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Abstract 

Background 

Inhaled corticosteroids (ICS) are the recommended long-term control therapy for asthma in children. 

However, concern exists regarding potential adrenal suppression with chronic ICS use. Our pilot study 

reported that hair cortisol in children was 50% lower during ICS therapy than prior to therapy, suggestive 

of adrenal suppression. 

Objective 

To evaluate hair cortisol concentration (HCC) as a potential biomarker for possible adrenal suppression 

from ICS use in children with asthma.  

Methods 

A retrospective observational study was performed at asthma clinics in Vancouver, Winnipeg, and 

Toronto, Canada. Children (n=586) were recruited from July 2012 to December 2014 inclusive of those 

without asthma, with asthma not using ICS, and with asthma using ICS. The most recent three-month 

HCC was measured by enzyme immunoassay and compared among the groups. Quantile regression 

analysis was performed to identify factors potentially affecting HCC.  

Results 

The median HCC was not significantly different among the children: No ICS (n=47, 6.7 ng/g, 

interquartile range (IQR) 3.7-9.8 ng/g), ICS Treated (n=360, 6.5 ng/g, IQR 3.8-14.3 ng/g), and Controls 

(n=53, 5.8 ng/g, IQR 4.6-16.7 ng/g). 5.6% of the children using ICS had hair cortisol <2.0 ng/g compared 

to none in the control groups (P<0.05, comparing ICS Treated (20/360) to all Controls combined (0/100)) 

and only half had been exposed to systemic corticosteroids. Age, sex, BMI, and intranasal corticosteroid 

use were significantly associated with HCC. 

Conclusions 

Results suggest HCC may be a potential biomarker for adrenal suppression as a population of children 

using ICS with HCC <2.0 ng/g was identified compared to none in the control groups. Further research is 

needed to determine if those children have or are at risk of adrenal suppression or insufficiency. 
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Abbreviations 

ACTH = adrenocorticotropic hormone; BMI = body mass index; EIA = enzyme immunoassay; HCC = 

hair cortisol concentration; HPA = hypothalamic-pituitary-adrenal; ICS = inhaled corticosteroids; IQR = 

interquartile range; INC = intranasal corticosteroid; OLS = ordinary least squares; PSS = perceived stress 

scale; SD = standard deviation  
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1.0 Introduction 

Asthma is a common chronic respiratory condition affecting approximately 335 million people 

worldwide [1]. In 2008-2009, approximately 10% of Canadian children aged 2-7-years-old were 

diagnosed with asthma [2]. According to the Canadian Thoracic Society, the recommended therapy for 

long-term control of chronic asthma is inhaled corticosteroids (ICS) [3]. There are five ICS available in 

Canada: fluticasone, budesonide, beclomethasone, mometasone, and ciclesonide. Most ICS have not been 

properly evaluated for use in children <4-6-years-old with the exception of the fluticasone propionate 

metered dose inhaler, which is approved for children over 12-months-old [4–8]. Regardless, young 

children are prescribed ICS and Thomas et al. [9] reported that 5.6% of children <5-years-old and 10% of 

children 5-11-years-old were receiving high dose therapy (>400 µg/d for those age groups). Concern 

exists regarding adrenal suppression and insufficiency in children on normal and high dose ICS for 

chronic maintenance therapy [10–13]. 

 Cortisol is a hormone released from the adrenal glands regulating multiple physiological 

functions including the stress response and inflammation. Adrenal suppression is characterized by a 

decreased but generally adequate production of cortisol, whereas adrenal insufficiency is a more serious 

condition characterized by chronically inadequate production of cortisol [10]. Individuals with adrenal 

suppression are at risk of experiencing adrenal insufficiency.  

Adrenal insufficiency is diagnosed by clinical presentation and laboratory tests. The most 

common laboratory test is measurement of morning serum cortisol, which is diagnostic of adrenal 

insufficiency if <100 nmol/L and indeterminate if 100-500 nmol/L [14], possibly indicating adrenal 

suppression at the measurement time point. More recently, hair has been used in research as an alternative 

matrix to measure cortisol concentration. The benefits of a hair sample compared to serum include that it 

is painless, easy, and non-invasive to collect and, unlike serum and saliva, hair does not need to be 

collected at a specific time. Additionally, the constant growth rate of hair, approximately one centimetre 

per month on average [15], allows for the determination of the past, average, cortisol concentrations over 

time, not strictly at one point in time, and, thus, better able to detect chronic cortisol changes. All of these 
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qualities make it a potentially useful tool for cortisol assessment in children. 

Research suggests that hair cortisol concentration (HCC) represents the average endogenous 

systemic cortisol concentration. HCC has been significantly correlated with a 24-hour urine sample, 

multiple saliva samples collected over three days in the course of a week, and the area under the 

concentration-time curve of saliva samples collected daily for one month [16–18]. In patients with 

Cushing's syndrome, the HCC was high, as expected, and the measurements were 86% sensitive and 98% 

specific for detecting cyclic Cushing's syndrome [19]. Additionally, HCC has been measured in many 

studies evaluating chronic stress [as reviewed by 20]. Only two small studies have evaluated HCC in 

children with asthma. One study compared the HCC of healthy children to children with asthma and the 

other was our pilot study comparing a child's HCC prior to and during ICS therapy as an indicator of 

possible adrenal suppression due to ICS use [21, 22]. Both studies reported approximately 50% lower 

HCC. 

