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Abstract

Direct replacement of decreased ceramides in the stratum corneum can be efficacious

for skin hydration, skin barrier function, and skin pH. Our study aimed to evaluate the

24-hr, 28-day, and 7-day post-moisturizing efficacy of ceramide-containing moisturizer

in senile xerosis treatment. A split site, double-blinded, randomized, controlled study was

conducted in 24 senile subjects (91.7% females, mean age 54.83 ± 5.45 years) with mild

to moderate xerosis, who were randomized to receive ceramide-containing moisturizer

or hydrophilic cream, daily applied on each side of the shin. A single application of

ceramide-containing moisturizer increased skin hydration, while improving trans-

epidermal water loss (TEWL) and skin pH for up to 24 hr, with statistically significant dif-

ference. After 28 days of twice-daily application, more significant improvement on skin

hydration, barrier function, and skin pH was observed in those with ceramide-containing

moisturizer at all-time points. At day 28, there was a statistically significant decrease of

hemoglobin index, wrinkle, and texture on the ceramide treated side. The 7-day post-

moisturizing efficacy on the ceramide treated side was superior for skin hydration,

TEWL, skin pH, and wrinkle. Thus, the ceramide-containing moisturizer can be a novel

promising treatment for senile xerosis.
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1 | INTRODUCTION

The prevalence of xerosis increases with age (Paul et al., 2011) due to

the alteration of lipid contents and keratinization processes in the stra-

tum corneum (White-Chu & Reddy, 2011) (Weber, Kausch, Rippke,

Schoelermann, & Filbry, 2012), which affects the patient's quality of life

(Weber et al., 2012).

The mainstay treatments of xerosis include moisturizing prod-

ucts for skin hydration and skin barrier following the formation of

active ingredients, broadly classed as occlusive, humectants, and

emollients (Parker, Scharfbillig, & Jones, 2017; White-Chu &

Reddy, 2011).

Lipid components of the stratum corneum, such as cholesterol,

free fatty acids, and ceramides, importantly manipulate skin barrier

homeostasis (Feingold, 2007), while lipid levels are decreased by aging

(Takahashi & Tezuka, 2004). As one of the major intercellular lipid

components in the stratum corneum, a decrease in the number of

ceramides occurs within the intercellular lipid lamellae of the stratum
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corneum, resulting to skin dryness and barrier disruption (Huang &

Chang, 2008; Meckfessel & Brandt, 2014).

Physiologic lipids such as ceramides (Cha et al., 2016) maintain

essential moisturizing ingredients for treatment of xerosis (Meckfessel &

Brandt, 2014). Moisturizing cream containing ceramides provides posi-

tive effects on skin humidity and skin barrier function in xerosis treat-

ment (Janssens et al., 2012; Kucharekova, Schalkwijk, Van De Kerkhof, &

Van De Valk, 2002; Meckfessel & Brandt, 2014). Thus, this study aimed

to evaluate the 24-hr, 28-day, and 7-day post-moisturizing efficacy of

ceramide-containing moisturizer compared with hydrophilic cream in

senile xerosis treatment.

2 | PATIENTS

This study was conducted at Benchakitti Park Hospital, Bangkok,

Thailand. Patients aged 50–70 years with Fitzpatrick skin Types III to

V and diagnosed with mild to moderate xerosis on both shins defined

by the xerosis severity scale (XSS) (Shim et al., 2016) were enrolled

into the study. Exclusion criteria were skin infection, inflammation,

photosensitive dermatoses, psoriasis or any concomitant skin diseases

at the site of treatment, history of receiving oral steroids and topical

calcineurin inhibitors and topical steroids within 4 weeks or taking

any drugs that impair skin dryness or obtaining phototherapy within

4 weeks prior the study, and suspected allergy to any ingredients in

the moisturizers used in this study.

3 | MATERIALS AND METHODS

3.1 | Study design

This was a single-center, split-site, double-blinded, randomized, con-

trolled study. The informed consent was signed and obtained from

each patient before starting the study. All patients were then asked to

take part in a 1-week wash-out period for the cleansing of their shins

with gentle soap to prepare the skin prior the study. Also, no applica-

tion of any topical preparations was allowed for 3 days on the shin.

Both ceramide-containing moisturizer and hydrophilic cream were

randomly divided into the 50 ml bottles with label “A” and label “B.”

Each side of the shin was allocated to receive either ceramide-

containing moisturizer or hydrophilic cream by table randomization.

