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ABSTRACT
Background  Allostatic load, a measure of early ageing 
or ’wear and tear’ from adapting to environmental 
challenges, has been suggested as a framework with 
which to understand the stress-related disruption of 
multiple biological systems which may be linked to 
asthma. Considering the socioeconomic context is also 
critical given asthma and allostatic overload are more 
common in lower socioeconomic groups.
Aims  Estimate the relationship between allostatic load 
and its constituent biomarkers, asthma and corticosteroid 
prescribing while controlling for socioeconomic status.
Methods  Data from Understanding Society (a 
nationally representative survey of UK community-
dwelling adults) waves 1–3 (2009–2012) allowed the 
identification of a sex-specific risk profile across 12 
biomarkers used to construct an Allostatic Load Index 
for a sample of 9816 adults. Regression analyses were 
used to examine the association of asthma status 
and corticosteroid prescriptions with allostatic load 
and its constituent biomarkers while controlling for 
socioeconomic status (n=9805).
Results  Subjects with currently treated asthma and no 
corticosteroid prescription have an allostatic load 1.21 
times higher than those without asthma (p<0.001). 
Asthmatic subjects in receipt of inhaled corticosteroids 
had an allostatic load, approximately 1.12 times higher 
than those without asthma (p<0.001). This association 
persisted in sensitivity analyses and appeared to be 
driven by an association with specific biomarkers 
(dehydroepiandrosterone-sulfate, waist-to-height ratio 
and C-reactive protein).
Conclusion  Early ageing, in the form of a higher 
allostatic load, was present even in the mildest asthma 
group not receiving inhaled corticosteroids. Allostatic 
load is helpful in understanding the increased all-cause 
mortality and multimorbidity observed in asthma.

INTRODUCTION
Asthma is a highly prevalent disease affecting over 
300 million people worldwide.1 It is associated with 
a significant economic burden,2 which is greatest 
among those with severe disease and lower socio-
economic groups.3 4 Asthma medications are a 
major contributor to this burden.3 5 Corticosteroids 
(CS), a cornerstone of asthma treatment, have also 
been implicated in the presence of many comorbid-
ities6 7 and recent research examining the relation-
ship between comorbidity and systemic CS (SCS) 
exposure suggests that their use may bring forward 
comorbidity to an earlier age.8 Collectively, these 
studies are suggestive of a link between asthma, 

CS exposure and the age at which several illnesses 
manifest.

Allostatic load (AL) which refers to the cumula-
tive ‘wear and tear’ on the body as a result of regular 
and/or sustained activation of physiological systems 
in response to environmental challenges9 can also 
be thought of in terms of premature ageing.10 Like 
asthma, high AL has been linked to socioeconomic 
status (SES) as well as minority status.11 12 It has 
been proposed as a potential framework with which 
to understand stress-related disruptions to multiple 
biological systems which may be linked to asthma13 
and more broadly as a potential means of redefining 
‘health’ to focus on an individual’s ability to adapt 
and self-manage.14

Psychological stress has been associated with both 
exacerbation risk and development of asthma via 
disruption to immune, endocrine or other biolog-
ical systems.15 16 An operationalisation of AL to 
capture potential stress-related dysregulation across 
multiple systems may be useful in understanding 
comorbidity accumulation as well as the develop-
ment of asthma. However, these relationships are 
likely to be complex, and are further complicated 
as CS are used to treat asthma and the physiological 
response to stress causes the release of endogenous 
glucocorticoids. Similarly, lower SES is associated 
with an increased AL17 and within high-income 

Key messages

What is the key question?
►► What is the relationship between allostatic load 
(a measure of stress-related ‘wear and tear’), 
its constituent biomarkers and asthma when 
adjusting for corticosteroid prescribing and 
socioeconomic status.

What is the bottom line?
►► Participants with asthma demonstrate greater 
wear and tear than those without asthma; an 
individual in the mildest asthma group aged 52 
years, without any corticosteroid prescription, 
had an allostatic load equivalent to a 60 years 
old without asthma.

