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Abstract 

Background: To elucidate the influence of childhood asthma on adult height after consideration of genetic hetero-
geneity in height.

Methods: Based on the UK Biobank, we conducted a matched cohort study, including 13,602 European individuals 
with asthma diagnosed before 18 years old and 136,008 matched unexposed individuals without such an experience. 
Ascertainment of asthma was based on self-reported data (97.6%) or clinical diagnosis in healthcare registers (2.4%). 
We studied three height outcomes, including (1) the attained adult height (in centimeters), (2) the height deviation 
measured as the difference between a person’s rank of genetically determined height (based on generated polyge-
netic risk score) and their rank of attained adult height in the study population (deviation in % of height order after 
standardization), and (3) the presence of height deficit comparing genetically determined and attained height (yes 
or no). We applied linear mixed-effect models to assess the associations of asthma diagnosed at different ages with 
attained adult height and height deviation, and conditional logistic regression models to estimate the associations of 
asthma with the risk of height deficit.

Results: 40.07% (59,944/149,610) of the study participants were born before 1950, and most of them were men 
(57.65%). After controlling for multiple covariates, childhood asthma was associated with shorter attained adult 
height, irrespective of age at asthma diagnosis. However, in the analysis of height deviation (deviation in %), we 
observed the greatest height deviation among individuals with asthma diagnosed before 4 years of age (− 2.57 [95% 
CI − 4.14 to − 1.00] and − 2.80 [95% CI − 4.06 to − 1.54] for the age of ≤ 2 and 3–4 years, respectively). The magni-
tude of height deviation in relation to asthma declined thereafter and became null after age 6. Similarly, there was a 
statistically significant height deficit in relation to an asthma diagnosis at ages ≤ 2 and 3–4 (odds ratios = 1.21, 95% CI 
1.04 to 1.40, and 1.15, 95% CI 1.02 to 1.29) but not thereafter. The result pattern was similar when separately analyzing 
asthma with or without inhaled glucocorticoid (ICS) use, despite that the estimates were consistently stronger among 
asthma individuals who used ICS.

Conclusions: Our results suggest a notable association of childhood asthma, primarily asthma diagnosed at an early 
age, with adult height, after consideration of genetic heterogeneity in height and use of ICS. This finding highlights 
the need for surveillance on the growth problems among children with asthma.
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Background
Characterized by airway hyper-reactivity and inflamma-
tion, as well as reversible airflow obstruction, asthma was 
found to affect more than 272 million people worldwide 
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in 2017, with a particularly high prevalence among chil-
dren (~ 7.0%) [1, 2]. Given the large population of chil-
dren with asthma, there have been long-lasting debates 
and concerns regarding the potential impact of asthma 
on growth [3]. Possible mechanisms linking together 
asthma and impaired growth might include disturbance 
of bone maturation resulting from the atopy status [4], 
nutritional deprivation induced by food allergy preven-
tion and physical inactiveness to avoid the possibility of 
exercise-induced bronchoconstriction [5], and potential 
growth retardation due to the use of glucocorticoids [6, 
7].

Several studies using hospital- or community-based 
data have indeed suggested a negative impact of child-
hood asthma on growth [8–10]. However, other longi-
tudinal studies, including a twin study, found either the 
null effect of asthma on height [11, 12] or a transient 
effect due to delayed onset of puberty [13]. The con-
flicting results are likely partially attributable to the 
methodological limitations of the previous studies (e.g., 
cross-sectional design [12, 14], small sample size [10, 15], 
and incomplete control of other potential confounders 
[8, 16]). Moreover, most of the existing studies focused 
on the height at the age of asthma diagnosis or during 
adolescence [10, 14]. The impact of asthma on attained 
adult height remains therefore largely unclear. In addi-
tion, height is highly heritable. Previous genome-wide 
association studies (GWAS) have shown that common 
variations might contribute up to 60% of the heritability 
for adult height [17]. It is, therefore, important to account 
for the genetic variance of height when comparing height 
between individuals with asthma and those without 
asthma.