The objective of this study was to expand on our previous research assessing HCC as a potential 

biomarker of possible adrenal suppression due to ICS therapy in children with asthma and to determine if 

any effects are associated with ICS type or dose. We hypothesized that children with asthma on ICS 

therapy may have lower HCC than children not using ICS, either with or without asthma, and that HCC 

analysis may detect increased adrenal toxicity associated with the ICS type or dose. 

2.0 Materials and Methods 

2.1 Study design, participants, and ethics 

 This was a retrospective observational cohort study. Children aged 0-18-years-old were recruited 

through hospital asthma clinics or a hospital-associated community asthma clinic at three sites across 

Canada between July 2012 and December 2014. Participants were eligible provided they or their parents 

could read and understand English, did not use any corticosteroid products on their scalp, or have any 

known medical conditions characterized by high endogenous cortisol concentrations. Three groups of 

children were included: those without asthma not using ICS (Controls), those with asthma not using ICS 

(No ICS), and those with asthma using ICS (ICS Treated). Research ethics board approval was obtained 
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from each institution including: British Columbia Children's and Women's Health Centre in Vancouver, 

British Columbia; Hospital for Sick Children in Toronto, Ontario; and Winnipeg Children's Hospital in 

Winnipeg, Manitoba. Informed written consent from the parent, guardian or child, and assent from the 

child was obtained, as appropriate, for all participants. 

2.2 Data and Hair Sample Collection 

 The participant's demographic and clinical information, such as their asthma and medication 

history inclusive of all corticosteroid use, was recorded after participant interview and/or medical record 

review. Children enrolled in Toronto also performed the Perceived Stress Scale (PSS) if they were 

capable of understanding the questions [23]. 

Hair was cut close to the scalp with scissors from the vertex posterior region of the head. The 

samples of ≥40 hair strands were affixed with tape to a hair sample collection form keeping the ends 

aligned and stored in an envelope at room temperature until analyzed. Factors potentially affecting HCC 

were recorded with the sample collection.  

2.3 Hair Cortisol Analysis 

 The most proximal 3-cm segment of hair was analyzed for cortisol concentration. The method for 

cortisol extraction and analysis has previously been reported [24] and, with minor modifications, is 

described in brief in the Supplementary Materials. This extraction process recovery was reported as 84.5-

88.9% from spiked hair samples [16, 25]. The cortisol concentration was measured using the Salimetrics 

High Sensitivity Salivary Cortisol Enzyme Immunoassay (EIA) kit (Salimetrics, Philadelphia, PA) 

following the manufacturer's instructions. The performance of this immunoassay has been examined by 

our group prior to using it in this research project [26]. We conducted a blinded comparison of hair 

samples (n=15) spanning low, moderate, and high HCC analyzed by four immunoassays and two liquid 

chromatography-mass spectrometry (LC-MS) assays in an international round robin including four 

leading laboratories from Canada, Germany, the Netherlands, and the USA [26]. The Salimetrics kit 

comparison to the mean of both LC-MS concentrations had a Pearson correlation of r
2
=0.98 (P<0.0001) 

and equation of y=0.3844x + 2.683 for LC-MS vs. the Salimetrics immunoassay. The LC-MS methods 
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have reported intra-day coefficients of variation (CVs) between 1.9 and 8.4% and inter-day CVs between 

4.7% and 14.5% for a range of cortisol concentrations in spiked and pooled hair samples [27, 28]. The 

average intra-day CV for this study using the Salimetrics immunoassay was 6.3% based on participant 

hair samples and the inter-day CVs were 1.5% and 4.5% for the high and low controls, respectively [29]. 

Additionally, a pooled hair quality control sample, extracted and analyzed with each run, had a CV of 

13.4% over 40 runs. For a parallelism study, dilutions of four hair extracts were made spanning the 

analytical measurement range (AMR) at concentrations to mirror those of the calibrators and compared to 

the calibration curve. The curves for the hair extracts were not significantly different from the calibrator 

curve (F(4,56)=1.54, P=0.20, average R
2
=0.998). Since the hair extracts behaved the same as the calibrators 

across the AMR, the kit AMR was used for the hair analysis. Hair samples with concentrations beyond 

the AMR were diluted to obtain results within the AMR and the dilution factor applied to obtain the final 

concentration. The limit of quantitation was 0.12 ng/mL (0.33 nmol/L) as per the lowest kit calibrator. 

The manufacturer reported cross-reactivity is less than 0.6% for all other steroid hormones with the 

exception of dexamethasone, which is 19.2%. The cross-reactivity for each ICS was previously reported 

by our group as ≤0.03% [29]. The final HCC were calculated as the ratio of nanograms of cortisol per 

gram of hair (multiply by 2.759 for pmol/g). 

