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Background: The remarkable progress in the treatment of childhood acute lymphoblastic leukemia
(cALL) has led to a survival rate reaching 90%. This success story is unfortunately linked to increased risk
of impaired skeletal mass accumulation during childhood and adolescence, predisposing the patients to
osteoporosis and pathological fractures at adulthood.
Objective: This study aims at characterizing the vitamin D status and bone health biomarkers in a well-
characterized cohort of cALL survivors.
Results: Food frequency questionnaires reveal that (i) the total vitamin D intake varies greatly (44e
2132 IU/d), (ii) only 16.8% of the participants consume vitamin D supplements, and (iii) 74% of
survivors' intakes are below the Recommended Daily Intakes (400 IU/d). For the 42 participants
taking vitamin D supplements, the median (2.5e97.5%iles) intake is 600 IU/d (21.2e1972 IU/d).
Sixteen participants are vitamin D deficient (<30 nM) and 66 insufficient (�30 e <50 nM). Serum
24,25(OH)2D3 concentrations are directly related to those of 25OHD3, and those of 3-epi-25OHD3 below
the Lower Limit of Quantification in most samples. The participants' serum concentrations of cross-
linked C-telopeptide of type-I collagen and intact amino-terminal pro-peptide of type-I collagen
decrease steadily with age, leveling at adulthood, and are at all times higher in males.
Conclusion: The present study shows that the prevalence of vitamin D insufficiency or deficiency is not
greater in cALL survivors compared to the general Canadian population despite low vitamin D food and
supplement intakes. Furthermore, there seem to be no overt imbalance in the gender- and age-adjusted
serum bone turnover marker concentrations.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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What is known?

Childhood ALL (cALL) surviving patients are at risk of

developing secondary bone pathologies.

cALL surviving patients are at risk of suffering from vitamin

D insufficiency or deficiency.

What does this paper add?

Information about well characterized cALL survivors

vitamin D and calcium nutritional status.

Knowledge on cALL survivors' vitamin D profile.

Insight into calls survivors' bone turnover markers' status.
Uncovering the correlation between the vitamin D nutri-

tional status and bone turnover markers.
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1. Introduction

Acute lymphoblastic leukemia (ALL) is the most common
childhood malignancy. As its name indicates, it involves a blocking
in the hematopoietic stem cell differentiation process [1]. The
remarkable progress in the treatment of childhood ALL (cALL),
based on risk stratification and improved clinical support, has led
during the last two decades to a survival rate reaching 90% [2,3].
This success story is unfortunately however linked to risks of sec-
ondary chronic diseases including obesity and cardiometabolic
complications [4e6]. The treatment protocol, as well as survivors'
lifestyle and genetic predisposition have all been invoked as po-
tential causes of thesemetabolic impairments [4]. On another front,
skeletal changes such as metaphyseal bands, periosteal reaction,
osteolysis, sclerosis and osteoporosis resulting in vertebral
compression, observed at the time of diagnosis have been attrib-
uted to the disease process per se [7e12]. In addition the intense
treatment protocols including methotrexate and glucocorticoids
are considered aggravating factors in the abnormal accumulation of
skeletal mass during childhood and adolescence, predisposing
these patients to osteoporosis and pathological fractures in early
adulthood [13e16]. Osteonecrosis, with the potential of affecting
joint functionality is also a long-term post-treatment complication
in cALL survivors [17]. These debilitating conditions have in com-
mon the failure of attaining an optimal bone mass during adoles-
cence [18,19].

