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Abstract 
OBJECTIVES: Skin characteristics change depending on the external envi-
ronment such as UV, temperature and humidity. But the research how to af-
fect the regional climate, age and seasonal variation on the skin conditions 
was not well studied. Therefore, we investigated the seasonal variation in the 
skin by comparing Beijing women and Guangzhou women by age groups. 
METHODS: 440 healthy Chinese women participated in this study. The skin 
hydration, sebum secretion, TEWL and skin pH were measured on the cheek 
front. All the parameters were analyzed in terms of the age, season and region. 
RESULTS: The skin hydration in Beijing was lower than that in Guangzhou 
and significantly decreased during winter than summer. The sebum secretion 
in their 20s and 30s was significantly high in summer in both regions, and this 
phenomenon was more remarkable in Guangzhou (p < 0.05). The skin pH in-
creased with age during winter, but it decreased in the old age groups in Bei-
jing during summer. TEWL increased during winter, and differences in TEWL 
between summer and winter were greater in the old age groups. CON- 
CLUSIONS: Skin hydration and barrier function decreased more during a 
cold, dry winter than summer. The barrier dysfunctions such as an increase in 
TEWL and pH occurred more commonly in old age groups. The greater the 
differences between summer and winter climates, the greater damage to skin 
barrier and skin hydration. The sebum secretion was more affected by hot, 
humid summers. Further, the aged skin was influenced by seasonal variation 
except for sebum secretion. 
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1. Introduction 

As an organ on the outermost layer of the human body, the skin plays various 
roles such as protecting the internal tissue from external factors, regulating body 
temperature, excreting waste from the body, and responding to external stimuli 
[1]. Skin varies in color, structure, and characteristics by race [2], and it may 
change under the influence of external environmental factors such as ultraviolet 
light, temperature, and humidity [3]. Skin conductance significantly decreases, 
whereas the transepidermal water loss (TEWL) and skin roughness significantly 
increases even when the skin is exposed to an extremely dry condition of less 
than or equal to 10% relative humidity (RH) or only a few hours (3 to 6 hours) 
[4]. In addition, a study of Japanese women confirmed that fine wrinkles and an 
uneven skin texture increase when the skin is exposed to a low humidity and 
then a high humidity [5]. In a previous study, we reported that exposure to a dry 
environment can cause premature aging by inducing fine wrinkles in the eye 
rims of young women [6]. Since temperature also affects skin, TEWL increases 
when the ambient temperature increases, whereas it decreases when RH in-
creases. It has been reported that temperature has greater effects on TEWL than 
RH. Skin hydration also increases when temperature and humidity increase [7]. 
Galzote et al. compared the skin characteristics of Asian women from China, 
Japan, Korea, and India between summer and winter climates; in general, skin 
surface moisture and sebum secretion increased, whereas the TEWL and pH de-
creased in summer [8]. 

We hypothesized that the varying effect of summer and winter climates on 
skin may differ in two regions with completely different climates as age increas-
es. Therefore, we compared and assessed the skin characteristics of women living 
in Guangzhou and Beijing in China during the seasonal change of winter and 
summer. 

2. Materials and Methods 
2.1. Subjects 

440 healthy Chinese women (Beijing 224, Guangzhou 216) aged between 20 and 
65 years participated in this study from 2011 to 2012 (Table 1). The temperature 
and RH of the two seasons in each region are presented in Table 2. The women 
were Han Chinese and had lived in their regions for at least 5 years. Exclusion 
criteria were women with skin diseases and those who were pregnant or breast-
feeding and so on. Formal informed consents were obtained in all volunteers. 

2.2. Physical Assessment 

All physical assessments were performed on the subject’s cheek front. The test  
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Table 1. Demographic characteristics of the study population. SD, standard deviation. 