Why read on?
►► Allostatic load has been shown to predict the 
development of many stress-related diseases 
which overlap with asthma comorbidity and 
therefore understanding this stress-disease link 
is important for the management of asthma 
and in potentially reducing its lifetime burden.
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Asthma

countries like the UK is generally associated with greater asthma 
prevalence and burden.18 To our knowledge, only one study has 
examined the link between asthma and AL.19 While this study 
demonstrated an association, it was in a small cohort of chil-
dren and adolescents in Canada, where changes in endogenous 
sex hormones may complicate the relationship between AL and 
asthma given sex differences in asthma prevalence at different 
ages.20

Understanding the relationship between AL, asthma and CS 
may potentially be relevant to a holistic approach to asthma 
management, for example, using adaptive self-management 
techniques to reduce AL and the risk of stress-related disease. 
Indices of AL may also provide a useful metric with which to 
identify at risk individuals earlier, potentially delaying entry into 
the disease span of their life course, or in identifying biomarkers 
which may offer research pathways to better understand the role 
of stress in asthma. The objectives of this paper were to examine 
the association between AL and asthma apart from CS prescrip-
tions and holding SES constant in an adult population and to 
examine these associations for individual AL biomarkers.

METHODS
Data
Data on adults aged 16 and over were taken from waves 1 
to 3 (2009–2012) of the Understanding Society survey,21 a 
large nationally representative sample of the UK population. 
Documentation describing the full data collection process 
is available elsewhere.22 While Understanding Society is a 
panel survey, the data used here consist of two pooled cross-
sectional waves where a nurse collected blood samples among 
other physiological measures from respondents.23 Apart from 
nurse health assessment data, which was used to construct the 
AL Index (see next), all other data were self-reported. As this 
research was based on secondary analysis of primary data for 
which ethical approval had been previously obtained, no addi-
tional ethical approval was required and it was done without 
public/patient involvement. This database may be shared on 
request to the UK Data Service (https://www.​ukdataservice.​ac.​
uk/).

Allostatic Load Index
To maintain consistency with previous work using this dataset,11 
we used 12 biomarkers to construct an AL Index: creati-
nine clearance rate, insulin-like growth factor one (IGF1), 
dehydroepiandrosterone-sulfate (DHEA-s), clauss fibrinogen, 
glycated haemoglobin, pulse, systolic and diastolic blood pres-
sures, C-reactive protein (CRP), ratio of total to high-density 
lipoprotein (HDL) cholesterol, triglycerides and waist-to-height 
ratio (W2H). A binary variable was used to identify whether 
an individual was in the high-risk quartile for each biomarker 
in the Understanding Society data. As it is recognised that the 
distribution of AL biomarkers is consistently different between 
males and females the identification of a high-risk quartile was 
sex-specific. Increasing levels represented higher risk for all 
biomarkers except IGF1, DHEA-s and creatinine clearance rate. 
These were summed to create an AL Index ranging from 0 to 
12. While this specification of AL can make comparisons across 
studies difficult as the high-risk quartile is identified within 
the sample under observation, the approach has consistently 
been found to predict health and mortality24 while potentially 
offering a clearer link to SES over other suggested measures of 
early ageing.17

Asthma and asthma medication
In wave 1, individuals were asked if they had physician diag-
nosed asthma and in subsequent waves whether they still had 
or had been newly diagnosed with this condition.21 Individuals 
who reported having asthma in wave 1 but did not report a 
change in asthma status in subsequent waves were assumed to 
still have asthma. During the nurse visit, individuals were asked 
if they were ‘taking or using any medicines, pills, syrups, oint-
ments, puffers or injections prescribed for you by a doctor or a 
nurse?’ which were coded using the British National Formulary 
(BNF).25 A separate question asking whether each medication 
was taken/used in the last 7 days was used in sensitivity anal-
ysis. Under a special end-user licence, it was possible to identify 
those in receipt of inhaled CS (ICS), SCS as well as other respira-
tory medications (eg, Short Acting Beta-Agonist) based on BNF 
codes and descriptions.23 A variable was created to broadly align 
with the Global Initiative for Asthma (GINA) treatment strategy 
guidelines26: (1) no asthma diagnosis and no prescription for 
any CS (control group); (2) self-reported physician diagnosed 
asthma and in receipt of respiratory medication (henceforth 
currently treated (CT) asthma) but no ICS and no SCS prescrip-
tion; (3) CT asthma, ICS prescription but no SCS prescription; 
(4) CT asthma and SCS prescription (see online supplementary 
figure E1).