Vitamin D, through its hormonal metabolite 1a,25-
dihydroxyvitamin D3 (1,25(OH)2D) [20], is a key factor influencing
bone mass accretion. Its largely described central role resides in
modulating gene expression in bone cell differentiation needed for
balanced bonemineralization [21,22]. More specifically, 1,25(OH)2D
has been shown to inhibit the rate of human primary osteoblast
proliferation and to enhance the expression of the vitamin D-
responsive osteocalcin (BGLAP), bone sialoprotein-1 (SPP1) and
intracellular adhesion molecule 1 (ICAM1) genes [22,23]. Although
the kidney appears as the dominant site for the conversion of
25OHD to 1,25(OH)2D via the mitochondrial 25OHD3 1a-hydroxy-
lase (CYP27B1) [24], mounting evidence indicate that this impor-
tant enzyme is widely distributed peripherally. It is present,
together with the vitamin D nuclear receptor (VDR), in osteoblasts,
osteocytes, chondrocytes and osteoclasts [22,25,26]. The required
machinery present in those bone cells allows complementary
paracrine and autocrine activities of 1,25(OH)2D [20,22,25]. These
observations bear an important clinical significance as they provide
an explanation for the higher need in circulating 25OHD to prevent
fractures than for the normalization of intestinal calcium absorp-
tion and maintenance of normal blood calcium homeostasis.
Indeed, clinical studies have shown that marked secondary hy-
perparathyroidism occurs only when serum 25OHD concentrations
fall below the 20 nmol/L threshold [27e29].

There is a perception that cALL survivors are at increased risk for
vitamin D deficiency, explained in part by sun exposure avoidance
during hospitalization and lengthy convalescence, and by nutri-
tional issues. Decreased vitamin D bioavailability due to
chemotherapy-induced gut mucositis [30], and increased catabo-
lism due to glucocorticoid immunosuppressive treatment repre-
sent aggravating factors [31]. Simmons et al. [32] reported that 53%
of cALL survivors suffered from vitamin D insufficiency, defined as
serum 25OHD concentrations between 37.5 and 50 nmol/L, and 12%
of vitamin D deficiency (<37.5 nmol/L). A year later, Modan-Moses
et al. [33] using the same thresholds confirmed these data by
showing that 25% of pediatric patients with different forms of
cancers suffered from vitamin D deficiency and 23% from
insufficiency.

The present study primarily aims at assessing the vitamin D
status of cALL survivors, using the 2016 expert consensus recom-
mendations on the classification of vitamin D nutritional status [34]
taking into account potential modifiers such as body composition
and year period for sampling. The secondary objective is to assess
the impact of the vitamin D status on the bone resorption and
formation biomarkers via serum cross-linked C-telopeptide of type
I collagen (CTX) and intact amino-terminal pro-peptide of type I
collagen (iP1NP) respectively. This bears importance for improving
prevention strategies in at-risk populations.

2. Material and methods

2.1. Patients

The study group, part of the PETALE cohort, consists of 251
French-Canadian cALL survivors of European origin [35,36], 124
males and 127 females aged between 8.5 and 41 years, living be-
tween the 45th and 49th parallel. They were diagnosed and treated
at the SJUHC (Montreal, Canada) between January 1989 and July
2005 [37,38]. The median age (2.5e97.5%ile) at diagnosis was 4.8
(1.5e17.1 years, and all treated with the Dana Farber Cancer Insti-
tute protocols [39]. The median treatment time (2.5e97.5%ile) was
2.1 (1.4e2.4) and the period post-treatment was 13.0 (4.4e23.8)
years. The SJUHC Institutional Review Board of Sainte-Justine
Hospital approved the study and the investigations were carried
out in accordance with the principles of the Declaration of Helsinki.
Written informed consent was obtained from study participants
and/or parents/guardians.

2.2. Anthropometric measurements

For children and adolescents, overweight was defined as a body
mass index (BMI) (kg/m2) ranging between the 85th percentile and
the 95th age- and sex-specific percentile of the Centers for Disease
Control and Prevention 2000 growth charts, and obesity was
defined as BMI >95th percentile [40,41]. For adult participants,
those with a BMI >25 and �30 kg/m2 were considered overweight,
and those with a BMI >30 kg/m2 as obese. For adults, waist
circumferencewas classified as normal (<94 cm inmen and<80 cm
in women), borderline (�94 cm and <102 cm in men and �80 cm
and <88 cm in women) [42] or high (�102 cm in men and �88 cm
in women) [43]. For children, waist circumference below the 90th

percentile was defined as normal, �90th and <95th percentile as
borderline and �95th percentile as high [44,45].



