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THESIS ABSTRACT

BACKGROUND

Alopecia areata (AA) is an autoimmune disease of which the exact pathogenesis
is poorly understood. There is conflicting evidence that psychosocial stress
causes or exacerbates AA. A systematic literature search was undertaken
focusing on studies describing the pathogenesis of AA and Hair cortisol
concentration (HCC) as a biomarker of psychosocial stress. HCC is reported to
be a reliable biological marker of stress. The estimated scalp hair growth rate of
about one centimetre per month may be used to correlate cortisol levels with
historic time-points depending on hair length. HCC may advance the debate on
the association between stress and AA.

AIM

The primary objective was to determine whether stress acts as a trigger for (i.e.
pre-dates) the onset of AA via objective measurement of HCC.

Two secondary objectives were identified:
1. Using validated stress guestionnaires to assess whether current stress
correlates with HCC.
2. To determine whether there is a difference in HCC of lesional versus peri-
lesional scalp in cases.

METHODS

A case control study was performed. Thirteen patients, fulfilling the inclusion
criteria were recruited from the Groote Schuur Hopital (GSH) and Red Cross
Hospital (RXH) outpatient departments. For each case consent was obtained, a
data sheet was filled out, stress questionnaire(s) and two strands of hair, one
lesional and one peri-lesional, were collected. Next, 13 healthy controls were
recruited from whom a hair strand each was collected.

On the hair samples, the position of onset of hair loss (OOHL) was determined by
measuring one centimetre per month after OOHL, from the proximal (scalp near)
end. Then three sections of three centimetres each were cut, two distally
(representing the six-month period before OOHL) and one proximally (representing
the three months post OOHL). In six of these cases a fourth or “current” section was
obtained. This represented the section on the scalp and thus reflected current stress
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by measuring the most recent HCC. Next, the HCC’s of these sections were
measured using the Salivary ELISA Cortisol kit°. An additional 44 cases, not
meeting the inclusion criteria, was recruited for acquisition of additional stress
guestionnaires and data sheets.

RESULTS

In all sections (except peri-lesional scalp), on average, the HCC’s of cases were
higher than those of controls. Cases’ HHC’s were also more erratic as compared
to the relative consistent values of the controls. In analysing the trends of the
average HCC within samples over time, the distal sections proved to be the
highest. This represents cortisol levels pre-OOHL. This is contrary to what is
suggested by the washout effect (1) and could be expected from a spike triggering
OOHL.

When looking at the difference between the HCC of lesional versus peri-lesional
sections, all lesional HCC readings were higher than that of the perilesional
sections, except the mid-section. The trend of HCC over time with in a sample
also seemed to differ. Lastly, the questionnaires showed the factors that
significantly and positively correlated with stress were smoking and age.

LIMITATIONS

The number of cases recruited was small and likely the reason for non-significant
differences in all the above HCC comparisons. The extreme HCC values could
have influenced average values, despite the methods that was followed to assure
correct measurements.

CONCLUSIONS

Higher and more erratic HCC’s of cases relative to controls could suggest that
cortisol plays a role in AA. The higher HCC’s in distal sections (pre-OOHL) could
reflect the true HCC pre-OOHL (at least in some cases). This is because the exact
OOHL is difficult to determine and probably earlier.

Higher HCC in lesional versus peri-lesional sections and also different trends
within these samples suggests that local cortisol produced in the hair follicle could
play a role in the presence or absence of disease in different areas of the scalp.
Lastly, the results of the questionnaires could indicate that smoking is likely a



failed coping mechanism as a result of stress and older patients probably have
more insight into the disease, better coping mechanisms and other, more
significant, stressors.

The data does suggest elevated HCC both pre OOHL and to a lesser extent
versus normal scalp. This then lays the foundation for a larger study to
significantly validate these results.
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1. Introduction

Alopecia areata (AA) is a form of lymphocyte mediated non-cicatritial alopecia. It
is an autoimmune disease that targets the hair follicle where both genetic and
environmental factors play a role in its susceptibility and severity.

More than three quarters of patients affected with AA believe it is caused by stress
(2). Quality of life is adversely influenced by the AA as well as the social aspect
of the affected individual’s life (3). Although there are validated questionnaire
based tools for the diagnosis of stress, their use in patients with alopecia is
complicated by the fact that hair loss itself also causes significant anxiety and
depression (4). Further, the assessment of past stress is subject to significant
recall bias (5).

Most questionnaires are only validated for stress experienced at present or the
recent past (mostly within 6 months). It can therefore not measure stress for a
specific time in the past. Thus, questionnaires are more useful for measuring
current or ongoing stress and inevitably the results will include causes of current
stress such as that caused by AA. So, the only useful questionnaire-based tool in
retrospective assessment of stress would therefore be based on recalling
verifiable stressful historic events occurring prior to the time frame of interest.
This, however, does not allow for assessment of the resultant perceived stress
on the individual. This makes the interpretation of results difficult - did the hair
loss cause stress or was it the other way around (a chicken-and-egg situation).

If a study had to be designed using only questionnaires, the only useful way would
be to assess a population and prospectively look for disease. A more reliable
measure of chronic stress is therefore needed in the form of objective biological
marker(s) which would aid in evaluating the role of stress in the pathogenesis of
disease. Recently, the validity of measuring cortisol in hair as a bio-marker of
chronic stress has been documented (6-12).

2. Alopecia areata

2.1. History

The first description of AA was by Celsus, Aulus (Aurelius) Cornelius, a Roman
physician and medical writer (ca. 30 B.C.-45 A.D.). He described discrete and

circular patches that progressed to complete hair loss. The first written use of the
actual term, however, was by Sauvages in his “Nosologica Medica” in 1760. The
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word “alopecia” is derived originally from Greek alopekia, literally ‘fox mange’ and
“areata” from the Latin meaning “area or patch”.

2.2. Epidemiology

Alopecia areata is the most prevalent autoimmune disorder with a lifetime
incidence of approximately 2% worldwide (13) and represents 2-3% of skin
disorders (14). It occurs in both men and women and in all age groups (15), but
in occurs mostly in 30-59 year age group (16). Females are more commonly
affected in a 2.3:1 ratio (17). Epidemiological data in Africa is not available, but it
is commonly seen at our facility and in a study of 113 children with hair loss in
South-East Nigeria, 43 (31%) has been found to have AA (18).

2.3. Clinical

Alopecia areata mostly manifests as round to oval alopecic patches on the scalp
(hence the layman’s term “spot baldness”) with the affected skin otherwise
clinically normal. It can, however, affect any hair bearing area on the body, the
scalp being predominant in 90% of cases (19). When the whole scalp is involved,
it is known as alopecia totalis, the whole body is involved, alopecia universalis
and when the scalp margin is involved it is termed ophiasis. The natural history
of this disorder is characterized by spontaneous remission, reoccurrence and
exacerbation. Disease activity can be measured via the hair pull test (20) and the
presence of regular round yellow dots on trichoscopy (dermoscopic imaging of
the scalp and hair) can also indicate active disease (21). Clinical response can
be measured via the severity of AA tool (22) (see figure 1). Cutaneous
manifestations of AA other than the hair involvement include nail changes. The
most common nail finding is fine pitting and other changes include ridging, nail
plate thinning, twenty nail dystrophy, distal onycholysis, striate leukonychia and
coarse pitting (23). However, nail changes are only seen in 10% of cases (21).

2.4. Differential diagnoses

In the case of the classic localised disease dermatoses mimicking AA may include
resolving tinea capitis, trichotilomania, temporal triangular alopecia, traction
alopecia, loose anagen syndrome, pressure-related alopecia, healed aplasia
cutis and “burnt-out” cicatricial alopecia as well as systemic diseases like
secondary syphilis and lupus erythematosus (21).
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When dealing with the diffuse variant initial presentation may be misdiagnosed as
telogen effluvium and androgenetic alopecia.

2.5. Investigations

In most instances, the history and clinical examination (with trichoscopy) is
sufficient to confirm AA amongst these differentials.
In less classic presentations, a scalp biopsy may prove useful.

