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Abstract
Aim: To investigate the prevalence of vitamin D deficiency among children with non- 
haematological malignancies and to explore possible causes of low vitamin D levels 
among these patients.
Methods: We performed a cross- sectional study of 458 children diagnosed with solid 
tumours, brain tumours, non- Hodgkin lymphoma or Hodgkin disease at the University 
Children's Hospital, Uppsala, Sweden. Serum 25- hydroxyvitamin D and parathyroid 
hormone levels were measured in samples taken at the time of cancer diagnosis and 
related to clinical data. Vitamin D deficiency was defined as a 25- hydroxyvitamin D 
level below 50 nmol/L.
Results: The prevalence rate of vitamin D deficiency among children with non- 
haematological malignancies was 41%. There was no association between sex or di-
agnosis and vitamin D status. Vitamin D deficiency was more common among school 
children than preschool children (51% vs. 24%). Older age, season outside summer, and 
a more recent calendar year were significant predictors of lower 25- hydroxyvitamin D. 
There was a significant, albeit weak, negative correlation between 25- hydroxyvitamin 
D and parathyroid hormone.
Conclusion: Vitamin D deficiency is common among children diagnosed with cancer, 
particularly among school- aged children diagnosed outside summer. The prevalence 
appears to be increasing, underlining the need for adequate replacement of vitamin 
D in these patients.
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Key Notes

• This study found that the prevalence of vitamin D deficiency (defined as 25- hydroxyvitamin 
D below 50 nmol/L) among children diagnosed with cancer was 41%.

• Vitamin D deficiency was more common among school children than preschool children.
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1  |  INTRODUC TION

Today, more than 80% of all children with cancer survive for at least 
5 years after their initial diagnosis.1 Therefore, an increasing number 
of cancer patients survive until adulthood, and attention is shifting 
towards the reduction of adverse effects and evaluation of long- term 
health consequences. Adults treated for cancer during childhood are 
at risk of chronic health conditions, with 95% developing any chronic 
health condition and 80% experiencing at least one severe, life- 
threatening, or disabling condition by the age of 45 years. Adverse 
skeletal effects account for 10% of chronic health conditions.2

The bone mass increases throughout childhood and adoles-
cence and reaches a peak between the ages of 20 and 30 years.3 
Therefore, disturbances in bone mass accretion during this time may 
lead to skeletal problems later in adult life.4 Skeletal development in 
children with cancer may be adversely affected by the primary dis-
ease itself, and by chemotherapy and radiation therapy, which may 
influence bone metabolism either directly or through impairment of 
endocrine functions. Further, nutritional deficiencies, limited expo-
sure to sunlight, and reduced physical activity may affect the skele-
ton adversely.4,5

Adequate intake of calcium and vitamin D is necessary for nor-
mal bone growth.6,7 Low levels of vitamin D may be a risk factor for 
both skeletal and extra- skeletal diseases, including cardiovascular 
diseases and immune- related diseases (e.g. type 1 diabetes mellitus 
and asthma).8,9

A recent meta- analysis showed that vitamin D deficiency is com-
mon in children and adolescents with cancer, particularly in Europe. 
The prevalence rates of vitamin D levels below 50 nmol/L were 41% 
(range 21%– 61.5%) in Europe, 24% (range 24%– 25%) in the Middle 
East and 15% (range 0%– 16%) in North America.10 The differences 
may be attributed to differences in food fortification policies, vita-
min D supplementation guidelines and geographic factors, as well as 
ethnic (e.g. skin pigmentation 11) and cultural (e.g. covering clothing 
12) differences among countries. Therefore, the prevalence of vita-
min D deficiency has to be determined in each country separately to 
formulate national supplementation guidelines.

We have previously reported that one- third of paediatric pa-
tients with leukaemia treated at our hospital had vitamin D levels 
below 50 nmol/L at the time of diagnosis. Older age, season outside 
summer, acute myeloid leukaemia and more recent calendar year 
were associated with lower 25- hydroxyvitamin D (25(OH)D) lev-
els.13 Data on the vitamin D statuses of children living in Sweden 
with other cancer diagnoses are unavailable.

