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1 Department of Child and Adolescent Psychiatry, University Hospital Essen, University Duisburg-Essen,

Essen, Germany, 2 Institute for Medical Informatics, Biometry und Epidemiology, University Hospital Essen,

University Duisburg-Essen, Essen, Germany

* manuel.foecker@uni-due.de

Abstract

Background

Evidence has accumulated for the association between low vitamin D serum concentrations

and mental health disorders in both children and adults. We performed a cross-sectional

analysis in a population-based sample of children and adolescents to detect associations

between 25(OH)-vitamin D serum [25(OH)D] concentrations and scores of the five

Strengths and Difficulties Questionnaire (SDQ) subscales and the total difficulties score in

different age groups (age�3-<12 years and�12-<18 years).

Methods

9068 participants of the population-based, nation-wide German Health Interview and Exami-

nation Survey for Children and Adolescents (KIGGS) with information on mental health sta-

tus assessed by the SDQ and 25(OH)D levels were included in the analysis. For statistical

analysis we used linear regression models stratified by gender based on different adjust-

ment sets. For the younger subsample the analysis was additionally adjusted for the fre-

quency of playing outside. We compared the associations based on parent- and self-ratings

of the SDQ for children and adolescents aged�12-<18 years.

Results

We found inverse associations between 25(OH)D concentrations and the subscales emo-

tional problems, peer relationship problems and the total difficulties score in both genders

after adjustment for potential confounders. The strongest associations were observed in the

older subsample for parent-ratings in boys and self-ratings in girls. In the younger subsam-

ple the associations were less strong and no longer evident after adjustment for potential

confounders such as migration background, socioeconomic status and frequency of playing

outside.
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Conclusion

Based on the large-scale cross-sectional study in a German population-based sample of

children and adolescents we detected inverse associations between 25(OH)D concentra-

tions and both parent- and self-rated SDQ scores of the total difficulties scale and different

subscales with the strongest association in the subsample aged�12-<18 years for both

genders. Migration background and socioeconomic status were detected as relevant con-

founders. Further studies–particularly in countries with comparatively low mean 25(OH)D

concentrations–in childhood and adolescence are warranted. Longitudinal studies are also

necessary to infer direction of effects. Finally, RCTs in children and adolescents are

required to determine whether Vitamin D is beneficial for mental health.

Introduction

1,25-dihydroxyvitamin D (calcitriol), the metabolic product of vitamin D [1], is a pleiotropic

secosteroid hormone targeting hundreds of genes [2]. The vitamin D status is usually [3]

assessed via the total 25(OH)-vitamin D [25(OH)D] serum concentration, which is mainly a

product of 25(OH)D3 from ultraviolet B radiation (UVB) induced synthesis in the skin and to

a lesser extent from dietary intake of 25(OH)D2 [4].

1,25-dihydroxyvitamin D3 receptor (VDR) and 25-hydroxyvitamin D3 1-alpha-hydroxylase

are localized throughout the brain [5], suggesting a role for vitamin D in brain functions. In

adults as well as in children and adolescents, associations between 25(OH)D deficiency and

mental disorders such as depression, autism and ADHD have been reported [6–15]. Meta-

analyses of randomized controlled trials (RCTs) of adult psychiatric patients with both major

depression and vitamin D deficiency found poor evidence for a beneficial effect of vitamin D

[16–19]. However, upon meta-analysis of only those seven studies [20–26] without “biological

flaws” according to Spedding [17], a convincing effect-size (standardized mean differ-

ence = 0.78; CI 0.24–1.27) suggested an antidepressant effect of vitamin D supplementation.

To our knowledge, only one RCT with methodological limitations was performed in children

and adolescents; no significant effect after 6 months of vitamin D supplementation on Autism

Spectrum Disorder (ASD) outcome scores was found [27]. However, vitamin D supplementa-

tion trials (not a RCT) found a positive effect of vitamin D supplementation on ASD and

depression in children [28–30].

The relationship between 25(OH)D2, 25(OH)D3, and total 25(OH)D serum levels and men-

tal health problems in a population-based sample of children was for the first time investigated

in the Avon Longitudinal Study of Parents & Children (ALSPAC), a birth cohort study from

South West England [31–34]. 25(OH)D3 accounted for 94.4% (median) of the total 25(OH)D

in the ALSPAC cohort [31]. In this cohort 29% of the children (mean age of 9.9 years) [31] had

25(OH)D concentrations below the cut-off of 50 nmol/l recommended by the Institute of

Medicine (IoM) [35].

In contrast, in the German National Health Interview and Examination Survey for Children

and Adolescents (KiGGS) 69% of the children (aged seven to 13 years) exhibited a 25(OH)D

concentration below the IoM cut-off [36]. This difference might be partly explained by the fact

that within the time frame of the ALSPAC study, vitamin D fortification of e.g. margarine and

cereals was mandatory in the United Kingdom [31]. The higher prevalence of vitamin D defi-

ciency could make potential associations with mental health problems even more relevant in
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children and adolescents in Germany than in the ALSPAC cohort. Here, the association of 25

(OH)D2/ 25(OH)D3 serum levels determined at a mean age of 9.8 years with self-rated depres-

sive symptoms assessed by the Mood and Feelings Questionnaire at mean ages of 10.6

(n = 2.759) and 13.8 years (n = 2.752) was analyzed adjusted for several potential confounders

(i.e. ethnicity, age, gender, head of household occupational social class, maternal and paternal

education, time spent outdoors during summer (age 8.5 years), UVB protection score, WISC

IQ score at 8.5 years, BMI, family history of depression or schizophrenia, puberty stage, serum

concentrations of phosphate, albumin-adjusted calcium, and parathyroid hormone) [32]. An

association between higher concentrations of season-adjusted 25(OH)D3 and lower levels of

depressive symptoms was only detected at the mean age of 13.8 years, thus, suggesting an effect

that showed up only after a longer follow-up period [32]. In another prospective analysis of the

ALSPAC cohort, the investigators detected an inverse association between adjusted total

serum 25(OH)D3 concentrations and definite psychotic experiences [34].

