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Abstract

Background: Age- and sex-related differences in asthma may be due to changes in sex hormone 

levels.

Objective: To examine whether change in free testosterone or free testosterone to estradiol ratio 

is associated with changes in lung function and eosinophils in Puerto Rican youth.

Methods: We tested for association between change in sex hormone levels and change in lung 

function or change in eosinophils in a prospective study of 317 children (with and without asthma) 

followed from ages 6–14 years to ages 10–20 years (146 females, 171 males) in San Juan (PR). 

Serum levels of testosterone, estradiol, sex hormone binding globulin (SHBG), and progesterone 

were measured at two study visits, ~4.9 years apart. Using testosterone and SHBG levels, we 

derived free testosterone and the free testosterone to estradiol ratio. Multivariable linear regression 

was used for the analysis of change in lung function and eosinophils, conducted separately by sex.

Results: In females, each quartile increment in free testosterone to estradiol ratio was associated 

with a 2.67% increment in FEV1/FVC %predicted between study visits. In males, each quartile 

increment in free testosterone to estradiol ratio was associated with a 3.13% increment in FEV1 

%predicted and a 1.65% increment in FEV1/FVC %predicted between study visits. In females 

with asthma, an increased free testosterone to estradiol ratio was significantly associated with 

decreased eosinophils between visits.

Corresponding author: Juan C. Celedón, MD, DrPH, FAAAAI, Division of Pediatric Pulmonary Medicine, UMPC Children’s 
Hospital of Pittsburgh, 4401 Penn Avenue, Pittsburgh, PA 15224, Phone: 412.692.8429; Fax: 412.692.7636, juan.celedon@chp.edu. 

Conflicts of interest: Dr. Celedón has received research materials from GSK and Merck (inhaled steroids) and Pharmavite (vitamin D 
and placebo capsules), to provide medications free of cost to participants in NIH-funded studies, unrelated to this work. The other 
authors have no conflicts of interest to declare.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2022 August 01.

Published in final edited form as:
Ann Allergy Asthma Immunol. 2021 August ; 127(2): 236–242.e1. doi:10.1016/j.anai.2021.04.013.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions: In Puerto Rican youth, an increased free testosterone to estradiol ratio over time 

was associated with an increased FEV1/FVC in both sexes, and with an increased FEV1 in males.
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INTRODUCTION

In the United States (U.S.), Puerto Ricans share a disproportionate burden of asthma, 

whether they live in the continental U.S. or the island of Puerto Rico1, 2.

The prevalence of asthma varies by age groups and sex throughout the lifespan. In the U.S., 

the prevalence of asthma is higher in males (8.3%) than in females (6.7%) among 

individuals younger than 18 years, while such prevalence is higher in females (9.8%) than in 

males (5.5%) among individuals 18 years and older1, 3. Similar variations by age group and 

sex are observed for asthma mortality1, 4.

Puberty influences asthma. Compared with pre-pubertal females, pre-pubertal males are 

more likely to be sensitized to allergens, to have asthma symptoms, and to use medications 

for asthma. After puberty, asthma becomes more severe or difficult to treat in females than 

in males5–7. In Mendelian randomization studies, early age at menarche or puberty was 

associated with increased risk of asthma8 and decreased forced vital capacity (FVC) in 

women9.

Before puberty, sex steroid hormone concentrations are low in both sexes. Two processes 

occur during the 3–4 years of pubertal maturation. Gonadarche refers to increased 

hypothalamic-pituitary-gonadal function, leading to increased testicular testosterone 

secretion in boys and increased ovarian estradiol secretion in girls. Concomitantly, adrenal 

pubertal maturation characterized by increased adrenal dehydroepiandrosterone sulfate 

(DHEAS) secretion occurs10. Androgens such as testosterone may protect against asthma by 

reducing systemic and airway inflammation, while estrogen and progesterone may enhance 

T-helper cell type 2 (Th2) allergic inflammation11, 12. In mouse models, estrogen has been 

shown to act through estrogen receptor-alpha upregulated interleukin (IL)-23R expression 

and increased IL-17 production13.

