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Abstract
Background: Sufficient serum concentrations of vitamin D
are required to maintain bone health during growth. The
aims of this study were to determine whether vitamin D
deficiency is more prevalent among children and adolescents with obesity compared to their normal weight peers
and to identify clinical and biochemical variables associated with vitamin D deficiency.
Methods: One thousand four hundred and eighty-four
children and adolescents with overweight/obesity and
2143 population-based controls were recruited from the
Danish Childhood Obesity Biobank. Anthropometric variables and fasting concentrations of serum 25-hydroxy
vitamin D (25-OH-D), plasma parathyroid hormone
(PTH), calcium and phosphate were assessed at baseline.
Vitamin D deficiency was defined as serum 25-OH-D concentrations <30 nmol/L. Linear and logistic regressions
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were used to identify variables associated with vitamin D
deficiency.
Results: A total of 16.5% of the children and adolescents with
obesity (body mass index [BMI] standard deviation score
[SDS] > 2.33) exhibited vitamin D deficiency, with an odds
ratio (OR) 3.41 (confidence interval [CI]: 2.27–5.71; p < 0.0001)
for being vitamin D deficient compared to their normal
weight peers. BMI-SDS was independently and inversely
associated with serum 25-OH-D concentrations. Other independent risk factors for vitamin D deficiency were being
older than 14 years (OR: 2.39; CI: 1.28–4.48; p = 0.006), more
than 4 daily hours of screen time (OR: 4.56; CI: 2.59–8.05;
p < 0.0001) and blood sample assessment during winterspring (OR: 6.44; CI: 4.47–9.26; p < 0.0001).
Conclusions: Vitamin D deficiency was common among
Danish children and adolescents with obesity. The degree
of obesity was independently associated with lower serum
25-OH-D concentrations.
Keywords: body mass index; calcium; childhood obesity;
parathyroid hormone; vitamin D deficiency.

Introduction
Childhood obesity has been associated with low circulating serum concentrations of 25-hydroxy vitamin D (25-OHD), and vitamin D deficiency has been shown in the range
of 17%–57%, depending on how vitamin D deficiency is
categorized [1–4]. This might be associated with an unfavorable lifestyle [5]. It has been proposed that fat-soluble
hormones, including vitamin D, are sequestered in the
adipose tissue, resulting in a decreased bioavailability [6].
Sufficient serum concentrations of vitamin D and
calcium are needed to maintain bone health and avoid
childhood diseases such as rickets [7, 8]. Furthermore,
epidemiologic studies suggest that vitamin D may protect
against diseases such as colorectal cancer, type 2 diabetes and cardiovascular disease [9–11]. While a causal link
between vitamin D deficiency and immune disorders is
yet to be established, 1,25-dihydroxyvitamin D (1,25-OHD2) seems to be involved in the regulation of pathways that
promote the innate immune response, while suppressing
the adaptive immune response [12].
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While serum 1,25-OH-D2 is the active form of vitamin D,
it is serum 25-OH-D, the major circulating form of vitamin
D, that is considered the best indicator of vitamin D status
[13].
Establishing an exact threshold for vitamin D deficiency has proved difficult and is further complicated by
the vast array of potential health benefits of vitamin D.
Focusing on bone health, it seems that the risk of developing nutritional rickets is greatly increased with 25-OH-D
concentrations below 30 nmol/L, considering this threshold deficient and concentrations above 30 and below
50 nmol/L as insufficient [14, 15]. However, evidence from
adult populations suggest that to obtain protective effects
on cardiovascular health and colorectal cancer prevention, serum 25-OH-D concentrations should be maintained
as high as 75–110 nmol/L [16]. Studies in children regarding long-term benefits of serum 25-OH-D concentrations
of this magnitude are sparse. This is unfortunate as children and adolescents with obesity exhibit a higher risk of
developing cardiovascular disease in adulthood [17] and
cardiovascular risk markers are already present in childhood and adolescence [18–20].
The primary aim of this study was to determine the
prevalence of vitamin D deficiency in a cohort of Danish
children and adolescents and to investigate the possible
associations between body mass index (BMI) standard
deviation score (SDS), fasting concentrations of serum
25-OH-D and additional bone markers. Secondarily, we
sought to identify anthropometric, biochemical and lifestyle variables associated with vitamin D deficiency.