Trichoscopy
The features of AA on trichoscopy include the presence of black dots, tapering
hairs, broken hairs, yellow dots, and clustered short vellus hairs (24).

Histology

Pathological features in AA depend on the duration of the disease.In the early
phase, the dermatopathologist will find a normal total number of hairs. The
inflammatory component is that of a peribulbar mononuclear cell infiltrate often
referred to as a “swarm of bees” (with occasional eosinophils). The inflammation
predominantly is found affecting terminal anagen and catagen hair bulbs, but
occasional exocytosis into bulbar epithelium is seen. Other findings include
degenerative changes of hair matrix, more terminal catagen and telogen hairs as
well as miniaturized hairs, trichomalacia and narrowing of hair shafts.

In longstanding and stable disease, most hairs are found to be in catagen or
telogen phases. Multiple miniaturized, “arrested”, rapidly cycling hairs are seen,
known as nanogen hairs with mild peribulbar mononuclear cell infiltrate of
anagen-like or catagen-like bulbs.

Additional investigations may include special stains on histology and where
indicated fungal cultures and serology for lupus erythematosus or syphilis. The
increased association of autoimmune disease in patients with AA is not an
indication for routine screening and should be indicated by clinical examination.
Although one small case series found that iron deficiency is more common in
females with AA (25), this was not confirmed in two subsequent studies (26, 27)
and thus routine testing is not recommended.
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2.6. Treatment and prognosis

Because of the facts that AA runs an unpredictable course and can improve
spontaneously, treatment guidelines have been formulated to facilitate treatment
trials. The latest guidelines are from the British Association of Dermatologists’ of
2012 (21). These state that AA does not pose any ill effects to general health and
the level of aggression of treatment must be weighed up against the resultant
psychological impact the disease has on the individual.

For limited patchy hair loss, the current suggested treatment is super-potent
topical steroids or intralesional corticosteroids (strength of recommendation C).
For extensive patchy hair loss, alopecia totalis or universalis suggested treatment
is contact immunotherapy (strength of recommendation C) and/or camouflage a
wig or hairpiece (strength of recommendation D) (21).

Continuous or pulsed systemic corticosteroids and PUVA currently are not
recommended due to the potential for serious side-effects and inadequate
evidence of efficacy. Dithranol (anthralin) and minoxidil lotion are safe, but there
was previously little convincing evidence proving efficacy, however recently
higher concentrations (0.5% versus 3%) of dithranol have been shown to be
effective even in severe cases (28).

The prognosis of AA is variable. Good prognosis is usually seen in cases of
rapidly progressive AA regardless of the treatment as well as in those with
persistent vellus hairs regardless of disease severity (29). Earlier onset and
longer duration of disease were significantly associated with higher relapse and
lower cure rates (29).

2.7. Pathogenesis
2.7.1. Autoimmunity and genetic predisposition

Alopecia areata has been shown to be an autoimmune disorder (30). It is
associated with various other autoimmune disorders including vitiligo, lupus
erythematosus, psoriasis, atopic dermatitis, autoimmune thyroid diseases, and
allergic rhinitis (31). The exact aetiology and pathogenesis of AA are currently
unknown, but genetic (32) and environmental factors have been implicated (33,
34). The hair follicle enjoys relative immune privilege via mechanisms including
the down regulation of MHC classes | and Il, less Langerhans cells and
expression of immunosuppressive cytokines. In genetically predisposed
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individuals, physical/emotional stress, infections, and hormones likely play a role
in breakdown of this privilege (35-38). Vitamin D deficiency can aggravate AA
severity (39, 40). Further, AA is characterized by a Thl-mediated immune
response where CD8 cells infiltrate the follicle while CD4 cells are found in the
perifollicular region (41-44). In a recent development a fully humanized animal
model was achieved by transferring normal human NKG2D+ peripheral
mononuclear cells onto human scalp transplanted onto severe-combined
immunodeficient mice (30). The exact function of NKG2D+ peripheral
mononuclear cells is an area earmarked for future research (34).

2.7.2. Psychosocial stress

The literature on the relationship between mental health and AA is contradictory
ranging from studies finding that 93% of AA cases having a serious mental
disorder (45) to studies reporting that psychological factors do not play any role
in triggering AA (46).

2.7.2.1 Subjective

Environmental factors seem to play a role in triggering onset of AA and/or
exacerbating the disorder. Cases have been found to have a higher number of
stressful life events prior to onset of hair loss (47). Cases of stress-reactive AA
have also been found to potentially suffer from depressive disorder (48).

2.7.2.2 Objective

Skin biopsies of alopetic skin shows increased staining for type 2 beta
Corticotropin-releasing hormone (CRH) receptors around hair follicles which
could have proinflammatory effects (49). In an experiment to prove that elevated
Corticotropin-releasing factor (CRF) leads to cushing syndrome in mice, the CRF
gene was expressed in transgenic mice showed bilateral symmetric hair loss (50).
Similar models used by Wang also demonstrated diffuse hair loss and histology
showed follicular atrophy and increased telogen hair (51).

Plasma levels of Melanocyte-stimulating hormone (MSH) and cortisol were found
not to be statistically different in AA cases as a potential measure of abnormal
HPA functioning although there was a trend toward lower MSH and an increased
cortisol (52). This once again is a short-lived value and does not necessarily
correlate with past levels (i.e. preceding the onset of hair loss).

3. Hair cortisol as a biomarker of psychosocial stress
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Until recently, substrates for cortisol measurement have been serum, urine, and
saliva. These only measure acute changes (past few hours to days) and thus do
not reflect the stress response over prolonged time periods or a specific time
period in the past. In addition, due to the diurnal variation in cortisol secretion
samples either has to be collected at specific times of the day (saliva and serum),
or require a laborious collection method (24 hour urine collection), making them
unsuitable for population analysis (53).

Apart from the ultradian and circadian rhythms that influence current cortisol
levels it is also affected by nicotine (54), alcohol (55), food (56), exercise (57),
injuries or hypoxemia (58) and acute psychosocial stress (59, 60).

In the past few years, a new and uniquely different method to determine chronic
cortisol exposure in man has been developed namely the measurement of cortisol
in mammalian hair, with first evidence thereof in 2004 (61). Hair is a stable
substrate that can be used to test for various exposures (drugs, toxins, nutrients,
etc.) months-to-years before, depending on the length. The examination of
cortisol in a specific hair segment is believed to provide a retrospective index of
cumulative cortisol secretion over the time period during which the hair segment
has grown (62). Recent studies have demonstrated that hair cortisol can reliably
be measured. The validity of hair cortisol as a retrospective index of long-term
cortisol secretion has now been supported by research using a range of different
paradigms, both in animals (63, 64) as well as in human participants (7, 65-70).
In addition, evidence has been reported confirming marker qualities of hair
cortisol levels with regard to chronic stress and anxiety-related measures (6-12).
Evidence for whether stressful life events raise cortisol levels have been
conflicting (71, 72).

The reference range for cortisol levels in hair of healthy non-obese individuals
have been found to be 17.7-53.2 pg/mg of hair with a median of 46.1 pg/mg (65).

Lipophilic compounds in the blood circulation (including cortisol), can primarily be
incorporated into the hair following diffusion from capillaries supplying the hair
into the growing hair follicle. When the hair then emerges from the scalp, the
compound stays trapped within the inner hair shaft (73-75). Sebum and sweat
secretions, together with external contamination post formation of the hair strand
may represent other mechanisms of incorporation (73, 74).
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In the only meta-analysis up to date on hair cortisol concentrations, Stalder et al.
showed a hair cortisol concentration (HCC) 21% higher in male versus female
subjects. They also found HCC to increase with age and a decrease with time.
When the proximal three centimetres section of hair was compared with the next
three-centimetre section, a decrease of 29% was demonstrated. The deduction
here was that different segments of hair in a particular case cannot serve as an
internal control and that separate controls should be tested matching the same
hair section of interest. Interestingly that although bordering on statistical
significance neither hair washing frequency, hair treatments nor oral
contraceptive use affected HCC’s and it is suggested that in most circumstances
their influence is negligible. With regard to the physical laboratory testing enzyme-
linked immunosorbent assay (ELISA) protocols tested a higher HCC than liquid
chromatography-based analyses. Inter-laboratory differences have been
reported for various reasons, however good inter-laboratory correlations have
been reported with the ELISA methods (1).