A cross-sectional study of 68 children with asthma (aged 6–18 years) showed that DHEAS 

was significantly and positively associated with percent predicted forced expiratory volume 

in one second (FEV1 %pred) and percent predicted FVC (FVC %pred), and that both 

DHEAS and testosterone were associated with better symptom control in 45 males. In that 

study, estradiol was significantly and negatively associated with FEV1 %pred and FVC 

%pred in 23 females, in whom DHEAS was associated with better symptom control. 

However, that study was limited by small sample size14.

The testosterone to estradiol ratio reflects the balance between these two key hormones and 

could thus be a better predictor of health outcomes15, 16. On the basis of prior findings, we 

hypothesized that increased levels of testosterone and the testosterone to estradiol ratio 
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would lead to better lung function and decreased eosinophils in peripheral blood. To test this 

hypothesis, we examined whether free testosterone, estradiol, or the ratio of free testosterone 

to estradiol are associated with changes in lung function and peripheral blood eosinophil 

count (henceforth called eosinophil count) in a cohort of Puerto Rican youth followed from 

ages 6 to 14 years to ages 10 to 20 years.

METHODS

Study population

PR-GOAL: Study design and subject recruitment for the Puerto Rico Genetics of Asthma 

and Lifestyle Study (PR-GOAL) have been previously described17–19. In brief, participants 

were recruited from March 2009 through June 2010 from randomly selected households in 

San Juan and Caguas (Puerto Rico) using a multistage probabilistic sampling design. Based 

on this design, 7,073 households were selected and 6,401 (91%) were contacted. Of these 

6,401 households, 1,111 had ≥1 child who met inclusion criteria (age 6–14 years, four 

Puerto Rican grandparents, and residence in the same household for ≥ 1 year). Of these 

1,111 households, 438 (39.4%) had ≥1 child with asthma (a case, defined as having 

physician-diagnosed asthma and ≥1 episode of wheeze in the previous year). From these 438 

households, one child with asthma was selected (at random if there was more than one such 

child). Similarly, only one child without asthma (a control subject, having neither physician-

diagnosed asthma nor wheeze in the previous year) was randomly selected from the 

remaining 673 households. To reach a target sample size of 700 children, we attempted to 

enroll 783 of the 1,111 eligible children. Parents of 105 (13.4%) of these 783 households 

refused to participate or could not be reached, leaving 678 study participants (351 cases and 

327 controls). There were no significant differences in age, sex, or area of residence between 

eligible children who did (n=678) and did not (n=105) participate in PR-GOAL.

EVA-PR: Study design and subject recruitment for the Epigenetic Variation and Childhood 

Asthma in Puerto Ricans study (EVA-PR) were similar to those for PR-GOAL and have 

been previously described20. In brief, subjects were recruited from San Juan and Caguas 

(Puerto Rico) from February 2014 through May 2017. Of the 1,111 households that were 

randomly selected for PR-GOAL (see above), 1,045 still had current and correct contact 

information and were thus screened for EVA-PR. Of these 1,045 households, 180 were 

unreachable despite several efforts. Of the 865 households that were contacted, 720 had at 

least one child who met the following inclusion criteria: age 9 to 20 years, four Puerto Rican 

grandparents, and living in the same residence for at least one year. To reach a sample size of 

~550 subjects, we attempted to enroll 638 of the 720 eligible children. Of the 638 youth 

whom we attempted to enroll, 543 (85.1%) agreed to participate. There were no significant 

differences in age, sex, or area of residence between subjects who did (n=543) and did not 

(n=95) agree to participate in EVA-PR.

