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Summary Background Acne is characterized by hyperseborrhea, follicular hyperkeratosis, and

growth of propionibacteria. Alpha hydroxy acids depending on the pH of the finished

product exhibit comedolytic as well as antimicrobial properties.

Objectives The aim of this study was to investigate an oil-in-water emulsion-containing

10% glycolic acid (pH 4; Dr. August Wolff GmbH & Co. KG Arzneimittel, Bielefeld, Germany)

as monotherapy in mild acne regarding clinical efficacy and tolerability for 90 days.

Patients and methods Patients (n = 120; 73 f, 47 m) suffering from mild acne (Leeds

score 0.25–1) aged ‡12 (mean 21 ± 5.8) were included in this double-blind, placebo-

controlled, randomized, monocentric trial. The cream was applied once daily in the

evening. No additional products were used. Cleansing was standardized by supplying

the same product to all patients.

Results The number of patients (n = 115) in the per-protocol and intention-to-treat

analysis was the same. Acne improved significantly in the verum group up to day 90.

Already at day 45, there was a statistical significant (5% level) difference against pla-

cebo. The subjective evaluation of the verum by physicians and patients regarding

clinical efficacy and tolerability was favorable. Regarding reported adverse effects, there

was no statistically significant difference (5% level) between verum and placebo.

Conclusions The 10% glycolic acid containing oil-in-water emulsion improved mild acne

applied as monotherapy in this study significantly, already after 45 days of treatment.

Regarding tolerability, there was no objective or subjective difference between the 10%

glycolic acid containing oil-in-water emulsion and the corresponding placebo.

Keywords: acne vulgaris, alpha hydroxy acids, clinical trial, efficacy test, emulsions,

glycolic acid

Introduction

Acne vulgaris is still one of the most widespread skin

diseases, for which patients consult a dermatologist.1

Particularly, adolescents suffer from acne because of

hormonal changes during puberty. About 80–90% of

them develop signs of acne,2 of which roughly 30% need

medical treatment.3

Acne vulgaris is characterized by hyperseborrhea and

follicular hyperkeratosis. Furthermore, seborrhea and

follicular hyperkeratosis promote the growth of Propion-

ibacterium acnes. Interestingly, recently, it has been

shown that the pH of acne lesions is increased as
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compared to physiological pH and that acne lesions

improve by reducing lesional pH to physiological

values.4 Why inflammation occurs either initiated by

an excess of sebum with a relative deficiency of linoleic

acid or by activation of TLR by a soluble factor of

P. acnes is still unclear.3 Eventually, pustules and

papules develop or even nodules and cysts in its most

severe form, acne conglobata. The optical appearance

puts immense emotional stress on patients, in particular

adolescents, often followed by social problems, fre-

quently even resulting in depressions and increased

suicidal tendencies.2

Alpha hydroxy acids (AHAs), mainly glycolic acid,

lactic acid, malic acid, citric acid, or mandelic acid, are

botanical substances that occur naturally and show only

few adverse effects.5,6 The most simple AHA is glycolic

acid (alpha hydroxy acetic acid). It forms colorless

crystals that are soluble in water, alcohol, acetone, and

ether. A saturated solution has a pH of approximately

0.6. Glycolic acid is chemically very stable, but strongly

hygroscopic, so it has to be kept in closed bottles.

Naturally, it occurs in grapes, sugar cane juice, sugar

beets, and Virginia creeper leaves. Glycolic acid is the

most frequently applied agent in office-based peels as

well as in cosmetic products and therefore also the most

intensively investigated AHA.7–13 For the treatment of

acne-prone skin or mild acne predominantly, cosmetic

products containing 5–20% are on the market. The pH

value usually ranges from 2 to 8. However, the

concentration and a pH significantly lower than the

physiological pH of the skin are primarily responsible for

the comedolytic and antimicrobial effects.

