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Previous studies have shown that there are sex differences in asthma 
prevalence among children, and that these differences change over 
time.[1,2] Boys are twice as likely to develop asthma as girls of a 
similar age before puberty,[3] but this reverses after puberty, with 
asthma prevalence then higher in girls.[1,4] This increased asthma 
prevalence in the latter group after puberty has been partly attributed 
to reproductive hormones, which affect asthma pathophysiological 
mechanisms,[5] although these are not well understood. 

Limited epidemiological studies on the association between 
reproductive hormones and asthma, mostly among adults in high-
income settings, have found that increased levels of androgens, such 
as testosterone, were associated with reduced asthma symptoms in 
both males and females.[1,5-9] Laboratory studies have shown that 
androgens decrease adaptive and innate immunological responses, 
while progesterone and oestrogen may enhance Th2 allergic 
inflammation of the airways in asthma.[10] Additionally, serum 
hormone-binding globulin (SHBG), a major regulator of androgens 
and oestrogen, has been found to have asthma-protective effects.[9]

Overall, there is limited evidence on the relationship between 
reproductive hormones and asthma among children living in low- and 
middle-income countries, since various underlying susceptibility and 
multiple environmental risk factors play a significant role in asthma. 
This study sought to investigate the association between reproductive 
endocrine markers (testosterone, luteinising hormone (LH), follicle-
stimulating hormone (FSH), oestradiol and sex hormone-binding 
globulin SHBG, which are all part of the pituitary-gonadal axis) and 
asthma-related outcomes in young boys residing in a rural setting in 
South Africa (SA).

Methods
Study design and population
This study is a sub-analysis of data collected from the Child Health 
Agricultural Pesticide Cohort Study in SA (CapSA), which includes 
1  002 boys and girls residing in the rural Western Cape Province 
(the study areas were Piketberg, Grabouw and Hex River Valley), 
and which mainly investigated reproductive and neurobehavioural 
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health effects associated with pesticide exposure. The full protocol 
of the main study, in which recruitment and the baseline study on 
children were conducted in 2017, and the follow-up study in 2019, 
is described elsewhere.[11] During the baseline and follow-up studies, 
children underwent testing at schools, including the collection of 
blood samples from only male participants (funding was available to 
include adequate sample size for one sex only) and anthropometric 
measurements. In the period between 2017 and 2019, the guardians 
of 670 children were administered a questionnaire including sections 
on asthma-related outcomes and other details of their children. The 
current sub-study is a cross-sectional analysis of data collected from 
boys (n=314) aged 6 - 18 years who participated in the baseline study 
and whose caregivers responded to the home-based survey. Inclusion 
was limited to boys within this age range, and boys >18  years old 
were excluded.

Schools in the three study areas formed the sampling frame in 
the main study. Only primary, intermediate and combined schools 
were considered (n=32) to avoid a loss to follow-up due to children 
leaving high school. Seven schools were selected, after contacting 
the principals and governing bodies of the most accessible but 
representative schools. The parents or guardians of all children in 
grades 2  -  9 at the schools were sent information sheets about the 
research and the role of the school, along with permission letters. 
All  parents or guardians who responded positively to the study 
invitation were visited at their homes to obtain consent. Participants 
were then selected to obtain an approximately equal number of 
children by area, age, sex and residence (those living on farms v. those 
in the nearby town). Stratified random sampling was used to select 
the children where the number of consenting parents or guardians 
exceeded the number of children targeted for a particular category.

Data collection
Standardised questionnaires were administered to parents or 
guardians through home visits (during 2017  -  2019) conducted 
by trained interviewers to record information on the children’s 
sociodemographic factors, general health status and presence of 
allergy and asthma-related symptoms, using an abbreviated version 
of the International Study of Asthma and Allergies in Childhood 
(ISAAC) questionnaire. The Open Data Kit application was used to 
capture interview information using mobile devices. 

