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Abstract

Children with hemato-oncological diseases may have significant skeletal morbidity, not only during and after treatment but also at the time of
diagnosis before cancer treatment. This study was designed to evaluate the vitamin D status and circulating bone metabolic markers and their
determinants in children at the time of diagnostic evaluation for hemato-oncological disease.

This cross-sectional study included 165 children (91 males, median age 6.9 yr range 0.2-17.7 yr). Of them, 76 patients were diagnosed with
extracranial or intracranial solid tumors, 83 with leukemia, and 6 with bone marrow failure. Bone metabolism was assessed by measuring serum
250HD, PTH, bone alkaline phosphatase, intact N-terminal propeptide of type | procollagen, and C-terminal cross-linked telopeptide of type |
collagen.

Vitamin D deficiency was found in 30.9% of children. Lower 250HD levels were associated with older age, lack of vitamin D supplementation,
season outside summer, and a country of parental origin located between latitudes —45° and 45°. Children diagnosed with leukemia had lower
levels of markers of bone formation and bone resorption than those who had solid tumors or bone marrow failure.

In conclusion, vitamin D deficiency was observed in one-third of children with newly diagnosed cancer. Bone turnover markers were decreased
in children with leukemia, possibly because of the suppression of osteoblasts and osteoclasts by leukemic cells. The identification of patients
with suboptimal vitamin D status and compromised bone remodeling at cancer diagnosis may aid in the development of supportive treatment
to reduce the adverse effects of cancer and its treatment.

Keywords: biochemical markers of bone turnover< bone modeling and remodeling, tumor-induced bone disease < cancer, other< diseases and disorders
of/related to bone

Lay Summary

This study was designed to evaluate the vitamin D status and circulating bone metabolic markers in children with hemato-oncological diseases.
Vitamin D deficiency was found in one-third of children. Lower vitamin D levels were associated with older age, lack of vitamin D supplementation,
season outside summer, and a country of parental origin located between latitudes —45° and 45°. Children diagnosed with leukemia had lower
levels of markers of bone formation and bone resorption than those who had solid tumors or bone marrow failure.

The identification of patients with suboptimal vitamin D status and compromised bone remodeling may aid in the development of supportive
treatment to reduce the adverse effects of cancer and its treatment.

© The Author(s) 2024. Published by Oxford University Press on behalf of the American Society for Bone and Mineral Research.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
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Graphical Abstract

JBMR Plus, 2024, VVolume 8 Issue 4

Demographic and Disease-Related Factors Impact
Bone Turnover and Vitamin D in Children with
Hemato-Oncological Diseases

Vitamin D deficiency was found in 30.9% of children. Lower 25-

hydroxyvitamin D levels were associated with older age, lack of vitamin

D supplementation, season outside summer, and a country of parental

origin located between latitudes -45° and 45°. Children diagnosed with

leukemia had lower levels of markers of bone formation and bone

resorption than those who had solid tumors or bone marrow failure.

Introduction

Previously published studies have indicated that children with
hemato-oncological diseases may suffer from skeletal morbid-
ity at diagnosis, as well as during and after treatment.! Most
studies have focused on children with acute lymphoblastic
leukemia (ALL), in whom low bone mineral density (BMD)
correlates with the presence of vertebral fractures within
30 d of chemotherapy initiation.” In addition, it predicts
vertebral and non-vertebral fractures in the subsequent years.?
Studies on skeletal morbidity in children with other types of
cancer such as chronic myeloid leukemia,* osteosarcoma and
Ewing sarcoma,’ neuroblastoma,® and lymphoma” are scarce,
reporting that skeletal complications are common and should
be considered in the long-term follow-up of these patients.

The cause of skeletal morbidity is multifactorial and
involves several disease- and treatment-related factors.! At the
time of diagnosis, these include the direct effects of malignant
cells on the skeleton as well as the effects of inflammation,
immobility, and compromised nutrition."»® During cancer
treatment, skeletal health may be further influenced by several
factors including chemotherapy, glucocorticoids, radiation,
low physical activity, and endocrine deficits.!»” These effects
have long-term consequences, and children with hemato-
oncological diseases are still at risk of skeletal morbidity
several decades after cessation of treatment.'”

To maintain a healthy skeleton, damaged or old bones
must be replaced. Bone remodeling is a constant process
throughout life. The initiating event for bone remodeling is
bone resorption by osteoclasts followed by bone formation
by osteoblasts.!? The bone metabolism is influenced by trace
elements such as iron, calcium, phosphorus, and magnesium'2
and vitamins such as vitamin D,'® vitamin A,'* and vita-
min K and promoted by growth hormone.'® A range of
biochemical bone turnover markers (BTM) is available for
the evaluation of bone formation and resorption, providing
a dynamic picture of bone homeostasis. The bone formation
markers bone alkaline phosphatase (BALP), intact N-terminal
propeptide of type I procollagen (PINP), and osteocalcin
represent the activity of osteoblasts, whereas bone resorp-
tion markers, such as C-terminal cross-linked telopeptide of
type I collagen (CTX) and tartrate-resistant acid phosphatase
isoform 5b, reflect the activity of osteoclasts.!”*18 However,
only a few studies have explored BTM in children with
hemato-oncological diseases.®>'?2% Investigating these mark-
ers is important for understanding the pathophysiology of
skeletal complications in children with hemato-oncological
diseases.

Our previous studies, performed in historical cohorts,
indicated a high prevalence of vitamin D deficiency in
Swedish children diagnosed with cancer.”®>** These obser-
vations prompted us to conduct a larger prospective study
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Figure 1. Flow diagram showing the number of eligible and recruited patients and number of available samples.

investigating vitamin D status and BTM in children with
hemato-oncological diseases. The aim of this study was to
investigate the associations between demographic and disease-
related factors and vitamin D status and BTM in children with
hemato-oncological diseases at the time of diagnosis.

Materials and methods
Patients and study design

Patients were recruited from the University Children’s
Hospital, Uppsala, Sweden (between July 2015 and Novem-
ber 2019) and the Astrid Lindgren Children’s Hospital,
Karolinska University Hospital, Stockholm, Sweden (between
April 2016 and November 2017). We invited all children
aged 0-17 yr who were diagnosed with cancer or bone
marrow failure (BM failure) syndrome during the recruitment
period. The considered sample size was calculated as at
least 10 observations for each category which was included
in the linear regression analyses plus additional 10% for
missing values. Of the 407 children diagnosed with cancer
or BM failure syndrome during the study period, 178 (44%)
were recruited. Thirteen children did not provide blood
samples within 4 wk after the start of chemotherapy and
were therefore excluded from the analyses (Figure 1). A
total of 165 children (91 males) consented to participate
and provided the samples. Written informed consent was
obtained from children and/or their guardians. The Regional
Ethical Review Board of Uppsala, Sweden, approved the
study (2014/511).

The aims of the study were first (1) to establish the
prevalence of vitamin D deficiency in children with hemato-
oncological diseases and (2) to determine which independent
variables are associated with 25-hydroxyvitamin D (250HD)
levels. The evaluated variables included age (in years) as a
continuous variable and sex, body mass index (BMI) Z-score
(5 groups: with BMI Z-score below —2, -2 to -1, -1to 1,1
to 2, and above 2), vitamin D supplementation (supplemented
vs non-supplemented), season (summer, fall, winter, spring),
skin type (type I to type VI), the country of parental origin
(north of latitude 45° vs latitude —45° to 45°), and diagnosis
(solid tumors, leukemia, and BM failure) as categorical
variables (Table 1). Second, we aimed (1) to determine
the levels of BTM in children with hemato-oncological
diseases and to evaluate whether they are associated with

different diagnoses, (2) to evaluate whether the 250HD and
BTM levels are associated with a history of previous bone
fractures, and (3) to explore associations between 250HD
and parathyroid hormone (PTH) or BTM.

Clinical data were collected from the medical records,
including history of bone fractures, body weight measure-
ments in kilograms, and body height measurements in
centimeters, rounded to the tenths. The BMI Z-score was cal-
culated according to WHO Child Growth Standards.?’ Ques-
tionnaires were administered to determine skin types I to VI
according to the Fitzpatrick skin scale,® country of parental
origin, and vitamin D supplementation. The 4 seasons were
summer (June—August), fall (September-November), winter
(December-February), and spring (March-May).

