
Abstract. Background: In chronic kidney disease (CKD) a
deficiency of 1,25-dihydroxyvitamin D is common. The aim of
this review was to compare vitamin D status after oral
supplementation of vitamin D3 to that of serial suberythemal
irradiation in end-stage kidney disease (ESKD) patients.
Patients and Methods: Ninety-five patients, with a mean age of
62 (range=35-82) years, were treated with a mean dose of
35,000 (20,000–60,000) IU vitamin D3 per week for a period
of 18 months. Fourteen patients, with a mean age of 51
(range=41-57) years, were whole-body UVB irradiated for over
6 months. From 3 hemodialysis patients skin biopsies were
performed. Results: With oral supplementation 25(OH)D3
increased by 60%. With UV irradiation 25(OH)D3 increased by
400%. Gene expression analysis demonstrated an improvement
in the vitamin D receptor (VDR) by 0.65 fold, in 1-alpha-
hydroxylase (CYP27B1) by 1.0 fold, and in 25-hydroxylase
(CYP2R) by 1.2 fold. Conclusion: Serial suberythemal UVB
irradiation of patients with CKD on dialysis is capable to
improve serum 25(OH)D3 and 1,25(OH)2D3 by enhancing the
skin’s ability to activate vitamin D. 

In the course of chronic kidney disease (CKD) the
intracellular uptake of 25(OH)D3 is reduced and a 1,25-

dihydroxyvitamin D deficiency is common. Since the mid
1970s this finding was studied especially in anephric patients
(1, 2). After oral treatment of 50,000 and 100,000 IU daily of
vitamin D2, Lambert (3) reported an increase also in 1,25-
dihydroxyvitamin D (1,25(OH)2D3 levels. UVB exposure of
the skin is the physiological way to activate vitamin D
metabolism (4). The keratinocytes have the enzymes 25-
hydroxylase (CYP 2R) and the 1-alpha-hydroxylase
(CYP27B1) to hydroxylate vitamin D3 to 1,25(OH)2D3 (5).
The aim of this review is to compare the blood levels of
25(OH)D3 after oral supplementation of vitamin D3 and of
serial suberythemal UVB irradiation in dialysis patients. 

Patients and Methods 

Oral supplementation. Ninety-five dialysis patients, with a mean age
of 62 (range=35-82) years, were treated with a mean dose of 35,000
(20,000-60,000) IU vitamin D3 per week over a period of 18
months. 25(OH)D3 controls were fixed at start and after each 6
months. 

Serial suberythemal irradiation with UVB. Fourteen hemodialysis
patients, with a mean age of 51 (range=41-57) years, were whole-
body irradiated three times weekly over 6 months, following an
observation period of 9 months without any vitamin D
supplementation. The UV lamps had an efficiency of UVB 0.37
mWatts/cm2, and of UVA 6.4 mWatts/cm2, with a maximum
effective spectrum of 300-320 nm. The serum level of 25(OH)D3
were measured before start of the UVB irradiation, after 3 months
and after 6 months (end) of the irradiation period, and after 3
months and after 9 months of the follow-up time. 

Results 

Oral supplementation. A continuous increase of the serum level
of 25(OH)D3 was found from a mean of 33 ng/ml to 36 ng/ml
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(+10%) after the first 6 months, and during the following 12
months, 25(OH)D3 increased further on to 44 ng/ml (+29%)
and to 53 ng/ml (+60%) (Table I). 

Serial suberythemal UVB irradiation. During the
irradiation time 25(OH)D3 increased continuously from a
mean of 40 ng/ml to 120 ng/ml after 3 months (+300%)
and to 160 ng/ml after 6 months (+400%). After 3 months
stop of the irradiation 25(OH)D3 decreased to 100 ng/ml
(+150%), and remained stable during the follow-up of 9
months without any vitamin D treatment (Table II).