However, another analysis of the ALSPAC cohort did not provide conclusive evidence of a

robust association between emotional/behavioral problems and vitamin D levels in children

and adolescents and contrasted somewhat with the above-mentioned associations. In this anal-

ysis, parent-ratings of the Strengths and Difficulties Questionnaire (SDQ) obtained at mean

ages of 7.6, 9.6, and 11.7 years were related to the 25(OH)D2 and 25(OH)D3 serum concentra-

tions at the mean age of 9.9 years [33] again adjusted for the same potential confounders [32].

This analysis showed that serum 25(OH)D3 and 25 (OH)D2 concentrations at a mean age of

9.6 years were not significantly associated with incident behavioral problems as assessed with

the SDQ total difficulties score at a mean age of 11.7 years; however a trend in the expected

direction was apparent (odds ratios of approximately 0.9 in all three models; the 95th confi-

dence intervals ranged from 0.75 to 1.02). Higher 25(OH)D3 and lower 25(OH)D2 concentra-

tions were weakly associated with a lower risk of "prosocial problems", but not with the

subscales emotional symptoms, conduct problems, hyperactivity, and peer relationship

problems.

In a cross sectional analysis of the 11–17 year old KIGGS subsample [37] significant inverse

associations of the SDQ total difficulties score, emotional problems and peer relationship

problems with serum 25(OH)D levels in self- and parent ratings were found according to an

unadjusted bivariate generalized linear model; the effect size estimates were comparably small.

In additional multifactorial models based on the SDQ total difficulties score as dependent vari-

able, 25(OH)D serum level as independent variables and several covariables (Model 1: age, sex,

BMI, mean systolic blood pressure, migration background, and SES) revealed that the negative

association remained stable irrespective of the use of self- or parent ratings. However, if screen

time was additionally included in the analysis, the effect size estimate for the self-rated total

difficulties score no longer remained significant.

Considering the partly conflicting results obtained by Tolppanen et al. [31–34] and Schä-

fer et al. [37], the aim of the present study was to investigate cross-sectional associations

between total 25(OH)D concentrations and mental health problems, determined with the

SDQ in the nation-wide KiGGS study population across the completely available age range

from 3 to 18 years. We analyzed the influence of potential confounders/ mediators on this

association. Furthermore, we compared associations based on different age groups (age�3-

<12 years and�12-<18 years) and based on self- and parent-reported behavioral symptoms

for the age group�12-<18 years in light of the well-known discrepancies in ratings of prob-

lem behavior between the two informants children/adolescents and parents, respectively

[38].

25(OH)-vitamin D concentrations and childhood mental health problems
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Materials and methods

Study population

The current study made use of cross-sectional data collected during the baseline examination

(May 2003—May 2006) of the population-based and nation-wide KiGGS study, which was

carried out in 167 German communities. Overall, n = 17.641 children aged>0 to�18 years,

randomly sampled from local population registries, were enrolled. The survey comprised self-

administered questionnaires, personal interviews and a medical examination to assess somatic

and mental health issues (for details see Hölling et al. 2008 [39]). Informed consent was

obtained from both, children and parents.

Children younger than three years (n = 2,805) were excluded from our study sample,

because data on mental health had not been collected for this age group. Additionally, we

excluded children with missing measures of serum 25(OH)D concentrations and/or missing

information on all SDQ subscales (n = 5,767). Thus, the present analysis is based on a sample

of 9,068 participants aged 3–17.9 years. The excluded participants did not substantially differ

from the selected study population in terms of gender, and risk factors under investigation.

For all sub-analyses pertaining to the item “frequency of playing outside” (see below), only

children aged 3–11.9 years were included (n = 4632), as the respective question was asked in

this age group only.

Data collection

Data was based on age-specific standardized self-administered questionnaires for parents and

also for children aged 11 years and older and physical examinations [39].

Mental health problems were assessed with the SDQ to obtain scores (range 0 to 10) for the

five subscales (emotional problems, hyperactivity/inattention, conduct problems, peer rela-

tionship problems and prosocial behavior) inserted as continuous variables into regression

analyses. The total difficulties score was calculated as a sum of the scores of four SDQ subscales

(range 0 to 40), excluding the subscale prosocial behavior [40]. Information on mental health

was based on parental SDQ only for children aged�3-<12 years and�12-<18 years, while

the�12- <18 year-olds in addition self-rated their emotional and behavioral symptoms, thus

allowing two regression analyses for this older age group.

Venous blood samples from non-fasting subjects were obtained and immediately processed

and separated. Total 25(OH)D serum concentrations were assessed with Luminescence Immu-

noassay [(LIA, DiaSorin Deutschland GmbH, Dietzenbach)] [41, 42].

Socioeconomic status (SES) classification was based on a combination of different indica-

tors (household income, parental occupation and educational attainment) and rated using a

scoring system (1 to 7 points per indicator). A continuous variable was used for regression

analyses, whereas a categorical variable was created for descriptive analyses. Three categories

were assigned: low (3–8 points), middle (9–14) or high (15–21) parental SES [43].