Statistical methods
To control for confounding between SES and asthma, infor-
mation was included on an individual’s age (and age-squared), 
sex, log of equivalised household income,27 employment 
status, highest educational achievement, urban/rural dwelling 
status, self-reported ethnicity (any white background vs other), 
marital status and whether the individual is responsible for 
children under 18 years. Sample means and proportions were 
estimated on the main variables. While not included in the 
regression due to issues of collinearity and missing observa-
tions, percent predicted FEV1 was used to examine lung func-
tion across CT asthma/CS groups. Given the small numbers of 
individuals in group 4 (n=11), inference related to this group 
would be troublesome and this group was excluded from the 
analysis.

Adjusting for confounders, regression models were used to 
examine the relationship between asthma and the AL Index 
(negative binomial regression with constant dispersion) and with 
high-risk status for each individual biomarker (logistic regres-
sion). Results in the main text are presented without (model 1) 
and with (model 2) adjustment for background SES. All analyses 
were conducted using Stata V.14.28

Sensitivity analyses including W2H as a confounder rather 
than a component of the AL Index, whether each medication 
was taken in the last 7 days, adjusting for other non-respiratory 
medication, restricting each AL biomarker cut-off to the high-
risk quintile rather than quartile, using survey weights to 
examine whether results were biased by the sampling strategy or 
missing biomarker data, modelling age as a categorical variable 
(see table 1), using age to reflect the exposure window rather 
than as a covariate, and the inclusion of additional lifestyle vari-
ables, such as smoking history, for a subset of the sample are 
reported in the online supplement (in spite of the large sample 
size available for analysis, given the imbalance in the number 
of individuals across asthma groups we tested models using 
penalised maximum likelihood methods to ensure that bias was 
not present in the smaller numbers of individuals with asthma. 
Although not presented here, there was no difference in models 
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accounting for this potential bias. Results can be made available 
on request).

RESULTS
The summary data for the study cohort of 9816 subjects used in 
the analysis are shown on table 1 (the steps used in preparing the 
final dataset from the survey is shown in the online supplemen-
tary figure E1). Of those with CT asthma (groups 2–4, n=597) 
approximately 33% (198/597) had no ICS or SCS prescriptions 
(group 2), 65% (388/597) had a prescription of ICS but no 
SCS (group 3) and 1.8% (11/597) had a prescription of SCS 
(group 4). Group 4 was not included in the analysis due to small 
numbers; however, it is worth highlighting that this group had 
the highest mean AL Index 5.2 (CI 3.8 to 6.6) while groups 1, 
2 and 3 had mean AL indices of 2.9 (CI 2.9 to 3.0), 3.6 (3.3 to 
3.9) and 3.6 (3.3 to 3.8), respectively. Along with a significantly 
higher AL relative to group 1 (p<0.01), groups 2 and 3 were 
also more likely to be female, have no educational qualification 

and fall into the ‘Other’ employment category. Those in group 
3 were more likely to be divorced or widowed and less likely to 
be employed or self-employed relative to group 1. The pattern 
of medication use in asthma seen here is broadly consistent with 
other UK-based research using GINA guidelines on large admin-
istrative health records.29 Although per cent predicted FEV1 
was not available for all subjects, consistent with expectation it 
declined across groups 1–4 with estimates of 94% (n=6093, CI 
93.5 to 94.3), 84% (n=146, CI 77.2 to 89.9), 81% (n=272, CI 
78.3 to 82.9) and 67% (n=7, CI 51.1 to 82.2), respectively. The 
mean age of the sample was 52.5 years and 56% were female.