Participants included in the current prospective analysis: Of the 543 participants 

in EVA-PR, 406 had previously participated in PR-GOAL. Of these 406 subjects, 317 (146 

females and 171 males) had sex hormone measurements and complete data on the covariates 

and outcomes of interest in both PR-GOAL and EVA-PR, and were thus included in the 
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current analysis (Figure 1). The average time interval between the first (in PR-GOAL) and 

second (in EVA-PR) study visits was approximately 5.3 years. eTable 1 (see eSupplement) 

shows a comparison of the main baseline characteristics of the 317 subjects who participated 

in PR-GOAL (the first study visit) and who were included in the current analysis against the 

363 subjects who participated in PR-GOAL but were not included in this analysis because 

they did not participate in EVA-PR (n=272) or had missing data (n=89), separately in 

females and males. Both female and male subjects excluded from this analysis were slightly 

older than those included. In males, subjects excluded from this analysis were more likely to 

be post-pubertal and had a lower eosinophil count than those included.

Study procedures

All 317 participants completed a protocol including questionnaires and spirometry. At both 

study visits, a questionnaire was administered to one of the child’s caretakers (usually 

[>93%] the mother) to obtain information about demographics, socioeconomic status, family 

history, and the child’s respiratory health21. At the second study visit, all participants 

completed an adapted version of the validated Pubertal Development Scale (PDS)22, 23. This 

scale contains questions about body hair growth (armpit and pubic) for both sexes, facial 

hair growth for males, and breast growth for females. Each question in the PDS has five 

answers (scored from 0 to 4): “not yet started” (1), “barely started” (2)”, “definitely started” 

(3)”, “seems complete” (4), and “I don’t know” or “missing” (0). Females were also asked 

whether they had begun to menstruate (scored as 1 for “no” and as 4 for “yes”)22, 23. For 

both males and females, the scores for all questions were first added and then divided by the 

number of questions, so that the summary PDS score ranged from 0 to 4 points. Among 

female participants with data on menarche, the median age of onset was 12 years, and thus 

puberty was defined as age ≥12 years for all female participants. Since a PDS of 2 

corresponded to an age of 12.2 in girls, we used that PDS score as cut-off for puberty in 

males. In males, a PDS score of 2 corresponded to an age of 13 years, which was used as the 

proxy for pubertal onset for all male participants. For each sex, puberty onset was defined as 

having reached the age proxy for puberty between study visits.

Spirometry was conducted at both study visits using an EasyOne spirometer (NDD Medical 

Technologies, Andover, MA), following American Thoracic Society/European Respiratory 

Society recommendations for children24. The best FEV1 and FVC were selected for data 

analysis. Percent-of-predicted (%pred) FEV1, FVC, and FEV1/FVC were calculated using 

Global Lung Initiative (GLI) equations that account for age, sex, race/ethnicity, and height25. 

Body mass index (BMI) z-scores were calculated based on the 2000 Centers for Disease 

Control (CDC) growth charts26.

Blood samples were collected at both study visits. In those samples, eosinophils were 

counted using Counter/Coulter techniques. Serum estradiol, progesterone, and total 

testosterone (TT) were measured using the UniCel DxI 800 Access Immunoassay System 

(Beckman Coulter, Inc. Brea, CA), and sex hormone binding globulin (SHBG) was 

measured using UniCel DxI 600 Access Immunoassay System (Beckman Coulter, Inc. Brea, 

CA), following the manufacturers’ recommendations. Because testosterone circulates highly 
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bound to SHBG, free testosterone was estimated using the empirical free testosterone (EFT) 

formula, as follows27:

EFT-low (TT < 5 nM) = −6.593 + 19.304 × TT + 0.056 × SHBG - 0.0959 × TT × SHBG

EFT-high (TT ≥ 5 nM) = −52.65 + 24.4 × TT - 0.704 × SHBG - 0.0782×T×SHBG - 

0.0584×TT2

Our exposure of interest was change in the levels of each sex hormone (free testosterone, 

estradiol, and progesterone) and the ratio of free testosterone to estradiol between the first 

and second study visits. Our outcomes of interest were: 1) change in percent predicted lung 

function measures (FEV1, FVC, and FEV1/FVC), and 2) eosinophil count (log-transformed 

for data analysis) between the first and second study visits.

