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BACKGROUND/OBJECTIVES: Vitamin D deficiency is common in hemodialysis patients. The aim of this study was to identify 
whether or not sun exposure and dietary vitamin D intake have effects on serum 25-hydroxyvitamin D (25(OH)D) status in 
hemodialysis (HD) patients. The objective was to identify the main determinants of serum vitamin D status in the study subjects. 
SUBJECTS/METHODS: A cross-sectional study of 47 HD patients (19 males and 28 females) was performed. We assessed serum 
25(OH)D and 1,25(OH)2D levels between August and September 2012 and analyzed the prevalence of vitamin D deficiency 
in HD patients. To evaluate the determinants of serum 25(OH)D levels, we surveyed dietary vitamin D intake, degree of sun 
exposure, and outdoor activities. To compare biological variables, serum 25(OH)D was stratified as below 15 ng/ml or above 
15 ng/ml. 
RESULTS: Mean 25(OH)D and 1,25(OH)2D levels were 13.5 ± 5.8 ng/ml and 20.6 ± 11.8 pg/ml, respectively. The proportions of 
serum 25(OH)D deficiency (< 15 ng/ml), insufficiency (15-< 30 ng/ml), and sufficiency (≥ 30 ng/ml) in subjects were 72.4%, 
23.4%, and 4.3%, respectively. Prevalence of vitamin D deficiency in female patients was 78.6%, whereas that in males was 
63.2% (P = 0.046). Vitamin D intake and sun exposure time were not significantly different between the two stratified serum 
25(OH)D levels. Dietary intake of vitamin D did not contribute to increased serum 25(OH)D levels in HD patients. The main 
effective factors affecting serum 25(OH)D status were found to be the sun exposure and active outdoor exercise. 
CONCLUSIONS: Hypovitaminosis D is common in HD patients and is higher in females than in males. Sun exposure is the 
most important determinant of serum 25(OH)D status in HD patients.
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INTRODUCTION8)

Vitamin D deficiency is common in all stages of chronic kidney 
disease (CKD), especially in hemodialysis (HD) patients. A recent 
study on CKD patients in Korea showed that hypovitaminosis 
D is prevalent even in early stages of CKD, and prevalence of 
vitamin D deficiency increases up to 92.8% in stage 5 CKD [eGFR
< 15 (ml/min/1,73 m2)] in the winter [1]. Reasonable mecha-

nisms for the high prevalence of vitamin D deficiency in the 
CKD population have been reported [2-9]. Renal megalin is an 
endocytic receptor that is induced by active vitamin D and the 
vitamin D receptor (VDR) complex [3], and its levels are reduced 
in patients with renal disease, losing large amounts of vitamin 
D and vitamin D binding protein in their urine. Therefore, 
vitamin D deficiency is caused by decreased megalin levels, 
resulting in inhibition of both 25-hydroxyvitamin D (25(OH)D) 
uptake and active vitamin D production [4]. Another mechanism 
explaining vitamin D deficiency in CKD patients is elevated 

levels of fibroblast growth factor 23 (FGF-23), which induces 
degradation of 1,25-dihydroxyvitamin D (1,25(OH)2D) [2-6]. Other 
mechanisms of hypovitaminosis D in CKD may involve reduced 
activity of renal 1α-hydroxylase in response to uremic toxin [7], 
poor dietary vitamin D intake, and inadequate sun exposure 
[8,9].

Vitamin D is an essential nutrient due to both its classical 
effects on the skeletal system as well as its extra-skeletal 
benefits, which include lowered blood pressure, reduction of 
inflammatory biomarkers, improved insulin sensitivity [10], and 
elevated immune function via regulation of innate and adaptive 
immunity [11]. Moreover, higher levels of circulating 25(OH)D 
are associated with lower mortality risk in CKD patients [12-14]. 
In support of this, another study reported a connection between 
lower plasma 1,25(OH)2D concentrations and increased mortality 
in advanced CKD patients [15]. In this regard, guidelines for 
management of CKD-related bone and mineral disorders should 
emphasize treatment of hypovitaminosis D. National Kidney 
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Foundation guidelines state that optimal 25(OH)D levels are 
higher than 30 ng/ml [16]. Guidelines suggest that an active 
vitamin D sterol such as calcitriol, alfacalcidol, or paricalcitol 
should be administered to dialysis patients with serum PTH 
levels greater than 300 pg/ml [16]. However, active vitamin D 
sterols may induce side effects such as elevated levels of serum 
phosphorus and calcium. Therefore, recent studies have inves-
tigated the effects of dietary vitamin D intake and sun exposure 
or cholecalciferol (vitamin D3) supplementation on serum 
25(OH)D levels [17-19]. 