The aim of the present study was to establish the prevalence of 
vitamin D deficiency at the time of diagnosis among children with 
a solid tumour, brain tumour, non- Hodgkin lymphoma (NHL), and 
Hodgkin disease (HD), hereafter referred to as non- haematological 

malignancies, and to explore possible predictors of low vitamin D 
levels in this patient population. Previously published data on the 
vitamin D statuses of children with leukaemia were used to allow 
comparison among children with various types of cancers.

2  |  METHODS

2.1  |  Patients and study design

The present cross- sectional study assessed children diagnosed 
with different types of cancer at the University Children's Hospital, 
Uppsala, Sweden, between June 1990 and August 2016.

The main study cohort included 458 children with non- 
haematological malignancies. In addition, we used our recently re-
ported data of 295 children with leukaemia,13 complemented with 
data on 3 children with myelodysplastic syndrome (MDS; all males, 
aged 3.1, 14.1 and 14.2 years) to enable comparisons among differ-
ent diagnostic categories. Samples were obtained routinely at the 
time of diagnosis, before the initiation of cancer treatment, stored 
at −75°C, and assayed with reagents from the same batch in January 
2018. Clinical data were collected from the Swedish Childhood 
Cancer Registry.

The study protocol was approved by the Regional Ethical 
Review Board of Uppsala (approval number: 2014/511). The study 
was conducted in accordance with the guidelines laid down in the 
Declaration of Helsinki.

2.2  |  Serum 25(OH)D and parathyroid hormone 
level measurements

We assessed the levels of serum 25(OH)D and parathyroid hormone 
(PTH) at the accredited Clinical Chemistry Laboratory of Linköping 
University Hospital, Linköping, Sweden. Serum 25(OH)D levels were 
measured via the direct competitive immunochemiluminescent 
assay (LIAISON 25- OH Vitamin D TOTAL Assay; CLIA DiaSorin, 
Stillwater, Minnesota, USA). The levels of intact PTH were measured 
using a two- site chemiluminescent assay on the Roche Cobas e601 
platform (Roche Diagnostics, Penzberg, Germany). Details of the 
measurements have been reported elsewhere.13

Vitamin D status was defined according to the recommendation 
of the European Society for Paediatric Gastroenterology, Hepatology 
and Nutrition: all values below 50 nmol/L were considered defi-
cient, a concentration below 25 nmol/L indicated severe deficiency. 
Values at or above 50 nmol/L were considered normal and indicative 
of vitamin D sufficiency.14 We also separately analysed the propor-
tion of subjects with 25(OH)D values above 75 nmol/L, which has 

• Lower 25- hydroxyvitamin D level was associated with older age, season outside summer and 
time of sampling (a more recent calendar year), but not with sex or diagnosis.
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been suggested as threshold for optimal vitamin D status in adults.15 
Values above 250 nmol/L were regarded excessive. A reference in-
terval of 1.6– 6.9 pmol/L was used for PTH at the laboratory.

2.3  |  Statistical analyses

Values of 25(OH)D were normally distributed, but not values of PTH. 
We used descriptive statistics to evaluate 25(OH)D and PTH values 
and simple (unadjusted) and multiple (adjusted) linear regression to 
explore the effects of sex, age, diagnosis, season, and time of sam-
pling (calendar year) on 25(OH)D levels. The four seasons were de-
fined as summer (June– August), fall (September- November), winter 
(December- February) and spring (March– May). We used bivariate 
Spearman correlation analysis and Mann- Whiney test to explore 
the association between 25(OH)D and PTH levels. We performed 
statistical analyses for the entire cohort and then separately for pre-
school children (aged ≤6 years) and school children (aged >6 years). 
This was done since previous data demonstrated considerable dif-
ferences in vitamin D status between preschool and school chil-
dren.13,16,17 Statistical analyses were performed using SPSS version 
26 (IBM Corporation, New York, USA). Analysis items with p < 0.05 
were considered statistically significant.