To this end, leveraging detailed information on asthma 
diagnosis, objectively measured adult height, and the 
available individual-level genotype data in the UK 
Biobank, we conducted a cohort study to elucidate the 
association between childhood asthma and adult height. 
We specifically assessed the difference between geneti-
cally determined height and measured adult height for 
each participant, by comparing the rank of generated 
polygenetic risk scores (PRSs) for height and the rank of 
measured body height, and, for the first time, clarified the 
association between childhood asthma and adult height, 
beyond genetic determinants.

Methods
Study design
This study was based on the large prospective UK 
Biobank cohort described in detail elsewhere [18]. In 
brief, more than 500,000 individuals aged between 40 
and 69 years were recruited across 22 centers in the UK 
between 2006 and 2010 [18]. Data on sociodemographic 

characteristics, lifestyle, and other health-related fac-
tors were collected using touchscreen questionnaires at 
recruitment, whereas anthropometric measurements 
and data collection on medication use (through verbal 
interview) were performed by nurses or trained staff dur-
ing the assessment center visits [18]. In addition, blood 
samples were collected at baseline, and genotyping was 
carried out using Applied Biosystems UK BiLEVE Axiom 
Array and UK Biobank Axiom Array. Genotype impu-
tation was completed using the Haplotype Reference 
Consortium (HRC) and UK10K haplotype resource as 
a reference panel using the markers that passed the UK 
Biobank quality control pipeline [18]. The final imputed 
genotype dataset contained more than 93 million autoso-
mal single nucleotide polymorphisms (SNPs) for 488,377 
individuals [18]. Follow-up data on multiple health-
related outcomes for all participants were obtained 
through linked data from a variety of national databases, 
including death registries, primary, and inpatient hospi-
tal records, mapped across England, Scotland, and Wales 
[18]. The inpatient hospital data were deemed to cover all 
UK Biobank participants in January 1997 and onwards, 
while the primary care data were obtained from multiple 
general practice data system suppliers, covering approxi-
mately 45% of the UK Biobank participants [19].

In the present study, among 502,507 individuals from 
the UK Biobank, we excluded participants who withdrew 
their consent (n = 48), had conflicting information (n = 
44), or without available data on standing height (n = 
2538) or genotype data (n = 14,106). In the further pro-
cess of quality control for individual-level genetic data, 
both participants (i.e., not European, genotyping rate < 
98%, outlier based on abnormal heterozygosity level, or 
kinship coefficient > 0.044) and variants (i.e., with a call 
rate < 98%, a minor allele frequency < 0.01, or devia-
tion from Hardy-Weinberg equilibrium (p <  10−6)) that 
failed to pass the quality pipeline were removed. The final 
analytic dataset had 338,117 participants with 7,130,967 
SNPs. We first compiled an exposed cohort of 13,602 
individuals with a diagnosis of asthma before 18 years of 
age. Then, in order to have a better control of potentially 
important confounders including the birth cohort effect 
(e.g., the variation of attained height according to the year 
of birth) [20], we randomly selected up to 10 unexposed 
persons per exposed individual from the study popula-
tion, who were free of asthma at the age of 18 and indi-
vidually matched to the exposed individual by birth year, 
sex, and 22 recruitment centers (n = 136,008) (Fig. 1).

Ascertainment of asthma
With a limited coverage rate of the register data for early-
life diseases, the ascertainment of asthma was mainly 
based on self-reported asthma in baseline questionnaires 
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(i.e., 97.6% of all identified asthma cases). However, we 
additionally identified 330 incident asthma cases by 
the clinical diagnosis of asthma from primary care data 
(according to the International Classification of Diseases 
10th Edition ICD-10 codes J45). To clarify the influence 
of age at asthma onset on adult height, we calculated 
age at asthma diagnosis as the time interval (in years) 
between the birthdate and date of first asthma diagnosis, 
and grouped the exposed patients into six age groups (i.e., 
≤ 2, 3–4, 5–6, 7–9, 10–2, and 13–18 years). The reliabil-
ity of self-reported data at baseline was assessed among 
8.86% (33,224/375,037) of the study population with 
repeated self-reported data from follow-up surveys (i.e., 
first repeat assessment visit [2012–2013], imaging visit 
[2014], and repeat imaging visit [2019]), which showed a 
high agreement between these measurements, regarding 

both asthma diagnosis (Additional file 1: Table S1, range 
of consistency rates = 88.36–90.62%) and age of asthma 
diagnosis (as a continuous variable, range of Pearson cor-
relation coefficients = 0.85–0.96).