Biochemical measurements

Blood samples were collected from all study participants at
the time of diagnosis, usually in the morning, and serum
aliquots were stored at —75°C until assayed with reagents
from the same batch in September 2022. Serum 250HD,
intact PTH, and BALP levels were analyzed at the Depart-
ment of Clinical Chemistry (Swedac accredited no. 1342),
Linkoping University Hospital, Sweden. Serum 250HD lev-
els were measured using a LIAISON® XL analyzer with a
250HD total chemiluminescence immunoassay (DiaSorin),
which demonstrates 100% cross-reactivity for 250HD, and
250HDj3. The 250HD method has an analytical range of
10-375 nmol/L and a total coefficient of variation (CV) of
<8%. Intact PTH was determined with the Elecsys electro-
chemiluminescence immunoassay on a Roche Cobas €601
platform (Roche Diagnostics Scandinavia AB), with an assay
performance of analytical range 0.13-530 pmol/L and total
CV of <7%. Serum BALP was measured using the BAP
Ostase® chemiluminescence immunoassay on a LIAISON®
XL analyzer (DiaSorin, Stillwater) with an analytical range of
1.5-120 ug/L and intra- and inter-assay CVs of 7.0%.

Intact PINP was assessed using the UniQ radioimmunoas-
say (Aidian Oy), with an analytical range of 5-250 ug/L,
intra-assay CV of <5%, and inter-assay CV of <6%. CTX
was assessed using the serum CrossLaps® enzyme-linked
immunosorbent assay (Immunodiagnostic Systems Holdings
PLC), with an analytical range of 20-3380 ng/L, intra-assay
CV of <6%, and inter-assay CV of <10%.
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Table 1. Characteristics of the study population (N
skin type, country of parental origin, and diagnosis.
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=165). Distribution of 250HD according to sex, age, BMI Z-score, vitamin D supplementation, season,

Groups N Mean 250HD 95% CI Deficiency (%)
nmol/L (SD)
All patients 165 64.6 (24.5) 60.8-68.4 30.9
Sex
Male 91 64.5 (24.7) 59.3-69.6 31.9
Female 74 64.7 (24.3) 59.1-70.4 29.7
Age (yr) at diagnosis
0.0-2.0 17 74.8 (27.1) 60.9-88.8 11.8
2.1-6.0 54 69.1 (24.7) 62.3-75.8 27.8
6.1-10.0 35 64.7 (16.3) 59.1-70.3 17.1
10.1-15.0 40 55.0 (24.5) 47.1-62.9 47.5
15.1-18.0 19 62.6 (28.9) 48.7-76.5 47.4
BMI Z-score
<=2 11 62.5 (30.0) 42.3-82.7 36.4
—2to —1 20 57.3 (19.6) 48.1-66.4 35.0
—-1to1l 105 67.4(23.2) 62.8-71.9 24.8
1to2 21 59.9 (29.0) 46.6-73.1 42.8
>2 8 61.8 (30.5) 36.2-87.4 62.5
Vitamin D supplementation
Yes 46 75.0 (21.1) 68.7-81.2 13.1
No 109 60.6 (24.8) 55.765.2 36.7
Missing 10
Season
Summer 35 76.2 (26.4) 67.1-85.3 0.0
Fall 40 63.9 (25.5) 55.7-72.1 27.5
Winter 40 66.2 (22.3) 59.0-73.3 22.5
Spring 50 55.8(20.6) 49.9-61.7 48.0
Skin type?
Type I 4 53.8 (21.1) 20.1-87.5 50.0
Type II 73 71.3 (23.9) 65.7-76.9 19.1
Type III 54 59.5(25.2) 52.6-66.3 40.8
Type IV 28 58.1(22.7) 49.3-66.9 42.8
Type V 5 71.7 (17.3) 50.1-93.3 0.0
Missing 1
Country of parental origin
North of latitude 45° 104 70.0 (24.3) 65.3-74.8 23.1
Latitude —45° to 45° 56 54.1 (21.1) 48.4-59.8 44.6
Missing S
Diagnosis
Solid tumors 76 61.8 (22.1) 56.7-66.9 31.6
Leukemia 83 67.7 (26.9) 61.8-73.6 31.3
BM failure 6 56.6 (9.2) 46.8-66.3 16.7

2Refers to grading according to the Fitzpatrick scale, in which type I signifies the lightest and type VI signifies the darkest skin complexion.

The levels of 250HD < 50 nmol/L and <25 nmol/L were
defined as vitamin-D deficiency and severe deficiency, respec-
tively. The level of 250HD > 50 nmol/L was defined as vita-
min D sufficiency.?” The reference interval for PTH in the
laboratory was 1.6-6.9 pmol/L. The reference intervals used
for BALP, intact PINP, and CTX were those reported by
Ladang et al.,?® Morovat et al.,>” and Rauchenzauer et al.,>”
respectively.

Serum calcium and albumin levels were determined using
standard methods and collected from medical records.
Albumin-corrected serum calcium [Ca(Alb) in mmol/L] was
calculated according to the formula: [actual serum calcium
+0.02 x (42-albumin in g/L)].}!

Statistical analyses
Statistical analyses were performed using SPSS version 28
(IBM Corp.). A P-value <.05 was regarded statistically sig-
nificant.

Parameters with a skewed distribution (PTH, BALP, PINP,
and CTX) are presented as medians with interquartile ranges

(IQR, 25-75 percentiles); otherwise, they are presented as
means + SD and 95%CI. Linear regression was used to
explore the effects of the study variables on 250HD levels.

Spearman’s correlation coefficient (r) was calculated to
test the association between 250HD, PTH, Ca(Alb), and
250HD, BALP, PINP, and CTX. The Kruskal-Wallis test
with Bonferroni adjustment for multiple testing was used to
compare BTM between the 3 diagnostic groups: children with
solid tumors (including those with extra- and intracranial
solid tumors), children with leukemia, and children with
BM failure. Mann—Whitney test was used to compare PTH
between children with vitamin D deficiency and with vitamin
D sufficiency and to compare 250HD between children who
had previously experienced bone fractures and those who
had not.

Results

The study population included 165 children (91 male patients,
55.2%), median age 6.9 yr (range, 0.2-17.7). Of them, 62
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(37.6%) participants had extracranial solid tumors [soft
tissue sarcoma (15), non-Hodgkin lymphoma (10), Hodgkin
lymphoma (11), osteosarcoma (8), nephroblastoma and
other nonepithelial renal tumors (7), neuroblastoma and
ganglioneuroblastoma (3), Ewing sarcoma (2), germ cell
tumor (3), hepatic tumor (2), retinoblastoma (1)]; 14 (8.5%)
participants had intracranial solid tumors [medulloblastoma
(7), atypical teratoid-rhabdoid tumor (3), germ cell tumor (2),
Ewing sarcoma (1), pilocytic astrocytoma (1)]; 83 (50.3%)
participants had leukemia [ALL (62), acute myeloid leukemia
(17), chronic myeloid leukemia (3), juvenile myelomonocytic
leukemia (1)]; and 6 (3.6%) participants had BM failure
[aplastic anemia (4), Fanconi anemia (1), myelodysplastic
syndrome (1)]. Patient characteristics are presented in Table 1.

In this study population, 26 children had experienced bone
fractures previously: 5 in the last 3 mo, 1 in the last 3-12 mo,
and 20 more than 12 mo before diagnosis. One hundred
thirty-two patients had not experienced bone fractures pre-
viously, no data about bone fractures were available for 7
children.

Altogether, 89% of children provided samples before (130
children, 79%) or 1 d after (17 children, 10%) the initi-
ation of chemotherapy. In 18 children (11%), the samples
were obtained between days 2 and 22 after the initiation of
chemotherapy.

Questionnaires

Skin type I (unexposed skin is bright white, always burns
in response to UV (ultraviolet light), never tans) has been
reported in 4, skin type II (unexposed skin is white, burns
easily in response to UV, tans minimally) in 73, skin type
II (unexposed skin is fair, burns moderately, has average
tanning ability) in 54, skin type IV (unexposed skin is light
brown, burns minimally, tans easily) in 28, and skin type
V (unexposed skin is brown, never burns, tans easily, and
substantially) in 5 children. None of the patients reported skin
type VI (unexposed skin is black, never burns, tans readily,
and profusely). No response was obtained from one patient.
Regarding vitamin D supplementation at the time of the study,
46 children (28%) received vitamin D at least 1-3 times per
week, whereas 109 children (66 %) did not take any vitamin D
supplements. No response was obtained from 10 children. The
country of parental origin (at least one parent) was between
latitudes —45° and 45° for 56 children (34%) and north of
latitude 45° (including Sweden located at latitudes 55°—69°)
for 104 children (63%). No information was available for §
children.

250HD status and PTH

For the whole cohort, the mean value of 250HD was
64.6 +24.5 nmol/L. Vitamin D deficiency (250HD < 50
nmol/L) was found in 30.9% of children (4.2% had severe
vitamin D deficiency with 250HD < 25 nmol/L).

