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Lipids in the stratum corneum are key components in 
the barrier function of the skin. Changes in lipid compo-
sition related to eczematous diseases are well known, but 
limited data are available on variations within healthy 
skin. The objective of the present study was to compare 
ceramide subgroups and ceramide/cholesterol ratios in 
young, old, male and female healthy skin. A total of 55 
participants with healthy skin was included in the study. 
Lipid profiles were correlated with transepidermal wa-
ter loss and with information on dry skin from a ques-
tionnaire including 16 people. No statistically significant 
differences were found between young and old skin for 
ceramide subgroups or ceramide/cholesterol ratios, and 
there was no statistically significant correlation between 
answers about dry skin and ceramide levels. Interes-
tingly, a statistically significant higher ceramide/choles-
terol ratio was found for men than for women (p = 0.02). 
Key words: age; ceramides; ceramide/cholesterol ratio; 
gender; stratum corneum; TEWL.
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The barrier function of the skin is located in the stratum 
corneum (SC), where the majority of the very limited 
transport of substances occurs between the corneocytes 
in the lipid bilayers (1, 2). The lipid bilayers are com-
posed of ceramides, cholesterol and free fatty acids, and 
the ceramide profile in particular has been related to the 
barrier function of the skin. Ceramide 1 and ceramide 3 
have been reported to be reduced in the SC of patients 
with atopic eczema (3–6), and some, but not all, studies 
have reported a negative correlation between ceramide 
3 and transepidermal water loss (TEWL) (3, 7). Limited 
data are available on variation in skin lipids and ceramide 
profile due to physiological parameters such as age and 
gender. Two studies have found overall reduced lipid 
content in aged human skin (4, 8), but research on healthy 
skin is very limited (2).

Identification of filaggrin mutations related to atopic 
eczema, ichthyosis and other eczematous diseases 

(9–13) has renewed interest in research into skin barrier 
function, including skin lipids. However, more infor-
mation about the amount of SC lipids in normal skin is 
required in order to obtain a better understanding of the 
diseased skin. The aim of the present study was to eva-
luate the ceramide profile of healthy volunteers in rela-
tion to age and gender, and to correlate ceramide profile 
with TEWL and clinical perception of dry skin.

MATERIALS AND METHODS
A total of 55 healthy volunteers was included in the study (19 
men and 36 women). Thirty-two were < 40 years of age (median 
age 26 years, age range 18–39 years), 5 were between 40 and 60 
years (median 51 years) and 18 were > 60 years of age (median 
age 76 years, age range 61–88 years). Participants were enrolled 
after responding to posters at the local library and educational 
centre, and had no history of any major skin diseases. The study 
was approved by the local ethics committee (SJ-7, 13986). 

Methods
SC was collected from all participants, using cyanoacrylate met-
hods (14). Participants were instructed not to use any moisturi-
zers on the day of the examination. The mid-volar forearm was 
wiped with acetone to eliminate contamination with surface 
lipids. A drop of cyanoacrylate tissue-glue (LiquiBand®, Med-
logic Global Ltd, Plymouth, UK) was placed on a glass slide 
and held tightly against the skin for 2 min, and then removed. 
The slide was stored at –80°C until further analysis by high-
performance thin layer chromatography (HPTLC). For HPTLC 
the skin lipids were separated on silica-coated HPTLC plates, 
due to the difference in the strength of interaction between the 
different lipids and the silica gel using a solvent mixture of 
chloroform:methanol:acetic acid (190:9:1(v:v:v)). The samp-
les were compared with standard curves made from ceramide 
5 and cholesterol included on the plate. After separation, the 
plates were dried, stained with the fluorescent probe primuline 
and the components were quantified through determination of 
fluorescence intensity, as described in detail elsewhere (14).

For ceramides we use the simple nomenclature (ceramide 
1–9); however, in Fig. 1 for clarity we have included the no-
menclature suggested by Motta et al. (15). 

TEWL measurements were obtained at the volar forearm from 
31 of the volunteers. Measurements were performed on the op-
posite forearm to where the cyanoacrylate strip was taken, in 
accordance with guidelines (16).

