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Does vitamin D supplementation impact serotonin levels?
A systematic review and meta-analysis
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Email: Javad.Heshmati@gmail.com world's population, and this deficiency has been linked to various conditions

Background and Aims: Vitamin D deficiency impacts a significant proportion of the

characterized by imbalanced serotonin regulation. The objective of this systematic
review and meta-analysis was to evaluate the effect of vitamin D supplementation
on serum serotonin levels.

Methods: We conducted a comprehensive search of PubMed, Scopus, Cochrane
Central for Randomized Clinical Trials, and Web of Science up to September 2022,
without any language restrictions. The effect sizes were calculated using the
standard mean difference (SMD) and 95% confidence interval (Cl).

Results: Six randomized clinical trials involving 356 participants were included in the
analysis. Our findings indicated no significant changes in serotonin levels between
the intervention and control groups (SMD: 0.24 ng/mL, 95% Cl: -0.28, 0.75,

p > 0.10). Subgroup analysis also did not reveal any significant changes in serotonin
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1 | INTRODUCTION

Serotonin (5-hydroxytryptamine; 5-HT) is a crucial neurotransmitter
involved in various physiological functions within the body. Its
synthesis relies on the conversion of L-tryptophan, an essential amino
acid, through a cascade of enzymatic reactions.'? Serotonin's effects
are mediated by a diverse array of serotonin receptors distributed
throughout human tissues.>* Notably, serotonin influences both
peripheral functions, such as platelet aggregation and immune
responses, as well as central functions, including mood regulation
and memory.>¢

Vitamin D, a fat-soluble vitamin and prohormone, is recog-
nized for its role in calcium and phosphorus metabolism and bone
health.”® The primary source of vitamin D is cutaneous synthesis
induced by ultraviolet B rays, although it can also be obtained from
dietary sources and supplements.”*® Beyond its traditional role in
bone health, vitamin D exerts significant effects on gene regula-
tion, cardiovascular function, immune response, and hormonal
interplay through the vitamin D receptor.2?*2 Vitamin D defi-
ciency affects a substantial portion of the global population and
has been implicated in various disorders where serotonin dysre-
gulation is involved.'*15

Despite the potential interplay between vitamin D and serotonin,
the precise relationship and its implications remain largely unknown.
The existing knowledge gap calls for further research to elucidate the
connection between vitamin D status and serotonin levels, as well as
their indirect effects on the regulation of the serotonergic system and
associated diseases. Notably, no comprehensive synthesis of
evidence regarding the impact of vitamin D supplementation on
serotonin levels has been published to date. Therefore, this
systematic review and meta-analysis of randomized controlled trials
(RCTs) aims to investigate the overall effect of vitamin D supplemen-
tation on serum serotonin concentrations, while exploring potential
dose-response relationships.

By bridging this research gap, we can gain valuable insights into
the interplay between vitamin D and serotonin and uncover potential
therapeutic implications. Understanding the relationship between
these two crucial factors may contribute to the development of
novel interventions for disorders where serotonin dysregulation is

implicated.

levels among children, participants with autism spectrum disorders, interventions
lasting 10 weeks or longer, or those receiving vitamin D doses below 4000 1U/day.
Conclusion: Although the results obtained in this systematic review are inconclusive,
they support the need for further well-designed randomized trials to assess the
potential role of vitamin D supplementation in regulating serotonin levels and
potentially ameliorating depression and related disorders.

5-HT, cholecalciferol, meta-analysis, serotonin, systematic review, vitamin D

2 | MATERIALS AND METHODS

This systematic review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).*” The systematic review protocol has been registered
in PROSPERO (CRD42021242804).