Written parental consent was obtained for participating children, from whom written assent 

was also obtained. PR-GOAL was approved by the Institutional Review Boards of the 

University of Puerto Rico (San Juan, PR), Brigham and Women’s Hospital (Boston, MA) 

and the University of Pittsburgh (Pittsburgh, PA). EVA-PR was approved by the Institutional 

Review Boards of the University of Puerto Rico and the University of Pittsburgh.

Statistical analysis

All analyses were conducted separately in females and in males. Bivariate analyses were 

conducted using chi-squared tests for binary variables and two-tailed t tests for pairs of 

categorical and continuous variables. For ease of interpretation, quartiles of free testosterone 

to estradiol ratio were used in the multivariable linear regression analysis. All models were 

adjusted for potential confounders including age, type of health insurance (private vs. others) 

at the baseline visit; asthma status and puberty onset; and change in BMI z-score, change in 

progesterone level, and time interval between study visits. All analyses were conducted 

using SAS 9.4 software (SAS Institute, Inc., Cary, NC).

RESULTS

Table 1 shows a comparison of the main characteristics of subjects with (cases) and without 

(controls) asthma at the first or baseline study visit, separately in males and females. 

Compared with female controls, female cases had a higher eosinophil count. There were no 

significant differences in sex hormone levels or any other characteristic between females 

with and without asthma. Compared with male control subjects, male cases had higher 

eosinophil count but lower FEV1 %pred and FVC %pred. There were no significant 

differences in sex hormone levels or any other characteristic between male cases and male 

controls.

eTable 2 shows the results of the multivariable analysis of changes in both the level of each 

sex hormone (free testosterone, estradiol, and progesterone) and lung function measures 

between the two study visits. In males, each quartile increment in free testosterone was 

significantly associated with a 3.35% increment in FEV1 %pred, but not with FVC %pred or 

FEV1/FVC %pred. In females, there was no significant association between changes in any 

sex hormone level and lung function.
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As expected, changes in free testosterone to estradiol ratio between two study visits were 

much greater in males than in females (Figure 2). Table 2 shows the results of the analysis of 

change in free testosterone to estradiol ratio and change in lung function measures between 

the two study visits. Among females, an analysis adjusted for age, asthma (case-control) 

status, type of health insurance, BMI z-score, and the time interval between visits (Model 1) 

showed that each quartile increment in free testosterone to estradiol ratio was significantly 

associated with a decrement of 2.40% in FVC %pred but a 1.80% increment in FEV1/FVC 

%pred ). After additional adjustment for puberty onset and change in progesterone level 

between study visits (Model 2), each quartile increment in free testosterone to estradiol ratio 

was significantly associated with a decrement of 2.58% in FVC %pred but a 2.03% 

increment in FEV1/FVC %pred ( see Figure 3). Among males, an analysis adjusted for age, 

asthma status, type of health insurance, BMI z-score, and the time interval between visits 

(Model 1) showed that each quartile increment in the free testosterone to estradiol ratio was 

significantly associated with a 3.25% increment in FEV1 %pred (95% CI= 1.14% to 5.36%) 

and a 1.90% increment in FEV1/FVC %pred (95%=0.43% to 3.38%). After additional 

adjustment for puberty onset and changes in progesterone levels between visits (Model 2), 

each quartile increment in free testosterone to estradiol ratio was significantly associated 

with an increment of 3.27% in FEV1 %pred and an increment of 1.81% in FEV1/FVC 

%pred (Figure 3). We found no significant modification of the estimated effect of change in 

the free testosterone to estradiol ratio on change in lung function measures by asthma status 

in males or females (P for interaction >0.10 in all instances).

We ran a sensitivity analysis for lung function measures after additional adjustment for use 

of inhaled steroids, obtaining similar results (Model 1 in eTable 3). We conducted another 

sensitivity analysis after excluding children who had reached puberty at the first visit, 

obtaining similar results despite smaller sample size (Model 2 in eTable 3).