Height outcomes
We studied three height outcomes, including attained 
adult height, height deviation, and height deficit. Stand-
ing height (in centimeters) measured at the first assess-
ment center visit was used as the attained adult height. 
Utilizing summary statistics of a large meta-analyzed 
GWAS comprising 253,288 European individuals from 
79 studies released by the GIANT consortium [17, 21], 
we generated PRS for height, as a proxy of genetically 
determined height. Specifically, using 1,845,024 SNPs 
existed in both GWAS base dataset and UK Biobank 

Fig. 1 Study flowchart. aAssessment of asthma is based on the ICD-10 codes (J45) recorded in the first occurrences data field
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target dataset, we computed the PRS under ten p value 
thresholds (i.e., 5 ×  10−8, 1 ×  10−6, 1 ×  10−4, 1 ×  10−3, 
0.05, 0.1, 0.2, 0.3, 0.4, and 0.5) in PLINK (version 1.9), 
and performed a regression between generated PRSs and 
the attained adult height [22]. The PRS with the high-
est Nagelkerke’s R2 (i.e., R2 = 8.8%, p value threshold of 
1 ×  10−3 with 6460 involved SNPs, see Additional file 1: 
Table S2 for details), which explained the greatest height 
variance, was selected for further analysis. We then quan-
tified height deviation at the individual level as the dif-
ference between attained adult height and genetically 
determined height, through subtracting the individual’s 
rank of genetically determined height (i.e., the rank of 
the individual’s PRS for height within the matrix of PRSs 
for all study participants in the matched cohort) from 
their rank of attained adult height (i.e., the order of the 
individual’s standing height within the matrix of stand-
ing height of all study participants). We then standard-
ized the height deviation, with a unit of increase standing 
for a 1% increase of height order in the study population 
(named as individual height deviation). We also gener-
ated a dichotomous variable “height deficit” based on the 
presence of negative value in individual height deviation 
(yes or no).

Covariates
Information on sociodemographic characteristics (birth 
year, sex, recruitment center, annual household income, 
educational attainment) and birth weight was collected 
through questionnaires at baseline. The Townsend dep-
rivation index (TDI) was generated based on the regis-
tered postcode of family address, representing the level 
of area-based deprivation [23]. As the use of inhaled 
glucocorticoid (ICS) has been suggested to be associ-
ated with height deficit [24], we extracted information on 
self-reported use of ICS which was collected at baseline 
through verbal interview.

Statistical analysis
For the attained adult height and individual height devia-
tion (as continuous variables), we applied linear mixed-
effect models to assess their associations with childhood 
asthma. We then used conditional logistic regression 
models to estimate the risk of the presence of height defi-
cit in relation to childhood asthma, presented as odds 
ratios (ORs) with 95% confidence intervals (CIs). To 
explore the effect modification by age at asthma diagnosis 
on the studied associations, we examined and visualized 
age-specific estimates using the time-varying effect mod-
els described previously [25]. As a clear age-dependent 
risk pattern was obtained, for later analyses, we analyzed 
the childhood asthma by age at asthma diagnosis, first in 
6 age groups [≤ 2, 3–4, 5–6, 7–9, 10–12, 13–18 years] in 

the main analyses and then in 3 age groups [≤ 6, 7–12, 
and 13–18 years] in the secondary and sensitivity analy-
ses for maintaining better statistical power. All models 
were stratified by matching identifiers (birth year, sex, 
and recruitment center) and adjusted for birth weight (as 
a continuous variable), TDI (as a continuous variable), 
household income (< £18,000, £18,000–30,999, £31,000–
51,999, £52,000–100,000, > £100,000, or unknown), and 
educational level (college degree, A level, O level, Cer-
tificate of Secondary Education or equivalent, National 
Vocation Qualifications or equivalent, other professional 
qualifications, or unknown). Besides the whole cohort, 
we did separate analyses for men and women. The dif-
ference between subgroup estimates was examined by 
introducing an interaction term to the regression mod-
els, and we tested the statistical significance of the trend 
by age at asthma diagnosis through treating the ordinal 
exposure variable as continuous.