2.1 | Search strategy and study selection

We performed a systematic review by searching databases PubMed,
Scopus, Cochrane Central for Randomized Clinical Trials, and Web of
Science up to September 2022. The following keywords were used for
identifying studies on vitamin D and serum serotonin level: (“Vitamin D"
OR “Cholecalciferol” OR “Hydroxycholecalciferols” OR “Ergocalciferols”
OR “25-Hydroxyvitamin D 2” OR “Dihydrotachysterol” OR “Calcitriol” OR
“1 alpha,25-Dihydroxyvitamin D3” OR “1,25 Dihydroxyvitamin D3" OR
“Vitamin D3” OR “1 alpha,25-Dihydroxycholecalciferol” OR “1,25(0OH)2-
20epi-D3” OR “1,25(0H)-D3") AND “Serotonin” OR “Hydroxytryptamine”
OR “5-Hydroxytryptamine” OR “5-HT” OR “5-Methoxytryptamine” AND
“randomized controlled trial” OR “controlled clinical trial” OR “randomized
controlled trials” OR “random allocation” OR “double blind method” OR
“single blind method” OR “clinical trial” OR “clinical trials” OR “placebos”
OR “placebo” OR “random.” The complete search strategy and syntaxes
for all databases are provided in Appendix Al. We had no language, time,
and location restrictions for identified studies. The reference lists of
relevant reviews were manually screened by two independent reviewers
(J. H. and M. M) to find other eligible articles.

2.2 | Eligibility criteria

Eligibility criteria were based on the PICOS (Population, Intervention,
Comparison, Outcome, and Study Design) approach: population (P):
unhealthy adults; intervention (1): vitamin D (in any doses and durations);
comparison (C): placebo or no intervention; outcome (O): serum serotonin
level; and study design (S): RCTs. Published studies with the following
criteria were excluded: (1) animal or in vitro studies, (2) duplicate or
overlapping data, (3) cross sectional, case reports, and case series studies

(4) less than 1 week follow up after intervention (5) incomplete data
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about the serotonin levels of intervention and placebo groups, and (6)

articles without a full text available.

2.3 | Data extraction

Date extraction was performed by two independent reviewers (J. H.
and M. M.). The data extraction form was designed to collect: the first
author's name, year of publication, country, study design, total
sample size, intervention dose, characteristics of participants (age,
gender, and BMI [body mass index]), duration, supplementation,
study quality, and outcomes.

24 | Risk of bias assessment

We evaluated the quality of each eligible study based on the
Cochrane Risk-of-Bias tool for randomized trials (RoB 2) with the
following seven domains: random sequence generation (selection
bias), allocation concealment (selection bias), blinding of participants
and assessors (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition bias), selective
reporting (reporting bias), and other bias. Each item was categorized

as low, high, or an unclear risk of bias.

2.5 | Statistical analysis

We extracted all data in mean + standard deviation (SD) format and
converted other formats to SD if necessary. For evaluating the effects
of vitamin D supplementation on serum serotonin level, standard mean
difference (SMD) and 95% confidence interval (Cl) were applied. All
statistical analyses were performed using STATA (version 15). Hetero-
geneity was assessed using the I? statistic. If > was less than 50%, we
used a fixed effects model, and a random effects model was applied for
12 more than 50%. p < 0.10 was considered as statistically significant for
our systematic review. A random effects model was used for calculating
pooled effect size for a variable of interest. We additionally applied the
Beg funnel plot and Egger funnel plot tests to evaluate publication bias.
Sensitivity analysis was performed to evaluate each individual study's
effect on main pooled effect size. We also conducted subgroup analysis
based on Disease type (Depressive disorders vs. Autism-related
disorders vs. Other diseases), Duration of vitamin supplementation
(210 weeks vs. <10 weeks), Vitamin D dose (24000 vs. <4000 IU/day),
and Age (Children vs. Middle-aged adults).

3 | RESULTS
31 |

Study selection

Figure 1 illustrates the screening and selection process of eligible
studies. The initial multi-database search yielded 135 publications.

Open Access

After removing duplicates, 99 records were screened and 86 were
excluded. The remaining 13 articles were assessed for eligibility and

18-23

six articles that met the inclusion criteria were included in the

meta-analysis.

3.2 | Study characteristics

A total of six clinical trials involving 356 participants were selected in
this systematic review and meta-analysis. Table 1 provides the main
characteristics of the included studies. These trials were published
between 2019 and 2020. All trials apart from one® followed a
double-blind design. The duration of interventions ranged from 8 to
19 weeks and sample size from 30 to 78 participants. Age and mean
BMI ranged between 3 and 81 years, and from 24 to 30kg/m?,
respectively. The studies were performed in Iran,?°~2® Norway,*’ and
Saudi Arabia.’® Five studies included both males and females!820-23
and one study was conducted only with adult males.*® The trials