Table 1
Characteristics of participants.

Characteristics Males (n ¼ 124) Females (n ¼ 127) Pc

Age at entry (Years) 22.4 (17.1e26.4) 21.9 (16.8e26.1)
Distribution [%]
<20 41.9 40.9 NS
�20e<30 47.6 46.5
�30e41 10.5 12.6
aYears of treatment 2.1 (2.0e2.2) 2.1 (2.1e2.2) NS
aYears after treatment 13.1 (9.8e17.1) 13 (9.3e18.9) NS
aBMI [kg/m2] 23.0 (21.0e26.2) 23.7 (20.8e26.5) NS
BMI category [%]
Lean 72.6 69.3 NS
Overweight 14.5 14.2
Obese 12.9 16.5
adTotal Vitamin D

intake [IU/d]
280 (200e412) 224 (160e376) ¼0.0103

aCalcium intake [mg/d] 1627 (1156e2060) 1235 (947e1526) <0.001
aPhosphate intake [mg/d] 2105 (1689e2555) 1619 (1330e1962) <0.001
bSerum Calcium [mM] 2.44 ± 0.08 2.38 ± 0.08 <0.001
bSerum Inorganic

Phosphate [mM]
1.25 ± 0.28 1.24 ± 0.19 NS

aSerum Alkaline
Phosphatase [IU/L]

80 (66e111) 66 (50e87) <0.001

aSerum iPTH [pM] 3.2 (2.2e4.1) 3.1 (2.1e4.0) NS
aSerum 25OHD3 [nM] 57 (42e72) 64 (46e80) ¼0.0403

The current laboratory-derived reference values are: serum calcium (1e19 years:
2.29e2.63 mM; >19 years: 2.10e2.55 mM); inorganic phosphate (Males 13e16
years: 1.14e1.99; Females 13e16 years: 1.02e1.79; Males & Females 16e19 years:
0.95e1.62; Males and Females >19 years: 0.74e1.52 mM); serum total alkaline
phosphatase (Males 13e15 years: 127e517 IU/L; Females 13e15 years: 62e280 IU/
L; Males 15e17 years: 89e365 IU/L; Females 15e17 years: 54e128 IU/L; Males
17e19 years: 59e164 IU/L; Females 17e19 years: 48e95; Males and Females >19
years: 40e150 IU/L). The serum iPTH reference values are those suggested by the
manufacturer (1.3e6.8 pM).

a Median (IQR).
b Mean (SD).
c P values from t-tests for continuous variables and chi2 tests for categorical

variables.
d To convert IU/d vitamin D intake to mg/d divide by 40.
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2.3. Nutritional assessment

A registered nutritionist administered a food-frequency ques-
tionnaire that was developed and validated specifically for a French
speaking population of children adolescent and young adults. Pa-
tients were also asked to report supplements to evaluate total
calcium, phosphorus and vitamin D intakes. Evaluation of nutrient
intakes was performed using the Canadian Nutrient File Database
(www.healthcanada.gc.ca/cnf).