A qualified nurse collected early morning whole blood samples 
(5  mL) from boys at schools during the baseline study in 2017, and 
sent these for analysis within 24  hours to Groote Schuur Hospital’s 
National Health Laboratory Service laboratory in Cape Town. Serum 
reproductive hormones measured were testosterone, LH, FSH, 
oestradiol and SHBG, using electrochemiluminescence immunoassays 
on a Cobas e601 module of the Modular Analytics E170 Roche system. 
Free testosterone (FT) was determined as the testosterone/SHBG ratio. 
The following laboratory reference values were used in the descriptive 
statistics: total serum testosterone (TST) normal = 2.49 - 30.6 nmol/L); 
LH normal = <0.1 - 4.0 IU/L; FSH normal = <0.1-8.6 IU/l; oestradiol = 
<20 - 40 pg/mL); SHBG = 6 - 45 nmol/L).[12,13] 

Measures 
The three main asthma-related outcome variables were: (i) parental-
reported asthma, defined as a positive response to the question ‘Has 
your child ever had asthma?’; (ii) current wheezing, defined as having 
had wheezing or whistling in the chest in the past 12  months; and 
(iii) asthma symptom score ≥2, a binary indicator (≥2 symptoms 
v. 0 - 1 symptom) computed by the sum of answers to four questions 
on asthma-related symptoms reported in the past 12 months. These 
were: ‘How often, on average, has your child’s sleep been disturbed 

owing to wheezing?’; ‘Has your child’s chest sounded wheezy during 
or after exercise?’; ‘Has the wheezing ever been serious enough to 
limit your child’s speech to only one or two words at a time between 
breaths?’; and ‘How many attacks of wheezing has the child had in 
the past 12 months?’.[14] 

The independent variables were all continuous variables, 
including serum concentrations of hormones and SHBG. Serum 
total testosterone concentrations were interpreted using age-based 
reference ranges. In the absence of Tanner staging, we used age 
categories as a proxy for pubertal stage: <10  years (prepubertal), 
10  -  ≤11  years (early puberty), 12  -  ≤13  years (mid-puberty), 
14  years (late puberty) and >14  years (advanced puberty). These 
age categories were derived from the literature, including the Roche 
Elecsys assay guidelines. Testosterone values reported as below the 
limit of detection (i.e. <0.1) were substituted using the standard 
method of level of detection (LOD)/√2 (0.071  nmol/L). Based on 
these age groups, testosterone concentrations were categorised as 
within, below, or above the expected range for each developmental 
stage. The confounders were age, body mass index (BMI), history of 
allergy or family history of allergy (as a marker for atopy), passive 
smoking, current smoker (child), previous history of lung disease, 
low birthweight, fetal alcohol syndrome and living on a farm 
(pesticide exposure). 

Statistical analysis
Data were analysed using R software (version 4.0.3, 2020 (R Foundation 
for Statistical Computing, Austria)). Hormone values below the level 
of detection (LOD) were converted using the formula LOD/√2. 
Testosterone was described using categorical age-based groups for 
descriptive summaries; however, due to the skewness of the data, each 
hormone was analysed as a continuous variable (log‑transformed) 
in the regression model analysis. Multivariate logistic regression 
modelling was used to assess the associations between asthma-related 
outcomes and the various endocrine variables. The first multivariate 
model (model (a)) was adjusted for confounders that were statistically 
significant in the bivariate analysis (p<0.05). The second model 
(model (b)) adjusted for all the covariates used in model (a), in 
addition to other known a priori confounders such as BMI, whether 
the child was currently a smoker and family history of allergy. 
Concentration-response curves for the association between the log-
transformed sex hormone levels and asthma-related outcomes were 
assessed using the lowest measured hormone level in the data as the 
counterfactual (i.e. the theoretical minimum). A sensitivity analysis 
was done of asthma-related outcomes and hormone concentrations 
that were dichotomised at the 75th percentile.

Ethical approval
This study was carried out according to the Declaration of Helsinki.[15] 
The University of Cape Town’s Health Sciences Human Research 
Ethics Committee approved the main study (ref. no. 234/2009) and 
this sub-study (ref. no. 722/2021). The Department of Education 
also approved the study in schools. Consent to participate in 
the study was sought from the school principals and parents or 
guardians, and assent from the respective children.

Results
A total of 314 boys aged between 6 and 18 years, from the original 
cohort of 470 boys who enrolled in the main study, were included, 
as they had complete data on asthma outcomes and hormone levels. 
Their mean (standard deviation) age was 11.2 (1.71)  years. There 
were no substantial differences between the participants selected 
and those excluded from the analysis with regard to demographic 
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characteristics such as age and weight. More than half of the 
participants had low birthweight, and 73% reported a family history 
of allergy, with the latter prevalence being higher in the two younger 
age group categories. About a quarter of the boys in the older age 
group were current smokers. More than a third (38%) of mothers 
reported smoking during pregnancy. Almost half of the participants 
lived on a farm (Table 1).