HD patients are prescribed to avoid foods such as fish, dairy 
products (milk, yogurt, and cheese), and eggs, all of which 
contain vitamin D and phosphorus. Dietary surveys have shown 
that HD patients consume less vitamin D than recommended 
daily allowances and specifically avoid foods containing vitamin 
D or phosphorus [8]. One study concluded that dialysis restric-
tions imposed to reduce dietary phosphorus intake likely contri-
bute to the development of hypovitaminosis D in end-stage 
renal disease (ESRD) patients. Further, sun exposure has been 
reported to be an effective inducer of serum 25(OH)D levels 
in CKD and HD patients. A seasonal study reported that vitamin 
D deficiency among HD patients was higher in winter (86%) 
compared to summer (54%) [20]. In another study on Korean 
HD patients, the prevalence of 25(OH)D deficiency was 86.2% 
at the end of summer and increased to 96.2% by the end of 
winter, and mean concentrations of 25(OH)D and 1,25(OH)2D 
were significantly reduced in winter compared to summer [21]. 
Thus, sun exposure is a main determinant of serum 25(OH)D 
and 1,25(OH)2D levels. 

In this study, we evaluated the prevalence of vitamin D 
deficiency in HD patients, investigated the effects of sun 
exposure and dietary vitamin D intake on serum 25(OH)D status, 
and identifies main determinants of serum vitamin D status in 
our study subjects.

SUBJECTS AND METHODS

Subjects
The subjects of this study were 50 hemodialysis (HD) patients 

undergoing maintenance HD treatment three times weekly at 
an artificial kidney center at Hanyang University Seoul Hospital 
between August and September 2012. The inclusion criteria 
were as follows: (1) patients had been on HD for more than 
3 months, (2) patients were over 19-years-old, (3) patients did 
not have cancer and showed no active inflammation or 
infection; (4) patients did not have renal osteodystrophy; (5) 
patients did not have active hepatitis or any other active liver 
disease. One patient dropped out due to hospitalization at 
another hospital while two refused to answer the questionnaire. 
A total 47 HD patients (19 males and 28 females) completed 
the questionnaire. All participants gave written informed 
consent, which was approved by the Institutional Review Board 
of Hanyang University Hospital (HYUH IRB 2012-06-023).

Biochemical sampling and measurements
Blood pressure was evaluated prior to mid-week HD sessions 

for 1 month before blood biochemical sampling, and four results 
were averaged. Pre-dialysis blood pressure was measured by 

automated monitors (Fresenius Medical Care AG & Co, Bad 
Homburg, Germany). Blood samples were obtained at predialysis 
for this study. Serum 25(OH)D levels were determined using 
a chemiluminescent immunoassay (Liaison 25 OH vitamin D 
Total Assay, Liaison, USA); serum 1,25(OH)2D levels were deter-
mined using a radioimmunoassay (1,25 dihydroxyvitamin D 
RIA-CT, Liaison, USA); intact parathyroid hormone (iPTH) was 
determined using an electro-chemiluminesent immunoassay 
(PTH, Roche, Germany); high-sensitivity C-reactive protein (hs- 
CRP) was determined using immunoturbidmetry (CRPH, Beckman 
coulter, USA). In order to compare serum 25(OH)D levels by 
gender, we defined vitamin D insufficiency and deficiency 
according to the Kidney Disease Outcome Quality Initiative 
(K/DOQI) guidelines from the National Kidney Foundation [16]. 
Vitamin D status was considered adequate (≥ 30 ng/ml), 
insufficient (15-< 30 ng/ml), or deficient (≤ 15 ng/ml). Vitamin 
D deficiency was further subdivided into moderate (10-≤ 15 
ng/ml) or severe (< 10 ng/ml). Biological variables were assessed 
according to serum 25(OH)D level (15 ng/ml), which is a 
criterion of deficiency and insufficiency in the K/DOQI guidelines. 
Serum creatinine, albumin, blood urea nitrogen (BUN), alkaline 
phosphatase (ALP), calcium, and phosphorus were measured 
by standard laboratory methods.

Body mass index (BMI, kg/m2) was calculated using dry weight 
and height. Age, duration of hemodialysis, main causes of 
kidney disease, and types and dosages of medication were 
investigated from medical records at the beginning of the study. 
Subjects answered questionnaires about sun exposure (sunscreen 
usage, time of outdoor activity, and frequency of outdoor 
activity per week), physical activity, supplement usage, smoking 
habits, and alcohol consumption. Active outdoor exercisers 
were categorized into two groups, “yes” or “no”, according to 
the following questions: “Do you exercise outdoors?”, “Do you 
exercise outdoors more than 3 times per week?”, “Do you 
exercise more than 30 minutes to 1 hour outdoors?”, “Do you 
use sun protection during outdoor exercise or when leaving 
the house?”, and “Do you usually wear a hat, long sleeves, or 
long pants when you participate in outdoor activities?”