3  |  RESULTS

3.1  |  Patient characteristics

The study population consisted of 458 patients (52.6% males). The 
mean age at diagnosis was 8.9 years (range, 0.0– 18.9). Of these, 245 
patients (53.5%) had solid tumours (soft tissue sarcoma (54), kid-
ney tumour (51), neuroblastoma (35), germ cell tumour (32), osteo-
sarcoma (27), ewing sarcoma (14), liver tumour (9), other (23)), 103 
(22.5%) had brain tumours (astrocytoma (38), medulloblastoma (19), 
glioma (13), ependymoma (12), germ cell tumour (7), craniopharynge-
oma (5), other (9)), 66 (14.4%) had NHL and 44 (9.6%) had HD. The 
patients’ characteristics are presented in Table 1.

3.2  |  Descriptive statistics, correlation between 
25(OH)D and PTH

Serum 25(OH)D level measurements were available for all 458 pa-
tients. One sample had a value below the detection limit of 10 nmol/L 
and was recorded as 5 nmol/L. In the entire cohort, vitamin D defi-
ciency was found in 40.9% of the children (5.5% had severe vitamin 
D deficiency). Vitamin D deficiency was more than twice as common 
among school children as among preschool children (51.4% versus 
23.6%) (Table 2).

Serum PTH measurements were available for 451 patients. 
Seven patients had sample volumes too small for PTH measurement. 
PTH levels were subnormal in 23.5%, within the reference range in 
75.4%, and supranormal in 1.1% of the patients. There was an in-
verse correlation between PTH levels and 25(OH)D in the entire 
population (correlation coefficient = 0.250, p < 0.001) (Supplemental 
Figure S1), among school children (correlation coefficient = 0.313, 
p < 0.001), and among preschool children (correlation coeffi-
cient = 0.154, p = 0.04). We observed that PTH values were higher 
in children with 25(OH)D level <25 nmol/L as compared with those 
with 25(OH)D level ≥25 nmol/L and in children with 25(OH)D level 
<50 nmol/L as compared with those with 25(OH)D level ≥50 nmol/L 
(Mann- Whitney test, p = 0.02, p < 0.001, respectively).

3.3  |  Factors influencing 25(OH)D level

We assessed whether sex, age, diagnosis, season or calendar year 
had an impact on 25(OH)D levels. For the entire cohort, using un-
adjusted linear regression, higher age (p < 0.001), diagnosis (brain 
tumour, p = 0.016 and HD, p = 0.002, compared with solid tumour), 
season (fall, p < 0.001; winter, p < 0.001; and spring, p < 0.001 com-
pared with summer) and more recent calendar year (p < 0.001), but 
not sex, were significant predictors of lower 25(OH)D levels. After 
adjusting for all significant factors, age (p < 0.001), season (fall, win-
ter and spring compared with summer, for all p < 0.001), and more 
recent calendar year (p < 0.001), but not diagnosis, remained signifi-
cant predictors of lower 25(OH)D levels (Table 3).

Groups N
Age (years) 
mean ± SD

Season of diagnosis (%)

Summer Fall Winter Spring

All patients 458 8.9 ± 5.6 20.5 26.9 25.8 26.9

Sex

Male 241 8.9 ± 5.5 22.0 26.6 24.1 27.4

Female 217 8.8 ± 5.8 18.9 27.2 27.6 26.3

Diagnosis

Solid tumour 245 7.5 ± 5.8 21.6 26.1 25.7 26.5

Brain tumour 103 8.9 ± 5.0 20.4 30.1 25.2 24.3

NHL 66 10.0 ± 4.9 18.2 25.8 24.2 31.8

HD 44 14.3 ± 3.3 18.2 25.0 29.5 27.2

Note: Abbreviations: HD, Hodgkin disease; NHL, non- Hodgkin lymphoma; SD, standard deviation.