We conducted stratified analyses by birth year (1936–
1950, 1951–1960, and 1961–1970), birth weight (by ter-
tile distribution: low ≤ 3.18, moderate 3.19–3.63, and 
high > 3.64), TDI (by tertile distribution: low ≤ − 3.28, 
moderate − 3.28 to − 0.96, and high > − 0.96), and 
annual household income (< £18,000, £18,000–52,000, 
and > £52,000). In addition, to address the potential effect 
of ICS use on the studied association, we performed sub-
group analyses by the use of ICS (yes or no). With the 
concern of limited statistical power, these sub-analyses 
were only performed for 3 age groups (≤ 6, 7–12, and 
13–18 years at diagnosis of asthma).

To rule out the influence of adulthood asthma, we 
re-calculated these estimates after excluding individu-
als who had an asthma diagnosis after the age of 18 (n 
= 14,515). Further, to explore to what extent the miss-
ing data on ICS use could impact our results, we applied 
multiple imputation where we imputed the missing val-
ues of ICS use based on all other known variables for 100 
times, using the “mice” R package (imputation method = 
predictive mean matching) [26]. Based on each imputed 
dataset, we re-ran the subgroup analyses by ICS use (yes 
or no) and then summarized the results through calcu-
lating the average values of the 100 estimated effect sizes 
and their 95% CIs. Last, to test the robustness of our 
findings to the choice of study design, we repeated all 
the above analyses using a full cohort design. Namely, 
among the 338,117 eligible participants, 13,602 individu-
als with a diagnosis of asthma before 18 years of age were 
included in the exposed group whereas the rest were 
included in the unexposed group. In this analysis, the 
birth cohort effect was controlled by additionally adjust-
ing for the year of birth in the regression models. All the 
analyses were done with the R software (version 4.0). A 
2-sided p < 0.05 was considered statistically significant.
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Results
Of the 149,610 participants included in the analysis, 
59,944 (40.07%) were born before 1950, 50,540 (33.78%) 
were born during 1951–1960, and 39,126 (26.15%) were 
born after 1961, with more men than women (57.65% 
vs 42.35%) (Table 1). We observed few differences in the 
characteristics between exposed and unexposed groups. 
However, with 15.7% and 29.5% of missing values on ICS 
use in the exposed and unexposed groups, respectively, 
individuals with childhood asthma seemed more likely to 

use ICS, compared with the matched unexposed individ-
uals (22.56% vs 3.87%). We also showed the distribution 
of baseline characteristics among the study participants 
by age at the index date (Additional file 1: Table S3).

Compared to the unexposed individuals, individuals 
with childhood asthma generally had lower attained 
adult height (Table  2). The magnitude of the associa-
tion decreased with the increasing age at asthma diag-
nosis (from β = − 0.98 [95% CI − 1.34 to − 0.62] for 
asthma diagnosed at age ≤ 2 to − 0.27 [95% CI − 0.49 

Table 1 Basic characteristic of study cohort

Data are n (%) or mean (SD)

SD standard deviation, ICS inhaled glucocorticoids
a p values were calculated by T-tests or chi-square test

Characteristic Exposed group (n = 
13,602)

Matched unexposed group (n 
= 136,008)

pa Total (n = 149,610)

Birth year 0.90

 1936–1950 5427 (39.90) 54,517 (40.08) 59,944 (40.07)

 1951–1960 4599 (33.81) 45,941 (33.78) 50,540 (33.78)

 1961–1970 3576 (26.29) 35,550 (26.14) 39,126 (26.15)

Sex 1

 Women 5760 (42.35) 57,600 (42.35) 63,360 (42.35)

 Men 7842 (57.65) 78,408 (57.65) 86,250 (57.65)

Birth weight, g 0.04

 Mean (SD) 3360 (650.00) 3350 (650.00) 3350 (650.00)