Dietary assessments
Dietary vitamin D and calcium intakes were collected by using 

24-hour recall and 2-day food diaries. Dietary data for the first 
day were assessed by a dietitian using 24-hour recall with plastic 
food models, whereas data for the second and third days were 
completed using 2-day food diaries. Subjects were given a scale 
for weighing foods. Average daily vitamin D and calcium intakes 
were calculated using Can-pro 4.0 (Computer Aided Nutritional 
Analysis Program 4.0, The Korean Nutrition Society, Korea). Subjects 
answered a 37-item modified food frequency questionnaire 
(FFQ) that was primarily derived from a 63-item FFQ developed 
from the Korean National Health and Nutrition Examination 
Surveys (KNHANES IV). The FFQ for this study was modified to 
estimate vitamin D intake and consumption frequencies across 
nine categories (almost never, 1 time/mo, 2-3 times/mo, 1 time/wk, 
2-4 times/wk, 5-6 times/wk, 1 time/d, 2 times/d, and 3 times/d). 
The FFQ also included three categories for intake amount (1/2 
serving size, 1 serving size, or 1 and 1/2 serving size). To analyze 
the association between serum 25(OH)D level and major vitamin 
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Total
Male

(n = 19)
Female
(n = 28)

P-value

Age (year) 57.4 ± 11.7 56.0 ± 13.7 58.4 ± 10.3 0.487

Weight (kg) 56.8 ± 8.8 62.4 ± 7.7 53.0 ± 7.5 < 0.001

BMI (kg/m2) 22.1 ± 3.0 22.4 ± 2.6 21.9 ± 3.3 0.580

HD duration (year) 8.0 ± 7.4 7.3 ± 7.9 8.5 ± 7.1 0.603

  < 10, n (%) 30 (63.8) 13 (68.4) 17 (63.8) 0.589

  ≥ 10, n (%) 17 (36.2) 6 (31.6) 11 (39.3)

SBP (mmHg) 143.5 ± 16.8 152.1 ± 16.4 142.6 ± 16.3 0.057

DBP (mmHg) 71.3 ± 9.2 74.0 ± 10.8 69.5 ± 7.5 0.105

Cause of Disease

  Hypertension, n (%) 8 (17.0) 4 (21.1) 4 (14.3) 0.832

  Diabetes, n (%) 16 (34.1) 7 (36.8) 9 (32.1)

  Glomerulonephritis, n (%) 4 (8.5) 1 (5.3) 3 (10.7)

  Others, n (%) 19 (40.4) 7 (36.8) 12 (42.9)

Medication

  Epoetins, n (%) 32 (68.1) 12 (63.2) 20 (71.4) 0.751

  Statins, n (%) 19 (40.4) 6 (31.6) 13 (46.4) 0.238

  Antihypertensive drugs, 
n (%)

32 (68.1) 13 (68.4) 19 (67.9) 0.612

  Paricalcitol, n (%) 8 (17.0) 3 (15.8) 5 (17.9) 0.589

  Phosphate binder, n (%) 36 (76.6) 14 (73.7) 22 (78.6) 0.698

  Multivitamin, n (%) 44 (93.6) 17 (89.5) 27 (96.4) 0.338

Notes: Data are reported as mean ± SD for continuous variables. P-values are the 
results of independent t-test or χ2 test.
Abbreviations: BMI, body mass index; HD, hemodialysis; SBP, systolic blood 
pressure; DBP. diastolic blood pressure

Table 1. General characteristics of hemodialysis patients

Total
(n = 47)

Male
(n = 19)

Female
(n = 28)

P-value

25(OH)D (ng/ml) 13.5 ± 5.8 15.0 ± 5.4 12.4 ± 6.0 0.141

  < 10, n (%) 13 (27.7) 1 (5.3)  12 (42.9) 0.046

  10-< 15, n (%) 21 (44.7) 11 (57.9) 10 (35.7)

  15-< 30, n (%) 11 (23.4)  6 (31.6)  5 (17.9)

  ≥ 30, n (%) 2 (4.3) 1 (5.3) 1 (3.6)

