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Abstract

Objectives

Our aim was to analyze the results of published randomized controlled trials (RCTs) on vita-

min D supplementation for psoriasis in order to explore its effectiveness and safety.

Patients and methods

As of July 7 2023, we conducted a systematic literature search in PubMed, Cochrane,

Embase, and Web of Science Core Collection databases. The study outcomes included

change values in Psoriasis Area and Severity Index (PASI) (at 3 months, 6 months, and end

of follow-up)/Dermatology Life Quality Index (DLQI)/Psoriasis disability index (PDI)/C-reac-

tive protein (CRP), and adverse events.

Results

333 patients from 4 studies were evaluated. Pooled analyses showed no significant effect of

DLQI/PDI/CRP change value (P > 0.05) or PASI change value (3 months, end of follow-up;

P > 0.05). Sensitivity analyses and statistical tests did not support the results of the PASI

change values (6 months, P = 0.05). However, the results of subgroup analyses should not

be ignored(supplementation with vitamin D2 or Asia would be more effective; P = 0.03).

There were no serious adverse effects, and only a few individuals experienced nausea.

Conclusions

The efficacy and safety of vitamin D supplementation in the treatment of psoriasis remains

unremarkable. The search for a new prognostic index that combines clinical and laboratory

factors is needed to compensate for the shortcomings of existing measures and provide

stronger evidence of validity.
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Introduction

Psoriasis is a chronic inflammatory disease which is immune-mediated and with a complex

pathogenesis. Hyperproliferative epidermis with abnormal differentiation usually results in the

psoriatic skin lesions. According to the World Health Organization, there are more than 100

million psoriasis patients worldwide [1, 2]. The incidence estimated in adults ranged from

0.51% to 11.43% while in children it ranged from 0% to 1.37%. Approximately 78% to 90% of

psoriasis patients are diagnosed as mild to moderate skin lesions [3–5]. Some previous studies

have claimed peripheral vitamin D was deficient or insufficient in psoriasis patients, and this

may contribute to the development of the disease [6].

Vitamin D exists in two distinct forms, namely ergocalciferol (vitamin D2) and cholecalcif-

erol (vitamin D3). These are both fat-soluble vitamins [7]. Vitamin D2 is synthesized by plants,

while vitamin D3 is sourced from animal-derived foods. As many studies reported, Vitamin D

not only plays a positive role in regulating bone and calcium homeostasis, but also in immuno-

modulation. In the realm of dermatology, Vitamin D plays a pivotal role in influencing a mul-

titude of physiological processes within the skin. These processes encompass keratinocyte

proliferation, differentiation, apoptosis, in addition to its crucial involvement in maintaining

the skin barrier and regulating immunological responses [8]. There are many ways to utilize

vitamin D, and the oral approach to vitamin D supplementation remains controversial in its

effectiveness [9] due to its role in immune homeostasis [10].

Several systematic reviews and meta-analyses of the efficacy of vitamin D supplementation

in psoriasis have noted that supplementation has failed to show a significant effect [11, 12].

However, it is important to note that the effectiveness conclusions of these studies were based

solely on the PASI ignoring the shortcomings of the PASI itself and the impact of improve-

ments in patients’ quality of life on effectiveness [13]. Also, the lack of subgroup analysis

resulted in unexplored possible potential validity. Therefore, we extended the scope of evalua-

tion indexes (PASI, DLQI, PDI were used) and performed subgroup analysis, and also intro-

duced the association marker CRP, in order to evaluate and validate the efficacy and safety of

oral vitamin D supplementation in the treatment of psoriasis from more perspectives.

Materials and methods

Literature search

The present study was performed in accord with the PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta-Analysis, S1 Table) statement in 2020 [14] and was prospectively

registered in the PROSPERO (CRD42023441886). A systematic literature search was con-

ducted by two investigators in July 7 2023 from the four databases of PubMed, Cochrane,

Embase, and Web of Science Core Collection. The language was restricted to English. We

searched using the following MeSH and freewords: “Psoriasis”, “vitamin D” and “supplemen-

tation”. The search strategy is specified in S2 Table. All eligible literatures went through multi-

ple rounds of manual review (at least 2 investigators, whom were all dermatology clinicians) to

ensure that any disagreements were eliminated, and that the eligible studies met the needs of

present analysis with practical relevance.

