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Abstract

Background/Obijectives: Atopic dermatitis (AD) is a common chronic inflammatory
skin condition associated with high transepidermal water loss, high skin pH, and
Staphylococcus aureus skin colonization. The treatment of AD with bath additives re-
mains highly debated. Recent evidence suggests that dilute apple cider vinegar (ACV)
may improve skin barrier integrity in AD, but its safety and efficacy are not well
studied. This pilot split-arm study analyzed the effect of dilute apple cider vinegar
soaks on skin barrier integrity in patients with atopic dermatitis as measured by skin
transepidermal water loss and skin pH.

Methods: A total of 22 subjects (11 AD and 11 healthy controls) were enrolled.
Subjects soaked both of their forearms for 14 days, with one arm in dilute ACV (0.5%
acetic acid) and the other in water 10 minutes daily. Transepidermal water loss and
pH were measured pre- and post-treatment.

Results: In both groups, transepidermal water loss increased and pH decreased at
0 minutes post-ACV treatment, but these effects were not sustained at 60 minutes.
In total, 72.7% (16/22) of subjects reported mild side effects from ACV with improve-
ment after discontinuing the soaks.

Conclusions: Dilute ACV soaks have no significant effect on skin barrier integrity but
caused skin irritation in a majority of subjects. Study limitations include analysis of a
single brand, dilution, and application of ACV. Future studies are needed to explore
whether lower concentrations of ACV soaks or other applications such as a leave-on

acidic ointment could improve skin barrier integrity in a safe, nonirritating way.

KEYWORDS
apple cider vinegar, atopic dermatitis, eczema, epidermal acidification, skin barrier integrity,

skin pH, transepidermal water loss

All subjects or their guardians signed written informed consent, and minors provided verbal assent, prior to conducting any study procedures. The institutional review board (IRB) of

University of Virginia approved all study procedures.

Pediatric Dermatology. 2019;00:1-6.

wileyonlinelibrary.com/journal/pde © 2019 Wiley Periodicals, Inc. | 1


www.wileyonlinelibrary.com/journal/pde
https://orcid.org/0000-0001-6512-4686
mailto:﻿
mailto:lal2ta@virginia.edu

) N
WlLEY—Pedlamc

LUU ET AL,

Dermatology

1 | INTRODUCTION

Atopic dermatitis (AD) is the most common allergic skin disease, with
prevalence estimates of 20% in children and 6% in adults.® AD is
characterized by impaired barrier function and epidermal acidifica-
tion, along with increased bacterial infections.? The pathogenesis
of AD is closely linked to elevated skin pH caused by many factors,
including reduced levels of filaggrin.® Filaggrin is an epidermal dif-
ferentiation complex protein that plays a key role in epidermal acid-
ification by forming pyrrolidone carboxylic acid and transurocanic
acid (t-UCA).% Reduced levels of filaggrin in AD skin lead to reduced
levels of t-UCA and other natural acidifiers.®> AD skin has therefore
been shown to be more alkaline than normal skin, which promotes
the activation of proteases that enhance skin transepidermal water
loss (TEWL) and disrupt the normal skin flora.®* Epidermal alkali-

zation has been shown to contribute to inflammation in AD, and

so researchers are now exploring epidermal acidification as an ap-
proach to treating AD.>®

Commonly prescribed treatments for AD include topical corti-
costeroids, emollients, antibiotics, biologic immune modulators, and
bleach baths.”® Acetic acid, particularly apple cider vinegar (ACV),
is prominent among emerging natural remedies used by patients
who seek therapies perceived as “safer” and “more natural” than
prescriptions such as topical steroids.” Patients currently use ACV
for skin infections and other maladies ranging from common warts
to AD.®° Even some dermatologists have recently started recom-
mending ACV baths for AD.” ACV soaks are theoretically appealing
given their antimicrobial activity and potential to acidify the skin.**12
However, little is known about the efficacy or safety of ACV on skin
in AD, and reports of positive effects are often anecdotal.!* The
primary objective of this split-arm pilot study was to examine the
effects of dilute ACV application to AD and healthy skin on TEWL

TABLE 1 Characteristics of study

Atopic dermatitis Control subjects participants at enrollment
N=11 N=11 P-value

Age (y)? 20.6[16.2-26.2] 28.8[22.6-36.8] 0.15
Gender® Male 36.4% (4/11) 45.5% (5/11) 1.00

Female 63.6% (7/11) 54.5% (6/11)
Ethnicity® Caucasian 45.5% (5/11) 36.4% (4/11) 1.00

African American 18.2% (2/11) 0% (0/11)

Asian 36.4% (4/11) 45.5% (5/11)

Other 0% (0/11) 18.2% (2/11)
Birth history® Vaginal delivery 72.7% (8/11) 90.9% (10/11) 0.59

