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Marie-Joëlle Marcil a,b,1, Samuel Cyr a,c,1, Marie-France Marin b,d,e, Camille Rosa f, Jean- 
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A B S T R A C T   

Background: The COVID-19 pandemic has put chronic pressure on worldwide healthcare systems. While the 
literature regarding the prevalence of psychological distress and associated risk factors among healthcare 
workers facing COVID-19 has exploded, biological variables have been mostly overlooked. 
Methods: 467 healthcare workers from Quebec, Canada, answered an electronic survey covering various risk 
factors and mental health outcomes three months after the onset of the COVID-19 pandemic. Of them, 372 (80%) 
provided a hair sample, providing a history of cortisol secretion for the three months preceding and following the 
pandemic’s start. We used multivariable regression models and a receiver operating characteristic curve to study 
hair cortisol as a predictor of burnout and psychological health, together with individual, occupational, social, 
and organizational factors. 
Results: As expected, hair cortisol levels increased after the start of the pandemic, with a median relative change 
of 29% (IQR = 3–59%, p < 0.0001). There was a significant association between burnout status and change in 
cortisol, with participants in the second quarter of change having lower odds of burnout. No association was 
found between cortisol change and post-traumatic stress disorder, anxiety, and depression symptoms. Adding 
cortisol to individual-occupational-socio-organizational factors noticeably enhanced our burnout logistic 
regression model’s predictability. 
Conclusion: Change in hair cortisol levels predicted burnout at three months in health personnel at the onset of 
the COVID-19 pandemic. This non-invasive biological marker of the stress response could be used in further 
clinical or research initiatives to screen high-risk individuals to prevent and control burnout in health personnel 
facing an important stressor.  
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1. Introduction 

The COVID-19 pandemic has put high pressure on healthcare sys
tems worldwide and accentuated the healthcare workers’ burden 
(Arshid et al., 2020; World Health Organization, 2021). In this popula
tion, burnout rates increased from 30% before the pandemic (Canadian 
Medical Association, 2018; Poncet et al., 2007) to 50% (Azoulay et al., 
2020; Cantu and Thomas, 2020; Cyr et al., 2021; Duarte et al., 2020; 
Morgantini et al., 2020) per COVID-19 pandemic, while post-traumatic 
stress disorder (PTSD), anxiety, and depression rates seemed to remain 
stable (Cai et al., 2020; Chew et al., 2020; Cyr et al., 2021; Du et al., 
2020; Magnavita et al., 2020; Wang et al., 2020; Zhang et al., 2020). 
Studies have revealed that COVID-19 direct care, perceived lack of 
protection to manage the risks of virus transmission, work interfering 
with family life, being female and a nurse were associated with higher 
psychological distress, defined as either burnout, stress, PTSD, anxiety, 
or depression self-rated symptoms (Morgantini et al., 2020; Sirois and 
Owens, 2020). In a previous study, our group focused on eight modifi
able variables as potential predictors of mental health issues covering 
individual (resilience), occupational (workload), social (satisfaction of 
social support), and organizational factors (access to simulation tech
nique, mental health services, accessibility of personal protective 
equipment [PPE], feeling of security using PPE, perceived organiza
tional support). We found that higher resilience and perceived organi
zational support were associated with better outcomes regarding 
burnout, PTSD, anxiety, and depression (Cyr et al., 2021). 

While the prevalence of psychological distress and associated risk 
factors among healthcare workers during the COVID-19 pandemic has 
been well covered (Pappa et al., 2020; Troglio da Silva and Neto, 2021), 
biological variables have been mostly overlooked. Moreover, no study 
has systematically combined biological variables with 
psycho-socio-organizational factors to predict mental health outcomes 
in response to COVID-19. This approach is of interest as the pandemic is 
a significant stressor for many healthcare workers and may therefore 
impact their stress hormone levels (Thau et al., 2021). In addition to 
insight into underlying psychopathological mechanisms, biomarkers can 
be helpful for both risk stratification (e.g., which individual is at 
increased risk of developing a disease) and treatment response (e.g., 
which individual has a greater probability of responding to an inter
vention) (Burke et al., 2005; Holsboer, 2000; Karlen et al., 2011; Luo 
et al., 2012; Meewisse et al., 2007; Sauve et al., 2007; Steudte et al., 
2013, 2011; Vreeburg et al., 2009; Wester and van Rossum, 2015). 