2.4 Statistical Analysis 

Comparisons of HCC, demographic information, and clinical information were performed using 

one-way analysis of variance (ANOVA) with Tukey's multiple comparison test, the Kruskal-Wallis test 

with Dunn's multiple comparison test, Chi-square or Fisher's exact test, Welch's ANOVA, Mann-Whitney 

U test, and Spearman correlation, as appropriate. For all analyses, two-tailed P-values were calculated and 

considered significant if ≤0.05. 

All HCC were used in calculations; however, the HCC data were not normally distributed and 

could not be normalized by transformation. Therefore, quantile regression was used to determine the 

association of HCC with variables and correct for possible confounders [30]. The 5-95
th

 quantiles, or 

percentiles, were calculated. To assess the method suitability, the results of the quantile regression were 
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compared to ordinary least squares (OLS) regression of the original and rank transformed HCC data, 

chosen as a potentially acceptable transformation of non-parametric data. Two models were used: Model 

1 assessed ICS type and Model 2 ICS dose. Unstandardized and standardized regression coefficients were 

calculated. A full description of the regression models and the equation for calculation of standardized 

regression coefficients are provided in the Supplementary Materials. 

All statistical analyses were performed using Graphpad Prism software version 5.0c (Graphpad 

Software, Inc., CA), SPSS version 22.0 (IBM Corporation, NY), and RStudio version 0.99.486 (RStudio, 

Inc., MA) running R version 3.2.2 (The R Foundation for Statistical Computing, Austria).  

 

3.0 Results 

 Of 586 children enrolled, 460 hair samples were suitable for analysis. The remaining samples 

were: used in our children's pilot study (n=23) [22], insufficient quantity (n=20), less than 3-cm long 

(n=76), too curly for accurate segmentation (n=2), mislabelled (n=2), or the participant had a condition 

other than asthma (n=3). Table 1 summarizes the cohort's demographics, HCC, hair sample variables, and 

medication use. 33.6% of the children used fluticasone, 36.7% ciclesonide, 8.1% beclomethasone, 8.1% 

budesonide, 3.3% mometasone, 10.0% multiple ICS, and one child (0.2%) used an unknown ICS. The 

number of ICS Treated per dose category was 118 taking >0-1.0 µg/kg/d, 139 taking >1.0-2.5 µg/kg/d, 91 

taking >2.5 µg/kg/d, 11 children did not have weight recorded, and 1 child did not have the ICS dose 

recorded. 

The median HCC did not differ among the groups of children (Figure 1, Table 1), but upon visual 

inspection, there appear to be subpopulations present. The Controls and No ICS appear to have bimodal 

distributions with the division occurring at an HCC of 40 ng/g. The subpopulation of children in each 

group with HCC >40 ng/g was not significantly different with 11%, 13%, and 14% in the Controls, No 

ICS, and ICS Treated, respectively. Similarly, a lower limit for HCC of 2.0 ng/g was notable given that 

20 children (5.6%) in the ICS Treated group had an HCC below this concentration compared to none in 

the control groups. This is a significant difference when the controls groups are combined giving a 
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comparison of no ICS to ICS use (0/100 versus 20/360, P<0.05). Of note, 10 of those 20 children were 

only exposed to ICS and had not received systemic corticosteroids in the previous five months. 

 
Table 1. Comparison of demographics, hair sample variables, and medication use among the three groups 
of children in the large cohort. 

 Controls 

(n = 53) 

No ICS 

(n = 47) 

ICS Treated 

(n = 360) 
P 

Demographics     

Age, years, median (IQR) 7.7 (3.1-12.3) 7.9 (4.2-12.0) 6.3 (3.7-10.1) 0.236
l
 

BMI, kg/m
2
, median (IQR, n) 17.6 (15.6-20.7, 51) 17.5 (16.3-19.6, 46) 16.8 (15.5-19.2, 349) 0.061

l
 

Male:Female, n 22:31 28:19 213:147 0.050
m
 

Toronto:Vancouver:Winnipeg, n 50:3:0 24:19:4 66:229:65 <0.001
m
 

PSS Score, mean (SD, n) 15.7 (8.0, 22) 13.7 (4.1, 17) 15.4 (6.9, 11) 0.537
k
 

Hair Sample Variables     

HCC, ng/g, median (IQR) 5.8 (4.6-16.7) 6.7 (3.7-9.8) 6.5 (3.8-14.3) 0.532
l
 

# Washes per week, median 

(IQR, n) 

3.5 (2.0-4.9, 52) 3.5 (2.0-7.0, 47) 3.5 (2.4-5.0, 353) 0.663
l
 

# Days since last washed, 

median (IQR, n) 

2.0 (1.0-2.0, 51) 1.0 (0.8-2.0, 42) 1.0 (1.0-2.0, 304) 0.162
l
 

Chemical treatment, n (%) 8 (15.1)
e
  2 (4.3) 17 (of 354, 4.8) 0.010

m
 

Medication Use     

Inhaled corticosteroid use
a
, 

Yes/No 

No No Yes – 

Lifetime duration of ICS use, 

years, median (IQR) 

0 (0-0)
h
 0.9 (0.0-4.5)

h
 2.3 (0.9-5.2)

h
 <0.001

l
 

Systemic corticosteroid use
b
,  n 

(%) 

1 (1.9)
f
 4 (8.5)

f
 128 (35.6) <0.001

m
 

Intranasal corticosteroid use
c
,  n 

(%) 

