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The epidermis is a layer of skin that protects 
the body from the external environment as a 
semipermeable membrane and maintains 
body moisture.1 Subsequently, 
transepidermal water loss (TEWL) is the 
amount of water lost passively from the 
stratum corneum to the external environment 
and is usually estimated in humans at around 
300-400 mL/day.2,3 Increased TEWL is 

associated with skin barrier dysfunction, 
which is characterised by abnormal 
desquamation that leads to clumping of 
corneocytes, which presents visibly as 
scaling and flaking; loss of elasticity and 
increased rigidity, which leads to micro 
fissuring and macro fissuring; and epidermal 
proliferation.2 
 
The degree of acidity of the skin plays a role 
in the chemical barrier function of the skin.4 
The stratum corneum is acidic with pH in the 

ABSTRACT 

Introduction: Patients undergoing hemodialysis experience decreased moisture content in 
the dermis due to fluid transfer during the dialysis process, causing xerosis, pruritus, and 
damage to the skin barrier. Almond oil and mineral oil are well-known moisturizers used in 
skin care products.  
Objectives: To compare the effect of almond oil with mineral oil on transepidermal water loss 
(TEWL) and skin acidity in hemodialyzed chronic renal failure (CRF) patients.  
Methods: An experimental study was conducted on patients with chronic renal failure (CRF) 
undergoing hemodialysis at Dr. Moewardi Hospital in Indonesia. The study involved applying 
mineral and almond oils twice daily on the right and left forearms for four weeks. We 
measured TEWL and pH levels before and after the treatment.  
Results: There is a significant difference in TEWL between before and after mineral oil 
application (p=0.036), but not in the almond oil arm (p=0.394). Subsequently, the change of 
TEWL value significantly differed between mineral oil and almond oil (p=0.043). However, the 
effects of mineral oil and almond oil on pH were insignificant (p=0.574 and 0.268, 
respectively).  
Conclusion: After undergoing hemodialysis, CRF patients experienced a statistically 
significant reduction in transepidermal water loss (TEWL) when using mineral oil compared to 
both baseline and almond oil. 
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range of 4.-5.8. This acidity inhibits the 
growth of pathogenic bacteria. The degree of 
acidity affects skin barrier function, lipid 
synthesis and aggregation, differentiation, 
and desquamation of the epidermis.5 An 
increase in skin pH is caused by reduced fat 
metabolism, impaired lipid layer integrity, and 
increased protease enzyme activity. This can 
cause disruption of homeostasis, stratum 
corneum cohesion, and antimicrobial activity, 
thereby disrupting skin barrier function.4,5 
 
In patients with chronic renal failure (CRF), 
there is damage to the skin barrier function, 
which causes clinical manifestations in the 
skin in the form of xerosis and pruritus.6 
Xerosis is caused by a decreased water 
content in the stratum corneum, impaired 
sebum production due to atrophy of the 
sebaceous glands, and a decrease in the 
water content of the dermis layer due to fluid 
movement during the dialysis process.7 
Pruritus in CRF patients is caused by xerosis, 
toxin deposition, immune system 
dysregulation, as well as release of histamine 
and opioids.8 This leads to the need for 
therapies to treat skin conditions in CRF 
patients. Almond and mineral oils are 
moisturizers that have been widely used in 
various skin conditions. Almond and mineral 
oils also have been shown to be effective and 
safe as moisturizers for dry skin and 
dermatitis.9,10 However, its use as a therapy 
for skin conditions in CRF patients has rarely 
been studied before. This study aims to 
determine the effectiveness of administering 
almond and mineral oil on TEWL and skin pH 
in CRF patients undergoing hemodialysis. 
 

 
 
Study Design 
 
This experimental study was carried out at 
the hemodialysis room of Dr. Moewardi 

General Hospital, Surakarta, Indonesia, from 
February to March 2023. The study was 
conducted on subjects of CRF patients 
undergoing hemodialysis. This research has 
undergone an ethical review and received 
ethical clearance from the Health Research 
Ethics Committee of Dr. Moewardi General 
Hospital (approval # 132/I/HREC/2023). 
 