With regards to sociodemographic variables and potential confounders, evidence
is conflicting suggesting that neither age, gender, hair colour, hair products nor
oral contraceptive significantly alter HCC. However, there is weak evidence that
smoking may cause elevation in HCC and that HCC may decrease over time
(washed out) (76) and with the dying or bleaching of hair (70).

In recent study it has also been shown that elevated finger nail cortisol levels
correlates with stressful events experienced (72) and so this could then prove to
be another way to objectively measure past cumulative stress.

4. Conclusions and research questions

The exact pathogenesis of AA is poorly understood and multifactorial. There
seems to be a strong belief and conflicting evidence that stress causes or
exacerbates AA. Hair cortisol measurement has been proven to be a reliable
biological marker for cumulative prior stress. This measurement has up to date
not been performed in AA cases and may provide convincing evidence in the
debate of stress and AA.

Because hair on average grows one centimetre per month (77), it is possible to

estimate based on hair-length how long ago specific cortisol levels were present,
thus objectively determining whether the stress predated the alopecia.
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The primary aim of this project is therefore, to analyse the relationship between
AA and stress (as measured HCCs); in cases versus controls and in cases pre-
dating onset of hair loss.

Three secondary objectives were identified:

e To determine whether there is a difference in HCC of lesional skin versus
peri-lesional skin in cases.

e To determine whether there is a correlation between disease activity (as
determined by the hair pull test) and HCC.

e To determine whether validated stress questionnaires correlate with HCC.
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5. Figures

LEFT SIDE: 18% RIGHT SIDE: 18%

TOP: 40% BACK: 24%

Figure 1. Severity of AA tool.

22



6. References

10.

11.

12.

Stalder T, Steudte-Schmiedgen S, Alexander N, Klucken T, Vater A,
Wichmann S, et al. Stress-related and basic determinants of hair cortisol
in humans: A meta-analysis. Psychoneuroendocrinology. 2017;77:261-74.
Firooz A, Firoozabadi MR, Ghazisaidi B, Dowlati Y. Concepts of patients
with alopecia areata about their disease. BMC dermatology. 2005;5:1.
Al-Mutairi N, Eldin ON. Clinical profile and impact on quality of life: seven
years experience with patients of alopecia areata. Indian journal of
dermatology, venereology and leprology. 2011,77(4):489-93.
Montgomery K, White C, Thompson A. A mixed methods survey of social
anxiety, anxiety, depression and wig use in alopecia. BMJ open.
2017;7(4):e015468.

Dimsdale JE. Psychological stress and cardiovascular disease. (1558-
3597 (Electronic)).

Van Uum SH, Sauve B Fau - Fraser LA, Fraser La Fau - Morley-Forster P,
Morley-Forster P Fau - Paul TL, Paul Tl Fau - Koren G, Koren G. Elevated
content of cortisol in hair of patients with severe chronic pain: a novel
biomarker for stress. (1607-8888 (Electronic)).

Kalra S, Einarson A Fau - Karaskov T, Karaskov T Fau - Van Uum S, Van
Uum S Fau - Koren G, Koren G. The relationship between stress and hair
cortisol in healthy pregnant women. (1488-2353 (Electronic)).

Yamada J, Stevens B Fau - de Silva N, de Silva N Fau - Gibbins S, Gibbins
S Fau - Beyene J, Beyene J Fau - Taddio A, Taddio A Fau - Newman C,
et al. Hair cortisol as a potential biologic marker of chronic stress in
hospitalized neonates. (1661-7800 (Print)).

Dettenborn L, Tietze A Fau - Bruckner F, Bruckner F Fau - Kirschbaum C,
Kirschbaum C. Higher cortisol content in hair among long-term
unemployed individuals compared to controls. (1873-3360 (Electronic)).
Fairbanks LA, Jorgensen Mj Fau - Bailey JN, Bailey Jn Fau - Breidenthal
SE, Breidenthal Se Fau - Grzywa R, Grzywa R Fau - Laudenslager ML,
Laudenslager ML. Heritability and genetic correlation of hair cortisol in
vervet monkeys in low and higher stress environments. (1873-3360
(Electronic)).

Laudenslager ML, Jorgensen Mj Fau - Grzywa R, Grzywa R Fau -
Fairbanks LA, Fairbanks LA. A novelty seeking phenotype is related to
chronic hypothalamic-pituitary-adrenal activity reflected by hair cortisol.
(1873-507X (Electronic)).

Dettmer AM, Novak Ma Fau - Suomi SJ, Suomi Sj Fau - Meyer JS, Meyer
JS. Physiological and behavioral adaptation to relocation stress in

23



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

differentially reared rhesus monkeys: hair cortisol as a biomarker for
anxiety-related responses. (1873-3360 (Electronic)).

Villasante Fricke AC, Miteva M. Epidemiology and burden of alopecia
areata: a systematic review. Clinical, cosmetic and investigational
dermatology. 2015;8:397-403.

Healy E, Rogers S. PUVA treatment for alopecia areata--does it work? A
retrospective review of 102 cases. The British journal of dermatology.
1993;129(1):42-4.

Cunliffe WJ, Hall R, Stevenson CJ, Weightman D. Alopecia areata, thyroid
disease and autoimmunity. The British journal of dermatology.
1969;81(12):877-81.

McMichael AJ, Pearce DJ, Wasserman D, Camacho FT, Fleischer AB, Jr.,
Feldman SR, et al. Alopecia in the United States: outpatient utilization and
common prescribing patterns. Journal of the American Academy of
Dermatology. 2007;57(2 Suppl):S49-51.

Lundin M, Chawa S, Sachdev A, Bhanusali D, Seiffert-Sinha K, Sinha AA.
Gender differences in alopecia areata. Journal of drugs in dermatology :
JDD. 2014;13(4):409-13.

Nnoruka EN, Obiagboso |, Maduechesi C. Hair loss in children in South-
East Nigeria: common and uncommon cases. International journal of
dermatology. 2007;46 Suppl 1:18-22.

Wasserman D, Guzman-Sanchez DA, Scott K, McMichael A. Alopecia
areata. International journal of dermatology. 2007;46(2):121-31.

Olsen EA. Investigative guidelines for alopecia areata. Dermatologic
therapy. 2011;24(3):311-9.

Messenger AG, McKillop J, Farrant P, McDonagh AJ, Sladden M. British
Association of Dermatologists' guidelines for the management of alopecia
areata 2012. The British journal of dermatology. 2012;166(5):916-26.
Olsen EA, Hordinsky MK, Price VH, Roberts JL, Shapiro J, Canfield D, et
al. Alopecia areata investigational assessment guidelines--Part Il. National
Alopecia Areata Foundation. Journal of the American Academy of
Dermatology. 2004;51(3):440-7.

Mane M, Nath AK, Thappa DM. Utility of dermoscopy in alopecia areata.
Indian journal of dermatology. 2011;56(4):407-11.

Inui S, Nakajima T, Nakagawa K, Itami S. Clinical significance of
dermoscopy in alopecia areata: analysis of 300 cases. International journal
of dermatology. 2008;47(7):688-93.

White MI, Currie J, Williams MP. A study of the tissue iron status of patients
with alopecia areata. The British journal of dermatology. 1994;130(2):261-
3.

24



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Boffa MJ, Wood P, Griffiths CE. Iron status of patients with alopecia areata.
The British journal of dermatology. 1995;132(4):662-4.

Esfandiarpour |, Farajzadeh S, Abbaszadeh M. Evaluation of serum iron
and ferritin levels in alopecia areata. Dermatology online journal.
2008;14(3):21.

Ngwanya MR, Gray NA, Gumedze F, Ndyenga A, Khumalo NP. Higher
concentrations of dithranol appear to induce hair growth even in severe
alopecia areata. Dermatologic therapy. 2017.