Materials and methods
Subjects and study design
At the time of inclusion, 4909 children and adolescents from the Danish Childhood Obesity Biobank (2860 girls) were eligible for this study.
The Danish Childhood Obesity Biobank consists of (i) children and adolescents with overweight/obesity enrolled into chronic care treatment
at either the Children’s Obesity Clinic, Copenhagen University Hospital
Holbæk, or in eight Danish municipalities and (ii) a population-based
group of children and adolescents of the same ages recruited from
schools in 11 different Danish municipalities. All baseline visits took
place in the time period between March 2007 and May 2015.
Exclusion criteria were (i) age below 6 or above 18 years, (ii)
more than 60 days between baseline anthropometric measurements
and fasting blood samples, (iii) intake of medications known to
affect vitamin D metabolism [21] as well as intake of supplementary
vitamin D or calcium, (iv) diseases affecting calcium or vitamin D
metabolism or (v) ethnicity other than North European White. After
applying these criteria, 3627 children and adolescents were found to
be eligible for this study.

Anthropometric measurements
Weight was measured to the nearest 0.1 kg on a Tanita® BC418 scale
(Tanita Corp., Tokyo, Japan) in the population-based cohort and on
a Tanita® Digital Medical Scale, WB-110 MA (Tanita Corp., Tokyo,
Japan) in the children and adolescents entering chronic care treatment. Height was measured using a stadiometer to the nearest 1 mm.
Both measurements were performed in light indoor clothing BMI was
calculated as weight divided by height squared (kg/m2). The BMISDS was calculated using the least-mean-squares (LMS) method by
converting BMI into a normal distribution by sex and age using the
median coefficient of variation and a measure of the skewness [22],
based on the Box‑Cox power plot based on Danish BMI charts [23].
Waist circumference (WC) was measured to the nearest 1 mm at the
level of the umbilicus with a non-elastic tape measure after a gentle
expiration. Waist-height ratio (WHtR) was calculated as WC divided
by height [24].

Assessment of serum 25-OH-D, plasma parathyroid
hormone (PTH), calcium, phosphate and albumin
concentrations
Fasting blood samples were performed in the morning after 8–10 h
of fasting. Measurements of 25-OH-D serum concentrations were
performed using an electrochemiluminescence-binding assay. The
upper and lower detection limits were 175 nmol/L and 7.5 nmol/L,
respectively. Plasma concentrations of PTH were measured using
an electrochemiluminescent immunoassay for in vitro quantitative
assessment of intact PTH (1-84). Both 25-OH-D and PTH were measured on a Cobas e (Roche Diagnostics GmbH, Mannheim, Germany).
Calcium, phosphate and albumin were measured on a Dimension
Vista/Centaur (Siemens Healthcare, Erlangen, Germany). Corrected
calcium, which is total calcium adjusted for albumin, was calculated
as: total plasma calcium + 0.020*(41.3 − plasma albumin), in accordance with the local laboratory guidelines.
Blood sample assessment was dichotomized according to season in winter/spring (November 1st–May 31st) and summer/fall (June
1st–October 31st).

Assessment of pubertal stages
Pubertal staging was performed according to the Tanner classification [25]. A trained pediatrician performed pubertal staging of children and adolescents from the Children’s Obesity Clinic. Pubertal
staging of the children and adolescents from the population-based
group was self-reported, based on a questionnaire with illustrations
and a supplementary text. Tanner stage 1 was considered prepubertal, while stages 2–5 were considered pubertal.