Table  2 outlines the relationship between CT asthma/CS 
prescribing and the AL Index without (model 1) and with (model 
2) adjustment for SES variables. Regardless of CS prescribing, 
those with CT asthma (groups 2–3) have a higher AL than those 
without physician-diagnosed asthma and no CS prescription 
(group 1). In model 1, those with CT asthma and no CS prescrip-
tion (group 2) have an AL Index 1.26 times higher than those in 

Table 1  Socioeconomic and Allostatic Load (AL) Index breakdown for the final sample used for analysis according to asthma/corticosteroids (CS) 
prescribing with t-tests for differences in sample characteristics relative to group 1 (control)

1. No asthma/no 
CS prescriptions

2. Currently treated (CT) 
asthma/no ICS/no SCS P value

3. CT asthma/ICS/ 
No SCS P value Total

Age (years), mean (SD) 52.4 (16.4) 52.2 (17) 0.894 55.1 (15.7) 0.002 52.5 (16.4)

Female, n (%) 5056 (54.8) 136 (68.7) <0.001 250 (64.4) <0.001 5442 (55.5)

Equivalised household income per person/month 
(£GBP), mean (SD)

2231 (1723) 2065 (1734) 0.180 1995 (1624) 0.008 2219 (1720)

Highest level of education, n (%)

 � Degree 1985 (21.5) 42 (21.2) 0.914 73 (18.8) 0.201 2100 (21.4)

 � Other higher degree 1217 (13.2) 23 (11.6) 0.514 51 (13.1) 0.974 1291 (13.2)

 � A-level, etc. 1811 (19.6) 38 (19.2) 0.874 61 (15.7) 0.056 1910 (19.5)

 � GCSE, etc. 1923 (20.9) 29 (14.6) 0.033 83 (21.4) 0.800 2035 (20.8)

 � Other qualification 1014 (11) 24 (12.1) 0.618 46 (11.9) 0.598 1084 (11.1)

 � No qualification 1269 (13.8) 42 (21.2) 0.003 74 (19.1) 0.003 1385 (14.1)

Self-reported white ethnicity, n (%) 8801 (95.5) 192 (97) 0.313 373 (96.1) 0.534 9366 (95.5)

Employment status, n (%)

 � Employed 4560 (49.5) 82 (41.4) 0.025 163 (42) 0.004 4805 (49)

 � Family care 456 (4.9) 13 (6.6) 0.300 17 (4.4) 0.614 486 (5)

 � Other, for example, long-term sickness 305 (3.3) 21 (10.6) <0.001 36 (9.3) <0.001 362 (3.7)

 � Retired 2626 (28.5) 56 (28.3) 0.950 134 (34.5) 0.010 2816 (28.7)

 � Self-employed 740 (8) 8 (4) 0.040 15 (3.9) 0.003 763 (7.8)

 � Full-time student 202 (2.2) 8 (4) 0.081 5 (1.3) 0.230 215 (2.2)

 � Unemployed 330 (3.6) 10 (5.1) 0.272 18 (4.6) 0.274 358 (3.7)

Urban, n (%) 6802 (73.8) 150 (75.8) 0.532 307 (79.1) 0.019 7259 (74)

Marital status, n (%)

 � Divorced 1037 (11.2) 28 (14.1) 0.204 61 (15.7) 0.007 1126 (11.5)

 � Partner 5438 (59) 107 (54) 0.162 212 (54.6) 0.088 5757 (58.7)

 � Separated 186 (2) 3 (1.5) 0.618 9 (2.3) 0.679 198 (2)

 � Single 1873 (20.3) 41 (20.7) 0.893 61 (15.7) 0.027 1975 (20.1)

 � Widowed 685 (7.4) 19 (9.6) 0.252 45 (11.6) 0.002 749 (7.6)

Responsible for children under 18 years, n (%) 1742 (18.9) 42 (21.2) 0.411 76 (19.6) 0.733 1860 (19)

AL Index, mean (SD) 2.9 (2.2) 3.6 (2.3) <0.001 3.6 (2.5) <0.001 3 (2.3)

N = 9219 198 388 9805

CT asthma refers to those with a physician-diagnosed asthma and in receipt of any respiratory medication. Education achievement reflects the UK educational system, whereby 
degree/other higher degree would reflect approximately 17 years of education, A-level approximately 14 years and GCSE or no-qualification approximately 12 years or less.
GCSE, General Certificate of Secondary Education; ICS, inhaled corticosteroids; SCS, systemic corticosteroids.
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group 1 (p<0.001). Those with CT asthma, an ICS prescription 
and no SCS prescription (group 3) have an AL Index 1.23 times 
higher than those in group 1 (p<0.001).