We used linear regression to evaluate whether the inde-
pendent variables were associated with levels of 250HD.
In unadjusted analyses, a negative association was observed
between age and levels of 250HD (B=-1.0, P=.004),
and vitamin D supplementation was positively associ-
ated with 250HD (B=14.3, P <.001). We observed sea-
sonal variation in 250HD levels between summer and
autumn (B=—12.2, P=.02) and between summer and spring
(B=—-20.3, P <.001); summer was associated with higher
levels. Furthermore, we investigated whether darker skin had

an influence on vitamin D status. As skin type I was only
reported in 4 children, we used skin type II as the reference
group. The skin type V group included only 5 patients, 3 of
whom had vitamin D supplementation. We found that skin
type Il (B=-11.8, P=.007) and skin type IV (B=-13.1,
P=.01), but not skin type I or V, were associated with
lower levels of 250HD than those of the reference group
(skin type II). In line with this, children with one or both
parents originating from a country mainly located between
latitudes —45° and 45° had significantly lower 250HD levels
when compared with children with parents from countries
located north of latitude 45° (B=—15.9, P <.001). None of
the participants had parents from countries located south
of latitude —45°. There were no significant differences
in the 250HD levels between the sexes nor between the
different diagnostic groups or groups with different BMI
Z-score. After adjusting for all variables with P <.1, age
(B=-0.85, P=.025), vitamin D supplementation (B=11.0,
P=.007), season (fall, winter, and spring compared with
summer, B=—-12.5,P=.01;B=-11.6,P=.02;and B=—-19.3,
P <.001, respectively), and parental origin (B=-13.1,
P=.002), but neither skin type nor BMI Z-score remained
significant predictors of 250HD levels (Table 2).

Using Mann—Whitney test, we could not identify any differ-
ences in 250HD levels between children who had previously
experienced bone fractures as compared with those who
had not.

Serum PTH levels were available for 162 patients (98.2%).
The median PTH value was 2.97 pmol/L (IQR=1.62-
4.79 pmol/L) and the values were normal in 64.2%: 23.5%
of the children displayed levels below and 12.3% above the
reference interval (1.6-6.9 pmol/L). Inverse correlations were
observed between PTH and 250HD (r=-0.293, P <.001)
and PTH and Ca(Alb) (r=-0.330, P <.001) (Figure 2). PTH
level was higher in children with vitamin D deficiency as
compared with those with vitamin D sufficiency (P =.015).

BALP, PINP, and CTX levels

BTM reflects the bone metabolism and may change rapidly
with the onset of chemotherapy. We found that PINP levels
were lower in children with leukemia who had blood samples
drawn after the start of the chemotherapy as compared with
children who had the blood samples drawn at the time of
chemotherapy initiation (P=.04). To minimize bias, further
analyses included only the 147 patients who had blood sam-
ples available at the time of chemotherapy initiation (66 with
solid tumors, 75 with leukemia, and 6 with BM failure). Serum
BALP measurements were available for 147 patients. The
median BALP value was 31.2 ug/L (IQR=21.6-50.2 ug/L),
75.5% had a value within the normal reference range, 20.4%
of the children displayed values below and 4.1% above the
reference interval. Five of 6 children with very high BALP
values (208-409 wug/L, all above the 96th percentile) were
diagnosed with osteosarcoma (Figure 3). Three additional
children with osteosarcoma displayed normal BALP levels.
Serum PINP and CTX levels were available for 146 and 147
patients, respectively. The median PINP value was 184.7 ug/L
(IQR =108.7-334.5 ng/L) and only 47.3% had a value within
the normal reference range. More than half (51.4%) of the
children displayed levels below and 1.4% displayed levels
above the reference interval. The median CTX level was
823.5 ng/L (IQR =568.5-1240.5 ng/L). The values were
mostly normal (78.9 %); however, 20.4% of the children
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Table 2. Factors influencing levels of 250HD among 165 children with hemato-oncological diseases.

Linear regression

Unadjusted analyses

Adjusted analyses

B R? P B Beta P

All patients (165)
Sex 0.000

Male (Ref.)

Female 0.2 9
Age (yr) -1.0 0.050 .004?2 —0.85 -0.176 .0252
BMI Z-score 0.025

<=2 —4.8 5 0.6 0.006 9

—2to—1 -10.1 .09 -7.8 —0.105 1

—1to 1 (Ref.)

1to2 -7.4 2 -9.0 -0.126 .9

>2 -5.5 5 —6.7 —0.057 4
Vitamin D supplement 0.071

No (Ref.)

Yes 14.3 <.001? 11.0 0.205 .007?2
Season 0.088

Summer (Ref.)

Fall -12.2 .022 -12.5 -0.220 .012

Winter -9.9 .06 -11.6 —0.203 .022

Spring -20.3 <.001? -19.3 —0.358 <.001?
Skin typeP 0.067

Type I -17.5 -15.4 —0.100 1

Type II (Ref.)

Type I -11.8 .0072 —6.4 —0.124 1

Type IV -13.1 .012 -2.8 —0.042 .6

Type V 0.4 3.6 0.026 7
Country of parental origin 0.097

North of latitude 45° (Ref.)

Latitude —45° to 45° -15.9 <.001? —-13.1 —0.253 .003?2
Diagnosis 0.018

Solid tumors (Ref.)

Leukemia 5.8 1

BM failure -5.2

R2 0.391 0.319

2Regression is significant. bRefers to grading according to the Fitzpatrick scale, in which type I signifies the lightest and type VI signifies the darkest skin

complexion.

displayed levels below and 0.7% above the reference interval
(Table 3).

In the whole study population, all BTM were within the ref-
erence ranges in only 41.5% of children. Overall, 86 children
(58.5%) displayed at least one BTM (BALP, PINP, or CTX)
below the reference interval. This proportion was higher in
children with leukemia (83.3%) than in those with solid
tumors (37.9%). All 6 children with BM failure displayed nor-
mal BALP, PINP, and CTX values according to the reference
intervals.?8-30

A comparison of BTM between the diagnostic groups
demonstrated that BALP, PINP, and CTX levels were
significantly lower in children with leukemia than in those
with solid tumors (P =.002, P=.003, P <.001, respectively)
or BM failure (P=.009, P=.001, P=.009, respectively)
(Figure 4). Positive correlations were observed between BALP
and PINP (r=0.593, P <.001), BALP and CTX (r=0.385,
P <.001), and PINP and CTX levels (r=0.316, P <.001).
There was no correlation between BTM and 250HD.

Furthermore, we stratified the data of 147 patients by vita-
min D supplementation: 98 patients did not receive vitamin D
supplementation (41 with solid tumors, 53 with leukemia, and
4 with BM failure), 41 patients were vitamin D supplemented
(22 with solid tumors, 17 with leukemia, and 2 with BM
failure). In 8 patients, vitamin D supplementation status was
unknown. In the vitamin D non-supplemented group, the

comparison of BTM between the diagnostic groups demon-
strated that BALP, PINP, and CTX levels were significantly
lower in children with leukemia than in those with solid
tumors (P =.006, P=.009, and P <.001, respectively) or BM
failure (P=.035, P=.007, P=.047, respectively). In contrast,
in the vitamin D supplemented group, there were no statis-
tically significant differences in BTM across the diagnostic
groups, possibly due to the low number of participants.

We then analyzed whether the children with a history of
skeletal fractures had changes in BTM. In this group of 147
children, 23 had experienced bone fractures previously and
118 had not. No data regarding bone fractures were available
for 6 children. Using Mann—Whitney test, we showed that
children with a history of bone fractures had lower levels of
BALP (P=.007) and PINP (P =.009), meanwhile CTX levels
were comparable in children with and without bone fractures.
However, children with history of fractures were older (95%
CI for mean 9.0-13.0 yr) than children without fractures
(95% CI for mean 6.6-8.5 yr, P=.004) and this probably
contributed to the observed differences in BTM.