1,25(OH)2D (pg/ml) 20.6 ± 11.8 23.8 ± 14.3 18.5 ± 9.4 0.170

Creatinine (mg/dl) 8.17 ± 2.4 9.02 ± 3.0 7.60 ± 1.7 0.073

Albumin (g/dl) 4.09 ± 0.29 4.21 ± 0.29 4.00 ± 0.26 0.013

ALP (IU/L) 88.6 ± 31.6 77.3 ± 25.8 96.4 ± 33.3 0.041

iPTH (pg/ml) 300.9 ± 199.1 329.6 ± 229.0 281.5 ± 177.9 0.422

Calcium (mg/dl) 9.13 ± 0.63 9.13 ± 0.75 9.13 ± 0.54 0.975

Phosphorus (mg/dl) 4.54 ± 1.51 4.55 ± 1.50 4.54 ± 1.55 0.980

hs-CRP (mg/dl) 0.24 ± 0.31 0.24 ± 0.32 0.24 ± 0.31 0.996

Vitamin D intake (μg/day) 2.78 ± 2.68 3.25 ± 3.38 2.47 ± 2.09 0.333

Sun exposure time (h/wk) 6.82 ± 6.30 8.91 ± 7.53 5.40 ± 5.00 0.085

Sun exposure (≥ 6 h/wk)

  Yes, n (%) 21 (44.7) 10 (52.6) 11 (39.3) 0.366

  No, n (%) 26 (55.3) 9 (47.4) 17 (60.7)

Active outdoor exercise

  Yes, n (%) 25 (53.2) 12 (63.2) 13 (46.4) 0.259

  No, n (%) 27 (46.8) 7 (36.8) 15 (53.6)

Notes: Data are reported as mean ± SD for continuous variables. P-values by 
independent t-test or χ2 test.
Abbreviations: ALP, alkaline phosphatase; iPTH, intact parathyroid hormone; 
hs-CRP, high-sensitivity C-reactive protein

Table 2. Serum 25(OH)D, 1,25(OH)2D, and biological variables in hemodialysis 
patients

D food sources, three food groups were selected based on 
previous studies [22] as follows: total fish (50 g/serving), including 
anchovy, tuna, croaker, codfish, hairtail, mackerel, and salmon; 
eggs (50 g/serving); and milk (200 ml/serving). All consumption 
frequencies were standardized into servings per week.

Vitamin D and Calcium supplements
The study subjects were asked to take self-selected dietary 

supplements containing calcium and vitamin D as well as other 
dietary supplements such as vitamin C, omega-3, and red ginseng. 
Daily intake and frequency per week were recorded. Prescribed 
amounts of vitamin D and calcium derived from patients’ 
medical records were collected. An active vitamin D analogue, 
paricalcitol (Zemplar), and a calcium supplement as a 
phosphate-binder (Phoslo, calcium acetate 710 mg) were used. 

Statistical analysis
Comparison between males and females was carried out by 

independent t-test for continuous variables, and chi-square test 
was performed for categorical variables. For comparison of 
serum 25(OH)D levels, subjects were divided into two groups 
by serum 25(OH)D concentration, deficiency (< 15 ng/ml) and 
non-deficiency (≥ 15 ng/ml). Biological variables according to 
serum 25(OH)D level were assessed through ANCOVA adjusted 
for age, gender, and HD duration. To assess determinants of 
serum 25(OH)D concentration, simple and multiple linear 
regression analyses were conducted to describe the relationship 
between serum 25(OH)D level and possible explanatory variables. 
Continuous variables were dietary vitamin D intake (μg/day) and 
sun exposure time (h/week). Categorical variables were total fish 
(< 2 or ≥ 2 servings/week), milk (< 200 ml or ≥ 200 ml/week), 
eggs (< 150 g or ≥ 150 g/week), sun exposure (< 6 h or ≥ 6 
h/week), active outdoor exercise (yes or no), sunscreen use (yes 
or no), gender (male or female), and BMI (< 23 or ≥ 23 kg/m2). 
To analyze the relationships between sun exposure or vitamin 
D intake and serum 25(OH)D levels, sun exposure time was set 
to 6 h/wk (mean value of the subjects) as a criterion for 
categorical variables, whereas vitamin D intake was set to 2 
μg/day (median value of the subjects). Statistical analyses were 
conducted using PASW Statistics Version 18.0 (IBM Inc).

