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ABSTRACT  

 

Background: Hair cortisol concentrations (HCC) +/- DHEA, a depression and stress biomarker has not been 

studied in severe cutaneous adverse drug reactions (SCAR). 

Objec)ve: To determine DHEA/HCC correla)on with SCAR-associated depression and compare the ra)o with 

published values. 

Methods: Depression was assessed using M.I.N.I. and DHEA/HCC measured in epidermal necrolysis (EN) and 

DRESS pa)ents at a South African ter)ary hospital. PubMed search was conducted for publica)ons 

documen)ng DHEA/HCC. 

Results: 22/37 par)cipants enrolled were depressed, significantly higher in EN than DRESS. HCC, DHEA or 

DHEA/HCC were not different between SCAR; depressed versus non-depressed; and presence versus 

absence of suicidal idea)on. DHEA/HCC was unaffected by HIV or TB status. HCC was high in all SCAR 

pa)ents, regardless of gender. HCC in SCAR was extremely high compared to published healthy controls 

[309.33 (28.9  - 1835.7) vs. 46.1 (17.7 - 153.2), p = <0.01]; depressed subjects [1349.67 (SD 1935.59) vs. 7.26 

(SD 0.47), p = <0.01] and depressed HIV posi)ve males [1479.61 (SD 2313.74) vs. 18.02 (SD 9.37), p = 

0.0003]. 

Conclusions: HCC was high and sustained in SCAR irrespective of HIV, TB, or depression status. No 

association existed between DHEA/HCC ratio and depression. Sustained high cortisol levels potentially 

impact long-term SCAR-associated outcomes. 
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ABSTRACT  

 

Background: Hair cortisol concentrations (HCC) +/- DHEA, a depression and stress biomarker has not been 

studied in severe cutaneous adverse drug reactions (SCAR). 

Objec)ve: To determine DHEA/HCC correla)on with SCAR-associated depression and compare the ra)o with 

published values. 

Methods: Depression was assessed using M.I.N.I. and DHEA/HCC measured in epidermal necrolysis (EN) and 

DRESS pa)ents at a South African ter)ary hospital. PubMed search was conducted for publica)ons 

documen)ng DHEA/HCC. 

Results: 22/37 par)cipants enrolled were depressed, significantly higher in EN than DRESS. HCC, DHEA or 

DHEA/HCC were not different between SCAR; depressed versus non-depressed; and presence versus 

absence of suicidal idea)on. DHEA/HCC was unaffected by HIV or TB status. HCC was high in all SCAR 

pa)ents, regardless of gender. HCC in SCAR was extremely high compared to published healthy controls 

[309.33 (28.9  - 1835.7) vs. 46.1 (17.7 - 153.2), p = <0.01]; depressed subjects [1349.67 (SD 1935.59) vs. 7.26 

(SD 0.47), p = <0.01] and depressed HIV posi)ve males [1479.61 (SD 2313.74) vs. 18.02 (SD 9.37), p = 

0.0003]. 

Conclusions: HCC was high and sustained in SCAR irrespective of HIV, TB, or depression status. No 

association existed between DHEA/HCC ratio and depression. Sustained high cortisol levels potentially 

impact long-term SCAR-associated outcomes. 
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Capsule summary  

• Hair cortisol correlates with stress and depression. Severe cutaneous drug reaction-associated 

cortisol and its correlation with drug reaction-associated depression was unknown. We found very 

high cortisol levels, sustained over months, reflective of reaction severity but not predictive of 

depression. 

• Sustained hypercortisolism may impacts drug reaction-associated long-term systemic and mental 

outcomes.  
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Abbrevia)ons and acronyms 

dTB (disseminated tuberculosis) 

DHEA (dehydroepiandrosterone)  

DRESS (drug rash with eosinophilia and systemic symptoms)  

ELISA (enzyme-linked immunoassay) 

EN (epidermal necrolysis)  

GUTB (Genitourinary tuberculosis) 

HCC (hair cor)sol concentra)ons) 

HIV (human immunodeficiency virus) 

M.I.N.I. (The Mini-Interna)onal Neuropsychiatric Interview) 

PTB (Pulmonary tuberculosis)  

SCAR (severe cutaneous adverse drug reac)ons) 

SJS (Stevens-Johnson syndrome) 

SJS-TEN overlaps (Stevens-Johnson syndrome and toxic epidermal necrolysis overlap) 

TB (tuberculosis) 

TBM (tuberculosis meningi)s)  

TEN (Toxic epidermal necrolysis) 

 

 

 

 

 

 

 

 

 



 9 

INTRODUCTION 

Severe cutaneous adverse drug reac)ons (SCAR), poten)ally life-threatening reac)ons that involve the skin, 

mucosae and some)mes internal organs. The spectrum of SCAR includes epidermal necrolysis (EN) and drug 

rash with eosinophilia and systemic symptoms (DRESS).(1) Stevens-Johnson syndrome (SJS) and toxic 

epidermal necrolysis (TEN) form a spectrum of EN, characterised by skin and mucosal pan-epidermal 

necrosis. In SJS there is ≤10% epidermal detachment, ≥ 30% in TEN, and SJS-TEN overlap lies between these 

two extremes.(2)  EN is linked to significant morbidity and mortality, with in-hospital mortality reaching 

29.5% as a secondary diagnosis.(3) EN results in a range of short to long-term morbidi)es affec)ng mul)ple 

systems, including ophthalmic, genitourinary, respiratory, gastrointes)nal, and mental health.(4, 5) 