 
Beijing Guangzhou 

Age group Mean ± SD n Mean ± SD n 

20s 24.79 ± 2.29 90 26.14 ± 2.00 74 

30s 35.52 ± 2.72 27 35.06 ± 3.16 49 

40s 44.13 ± 3.09 62 44.45 ± 2.97 56 

50s 55.20 ± 3.63 45 54.59 ± 4.01 37 

 
Table 2. Climates of the two regions. Source: 2005-2012 China meteorological adminis-
tration. 

 
Beijing Guangzhou 

 
Temp. (˚C) RH (%) Temp. (˚C) RH (%) 

Winter −1.60 ± 1.21 42.58 ± 4.17 14.82 ± 1.60 68.38 ± 5.81 

Summer 26.31 ± 0.39 64.92 ± 2.60 28.73 ± 0.47 76.75 ± 3.23 

 
sites were acclimated to the environment (22˚C ± 2˚C, 40% ± 10% RH) for 20 
minutes, after they were washed with soap before the assessment was performed. 

The skin surface pH and skin hydration were measured with a pH meter 
PH905 and Corneometer CM825 in MPA 580 (Courage + Khazaka Electronic 
GmbH Cologne, Germany). The Sebumeter SM815 in MPA 580 (Courage + 
Khazaka Electronic GmbHCologne, Germany) was used to quantify the amount 
(µg/cm2) of sebum on the test sites. We measured the TEWL of the stratum cor-
neum with a Vapometer (Delfin Technologies, Ltd. Kuopio, Finland), which had 
a closed chamber system. 

2.3. Statistical Analysis 

SPSS version 22.0 (SPSS Inc. Chicago, USA)) was used to perform the statistical 
analysis. Normally distributed data were analyzed using the Kolmogorov-Smir- 
nov test. Differences among the physical parameters of the skin in the two re-
gions were analyzed by age groups with the analysis of variance test. P-values 
less than 0.05 were considered statistically significant. 

3. Results 
3.1. A Difference in Skin Hydration during Summer and Winter  

Was Greater in Beijing Women than in Guangzhou Women 

The skin hydration of women in Beijing and Guangzhou did not correlate with 
age. Although the skin hydration of Beijing women significantly increased in all 
age groups during summer compared to winter, only the skin hydration of 
Guangzhou women in their 50s was significantly low during the winter (Figure 
1). Among the other age groups, there was no difference in the skin hydration 
between winter and summer. 

Skin hydration in winter was significantly lower in Beijing women than in 
Guangzhou women, except for women in their 50s. Although the skin hydration  
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Figure 1. The skin hydration during winter and summer in Beijing and Guangzhou 
women (mean± SE). BJ and GZ respectively indicate Beijing and Guangzhou. *, **; Sig-
nificant differences between winter and summer, P < 0.05, <0.01. ‡, ‡‡; Significant dif-
ferences between Beijing and Guangzhou in winter, P < 0.05, <0.01. †, ††; Significant dif-
ferences between Beijing and Guangzhou in summer, P < 0.05, <0.01. 
 
of women in their 20s during summer was significantly higher in Beijing women 
than in Guangzhou women, there was no significant difference among the other 
age groups. 

3.2. Guangzhou Women Had Significantly More Sebum Secretion  
than Beijing Women, and the Amount Decreased Sharply  
during Summer after 40 Years Old in Both Regions 

Among Beijing and Guangzhou women, those in their 20s and 30s had a signifi-
cant difference in the amount of sebum secretion during summer and winter 
(Figure 2). In Beijing and Guangzhou women, the amount of sebum secretion 
significantly decreased in summer as the subjects’ age increased; in particular, 
the amount of sebum secretion tended to decrease sharply for those in their 20s 
and 30s. During winter in Beijing women, the amount of sebum secretion was 
slightly decreased as age increased; however, there was no correlation between 
sebum secretion and age in Guangzhou women. 