RESULTS

The general characteristics of the 47 hemodialysis (HD) 
patients (19 males and 28 females) are shown in Table 1. The 
mean age was 57.4 ± 11.7 years, mean body mass index (BMI) 
was 22.1 ± 3.0 kg/m2, and mean HD duration was 8.0 ± 7.4 years. 
The mean systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were 143.5 ± 16.8 mmHg and 71.3 ± 9.2 mmHg, 
respectively. The main causes of HD were hypertensive nephros-
clerosis (17.0%), diabetic nephropathy (34.1%), chronic glomeru-
lonephritis (8.5%), and others (40.4%). Eight patients (17.0%) had 
used a vitamin D analogue (paricalcitol, Zemplar), 36 (76.6%) 
had taken a calcium-based phosphate-binder (calcium acetate, 
Phoslo), and 44 (93.6%) had taken a multi-vitamin (vitamin B 
and C complex, Renalmin) in the previous 3 months. 
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< 15 ng/ml
(n = 34)

≥ 15 ng/ml
(n = 13)

P-vlaue

Gender

  Male, n (%) 12 (35.3) 7 (63.6) 0.246

  Female, n (%) 22 (64.7) 6 (54.5)

BMI (kg/m2) 22.2 ± 3.0 21.9 ± 3.1 0.952

25(OH)D (ng/ml) 10.6 ± 2.6 20.9 ± 5.4 < 0.001

1,25(OH)2D (pg/ml) 16.7 ± 8.2 30.9 ± 13.7 < 0.001

Creatinine (mg/dl) 7.77 ± 2.56 9.22 ± 1.50 0.142

Albumin (g/dl) 4.05 ± 0.32 4.17 ± 0.15 0.425

BUN (mg/dl) 55.7 ± 17.9 60.9 ± 9.6 0.359

ALP (IU/L) 88.0 ± 31.9 90.4 ± 32.0 0.448

iPTH (pg/ml) 277.6 ± 200.1 361.9 ± 190.6 0.288

Calcium (mg/dl) 9.06 ± 0.56 9.31 ± 0.76 0.233

Phosphorus (mg/dl) 4.56 ± 1.67 4.49 ± 1.05 0.895

hsCRP (mg/dl) 0.23 ± 0.30 0.28 ± 0.32 0.386

Vitamin D intake (μg/day) 2.89 ± 0.47 2.51 ± 0.77 0.676

Sun exposure time (h/wk) 6.23 ± 6.04 8.35 ± 6.95 0.439

Physical activity

  Regular exercise, n (%)1) 14 (41.2) 9 (69.2) 0.085

  Active outdoor exercise, n (%)2) 11 (32.4) 9 (69.2) 0.022

Medication

  Paricalcitiol, n (%) 7 (20.6) 1 (7.7) 0.293

  Phosphate binder, n (%) 26 (76.5) 10 (76.9) 0.974

Notes: Data are reported as mean ± SD for continuous variables. P-value by 
ANCOVA between 25(OH)D < 15 and 25(OH)D ≥ 15 after adjusting for age, gender, 
and hemodialysis duration 
1) Three or more times/week and ≥ 30 min/time, 2) Three or more times /week and 

≥ 30 min/time outside
Abbreviations: BMI, body mass index; BUN, blood nitrogen urea; ALP, alkaline 
phosphatase; iPTH, intact parathyroid hormone; hs-CRP, high-sensitivity C-reactive 
protein

Table 3. Biological variables and related factors according to 25(OH)D 
concentration in hemodialysis patients

Variables

Serum 25(OH)D (ng/ml)

Unstandardized
coefficient B

Standardized
coefficient β

P-value

Simple linear regression

  Dietary vitamin D intake (μg/day) -0.10 (-0.76, 0.55) -0.047 0.753

  Total fish (≥ 2 servings/wk) 1.19 (-2.28, 4.66) 0.103 0.492

  Milk (≥ 200 ml/wk) -1.16 (-5.24, 2.92) -0.085 0.570

  Eggs (≥ 150 g/wk) -0.88 (-4.55, 2.58) -0.076 0.610

Multiple linear regression1)

  Dietary vitamin D intake (μg/day) -0.15 (-0.85, 0.55) -0.071 0.658

  Total fish (≥ 2 servings/wk) 1.37 (-2.32, 5.07) 0.118 0.460

  Milk (≥ 200 ml/wk) 0.46 (-4.74, 5.66) 0.029 0.858

  Eggs (≥ 150 g/wk) -0.27 (-3.92, 3.38) -0.023 0.882

1) Analyzed by multiple linear regression model containing these four variables after 
adjusted for BMI and gender.