Discussion

Our results demonstrate that one-third of the children with
hemato-oncological diseases in Sweden are vitamin D defi-
cient at the time of diagnosis. Furthermore, in two-thirds
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Figure 2. Correlation between PTH and 250HD (A) and PTH and Ca(Alb)
(B) in 165 children with hemato-oncological diseases.

of the children, at least one BTM was decreased, possibly
indicating compromised bone metabolism. Similar results on
vitamin D deficiency were obtained in our previously pub-
lished study on historical cohorts of children with hematolog-
ical and non-hematological malignancies,>*>** as well as in a
study on healthy Swedish children,*? implying that children
with hemato-oncological diseases and healthy children in
Sweden may carry a comparable risk of vitamin D deficiency.
Furthermore, previous studies reported that approximately
28%-63% of healthy European children have 250HD levels
<50 nmol/L.33-38 The frequently reported factors associated
with vitamin D deficiency in pediatric populations are older
age, overweight, winter/spring season, dark skin, female sex,
parental vitamin D deficiency, lack of vitamin D supplementa-
tion, and lifestyle with less outdoor exercise and reduced activ-
ity and fitness.33-37-3%43 The highest prevalence of vitamin D
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Figure 3. Distribution of BALP in 8 children with osteosarcoma, 3 children
with Ewing sarcoma and in 55 children with other solid tumors.

deficiency in children with cancer, 41% (range 21%-62%),
was reported among European children, compared with 24%
(range 24-25%) among children in the Middle East and 15%
(range 0-16%) among children in North America.**

The synthesis of vitamin D in the skin is genetically
determined: the more melanin in the skin, the lower the
amount of previtamin D3 that can be synthesized in response
to UV radiation.*> The skin color of indigenous populations
becomes darker from the poles to the equator, and is therefore
associated with the ethnic background. In this study, we used 2
tightly connected variables: reported skin type (I-VI according
to the Fitzpatrick scale?®) and country of parental origin. As
expected, vitamin D deficiency was more common in children
with darker skins. In our study cohort, only a few children
had skin types I and V and none had skin type VI. However,
children with skin types IIl and IV had a prevalence of vitamin
D deficiency twice as high as that of children with skin type II.
These data are in agreement with those of Akeson et al., who
reported that low 250HD levels are associated with a darker
skin type in children in Sweden.** However, in our study,
the country of parental origin was a more powerful variable
associated with 250HD levels than skin type. Children of
parents from countries located south of latitude 45° had
15.9 nmol/L lower mean for 250HD than children of parents
from countries located north of latitude 45°. This indicates
that immigrant populations with dark skin who live in the
northern part of the globe have a greater risk of vitamin D
deficiency. Parental origin should be considered a possible risk

Table 3. Biochemical bone turnover markers in children with hemato-oncological diseases at time of diagnosis in comparison with age- and sex-adjusted

reference intervals.

Diagnosis BALP?® PINP?? cTXx3?
Low Norm High Low Norm High Low Norm High
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Solid tumors 12 58 6 28 45 2 6 70 0
(15.8) (76.3) (7.9) (37.3) (60) (2.7) (7.9) (92.1) (0)
Leukemia 22 61 0 60 23 0 27 55 1
(26.5) (73.5) (0) (72.3) (27.7) (0) (32.5) (66.3) (1.2)
BM failure 0 6 0 0 6 0 0 6 0
(0) (100) (0) (0) (100) (0) (0) (100) (0)
All 34 125 6 88 74 2 33 131 1
(20.6) (75.8) (3.6) (53.7) (45.1) (1.2) (20) (79.4) (0.6)
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Figure 4. Distribution of serum (A) BALP, (B) PINP and (C) CTX in children
with solid tumors (66), leukemia (75), and bone marrow failure (6). Statisti-
cal analyses were done by Kruskal-Wallis test with Bonferroni adjustment.

factor for the prevention of vitamin D deficiency. These results
are consistent with systematic review and meta-analysis
data on the prevalence of vitamin D deficiency in pediatric
cancer patients worldwide, reporting that the lower levels of

JBMR Plus, 2024, VVolume 8 Issue 4

250HD were associated with darker skin.** In agreement
with previous studies,>2:38:44:47-52 we showed that the levels
of 250HD were negatively associated with age; consequently,
vitamin D deficiency was more common in older children and
adolescents. The mechanisms underlying this finding remain
unclear. It could be speculated that older children receive less
sun exposure because they spend less time outdoors than
younger children do. They may also consume less vitamin D
in their diet because they eat less fish and vitamin D-fortified
products. Older children may also have higher absolute fat
mass, which may affect the distribution of vitamin D.

In our study cohort, children with ongoing vitamin D
supplementation had a lower risk of vitamin D deficiency, sup-
porting that vitamin D supplementation may effectively pre-
vent vitamin D deficiency. In line with previous studies,”**”
there was seasonal variation in 250HD concentration, with
the lowest level in spring and the highest level in summer.

In line with previous studies,”**’-*> PTH correlated
inversely with 250HD, consequently 12% of patients
displayed secondary hyperparathyroidism. Interestingly, 23 %
of patients had subnormal levels of PTH. We could not find
any specific characteristics in this group of patients regarding
diagnosis, 250OHD level, or Ca(Alb). In contrast, another
study reported a relationship between PTH and 250HD
in healthy controls, but not in children with cancer.3® The
explanation for this may be that children with cancer in that
study were under cancer treatment which may have influenced
the metabolism of PTH.

Previous studies have shown that bone health can be com-
promised already at the time of cancer diagnosis, especially in
children with leukemia. Decreased BMD in children with ALL
results in higher fracture rates.’-20-21-5% We analyzed a panel
of biochemical markers reflecting bone turnover to study the
effects of hemato-oncological diseases on bone metabolism at
the time of diagnosis. We demonstrated that both markers of
bone formation and resorption were lower in children with
leukemia than in those with solid tumors or BM failure. These
results are in accordance with earlier reports on low levels
of bone formation markers in children with ALL, whereas
bone resorption markers have been reported to be low or
normal.8:19-22 The decrease in BTM in patients with leukemia
at diagnosis indicates the effect of the disease itself on bone
turnover. The pathogenic mechanisms underlying the effect of
leukemic cells on bone cells are unknown. It has been shown
in a murine model that leukemic cells may inhibit osteoblastic
function by both direct cell contact and secretion of inhibitory
molecules.’” Interestingly, in line with a previous study,’® a
large proportion of children with solid tumors displayed low
BTM, especially bone formation markers, even though their
levels were higher than those in children with leukemia.

The interpretation of BTM in children may be challenging
because they reflect not only the bone remodeling process
but also skeletal growth. In addition, other factors, such as
inflammation, infection, immobilization, malnutrition, and
weight loss, may influence BTM by decreasing bone forma-
tion, while the effects on bone resorption may be variable.!3-3”
Such conditions are common in children with leukemia and
in children with solid tumors and may play a role in the
suppression of bone remodeling. However, children with solid
tumors do not have the same type of BM infiltration, which
may explain the more suppressed bone turnover observed in
children with leukemia. All the children with BM failure had
normal levels of BTM.
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In our study, we demonstrated that children with a history
of bone fractures had lower levels of BALP and PINP
as compared with children without fractures. A possible
explanation could be that the low levels of BALP and PINP
reflected an impaired bone metabolism in these children
and a propensity for fractures. Another theory is that those
changes in BTM are age-dependent. Consistent with previous
studies,’® there was no association between lower 250HD
levels and fractures. Whether the measurements of BTM may
provide additional benefit in the assessment of risk factors for
fractures in this patient group warrants further evaluation.

Notably, 6 children with solid tumors displayed very high
levels of BALP. Five of these patients were diagnosed with
osteosarcoma, and one with rhabdomyosarcoma with skeletal
destruction. All 6 children were older than 12 yr of age. None
of them had bone fractures in the last 2 yr and the PTH, PINP,
and CTX levels were normal. In contrast, 3 children with
osteosarcoma who were younger (7-10 yr of age) displayed
normal levels of BALP. These data are in line with previously
published results reporting that adolescents and adults with
osteosarcoma have higher plasma/serum BALP levels than
healthy controls®” and patients with other bone tumors but
normal levels of CTX.%" This could be explained by the fact
that pathological osteoblasts in osteosarcoma produce large
amounts of BALP.

The risk factors for vitamin D deficiency recognized in the
present study (older age, lack of vitamin D supplementation,
season outside summer, and country of parental origin located
between latitudes —45° and 45°) may differ in other countries,
and the importance of each factor must be evaluated sepa-
rately for each population.

Clinical implications and further research

Our data on prevalence and risk factors of vitamin D defi-
ciency imply that older age, season outside summer, and
ethnicity (country of parental origin between latitudes —45°
and 45°) should be considered as risk factors when guidelines
for vitamin D supplementation are developed. Furthermore,
our results may be used as a basis for interventional studies
on vitamin D supplementation. Long-term trials in these
patients are needed to evaluate the benefits of vitamin D
supplementation. Further studies should be carried out to
evaluate whether BTM may be used to predict the risk of
fractures and/or osteoporosis, to diagnose skeletal adverse
effects, and to monitor treatment of skeletal disease in children
with hemato-oncological diagnoses.

Study limitations and strengths

The major limitation of this study is the lack of healthy con-
trols. Second, not all samples were obtained before the start of
chemotherapy, although the proportion of such samples was
small. Another limitation is that we were not able to evalu-
ate the dosage of vitamin D supplementation since different
products, including off-the-shelf products, were used. Neither
sun exposure nor dietary intake could be determined. The
major strengths of the study lie in its prospective design and
relatively large cohort of children with hemato-oncological
diseases. Furthermore, our study provides data on both bone
formation and bone resorption markers.