Asthma outcomes and hormonal profiles by age group
The prevalence of current wheezing, wheezing attacks and asthma 
symptom score ≥2 was higher in the two older age groups than the 
younger group (Table  2). However, parental-reported asthma (8%) 
was highest in the youngest age group. As expected, FSH, LH, FT and 
TST hormone levels increased across age group categories (Table  3 
and Appendix Figs S1 - S3). Overall, most participants had higher-
than-normal levels of SHBG (91%), whereas only a small fraction 

exhibited higher-than-normal levels of other hormones: 11% for 
oestradiol and 10.2% for testosterone, and even lower for LH and 
FSH, at only 3.2% and 3.8%, respectively. All measured hormone 
levels were positively correlated with each other and negatively 
correlated with SHBG (Appendix Table S1). 

The relationship between host factors and asthma-related 
outcomes (Table  4) showed that maternal smoking during 
pregnancy was positively associated with current wheezing 
(OR  3.52; 95% CI 1.33  -  10.4; p=0.014) and asthma symptom 
score ≥2 (OR 3.29; 95% CI 1.30 - 8.98; p=0.014), while exposure 
to environmental tobacco smoke in the home was significantly 
associated with current wheezing (OR  5.49; 95% CI 1.53  -  35.0; 
p=0.025). Living on a farm was associated with reduced odds of 
parental-reported asthma (OR 0.39; 95% CI 0.14 - 0.94; p=0.049). 

In the unadjusted simple logistic regression models, there was 
a negative association between LH and parental-reported asthma 

Table 1. Demographic characteristics, anthropometric measurements, exposures at birth and medical history of boys residing in 
the rural Western Cape Province, South Africa, by age group

Demographic/host characteristics n
Age group, years

6 - ≤10 (n=122) 11 - ≤14 (n=176) 15 - 18 (n=16) Overall (N=314)
Height, cm, median (IQR) 309 131 (126 - 137) 145 (138 - 152) 165 (152 - 168) 140 (132 - 149)
HAZ, median (IQR)* 309 –0.59 (–1.40 - 0.22) –0.61 (-1.50 - 0.26) –0.51 (–2.30 - -0.38) –0.59 (–1.42 - 0.13)
Weight, kg, median (IQR) 309 27 (24 - 31) 36 (31 - 43) 50 (44 - 54) 33 (27 - 40)
WAZ, median (IQR)* 120 –0.80 (–1.46 - 0.16) n/a n/a –0.80 (–1.46 - 0.16)
BMI, median (IQR) 309 15.3 (14.5 - 16.2) 16.7 (15.3 - 19.1) 18.9 (18.3 - 20.6) 16 (14.9 - 18.4)
BAZ, median (IQR)* 309 –0.61 (–1.24 - –0.01) –0.53 (–1.38 - 0.72) –0.39 (–0.89 - 0.50) –0.58 (–1.35 - 0.50)
GA at birth, weeks, median (IQR) 134 38 (36 - 40) 38 (36 - 40) 36 (35.5 - 37.5) 38 (36 - 40)
GA <37 weeks (n1=44, n2=83, n3=7), n (%)† 134 21 (48) 36 (43) 5 (71) 62 (46.0)
LBW <2.5 kg (n1=91, n2=137, n3=14), n (%)† 242 65 (71.4) 85 (62.0) 11 (78.6) 161 (66.5)
Family history of allergy (n1=74, n2=99, 
n3=8), n (%)†

181 55 (74.4) 74 (74.7) 3 (37.5) 132 (72.9)

Current smoker 314 10 (8.2) 29 (16.5) 4 (25.0) 43 (13.7)
Maternal smoking during pregnancy 
(n1=120, n2=172), n (%)†

308 47 (39.2) 69 (40.1) 1 (6.2) 117 (38.0)

Household ETS (n1=121, n2=170), n (%)† 307 75 (62.0) 112 (65.9) 5 (31.3) 192 (62.5)
Fetal alcohol syndrome, n (%) 314 4 (3.3) 0 (0.0) 0 (0.0) 4 (1.3)
Previous tuberculosis, n (%) 314 2 (1.6) 3 (1.7) 0 (0.0) 5 (1.6)
Previous repeated lung infections, n (%) 314 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.3)
Living on a farm, n (%) 314 47 (38.5) 81 (46.0) 8 (50.0) 136 (43.3)