Alpha hydroxy acids depending on the concentration

used reduce the coherence of the superficial and also

follicular corneocytes in the stratum corneum.14,15 In

addition, because of pH changes, proteases like aspartase

and cysteine proteases are likely to be activated in the

outer stratum corneum,16,17 and thus, the desquama-

tion process could be enhanced as seen by an increased

stratum corneum turnover time.17 Moreover, it is well

known that decreasing the pH on the skin surface

regulates and impairs microbial growth, in particular of

propionibacteria.18–20

In general, glycolic acid peels are applied in derma-

tologic offices, and their efficacy in patients suffering

from acne is documented.3,8,21 However, despite their

wide distribution, data on glycolic acid-containing

products for regular daily use are scarce. Therefore, in

this study, the clinical efficacy and tolerability of an oil-

in-water emulsion-containing 10% glycolic acid com-

pared to placebo was investigated in patients suffering

from mild acne.

Materials and methods

The aim of this prospectively stratified, monocentric,

randomized, double-blind, placebo-controlled clinical

trial was to test the clinical efficacy of a 10% glycolic

acid containing oil-in-water emulsion (pH 4) vs. placebo

(oil-in-water emulsion without 10% glycolic acid; pH

4.8) supplied by Dr. August Wolff GmbH & Co. KG

Arzneimittel, Bielefeld, Germany.

In addition, all adverse effects were recorded system-

atically. Moreover, the investigating physicians as well

as patients were asked to judge the efficacy and

tolerability from a subjective viewpoint. Besides, the

product properties were assessed by the participants

using a standardized questionnaire.

Pharmaceutical formulation

A special emulsifier ⁄ emollient system produces an oil-in-

water (O ⁄ W) emulsion with evidence of liquid crystalline

structures known as oleosomes. Oleosomes consist of oil

droplets surrounded by multiple lamellar layers of water,

emollient, and emulsifier. These extra layers of water and

oil help to give longer-lasting moisturization. Oleosome

formation also gives the O ⁄ W emulsion enhanced stabil-

ity. This arises because the multilayers around the oil

droplet form a rheological barrier to coalescence, lower-

ing the Van der Waals attraction forces and increasing

the time for droplet coalescence to occur (Product data

sheet, Arlamol PS15E, Croda Europe Ltd, Cowick Hall,

Snaith Goole, East Yorkshire DN14 9AA England).

Because of the intrinsic antimicrobial and antifungal

action of glycolic acid, the preservative efficacy of

phenoxyethanol alone is sufficient in the verum but

not in the placebo. To preserve the placebo properly, a

combination of phenoxyethanol and parabens was used.

Patient selection and randomization

In 2008, 120 patients were recruited between June 11

and October 20. Eligible patients were ‡12 years with

mild facial acne (Leeds score22 0.25; 0.5; 0.75; 1.00).

The clinical part of the trial lasted from June 11, 2008,

to January 26, 2009. All patients provided written

informed consent before participating in the study.

Parents or legal guardians signed the consent for their

children. The study was conducted in accordance with

the Guidelines for good Clinical Practice and the

Declaration of Helsinki and was approved by the local

and central ethical review boards.

Prior to the study, a randomization plan for the

assignment of verum and placebo was contrived. The
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randomization that evolved computer-assisted in blocks

of six using the SAS operation PROC PLAN in the

online remote data entry (RDE) system is provided by

SAM GmbH, Aachen, Germany. The randomization

lists were handed to the verum and placebo prepara-

tion’s production director (Dr. August Wolff GmbH &

Co. KG Arzneimittel, Bielefeld, Germany) to manufac-

ture the test samples. The participants were numbered

in ascending order.

The participants’ assignment of verum vs. placebo was

prospectively stratified for Leeds scores, with randomi-

zation within the strata. The randomization followed a

2-arm block design. Comparison took place between

patients. Verum and placebo were packed and labeled

identically and provided within the strata according to

the randomization lists. The preparations were handed

to the patients by a physician following the randomiza-

tion design (as deposited in the online-RDE-system).