Table 4. Association of dietary vitamin D and food sources with serum 25(OH)D
concentrations in hemodialysis patients by simple and multiple linear regression
analyses

Serum 25(OH)D, 1,25(OH)2D status, and other biological variables
Serum 25(OH)D and 1,25(OH)2D concentrations of males and 

females are shown in Table 2. Mean 25(OH)D and 1,25(OH)2D 
levels were 13.5 ± 5.8 ng/ml and 20.6 ± 11.8 pg/ml, respectively. 
Only two patients (4.3%) showed sufficient vitamin D levels 
[25(OH)D ≥ 30 ng/ml], whereas 13 patients (27.7%) showed 
severe vitamin D deficiency [25(OH)D < 10 ng/ml]. Prevalence 
of vitamin D deficiency [25(OH)D < 15 ng/ml] in female patients 
was 78.6% (n = 22), whereas prevalence in males was 63.2% (n
= 12). Distribution of serum 25(OH)D status was significantly 

different according to gender (P = 0.046). Serum albumin levels 
were significantly lower in females (P = 0.013) compared to 
males, whereas alkaline phosphatase levels were significantly 
higher in females (P = 0.041). Average dietary intake of vitamin 
D was 3.25 μg/day for males and 2.47 μg/day for females. Sun 
exposure time per week was 8.91 h for males and 5.40 h for 
females. Dietary vitamin D intake and sun exposure time were 
higher in males compared to females, although there were no 
significant differences.

Biological variables and related factors according to 25(OH)D 
concentration

Biological variables according to serum 25(OH)D levels are 
shown in Table 3. To compare biochemical variables according 

to serum 25(OH)D levels, we divided them into two vitamin 
D subgroups: deficient (< 15 ng/ml) and non-deficient (≥ 15 
ng/ml). Concentrations of 1,25(OH)2D in the non-deficient group 
were significantly higher compared to the deficient group (P
< 0.001). However, iPTH and other biological variables were not 

significantly different between the two groups after adjusting 
for age, gender, and HD duration. Dietary vitamin D intake and 
sun exposure were also not significantly different between the 
non-deficient and deficient groups. Paricalcitol (Zemplar), a 
vitamin D analogue, was prescribed to all eight patients, and 
seven patients were in the deficient 25(OH)D group over the 
previous 3 months. Paricalcitol did not increase serum 25(OH)D 
levels. In terms of physical activity, regular exercise was classified 
as those who exercise for ≥ 30 min at least three times per 
week. Active outdoor exercise was classified as one who exercises 
outside regularly. The proportion of regular exercise was not 
significantly different between the two groups, whereas the 
proportion of active outdoor exercise in the non-deficient group 
(≥ 15 ng/ml) was significantly higher than that in the deficient 
group (< 15 ng/ml) (P = 0.022).

Determinants of serum 25(OH)D concentration
To evaluate the main determinants of serum 25(OH)D 

concentration, we analyzed dietary and sun exposure factors 
affecting serum 25(OH)D concentrations in HD patients by 
simple and multiple linear regression analyses (Tables 4 and 
5). Dietary factors in the analysis were daily vitamin D intake 
as a continuous variable and major dietary sources of vitamin 
D (total fish, ≥ 2 servings/wk; milk, ≥ 200 ml/wk; eggs, ≥ 150 
g/wk) as categorical variables. The results of the multiple linear 
regression model were adjusted for BMI and gender. Dietary 
intake of vitamin D and food sources did not increase serum 
25(OH)D levels in HD patients. We also evaluated other deter-
minants, including sun exposure time as a continuous variable 
and categorical variable (1: ≥ 6 h/wk, 0: < 6 h/wk), active 
outdoor exercise (1: yes, 0: no), and sunscreen use (1: yes, 0: 
no). From the simple linear regression analysis, the most 
important relative effects on serum 25(OH)D status were time 
of sun exposure and active outdoor exercise. Serum 25(OH)D 
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Variables

Serum 25(OH)D (ng/ml)

Unstandardized
coefficient B

Standardized
coefficient β

P-value

Simple linear regression

  Sun exposure (h/wk) 0.27 (0.01, 0.54) 0.292 0.047

  Sun exposure 
(1:≥ 6 h/wk, 0: < 6 h/wk)

4.12 (0.88, 7.39) 0.356 0.014

  Active outdoor exercise 
(1:yes, 0:no)

5.21 (2.07, 8.35) 0.446 0.002

  Sunscreen use (1:yes, 0:no) 1.19 (-2.41, 4.78) 0.099 0.509

Multiple linear regression1)

  Sun exposure 
(1:≥ 6 h/wk, 0: < 6 h/wk)

1.64 (-2.46, 5.75) 0.142 0.423

  Active outdoor exercise 
(1:yes, 0:no)

4.08 (-0.09, 8.25) 0.350 0.055

  Dietary vitamin D intake (μg/day) -0.12 (-0.74, 0.50) -0.054 0.701

  Total fish (≥ 2 servings/wk) 0.01 (-0.45, 0.47) 0.004 0.976

1) Analyzed by multiple linear regression model containing these four variables after 
adjusted for BMI and gender.