2.4. Biochemical assays

Total calcium (Cat), inorganic phosphate (Pi) and alkaline phos-
phatase (Alk Phos)weremeasured on anArchitect cSystems (Abbott
Diagnostics, Mississauga, ON, Canada). Their respective intra-assay
coefficients of variation were: (1.01% at 1.60 mmol/L and 0.60% at
3.42 mmol/L), (0.70% at 0.74 mmol/L and 0.61% at 2.38 mmol/L),
(1.79% at 32 IU/L and 0.40% at 337 IU/L); their inter-assaycoefficients
of variations were: (1.3% at 1.47 mmol/L and 1.0% at 3.31 mmol/L),
(3.17% at 0.63mmol/L and 1.72% at 2.33mmol/L), (5.0% at 31 U/L and
2.0% at 321 U/L). Intact Parathyroid hormone (iPTH) was measured
on an Immulite 2000 (Siemens Canada Ltd., Oakville, ON). The inter-
assay variationswere 9.8% at 3.2 pM, 6.2% at 30.5 pMand 5.7% at 105
pM. iP1NP and CTXweremeasured by two-site chemiluminometric
immunoassays on the IDS-iSYS automated analyzer (Immunodiag-
nostic Systems, Tyne&Wear, UK) at the Montreal Shriners Hospital
for Children. For P1NP, the intra-assay imprecision was 4.6%, 4.0%
and 4.8% at respective iP1NP concentrations of 30.6, 105.2 and
187.6 mg/L. The between batch imprecision was 8.1, 7.6 and 6.0% at
31.8, 109.4 and 1195.1 mg/L respectively; for CTX the intra-assay
imprecision was 2.8, 1.7 and 2.3% at 0.171, 1.046 and 1.718 mg/L and
inter-assay imprecision was 5.5, 3.3 and 3.5 at 0.173, 1.065 and
1.736 mg/L. The inter- and intra-assay precisions were evaluated in
accordance with the Clinical Laboratory Standards Institute (CLSI)
guideline EP-5A2 [46]. Professor �Etienne Cavalier generously pro-
vided the reference values for serum P1NP and CTX obtained from
Belgian children, adolescents and adults, measured on the IDS-iSYS
automated analytical platform. From these reference values, we
calculated the age- and sex-adjusted Z-Scores and derived a “bone
turnover index” by subtracting CTX Z-scores from P1NP Z-scores.
Under those conditions positive values favor bone formation and
negative values resorption.

2.5. Vitamin D profiling

Vitamin Dmetabolite profiling was performed with an in-house
stable isotope-dilution quadrupole time-of-flight mass spectrom-
etry method (MS-QTOF) (Waters UPLC-MS system (Xevo G2
quadrupole time-of-flight, Waters Corp., Mississauga, Ont.). The
method based on that of Kaufmann et al. [47] is described in the
companion paper [48]. The intra- and inter-assay coefficients of
variation were respectively 4.2 and 7.0% at 70 nM 25OHD3, 5.1 and
10% at 15 nM 24,25(OH)2D3 and 4.5, 8.9% at 20 nM 3-epi-25OHD3
and 7.0, 10.2% for 25OHD2. The lower limits of quantification (LLoQ)
for 25OHD3, 24,25(OH)2D3, 3-epi-25OHD3 and 25OHD2 were
respectively 2.5, 2.0, 2.0 and 2.5 nM. The following classification of
vitamin D status based on serum 25OHD concentrations necessary
for preventing rickets, and on the consensus report of experts, is as
follows: sufficiency: >50 nM; insufficiency: �30e<50 nM; and
deficiency: <30 nM [34].

2.6. Statistics

Descriptive statistics were used to report PETALE cALL survivors'
characteristics according to gender. Data are expressed asmean and
standard deviation for normally distributed variables and as me-
dian and inter-quartile range (IQR) for those that are not. The as-
sociations between serum 25OHD3 and predictors (vitamin D
intake, percent body fat, serum iPTH, BMI and waist circumference)
were tested by simple regression analysis. The KruskaleWallis
followed by the two-stage linear step-up procedure of Benjamini,
Krieger, Yekutieli for controlling false discovery rate were used to
verify the year-period variations in serum 25OHD3 concentrations.
A P � 0.05 is considered significant. Statistical analyses were per-
formed with GraphPad Prism 7.0a (GraphPad Software Inc., La Jolla,
CA) and SAS 9.4 (SAS Institute Inc., Cary, NC).
3. Results

Demographic, anthropometric and classical biochemical char-
acteristics according to gender of the participants are shown in
Table 1. The age at entry into the study, the number of years of
treatment and the period after the end of treatment do not differ
between male and female participants. The median BMI (IQR) is
similar for both sexes and there is no difference in the distribution
according to lean, overweight and obese classification (c2 ¼ NS).

