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Introduction: Indonesia is the most populous Muslim-majority country, where some women wear hijab covering their scalp and
neck. Some hijab-wearing women complain of scalp problems eg, itch, dandruff, and hair loss, which might be related to severe and
chronic skin barrier impairment due to occlusion. Excessive water accumulation in the occluded stratum corneum might result in
increased permeability, followed by increased skin pH values. This study aimed to evaluate scalp hydration and pH values in hijab-
wearing and non-hijab-wearing women.

Material and Methods: This was a cross-sectional comparative analytical study using stratified random sampling methods
conducted on 63 subjects, who were divided into two groups, consisting of 33 hijab-wearing and 30 non-hijab-wearing women.
Both groups underwent physical examination and their medical history recorded. Scalp hydration was measured using a Corneometer
(Courage + Khazaka, Koln, Germany), and scalp pH value was measured using a Skin & Scalp pH Tester (Hanna Instruments®
HI981037, Rumania). This study was conducted at the Dermatology and Venereology Clinic of Hasan Sadikin General Hospital
Bandung.

Results: The mean scalp hydration and pH values were 18.34 + 2.91 AU and 4.93 £ 0.17, respectively, in hijab-wearing women.
Meanwhile, the mean scalp hydration and pH values were 17.71 + 3.35 AU and 4.91 + 0.16, respectively, in non-hijab-wearing
women. The difference of scalp hydration and pH values between the groups was not statistically significant based on the independent
t-test, with p-values of 0.430 and 0.597, respectively.

Conclusion: Scalp hydration and pH values in hijab-wearing and non-hijab-wearing women did not differ significantly. Hijab-
wearing women should not worry about scalp barrier impairment as long as they do not have any history of underlying scalp and skin
disorders, and do not wear hijab in wet condition.
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Introduction

The scalp is the outermost layer of the human head and serves as a physical barrier to protect the cranial bone' ™ from
external exposures and water loss. These functions are served by the epidermis as the outermost layer of the skin and the
stratum corneum (SC) as its main component.* ® The major features of the scalp are large follicles containing terminal
hair with a lot of sebaceous glands, sweat glands, and blood vessels compared to other skin areas."**'' A well-
functioning scalp barrier can maintain the health and integrity of its hair.*''"* Similarly, healthy hair not only protects
the scalp from sunshine and temperature changes, but also provides an esthetic effect in both men and women.'*'?

In some countries, such as Indonesia, Islam is the largest religion in which believers are expected to be around
239 million, or approximately 86.9% of its population by 2021.'®'® In this country, some women wear a headscarf to
cover the scalp and neck area, known as a hijab.'”?° However, some hijab-wearing women complain of several scalp
health problems. A 2020 study”' in Jakarta reported scalp health problems in some hijab-wearing women that consisted

of scalp itches (59.4%), dandruff (56.3%), and hair loss (6.3%).>' Those problems might affect women psychologically

: : co, 2224
by decreasing confidence and quality of life.
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Scalp covered with textile garments, such as hijab, might develop skin conditions related to occlusion.> Skin
occlusion may inhibit water diffusion to the outside®® and increase skin hydration values up to 50%,>” which can have

26-29

substantial effects on the swelling corneocytes, and promote the uptake of water into the intercellular lipid

domains.””?° This condition increases SC permeability, signified by an elevation in the skin’s pH values.”**
Inadequately maintained skin hydration and pH values show the impact of occlusion toward the disruption of the skin
barrier to prevent water loss, which is mainly served by SC.** Severe and chronic impairment of the skin barrier can
induce inflammation and hyperproliferation of the epidermis.®~*** These might cause the decrease of epidermal turn-
over, which could slow keratinization, manifested as itchy and dry scalp, along with irritation and dandruff.®?

To date, there are limited studies regarding skin conditions in hijab-wearing women, most of which are limited to
dandruff and seborrheic dermatitis.*®*” Therefore, we conducted a study that aimed to dig deeper on this topic through

evaluation of scalp hydration and pH values in hijab-wearing and non-hijab-wearing women.