Assessment of daily screen time
Daily hours of screen time was defined as the daily number of hours
that the child/adolescent spent in front of a TV or computer screen, a
tablet or a cellphone. This was reported during a questionnaire-based
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interview with children and adolescents entering chronic care treatment. Children and adolescents from the population-based group
filled out a similar questionnaire.

Stratifications
Stratification based on BMI-SDS placed the children and adolescents in one of the three categories: obese (BMI-SDS ≥ 2.33 or above
the 99th percentile and above), overweight (BMI-SDS ≥ 1.28 < 2.33) or
lean (BMI-SDS < 1.28 or below the 90th percentile).
Vitamin D status was categorized as follows: vitamin D sufficiency (≥50 nmol/L), vitamin D insufficiency (<50 nmol ≥ 30 nmol/L)
and vitamin D deficiency (<30 nmol/L) [15].

Statistical analyses
Mean values of continuous variables were compared using the oneway analysis of variance (ANOVA) with Tukey honest significant
difference (HSD) post hoc comparisons (>2 groups) or Student’s
t-test (2 groups). Non-normally distributed variables were log-transformed prior to analyses. Categorical values were compared using
the χ2 test. Baseline continuous variables are stated as means with
standard deviations (SD) or medians with interquartile ranges (IQR)
and categorical variables as percentages. Associations of 25-OH-D
and other variables were investigated with univariate linear regression using unstandardized (B) regression coefficients. Variables
with univariate association were included in multivariate analyses. Additionally, multivariate multinomial logistic regression was
performed to assess odds ratios (ORs) regarding vitamin D insufficiency and deficiency. Age, sex, Tanner stage, BMI-SDS, hours of
daily screen time, season of blood sample assessment, PTH and
albumin were included. A p-value below 0.05 was considered statistically significant. All analyses were performed using the statistical
software SPSS (IBM SPSS Statistics for Windows, Version 23.0. IBM
Corp., Armonk, NY, USA).

Ethical considerations
Study participants younger than 18 years provided informed assent
to participation in the study and their parents gave informed written
consent. Study participants aged 18 years provided informed assent
and gave informed written consent. The study was approved by the
Ethics Committee of Region Zealand, Denmark (ID: SJ-104) and the
Danish Data Protection Agency (ID: REG-06-2014), and is registered
at ClinicalTrials.gov (ID: NCT000928473).

Results
Clinical, biochemical and lifestyle variables of the children and adolescents with overweight/obesity entering
chronic care treatment and the population-based controls
are shown in Table 1. There were fewer boys in the population-based group, and they were older and more of them
had reached puberty. The population-based group had
higher serum concentrations of 25-OH-D, lower plasma
concentrations of PTH, calcium and phosphate and fewer
daily hours of screen time.
Vitamin D deficiency was detected in 16.5% of the
children and adolescents with obesity, in 7.7% of the
group with overweight and in 4.8% of the group with
normal weight (p < 0.0001). Only 40.5% of the children
and adolescents with obesity were considered vitamin D
sufficient (Figure 1).
Serum 25-OH-D concentrations were inversely associated with BMI-SDS (p < 0.0001), age (p = 0.041), plasma
concentrations of PTH (p < 0.0001), daily hours of screen
time (p < 0.0001) and season of blood sample assessment

Table 1: Baseline variables of children and adolescents with overweight/obesity versus population-based control group.

Male, n (%)
Age, years (SD)
Blood samples summer-fall, n (%)
Tanner stage 1/2–5 (%)
BMI-SDS (SD)
WHtR (SD)
25-OH-D, nmol/L (SD)b
PTH, pmol/La,b
Calcium, mmol/L (SD)b
Corrected calcium, mmol/L (SD)b
Phosphate, mmol/L (SD)b
Albumin, g/L (SD)b
Daily screen time, ha

Children and adolescents with
overweight/obesity (n = 1484)