3.3. Beijing Women’s Skin pH Was Higher in Winter, but  
Guangzhou Women’s Skin pH Had No Seasonal Variation 

The skin pH during summer and winter had completely different patterns in 
Beijing and Guangzhou women (Figure 3). Although the skin pH increased with 
age during the winter in Beijing women, it significantly decreased in those in 
their 40s and 50s compared to those in their 20s and 30s during summer. Thus, 
the gap in the skin pH of women in their 40s and 50s between summer and win-
ter significantly increased. 

In Guangzhou women, the skin pH increased in proportion to age during 
summer and winter. Only women in their 20s had a significantly lower skin pH 
during the winter than in summer. The skin pH was not different between 
summer and winter in the other age groups. The skin pH during the winter was  
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Figure 2. The sebum secretion during winter and summer in Beijing and Guangzhou 
women (mean ± SE). BJ and GZ respectively indicate Beijing and Guangzhou. *, **; 
Significant differences between winter and summer, P < 0.05, <0.01. ‡, ‡‡; Significant 
differences between Beijing and Guangzhou in winter, P < 0.05, <0.01. †, ††; Significant 
differences between Beijing and Guangzhou in summer, P < 0.05, <0.01. 
 

 
Figure 3. The skin pH during winter and summer in Beijing and Guangzhou women 
(mean ± SE). BJ and GZ respectively indicate Beijing and Guangzhou. *, **; Significant 
differences between winter and summer, P < 0.05, <0.01. ‡, ‡‡; Significant differences 
between Beijing and Guangzhou in winter, P < 0.05, <0.01. †, ††; Significant differences 
between Beijing and Guangzhou in summer, P < 0.05, <0.01. 
 
significantly higher in Beijing women than in Guangzhou women. During 
summer, the skin pH of women in their 20s and 30s was significantly higher in 
Beijing women than in Guangzhou women, whereas the skin pH of women in 
their 40s and 50s was significantly higher in Guangzhou women than in Beijing 
women. 

3.4. The TEWL Increased in Winter, and the Difference during  
Summer and Winter Was Greater in the Old Age Groups 

TEWL increased more significantly in Beijing and Guangzhou women during 
winter than during summer, except for Beijing women in their 20s (Figure 4).  
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Figure 4. TEWL during winter and summer in Beijing and Guangzhou women (mean ± 
SE). BJ and GZ respectively indicate Beijing and Guangzhou. *, **; Significant differences 
between winter and summer, P < 0.05, <0.01. ‡, ‡‡; Significant differences between Bei-
jing and Guangzhou in winter, P < 0.05, <0.01. †, ††; Significant differences between Bei-
jing and Guangzhou in summer, P < 0.05, <0.01. 
 
Women in their 40s and 50s had a greater difference in the TEWL between 
summer and winter than women in their 20s and 30s. The TEWL of women in 
their 20s during winter was significantly higher in Beijing women than in 
Guangzhou women. The TEWL of women in their 20s and 30s during summer 
was significantly higher in Beijing women than in Guangzhou women. There 
was no significant difference in the TEWL between Beijing and Guangzhou 
women in the other age groups. 

4. Discussion & Conclusions 

Beijing is very cold and dry with an average temperature of −1.60˚C ± 1.21˚C 
and humidity of 42.58% ± 4.17% during winter. In summer, it has a hot, humid 
climate with an average temperature of 26.31˚C ± 0.39˚C and humidity of 
64.92% ± 2.60%. Thus, there is a greater difference in the temperature and hu-
midity between winter and summer. Guangzhou is located on the southern coast 
in China, and even in winter, the climate is mild, not dry, with an average tem-
perature of 14.82˚C ± 1.60˚C and humidity of 68.38% ± 5.81%. In summer, it 
has a hot, humid climate with an average temperature of 28.73˚C ± 0.47˚C and 
humidity of 76.75% ± 3.23%. Thus, there are significant climatic differences in 
winter and summer between these two regions. Because of these climatic differ-
ences, the skin of women in Beijing and Guangzhou was very different in terms 
of the skin hydration, skin pH, sebum secretion, and TEWL. 