DRESS, by defini)on involving internal organs presents with a typical rash, fever (>38°C), eosinophilia, 

atypical lymphocytosis, lymphadenopathy, and internal organ involvement. Dependent on variables like age 

and comorbidi)es, mortality can be as high as 10%. DRESS is also associated with a spectrum of short to 

long-term sequelae including internal organ failure, autoimmunity and mental health disorders.(6, 7, 8) 

SCAR is often associated with mental health sequelae. A retrospective Taiwanese population-based cohort 

study of 212 EN cases and 669 controls found an adjusted hazard ratio of 1.855 (95% CI, 1.587-2.167; p < 

0.001) for psychiatric disorders.(9) Depression, anxiety and posttraumatic stress disorder were reported in 

53%, 43% and 20%  of Americans with EN respectively, with 2/3 afraid of taking new medications.(10) 

Depression was worse in TEN in a study of 24 EN cases, 65% of whom were depressed.(8) A British study 

found 78% to be depressed and anxious, 46% experiencing nightmares, intrusive thoughts, and 

flashbacks.(11) Six months post hospitalization, 20% of DRESS were still depressed.(8) 

 

Stress is defined as any s)mulus that alters homeostasis for adapta)on to the environment, being beneficial in 

acute stages by aiding coping mechanisms.(12) However, prolonged stress nega)vely impacts health outcomes, 

including mental health.(13) Cor)sol and dehydroepiandrosterone (DHEA) are produced by the hypothalamic-
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pituitary-adrenal axis (HPAA) in a well-coordinated endocrine response to stress. The two hormones 

collaborate to mediate short- and long-term stress responses to maintain homeostasis. DHEA has an)-

inflammatory and an)-glucocor)coid ac)ons, and its serum levels are inversely associated with chronic stress 

in contrast to cor)sol. An increase in DHEA reflects abnormal physiological responses to stress, with shiking of 

the steroidogenic pathway to DHEA at the expense of cor)sol.(14, 15, 16, 17) Their levels in serum, urine, and 

saliva are used to diagnose endocrine disorders. Due to their opposing effect, cor)sol and DHEA has been 

found to have greater sensi)vity in measuring HPAA dysfunc)on and the net effects of cor)sol than each one 

alone.(18, 19, 20, 21)  

Depression is linked to elevated serum cor)sol levels due to HPAA hyperac)va)on, which damages the 

hippocampus, leading to behavioural changes and depressive symptoms.(22, 23, 24, 25, 26, 27) Chronic stress 

causes brain degenera)on and func)onal impairment, increasing the risk of depression.(28) Repeated stress 

can worsen exis)ng mood disorders.(29, 30) 

 

Cor)sol incorpora)on into hair is a promising biomarker for HPAA ac)vity resul)ng from chronic stress.(31) It’s 

advantages include non-invasiveness, structural and chemical stability on storage, and long-term 

representa)on.(31, 32, 33) Hair cor)sol concentra)on (HCC) is independent of hair colour, oral contracep)ves, 

smoking and is propor)onal to serum concentra)ons over )me. Validated techniques accurately correlate 

serum and hair cor)sol levels, facilita)ng longitudinal measurement at different )me points.(34) HCC has been 

found to correlate with depression severity in clinically depressed par)cipants.(35, 36) A Chinese study found 

significant HCC increase following first and recurrent episodes of depression in a female cohort compared to 

healthy controls, pregnant women with depression also had higher HCC in the first and third trimesters.(37) 

The Mini-Interna)onal Neuropsychiatric Interview (M.I.N.I.) is a validated, structured, clinical interview 

designed to diagnose psychiatric disorders according to DSM-IV or ICD-10 in epidemiological studies, 

mul)centre clinical trials and non-research clinical se}ngs like ours. It comprises of modules for 17 

psychiatric diagnoses. M.I.N.I. requires the interviewee to respond “yes” or “no” to ques)ons.(38) 
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This study explored if DHEA and HCC correlated with depression in SCAR and compared the hormone’s levels 

to healthy and diseased subjects from published studies. We hypothesised that SCAR trigger a stronger 

cor)sol-driven stress response in hair than has been shown in published studies. 

MATERIALS AND METHODS 

Study design, par)cipants and ethics 

This was a prospec)ve longitudinal study approved by the University of Cape Town's Human Research Ethics 

CommiLee (HREC REF NO: 790/2020) as a subset of the exis)ng prospec)ve Immune-mediated Adverse 

Drug Reac)ons in African TB HIV endemic se}ngs (IMARI) Registry and Biorepository.(HREC REF NO: 

031/2018)(39) For EN and DRESS, IMARI employs RegiSCAR phenotypic valida)on.(40, 41, 42) All pa)ents 

gave informed consent for inclusion and publica)on of the data.  

Consen)ng par)cipants with possible EN and DRESS admiLed to the dermatology ward at Groote Schuur 

Hospital, a ter)ary hospital in Cape Town, South Africa between April 2019 and January 2023 were reviewed 

for the following inclusion criteria:1) age > 12 years, 2) hospitalized due to SCAR necessita)ng treatment 

interrup)on, 3) probable or definite EN or DRESS, 4) ability to navigate the MINI interview, and 5) availability 

for follow-up at 6 months and 6) consen)ng for hair sample collec)on. Treatment for pre-exis)ng psychiatric 

disease was an exclusion. Demographic and relevant clinical data rela)ng to SCAR phenotype and severity 

were extracted from the IMARI registry at each )me point. 