Townsend deprivation index 0.17

 Mean (SD) − 1.54 (2.98) − 1.51 (2.96) − 1.51 (2.96)

Educational attainment < 0.001

 College degree 5320 (39.11) 45,885 (33.74) 51,205 (34.23)

 A level 1669 (12.27) 16,045 (11.80) 17,714 (11.84)

 O levels 2728 (20.06) 29,878 (21.97) 32,606 (21.79)

 CSEs 753 (5.54) 8771 (6.45) 9524 (6.37)

 NVQ 875 (6.43) 9075 (6.67) 9950 (6.65)

 Others 601 (4.42) 6013 (4.42) 6614 (4.42)

 Unknown 1656 (12.17) 20,341 (14.96) 21,997 (14.70)

Annual household income, £ < 0.001

 < 18 000 2138 (15.72) 22,142 (16.28) 24,280 (16.23)

 18,000–30,999 2773 (20.39) 27,929 (20.53) 30,702 (20.52)

 31,000–51,999 3319 (24.40) 33,270 (24.46) 36,589 (24.46)

 52,000–100,000 3084 (22.67) 28,744 (21.13) 31,828 (21.27)

 > 100,000 904 (6.65) 7689 (5.65) 8593 (5.74)

 Unknown 1384 (10.17) 16,234 (11.94) 17,618 (11.78)

Recruitment center 1

 England 12,077 (88.79) 120,759 (88.79) 132,836 (88.79)

 Scotland 855 (6.29) 8550 (6.29) 9405 (6.29)

 Wales 670 (4.93) 6699 (4.93) 7369 (4.93)

Use of ICS < 0.001

 No 8397 (61.73) 90,567 (66.59) 98,964 (66.15)

 Yes 3069 (22.56) 5265 (3.87) 8334 (5.57)

 Unknown 2136 (15.70) 40,176 (29.54) 42,312 (28.28)
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to − 0.05] for asthma diagnosed at 13–18 years (p for 
trend < 0.001)). The age-dependent trend seemed more 
prominent among men than among women (p for dif-
ference = 0.015).

The time-varying analyses indicated that there was 
a significant association along with a clear trend of 
decreasing magnitude of the association between 
asthma and adult height with increasing age at asthma 
diagnosis, primarily for asthma diagnosed before age 8 
(Additional file 1: Fig. S1). Likewise, in age-specific sub-
group analyses, we found an increasing trend of height 
deviation with younger age at asthma diagnosis (p for 
trend = 0.022), with the strongest association observed 
for asthma diagnosed before 4 years of age (− 2.57 
[95% CI − 4.14 to − 1.00] and − 2.80 [95% CI − 4.06 to 
− 1.54] for asthma diagnosed at age ≤ 2 and 3–4 years, 
respectively) (Table  3). The height deviation became 
less prominent for asthma diagnosed afterwards and 
lost statistical significance for asthma diagnosed after 
age 6. Similar results were obtained when studying the 
presence of height deficit. Half of the unexposed indi-
viduals were classified as having a height deficit. This 
proportion increased to more than 55% among individ-
uals with asthma diagnosed at ≤ 4. This corresponded 
to an OR of 1.21 (95% CI 1.04 to 1.40) and 1.15 (95% CI 
1.02 to 1.29) for height deficit in relation to an asthma 
diagnosis at ≤ 2 and 3–4 years, respectively (Table 3).

Analysis of asthma diagnosis at ≤ 6, 7–12, or 13–18 
years yielded similar results, with significant individual 
height deviation and height deficit observed among 
individuals with asthma diagnosed at age 6 or earlier 
(Additional file  1: Table  S4). The stratified analyses 
revealed that the associations were not substantially 
modified by birth weight or TDI; weaker associations 
were noted among individuals born after 1961, com-
pared to those born before then, and those with higher 
annual household income, compared with those 
with lower annual household income (Additional 
file  1: Table  S5). The result pattern was similar 
when separately analyzing asthma with or without 
ICS use, although the estimates were consistently 
stronger among asthma individuals who used ICS 
(Table 4).

