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Abstract

Background There are few recent data regarding blood micro-
nutrient concentrations and supplementation in children on
maintenance dialysis. We investigated micronutrient concen-
trations following dialysis commencement.

Methods Retrospective review, including all children on
maintenance dialysis (peritoneal dialysis, PD; intermittent
haemodialysis, IHD), for nutritional blood concentrations
measured over the first 12 months. Patients received pyridox-
ine and Dialyvit® daily with planned 3-monthly micronutrient
concentration monitoring including selenium, manganese,
copper, zinc, folate and vitamins A, D, B12 and E.

Results We reviewed 47 children (24 girls) including 19 PD
and 28 IHD, median age (IQR) 11.4 (2.8,14.4) years. 33 were
white, 5 Asian, 5 black and 4 of other ethnic origins. Vitamin
A, B12 and E concentrations were within range in 6%, 20%
and 13% respectively, with all others above normal range.
Serum folate and vitamin D concentrations were within the
desired range of 55%, with the rest above or below target. For
trace elements, 37%, 60%, 65% and 89% achieved normal
ranges for zinc, manganese, copper and selenium respectively.
Deficiencies were seen for zinc (43%), copper (28%), folate
(6%) and selenium (4%), whereas 7%, 7%, 20% and 40% had
copper, selenium, zinc and manganese levels above normal
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ranges. Despite standard pyridoxine supplementation, only 6
children were monitored during the study period.
Conclusions Concentrations of several trace elements and vi-
tamins were outside reference ranges. Response to systematic
monitoring and targeted supplementation should be evaluated
in future studies. Paediatric dialysis centres should consider
undertaking routine nutritional bloods monitoring, particular-
ly for vitamin D, zinc and copper.
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Introduction

Little is known about the micronutrient requirements and sup-
plementation needs of children requiring long-term dialysis. It
is acknowledged that patients with chronic kidney disease
(CKD) and those on maintenance dialysis (peritoneal dialysis,
PD; intermittent haemodialysis, [HD) are at risk of vitamin
and mineral deficiencies as a result of abnormal renal metab-
olism, inadequate intake, poor gastrointestinal absorption and
dialysis-related losses [1, 2]. As the most frequently observed
vitamin disturbances are related to water-soluble vitamins, the
K/DOQI guidelines recommend that children with CKD on
dialysis receive a water-soluble vitamin supplement [2].
Several studies have evaluated the nutritional blood con-
centrations in children receiving maintenance dialysis.
However, results and recommendations from these studies
are not consistent [3—6]. It is likely that different dialysis mo-
dalities result in differential losses of micronutrients, but there
are few data comparing these in children. Clinical practice
with regards to micronutrient supplementation in the UK re-
mains variable. A brief survey conducted by our department in
early 2015, investigating practice in 13 paediatric dialysis
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units in the UK and Ireland, confirmed that only 4 units sup-
plement with a multivitamin and 2 of these only supplemented
patients on peritoneal dialysis (PD) and none on IHD.
Supplementation of trace elements was not performed routine-
ly in any unit (unpublished data).

At the time of this study, children on maintenance dialysis
at the Evelina London Children’s Hospital (ELCH) received
supplementation with pyridoxine (vitamin B6) and the renal
nutritional supplement Dialyvit®. The latter contains
pantothenic acid, folic acid (I mg), biotin, copper (0.8 mg),
zinc (8 mg) and vitamins B1, B2, B3, B6 (2 mg), B12 (1 ug),
C, E (3 IU) and K. Children under 5 years received Y caplet
daily and those over 5 years received 1 caplet daily. We plan to
monitor nutritional blood levels every 3 months and include
measurement of selenium, manganese, copper, zinc, folate
and vitamins A, D (25 hydroxy vitamin D), B12 and E. Our
objective in this study was to describe the blood concentra-
tions of trace elements and vitamins in children on mainte-
nance dialysis.

Materials and methods

We performed a retrospective review of nutritional blood con-
centrations in children on maintenance dialysis over a recent
4-year period (2011-2014) at our unit. The average values of
vitamin and trace element measurements performed over the
first 12 months following commencement of dialysis during
the study period were calculated for each patient. Additional
data collected included patient demographics, primary renal
diagnosis, modality at the start of dialysis and change in mo-
dality over the first 12 months following commencement of
dialysis. All measurements were obtained using electronic pa-
tient records.