Participants 
 
This study used a total sample approach. 
Inclusion criteria include CRF patients 
undergoing hemodialysis aged 20-80 years 
willing to participate in the research by filling 
out informed consent. Meanwhile, the 
exclusion criteria were patients with active 
inflammatory skin lesions on both forearms. 
Individuals with health conditions that could 
interfere with TEWL and skin pH 
assessment, including those with severe skin 
allergies, infections, or other dermatological 
conditions wereexcluded. Subsequently, 
pregnant and lactating individuals and 
individuals with significant cognitive 
impairments were excluded from the study. 
 
Treatment Procedure 
 
On the same subject, mineral oil, Johnson's 
Baby Oil® (Johnson & Johnson, United 
States), was applied to the volar aspect of the 
right forearm and almond oil, Darjeeling 
Almond Oil® (BPOM: TR236026321), to the 
volar of the left forearm twice a day after 
bathing for four weeks. Subjects were asked 
to report any side effects during treatment, 
such as itching, irritation, redness, and 
burning. All research subjects were also 
asked to stop using other brands of soap and 
moisturizer two weeks before treatment and 
were given soap of the same brand. 
 
Data Collection 
 

METHODS 
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TEWL and pH values were measured before 
and after treatment at the end of the fourth 
week. The first step was to ask the subject to 
rest for 10-15 minutes before measurement, 
then the TEWL value was measured with 
TEWAMETER® TM-300 (Courage-Khazaka, 
Germany) and skin pH with PH100: ExStik® 
pH Meter (ExTech, United States) in a room 
temperature of 20-22 °C. TEWL and pH 
measurements were carried out on the volar 
forearm. 
 
Statistical Analysis 
 
Data is presented as a mean (standard 
deviation) and frequency (percentage). The 
normality test for TEWL and pH 
measurements was carried out using the 
Shapiro-Wilk test, and the homogeneity test 
was carried out using Levene's test. The 
effectiveness of almond and mineral oil on 
TEWL and skin pH was measured using the 
independent T-test, paired T-test, and 
Wilcoxon test. A two-sided P < 0.05 was the 
threshold of statistical significance. Statistical 
analyses were carried out with IBM SPSS 
24.0 statistical software (SPSS Inc., United 
States). 
 

 
 
Fifteen patients were enrolled in this study, 
seven males (46.7%) and eight females 
(53.3%) aged 45.53 ± 13.09 years old. The 
results of this study show that there was a 
statistically significant difference in TEWL 
values before and after administration of 
mineral oil (p=0.036), with decreased TEWL 
values after treatment (10.69±2.70) 
compared to before treatment (11.23±2 .24). 
Meanwhile, there was no difference in TEWL 
values before and after administering almond 
oil (p=0.394) (Table 1). There was no 
difference in pH values before and after the 

administration of mineral oil and almond oil 
(Table 2). 
 
 We then compared the changes in TEWL 
and pH values between almond and mineral 
oil to further determine the difference in 
effectiveness between the two. There was a 
significant difference in changes of TEWL 
values when administering mineral oil 
compared to almond oil (p=0.043; -0.54±0.79 
vs 0.24±1.19). Meanwhile, there was no 
significant difference in changes in pH values 
when administering mineral oil and almond 
oil (p=0.756; -0.14±0.92 vs -0.24±80) (Table 
3). 
 