IQR = interquartile range; HAZ = height-for-age z-score; WAZ = weight-for-age z-score; BMI = body mass index; BAZ = BMI-for-age z-score; GA = gestational age; LBW = low birthweight;  
n1 = age 6 - ≤10 years; n2 = 11 - ≤14 years; n3 = 15 - 18 years; ETS = environmental tobacco smoke. 
*As per World Health Organization growth standards. WAZ only reported for children ≤10 years of age (≤120 months). Beyond this age, it is not considered a reliable indicator of nutritional 
status owing to the wide variation in pubertal growth patterns.[16]

†n1, n2 and n3 represent the number in each age group based on the number of respondents to the specific question (variable), which may differ from the respective total.
Height, weight and BMI had 5 missing values; GA had 180 missing values (no Road to Health cards); LBW had 72 missing values (no Road to Health cards); family history of allergy had 
133 missing values; maternal smoking during pregnancy had 6 missing values; household ETS had 7 missing values. 

Table 2. Asthma-related outcomes reported in the previous 12 months for boys residing in the rural Western Cape Province of 
South Africa, by age group

Asthma-related outcome, n (%)
Age group, years (N=314)

6 - ≤10 (n=122) 11 - ≤14 (n=176) 15 - 18 (n=16) Overall p-value
Current wheezing 4 (3.3) 13 (7.4) 2 (12.5) 19 (6.1) 0.139
Wheeze disturbing sleep* 3 (2.5) 13 (7.4) 1 (6.2) 17 (5.4) 0.133
Wheeze during exercise* 8 (6.6) 15 (8.5) 0 (0.0) 23 (7.3) 0.619
Wheeze limiting speech* 1 (0.8) 5 (2.8) 0 (0.0) 6 (1.9) 0.567
Wheezing attack(s)* 5 (4.1) 17 (9.7) 2 (12.5) 24 (7.6) 0.090
Asthma symptom score ≥2 5 (4.1) 15 (8.5) 1 (6.2) 21 (6.7) 0.268
Parental-reported asthma 11 (9.0) 13 (7.4) 1 (6.2) 25 (8.0) 0.876

*Asthma symptom score derived from the sum of positive responses to these variables.

https://firebasestorage.googleapis.com/v0/b/sama-959a2.appspot.com/o/admin_files%2FSAMJ 3050 Supplementary figures.pdf?alt=media&token=082fdf6d-fef0-4578-95e9-b932289bc0f1
https://firebasestorage.googleapis.com/v0/b/sama-959a2.appspot.com/o/admin_files%2FSAMJ 3050 Supplementary tables.docx?alt=media&token=615a04aa-9a23-495d-81e8-23635e4325cb
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Table 3. Reproductive hormone levels of boys residing in the rural Western Cape Province of South Africa, by age group

Reproductive hormone
Age group, years (N=314)

6 - ≤10 (n=122) 11 - ≤14 (n=176) 15 - 18 (n=16) Overall
TST, nmol/L, median (IQR) 0.1 (0.1 - 0.1) 0.7 (0.1 - 5.9) 11.2 (6.2 - 15) 0.1 (0.1 - 3.3)
Testosterone category, n (%)

Low (<2.49 nmol/L) 0 (0.0) 43 (24.4) 4 (25.0) 47 (15.0)
Normal (2.49 - ≤30.6 nmol/L) 114 (93.4) 109 (62.0) 12 (75.0) 235 (74.8)
High (>30.6 nmol/L) 8 (6.6) 24 (13.6) 0 (0) 32 (10.2)

Free testosterone, median (IQR) 0.05 (0.04 - 0.1) 0.7 (0.1 - 7.3) 22.2 (16.1 - 34.8) 0.08 (0.05 - 3.35)
LH, IU/L, median (IQR) 0.07 (0.07 - 0.07) 1.4 (0.4 - 2.20) 3.4 (2.2 - 4.78) 0.4 (0.07 - 1.8)
LH category, n (%)

Low (<0.1 IU/L) - - - -
Normal (0.1 - ≤4.0 IU/L) 122 (100) 171 (97.2) 11 (68.8) 304 (96.8)
High (>4.0 IU/L) 0 (0) 5 (2.8) 5 (31.2) 10 (3.2)

