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PREVALENCE OF 25(0OH) VITAMIN D INSUFFICIENCY AND DEFICIENCY IN
PEDIATRIC PATIENTS ON CHRONIC DIALYSIS
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¢ Background: 25(0H) Vitamin D [25(0H)D] is the major
circulating form of vitamin D and the parameter used to
reflect vitamin D status. Patients with chronic kidney
disease (CKD) are likely to have low levels of 25(0H)D,
and recent observations have linked suboptimal vitamin D
status with adverse cardiovascular outcomes, inflamma-
tion, insulin resistance, and the rate of progression of
renal insufficiency. Little is known about the magnitude
of vitamin D deficiency in pediatric patients with stage 5
CKD on chronic dialysis.

¢ Objectives: The aim of the present cross-sectional study
was to assess the prevalence of abnormal vitamin D status
in children on chronic dialysis.

¢ Methods: Serum 25(0H)D, 1,25(0H)2 vitamin D
[1,25(0H)2D], calcium, phosphorus, and parathyroid
hormone (PTH) were evaluated in 59 pediatric patients on
chronicdialysis. Weekly renal Kt/V and creatinine clearance
(CCr) were evaluated as parameters reflecting residual renal
function. In these patients, serum 25(0H) D concentrations
less than 10 ng/mL were considered deficiency and concen-
trations of 10 - 30 ng/mL were considered insufficiency.
¢ Results: Of the 59 pediatric patients (mean age: 14.4
+ 5.1 years), 51 (86.4%) were on peritoneal dialysis (PD),
and 8 (13.6%) were on hemodialysis. Vitamin D deficiency
was found in 32.2% of the patients (n=19), and vitamin D
insufficiency, in 50.8% (n = 30). Patients with serum
25(0H)D concentrations less than 30 ng/mL were older
than those with normal 25 (0H)D concentrations (15.4 4.5
years vs 9.2 + 5.1 years, p = 0.000). Patients with 25(0H)
D concentrations less than 30 ng/mL had higher PTH levels
than did those with normal 25(0H) D concentrations (349.5
+318.3 pg/mL vs 142.5 + 116.9 pg/mL, p = 0.001). In the
univariate analysis, there was no correlation between serum
25(0H)D and serum 1,25(0H)2D (r = 0.242, p = 0.064),
calcium (r = 0.108, p = 0.415), phosphorus (r = -0.050,
p =0.706), or body mass index (r = -0.046, p = 0.729).
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In PD patients, serum 25(0H)D was positively correlated
with weekly renal Kt/V (r=0.385, p = 0.005) and CCr (r=
0.443, p=0.001). In addition, serum 25(0H)D and serum
albumin were positively correlated (r = 0.297, p = 0.035)
in the PD patients.

¢ Conclusions: The present study found a high prevalence
of 25(0H)D deficiency and insufficiency in children on
chronic dialysis. Serum 25(0H)D was associated with
residual renal function in children on PD. Further studies to
evaluate the consequences of vitamin D deficiency and the
impact of therapeuticinterventions are needed in pediatric
CKD patients.
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Vitamin D plays a central role in skeletal development
and has a protective effect against hypertension,
cardiovascular morbidity, diabetes mellitus, and cancer
(1,2). Vitamin D is sourced from the diet or synthesized
in the skin by ultraviolet B sunlight, metabolized in the
liver to 25(0H) vitamin D [25(0H)D (calcidiol)], and
then in the kidney to the biologically active 1,25(0H)2
vitamin D form [1,25(0H)2D (calcitriol)] under the
control of parathyroid hormone (PTH) and fibroblast
growth factor (FGF) 23 (3,4). In a dual effect, FGF23
reduces circulating 1,25(0H)2D by suppressing produc-
tion of Cyp27b1 and stimulating Cyp24 catabolism of
1,25(0H)2D (5). Although 1,25(0H)2D is considered
the biologically active form of vitamin D, 25(0H)D is
the major circulating form, which is used as the param-
eter reflecting vitamin D status (4-6). It is known that
25(0H)D activates the vitamin D receptor and circulates
in human plasma at approximately 1000 times the
concentration of 1,25(0H)2D (7). In addition, because
many tissues—including colon, prostate, skin, mac-
rophages, and parathyroid—are recognized to express
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1-o-hydroxylase, normal concentrations of 25(0H)D
areimportantfor local synthesis of 1,25(0H)2D in those
tissues (8,9).