M.I.N.I diagnos)c interview  

Formally trained M.I.N.I. inves)gators conducted structured interviews at t0 (baseline) and t1 (six months 

follow-up). Par)cipants who reported suicide risk at any point during the study were referred to a 

psychiatrist. All ques)onnaires were administered in the par)cipants’ preferred language. 
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Hair sample collec)on  

Hair samples ranging from 10-50 mg were obtained from par)cipants’ scalp using scissors at t0 and t1 from 

the posterior vertex without tugging the hair, then stored at room temperature in aluminium foil un)l 

analysis.(43) 

 

HCC and DHEA assays 

Hair samples were washed in isopropanol (5 mg hair/mL isopropanol), air dried (seven days), chopped into 

fine pieces with a scissor and weighed into 2 ml OMNI tubes containing five 2.4 mm metal beads (OMNI 

Interna)onal). Hair samples were pulverised in an OMNI Bead Ruptor (USA), and extracted twice with 1mL 

methanol. Extracts containing pulverised hair were centrifuged at 5000 rpm and each )me, 800 µl of the 

extracts were transferred into a 1.5 ml Eppendorf tubes, and dried at 30 degrees on a miVac QuaLro 

Concentrator (Genevac, England). The dried extracts were recons)tuted in 100 µl Salimetrics® assay buffer 

and analysed within one hour. Samples were analysed using Salimetrics® Cor)sol and DHEA Salivary Enzyme 

Immunoassay Kit (California, USA). All samples were read on a 96 well-plate Variskan Lux Spectrophotometer 

(Ratas)e, Finland). 

Quality Assurance (QA) and Quality Control (QC)  

Accuracy of data was established by assay of laboratory prepared spikes along with submiLed samples. 

Precision was established for individual sample via duplicate analysis. Coefficient of varia)on for reported 

data was less than 20%. All protocol specifica)ons of the supplier of the ELISA kit (Salimetrics) were followed 

without modifica)on. Sample integrity was preserved and protected by appropriate documenta)on and 

storage. Samples which failed QA were resubmiLed for repeat assay with correc)ve ac)ons – dilu)ons or 

concentra)ons. Lab QC samples were run with each batch. 
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Statistical analysis 

The Stata programming language (version 15) was used for all data analysis. To calculate percentages and 

compare demographics (gender, age, HIV, TB, TB/HIV co-infec)on, depression and suicide risk) between EN 

and DRESS, descrip)ve sta)s)cs with mean (standard devia)on) were employed to describe the age, which 

was normally distributed (p-value = 0.68798). We used the Shapiro Wilk test to test if con)nuous variables 

were normally distributed; t-test to test age mean difference between phenotype groups; Chi square test of 

associa)on to test the independence between phenotype groups and other categorical variables; median 

and interquar)le ranges (IQR) to describe HCC (p-value <0.01), DHEA (p-value <0.01) and DHEA/HCC ra)o (p-

value <0.01), which were not normally distributed; the non-parametric Mann-Whitney test for the difference 

in measurements between DRESS and EN phenotype groups, depressed and non-depressed groups, and 

suicidal groups for depressed pa)ents; Chi square test  of associa)on to test the associa)on between 

depression and HIV, TB, and HIV-TB-coinfec)on. All sta)s)cal tests were done at 5% level of significance. 

 

RESULTS 

Thirty-seven participants were enrolled, nine with EN and 28 with DRESS. The mean age was 41.56 (SD 9.32) 

for EN and 42.36 (SD 11.04) years for DRESS; 18/37 (49%) were female. Most participants (81%) were HIV-

infected, and 20/37 (54%) were co-infected with HIV and TB. There was no difference in HIV (p=0.49), TB 

(p=0.26) or HIV/TB (p=0.38) co-infection between EN and DRESS. Depression was diagnosed in 22/37 (59%) 

participants and was higher in EN than DRESS (89% vs. 50%, p = 0.039), with no difference in suicide risk 

(p=0.87). Table 1. Each participant’s raw data is included in supplementary table 1. 

Table 1. Baseline characteristics of 37 participants with SCAR who were enrolled into the study. 

 Phenotype p-value 
Variable Level EN (n=9) DRESS (n=28)   

Gender, n (% age) Female 2 (22.22) 16 (57.14)  
0.068 Male 7 (77.78) 12 (48.86) 

Age in years, mean (SD)  41.56 (9.32) 42.36 (11.04) 0.8457 
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HIV No 1 (11.11) 6 (21.43)  
0.492 Yes 8 (88.89) 22 (78.57) 

TB No 2(22.22) 12 (42.86)  
0.267 Yes 7 (77.78) 16 (57.14) 

HIV-TB co-infecXon No 3 (33.33) 14 (50.00)  
0.383 Yes 6 (66.67) 14 (50.00) 

Depression status Not depressed 1 (11.11) 14 (50.00)  
0.039* Depressed 8 (88.89) 14 (50.00) 

Suicidal risk level None 7 (77.78) 21 (75.00)  
 

0.869 
Low 2 (22.22) 5 (17.86) 

Moderate 0 (0.00) 1 (3.57) 
High 0 (0.00) 1 (3.57) 

n (%) - Total and percentages; EN - epidermal necrolysis; DRESS - drug rash with eosinophilia and systemic symptoms. SD - standard deviaCon; HIV - human 

immunodeficiency virus; TB - tuberculosis; Because age is normally distributed, we uClised the mean (standard deviaCon) to describe it. The rest of the results 

were presented as totals with percentages. *P < 0.05 EN vs. DRESS. 

  

HCC (p = 0.69), DHEA (p = 0.28) and DHEA/HCC ratio (p = 0.72) were not different between EN and DRESS. 