FSH, IU/L, median (IQR) 1.1 (0.8 - 1.7) 2.8 (1.9 - 4.3) 4.75 (3.15 - 5.95) 2.1 (1.1 - 3.3)
FSH category, n (%)

Low (<0.1 IU/L) - - - -
Normal (0.1 - ≤8.6 IU/L) 122 (100) 165 (93.8) 15 (93.8) 302 (96.2)
High (>8.6 IU/L) 0 (0) 11 (6.2) 1 (6.2) 12 (3.8)

Oestradiol, pmol/L, median (IQR) 13 (13 - 13) 13 (13 - 13) 40 (26 - 70) 13 (13 - 13)
Oestradiol category, n (%)

Low (<20) - - - -
Normal (20≤40) 121 (99.0) 152 (86.0) 8 (50.0) 281 (89.0)
High (>40) 1 (0.8) 24 (14.6) 8 (50.0) 33 (11)

SHBG nmol/L, median (IQR) 146 (115 - 176) 107 (74 - 156) 50 (34 - 53) 123 (82 - 167)
SHBG category, n (%)

Low (<6 nmol/L) - - - -
Normal (6 - ≤45 nmol/L) 1 (0.8) 14 (8.0) 12 (75.0) 27 (8.6)
High (>45 nmol/L) 121 (99.2) 162 (92.0) 4 (25.0) 287 (91.4)

TST = total serum testosterone; IQR = interquartile range; free testosterone = testosterone/serum hormone-binding globulin (SHBG) ratio; LH = luteinising hormone;  
FSH = follicle-stimulating hormone. 

Table 4. Association between host characteristics and asthma-related outcomes among boys in unadjusted logistic regression 
models (N=314)

Host characteristic
Current wheezing Asthma symptom score ≥2 Parental-reported asthma 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age, years 1.02 (0.77 - 1.33) 0.882 0.92 (0.69 - 1.20) 0.565 0.82 (0.62 - 1.05) 0.140
Age category

6 - ≤10 (reference) 1 1 1
11 - ≤14 2.35 (0.81 - 8.52) 0.143 2.18 (0.82 - 6.85) 0.142 0.81 (0.35 - 1.89) 0,612
15 - 18 4.21 (0.55 - 23.7) 0.114 1.56 (0.08 - 10.6) 0.694 0.67 (0.04 - 3.85) 0.714

Height, cm 1.01 (0.97 - 1.05) 0.717 1.00 (0.96 - 1.04) 0.949 0.96 (0.92 - 0.99) 0.037
Weight, kg 1.00 (0.95 - 1.04) 0.965 0.98 (0.93 - 1.03) 0.506 0.96 (0.91 - 1.00) 0.085
BMI 0.99 (0.85 - 1.13) 0.915 0.93 (0.78 - 1.07) 0.365 0.95 (0.81 - 1.07) 0.435
Current smoking 0.33 (0.02 - 1.69) 0.293 0.30 (0.02 - 1.49) 0.245 0.85 (0.19 - 2.60) 0.797
Maternal smoking during pregnancy 3.52 (1.33 - 10.4) 0.014 3.29 (1.30 - 8.98) 0.014 1.70 (0.73 - 3.97) 0.211
Household ETS exposure 5.49 (1.53 - 35.0) 0.025 2.70 (0.97 - 9.55) 0.081 0.89 (0.39 - 2.11) 0.784
LBW (<2.5 kg) 0.65 (0.22 - 2.05) 0.446 0.74 (0.26 - 2.28) 0.581 4.66 (1.29 - 29.9) 0.043
GA <37 weeks 0.27 (0.04 - 1.12) 0.103 0.41 (0.09 - 1.48) 0.199 0.28 (0.01 - 1.95) 0.259
Living on a farm 1.87 (0.74 - 4.96) 0.192 1.48 (0.61 - 3.65) 0.362 0.39 (0.14 - 0.94) 0.049
Family history of allergy - - 6.62 (1.29 - 121) 0.070 - -