In summary, our study shows that one-third of the children
with newly diagnosed hemato-oncological diseases in Swe-
den are vitamin D deficient. Older children and children in
families originating from countries located between latitudes

—45° and 45° are at a higher risk of developing vitamin D
deficiency. Vitamin D status is positively influenced by vitamin
D supplementation. Furthermore, metabolic bone turnover is
affected more in children with leukemia than in those with
solid tumors. The clinical importance of high BALP levels in
adolescents with osteosarcoma requires further evaluation.

These results may be important for the development of
strategies to prevent vitamin D deficiency and to understand
the risk factors for skeletal morbidity in children with hemato-
oncological diseases.

Acknowledgments

The authors would like to thank senior statistician Jonas Selling at
Statistikakademin, Uppsala, Sweden for providing statistical advice; the
team of the Uppsala Biobank for providing support in the preparation
and biobanking of blood samples; Editage (www.editage.com) for
English language editing.

Author contributions

Natalja Jackmann (Conceptualization, Data curation, Formal analy-
sis, Funding acquisition, Investigation, Methodology, Project adminis-
tration, Resources, Visualization, Writing — original draft, Writing —
review & editing), Jan Gustafsson (Conceptualization, Methodology,
Supervision, Writing — review & editing), Pauliina Utriainen (Con-
ceptualization, Data curation, Investigation, Project administration,
Resources, Writing — review & editing), Per Magnusson (Data curation,
Funding acquisition, Investigation, Methodology, Project administra-
tion, Resources, Supervision, Validation, Writing — review & editing),
Arja Harila (Conceptualization, Supervision, Writing — review & edit-
ing), Diana Atanasova (Investigation, Project administration, Writing —
review & editing), Carina Rinaldo (Data curation, Investigation, Project
administration, Resources, Writing — review & editing), Per Frisk
(Conceptualization, Funding acquisition, Investigation, Methodology,
Resources, Supervision, Writing — review & editing), and Outi Makitie
(Conceptualization, Funding acquisition, Methodology, Supervision,
Writing — review & editing)

Funding

This work was supported by the Swedish Childhood Cancer Foundation
(ST2013-0008 and TJ2020-0069 to N.J. and PR2021-0090 to O.M.),
the Mary Béves Foundation (to N.J.).

Conflicts of interest

None declared.

Data availability

Data available on request due to privacy/ethical restrictions.

References

1. Marcucci G, Beltrami G, Tamburini A, et al. Bone health in
childhood cancer: review of the literature and recommendations
for the management of bone health in childhood cancer survivors.
Ann Oncol.2019;30(6):908-920. https://doi.org/10.1093/annonc/
mdz120

2. Halton ], Gaboury I, Grant R, et al. Advanced vertebral frac-
ture among newly diagnosed children with acute lymphoblas-
tic leukemia: results of the Canadian steroid-associated osteo-
porosis in the Pediatric population (STOPP) research program. |
Bone Miner Res. 2009;24(7):1326—1334. https://doi.org/10.1359/
jbmr.090202

20z Ae 0 uo Josn [eyloH siuuaq Aq 8Z8€192// L 09IZ/p/8/a1o1E/sN|diwg/woo"dno-olwapese//:sdny Wwoly papeojumoq


www.editage.com
www.editage.com
www.editage.com
www.editage.com
www.editage.com
www.editage.com
https://doi.org/10.1093/annonc/mdz120
https://doi.org/10.1093/annonc/mdz120
https://doi.org/10.1093/annonc/mdz120
https://doi.org/10.1093/annonc/mdz120
https://doi.org/10.1093/annonc/mdz120
https://doi.org/10.1093/annonc/mdz120
https://doi.org/10.1359/jbmr.090202
https://doi.org/10.1359/jbmr.090202
https://doi.org/10.1359/jbmr.090202
https://doi.org/10.1359/jbmr.090202

10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Ward LM, Ma ], Lang B, et al. Bone morbidity and recovery

in children with acute lymphoblastic Leukemia: results of a six-
year prospective cohort study. | Bone Miner Res. 2018;33(8):
1435-1443. https://doi.org/10.1002/jbmr.3447

. Bansal D, Shava U, Varma N, Trehan A, Marwaha RK. Imatinib

has adverse effect on growth in children with chronic myeloid
leukemia. Pediatr Blood Cancer. 2012;59(3):481-484. https://
doi.org/10.1002/pbc.23389

. Pirker-Frithauf UM, Friesenbichler ], Urban EC, Obermayer-

Pietsch B, Leithner A. Osteoporosis in children and young
adults: a late effect after chemotherapy for bone sarcoma.
Clin Orthop Relat Res. 2012;470(10):2874-2885. https://doi.o
rg/10.1007/s11999-012-2448-7

. Utriainen P, Vatanen A, Toiviainen-Salo S, Saarinen-Pihkala

U, Mikitie O, Jahnukainen K. Skeletal outcome in long-term
survivors of childhood high-risk neuroblastoma treated with
high-dose therapy and autologous stem cell rescue. Bone Mar-
row Transplant. 2017;52(5):711-716. https://doi.org/10.1038/
bmt.2016.345

. Niinimiki RA, Harila-Saari AH, Jartti AE, et al. Osteonecrosis in

children treated for lymphoma or solid tumors. | Pediatr Hema-
tol Oncol. 2008;30(11):798-802. https://doi.org/10.1097/MPH.0
b013e31818ab29d

. Atkinson SA, Halton JM, Bradley C, Wu B, Barr RD. Bone and

mineral abnormalities in childhood acute lymphoblastic leukemia:
influence of disease, drugs and nutrition. Int | Cancer Suppl.
1998;78(S11):35-39.  https://doi.org/10.1002/(SICI)1097-0215
(1998)78:11+<35::AID-1JC11>3.0.CO;2-1

. van Leeuwen BL, Kamps WA, Jansen HWB, Hoekstra HJ. The

effect of chemotherapy on the growing skeleton. Cancer Treat Rev.
2000;26(5):363-376. https://doi.org/10.1053/ctrv.2000.0180
Oskarsson T, Duun-Henriksen AK, Bautz A, et al. Skeletal adverse
events in childhood cancer survivors: an adult life after childhood
cancer in Scandinavia cohort study. Int | Cancer. 2021;149(11):
1863-1876. https://doi.org/10.1002/ijc.33741

Sims NA, Martin T]J. Coupling the activities of bone formation
and resorption: a multitude of signals within the basic multicellular
unit. Bonekey Rep. 2014;3:481

Ciosek Z, Kot K, Kosik-Bogacka D, Lanocha-Arendarczyk N,
Rotter I. The effects of calcium, magnesium, phosphorus, fluoride,
and lead on bone tissue. Biomolecules. 2021;11(4):1-26. https://
doi.org/10.3390/biom11040506

Pekkinen M, Viljakainen H, Saarnio E, Lamberg-Allardt C, Mikitie
O. Vitamin D is a major determinant of bone mineral density at
school age. PLoS One. 2012;7(7):¢40090. https://doi.org/10.1371/
journal.pone.0040090

Zhang X, Huang ], Zhou Y, et al. Vitamin a nutritional sta-
tus is a key determinant of bone mass in children. Nutrients.
2022;14(21):1-10. https://doi.org/10.3390/nu14214694
Kalkwarf HJ, Khoury JC, Bean ], Elliot JG. Vitamin K, bone
turnover, and bone mass in girls. Am | Clin Nutr. 2004;80(4):
1075-1080. https://doi.org/10.1093/ajcn/80.4.1075

Improda N, Capalbo D, Esposito A, Salerno M. Muscle and skeletal
health in children and adolescents with GH deficiency. Best Pract
Res Clin Endocrinol Metab. 2016;30(6):771-783. https://doi.o
rg/10.1016/j.beem.2016.11.012

Zhang Y, Huang X, Li C, et al. Broad application prospects
of bone turnover markers in pediatrics. J Clin Lab Anal.
2022;36(9):€24656. https://doi.org/10.1002/jcla.24656

Ladang A, Rauch F, Delvin E, Cavalier E. Bone turnover markers
in children: from laboratory challenges to clinical interpretation.
Calcif Tissue Int. 2023;112(2):218-232. https://doi.org/10.1007/
$00223-022-00964-2

Crofton PM, Ahmed SF, Wade JC, et al. Effects of intensive
chemotherapy on bone and collagen turnover and the growth
hormone axis in children with acute lymphoblastic leukemia.
J Clin Endocrinol Metab. 1998;83(9):3121-3129. https://doi.o
rg/10.1210/jcem.83.9.5133