Materials and Methods
Study Population

This cross-sectional comparative analytical study was conducted at Dr. Hasan Sadikin Hospital, Bandung, from
September 2022 to January 2023. The subjects were visitors, employees, doctors, and students in the hospital who
met the inclusion criteria and signed an informed consent form. The inclusion criteria were as follows: women; aged 18
to 50 years; with healthy scalp based on history and physical examination. For the hijab-wearing group, the inclusion
criteria were minimum use of hijab of three months, at least six hours a day, five times a week. The exclusion criteria
included history of chronic scalp diseases (eg, seborrheic dermatitis, atopic dermatitis, psoriasis, etc.); both scarring and
non-scarring alopecia including androgenetic alopecia, alopecia areata, telogen effluvium, anagen effluvium, and
trichotillomania; use of topical corticosteroid therapy on the scalp within the last four months; history of smoking
(minimum two years or 20 cigarettes per day); as well as menopause. To achieve a statistical power of 90% and
significance level of 10%, the minimum sample size was 30 subjects for each study group. Participants were enrolled
using stratified random sampling method.

Study Tools

The independent variables in this study were hijab-wearing and non-hijab wearing. The dependent variables were skin
hydration and pH values, as well as confounders such as hijab material, number of garment layers, inner hijab, use of
other head cover, work environment, shampooing frequency, as well as use of other hair and scalp products. All data
were gathered through history taking and physical examination using a predeveloped questionnaire, except for skin
hydration and pH values, which were measured using biophysical measurements.

Before performing a one-time biophysical measurement, all subjects were informed to avoid scalp contact with water
within three hours and any hair and scalp products including shampoo within 12 hours before the measurements. The
measurements were performed in a controlled environment with relative humidity of 40-60% and temperature of 20—
22°C. All subjects underwent acclimatization in this environment for 15 minutes before the measurements. The midline
of the vertex area (Figure 1) was chosen for measurement in both groups. Scalp hydration values were measured using
a Corneometer™ CM825 (Courage + Khazaka, Koln, Germany) (Figure 2) and scalp pH values were measured using
a Skin & Scalp pH Tester (Hanna Instruments® HI981037, Rumania) (Figure 3). Three readings with sequential waiting
time of five seconds were obtained from the same area. The mean values were calculated from these readings as the final
result.

Ethics

This study was conducted in accordance with the principles of the Declaration of Helsinki. The study protocol and ethical
clearance were obtained from the Health Research Ethics Committee of Dr. Hasan Sadikin General Hospital, Bandung,
Indonesia (ethical clearance number: LB.02.01/x.6.5/164/2022). All subjects were informed of the purpose of the study,
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Figure 2 Scalp hydration values were measured using a Corneometer® CM825. (a) The probe was placed vertically. (b) The monitor showed the scalp hydration values.

and informed consent was obtained prior to their participation in the study. Data confidentiality were strictly maintained
and the subjects were informed that they had the right to withdraw from the study at any time.

Statistical Analysis

The obtained data were assessed for normality using the Kolmogorov—Smirnov test, which revealed that scalp hydration
(»=0.200) and pH values (p=0.054) had normal data distributions. Descriptive statistics for numerical variables are
presented as mean + standard deviation, median, and minimum-maximum values. For categorical variables, descriptive
statistics are presented as frequencies and percentages. Differences in the distribution of proportions related to age,
education level, and occupation between the two study groups were assessed using the chi-square test. Confounding
factors, including hijab material, number of garment layers, inner hijab, use of other head cover, work environment,
shampooing frequency, as well as use of other hair and scalp care products were adjusted using multiple linear regression
analysis. An independent ¢-test was used to compare the scalp hydration and pH values between hijab-wearing and non-
hijab-wearing women. All data were analyzed using the Statistical Package for Social Sciences (SPSS) version 24.0
(IBM Statistics, Chicago), with p<0.05 considered statistically significant.
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Figure 3 Scalp pH values were measured using a Skin & Scalp pH Tester Hanna Instruments® HI981037.