Study participants were referred to as having a migration background if they themselves

were immigrants or had at least one parent, who had immigrated or was of non-German

nationality [44].

Trained staff carried out the anthropometric measurements. Children’s height was mea-

sured without wearing shoes, with an accuracy of 0.1 cm. Body weight was measured with an

accuracy of 0.1 kg, wearing underwear. These measures were used to calculate BMI in kg/m2.

The weight status was classified using age-and gender-specific BMI percentiles (P) [45] as

severe underweight (P<3), underweight (P3 - <P10), normal weight (P10- P90), overweight

(>P90) and obese (>P97).

25(OH)-vitamin D concentrations and childhood mental health problems
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Information on sexual maturation status was obtained in children older than eight years by

self-assessment of pubic hair status according to standardized drawings. The maturation status

was classified into six Tanner stages, ranging from Tanner stage 1 describing infantile children

to Tanner stage 6 describing post pubertal maturation [46] and induced into calculations as

dummy variables with Tanner stage 1–3 as reference. Children under eight years were assigned

to Tanner stage 1.

Parents of children aged�3-<12 years were asked about the frequency of their child play-

ing outside (answer categories were: “almost daily”, “3–5 times per week”, “1–2 times per

week”, “seldom” or “never”[47]).

Statistical analyses

Descriptive statistics were computed stratified by gender. Continuous variables are reported as

means and standard deviations (SD), and categorical variables are given in frequency and

percent.

For the analysis of children and adolescents aged�3-<18 the association of 25(OH)D con-

centrations (independent variable) with mental health problems (dependent variable) was ana-

lyzed using linear regression models stratified by gender with different adjustment sets as

follows: age-adjusted (Model a), age- and SES-adjusted (Model b), age- and migration status-

adjusted (Model c), fully adjusted (i.e. age-, SES-, migration status-, BMI-, Tanner stages-

adjusted) (Model d).

The same adjustment sets were fitted for a subsample of children aged 3–11.9. These adjust-

ment sets were extended by the additional variable “frequency of playing outside”, which was

included as a dichotomous variable (almost daily vs. all others). To compare the effects in ado-

lescents with those in children regression analysis was also performed in the older subsample

(12–17.9 years).

All analyses were performed using SPSS software (Version 22, SPSS GmbH Software).

Results

Description of study population

Characteristics of the total study population are given in Table 1. The parent-rated SDQ mean

total difficulties scores of the total sample were within the normal range (<14) as expected for

a large population based sample. The mean 25(OH)D concentrations in boys and girls were

approximately 1.5–3.5 nmol/l, which is below the threshold concentration of 50 nmol/l (= 20

ng/mL) recommended by the IoM.

Linear regression analysis of total 25(OH)-vitamin D concentration and

SDQ total difficulties and subscale scores

Total sample (3–17 years): The highest effect size estimates were consistently found for the

subscales emotional problems and peer relationship problems in all regression models. Effect

size estimates were almost zero for the subscales conduct problems, prosocial problems and

hyperactivity in the fully adjusted model [Figs 1 and 2, Model d]. An increase of one gender-

specific standard deviation of the 25(OH)D serum concentration (boys: 25.0 nmol/l; girls: 25.5

nmol/l) was associated with a slight decrease in the SDQ total difficulties score while slightly

stronger effects were observed in boys (-0.24 [Fig 1, Model d]) as compared to girls (-0.17 [Fig

2, Model d]).

Both the additional adjustments for SES (Model b) and migration status (Model c) led to

reductions in effect size estimates (Figs 1 and 2). In boys adjustment for migration background

25(OH)-vitamin D concentrations and childhood mental health problems
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(Model c) led to a stronger reduction in the effect size estimates for the total difficulties score

than adjustment for SES (Model b). For girls the inverse was observed (Fig 2).

After adjusting for all covariates (Model d), effect size estimates remained basically

unchanged. The decrease of the effect size estimate for the total difficulties score in the fully

adjusted model as compared with the age adjusted model was more pronounced in girls than

in boys (Figs 1 and 2).

Table 1. Characteristics of study population aged 3-17years.

Boys Girls

N 4623 4445

Age (Years)a

3 232 (5.0%) 232 (5.2%)

4–5 529 (11.4%) 519 (11.7%)

6–7 626 (13.5%) 588 (13.2%)

8–9 677 (14.6%) 643 (14.5%)

10–11 675 (14.6%) 644 (14.4%)

12–13 682 (14.8%) 633 (14.2%)

14–15 665 (14.4%) 617 (13.8%)

16–17 537 (11.6%) 569 (12.7%)

25(OH)Vitamin D [nmol/l] b 46.8 ± 25.0 46.5 ± 25.5

Strengths and Difficulties Questionnaire, parent-

ratingsb

Emotional Problems 1.7 ± 1.8 1.8 ± 1.8

Conduct Problems 2.0 ± 1.6 1.8 ± 1.5

Hyperactivity 3.5 ± 2.3 2.7 ± 2.1

Peer Relationship Problems 1.5 ± 1.7 1.3 ± 1.5

Prosocial Behaviour 7.6 ± 1.8 8.1 ± 1.6

Total Difficulties Score 8.7 ± 5.3 7.6 ± 4.9

Socioeconomic Statusa

Low 1270 (27.7%) 1192 (27.0%)

Middle 2167 (47.3%) 2084 (47.3%)

High 1143 (25.0%) 1134 (25.7%)

Migration Backgrounda 378 (13.8%) 578 (13.0%)

Body Mass Index (Percentiles)a

Severely Underweight (<P3) 96 (2.1%) 77 (1.7%)