The literature regarding the association between the stress hormone 
cortisol and burnout, or psychopathology, is vast and has yielded 
inconsistent results. A recent systematic review (Rothe et al., 2020) 
suggested that the observed heterogeneity was mainly due to the lack of 
studies that have tested cortisol levels in burnout patients and to the 
highly disparate methods used to assess cortisol. Although a definite 
conclusion is difficult to ascertain, results tend to show a decrease in 
cortisol secretion in patients with burnout (Kakiashvili et al., 2013). A 
few studies have verified cortisol levels and burnout regarding stressful 
situations present before the pandemic in healthcare workers. In the 
following two studies (Fernandez-Sanchez et al., 2018; Wendsche et al., 
2020), an increase in cortisol was found in healthcare workers suffering 
from burnout. These results are surprising since they go against the 
discussed tendency to decrease cortisol levels in burnout patients and 
thus further emphasize the heterogeneity of findings. Regarding the 
psychopathologies, the current state of knowledge points toward higher 
cortisol levels for depressed patients (Staufenbiel et al., 2013) and levels 
modulated by time since traumatization for PTSD (Wester and van 
Rossum, 2015). Results are not as clear regarding patients with anxiety 
(Elnazer and Baldwin, 2014). Cortisol levels can be measured in blood, 
urine, saliva, and hair. As opposed to other sample types, hair is not 
subject to diurnal variation (Russell et al., 2012; Wester and van Ros
sum, 2015) and provides a picture of long-term exposure to systemic 
cortisol. As hair grows on average one centimeter (cm) per month, a 

3-cm hair measurement represents the accumulation of cortisol over the 
previous three months (Greff et al., 2019; Wester and van Rossum, 
2015). 

In more than one thousand published studies on healthcare workers’ 
mental health during the COVID-19 pandemic, we found two that 
examined cortisol levels. An Argentinian team (Ibar et al., 2021) 
measured 3-cm hair cortisol concentrations, perceived stress, social 
support, and burnout in 234 healthcare workers. The 28 participants 
(12%) with burnout had significantly higher hair cortisol levels than 
those without burnout. The authors did not measure other mental health 
endpoints such as PTSD, anxiety, or depression, nor did they measure 
pre-pandemic baseline cortisol levels, leaving unanswered the impact of 
change in cortisol levels at the onset of the pandemic. The second study 
analyzed cortisol concentration accumulated in 6 cm of hair from 67 
Slovak female nurses during the pandemic, with sample collection per
formed approximately three months after the start of the pandemic, 
from June 8 to July 8, 2020. The researchers found an increase in hair 
cortisol levels following the onset of the pandemic, but no association 
with perceived stress, social support, or sleep quality. 

We believe it is essential to combine biopsychosocial and organiza
tional variables to gain an integrative view of the complex phenomenon 
of organizational psychological health during high-stress periods. This 
approach provides access to knowledge about the relative importance of 
each factor and the possible interactions between factors, generates 
more precise theoretical frameworks, and guides future intervention 
outcomes, in line with personalized medicine (Di Sanzo et al., 2017; 
Goetz and Schork, 2018; Wium-Andersen et al., 2017). The objectives of 
the present study were to 1) evaluate the association between hair 
cortisol (three-month pre-post-pandemic onset, and relative change in 
cortisol levels), burnout, PTSD, anxiety, and depression in healthcare 
workers facing the COVID-19 pandemic; and 2) evaluate the impact of 
adding a biological variable (hair cortisol) to our initial model that 
included individual, occupational, social, and organizational factors 
(Cyr et al., 2021). More precisely, we tested whether adding cortisol to 
our model improves its predictive capacity and/or moderates the asso
ciations between the protective factors and the mental health outcomes 
we reported previously (Cyr et al., 2021). 

2. Methods and materials 

2.1. Participants and procedures 

The Montreal Heart Institute Ethics Committee approved this 
observational study on May 14, 2020. We recruited healthcare workers 
from Quebec, Canada, to complete an electronic survey three months 
(June 2020) after the COVID-19 pandemic was declared a health 
emergency in Quebec (March 2020). We also asked participants to 
provide a hair sample. 

2.2. Measures 

2.2.1. Psychological questionnaire 
Participants responded to an online self-administered validated 

questionnaire three months after the onset of the pandemic. We assessed 
the presence of burnout using the two-item Maslach Burnout Inventory 
criteria (Dyrbye et al., 2014; Loera et al., 2014; West et al., 2009). The 
severity of depression and anxiety symptoms was measured using the 
anxiety and depression subscales of the Hospital Anxiety and Depression 
Scale (Bjelland et al., 2002; Roberge et al., 2013; Zigmond and Snaith, 
1983). We used the PTSD Checklist for DSM-5 scale (Ashbaugh et al., 
2016; Blevins et al., 2015; Bovin et al., 2016; Wortmann et al., 2016) to 
score PTSD symptom severity. More detailed information on the ques
tionnaire and scoring can be found in a previous publication (Cyr et al., 
2021). 
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2.2.2. Hair cortisol 
We sent participants validated instructions and necessary material to 