Data are displayed as mean (SD), median and interquartile
(IQR) range as appropriate for all children on dialysis. The
total number of measurements for reported vitamins and trace
elements are recorded and shown as median (IQR) number of
measurements in each child. For each child, the mean value of
all measurements performed was calculated for each reported
vitamin and trace element. The average (SD) values across all
patients were calculated and reported as summary statistics.
Values were reported as “above”, “within range” or “normal”
and “below” for all reported micronutrients.

Results

There were a total of 47 patients on maintenance dialysis
during the study period, with 28 of the 47 children starting
on IHD. Six children changed modality, all from PD to IHD, 1
child <1 month, 3 children 3—6 months and 2 children 6—
9 months following commencement of dialysis.
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Twenty-three of the 47 children received either an oral nu-
tritional supplement or an enteral feed either for part or during
the entire duration of the study. Patient characteristics at the
start of renal replacement therapy (RRT) are shown in Table 1.

Most children (n = 45) had >1 vitamin and/or trace element
abnormality and 64% (n = 30) had both >1 vitamin and trace
element abnormalities (n = 24, 51%, if vitamin D, which is
often low in CKD, was excluded). Mean (SD) vitamin and
trace element concentrations and the total number of measure-
ments for each reported vitamin and trace element are shown
in Table 2. The percentage of mean vitamin and trace element
concentrations below, within and above their reference ranges
are shown in Fig. 1. The laboratory reference ranges for vita-
min and trace element concentrations used at our unit are
shown in Table 3.

Vitamin and trace element supplementation

Vitamin D concentrations (n = 44 out of 47) were within the
desired range for 55% (n = 24 out of 44) of patients, the rest
having deficient (n = 5, 11%) or insufficient (n = 15, 34%)
concentrations. Information on vitamin D supplementation
with cholecalciferol was available for 46 patients and 41%
(n =19 out of 46) of these were prescribed cholecalciferol at
some point during the study period.

Apart from the patient who was taking Forceval® (contain-
ing 50 pg selenium and 3 mg manganese in each tablet), there
was no evidence that any other patient was receiving a
selenium- or manganese-containing supplement during the
study period. This patient’s selenium blood concentration
was within the normal range and received 111% of their
RNI for selenium from the Forceval® supplement. There is
no RNI for manganese.

The proportion of children taking micronutrient supplements
and their distribution by dialysis modality across the low, me-
dium, and high blood micronutrient concentrations are shown
in Table 4 and Fig. 2 respectively. Dialyvit® provided between
83 and 250% of the RNI for vitamin B12 and 5 to 20 times the
RNI for folic acid in children with high concentrations of these
vitamins. Three of the children (RNI 70 pg to 200 pg per day)
with high folate concentrations were taking folic acid (2.5 mg to
10 mg once daily) in addition to Dialyvit®.

Most patients (n = 36 out of 47) were prescribed pyridoxine
(5 mg to 12.5 mg daily). Blood concentrations were available
for only 6 of these patients and all exceeded their RNIs for
vitamin B6 from pyridoxine alone.

In the children with zinc deficiency who were taking
Dialyvit®, this supplement provided between ~84 and 200%
of their RNI (4-9 mg/day) and 4 of these children were also
taking Solvazinc® (one tablet three times per week to one
tablet daily). Each Solvazinc® tablet contained the equivalent
of 45 mg elemental zinc. Although two others were not taking
Dialyvit®, they were receiving either Solvazinc® (one tablet
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Table 1  Patient characteristics at the start of renal replacement therapy

Total
(n=47)

THD
(n=28)

PD
(n=19)

Age in years, median (IQ1, 1Q3)
Gender, n (%)
Girls
Boys
Ethnicity, n (%)
White
Black
Asian
Other
Cause of ESRD, n (%)
Congenital NS
Glomerular diseases
Malignancy and associated diseases
Metabolic disease
Obstructive uropathy
Renovascular disease
Tubulo-interstitial diseases
Renal dysplasia + reflux nephropathy
Uncertain

11.4 (2.8, 14.4)

24 (51)
23 (49)

33 (70)
5(11)
5(11)
48)

3(6.4)
9 (19.1)
2(42)
1@
6 (12.8)
3 (6.4)
5 (10.6)
13 (27.7)
5 (10.6)

12.7 (6.6, 15.3)

14 (50)
14 (50)

18 (64.3)
4(14.3)
4(14.3)
2(7.1)

