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The relationship between
neuropsychological function and
responsiveness to vitamin D
supplementation using artificial
neural networks
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Abstract
Background: Vitamin D has recently attracted interest for its pleiotropic effects. Vitamin D supplements are a
potentially important public health intervention, but the response to supplementation varies between individuals. Aim:
We aimed to assess the association between several neuropsychological parameters and the magnitude of response to
vitamin D supplementation using an artificial neural network method. Methods: Neuropsychological function was
assessed in 619 participants using standard questionnaires. The study participants received vitamin D capsules containing
50,000 IU vitamin D per week over 9 weeks. To assess the relationship between responsiveness to vitamin D supplements
and the impact on these neuropsychological parameters, the best-performing artificial neural network algorithms were
selected from a combination of different transfer functions in hidden and output layers and variable numbers of hidden
layers (between two and 50). The performance of the artificial neural network algorithm was assessed by receiver
operating characteristic analysis and variables of importance were identified. Results: The artificial neural network
algorithm with sigmoid transfer function in both hidden and output layers could predict responsiveness to vitamin D
supplementation effectively. The sensitivity and specificity were between 0.60 and 0.70 and 0.66 and 0.70, respectively.
Cognitive abilities (42.5%), basal vitamin D (21.3%), body mass index (9.5%), and daytime sleepiness (8%) are the most
widely used variables to predict changes in serum vitamin D levels. Conclusions: Cognitive abilities status and baseline
25-hydroxyvitamin D are important novel modifiers of the enhancement in circulating 25-hydroxyvitamin D after vitamin
D supplementation.
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Introduction

Cholecalciferol, or 1,25-dihydroxyvitamin D3 (1,25(OH)2D3),

plays a critical role in overall health and in preventing all

causes of mortality and morbidity including musculoskele-

tal disorders, inflammatory and cardiovascular disease,

diabetes mellitus (Holick, 2007; Skaaby, 2015; Husemoen

et al., 2012; Skaaby et al., 2012; Skaaby et al., 2013a;

Skaaby et al., 2013b), respiratory disorders (Skaaby et al.,

2014), malignances (Yin et al., 2013), and autoimmune

disease (Skaaby et al., 2015). Vitamin D (VitD) is necessary

for the absorption of calcium by the gut. Low serum VitD

levels may result in secondary hyperparathyroidism, and

slow irreversible detrimental defects of bone mineralization

and bone loss (McKenna, 1992; Malabanan et al., 1998;

Parfitt et al., 1985) and is linked with development of rickets

and osteomalacia in children and adults, respectively (Hol-

ick, 2007). Most of the circulating VitD is synthesized

endogenously following dermal exposure to solar ultraviolet

(UV) B radiation on 7-dehydrocholesterol, and lesser

amounts are derived from dietary intake (Holick et al.,

2007). The prevalence of VitD deficiency is estimated to be

over one billion people globally (Holick and Chen, 2008).

Measurements of serum 25(OH)D is a reliable and accepted

index of VitD status. The current recommended dietary

allowance for VitD is 600 IU daily for persons aged 1–70 years

old and 800 IU daily for those older than 70 years (DRI, 2005),

which is assumed to achieve sufficient serum 25(OH)D

levels in 97.5% of healthy populations.

Previous studies have reported that several factors

increase the likelihood of VitD deficiency, such as low

body surface area exposed to sunlight, usage of sunscreen,

less time spent on outside physical activity, and a greater

tendency to indoor activities (Puri et al., 2008). Natural

dietary sources of VitD are limited, and fortification or

supplementation is often needed (Comptson, 1998).

Recently oral VitD supplementation has been considered as

one of the most effective public health interventions.

Advantages of VitD supplementation have been observed

to a reduction in fractures in the elderly (Trivedi et al.,

2003; Bischoff-Ferrari et al., 2005), decrements the risk of

metabolic syndrome, diabetes and coronary artery diseases

(von Hurst et al., 2010; Wang et al., 2012; Giovannucci

et al., 2008), prevention of cancer (Garland et al., 2006;

Bolland et al., 2011; Lowe et al., 2005), multiple sclerosis

(Munger et al., 2006), and enhanced immune system

response (Ginde et al., 2009; Laaksi et al., 2007; Urashima

et al., 2010).