Uchiyama M, Egusa C, Hobo A, Irisawa R, Yamazaki M, Tsuboi R.
Multivariate analysis of prognostic factors in patients with rapidly
progressive alopecia areata. Journal of the American Academy of
Dermatology.67(6):1163-73.

Gilhar A, Keren A, Shemer A, d'Ovidio R, Ullmann Y, Paus R. Autoimmune
disease induction in a healthy human organ: a humanized mouse model
of alopecia areata. The Journal of investigative dermatology.
2013;133(3):844-7.

Chu SY, Chen YJ, Tseng WC, Lin MW, Chen TJ, Hwang CY, et al.
Comorbidity profiles among patients with alopecia areata: the importance
of onset age, a nationwide population-based study. Journal of the
American Academy of Dermatology. 2011;65(5):949-56.

Biran R, Zlotogorski A, Ramot Y. The genetics of alopecia areata: new
approaches, new findings, new treatments. Journal of dermatological
science. 2015;78(1):11-20.

Skinner RB, Jr., Light WH, Bale GF, Rosenberg EW, Leonardi C. Alopecia
areata and presence of cytomegalovirus DNA. Jama. 1995;273(18):1419-
20.

Dainichi T, Kabashima K. Alopecia areata: What's new in epidemiology,
pathogenesis, diagnosis, and therapeutic options? Journal of
dermatological science. 2017;86(1):3-12.

Gilhar A, Etzioni A, Paus R. Alopecia areata. The New England journal of
medicine. 2012;366(16):1515-25.

Islam N, Leung PS, Huntley AC, Gershwin ME. The autoimmune basis of
alopecia areata: a comprehensive review. Autoimmunity reviews.
2015;14(2):81-9.

Ito T, Tokura Y. The role of cytokines and chemokines in the T-cell-
mediated autoimmune process in alopecia areata. Experimental
dermatology. 2014;23(11):787-91.

McElwee KJ, Gilhar A, Tobin DJ, Ramot Y, Sundberg JP, Nakamura M, et
al. What causes alopecia areata? Experimental dermatology.
2013;22(9):609-26.

25



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Unal M, Gonulalan G. Serum vitamin D level is related to disease severity
in pediatric alopecia areata. Journal of cosmetic dermatology. 2017.
Yilmaz N SG, Gokce C. Vitamin D Concentrations are Decreased in
Patients with Alopecia Areata. Vitamins & Trace Elements. 2012;1(3):4.
Todes-Taylor N, Turner R, Wood GS, Stratte PT, Morhenn VB. T cell
subpopulations in alopecia areata. Journal of the American Academy of
Dermatology. 1984;11(2 Pt 1):216-23.

McElwee KJ, Hoffmann R, Freyschmidt-Paul P, Wenzel E, Kissling S,
Sundberg JP, et al. Resistance to alopecia areata in C3H/HeJ mice is
associated with increased expression of regulatory cytokines and a failure
to recruit CD4+ and CD8+ cells. The Journal of investigative dermatology.
2002;119(6):1426-33.

Perret C, Wiesner-Menzel L, Happle R. Immunohistochemical analysis of
T-cell subsets in the peribulbar and intrabulbar infiltrates of alopecia
areata. Acta dermato-venereologica. 1984;64(1):26-30.

Ranki A, Kianto U, Kanerva L, Tolvanen E, Johansson E.
Immunohistochemical and electron microscopic characterization of the
cellular infiltrate in alopecia (areata, totalis, and universalis). The Journal
of investigative dermatology. 1984;83(1):7-11.

Greenberg Sl. Alopecia areata, a psychiatric survey. AMA archives of
dermatology. 1955;72(5):454-7.

Macalpine I. Is alopecia areata psychosomatic? A psychiatric study. The
British journal of dermatology. 1958;70(4):117-31.

Gulec AT, Tanriverdi N, Duru C, Saray Y, Akcali C. The role of
psychological factors in alopecia areata and the impact of the disease on
the quality of life. International journal of dermatology. 2004;43(5):352-6.
Gupta MA, Gupta Ak Fau - Watteel GN, Watteel GN. Stress and alopecia
areata: a psychodermatologic study. (0001-5555 (Print)).
Katsarou-Katsari A, Singh LK, Theoharides TC. Alopecia areata and
affected skin CRH receptor upregulation induced by acute emotional
stress. Dermatology (Basel, Switzerland). 2001;203(2):157-61.
Stenzel-Poore MP, Cameron VA, Vaughan J, Sawchenko PE, Vale W.
Development of Cushing's syndrome in corticotropin-releasing factor
transgenic mice. Endocrinology. 1992;130(6):3378-86.

Wang L, Million M, Rivier J, Rivier C, Craft N, Stenzel-Poore MP, et al.
CRF receptor antagonist astressin-B reverses and prevents alopecia in
CRF over-expressing mice. PloS one. 2011;6(2):e16377.

Bergler-Czop B, Miziolek B, Brzezinska-Wcislo L. Alopecia Areata -
hyperactivity of the hypothalamic-pituitary-adrenal axis is a myth? Journal

26



53.

4.

55.

56.

S57.

58.

59.

60.

61.

62.

63.

64.

65.

of the European Academy of Dermatology and Venereology : JEADV.
2017.

Aron D, editor. Glucocorticoids and adrenal androgens. 7 ed: MacGraw-
Hill Companies; 2004.

Steptoe A, Ussher M. Smoking, cortisol and nicotine. International journal
of psychophysiology : official journal of the International Organization of
Psychophysiology. 2006;59(3):228-35.

McGuire MT, Stein S, Mendelson JH. Comparative psychosocial studies
of alcoholic and nonalcoholic subjects undergoing experimentally induced
ethanol intoxication. Psychosomatic medicine. 1966;28(1):13-26.

Gibson EL, Checkley S, Papadopoulos A, Poon L, Daley S, Wardle J.
Increased salivary cortisol reliably induced by a protein-rich midday meal.
Psychosomatic medicine. 1999;61(2):214-24.

Galbo H. Endocrinology and metabolism in exercise. Current problems in
clinical biochemistry. 1982;11:26-44.

Remer T, Maser-Gluth C, Wudy SA. Glucocorticoid measurements in
health and disease--metabolic implications and the potential of 24-h urine
analyses. Mini reviews in medicinal chemistry. 2008;8(2):153-70.
Dickerson SS, Kemeny ME. Acute stressors and cortisol responses: a
theoretical integration and synthesis of laboratory research. Psychological
bulletin. 2004;130(3):355-91.

Foley P, Kirschbaum C. Human hypothalamus-pituitary-adrenal axis
responses to acute psychosocial stress in laboratory settings.
Neuroscience and biobehavioral reviews. 2010;35(1):91-6.

Raul JS, Cirimele V Fau - Ludes B, Ludes B Fau - Kintz P, Kintz P.
Detection of physiological concentrations of cortisol and cortisone in
human hair. (0009-9120 (Print)).

Gow R, Thomson S Fau - Rieder M, Rieder M Fau - Van Uum S, Van Uum
S Fau - Koren G, Koren G. An assessment of cortisol analysis in hair and
its clinical applications. (1872-6283 (Electronic)).

Davenport MD, Tiefenbacher S Fau - Lutz CK, Lutz Ck Fau - Novak MA,
Novak Ma Fau - Meyer JS, Meyer JS. Analysis of endogenous cortisol
concentrations in the hair of rhesus macaques. (0016-6480 (Print)).
Accorsi PA, Carloni E Fau - Valsecchi P, Valsecchi P Fau - Viggiani R,
Viggiani R Fau - Gamberoni M, Gamberoni M Fau - Tamanini C, Tamanini
C Fau - Seren E, et al. Cortisol determination in hair and faeces from
domestic cats and dogs. (0016-6480 (Print)).

Sauve B, Koren G Fau - Walsh G, Walsh G Fau - Tokmakejian S,
Tokmakejian S Fau - Van Uum SHM, Van Uum SH. Measurement of

27



66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

77.

78.

cortisol in human hair as a biomarker of systemic exposure. (1488-2353
(Electronic)).