Exclusion criteria

• History of hypersensitivity against one of the

ingredients of the study preparations.
• ‘‘Sandpaper-acne’’.
• Additional therapy of the facial skin alongside the

study preparations.
• Use of systemic steroids, anti-inflammatory agents,

or antimycotics.
• Alcohol and ⁄ or drug abuse.
• Incapacity of duly participating in the study proce-

dures.
• Participation in another study within the past

4 weeks and ⁄ or simultaneously to this study.
• Use of acne influencing contraceptives.

Study design

Beforehand, a prestudy inspection was conducted.

Patients, who had their acne treated directly prior to

the study, had to undergo a 7-day-long wash-out

phase. On day 0 ± 3, the initial skin inspection followed

(visit 1). During this inspection, the study participant

received either the verum or the placebo stratified for

Leeds scores in a double-blind, randomized manner.

After 45 ± 3 days, the first clinical inspection took

place (visit 2). During this visit, the study medication,

which the patient received for the first half of the study,

was taken back, and the participant was provided with

a new one according to the randomization plan for the

rest of the study. After a total of 90 ± 3 days, the

patients had to show up for the final clinical inspection

(visit 3).

The patients applied the study medication either

verum or placebo to their facial skin 90 days long once

daily in the evening before going to bed.

Contact of the preparations with eyes and lips should

be avoided. Furthermore, the cream should not be

applied to wounds or even minor chaps. The patients

had to avoid intense UV irradiation during the study. For

cleansing of the facial skin, a standardized face wash

product containing mild tensides was provided. No other

products were allowed to be applied to the facial skin

during the study. The systemic application of medicinal

products as well as the use of hormonal contraceptives

affecting acne was forbidden during the study. The

participants’ questionnaires were drafted in Polish.

Patients with known irritation or sensitization to one

of the ingredients were excluded from the study. Adverse

effects appearing after the preparations’ application had

to be reported to the project direction at Dr. August

Wolff GmbH & Co. KG Arzneimittel and the SAM GmbH

within 24 h (at the latest on the next working day).

Prior to the study, the acne pretreatment was docu-

mented in the medical history. The acne’s mean change

during the study period according to the Leeds scores

was the study’s primary endpoint. If the participant

agreed, his ⁄ her face was photographed to allow an

additional optical comparison. All patients, whose data

were documented prospectively, were included in the

study analysis.

One secondary endpoint was the subjective evaluation

by physicians and patients of the study medication

clinical efficacy at the end of the study period. Moreover,

the product properties were assessed with a standardized

questionnaire.

Another secondary endpoint referred to the adverse

events. They were recorded systematically and analyzed

scientifically, no matter if a causal relationship with the

study medication was deemed to be questionable, likely

or certain. Finally, physicians and patients judged the

study medication tolerability at the end of the study

subjectively.

The investigating physicians entered the collected data

into an online-documentation-system, automatically

checking the data for completeness and plausibility.

Incomplete or implausible answers concerning the facial

skin’s status and ⁄ or adverse effects had to be clarified by

the physicians.

Statistics

All patients taking part in the cosmetics study were

included in the statistics, except for cases with retro-

spective data documentation. Statistical analyses were
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performed using the statistics software SAS for Windows

version 8.2. Analyses and presentations were provided

by SAM� GmbH.

The two treatment groups are deemed as different on a

clinically relevant scale, if the expected value of the

difference between the treatment arms in the primary

endpoint (the change of the Leeds scores) is ‡1 (absolute

value).

With DAHA being the difference of the Leeds scores

AHA-cream group at visit 1 minus Leeds scores AHA-

cream group at visit 3 and Dplacebo being the Leeds scores

placebo group at visit 1 minus Leeds scores placebo

group at visit 3 and suppose the acne Leeds scores and

therefore also the differences DAHA and Dplacebo are

realizations of normally distributed random variables

with expected values lAHA resp. lplacebo with equal

variances r2. To prove the AHA cream’s efficacy as

opposed to placebo, the hypothesis.

H0: DAHA)Dplacebo = 0 (H1: DAHA)Dplacebo # 0).

was to be rejected with a two-sided t-test for independent

samples with the significance level alpha = 0.05 and the

power b = 0.064. To fulfill these decision criteria, 57

evaluable patients per group had to be analyzed.