Results

The participants were mostly 30-39 years old (41.27%), with the mean age of hijab-wearing women and non-hijab-
wearing women being 35 and 31 years old, respectively. The most common education level was bachelor’s degree
(46.03%), and the most common occupation were employee (30.30%) in hijab-wearing women and doctors (40%) in
non-hijab-wearing women. The characteristics of the study participants are summarized in Table 1. Chi-square test

Table | General Characteristics of Study Subjects

Groups Total p-value
Hijab-Wearing Non-Hijab-Wearing
n=33 % n=30 % n=63 %
Age (years)
18-29 9 27.27 14 46.67 23 36.51 0.397
30-39 16 48.49 10 33.33 26 41.27
40-50 8 24.24 6 20 14 22.22
Education level
Primary 2 6.06 0 0.00 3.17 0.438
Junior high 4 12.12 | 3.33 7.94
Senior high I 33.33 9 30.00 20 31.75
Bachelor 13 39.39 16 53.33 29 46.03
Vocational School 3 0.09 4 13.33 7 111
Occupation
Employee 10 30.30 7 23.33 17 26.98 0.126
Doctor 4 12.12 12 40.00 16 25.39
Businesswoman 9 27.27 5 16.67 14 22.22
Student 3 9.09 5 16.67 8 12.70
Nurse 3 9.09 0 0 3 4.76
Outsourced staff 2 6.06 | 3.33 3 4.76
Teacher 2 6.06 0 0 2 3.18

Notes: Categorical data were analyzed using Chi-square test with alternatives of Kolmogorov—Smirnov test and Fisher exact test; significancy was

based on p-value of <0.05.
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showed that there was no significant difference between both groups in terms of demographic characteristics, such as age,
education level, and occupation.

The potential confounding variables considered in this study were hijab material, the number of garment layers, use of
inner hijab and other head cover, work environment, shampooing frequency, as well as the use of other hair and scalp
care products. Most hijab-wearing women in this study wore cotton-fabric (90.91%) and one-layered (60.61%) hijab
without inner hijab (78.79%), as shown in Table 2. Most subjects only used a helmet as another head cover with the
duration of 15 (4.76%), 30 (7.94%), and 60 (17.46%) minutes. The use of hat, headcap, and other head covers was not
identified. Both hijab-wearing and non-hijab-wearing women in this study worked mostly indoor without air conditioning
(AC) (65.08%), rather than in rooms with AC (23.81%) or outdoor (11.11%). The use of other head covers and work
environments of the subjects in this study are shown in Table 3. The shampooing frequency of hijab-wearing women was
mostly 2-3 times weekly (42.42%), less often than that of non-hijab-wearing women, who washed their hair with
shampoo mostly every day (40%). The most common hair and scalp care products used by both groups were hair
conditioners (38.10%), followed by hair lotions (11.11%), dyes (11.11%), and tonics (4.76%). Descriptions of the hair
care habits in both groups are presented in Table 4.

As shown in Tables 2—4, multiple linear regression showed that scalp hydration and pH values in this study were not
significantly affected by hijab materials, the number of garment layers, the use of inner hijab and other head cover, work

Table 2 The Effect of Hijab Materials, the Number of Garment Layers, and the Use of Inner
Hijab on Scalp Hydration and pH Value Among Hijab-VWearing Women

Total p-value for p-value for Scalp

n=33 % Scalp Hydration pH
Materials used
Cotton
Yes 30 90.91 0.473 0.983
No 3 9.09
Voile
Yes 8 24.24 0.547 0.468
No 25 75.76
Cerruti
Yes 3 9.09 0.402 0.830
No 30 90.91
Poly-cotton
Yes 3 9.09 0.590 0.605
No 30 90.91
Crepe
Yes | 3.03 0.735 0.613
No 32 96.97
Silk
Yes | 3.03 0.373 0.840
No 32 96.97
Chiffon
Yes | 3.03 0.325 0.697
No 32 96.97
Number of garment layers
| 20 60.61 0.107 0.486
2 13 39.39
Use of inner hijab
Yes 7 21.21 0.645 0.313
No 26 78.79