Kirschbaum C, Tietze A Fau - Skoluda N, Skoluda N Fau - Dettenborn L,
Dettenborn L. Hair as a retrospective calendar of cortisol production-
Increased cortisol incorporation into hair in the third trimester of pregnancy.
(0306-4530 (Print)).

Thomson S, Koren G Fau - Fraser LA, Fraser La Fau - Rieder M, Rieder
M Fau - Friedman TC, Friedman Tc Fau - Van Uum SHM, Van Uum SH.
Hair analysis provides a historical record of cortisol levels in Cushing's
syndrome. (1439-3646 (Electronic)).

Stalder T, Evans P Fau - Hucklebridge F, Hucklebridge F Fau - Clow A,
Clow A. Associations between the cortisol awakening response and heart
rate variability. (1873-3360 (Electronic)).

D'Anna-Hernandez KL, Ross Rg Fau - Natvig CL, Natvig Cl Fau -
Laudenslager ML, Laudenslager ML. Hair cortisol levels as a retrospective
marker of hypothalamic-pituitary axis activity throughout pregnancy:
comparison to salivary cortisol. (1873-507X (Electronic)).

Manenschijn L, Koper Jw Fau - Lamberts SWJ, Lamberts Sw Fau - van
Rossum EFC, van Rossum EF. Evaluation of a method to measure long
term cortisol levels. (1878-5867 (Electronic)).

Ouanes S, Castelao E, Gebreab S, von Gunten A, Preisig M, Popp J. Life
events, salivary cortisol, and cognitive performance in nondemented
subjects: a population-based study. Neurobiology of aging. 2017;51:1-8.
Izawa S, Matsudaira K, Miki K, Arisaka M, Tsuchiya M. Psychosocial
correlates of cortisol levels in fingernails among middle-aged workers.
Stress (Amsterdam, Netherlands). 2017:1-19.

Henderson GL. Mechanisms of drug incorporation into hair. (0379-0738
(Print)).

Cone EJ. Mechanisms of drug incorporation into hair. (0163-4356 (Print)).
Pragst F, Balikova MA. State of the art in hair analysis for detection of drug
and alcohol abuse. (0009-8981 (Print)).

Dettenborn L, Tietze A Fau - Kirschbaum C, Kirschbaum C Fau - Stalder
T, Stalder T. The assessment of cortisol in human hair: associations with
sociodemographic variables and potential confounders. (1607-8888
(Electronic)).

Wennig R. Potential problems with the interpretation of hair analysis
results. (0379-0738 (Print)).

Torres OV, O'Dell LE. Stress is a principal factor that promotes tobacco
use in females. Progress in neuro-psychopharmacology & biological
psychiatry. 2016;65:260-8.

28



CHAPTER 2

PUBLICATION-READY MANUSCRIPT FOR
SUBMISSION TO THE BRITISH JOURNAL OF
DERMATOLOGY

29



THE ROLE OF STRESS IN THE PATHOGENESIS OF ALOPECIA AREATA:
AN OBJECTIVE ASSESSMENT VIA HAIR CORTISOL LEVEL

L.J. Fick!, N.P. Khumalo?, J. van Wyk?, F. Gumezde?

!Division of Dermatology, Department of Medicine, University of Cape Town,
South Africa

2Hair structure, Geometry and Biochemistry research group, Laboratory, Groote
Schuur Hospital and University of Cape Town, South Africa

3Department of Statistical Sciences, University of Cape Town, South Africa

Word count: 2768
Table count: 10
Figure count: 5

Correspondence:
L.J. Fick

Address:

Division of dermatology, G23
Groote Schuur Hospital

Main Road

Observatory

7935

Cape Town

South Africa

Tel: +27 81 5861910
Email: drlouisfick@hotmail.com

Funding: Departmental funds

Conflicts of interest: None to declare

30


mailto:drlouisfick@hotmail.com

Statements (70 words):

* What is known about topic?

The pathogenesis of alopcia areata is multifactorial and poorly understood. It is
widely believed that stress is associated with onset of disease, but this remains
to be proven.

* What does this study add?

Objective measurement of stress via hair cortisol concentration was assessed for
the first time in alopecia areata cases to determine if stress could trigger onset of
hair loss.

ABSTRACT

BACKGROUND

The pathogenesis of alopecia areata (AA) is poorly understood and multifactorial.
There seems to be a strong belief, but conflicting evidence that stress causes or
exacerbates AA. Hair cortisol measurement has been proven to be a reliable
biological marker for cumulative prior stress. This measurement has up to date
not been used in AA cases and may provide convincing evidence in the debate
of stress and AA.

OBJECTIVES

The primary aim of this project was to determine whether stress triggers onset of
hair loss (OOHL) in AA by analysing the relationship between hair cortisol
concentrations (HCCs) pre-OOHL in cases vs controls.

Three secondary objectives were identified:
e To determine whether there is a difference in HCC of lesional skin versus
peri-lesional skin in cases.
e To determine whether there is a correlation between disease activity (as
determined by the hair pull test) and HCC.
e To determine whether validated stress questionnaires correlate with HCC.

METHODS
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A case control study was performed. Fourteen patients, fulfilling the inclusion
criteria were recruited from the GSH and RXH outpatient departments. For each
case consent was obtained, a data sheet was filled out, stress questionnaire(s)
and two strands of hair, one lesional and one peri-lesional, were collected. Next,
14 healthy controls were recruited from whom a hair strand each was collected.

On the hair samples, the position of onset of hair loss (OOHL) was determined by
measuring one centimetre per month after OOHL, from the proximal (scalp near)
end. Then three sections of three centimetres each were cut, two distally
(representing the six-month period before OOHL) and one proximally
(representing the three months post OOHL). In six of these cases a fourth or
“current” section was obtained. This represented the section on the scalp and
thus reflected current stress by measuring the most recent HCC. Next, the HCC'’s
of these sections were measured using the Salivary ELISA Cortisol kit®. An
additional 44 cases, not meeting the inclusion criteria, were recruited for
acquisition of additional stress questionnaires and data sheets.

RESULTS

HCC’s on average were higher in cases than in controls (before, during and after
OOHL). The difference in HCC's, however, was not statistically significant. There
was no statistical difference between HCC'’s in lesional and peri-lesional scalp
samples. Distal section HCC’s were the highest. HCC’s correlated positively with
disease activity, but was non-significant. There was no statistically significant
relationship between HCC’s and stress questionnaires.

CONCLUSIONS
Although the result was not statistically significant, likely due to small sample size,
stress as measured by HCC may trigger OOHL in AA. HCC does not play a role

in whether an area of the scalp is affected or not. Disease activity may be cause
for stress. A larger study is warranted to validate these findings.
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1.1 Introduction

Alopecia areata (AA) is a form of lymphocyte mediated non-cicatritial alopecia. It
is an autoimmune disease that targets the hair follicle where both genetic and
environmental factors play a role in its susceptibility and severity.

More than three quarters of patients affected with AA believe it is caused by stress
(2). Although there are validated questionnaires for the diagnosis of stress, their
use in AA is complicated by the fact that hair loss itself also causes significant
anxiety and depression (4). Further, the assessment of past stress is subject to
significant recall bias (5).

Recently, the validity of measuring cortisol in hair as a bio-marker of chronic
stress has been documented (6-8). The primary objective of this study was to
determine whether stress pre-dates (i.e. can act as a trigger for) the onset of AA
via objective measurement of hair cortisol concentrations (HCC's).

1.2 Materials and methods (or Patients and methods)

1.2.1 Sample

Approval for this case control study was obtained from the University of Cape
Town Human Research Ethics Committee (HREC/REF 174/2015). Fourteen
patients, fulfilling the inclusion criteria were recruited from the Groote Schuur and
Red Cross Hospitals’ outpatient departments.

Inclusion criteria:
e Patient with AA on scalp.
e OOHL within the past 12 months.
¢ Remaining scalp hair at least three centimetres longer than the OOHL (one
centimetre per month, reflecting three months after OOHL).

Exclusion criteria:
e On systemic steroid treatment.
e Cushing’s syndrome/disease or clinically cushinoid.

On each case, the following was obtained
e Written consent
e Data sheet
e Stress questionnaires
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- On cases, younger than 18; The Strengths and Difficulties
questionnaire.

