
Abstract

　Stratum corneum (SC) prevents evaporation of internal moisture and maintains dermal 
flexibility and fluidity. Malnutrition is known to decrease SC hydration, but involvement of 
nutritional status in SC hydration of dialysis patients is unclear. In this study, we examined 
the association between SC hydration and nutritional status on dialysis patients. We studied 16 
control subjects and 81 dialysis patients to examine SC hydration of the neck, upper arm and 
lower leg. In the 81 patients, we measured serum albumin (Alb), transferrin, geriatric 
nutritional risk index (GNRI) and normalized protein catabolic rate (nPCR). We then classified 
the dialysis patients into a 21-patients group, with both Alb ≥ 3.6 g/dl and nPCR ≥ 0.9 g/kg/
day, and a 60-patients group with either Alb ＜3.6 g/dl or nPCR ＜0.9 g/kg/day. SC hydration 
in the lower leg and the Alb value in the 81 patients were significantly lower than those in the 
control subjects. SC hydration in the upper arm and lower leg and the values of transferrin 
and GNRI in the 60-patients group were significantly lower than those in the 21-patients 
group. This study demonstrates for the first time that nutritional status is correlated with 
maintenance of SC hydration on dialysis patients.

キーワード：‌�stratum corneum (SC), SC hydration, dialysis, serum albumin (Alb), normalized protein 
catabolic rate (nPCR)

Introduction

　Stratum corneum (SC) which consists of skin defends the whole body against exogenous 
pathogens and toxic substances. SC also prevents evaporation of internal moisture and 
maintains dermal flexibility and fluidity [1]. SC hydration is decreased by various factors such 
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as nutritional status and dialysis [2-5]. The decrease in SC hydration induces dry skin, resulting 
in developing cutaneous pruritus or curettage [5], which causes additional damage of SC by 
scrabbling the skin. The pruritus not only induces insufficient sleep and depression but also 
significantly effects survival rate for dialysis patients [6]. Dialysis patients often become 
malnourished from deficient energy and protein, leading to increased mortality risk [7, 8]. In 
addition, malnutrition is known to decrease SC hydration in children and the elderly [3, 4]. 
However, involvement of nutritional status in the SC hydration of dialysis patients is unclear. 
　In 1980, there were 158,000 dialysis patients worldwide; that number exceeded 2 million in 
2010 [9]. Dialysis patients in Japan exceeded 320,000 people in 2015 [10]. Maintenance of SC 
hydration plays a crucial role in quality of life of dialysis patients. In the present study, we 
examined the association between SC hydration and nutritional status on dialysis patients.

Method

Study design: The present study was conducted in Miki Sanyo Hospital from August to 
December 2015. We studied 97 Japanese participants aged 55 years or older who included 16 
control subjects and 81 stable dialysis patients. All participants did not have skin diseases, 
renal dysfunction, hepatic disorder or diabetes. We complied with the tenets of Helsinki 
Declaration and present study protocol was approved by the guidelines of Yasuda Women's 
University (Hiroshima, Japan) and Miki Sanyo Hospital (Miki, Japan). Informed consent was 
obtained from all participants.
Data collection: We evaluated demographic characteristics, body function, SC hydration, 
nutritional status, dialytic efficiency and blood tests as described below. Demographic 
characteristics such as sex, age, height, weight, underlying diseases and the dialysis period 
were collected from medical charts. The body function of dialysis patients was judged by 
reference to the section of body function in the malnutrition inflammation score [1].
Measurement of SC hydration: The values of SC hydration were measured using the Mobile 
Moisture HP10-N (Courage + Khazaka, Cologne, Germany) [12]. 
Evaluation of nutritional status, dialytic efficiency and blood test: Blood samples were obtained 
from dialysis patients before and after dialysis. Nutritional status was evaluated by body mass 
index (BMI), and the values of serum albumin (Alb) and transferrin (Tf) which have a half-life 
of 21 and 7 days, respectively [13]. Current height and weight were used to calculate BMI. 
Dialytic efficiency was calculated by Daugirdas et al’s equation [14]. The values of blood tests 
before and after dialysis were collected from the medical charts. The values of serum 
phosphorus (P), calcium (Ca), total cholesterol (T-ch), iron (Fe) and Tf before dialysis, and those 
of serum Alb, creatinine (Cr) and potassium (K) before and after dialysis were collected. 
Geriatric nutritional risk index (GNRI), a specific index of nutritional status for dialysis 
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patients, was calculated by Yamada et al.’s equation [15]. Malnutrition was determined by the 
GNRI value less than 92 [16]. The value of normalized protein catabolic rate (nPCR), an index of 
protein intake [17], was calculated by Hara’s equation using blood urea nitrogen (BUN) before 
and after dialysis [18].