Next, we analyzed the relationship between change in free testosterone to estradiol ratio and 

change in eosinophil count. In a multivariable analysis adjusting for asthma status, age, type 

of health insurance, BMI z-score, puberty onset, change in progesterone level, and the time 

interval between visits, there was no significant association between change in free 

testosterone to estradiol ratio and eosinophils in males or females. However, there was a 

significant interaction between asthma status and change in free testosterone to estradiol 

ratio on changes in eosinophil count in females (P = 0.02). We thus conducted a 

multivariable analyses stratified by asthma status (Table 3). Among females with asthma, 

each quartile increment in free testosterone to estradiol ratio was significantly associated 

with decrements in eosinophil count (P=0.03). Among males, free testosterone to estradiol 

ratio was not significantly associated with eosinophil count, regardless of asthma status.

DISCUSSION

In this study of Puerto Rican youth, an increased free testosterone to estradiol ratio over ~5 

years was associated with positive changes in FEV1 and FEV1/FVC in males and a positive 

change in FEV1/FVC in females. Among females with asthma, an increased free 

testosterone to estradiol ratio was associated with decreased eosinophils. To our knowledge, 
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this is the first longitudinal study of sex hormones and lung function or eosinophil count in 

children and adolescents.

A few cross-sectional studies have examined testosterone and lung function142829, 30. In a 

U.S. study, total testosterone was positively correlated with FEV1 in subjects with asthma 

older than 11 years (regardless of sex), but not in younger subjects28. In two studies of adult 

males, free or total testosterone and dihydrotestosterone (DHT) have been positively 

associated with FEV1 and FVC29, 30. In one of those studies, men with severe airflow 

obstruction (FEV1 <50% of predicted ) had lower free testosterone levels30. Our longitudinal 

findings in youth are thus consistent with and expand those of prior cross-sectional studies, 

as we show a positive association between change in free testosterone to estradiol and 

FEV1/FVC (a marker of airflow obstruction) in males and females, and FEV1 in males. The 

observed negative effect of change in free testosterone to estradiol ratio on FVC (but not on 

FEV1 or FEV1/FVC) in females is intriguing and should be further examined in future 

studies.

Atopic asthma is more common in males than in females before puberty, but this ratio 

reverses after puberty31–33. Consistent with a role of sex hormones in sex-specific 

differences in atopic asthma, a higher free testosterone to estradiol ratio was associated with 

lower eosinophils in females with asthma. The negative findings for free testosterone to 

estradiol ratio and eosinophils in males may be partly explained by unmeasured androgens 

(e.g., DHT or DHNE-S) or androgen receptors34. Alternatively, this may be explained by 

selection bias, as males with a lower eosinophil count were more likely to be excluded from 

the current analysis (eTable 1).

Findings from previous cross-sectional studies suggest protective effects of an increased 

testosterone level on asthma or its intermediate phenotypes in adults (e.g., lung function and 

eosinophils)35, 36. In British adults, an elevated free testosterone was associated not only 

with lower odds of asthma in females and males, but also with higher FEV1 and FVC in 

males36. Moreover, a human phase II clinical trial with small sample size showed that 

nebulized DHEA-S improved asthma control and symptoms in adults with poorly controlled 

moderate to severe asthma on inhaled corticosteroids and long-acting ß2-agonists37. In 

support of findings from those human studies, testosterone upregulated expression of the 

gene for the β2-adrenergic receptor (ADRB2) in airway smooth muscle (ASM) and 

increased salbutamol-induced ASM relaxation in healthy male guinea pigs38 and reduced 

reactivity of ASM in male guinea pigs39. Because female guinea pigs were not included, 

further study is needed to determine whether testosterone affects ASM in females.

A higher testosterone to estradiol ratio may reduce systemic and airway inflammation40–43. 