Notes: The p-value was measured using linear regression with significancy based on p-value of <0.05.
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Table 3 The Effect of Head Cover Usage and Work Environment on Scalp Hydration and pH Value Among Hijab-Wearing and Non-
Hijab-Wearing Women

Groups Total p-value for p-value for
. K N . Scalp Hydration Scalp pH
Hijab-Wearing Non-Hijab-Wearing
n=33 % n=30 % n=63 %
Usage pattern of other
head cover Helmet
None 25 75.76 19 63.33 44 69.84 0.743 0.809
15 minutes | 3.03 2 6.67 3 4.76
30 minutes 2 6.06 3 10 5 7.94
60 minutes 5 15.15 6 20 I 17.46
Hat
None 33 100 30 100 63 100
Headcap
None 33 100 30 100 63 100
Work environment
Outdoor 4 12.12 3 10 7 .11 0.543 0.612
Indoor without AC 23 69.70 18 60 41 65.08
Indoor with AC 6 18.18 9 30 15 2381

Notes: The p-value was measured using linear regression, with significancy based on p-value of <0.05.
Abbreviation: AC, Air conditioner.

Table 4 The Effect of Scalp Care Habit on Scalp Hydration and pH Value Among Hijab-Wearing and Non-Hijab-Wearing Women

Characteristics Groups Total p-value for p-value for
N . .. K Scalp Hydration Scalp pH
Hijab-Wearing | Non-Hijab-Wearing
n=33 % n=30 % n=63 %
Shampooing frequency
Every day 5 15.15 12 40.00 17 26.98 0.134 0.051
3-6 times/week 9 27.27 9 30.00 18 28.57
2-3 times/week 14 42.42 8 26.67 22 34.92
<2 times/week 5 15.15 | 3.33 6 9.52
Other hair and scalp care products
Hair conditioner
Yes 9 27.27 I5 50 24 38.10 0.700 0.937
No 24 72.73 I5 50 39 61.90
Hair lotion
Yes 2 6.06 5 16.67 7 .11 0.638 0.521
No 31 93.94 25 83.33 56 88.89
Hair dye
Yes 5 15.15 2 6.67 7 .11 0.524 0.974
No 28 84.85 28 93.33 56 88.89
Hair tonic
Yes | 3.03 2 6.67 3 476 0.047 0.906
No 32 96.97 28 93.33 60 95.24

Notes: p-value was measured using linear regression, with significancy based on p-value of <0.05.

environment, shampooing frequency, or the use of other hair and scalp care products, except hair tonics. Thus, bivariate
analysis using an independent #-test was performed to compare scalp hydration and pH values between hair tonic users
and non-hair tonic users. Data analysis showed that there was no significant effect of hair tonic usage on scalp hydration
or pH values in this study (p=0.259). Adjustment for confounding factors showed that hijab material, the number of
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Table 5 Differences in Scalp Hydration and pH Value Between Hijab-
Wearing and Non-Hijab-Wearing Women

Variables Groups p-value
Hijab-Wearing | Non-Hijab-Wearing
n=33 n=30
Hydration (AU)
Mean + SD 18.34 + 2.91 17.71 + 3.35 0.430
Median 19.67 19.00
Interval 14.00-25.33 13.00-25.00
pH
Mean + SD 493 +£0.17 491 £ 0.16 0.597
Median 4.95 4.90
Interval 4.73-5.39 4.68-5.18

Notes: The p-value was measured using linear regression, with significance based on a p-value of
<0.05.
Abbreviations: AU, arbitrary units; SD, standard deviation.

garment layers, the use of inner hijab and other head cover, work environment, shampooing frequency, as well as the use
of other hair and scalp care products had no significant impact on the results of this study.

The differences of scalp hydration and pH values between both groups are shown in Table 5. Despite the findings of
higher scalp hydration (18.34 AU + 2.91 AU vs 17.71 AU + 3.35 AU) and pH (4.93 = 0.17 vs 4.91 + 0.16) in hijab-
wearing women compared to non-hijab-wearing women, there was no significant difference based on the analysis using
unpaired #-test (p>0.05).