Vitamin D inadequacy results from reduced sun expo-
sure and dietary deficiency, and it is believed to be an
epidemic of worldwide proportionsinallage groups (10).
Currently, for children, severe vitamin D deficiency is
defined as a serum 25(0H)D concentration of 5 ng/mL or
less, which is associated with an increased risk of rickets
and myopathy (11). It has been recommended that a
serum 25(0H)D concentration of 15 ng/mL or less be con-
sidered a state of vitamin D deficiency. Vitamin D insuf-
ficiency is usually defined as a 25(0H)D concentration
of 15 - 20 ng/mL, which is associated with osteomalacia
(11-13). Although a serum concentration of 25(0H)D
greater than 20 ng/mL is considered indicative of vita-
min D sufficiency in children, adult data indicate that a
level of 32 ng/mL s desirable (11).

Patients with chronic kidney disease (CKD), including
dialysis patients, are likely to have low levels of 25(0H)
D (14-21). The prevalence of vitamin D insufficiency or
deficiencyin pediatric CKD patients before dialysis ranges
from 60% to 82.1% (15,17). The prevalence of 25(0H)D
deficiencyis known to be higherin patients on peritoneal
dialysis (PD) thanin those on hemodialysis (HD) because
vitamin D binding protein is lost in peritoneal effluent
(20,21). Other studies have shown that the prevalence of
25(0H)D deficiency or insufficiency at the time of renal
transplantinadultsis 88% (22).In CKD patients, a serum
25(0H)D concentration of less than 30 ng/mL s usually
used as the definition of vitamin D deficiency or insuf-
ficiency (14-17).In the present study, a serum 25(0H)D
concentration of less than 10 ng/mL was considered to
represent deficiencyand a concentration of 10 -30 ng/mL
was considered to represent insufficiency.

Low levels of serum 25(0H)D, the substrate for the
active hormone 1,25(0H),D, may exacerbate secondary
hyperparathyroidism in patients with early CKD (16).
Recent observations have linked a suboptimal 25(0H)
D status to adverse cardiovascular outcomes and also
to the rate of progression of renal insufficiency in CKD
(14,23,24). Nonrenal synthesis of 1,25(0H),D has been
described, suggesting that supplementation with chole-
calciferol or ergocalciferol in addition to 1,25(0H),D
may have beneficial effects in CKD patients (15,21). The
Kidney Disease Outcomes Quality Initiative (K/DOQI)
guidelines recommend measuring serum 25(0H)D in
children with CKD stages 2 - 5 and 5D once annually and
supplementing with ergocalciferol or cholecalciferol if
serum 25(0H)D is less than 30 ng/mL (25).

Most previous studies of vitamin D statusin patients on
dialysis were performed in adults, and few reports have
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looked at serum 25(0H)D in pediatric patients on dialy-
sis. In the present study, we evaluated the prevalence
and severity of abnormal vitamin D status in children
on chronic dialysis, and the relationship between serum
25(0H)D and other parameters of mineral metabolism,
nutrition, and residual renal function (RRF).

METHODS
PATIENTS

Pediatric patients on chronic dialysis at two dialysis
units located in Seoul, Republic of Korea, were evaluated
forinclusion in the study. From January 2011 to March
2011, which corresponds to the winter season in Korea,
we examined serum 25(0H)D and 1,25(0H),D in those
patients. Patients were excluded if

 they had been on dialysis for less than 3 months;

* they had a history of parathyroidectomy;

* they had recently experienced an infectious disease,
had chronic hepatic disease, or had recently been
hospitalized.