Following the inclusion of SES variables in model 2, the magni-
tude of these associations is reduced (table 2) though the pattern 
remains whereby those in group 2 (CT asthma/no ICS/no SCS) 
have an AL Index 1.21 times that of group 1 (p<0.001) while 
those in group 3 (CT asthma/ICS/no SCS) have an AL Index 
1.12 times higher than those in group 1 (p<0.001). Full tables 
are available in the online supplement which also demonstrate a 
clear socioeconomic and age gradient: younger individuals, and 
those with higher educational achievement or higher income 
have a significantly lower AL Index (p<0.001).

To put this in perspective, consider an individual of average 
age in the sample (52.5 years). Based on the results from model 
2, a 1 year increase in their age is associated with a 0.07 unit 

increase in their AL Index, ceteris paribus. Having CT asthma 
with no CS prescription (group 2 relative to group 1) is associ-
ated with 0.59 unit increase in their AL Index, ceteris paribus. 
Thus, in terms of its effect on AL, being in the mildest asthma 
group without any CS prescription relative to the control group 
is approximately equivalent to a penalty of 8 years on one’s 
chronological age (0.59/0.07; note that because age squared was 
included in model 2 this estimate may vary slightly if using a 
reference age other than the mean age of the sample).

Figure  1 (and online supplementary table E8) present the 
odds of being in the high-risk quartile across each AL biomarker 
according to CT asthma/CS prescribing while adjusting for SES. 
A clear signal is seen across both groups for three biomarkers: 
CRP, W2H and DHEA-s. CT asthma subjects with and without 
ICS prescription had significantly greater odds of being in the 
high-risk quartile for these biomarkers.

Asthmatic subjects with an ICS prescription (group 3) had 
higher odds of being in the high-risk quartile for CRP (OR: 
1.27, p=0.033), W2H (1.5, p<0.001) and DHEA-s (2.13, 
p<0.001) though not as high as asthmatic subjects without a 
CS prescription (group 2) relative to the control with ORs of 
1.75 (p<0.001), 1.92 (p<0.001) and 2.18 (p<0.001), respec-
tively. Similar to the results from table 2, the associations noted 
between groups 2 and 1 and between groups 3 and 1 were not 
however significantly different from each other. Additionally 
relative to group 1 those in group 3 have greater odds of being in 
the high-risk quartile for clauss fibrinogen (p<0.001) and those 
in group 2 have greater odds for pulse (p=0.016).

Estimates to the right of the black line represent an increase 
in the odds of being in the high-risk quartile though the high-
risk quartile does not necessarily mean elevated levels; see the 
Allostatic Load Index section for individual biomarker config-
uration. Each model adjusts for age, age-squared, sex, equiva-
lised household income, employment status, highest educational 
achievement, urban/rural dwelling status, whether the individual 

Table 2  Relationship between asthma/corticosteroids (CS) 
prescriptions and the Allostatic Load Index (incident rate ratio (IRR)) 
adjusted for socioeconomic factors and CS use

Model 1 Model 2

Base: 1. No asthma/no CS 
prescriptions

IRR/(95% CI) IRR/(95% CI)

2.Currently treated (CT) 
asthma/no ICS/no SCS

1.256*** (1.14 to 1.38) 1.205*** (1.12 to 1.30)

3.CT asthma/ICS/no SCS 1.229*** (1.14 to 1.32) 1.119*** (1.06 to 1.19)

N 9805 9805

Prob>F <0.001 <0.001

Model 2 adjusts for age, age-squared, sex, equivalised household income, 
employment status, highest educational achievement, urban/rural dwelling status, 
whether the individual documented their ethnicity as white versus other, marital 
status and whether the individual is responsible for children under 18 years.
*Significant at p<0.05, **sig. at p<0.01, ***sig. at p<0.001.
ICS, inhaled corticosteroids; SCS, systemic corticosteroids.