2(7.1)
8 (28.6)
1(3.6)
1.(3.6)
5(17.9)
3(10.7)
3(10.7)
3(10.7)
2(7.1)

10.5 (0.8, 13.2)

10 (53)
9 (47)

15 (78.9)
1(53)
1(53)
2(10.5)

1(5.3)
1(5.3)
1(5.3)
1(53)
2(10.5)
10 (52.6)
3(15.7)

101 interquartile 1, /Q3 interquartile 3, /HD intermittent haemodialysis, PD peritoneal dialysis, ESRD end-stage renal disease, NS nephrotic syndrome

three times per week, equivalent to ~19 mg/day zinc with an
RNI of 6.5 mg/day) or Wellbaby multivitamin liquid® (5 ml
daily, which contained 2.5 mg zinc, equivalent to 50% of the
RNI for zinc). Dialyvit® provided 84-114% of the RNI for

zinc in the children with high zinc concentrations.

Three-quarters of patients with low copper concentra-
tions (n = 9 out of 12) were prescribed Dialyvit®, which
provided 80-100% RNI. Another child was taking one
Forceval® daily (2,000 png copper), which provided
250% of their RNI.

Table2 Number of measurements in all patients over the initial 12 months following commencement of dialysis and concentrations of vitamins and
trace elements, mean (SD), in the total group and by dialysis modality at the time of micronutrient level measurement

Number of measurements Total IHD PD
Mean (SD) Mean (SD) Mean (SD)

Vitamins

Vitamin A umol/L (n = 16) 33 3.26 (1.19) 3.30 (1.32) 3.18 (1.14)

Vitamin B6* nmol/L (n = 6) 6 364 (18) 450.7* 505 (347)

Vitamin D nmol/L (n = 44) 124 68 (50) 76 (60) 60 (28)

Vitamin E umol/L (n = 15) 29 38.7(21.7) 35.0 (15.5) 44.9 (30.0)
Trace elements

Manganese nmol/L (n = 45) 127 234 (111) 255 (127) 202 (74)

Zinc umol/L (n = 46) 141 159) 14.2 (8.0) 15.7 9.9)

Selenium pmol/L (n = 44) 131 0.97 (0.59) 0.94 (0.66) 1.02 (0.46)

Copper umol/L (n = 43) 131 14.5 (4.3) 14.2 (4.3) 14.9 (4.5)

SD standard deviation, /HD intermittent haemodialysis, PD peritoneal dialysis

#Only 1 vitamin B6 result in the IHD group; vitamin B12 and folate results above range were reported as >128 pmol/L and >20 pg/L respectively;

therefore, no mean (SD) values for these are displayed
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Fig. 1 Percentage of mean vitamin and trace element concentrations that were below, within and above their reference ranges

Discussion

In this study of children on maintenance dialysis, we observed
abnormal vitamin and mineral concentrations. Most of the
patients displayed high blood concentrations of vitamins A
(94%), E (87%), B12 (80%) and folate (39%). Three children
were taking a vitamin A-containing supplement (Forceval®/
Wellbaby multivitamin liquid®/ABIDEC®) during the study
period; however, vitamin A concentrations were not available
for these children. It is known that vitamin A is not removed by
dialysis and high levels can lead to hypercalcaemia, anaemia

Table3  Reference ranges for vitamin and trace element concentrations

Variable Normal range

Folate 3.1-20.5 pg/L

Vitamin D <30 nmol/L (deficiency), 30-50 nmol/L (insufficiency)

Vitamin B6 35-110 nmol/L

Vitamin B12 ~ 25-108 pmol/L

Manganese 73-210 nmol/L

Selenium 0.44-1.43 umol/L

Zinc 11-19 umol/L

Copper 1.4-7.2 umol/L (04 months)
3.9-17.3 umol/L (4—6 months)
7.9-20.5 umol/L (7-12 months)
12-25 pmol/L (> 1 year)

Vitamin A 0.70-1.50 umol/L (0—6 years)
0.90-1.70 umol/L (6-12 years)
0.90-2.50 umol/L (12—17 years)

Vitamin E 11.5-24.4 pumol/L (0-1 year)

7.0-21.0 pmol/L (1-6 years)
10.0-21.0 umol/L (6-12 years)
13.0-24.0 pumol/L (1217 years)
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and hyperlipidaemia [2]. Excess vitamin E has been associated
with bleeding and impaired leukocyte function, and previous
data have highlighted the low levels of «-tocopherol in dialysis
effluent [2].