enrolled patients with generalized anxiety disorder,*®

1

autism spec-
trum disorders (ASD),20 depression,2 irritable bowel syndrome,23
attention-deficit/hyperactivity disorder,?? and stress.? The trials
were conducted among children?®2? and adults.*®1%21:2% The dose of
vitamin D administered was between 1600 IU once a day and 50,000
IU once a week. Most studies indicated that serum serotonin
concentrations did not significantly change (p > 0.0.5) in the vitamin D
group compared to the placebo group®~2% but in one trial, serum
serotonin levels were significantly increased in vitamin D-treated

patients compared to the untreated.*®

3.3 | Effect of vitamin D on serotonin

Figure 2 shows a forest plot for vitamin D supplementation effect on
serum serotonin levels. Changes in serum serotonin concentrations
following vitamin D supplementation were compared between
vitamin D or untreated (placebo) groups in six clinical trials. The
studies comprised a total of 356 participants in both arms (180 for
vitamin D treated and 176 for untreated or placebo).

A meta-analysis of data indicated no significant changes in serum
serotonin concentrations following supplementation with vitamin D
compared to the untreated group (SMD: 0.24 ng/mL, 95% CI: -0.28,
0.75, p > 0.05) using a random-effects model, with a large heteroge-
neity (?=82.6%, p<0.001). The results of categorical subgroup
analyses for the effect of vitamin D on serum serotonin levels are
summarized in Table 2. The subgroup analyses suggest no significant
differences in mean serum serotonin concentrations between
subgroups in terms of disease type, duration of intervention, the
dose of vitamin D, and age of participants. However, serum serotonin
levels were higher but nonsignificant in participants with ASDs,
children, interventions with duration = 10 weeks and dose of vitamin
D less than 4000 IU/day compared to other patients, adults, trials
with duration < 10 weeks, and dose of vitamin D > 4000 IU/day,
respectively (Table 2).
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FIGURE 1 PRISMA flow diagram of study selection. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

3.4 | Risk of bias assessment

A summary assessment of the risk of bias for the included studies is

provided in Appendix A2. The results indicated that a low risk for

random sequence generation bias was found in three trials,202223

followed by those with unclear risk.*®172?% In addition, risk of allocation

19,20,22,23 18,21

concealment bias was low in four trials and unclear in two

trials. As one trial was not double-blinded, it was deemed to be at high

risk of performance bias,'® whilst low and unclear risk were considered

19,20 18,21,22

for two and three?*~22 trials, respectively. Three trials were

judged to be at high risk of detection bias, while one trial had unclear

1920 \vere considered to have a low risk.

21,23

risk?® and the other two trials
Furthermore, attrition bias was low in two and unclear in
four'®2922 trials. Three trials'®2%?2 exhibited a low risk of reporting
bias, while the remaining trials'®2°2% had an unclear risk. The majority of

18-22 23

trials were judged to be at low risk for other bias except one,

which had an unclear risk of bias.

4 | DISCUSSION
This is the first known systematic review and meta-analysis to
consider the effect of vitamin D supplementation compared to

placebo or no intervention on serum serotonin levels. We included

six studies reporting on 356 participants across three countries. Our
generalized results were inconclusive, indicating no significant effect
on serum serotonin concentrations following supplementation
compared to the placebo or no treatment group in a largely
heterogeneous population. However, subgroup analyses indicated a
nonsignificant increase in serotonin levels in those with ASD,
children, interventions = 10 weeks, and with a dose <4000 1U/day.
Nevertheless, we recognize that the findings of subgroups are merely
observational, and further studies examining these specific subgroups
are needed to better understand the exact effects of vitamin D
supplementation on serotonin levels.

Although we identified no other systematic reviews reporting
any results about the effect of vitamin D supplementation on
serotonin levels, several systematic reviews evaluating the effect of
supplementation on depression?* have presented similarly
inconclusive results with largely heterogenous populations, with
significant findings only for subgroup analyses. Shaffer et al. found no
significant effect of vitamin D supplementation on depressive
symptoms, but observed a significant effect of supplementation on
participants with clinically significant depressive symptoms or
depressive disorders.?> A nonsignificant effect was also observed in
patients without significant depression. Similarly, Spedding et al.
reported inconclusive results for depression, finding that studies of

differing methodological quality either improved or worsened
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FIGURE 2 Forest plots of the effect of vitamin D intake on serotonin levels.