Patients were also asked to randomly apply 5 ml of one test agent on

left shin using the right hand and vice versa to avoid cross contamina-

tion. Prior to measurement, all patients were allowed to acclimatize

for at least 30 min under standard atmospheric conditions (tempera-

ture at 23–25�C and humidity between 40 and 60%). Measurements

of skin hydration by Corneometer® CM825 (Courage+Khazaka elec-

tronic GmbH, Germany), transepidermal water loss (TEWL) by

Tewameter®TM30 (Courage+Khazaka electronic GmbH, Germany),

and skin pH by Skin-pH-meter PH 905 (Courage+Khazaka electronic

GmbH, Germany) were conducted on the demarcated areas. Three

sequential measurements were performed and the median results

were reported. Additionally, biometric assessment (Antera 3D™

analysis camera, Miravex limited, Dublin, Ireland) was performed for

skin texture, wrinkle, and erythema index.

To ensure their compliance, each patient was requested to return

the bottles at every visit to measure and assess the proper applied

amount of lotion and cream for treatment during the study.

The studied moisturizer (CeraVe Moisturizing Cream, Valeant

Pharmaceuticals North America LLC.) (Draelos, 2008) contained bio-

identical synthetic ceramides 1, 3, and 6-II with time-released mul-

tilamellar vesicular emulsion (MVE) configuration (Gehring, Wenz, &

Gloor, 1997). The ingredients included Purified Water, Glycerin,

Ceteareth-20 and Cetearyl Alcohol, Caprylic/Capric Triglyceride,

Behentrimonium Methosulfate, Cetearyl Alcohol, Cetyl Alcohol,

Ceramide 3, Ceramide 6-II, Ceramide 1, Hyaluronic Acid, Cholesterol,

Petrolatum, Dimethicone, Potassium Phosphate, Dipotassium Phos-

phate, Sodium Lauroyl Lactylate, Disodium EDTA, Phenoxyethanol,

Phytosphingosine, Carbomer, and Xanthan Gum.

The comparative moisturizer (Hydrophilic cream base, King

Chulalongkorn Memorial Hospital, Bangkok, Thailand) contained semi-

liquid and oil in water formula with both occlusive and humectant

effects. The ingredients included cetyl alcohol, stearic acid (occlusive),

propylene glycol (humectant), and propyl paraben.

The XXS was used for clinical assessment (Shim et al., 2016). The

Subject Global Assessment (SGA) was scored on a six-point scale:

5 = Worse, 4 = No improvement, 3 = Slight improvement, 2 = Moder-

ate improvement, 1 = Excellent improvement, and 0 = Clear. All sub-

jectively clinical adverse effect assessments were evaluated using a

four-point scale: 0 = none, 1 = mild, 2 = moderate, and 3 = severe

(Shim et al., 2016).

This study was approved by Thammasat University Institutional

Review Board (MTU-EC-OO-6-269/61), in accordance with institu-

tional ethical standards and the Helsinki Declaration of 1975, as

revised in 1983.

3.2 | Statistical analysis

For the 24-hr efficacy, the sample size was calculated from the previ-

ous reference study (Shim et al., 2016) with reference value (p0) = .9,

proportion (p) = .5, alpha error 5%, and beta error 20% that yielded

10 subjects. For the 28-day efficacy, the sample size was calculated

from the previous reference study (Shim et al., 2016) with proposed

reference value (p0) = .9, proportion (p) = .6, alpha error 5%, beta error

20%, and drop-off rate 20% that yielded the final sample size of

24 subjects.

All the measured values were expressed as means ± SDs and sum-

marized using a descriptive statistical technique. ANOVA test was

used for changes in the XSS, electrical capacitance, TEWL, skin sur-

face pH, and Antera assessment between the subjects at baseline, day

14, day 28, and 7-day regression. Wilcoxon signed ranks test and

paired t-test were also employed for differences in the SGA and pruri-

tus grade at day 14 and day 28. In all the cases, the statistical signifi-

cance was defined as p < .05.
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3.3 | Study procedure

Phase 1: Ten of the 24 subjects were randomly selected to evaluate

the 24-hr efficacy of ceramide-containing moisturizer on skin hydra-

tion, TEWL, and skin pH compared with hydrophilic cream at each

time point evaluation (0, 2, 4, 8, and 24 hr for skin hydration and

TEWL, while 4, 8, and 24 hr for skin pH) after a single application. The

subjects were asked to refrain from bathing or washing their shins

after the application of both assigned agents.

Phase 2: Twenty-four subjects were instructed to apply both

assigned agents twice daily for 28 days and evaluated for clinical XSS,

SGA, skin hydration, TEWL skin surface pH, and biometric assessment

for texture, wrinkle, erythema index, and adverse reaction on days

14 and 28.