 
 
Skin is the main protective organ, a physical 
barrier that covers the entire body surface 
against the external environment, controls 
fluid loss, and maintains body balance.11 The 
epidermis of the skin is the outermost 
epithelial tissue that forms an effective barrier 
against external stimuli, as a semipermeable 
membrane, and helps maintain moisture on 
the skin.12 
 
TEWL and skin pH measurements are some 
of the tests used to non-invasively evaluate 
biophysical parameters and reflect the 
presenceof skin barrier damage. An increase 
in TEWL plays a role as a parameter of skin 
barrier dysfunction, while a decrease in 
TEWL indicates a good skin barrier. An 
increase in TEWL can reflect the level of skin 
dryness and cause manifestations of dry skin 
or xerosis, as well as an itchy sensation that 
will damage the skin barrier function. Factors 
that influence TEWL are the individual's 
anatomical location. TEWL on the palms and 
soles, axillae, forehead, forearms, and calves 
are higher due to low lipid content.13 The pH 
condition of the skin reflects the regulatory 
role of enzyme activity, especially in  

RESULTS 

DISCUSSION 
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Table 1. TEWL before and after administration of mineral oil and almond oil 

Intervention Pre- Post- 
P-

value 

Mineral oil 
(n=15) 

11,23±2,2
4 

10,69±2,7
0 

0,036a* 

Almond oil 
(n=15) 

10,99±3,0
8 

11,23±2,5
7 

0,394a 

Wilcoxon test, *statistically significant 

 
Table 2. pH before and after administration of mineral oil and almond oil 

Intervention Pre- Post- 
P-

value 

Mineral oil 
(n=15) 

4,98±0,7
9 

4,84±0,2
9 

0,281a 

Almond oil 
(n=15) 

5,15±0,6
5 

4,91±0,3
8 

0,598a 

Wilcoxon test 

 
Table 3. Changes in TEWL and pH after administering mineral oil and almond oil 

Intervention 
Mineral oil 

(n=15) 
Almond oil 

(n=15) 
P-

value 

TEWL -0,54±0,79 0,24±1,19 
0,043a

* 

pH -0,14±0,92 -0,24±0,80 0,756a 

independent t-test, *statistically significant 

 
keratinization and skin barrier regeneration. 
Skin pH is influenced by anatomical locations 
such as the forearms and forehead, which 
have different skin pH levels.4 This study 
conducted TEWL and pH examinations on 
the volar forearms and research subjects. 
They were asked to rest for 10-15 minutes 
before measurement so that the 
measurement conditions for all subjects were 
on the same condition. 
 
The skin of CRF patients experiences 
atrophy of the epidermis, sebaceous glands, 
tubules, and secretory ducts of the eccrine 
glands and hyperkeratosis. Sweat secretion 
is reduced, so skin moisture decreases, 
which affects the elimination of electrolytes, 
urea, amino acids, and lipids. The level of 
glycerol, a component of natural moisturizing 
factors, also decreased.14 In this study, CRF 

patients who underwent hemodialysis were 
study subjects with various skin 
manifestations, including pruritus and 
xerosis. 
 
Moisturizers are essential in skincare when 
the skin barrier is compromised.14,15 
Moisturizers play a role in increasing the 
water content in the stratum corneum, 
maintaining normal skin pH, maintaining the 
lipid layer as a connector for corneocytes, 
and maintaining moisture in the intercellular 
space. Moisturizers can also further improve 
the skin barrier due to their antiinflammatory, 
antimitotic, antipruritus, photoprotective, 
antimicrobial, and wound healing 
properties.15 
 
Mineral oil is a synthetic oil that has occlusive 
properties create a barrier, improving barrier 
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function by reducing water loss in the stratum 
corneum. Mineral oil molecularly forms a 
hydrophobic barrier on the skin's surface by 
reducing the movement of water molecules 
across the stratum corneum, thereby 
reducing TEWL.16 Almond oil is produced 
from almond tree seed (Prunus dulcis). It 
function as moisturizers, revitalizers, 
protectors, and skin smoothness. It’sbeen 
proven to increase water levels in the 
epidermis.17 
 
Rawlings and Lombard in South Africa 
reported that mineral oil could lower the skin's 
pH by forming a physical barrier that prevents 
water loss from the skin, thereby lowering the 
skin's pH. Mineral oil can also increase skin 
permeability to water and other substances 
affecting skin pH.18 Mineral oil applied twice 
daily for four weeks was shown to influence 
TEWL in hemodialysis patients by forming a 
healthy skin barrier.19 In this study, the oil 
Minerals statistically significantly reduced 
TEWL after treatment compared to baseline 
TEWL. 
 