4 (7.5)
g
 10 (21.3) 106 (29.4) 0.002

m
 

Topical corticosteroid and/or 

other hormone use
c
, n (%) 

10 (18.9) 8 (17.0) 69 (19.2) 0.940
m
 

Beta-agonist
c,d

, n (%) 3 (5.7)
h
 35 (74.5)

h
 355 (98.6)

h
 <0.001

m
 

Number of other classes of 

medications used
c
, median 

(IQR) 

2.0 (1.0-2.0) 2.0 (1.0-3.0) 1.0 (1.0-2.0)
j
 

 

<0.001
l
 

BMI = body mass index; HCC = hair cortisol concentration; ICS = inhaled corticosteroids; IQR = interquartile 

range; PSS = perceived stress scale; SD = standard deviation. 
a
Inhaled corticosteroid use includes any use within the 

time captured by the tested hair segment, regardless of frequency or duration.  
b
Systemic corticosteroid use is 

reported if within five months of hair collection. 
c
Use within the last 12 months.  

d
Includes beta-agonist drugs that 

are short and long-acting, including use of combination inhaler products.  
e
Significantly different from ICS Treated, 

P <0.05.  
f
Significantly different from ICS Treated, P ≤0.001.  

g
Significantly different from ICS Treated, P <0.01.  

h
All significantly different from each other, P <0.001.  

j
Significantly different from No ICS only, P <0.01.  

k
Welch's 
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analysis of variance.  
l
Kruskal-Wallis test with Dunn's multiple comparison test.  

m
Chi-squared test. Note, chemical 

treatment had >20% with expected values <5.   

 

Figure 1. Scatterplot of hair cortisol concentrations by group. Hair cortisol concentration is shown on the 

y-axis with a logarithmic scale and the groups are indicated on the x-axis. The black bars indicate the 

median hair cortisol concentration for each group. The black dotted lines indicate the 2 and 40 ng/g 

concentrations. 

 

Differences in HCC were evaluated for associations with age and sex (Figure 2). Younger 

children tended to have higher HCC than older children. Linear regression showed that HCC significantly 

decreased from 1-8-years-old but did not significantly differ between the sexes (comparison of slopes: 

slope(males)= -0.08±0.03 ng/g; slope(females)= -0.10±0.03 ng/g, F(1,282) = 0.13, P=0.72, Figure 2, left inset). 

From 8-18-years-old, HCC increased slightly with age for females, but the sexes were not significantly 

different from one another except at approximately 8-9-years-old where males had a significantly higher 

HCC than females (comparison of y-intercept F(1,171)=4.7, P=0.03, Figure 2, right inset). 
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Figure 2. Scatterplot of hair cortisol concentration versus age and sex for the cohort of children. Hair 

cortisol concentration is indicated on the y-axis with a logarithmic scale. The age is shown on the x-axis. 

The children's sex is indicated by the different markers and lines as shown in the legend. The linear 

regressions comparing hair cortisol concentration by sex for children aged 1- to 8-years and >8- to 18-

years are shown in the left and right insets, respectively, with the log10 hair cortisol concentration plotted 

on the y-axis. 

 

For both quantile regression models (Model 1 n=443, Model 2 n=442), the regression coefficients 

for the intercept (which represents male Controls 7.48-years-old with a BMI of 15.5 kg/m
2
) fell within the 

IQR for the Controls' HCC, thus providing a validation of the regression models. Table 2 shows the 

standardized regression coefficients for significantly associated variables in Models 1 and 2 for the 5
th

, 

25
th

, 50
th

, 75
th

, and 95
th

 percentiles of HCC. Models 1 and 2 unstandardized regression coefficients and 
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OLS data, and Model 2 example quantile regression graphs are presented in the Supplementary Materials 

Tables S1, S2, and Figure S1. Confounding for the upper percentiles due to the extremely high HCC, 

indicated by wide confidence intervals, was still present in both models. 

 

Table 2. Summary of standardized quantile regression coefficients* and range for significant independent 
variables for Models 1 and 2 for the combined pediatric cohort. 

 Percentile 

Variable 0.05 0.25 0.5 0.75 0.95 

Model 1- ICS type      

Age, years, centred to 7.48 -1.0 

(-1.4, -0.4) 

-1.3 

(-1.7, -0.8) 

-2.3 

(-3.0, -1.6) 

-5.9 

(-7.7, -4.2) 

-48.5 

(-68.9, 22.1) 

Female -0.3 

(-0.35, 0.01) 

-0.6 

(-0.8, -0.2) 

-0.6 

(-1.1, -0.1) 

-2.0 

(-3.0, 1.1) 

4.1 

(-61.6, 69.6) 

BMI, kg/m
2
, centred to 

15.5 

0.5 

(0.3, 0.6) 

0.7 

(0.4, 1.0) 

0.6 

(0.03, 1.1) 

0.5 

(-1.0, 1.8) 

-15.5 

(-23.2, 2.1) 

Intranasal corticosteroid 

use 

0.1 

(-0.1, 0.2) 

-0.4 

(-0.7, -0.2) 

-0.9 

(-1.4, -0.4) 