The patients had no symptoms of vitamin D deficiency.
They did not take any cholecalciferol or ergocalciferol,
including any over-the-counter supplements that might
contain vitamin D, or vitamin D,, but they did take
active vitamin D sterol according to the K/DOQI clinical
practice guidelines for bone metabolism and disease
in CKD.

LABORATORY EVALUATIONS

Routine chemistry parameters such as serum cal-
cium, phosphorus, albumin, alkaline phosphatase, and
hemoglobin were measured by standard automated
methods, and serum intact parathyroid hormone (PTH)
was assessed by an automated chemiluminescence
immunoassay. Serum 25(0H)D and 1,25(0H),D were
measured using a commercially available radioimmuno-
assay. Blood samples for routine chemistry, 25(0H)D,
and 1,25(0H),D were obtained before a dialysis session
in patients on HD. To assess dialysis adequacy and RRFin
PD patients, the total weekly Kt/V (renaland peritoneal)
and total weekly creatinine clearance [CCr (renal and
peritoneal)] were checked using a 24-hour collection of
urine and dialysate.

STATISTICAL ANALYSIS

Patient characteristics are presented using frequen-
cies for categorical variables and means for continuous
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variables. Comparisons between groups (normal vita-
min D level compared with vitamin D insufficiency or
deficiency) were performed using a t-test or chi-square
test for independent samples. Linear regression analy-
ses were used to assess the relationship between serum
25(0H)D and othervariables. For all statistical analyses,
p <0.05 was considered to be significant. All statistical
analyses were performed using the IBM SPSS software
application (version 19: IBM, Armonk, NY, USA).

RESULTS
PATIENT CHARACTERISTICS

We evaluated 65 pediatric patients on chronic dialysis
forinclusionin the study and recruited 59 stable patients
[36 boys, 23 girls; 51 (86.4%) on PD, 8 (13.6%) on
HD] with a mean age of 14.4 + 5.1 years. Table 1 shows
the demographics for those patients. All patients were
Korean. Their mean serum 25(0H)D was 18.6 ng/mL
(range: 2.5 - 150 ng/mL). Hyperparathyroidism had
been diagnosedin 46 patients, who were receiving active
vitamin D sterols according to their serum PTH and the
K/DOQI guideline.

VITAMIN D STATUS

In the study cohort, we found that 83.0% had serum
25(0H)D concentrations below 30 mg/mL, consistent
with vitamin D deficiency orinsufficiency. In 19 patients
(32.2%), serum 25(0H)D was less than 10 mg/mL, con-
sistent with vitamin D deficiency, and only 10 patients
(16.9%) had a physiologically appropriate serum 25(0H)
D concentration.

Table 2 shows the characteristics of the patients
according to 25(0H)D level. Patients with vitamin D defi-
ciency orinsufficiency were older than those with normal
serum 25(0H)D (15.5 + 4.5 years vs 9.2 + 5.1 years,
p = 0.000). The dialysis modality differed significantly
between those two groups (p = 0.002), and compared
with patients on HD, patients on PD had a lower mean
serum 25(0H)D concentration (14.3 + 8.6 ng/mL vs
45.8 £ 44.0 ng/mL, p=0.083). Among the PD patients,
90.2% had vitamin D deficiency or insufficiency (37.3%
deficiency, 52.9%insufficiency). Also, although the dif-
ference was not statistically significant, the patients on
continuous cycling PD (compared with those on nightly
intermittent PD) had a lower mean serum 25(0H)D
concentration (13.0 + 7.5 ng/mL vs 21.1 + 12.8 ng/mL,
p=0.142).