Long-time UVB irradiation. A small number (n=4) of
hemodialysis patients was continued on regular UVB
irradiation schedule. After an observation period over 10 years
with an individual dosing one to three times per week (summer
vs. winter); there were no adverse events or subjective irritation
of the skin. Serum vitamin D3 remained stable during this 10-
year period and serum 25(OH)D3 remained in the optimal
range. Patients with higher serum levels of 25(OH)D3 also had
serum 1,25(OH)2D3 that were in the normal range (Figure 1).

Gene expression after UVB irradiation. In 3 hemodialysis
patients skin biopsies were performed after 6 months of
suberythemal UVB irradiation and gene expression was
analyzed for the vitamin D receptor (VDR), for 1-alpha-
hydroxylase (CYP27B1), and 25-hydroxylase (CYP2R). All
genes showed an increased expression, VDR 0.65-fold, 1-
alpha 1.0-fold, 25-OHase 1.2-fold (Figure 2). 

Discussion 

Vitamin D deficiency still is common worldwide (7, 8), also in
CKD and ESKD patients (9, 10). The recommendation of the
Institute of Medicine (IOM) (11) and of the Endocrine Practice
Guidelines Committee (12) are for adults a daily dose of
vitamin D3 of 600 IU per day, up to 4,000 IU per day, and for
risk groups 1,500-2,000 IU per day, up to 10,000 IU per day. 
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Figure 1. Vitamin D status of 4 hemodialysis patients over 10 years
regularly suberythemal UVB irradiation one to three times weekly (Vit
D3: gray bars; 25(OH)D3: black bars; 1,25(OH)2D3: white bars) [from:
Krause (6), with permission(Springer Science & Business Media)].

Figure 2. Gene expression in uremic skin after 6 months of serial
suberythemal UVB irradiation. 

Table I. Serum level of 25(OH)D3 during 18 months oral supplementation of a mean dose of 35,000 IU vitamin D3 per week.

Start: 33 ng/ml 6 m: 36 ng/ml=+10% 12 m: 44 ng/ml=+29% 18 m: 53 ng/ml=+60% 

m, Month.

Table II. Serum level of 25(OH)D3 after 3 and 6 months of serial suberythemal UVB irradiation, and after follow-up of 3 months and of 9 months
without vitamin D supplementation. 

pre:40 ng/ml 3UVB:120 ng/ml=+300% 6UVB:160 ng/ml=+400% 3mp:100 ng/ml=+150% 9mp:100 ng/ml=+150% 

3UVB, 3 months UVB; 6UVB, 6 months UVB; 3mp, 3 months post-UVB; 9mp, 9 months post-UVB. 



Dialysis patients are able to achieve a serum level of
25(OH)D3 >30 ng/ml when treated with high oral doses of
vitamin D. Marckmann et al. gave 40,000 IU vitamin D3 per
week over 2 months, and there was an mean increase of
25(OH)D3 by 40 ng/ml (from 8 ng/ml to 48 ng/ml) in the
dialysis patients (13). Bhan et al. used oral supplementation
of 50,000 IU vitamin D2 either weekly or monthly over 12
weeks; and comparable to vitamin D3 there was an increase
of 28 ng/ml (from 22 ng/ml to 50 ng/ml) with weekly, and of
16 ng/ml (to 38 ng/ml) with monthly dosing (14). Armas et
al. gave 1,500 IU vitamin D3 per day over 15 weeks to CKD
stage 5 patients, and reported a mean increase of 25(OH)D3
by only 9 ng/ml (from 15 ng/ml to 24 ng/ml) (15). Zitt et al.
treated dialysis patients with a mean dose of 7,600 IU vitamin
D3 (proportionately 100 IU/kg body weight, with a mean
body weight of 76 kg) once weekly over a period of 6
months; and they found a mean increase of 25(OH)D3 by 16
ng/ml (from 10 ng/ml to 26 ng/ml) (16). An additional
modality is to substitute modified release MR-calcidiol; daily
doses between 30 μg to 90 μg are safe and effective to
increase also the serum levels of 1,25(OH)2D (17). 