Population-based control
group (n = 2143)

p-Value

676 (45.6%)
11.8 (2.82)
749 (50.5%)
38.7/58.3%
2.87 (0.65)
0.60 (0.06)
47.9 (21.8)
4.73 (3.78–5.85)
2.53 (0.09)
2.44 (0.11)
1.49 (0.18)
45.0 (3.63)
3.5 (2.0–5.0)

856 (39.9%)
12.1 (3.37)
1034 (48.3%)
27.5/72.5%
0.31 (1.04)
0.44 (0.05)
59.2 (23.0)
4.15 (3.40–5.16)
2.48 (1.00)
2.41 (0.13)
1.44 (0.19)
43.1 (3.61)
2.0 (1.5–3.0)

0.001
0.001
0.188
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

BMI-SDS, body mass index-standard deviation score; WHtR, waist-height ratio; 25-OH-D, 25-hydroxy vitamin D; PTH, parathyroid hormone.
a
Data are presented as medians (interquartile range) due to a non-normal distribution. bFasting serum or plasma concentrations.
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4.8%

29.4%

16.5%

Sufficiency (%)
Insufficiency (%)
Deficiency (%)

65.8%
40.5%

p < 0.0001

42.9%
Normal weight

Obese

Figure 1: Categories of vitamin D status in children and adolescents with normal weight or obesity.
Vitamin D status categories: deficiency (25-OH-D <30 nmol/L), insufficiency (25-OH-D: 30–50 nmol/L) and sufficiency (25-OH-D >50 nmol/L).
Normal weight was defined as body mass index (BMI) standard deviation score (SDS) <1.28, and obesity was defined as BMI SDS >2.33.
p-Value was obtained using the χ2 test.

Table 2: Linear regression analysis of 25(OH)-D serum concentrations and baseline variables.
Univariate

Age, years
Sex
BMI-SDS
PTH, pmol/La, b
Calcium, nmol/Lb
Corrected calcium, nmol/Lb
Phosphate, nmol/Lb
Albumin, g/Lb
Daily screen time, ha
Season of blood sample

Multivariatec

B (95% CI)

p-Value

B (95% CI)

p-Value

−0.87 (−1.11; −0.63)
1.71 (0.18; 3.24)
−3.96 (−4.43; −3.49)
−59.7 (−64.5; −54.8)
1.09 (−6.62; 8.80)
13.4 (7.16; 19.7)
−1.64 (−5.71; 2.44)
−0.68 (−0.88; −0.48)
−20.6 (−23.2; −17.0)
12.1 (10.6; 13.5)

<0.0001
0.029
<0.0001
<0.0001
0.782
<0.0001
0.431
<0.0001
<0.0001
<0.0001

−0.25 (−0.49; −0.01)
0.68 (−0.74; 2.11)
−2.57 (−3.07; −2.07)
−45.8 (−50.9; −40.8)
–
8.20 (0.92; 15.5)
–
−0.23 (−0.48; 0.01)
−10.5 (−13.2; −7.74)
12.4 (11.0; 13.8)

0.041
0.346
<0.0001
<0.0001
–
0.027
–
0.064
<0.0001
<0.0001

Log-transformed due to a non-normal distribution. bFasting plasma or serum concentrations. cVariables with a significant univariate
association to vitamin D levels (age, sex, BMI-SDS, PTH, corrected calcium, albumin, daily hours of screen time and season of blood sample
assessment) are included.

a

Table 3: Baseline variables after stratification based on BMI-SDS.