Discussion

There were no significant differences between hijab-wearing and non-hijab-wearing women in this study in terms of age,
education level, and occupation. Thus, the confounding factors, including hijab material, the number of garment layers,
the use of inner hijab and other head cover, work environment, shampooing frequency, as well as the use of other hair
and scalp care products, were adjusted using multiple linear regression analysis. The analysis showed that all of those
confounding factors did not have significant impact on scalp hydration and pH values. In this study, the effect of these
confounding factors was also minimized by acclimatization and avoiding contact with water within 3 hours as well as
hair and scalp care products within 12 hours prior to the biophysical measurements.

Hatch et al*® reported that the upper back skin hydration values among hijab coated with cotton, polyester 1.5 denier,
and polyester 3.5 denier fibers were not significantly different in the dry state. In the wet state, the skin hydration values
were significantly different, with cotton group having the lowest value and polyester 3.5 denier fibers having the
highest.*® The effects of hijab material, the number of garment layers, and the use of inner hijab toward the results of
this study were adjusted by ensuring that the subjects’ scalp were in dry state for three hours prior to the biophysical
examination.

A study by Park et al*® showed that wearing surgical masks, Korean filter (KF)-anti-droplet (AD), KF80 or KF94 for
at least four hours during five working days for three months increased the mean skin hydration values by approximately
9.5% on the cheeks, by 9.08% on the perioral area, and by 3.87% on the chin. Ghane et al*° reported that in most cases
the pH values of the hands started to increase significantly within four hours after occlusion with impermeable gloves.
The use of other head covers in this study did not significantly affect the scalp hydration and pH values, because the
duration of head coverage was no more than an hour a day.

1*° which studied the effect of relative humidity towards skin barrier function, classified the relative humidity

Sato et a
as dry (<10%), normal (40—70%), and humid (>80%). Changes from humid to dry environments increased transepider-
mal water loss (TEWL) by 6 to 7 folds. However, there was no increase of TEWL in response to the change from normal

to dry environments. When TEWL increased significantly, neither skin hydration nor the pH values changed significantly.

International Journal of Women’s Health 2023:15 hetps: 1667

Dove:


https://www.dovepress.com
https://www.dovepress.com

Hidayah et al Dove

This study demonstrated that sudden changes from a high- to a low-humidity environment result in abnormal barrier
function.*® Thus, acclimatization with humidity of 40-60% and temperature of 20-22°C for 15 minutes reduced the
effect of work environment on the results of this study.

Lambers et al*!

found that the significantly increased pH values immediately after hand washing with alkaline soap
(pH 6) and tap water (pH 8) started to decrease after two hours and returned to the prior values after six hours. The effect
of shampooing frequency and the use of other scalp care products, hijab material, the number of garment layers, and the
use inner hijab in this study were adjusted by avoiding contact with shampoo as well as other hair and scalp care products
for 12 hours prior to the biophysical examination.

The skin is divided into two main structural compartments: the epidermis or epithelial component coating the surface,
and the in-depth dermis or connective component of nutrition. Although the whole skin structure actively participates in
host defenses, the epidermis is important in preventing the loss of water and other components from the body to the
environment,*? by producing a protective sheath, referred to as stratum corneum (SC).* Skin hydration values reflect the
water content of the SC, whereas TEWL represents the diffusion of condensed water through the SC.** In non-occluded
condition, there is an inverse relationship between skin hydration and TEWL values of the epidermis.*> Higher

4647 \whereas lower

hydration*® and lower TEWL*’ values are regarded as indicators of a healthy physical skin barrier,
hydration*®** and higher TEWL*’ values seem to be associated with skin barrier dysfunction, as found in some skin
diseases, namely psoriasis, atopic dermatitis, and seborrheic dermatitis.*’~*° Healthy physical skin barrier might maintain
skin acidity, which is indicated by low pH value. Likewise, skin acidity might support the hydrolytic enzyme functions in
the formation of SC, particularly the lipophilic components.’®>? High skin hydration values were found to correlate not
only with low TEWL but also low pH.>