-1.4 

(-3.5, 0.04) 

3.7 

(-50.2, 36.9) 

Model 2 – ICS dose      

Age, years, centred to 7.48 -0.9 

(-1.5, -0.3) 

-1.1 

(-1.8, -0.6) 

-1.8 

(-2.8, -1.1) 

-5.2 

(-6.5, -3.9) 

-88.0 

(-127.7, -14.4) 

Female -0.3 

(-0.4, 0.0) 

-0.5 

(-0.7, -0.1) 

-0.6 

(-1.3, 0.2) 

-1.2 

(-2.7, 0.4) 

26.7 

(-28.0, 93.2) 

BMI, kg/m
2
, centred to 

15.5 

0.4 

(0.2, 0.6) 

0.6 

(0.3, 0.9) 

0.7 

(0.2, 1.4) 

1.0 

(0.1, 1.9)  

-14.9 

(-42.6, 8.2) 

Intranasal corticosteroid 

use 

0.03 

(-0.2, 0.1) 

-0.5 

(-0.7, -0.2) 

-0.8 

(-1.4, -0.3) 

-2.2 

(-2.8, -0.3) 

-7.9 

(-47.9, 51.5) 

BMI = body mass index; ICS = inhaled corticosteroids  

*Coefficients were standardized using the equation reported in the Supplementary Materials and indicate the change 

in hair cortisol concentration in ng/g per one standard deviation change of the independent variable. 

Significant results are in bold. 

 

The quantile regression results were not significant for living in Winnipeg, lifetime duration of 

ICS use, and ICS type. Additionally, ICS dose did not have significant results with a couple of 

exceptions. Of note, for children in 5
th

 percentile of HCC, using >2.5 µg/kg/d was associated with lower 

HCC (unstandardized regression coefficient ()=-0.7 ng/g, CI95%=-1.0 to -0.04 ng/g), but for children in 

the 55
th

 percentile, using >2.5 µg/kg/d was associated with higher HCC (=3.8 ng/g, CI95%=0.4-5.6 ng/g). 
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However, an interpretation of variables with significance at only one or two percentiles is possibly over-

interpretation [31]. 

Variables with significant effects on HCC in both models included age, sex, BMI, and intranasal 

corticosteroid (INC) use. Table 2 shows that, for the combined cohort, age is the most significant factor 

affecting HCC. With increasing HCC percentile in both Models, age had a significantly positive or 

negative effect on HCC depending on if the age was below or above 7.48 years, respectively. For Model 

1, only the 5-85
th

 percentiles were significant. BMI was the next most influential variable with a positive 

or negative influence on HCC depending on whether the BMI was above or below 15.5 kg/m
2
 (5-50

th
 

percentiles in Model 1, 5-75
th

 percentiles in Model 2). Scatterplots showing the relationship of BMI with 

HCC and age are shown in the Supplementary Materials Figures S2A and B. Of similar influence as BMI, 

INC use was negatively associated with HCC in Model 1 (15-65
th

 percentiles) and Model 2 (25-75
th

 

percentiles). Finally, females had a slightly but significantly lower HCC in both models (15-55
th

 

percentiles in Model 1, 5-25
th

 percentiles in Model 2). Comparisons of the unadjusted HCC medians 

between INC users and non-users and between the sexes are shown in the Supplementary Materials 

Figures S3 and S4. 

4.0 Discussion 

This exploratory study is one of only a few, and to our knowledge, the largest that has 

investigated measuring hair cortisol as a potential biomarker of adrenal suppression. Comparison of 

median HCC among the three groups of children did not show a significant difference, but the 

comparison was not adjusted for covariates and both control groups had a smaller sample size, which may 

require a larger observed effect size for significance. Smit et al. also reported no difference between 

median HCC concentrations in their study comparing children with mild to moderate asthma to controls 

[32]. These non-significant results are not surprising given that research suggests HCC represents the 

average, endogenous cortisol concentration over time and only children with chronically lower cortisol 

would have significantly lower hair cortisol than the controls. Previous studies comparing basal cortisol 

results (i.e. serum or salivary cortisol) and hypothalamic-pituitary-adrenal (HPA) axis stimulation test 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

results for ICS-treated children to control groups have found that the results for the ICS-treated children 

were within the normal reference interval although significantly lower than the controls [33–35]. These 

results suggest the children's HPA axis is unable to respond to the same degree as the controls in the 

morning or when stimulated. What is not known from these studies is if the children's average cortisol 

concentrations over the long term would be significantly different from the controls. However, this is the 

comparison that is made using HCC.  

The current study results also contradict the results of our pilot study and another hair cortisol 

study in children with asthma, which both reported approximately 50% decrease in HCC for children with 

asthma [21, 22]. The study by Kamps et al. [21] may have been underpowered to detect the inter-

individual variation in cortisol (n=10 each group) and they did not document ICS use. Our pilot study 

used an intra-individual comparison rather than an inter-individual comparison, which may account for 

the conflicting results. Collectively, the literature suggests the ICS-associated adrenal suppression may 

not be chronic for many children but rather sub-clinical and only realized when an acute stress is applied 

to the HPA axis. For this reason, hair cortisol analysis may not be sensitive for detecting adrenal 

suppression in those children since it represents the chronic cortisol response rather than acute cortisol 

response. Intra-individual comparison, as in our pilot study, may be more sensitive for detecting 

potentially clinically significant suppression of adrenal function and determining what percentage 

decrease is clinically significant would be advantageous.  