Male, n (%)
Age, years (SD)
Blood samples summer-fall, n (%)
Tanner stage, 1/2–5 (%)
BMI-SDS (SD)
WHtR (SD)
25-OHD, nmol/L (SD)b
PTH, pmol/La, b
Calcium, mmol/L (SD)b
Corrected calcium, mmol/L (SD)b
Phosphate, mmol/L (SD)b
Albumin, g/L (SD)b
Daily screen time, ha

Obese group
(n = 1252)

Overweight group
(n = 609)

Lean group
(n = 1766)

p-Value
a vs. b

p-Value
a vs. c

p-Value
b vs. c

602 (48.1%)
11.9 (2.9)
628 (50.2%)
38.7/61.3
3.07 (0.53)
0.61 (0.06)
46.6 (22.0)
4.70 (3.79–5.87)
2.53 (0.09)
2.46 (0.12)
1.49 (0.18)
45.0 (3.64)
4.00 (2.00–5.00)

237 (38.9%)
11.7 (2.9)
327 (53.7%)
29.3/70.6
1.84 (0.31)
0.51 (0.05)
54.5 (20.8)
4.31 (3.49–5.43)
2.51 (1.00)
2.45 (0.12)
1.45 (0.19)
44.1 (3.64)
3.00 (1.50–4.00)

693 (39.3%)
12.2 (3.4)
828 (46.9%)
28.6/71.4
−0.03 (0.79)
0.43 (0.03)
60.2 (23.2)
4.15 (3.40–5.17)
2.47 (0.09)
2.44 (0.12)
1.44 (0.18)
43.1 (3.61)
2.00 (1.50–3.00)

<0.0001
0.766
0.152
0.001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.557
0.0002
<0.0001
<0.0001

<0.0001
0.024
0.076
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.887
0.015
0.004
0.781
<0.0001
<0.0001
<0.0001
0.035
<0.0001
0.035
0.281
<0.0001
<0.0001

BMI-SDS, body mass index-standard deviation score; WHtR, waist-height ratio; 25-OH-D, 25-hydroxy vitamin D; PTH, parathyroid hormone.
Data are presented as medians (interquartile range) due to a non-normal distribution. bFasting plasma or serum concentrations.

a
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Table 4: Baseline variables after stratification based on vitamin D status.

Male, n (%)
Age, years (SD)
Blood samples summer-fall, n (%)
Tanner stage 1/2–5 (%)
BMI-SDS (SD)
WHtR (SD)
PTH, pmol/La
Calcium, mmol/L (SD)b
Corrected calcium, mmol/L (SD)b
Phosphate, mmol/L (SD)b
Albumin, g/L (SD)b
Daily screen time, ha

Vitamin D sufficiency
(>50 nmol/L) (n = 2025)

Vitamin D insufficiency
(30–50 nmol/L) (n = 1264)

p-Value

Vitamin D deficiency
(<30 nmol/L) (n = 338)

p-Value

840 (41.5%)
11.6 (3.27)
1202 (59.4%)
36.1/63.9
1.05 (1.45)
0.48 (0.08)
4.03 (3.32–4.96)
2.49 (0.09)
2.43 (0.12)
1.46 (0.18)
43.5 (3.63)
2.00 (1.50–3.50)

520 (41.1%)
12.2 (2.92)
489 (38.6%)
31.4/85.6
1.61 (1.56)
0.52 (0.10)
4.67 (3.87–5.82)
2.50 (0.09)
2.42 (0.12)
1.46 (0.18)
43.9 (3.64)
3.00 (2.00–4.50)

0.846
<0.0001
<0.0001
0.018
<0.0001
<0.0001
<0.0001
0.753
0.078
1.000
<0.0001
<0.0001

172 (50.8%)
13.5 (2.76)
92 (27.3%)
15.9/94.1
2.26 (1.52)
0.57 (0.11)
5.60 (4.55–6.95)
2.50 (0.12)
2.42 (0.15)
1.44 (0.20)
44.3 (3.52)
4.00 (4.55–6.95)

0.001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.937
0.811
0.306
<0.0001
<0.0001

BMI-SDS, body mass index-standard deviation score; WHtR, waist-height ratio; PTH, parathyroid hormone. All p-values are generated with
vitamin D sufficiency as reference category. Cases and population-based controls were pooled for these analyses. aData are presented as
medians (interquartile range) due to a non-normal distribution. bFasting serum or plasma concentrations.