Table 5. Association of sun exposure and dietary factors with serum 25(OH)D 
concentrations in hemodialysis patients by simple and multiple linear regression 
analyses

level increased by 0.27 ng/ml for every 1 h of sun exposure 
per day and increased by 4.12 ng/ml for every 6 h per week. 
Active outdoor exercise longer than 30 min at least three times 
per week was another important relative determinant of serum 
25(OH)D status. Specifically, serum 25(OH)D levels increased by 
5.21 ng/ml for outdoor exercisers. To assess the association 
between sun exposure or dietary vitamin D intake and serum 
25(OH)D status, dietary factors such as daily vitamin D intake 
and fish intake were applied to a multiple linear regression 
model. The results for sun exposure and dietary factors with 
serum 25(OH)D concentration were adjusted for BMI and 
gender. Sun exposure time and active outdoor exercise did not 
increase serum 25(OH)D levels in the multiple linear regression 
model. Sunscreen use was not significantly associated with 
serum 25(OH)D status in the simple linear model.

DISCUSSION

Vitamin D deficiency and insufficiency were observed in most 
of the HD patients, and female patients showed lower levels. 
Further, vitamin D deficiency [25(OH)D < 15 ng/ml] was observed 
in 72.4% of HD patients. In addition, mean 25(OH)D and 
1,25(OH)2D levels were 13.5 ± 5.8 ng/ml and 20.6 ± 11.8 pg/ml, 
respectively, which are similar to results of previous studies in 
Korea [1,21,23]. Dietary intake of vitamin D was 3.25 ± 3.38 
μg/day in males and 2.47 ± 2.09 μg/day in females. Dietary 
vitamin D intake and sun exposure were not significantly 
different between deficient (< 15 ng/ml) and non-deficient (≥
15 ng/ml) groups. Sun exposure and active outdoor exercise 

were determined to be important factors affecting serum 
25(OH)D levels in the simple linear regression model.

Vitamin D deficiency is very common in dialysis populations, 
even in populations that receive relatively high levels of sunlight 
[24,25]. Reasonable mechanisms for this could involve defective 
renal function, reduced delivery of 25(OH)D to kidneys, dec-
reased expression of renal megalin, and increased excretion of 

vitamin D-binding protein (VDBP) and fibroblast growth factor 
23 (FGF-23) expression. Renal megalin induced by active vitamin 
D responds to renal tubular reabsorption of albumin and VDBP 
[2,3]. Therefore, reduced megalin expression resulting from 
lowered circulating 25(OH)D levels may explain the vitamin D 
deficiency in these CKD patients [4]. Another main determinant 
of low vitamin D status in CKD patients could be elevated 
expression of FGF-23, which is stimulated by excess phosphorus 
[5]. FGF-23 has been shown to directly suppress the activity 
and expression of 1α-hydroxylase as well as induce expression 
of 24-hydroxylase, which catalyzes degradation of 1,25(OH)2D. 
Thus, elevated expression of FGF-23 may contribute to reduced 
production of 1,25(OH)2D in CKD [6]. For this reason, circulating 
25(OH)D and 1,25(OH)2D levels are decreased in HD and CKD 
patients. In addition, risk factors for hypovitaminosis D in CKD 
patients are reportedly related to reduced sunlight exposure, 
female gender, and increased BMI [24,26]. Moreover, HD 
patients are limited in terms of their dietary vitamin D food 
sources due to consideration of serum phosphate level, and 
their lifestyle often involves lack of sun exposure. In our study, 
sun exposure time and dietary vitamin D intake were typically 
lower in females compared to males. Vitamin D deficiency was 
also more frequent in females due to low vitamin D intake and 
sun exposure, which supports a previous study [26]. 