Statistical analysis

　All data are presented as means ± standard deviations (SDs). Comparisons of age, weight, 
BMI, SC hydration, nutritional status and blood tests between each group were performed 
using Student’s unpaired t-test and those of the ratio of subject between each group using chi-
square test. 

Results and Discussion

SC hydration in control subjects and dialysis patients
　We examined SC hydration in the neck, upper arm and lower leg of 16 control subjects and 
81 dialysis patients. Age, weight, BMI and SC hydration in the neck and upper arm showed no 
significant differences between each group (Table 1). However, SC hydration in the lower leg 
of the dialysis patients (26.6 ± 13.6) was significantly lower than that of the control subjects 
(34.5 ± 14.1, Table 1). These results were consistent with those of the previous studies that SC 
hydration of dialysis patients was less than that of control subjects [5]. In addition, the value of 
serum Alb in the dialysis patients (3.5 ± 0.3 g/dl) was significantly lower than that in the 
control subjects (4.1 ± 0.4 g/dl, Table 1). The Alb value less than 3.5 g/dl (Alb < 3.5 g/dl) is 
known to physiologically show a decrease in internal protein, and is epidemiologically 

Table 1　‌�The demographic characteristics and SC hydration between 
control subjects and dialysis patients.

All values are means ± standard deviations (SDs). Weight in the dialysis 
patients shows dry weight. BMI; Body Mass Index, Alb; albumin.
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considered as the risk factor of mortality rate and the prognosis-precipitating factor [19-22]. These 
results show that some of the dialysis patients had poor nutrition.

The association of Alb with nPCR on SC hydration in dialysis patients
　In children with malnutrition and frail elderly with Alb < 3.5 g/dl, dry skin was visually 
observed [3, 4]. Based on these previous studies, we then examined the association between SC 
hydration and serum Alb.
　We classified the 81 dialysis patients into a 28-patients group (21 males and 7 females), with 
Alb greater than or equal to 3.6 g/dl (Alb ≥ 3.6 g/dl), and a 53-patients group (35 males and 18 
females) with Alb < 3.6 g/dl. Age, weight, BMI and SC hydration in the neck and lower leg 
showed no significant differences between each group (Table 2). There were also no significant 
differences in the body function between each group (data not shown, x2 = 4.82, p = 0.19). 
However, SC hydration in the upper arm of the 53-patients group (39.9 ± 9.1) was significantly 
lower than that of the 28-patients group (45.5 ± 10.8, Table 2). Dialytic period and efficiency, 
indexes of renal function (Cr and BUN), electrolytes (P, Ca and K), a dyslipidemia marker like 
T-ch and indexes of anemia (Fe and Fe/TIBC) showed no significant differences between each 
group (Table 3).
　However, the Tf values in both patients groups were less than the reference value (190 mg/
ml), indicating that the dialysis patients with Alb < 3.6 g/dl always had poor nutrition. In 
addition, the GNRI value in the 53-patients group (90 ± 7) was significantly lower than that in 
the 28-patients group (96 ± 7, Table 3), which was reasonable because GNRI is dependent on 
serum Alb. Furthermore, the nPCR value, an index of protein intake, in the 53-patients group 
(0.8 ± 0.2 g/kg/day) showed less than the reference value (0.9 g/kg/day), and was significantly 
lower than that in the 28-patients group (0.9 ± 0.1 g/kg/day, Table 3). These results suggest 

Table 2　‌�The demographic characteristics and SC hydration 
between dialysis patients with Alb ≥ 3.6 g/dl and those 
with Alb < 3.6 g/dl.

All values are means ± SDs. Weight between patients groups 
shows dry weight.
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that the dialysis patients with Alb ≥ 3.6 g/dl intake an appropriate protein amount compared 
with those with Alb < 3.6 g/dl, but some of the dialysis patients with Alb ≥ 3.6 g/dl have poor 
nutrition. Protein is a component of the natural moisturizing factor, which forms a hydrogen 
bond to water molecules, resulting in maintaining SC hydration [1]. It has been reported that a 
decrease in amino acid is an etiology of xeroderma [1] and that children associated with 
kwashiorkor caused by protein insufficiency markedly have dry skin [3]. These previous studies 
indicate that protein insufficiency leads to dry skin. Previous studies and our results suggest a 
possibility that SC hydration is correlated with not only serum Alb but also nPCR.