self-collect a hair sample (Ouellet-Morin et al., 2016). We asked partici
pants to collect a 3-cm hair sample, or ideally a 6-cm sample (Lee et al., 
2015; Meyer and Novak, 2012; Stalder et al., 2017), between June 7 and 
14, 2020. Participants mailed their samples to our research team using a 
pre-paid envelope, which was then forwarded to the Centre for Studies on 
Human Stress BioAssay Lab for cortisol analysis. Each 3-cm hair segment 
was washed in a 15 mL tube with 2.5 mL of isopropanol before mixing. 
After decanting, the wash cycle was reiterated, and the hair sample was 
left to dry overnight. Pure methanol (1.5 mL) was added to the sample 
before the tube was rotated for 24 hours. The samples were then spun 
down in a microcentrifuge, and 1 mL was aliquoted. The methanol was 
evaporated at 37 ◦C under a constant stream of nitrogen. Finally, 0.4 mL 
of phosphate buffer was injected into the tube before the sample was 
vortexed for 15 seconds. The reconstituted sample was measured in 
duplicate using a luminescence immunoassay. The detection range for this 
assay was between 0.012 and 3.0 μg/dL. The intra- and inter-assay co
efficients of variation were 4.69% and 9.34%, respectively. Results are 
presented in two different concentrations: a concentration per volume 
(nmol/L, with the multiplication of the results in ug/dL by a factor of 
27.59) and a concentration per weight (pg/mg, by applying the following 
formula: [cortisol (μg/dL)] × 10 000 × volume of reconstitution (μL)(

total volume (mL)
volume dried down (mL)

)

× sample weight (mg)

). All samples were 

assayed in duplicates, which were later averaged. In the hair collected in 
mid-June 2020, the distal 3-cm segment reflected cortisol accumulation 
from mid-December 2019 to mid-March 2020 (three-month pre-pandemic 
onset), while the proximal 3-cm segment reflected the mid-March to 
mid-June 2020 period (three-month post-pandemic onset). It was thus 
possible to calculate the relative change in cortisol between pre- and 
post-pandemic onset for participants who provided a 6-cm hair sample. 
We used the following equation: (post-pandemic onset cortisol levels—
pre-pandemic cortisol levels)/(pre-pandemic cortisol levels) multiplied by 
100 to report it in percentages. For participants who provided a 3-cm 
sample, three-month post-pandemic onset cortisol levels could be 
measured but not pre-pandemic levels (nor change). 

Sex, age, ethnicity, body mass index, frequency of hair washing, 
products in the hair, hair treatments, endocrine disorders, use of endo
crine drugs, including the use of hormonal contraceptives, have been 
reported to potentially modulate hair cortisol levels and different out
comes (Dettenborn et al., 2012; Russell et al., 2012; Stalder and 
Kirschbaum, 2012; Stalder et al., 2017). Therefore, we collected this 
information in the same electronic survey as the psychological ques
tionnaire. For details on cortisol-related measures, see Table A1 in the 
Appendix. For further details on psychological, occupational, and 
organizational data, refer to Table A1 in our previously published Sup
plementary Material (Cyr et al., 2021). 

2.3. Statistical analysis 

Participants’ characteristics, including hair cortisol, were summa
rized using counts and percentages for categorical variables and means 
+/− SD for continuous variables. For each endpoint (burnout, PTSD, 
anxiety, and depression), univariable logistic (or linear) regression 
models were first fitted using cortisol measures (pre-cortisol, post- 
cortisol or relative change of cortisol) as the independent variable. 
The unadjusted odds ratio and unadjusted regression coefficients are 
presented with 95% confidence intervals. Pre-specified adjustment 
variables (sex, age, ethnicity, body mass index, frequency of hair 
washing, products in the hair, hair treatments, endocrine disorders, use 
of endocrine drugs, oral contraceptive or hormone replacement therapy) 
showing a p-value lower than 0.2 in univariable model with the end
points were added in the model using the stepwise procedure. The 
criteria for an adjustment variable to stay in the final model was a sig
nificance level of 0.1. This last step with adjustment variables was only 

considered when there was a statistically significant association be
tween an endpoint and a cortisol measure. The adjusted odds ratio for 
logistic regressions and adjusted coefficients for linear regressions were 
presented with 95% confidence intervals. We verified the linearity 
assumption with the logit of burnout for logistic regression. We cate
gorized variables in case the assumption was not met. In particular, the 
relative change in cortisol was categorized in four quarters (Q) corre
sponding to ≤ 3%, ]3–29%], ]29–59%], and > 59% to satisfy the line
arity assumption. For linear regressions, we verified the normality of 
residuals, and no transformation was needed. Analyses were performed 
with and without outliers to check if the results were the same. 

To evaluate the impact of adding a biological variable (hair cortisol) 
to our initial model, we first verified that it (Cyr et al., 2021) yielded the 
same results in the “hair-participant” subsample. We also analyzed the 
distributions of the variables in the two samples to make sure they were 
similar. We then added hair cortisol and selected adjustment variables to 
the initial model using a stepwise procedure and keeping variables with 
a p-value lower than 0.05. We calculated the area under the receiver 
operating characteristic (ROC) curve (C-statistic) to measure the pre
dictive capacity of our model. Finally, we tested interactions to verify 
whether relative change of cortisol moderates our previously reported 
associations between burnout and individual (resilience) or organiza
tional factors (perceived organizational support). 