Age (ref. 6–10 years)
10–14

p < 0.0001
p = 0.147
p = 0.004
p = 0.006

>14
BMI group (ref. lean)
Overweight

p = 0.109
p = 0.022

Obese

p < 0.0001
p < 0.0001

Tanner stage (ref. stage 1)
p = 0.496
p = 0.090

Stages 2–5
PC/TV hours daily (ref. <2)
2–4

p = 0.079
p = 0.050

>4

p < 0.0001
p < 0.0001

Gender (ref. male)
p = 0.800
p = 0.123

Female
Blood sample season (ref. summer)
Winter
0.1

p < 0.0001
p < 0.0001

1
OR (95% CI)

2

3

4

5

10

Figure 2: Odds ratios (ORs) of exhibiting vitamin D deficiency or vitamin D insufficiency.
White boxes represent ORs of exhibiting vitamin D deficiency (25-OH-D <30 nmol/L) and black boxes represent ORs of exhibiting vitamin D
insufficiency (25-OH-D: 30–50 nmol/L). Cases and controls were pooled for these analyses.

(p < 0.0001) (Table 2). Serum 25-OH-D concentrations were
associated with corrected plasma calcium concentrations
(p = 0.027) (Table 2).
In the group with obesity, the mean serum concentration of 25-OH-D was lower and the mean plasma concentration of PTH was higher than in both the groups with
overweight and normal weight. The mean plasma concentration of calcium was also higher among the children
and adolescents with obesity compared to the two other

groups. When investigating corrected plasma calcium
concentration instead, the differences between the three
groups were reduced, and the difference between the
groups with obesity and overweight was no longer significant (Table 3).
Individuals with vitamin D deficiency had a higher
BMI-SDS and WHtR and a higher mean plasma concentration of PTH, were older with more advanced Tanner
stages and more often male compared with children and
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adolescents who were vitamin D sufficient. Futhermore,
vitamin D-deficient individuals had more daily hours of
screen time. There were no differences in the mean total
plasma calcium concentration, or the mean corrected
calcium concentration, between those with sufficient
concentrations of vitamin D compared with those exhibiting vitamin D insufficiency and deficiency, respectively
(Table 4).
The highest ORs of exhibiting vitamin D deficiency
were obesity (OR: 3.41; CI: 2.27–5.71; p < 0.0001), age
above 14 years (OR: 2.39; CI: 1.28–4.48; p = 0.006), more
than 4 daily hours of screen time (OR: 4.56; CI: 2.59–8.05;
p < 0.0001) and blood sample assessment during winterspring (OR: 6.44; CI: 4.47–9.26; p < 0.0001). Exhibiting
overweight also increased ORs of vitamin D deficiency
(Figure 2).
Finally, we investigated the prevalence of vitamin D
insufficiency when the threshold was increased to
75 nmol/L. This left a majority of 88.5% of the group with
obesity, 84.9% of the group with overweight and 76.1%
of the group with normal weight vitamin D insufficient
(p < 0.0001 for all).

Discussion
Vitamin D deficiency was common among children and
adolescents with obesity compared to their normal weight
peers, with children and adolescents with obesity exhibiting a doubled risk of having vitamin D deficiency.
Our results are comparable to previous findings,
including a study investigating the association between
BMI-SDS and vitamin D concentrations in 12,292 North
American children and adolescents [1]. The authors found
that 17% of those with a BMI above the 99th percentile
exhibited vitamin D deficiency (25-OH-D < 30 nmol/L) [1].
The prevalence of vitamin D deficiency among the children and adolescents with normal weight in our study
is in line with the findings of another Danish study on
782 children, where 2.4% of 8–11-year olds had serum
concentrations of 25-OH-D below 25 nmol/L [26]. Evidence on the importance of vitamin D in regard to not
only bone diseases, but also immune-mediated diseases,
is emerging. It has been suggested to raise the threshold
for vitamin D sufficiency in adults to 75 nmol/L in order
to obtain the entire array of potential health benefits,
considering the level of 50–75 nmol/L insufficient [13].
Applying the higher threshold on our cohort showed a
majority of children and adolescents in all three BMI-SDS
groups exhibiting vitamin D insufficiency, which again