The sensitivity analysis indicated that stronger 
associations were found when unexposed individu-
als with asthma diagnosed after the age of 18 were 
removed (Additional file  1: Table  S6). Also, the ICS 
use-specific HRs remained unchanged after multiple 
imputation of missing values of ICS use (Additional 
file  1: Table  S7). In addition, the alternative use of a 
full cohort design led to largely similar estimates as 
those obtained in the main analyses (Additional file 1: 
Table S8).

Discussion
In this community-based matched cohort study based 
on the UK Biobank, we found that individuals with 
childhood asthma were at risk for having lower attained 
adult height compared to individuals without such an 
experience, after controlling for multiple important fac-
tors, such as birth year and weight, and socioeconomic 
status. Importantly, we considered the individual height 
deviation, by quantifying the changes in height order 
between genetically determined height and attained 
adult height and performed separate analyses for asthma 
patients diagnosed at different ages. Our findings, for 
the first time, demonstrated a notable negative associa-
tion between childhood asthma, primarily before age 7, 
and adult height, after consideration of genetic compo-
nents of height. Furthermore, as height deficit was also 
observed among asthma individuals not using ICS, the 
results suggest that multiple factors might have attrib-
uted to the height loss observed among asthma patients.

Although previous studies have reported a growth 
retarding effect of childhood asthma [27], the evidence 
on the attained adult height is inclusive. Consistent with 
our findings, several large-scale studies based on mili-
tary conscription records or medical birth registers sug-
gested a negative impact of childhood asthma on adult 
height, even after taking into consideration of ICS use 
[16, 28]. Other studies failed however to find an asso-
ciation [11, 12, 29]. The methodological heterogeneities 
between studies, including the inclusion of children with 
different disease severity of asthma and varying sample 
sizes, might have contributed to the discrepant find-
ings of previous work. Self-reported asthma diagnosis, 
although widely used in large population- or community-
based surveys [9, 13], might lead to concern of recall 
bias whereas the clinical diagnosis of asthma identified 
through healthcare register data might suffer from the 
often incomplete coverage of the registers and the possi-
bility of delayed registration [8, 10]. Furthermore, genetic 
and other familial factors are important determinants of 
adult height. Because these are difficult to assess, they 
are often overlooked when investigating the impact of a 
specific condition on height. Prior efforts in overcom-
ing genetic confounding were very limited, with only 
one study featured by the use of twin-based data [13]. 
Based on self-reported data on asthma diagnosis and 
height from 2658 Swedish twins, no overall height differ-
ence was observed in twin pairs discordant for asthma, 
although the study, similar to the present study, showed 
indeed that asthma had a greater impact on the height of 
twin boys than on twin girls [13]. The limited sample size 
(e.g., only 826 same-sex twin pairs involved) might have 
rendered difficulties in assessing the reliability of these 
results.
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More recently, height PRS, derived by multiple genetic 
variants which are known to explain a large proportion 
of the heritability of height, has been used as a proxy for 
target height in epidemiologic studies, providing a way 
to address the genetic confounding between height and 
other traits [30]. Consequently, using the novel approach 
where we estimated the individual’s deviation from their 
target height by comparing the person’s rank of attained 
adult height to the rank of genetically determined height, 
we for the first time demonstrated the clear impact of 

childhood asthma on adult height, irrespective of one’s 
genetic contribution on height. These findings under-
score therefore the need for surveillance on the growth of 
children with asthma.

Our finding that asthma diagnosed at an earlier age 
was associated with greater adult height deficit is in line 
with previous reports, although investigations on the 
impact of age at asthma onset were scarce. For instance, 
a study of Swedish females with broader age groups (0–8, 
9–15, and 16+ years) demonstrated that among girls, the 

Table 4 Associations between asthma and height by use of inhaled glucocorticoids (ICS)

SD standard deviation, CI confidence interval, OR odds ratio, ICS inhaled glucocorticoids
a β were estimates derived from the linear mixed-effect models stratified by matching identifiers (birth year, sex, and recruitment center) and adjusted for birth 
weight, Townsend deprivation index, education level, and annual household income
b ORs (95% CI) were derived from the conditional logistic regression models stratified by matching identifiers (birth year, sex, and recruitment center), and adjusted for 
birth weight, Townsend deprivation index, education level, and annual household income
c Individual height deviation (%): calculated by (rank of attained adult height-rank of genetically determined height)/149,610 × 100
d Height deficit: for an individual, rank of attained adult height < rank of genetically determined height (yes or no)
e The statistical significance of the difference between sexes was assessed by including an interaction term in the linear and logistic regression models
f p values for dose-response trends were calculated by fitting ordinal exposure variables as continuous terms into the linear and logistic models