OR = odds ratio; CI = confidence interval; BMI = body mass index; ETS = environmental tobacco smoke; LBW = low birthweight; GA = gestational age.
Bold = statistically significant (p<0.05).
- = OR not calculable: each OR is a separate unadjusted regression model.
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(OR  0.74; 95% CI 0.54  -  0.97), but no other associations between 
asthma outcomes and other endocrine levels were observed 
(Table  5). In multivariate models adjusting for relevant covariates 
(adjusted model (b)), higher TST levels were significantly associated 
with reduced odds of current wheezing (OR  0.66; 95% CI 0.45  - 
0.98) and asthma symptom score ≥2 (OR 0.64; 95% CI 0.43 - 0.95), 
but not with parental-reported asthma (OR  0.86; 95% CI 0.59  - 
1.25). However, the inverse trend observed was consistent with 
other asthma-related outcomes.

Furthermore, FT was also negatively associated with asthma 
symptom score ≥2 (OR  0.68; 95% CI 0.48  - 0.97) in the adjusted 
model (b), although the association with current wheezing and 
parental-reported asthma was not statistically significant. LH was 
inversely associated with parental-reported asthma in unadjusted 
analysis (OR  0.74; 95% CI 0.54  - 0.97), but this association did 
not persist after adjustment. FSH was also negatively associated 
with current wheezing (OR  0.39; 95% CI 0.16  - 0.94) and asthma 
symptom score ≥2 (OR 0.40; 95% CI 0.17 - 0.92) in the fully adjusted 
model. There were no clear associations for oestradiol. Although 
not statistically significant, an increase in SHBG was associated with 
increased odds of current wheezing and asthma symptom score ≥2, 
but with reduced odds of parental-reported asthma. 

The concentration-response curves for the association with 
testosterone (Fig. 1) further demonstrated that relatively higher levels 
of testosterone in comparison with the theoretical minimum (i.e. the 
lowest measured levels) were associated with reduced odds of current 
wheezing, asthma symptom score ≥2 and parental-reported asthma. 
A sensitivity analysis of asthma-related outcomes and hormone 
concentrations dichotomised at the 75th percentile (Appendix 
Table  S2), and another based on the hormone categorisation (low, 
normal, or high), both produced similar but weaker associations. 

Discussion
This study demonstrated that increasing detected levels of TST and 
FT among boys in a rural SA setting are associated with reduced odds 
of asthma-related outcomes, after accounting for important covariates 
relevant to their socioeconomic and geographical setting. These 
findings provide further insight into the underlying susceptibility 
and risk factors for asthma in children. The prevalence of parental-
reported asthma (8.0%) in this study was on the upper end of the 
range of earlier asthma prevalence studies reported in children in 
African settings,[17,18] but lower (6.1%) than in earlier SA studies 
conducted in urban and peri-urban areas.[19-21] 

Living on a farm was associated with increased odds of asthma-
related outcomes (current wheezing and asthma symptom score), 
suggesting that these symptoms may be related to increased pesticide 
exposure, as has been reported elsewhere.[22] By contrast, the study 
also showed reduced odds of parental-reported asthma, as has 
been found in different studies where living on a farm has a 
protective effect for asthma. In the present study, maternal smoking 
during pregnancy, exposure to environmental tobacco smoke in the 
household and low birthweight were associated with an increased 
likelihood of asthma-related outcomes, which is consistent with the 
reported literature.[22-25] There is a possibility of reporting bias, which 
could be related to parental underreporting of asthma, either due to 
differential health-seeking behaviours of low-income parents or a 
lack of recognition of asthma symptoms by these parents that may 
warrant a doctor’s (or clinic) visit for their child.[19,26]

The negative associations observed between TST and FT 
concentrations and asthma-related outcomes, as demonstrated by 
concentration-response curves in this study, suggest that testosterone 
has a protective effect for asthma.[3,27] These findings are consistent 

with previous studies of mostly adults conducted in other settings.[6,7] 
Furthermore, a US study of children aged 6 - 18 years[6] found that 
increasing androgen levels in males were associated with improved 
lung function and asthma symptom control score (ACQ6, similar to 
the asthma symptom score computed in the current study). Similarly, 
a study of British children reported that increased TST and FT levels 
in children >11.8 years were associated with reduced odds of asthma. [9] 
Other studies have shown inconsistent results.[1] The findings of the 
present study are supported by laboratory-based studies by Fuseini 
et al.,[27] which showed that airway inflammation caused by Th2 cells 
in mice can be reduced by androgen receptor signalling. 