The association of both Alb ≥ 3.6 g/dl and nPCR ≥ 0.9 g/kg/day with either Alb < 3.6 g/dl 
or nPCR < 0.9 g/kg/day on SC hydration in dialysis patients
　In Japan, the ideal value of nPCR in dialysis patients is defined as 0.9-1.2 g/kg/day, and the 
nPCR value less than 0.9 g/kg/day (nPCR < 0.9 g/kg/day) is known to increase the mortality 
rate [17]. We further classified the same 81 dialysis patients into a 21-patients group (15 males 
and 6 females), with both Alb ≥ 3.6 g/dl and nPCR greater than or equal to 0.9 g/kg/day 

Table 3　‌�The values of blood tests between dialysis patients with Alb ≥ 3.6 g/
dl and those with Alb < 3.6 g/dl.

AD: After dialysis, BD: before dialysis, Cr: creatinine, BUN; blood urea nitrogen, 
P; phosphorus, Ca: calcium, K; potassium, T-ch; total cholesterol, Fe; iron, TIBC; 
total iron-binding capacity, Tf; transferrin, GNRI; geriatric nutritional risk index, 
nPCR; normalized protein catabolic cate.
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(nPCR ≥ 0.9 g/kg/day), and a 60-patients group (41 males and 19 females) with either Alb < 
3.6 g/dl or nPCR < 0.9 g/kg/day. Age, weight and SC hydration in the neck showed no 
significant differences between each group (Table 4). There were also no significant differences 
in body function between each group (data not shown, x2 = 0.767, p = 1.14). Intriguingly, the 
values of SC hydration in the upper arm (39.9 ± 9.2) and lower leg (24.8 ± 13.6) of the 
60-patients group were significantly lower than those in the upper arm (47.2 ± 10.7) and lower 
leg (31.9 ± 12.4) of the 21-patients group, respectively (Table 4). Meanwhile, the values of SC 
hydration in the neck, upper arm and lower leg showed no significant differences between the 
16 control subjects and the 21-patients group (Table 5). These results and Table 2 suggest that 
maintenance of SC hydration needs to keep both serum Alb and nPCR greater than or equal 

Table 5　‌�The SC hydration between control subjects and dialysis 
patients with both Alb ≥ 3.6 g/dl and nPCR ≥ 0.9 g/kg/day. 

Table 4　‌�The demographic characteristics and SC hydration between dialysis 
patients, with both Alb ≥ 3.6 g/dl and nPCR ≥ 0.9 g/kg/day, and those 
with either Alb < 3.6 g/dl or nPCR < 0.9 g/kg/day.

All values are means ± SDs. Weight between patients groups shows dry weight. 

All values are means ± SDs.
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to the reference values. Unexpectedly, BMI in the 60-patients group (22 ± 3) was significantly 
higher than that in the 21-patients group (20 ± 3, Table 4). However, the Alb value in the 
60-patients group (3.4 ± 0.3 g/dl) was significantly lower than that in the 21-patients group 
(3.8 ± 0.2 g/dl, Table 6). These results suggest that edema formed by a decrease in serum Alb 
causes an increase in body weight, resulting in increased BMI in the dialysis patients with 
either Alb < 3.6 g/dl or nPCR < 0.9 g/kg/day. Cr, BUN after dialysis, Ca, K, T-Ch, Fe and Fe/
TIBC showed no significant differences between each group (Table 6). However, the values of 
nPCR, BUN before dialysis and P in the 60-patients group were significantly lower than those 
in the 21-patients group (Table 6). 
　These results suggest that the dialysis patients with either Alb < 3.6 g/dl or nPCR < 0.9 g/
kg/day have poor nutrition compared with those with both Alb ≥ 3.6 g/dl and nPCR ≥ 0.9 g/
kg/day, because BUN, which nPCR is calculated by using before and after dialysis [18], and P 
correlate with dietary intake of protein [23]. Meanwhile, hyperphosphatemia is associated with 
the progression of vascular lesion and prognosis [24]. Thus, nutrition education about dietary 
intake of energy and protein against the dialysis patients should be noted. 
　In conclusion, we demonstrate for the first time that nutritional status is correlated with 

Table 6　‌�The value of blood tests between dialysis patients, with both Alb ≥ 3.6 g/dl and 
nPCR ≥ 0.9 g/kg/day, and those with either Alb < 3.6 g/dl or nPCR < 0.9 g/kg/
day.

All values are means ± SDs.
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maintenance of SC hydration on dialysis patients and that the maintenance needs to keep not 
only serum Alb but also nPCR greater than or equal to the reference values. Improvement of 
nutritional status for dialysis patients maintains SC hydration, which leads to the prevention of 
cutaneous pruritus by drying, insufficient sleep and depression. Measurement of SC hydration 
to improve malnutrition may help improve quality of life for dialysis patients.
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