The food frequency questionnaires reveals that median (IQR)
total vitamin D intake varies greatly, and is higher in males than
females [280 (200e412) vs 224 (160e376) IU/d, P ¼ 0.0103]. We
also find that only 16.8% of the participants (both males and fe-
males) consume vitamin D supplements, and that 74% of them are
below the RDI (400 IU/d) [49]. For those who take supplements

http://www.healthcanada.gc.ca/cnf


Table 2
Association between 25OHD3 and vitamin D intake, body fat, BMI and waist
circumference.

Regression
coefficient
estimation

95% CI P-value

Vitamin D intake 0.5384 0.2039 0.8750 0.0017
Body fat % �0.1018 �0.3779 0.1743 0.4682
BMI
Overweight vs normal �1.1989 �8.7191 6.3213 0.7538
Obesity vs normal �11.1035 �20.2925 �1.9145 0.0181
Waist circumference
Overweight vs normal �2.0432 �11.2519 7.1654 0.6625
Obesity vs normal �4.1462 �11.2243 2.9320 0.2497

The associations between serum 25OHD3 and continuous variables (vitamin D
intake and percent body fat) were tested by univariate regression analysis. Chi-
squared tests were performed for categorical classification (BMI and Waist
circumference). A P � 0.05 is considered significant.
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(n ¼ 42), the median (IQR) intake is 600 IU/d (IQR: 356e1052).
Similarly to vitamin D,males have higher daily calcium intakes than
females [1627 (1156e2060) vs 1235 (947e1526) mg/d, P < 0.001],
with only 14 total participants (5.6%) being below the RDI (800 mg/
d). Phosphate intakes follow those of calcium.

Serum total calcium and inorganic phosphate are all within
normal values although male participants exhibit marginally but
statistically significant higher serum calcium concentrations than
females (2.44 ± 0.08 vs 2.38 ± 0.08, P < 0.001). Serum total alkaline
phosphatase activities are all within age- and sex-adjusted normal
values but are statistically higher in males than females (P < 0.001).
The circulating iPTH median (IQR) concentrations are within
normal ranges and do not differ between male and female
participants.

Despite higher vitamin D intakes in males, their serum 25OHD3
concentrations [median (IQR)] are lower than in females [57
(42e72) vs 64 (46e80) nM, P ¼ 0.0403], with 9 male and 6 female
participants being deficient (<30 nM). The serum 24,25(OH)2D3
concentration ranges from 2 to 29 nM (median: 5.5) and is directly
related to the 25OHD3 concentrations. 3-epi-25OHD3 concentra-
tions are below the LLoQ in most samples. For those in whom it is
quantifiable (n ¼ 55), the median (IQR) is 3.1 (2.5e3.8) nM.

The year quarter during which sampling is performed is also a
known determinant of serum 25OHD3 concentrations (Fig. 1). As
expected, median concentrations observed for the 3rd & 4th
quarters (JulyeSeptember & OctobereDecember) are statistically
higher than those for the 1st and 2nd (JanuaryeMarch &
AprileJune), reflecting the vitamin D reserve obtained during the
higher solar irradiation period. Table 2 shows that obesity, defined
by high BMI, is a negative predictor for serum 25OHD3 concen-
trations [(b: �11.1035 (C.I.: �20.2925 to �1.9145, P ¼ 0.0181)], but
Fig. 1. Serum 25OHD3 concentrations by year quarters. 25OHD3: 25-hydroxyvitamin
D3. The one-way ANOVA KruskaleWallis rank test, followed by the two-stage linear
step-up procedure of Benjamini, Krieger, Yekutieli for controlling false discovery rate
was used. The 1rt period served as reference. The box and whisker plots show the
medians, interquartile ranges and minimum and maximum concentrations. The 1st
period covers: JanuaryeMarch (n e 68), the 2nd: AprileJune (n ¼ 81), the 3rd:
JulyeSeptember (n ¼ 37), the 4th: OctobereDecember (n ¼ 62).
that percent body fat and waist circumference are not. Figure 2
depicts the inverse function between serum 25OHD3 and iPTH
concentrations.