In response to a similar administration dose of VitD

supplement, the increment in serum 25(OH)D concentra-

tions varies between individuals (Aloia et al., 2008; Gal-

lagher and Sai, 2012; Heaney et al., 2003; Talwar et al.,

2007). But there is little evidence on the parameters that

may influence the magnitude of serum responsive to VitD

supplementation, such as serum baseline 25(OH)D, body

weight, body mass index (BMI), age, calcium intake,

genetics, type/duration of supplement, and season

(Gallagher and Sai, 2012; Mazahery and von Hurst, 2015;

Ng et al., 2014; Shab-Bidar et al., 2014).

Adolescence is associated with a transition in the

psychological, mental, and behavioral activity (Awasthi

et al., 2012). VitD is a neurosteroid that appears to be

involved in many brain processes such as neuro-

immunomodulation, neuroprotection, and neuroplasticity

(Eyles et al., 2005). VitD metabolites can cross the blood-

brain barrier, and VitD receptors (VDR) and 1a-hydro-

xylase (the enzyme accountable for transforming

25(OH)D into the active form of VitD) are found on

neurons and glia in various areas of the brain that have

been involved in the pathophysiology of mode disorders

(Cass et al., 2006).

It has been speculated that there are complicated inter-

actions between host-related psychological factors and

variance in serum 25(OH)D levels following supple-

mentation. Due to the interplay between corresponding risk

factors, the prediction of VitD responsiveness remains

difficult and depends on combinations of different risk

factors. The determinants of the magnitude of response

to VitD treatment are very poorly understood by the

classical linear statistical methods formerly used for the

identification of these factors (Gallagher and Sai, 2012;

Mazahery and von Hurst, 2015; Ng et al., 2014; Shab-

Bidar et al., 2014). Investigating novel statistical

techniques to enhance the identification of neu-

ropsychological factors related to degree of response is

an important objective. Bioinformatic predictions with a

form of artificial intelligence, the artificial neural net-

work (ANN), is frequently used for improving our

understanding of the complex interplay of potential

preliminary causes and risk factors with the aim of

providing valid support regarding to its potency to

recognize patterns in data consisting of multiple vari-

ables (Anselmino et al., 2009). We aimed to evaluate the

effects of the neuropsychological profile of individuals

on the magnitude of response to high-dose VitD sup-

plementation using the ANN method among adolescent

girls to provide a recommended specific supplementa-

tion to achieve the desirable 25(OH)D status.

Methods

Study population

This cross-sectional study was undertaken in adolescent

female students aged between 12 and 19 years old in Jan-

uary 2015 (Bahrami et al., 2018; Khayyatzadeh et al.,

2017). In brief, participants were recruited from six geo-

graphic areas in two cities from north-eastern Iran, Mash-

had and Sabzevar, using a multi-stage cluster sampling

way. Four high schools from each of the six geographic

areas were chosen, and one class from each grade (three

classes from each school) was randomly selected for

inclusion. In each class about 15 students were included.

Schools, classes, and students were recruited using
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computer-generated random selection. Written consent was

gathered from the participants and their parents. We

excluded girls with any autoimmune disorders, malig-

nancies, kidney failure, cardiovascular diseases, malab-

sorption or thyroid, parathyroid, or adrenal diseases.

Participants who were receiving anti-inflammatory, anti-

depressive, anti-glycemic or antiobesity drugs, VitD or

calcium supplement use, or hormone therapy within the last

6 months were also excluded. A total of 1026 participants

were recruited; from this, 940 met the inclusion criteria.

Participants were assigned to receive nine soft gel capsules

containing 50,000 IU of cholecalciferol (VitD3)/weekly

during a 9-week interval. All study procedures were

approved by the Ethics Committee of Mashhad University

of Medical Sciences (MUMS).

Emotional function test

To assess the degree of depression, participants were asked

to complete the Beck Depression Inventory II questionnaire

(Beck et al., 1996), which was validated (Cronbach’s a ¼
0.87) for the Iranian population previously (Mohammadi,

2006). This is a 21-item self-report questionnaire, in which

each item is scored as 0, 1, 2, or 3 and the minimum and

maximum of total scores are 0 and 63, respectively. Degree

of depression based on the obtained score is classified as

follows: 0–13 (no/minimal), 14–19 (mild), 20–28 (moder-

ate), and 29–63 (severe).