ICS use (n = 24,864) No ICS use (n = 68,493)
Outcome: attained adult height (cm)

No. of individuals Mean (SD) β (95% CI)a No. of individuals Mean (SD) β (95% CI)a p for differencee

Unexposed group 21,795 169 (9.26) 0 (ref ) 60,096 170 (9.19) 0 (ref )

Exposed group, by age at asthma diagnosis (years)

 ≤ 6 1325 169 (9.47) − 0.85 
(− 1.19~− 0.51)

3199 170 (9.13) − 0.59 
(− 0.81~− 0.37)

0.208

 7–12 1046 171 (9.55) − 0.61 
(− 0.99~− 0.23)

3269 171 (9.31) − 0.28 
(− 0.5~− 0.07)

0.141

 13–18 698 168 (9.63) − 0.41 
(− 0.87~0.06)

1929 170 (9.33) − 0.17 
(− 0.45~0.11)

0.382

p for  trendf < 0.001 < 0.001 0.035

Outcome: individual height deviation (%)c

No. of individuals Mean (SD) β (95% CI)a No. of individuals Mean (SD) β (95% CI)a p for differencee

Unexposed group 21,795 − 3.75 (34.6) 0 (ref ) 60,096 − 2.93 (34.6) 0 (ref )

Exposed group, by age at asthma diagnosis (years)

 ≤ 6 1325 − 4.16 (34.3) − 2.32 
(− 3.82~− 0.82)

3199 − 3.63 (34.5) − 1.68 
(− 2.64~− 0.72)

0.481

 7–12 1046 0.38 (33.3) − 1.44 
(− 3.12~0.24)

3269 1.31 (35.1) − 0.13 
(− 1.09~0.82)

0.185

 13–18 698 − 6.57 (37.3) − 0.88 
(− 2.92~1.16)

1929 − 2.55 (35.1) 0.76 (− 0.47~1.98) 0.119

p for  trendf 0.014 0.991 0.243

Outcome: height deficit (yes or no)d

No. of individuals with height 
deficit/no. of total individuals 
(%)

OR (95% CI)b No. of individuals with height 
deficit/no. of total individu-
als (%)

OR (95% CI)b p for differencee

Unexposed group 11,839 (54.32) 1(ref ) 31,863 (53.02) 1(ref )

Exposed group, by age at asthma diagnosis (years)

 ≤ 6 732 (55.25) 1.29 (1.12–1.48) 1706 (53.33) 1.10 (1.01–1.21) 0.060

 7–12 508 (48.57) 1.04 (0.89–1.21) 1563 (47.81) 1.02 (0.93–1.11) 0.830

 13–18 394 (56.45) 0.98 (0.81–1.19) 1025 (53.14) 0.98 (0.87–1.10) 1.00

p for  trendf 0.215 0.815 0.059
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younger age of hospitalization for asthma was associ-
ated with a shorter adult height, with the largest height 
loss observed among girls hospitalized for asthma at the 
youngest age [28]. Our analyses by sex obtained similar 
results, suggesting a stronger association between child-
hood asthma and height among men than among women 
[13]. Together, our sex- and age-specific analyses expend 
this knowledgebase by highlighting a 2–3% reduction of 
height order among men and women with asthma diag-
nosed before the age of 7, whereas asthma diagnosed at 
later ages has little impact on height among women.