Skin occlusion may cause cutaneous water diffusion blockade, leading to SC cells swelling and elevation of skin
hydration values. Excessive accumulation of water in the SC is often considered to harm the skin barrier function by
causing destruction of the lamella/ultrastructure of SC lipids, prevention of lipid organization recovery, and widening of
the intercellular space.”” These conditions increase skin permeability and is characterized by both TEWL and skin pH
elevation.”*** A study by Fluhr et al** which observed volar forearm skin hydration and TEWL elevation after occlusion
with a plastic chamber for 24, 48, 72, and 96 hours, concluded that occlusion induced barrier damage without causing
skin dryness. Thus, both hydration and TEWL should be considered when assessing the physical skin barrier
comprehensively.

This study found no significant difference in terms of either scalp hydration or pH values between hijab-wearing and
non-hijab-wearing women. The unique characteristics of the scalp, which contains hair follicles alongside the dense
sebaceous glands, best explains why scalp occlusion was not significantly impactful on the skin barrier function.

Scalp hair is useful for thermoregulation in adapting to the increasing skin temperature, which could be caused by
occlusion.'**17335% Sweat production is a response of eccrine glands toward the increase of skin temperature, which
could increase skin hydration.****°® A study by Lasisi et al’’ showed that scalp hair could reduce the number of sweats
needed for skin thermoregulation toward the temperature increase. Moreover, this study also found that tightly curled
subjects sweated the least while straight-hair types sweated the most. Cabanac et al®' reported that people with bald scalp

tended to sweat two to three times more than those with hairy scalp. Kleesz et al®®

which studied a normal population,
reported that the hairy scalp had the lowest hydration values compared to other anatomical locations, such as the hand,
elbow, forehead, cheek, armpits, back, foot, as well as ventral and dorsal surfaces of the lower arm. A study by O’Goshi
et al®® found that skin hydration values in alopecia areata and androgenetic patients were significantly higher than those
of the volar surface of the lower arm. This phenomenon reflects the vital role of hair in thermoregulation, which explains
the non-significant differences in skin hydration values between hijab-wearing and non-hijab-wearing women.

The sebaceous gland is a sebum-producing component of the pilosebaceous unit.***** The scalp is a body part with the
densest sebaceous and sebum glands, in addition to the face, chest, and back.*36:63:66 Boelsma et al®’ stated that there
was a statistically significant negative correlation between sebum level and skin pH on the volar surface of the lower arm.

168

Jung et al®® also stated that there was a statistically significant correlation between improved sebum levels and reduction

169

in pH among Asian women, and vice versa. Etnawati et al”” stated that the sebum level in hijab-wearing women was not

significantly different from that in non-hijab-wearing women. Sebum is degraded by lipase into free fatty acids, which
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serve as regulators of skin acidity with pH level of 4.5-5.5.7%"7* The pH level in this study was in similar range, which
was 4.73-5.39 in the hijab-wearing group and 4.68-5.18 in the non-hijab-wearing group, with no statistically significant
difference. The results of this study, along with those of previous studies, showed that a high sebum level on the hairy
scalp was important for maintaining the acidity of the scalp skin, including an occluded, hairy scalp.

Limitations

This study could assess the barrier function more comprehensively if TEWL was included as a parameter in the
biophysical measurements. Moreover, data on shampoo and hair type, which could be considered as confounding factors,
were not obtained in this study.

Conclusion

There was no statistically significant difference observed in terms of scalp hydration and pH values between hijab-
wearing and non-hijab wearing women. The use of hijab, therefore, did not have a significant impact on scalp barrier
function in women. As long as the hijab-wearing women do not have any underlying scalp and skin disorders, and do not
wear hijab in wet condition, they should not worry about scalp barrier impairment. Adding TEWL as a measurement
parameter as well as the subjects’ shampoo and hair type in further study would make the results more convincing.
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