TA B L E  1  Characteristics of 458 
children with non- haematological 
malignancies. Distribution of children 
who were diagnosed with tumours during 
different seasons.
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When we analysed the data of preschool and school children 
separately, season (winter [p = 0.003] for preschool children and fall, 
winter, and spring [all p < 0.001] for school children) and calendar 
year (p < 0.001 for preschool children and p = 0.038 for school chil-
dren), but not sex, age, or diagnosis, were independent predictors of 

lower 25(OH)D levels. Seasonal variations were more pronounced 
among school children than preschool children and accounted 
for 19% and 4%, respectively of the variation in vitamin D status. 
Calendar year accounted for 7% of the variation in vitamin D status 
among preschool children, and for 2% among school children.

TA B L E  2  Distributions of serum 25(OH)D levels among 458 children with non- haematological malignancies according to sex, age, 
diagnosis, and season

Groups N Mean (SD) nmol/L <25 nmol/L (%) 25 < 50 nmol/L (%) 50 < 75 nmol/L (%)
≥75 nmol/L 
(%)

All patients 458 57.9 (24.0) 5.5 35.4 35.6 23.6

Sex

Male 241 58.1 (23.9) 6.6 34.0 36.1 23.2

Female 217 57.7 (24.2) 4.1 36.9 35.0 24.0

Age (years)

≤6 174 67.9 (24.8) 2.9 20.7 38.5 37.9

˃6 284 51.8 (21.3) 7.0 44.4 33.8 14.8

Diagnosis

Solid tumour 245 60.9 (25.2) 4.5 32.2 35.1 28.2

Brain tumour 103 54.2 (19.5) 3.9 40.8 41.7 13.6

NHL 66 58.6 (25.4) 6.1 31.8 33.3 28.8

HD 44 48.2 (21.4) 13.6 45.5 27.3 13.6

Season

Summer 94 71.3 (22.6) 2.1 16.0 36.2 45.7

Fall 123 58.7 (22.2) 6.5 30.9 39.0 23.6

Winter 118 53.2 (22.8) 5.9 40.7 39.0 14.4

Spring 123 51.3 (24.0) 6.5 49.6 28.5 15.4

Abbreviations: 25(OH)D, 25- hydroxyvitamin D; other, see Table 1.

Linear regression

Unadjusted Adjusted

B p R2 B p Beta

All patients (458)

Sex (male reference) −0.35 0.8 0.000

Age (years) −1.35 <0.001* 0.102 −1.29 <0.001* −0.306

Diagnosis 0.028

Solid tumour Ref.

Brain tumour −6.74 0.016* −3.18 0.2 −0.05

NHL −2.25 0.4 0.27 0.9 0.00

HD −12.02 0.002* −2.34 0.5 −0.02

Season 0.095

Summer Ref.

Fall −12.60 <0.001* −13.45 <0.001* −0.249

Winter −18.09 <0.001* −18.90 <0.001* −0.344

Spring −20.08 <0.001* −19.61 <0.001* −0.362

Calendar year −0.69 <0.001* 0.038 −0.603 <0.001* −0.169

R2 0.26 0.23

Abbreviations: 25(OH)D, 25- hydroxyvitamin D; B, unstandardised estimate; Beta, standardised 
estimate; other, see Table 1 R2, coefficient of determination.
*p < 0.05. 

TA B L E  3  Factors influencing the levels 
of 25(OH)D among 458 children with non- 
haematological malignancies
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To enable a comparison of 25(OH)D levels across all paediatric 
cancer diagnoses, we also included our previous cohort of 295 chil-
dren with haematological malignancies in the analyses,13 as well as 
the data of 3 children with MDS. We then performed a multiple re-
gression analysis using the data of these 756 children. The results 
showed a consistent pattern: older age, season outside summer, and 
a more recent calendar year, but not sex or diagnosis were associ-
ated with lower 25(OH)D levels (Supplemental Table S1). In this en-
tire cohort of children with cancer, 37.8% had vitamin D deficiency.