3. Results 

3.1. Participants 

Of the 467 participants who answered the three-month survey, 372 
(80%) provided a hair sample of the minimum length required (3 cm 
from the scalp; post-pandemic onset hair growth), with 358 of them 
providing the ideal 6-cm length (pre- and post-pandemic onset hair 
growth). The present manuscript will focus on the 372 participants, 
referred to as the “hair-participant” subgroup, to differentiate them from 
the complete survey cohort (n = 467). Sociodemographic, hair-related 
data, and the scores on the psychological questionnaire are shown in  
Table 1. The mean age of participants was 40 years (SD = 9), and the 
majority were Caucasian (95%) and female (92%). The main partici
pants’ work types were non-physician health professionals (e.g., nutri
tionists, occupational and respiratory therapists; 30%), followed equally 
by nurses (24%) and physicians (24%). Thirty-eight percent had been 
involved in direct COVID-19 patient care, and 33% had been reassigned 
to another task or hospital during the pandemic. Half of the participants 
(n = 185; 50%) displayed symptoms of burnout, defined as emotional 
exhaustion or depersonalization, at least once a week. One hundred 
twenty-eight different participants (35%) showed severe symptoms of 
one or multiple psychopathologies (24% PTSD, 23% anxiety and 10% 
depression) on the validated self-reported questionnaires. 

3.2. Hair cortisol levels and change at the onset of COVID-19 pandemic 

Table 2 presents pre-pandemic and post-pandemic onset hair cortisol 
levels in both nmol/L and pg/mg, as well as the relative change between 
these values. The mean pre-pandemic cortisol level was 3.1 (SD = 6.8) 
nmol/L [26.8 (SD = 58.1) pg/mg], and 3.7 (SD = 9.8) nmol/L post- 
pandemic onset [32.4 (SD = 84.2) pg/mg]. As expected, hair cortisol 
levels were higher after the start of the pandemic and increased by a 
median of 29% (IQR = 3–59%, p < 0.0001). For statistical purposes, we 
categorized participants by quarters of relative cortisol change, as 
summarized in Table 3. The proportion of burnout in each quarter is also 
presented. 

3.3. Hair cortisol, burnout, and psychopathologies 

Neither pre- nor post-pandemic onset hair cortisol levels were asso
ciated with burnout status (p = 0.4; p = 0.4). However, there was a 
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statistically significant association (p = 0.008) between burnout and 
cortisol relative change, with participants in the second quarter 
(Q2, ]3% – 29%]) having lower odds of burnout (Table 4). Compared to 
this group, participants who had almost no change in cortisol or 
decreased levels (Q1, ≤ 3%) after the onset of the pandemic had 2.4 

times more odds of burnout (p = 0.005); those with a change between 
29% and 59% (Q3), 2.6 times more odds of burnout (p = 0.002); and 
those with cortisol change exceeding 59% (Q4), 1.8 times more odds of 
burnout (p = 0.051). This association remained significant after 
adjusting for ethnicity, use of hair treatments, and endocrine disorder 
(Table 4, right columns). We repeated the same analysis using PTSD, 
anxiety, or depression as the dependent variable rather than burnout. 
There was no significant association between pre-pandemic, post- 
pandemic or relative cortisol change and the severity of these psycho
pathologies (Tables A2 and A3). Tables A4–A6 show unadjusted 
regression coefficients from linear regression between cortisol relative 
change and three-month PTSD, anxiety, and depressive symptoms. 

3.4. Burnout logistic regression model 

To begin, we confirmed that the distributions of the variables 
included in the burnout model were similar in the original sample 
(n = 467) and the “hair-participant” subgroup (n = 372). Then, we 
applied the initial multivariable model for burnout (Cyr et al., 2021), 
consisting of eight independent variables covering 
individual-occupational-social-organizational factors. The results 
remained similar. Indeed, resilience and perceived organizational sup
port continued to be significantly negatively correlated with burnout 
(Table 5, left-hand columns). The initial model was associated with an 
area under the ROC curve (C-statistic) of 0.67. When we added relative 

Table 1 
Participants’ sociodemographic, hair-related characteristics, and psychological 
questionnaire scores.  

Variables n (%) or 
Mean ± SD 

All 
n = 372 

Female sex 340 (92.4%) 368 
Age (years) 40.3 ± 9.1 369 
Ethnicity  368 

Caucasian 348 (94.6%)  
Other 20 (5.4%)  

Type of work  371 
Administrative agent 13 (3.5%)  
Administrator 14 (3.8%)  
Nurse 89 (24.0%)  
Physician 89 (24.0%)  
Resident physician 6 (1.6%)  
Paramedic 9 (2.4%)  
Other health professional 113 (30.5%)  
Beneficiary attendant 8 (2.2%)  
Laboratory technician/technologist 7 (1.9%)  
Other 23 (6.2%)  

Workload in the last month (hours/week)  363 
≤ 34 66 (18.2%)  
[35–44] 207 (57.0%)  
[45–54] 56 (15.4%)  
[55–64] 20 (5.5%)  
≥ 65 14 (3.9%)  

Direct COVID care, yes 142 (38.4%) 370 
Reassignment, yes 121 (32.8%) 369 
Participation in simulation-type practices related to 