Data on the clinical perception of dry skin was obtained 
from 16 healthy participants (median age 32 years, age range 
18–51 years; 5 males, 11 females). Individual dryness of the 
skin, during the last week, expressed on a visual analogue scale 
(VAS)-score (0 = no dry skin and 10 = severely dry skin), and 
asked “Do you have dry skin (yes/no)? If yes, do you have dry 
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skin only in the winter or both summer and winter?” (Questions 
were asked and samples were obtained in October).

Statistics 
For comparison of differences between groups with respect to 
age and gender, the Mann-Whitney test was used. For correlation 
studies, the Spearman’s rank correlation coefficient was used. 
p-values < 0.05 were considered statistically significant. 

RESULTS

Results of the comparison of the ceramide profile in 
young and old skin are illustrated in Fig. 1. No statisti-
cally significant differences in ceramides or ceramide/
cholesterol ratios (p = 0.57) were found in SC from 
young (< 40 years) and old (> 60 years) participants. 

Ceramide profiles from the SC of male and female 
volunteers are shown in Fig. 2. There was a significant 
difference between the ceramide/cholesterol ratios for 
men and women (median men 2.0; median women 2.3; 
p = 0.02). No statistically significant differences were 
found between any of the ceramide subgroups between 
the age-matched men and women. 

The relationship with TEWL for ceramide 1 and 3 is 
shown in Fig. 3. No significant correlation was found 
(p = 0.76 and p = 0.57, respectively). No correlation with 
TEWL was found for any of the other ceramide clas-
ses either, and no correlation between TEWL and the 
ceramide/cholesterol ratio (p = 0.60) was found. 

The questionnaire on dry skin showed no significant 
differences in ceramide classes from volunteers with 
dry and normal skin, respectively, and no significant 
correlation between the VAS-score (0–10) and the dif-
ferent ceramides was found. One in 5 males reported 
dry skin, compared with 7 of the 11 females. 

DISCUSSION 

Ceramides are thought to play a major role in maintain-
ing the efficient barrier function of the SC. Ceramide 
1, in particular, is thought to be of importance in the 
organization of lipids in the SC (1, 17, 18). However, 
knowledge of the different ceramides and ceramide/
cholesterol ratio in healthy skin is very limited, but is 
nevertheless important for a better understanding of 
diseased skin.

No statistically significant difference was found in 
this study between young and old skin with respect to 
ceramide profile. Two other groups have previously 
studied ceramide changes with respect to age. One 
group examined Japanese volunteers and used roughly 
the same cyanoacrylate method as ours. They found a 
decline in the total ceramide content with increasing age 
in SC, but did not differentiate among the subgroups of 
ceramides (4), thus the results of this study are difficult 
to compare with our results, in which the ceramide 
levels are given as a ratio of cholesterol. The other 
group used tape-stripping on female Caucasians; they 

Fig. 1. Comparison of the percentage median 
stratum corneum ceramide values for healthy 
young skin and healthy old skin. Percentiles 1 and 
3 are shown for each median value. No statistically 
significant differences were measured. The y-axis 
represents the median percentage distribution 
of ceramide 1–9 and is indicated left, while the 
ceramide/cholesterol (Cer/Chol) ratio is indicated 
right. Motta’s nomenclature (15) is added for 
each ceramide: A: α-hydroxy fatty acid; EO: 
ester-linked ω-hydroxyl acid; N: non-hydroxy 
fatty acid; P: phytosphingosine; S: sphingosine; 
H: 6-hydrosphingosine.
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Fig. 2. Comparison of the percentage median 
stratum corneum ceramide values for healthy 
men and women and ceramide/cholesterol ratios 
(Cer/Chol). Percentiles 1 and 3 are shown for 
each median value. No statistically significant 
differences were found for the ceramide subgroups, 
but there was a statistically significant difference 
in the Cer/Chol ratio between men and women. 
The y-axis represents the median percentage 
distribution of ceramide 1–7 and is indicated left, 
while the Cer/Chol ratio is indicated right.
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examined the hands and face, and divided the females 
into age groups of 21–30, 31–40 and 41–50 years (8). 
They found a decreased level of all major lipid classes 
with increasing age, but, like us, they did not find any 
change in the ratio of either the total ceramide level or 
in any subgroups of ceramides. An overall reduction 
in lipids in aged SC has also been reported in a recent 
study, and was explained by the increasing pH of aged 
skin (19). However, this explanation is controversial, 
because conflicting results on pH and skin age exist 
(20). In conclusion, it appears that there is no correlation 
between clinically dry skin in elderly people and any 
ceramide subgroups or ceramide/cholesterol ratio. 