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

JBMR Plus, 2024, Volume 8 Issue 4

van der Sluis IM, van den Heuvel-Eibrink MM, Hihlen K, Kren-
ning EP, de Muinck Keizer-Schrama SMPF. Altered bone mineral
density and body composition, and increased fracture risk in
childhood acute lymphoblastic leukemia. | Pediatr. 2002;141(2):
204-210. https://doi.org/10.1067/mpd.2002.125728

Halton JM, Dr. Atkinson SA, Fraher L, et al. Altered mineral
metabolism and bone mass in children during treatment for
acute lymphoblastic leukemia. | Bone Miner Res. 1996;11(11):
1774-1783. https://doi.org/10.1002/jbmr.5650111122

Sorva R, Kivivuori SM, Turpeinen M, et al. Very low rate of type
I collagen synthesis and degradation in newly diagnosed children
with acute lymphoblastic leukemia. Bone. 1997;20(2):139-143.
https://doi.org/10.1016/S8756-3282(96)00343-2

. Jackmann N, Mikitie O, Harila-Saari A, Gustafsson J, Nezirevic

Dernroth D, Frisk P. Vitamin D status in children with leukemia,
its predictors, and association with outcome. Pediatr Blood Cancer.
2020;67(4):¢28163. https://doi.org/10.1002/pbc.28163

Jackmann N, Gustafsson J, Harila-Saari A, et al. Prevalence
of and factors influencing vitamin D deficiency in paediatric
patients diagnosed with cancer at northern latitudes. Acta
Paediatr. 2021;110(7):2252-2258. https://doi.org/10.1111/apa.
15788

World Health Organization. Child Growth Standards. Inter-
net: https://www.who.int/tools/child-growth-standards. Accessed
November 24, 2023.

Fitzpatrick TB. The validity and practicality of sun-reactive skin
types I through VI. Arch Dermatol. 1988;124(6):869-871. https:/
doi.org/10.1001/archderm.1988.01670060015008

Braegger C, Campoy C, Colomb V, et al. Vitamin D in the healthy
European paediatric population. | Pediatr Gastroenterol Nutr.
2013;56(6):692-701. https://doi.org/10.1097/MPG.0b013e31828
£3c05

Ladang A, Rousselle O, Huyghebaert L, et al. Parathormone, bone
alkaline phosphatase and 25-hydroxyvitamin D status in a large
cohort of 1200 children and teenagers. Acta Clin Belg. 2022;77(1):
4-9. https://doi.org/10.1080/17843286.2020.1769285

Morovat A, Catchpole A, Meurisse A, et al. IDS iSYS auto-
mated intact procollagen-1-N-terminus pro-peptide assay: method
evaluation and reference intervals in adults and children.
Clin Chem Lab Med. 2013;51(10):2009-2018. https://doi.o
rg/10.1515/cclm-2012-0531

Rauchenzauner M, Schmid A, Heinz-Erian P, et al. Sex- and age-
specific reference curves for serum markers of bone turnover
in healthy children from 2 months to 18 vyears. | Clin
Endocrinol Metab. 2007;92(2):443-449. https://doi.org/10.1210/
jc.2006-1706

Frisk P, Arvidson ], Stridsberg M, Gustafsson J. Normal long-term
parathyroid function after autologous bone marrow transplanta-
tion in children. Pediatr Transplant. 2007;11(2):205-208. https:/
doi.org/10.1111/j.1399-3046.2006.00655.x

Andersson B, Swolin-Eide D, Magnusson P, Albertsson-Wikland
K. Vitamin D status in children over three decades - do children
get enough vitamin D? Bone Rep. 2016;5:150-152. https://doi.o
rg/10.1016/j.bonr.2016.03.002

Absoud M, Cummins C, Lim MJ, Wassmer E, Shaw N. Prevalence
and predictors of vitamin D insufficiency in children: a Great
Britain population based study. PLoS One. 2011;6(7):¢22179.
https://doi.org/10.1371/journal.pone.0022179

Sioen I, Mouratidou T, Kaufman JM, et al. Determinants of
vitamin D status in young children: results from the Belgian arm
of the IDEFICS (identification and prevention of dietary- and
lifestyle-induced health effects in children and infants) study. Pub-
lic Health Nutr. 2012;15(6):1093-1099. https://doi.org/10.1017/
$1368980011002989

Valtuena ], Gonzélez-Gross M, Huybrechts I, et al. Factors
associated with vitamin D deficiency in European adolescents:
the HELENA study. ] Nutr Sci Vitaminol. 2013;59(3):161-171.
https://doi.org/10.3177/jnsv.59.161

20z Ae 0 uo Josn [eyloH siuuaq Aq 8Z8€192// L 09IZ/p/8/a1o1E/sN|diwg/woo"dno-olwapese//:sdny Wwoly papeojumoq


https://doi.org/10.1002/jbmr.3447
https://doi.org/10.1002/jbmr.3447
https://doi.org/10.1002/jbmr.3447
https://doi.org/10.1002/jbmr.3447
https://doi.org/10.1002/pbc.23389
https://doi.org/10.1002/pbc.23389
https://doi.org/10.1002/pbc.23389
https://doi.org/10.1002/pbc.23389
https://doi.org/10.1007/s11999-012-2448-7
https://doi.org/10.1007/s11999-012-2448-7
https://doi.org/10.1007/s11999-012-2448-7
https://doi.org/10.1007/s11999-012-2448-7
https://doi.org/10.1038/bmt.2016.345
https://doi.org/10.1038/bmt.2016.345
https://doi.org/10.1038/bmt.2016.345
https://doi.org/10.1038/bmt.2016.345
https://doi.org/10.1097/MPH.0b013e31818ab29d
https://doi.org/10.1097/MPH.0b013e31818ab29d
https://doi.org/10.1097/MPH.0b013e31818ab29d
https://doi.org/10.1097/MPH.0b013e31818ab29d
https://doi.org/10.1097/MPH.0b013e31818ab29d
https://doi.org/10.1097/MPH.0b013e31818ab29d
https://doi.org/10.1097/MPH.0b013e31818ab29d
https://doi.org/10.1002/(SICI)1097-0215(1998)78:11+%3c35::AID-IJC11%3e3.0.CO;2-I
https://doi.org/10.1053/ctrv.2000.0180
https://doi.org/10.1053/ctrv.2000.0180
https://doi.org/10.1053/ctrv.2000.0180
https://doi.org/10.1053/ctrv.2000.0180
https://doi.org/10.1002/ijc.33741
https://doi.org/10.1002/ijc.33741
https://doi.org/10.1002/ijc.33741
https://doi.org/10.1002/ijc.33741
https://doi.org/10.3390/biom11040506
https://doi.org/10.3390/biom11040506
https://doi.org/10.3390/biom11040506
https://doi.org/10.3390/biom11040506
https://doi.org/10.3390/biom11040506
https://doi.org/10.1371/journal.pone.0040090
https://doi.org/10.1371/journal.pone.0040090
https://doi.org/10.1371/journal.pone.0040090
https://doi.org/10.1371/journal.pone.0040090
https://doi.org/10.1371/journal.pone.0040090
https://doi.org/10.1371/journal.pone.0040090
https://doi.org/10.1371/journal.pone.0040090
https://doi.org/10.1371/journal.pone.0040090
https://doi.org/10.3390/nu14214694
https://doi.org/10.3390/nu14214694
https://doi.org/10.3390/nu14214694
https://doi.org/10.3390/nu14214694
https://doi.org/10.1093/ajcn/80.4.1075
https://doi.org/10.1093/ajcn/80.4.1075
https://doi.org/10.1093/ajcn/80.4.1075
https://doi.org/10.1093/ajcn/80.4.1075
https://doi.org/10.1016/j.beem.2016.11.012
https://doi.org/10.1016/j.beem.2016.11.012
https://doi.org/10.1016/j.beem.2016.11.012
https://doi.org/10.1016/j.beem.2016.11.012
https://doi.org/10.1016/j.beem.2016.11.012
https://doi.org/10.1016/j.beem.2016.11.012
https://doi.org/10.1002/jcla.24656
https://doi.org/10.1002/jcla.24656
https://doi.org/10.1002/jcla.24656
https://doi.org/10.1002/jcla.24656
https://doi.org/10.1007/s00223-022-00964-2
https://doi.org/10.1007/s00223-022-00964-2
https://doi.org/10.1007/s00223-022-00964-2
https://doi.org/10.1007/s00223-022-00964-2
https://doi.org/10.1210/jcem.83.9.5133
https://doi.org/10.1210/jcem.83.9.5133
https://doi.org/10.1210/jcem.83.9.5133
https://doi.org/10.1210/jcem.83.9.5133
https://doi.org/10.1210/jcem.83.9.5133
https://doi.org/10.1067/mpd.2002.125728
https://doi.org/10.1067/mpd.2002.125728
https://doi.org/10.1067/mpd.2002.125728
https://doi.org/10.1067/mpd.2002.125728
https://doi.org/10.1002/jbmr.5650111122
https://doi.org/10.1002/jbmr.5650111122
https://doi.org/10.1002/jbmr.5650111122
https://doi.org/10.1002/jbmr.5650111122
https://doi.org/10.1016/S8756-3282(96)00343-2
https://doi.org/10.1016/S8756-3282(96)00343-2
https://doi.org/10.1016/S8756-3282(96)00343-2
https://doi.org/10.1016/S8756-3282(96)00343-2
https://doi.org/10.1016/S8756-3282(96)00343-2
https://doi.org/10.1016/S8756-3282(96)00343-2
https://doi.org/10.1002/pbc.28163
https://doi.org/10.1002/pbc.28163
https://doi.org/10.1002/pbc.28163
https://doi.org/10.1002/pbc.28163
https://doi.org/10.1111/apa.15788
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards
https://doi.org/10.1001/archderm.1988.01670060015008
https://doi.org/10.1001/archderm.1988.01670060015008
https://doi.org/10.1001/archderm.1988.01670060015008
https://doi.org/10.1001/archderm.1988.01670060015008
https://doi.org/10.1001/archderm.1988.01670060015008
https://doi.org/10.1097/MPG.0b013e31828f3c05
https://doi.org/10.1097/MPG.0b013e31828f3c05
https://doi.org/10.1097/MPG.0b013e31828f3c05
https://doi.org/10.1097/MPG.0b013e31828f3c05
https://doi.org/10.1097/MPG.0b013e31828f3c05
https://doi.org/10.1097/MPG.0b013e31828f3c05
https://doi.org/10.1097/MPG.0b013e31828f3c05
https://doi.org/10.1080/17843286.2020.1769285
https://doi.org/10.1080/17843286.2020.1769285
https://doi.org/10.1080/17843286.2020.1769285
https://doi.org/10.1515/cclm-2012-0531
https://doi.org/10.1515/cclm-2012-0531
https://doi.org/10.1515/cclm-2012-0531
https://doi.org/10.1515/cclm-2012-0531
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1210/jc.2006-1706
https://doi.org/10.1111/j.1399-3046.2006.00655.x
https://doi.org/10.1111/j.1399-3046.2006.00655.x
https://doi.org/10.1111/j.1399-3046.2006.00655.x
https://doi.org/10.1111/j.1399-3046.2006.00655.x
https://doi.org/10.1111/j.1399-3046.2006.00655.x
https://doi.org/10.1016/j.bonr.2016.03.002
https://doi.org/10.1016/j.bonr.2016.03.002
https://doi.org/10.1016/j.bonr.2016.03.002
https://doi.org/10.1016/j.bonr.2016.03.002
https://doi.org/10.1016/j.bonr.2016.03.002
https://doi.org/10.1016/j.bonr.2016.03.002
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1017/S1368980011002989
https://doi.org/10.1017/S1368980011002989
https://doi.org/10.1017/S1368980011002989
https://doi.org/10.1017/S1368980011002989
https://doi.org/10.3177/jnsv.59.161
https://doi.org/10.3177/jnsv.59.161
https://doi.org/10.3177/jnsv.59.161
https://doi.org/10.3177/jnsv.59.161