Figure 1 shows the distribution of 25(OH)D levels among pre-
school and school children with different cancer diagnoses. Figure 2 
shows the distribution of 25(OH)D deficiency and normal levels ac-
cording to age and season.

4  |  DISCUSSION

Our results demonstrate that vitamin D deficiency is common among 
paediatric patients with non- haematological malignancies at the 
time of diagnosis. This is illustrated by the fact that 41% had 25(OH)
D levels below 50 nmol/L and 5% had values below 25 nmol/L. Only 
24% of the subjects had 25(OH)D levels ≥75 nmol/L. Among school 
children, vitamin D deficiency was more than twice as common as 
among preschool children (51% vs. 24%).

Only limited data are available on vitamin D status in healthy 
children in Sweden. Moreover, it is difficult to compare data 
from different studies due to differences in patient characteris-
tics and study conditions known to influence vitamin D status. In 

keeping with our results, Andersson et al. reported that among 
2048 Swedish Caucasian children referred for evaluation of statu-
ral growth, 34% had 25(OH)D levels below 50 nmol/L and 3% had 
levels below 25 nmol/L.18 Furthermore, Öhlund et al. reported that 
among 4– 6 years old children living in northern Sweden, the prev-
alence rates of vitamin D deficiency were 25% in the late summer 
and 40% during the winter months. The corresponding proportions 
with 25(OH)D levels ≥75 mol/L were 15% and 10%, respectively.19 
Unfortunately, these results do not allow more detailed comparisons 
of vitamin D statuses between children with cancer and healthy 
children.

As far as children with cancer are concerned, our results indi-
cate a negative trend in vitamin D status over the years. Since all 
samples were analysed simultaneously, using the same method, 
the negative trend cannot be attributed to methodological differ-
ences. Our data are in agreement with those of a meta- analysis 
performed by Revuelta et al., who reported that most studies 

F I G U R E  1  Distributions of 25(OH)D levels among 756 preschool 
and school children according to the various cancer diagnoses. 
Adjusted linear regression indicated that the age, season and 
calendar year, but not the diagnosis were significant predictors of 
lower 25(OH)D levels. Abbreviations: 25(OH)D, 25- hydroxyvitamin 
D; other, see Table 1. *The data on 295 patients with leukaemia 
were previously published elsewhere13

F I G U R E  2  Distributions of vitamin D status among 756 children 
with haematological and non- haematological malignancies during 
the (A) summer and fall and (B) winter and spring. Adjusted linear 
regression indicated that the age, season, and calendar year were 
significant predictors of lower 25(OH)D levels. The data on 295 
patients with leukaemia were previously published elsewhere13
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emanating from Europe and North America, published after the 
year 2000, found higher prevalence of vitamin D deficiency 
among children with cancer than those published in the 1980s and 
the 1990s.10 In line with our results, studies have indicated an in-
creased prevalence of vitamin D deficiency and rickets in the gen-
eral paediatric population in Northern Europe 20,21 and recognised 
this as a rising health issue. Possible causes for this trend could be 
(a) changes in lifestyle, such as less time spent playing outdoors 
and use of more sun protection due to an increased awareness 
of the risk of skin cancer,22 (b) an increasing proportion of chil-
dren with obesity,23 (c) changes in the ethnic composition of the 
Swedish population with an increase in the number of children 
with dark skin, and (d) changes in Swedish guidelines for vitamin D 
supplementation.24

In agreement with the most previous reports,16,25,26 we found no 
association between sex and 25(OH)D.