Sleep assessment

Participants also completed the Epworth Sleepiness Scale

(ESS) to find the intensity of the daytime sleepiness

(Johns, 1991). Total scores for each question of ESS

ranged from 0 to 24 with following interpretation: total

score of 0–10 (normal), 10–16 (mild/moderate obstructive

sleep apnea), and above 16 (severe obstructive sleep

apnea/narcolepsy). This questionnaire was verified for

Iranian participants (Cronbach’s a ¼ 0.8) previously

(Haghighi et al., 2013).

Cognitive ability task

Cognitive functions were evaluated using Cognitive Abil-

ities Questionnaire (CAQ), which consists of 30 questions,

each rated on a five-point scale (1–5) with a total score

ranging from 30–150. The CAQ validity with high internal

consistency (Cronbach’s a ¼ 0.83) was established in Ira-

nians (Nejati, 2013). Higher scores indicate favorite cog-

nition abilities. The CAQ examines seven cognitive skills:

memory, inhibitory control and selective attention, deci-

sion making, planning, sustain attention, social cognition,

and cognitive flexibility.

VitD measurements

Blood specimens were collected at 8 am at baseline and

post 9 weeks’ intervention after a 14-hour overnight fast.

The serum samples were collected into non-heparinized

tubes and were centrifuged (Hettich model D-78532) at

room temperature to separate the serum. They were stored

at -80�C in acid-washed Eppendorf tubes at the reference

laboratory in MUMS until analysis. An electrochemical-

luminescence technique was used for the quantification

of serum 25(OH)D.

Evaluation of other variables

Demographic data were collected via an expert interviewer.

The height and weight of each participant was determined

in a standard manner then their BMI was calculated. A

validated questionnaire was applied for physical activity

and illustrated as metabolic equivalents (METs) in hours

per day (Delshad et al., 2015).

Evaluation method

The ANN model imitates human brain neural systems in

three layers, input (variables), hidden, and output, which

provide artificial adaptive systems capable of modifying

their internal structure in relationship with the function

objective; thus, this algorithm is particularly suitable for

answering nonlinear questions (Basheer and Hajmeer,

2000). We used an ANN model to classify responsiveness

to VitD supplementation in our study; input variables were

age, BMI, physical activity, basal VitD, depression, day-

time sleeping, and seven cognitive skills —memory, inhi-

bitory control and selective attention, decision making,

planning, sustain attention, social cognition, and cognitive

flexibility. The output layer in the ANN model was cate-

gorized by variables for the difference between the level of

serum VitD before and after intervention (D25(OH)D).

Low, moderate, and high response categories were <

20.89 ng/mL, between 20.89 and 34.85 ng/mL, and

>34.85 ng/mL, respectively. The levels of 20.89 ng/mL and

34.85 ng/mL used for categorization were the 33th and 66th

percentile of magnitude of response. But hidden layers that

formed the structure of a neural network were dependent on

the number of hidden neurons, transfer functions, and the

training algorithm (Amato et al., 2013). We used a feed-

forward ANN with back-propagation as the training algo-

rithm in 70% of data as training set and 30% of data as the

validation set. Optimal transfer functions and number of

hidden neurons were selected between sigmoid or hyper-

bolic tangent transfer functions in hidden layers with 2–50

neurons and hyperbolic tangent, linear, or sigmoid transfer

function in the output layer. Finally, a receiver operating

characteristic (ROC) analysis was used to determine model

performance by the sensitivity, specificity, and accuracy

area under the ROC curve (AUC). All data analysis was

performed using IBM SPSS 22 (SPSS Inc., Chicago, Illi-

nois, USA).
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Results

A complete set of information was available for 619 adoles-

cent girls in the present study. The mean total serum VitD,

levels of physical activity, and BMI were 9.40+8.67 (ng/mL),

45.51+3.69 (MET/h), and 21.02+4.04 (kg/m2) at the

beginning of study, respectively (Table 1). Using supple-

mentation extensively increased average of VitD to

36.44+15.71 ng/mL after 9 weeks.

Model selection is provided in Figure 1. Figure 1(a)

displays a different combination of transfer functions in the

hidden and output layers. When the linear function is used

to connect the hidden and output layers, the sum of square

error was about 40 in the training set and 10 in validation

set regardless of the transfer function between input and

hidden layers. However, ANN models had a sum of square

error about 10 and 3 in training and validation sets for

hyperbolic tangent function that connected hidden and

output layers. But ANN models have the lowest sum of

square error when the sigmoid function linked the hidden

and output layers, and near performance of training and

validation sets. Thus, the sigmoid transfer function in both

input-hidden and hidden-output layers had a minimum sum

of square error in both the training and validation sets.