The underlying mechanisms linking asthma to reduced 
adult height remain unclear. Previous studies speculated 
that early-life asthma might result in a delayed puberty, 
through dysregulation of sex hormone production, which 
might explain height deficit [31, 32]. In addition, experi-
mental studies have reported various mediators related 
to the eosinophilia process of asthma, such as prostaglan-
dins and the platelet-activating factor, known to influ-
ence local growth factor prostaglandin E(2) synthesis in 
the osteoblasts, which may consequently have a nega-
tive impact on collagen synthesis and formation of new 
bone [4]. In the present study, we found the most pro-
nounced risk increase of height deviation/deficit for indi-
viduals with asthma diagnosed during the pre-puberty 
stage, supporting the notion that the impact of childhood 
asthma or ICS use on puberty plays an important role 
in the development disturbances. Impaired nocturnal 
growth hormone secretion and other endocrine malfunc-
tion in relation to puberty were indeed observed among 
children with asthma [33]. Other proposed mechanisms 
could be that several asthma-related symptoms and dis-
orders in severe asthma might lead to growth restric-
tion, such as chronic hypoxia, diminished lung function, 
chronic infection, and sleep disturbance [34]. In addition, 
the growth retarding effect of ICS has been confirmed by 
a large number of studies [35]. Nevertheless, as a similar 
risk pattern was observed among the asthma individu-
als not using ICS in the present study, our results suggest 
that asthma alone could also have a negative impact on 
height. Lastly, behavior-related factors, such as physi-
cal inactivity [36] and nutrition deficiency [33], often 
observed among asthma patients, might have also con-
tributed to the height loss.

The major merit of our study is the combined use of 
objectively measured adult height and PRS for height (as 
a proxy for genetically determined height), which enabled 
the control for genetic confounding due to heritability 
(i.e., genetic heterogeneity) of height. Also, the applica-
tion of a matched cohort design addressed the concern of 
the birth cohort effect, which is considered critical in our 
analyses as the average adult height as well as the societal 
awareness and diagnosis criteria of asthma have changed 

over the study period [20, 37]. Furthermore, thanks to the 
large sample size of the UK Biobank, we were able to cat-
egorize the diagnosis age of asthma into six groups. This 
facilitated the discussion of the differential associations 
of age at asthma onset with height impairment, shedding 
light on the potential underlying mechanisms including 
impaired growth velocity. Indeed, we found the degree of 
height loss to decrease with the increase of age at asthma 
diagnosis. The availability of enriched phenotypic and 
self-reported data allowed the consideration of a wide 
range of covariables, especially sociodemographic status 
and birth weight, both of which might have played a role 
in the association between asthma and height [38], as 
well as the self-reported use of ICS.

Our study also has several limitations. First, the fact that 
97.6% of the asthma cases were ascertained through self-
reported data might have led to misclassification of expo-
sure to some extent, i.e., severer and persist asthma cases 
might be more likely to be reported than milder cases. Also, 
given the likely lower certainty of self-reported data on the 
diagnosis date of asthma, the results of age-specific analyses 
need to be interpreted with caution, although this is unlikely 
to explain entirely the observed clear trend of decreasing 
impact of asthma on adult height by increasing age at asthma 
diagnosis. Furthermore, in a small proportion of the study 
population with repeated measurements, we indeed find a 
good agreement between the self-reported asthma data at 
baseline and in follow-up surveys. Second, besides the use of 
ICS, we had no information on the symptom or severity of 
asthma. Therefore, whether the observed adult height defi-
cit in asthma individuals could be modified by the severity of 
the disease needs to be addressed in future studies. Third, we 
cannot rule out the possibility of residual confounding from 
unmeasured factors. For instance, it is important to note that 
the lack of information about early life conditions precludes 
the possibility to explore their roles in the observed associa-
tions. Also, the effect of medications other than ICS was not 
discussed in this study. Future investigations with detailed 
data on childhood-to-adulthood lifestyle factors and medica-
tion use are warranted. Finally, we had relatively limited sta-
tistical power in the analysis of diagnosis age for asthma.

Conclusions
Our analyses of a large matched cohort study based on the 
UK Biobank provide evidence that childhood asthma was 
associated with a lower adult height. These associations 
remain after the careful consideration of genetic variance 
of height but are stronger among men and likely mainly 
attributable to the impact of early-onset asthma. The 
observation of height deficit among both asthma individ-
uals with and without ICS use suggests other mechanisms 
might play an important role in the asthma-related height 
deficit, which needs to be explored in future studies.
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