Similarly, in depressed and non-depressed participants, there were no differences in HCC (p = 0.40), DHEA (p 

=1) or DHEA/HCC ratio (p = 0.62). Amongst depressed participants, there were no differences between 

measured parameters (HCC, DHEA, and DHEA/HCC ratio) or suicide risk. There was also no association 

between depression and TB (p = 0.32), HIV (p = 0.82) or TB/HIV co-infection (p = 0.94). Table 2.  

Table.2. HCC, DHEA concentraCons and the DHEA/HCC raCo in SCAR. 

2a 
Variable Variable group Measurements 

  HCC in pg/mg, median 
 (IQR) 

DHEA in pg/mg, median 
(IQR) 

DHEA/HCC ratio, median  
(IQR) 

Phenotype, n=37 DRESS (n=28) 422.77 (27.75 -1783.95) 40.2 (23.5 - 93.28) 0.16 (0.03 - 1.32) 
EN (n=9) 135.87 (44.8 - 5012.1) 67.24 (49.3 -210) 1.03 (0.01 - 4.69) 
P-value 0.6968 0.2787 0.7233 

Depression status, 
n=37 

Non depressed (n=15) 176.04 (14.3 -1835.7) 65.46 (21.2 -158.1) 0.35 (0.04 -1.19) 
Depressed (n=22) 555.45 (39.58 -1848.7) 45.2 (28.7 - 75.90) 0.11 (0.02 - 1.82) 

P-value 0.4033 1.00 0.6206 
Suicidal Risk for the 

depressed n=22 
No (n=13) 695.07 (131.2 -2740.9) 48.4 (21.4 - 67.24) 0.07 (0.01 – 1.03) 
Low (n=7) 44.8 (24.94 -1328.6) 71.4 (29.4 -166.13) 1.82 (0.02 – 4.69) 

Moderate (n=1) 1732.2 29.5 0.02 
High(n=1) 28.9 42 1.45 
P-value 0.3055 0.7958 0.4146 

2b 
Variable Variable group  Depression status P-value 

  Non depressed (n=15)  Depressed (n=22)  

HIV No 4 (26.67) 3 (13.64) 0.320 
Yes 11 (73.33) 19 (86.36) 

TB No 6 (40.00) 8 (36.36) 0.823 
Yes 9 (60.00) 14 (63.64) 

TB/HIV co-infection No 7 (46.67) 10 (45.45) 0.942 
Yes 8 (53.33) 12 (54.55) 

n – number of participants; IQR - interquartile range; DHEA - dehydroepiandrosterone; HCC - Hair cortisol concentrations; EN - epidermal necrolysis; DRESS - drug 

rash with eosinophilia and systemic symptoms, HIV - human immunodeficiency virus; TB - tuberculosis; The rest of the results were not normally distributed so we 
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presented as median and interquartile range. *P < 0.05 Depressed vs. non-depressed, Suicidal risk vs. measured parameter in no-suicidal risk and depression vs. HIV, 

TB, and HIV-TB co-infection and EN vs. DRESS. 

 

We iden)fied seven published studies that assessed HCC and DHEA concentra)ons in hair, four in healthy 

controls, three of which reported only HCC and one DHEA. Two in depressed subjects, one in adolescents 

the other HIV-infected Chinese measured HCC, DHEA and, and their ra)o. One study compared HCC to 

controls in pa)ents with acute myocardial infarc)on. Each study’s finding is summarised in Supplementary 

table 2. The overall HCC in SCAR in this study was significantly much higher compared to the published 

healthy controls [309.33 (28.9  - 1835.7) vs. 46.1 (17.7 - 153.2), p = <0.01]; depressed subjects  [1349.67 (SD 

1935.59) vs. 7.26 (SD 0.47), p = <0.01]  and depressed HIV posi)ve males [1479.61 (SD 2313.74) vs. 18.02 

(SD 9.37), p = 0.0003]. This extended to both males and females. Table 3a. Findings of each published study 

is included in Supplementary table 2. DHEA concentra)ons in SCAR were significantly higher for both 

genders compared to data currently published for depressed adolescents, [80.87 (SD 73 79) vs. 36.5 (SD 

1.84), p = 0.01]; healthy females [46.55 (25.3 - 77.2) vs. 5.3 (0.5 - 11) p = 0.0002]; healthy males [58.5 (21.4 - 

210) vs. 4.3 (1.2 - 6.7), p = 0.0001]; and HIV-infected highly stressed and depressed males 94.20 (SD 85.94) vs 

33.71(SD 23.2), p = 0.04]. DHEA/HCC ra)o was significantly lower vs. depressed adolescent males [1.29 (SD 

1.76)  vs. (6.27) p = 0.0001] and depressed adolescent females [2.81 (SD 5.95) vs. 3.84 p = 0.142]. Table 3c. 

However, DHEA was not significantly different when compared to that in depressed adolescents (p = 0.184) 

and HIV-infected depressed adult males (p = 0.12). Table 3b. Similarly, there was no significant difference 

when comparing DHEA/HCC ra)o in SCAR with that in depressed HIV-infected Chinese males (p = 0.126). 

Table 3c. 

 

Table 3. HCC, DHEA concentraCons and the DHEA/HCC raCo in SCAR compared to published data 

3a: Published Data Current study HCC compared to literature (p-value) # 

Study Population Sex 
(Stress level) 

Median (IQR) Mean (SD) Overall 
Mean (SD) = 1349.67 

(1935.59) 
 

Median (IQR) = 309.33 
(28.9 – 1835.7) 

Female 
Mean (SD) = 

1212.7 (1492.24) 
 

Median (IQR) = 
610.07 (24.94 – 

1835.7) 

Male 
Mean (SD) = 

1479.61 (2313.74) 
 

Median (IQR) 
= 176.04 (39.58 – 

1848.7) 



 16 

Raul et al., 2004. (44) Healthy adults All 18 (5.2 -91)  <0.01*   
Sauvé et al., 2007. 