Therefore, 60 patients were recruited per group.

All other statistical tests of variable distributions of the

study groups are purely descriptive, exploratory. This is

especially true for the P-values.

For the discriminant analyses of the qualitative data,

the INDEP-SLECT program by Habbema was used.

Continuous variables were processed pursuant to

Lachenbruch. Here, discriminant analysis programs of

the SAS program package for Windows version 8.2 were

used.

Mixed data were analyzed using logistic regressions in

SAS. The evaluation of the relevance of discrete

variables for the application result was conducted using

the log-linear model by Habermann.

Per-protocol-analysis

All participants with a complete documentation of their

data with regard to the primary endpoint and with no

violation of the investigation plan were included in this

analysis. According to this, n = 57 patients applying

verum and n = 58 patients applying placebo were

included in this analysis (Fig. 1).

Intention-to-treat analysis

This analysis was conducted for all participants, whose

data with regard to the primary endpoint were at least

recorded at the beginning and at the end of the

study. There was no difference regarding the number

of patients in the groups as compared to the per-

protocol-analysis.

Safety analysis

In this analysis, all patients were included, who applied

preparations during the course of the study, actually

n = 59 participants of the AHA group and n = 61

participants of the placebo group.

Results

Altogether, 120 patients took part in the clinical trial

(Fig. 1), suffering from mild facial acne (Leeds score23

0.25; 0.5; 0.75; 1.00) (Fig. 2a). The youngest patient

was 12 years old and the oldest one 53 years (mean

21 ± 5.8; median 20), in total 73 women (60.8%) and

47 men (39.2%). Fifty-nine participants applied verum

(39 f, 66.1%; 20 m, 33.9%) and 61 the placebo (34 f,

55.7%; 27 m, 44.3%). One hundred and fifteen patients

concluded the study regularly (95.8%). Five participants

(4.2%) terminated the study prematurely (reasons: lost

to follow up; withdrawal of consent ⁄ poor compliance),

two (3.4%) of the verum group and three (4.9%) of the

placebo group. Only one patient (0.8%) of the verum

group (1.7%) was treated for facial acne prior to the

study.

Over the period of 90 days, the mean total consump-

tion of verum was 59.2 ± 11.5 g (range 38.0–88.0 g,

median 56.5 g) and of placebo 63.5 ± 14.1 g (range

38.0–92.0 g, median 61.0 g).

The overall compliance was good. One hundred and

twenty patients took part in visit 1, 118 in visit 2, and

115 in visit 3.

Efficacy

With regard to the per-protocol population, the efficacy

analysis could be conducted using data of 115 patients

(verum: n = 57, placebo: n = 58). The same was true for

the intention-to-treat population.

Prior to treatment (day 0), the Leeds score was

0.525 ± 0.231 in the verum group and 0.549 ± 0.232

in the placebo group. There was no statistical significant

difference regarding the baseline values of the Leeds

score in both groups.

Application of the 10% glycolic acid containing oil-in-

water emulsion for 90 days reduced the clinical signs of

acne according to the Leeds score significantly

(0.285 ± 0.197; P < 0.0001) (Fig. 3). Acne improved

in all patients receiving the 10% glycolic acid oil-in-

water emulsion as compared to day 0 (Fig. 2). In

contrast, despite improvement in the placebo group as
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Before Day 90

Figure 2 Clinical images before (Leeds score 0.75) and 90 days (Leeds score 0.25) after application of a 10% glycol containing oil-in-water

emulsion.
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Allocated to receive placebo (n = 61) 

- Received placebo as allocated (n = 61) 
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Allocated to receive verum (n = 59) 

- Received treatment as allocated (n = 59) 

- Treatment not received (n = 0) 

Violation of inclusion criteria (n = 0) 

Discontinued/Missed assessment 
(reason: lost to follow up) (n = 3) 

Other protocol violations (n = 0) 

Safety-Analysis (n = 61) 

Intention-to-treat Analysis (n = 58) 

Per-Protocol Analysis (n = 58)

Violation of inclusion criteria (n = 0) 

Discontinued/Missed assessment (reason: 
lost to follow up; withdrawal of 
consent/poor compliance) (n = 2) 

Other protocol violations (n = 0) 

Safety-Analysis (n = 59) 

Intention-to-treat Analysis (n = 57) 

Per-Protocol Analysis (n = 57)

Figure 1 Study design and patient allocation.
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well, in the placebo group, one patient’s acne became

worse (Leeds score >1) and two patients’ acne did not

improve at all (Leeds score 1) (Fig. 4).