Figure 1(b) presents performance of this function with

different neurons in the hidden layer. However, the vali-

dation set was similar for different hidden neurons and the

training set shows the greatest improvement when the

number of neurons increases into 10. For more than 10

neurons in hidden layers, the sum of square error had a high

fluctuation and increased by more than six-fold when the

number of neurons reached more than 40. Therefore, the

ANN model is optimal when we use a sigmoid transfer

function in both hidden and output layers with 10 hidden

neurons to predict responsiveness to VitD supplementation

by neuropsychological parameters as in Figure 2.

Figure 1. (a) The sum of square error of artificial neural network
(ANN) models for different transfer functions. (b) The sum of
square error of selected ANN transfer function models for dif-
ferent hidden neurons.

Figure 2. The final structure of artificial neural network mode.

Table 1. Description of the study population at the beginning of
study.

Variable Mean+SD Min Max

Serum vitamin D (ng/mL) 9.40+8.67 3 61
Physical activity (MET/h) 45.51+3.69 41.50 68.45
Age (year) 14.57+1.58 12 19
BMI (kg/m2) 21.02+4.04 12.42 27.89

BMI: body mass index; MET: metabolic equivalent.
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The specificity, sensitivity, and AUC were 70%, 70%,

and 74.1% in low, 66%, 63%, and 66.9% in moderate, and

66%, 60%, and 69.7% in participants with a high level of

response to VitD supplementation (Figure 3). As can be

seen in Table 2, the selected ANN model was able to

correctly predict 63.8% of responses in the first tertile and

50% in the second tertile. However, it could classify only

10% of the participants with a high level of response to

VitD supplementation. Figure 4 shows the best variable for

predicting responsiveness to VitD supplementation was the

cognitive ability task, which predicted 42.5% of the

response to supplementation and was even twice as pre-

dictive as basal serum VitD, at 21.3%. Furthermore,

physical activity (7.2%) and depression (6.6%) came after

BMI (9.5%) and daytime sleepiness (8%), respectively.

However, age (4.9%) was the least important variable.

Discussion

There is an ongoing debate about the requirement of VitD

supplementation in healthy individuals. Evidence from

several observational studies has shown that to attain

optimal serum 25(OH)D status, the amount of VitD sup-

plementation needed relies on genotype, baseline serum

levels, BMI, etc. (Gallagher and Sai, 2012; Mazahery and

von Hurst, 2015; Ng et al., 2014; Shab-Bidar et al., 2014).

Results from a systematic review focused on the effect of

VitD supplements on circulating 25(OH)D concentrations

showed that identical doses across different trials led to

increases in serum 25(OH)D levels that varied three- to four-

fold in some trials in comparison with others. The overall

between-study variation in serum 25(OH)D concentrations

was greater than 25 ng/ml, even at similar doses (Autier et al.,

2012). Often VitD recommendations do not take into con-

sideration inter-individual parameters. At present, there is no

definite view about the ideal 25(OH)D level or the size of the

therapeutic window. Assuming this window is narrow,

choosing the most appropriate dose for supplementation will

be critical and dose adjustments are important. But it seems

the window is somewhat broad as it has been challenging to

demonstrate a clinical impact of increments the serum

25(OH)D concentrations from 20–30 ng/ml to close to 60 ng/

ml (Grimnes et al., 2012; Grimnes et al., 2011; Kjærgaard

et al., 2012; Jorde et al., 2010a; Jorde et al., 2010c; Jorde et al.,

2010b). Moreover, usually total serum 25(OH)D concentra-

tions were measured, and it is plausible the free or biologi-

cally active proportion is different and should be considered.

The current paper shows a neuropsychological-

associated augmentation in circulating 25(OH)D by VitD

supplements in adolescent girls. To best of our knowledge,

the novel significant determinant of increments in serum

25(OH)D levels in response to supplementation noticed in

this work is cognitive ability status. There is no similar

work that compares with our results but many studies have

illustrated the relationship between VitD status and cog-

nition. Epidemiological studies demonstrate that low cir-

culating VitD levels are correlated with a higher risk of

incident Alzheimer’s disease and dementia. For instance,

VitD deficiency was associated with about 2.2–2.3 times

the hazard ratios of incident Alzheimer disease’s and

dementia (Littlejohns et al., 2014). Moreover, decreased

VitD concentrations are related with vascular risk factors,

which are also linked to dementia (Reitz et al., 2007;

Whitmer et al., 2005; Kivipelto et al., 2006). Miller et al.