Although an unadjusted comparison of medians was not significant, what is remarkable and 

warrants further discussion in this pediatric cohort is the variance in HCC. The variation in HCC of the 

ICS Treated group may indicate distinct subpopulations within this group. The 5.6% of the ICS Treated 

group with HCC <2.0 ng/g, indicative of children with chronically low cortisol, compared to none in 

either of the control groups may represent a population with or at risk of having adrenal insufficiency due 

to ICS therapy especially since only half had been exposed to systemic corticosteroids. It may be that 

HCC at a certain cut-off could be analogous to diagnosing those with morning serum cortisol <100 
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nmol/L as having adrenal insufficiency [14]. This theory is supported by previous studies that confirmed 

adrenal suppression by performing basal cortisol tests in conjunction with the low-dose 

adrenocorticotropic hormone (ACTH) stimulation test. Zollner et al. reported 6.1% (CI95%=1.8-10.5%) of 

children with asthma using ICS had morning serum cortisol <83 nmol/L [13]. Further, a meta-analysis of 

27 asthma studies determined that 6.8% (CI95%=3.8-12.0%) of people ≥12-years-old experienced adrenal 

insufficiency due to ICS use [36]. The similarity in percentages of adults and children diagnosed with 

adrenal insufficiency using traditionally accepted methods to the 5.6% of children with extremely low 

HCC in our study suggests HCC may be a suitable biomarker for detecting adrenal suppression. However, 

adrenal suppression or insufficiency was not confirmed in our study by a basal serum or saliva cortisol or 

ACTH stimulation test because it was an exploratory study to evaluate HCC as a potential biomarker of 

adrenal suppression. To verify this theory, confirming adrenal suppression with basal serum or saliva 

testing and determining the association between HCC and HPA axis stimulation test results would help 

ascertain if there was a cutoff for HCC similar to that for morning serum cortisol indicative of probable 

adrenal insufficiency. Additionally, pharmacogenomic investigations, which are planned for this cohort, 

may reveal potential genomic predictors of adrenal insufficiency from ICS use. 

In contrast, there is a subpopulation of 13% of children with higher than expected HCC 

represented in all three groups. Many studies have observed individuals with higher than expected HCC, 

measured by immunoassay and liquid chromatography-mass spectrometry, and in many cases have 

excluded those subjects with values >2-3 SD, thus excluding approximately 2-12%, including "healthy" 

controls, from the analysis but without proper explanation [37–41]. Even though they are statistical 

outliers, excluding these data may introduce selection bias. Future research determining if these 

individuals have a chronic non-pathologic or pathologic hypercortisolemia would provide an enriched 

examination of HCC as a potential biomarker of endogenous cortisol concentrations and associated 

conditions. Our groups did not differ in perceived stress as indicated by the PSS score; however, this does 

not rule out other forms of stress that may have been different among the groups such as physiological 
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stress. For example, a significant positive correlation existed between children in this study and "asthma 

exacerbations" (exacerbations overall, rho=0.114, P=0.015; major exacerbations requiring emergency 

visit or hospitalization, rho=0.175, P<0.001), which may represent a significant physiological stress. 

However, our exacerbation data has important limitations due to recall bias and inclusion of events that 

affected the child's asthma but may not be a true exacerbation, such as anaphylaxis or a respiratory illness 

(although they are other forms of physiological stress). Therefore, the results should be interpreted with 

caution. Other explanations for the high cortisol concentrations observed include a genomic association 

for this subpopulation or contamination from external corticosteroids that were not reported in the data 

collection. Finally, EIA interference due to inhaled corticosteroids is unexpected due to our previous work 

showing low cross-reactivity [29]; however, interference due to heterophile antibodies in the hair 

samples, for example, has not been reported in the literature but cannot be ruled out, although it would not 

be expected. 

Quantile regression was used to adjust for covariates and revealed that age, sex, BMI, and INC 

use were significant. The majority of literature regarding the association of sex and BMI with HCC 

indicates males and those with a higher BMI tended to have higher HCC in both children and adults [42, 

43]. Both Models 1 and 2 indicated boys had higher HCC than girls and the scatterplot showed a 

significant difference around 8-9-years-old. BMI was positively associated with HCC in children when 

their BMI was greater than 15.5 kg/m
2
. Regarding children's age, the research is conflicting [42]. Similar 

to our cohort, two studies reported HCC decreases in young children until approximately 8-10-years-old 

[37, 44]. However, serum cortisol was reported to increase from 2-18-years-old [45], and one study 

evaluating reference intervals for HCC reported HCC increased in children 5-10-years-old [46]. Finally, 

we found INC use had a negative association with HCC. Similarly, a meta-analysis determined that 4.2% 

(CI95%=0.5-28.9%) of individuals using INC had adrenal insufficiency [36]. However, children using ICS 

alone compared to ICS and INC did not have significantly different morning salivary cortisol 

concentrations [47]. 
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Unexpectedly, ICS type did not have a significant effect on HCC. Studies have reported 

fluticasone was associated with adrenal suppression, insufficiency, or crisis [12, 48–50]. However, the 

studies did not use equipotent doses [48], or used high doses for comparison, e.g., 500 or 1000 µg/d in 

adults [49]. Conversely, one study found ICS type was not a significant factor [11], and another found 

budesonide suppressed adrenal function more than fluticasone in children taking ICS for 6 months [34]. 