Compared with patients havinga normalserum 25(0H)
D concentration, patients with a serum 25(0H)D con-
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TABLE 1
Characteristics of the Pediatric Patients on
Chronic Dialysis

Variable Value

Patients (n) 59
Age (years) 14.445.1
Sex [n (%)]

Boys 36 (61.0)

Girls 23(39.0)
Mode of dialysis [n (%)]

Hemodialysis 8(13.6)

Peritoneal dialysis 51 (86.4)
Use of active vitamin D

sterols [ (%)] 46 (78.0)
Laboratory parameters

Calcium (mg/dL) 9.2+1.4

Phosphorus (mg/dL) 5.4%1.8

Albumin (g/dL) 3.8+0.6

ALP (U/L) 216.6+180.6

Intact PTH (pg/mL) 314.4+303.4

25(0H)D (ng/mL) 18.6+20.4

Hemoglobin (g/dL) 10.5+1.6

Total Kt/V 2.3%0.9

ALP = alkaline phosphatase; PTH = parathyroid hormone.

centration of less than 30 ng/mL had higher PTH levels
(349.5+318.3 pg/mLvs 142.5+116.9 pg/mL, p=0.001).
We observed no significant difference in the relative
dose of active vitamin D sterols between patients with a
serum 25(0H)D concentration of less than 30 ng/mL and
patients with a normal 25(0H)D concentration.

ASSOCIATIONS WITH SERUM 25(0H)D CONCENTRATION

In the univariate analysis, age was negatively corre-
lated with serum 25(0H)D (r=-0.466, p =0.000). Body
mass index had no relationship with serum 25(0H)D.
There was no correlation between serum 25(0H)D and
serum 1,25 (OH),D (r=0.242, p=0.064), PTH (r=-0.158,
p=0.233), calcium (r=0.108, p=0.415), phosphorus (r=
-0.050, p =0.706), or alkaline phosphatase (r=0.121,
p=0.361). Serum 25(0H)D did not correlate with serum
hemoglobin, albumin, or weekly total Kt/V (data not
shown). There was also no correlation between serum PTH
and serum 1,25 (OH),D or the dose of active vitamin D
sterols in these pediatric patients on dialysis. Serum
25(0H)D was positively correlated with renal weekly
Kt/V (r=0.385, p=0.005; Figure 1) and CCr (r=0.443,
p=0.001). In addition, there was a positive correlation
between serum 25(0H)D and serum albumin (r=0.297,
p=0.035) in the PD patients (Figure 2).
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TABLE 2
Characteristics of the Patients on Chronic Dialysis, by Vitamin D Status

Vitamin D status

Normal Insufficiency/deficiency p
(=30 ng/mL) (<30 ng/mL) Value
Patients (n) 10 49
Age (years) 9.2+5.1 15.4+4.5 0.000
Sex (% men) 90.0 55.1 NS
Mode of dialysis (% HD) 50.0 6.1 0.002
Body mass index (kg/m2) 17.4+3.8 19.045.7 NS
Calcium (mg/dL) 9.2+2.1 9.2+1.2 NS
Phosphorus (mg/dL) 5.7+2.2 5.4+1.7 NS
Albumin (g/dL) 4.1+0.7 3.7+0.6 NS
ALP (U/L) 208.9+111.8 213.7+193.2 NS
Intact PTH (pg/mL) 142.5+£116.9 349.5+318.3 0.001
25(0H)D (ng/mL) 49.3+35.7 12.345.2 0.010
1,25(0H)2D (pg/mL) 18.2+14.5 11.5+13.1 NS
Hemoglobin (g/dL) 11.0+0.9 10.4+1.7 NS
Total Kt/V 2.1+1.4 2.310.7 NS

NS = nonsignificant; HD = hemodialysis; ALP = alkaline phosphatase; PTH = parathyroid hormone.
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Figure 1 —The relationship between 25(0H)D and renal Kt/Vin
patients on peritoneal dialysis. Serum 25(0H)D was positively
correlated with renal weekly Kt/V (r=0.385, p=0.005).