The effect of excess vitamin B12 levels is unknown [2].
The K/DOQI [2] reports that studies in paediatric dialysis
patients have demonstrated normal cobalamin levels regard-
less of whether they receive supplements or not, and noted
further studies that show that dietary intake meets or exceeds
requirements in most cases. Our results also demonstrated
high vitamin B12 (80%) concentration levels regardless of
whether patients were receiving micronutrient supplements
containing vitamin B12 or not.

Most patients (77%) were prescribed pyridoxine. However,
only 6 patients had vitamin B6 monitoring during the study
period and all had high vitamin B6 concentrations. Excess vita-
min B6 is known to cause neuropathy and photosensitivity [2].
Following this study, we investigated vitamin B6 levels in our
current dialysis group. Fourteen patients had vitamin B6 levels
blood concentrations available, 12 of whom were prescribed
pyridoxine. Most (n = 12 out of 14) had levels above the refer-
ence range, which in 4 patients were 4-5 times (442.9—
616.7 nmol/L) above the reference range.

Folate concentrations were high in 39% of our patients and
all were receiving a supplement containing folate (Dialyvit®/
folic acid). Rees and Shaw [7] reported that daily recommended
intakes of vitamin B6 and folate may be met from food, feeds
and nutritional supplements and highlighted the importance of
assessing dietary contribution before routinely giving supple-
ments. It is acknowledged that vitamin D deficiency is common
in children with CKD [2]. Only 55% of our patients had suffi-
cient vitamin D concentrations.

A small paediatric study (z = 12) by Don et al. [0]
reported adequate dietary intakes of vitamins Bl, B2,



Pediatr Nephrol (2018) 33:159-165 163

57 |8 % B6 and B12 with normal to high blood concentrations

TR oo in their dialysis patients. They concluded that supple-

Téﬁ e s4a mentation of B vitamins was not indicated. Kriley and

2 § § S; g/ ir/ o Warady [3] examined the vitamin status of 8 children

- _ receiving PD who were also prescribed a multivitamin
% . = ﬁ @ = = o = containing vitamins Bl, B2, B6, B12, C and folate.
Sl13i|lseg=z, =2 From diet alone, most met the recommended daily al-
P lowance (RDA) for height/age for vitamins B6 (97%),
é” I % 3 EE o Bl (93%), A (130%), B2 (82%), C (131%), B12
(210%) and folate (169%). Despite the combination of
Eo |28 P diet and supplementation exceeding the RDA for numer-
§ . lvf E % :7' % f/ f’ ous micronutrients, including vitamin C (259%), Bl
—_ (245%), B2 (232%), vitamin B12 (735%), vitamin B6
2|z ﬁ % ? D g (893%) and .folate (1072%) and increaseq Vitt}min stores
NIlas|[=—=—=mw 1 1 | compared with controls (» = 6, no medical issues), the
-l -~ - authors recommended vitamin supplementation, as there
z = g’ E ) x were no clinical signs of vitamin toxicity.
= S Low serum levels of zinc are known to result from its
% E“ » |33 4 removal by dialysis and deficiency can result in anorexia,
§ S ! E E E/ % o impaired wound healing and faltering growth [2, 8]. The K/
g B _ DOQI [2] recommends that children should receive the rec-
= o z O 3 =) 5 ommended dietary zinc intakes and only supplement for the
S SlE3| a2 g“ treatment of clinical manifestations of deficiency confirmed
g 2 8 by the laboratory. Although 43% of our patients had zinc
E = 9 = _ ’gn d.eﬁmency,. 90% (n =18 out of 20) werg I‘eCCIV.IIlg.ZIHC ora
= E 5 - 2 ) ) zinc-containing supplement, without which their zinc levels
2> E © = < could have been lower.
Kl olaa - % It is known that selenium is normally excreted by the kid-
g1 o = % 2 © T e ney and not removed by dialysis [2]. In our study, most had
'—qg) o S B g adequate selenium blood concentrations (89%) and only 2
= é Té“ = % patients had low selenium concentrations. Copper deficiency
E § 21 i E o £ can have a negative impact upon growth [2]. The K/DOQI [2]
£ L o) noted that assessment of serum copper levels may be benefi-
é 5 - l18& c g o i cial when clinical signs of overload or deficiency are present.
s EL| TS 2 E Deficient copper levels were seen in 28% (n = 12 out of 43) of
% : = s = § our patients despite most (n = 9 out of 12) receiving the
5 § § s ol copper-containing supplement Dialyvit®. Given the result of
§ SlZs == 0 g" . this study, regular blood levels may be beneficial to help guide
g o gg ~ % —i if agd when (;?ppeg supgletrlrlle?tzt(l)cgl 1; r(:lquﬁ?eill.