JBMR Plus, 2024, Volume 8 Issue 4

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Petersen RA, Damsgaard CT, Dalskov SM, et al
Vitamin D status and its determinants during autumn in
children at northern latitudes: a cross-sectional analysis from
the optimal well-being, development and health for Danish
children through a healthy New Nordic Diet (OPUS) School Meal
Study. Br | Nutr. 2016;115(2):239-250. https://doi.org/10.1017/
S000711451500433X

Gonzilez-Gross M, Valtuefia J, Breidenassel C, et al. Vitamin D
status among adolescents in Europe: the healthy lifestyle in Europe
by nutrition in adolescence study. Br ] Nu#r.2012;107(5):755-764.
https://doi.org/10.1017/S0007114511003527

Iniesta RR, Paciarotti I, Davidson I, et al. 5-Hydroxyvitamin
D concentration in paediatric cancer patients from Scotland: a
prospective cohort study. Br | Nutr. 2016;116(11):1926-1934.
https://doi.org/10.1017/S0007114516004074

Dong Y, Pollock N, Stallmann-Jorgensen IS, et al. Low 25-
hydroxyvitamin D levels in adolescents: race, season, adiposity,
physical activity, and fitness. Pediatrics. 2010;125(6):1104-1111.
https://doi.org/10.1542/peds.2009-2055

Kim SH, Oh MK, Namgung R, Park M]. Prevalence of 25-
hydroxyvitamin D deficiency in Korean adolescents: associa-
tion with age, season and parental vitamin D status. Pub-
lic Health Nutr. 2014;17(1):122-130. https://doi.org/10.1017/
$1368980012004703

Kumar J, Muntner P, Kaskel FJ, Hailpern SM, Melamed ML.
Prevalence and associations of 25-hydroxyvitamin D deficiency in
US children: NHANES 2001-2004. Pediatrics. 2009;124(3):e362—
€370. https://doi.org/10.1542/peds.2009-0051

Maguire JL, Birken CS, Khovratovich M, et al. Modifiable
determinants of serum 25-hydroxyvitamin D status in
early childhood: opportunities for prevention. JAMA Pediatr.
2013;167(3):230-235. https://doi.org/10.1001/2013.jamapediatri
cs.226

Poopedi MA, Norris SA, Pettifor JM. Factors influencing the
vitamin D status of 10-year-old urban south African children.
Public Health Nutr.2011;14(2):334-339. https://doi.org/10.1017/
§$136898001000234X

Revuelta Iniesta R, Rush R, Paciarotti I, et al. Systematic
review and meta-analysis: prevalence and possible causes of
vitamin D deficiency and insufficiency in pediatric cancer
patients. Clin Nutr. 2016;35(1):95-108. https://doi.org/10.1016/
j.clnu.2014.12.023

Webb AR. Who, what, where and when-influences on cutaneous
vitamin D synthesis. Prog Biophys Mol Biol. 2006;92(1):17-25.
https://doi.org/10.1016/j.pbiomolbio.2006.02.004

Akeson PK, Lind T, Hernell O, Silfverdal SA, Ohlund 1. Serum
vitamin D depends less on latitude than on skin color and dietary
intake during early winter in northern Europe. | Pediatr Gas-
troenterol Nutr. 2016;62(4):643-649. https://doi.org/10.1097/
MPG.0000000000001028

Holmlund-Suila E, Koskivirta P, Metso T, Andersson S, Mikitie O,
Viljakainen HT. Vitamin D deficiency in children with a chronic
illness-seasonal and age-related variations in serum 25-hydroxy
vitamin D concentrations. PLoS One. 2013;8(4):e60856. https:/
doi.org/10.1371/journal.pone.0060856

48.

49.

50.

S1.

52.

53.

54.

55.

Sé.

57.

58.

59.

60.

"

Sinha A, Avery P, Turner S, Bailey S, Cheetham T. Vitamin D
status in paediatric patients with cancer. Pediatr Blood Cancer.
2011;57(4):594-598. https://doi.org/10.1002/pbc.22963

Aristizabal P, Sherer M, Perdomo BP, et al. Sociodemographic

and clinical characteristics associated with vitamin D
status in newly diagnosed pediatric cancer patients.
Pediatr Hematol Omncol. 2020;37(4):314-325. https://doi.o

rg/10.1080/08880018.2020.1721629

Genc DB, Vural S, Yagar G. The incidence of and factors
associated with vitamin D deficiency in newly diagnosed chil-
dren with cancer. Nutr Cancer. 2016;68(5):756-761. https://doi.o
rg/10.1080/01635581.2016.1180408

Helou M, Ning Y, Yang S, et al. Vitamin d deficiency in chil-
dren with cancer. | Pediatr Hematol Oncol. 2014;36(3):212-217.
https://doi.org/10.1097/MPH.0b013e31829f3754

Petersen RA, Damsgaard CT, Dalskov SM, et al. Vitamin D
status and its determinants during autumn in children at northern
latitudes: a cross-sectional analysis from the optimal well-
being, development and health for Danish children through a
healthy New Nordic Diet (OPUS) School Meal Study. Br | Nutr.
2016;115(2):239-250.  https://doi.org/10.1017/S000711451500
433X

Gillis D, Hefter A, Edri S, Strich D. Optimal 25-OH-vitamin
D level in children derived from biochemical parameters. Horm
Metab Res. 2023;55(3):191-195. https://doi.org/10.1055/a-2003-
0124