Of those studies measuring serum cortisol concentrations, all groups were within the normal reference 

interval for the study duration [34, 48, 49]. Therefore, while different ICS types are associated with 

adrenal suppression when tested by an HPA axis stimulation test, they do not generally result in 

chronically abnormal serum cortisol concentrations and, thus, may not be detected using HCC. 

With respect to dose, several studies have found that children on moderate or high dose ICS 

experienced adrenal suppression or insufficiency [11, 13, 33–35, 51, 52]. The meta-analysis by Broersen 

et al. revealed the percentage of patients with a positive HPA axis stimulation test increased in a dose-

dependent manner [36]. Nonetheless, similar to our results, a recent HCC study did not find any 

correlation between ICS dosage and HCC [32]. For our cohort, ICS dose was only significantly associated 

with two percentiles of HCC for children taking >2.5 µg/kg/d and, therefore, not considered a significant 

association. Notably, however, the high dose negatively affected children in the 5
th

 percentile (i.e. HCC 

<2.0 ng/g). As previously discussed, it may be hypothesized that these children belong to the population 

with low basal cortisol concentrations indicative of adrenal insufficiency and, since half of these children 

were only exposed to ICS and not systemic corticosteroids, the association with ICS dose for this group 

may truly be significant, also suggesting HCC may be a valid biomarker. The next step would be to 

perform studies incorporating tests for adrenal suppression or insufficiency and HCC. 

A strength of this study is the large pediatric cohort, which, to our knowledge, is the largest to 

date. Such a large cohort allowed for determining associations for numerous variables with HCC and 

potentially identified a population of children at risk of adrenal insufficiency. If confirmed by future 

research, the ability to identify children with adrenal insufficiency using HCC may indicate HCC is as 
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sensitive as morning serum cortisol. Further, the non-invasive collection of hair makes it a practical tool 

for cortisol measurement in children. 

Another strength of our research was using quantile regression, which allowed representation of 

all children in the analysis rather than excluding "outliers" and indicated that ICS type was not significant 

while ICS dose may affect children in the 5
th

 percentile of HCC. Unfortunately, some variables were 

underrepresented in this cohort to properly determine their relationship with HCC and analyses were still 

confounded by the extremely high HCC. However, this was limited with quantile regression compared to 

other regression methods.  

The use of oral corticosteroids did not significantly affect HCC in this cohort by univariate 

quantile regression (data not shown). Yet, because dexamethasone cross-reacts with EIA, systemic 

dexamethasone may be a confounder. Sixty children received dexamethasone during the 3-month period 

of the hair sample. Confounding due to cross-reactivity would assume that dexamethasone is incorporated 

into human hair, which is possible but unconfirmed. The correlation for dexamethasone use and HCC was 

not significant (rho=0.066, P=0.156) in this cohort. Alternatively, confounding may be present due to 

variability in asthma severity either inter-individually or between the No ICS and ICS Treated groups. 

In conclusion, this study suggests that HCC may be a potential biomarker for detecting chronic 

adrenal suppression due to ICS use in children with asthma since 5.6% of ICS Treated children had HCC 

<2.0 ng/g compared to none in the control groups. Future research may further support the applicability of 

these results by determining if a cutoff HCC exists that is indicative of those with adrenal suppression or 

insufficiency. Research incorporating HCC and either a basal cortisol measurement or an HPA axis 

stimulation test would beneficially address this question and be the logical next step. Additionally, 

comparing intra-individual concentrations longitudinally rather than inter-individually may provide the 

most sensitive means of detecting adrenal suppression. 
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Highlights 

 Hair cortisol concentrations (HCC) were compared among children with and without 

asthma  

 5.6% of children using inhaled corticosteroids (ICS) had very low HCC indicative of 

chronically low cortisol 

 HCC was significantly associated with age, BMI, sex, and intranasal corticosteroid use, 

but generally not ICS type and dose 
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Supplementary Materials 
 
Hair sample preparation and cortisol extraction 

After washing the hair twice with isopropanol, cortisol was extracted by incubating 10-25 mg of 

finely chopped hair in methanol for 16 h at 50ºC while rotating at 100 rpm. The methanol was transferred 

to a clean test tube, evaporated under N2, reconstituted with 125 µL of PBS at pH 7.2-7.4, and vortexed 

for one minute. 

 

Regression Models 

 Two models were created to assess inhaled corticosteroid (ICS) type and dose effects separately. 