Caesarian delivery  27.3% (3/11) 0.09% (1/11)
Medical history® Allergies® 100% (11/11) 36.4% (4/11) 0.0039
Family history® Allergies® 100% (11/11) 63.6% (7/11) 0.09
SCORAD? 32.9 [23.8-45.4] 0[0-0] N/A
Atopic dermatitis Mild 36.4% (4/11) N/A <0.01

(AD) severity’ Moderate 45.5% (5/11)

Severe 18.2% (2/11)
AD medications” Emollients 100% (11/11) 0% (0/11) <0.01

Topical steroids 90.9% (10/11) 0% (0/11)

Systemics 18.2% (2/11) 0% (0/11)
Skin barrier? Transepidermal 11.1 [8.6-14.3] 7.1[6.0-8.4] 0.0064

water loss

pH 4.88[4.67-5.1] 4.86 [4.6-5.13] 1.00

Presence of der- Apple cider 72.7% (8/11) 0% (0/11) <0.01
matitis ® vinegar-treated
forearm
Water-treated 72.7% (8/11) 0% (0/11)

2Geometric mean [95% confidence interval].

forearm

PPercentage of subjects (prevalence).
‘Positive history of allergies included asthma, food, or environmental allergies.
4AD severity was mild (if SCORAD < 25), moderate (if SCORAD 25-50), or severe (if

SCORAD > 50).
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and pH, surrogate markers for skin barrier integrity. The secondary

objective was to determine the safety of ACV soaks.

2 | MATERIALS AND METHODS

Subjects with AD and healthy controls, age > 12 years, were recruited
at the University of Virginia and enrolled in the study between June
2017 and October 2017. Subjects who used topical or systemic anti-
microbials in the previous month were excluded. All other treatments
being used by subjects at enrollment, including topical steroids and
other immune modulators, were recorded and continued throughout
the study. Informed consent was obtained. The University of Virginia
Institutional Review Board approved this study.

Atopic dermatitis and control subjects were randomly assigned
to soak one forearm in dilute ACV (0.5% concentration acetic acid:
apple cider vinegar; White House©) and the other forearm in tap
water for 10 minutes daily for 14 days. A concentration of 0.5% ace-
tic acid was selected based on previous data regarding safety, toler-
ability, and antimicrobial qualities.*®* TEWL and pH were recorded
from volar forearms at study visit 1 before the first soak; at 0, 15, 30,
and 60 minutes after the first soak; and 24 hours after completing
14 days of daily 10-minute soaks (study visit 2). TEWL and pH were
measured using Tewameter TM 300 (Courage+Khazaka Electronic)
and Skin pH Meter PH 905 (Courage+Khazaka Electronic) accord-
ing to the manufacturer's instructions.'®*° Subjects reported and
graded skin discomfort they experienced during the 14-day study
on a subjective scale from O to 3 (0 = none, 1 = mild, 2 = moderate,

and 3 = severe).

The Mann-Whitney U test and Wilcoxon matched-pairs signed
rank test were used to compare measurements between and within
groups of subjects, respectively. Intention-to-treat analysis was
performed.

3 | RESULTS
Eleven subjects with atopic dermatitis (AD) (geometric mean [GM]
age 20.6 years; GM SCORAD 32.9 [23.8-45.4]) and 11 healthy con-
trols (GM age 28.8) were enrolled in the study. Baseline characteris-
tics of AD and healthy subjects are summarized in Table 1. All study
subjects returned for follow-up on day 14 of the study except one
AD subject. One of 11 control subjects and two of 11 AD subjects
were noncompliant with the daily treatments, with noncompliance
defined as missing three or more days of treatment.

Transepidermal water loss was significantly elevated in AD
subjects at baseline (TEWL 11.1 [8.6-14.3] g/m?/h) compared
to healthy controls (TEWL 7.1 [6.0-8.4] g/m?/h) (Figure 1A).
Transepidermal water loss in AD and healthy subjects was signifi-
cantly increased at O and 15 minutes post-ACV treatment, com-
pared to baseline (P < 0.01). Transepidermal water loss returned
to baseline 30 minutes after each soak in AD subjects and 60 min-
utes after in controls and was unchanged from baseline 24 hours
following the day 14 soak (P = 0.30) (Figure 2A). No significant
differences in TEWL between the ACV or water arms for AD vs
controls were found.

Skin pH in AD (pH 4.88 [4.67-5.10]) and healthy subjects (pH
4.86 [4.60-5.13]) was comparable at baseline (Figure 1B). Atopic
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FIGURE 2 Skin barrier integrity after 14 daily 10-min apple cider vinagar (ACV) soaks. Skin transepidermal water loss (A) and skin pH (B)
were recorded on the volar forearm of atopic dermatitis and control subjects 24 h following their day 14 soak in dilute ACV (column 1) or

water (column 2)

dermatitis skin had a significantly higher shift toward alkaline pH
immediately following water soak (pH 5.54 [5.16-5.94]) compared to
healthy subjects (pH 5.23 [4.91-5.59]) (P < 0.01). In contrast, add-
ing ACV to the tap water resulted in skin pH levels comparable to
healthy subjects for AD subjects immediately postsoak (pH 4.34
[4.14-4.55] in AD vs 4.26 [4.03-4.50] in controls) (P = 0.08). Skin pH
remained decreased 15 minutes following ACV soaks in AD subjects
(pH 4.52 [4.29-4.75] vs 4.87 [4.57-5.18] at baseline) and 60 minutes
in controls (pH 4.51 [4.26-4.78] at 60 minutes vs 4.85 [4.45-5.27] at
baseline) (P < 0.05). pH was unchanged compared with baseline at
day 14 (P = 0.49) (Figure 2B).