179

TABLE 2 Subgroup analysis assessing the effect of vitamin D intake on serotonin levels.

Sub-grouped by No. of arms
Disease type Depressive disorders 3
Autism related disorders 2
IBS 1
Duration 210 weeks 4
<10 weeks 2
Vitamin D dose 24000 IU/day 3
<4000 IU/day 3
Age Children 2
Adults 4

Note: Bold values indicate statistically significant p-values.
Abbreviations: Cl, confidence interval; SMD, standard mean difference.

Additionally, various subgroups and inconsistencies in the means and
regimens of vitamin D supplementation led to potentially unreliable
results. However, this systematic review has some limitations that
need to be addressed. First, the limited number of included studies
affects our results. Second, the high heterogeneity and low quality of
included studies also need to be acknowledged. Third, the lack of
data on baseline serum vitamin D status and post-supplementation
levels is a notable limitation that deserves attention. Finally, it was

not defined in the included studies during which month of the year

Effect size (SMD)
0.12

0.63

-0.37

0.47

-0.23

0.04

0.40

0.63

-0.01

95% Cl

-0.28, 0.53
-0.69, 1.95
-0.83, 0.09
-0.22, 1.17
-0.58, 0.11
-0.55, 0.62
-0.46, 1.26
-0.69, 1.95
-0.38, 0.36

1 (%)
38.3
91.3

83.9
00.0
65.8
89.3
913
48.8

p for heterogeneity
0.198
0.001
0.000
0.381
0.054
0.000
0.001
0.119

the study was conducted, which impacts exposure to the sun and the

generation of vitamin D.

5 | CONCLUSION

This study found inconclusive results regarding the effect of vitamin D

supplementation, compared to placebo or no treatment, on serotonin

levels. Given the variation in vitamin D supplementation dose and
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duration, this could result in significant differences between the
results of included studies. Animal models propose a potential
mechanism for vitamin D supplementation on improving serotoner-
gic neurotransmission, indicating the importance of this research
field. Ultimately, further randomized trials performed in the general
population alongside subgroups with various neuropsychiatric
diseases that evaluate various amounts, duration, frequency, and
method of vitamin D supplementation on serum serotonin levels are

warranted.

AUTHOR CONTRIBUTIONS

Javad Heshmati and Malek Alimohammadi-Kamalabadi: Conceptuali-
zation, methodology, manuscript preparation. Malek Alimohammadi-
Kamalabadi, Milad Mehrbod and Shooka Mohammadi: Data extraction,
writing—original draft preparation. Somayeh Ziaei: Data analysis,
investigation. Maria Dulce da Mota Antunes de Oliveira Estévao and
Mahsa Malekahmadi: Writing—original draft preparation, writing—
reviewing and editing. Emma Persad and Andrej Belanci¢: Writing—
reviewing and editing, final draft validation. Mehrnaz Morvaridi, EInaz
Daneshzad and Motahareh Hasani: Writing—original draft.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Not Applicable.

ETHICS STATEMENT

All authors have read and approved the final version of the
manuscript and Javad Heshmati had full access to all of the data in
this study and takes complete responsibility for the integrity of the

data and the accuracy of the data analysis.

TRANSPARENCY STATEMENT

The lead author Javad Heshmati affirms that this manuscript is an
honest, accurate, and transparent account of the study being
reported; that no important aspects of the study have been omitted;
and that any discrepancies from the study as planned (and, if relevant,

registered) have been explained.

ORCID
Shooka Mohammadi http://orcid.org/0000-0001-9157-1922

Javad Heshmati ' http://orcid.org/0000-0002-2676-0185

REFERENCES

1. Bhat SK, Ganesh CB. Serotonin (5-hydroxytryptamine)-immunoreactive
neurons in the brain of the viviparous fish Gambusia dffinis. J Chem
Neuroanat. 2021;118:102033.

2. KannenV, Bader M, Sakita JY, Uyemura SA, Squire JA. The dual role
of serotonin in colorectal cancer. Trend Endocrinol Metabol TEM.
2020;31:611-625.