Already at day 45, there was a highly significant

difference of the 10% glycolic acid containing oil-in-

water emulsion (P = 0.0004) as compared to placebo

(Fig. 3). In the verum group, the score decreased from

0.525 ± 0.231 to 0.349 ± 0.234, whereas in the pla-

cebo group, it decreased only from 0.549 ± 0.232 to

0.475 ± 0.247. This difference is clinically relevant for

surpassing the mark of 0.1 Leeds score points.

After 90 days of treatment with the 10% glycolic acid

containing oil-in-water emulsion, the clinical symptoms

improved further significantly (0.285 ± 0.197), whereas

with the placebo emulsion, clinical symptoms improved

less (0.353 ± 0.257). This difference approached signi-

ficance (P = 0.078).

The differences in the efficacy of the 10% glycolic acid

containing oil-in-water emulsion vs. placebo as judged

by patients and treating physicians were in favor of the

verum, but did not reach significance.

Safety and tolerability

After 90 days of therapy, 17 ⁄ 57 patients in the verum

group and 18 ⁄ 58 patients in the placebo group reported

adverse effects (AEs) of the respective study medication.

During the course of the study, the patients reported 28

cases of local irritation, e.g., erythema, dry skin, burning,

itching, peeling, or combination of these AEs after

45 days and 25 cases after 90 days for the verum group.

For the placebo group, 27 cases of the a.m. AEs were

reported after 45 days and 23 cases after 90 days. No

significant difference regarding frequency of occurrence

of these symptoms between the two groups was detected.

The investigating physicians and their patients judged

the tolerability, and no statistically significant differences

between the two treatment arms were found. However,

patients were slightly more favorable for the placebo

(51.72% very good) as compared to verum (42.11%),

probably due to the irritative potential of glycolic acid,

despite a similar reporting of AEs for both groups.

Discussion

The present double-blind, randomized trial proved the

clinical efficacy of a 10% glycolic acid containing oil-in-

water emulsion in comparison with the corresponding

placebo. At the same time, the 10% glycolic acid

containing verum does not differ significantly as com-

pared to placebo regarding frequency of reported adverse

effects or tolerability judged by physicians and patients.

This positive result is on the one hand because of a

significant and prolonged decrease in the skin surface

pH. The 10% glycolic acid containing oil-in-water

emulsion used in this study leads to a statistically

significant decrease in the pH of normal skin over a 3-h

observation period.24 Moreover, the application of this

formulation for 6 weeks led to a significant decrease in

the pH from 6.2 to 5.4 in volunteers suffering from acne

or acne-prone skin.23 An acidic pH on the skin surface

exerts antibacterial effects as shown for acne-relevant

bacterial species. Therefore, it can be assumed that the

application of the 10% glycolic acid containing oil-in-

water emulsion over 90 days yields a reduction of

P. acnes in the treated patients.

On the other hand, glycolic acid reduces the coherence

of superficial and also follicular corneocytes15 as well as

increases the stratum corneum cell renewal25 leading to

an enhanced, clinically visible desquamative, or exfolia-

tive effect and thus targeting follicular hyperkeratosis.