Underweight (P3- <P10) 249 (5.4%) 227 (5.1%)

Normal (Healthy Weight) 3568 (77.5%) 3476 (78.5%)

Overweight (>P90 –P97) 406 (8.8%) 384 (8.8%)

Obese (>P97) 285 (6.2%) 263 (5.9%)

Growth of Pubic Hair (Tanner Stages)a 1 2410 (52.7%) 2285 (51.8%)

2 492 (10.6%) 231 (5.2%)

3 268 (5.8%) 189 (4.3%)

4 346 (7.5%) 561 (12.7%)

5 721 (15.6%) 885 (20.2%)

6 336 (7.3%) 256 (5.8%)

a n(%)
b Mean (Standard deviation)

https://doi.org/10.1371/journal.pone.0183091.t001
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Fig 1. Beta estimates and corresponding 95% confidence intervals (95% CI) per standard deviation (SD = 25.0) increase of

Vitamin D on Strengths and Difficulties Questionnaire (SDQ)-Subscales of the parent-ratings for boys aged 3–17 years using

different adjusting sets in linear regression models. 1SES = socioeconomic status; 2BMI = Body Mass Index.

https://doi.org/10.1371/journal.pone.0183091.g001

25(OH)-vitamin D concentrations and childhood mental health problems

PLOS ONE | https://doi.org/10.1371/journal.pone.0183091 August 23, 2017 7 / 16

https://doi.org/10.1371/journal.pone.0183091.g001
https://doi.org/10.1371/journal.pone.0183091


Fig 2. Beta estimates and corresponding 95% confidence intervals (95% CI) per standard deviation (SD = 25.5) increase of

Vitamin D on Strength and Difficulties Questionnaire (SDQ)-Subscales of the parent-ratings for girls aged 3–17 years using

different adjusting sets in linear regression models. 1SES = socioeconomic status; 2BMI = Body Mass Index.

https://doi.org/10.1371/journal.pone.0183091.g002
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Subsample analysis in the younger sample (3–11 years, for description see Supporting

Information S1 Table): The effect size estimates were close to zero in the younger subsample;

95% confidence intervals included zero for all subscales and the total difficulties scores (S1 and

S2 Figs). In boys and girls adjustment for migration background (Model c) and SES (Model b),

respectively, reduced the effect size estimates the strongest. In the fully adjusted Model d the

effect size estimates only marginally changed in boys and girls compared to Models b and c.

After the additional adjustment for the dichotomous variable “frequency of playing outside”

(Model e) in the fully adjusted model, the effect size estimates remained similar.

Subsample analysis in the older sample (12–17 years, for description see Supporting Infor-

mation S2 Table): The effect size estimates in the older subsample (parent-ratings) were higher

than in the younger subsample with regard to the fully adjusted model (95% confidence inter-

vals overlap; for comparison see S3 and S5 Tables versus S1 and S2 Figs Model d). As in the

total sample, the highest effect size estimates were found for emotional problems, peer rela-

tionship problems and the total difficulties score both in boys and girls. In boys, an increase of

24.6 nmol/L resulted in a decrease of 0.38 in the total difficulties score (S3 Table), in girls an

increase of 26.7 nmol/L in a decrease of 0.19 respectively (S5 Table). In girls the final adjust-

ment set including Tanner stages and BMI led to a further decrease of the effect size estimates.

The effect size estimates of emotional problems, peer relationship problems and total diffi-

culties score were higher in parent-ratings than in self-ratings for boys (95% confidence inter-

vals overlap; S3 and S4 Tables). With regard to the subscale peer relationship problems the

95% confidence intervals only slightly overlap. In girls, the effect size estimates of the respec-

tive subscales and the total difficulties score were higher in self-ratings; however, the overlap in

the 95% confidence interval was large (S5 and S6 Tables, Model d). Compared to girls effect

size estimates of peer relationship problems and total difficulties score were higher in boys

with regard to parent-ratings (95% confidence intervals overlap; S3 and S5 Tables); in contrast

self-ratings resulted in higher effect size estimates of emotional problems, peer relationship

problems and total difficulties score in girls (S4 and S6 Tables; 95% confidence intervals

overlap).

Within the fully adjusted model, SES revealed significant effects on the association between

25(OH)D level and SDQ total difficulties score in the older subsample with regard to self- and

parent-ratings (S7 and S8 Tables).

Discussion

Associations between 25(OH)- vitamin D concentrations and the SDQ

subscales

The current study revealed weak associations between 25(OH)D concentrations and the total

difficulties scale of the SDQ in this first cross-sectional analysis based on a nation-wide popula-

tion-based data set of a broad age range including 3–17.9 year old children and adolescents.

Subscale analysis showed that the inverse association was mainly due to the subscales emo-

tional problems and peer relationship problems even after adjustment for potential confound-

ers/ mediators. The effect–albeit small—is in line with previously reported associations

between vitamin D deficiency and mental health conditions [32, 37, 48, 49]. Depressive symp-

toms including emotional and peer relationship problems seem to be associated with vitamin

D deficiency as previously shown for the 11–17 year old subsample [37].