Phase 3: After completion of the 28-day treatment phase, those

10 subjects in Phase 1 discontinued the assigned products and ret-

urned 7 days later to assess the post-moisturizing efficacy, including

skin hydration, TEWL, skin pH, skin texture, wrinkle, and erythema.

4 | RESULTS

4.1 | Study population

Twenty-four patients were included into the study, of which 91.7%

were female with mean age of 54.83 ± 5.45 years and mean XSS of

3.25 ± 0.61.

Phase 1: The 24-hr moisturizing efficacy after a single application

of the ceramide and hydrophilic treated sides showed a statistically

significant increase in skin hydration after 2 hr and reached the

highest value at 4 hr. Subsequently, the level of skin hydration gradu-

ally declined on both treated sides until the 24 hr, yet still statistically

significantly higher than at baseline. Meanwhile, skin hydration after

24 hr was significantly higher on the ceramide treated side (28.21

± 5.29) than the hydrophilic treated side (21.94 ± 5.12) (p < .001). The

TEWL value of both sides tended to decrease and reached the lowest

value at 8 hr. TEWL after 24 hr was significantly lower in the ceramide

treated side (6.71 ± 1.22 g/h/m2) compared with the hydrophilic

treated side (7.68 ± 2.08 g/h/m2) (p = .034). Skin pH on both the cer-

amide (4.94 ± 0.4) and the hydrophilic treated sides (5.04 ± 0.49)

showed a statistically significant decline after 24 hr compared with

baseline (p = .001). The long-lasting effect of ceramide-containing

moisturizer significantly increased skin hydration, with a decrease in

TEWL and skin pH for up to 24 hr after a single application, in con-

trast to minimal improvement following the use of hydrophilic cream

(Figure 1a–c).

Phase 2: The 28-day efficacy of the ceramide and the hydrophilic

treated sides similarly yielded a statistically significant improvement in

clinical assessment by XSS for 3.25 ± 0.61, 2.13 ± 0.68 (p < .001), and

0.96 ± 0.64 (p < .001) at baseline, days 14 and 28, respectively

(Figure 2). Remarkable skin hydration improvement was more signifi-

cantly observed in the ceramide-containing moisturizer rather than

the hydrophilic cream at all evaluated time points for 17.32 ± 3.19

versus 16.66 ± 3.27 (baseline), 28.45 ± 4.3 versus 24.54 ± 3.7 (day

14) (p < .001), and 33.23 ± 3.83 versus 26.33 ± 3.92 (day 28)

(p < .001), respectively. The TEWL values of both the ceramide and

the hydrophilic treated sides illustrated a statistically significant

decrease from baseline at day 14 (22% vs. 17% reduction) and day

28 (30% vs. 25% reduction) (p < .001). Moreover, a greater skin pH

improvement on the ceramide treated side was markedly observed at

day 14 (p = .006). However, the ceramide treated side also yielded sig-

nificantly lower skin pH than the hydrophilic treated side throughout

the study period (p < .05).

The reduction in hemoglobin index was statistically significant on

day 28 of the ceramide treated side compared with the hydrophilic

treated side for 1.22 ± 0.2 versus 1.27 ± 0.21 (p = .011), respectively.

The statistically significant improvement in wrinkles was surprisingly

noticed on the ceramide treated side compared with the hydrophilic

F IGURE 1 (a)–(c) The values of skin hydration, TEWL, and skin
pH of ceramides- and hydrophilic-treated sides at baseline, 2, 4,
8, and 24 hr after a single application (*p < .05, **p < .001)
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treated side on day 28 for 15.53 ± 3.75 and 18.69 ± 5.13 (p = .001),

respectively. When comparing the two groups, there was a statistically

significant decline in the values of roughness texture on day 28 on the

ceramide treated side (16.53 ± 4.79) compared with the hydrophilic

treated side (20.14 ± 5.75) (p = .001). No serious adverse effect was

observed throughout the study (Supplementary Tables 1 and 2).

Phase 3 The 7-day post-moisturizing effect of regression period

yielded a slightly reduced skin hydration value of both sides. The skin

hydration on the ceramide treated side maintained a superior

improvement to the hydrophilic cream treated side (30.59 ± 3.07

vs. 25.25 ± 2.72) (p < .001). The TEWL of the ceramide treated side

still demonstrated a statistically significant decrease at baseline for

6.71 ± 1.06 g/m2/h (p = .007). In contrast, the TEWL of hydrophilic

treated side showed no statistical significant change compared with

baseline (7.72 ± 1.27) (p = .424). The skin pH of both the ceramide

and the hydrophilic treated sides yielded a statistically significant

decrease when compared with baseline for 4.73 ± 0.34 and 4.8

± 0.35, respectively (p < .001) (Figure 3a–f).