Blaak et al. in Germany reported that almond 
oil has a positive effect on dry skin and 
TEWL. This effect is thanks to its fatty acid 
content, which is a major component of the 
skin barrier, thus relieving itchy and dry skin.. 
Almond oil contains high oleic acid as a 
carrier, facilitating the penetration of other 
active substances into the skin.19 Santoro et 
al. in Germany and France reported that 
almond oil was proven to increase stratum 
corneum hydration in the skin of premature 
neonates with an imbalance in stratum 
corneum hydration.20 In this study, the 
differences in TEWL and skin pH values 
before and after almond oil administration 
were not statistically significant due to the 
small sample size, variability in skin pH 
measurements, and short duration of 
intervention, so longer or more frequent 

applications were needed to produce 
significant changes. 
 
Jacqueline et al. in Manila, compared mineral 
oil with virgin coconut oil for the therapy of 
xerosis uremicum in CKD patients 
undergoing hemodialysis, and showed that 
both oils were valuable and safe for the 
treatment of xerosis uremicum, which was 
characterized by improved dry skin scores, 
increased skin hydration and increased 
quality of life score.21 Another study by Singh 
and Vinayadev in Dubai reported that baby oil 
with one of the ingredients in the form of 
mineral oil effectively reduced pruritus scores 
in patients with pruritus uremicum who 
underwent hemodialysis compared to 
controls.22 In this study, mineral oil has a 
significantly lower TEWL value than almond 
oil. 
 
The study acknowledges several limitations 
that deserve consideration. First, the sample 
size was small, and the research was 
conducted at only a single center. The study's 
short treatment duration of four weeks and 
absence of a control group is another 
limitation of this study. Lastly, the subjective 
reporting of side effects by subjects 
introduces a potential response bias. 
 

 
 
In conclusion, the study offers valuable 
insights into the effects of almond and 
mineral oils on TEWL and skin pH in CRF 
patients undergoing hemodialysis. Notably, 
mineral oil demonstrated a statistically 
significant decrease in TEWL values 
compared to baseline and almond oil. In 
contrast, no statistically significant difference 
was found in pH before and after the 
administration of mineral oil and almond oil. 
The reduction in TEWL with mineral oil 
suggests its potential benefit in managing 

CONCLUSION 
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skin barrier function in CRF patients 
undergoing hemodialysis. This could have 
significant clinical implications, prompting 
healthcare practitioners to consider 
incorporating mineral oil into skincare 
regimens for these patients. 
 
Conflict of Interest Disclosures: None 
 
Funding: None 
 
Corresponding Author: 
Endra Yustin Ellistasari MD, MSc, PhD  
Universitas Sebelas Maret Dr. Moewardi General 
Hospital, Ir. Sutami Street Number 36, Kentingan, 
Jebres, Surakarta Jawa Tengah, Indonesia, 57126.  
Email: endra_yustin@yahoo.com 

 
 
References: 

  
1.  Lim KM. Skin epidermis and barrier function. 

Int J Mol Sci. 2021;22(6):3035.  
2.  Green M, Kashetsky N, Feschuk A, Maibach 

HI. Transepidermal water loss (TEWL): 
Environment and pollution—A systematic 
review. Skin health and disease. 
2022;2(2):e104.  

3.  Nareswari A, Oktriana P, Bhadra P, Widhiati 
S, et al. Neonatal transepidermal water loss 
difference based on gestational age, gender, 
birth weight, mode of delivery, and family 
history of atopy. Media Dermato-
Venereologica Indonesiana. 2020;47(1):9–
15.  

4.  Lukić M, Pantelić I, Savić SD. Towards 
optimal ph of the skin and topical 
formulations: From the current state of the art 
to tailored products. Cosmetics. 
2021;8(3):69.  

5.  Kuo SH, Shen CJ, Shen CF, Cheng CM. 
Role of pH value in clinically relevant 
diagnosis. Diagnostics. 2020;10(2):107.  

