02770903.2014.930480
https://doi.org/10.3109/02770903.2014.930480
https://doi.org/10.1371/journal.pgen.1007813
https://doi.org/10.1378/chest.104.2.600
https://doi.org/10.1378/chest.104.2.600
https://doi.org/10.1093/humrep/15.1.24
https://doi.org/10.3389/fendo.2023.1022272
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association between pediatric asthma and adult polycystic ovarian syndrome (PCOS): a cross-sectional analysis of the UAE healthy future Study (UAEHFS)
	Recommended Citation
	Author First name, Last name, Institution

	Association between pediatric asthma and adult polycystic ovarian syndrome (PCOS): a cross-sectional analysis of the UAE healthy future Study (UAEHFS)
	1 Introduction
	2 Material and methods
	2.1 Study design, participants, and setting
	2.2 Ethical approval
	2.3 Measurements
	2.4 Statistical analysis

	3 Results
	4 Discussion
	4.1 Strengths and limitations
	4.2 Conclusions

	Institutional review board statement
	Informed consent statement
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References