Figure 3. Roc curve of the artificial neural network model.

Table 2. Power of the ANN model based on triple threshold
values in the validation set.

Predicted

observed Tertile 1 Tertile 2 Tertile 3

Validation
set

Tertile 1 44 (63.8%) 21 4
Tertile 2 22 33 (55%) 5
Tertile 3 26 37 7 (10%)

ANN: artificial neural network.

Figure 4. The variable importance from the selected artificial
neural network.
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reported that the mean+SD of serum 25(OH)D levels were

significantly decreased in the dementia individuals than

mild cognitive impairment and normal control participants

(16.2+9.4 vs 20.0+10.3 and 19.7+13.1 ng/mL, respec-

tively). After a mean of 4.8 years follow-up, the frequency

of decline in episodic memory and executive function in

sufficient VitD were lower than VitD deficiency and

insufficiency cases after adjusting for potential con-

founders (Miller et al., 2015). In a recent systematic review

and meta-analysis including 26 observational and three

intervention studies, low VitD was associated with 1.2 and

1.3 odds of deteriorate neurocognitive functioning and

cognitive decline (95% confidence interval (CI)¼ 1.1–1.3

and 95% CI ¼ 1.1–1.2, respectively) (Goodwill and

Szoeke, 2017). There are various possible explanations

for the role of VitD in cognitive performance. It has

been found that not only 1,25(OH)2D3 but also

25-hydroxyvitamin D trans over the blood-brain barrier

(Kesby et al., 2011). VitD is able to regulate the genera-

tion of serotonin, a neurotransmitter that is linked with

mood elevation (Stockmeier, 2003). Furthermore, VitD

response elements were identified on two tryptophan

hydroxylase genes that have been related to serotonin

synthesis (Zhang et al., 2004).

Baseline 25(OH)D was found to be the second most

important predictor (21.3%) that independently affected the

variance of 25(OH)D in response to VitD treatment.

Recently, a comprehensive systematic review and meta-

analysis of clinical trials disclosed that baseline 25(OH)D

was a significant determinant of variances in 25(OH)D post

VitD treatment (Mo et al., 2019). Drincic and colleagues

reported that 2.5 U/kg VitD is needed to increase 25(OH)D

level in serum by as much as 1 ng/ml (Drincic et al., 2013).

Recently, Kaykhaei observed that the increase in VitD

levels were 26.4, 18.5, and 8.3 ng/ml, in participants

with baseline VitD concentrations below 10, 10–20, and

20–30 ng/ml, respectively (Kaykhaei et al., 2019). Because

hepatic hydroxylation of VitD is possibly a saturable trend,

response to VitD supplementation may be influenced via

baseline 25(OH)D levels (Barger-Lux et al., 1998). Higher

baseline serum 25(OH)D leads to higher free 25(OH)D,

which leads to the conversion of more 25(OH)D to inactive

24, 25(OH)2VitD. In agreement with our study, the baseline

serum 25(OH)D level accounts for 20.2% of the increments

in 25(OH)D response to VitD supplementation among

Middle Eastern women (Mazahery et al., 2015). Addition-

ally, a recent review reported there was an inverse rela-

tionship between the increment in serum VitD and baseline

25(OH)D serum after oral intake of cholecalciferol, but this

relationship was not found after supplementation with cal-

cifediol (Quesada-Gomez and Bouillon, 2018).

Another finding from our study is that the magnitude of

responsiveness of serum VitD levels to Vit therapy were

best predicted by physical activity. Similar observations

were reported in nearly 4500 participants from the

NHANES study (Forrest and Stuhldreher, 2011). Physi-

cally active individuals had a significantly higher 25(OH)D

level compared to those who were inactive, possibly due to

more time spent outdoors thus exposing them to more UV

irradiation, which produces more VitD in the skin. VitD

controls calcium transport and inorganic phosphate uptake

for the generation of energy-rich phosphate contents during

muscle action. Indeed, VitD promotes muscle protein

synthesis (Pfeifer et al., 2001).