It has been demonstrated that the skin response to 
sodium lauryl sulphate is influenced by the menstrual 
cycle (21), but whether this correlates with a cyclical 
change in lipid levels has not been examined; howe-
ver, since the women in the present study would most 
probably have been at different stages of the menstrual 
cycle, the impact of this would be minimal. In addition, 
there is no difference between genders when evaluated 
by basal TEWL (16). One group found no statistically 
significant differences in ceramide subgroups between 
genders for adult skin (22). They did, however, find 
differences between the skin of pre-pubertal girls and 
adults (22). Another group found differences in the 
abdominal skin, with an increase in total ceramides 
for men compared with women (23). However, they 
examined only 3 male subjects, thus caution should 
be exercised in interpreting gender differences. In the 
present study no significant differences were found in 
ceramide profile in relation to gender, but there was a 
significant difference in the ceramide/cholesterol ratio, 
whereby men had the lowest ratio, which was closer to 
the atopic ratio (2). It could be argued that this differ-
ence may be due to the use of moisturizers; however, 
we tried to overcome this by instructing participants not 
to use moisturizer on the examined area on the day of 
examination, and a recent study found no difference in 
SC lipids after one week of two daily applications of a 
moisturizer compared with untreated control (Jungersted 
JM 2010, unpublished data). 

TEWL has previously been reported to correlate 
negatively with the amount of ceramide 3 in atopic 
SC (3). Another group found no correlation between 
TEWL and total amount of ceramides (7). The present 
study did not support a correlation between any of the 
ceramide subgroups and TEWL in a group of healthy 
volunteers.

Including the above-mentioned observed gender 
differences with respect to experiences of dry skin, no 
statistically significant correlations were found between 
the answers to the questionnaire and the ceramides or 
TEWL.

This study focused on ceramides in the SC of healthy  
volunteers, as a basis for better understanding of di-
seased skin. In future research it would be interesting 
to determine what happens to SC lipids under different 
circumstances, such as occlusion, and during different 
treatment regimes. 

ACKNOWLEDGEMENTS
This study was made possible by grants from the Danish 
Medical Research Council, the Novo Nordic Foundation, The 
Health Foundation of Medical Research – Region Zealand and 
the Aage Bang Foundation. 

REFERENCES

Wartewig S, Neubert RHH. Properties of ceramides and 1. 
their impact on the stratum corneum structure: a review. 
Skin Pharmacol Physiol 2007; 20: 220–229.
Jungersted JM, Hellgren LI, Jemec GBE, Agner T. Lipids 2. 
and skin barrier function – a clinical perspective. Contact 
Derm 2008; 58: 255–262.
Nardo A D, Wertz P, Giannetti A, Seidenari S. Ceramide and 3. 
cholesterol composition of the skin of patients with atopic 
dermatitis. Acta Derm Venereol 1998; 78: 27–30.
Imokawa G, Akihito A, Jin K, Higaki Y, Kawashima M, 4. 
Hidano A. Decreased level of ceramides in stratum corneum 
of atopic dermatitis: an etiologic factor in atopic dry skin? 
J Invest Dermatol 1991; 96: 523–526. 
Yamamoto A, Serizawa S, Ito M, Sato Y. Stratum corneum 5. 
lipid abnormalities in atopic dermatitis. Arch Dermatol Res 
1991; 283: 219–223.
Bleck O, Abeck D, Ring J, Hoppe U, Vietzke JP, Wolber R, 6. 

0

2

4

6

8

0 5 10 15 20 25 30 35

TE
W

L
Correlation Cer 1 – TEWL

Cer 1% of total ceramides

0

2

4

6

8
Correlation Cer 3 – TEWL

0 5 10 15 20 25 30 35
Cer 3% of total ceramides

g/
m

 /h2

Fig. 3. Lack of correlation of transepidermal water loss (TEWL) and percentage of ceramide 1 and ceramide 3, respectively, n = 31. p-values are 0.76 and 
0.57, respectively.