Especially in adults evidence has accumulated for an inverse relationship of depressive

symptoms and 25(OH)D levels [48, 49]. We found a rather stable association between peer

relationship problems and 25(OH)D concentrations especially within the older study sample

(12–17 years) compared to the younger subsample (3–11 years) after adjustment for potential

25(OH)-vitamin D concentrations and childhood mental health problems
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confounders/ mediators. This scale includes being alone, being picked on/bullied, not being

liked by other children and getting on better with adults than with other children perhaps indi-

cating that affected children may have an inhibited temperament [50]. Because of the cross-

sectional design, the question of direction of effects cannot be answered and reverse causation

may be possible. Maybe children and adolescents with low 25(OH)D concentrations tend to

withdraw from others, hence, making less friends and behaving cautiously or passively; this

could render them more likely to be bullied. Vice versa, it is just as well possible that children/

adolescents, who are socially withdrawn, tend to be less active outside and therefore have

lower 25(OH)D concentrations. If a child/adolescent withdraws from others, he/she might not

be able to interact in a pro-social manner, because he/she does not have the chance to practice

pro-social behavior.

Overall, a stronger association between 25(OH)D and SDQ-subscales was found in the

older subsample. This finding might be explained by both the higher prevalence of depressive

symptoms and of vitamin D deficiency in adolescence [42, 51]. At the age of 14 years, more

than 50% of adolescents show a 25(OH)D level < 50nmol/l according to KiGGS. Recent data

from a standardization of serum 25(OH)D data deriving from 18 nationally or regionally rep-

resentative European studies according to international Vitamin D Standardization Program

(VDSP) suggests that the risk of vitamin D deficiency is higher in adolescents than in children,

adults, and the elderly (>61 years), although differences in latitude of sample population, eth-

nic mix, and season of blood sampling limit the validity of this finding [52]

The missing detection of significant longitudinal associations with respect to the SDQ in

the cohort study of Tolppanen et al. (ALSPAC) might be due to the investigated age-span of 10

to 12 years and the lower prevalence of vitamin D deficiency [33]. Furthermore, the covariates

included and the exclusion of children with behavioral problems at the age 7.6 or 9.6 might

have influenced the results. In the ALSPAC study only a weak association between lower 25

(OH)D3 (the major contributor to total 25(OH)D) and higher risk of prosocial problems was

found, while the relationship between prosocial behavior (SDQ subscale) and prosocial prob-

lems was not delineated [33]. On the other hand it has to be noted that the same research

group found the first prospective association between 25(OH)D concentrations and depressive

symptoms [32] in childhood assessed by the Mood and Feelings Questionnaire. In addition,

the missing associations in the ALSPAC study may reflect a type 2 error due to the small num-

ber of children with borderline or abnormal behavior [n = 86 (3.5%) for total difficulties, 171

(6.7%) for emotional symptoms, 255 (9.0%) for conduct problems 127 (4.9%) for hyperactivity,

197 (8.1%) for peer relationship problems and 101 (3.8%) for pro-social problems], particularly

in light of the fact that a trend in the expected direction was apparent (odds ratios of approxi-

mately 0.9 in all three models; the 95% confidence intervals ranged from 0.75 to 1.02).

In another recent analysis from an adolescent subsample of the German KiGGS study pop-

ulation (14–17.9 years) the association between mental health and vitamin D deficiency was

confirmed via a multifactorial logistic regression analysis, which revealed a five-fold higher

rate of parent-reported mental service use due to children’s behavioral and emotional prob-

lems in severe vitamin D deficient children [53].

The impact of the analyzed covariates

As SES and migration status reduced the effect size estimates obtained, parts of the age-

adjusted association between mental health problems and 25(OH)D concentrations can be

explained by confounding of with these variables. Migration status and SES are known to be

associated, as children and adolescents with migration background in Germany are signifi-

cantly more likely to have a lower SES than children and adolescents without a migration
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background [44]. Both low SES and migration background are correlated with mental health

problems [39, 44] which could explain at least part of the influence of SES and migration status

on the association between the SDQ subscales and 25(OH)D deficiency. Another possible

explanation is that children with high SES might be more active outside and therefore have

higher vitamin D concentrations. It is known that higher parental education level is correlated

with higher physical activity levels of their offspring, at least in girls [54]. In addition, migra-

tion status often implies a stronger pigmented skin, which is correlated with a lowered 25(OH)

D concentration [4].

In the young subsample we analyzed the effect of “frequency of playing outside” on the

association between 25(OH)D and the SDQ subscales. The small effect size estimates remained

similar. The lack of an effect is probably due to the young age in this subsample, so it was not

possible to assess potential confounding by “frequency of playing outside”.

Our findings do suggest an impact of BMI and Tanner stages on the association between

mental health problems and 25(OH)D in the older female subsample. The negative correlation

between BMI and 25(OH)D concentration [4] and the positive correlation between Tanner

stage and 25(OH)D concentration [41, 55] are well known as well as the association between

BMI and mental health problems [56].

Strengths and limitations

Strengths of our study are the large, nationwide population-based sample including both chil-

dren and adolescents, the use of both self- and parent-ratings of mental health problems and

the analysis of potential confounders that are hypothesized to play an important role in the

association between mental health problems and 25(OH)D.

The main limitation is that “frequency of playing outside” was only available in a subsample

and we were not able to include confounders such as UVB-protection, family history of schizo-

phrenia and depression. The use of a cross-sectional design does not allow to draw conclusions

related to the direction of the effects between low 25(OH)-vitamin D concentrations and men-

tal health problems. Furthermore the population-based sample is naturally not “enriched”

with patients with mental disorders and the SDQ is not a diagnostic interview and can thus

not be used to analyze the association between 25(OH)-vitamin D concentrations and specific

diagnostic entities like depression, autism, anxiety, schizophrenia.