3. Peters M, Meijer C, Fehrmann R, et al. Serotonin and dopamine
receptor expression in solid tumours including rare cancers. Pathol
Oncol Res. 2020;26:1539-1547.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

_Wl LEY_Kﬂ

Bakshi A, Tadi P. Biochemistry, serotonin. 2020.

Gumusoglu S, Scroggins S, Vignato J, Santillan D, Santillan M. The
serotonin-immune axis in preeclampsia. Curr Hypertens Rep. 2021,
23:37.

Pourhamzeh M, Moravej FG, Arabi M, et al. The roles of serotonin in
neuropsychiatric disorders. Cell Mol Neurobiol. 2022;42:1671-1692.
Bikle D, Christakos S. New aspects of vitamin D metabolism and
action—addressing the skin as source and target. Nat Rev Endocrinol.
2020;16:234-252.

Christakos S, Li S, De La Cruz J, Bikle DD. New developments in our
understanding of vitamin D metabolism, action and treatment.
Metabolism. 2019;98:112-120.

Chang S-W, Lee H-C. Vitamin D and health-the missing vitamin in
humans. Ped Neonatol. 2019;60:237-244.

Benedik E. Sources of vitamin D for humans. Int J Vitam Nutr Res.
2021;92:118.

Charoenngam N, Shirvani A, Holick MF. Vitamin D for skeletal and
non-skeletal health: what we should know. J Clin Orthop Trauma.
2019;10:1082-1093.

Grant WB, Boucher BJ, Pludowski P, Wimalawansa SJ. The emerging
evidence for non-skeletal health benefits of vitamin D supplemen-
tation in adults. Nat Rev Endocrinol. 2022;18:323.

Sami A, Abrahamsen B. The latest evidence from vitamin D
intervention trials for skeletal and non-skeletal outcomes. Calcif
Tissue Int. 2020;106:88-93.

Amrein K, Scherkl M, Hoffmann M, et al. Vitamin D deficiency 2.0:
an update on the current status worldwide. Eur J Clin Nutr. 2020;74:
1498-1513.

Cashman KD. Vitamin D deficiency: defining, prevalence, causes,
and strategies of addressing. Calcif Tissue Int. 2020;106:14-29.
Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate healthcare interventions: explanation and elaboration. BMJ.
2009;339:b2700.

Assel M, Sjoberg D, Elders A, et al. Guidelines for reporting of
statistics for clinical research in urology. BJU Int. 2019;123:401-410.
Eid A, Khoja S, AlGhamdi S, et al. Vitamin D supplementation
ameliorates severity of generalized anxiety disorder (GAD). Metab
Brain Dis. 2019;34:1781-1786.

Hansen AL, Ambroziak G, Thornton D, et al. Vitamin D supplemen-
tation during winter: effects on stress resilience in a randomized
control trial. Nutrients. 2020;12:3258.

Javadfar Z, Abdollahzad H, Moludi J, et al. Effects of vitamin D
supplementation on core symptoms, serum serotonin, and interleukin-6
in children with autism spectrum disorders: a randomized clinical trial.
Nutrition. 2020;79-80:110986.

Kaviani M, Nikooyeh B, Zand H, Yaghmaei P, Neyestani TR. Effects
of vitamin D supplementation on depression and some involved
neurotransmitters. J Affect Disord. 2020;269:28-35.

Seyedi M, Gholami F, Samadi M, et al. The effect of vitamin D3
supplementation on serum BDNF, dopamine, and serotonin in
children with attention-deficit/hyperactivity disorder. CNS Neurol
Disord Drug Targets. 2019;18:496-501.

Sikaroudi MK, Mokhtare M, Shidfar F, et al. Effects of vitamin D3
supplementation on clinical symptoms, quality of life, serum
serotonin (5-hydroxytryptamine), 5-hydroxy-indole acetic acid, and
ratio of 5-HIAA/5-HT in patients with diarrhea-predominant irritable
bowel syndrome: a randomized clinical trial. EXCLI J. 2020;19:652.
Xie F, Huang T, Lou D, et al. Effect of vitamin D supplementation on the
incidence and prognosis of depression: an updated meta-analysis based
on randomized controlled trials. Front Public Health. 2022;10:903547.
Shaffer JA, Edmondson D, Wasson LT, et al. Vitamin D supplemen-
tation for depressive symptoms: a systematic review and meta-
analysis of randomized controlled trials. Psychosom Med. 2014;76:
190-196.