Halton JM, Atkinson SA, Fraher L, et al. Mineral homeosta-
sis and bone mass at diagnosis in children with acute lym-
phoblastic leukemia. | Pediatr. 1995;126(4):557-564. https://doi.o
rg/10.1016/50022-3476(95)70349-7

Frisch BJ, Ashton JM, Xing L, Becker MW, Jordan CT, Calvi
LM. Functional inhibition of osteoblastic cells in an in vivo mouse
model of myeloid leukemia. Blood. 2012;119(2):540-550. https:/
doi.org/10.1182/blood-2011-04-348151

Bath LF, Crofton PM, Evans AEM, et al. Bone turnover
and growth during and after chemotherapy in children with
solid Tumors. Pediatr Res. 2004;55(2):224-230. https://doi.o
rg/10.1203/01.PDR.0000100903.83472.09

Gajewska ], Weker H, Ambroszkiewicz J, et al. Alterations in
markers of bone metabolism and adipokines following a 3-month
lifestyle intervention induced weight loss in obese prepubertal
children. Exp Clin Endocrinol Diabetes. 2013;121(8):498-504.
https://doi.org/10.1055/s-0033-1347198

van Atteveld JE, Verhagen IE, van den Heuvel-Eibrink MM,
et al. Vitamin D supplementation for children with cancer:
a systematic review and consensus recommendations. Can-
cer Med. 2021;10(13):4177-4194. https://doi.org/10.1002/cam4.
4013

Leung KS, Fung KP, Sher AH, Li CK, Lee KM. Plasma bone-
specific alkaline phosphatase as an indicator of osteoblastic activ-
ity. | Bone Joint Surg Br. 1993;75-B(2):288-292. https://doi.o
rg/10.1302/0301-620X.75B2.8444951

Wang J, Pei F, Tu C, Zhang H, Qiu X. Serum bone turnover markers
in patients with primary bone tumors. Oncology. 2007;72(5-6):
338-342. https://doi.org/10.1159/000113063

20z Ae 0 uo Josn [eyloH siuuaq Aq 8Z8€192// L 09IZ/p/8/a1o1E/sN|diwg/woo"dno-olwapese//:sdny Wwoly papeojumoq


https://doi.org/10.1017/S000711451500433X
https://doi.org/10.1017/S000711451500433X
https://doi.org/10.1017/S000711451500433X
https://doi.org/10.1017/S000711451500433X
https://doi.org/10.1017/S000711451500433X
https://doi.org/10.1017/S0007114511003527
https://doi.org/10.1017/S0007114511003527
https://doi.org/10.1017/S0007114511003527
https://doi.org/10.1017/S0007114511003527
https://doi.org/10.1017/S0007114516004074
https://doi.org/10.1017/S0007114516004074
https://doi.org/10.1017/S0007114516004074
https://doi.org/10.1017/S0007114516004074
https://doi.org/10.1542/peds.2009-2055
https://doi.org/10.1542/peds.2009-2055
https://doi.org/10.1542/peds.2009-2055
https://doi.org/10.1542/peds.2009-2055
https://doi.org/10.1542/peds.2009-2055
https://doi.org/10.1017/S1368980012004703
https://doi.org/10.1017/S1368980012004703
https://doi.org/10.1017/S1368980012004703
https://doi.org/10.1017/S1368980012004703
https://doi.org/10.1542/peds.2009-0051
https://doi.org/10.1542/peds.2009-0051
https://doi.org/10.1542/peds.2009-0051
https://doi.org/10.1542/peds.2009-0051
https://doi.org/10.1542/peds.2009-0051
https://doi.org/10.1001/2013.jamapediatrics.226
https://doi.org/10.1001/2013.jamapediatrics.226
https://doi.org/10.1001/2013.jamapediatrics.226
https://doi.org/10.1001/2013.jamapediatrics.226
https://doi.org/10.1001/2013.jamapediatrics.226
https://doi.org/10.1001/2013.jamapediatrics.226
https://doi.org/10.1001/2013.jamapediatrics.226
https://doi.org/10.1001/2013.jamapediatrics.226
https://doi.org/10.1001/2013.jamapediatrics.226
https://doi.org/10.1017/S136898001000234X
https://doi.org/10.1017/S136898001000234X
https://doi.org/10.1017/S136898001000234X
https://doi.org/10.1017/S136898001000234X
https://doi.org/10.1017/S136898001000234X
https://doi.org/10.1016/j.clnu.2014.12.023
https://doi.org/10.1016/j.clnu.2014.12.023
https://doi.org/10.1016/j.clnu.2014.12.023
https://doi.org/10.1016/j.clnu.2014.12.023
https://doi.org/10.1016/j.clnu.2014.12.023
https://doi.org/10.1016/j.pbiomolbio.2006.02.004
https://doi.org/10.1016/j.pbiomolbio.2006.02.004
https://doi.org/10.1016/j.pbiomolbio.2006.02.004
https://doi.org/10.1016/j.pbiomolbio.2006.02.004
https://doi.org/10.1016/j.pbiomolbio.2006.02.004
https://doi.org/10.1016/j.pbiomolbio.2006.02.004
https://doi.org/10.1016/j.pbiomolbio.2006.02.004
https://doi.org/10.1097/MPG.0000000000001028
https://doi.org/10.1097/MPG.0000000000001028
https://doi.org/10.1097/MPG.0000000000001028
https://doi.org/10.1097/MPG.0000000000001028
https://doi.org/10.1371/journal.pone.0060856
https://doi.org/10.1371/journal.pone.0060856
https://doi.org/10.1371/journal.pone.0060856
https://doi.org/10.1371/journal.pone.0060856
https://doi.org/10.1371/journal.pone.0060856
https://doi.org/10.1371/journal.pone.0060856
https://doi.org/10.1371/journal.pone.0060856
https://doi.org/10.1371/journal.pone.0060856
https://doi.org/10.1002/pbc.22963
https://doi.org/10.1002/pbc.22963
https://doi.org/10.1002/pbc.22963
https://doi.org/10.1002/pbc.22963
https://doi.org/10.1080/08880018.2020.1721629
https://doi.org/10.1080/08880018.2020.1721629
https://doi.org/10.1080/08880018.2020.1721629
https://doi.org/10.1080/01635581.2016.1180408
https://doi.org/10.1080/01635581.2016.1180408
https://doi.org/10.1080/01635581.2016.1180408
https://doi.org/10.1097/MPH.0b013e31829f3754
https://doi.org/10.1097/MPH.0b013e31829f3754
https://doi.org/10.1097/MPH.0b013e31829f3754
https://doi.org/10.1097/MPH.0b013e31829f3754
https://doi.org/10.1097/MPH.0b013e31829f3754
https://doi.org/10.1097/MPH.0b013e31829f3754
https://doi.org/10.1017/S000711451500433X
https://doi.org/10.1055/a-2003-0124
https://doi.org/10.1016/S0022-3476(95)70349-7
https://doi.org/10.1016/S0022-3476(95)70349-7
https://doi.org/10.1016/S0022-3476(95)70349-7
https://doi.org/10.1016/S0022-3476(95)70349-7
https://doi.org/10.1016/S0022-3476(95)70349-7
https://doi.org/10.1016/S0022-3476(95)70349-7
https://doi.org/10.1182/blood-2011-04-348151
https://doi.org/10.1182/blood-2011-04-348151
https://doi.org/10.1182/blood-2011-04-348151
https://doi.org/10.1182/blood-2011-04-348151
https://doi.org/10.1182/blood-2011-04-348151
https://doi.org/10.1203/01.PDR.0000100903.83472.09
https://doi.org/10.1203/01.PDR.0000100903.83472.09
https://doi.org/10.1203/01.PDR.0000100903.83472.09
https://doi.org/10.1203/01.PDR.0000100903.83472.09
https://doi.org/10.1055/s-0033-1347198
https://doi.org/10.1055/s-0033-1347198
https://doi.org/10.1055/s-0033-1347198
https://doi.org/10.1055/s-0033-1347198
https://doi.org/10.1002/cam4.4013
https://doi.org/10.1302/0301-620X.75B2.8444951
https://doi.org/10.1302/0301-620X.75B2.8444951
https://doi.org/10.1302/0301-620X.75B2.8444951
https://doi.org/10.1302/0301-620X.75B2.8444951
https://doi.org/10.1302/0301-620X.75B2.8444951
https://doi.org/10.1159/000113063
https://doi.org/10.1159/000113063
https://doi.org/10.1159/000113063

	 Demographic and disease-related factors impact bone turnover and vitamin D in children with hemato-oncological diseases
	Introduction
	Materials and methods
	Results
	Discussion
	 Acknowledgments
	Author contributions
	Funding
	Conflicts of interest
	Data availability