Thus, clinical conclusions have to be drawn with caution. Overall, a clinical relevance can-

not be delineated by the small effects detected. However, the associations were observed within

regression models of different adjustment sets both in the total sample and the older subsam-

ple. However, due to the cross-sectional design and potential reverse causation direction of

effects between 25(OH)D, SDQ-subscales and some of the covariates included in the analysis

remains unclear. In addition, between-study differences in the sets of covariates adjusted for

complicate a comparison of study results [57].

Conclusions

Our study revealed associations between 25(OH)D concentrations and SDQ subscales such as

emotional problems and peer relationship problems in children and adolescents after adjust-

ment for potential confounders. In comparison to the previous study of Schäfer et al. [37] we

demonstrate that the observed associations are stronger in adolescents and that the confound-

ers migration background and SES reduced the effect size estimates most. Puberty and BMI

seem to have an impact only in girls aged�12-<18. Longitudinal studies are required to con-

firm this finding. Especially interventional RCTs are a conditio sine qua non for delivering

causal evidence; vitamin D supplementation of children with low 25(OH)D levels might
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represent a a simple, safe and cost-efficient extension of current therapeutic options for chil-

dren and adolescents with emotional and behavioral problems.
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References
1. Vieth R. Why "Vitamin D" is not a hormone, and not a synonym for 1,25-dihydroxy-vitamin D, its analogs

or deltanoids. The Journal of steroid biochemistry and molecular biology. 2004; 89-90(1–5):571–3.

https://doi.org/10.1016/j.jsbmb.2004.03.037 PMID: 15225841.

2. Pike JW, Meyer MB, Martowicz ML, Bishop KA, Lee SM, Nerenz RD, et al. Emerging regulatory para-

digms for control of gene expression by 1,25-dihydroxyvitamin D3. The Journal of steroid biochemistry

and molecular biology. 2010; 121(1–2):130–5. https://doi.org/10.1016/j.jsbmb.2010.02.036 PMID:

20214983.

25(OH)-vitamin D concentrations and childhood mental health problems

PLOS ONE | https://doi.org/10.1371/journal.pone.0183091 August 23, 2017 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183091.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183091.s010
https://doi.org/10.1016/j.jsbmb.2004.03.037
http://www.ncbi.nlm.nih.gov/pubmed/15225841
https://doi.org/10.1016/j.jsbmb.2010.02.036
http://www.ncbi.nlm.nih.gov/pubmed/20214983
https://doi.org/10.1371/journal.pone.0183091


3. Binkley N, Wiebe D. Clinical controversies in vitamin D: 25(OH)D measurement, target concentration,

and supplementation. Journal of clinical densitometry: the official journal of the International Society for

Clinical Densitometry. 2013; 16(4):402–8. https://doi.org/10.1016/j.jocd.2013.08.006 PMID: 24183636.

4. Holick MF, Chen TC, Lu Z, Sauter E. Vitamin D and skin physiology: a D-lightful story. J Bone Miner

Res. 2007; 22 Suppl 2:V28–33. Epub 2008/03/20. https://doi.org/10.1359/jbmr.07s211 PMID:

18290718.

5. Eyles DW, Smith S, Kinobe R, Hewison M, McGrath JJ. Distribution of the vitamin D receptor and 1

alpha-hydroxylase in human brain. J Chem Neuroanat. 2005; 29(1):21–30. Epub 2004/12/14. https://

doi.org/10.1016/j.jchemneu.2004.08.006 PMID: 15589699.

6. Bener A, Kamal M. Predict attention deficit hyperactivity disorder? Evidence -based medicine. Glob J

Health Sci. 2014; 6(2):47–57. https://doi.org/10.5539/gjhs.v6n2p47 PMID: 24576365.

7. Bener A, Khattab AO, Al-Dabbagh MM. Is high prevalence of Vitamin D deficiency evidence for autism

disorder?: In a highly endogamous population. J Pediatr Neurosci. 2014; 9(3):227–33. https://doi.org/

10.4103/1817-1745.147574 PMID: 25624924.

8. Goksugur SB, Tufan AE, Semiz M, Gunes C, Bekdas M, Tosun M, et al. Vitamin D status in children

with attention-deficit-hyperactivity disorder. Pediatr Int. 2014; 56(4):515–9. Epub 2014/01/15. https://

doi.org/10.1111/ped.12286 PMID: 24417979.

9. Kamal M, Bener A, Ehlayel MS. Is high prevalence of vitamin D deficiency a correlate for attention deficit

hyperactivity disorder? Attention deficit and hyperactivity disorders. 2014; 6(2):73–8. https://doi.org/10.

1007/s12402-014-0130-5 PMID: 24610453.

10. Eyles DW, Burne TH, McGrath JJ. Vitamin D, effects on brain development, adult brain function and the

links between low levels of vitamin D and neuropsychiatric disease. Front Neuroendocrinol. 2013; 34

(1):47–64. Epub 2012/07/17. https://doi.org/10.1016/j.yfrne.2012.07.001 PMID: 22796576.

11. Verduijn J, Milaneschi Y, Schoevers RA, van Hemert AM, Beekman AT, Penninx BW. Pathophysiology

of major depressive disorder: mechanisms involved in etiology are not associated with clinical progres-

sion. Translational psychiatry. 2015; 5:e649. https://doi.org/10.1038/tp.2015.137 PMID: 26418277.

12. Zhu DM, Liu Y, Zhang AG, Chu ZX, Wu Q, Li H, et al. High levels of vitamin D in relation to reduced risk

of schizophrenia with elevated C-reactive protein. Psychiatry Res. 2015; 228(3):565–70. https://doi.org/

10.1016/j.psychres.2015.05.051 PMID: 26106052.