Acta Derm Venereol 90



353Ceramides and healthy skin

et al. Two ceramide subfractions detectable in Cer(AS) po-
sition by HPTLC in skin surface lipids of non-lesional skin 
of atopic eczema. J Invest Dermatol 1999; 113: 894–900.
Norlén L, Nicander I, Rozell LB, Ollmar S, Forslind B. Inter- 7. 
and intra-individual differences in human stratum corneum 
lipid content related to physical parameters of skin barrier 
function in vivo. J Invest Dermatol 1999; 112: 72–77.
Rogers J, Harding C, Mayo A, Banks J, Rawlings A. Stratum 8. 
corneum lipids: the effect of ageing and the seasons. Arch 
Dermatol Res 1996; 288: 765–770.
Lerbaek A, Bisgaard H, Agner T, Kyvik KO, Palmer CNA, 9. 
Menne T. Filaggrin null alleles are not associated with 
hand eczema or contact allergy. Br J Dermatol 2007; 157: 
1199–1204.
Palmer CN, Irvine AD, Terron-Kwiatkowski A, Zhao Y, 10. 
Liao H, Lee SP, et al. Common loss-of-function variants 
of the epidermal barrier protein filaggrin are a major pre-
disposing factor for atopic dermatitis. Nat Genet 2006: 
38: 441–446.
Weidinger S, Illig T, Baurecht H, Irvine AD, Rodriguez E, 11. 
Diaz-Lacava A, et al. Loss-of-function variations within 
the filaggrin gene predispose for atopic dermatitis with 
allergic sensitizations. J Allergy Clin Immunol 2006; 118: 
214–219.
Smith FJ, Irvine AD, Terron-Kwiatkowski A, Sandilands A, 12. 
Campbell LE, Zhao Y, et al. Loss-of-function mutations in 
the gene encoding filaggrin cause ichthyosis vulgaris. Nat 
Genet 2006; 38: 337–342.
Seguchi T, Chang-Yi C, Kusuda S, Takahashi M, Aisu K, 13. 
Tezuka T. Decreased expression of filaggrin in atopic skin. 
Arch Dermatol Res 1996; 288: 442–446.
Jungersted JM, Hellgren LI, Drachmann T, Jemec GBE, 14. 
Agner T. Validation of the cyanoacrylate method for col-
lection of stratum corneum in human skin for lipid analysis. 

Skin Pharmacol Physiol 2010; 23: 62–67.
Motta S, Monti M, Sesana S, Caputo R, Carelli S, Ghidoni 15. 
R. Ceramide composition of the psoriatic scale. Biochim 
Biophys Acta 1993; 1182: 145–151.
Pinnagoda J, Tupker RA, Agner T, Serup J. Guidelines for 16. 
transepidermal water loss (TEWL) measurement. Contact 
Derm 1990; 22: 164–178.
Schreiner V, Gooris GS, Pfeiffer S, Lanzendörfer G, Wenck 17. 
H, Diembeck W, et al. Barrier characteristics of different 
human skin types investigated with x-ray diffraction, lipid 
analysis and electron microscopy imaging. J Invest Der-
matol 2000; 114: 654–660.
Bouwstra JA, Gooris GS, Dubbelaar FER, Weerheim AM, 18. 
Iljzerman AP, Ponec M. Role of ceramide 1 in the molecular 
organization of the stratum corneum lipids. J Lipid Res 
1998; 39: 186–196.
Choi EH, Man MQ, Xu P, Xin S, Liu Z, Crumrine DA, et 19. 
al. Stratum corneum acidification is impaired in moderately 
aged human and murine skin. J Invest Dermatol 2007; 127: 
2847–2856.
Waller JM, Maibach HI. Age and skin structure and func-20. 
tion, a quantitative approach (I): blood flow, pH, thickness, 
and ultrasound echogenicity. Skin Res Technol 2005; 11: 
221–235.
Agner T, Damm P, Akouby SO. Menstrual cycle and skin 21. 
reactivity. J Am Acad Dermatol 1991; 24: 566–570.
Denda M, Koyama J, Hori J, Horii I, Takahashi M, Hara 22. 
M, Tagami H. Age- and sex-dependant change in stratum 
corneum spingolipids. Arch Dermatol Res 1993; 285: 
415–417.
De Paepe K, Weerheim A, Houben E, Roseeuw, Ponec 23. 
M, Rogiers V. Analysis of epidermal lipids of the healthy 
human skin: factors affecting the design of a control popu-
lation. Skin Pharmacol Physiol 2004; 17: 23–30.

Acta Derm Venereol 90