COVID-19, yes 
75 (20.3%) 369 

Access to mental health help, yes 337 (91.1%) 370 
Access to PPE  366 

Never, rarely, or sometimes 30 (8.2%)  
Often 88 (24.0%)  
Always 248 (67.8%)  

PPE perception of security  363 
Rather in danger or totally at risk 35 (9.6%)  
Pretty safe 276 (76.0%)  
Totally safe 52 (14.3%)  

Mean body mass index (kg/m2) 26.8 ± 6.2 365 
Frequency of hair washing  371 

Every day or more than once a day 94 (25.3%)  
Every two days 150 (40.4%)  
Twice a week 98 (26.4%)  
Once a week or less 29 (7.8%)  

Use of hair products, yes 199 (53.6%) 371 
Hair coloration/treatment in the last 6 months, yes 166 (44.9%) 370 
Medical data   

Endocrinological disorder, yes 26 (7.0%) 371 
Use of endocrinological medication, yes 37 (10.0%) 371 
Use of oral contraceptive or hormone replacement 
therapy, yes 

150 (42.3%) 355 

Psychological data   
Burnout (MBI-2), yes 185 (50.4%) 367 
Post-traumatic stress symptoms (PLC-5 score [0–80]) 19.5 ± 14.9 367 
≥ 31 89 (24.3%)  
Depressive symptoms (HADS-D score [0–21]) 5.1 ± 3.8 361 
≥ 11 36 (10.0%)  
Anxiety symptoms (HADS-A score [0–21]) 7.9 ± 4.0 362 
≥ 11 84 (23.2%)  

Resilience (CD-RISC-10 [0–40]) 27.6 ± 6.0 369 
Satisfaction of social support (SSQ6 [6–36]) 28.8 ± 6.0 367 
Perceived organizational support (SPOS8 [0-48]) 23.0 ±11.6 367 

Abbreviations: MBI-2, Maslach Burnout Inventory; PCL-5, PTSD Checklist for 
DSM-5; HADS-D, Depression subscale of Hospital Anxiety and Depression Scale; 
HADS-A, Anxiety subscale of Hospital Anxiety and Depression Scale; CD-RISC- 
10, 10-item Connor-Davidson Resilience Scale; SSQ, Social Support Question
naire (satisfaction subscale); SPOS, 8-item Survey of Perceived Organizational 
Support Scale; SD, Standard deviation. 

Table 2 
Mean, standard deviation, and median of participants’ hair cortisol levels pre- 
and post-pandemic onset as well as absolute and relative change between those 
measures.   

Mean SD Median All n = 372 

Pre-pandemic onset hair cortisol  358 
(nmol/L)  3.13  6.79  1.50 
(pg/mg)  26.75  58.07  12.89 

Post-pandemic onset hair cortisol  372 
(nmol/L)  3.70  9.77  1.96 
(pg/mg)  32.36  84.19  16.87 

Hair cortisol change  358 
(nmol/L)  0.22  3.64  0.33 
(pg/mg)  1.91  31.26  2.87 

Hair cortisol relative change  358 
(%; nmol/L)  38.42%  66.80%  28.87% 
(%; pg/mg)  38.93%  66.13%  29.48% 

Note: 372 participants provided a hair strand of at least 3 cm. Of these, 358 
(96%) participants provided a 6-cm hair strand, which allowed the research 
team to calculate pre-pandemic hair cortisol levels and the change in pre- and 
post-pandemic onset cortisol levels. The formula used to convert nmol/L to pg/ 
mg is 
[cortisol (μg/dL)] × 10 000 × volume of reconstitution (μL)

(
total volume (mL)

volume dried down (mL)

)

× sample weight (mg)
. 

Abbreviation: SD, Standard deviation. 

Table 3 
Categorization of participants by quarters of hair cortisol relative change 
(n = 358).  

Quarter Hair cortisol 
relative 
change 

Frequency Cumulative 
frequency 

Cumulative 
percent 

Proportion of 
burnout (n=354) 

Q1 ≤3%  90  90  25.1  57.3% 
Q2 ]3–29%]  89  179  50.0  36.0% 
Q3 ]29–59%]  90  269  75.1  59.6% 
Q4 >59%  89  358  100.0  50.6% 

Note: The 14 missing data represent participants who provided a strand of hair 
shorter than 6 cm. Proportion of burnout was assessed with MBI-2, Maslach 
Burnout Inventory, and there were four additional missing data for this 
questionnaire. 
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change in hair cortisol and its adjustment variables, the C-statistic 
increased to 0.74. In other words, an individual with burnout will have a 
higher predicted probability than an individual without burnout 74% of 
the time, using this second model. 

We were then interested to know whether the effect of resilience or 
perceived organizational support on burnout differed depending on the 
extent of cortisol change. Cortisol change did not moderate the associ
ation between burnout status and resilience or perceived organizational 
support (p = 0.77 and p = 0.35, respectively). 