Weak negative associations of FSH and LH levels with asthma-
related outcomes observed in the present study may be explained by 
their positive correlation with testosterone, since both hormones are 
released before testosterone in the male gonadal-pituitary axis.  [28,29] 
The lack of statistically significant associations between asthma 
outcomes and oestradiol levels in this study may be due to the low 
detectability (18%) and high variability of the hormone in the study 
sample, or to other unmeasured confounding factors. Contrasting 
results have also been reported on the association between serum 
oestradiol and asthma.[8] A notable finding in our study was the high 
prevalence (91%) of elevated SHBG levels. SHBG concentrations 
are influenced by factors such as low BMI (as found in this study), 
high physical activity and reduced insulin levels, which may be 
more common in rural populations.[30,31] Additionally, exposure to 
endocrine-disrupting pesticides applied on farms may upregulate 
SHBG production by affecting hepatic function.[32,33] In general, there 
is scant evidence on the effect of circulating SHBG on asthma. In this 
study, no statistically significant associations were observed between 
SHBG and any of the asthma-related outcomes. 

Study limitations
This study has a few limitations. One of these was that hormone 
concentrations were only available for boys, which limited the 
exploration of associations common to both sexes. Since this arm 
of the study was cross-sectional in nature, temporality could not be 
evaluated, which may limit causal inference. Additionally, hormone 
levels and asthma symptoms may both fluctuate with pubertal 
development. The cross-sectional design cannot account for this 
dynamic interplay. Asthma-related outcomes were based solely on 
caregiver-reported symptoms, without other objective measures of 
lung function and airway inflammation evaluated to provide further 
specificity to the outcomes, limiting diagnostic accuracy. 

Although age was adjusted for, additional adjustment for the 
Tanner stage of children would have strengthened the analysis, 
since most hormonal level changes are more closely related to 
pubertal stage than age alone.[34] Furthermore, the small sample size 
in the 15  -  18-year-old group (n=16) may have reduced statistical 
power for age-stratified analyses, and limits generalisability to older 
adolescents. Moreover, there is potential for unmeasured confounding 
by other pubertal or age-related factors that were not accounted for. 
Finally, while potential selection bias was possible owing to lack of 
participation of the entire cohort in the study, given the sensitivity 
analysis findings, it is unlikely that it played a major role.

Conclusion
This study found that increasing serum testosterone levels (including 
those in the normal range and those above the normal range) detected 
among boys from rural settings in the Western Cape Province of SA 
are associated with a reduced risk of asthma-related outcomes, 
after adjusting for important underlying risk factors. While weaker 
evidence suggesting a negative association between asthma-related 

https://firebasestorage.googleapis.com/v0/b/sama-959a2.appspot.com/o/admin_files%2FSAMJ 3050 Supplementary tables.docx?alt=media&token=615a04aa-9a23-495d-81e8-23635e4325cb
https://firebasestorage.googleapis.com/v0/b/sama-959a2.appspot.com/o/admin_files%2FSAMJ 3050 Supplementary tables.docx?alt=media&token=615a04aa-9a23-495d-81e8-23635e4325cb


49       December 2025/January 2026, Vol. 115, No. 11

RESEARCH

B2

C1

C2

A1

Log testosterone
–2 –1 0 1 2 3

O
dd

s 
ra

tio

1.5

1.0

0.5

Testosterone-wheeze curve

A2

Log free testosterone
–2 0 2

O
dd

s 
ra

tio

3

2

1

0

Free testosterone-wheeze curve

Log free testosterone
–2 0 2

O
dd

s 
ra

tio

3

2

1

0

Free testosterone-asthma symptoms score curve

Log free testosterone

O
dd

s 
ra

tio

3

2

1

0

Free testosterone-asthma curve

Log testosterone
–2 –1 0 1 2 3

O
dd

s 
ra

tio

2.0

1.5

1.0

0.5

0

Testosterone-asthma curveB1

Log testosterone
–2 –1 0 1 2 3

O
dd

s 
ra

tio

1.5

1.0

0.5

0

Testosterone-asthma symptoms score curve

–2 0 2

Fig.  1A-C 1, 2, 3. Concentration-response curves for the association of total serum testosterone and free testosterone on current wheezing (A1, A2),  
asthma symptom score ≥2 (B1, B2) and parental-reported asthma (C1, C2) in boys residing in the rural Western Cape Province of South Africa.