13. Fernell E, Bejerot S, Westerlund J, Miniscalco C, Simila H, Eyles D, et al. Autism spectrum disorder and

low vitamin D at birth: a sibling control study. Mol Autism. 2015; 6:3. Epub 2015/04/16. https://doi.org/

10.1186/2040-2392-6-3 PMID: 25874075.

14. Gong ZL, Luo CM, Wang L, Shen L, Wei F, Tong RJ, et al. Serum 25-hydroxyvitamin D levels in Chi-

nese children with autism spectrum disorders. Neuroreport. 2014; 25(1):23–7. Epub 2013/10/04.

https://doi.org/10.1097/WNR.0000000000000034 PMID: 24089013.

15. Saad K, Abdel-Rahman AA, Elserogy YM, Al-Atram AA, Cannell JJ, Bjorklund G, et al. Vitamin D status

in autism spectrum disorders and the efficacy of vitamin D supplementation in autistic children. Nutr

Neurosci. 2015. Epub 2015/04/16. https://doi.org/10.1179/1476830515Y.0000000019 PMID:

25876214.

16. Gowda U, Mutowo MP, Smith BJ, Wluka AE, Renzaho AM. Vitamin D supplementation to reduce

depression in adults: meta-analysis of randomized controlled trials. Nutrition. 2015; 31(3):421–9.

https://doi.org/10.1016/j.nut.2014.06.017 PMID: 25701329.

17. Spedding S. Vitamin D and depression: a systematic review and meta-analysis comparing studies with

and without biological flaws. Nutrients. 2014; 6(4):1501–18. Epub 2014/04/16. https://doi.org/10.3390/

nu6041501 PMID: 24732019.

18. Li G, Mbuagbaw L, Samaan Z, Falavigna M, Zhang S, Adachi JD, et al. Efficacy of vitamin D supple-

mentation in depression in adults: a systematic review. J Clin Endocrinol Metab. 2014; 99(3):757–67.

https://doi.org/10.1210/jc.2013-3450 PMID: 24423304.

19. Shaffer JA, Edmondson D, Wasson LT, Falzon L, Homma K, Ezeokoli N, et al. Vitamin d supplementa-

tion for depressive symptoms: a systematic review and meta-analysis of randomized controlled trials.

Psychosom Med. 2014; 76(3):190–6. Epub 2014/03/19. https://doi.org/10.1097/PSY.

0000000000000044 PMID: 24632894.

20. Arvold DS, Odean MJ, Dornfeld MP, Regal RR, Arvold JG, Karwoski GC, et al. Correlation of symptoms

with vitamin D deficiency and symptom response to cholecalciferol treatment: a randomized controlled

trial. Endocr Pract. 2009; 15(3):203–12. Epub 2009/04/15. 21025XQ2H06M1324 https://doi.org/10.

4158/EP.15.3.203 PMID: 19364687.

21. Jorde R, Sneve M, Figenschau Y, Svartberg J, Waterloo K. Effects of vitamin D supplementation on

symptoms of depression in overweight and obese subjects: randomized double blind trial. J Intern Med.

2008; 264(6):599–609. Epub 2008/09/17. https://doi.org/10.1111/j.1365-2796.2008.02008.x PMID:

18793245.

25(OH)-vitamin D concentrations and childhood mental health problems

PLOS ONE | https://doi.org/10.1371/journal.pone.0183091 August 23, 2017 14 / 16

https://doi.org/10.1016/j.jocd.2013.08.006
http://www.ncbi.nlm.nih.gov/pubmed/24183636
https://doi.org/10.1359/jbmr.07s211
http://www.ncbi.nlm.nih.gov/pubmed/18290718
https://doi.org/10.1016/j.jchemneu.2004.08.006
https://doi.org/10.1016/j.jchemneu.2004.08.006
http://www.ncbi.nlm.nih.gov/pubmed/15589699
https://doi.org/10.5539/gjhs.v6n2p47
http://www.ncbi.nlm.nih.gov/pubmed/24576365
https://doi.org/10.4103/1817-1745.147574
https://doi.org/10.4103/1817-1745.147574
http://www.ncbi.nlm.nih.gov/pubmed/25624924
https://doi.org/10.1111/ped.12286
https://doi.org/10.1111/ped.12286
http://www.ncbi.nlm.nih.gov/pubmed/24417979
https://doi.org/10.1007/s12402-014-0130-5
https://doi.org/10.1007/s12402-014-0130-5
http://www.ncbi.nlm.nih.gov/pubmed/24610453
https://doi.org/10.1016/j.yfrne.2012.07.001
http://www.ncbi.nlm.nih.gov/pubmed/22796576
https://doi.org/10.1038/tp.2015.137
http://www.ncbi.nlm.nih.gov/pubmed/26418277
https://doi.org/10.1016/j.psychres.2015.05.051
https://doi.org/10.1016/j.psychres.2015.05.051
http://www.ncbi.nlm.nih.gov/pubmed/26106052
https://doi.org/10.1186/2040-2392-6-3
https://doi.org/10.1186/2040-2392-6-3
http://www.ncbi.nlm.nih.gov/pubmed/25874075
https://doi.org/10.1097/WNR.0000000000000034
http://www.ncbi.nlm.nih.gov/pubmed/24089013
https://doi.org/10.1179/1476830515Y.0000000019
http://www.ncbi.nlm.nih.gov/pubmed/25876214
https://doi.org/10.1016/j.nut.2014.06.017
http://www.ncbi.nlm.nih.gov/pubmed/25701329
https://doi.org/10.3390/nu6041501
https://doi.org/10.3390/nu6041501
http://www.ncbi.nlm.nih.gov/pubmed/24732019
https://doi.org/10.1210/jc.2013-3450
http://www.ncbi.nlm.nih.gov/pubmed/24423304
https://doi.org/10.1097/PSY.0000000000000044
https://doi.org/10.1097/PSY.0000000000000044
http://www.ncbi.nlm.nih.gov/pubmed/24632894
https://doi.org/10.4158/EP.15.3.203
https://doi.org/10.4158/EP.15.3.203
http://www.ncbi.nlm.nih.gov/pubmed/19364687
https://doi.org/10.1111/j.1365-2796.2008.02008.x
http://www.ncbi.nlm.nih.gov/pubmed/18793245
https://doi.org/10.1371/journal.pone.0183091