Open Access


http://orcid.org/0000-0001-9157-1922
http://orcid.org/0000-0002-2676-0185

8 of 11 _Health Science Reports
WILEY P

26.

27.

28.

29.

30.

31
32.

33.

34.

ALIMOHAMMADI-KAMALABADI T AL

OpenAccess

Spedding S. Vitamin D and depression: a systematic review and
meta-analysis comparing studies with and without biological flaws.
Nutrients. 2014;6:1501-1518.

Jamilian H, Amirani E, Milajerdi A, et al. The effects of vitamin D
supplementation on mental health, and biomarkers of inflammation
and oxidative stress in patients with psychiatric disorders: a
systematic review and meta-analysis of randomized controlled trials.
Prog Neuropsychopharmacol Biol Psychiatry. 2019;94:109651.
Nautiyal KM, Hen R. Serotonin receptors in depression: from A to B.
F1000Research. 2017;6:123.

Wang TT, Tavera-Mendoza LE, Laperriere D, et al. Large-scale in silico
and microarray-based identification of direct 1,25-dihydroxyvitamin
D3 target genes. Mol Endocrinol. 2005;19:2685-2695.

Patrick RP, Ames BN. Vitamin D hormone regulates serotonin
synthesis. part 1: relevance for autism. FASEB J. 2014;28:2398-2413.
Kaneko |, Sabir MS, Dussik CM, et al. 1, 25-Dihydroxyvitamin D
regulates expression of the tryptophan hydroxylase 2 and leptin
genes: implication for behavioral influences of vitamin D. FASEB J.
2015;29:4023-4035.

Sabir MS, Haussler MR, Mallick S, et al. Optimal vitamin D spurs
serotonin: 1, 25-dihydroxyvitamin D represses serotonin reuptake
transport (SERT) and degradation (MAO-A) gene expression in
cultured rat serotonergic neuronal cell lines. Genes Nutr. 2018;13:19.
Owens DJ, Fraser WD, Close GL. Vitamin D and the athlete:
emerging insights. Euro J Sport Sci. 2015;15:73-84.

Choukri MA, Conner TS, Haszard JJ, et al. Effect of vitamin D
supplementation on depressive symptoms and psychological well-
being in healthy adult women: a double-blind randomised controlled
clinical trial. J Nutri Sci. 2018;7:e23.

35.

36.

37.

38.

39.

Heidari H, Amani R, Feizi A, et al. Vitamin D supplementation for
premenstrual syndrome-related inflammation and antioxidant mark-
ers in students with vitamin D deficient: a randomized clinical trial.
Scient Rep. 2019;9(1):1-8.

de Koning EJ, Lips P, Penninx BWJ, et al. Vitamin D supplementa-
tion for the prevention of depression and poor physical function in
older persons: the D-Vitaal study, a randomized clinical trial. The
Am J Clin Nutr. 2019;110(5):1119-1130.

Lerchbaum E. Effects of vitamin D supplementation on surrogate
markers of fertility in PCOS women: a randomized controlled trial.
Nutrients. 2021;13(2):547.

Omidian M, Mahmoudi M, Abshirini M, et al. Effects of vitamin D
supplementation on depressive symptoms in type 2 diabetes
mellitus patients: randomized placebo-controlled double-blind clini-
cal trial. Diab Metabol Synd. 2019;13(4):2375-2380.

Vellekkatt F, Menon V, Rajappa M, et al. Effect of adjunctive single
dose parenteral vitamin D supplementation in major depressive
disorder with concurrent vitamin D deficiency: a double-blind
randomized placebo-controlled trial. J Psych Res. 2020;129:
250-256.