- On cases, older than 18; the Kessler Psychological Distress Scale
(K10) and the Self-Reporting Questionnaire 20-ltem (SRQ-20)
guestionnaires.

e Hair samples
As can be seen in Figure 1, two strands of hair were shaven off the
scalp. One at the periphery of the alopecia patch (“lesional”) and the
other on the vertex in a clinically unaffected part of the scalp (“peri-
lesional”). Hair was pulled through a one-centimetre hole in a plastic
sheet, bound with tin foil, and shaven off the scalp with hair clippers.

. Peri-lesional Sample

. Lesional Sample

Patch of Alopecia

Figure 1: Locations of hair sample collection
An additional 44 cases, were recruited to obtain additional data from questionnaires.

As can be seen in Figure 2, the final sample thus consisted of 14 cases HCC’s and
guestionnaires and 44 cases with questionnaires only.
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m Cases with HCC's and questionnaires = Cases with questionnaires

Figure 2: Composition of sample

Fourteen healthy controls were recruited from whom a hair sample each was
collected from the vertex. They were controlled for age, gender and length of hair.

On the hair samples, the position of onset of hair loss (OOHL) was determined by
measuring one centimetre per month after OOHL, from the proximal (scalp near)
end (figure 3). Then three sections of three centimetres each were cut, two distally
(representing the six-month period before OOHL) and one proximally (representing
the three months post OOHL). In six of these cases a fourth or “current” section was
obtained. This represented the section on the scalp.
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 Distal (3cm)

- Mid (3cm)
OOHL = = = = —_——
- Proximal (3cm)
- Scalp
Shave off SCalpem = = =B — = = . ]

Figure 3: Cutting of hair samples into sections.

The hair samples were rinsed in warm water (37°C for 15 seconds) to remove any
water soluble and solid particles. Then, each sample was subjected to three,
consecutive 3-minute wash cycles with isopropanol. The hair was put in tissue paper
and allowed to dry overnight. The dried hair was pulverized using an Omni Bead
Ruptor 24 (Omni International). For the cortisol extraction, approximately 20mg of
hair was incubated in a glass tube with 1,5ml of methanol for 24 hours with shaking.
The tubes were centrifuged 5minutes at 13000rpm and the cortisol extract collected
and filtered through a 0.22um filter.

1.2.2 Hair cortisol analysis

The cortisol in the extracted samples was measured using the Salivary ELISA
Cortisol kit© according to the manufacturer’s instructions with the reagents
provided. The ELISA plates were read with a micro plate reader (Thermo Scientific
Varioskan, USA) at 450 nm. A subset of the samples was validated using liquid
chromatography mass spectrometry (LCMS).

1.2.3 Data analysis

The primary objective was to determine whether stress acts as a trigger for the
onset of AA objectively via measurement of HCCs. In this regard, the difference
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between lesional HCC’s of cases versus controls were assessed in all sections
pre- and post OOHL. To allow for possible inaccurate dates of OOHL, the highest
positive difference in HCC of the mid and distal segments for each case was also
analysed to evaluate if statistical significant differences were possible. In this
regard, to test for differences, the two-sample t-test was used.

The first secondary objective was to determine whether there is a difference in
HCC of lesional skin versus peri-lesional skin in cases. In this regard, once again,
a two-sample t-test was employed.

The second secondary objective was to determine the relationship between
disease activity (as determined by the hair pull test) and lesional HCC. To assess
this relationship, Point-biserial correlation analysis was employed. Since the hair
pull test is measured by means of a dichotomous variable (1 = positive pull test,
0 = negative pull test), and the HCC can be classified as ration data this method
deemed appropriate.

The third secondary objective was to determine the relationship between stress
scores (as obtained through validated stress questionnaires) and lesional HCC’s
(as determined by HCC in proximal sections). To assess this relationship, the
Pearson correlation coefficient was employed. The Pearson correlation
coefficient deemed appropriate given the nature of the underlying data (ratio
data). Ratio data are numerical scales with order and exact differences between
values. Ratio data also have an absolute zero.

Three validated questionnaires were used for the third secondary objective: the
K10, SRQ-20 and Strengths and Difficulties questionnaires. The K10
guestionnaire is used to measure psychological distress in adults. The numbers
attached to the patients’ 10 responses are added up and the total score is the
score on the Kessler Psychological Distress Scale (K10). K10 scores range from
10 to 50. The SRQ-20 questionnaire was designed to screen or identify cases for
psychiatric disturbance. Each of the 20 questions is scored 0 or 1. A score of 1
indicates the symptom was present and 0O indicates the symptom was absent. The
maximum score is therefore 20. The Strengths and Difficulties questionnaire
(SDQ) is considered a valid, rapid measure for emotional and behavioural
problems in children. The 25 items in the SDQ comprise of 5 scales of 5 items
each. The total difficulties score is generated by summing scores from all the
scales except the prosocial scale. The resultant score ranges from 0 to 40.
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1.3 Results

Demographics

As can be seen in Table 1, a total of 58 cases were included in the study of which
41 were female. 50 subjects were coloured, six black, one indian and one was
white. The ages varied between four and 58 years old. The highest number of
cases was in the third decade of life and the lowest the fourth and sixth, although
the spread was relatively even with regards to the females. Males tended to be
younger as were black patients.

Table 1: Demographics of sample

Age Number Gender Race
F M C B | w

<10 10 6 4 6 3 0 1
11-20 11 6 5 10 1 0 0
21-30 13 8 5 12 1 0 0
31-40 7 6 1 6 1 0 0
41 - 50 10 9 1 9 0 1 0
51-60 7 6 1 7 0 0 0
Total 58 41 17 50 6 1 1

With regards to HCC’s, samples on 14 cases with controls were obtained. As can
be seen in Table 2, 7 (6) had lesional (peri-lesional) scalp samples, 13 (12) had
lesional (peri-lesional) proximal samples, 12 (12) had lesional (peri-lesional) mid
samples and 13 (10) had lesional (peri-lesional) distal samples available. On case
9 only a proximal HCC'’s could be obtained since the other samples were too small
to obtain a reading. Case 13 did not have a peri-lesional sample and with case
14 all the samples were too small to get a reading. Case 14 was omitted from any
further HCC analysis.

Table 2: HCC Measurements (pg/mg hair)

Cas Lesional Perilesional Contr Scal Proxim Mid Dista
e ol p al |
Scalp | Proxim Mid Distal | Scal Proxim Mid Dista
al p al |
1 1.52 - 1.74 1.46 1.64 - 1 5.69 5.30 3.34
2 7.12 2.68 1.16 0.82 2.53 0.83 0.88 0.79 2 2.23 3.17 1.11 3.46
3 2.38 5.96 4.62 11.42 24.2 2.14 3 9.82 - 0.00
9
4 110.7 90.09 6.53 4.19 2.51 12.37 39.1 3.26 4 2.20 1.43 1.35 2.30
8 5
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5 8.15 21.1 | 25.29 9.42 256 | 66.1 |5 7.09 4388 | 450
2 5 9

6 6.65 400 | 2.10 3.93 1.06 | - 6 3.45 154 | 3.32

7 15.72 244 | 2128 11.16 184 | 358 | 7 3.38 424 | 210
4 5 7 0

8 1.77 1.05 | 0.68 13.68 303 | 1.94 | 8 3.86

9 0.37 <LO | <LOQ 0.58 <0 | <O |9 152 191 | 0.68
Q Q Q

10 182 | 5.03 581 | 7.95 | 2.07 | 3.0 354 | 472 | 10 11.7 | 11.24 228 | 48.4

7 4 7

11 354 | - B - 278 | - R R 11 296 | 5.27 632 | 7.17

12 275 | 250 310 | 228 | 3.83 | 3.05 314 | 1.83 | 12 427 | 6.07 6.49 | 3.30

13 1461 | 3.05 319 | 164 | - B R R 13 189 | 0.87 0.75 | 1.07

14. | <LOQ | <LOQ <LlO | <LOQ | <LO | <LOQ <0 | <LO | 14. 275 | 1.89 349 | 4.38
Q Q Q Q

For the primary objective, to determine whether stress acts as a trigger for the
onset of AA, the HCC'’s of cases relative to that of controls were assessed. In 5
instances (38.46%), the HCC of the cases were all higher than their matched
controls and in 6 instances (46.15%) those of the controls were all higher. When
combining the four sections (scalp, proximal, mid and distal), 19 (55.88%) of the
case samples had higher HCC’s than the controls.