In line with other studies on healthy children and children with 
cancer and chronic illnesses,10,16- 18,25- 28 our results demonstrate 
that older age is a factor that contributes significantly to lower 
25(OH)D levels. Although it is not possible to draw any conclu-
sion about causality, it could be speculated that older children 
spend less time outdoors and have more unhealthy nutritional 
habits than younger children. They also have higher absolute fat 
mass, which impacts the tissue distribution of this fat- soluble vi-
tamin. Furthermore, it is known that 1,25- dihydroxyvitamin D 
(1,25(OH)2D) levels are increased during puberty, this, to meet 
the higher physiological demand for calcium by increased intesti-
nal absorption during the pubertal growth spurt. The decrease in 
25(OH)D levels may occur secondarily, due to increased metabo-
lism of 25(OH)D to 1,25(OH)2D.29

In contrast to studies emanating from Scotland (Edinburg),26 
Hungary (Budapest),30 and the USA (San Diego and Richmond),16,28 
but in agreement with reports from Finland (Helsinki),17 Turkey 
(Istanbul),25 and the UK (Newcastle upon Tyne),27 vitamin D status 
in our study varied with season. Part of the explanation behind this 
difference may lie in the fact that the number of sunny days per year 
varies among countries. In addition, there are marked differences 
in the definitions of seasons. Thus, some investigators used a two- 
season model,16,28,30 whereas, others used a four- season model.17 
According to our results, seasonal variations were more pronounced 
among school children than preschool children and accounted for 
19% and 4%, respectively of the variation in vitamin D status. This 
could be explained by the assumption that younger children are 
more likely to receive vitamin D supplementation or consume foods 
that naturally contain or are fortified with vitamin D.

There are few studies that compare vitamin D statuses among 
children with various types of cancer at the baseline. According to 
these studies, and in keeping with our results, 32%– 64% of children 
have low vitamin D levels; however, there was no association be-
tween type of cancer and 25(OH)D level.25,26,28

Our data further demonstrate a negative association between 
serum 25(OH)D and PTH levels. This is in line with data reported 
by Juhász et al., who studied children with cancer before the start 

of treatment,30 but is in contrast with some other studies, which in-
cluded children undergoing cancer treatment or those with a history 
of malignancy.26,27 One could speculate that the fact that cancer 
treatment has an impact on calcium levels, bone health and conse-
quently on PTH levels, both in the short and long term, may explain 
the differing results. Further studies are needed to investigate the 
interactions between vitamin D and PTH levels in children with can-
cer, and to define the role played by PTH on the vitamin D depen-
dent effects.

Our concern is that vitamin D status will deteriorate during can-
cer treatment. This is because cancer patients are often encouraged 
to avoid sun exposure, are likely to spend more time indoors, are at 
risk of nutritional problems, and may undergo treatments that impair 
vitamin D bioavailability and metabolism. Therefore, these patients 
may develop negative health consequences due to the low vitamin 
D level.

4.1  |  Study limitations and strengths

The main limitations of the study are the use of a retrospective 
cross- sectional study design and the lack of a control population. 
Furthermore, we had no data regarding the ethnic background, skin 
type, pubertal status and body mass index of the patients, which lim-
ited our ability to recognise all risk factors for vitamin D deficiency.

Our study also has several strengths. It provides the largest anal-
ysis of vitamin D status among children with various cancer diag-
noses at the time of cancer diagnosis and prior to cancer therapy. 
Furthermore, we were able to minimise methodological differences, 
since all samples were analysed simultaneously, at the same labora-
tory, and using the same batch of reagents.

5  |  CONCLUSION

We found that vitamin D deficiency is common among children with 
cancer, particularly after early childhood. Lower 25(OH)D level was 
associated with older age, season outside summer and a more recent 
calendar year, but not with sex or diagnosis. Since a normal vitamin 
D level is needed for skeletal and cardiovascular health and normal 
immunologic function, adequate replacement of vitamin D has to be 
ensured in patients. Further research is warranted, including pro-
spective longitudinal studies and studies on vitamin D supplementa-
tion in children with cancer.
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