They could not be included in the same model due to matrix collinearity. Model 1 evaluated the ICS type 

and Model 2 evaluated the average daily ICS dose in µg/kg/d. The variables common to each model are 

age, sex, use of intranasal corticosteroids, asthma (yes or no), BMI, recruitment location, hair chemical 

treatment (which includes hair chemical treatments such as colour or frequent chlorine exposure from 

swimming, if known), and lifetime duration of ICS use. Children were not included in the models if they 

had any missing values for the variables. Age in the models was centred to 7.48 years and the BMI was 

centred to the median BMI for a 7.48-year-old, which is 15.5 kg/m2. The common variables were chosen 

to adjust the models appropriately for confounding factor(s) that:  

a) had a significant effect on the hair cortisol concentrations when evaluated individually, such 

as age, sex, BMI, and intranasal corticosteroid use; 

b) were significantly different among the groups, such as recruitment location and chemical 

treatment of the hair; or 

c) specifically related to ICS therapy, e.g., the lifetime duration of ICS use.  



 2 

Dummy variables were created for the locations, ICS types, and dose categories in order to include them 

in the models. The average daily ICS dose in µg/kg/d was determined using the child's prescribed ICS 

dose in beclomethasone-HFA equivalents (Table 1), the self-reported frequency and periods of use, and 

their weight. The categories were assigned post hoc and include none (for the Controls and No ICS), >0-

1.0 µg/kg/d, 1.01-2.5 µg/kg/d, and >2.5 µg/kg/d. The reference group for Models 1 and 2 is a Control 

male, living in Toronto, aged 7.48 years with a BMI of 15.5 kg/m2 who does not have chemically treated 

hair and does not use intranasal corticosteroids or ICS. Similar to linear regression, the regression 

coefficient is significant if it is non-zero and the confidence interval does not include zero.  

 

Standardization of Quantile Regression Coefficients 

 The unstandardized regression coefficients for Models 1 and 2 were presented in table form 

(Supplemental Table 2) and Model 2 was graphed (Supplemental Figure 1). Conversion of unstandardized 

regression coefficients to standardized coefficients allows for comparison of the effect on the dependent 

variable by independent variables with differing units of measure because it produces a coefficient that is 

in relation to the change per 1 standard deviation of the independent variables, i.e. the unit of measure for 

the independent variables is standard deviation [1, 2]. Therefore, calculation of the standardized 

coefficients was performed using the equation: 

Eq. 1)   βstandardized = βunstandardized x sx 
             sy 

where β is the quantile regression coefficient in the standardized or unstandardized form, as indicated, 

and 's' is the standard deviation of the independent variable (sx) or dependent variable (sy) [1, 2]. 

However, since sy is common to all independent variables because it is the standard deviation of the hair 

cortisol concentrations, this variable was eliminated [3]. This also allows the reported standardized 

coefficients to be in reference to the change in hair cortisol concentration in original units, ng/g, which is 

more intuitive to interpret rather than in units related to a 1-standard deviation change in hair cortisol [3]. 
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Supplemental Results 

 

Figure S1. Quantile regression graphs for each variable included in Model 2 to evaluate ICS dose-

dependent effects on hair cortisol concentrations in the large cohort of children (see next page for 

continuation of figure and legend). 
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Figure S1. Graphs of the quantile regression for each variable included in Model 2 to evaluate ICS dose-

dependent effects on hair cortisol concentrations in children. Figure continued from previous page. The 

unstandardized regression coefficient is plotted on the y-axis and the quantile (or percentile) is plotted on 
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the x-axis of each graph. The zero y-intercept is indicated by the black dotted line in each graph for 

reference. The solid black line indicates the regression coefficient (beta value) and the grey shaded area 

indicates the 95% CI. The ordinary least squares (OLS) regression coefficients and 95% CI of the original 

and rank transformed hair cortisol concentrations are shown by the solid and dashed red and green lines, 

respectively. The dashed lines are not shown if the values are beyond the y-axis scale. The comparison 

among the regression analyses shows that the OLS regression of the original hair cortisol concentrations 

and rank transformed data do not perform as well as the quantile regression due to the influence of high 

hair cortisol concentrations as indicated by the significant difference of the beta value (red and green 

lines) from the quantile regression beta value. Additionally, the confidence intervals for the OLS are 

extremely wide and are not shown because the values are beyond the scale of the y-axes, which also 

denotes that the outcomes are not significant by this method.  
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Figure S2. Scatterplots of BMI versus hair cortisol concentration and age for the cohort of children. A) 

Hair cortisol concentration on the y-axis with a logarithmic scale versus BMI shows a complex 

relationship of hair cortisol concentration with BMI. On one hand, hair cortisol increases greatly within a 

narrow change in BMI (e.g. BMI ≈ 15-17 kg/m2), but on the other hand, hair cortisol also increases 

slightly as BMI increases. B) BMI versus age showing there is generally an increase in BMI with age 

except in very young children. 
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Figure S3. Comparison of median hair cortisol concentration between intranasal corticosteroid users and 

non-users for the pediatric cohort. The hair cortisol concentration, shown on the y-axis with a logarithmic 

scale, was significantly lower for the children who use intranasal corticosteroids (U=14348, P<0.0001). 
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Figure S4. Comparison of median hair cortisol concentrations between the sexes in the pediatric cohort. 

Hair cortisol is shown on the y-axis with a logarithmic scale. Females had a significantly lower hair 

cortisol concentration than males (U=21716, P=0.003). 
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