As can be seen in Table 3, in all sections, on average, the HCC’s of cases were
higher than those of controls. However, none of these differences were
statistically significant. The highest difference was found to be scalp observation
of cases vs controls followed by that of distal, proximal and mid sections.

When specifically looking at the two sections corresponding to HCC prior to
OOHL (mid and distal), the above non-significant finding holds true. In an attempt
to accommodate the fact that OOHL is difficult to accurately determine and in
some cases, may represent the mid- and in other the distal segments, we used
the maximum positive difference in these two sections in all 13 cases. However,
the deference was still not statistically significant.

Table 3: Primary objective, two-sample t-test results

Lesional Case vs Control

Greatest
Difference
Scalp | Proximal | Mid Distal (Mid and Distal)

Average Difference

(Case- Control) 19.22 | 6.86 3.27 | 19.16 22.66
Std 18.13 | 7.59 4.07 | 21.82 66.72
t-stat 1.06 0.90 0.80 | 0.88 1.07
p-value 0.34 0.39 0.45 | 0.40 0.31

39



Average trends, as per figure 4, within lesional samples were also analysed. In
cases, the highest HCC was the distal section, followed by the scalp, proximal
and mid sections. Control samples showed very little difference within the
sections.

25.00
20.00
15.00
8 W Cases
T
10.00 m Controls
5.00 I
0.00 I I
Scalp Proximal Mid Distal

Figure 4: Average HCC trend analysis by section in hair samples.

For the first secondary objective, the difference between the HCC of lesional
skin versus peri-lesional skin in cases was assessed. As can be seen in Table 4
the average sections of lesional skin had higher HCC’s than their peri-lesional
counterparts for all but the mid-section. The results of the two-sample t-tests
were, however, non-significant for all the sections.

Table 4: First secondary objective: two-sample t-test results

Scalp Proximal Mid Distal
Average Difference
(Lesional — Peri-Lesional) | 22.46 5.99 -5.11 17.75
STD 21.48 7.33 4.15 23.34
t-stat 1.05 0.82 -1.23 0.76
p-value 0.35 0.43 0.25 0.47

For the second secondary objective, the relationship between disease activity
(as determined by the hair pull test) and stress (as determined by HCC in proximal
sections) was assessed.
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Eleven cases were available to perform this test. Ten had lesional proximal
HCC'’s, but for one case the scalp HCC was used. Six cases displayed a positive
pull test and five did not. On average those cases with positive pull had higher
HCC'’s than those without. However, one of the positive pull HCC observations
(case 4) seemed to be an extreme outlier in the dataset.

Table 5 indicates the data and correlation between HCC and disease activity. The
correlation coefficient was 0.35. However, this correlation coefficient was not

statistically significant.

Table 5: Relation of disease activity and HCC

Case number | Pull Test | Lesional Proximal HCC
2 Neg 2.68
3 Neg 2.38
10 Neg 5.03
12 Neg 2.50
13 Neg 3.05
Average 3.13
4 Pos 90.09
5 Pos 8.15
6 Pos 6.65
7 Pos 15.72
9 Pos 0.37
11 Pos 3.54
Average 20.76
Difference 17.63
Point biserial
correlation 0.35
t-stat 1.14
p-value 0.28

For the third secondary objective, the relationship between stress scores (as
determined by validated stress questionnaires) and HCC’s (as determined by
HCC in proximal sections) were assessed and scores were analysed with
validated references.

41



The scores obtained in the three validated stress questionnaires by the 58 cases
surveyed can been observed in Table 6.

Table 6: Questionnaire results
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Case # K10 SRQ20 Strengths & Difs
1 35 #N/A #NIA
2 13 3 #NIA
3 23 10 #NIA
'c% 4 13 6 #N/A
n $ L5 16 3 #NIA
8-% 6 17 #N/A #N/A
T £ |7 14 2 #NIA
£ 2 |8 16 3 #NIA
i § 9 20 7 #NIA
O |1 13 4 #NIA
S 11 24 5 #NIA
12 36 11 #NIA
13 #N/A #N/A 13
14 #N/A #N/A 13
15 20 5 #NIA
16 21 8 #NIA
17 23 #N/A #NIA
18 14 0 #NIA
19 15 #N/A #NIA
20 32 11 #NIA
21 13 3 #NIA
22 23 6 #NIA
23 23 9 #NIA
24 17 3 #N/A
25 17 #N/A #NIA
26 13 3 #NIA
27 40 11 #NIA
28 14 4 #NIA
29 37 16 #NIA
o 30 42 11 #NIA
'% 31 12 4 #N/A
§ 32 30 13 #NIA
= 33 30 11 #NIA
e 34 28 10 #NIA
g 35 16 #NIA
§ 36 15 5 #N/A
@ 37 25 6 #NIA
o 38 #N/A 13 #NIA
O 39 #N/A 2 #NIA
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40 28 11 #N/A
41 33 15 #N/A
42 #N/A #N/A 2

43 #N/A #N/A 6

44 #N/A #N/A 8

45 #N/A #N/A 15
46 #N/A #N/A 9

a7 #N/A #N/A 10
48 #N/A #N/A 24
49 #N/A #N/A 4

50 #N/A #N/A 21
51 #N/A #N/A 13
52 #N/A #N/A 14
53 #N/A #N/A 21
54 #N/A #N/A 10
55 #N/A #N/A 18
56 #N/A #N/A 25
57 #N/A #N/A 14
58 #N/A #N/A 28

The ranges of scores, interpretation and results with regards to the sample of 37
cases who completed the K10 questionnaire can be seen in Table 7.

Table 7: K10 interpretation

Range Patient likely to # of participants % of participants
<20 be well 17 45.95%
20-24 experience mild stress 8 21.62%
25-29 experience moderate stress 3 8.11%
30 + experience severe stress 9 24.32%

37 100%

Most cases fell in the category of being well and second most of the cases fell in
the category of being severely stressed. On average, the K10 stress score was
22.19 which falls in the category of experiencing mild stress.

The ranges of scores, interpretation and results with relation to the sample of 34
cases who completed the SRQ-20 questionnaire can be seen in Table 8.
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Table 8: SRQ-20 interpretation

Range Threshold # of participants % of participants
<8 below 20 58.82%
8+ above 14 41.18%

34 100%

Most cases fell below the threshold. The average SRQ-20 score was 6.97 which
is slightly below the threshold.

The ranges of scores, interpretation and results with regards to the sample of 19
cases who completed the SDQ questionnaire can be seen in Table 9.

Table 9: SDQ interpretation

Range Interpretation # of participants % of participants
0-16 Normal 13 68.42%
17-19 Borderline 1 5.26%
20-40 Abnormal 5 26.32%

19 100%

Most cases fell in the category of being normal and second most of the cases fell
in the category of being abnormal. On average, the SDQ score was 14.11 which
falls in the normal category.

As can be seen in Table 10, the relation between HCC and the K10 were negative,
but non-significant. The correlation between the SRQ20 score and HCC indicated
very close to no relation at all.

Table 10: Pearson correlation analysis of stress questionnaires and HCC.

Proximal
Coefficient -0.34
K10 t-stat -1.13
p-value 0.29
Coefficient -0.02
SRQ20 t-stat -0.05
p-value 0.96
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1.4 Discussion

Demographics

The demographics are skewed by the fact that significantly more women than
men were included in the study when compared to the actual incidence. This can
likely be ascribed to the fact that women tend to wear longer hairstyles which
were searched out to fulfil the primary objective. Another factor could be that it is
likely more of a cosmetic concern for women and thus they probably tended to
seek out medical attention more aggressively and was probably also more willing
to participate in the study in an attempt to remedy their situation. The aim of the
study was not incidence, though. The high number of coloured cases included in
the sample is due to the demographic of the drainage area. The higher number
seen in their third decade of life is in keeping with international incidence.