Table 3 compares the concentrations of the bone resorption
(CTX) and formation (P1NP) biomarkers for participants in this
study to a reference group consisting of healthy European volun-
teers. As can be appreciated, the concentrations of both bone
turnover biomarkers decrease steadily with age, leveling at adult-
hood, and are at all times higher in males than in females. The
number of cALL survivors and of referent individuals in each age
categories being limited, we are unable to state whether partici-
pants' values are within the range of the reference group or not.

Table 4 shows the adjusted effect of gender, age, vitamin D
status, BMI, waist circumference and body fat on serum P1NP and
CTX concentrations. As the P1NP and CTX data are not normally
distributed, the values are log-transformed. As can be appreciated
gender, age, percent body fat and vitamin D status are determinants
Fig. 2. Relationship between serum 25OHD3 and iPTH concentrations. iPTH: intact
Parathyroid hormone; Parathyroid hormone; 25OHD3: 25-hydroxyvitamin D3. A Linear
regression was used. The dotted lines represent the 95% confidence intervals (C.I.). For
this analysis 244 paired samples were available. Equation: Y ¼ �0.01555*X (�0.0238
to �0.0073) þ 4.284; P ¼ 0.0003. Values in parentheses are the 95% C.I.



Table 3
Patient serum bone resorption and formation biomarkers concentrations.

Males n Patients Control values Patients Control values

Age group (y) CTX mg/L CTX mg/L P1NP mg/L P1NP mg/L

8e<10 1 2.33 0.78e2.55 639 402e968
10e<12 1 3.75 0.77e2.58 1119 300e1190
12e<14 3 2.17e3.59 0.61e2.60 926e1156 146e1192
14e<16 10 1.37e4.15 0.53e3.05 259e1849 139e1030
16e<18 26 0.75e4.34 0.29e1.83 92e619 61e608
18e<20 11 0.53e1.86 0.20e1.56 60e474 27e364
>20 71 0.03e1.46 0.02e0.80 26e228 11e79

Females n Patients Control values Patients Control values
Age group (y) CTX mg/L CTX mg/L P1NP mg/L P1NP mg/L

8e<10 0 e 0.32e2.52 e 181e1337
10e<12 2 0.25e0.81 0.44e2.14 421e851 382e1312
12e<14 3 0.39e1.20 0.17e1.72 230e1081 74e713
14e<16 19 0.13e2.31 0.53e2.51 68e991 50e342
16e<18 19 0.10e2.10 0.32e1.53 28e264 16e162
18e<20 9 0.19e0.57 0.12e1.50 45e145 19e147
>20 75 0.07e2.16 0.03e0.66 2e120 7e57

Patient values are compared to reference values. When the number of patients al-
lows, values are expressed as the 2.5e97.5th percentiles. Otherwise they are the
range. The reference values were obtained from groups of volunteer European
pediatric-age male and female (n ¼ 23e25), premenopausal women (n ¼ 124) and
middle-age men (n ¼ 138). The 2 biomarkers were measured on the same platform
as that used in the present study.

Fig. 3. Bone turnover index as a function of age of the cALL survivors. P1NP: pro-
peptide of type I collagen; CTX: cross-linked C-telopeptide of type I collagen; linear
regression was applied. The equation for the regression is: Y ¼ �0.08707 (�0.1285
to �0.04564) X þ 1.167, r2 is 0.06665; P < 0.0001. The values in parentheses are the
slope 95% Confidence intervals (C.I.); N ¼ 242.
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of the concentrations of both bone turnover biomarkers. Interest-
ingly, waist circumference positively predicts P1NP concentration
only when comparing obese and normal subjects. Finally BMI is not
a predictor for the bone turnover markers.

Figure 3 depicts the relationship between the age of participants
and the bone turnover index described in the Methods section. It
can be appreciated that the index shifts from a formation- to a
resorption-leading environment.

4. Discussion

This study provides comprehensive data on the vitamin D
nutritional status and bone turnover markers for a well-
characterized cohort of cALL survivors.