How to cite this article: Alimohammadi-Kamalabadi M, Ziaei S,
Hasani M, et al. Does vitamin D supplementation impact
serotonin levels? A systematic review and meta-analysis.
Health Sci Rep. 2024;7:€2276. doi:10.1002/hsr2.2276


https://doi.org/10.1002/hsr2.2276

ALIMOHAMMADI-KAMALABADI ET AL

Health Science Reports ~WI LEY_ﬂﬂ

Open Access

APPENDIX A1l: SEARCH STRATEGY

A systematic review and meta-analysis of the Vitamin D supplementation effects on serum serotonin.
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Groups Descriptors
Outcome Serotonin OR Hydroxytryptamine OR 5-Hydroxytryptamine OR “5-HT” OR 5-Methoxytryptamine
Exposure Vitamin D OR Cholecalciferol OR Hydroxycholecalciferols OR Ergocalciferols OR 25-Hydroxyvitamin D 2 OR Dihydrotachysterol

OR Calcitriol OR 1 alpha,25-Dihydroxyvitamin D3 OR 1,25 Dihydroxyvitamin D3 OR Vitamin D3 OR 1 alpha,25-
Dihydroxycholecalciferol OR 1,25(0OH)2-20epi-D3 OR 1,25(0H)-D3

Setting Randomized controlled trial OR controlled clinical trial OR randomized controlled trials OR random allocation OR double blind

#1

#2

#3

#4

#1
#2

method OR single blind method OR clinical trial OR clinical trials OR placebos OR placebo OR random

PUBMED
Number of localized studies: 15
Limits: humans

Number of studies after applying limits: 11

Number of
Descriptors studies reached

"serotonin"[MeSH Terms] OR "serotonin"[All Fields] OR "serotonins"[All Fields] OR "serotonin s"[All Fields] OR "serotonine" 156,258
[All Fields] OR "hydroxytryptamines"[All Fields] OR "serotonin"[MeSH Terms] OR "serotonin"[All Fields] OR

"hydroxytryptamine"[All Fields] OR "serotonin"[MeSH Terms] OR "serotonin"[All Fields] OR "5 hydroxytryptamine"[All Fields]

OR "serotonin"[MeSH Terms] OR "serotonin"[All Fields] OR "5 ht"[All Fields] OR "5 methoxytryptamine"[MeSH Terms] OR

"5 methoxytryptamine"[All Fields] OR "5 methoxytryptamine"[All Fields]

(((CCCcccc("vitamin D"[Mesh]) OR "Cholecalciferol"[Mesh]) OR "Hydroxycholecalciferols"[Mesh]) OR "Ergocalciferols"[Mesh]) OR 70,692
"25-Hydroxyvitamin D 2"[Mesh]) OR "Dihydrotachysterol"[Mesh]) OR "Calcitriol"[Mesh]) OR 1 alpha,25-Dihydroxyvitamin D3)
OR 1,25 Dihydroxyvitamin D3) OR Vitamin D3) OR 1 alpha,25-Dihydroxycholecalciferol)

((((((((("Randomized Controlled Trial"[Publication Type] OR "Controlled Clinical Trial"[Publication Type]) OR "Randomized 1,747,727
Controlled Trials as Topic"[Mesh]) OR "Random Allocation"[Mesh]) OR "Double-Blind Method"[Mesh]) OR "Single-Blind

Method"[Mesh]) OR "Clinical Trial"[Publication Type]) OR ("clinical trial"[Publication Type] OR "clinical trials as topic"[MeSH

Terms] OR "clinical trials"[All Fields])) OR "Placebos"[Mesh]) OR ("placebos"[MeSH Terms] OR "placebos"[All Fields] OR

"placebo"[All Fields])) OR ("random allocation"[MeSH Terms] OR ("random"[All Fields] AND "allocation"[All Fields]) OR "random
allocation"[All Fields] OR "random"[All Fields])

#1 AND #2 AND #3 15

WEB OF SCIENCE

Number of localized studies: 30

Limits: documents types (articles)

Number of studies after applying limits: 14

Number of
Descriptors studies reached
TS=(Serotonin) OR TS=(Hydroxytryptamine) OR TS=(5-Hydroxytryptamine) OR TS=(5-HT) OR TS=(5-Methoxytryptamine) 139,118
TS=(“Vitamin D”) OR TS=(“Cholecalciferol”) OR TS=(“Hydroxycholecalciferols”) OR TS=(“Ergocalciferols”) OR TS=(“25- 104,635

Hydroxyvitamin D 2") OR TS=(“Dihydrotachysterol”) OR TS=(“Calcitriol”) OR TS=(“1 alpha,25-Dihydroxyvitamin D3") OR
TS=(“1,25 Dihydroxyvitamin D3") OR TS=(“Vitamin D3") OR TS=(“1 alpha,25-Dihydroxycholecalciferol”) OR
TS=(“1,25(0OH)2-20epi-D3") OR TS=(“1,25(0OH)-D3")