Although the skin hydration did not correlate with an increasing age [9], skin 
dryness increased in those 60 - 70 years or older, resulting in xerosis [10]. In the 
present study, the skin hydration of Beijing and Guangzhou women aged 20 - 65 
year did not correlate with age. As a result, we found that skin hydration signifi-
cantly decreased during winter in Beijing where there are greater climatic dif-
ferences between summer and winter. Since skin hydration reduces the water 
holding capacity of the stratum corneum at a cold temperature and low humidi-
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ty, it causes skin dryness in Beijing women, as the humidity in winter is low in 
this region (around 40%). In addition, the indoor humidity is estimated to be 
lower in Beijing than in Guangzhou due to the use of indoor heating. 

As the skin physiological parameters are greatly affected by seasonal variation, 
sebum is secreted more in a hot climate during summer, thereby causing very 
oily skin [11]. In summer, the amount of sebum secretion in women aged 20 - 30 
year in the hot, humid city of Guangzhou was high, but the amount of sebum 
secretion of women aged more than 40 years decreased sharply. The difference 
in the amount of sebum secretion between summer and winter was greater only 
in women aged 20 - 30 years, and after 40 years old, there was a small difference 
in the amount of sebum secretion. In winter, the amount of sebum secretion ne-
gatively correlated with age, but the effect on age was smaller in winter than in 
summer. During winter, there was no correlation between age and sebum secre-
tion in Guangzhou women. 

The skin pH is the main factor that affects skin barrier functions, skin integri-
ty, and skin microbial ecology. The stratum corneum forms the acid mantle by 
exogenous and endogenous mechanisms such as the Na+/H+ antiporter, secreto-
ry phospholipase, sebum, and sweat [12]. Therefore, when sweat secretion is 
higher in summer, the skin pH is low [13]. 

As the skin ages, the skin pH increases [14] [15]. In the present study, the skin 
pH of older age groups increased during winter in Beijing women, and during 
summer and winter in Guangzhou women. However, in Beijing women during 
summer, the skin pH of those in their 40s and 50s significantly decreased. In ad-
dition, in Beijing women, the difference in the skin pH between summer and 
winter was greater for those in their 30s to 50s, except for those in their 20s. This 
phenomenon was more noticeable for those in their 40s and 50s. In Beijing, the 
climate is hot in the summer, which is very different from winter, so this may 
affect the sweat secretion of women in their 40s and 50s and thereby decrease the 
skin pH. In addition, in Guangzhou where the climatic difference between 
summer and winter is minimal, a difference in the skin pH between summer and 
winter only occurred in women in their 20s, whereas there was no large differ-
ence in the other age groups. Therefore, an abrupt climatic difference between 
summer and winter may affect one’s skin pH, and it may have more effects on 
the skin of elderly women than younger women. 

The TEWL generally tends to increase during the cold, dry season [13] [16]. 
In the current study, it significantly increased during winter in Guangzhou and 
Beijing women; the TEWL was higher in cold, dry Beijing than in Guangzhou. 
In addition, the TEWL increased in winter with an increasing age. Since the re-
covery of skin barrier is delayed in elderly groups compared to young groups 
when damage occurs due to external stress such as temperature and humidity 
[17], it is estimated that the TEWL in winter increases more in old age groups. 

In conclusion, in Beijing where the winter is cold and dry, and the climatic 
difference between summer and winter is greater, Chinese women experienced 
decreased skin hydration and increased skin pH and TEWL in winter than in 
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summer. In particular, barrier dysfunction such as an increased TEWL and pH 
occurred more significantly in the old age groups. In Guangzhou where the cli-
matic difference between summer and winter is minimal since the winter is 
warm and very humid, the amount of sebum secretion of young women in their 
20s to 30s decreased sharply in winter, but there was no significant difference in 
the other skin characteristics. Thus, the damage to skin barrier function caused 
by the climatic difference between summer and winter increases as the climatic 
variation and age increase. 
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