(45) 
Healthy adults All 46.1 (17.7-153.2)  <0.01*   

Karlén et al., 2011. 
(48) 

Healthy adults F  20.55 (37.66)  0.0029*  
M  17.76 (13.34)   0.0003* 

Qiao et al., 2017. (46) Healthy adults M (LS)  13.55(5.67)   0.0005* 
M (HS)  18.02(9.37)   0.0003* 

Kische et al., 2022. 
(47) 

Depressed 
adolescents 

All  7.26 (0.47) <0.01*   
F  7.78 (0.39)  0.0002*  
M  6.78 (0.83)   0.0001* 

Faresjö et al., 
2020.(48) 

Stressed 
adults with 
 acute MI 

F 46.6 (IQR 
20.5–100.8) 

  0.0123*  

M 57.8  
(IQR 29.0–167.6) 

   0.0112* 

3b: Published Data Current study DHEA compared to literature (p-value) 

   Median (IQR) Mean (SD) Overall 
Mean (SD) = 80.87 (73.79) 

 
Median (IQR) = 48.4 (24.3 

– 134.3) 

Female 
Mean (SD) = 66.80 

(57.45) 
Median (IQR) = 
46.55 (25.3 – 

77.2) 

Male 
Mean (SD) = 94.20 

(85.94) 
 

Median (IQR) 
= 58.5 (21.4 – 210) 

Kintz et al., 1999. 
(49) 

Healthy adults F 5.3 (0.5 - 11)   0.0002*  
M 4.3 (1.2 - 6.7)    0.0001* 

Qiao et al., 2017. (46) Depressed 
HIV+ Chinese 

M (LS)  38.97(21.87)   0.1841 
M (HS)  33.71(23.2)   0.0357* 

Kische et al., 

2022.(47) 

 
Depressed 

adolescents 

All  36.5 (1.84) 0.0114*   
F  29.9 (1.28)  0.0156*  
M  42.52(3.29)   0.1152 

3c: Published Data Current study DHEA/HCC ratio measurement compared to literature.  
(p-value) 

    
Mean (SD) Female 

Mean (SD) = 2.81 (5.95) 

Median (IQR) = 0.11 (0.02 
– 1.45) 

Male 

Mean (SD) = 1.29 (1.76) 

Median (IQR) = 0.30 (0.04 – 1.82) 

Qiao et al., 2017. (46) Depressed 
HIV+ Chinese 

M (LS) 2.87  0.1446 
M(HS) 1.87  0.1262 

Kische et al., 2022. 
(47) 

Depressed 
adolescents 

F 3.84 0.042*  
M 6.27  0.0001* 

 F - female; M - male; IQR - interquartile range; HCC - Hair cortisol concentrations; HIV - human immunodeficiency virus; SD - standard deviation; HS - High 

stress; LS - Lower stress. A single sample to a specified constant value (literature value whether it is mean or median) was presented for the t-test. 

*P < 0.05; # Some studies reported their findings as a mean while others reported them as a median and for comparison both are reported for this 

study. 

 

DISCUSSION 

This study aimed to determine whether DHEA and HCC correlate with depression in SCAR, and compare the 

concentra)ons in SCAR to healthy controls and diseased subjects from published studies. The major finding 

of the study was that there was no difference in any of the measurements between the depression status 

groups. Thus, there is no evidence to support any of the parameters as a marker of depression in SCAR 

despite 89% and 50% of EN and DRESS par)cipants having significant depression in this study. Depression 

was found to nega)vely correlate with HCC and DHEA concentra)ons in SCAR with no varia)on when 
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compared to par)cipants who did not have depression. It is possible that the cor)sol-driven stress response 

in SCAR was so high that it masked any depression-driven differences. Similar to other studies that revealed 

nega)ve rela)onship between HCC and depression, this study had some limita)ons including a limited 

sample size and a lack of adequate control groups.(50, 51) Independent of depression, confounding factors 

should also be considered to advance research in this field. 

 

The study found HCC and DHEA to be significantly higher when compared to the exis)ng literature. The 

overall HCC in SCAR in this study was >10 )mes higher compared to healthy adults in Raul et al. (p = <0.01) 

and the study of 39 healthy adult students by  Sauvé et al. (p = <0.01), using similar Salivary ELISA Cor)sol kit 

(Alpco Diagnos)cs®, Windham, NH) instrument. In contrast, Raul et al. used the Perkin-Elmer Sciex API- 100 

Mass Spectrometer. (44, 45) This eliminates the chosen instrument as a confounding factor to explain much 

higher HCC levels in SCAR. However, the differences between published studies and this study could be 

aLributed to the varia)ons in the popula)ons studies (HIV/TB-infected in SCAR vs. general popula)on or 

other diseases in the published data); and the )me delay (16 to 19 years in the two studies compared to this 

study) and possible improvements in methodology. It is s)ll possible that the pathogenesis of SCAR itself 

accounts for this difference. SCAR produces high levels of the proinflammatory cytokine interleukin-6 which 

has been shown to influence the hypothalamic-pituitary-adrenal (HPA) axis to produce high levels of 

HCC.(52, 53, 54, 55, 56, 57) This needs further explora)on in focused studies. 