(Continues)
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Number of
Descriptors studies reached
#3 TS=(Randomized controlled trial) OR TS=(controlled clinical trial) OR TS=(randomized controlled trials) OR TS=(random 1,851,952
allocation) OR TS=(double blind method) OR TS=(single blind method) OR TS=(clinical trial) OR TS=(clinical trials) OR
TS=(placebos) OR TS=(placebo) OR TS=(random)
#4 #1 AND #2 AND #3 30
SCOPUS
Number of localized studies: 264
Limits: document type (article and article in press)
Number of studies after applying limits: 94
Number of
Descriptors studies reached

#1 (TITLE-ABS-KEY (serotonin)) OR (TITLE-ABS-KEY (hydroxytryptamine)) OR (TITLE-ABS-KEY (5-hydroxytryptamine)) OR (TITLE-ABS-KEY 232,149
(5-ht)) OR (TITLE-ABS-KEY (5-methoxytryptamine))

#2 ((TITLE-ABS-KEY (vitamin AND d) OR TITLE-ABS-KEY (cholecalciferol) OR TITLE-ABS-KEY (hydroxycholecalciferols) OR TITLE-ABS-KEY 158,434
(ergocalciferols) OR TITLE-ABS-KEY (25-hydroxyvitamin AND d 2))) OR ((TITLE-ABS-KEY (dihydrotachysterol) OR TITLE-ABS-KEY
(calcitriol) OR TITLE-ABS-KEY (1 alpha,25-dihydroxyvitamin AND d3) OR TITLE-ABS-KEY (1,25 AND dihydroxyvitamin AND d3) OR
TITLE-ABS-KEY (vitamin AND d3))) OR (TITLE-ABS-KEY (1 alpha,25-dihydroxycholecalciferol))

#3 (TITLE-ABS-KEY (randomized AND controlled AND trial) OR TITLE-ABS-KEY (controlled AND clinical AND trial) OR TITLE-ABS-KEY 3,260,115
(randomized AND controlled AND trials) OR TITLE-ABS-KEY (random AND allocation) OR TITLE-ABS-KEY (double AND blind AND
method) OR TITLE-ABS-KEY (single AND blind AND method) OR TITLE-ABS-KEY (clinical AND trial) OR TITLE-ABS-KEY (clinical AND
trials) OR TITLE-ABS-KEY (placebos) OR TITLE-ABS-KEY (placebo) OR TITLE-ABS-KEY (random))

#4 #1 AND #2 AND #3 264

COCHRANE
Number of localized studies: 16
Limits: -

Number of studies after applying limits: 16

Number of
Descriptors studies reached
#1 Me ("Serotonin") or ("Hydroxytryptamine"):ti, ab, kw or ("5-Hydroxytryptamine"):ti, ab, kw or ("5-HT"):ti, ab, kw or 2791
("5-Methoxytryptamine"):ti, ab, kw
#2 Me ("Vitamin D") or ("Cholecalciferol"):ti, ab, kw or ("Hydroxycholecalciferols"):ti, ab, kw or ("Ergocalciferols"):ti, ab, kw or ("25- 7744
Hydroxyvitamin D 2"):ti, ab, kw or ("Dihydrotachysterol"):ti, ab, kw or ("Calcitriol"):ti, ab, kw or ("1 alpha,25-Dihydroxyvitamin D3"):ti, ab,
kw or ("1,25 Dihydroxyvitamin D3"):ti, ab, kw or ("Vitamin D3"):ti, ab, kw or ("1 alpha,25-Dihydroxycholecalciferol"):ti, ab, kw or
("1,25(0OH)2-20epi-D3"):ti, ab, kw or ("1,25(0OH)-D3"):ti, ab, kw
#3 #1 AND #2 16
Excluded articles
Study Reason
1 Choukri et al.®* Have no relevant variables
Heidari et al.%® Have no relevant variables

de Koning et al.3¢ Have no relevant variables

|.37

Lerchbaum et a Have no relevant variables

Omidian et al.® Have no relevant variables

o U M WN

Vellekkatt et al.>? Have no relevant variables
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