Figure 1  Relationship between asthma/corticosteroids (CS) prescription and the Allostatic Load Index biomarkers (ORs) adjusted for socioeconomic 
status (n=9805). CT, currently treated; ICS, inhaled CS; SCS, systemic CS.
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documented their ethnicity as white, marital status and whether 
the individual was responsible for children under 18 years.

In sensitivity analyses of the relationship between CT asthma/
CS prescribing and the AL Index, other potentially confounding 
factors were considered (see online supplementary table E1–E7). 
These additional analyses did not materially impact the incidence 
rate ratios reported in model 2 of table 2. In sensitivity analyses 
exploring the relationship between CT asthma/CS prescribing 
and individual AL biomarkers (see online supplementary table 
E8–E10), while adiposity and lifestyle factors, such as exercise 
and alcohol intake, explained in part the association between 
DHEA-s, CRP and CT asthma/CS prescribing they did not fully 
explain differences observed between these groups.

DISCUSSION
Our analyses show that, after adjusting for SES, those with CT 
asthma (self-reported physician-diagnosed asthma and in receipt 
of respiratory medication), but no CS treatment (ICS or SCS 
prescription) have an AL Index 1.21 (p<0.001) times higher 
than subjects with no asthma diagnosis. Those with CT asthma 
and an ICS prescription had an AL Index 1.12 (p<0.001) times 
higher than non-ashma controls. Taken together, these results 
suggest that the association between AL and asthma is not due 
to CS exposure and this association was supported in sensi-
tivity analyses. In clinical terms, this suggests that subjects with 
physician-diagnosed CT mild asthma exhibit greater wear and 
tear than non-asthmatics which is independent of age, sex, SES 
and CS use.

The relevance of an elevated AL Index has been examined 
in a number of studies linking it with an increase in all-cause 
and disease-specific mortality risk for a given interval when 
adjusting for age, sex and other confounding factors.30 Some 
caution is warranted when drawing inferences across studies as 
the biomarkers used to measure AL and the threshold defined 
as ‘high-risk’ often vary.31 The wear and tear observed in our 
results may help explain the increased all-cause mortality 
observed among those with asthma.32 Importantly, our results 
suggest that even mild asthma is equivalent in terms of the AL 
impact, of ageing by approximately 8 years, that is, those aged 
52 with CT asthma and no CS have an equivalent AL to those 
aged 60 without asthma. The equivalent impacts of AL, with 
respect to the other degrees of asthma severity, are biologically 
plausible, specifically treatment of asthma with ICS potentially 
reducing the impact on AL. Programmes which help patient’s 
adapt to life’s challenges, including those related to the expe-
rience of illness, may be important alongside usual therapies in 
reducing patient’s stress33 and potential downstream morbidity.

The concept that ICS may have a potentially beneficial effect 
in terms of AL, through a wider anti-inflammatory effect, is 
supported by the fact that while CRP (a marker of inflammation) 
was higher in general among CT asthma subjects, those without 
a CS prescription (group 2) had relatively higher odds of being in 
the high-risk quartile for CRP than those with an ICS prescrip-
tion (group 3); this observation has been noted elsewhere.34 This 
would support a beneficial effect of ICS treatment in offsetting 
the increased AL associated with having asthma. The association 
between CT asthma and CRP was attenuated when adjusting 
for W2H suggesting that part of this relationship is mediated 
by adiposity. In addition, compared with group 1, risk levels for 
other metabolic biomarkers, such as triglycerides and total to 
HDL cholesterol, were also lower in group 3 compared with 
group 2 (although not significantly) which may also support this 
observation.