is similar to the findings of Turer et al. [1]. While pediatric studies confirming the beneficial long-term effects
of increasing vitamin D concentrations to such levels in
children and adolescents are lacking, several studies
have aimed to explore the associations between vitamin
D deficiency and cardiovascular risk markers in children
and adolescents. Cediel et al. [27] performed a study on
435 prepubertal Chilean children and found that serum
25-OH-D concentrations below 75 nmol/L increased the
risk of insulin resistance 3 to 4 times, while an Italian
study on 452 children showed an OR of 1.72 of exhibiting
hypertension in the lowest 25-OH-D quartile (<42 nmol/L)
compared to the highest quartile (>67 nmol/L) [28].
In line with Reinehr et al. [29], the present study demonstrated higher plasma concentrations of PTH and lower
serum 25-OH-D concentrations in children and adolescents with overweight and obesity. Low serum 25-OH-D
concentrations lead to reduced calcium concentrations,
which is detected by the parathyroid glands. This induces
an increased production of PTH and subsequently an
increased activity of the enzyme responsible for 1-hydroxylation of 25-OH-D, and thus the biological activation of
vitamin D [30].
Total concentrations of calcium and phosphate were
higher in children and adolescents with obesity compared
to the groups with overweight and normal weight, despite
lower serum concentrations of 25-OH-D and higher plasma
concentrations of PTH. Studies investigating the association of calcium and phosphate concentrations with childhood obesity are conflicting. Reinehr et al. [29] found no
difference in concentrations of calcium and inorganic
phosphate between 133 German children with obesity and
23 controls with normal weight, while a Polish study on
78 adolescents with obesity and 20 controls with normal
weight found lower concentrations of calcium in obese
adolescents [31]. Contrasting this, and supporting our findings, a large Norwegian population study on 8128 adults
aged 30–89 years found that a high calcium concentration
was a strong predictor of obesity in women [32]. As total
calcium represents the free calcium fraction as well as the
fraction bound to proteins such as albumin and globulins, total calcium concentrations are affected by plasma
albumin concentrations [30]. In the present study, children
and adolescents with obesity had slightly higher albumin
concentrations, which could contribute to the increased
total calcium. Few pediatric studies have investigated
the association between serum albumin and obesity. One
study on 331 Saudi Arabian children found that adolescents with obesity had lower serum albumin [33], while
another study on 41 African-American children reported
no difference [4]. In our cohort, the difference could, at
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least in part, be explained by a higher protein intake in the
children and adolescents with obesity, as dietary protein
intake has been demonstrated to affect the fractional synthesis rate of serum albumin [34]. However, we do not have
the dietary recordings to confirm this theory.
The physiological increase of PTH is driven by reduced
concentrations of free calcium, which, due to essential neuromuscular functions, should be kept within narrow limits
[30]. The high concentrations of PTH in children and adolescents with overweight and obesity suggest that, despite
higher total concentrations, the free calcium fraction is not
necessarily higher. Rather, the free calcium concentration
may be kept within normal limits due to the physiological
PTH surge caused by insufficient serum 25-OH-D concentrations. This could potentially result in bone loss, as bone
serves as the major reservoir of calcium in the body. The
impact of childhood obesity on bone mass is continually
being debated. A study by Rocher et al. [35] comprising 43
prepubertal children has shown that bone mass in children
with obesity, measured by dual-energy X-ray absorptiometry (DXA), was actually lower when adjusting for lean mass,
despite higher unadjusted values. Cole et al. [36] found that
fat mass negatively associated with the peripheral quantitative computed tomography (CT)-assessed true volumetric
density. These findings are interesting, considering that
forearm fractures resulting from ground-level falls as well
as musculoskeletal disorders such as Blount disease and
slipped capital femoral epiphysiolysis are more prevalent
among children and adolescents with obesity compared to
their peers with normal weight [37–39].