4.1. Nutritional status

Nutritional assessment reveals that whereas three quarters of
the patients have total vitamin D intake below the RDI (400 IU/d), a
large proportion have a calcium intake above the RDI [49]. The
relatively low vitamin D intake is somewhat unexpected, as our a
priori hypothesis was that these patients would be more inclined to
Table 4
Multiple linear regression analyses for predictors of bone turnover biomarkers.

P1NPa

Regression coefficient 95% CI

Sex (Male vs Female) 0.3748 0.1291 0.6205
Age �0.0984 �0.1121 �0.0848
25OHD3 �0.0040 �0.0073 �0.0007
BMI
Overweight vs normal 0.0473 �0.2083 0.3028
Obesity vs normal �0.1075 �0.4669 0.2519

Waist circumference
Overweight vs normal 0.0721 �0.2008 0.3450
Obesity vs normal 0.5143 0.2132 0.8154

Percentage body fat �0.0264 �0.0412 �0.0116

a As the concentrations of the intact amino-terminal pro-peptide of type I collagen (iP1
analysis.
protect themselves, having experienced cALL-related as well as
iatrogenic bone diseases. Our nutrition data resemble those of
other studies conducted in the Canadian population. A study con-
ducted 10 years ago in 209 Aboriginal and 146 non-Aboriginal
women concludes that 61% of urban-dwelling white women aged
between 25 and 50 years (n ¼ 87) have adequate intakes (AI) of
vitamin D, defined as 200 IU/d [50]. If we were to set the AI at the
same level, we would observe a similar percentage for our cohort.
In a population-based case control study, having breast cancer risk
as primary outcome, Anderson et al. [51] reported that 57% of the
participants had vitamin D intakes below the RDI, a value some-
what lower than ours. On the other hand we observe a similar
prevalence of inadequate vitamin D intake (below 400 IU/d) in our
cohort to that reported by Zhou et al. [52] for women and men 25
years and older. Furthermore in contrast to the vitamin D intake, we
observe a low percentage of participants with serum 25OHD3
concentrations below the Institute of Medicine threshold (40 nmol/
L). Therefore, contrary to our initial working hypothesis the prev-
alence of vitamin D insufficiency or deficiency is not greater in the
PETALE patients than in the general Canadian population [53,54],
CTXa

P-value Regression coefficient 95% CI P-value

0.0029 0.4125 0.1907 0.6343 0.0003
<0.0001 �0.0701 �0.0824 �0.0577 <0.0001
0.0177 �0.0039 �0.0069 �0.0009 0.0103

0.7159 0.0922 �0.1385 0.3229 0.4318
0.5561 �0.0929 �0.4173 0.2315 0.5732

0.6031 �0.2083 �0.4546 0.0381 0.0971
0.0009 0.1589 �0.1129 0.4306 0.2505
0.0005 �0.0191 �0.0325 �0.0057 0.0053

NP) and CTX were not normally distributed, the data were log transformed prior to
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with 26.4% and 6.4% of the participants being respectively vitamin
D-insufficient (25OHD �30 e <50 nM) and edeficient (25OHD
<30 nM). As already mentioned we based the classification of the
vitamin D nutritional status on needs required for an adequate
bone health. However some reports have proposed a serum 25OHD
cut-point of 75 nM for optimal health [55,56]. Should this value be
used in this study, close to 75% of the participants would then be
classified as insufficient, this percentage being similar to the gen-
eral Canadian population [54]. Although our results appear to differ
from those reported for a similar size study conducted in young
cancer patients in which 24.6% were vitamin D-deficient, the
different threshold for defining vitamin D deficiency (<37.5 nM)
explains in part this difference [33]. The inverse relationship be-
tween circulating iPTH concentration and serum 25OHD3 has been
reported by others [27,28,57,58], and will not be further discussed.