By our regime the mean dose was 35,000 IU per week,
equalling a mean dose of 5,000 IU per day over the period of 18
months. The regime was dosed individually between 20,000 IU
and 60,000 IU per week, proportionally 2,850 IU/day up to
8,600 IU/day. Dialysis patients, being people at risk, need a
minimal supplementation dose between 3,000 IU to 8,500 IU
per day respectively, between 35,000 IU to 50,000 IU per week
over a period of two months minimum, to increase the serum
level of 25(OH)D3 over 30 ng/ml. This is in accordance with

the recommendation of the Endocrine Practice Guidelines
Committee (12). 

The vitamin D status of the majority of the German
hemodialysis patients had a mean serum level of 25(OH)D3
of 23 ng/ml (18) (Figure 3). That is considered to be vitamin
D deficiency by the guidelines of the Kidney Disease
Outcomes Quality Initiative (KDOQI) (19). Only 29% of the
German dialysis patients had a sufficient vitamin D status
(25(OH)D3 >30 ng/ml (Figure 4). 

From the data of Holick (20) 1 MED (minimal erythema
dose) is equivalent to an oral dose between 10,000-25,000 IU,
and 1 MED is equivalent to 20 mJ/cm2 UVB. We always used
suberythemal UV doses, starting with 13 mJ/cm2 (equal to 0.65
MED), and we increased the dose based on the individuals’
sensitivity, by approximately 10% every week. This is
equivalent an oral dose of vitamin D3 of 5,000 IU–12,000 IU
per UV irradiation, or 15,000 IU-36,000 IU per week. After 3
months the increase of 25(OH)D3 was 300% (from 40 ng/ml
to 120 ng/ml) and after 6 months until 160 ng/ml (400%
incrrease). This is consistent with the serum levels of
25(OH)D3 by Lambert (3) and Dusso (21) who had reported
that in CKD and ESKD patients a high normal level of
25(OH)D3 between 60-100 ng/ml, or higher, was needed for
the extrarenal production of 1,25(OH)2D. This is also in
accordance with recommendation for risk groups of the US
Endocrine Society (12) for a daily supplementation between
4,000 IU-10,000 IU vitamin D3. By our experience
suberythemal UVB irradiation can be used over a longer time,
and the serum level of 25(OH)D3 can be stabilized to sufficient
levels of >30 ng/ml and up to 80 ng/ml. With these serum
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Figure 3. First 25(OH)D3 blood levels in patients who initiated hemodialysis in 2006 to 2012. (Marquardt 18; with permission
[AntiCancerResearch]).



levels of 25(OH)D3 it was also possible to achieve a normal
serum level of 1,25(OH)2D in these dialysis patients. No
hypercalcemia nor hyperphosphatemia were observed.

Moreover, UVB irradiation of the skin activated gene
expression of the vitamin D receptor (VDR), 1-alpha-
hydroxylase (CYP27B) and of the 25-hydroxykase
(CYP2R) confirming the observation of Ala-Houhala et al.
(22). The increase in expression of the 25-hydroxylase can
potentially improve the local capacity in the skin to
convert vitamin D3 to 25(OH)D3. The increase in
expression of the 1-alpha-hydroxylase in the skin can
potentially improve the skin's ability to convert 25(OH)D3
to 1,25(OH)2D. 

In conclusion, our results showed that a serial
suberythemal UVB irradiation in patients with chronic
kidney disease on dialysis were able to substantially raise
their blood levels of 25(OH)D3. This increase was also
associated with an increase in circulating levels of
1,25(OH)2D. In addition the UVB irradiation has the
expression of enzymes in the skin that could potentially
convert cutaneously produced vitamin D3 to 25(OH)D and
1,25(OH)2D. Therefore, suberythemal UVB irradiation of
the skin seems to be superior to oral supplementation in
CKD and ESKD patients for maintaining their vitamin D
status.
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