 

HCC in depressed HIV-infected par)cipants with SCAR in this study was >80X higher compared to depressed 

HIV-infected Chinese male adults reported by Qiao et al.(46) Unlike Qiao et al., in this study we used the 

Salimetrics® Cor)sol and DHEA Salivary Enzyme Immunoassay (ELISA) Kit (California, USA) instead of the 

Liquid Chromatography Tandem Mass Spectrometry (LCMS) (3200 QTRAP, ABI, USA). Regarding 

demographics, HIV status was a common denominator in these two studies. Differences in age, gender, TB 

status, and measurement techniques may account for the large disparity. ELISA-based assays are more 

sensi)ve than LCMS-based assays for assessing hair cor)sol levels.(58)  



 18 

Limitations  

The COVID 19-related lockdown restrictions caused an unavoidable substantially low sample size in this 

study which restricts the generalizability of the findings. However, the findings provide motivation for larger 

studies. In addition, a lack of inclusion of healthy study controls resulted in reliance on published data for 

comparison. 

Conclusions 

Contrary to published data, there was no detectable correlation between HCC and depression found in EN 

and DRESS. Instead, SCAR had extremely high HCC compared to published data on healthy and subjects with 

other diseases.   

Recommendations 

More research is needed to improve sensi)vity and specificity of assays  that measure HCC;  and to 

determine whether persistently elevated post SCAR cor)sol levels nega)vely impact medium and long-term 

outcomes sequelae.  
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Supplementary Table 1: Raw data from each participant in the study 

BASELINE   SIX MONTH 

ID # 

 
 
Admission AGE Phenotype Gender HIV TB Depression Suicide Hair 

Total hair 
mass(mg) 
received  Hair Colour 

HCC 
[(pg/mg) 

DHEA [] 
(pg/mg)   Depression Suicide Hair 

Received 
Mass(mg) COLOR HCC DHEA 

31 
24-04-
2019 22 DRESS F 

 
PosiTve no No No 

Long 
curled 17.3 

Black & gold 
end 1835,7 65,46   No No 

Short 
straight 8.7 

Black & gold 
end 

Min 
HCC 

Min 
DHEA 

39 
18-06-
2019 68 SJS M 

 
PosiTve PTB Yes No 

Short 
afro 6.5 Black Min HCC Min DHEA   Lost to follow-up  

50 
14-06-
2019 32 DRESS F NegaTve no No No 

Short 
relaxed 4.7 Black Min HCC Min DHEA   Lost to follow-up  

51 
20-06-
2019 26 DRESS F 

 
PosiTve dTB Yes No 

Short 
afro 10.6 Black 2740,9 24,3   Lost to follow-up (deceased) 

52 
20-06-
2019 30 TEN M 

 
PosiTve no Yes Low 

Short 
curl 16.5 Black 44,8 210   Lost to follow-up  

54 
24-06-
2019 73 DRESS F NegaTve No No No Relaxed 4.1 Brown Min HCC Min DHEA   Lost to follow-up  

57 
12-07-
2019 67 DRESS F NegaTve no No No Straight  10.2 

Black & gold 
end 1178,6 77,2   Lost to follow-up  

63 
16-07-
2019 63 DRESS F 

 
PosiTve no No No 

Short 
curl 4.9 Black Min HCC Min DHEA   Lost to follow-up  

71 
29-08-
2019 26 DRESS F 

 
PosiTve PTB No No 

Short 
curl 8.4 Brown Min HCC Min DHEA   No No No hair sample 

74 
03-09-
2019 29 DRESS F 

 
PosiTve No Yes No 

Short 
curly 4 Black Min HCC Min DHEA   Lost to follow-up 

75 
04-09-
2019 41 DRESS F 

 
PosiTve no No No 

Short 
curly 4.4 Black Min HCC Min DHEA   Lost to follow-up 

76 
06-09-
2019 68 DRESS F NegaTve no No No Straight  3.6 Black/white Min HCC Min DHEA   Lost to follow-up 

85 
29-10-
2019 41 DRESS F 

 
PosiTve PTB Yes No 

Curly 
shot 3.5 Black Min HCC Min DHEA   Lost to follow-up  

133 
30-11-
2020 35 DRESS M 

 
PosiTve PTB No No 

Curly 
afro 19.4 

Brown & 
black 5760 210   No No 

Long 
straight  27.2 

Black and 
brown 5760 210 

132 
22-11-
2020 44 DRESS M 

 
PosiTve no Yes No 

Short 
curly 130.0 Black 5760 17,9   No No 

Short 
curly 36.5 Black 5760 210 

136 
11-12-
2020 52 DRESS F NegaTve no Yes No 

Long 
curled 86.1 Black 910,8 48,4   Yes No 

Afro 
curl 168.9 Black 706,7 210 

137 
04-01-
2021 46 TEN M 

P 
posiTve PTB Yes No 

Afro 
curly 34.1 Black 135,87 210   No No 

Short 
curl 1.2 Black 

Min 
HCC 

Min 
DHEA 

139 
28-01-
2021 54 DRESS F 

 
PosiTve PTB Yes moderate Dread 749.9 

Black & gold 
end 1732.2 29,5   Yes No Dread 728 Blond 2435,9 16,0 

141 
08-02-
2021 34 SJS M 

 
PosiTve GUTB Yes No 

Short 
curl 23.5 Black 695,07 210   Lost to follow-up  

142 
10-02-
2021 27 DRESS M 

 
PosiTve TBM Yes No 

Short 
curl 55.9 Black 39,58 210   Lost to follow-up  

144 
18-02-
2021 41 DRESS F NegaTve PTB Yes Low 

Short 
curl 18.4 

Brown & 
black 1328,6 28,7   Lost to follow-up 

164 
13-05-
2021 33 DRESS M 

 
PosiTve PTB Yes No 

Long 
relaxed 222.5 Brown 536,2 38,4   Yes No No hair sample 

165 
15-05-
2021 53 DRESS F 

 
PosiTve dTB No No 

Long 
relaxed 149.5 Brown 3338,0 21,2   Lost to follow-up  

167 
25-05-
2021 41 DRESS M 

 
PosiTve dTB Yes Low 

Long 
curled 99.5 Black 574,7 29,4   Lost to follow-up  

183 
03-09-
2021 39 TEN M 

 
PosiTve PTB Yes No 

Short 
curl 88.4 Black 5760 17,4   Yes No 

Short 
curl 9.9 Black 

Min 
HCC 

Min 
DHEA 
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184 
06-09-
2021 53 SJS-TEN F NegaTve TBM Yes Low 