22. Gloth FM 3rd, Alam W, Hollis B. Vitamin D vs broad spectrum phototherapy in the treatment of seasonal

affective disorder. J Nutr Health Aging. 1999; 3(1):5–7. Epub 2000/07/11. PMID: 10888476.

23. Khoraminya N, Tehrani-Doost M, Jazayeri S, Hosseini A, Djazayery A. Therapeutic effects of vitamin D

as adjunctive therapy to fluoxetine in patients with major depressive disorder. Aust N Z J Psychiatry.

2013; 47(3):271–5. Epub 2012/10/25. https://doi.org/10.1177/0004867412465022 PMID: 23093054.

24. Lansdowne AT, Provost SC. Vitamin D3 enhances mood in healthy subjects during winter. Psychophar-

macology (Berl). 1998; 135(4):319–23. Epub 1998/04/16. PMID: 9539254.

25. Vieth R, Kimball S, Hu A, Walfish PG. Randomized comparison of the effects of the vitamin D3 ade-

quate intake versus 100 mcg (4000 IU) per day on biochemical responses and the wellbeing of patients.

Nutr J. 2004; 3:8. PMID: 15260882.

26. Zhang M, Robitaille L, Eintracht S, Hoffer LJ. Vitamin C provision improves mood in acutely hospitalized

patients. Nutrition. 2011; 27(5):530–3. Epub 2010/08/07. https://doi.org/10.1016/j.nut.2010.05.016

PMID: 20688474.

27. Azzam HME, Sayyah H, Youssef S, Lotfy H, Abdelhamid LA, Abd Elhamed HA, et al. Autism and vita-

min D: An intervention study. Middle East Curr Psychiatry. 2015; 22:9–14.

28. Hogberg G, Gustafsson SA, Hallstrom T, Gustafsson T, Klawitter B, Petersson M. Depressed adoles-

cents in a case-series were low in vitamin D and depression was ameliorated by vitamin D supplemen-

tation. Acta Paediatr. 2012; 101(7):779–83. Epub 2012/03/01. https://doi.org/10.1111/j.1651-2227.

2012.02655.x PMID: 22372707.

29. Saad K, Abdel-Rahman AA, Elserogy YM, Al-Atram AA, Cannell JJ, Bjorklund G, et al. Vitamin D status

in autism spectrum disorders and the efficacy of vitamin D supplementation in autistic children. Nutr

Neurosci. 2015. https://doi.org/10.1179/1476830515Y.0000000019 PMID: 25876214.

30. Feng J, Shan L, Du L, Wang B, Li H, Wang W, et al. Clinical improvement following vitamin D3 supple-

mentation in Autism Spectrum Disorder. Nutr Neurosci. 2016. https://doi.org/10.1080/1028415X.2015.

1123847 PMID: 26783092.

31. Tolppanen AM, Fraser A, Fraser WD, Lawlor DA. Risk factors for variation in 25-hydroxyvitamin D(3)

and D(2) concentrations and vitamin D deficiency in children. J Clin Endocrinol Metab. 2012; 97

(4):1202–10. https://doi.org/10.1210/jc.2011-2516 PMID: 22278429.

32. Tolppanen AM, Sayers A, Fraser WD, Lewis G, Zammit S, Lawlor DA. The association of serum 25-

hydroxyvitamin D3 and D2 with depressive symptoms in childhood—a prospective cohort study. Journal

of child psychology and psychiatry, and allied disciplines. 2012; 53(7):757–66. https://doi.org/10.1111/j.

1469-7610.2011.02518.x PMID: 22211693.

33. Tolppanen AM, Sayers A, Fraser WD, Lewis G, Zammit S, Lawlor DA. The association of 25-hydroxyvi-

tamin D3 and D2 with behavioural problems in childhood. PLoS One. 2012; 7(7):e40097. Epub 2012/

07/19. https://doi.org/10.1371/journal.pone.0040097 PONE-D-12-07109. PMID: 22808099.

34. Tolppanen AM, Sayers A, Fraser WD, Lewis G, Zammit S, McGrath J, et al. Serum 25-hydroxyvitamin

D3 and D2 and non-clinical psychotic experiences in childhood. PLoS One. 2012; 7(7):e41575. Epub

2012/08/01. https://doi.org/10.1371/journal.pone.0041575 PONE-D-12-03151. PMID: 22848531.

35. Institute of Medicine FaNB. Dietary Reference Intakes for Calcium and Vitamin D. Washington, DC:

National Academy Press; 2010.

36. Bergmann KE, Bergmann RL, Richter R, Henrich W, Weichert A. Vitamin D deficiency in children and

adolescents in Germany (part 1). Prevalence, potential causes and vitamin D seasons. Monatsschr Kin-

derheilkd. 2015; 163:1012–9.
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