4. Discussion 

We studied the relationship between the pre-post COVID-19 

pandemic biological marker of stress (hair cortisol) and individual, 
occupational, social, and organizational factors on burnout, PTSD, 
anxiety, and depression among healthcare workers. We found a signif
icant association between burnout status and the relative change in hair 
cortisol levels following the onset of the COVID-19 pandemic, but not 
with absolute cortisol levels per se. Our data suggest that a slight relative 
increase in cortisol levels in response to the pandemic is associated with 
lower burnout odds than a decrease, a moderate, or a large increase in 
cortisol levels. The capillary cortisol concentrations found in our study 
(pre-pandemic onset mean: 26.8 pg/mg, median: 12.9 pg/mg; post- 
pandemic onset mean: 32.4 pg/mg, median: 16.9 pg/mg) are lower 
compared to a study conducted on healthcare workers that reported a 
median concentration of 89 pg/mg for healthcare workers in direct 

Table 4 
Unadjusted and adjusted odds ratios, 95% confidence intervals, and p-values from multivariable logistic regression analysis for the relative change in hair cortisol and 
burnout among healthcare workers who provided a 6 cm hair sample.   

Unadjusted  
(n = 354) 

Adjusted  
(n = 349) 

Variables OR 95% CI p OR 95% CI p 
Relative cortisol change     0.008     0.01 

Q1 vs. Q2 2.39 1.31  4.37 0.005 2.34  1.26 4.36 0.007 
Q3 vs. Q2 2.62 1.43  4.80 0.002 2.70  1.44 5.06 0.002 
Q4 vs. Q2 1.82 0.997  3.33 0.051 1.98  1.06 3.69 0.03 

Ethnicity, Caucasian 
(yes vs. no)      

4.42  1.40 14.03 0.01 

Hair treatment 
(yes vs. no)      

0.62  0.40 0.97 0.04 

Endocrinological disorder (yes vs. no)      2.21  0.90 5.40 0.08 

Note: Relative cortisol change quarters correspondence: Q1, ≤ 3%; Q2, between ]3–29%]; Q3, between ]29–59%]; Q4, > 59%. Abbreviations: CI, Confidence intervals; 
OR, Odds ratio; Q, Quarter. 

Table 5 
Unadjusted and adjusted odds ratios, 95% confidence interval, and p-values from multivariable logistic regression analysis for burnout among healthcare workers who 
provided a 6 cm hair sample.   

Initial model  
(n = 330) 

Initial model þ cortisol  
(n = 326) 

Variables Unadjusted OR 95% CI p Adjusted 
OR 

95% CI p 

Resilience  0.68  0.52  0.87  0.003  0.67  0.51  0.88 0.003 
Social support  0.88  0.69  1.13  0.31  0.88  0.68  1.13 0.31 
Workload        0.77       0.87 

[35–44] h vs. ≤ 34 h  0.90  0.49  1.65  0.73  0.82  0.43  1.55 0.54 
[45–54] h vs. ≤ 34 h  0.92  0.42  2.02  0.83  0.85  0.37  1.96 0.70 
[55–64] h vs. ≤ 34 h  0.78  0.23  2.57  0.68  0.62  0.16  2.46 0.49 
≥ 65 h vs. ≤ 34 h  2.02  0.53  7.72  0.30  1.43  0.34  5.93 0.63 

Perceived organizational support  0.78  0.61  0.995  0.045  0.78  0.61  1.01 0.06 
Participation in simulation-type practices related to COVID-19 

(yes vs. no)  
1.28  0.71  2.32  0.41  1.19  0.63  2.24 0.60 

Access to mental health help 
(yes vs. no)  

0.73  0.31  1.71  0.47  0.93  0.38  2.29 0.88 

Access to PPEa        0.36       0.26 
Often vs. never, rarely or sometimes  1.99  0.70  5.67  0.20  2.26  0.74  6.88 0.15 
Always vs. never, rarely or sometimes  1.48  0.56  3.96  0.43  1.53  0.54  4.37 0.42 

PPE perception of security        0.74       0.69 
Pretty safe vs. totally safe  0.80  0.41  1.55  0.50  0.83  0.40  1.71 0.61 
Rather in danger or totally at risk vs. totally safe  0.98  0.34  2.83  0.97  1.19  0.38  3.67 0.77 

Cortisol relative change               0.03 
Q1 vs. Q2          2.40  1.19  4.83 0.01 
Q3 vs. Q2          2.58  1.29  5.18 0.008 
Q4 vs. Q2          1.81  0.90  3.64 0.10 

Ethnicity, Caucasian 
(yes vs. no)          

4.78  1.43  15.91 0.01 

Hair treatment 
(yes vs. no)          

0.56  0.34  0.92 0.02 

Endocrinological disorder (yes vs. no)          3.84  1.38  10.68 0.01 

Note: Adjusted ORs are presented for an increase of one standard deviation (SD) for continuous variables (resilience; SD = 5.9, social support; SD = 5.6, and perceived 
organizational support; SD = 11.7). Relative cortisol change quarters correspondence: Q1, ≤ 3%; Q2, between ]3–29%]; Q3, between ]29–59%]; Q4, > 59%. Ab
breviations: CI, Confidence intervals; OR, Odds ratio; PPE, Personal protective equipment. 

a Due to small n in some of the original categories, this variable was re-categorized as Always; Often; Never, Rarely or Sometimes. 
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contact with patients, and 70 pg/mg for workers without direct contact 
(Ibar et al., 2021). In contrast, they are higher than another study on 
nurses during the pandemic, whose mean capillary cortisol levels before 
and during the pandemic were 5.5 pg/mg and 6.7 pg/mg, respectively 
(Rajcani et al., 2021). 