Long 
straight 305.3 Black 24,94 166,13   Deceased      

191 
08-10-
2021 51 SJS-TEN M 

 
PosiTve GUTB No No 

Curly 
afro 57 Black 5760 Min DHEA   Relocated      

194 
15-10-
2021 28 SJS F 

 
PosiTve No Yes No 

Curly 
afro 43 

Brown & 
black 5012,1 49,3   No No 

Curly 
short 1.2 Black 

Min 
HCC 

Min 
DHEA 

196 
19-10-
2021 56 DRESS F NegaTve No No No 

Short 
afro 172 Black/white 26,6 11,7   No No 

Short 
afro 5.2 Black 

Min 
HCC 

Min 
DHEA 

197 
19-10-
2021 50 DRESS F 

 
PosiTve PTB No No 

Afro 
curly 169 Black 21,6 25,3   Lost to follow-up 

198 
20-10-
2021 43 DRESS M 

 
PosiTve 

Lymph 
node No No Curled 28.4 Black 814,8 134,3   No No 

Short 
afro 11.6 Black 5760 210 

201 
26-10-
2021 49 DRESS M NegaTve No No No 

Straight 
short 52.2 Black/white 176,04 210   Lost to follow-up    

203 
27-10-
2021 28 DRESS  F NegaTve 

Lymph 
node No No 

Long 
relaxed 174.8 Black 14,3 44,7   No  No 

Long 
curl 68.9 Black 5760 210 

204 
29-10-
2021 48 DRESS F 

 
PosiTve no No No Curled 94.2 Black 309,33 109,37   No No 

Short 
afro 3.4 Black 

Min 
HCC 

Min 
DHEA 

222 
20-01-
2022 45 DRESS F 

 
PosiTve PTB No No 

Long 
curled 87.2 Black 9,0 158,1   Lost to follow-up     

226 
08-08-
2022 59 DRESS M 

 
PosiTve PTB No No 

Afro 
dread 334.2 Black 77,4 22,7   Lost to follow-up     

300 
31-10-
2022 50 TEN M 

 
PosiTve PTB Yes No 

Short 
afro 89.2 Black 56,6 58,5   Lost to follow-up     

306 
20-11-
2022 43 SJS M 

 
PosiTve PTB Yes No 

Curly 
afro 46.3 Black 14,18 67,24   Yes No 

Short 
afro 19.2 Black 13,62 111,78 

318 
23-11-
2022 46 DRESS F PosiTve no Yes No 

Long 
afro 174.5 Black 131,2 19,6   Lost to follow-up     

322 
01-12-
2022 30 DRESS F PosiTve PTB No No 

Short 
afro 30.2 Black 10,82 210   Lost to follow-up)     

323 
05-12-
2022 36 DRESS M PosiTve No No No 

Short 
afro 48.6 Black 7,47 6.07   Lost to follow-up    

325 
12-12-
2022 40 DRESS M PosiTve No Yes Low 

Short 
afro 116.2 Black 19,0 34,5   Yes No No hair sample 

326 
07-11-
2022 47 DRESS M PosiTve No Yes Low 

Curly 
afro 29.6 Brown 32,14 75,90   Lost to follow-up     

331 
09-01-
2023 48 DRESS M PosiTve No Yes No Straight  147.8 Black 1848,7 21,4          

333 
19-01-
2023 28 DRESS F PosiTve PTB YES high Straight  384.6 Black 28,9 42          

335 
23-01-
2023 45 DRESS F PosiTve dTB Yes Low Afro  193.1 Black 3175 71,4   Lost to follow-up     

MIN - (< 10mg of hair sample) hair samples below the minimum sample size for quan>fica>on); HCC – hair cor>sol concentra>on; [ ] – concentra>ons; pg/mg - picograms (pg) per milligram (mg); SJS – Steven Johnson syndrome; SJS-TEN overlap – 

Steven Johnson and Toxic epidermal necrolysis overlap; TEN – toxic epidermal necrolysis; DRESS – drug rash with eosinophilia and systemic symptoms; M – Male; F – Female; HIV – human immunodeficiency virus; TB – tuberculosis. PTB – Pulmonary 

tuberculosis;  dTB - disseminated tuberculosis; TBM - tuberculosis meningi>s; DHEA - dehydroepiandrosterone;  GUTB - Genitourinary tuberculosis (GUTB). 
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Supplementary Table 2: Published studies that report hair HCC, hair DHEA, and the DHEA/HCC ratio and depression. 