Table 5. Relationship between sex hormone levels and asthma-related outcomes among boys in unadjusted and adjusted 
multivariate regression models (N=314)

Hormone Model*
Current wheezing,  
OR (95% CI)

Asthma symptom score ≥2,  
OR (95% CI) 

Parental-reported asthma,  
OR (95% CI)

TST, nmol/L Unadjusted model 0.91 (0.70 - 1.14) 0.81 (0.60 - 1.03) 0.83 (0.64 - 1.02)
Adjusted model (a) 0.70 (0.48 - 1.02) 0.64 (0.43 - 0.95) 0.90 (0.63 - 1.28)
Adjusted model (b) 0.66 (0.45 - 0.98) 0.64 (0.43 - 0.95) 0.86 (0.59 - 1.25)

Free testosterone Unadjusted model 0.92 (0.73 - 1.12) 0.83 (0.64 - 1.02) 0.85 (0.68 - 1.03)
Adjusted model (a) 0.74 (0.53 - 1.03) 0.68 (0.48 - 0.95) 0.94 (0.69 - 1.27)
Adjusted model (b) 0.70 (0.49 - 1.00) 0.68 (0.48 - 0.97) 0.89 (0.63 - 1.25)

LH, IU/L Unadjusted model 0.93 (0.68 - 1.25) 0.85 (0.63 - 1.13) 0.74 (0.54 - 0.97)
Adjusted model (a) 0.71 (0.44 - 1.13) 0.73 (0.46 - 1.15) 0.76 (0.50 - 1.16)
Adjusted model (b) 0.68 (0.43 - 1.09) 0.73 (0.47 - 1.15) 0.70 (0.45 - 1.08)

FSH, IU/L Unadjusted model 0.78 (0.43 - 1.42) 0.64 (0.35 - 1.13) 0.63 (0.36 - 1.07)
Adjusted model (a) 0.51 (0.22 - 1.14) 0.48 (0.22 - 1.04) 0.82 (0.41 - 1.64)
Adjusted model (b) 0.39 (0.16 - 0.94) 0.40 (0.17 - 0.92) 0.73 (0.35 - 1.53)

Oestradiol, pg/mL Unadjusted model 0.82 (0.24 - 1.92) 0.53 (0.11 - 1.43) 0.74 (0.24 - 1.63)
Adjusted model (a) 0.94 (0.30 - 2.97) 0.64 (0.17 - 2.46) 1.01 (0.33 - 3.04)
Adjusted model (b) 0.93 (0.25 - 3.42) 0.73 (0.17 - 3.07) 1.04 (0.32 - 3.40)

SHBG, nmol/L Unadjusted model 1.23 (0.48 - 3.58) 1.84 (0.70 - 5.57) 1.49 (0.63 - 3.92)
Adjusted model (a) 1.35 (0.41 - 4.45) 1.77 (0.53 - 5.90) 0.78 (0.26 - 2.39)

  Adjusted model (b) 1.40 (0.36 - 5.46) 1.66 (0.45 - 6.18) 0.88 (0.27 - 2.92)

OR = odds ratio; CI = confidence interval; TST = total serum testosterone; free testosterone = testosterone/serum hormone-binding globulin (SHBG) ratio; LH = luteinising hormone;  
FSH = follicle-stimulating hormone.
Bold = statistically significant (p<0.05)
*Adjusted model (a): adjusted for age (year), household member smoking, living on a farm, low birthweight and mother smoking during pregnancy; adjusted model (b): adjusted for all the 
covariates in model (a) in addition to other potential confounders that include body mass index, current smoking and family history of allergy.
All categorical covariates with missing values were coded as 9 to preserve the power of the study. Continuous variable: natural logarithm concentration of each hormone was included in statistical 
regression models.
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outcomes and either FSH or LH was present, no evidence was 
present for oestradiol and SHBG. Since differences in sex hormone 
levels can affect the phenotypic manifestation of asthma in boys 
and girls, further studies are needed to investigate the factors that 
may contribute to endocrine function. These could include asthma 
pharmacotherapeutic medications, as well as environmental factors 
such as phthalates and pesticides. Furthermore, the incorporation of 
additional objective measures of asthma to further understand these 
associations, particularly among children of both sexes residing in 
rural low-income settings, would contribute to the body of evidence. 
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