Seventy-three percent (16/22) of subjects reported forearm skin
discomfort, mostly rated as mild and confined to the ACV-treated
arm. Skin irritation was rated severe in one AD subject with severe
pruritus, moderate burning, and erosion on the ACV-treated forearm.
This reaction resolved within 2 days of discontinuing ACV soaks; the

subject did not resume the study. One subject in the control group
experienced a nonpruritic papular rash. All skin discomfort, including
the rash, resolved without treatment.

4 | DISCUSSION

Due to skin barrier dysfunction, patients with AD often have in-
creased skin TEWL and alkaline skin pH.%*® TEWL is known to in-
crease after bathing due to a temporary increase in skin hydration
followed by evaporation and water loss.!” This study showed tran-
sient decrease in skin pH in AD subjects for 15 minutes and healthy
subjects for 60 minutes (P < 0.05) after soaking in dilute ACV, which
suggests temporary acidification of the skin that has theoretical
benefit of correcting disrupted skin pH in AD. Skin exposed to water
did not receive the same acidification benefit, as skin pH increased
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after soaking in water to a level significantly different from that of
soaking in ACV (P < 0.05) (Figure 1B). However, our study found no
long-term effects of soaking AD skin in dilute ACV on skin TEWL or
pH. Among AD subjects, the effect of 14 days of ACV soaks on skin
TEWL and pH was comparable with soaking in water alone (P = 0.65
and P = 0.47, respectively, among all AD subjects; P = 0.94 and
P = 0.81, respectively, excluding noncompliant AD subjects). This
suggests that ACV soaks do not improve skin barrier integrity in AD
in a significant manner.

The concentration we chose of 0.5% acetic acid is comparable to
the minimum inhibitory concentration of 0.312% acetic acid against
methicillin-sensitive S. aureus and 0.625% acetic acid against meth-
icillin-resistant S. aureus,*? two organisms that frequently colonize
skin in AD. The concentration is notably nearly 10-fold above the
1:80 (0.06% acetic acid) ACV bath preparations recently recom-
mended by Lee and Jacobs.” Other literature reports that concen-
trations of 2.5% acetic acid have been used successfully to prevent
Pseudomonas aeruginosa wound infections in burn centers, while
concentrations above 3% acetic acid are associated with severe
pain and itching.’® Although our concentration of 0.5% acetic acid
was far below this threshold, a large proportion of AD subjects in
our study experienced skin discomfort (burning, itching), which was
unexpected and limits the ability to test acetic acid concentrations
higher than 0.5% in future studies.

This study has several limitations. First, this was a small study
with a fairly homogenous group of patients. The average ages of
healthy and AD subjects were 28.8 and 20.6 years, respectively. This
may make the study less applicable to young children, as adult pa-
tients may have more recalcitrant disease. Further studies in a more
diverse population will be necessary to fully characterize the risk/
benefit profile of topical dilute ACV treatments. Of note, although
our study population was small, subjects were representative of pa-
tients with moderate-to-severe AD with elevated skin TEWL [11.1
(8.6-14.3) g/m?/h). Second, this study only tested ACV on volar
forearms. Other body sites may respond differently, especially in pa-
tients with sensitive skin. Third, due to the intrinsic appearance and
smell of dilute ACV compared to water, it was impossible to blind
study subjects and researchers in this split-arm study, which may
cause potential bias in the data. Lastly, our study was an analysis of
a single brand and dilution of ACV. Future studies are needed to test
skin barrier effects of different concentrations of acetic acid from
different sources.

In conclusion, acetic acid, particularly apple cider vinegar,
is prominent among emerging natural remedies used in AD.
Therefore, determining the safety of this commonly used prod-
uct is crucial. This study used skin TEWL and pH in addition to
reports of skin discomfort to evaluate the safety and efficacy of
ACV for treating AD. Results showed that soaking in dilute acetic
acid yielded no benefit as measured by changes in skin TEWL and
pH, yet caused substantial adverse effects. Therefore, although
epidermal acidification would theoretically be beneficial in treating
AD, our study shows that acidification by way of topical bathing

5
Dermatology_\’vILEY

in a 0.5% ACV solution as performed in this study is not useful in
AD treatment. Future studies are needed to explore whether lower
concentrations of acetic acid soaks or other applications such as a
leave-on acidic ointment would be more effective in acidifying the

skin and improving skin barrier integrity in a safe, nonirritating way.
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