First author /year Country Number of 
Par>cipants 

Gender N (%)                        Age 
mean SD) 

  Male                     Female 

HCC pg/mg 
(mean ranges or SD) 

Male                            Female 

     DHEA pg/mg                    
(mean, ranges/SD) 

Male                              Female 

DHEA/HCC ra>o (mean/ 
SD) 

Male                       Female 

 
DHEA/HCC Method or Kit used 

 Hair cortisol concentration (HCC) in healthy controls   
Sauvé et al., 2007. (45)  Toronto 39 healthy 

students 
19 (48.7%)    20 (51.3%)               46.1 (17.7-153.2)  

- 
- - Salivary ELISA  Cortisol kit©   (Alpco Diagnos- tics®, 

Windham, NH)  

Raul et al., 2004. (44)  France  44 control 
(Healthy) 
subjects 

17 (38.6%)  0-
40 years 

27 (61.4%)   
40-60 years 

18 (5.2 to 91)  
- 

- - Perkin-Elmer Sciex API- 100 Mass Spectrometer  

Karlén et al., 2011. (59) Sweden 99 healthy      
students 

24 (24%)                   71 (76%)                       17.76 SD13.34.     
20.55SD37.66 

(Total 19.93 SD33.35) 

- - RadioImmunoAssay (RIA) (Rabbit Cor>sol 3 
Polyclonal An>body, MyBiosource, San Diego, USA) 

Hair DHEA concentration in healthy controls   

Kintz et al., 1999. (49) France  

 

27 control 
(Healthy) 
subjects  

15 (55%)   12 (45%)      - 4.3 (1.2-6.7)          5.3 (0.5-11) 
 

Total 4.7 (1.2-11) 

- Gas Chromatography- Mass Spectrometry (GC-MS), 
Hewlel Packard (Palo Alto, CA) GC (6890 series) via 
a Hewlel Packard (7673) autosampler.  (17-42 years) 

HCC and DHEA concentrations in subjects with depression with HIV infection   

Qiao et al., 2017. (46) Germany   59 Male   All males 33 
years (SD8.60) 

- High Stress  
19.4 
(SD13.15)  

Low Stress  
14.59(SD9.64)  

High Stress  
33.71(23.26)   

 Low Stress  
38.97(21.87)   

High Stress   Low Stress  

  1.87.                        2.87 

Liquid Chromatography Tandem Mass Spectrometry 
(3200 QTRAP, ABI, USA) 

     (p = 0.115) (p = 0.693)  

HCC and DHEA concentrations in subjects with depressive disorder in adolescents    

Kische et al., 2022 .(47) Germany  

 

985 412 (42%) 18.0 
years (SD0.11) 

573 (58%);  
17.9 (SD0.10 

6.78 (SD0.83)      7.78 (SD0.39) 

Total 7.26 (SD0.47) 

2.52 (SD3.29)         29.9 
(SD1.28) 

Total 36.5 (SD1.84) 

  6.27                         3.84 Chemiluminescence immuno- assays with high 
sensitivity (IBL-International, Hamburg, Germany).  

HCC in subjects with acute myocardial infarcCon and controls 
Faresjö et al., 2020 
.(48) 

 Sweden  174 Cases 127  (73%);   
56.85SD6.2 

47 (27%) 
56.8SD6.2  

57.8 (IQR 29 
–168) 

46.6 (IQR 
20.5–101) 

 
- 

 
- 

 
- 

RadioImmunoAssay (RIA) (Rabbit Cor>sol 3 
Polyclonal An>body, MyBiosource, San Diego, USA) 

3 055 Controls 1147 (36.3) 
56.73SD4.5  

2009 
(63.7%) 
56.73SD4.5  

25.9 pg/mg 
(IQR 17 –52) 

0.1 pg/mg (IQR 
14–38) 

 
- 

 
- 

- 

Mabotha et al., 2018 
.(60) 

South 
Africa 

21 STEMIs  11 (17.2%) 10 (15.6%) 35.18(8.1-209) - - - Salivary ELISA Cor>sol kit© Salimetrics® Cor>sol and 
DHEA Salivary Enzyme Immunoassay Kit (California, 
USA). 

27 NSTEMIs  10 (15.6%) 17 (26.5%) 17.24(3.7-209) - - - 
  16 Control 0 (0.0%) 16 (25%) 3,32(0.4-11) - - - 

N - total; SD - standard devia>on; IQR - interquar>le range; DHEA - dehydroepiandrosterone; HIV - human immunodeficiency virus; ELISA - enzyme-linked immunoassay; USA - United States 
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APPENDICES: 
 
Appendix 1: The Mini Interna8onal Neuropsychiatric Interview 
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Appendix 2: Hair collec)on SOP Drak Version 02 
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Appendix 3: Detec)on and analysis of cor)sol and DHEA from Human hair using an Elisa assay 
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Appendix 4: Consent forms and par8cipant informa8on sheets 
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Appendix 5: Ethics approval leLer from the Faculty Research Ethics CommiLee 
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Appendix 6: Instruc)ons to Authors the Journal of the American Academy of Dermatology (JAAD). 
 
 
Original Ar)cle 
 
A descrip*on of the type of study that was done (case series, case-control, cohort, cross-sec*onal, 
randomized controlled trial, ecologic, etc.) 
 
 

Maximum Word Count 2500 

Maximum Reference Count No limit 

Maximum Figures/Tables 5 

Requires Abstract 
 
Capsule Summary   two 
bullet point    

200 
 
50 

Required Documents 1. Cover LeLer 
2. Title Page (including pa)ent consent statement, conflict of interest 
statement, and funding statement, IRB) 
3. Manuscript (Microsok Word documents only) 
4. Separate file figures if applicable (.)f, .eps., or .jpeg) (NOT for tables) 
5. CONSORT manuscript checklist (only if applicable) 
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Appendix 7: Journal of the American Academy of Dermatology (JAAD) manuscript drak. 
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