Dietary vitamin D intakes were measured using 3-day dietary 
records. Mean vitamin D intake was 2.78 μg per day, and this 
amount is very low compared to Korean dietary recommended 
allowances of vitamin D intake (5 μg/day for 30 to 49-year-olds 
and 10 μg/day for over 50-year-olds). Data were insufficient to 
verify dietary vitamin D intake. Recently, Park et al. reported 
dietary vitamin D intake of 5.71 μg/day in an elderly Korean 
population [27]. Our study subjects showed lower intakes than 
this amount. They also avoided intake of vitamin D-rich foods 
such as fish, milk, yogurt, and eggs, as they have high serum 
phosphorus levels. Low vitamin D intake was previously obse-
rved in American HD patients, who showed a median weekly 
vitamin D intake of 1044 IU (26 μg/wk) compared to the 
recommended weekly allowance of 4200 IU (105 μg/wk) and 
specific avoidance of foods containing both vitamin D and 
phosphorus [8]. Burgaz et al. [28] investigated the relationship 
between 25(OH)D levels, vitamin D intake, and sun exposure 
in Swedish women. The authors found that 2-3 servings of fatty 
fish/wk increased serum vitamin D concentrations by 45%. In 
our simple and multiple linear regression analyses, dietary 
vitamin D intake and food sources such as fish, milk, and eggs 
had no significant effects on serum 25(OH)D levels. Therefore, 
the small amount of habitual dietary vitamin D intake in HD 
patients had no effect on serum 25(OH)D levels. In support of 
this, cholecalciferol supplementation in HD patients has been 
shown to be effective in maintaining optimum 25(OH)D levels 
[17-19]. 

In the present study, serum 25(OH)D levels were classified 
as deficient (< 15 ng/ml) or non-deficient (≥ 15 ng/ml) to evaluate 
biological variables (Table 3). Levels of 1,25(OH)2D and active 
outdoor exercise (69.2%) were significantly higher in the 
non-deficient group compared to the deficient group. However, 
other biological variables such as iPTH and ALP were not 
significantly different between the two groups. The association 
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between serum 25(OH)D and iPTH levels has been investigated 
previously [15,29,30]. iPTH is a biological indicator of bone 
mineral density as well as a cardiovascular risk factor [31,32]. 
Additionally, increased iPTH and phosphorus levels are risk 
factors of cardiovascular disease and mortality in HD patients 
[33,34]. Kestenbaum et al. [35] evaluated the association of 
25(OH)D and iPTH levels with mortality both separately as well 
as in combination with cardiovascular events over 14 years. The 
study found that 25(OH)D deficiency is associated with myocar-
dial infarction and mortality, whereas excess PTH is associated 
with hypovitaminosis D and heart failure. 

Simple linear regression analysis was performed to identify 
determinants of serum 25(OH)D levels. Sun exposure time and 
active outdoor exercise were examined as the effective factors. 
Serum 25(OH)D levels increased by 0.27 ng/ml for each hour 
of sun exposure, 4.12 ng/ml with sun exposure time ≥ 6 h/wk, 
and 5.21 ng/ml with active outdoor exercise ≥ 30 min/day and 
≥ 3 times/wk. However, in multiple linear regression with 
dietary factors, sun exposure time ≥ 6 h/wk and active outdoor 
exercise ≥ 30 min/day and ≥ 3 times/wk were not effective 
determinants of serum 25(OH)D levels adjusted for BMI and 
gender. Sun exposure was reported as an effective determinant 
of serum 25(OH)D levels in subjects with kidney disease. 
Seasonal variations in vitamin D levels in end-stage renal disease 
(ESRD) patients have been observed [20,36]. Serum 25(OH)D 
levels also show seasonal variations in ESRD patients, with peak 
levels in autumn or end of summer and lowest levels in spring 
or end of winter. Farrar et al. [37] examined the effect of sunlight 
exposure on vitamin D status in south Asian adults over 6 
weeks. Participants exposed to 45 min of unshaded sunlight 
showed increased serum 25(OH)D levels (mean rise: 8.7 ± 5.7 
ng/ml). Therefore, sun exposure can be considered to be a main 
determinant of serum 25(OH)D levels.

Our study has some potential limitations. In particular, a small 
number of subjects participated in this study. Additionally, our 
study was conducted at only one artificial kidney center in 
Seoul. Therefore, we could not enroll the patients with adequate 
25(OH)D levels and could not compared biological variables and 
other determinants between deficient and adequate groups. 
Moreover, vitamin D intake by subjects was analyzed by the 
Can-pro 4.0 Nutritional Analysis Program, which was only 
developed recently. Therefore, more basic data are required to 
verify dietary vitamin D intakes in Koreans as well as for 
comparison with HD patients.

We investigated the effects of vitamin D intake and sun 
exposure on serum 25(OH)D levels in 47 HD patients between 
August and September (end of summer season) in Korea. We 
observed vitamin D deficiency (≤ 15 ng/ml) in two-thirds of our 
subjects, with higher incidence in females. Dietary vitamin D 
intake and food sources such as fish, milk, and eggs were not 
significantly correlated with their serum 25(OH)D levels, whereas 
sun exposure time and active outdoor exercise were effective 
factors. The results suggest that vitamin D supplements and 
sufficient sun exposure might contribute to prevention of 
hypovitaminosis D and maintenance of appropriate serum 
vitamin D levels in HD patients.
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