Our models explained that nearly 8.0% and 6.6% of the

variability in serum 25(OH)D post-treatment are associated to

severity of daytime sleepiness and depression. Consistently,

experimental studies revealed that VDR animal knock-out

models presented higher anxiety, lower activity, and mus-

cular/motor impairments, resembling phenotypic models of

depression (Gracious et al., 2012). It has been suggested that

VitD may implicated in manifestations of sleepiness through

sleep-regulating metabolites, namely TNF-a, and NF-kB

(Peterson and Heffernan, 2008; Jablonski et al., 2011), which

can regulate various substances involved in homeostatic sleep

pressure (Krueger et al., 2009). VitD has a neuroprotective

effect on hippocampal cells, via regulation of calcium ion

channels and activation of PKC and MAPK cascades (Gra-

cious et al., 2012).

Carlander et al. reported that serum 25(OH)D levels

were lower in patients suffering from narcolepsy with

cataplexy versus normal controls. Patients with narcolepsy

with cataplexy (NC) had significantly greater VitD defi-

ciency compared to controls (72.5% vs 50.9%, p < 0.005)

(Carlander et al., 2011). In another study a significant

association between sleepiness and VitD was observed.

However, ESSs and 25(OH)D are related, the association is

complex and mainly influenced by race (McCarty et al.,

2012). Observational studies indicate a role of VitD in

emotional disturbance, such as depression, anxiety, and

stress (Tepper et al., 2016; Gracious et al., 2012). The

connection between VitD inadequacy and lower physical

activity (Öberg et al., 2014) and higher emotional and peer

relationship problems in adolescents have been investi-

gated (Husmann et al., 2017). VitD supplementation has

led to a decreased frequency of psychosis and depression in

adolescents (Gracious et al., 2012). In a 12-week inter-

ventional study, VitD and probiotic co-administration led

to significant improvements in scores of Beck Depression/

Anxiety Inventory and general health questionnaire (Ray-

gan et al., 2018).

There is ample evidence supporting a role of VitD in

brain development, behavior, and mood. The present

study adds to the existing knowledge of and evidence for

the role of neuropsychological function in the magnitude

of response to VitD supplementation measured as incre-

ment in serum 25(OH)D by using an novel statistical

analysis, ANN. Neurocognitive function, baseline

25(OH)D level, and BMI are strong predictors of the

serum 25(OH)D response to VitD supplementation. The

strengths of the current work include the large population,

the mega supplementation dose, and the fact that all serum

specimens were measured to the same 25(OH)D
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evaluation techniques, with standard tools for neu-

ropsychological assessments.

In conclusion, cognitive ability status, baseline 25(OH)D,

BMI, severity of daytime sleepiness, physical activity level,

and depression status are important novel modifiers of the

enhancement in circulating 25(OH)D after VitD supple-

mentation. These factors should be taken into account in

persons with deficient or inadequate circulating 25(OH)D

values to estimate the VitD supplement dose that is essential

for reaching adequate circulating 25(OH)D amount.

Acknowledgments

We would like to thank the all participants and their

parents.

Authors contributions

EA, MG, and AB conceived the idea for this qualitative

study and contributed to its design. AB designed the inter-

view schedules, conducted the interviews, and analyzed

them with EA and PC. FA and TEK drafted the article with

GF and edited all subsequent drafts. All authors read and

revised the article and approved the final version.

Availability of data and materials

The datasets used and/or analyzed during the current study

are available from the corresponding author on reasonable

request.

Informed consent

All participants and their parents gave written informed

consent to be interviewed, and for the interviews to be

audio recorded and used for research purposes and

publication.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest

with respect to the research, authorship, and/or publication

of this article.

Ethical approval

All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of

the institutional and/or national research committee and

with the 1964 Helsinki declaration and its later amend-

ments or comparable ethical standards. The study was

approved by the Ethics Committee of MUMS (931188).

Funding

The author(s) disclosed receipt of the following financial

support for the research, authorship, and/or publication of

this article: This study was funded by Mashhad University

of Medical Sciences (grant 931188). The funding bodies

had no role in any of the design, collection, analysis, inter-

pretation of data, writing of the manuscript or decision to

submit for publication. This work was supported by

MUMS, Iran.

ORCID iDs

Afsane Bahrami https://orcid.org/0000-0002-4563-6112

Majid Ghayour Mobarhan https://orcid.org/0000-0002-

1081-6754

References

Aloia JF, Patel M, DiMaano R, et al. (2008) Vitamin D intake to

attain a desired serum 25-hydroxyvitamin D concentration.

The American Journal of Clinical Nutrition 87(6): 1952–1958.
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