5, S & @ g ur results showe a » had high manganese
§ . Saloo a0 g E blood levels. It has been reported previously that the
E|l | = 55 = . § = Qg homeostatic mechanisms regulating manganese excretion
z § g? e g ) e = may not be fully developed in children [9]. It has also
El R ; 2 8 been reported that children with iron deficiency anaemia
g’ ‘f@ g B} ;D have higher blood concentrations of manganese, al-
= = £ @ E though the underlying reasons for this association re-
k) S = § 5 < main unclear [10, 11]. Anaemia and iron deficiency
é S é é E % % are highly prevalent in children on dialysis [12], but
§ = S 2 E = e as we did not collect any data on this in our study
£ £ . < 2. £ o E g cohort we are unable to comment on this further.

-« % e § ‘?g _é’ % § g o 2 It is important to highlight that although reported here, RNI
% g %‘ "é 2 g = g 5 § ;5) E’ apply to the healthy general population and it may be mislead-
=l a ALERNZELO s 2 o ing to compare children on dialysis against these suggested

@ Springer



164

Pediatr Nephrol (2018) 33:159-165

100%

90%

80%

70% U3 S

60%

50% [t Potele!] Satats
40% ﬁﬂg

30%
50%
20% 36% 39%
10%

9%

0%

HD PD

HD PD HD PD HD PD HD PD

Folate Vitamin D Vitamin A Vitamin E Vitamin B12

30%

i BN e R e s B T
| BD% 4[5 EINormal

O lLow

o lea%
58%|

55%

29% 29%

24%

itetetd| P
3%

HD PD HD PD

HD PD

HD PD HD PD
Vitamin B6 Selenium

Copper Zinc Manganese

Fig.2 Percentage of mean vitamin and trace element concentrations, which were below, within and above their reference ranges for haemodialysis (/D)

and peritoneal dialysis (PD) patients

intakes [2]. In this report, we did not include diet assessment
retrospectively, as reliance on dietary recall as a method of
assessing micronutrient intake has numerous limitations.
These include misreporting of food portion sizes, errors in
the recall of the child’s food intake and parents often lack
knowledge of their child’s dietary intake outside of the home
setting. Furthermore, prolonged recording may be required to
characterize the intakes of many nutrients in children, for ex-
ample, >20 days of records are often required to capture ha-
bitual vitamin intake [13, 14].

There are several limitations to our study findings
beyond those inherent in retrospective data analysis,
and include: 1. We did not collect data regarding toler-
ance of prescribed feeds; in the youngest children with
ESRD, who often experience most feeding difficulties,
this may be of most relevance. 2. Several micronutrients
have age-specific ranges that make interpretation of con-
centrations as shown difficult. Although age standardi-
zation would be useful, we were not aware of reference
data that would allow this to be done. 3. It would be of
interest to measure changes in concentrations over time.
4. Variability in adherence to prescribed micronutrient
supplements and different haemodialysis membranes
may also have contributed to variability in measured
levels. 5. Most of our results relate to haemodialysis
with more limited patient numbers and data in those
on PD making it difficult to compare findings between
modalities.
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Conclusions

The results of this study show that most patients displayed high
blood concentrations of vitamins A and B12, that monitoring of
vitamin D, zinc and copper is required owing to the low levels
seen in this group, and that routine vitamin B6 supplementation
is currently not indicated in our dialysis patients. Reasons for
the variations in the nutritional blood concentrations may in-
clude differences in diet, micronutrient supplementation, micro-
nutrient content in enteral/oral feeds and the impact of dialysis
and modality on micronutrient clearance. Further research is
required to assess the response to systematic monitoring and
targeted supplementation of micronutrients following com-
mencement of dialysis and whilst on longer term dialysis, and
to investigate the impact of different dialysis techniques and
modalities. Paediatric dialysis centres should consider under-
taking routine monitoring of nutritional bloods, particularly for
vitamin D, zinc and copper.
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