In addition, the improvement in wrinkles and roughness on the

ceramide treated side was still significant at this regression period

compared with baseline (p < .05). The post-moisturizing effects on the

ceramide treated side demonstrated a superior efficacy to the hydro-

philic treated side for skin hydration, TEWL, skin pH, roughness, and

wrinkles.

F IGURE 2 Clinical presentation of
ceramides-treated (upper row) and
hydrophilic-treated (lower row) sides at
(a) baseline, (b) day 14, and (c) day 28

F IGURE 3 (a)–(f) Maintenance of skin hydration, TEWL, skin pH, hemoglobin (erythema) index, texture, and wrinkle on both ceramides and
hydrophilic treated sides at 7 days after treatment discontinuation (*p < .05, **p < .001)
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4.2 | Subject global assessment

4.2.1 | Patients' satisfaction

When comparing patients' satisfaction on both sides, the satisfactory

values on the effects, including itching, dryness, roughness, moisture,

easy absorption, rapid improvement of skin moisture, all-day moistur-

izing persistence, and texture on the ceramide treated side showed a

superior statistically significant improvement to the hydrophilic

treated side on day 14 and 28 (p < .05).

4.2.2 | Subject adverse reaction

There was no statistically significance (p > .05) of subject adverse

reaction on both the ceramide and the hydrophilic treated sides,

including more itching and dryness, erythema, burning, pain, edema,

eczema, sensitive skin, oozing, and hyperpigmentation. More itching

reaction was equally for 0.08 ± 0.28 on both the ceramide and the

hydrophilic treated sides at day 14 despite an insignificant improve-

ment at day 28 (p > .05). Mostly, both moisturizers were well tolerated

and no serious adverse effect was noted throughout the course of the

study.

5 | DISCUSSION

In this study, we found that the ceramide-containing moisturizer suc-

cessfully ameliorated the clinical symptoms of xerosis following the

clinical, biophysical, biometric assessments.

According to previous studies, the level of ceramides decreased

with aging and the decreasing amount of ceramides could be one

cause of skin dryness and barrier disruption in the elderly (Huang &

Chang, 2008; Norman, 2003). These changes in the level and profile

of ceramides enhanced the stratum corneum permeability (Weber

et al., 2012). Consequently, ceramides maintained essential ingredient

formulation for treatment of dry skin in the elderly.

Firstly, the results also showed the long-lasting effects of

ceramides containing moisturizer which significantly increased skin

hydration and decreased TEWL and skin pH for up to 24 hr after a

single application, in contrast to a minimal improvement following the

use of hydrophilic cream. These long lasting effects of the ceramide-

containing moisturizer could be potentially hypothesized by the dis-

tinctive MVE delivery technology to gradually release the moisturizing

ingredients, layer by layer, which enhanced skin hydration over the

course of 24 hr (Zeichner & Del Rosso, 2016).

In a previous study, the kinetic of skin hydration (Simpson &

Dutronc, 2011) was observed after a single application of moistur-

izer in atopic dermatitis patients. Skin hydration significantly

increased after 2 hr (57%) and reached the highest at 4 hr (66%).

Then, it gradually declined and sustained for 24 hr (28%). Similar to

the results of our study, the ceramide-containing moisturizer

induced a significant increase in skin hydration at each evaluation

time point compared with baseline, after 2, 4, and 24 hr, with

143%, 148%, and 82%, respectively. In addition, a considerable

decline in skin pH at 24 hr in our study, which turned to mild acidity

for 4.5–5.5 as the equilibrium of normal skin within a few hours

after the barrier recovery from moisturizer, could be influenced by

multiple factors including the effect of ceramides (Schreml et al.,

2010; Schreml et al., 2012), skin barrier repair effects, mild acidic

pH of the ceramide-containing moisturizer, and circadian rhythms

in skin surface pH related to lower skin pH obtained in the morning

(Yosipovitch et al., 1998).

Secondly, the 28-day treatment demonstrated a statistically signif-

icant improvement of skin hydration and skin barrier function on the

ceramide treated side at all evaluated time points (days 14 and 28).

There was a significant decrease in skin pH on day 14, while no signif-

icant change in skin pH was observed on day 28. However, the trend

of decreased skin pH was indicated over time compared to baseline.