In the present study, increasing age was a significant
risk factor of vitamin D deficiency, which is in line with the
findings of other similar studies [1, 26, 40]. We anticipate
that behavioral mechanisms are part of the reason for this.
Our results have shown that hours spent in front of a screen
are inversely associated with 25-OH-D concentrations. The
number of hours spent in front of a screen could be considered an invert proxy of time spent outdoors. In a study
recently published by Petersen et al. [26] on 782 Danish
children, a higher age was associated with vitamin D deficiency. However, this association became insignificant
when adjusting for moderate and vigorous physical activity, which could reflect that adolescents spend less time
exercising outdoors. Supporting this, an American study
on 2000 boys and girls aged 0–19 years demonstrated that
adolescents had significantly lower exposure to ultraviolet
(UV) radiation compared to younger children [41].
The present study also demonstrated that season
was independently associated with vitamin D status,
with the vast majority of cases of vitamin D deficiency
being diagnosed during winter and spring. Exposure to
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UV-B-radiation, rather than diet, is the primary source
of vitamin D [42], leaving both children and adults living
closer to the polar parts of the world more susceptible to
low concentrations of serum 25-OH-D during the winter.
While it has been suggested that children require less
sun exposure to obtain adequate vitamin D concentrations due to their greater surface area for size and greater
capacity to produce vitamin D, this increased ability may
still not be enough [43]. Besides seasonality, we found
that daily hours of screen time were significantly associated with serum 25-OH-D concentrations, as more than
4 h was associated with a more than four-fold increase
in the risk of vitamin D deficiency, independent of BMISDS. Increased screen time was also found to be associated with vitamin D deficiency by Turer et al. [1] and could
reflect a lack of sun exposure.
Recent evidence has questioned whether low total
concentrations of 25-OH-D in children with obesity are of
clinical importance. Miraglia et al. [44] calculated the fraction of bioavailable 25-OH-D in 33 children with or without
obesity and found it to be similar in the two groups, despite
lower total concentrations of 25-OH-D in the group with
obesity. This was probably due to lower concentrations of
vitamin D-binding protein (DBP) in children with obesity,
which might be a compensatory mechanism driven by
increased insulin resistance [44]. However, the concentrations of PTH did not differ between the children with
and without obesity [44]. It remains unclear whether this
is an expression of a homeostatic calcium-PTH-vitamin D
axis due to lower concentrations of DBP, and thus normal
concentrations of bioavailable 25-OH-D. If so, increasing
concentrations of PTH, as found in the present study, may
be an important part of predicting a negative impact on
bone mineral metabolism, rather than concentrations of
total 25-OH-D alone.
The major strength of the present study is the large
study population consisting of children and adolescents
with obesity, overweight and normal weight of the same
ethnicity, covering almost the entire pediatric age range.
As sun exposure is the most important determinant of
serum 25-OH-D concentrations, an exact measure of
outdoor activity would have been preferred. Yet, we consider daily hours of screen time a reliable proxy measure
and were also able to adjust for season of blood sample
assessment. Diet is another, less important, source of
vitamin D, but an important source of calcium. Unfortunately, we were not able to report on dietary components
such as dairy intake. Finally, Tanner staging was selfreported in the population-based group, which means
that the pubertal stage can be interpreted only as either
prepubertal or pubertal.
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Conclusions
Compared to about 5% of the group with normal weight,
almost 17% of the children with obesity exhibited vitamin
D deficiency and only around 40% were categorized as
vitamin D sufficient. Independent risk factors of vitamin
D deficiency were obesity, being 14 years or older, spending more than 4 daily hours in front of a screen and blood
sample assessment performed during winter or spring.
Clinicians should pay attention to vitamin D status, especially in adolescents with obesity during wintertime.
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