Day 0 Day 45 Day 90
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0.4
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0.8

59 61
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57 58

Figure 3 Overall Leeds score over time for the 10% glycolic acid

containing oil-in-water emulsion (green) and for placebo (black)

(oil-in-water emulsion without glycolic acid) (mean ± SD; num-

bers in the bars denote the patients available for assessment at

that time).
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Figure 4 Individual Leeds score over time.
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Significant clinical effects were already visible after

45 days of application of the 10% glycolic acid contain-

ing oil-in-water emulsion. This is of relevance since

early, for the patient visible improvement will increase

compliance and motivation of the patient to stick to the

therapeutic regimen. Using an 8% glycolic acid solution

(pH 4), Murad et al.26 assessed a group of 500 patients

suffering from different types and grades of severity of

acne in an observational study. One hundred of these

patients with grades I and II acne (supposed to be mild to

moderate acne) applied twice daily the solution only to

their face for an unknown time, as side effects redness,

slight abrasion, and very mild pigmentation were

reported. According to their article, most patients noted

improvement. However, there was a deterioration of the

skin condition in the first 2 weeks, whereas in the

present study, the number of patients with a Leeds score

of 0.25 in the verum group constantly increased from

n = 17 at day 0 to n = 30 at day 90. Similarly, the

number of patients with a Leeds score of 1.0 at the

beginning of the study dropped from n = 5 to n = 0 at

day 90 (Fig. 4).

Tolerability of the verum was not different from the

placebo. The reported adverse effects were also not

different between verum and placebo and similar to the

ones reported in the study by Murad et al.26 The

results are in agreement with previous studies demon-

strating that AHAs, in particular glycolic acid, can be

classified as safe and can be applied by the patients

themselves.

According to the reported adverse effects, tolerability

is expected to be better compared to benzoyl peroxide-

containing products or topical retinoids. In addition,

glycolic acid is not bleaching or discoloring textiles as

compared to benzoyl peroxide. Antibiotic resistance is

unlikely to occur, because antibacterial effects are

because of a pH decrease. Thus, glycolic acid in an oil-

in-water emulsion (10%, pH 4) should be considered as

an alternative monotherapy to improve mild acne

as shown in this double-blind, placebo-controlled,

randomized clinical trial.
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Hydroxysäuren (AHA). Hautarzt 1999; 50: 448–60.

8 Green BA, Yu RJ, Van Scott EJ. Clinical and cosmeceutical

uses of hydroxyacids. Clin Dermatol 2009; 27: 495–501.

9 Flynn TC, Coleman WP. Topical revitalization of body

skin. J Eur Acad Dermatol Venereol 2000; 14: 280–4.

10 Elson ML. Treatment of photoaging – a personal comment

and open study of the use of glycolic acid. J Dermatol

Treat 1993; 4: 215–8.

11 Hood HL, Kraeling MEK, Robl MG et al. The effects of an

alpha hydroxy acid (glycolic acid) on hairless guinea pig

skin permeability. Food Chem Toxicol 1999; 37: 1105–11.

12 Okano Y, Abe Y, Masaki H et al. Biological effects of

glycolic acid on dermal matrix metabolism mediated by

dermal fibroblasts and epidermal keratinocytes. Exp

Dermatol 2003; 12: 57–63.

13 Perricone NV, DiNardo JC. Photoprotective and antiin-

flammatory effects of topical glycolic acid. Dermatol Surg

1996; 22: 435–7.

14 van Scott EJ, Yu RJ. Hyperkeratinization, corneocyte

cohesion, and alpha hydroxy acids. J Am Acad Dermatol

1984; 11: 867–79.

15 Fartasch M, Teal J, Menon GK. Mode of action of glycolic

acid on human stratum corneum: ultrastructural and

functional evaluation of the epidermal barrier. Arch

Dermatol Res 1997; 289: 404–9.

16 Horikoshi T, Igarashi S, Uchiwa H et al. Role of endo-

genous cathepsin D-like and chymotrypsin-like proteolysis

in human epidermal desquamation. Br J Dermatol 1999;

141: 453–9.

17 Horikoshi T, Matsumoto M, Usuki A et al. Effects of glycolic

acid on desquamation regulating proteinases in human

stratum corneum. Exp Dermatol 2005; 14: 34–40.

18 Marchionini A, Hausknecht W. Säuremantel der haut und
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