In addition to the vast heterogeneity of published hair cortisol levels, 
most studies only report absolute levels, not relative change, making the 
comparison with our study challenging. Schaafsma et al. published a 
scoping review in 2021 assessing the relation of hair cortisol with work- 
related stressors in healthy workers (Schaafsma et al., 2021). They found 
five longitudinal and 17 cross-sectional studies, both study types 
showing mixed results. There were three cross-sectional studies with 
burnout as an endpoint. Regarding the two subdomains used to classify 
burnout in the present study (emotional exhaustion and depersonal
ization), two of these studies showed positive associations between 3-cm 
hair cortisol level and burnout and one a non-significant effect. Our 3-cm 
data align with the non-significant findings, with three-month post-
pandemic onset hair cortisol not associated with burnout status 
(p = 0.4). One hypothesis for the non-significant associations regarding 
absolute hair cortisol levels could be that, faced with the clear onset of a 
stressor, within-individual change in stress hormone response could be 
more sensitively correlated with burnout than absolute levels. Another 
hypothesis could be that hair cortisol analysis, influenced by hair 
product use, washing frequency, and environmental damage, is not 
precise enough to capture the difference in absolute levels but sufficient 
for relative change, as each 6-cm sample has its own control. It should 
also be noted that the 6-cm hair sample cortisol measure is subject to a 
washout effect; the 3-cm sample being closer to the scalp, and thus 
having been there for a shorter time, is less subject to degradation of 
cortisol (Dettenborn et al., 2012; Meyer and Novak, 2012; Russell et al., 
2012). A recent meta-analysis recognized an average decrease of 29% 
between the first 3 cm hair segment to the second 3 cm hair segment 
(Stalder et al., 2017). However, some studies have also reported 
washout levels as low as 6% (Kirschbaum et al., 2009). It is, therefore, 
necessary to consider this potential washout with caution. Also, we 
consider that the pandemic context could have reduced the washout of 
our sample, as we collected the sample in early spring, which reduces 
the potential effect of UV. Furthermore, we have no reason to believe 
that the washout effect would differ between individuals. In line with 
this, we checked the variability of the pre-pandemic and post-pandemic 
cortisol level measurements and found that the standard deviations were 
not statistically different (SD pre- = 6.7, SD post- = 9.7; p = 0.3). To 
reduce the limit of the washout effect, it would have been ideal to 
sample a 3-cm sample in March 2020 (which would have served as the 
baseline reflecting the January-March 2020 period) and to take another 
3-cm sample in June 2020 (to reflect the cortisol secreted during the first 
three months of the pandemic). However, this study was launched in 
response to the COVID, and due to delays in getting Institutional Review 
Board and gaining access to the population, this method was not 
possible. 

We did not find any significant relation between cortisol change and 
the severity of the three psychopathologies studied (PTSD, anxiety, and 
depression). It must be stated that the temporality between cortisol 
dysregulation and psychological manifestation remains largely misun
derstood and may take longer than three months to associate fully. 
However, other teams also reported no prediction of depressive symp
toms through hair cortisol levels (Dowlati et al., 2010; Gerritsen et al., 
2019; Herane-Vives et al., 2020a, 2018, 2020b, 2020c; Kuehl et al., 
2015; Mayer et al., 2018; Psarraki et al., 2021; Steudte-Schmiedgen 
et al., 2017). Another explanation for the absence of association be
tween cortisol change and PTSD, anxiety, and depression can be that 
cortisol may not be an important pathophysiological mechanism un
derlying these disorders. A recent review summarized six possible bio
logical mechanisms responsible for variations in resilience in healthcare 
workers facing the COVID-19 pandemic (Rajkumar, 2021a). In addition 
to the hypothalamic-pituitary-adrenal axis studied in the present paper, 

they identified brain neurotransmitters, immune system, neuropeptides, 
epigenetic and environmental factors as possible mediators. Another 
lead would be heart rate variability, as it is a known measure of the 
autonomous nervous system balance (Rajkumar, 2021b), and is reduced 
in anxiety disorders (Chalmers et al., 2014). Finally, while we did not 
study the downstream effects of changes in cortisol levels on burnout, 
Onen Sertoz et al. did, and their results suggest that the serum 
brain-derived neurotrophic factor circulating biomarkers may be 
involved (Onen Sertoz et al., 2008). 

The area under the ROC curve is a good indicator of the model’s 
reliability and predictive capacity. A C-statistic range from 0.5 to 1, with 
0.5 indicating a random model prediction and a C-statistic of 1, repre
senting a perfect concordance (Pencina and D’Agostino, 2015). Adding 
hair cortisol and the adjustment variables in the new model presented in 
this study, the C-statistic increased from 0.67 to 0.74, implying a better 
prediction of burnout when introducing this biomarker in the model. 
This reinforces the importance of integrating biological to psychosocial 
and organizational variables in the same study to better understand 
critical factors driving psychological health during high-stress periods. 