A consistent association was also observed across CT asthma 
groups and another AL biomarker, DHEA-s. When adjusting for 
SES, CT asthma subjects with and without CS prescription were 
twice as likely to be in the high-risk quartile for this biomarker 
compared with those without asthma or CS prescription. In the 
case of DHEA-s, ‘high-risk quartile’ refers to the quartile with 
the lowest recorded levels. Beneficial effects of sex hormones, 
such as DHEA-s, have been noted in asthma symptom control 
among adolescents35 and the potential usefulness of DHEA-s has 
been described in screening for side-effects of CS exposure, as a 
CS-sparing alternative in treating conditions such as asthma or 
as a way of attenuating insensitivity to CS therapy in those who 
develop CS resistance.36 37

There are a number of limitations to this study. One limita-
tion is that the analysis is cross sectional and therefore it was 
not possible to determine whether asthma leads to AL, whether 
the reverse is true or perhaps more likely that feedback exists 
between the two which intersects with an individual’s genetic 
risk as well as the conditions and experiences of one’s life. There 
is a suggestion that exposure to stress may alter immune func-
tion and therefore lead to the development of asthma or wors-
ening asthma symptoms.15 16 However, the humanistic burden 
of asthma on individuals is also well documented38 39 and may 
plausibly result in a raised AL. Longitudinal analyses would help 
to shed light on this issue given we have shown evidence here to 
support a stress-disease link which is dissociated from CS use.

In the only prior study of AL and asthma, Bahreinian et al 
found that, in a longitudinal analysis of preadolescents, boys 
with a higher AL were more likely to be diagnosed with asthma 
2 years later but found no such relationship in girls.19 We did not 
find that the relationship between AL and asthma/CS prescribing 
was sex specific in a larger cross-sectional adult sample. Surpris-
ingly, the Bahrenian adolescent study found no link between 
DHEA-s and asthma, though this may be due to the study popu-
lation, given that DHEA-s production is linked to the onset of 
adrenarche40 and the noted sex switch in asthma prevalence 
during this period.20 However, in the Bahrenian study, sample 
size was small (n=352), the age-group studied was hormonally 
variable due to pubertal status, AL was measured differently and 
CS prescribing was not considered which makes study results 
difficult to compare.

A second limitation is that identifying the number or dosage 
of individual prescriptions was not possible, nor was deter-
mining how long an individual had been prescribed CS. This 
granularity around CS exposure may be reflected in their AL 
given previous research linking CS dose and duration to differ-
ential morbidity.7 8 Furthermore it was not possible to measure 
medication adherence and only possible to identify individuals 
in receipt of CS prescription at the time of the nurse visit and 
not whether they were taking it as prescribed. However, the 
observed associations remain unchanged when restricting the 
analysis to those who reported taking their medication in the 
last 7 days which adds robustness around current medication 
adherence. It is also possible that some unobserved confounding 
remains, for example, asthma prevalence and higher AL may 
both be influenced by environmental exposures, such as air 
pollution. However, the associations between asthma and AL 
remain robust despite adjustment for urban dwelling and SES.

Additionally, data taken from the mainstage survey, including 
physician-diagnosed asthma, was self-reported which is a poten-
tial limitation; however, the large sample size available for anal-
ysis reduces the likelihood of this having a meaningful impact 
on the results presented here. Finally, the identification of a 
high-risk quartile is dependent on the data and may differ for 
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different samples while also not reflecting a meaningful clinical 
outcome. However, these data are from a large representative 
UK sample which allows control for socioeconomic confounders 
and provides strong support for an association between AL and 
asthma.

CONCLUSION
AL, as a measure of early ageing, provides a useful framework 
for understanding asthma and CS-induced morbidity espe-
cially given previous evidence of potential early expression of 
morbidity in patients with severe refractory asthma.8 A lack of 
consistency in the use of biomarkers used to construct an AL 
Index has been documented elsewhere31 which highlights the 
importance of including a breakdown of the association with 
individual biomarkers alongside a composite AL Index. Even 
subjects with mild asthma group (no CS prescription) have a 
significantly higher AL than those without asthma. Certain 
constituent biomarkers of AL are strongly positively associated 
with CT asthma although there is some evidence of a protective 
effect on AL for those in receipt of ICS.

While we cannot infer a causal association between asthma 
and raised AL, there does appear to be a stress-disease link that 
is not explained by iatrogenic effects. Prospective studies may 
allow a better understanding of the direction of causation across 
the life course including exploration of other modifying effects, 
such as the effect of smoking on the relationship between AL and 
asthma. The results presented in this paper shed new light on 
the mechanism by which asthma and asthma management may 
relate to comorbidity accumulation and may have implications 
for disease measurement and management.
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