The marginally but statistically significant lower serum 25OHD3
inmales despite higher vitaminD intake is puzzling. The year period
can be excluded, as there is no difference in the proportion of
samples taken in different year quarter betweenmales and females.
We show that BMI is a predictor for serum 25OHD3 concentrations
(Table 2). However BMI being not different between males and fe-
males as shown in Table 1, it does not account for the difference in
serum25OHD3 concentrations. A self-reported vitaminD intake at a
time close to blood sampling that is not representative of the cu-
mulative vitamin D intake of an extended time could also explain
the contradiction. Finally the apparent variance could be due to
chance, and bewithin the limits of uncertainty of the food frequency
questionnaires and 25OHD3 assay methods.

We show, as others did [59e61], that adiposity expressed as BMI
is an explanatory variable for serum 25OHD3 concentrations. This
particularly holds when comparing the obese group to the lean
group. Although we observe a trend for an inverse relationship
between serum 25OHD3 and percent body fat or waist circumfer-
ence, it did not reach significance. This is apparently contrary to the
observations of Hannemann et al. [62] who reported, in large
epidemiological study with more than 7000 men and women, that
waist circumference and percent body fat are, in age- and sex-
adjusted linear regression models, inversely related to serum
25OHD3 concentrations. The small sample size of our cohort asso-
ciated with wide confidence intervals could explain the differing
results.

4.2. Bone turnover markers

As expected, age and sex are the twomain explanatory variables
for serum concentrations of bone turnover biomarkers. This is
particularly striking for children and adolescents, although the
dependence on sex is observed even for adults. The values observed
are within the range of those provided by Professor Cavalier and
those published byothers on different analytical platforms andwith
population of different genetic background [63e66]. In our cohort
we observe a modest yet significant negative relationship between
serum 25OHD3 concentrations and iP1NP and CTX (Table 4). Such
data are scarce, in particular in populations at risk such as the
subjects of this study. Our results differ from those of Madar et al.
[67] who showed, in a 16-week supplementation controlled ran-
domized clinical trial conductedwith 251 healthy participants aged
between 18 and 50, that increasing serum 25OHD from 75 to
125 nmol/L did not affect the serumbonemarkers concentrations. It
may be that the time frame of this study was not sufficiently long to
allow bone metabolic changes that could be translated into modi-
fications of serum bone turnover marker concentrations. Further-
more, contrary to our cohort, all participants had serum 25OHD
values exceeding the 75 nmol/L threshold. Ginty et al. [68], in a
group of adolescents aged between 11.4 and 16.4 years, also
reported that serum 25OHD was not a major determinant of serum
P1NP and CTX concentrations. The authors concluded that the pu-
bertal status primarily influenced the bone turnover markers and
thus obscured the effect of vitamin D status. However, Thiering et al.
[69] in a population based study involving 2798 ten-year old chil-
dren, observed a clear seasonal variation in serum bone turnover
markers concentrations and a negative association between serum
25OHD and serum CTX. With respect to adiposity, although we
observe no relationship between BMI and the 2 bone turnover
markers, we note that waist circumference, a visceral adiposity
surrogate marker, is a strong positive predictor for both bone bio-
markers. Surprisingly, the opposite is noticed for percent body fat.
Our observations are at variance with those of Tonks et al. [70] who
reported, in an observational study involving 61 overweight/obese
individuals, increased visceral adiposity associated with lower
fasting serum osteocalcin (a bone formation marker) and CTX.

The “bone turnover index” we developed gives additional in-
formation on the trajectory of bone metabolism. As such data have,
to our knowledge, not previously been published, we are unable to
state whether the participants of this study are or are not within
trends for a general population of the same age group. It does
provide however an interpretation tool that could be used in future
studies.

5. Conclusion

The present study shows that the prevalence of vitamin D
insufficiency or deficiency is not greater in cALL survivors
compared to what is reported for the general Canadian population
despite low vitamin D food and supplement intakes. This is
somewhat surprising as one may surmise that such patients would
tend to be more alert to take supplements and worried of their
nutrition. Furthermore, there seem to be no overt imbalance in the
gender- and age-adjusted serum bone turnover marker concen-
trations. Our data indicate that regular nutritional evaluation
should be part of the patients' follow-up panel.
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