With regards to the primary objective the average HCC of the four sections of
cases proved to be higher than those of controls, with no statistical difference.
Together with the scalp section the highest difference was actually the distal
section, corresponding to HCC pre OOHL. This could possibly signify stress
triggering OOHL. The high difference in the scalp section could then reflect the
resultant stress caused by the AA.

Interestingly, though, in terms of trends within each hair sample, the average
distal HCC’s were the highest of the four (figure 4). This could signify a HCC spike
before OOHL, once again pointing to stress triggering OOHL. It has been shown
in controls as well, however, to a much lesser degree. This is contrary to the
decline that is found the more distal sections are from the scalp, the so called
“‘wash-out effect” (75). Another interesting observation is that although neither the
cases nor the control HCC’s over time differed significantly, one can appreciate
the fluctuation in HCC’s of the cases versus the relative constant HCC’s of
controls (figure 4).

With regards to the first secondary objective, there was no difference shown
between the HCC of lesional vs non-lesional sections, meaning that local cortisol
is probably not the reason why in an individual with AA certain areas of the scalp
are affected and others not.

When looking at the correlation of disease activity and HCC’s under the second
secondary objective, it proved to be positive as expected, but non-significant.
This shows that stress could possibly trigger disease activity or active disease
cause stress as measured.

In the third secondary objective, the relation between HCC and validated
guestionnaires was negative. Although non-significant, this was unexpected and
could be explained by an extreme outlier as well as the fact that there were few
contact points.
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Due to the small sample size and the pilot nature of the study, statistical
significance is less relevant than showing a negative or positive correlation.

1.5 Limitations

Although AA is commonly seen in our facility, the number of cases recruited is
small. This is because OOHL tended to be more than 12 months prior in most
instances at the time of first assessment. The likely explanation is the fact that
this is a referral institution where the load is quite significant leading to a delay
with initial contact with the division. Many potential candidates also had non-shed
hair that was too short to obtain segments predating the OOHL. OOHL is also
difficult to precisely determine. This is due to the fact that patients often don'’t
discover the problem themselves since unlike conditions like telogen effluvium
the hair that is lost is often not so dramatic and the bald patch gets pointed out by
someone else, i.e., their hairdresser. The condition is also asymptomatic.

With regards to the HCC’s extreme values occurred which could have influenced
average values, despite the methods that were followed to assure correct
readings.

1.6 Conclusion and recommendations

The number of cases recruited was small and likely the reason for non-significant
differences in all two-sample t-tests performed to do HCC comparisons. Stress
could possibly trigger OOHL in AA as suggested by the following: 1) HCC’s of
cases were higher than controls, 2) HCC pre-OOHL was the highest section in
the hair samples of cases and 3) the difference between the HCCs of cases
versus controls were also highest pre-OOHL (together with the scalp near section,
possibly signifying the expected stress caused by AA). Cases’ HHC'’s were erratic
as compared to the relative consistent values of the controls. This then lays the
foundation for a larger study to validate these results.

47



1.7 References

Firooz A, Firoozabadi MR, Ghazisaidi B, Dowlati Y. Concepts of patients
with alopecia areata about their disease. BMC dermatology. 2005;5:1.
Montgomery K, White C, Thompson A. A mixed methods survey of social
anxiety, anxiety, depression and wig use in alopecia. BMJ open.
2017;7(4):e015468.

Dimsdale JE. Psychological stress and cardiovascular disease. (1558-
3597 (Electronic)).

Van Uum SH, Sauve B Fau - Fraser LA, Fraser La Fau - Morley-Forster P,
Morley-Forster P Fau - Paul TL, Paul Tl Fau - Koren G, Koren G. Elevated
content of cortisol in hair of patients with severe chronic pain: a novel
biomarker for stress. (1607-8888 (Electronic)).

Kalra S, Einarson A Fau - Karaskov T, Karaskov T Fau - Van Uum S, Van
Uum S Fau - Koren G, Koren G. The relationship between stress and hair
cortisol in healthy pregnant women. (1488-2353 (Electronic)).

Yamada J, Stevens B Fau - de Silva N, de Silva N Fau - Gibbins S, Gibbins
S Fau - Beyene J, Beyene J Fau - Taddio A, Taddio A Fau - Newman C,
et al. Hair cortisol as a potential biologic marker of chronic stress in
hospitalized neonates. (1661-7800 (Print)).

Stalder T, Steudte-Schmiedgen S, Alexander N, Klucken T, Vater A,
Wichmann S, et al. Stress-related and basic determinants of hair cortisol
in humans: A meta-analysis. Psychoneuroendocrinology. 2017;77:261-74.
Torres OV, O'Dell LE. Stress is a principal factor that promotes tobacco
use in females. Progress in neuro-psychopharmacology & biological
psychiatry. 2016;65:260-8.

48



Appendices

1. Ethics Approval

E UNIVERSITY OF CAPE TOWN
Feculty of Naalth Sciances
Human Research Cthics Committes
Room ES2-24 Old Maén Building

Observatory 7928

Telephone [021] 6501236 « Facsimile [021] 406 6411
Email: shabrnda, smardienQuct acaa

Wabsite: www, hodith, uct 2028/ e ressarchy humansth o/ foms

26 March 2015
HREC/REF: 174/2015
A/ Prof N Khumalo
Dermatology

G23

NGSM

Dear A/Pref Krumalks

Project Title: THE ROLE OF STRESS IN YHE PATHOGENESIS IN ALOPECIA AREATA (AA)
AN OBJECTIVE ASSESSMENT VIA HAIR CORTISOL LEVEL (MMeD-candidate-Dr L Fick)

Thank you for submitting yeur study to the Faculty of Heath Sciances Human Research Ethics
Comenittee (MREC) for review.

It 15 & pleasurs to Inform you that the HREC has formally approved the sbove mentiored study,
Approval Is gramted for one year until the 30 March 2016,

Please submit & progress form, using the standardised Anewusl Rapart Form, If the study contins
beyond the approval period, Please submit & Standard Closure form if the study s completed
within the approval period.

We acknowledge that the following student:-Louis Flick is also involved In this project,

Flease note that the an-gaing éthical conduct of the study remains the respoesibiity of the
principel Investigator,

Please quote the HIEC REF in all your correspondence.

Yours sincerely

PROFESSOR M BLOCK
CHAIRPERSON, HSF HUMAN ETHICS

Feders! Wide Assurance Number: FWAODOD1637,
Irstituticnal Revigw Bosrd (IRB) number: [RBOD00LI93S

FRECREF 17472018

49



This sorvasto confirm that the Universty of Cage Town Research Ethics Committes compiies 1o
the Ethics Standards for Oinical Research with a new drug = patients, based oo the Medical
Research Coundl (MRC-SA), food anc Orug Acministration (FDA-USA), Internaticsal Convention
on Harmondsation Good Cinical Practios (ICH GCP) and Declaration of Helsinki guideines.

The Research Ethics Committee granting this approval Is in compliance with the ICH Harmontsed
Tripartite Guidelres E6: Rote for Guidance on Good Clinkal Practice (CPMPYICH/135/95) and FOA
Code Faderad Regulstion Part 50, 56 and 312,

HREC REF 174/2018

50



2. BRITISH JOURNAL OF DERMATOLOGY: AUTHOR GUIDELINES

Original articles

Original articles are the Journal’s primary mode of communication. Original
articles must include a structured abstract (maximum 250 words), and should not
exceed 3000 words of body text. Original articles must include bulleted
statements (maximum 70 words per question) in answer to the following
questions: What'’s already known about this topic? and What does this study add?
Please refer to the specific category section for any bulleted statements that must
be included.

The categories for original articles within the Journal are as follows:
e Clinical Trials
o Epidemiology
« Translational Research
o Qualitative and Outcomes Research
« Evidence-Based Dermatology (including Systematic Reviews)
e Medical Dermatology
e Surgical Dermatology
o Paediatric Dermatology

e General Dermatology

51