DISCUSSION

In our study cohort of pediatric patients on dialysis,
the prevalence of 25(0H)D deficiency orinsufficiency was
83.0%, and the mean serum 25(0H)D was 18.6 ng/mL. In
adult patients on HD, the prevalence of serum 25(0H)D
less than 30 ng/mLranged from 76.1% to 97%, and mean
serum 25(0H)D concentration ranged from 10.7 ng/mL
to 24.4 ng/mL (16,19). One study reported that, in
adult patients on PD, the prevalence of serum 25(0H)D
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Figure 2 — The relationship between 25(0H)D and serum albu-
minin patients on peritoneal dialysis. Serum 25(0H)D and serum
albumin were positively correlated (r=0.297, p=0.035).

less than 30 ng/mL was 100%, and mean serum 25(0H)
D was less than 7 ng/mL (21). Most of the earlier stud-
ies on vitamin D status in CKD patients on dialysis were
performed in adults, and few studies have looked at the
prevalence of vitamin D deficiency in pediatric patients
on dialysis. In 60 pediatric patients treated with PD, 98%
had serum 25(0H)D concentrations less than 30 ng/mL
(26).In pediatricrenal graft recipients, 22% of non-black
and 27% of black recipients were vitamin D-deficient,
defined as a serum 25(0H)D of less than 10 ng/mL at
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transplantation, and serum 25(0H)D did not change
significantly after transplantation (27).

The definition of vitamin D deficiency is not clear,
and a serum 25(0H)D concentration greater than 20 ng/
mL is considered indicative of vitamin D sufficiency in
healthy children (11). However, because the present
study includes CKD patients, a serum 25(0H)D con-
centration of 30 ng/mL was used as the definition of
vitamin D deficiency or insufficiency according to the
K/DOQI guidelines and other studies (14-17,25-27).
In our study, mean serum 25(0H)D was 14.3 ng/mL in
PD patients and 45.8 ng/mL in HD patients, concentra-
tions that are relatively higher than those reported in
adult patients on dialysis. We suggest that the rela-
tively higher vitamin D stores in pediatric CKD 5 patients
might be related to a better diet and more outdoor sun
exposure. However, few studies have been conducted
on the vitamin D status of pediatric CKD 5 patients, and
further studies are necessary to clarify the differences
between them and adult patients on dialysis and pediatric
patients on dialysis.

In the present study, we found that patients with
vitamin D deficiency or insufficiency were older than
those with normal serum 25(0H)D concentrations.
Althoughitis generally known that vitamin D deficiency
is more common among elderly members of the general
population, other studies of CKD patients have shown a
lack of an age effect (16,19). Although we observed no
sex differences in our study, others have reported that,
compared with female CKD patients, male CKD patients
had higher serum 25(0H)D concentrations (19). The rea-
sons for those differences between our study and others
remain unclear. We suggest that the characteristics of
pediatric CKD patients on dialysis might outweigh any
other effects.

We found that, compared with patients having vita-
min D sufficiency, those with vitamin D insufficiency or
deficiency had higher PTH levels. Another study of renal
transplantation reported a relationship between serum
25(0H)D and serum PTH (22). Gonzélez et al. reported
that low serum 25(0H)D was associated with high serum
PTH in patients with CKD stages 1-5 not requiring dialy-
sis (16). Those results suggest that suboptimal serum
concentrations of 25(0H)D may contribute to the devel-
opment of secondary hyperparathyroidism in patients
with CKD (16). Although hyperparathyroidism usually
develops because of the impaired ability of the failing kid-
neyin CKD patients to produce 1,25(0H),D, less 25(0H)
D available in the proximal tubular cell for conversion
to 1,25(0H),D might aggravate secondary hyperpara-
thyroidism. Our results and previous reports might favor
intervention with vitamin D (such as ergocalciferol) in CKD
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patients with vitamin D deficiency to prevent secondary
hyperparathyroidism (16).