Besides, erythema index, texture, and wrinkle also yielded a significant

improvement throughout the treatment study. Thus, the ceramide-

containing moisturizer could be superior to the hydrophilic cream fol-

lowing the decreasing level of ceramides with aging, replenishment

(Zettersten, Ghadially, Feingold, Crumrine, & Elias, 1997) of ceramides

by direct replacement, recovery of barrier repair effects, skin micro-

biota, and immunological response including beta-defensin and cat-

helicidin with mild acid pH of the skin, beneficial for treatment of

senile xerosis (Lynde & Andriessen, 2014).

Thirdly, during the 1-week regression phase, a significant improve-

ment in skin hydration, skin barrier function, and skin pH remained at

7 days after treatment discontinuation compared with baseline. The

texture and wrinkles also exhibited a significant improvement. Mean-

while, the removal of treatment resulted in the rebounding of ery-

thema index, almost equivalent to baseline. Obviously, the result of

this study indicated greater improvement of skin hydration, TEWL,

skin pH including texture, wrinkle, and redness index on the ceramide

treated side than the hydrophilic treated side. The physiologic lipids

like ceramides yielded several advantages (Chamlin et al., 2002;

Proksch & Lachapelle, 2005), such as occlusive function and penetra-

tion into the stratum corneum to restore proper epidermal differentia-

tion, enhancement of the self-repair processes of skin barrier, and

improvement for xerosis treatment.(Cha et al., 2016; Feingold, 2007)

Additionally, MVE configuration benefited the efficacy of each ingre-

dient applied on the skin with time-released manner (Zeichner & Del

Rosso, 2016), resulting in the remained moisturizing effects after

removing the moisturizer agents in this study.(Huang & Chang, 2008;

Zeichner & Del Rosso, 2016).

Apart from the deteriorated skin barrier function with increasing

age, the buffer capacity of skin surface is also impaired, leading to less

resistance toward endogenous and exogenous pH changes. Previous

studies demonstrated that the skin surface pH increases slightly with

age (Yosipovitch et al., 1998), causing the premature degradation of

corneodesmosomes and the increased desquamation (Schreml,

Kemper, & Abels, 2014). Furthermore, the rising skin pH promotes a

release of proinflammatory mediators, resulting in the susceptibility to

skin irritation. Ceramides are one of the essential lipids to restore bar-

rier function and maintain the buffer system of the skin toward the

creation of physiological environment for the skin to repair itself and
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the regulation of surface pH that leads to acidic pH (Schreml et al.,

2014). The beneficial effects of skin pH and moisturizing induce the

regeneration of lipid lamellae and lipid contents. Moreover,

phytosphingosine (Choi, Cho, Lee, Kim, & Park, 2017) also impacts

skin moisture by stimulating filaggrin biosynthesis and catabolic degra-

dation (Pyrrolidone carboxylic acid and trans-urocanic acid).

Pyrrolidone carboxylic acid is one of the major natural moisturizing

factor components, while trans- urocanic acid is one of the major con-

tributors to the maintenance of skin's acidic pH as shown in the

improvement of skin pH throughout this study.

Our results were consistent with those from previous studies

(Huang & Chang, 2008; Shim et al., 2016), demonstrating the positive

effects of ceramides such as the study of emulsions containing

ceramides 1 and 3, which showed a significantly improvement on

hydration (increase of 23%) and TEWL (decrease of 35%) compared

with the control emulsion after 4 weeks of application on sodium

lauryl sulfate-damaged skin (Huang & Chang, 2008). In the meantime,

the improvement of TEWL in our study was also similar to the previ-

ous study (Huang & Chang, 2008). When considering the improve-

ment in skin hydration, the moisturizer in our study seemed to yield

greater improvement (an increase of 113% at 4 weeks). This might be

due to the fact that all subjects in our study were senile people with

more impaired barrier function and considerable loss of skin hydra-

tion. Also, there was no strong humectant containing in the experi-

mental cream of the previous study.

To the best of our knowledge, this was the first study to evaluate

the 24-hr effects of ceramide-containing moisturizer on senile skin

after a single application, as well as the moisturizing effects of our

study product to relieve dry skin in the elderly during the 4 weeks of

treatment, followed by the 7 days of no treatment. The ceramide-

containing moisturizer showed a superior efficacy to the hydrophilic

cream for the improvement of skin hydration, TEWL, skin pH, skin

texture, wrinkles, skin redness, and SGA toward xerosis treatment in

the elderly without any serious side effects. Our results demonstrated

that the ceramide- containing moisturizer beneficially yielded addi-

tional potentiality for the treatment efficacy of senile xerosis (White-

Chu & Reddy, 2011).

Limitations of our study included the small number of enrolled

participants, with the short follow-up period. A larger and longer

period of study to include those with more advanced stage of xerosis

would thus further ratify and confirm the results.
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