In two studies of adult males, total or free testosterone and total testosterone to estradiol 

molar ratio were inversely associated with C-reactive protein (CRP) level, while estradiol 

was positively associated with CRP level40, 41. In a murine model, testosterone decreased 

dust mite-induced eosinophilic and neutrophilic inflammation in the lungs, as well as Th2 

and Th17 cytokines, partially through androgen receptor (AR) signaling42. In another mouse 

model, 5α-DHT decreased Alternaria-induced IL-5, IL-13, and lung eosinophils by 

attenuating group 2 innate lymphoid cells (ILC2)43. In contrast to those findings for 
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testosterone, estradiol has been shown to increase eosinophils in the lung and upregulate Th2 

genes in male mice44, as well as to increase IL-33 release and ILC2-mediated airway 

inflammation via the estrogen receptor-alpha in mice45. Consistent with findings in rodents, 

an in vitro study in human subjects with asthma showed that estradiol upregulated IL-17, 

IL-23 and TGF-β expression in peripheral blood mononuclear cells46.

We acknowledge additional study limitations. First, we had limited statistical power to 

detect modest associations. Second, recall bias and misclassification of puberty onset are 

possible because we lack data on Tanner stage in study participants. However, prior studies 

have shown that puberty onset, rather than puberty stage, is associated with asthma 

occurrence or symptoms47, 48. Third, data on the phase of menstrual cycle (luteal or 

follicular) was not available in girls. Nonetheless, change in progesterone was not associated 

with any outcome, and our results were unchanged in analyses adjusted for such change. 

Fourth, though with much lower binding affinities, SHBG can also bind to estradiol. 

However, we obtained similar results in analyses adjusted for change in SHBG between the 

study visits. Fifth, we lack data on potential confounders such as use of oral contraceptives 

or sex hormones, growth hormone level, and environmental exposure to endocrine disruptors 

or air pollution49. Finally, the generalizability of our findings to other racial or ethnic groups 

requires further investigation.

In summary, our findings suggest that an increased testosterone to estradiol ratio may 

contribute to changes in lung function after puberty in males and females. Larger 

longitudinal studies are needed to validate our results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EVA-PR Epigenetic Variation and Childhood Asthma in Puerto Ricans study

FEV1 forced expiratory volume in one second

FVC forced vital capacity

GLI Global Lung Initiative

IL interleukin

PDS pubertal development scale

PR-GOAL Puerto Rico Genetics of Asthma and Lifestyle Study

SHBG sex hormone binding globulin

Th2 T-helper cell type 2

TT total testosterone
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Figure 1 - 
Flowchart for selection of the participants included in the current analysis.
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Figure 2 - 
Changes in free testosterone to estradiol ratio between the two study visits, by age and sex.
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Figure 3 - 
Fitted changes in lung function measures and free testosterone to estradiol ratio in quartile 

between the two study visits (females in upper panels, males in lower panels).

All models adjusted for age and type of health insurance at baseline; asthma status and 

puberty onset; and change in BMI z-score, change in progesterone, and time interval 

between study visits.

Han et al. Page 14

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Han et al. Page 15

Table 1-

Characteristics of study participants at the baseline study visit

Females (n=146) Males (n=171)

Controls (n=75) Cases (n=71) Controls (n=74) Cases (n=97)

Age 10.3 ± 2.8 9.8 ± 2.5 9.9 ± 2.7 9.7 ± 2.4

Pre-pubertal status 46 (61.3) 50 (70.4) 56 (75.7) 81 (83.5)

Private health insurance 30 (40.0) 23 (32.4) 22 (29.7) 34 (35.1)

Annual household income > $15,000 29 (39.7) 22 (31.0) 20 (29.0) 38 (41.3)