We tested for moderation between resilience, perceived organiza
tional support, and cortisol but did not find any effect. In other words, 
the strength of the established associations was similar for all degrees of 
cortisol change among participants. By contrast, a study on 45 under
graduate psychology course students examined pre-pandemic salivary 
cortisol indices on the psychological impact of strict social confinement 
during the COVID-19 pandemic (Baliyan et al., 2021). They showed that 
41% of the variance in during-confinement perceived stress was pre
dicted by total diurnal cortisol release, resilience score, and their 
interaction. The effect of cortisol was positive for subjects with high 
resilience and negative for subjects with low resilience. They stated that 
it “could suggest that an inverted-U shape relationship between cortisol 
indices and distinct mental health outcomes (…) may emerge under 
stressful situations”, which is in line with our findings on hair cortisol 
relative change and burnout. 

4.1. Limits 

Since this study was launched after the onset of the pandemic, we 
cannot rule out or ascertain that some participants had prior medical or 
psychiatric conditions (anxiety disorders, major depression, PTSD) 
which could be associated with altered cortisol release patterns. In our 
previous paper (Cyr et al., 2021), psychiatric antecedent was included in 
the pre-specified list of adjustment variables potentially associated with 
burnout. Although statistically associated with burnout in univariable 
analysis, it ended up not being statistically significant in our multivar
iable model (called the “initial” model). Because we are presenting an 
extension of this initial model in the current manuscript, psychiatric 
antecedent was not considered a potential adjustment variable. How
ever, we conducted a post-hoc analysis adding psychiatric antecedent as 
an adjustment variable to our final model and found no association with 
burnout (p = 0.29). We also added the interaction between psychiatric 
antecedent and relative change in hair cortisol, and again, found that the 
interaction was not statistically significant (p = 0.96). Moreover, by 
looking at the pre-pandemic literature in a similar population, anxiety 
and depression rates were surprisingly similar to those we found (Ca
nadian Federation of Nurses Unions, 2020; Canadian Medical Associa
tion, 2018). We collected at baseline history of endocrine disorders 
(7%), use of endocrine medication (10%), and/or hormonal contra
ceptives (42%). Because we recognize that these variables may affect 
cortisol levels, we have considered these as adjustment variables in our 
model to take their effect into account. As per our stepwise regression 
methodology (adjustment variables which had a p-value < 0.2 were 
added to our model), taking endocrine medication was the only of these 
three variables that affected burnout (p = 0.19) and relative cortisol 
change (p = 0.12), and was thus added to our model. 

We needed a 3- to 6-cm hair sample to measure and calculate cortisol 
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relative change from the onset of the pandemic. Consequently, female 
participants may have been more overrepresented in our analyses 
considering the basal length of their hair compared to men. However, 
our whole cohort is predominantly female and representative of the 
local healthcare worker population (Ministère de la Santé et des Services 
sociaux, 2011). Secondly, sex was not associated with burnout and was 
not included in our model. Thus, over-representation of females does not 
seem to be a factor limiting our results’ internal or external validity. 
Otherwise, our sample appears representative in terms of age and 
marital status compared to local nurses, who accounted for one-quarter 
of our sample (Canadian Federation of Nurses Unions, 2020). Any 
external application of our results should be made with caution, 
particularly in countries where Caucasians are not a majority of 
healthcare workers. Finally, “non-physician health professionals,” 
including nutritionists, occupational and respiratory therapists, seemed 
overrepresented in our study. Since work type was not significantly 
associated with burnout, we do not expect this to mitigate the external 
validity of our study. 

Adding cortisol with its adjustment variables (ethnicity, hair treat
ment, and endocrine disorder) slightly modified our previously pub
lished model, with perceived organizational support only reaching a 
trend level (p = 0.06). A known limit of stepwise multivariable regres
sion models is that as more variables are included, the more likely it is 
that fortuitous statistical associations can be found (Smith, 2018). To 
mitigate this limitation, we made sure to limit and pre-specify our in
dependent and adjustment variables. Forcing pre-specified predictors 
into the models allowed the model to consider predictors based on 
knowledge rather than mathematical criteria alone. 

5. Conclusion and future directions 

Change in hair cortisol levels predicted burnout at three months in 
health personnel at the onset of the COVID-19 pandemic. This emerging 
non-invasive biological marker of the stress response could be used in 
further clinical or research initiatives to screen high-risk individuals to 
prevent and control burnout in health personnel facing an important 
stressor. To prevent burnout, healthcare organizations may benefit from 
providing an optimal work environment that promotes healthcare 
workers’ resilience, particularly for those with at-risk cortisol changes. 
More studies, ideally longitudinal ones, integrating bio-psycho-socio- 
organizational factors are needed to better understand the complex 
phenomenon of psychological health of workers facing high-stress 
periods. 
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