6.  Agarwal P, Garg V, Karagaiah P, 
Szepietowski JC, Grabbe S, Goldust M. 
Chronic kidney disease-associated pruritus. 
Toxins (Basel). 2021;13(8):527.  

7.  Kurniawan M, Regina R. The correlation 
between pruritus and xerosis with the quality 
of life of patients undergoing hemodialysis in 
Atma Jaya Hospital. Journal of Pakistan 
Association of Dermatologists. 
2022;32(2):288–92.  

8.  Chang PC, Liao IC. Hydration, barrier of skin 
and uremic pruritus in patients undergoing 
hemodialysis: A pilot investigation. Nephrol 
Ther. 2022;18(6):498–505.  

9. Zeichner JA, Berson D, Donald A. The Use 
of an Over-the-Counter Hand Cream With 
Sweet Almond Oil for the Treatment of Hand 
Dermatitis. J Drugs Dermatol. 2018;17(1):78-
82.  

10. Azad A, Sulaiman W, Shaha I, Sunzida N. 
Use of mineral oil as skin moisturizer and 
evaluated by using Dermalab. Asian Journal 
of Pharmacy and Pharmacology. 
2016;3(2):62-66. 

11.  Lopez-Ojeda W, Pandey A, Alhajj M, Oakley 
AM. Anatomy, skin (integument). In: 
StatPearls [Internet]. StatPearls Publishing; 
2022.  

12.  Sandig S, Yousef H, Diercks T, Radsak M, et 
al. The Skin Barrier—structure and function 
of the Stratum corneum. Int J Mol Sci. 
2021;22(2):3035–9.  

13.  Alexander H, Brown S, Danby S, Flohr C. 
Research techniques made simple: 
transepidermal water loss measurement as a 
research tool. Journal of Investigative 
Dermatology. 2018;138(11):2295–300.  

14.  Hiramoto K, Goto K, Tanaka S, Horikawa T, 
Ooi K. Skin, liver, and kidney interactions 
contribute to skin dryness in aging KK-
Ay/Tajcl mice. Biomedicines. 
2022;10(10):2648.  

15.  Mawazi SM, Ann J, Othman N, Khan J, 
Alolayan SO, Al thagfan SS, et al. A review 
of moisturizers; history, preparation, 
characterization and applications. Cosmetics. 
2022;9(3):61.  

16.  Stamatas GN. Mineral oil in skin care: safety 
profile. Lipids and skin health. 2015;291–9.  

17.  Sousa GD, de Souza Dantas IMF, De 
Santana DP, Leal LB. New oils for cosmetic 
o/w emulsions: In vitro/in vivo evaluation. 
Cosmetics. 2018;5(1):6.  

18.  Rawlings A V, Lombard KJ. A review on the 
extensive skin benefits of mineral oil. Int J 
Cosmet Sci. 2012;34(6):511–8.  

19.  Blaak J, Staib P. An updated review on 
efficacy and benefits of sweet almond, 
evening primrose and jojoba oils in skin care 
applications. Int J Cosmet Sci. 2022;44(1):1–
9.  

20.  Santoro F, Teissedre S. A novel night 
moisturizer enhances cutaneous barrier 
function in dry skin and improves 
dermatological outcomes in rosacea-prone 



SKIN 
 

November 2024     Volume 8 Issue 6 
 

(c) 2024 THE AUTHORS. Published in collaboration with Dermsquared. 7 

skin. J Clin Aesthet Dermatol. 
2018;11(12):11.  

21.  de las Alas JMG, Carpio VM, Lim MEL, Frez 
MLF. Randomized controlled trial on the 
efficacy and safety of virgin coconut oil 
compared to mineral oil in the treatment of 
uremic xerosis. Acta Med Philipp. 
2014;48(4).  

22.  Singh VS, Vinayadev V. Effectiveness of 
baby oil therapy for uremic pruritus in 
hemodialysis patients. Saudi Journal of 
Kidney Diseases and Transplantation. 
2021;32(1):163–9.  

  

 