Although lack of sunlight and inadequate vitamin D
intake are recognized as important factors contribut-
ing to vitamin D insufficiency in CKD patients, a recent
study suggested that upregulation of the key catabolic
enzyme 24-hydroxylase with 1,25(0H),D therapy might
be a significant mechanism contributing to vitamin D
insufficiency and resistance to vitamin D therapy in
CKD (28). Previous work suggested that disease mod-
els with elevated circulatory levels of FGF23, which is
known as the major factor causing decreased serum
1,25(0H),Din CKD, showed increased basal levels of renal
24-hydroxylase and FGF23, which might be responsible
for this catabolic enzyme activity (28). In our study,
no significant difference was observed in the relative
doses of active vitamin D sterols between patients with
vitamin D sufficiency and those with vitamin D deficiency
orinsufficiency.

We found that the mode of dialysis may be a factor
contributing to vitamin Dinsufficiency. A possible expla-
nation is loss of vitamin D binding protein through the
peritoneal effluent in PD (29-31). In previous studies,
vitamin D deficiency was proportionately much lower
in HD patients than in PD patients (19,21). Vitamin D
deficiency was found in 22.6% of patients on HD, but
studies in PD patients showed vitamin D deficiency
in more than 90% (19,21). A recent study in children
on chronic PD demonstrated that peritoneal losses
of vitamin D binding protein reflected both dialysate
and urinary albumin losses and were associated with
a longer dialysis vintage (20). In our study, although
the patients using nightly intermittent PD had higher
serum 25(0H)D concentrations than did patients using
continuous cycling PD, the difference between the groups
was nonsignificant. The effect of daily dialysis duration
on vitamin D insufficiency in PD patients needs to be
studied further.

We found that low levels of 25(0H)D correlated with
decreased RRF in pediatric patients on PD. In pediatric
and adult patients with CKD, patients with more advanced
CKD (compared with those having more moderate CKD)
had lower serum 25(0H)D concentrations and a sig-
nificantly higher prevalence of vitamin D deficiency
(14,16). Possible explanations for that finding include
uremia, darker skin, and reduced sun exposure because
of infirmity or dialysis modality. It is also known that
suboptimal vitamin D status may be associated with the
rate of progression of renalinsufficiency (1-4). Few data
on the relationship between vitamin D concentrations
and RRFare available for patients on dialysis, and further
studies are needed.
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In our study, serum albumin correlated significantly
with serum 25(0H)D in pediatric patients on PD. Earlier
studies showed a significant, direct correlation between
serum 25(0H)D and albuminin patients with CKD (16,19).
Those findings suggest that inadequate nutrition and
suboptimal vitamin D intake can be contributing factors
in vitamin D deficiency. In addition, the earlier studies
suggested that serum 25(0H)D correlates positively
with serum albumin because vitamin D binding protein
might typically correlate with serum albumin (29-32).
Inadequate nutrition and low levels of vitamin D bind-
ing protein can play a role as contributing factors in
CKD patients with low levels of serum albumin and vita-
min D (16,19,32).

A study in PD patients with vitamin D deficiency
showed that 25(0H)D deficiency was readily and
safely corrected with one course of 50 000 IU ergocal-
ciferol, and complaints of muscle weakness and bone
pain declined (21). Previous reports suggested that
PD patients are at especially high risk and might
need supplementation with ergocalciferol because of
ongoing loss of vitamin D binding protein through
peritoneal effluent (20,21,29-32). Our results are
compatible with those in previous reports and might
favor supplementation with ergocalciferol in addition
to active vitamin D sterols in pediatric patients on
chronic dialysis.

The present study has a few limitations. There was no
control group, and we did not compare vitamin D status
between the general population and the CKD patients.
Our study was limited to a relatively small number of
patients in a single geographic location, and the study
population may not be representative of all pediatric
patients on chronic dialysis. Larger studies including a
control group and pre-dialysis CKD patients are needed
to further evaluate vitamin D deficiency orinsufficiency
in pediatric CKD patients.

CONCLUSIONS

Inthis cross-sectional study, vitamin Dinsufficiency or
deficiency was found to be highly prevalentin pediatric
dialysis patients and a possible contributor to hyperpara-
thyroidism. More studies are needed to further evaluate
the consequences of vitamin D deficiency and the impact
of therapeutic interventions in pediatric patients on
chronic dialysis.
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