Body mass index, z-score 0.7 ± 1.1 1.0 ± 1.0 0.4 ± 1.2 0.7 ± 1.2

Log10 eosinophil count (cell/μL) 2.2 ± 0.5 2.5 ± 0.3* 2.4 ± 0.4 2.6 ± 0.4*

% predicted FEV1 96.0 ± 14.8 92.8 ± 15.1 98.9 ± 16.9 91.3 ± 14.5*

% predicted FVC 103.7 ± 17.5 102.7 ± 16.3 106.2 ± 16.0 100.0 ± 16.0*

% predicted FEV1/FVC 92.6 ± 8.8 90.4 ± 10.0 93.0 ± 11.6 91.4 ± 9.5

Inhaled steroids in the 6 months - 27 (38.6) - 29 (29.9)

prior to the second study visit

Total testosterone (nmol/L) 0.8 ± 0.6 1.0 ± 0.9 2.8 ± 4.7 2.6 ± 4.3

Free testosterone (pmol/L) 8.8 ± 9.3 10.6 ± 12.9 38.9 ± 74.0 32.1 ± 62.4

Estradiol (pmol/L) 117.4 ± 127.8 122.6 ± 172.3 40.7 ± 6.2 41.5 ± 8.9

Free testosterone to estradiol ratio 0.08 ± 0.08 0.12 ± 0.15 0.89 ± 1.58 0.66 ± 1.19

Progesterone (nmol/L) 2.9 ± 6.5 3.4 ± 8.3 1.3 ± 1.7 1.3 ± 1.7

Sex hormone binding globulin (nmol/L) 61.5 ± 39.4 51.9 ± 28.6 68.6 ± 38.3 71.4 ± 42.1

Time interval between visits (years) 5.5 ± 0.8 5.5 ± 1.1 5.2 ± 0.8 5.1 ± 0.8

Data are presented as number (percentage) for categorical variables or mean ± standard deviation for continuous variables.

*
P<0.05 for comparison between controls and case within each sex (conducted using 2-sample t-tests for continuous variables, and chi-squared 

tests for binary variables).
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Table 2-

Multivariable analysis of change in free testosterone to estradiol ratio and change in lung function measures 

between the two study visits

Females (n=146) Males (n=171)

Change (Δ) in free testosterone to estradiol ratio, per quartile increment β (95% confidence interval)

Model 1

 Δ % predicted FEV1 −0.36 (−2.04, 1.32)
3.25 (1.14, 5.36) 

† 

 Δ % predicted FVC −2.40 (−4.61, −0.19) * 1.26 (−0.94, 3.46)

 Δ % predicted FEV1/FVC 1.80 (0.29, 3.31) * 1.90 (0.43, 3.38) *

Model 2

 Δ % predicted FEV1 −0.23 (−1. 95, 1.50)
3.27 (1.01, 5.52) 

† 

 Δ % predicted FVC −2.58 (−4.88, −0.29) * 1.40 (−0.93, 3.74)

 Δ % predicted FEV1/FVC 2.03 (0.47, 3.59) * 1.81 (0.24, 3.38) *

Model 1 was adjusted for age and type of health insurance at baseline, asthma status and puberty onset, and change in BMI z-score and time 
interval between study visits. Model 2 was adjusted for all covariates in Model 1 plus puberty onset and change in progesterone level between the 
two study visits.

*
P <0.05

†
P<0.01
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Table 3-

Multivariable analysis of change in free testosterone to estradiol ratio and change in eosinophil count between 

the two study visits

Model 1 Model 2

Change (Δ) in free testosterone to estradiol ratio, per quartile increment β (95% confidence interval)

Δ Log10 eosinophils

Females

 With asthma (n=71)
−0.09 (−0.17, −0.02) 

* 
−0.08 (−0.15, −0.01) 

* 

 Without asthma (n=75) 0.01 (−0.07, 0.10) 0.02 (−0.07, 0.11)

Males

 With asthma (n=97) −0.01 (−0.09, 0.06) −0.04 (−0.11, 0.04)

 Without asthma (n=74) 0.003 (−0.06, 0.07) 0.01 (−0.06, 0.08)

Model 1 adjusted for age and type of health insurance at baseline, and change in BMI z-score and time interval between study visits.

Model 2 adjusted for all covariates in Model 1 plus puberty onset and change in progesterone level between the two study visits

*
P <0.05

†
P<0.01
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