Inclusion and exclusion criteria

The search strategy was constructed according to the PICOS acronym as follows: Participants:

adults suffering with any type of psoriasis; Interventions: vitamin D supplementation; Com-

parison: placebo without vitamin D supplementation; Outcomes: Change of Psoriasis Area

and Severity Index (PASI) score/Psoriasis disability index (PDI) score/Dermatology Life
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Quality Index (DLQI)/C-reactive protein (CRP); Study design: randomized controlled trials.

Exclusion criteria: reviews, letters, comments, conference abstracts, case reports, pediatric arti-

cles, unpublished and non-English articles.

Data extraction

The proceedings of data extraction were finished by two independent researchers, and any dis-

agreements in the process were settled via discussion. We extracted the data from included

studies considering the following information: first author, published year, country of study,

study span, study design, registration number, sample size of each study, gender, age and body

mass index (BMI) of participants, types of vitamin D, follow-up time(3 mouths/6 mouths/ end

of follow-up), Psoriasis Area and Severity Index (PASI), Psoriasis disability index (PDI), Der-

matology Life Quality Index (DLQI), Serum 25(OH)D (25 hydroxyvitamin D), C-reactive pro-

tein(CRP).

Quality assessment

The estimation of methodological quality on included RCTs was conducted by 2 independent

researchers following the Cochrane Handbook for Systematic Reviews of Interventions 5.1.0

consisting of seven terms: random sequence generation, allocation concealment, blinding of

participants and personnel, blinding of outcome assessment, incomplete outcome data, selec-

tive reporting and other sources of bias. Each study aspects was accessed and classified into

three levels: low risk, high risk and unclear risk. Studies with more “low risk” bias evaluations

were regarded as superior [15]. When disagreements were encountered, the judgment was

given by another, higher level researcher.

Statistical analysis

The analysis of included studies was done by using Review Manager version 5.4.1(Cochrane

Collaboration, Oxford, UK). The WMD was used to assess the continuous data, and dichoto-

mous variables was analyzed with RR. All outcome indicators were calculated and given 95%

confidence intervals (95% CIs), and the discrepancy in heterogeneity among studies was esti-

mated via inconsistency index (I2) [16]. Also, we will analyze all data using a random effects

model. In addition, possible sources of heterogeneity in our study When the amount of data

was greater than 10, funnel plots were drawn and tested using the Egger regression test in Stata

version 15.0 statistics. P values< 0.05 were considered statistically significant.

Results

Screening results and study characteristics

The literature screening approach and process was performed as shown in Fig 1. Total 1635

publications were searched, comprising PubMed (n = 128), Embase (n = 800), Cochrane

(n = 69), and Web of Science (n = 638). After excluding all non-compliant literatures with the

inclusion and exclusion criteria, 5 literatures with 333 cases (173 in the experimental group

supplemented with vitamin D and 160 in the control group without Vit D supplementation)

were finally remained for present study [17–21]. It is important to note that 1 of these 5 studies

(El-Hanafy et al) [17] used a methotrexate mixed with vitamin D versus methotrexate regimen,

and it will be excluded from the calculations. However, it will be mentioned in the Assessment

of Study Quality and Risk of Bias section as well as in the Discussion section because of the

information it may suggest. The basic traits of each included study were presented in Table 1,
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and no statistically significant discrepancy (p> 0.05) was found between the experimental and

control groups for Age, Gender, BMI, PASI, Serum 25(OH)D, CRP as shown in Table 2.

Assessment of study quality and risk of bias

The quality level of evidence were scored in Fig 2. Four papers were rated as low risk in all eval-

uation indicators [18–21], and one study was rated as unclear risk of bias in allocation conceal-

mect (selection bias) and blinding of participants/personnel (performance bias) [17].

Outcomes of meta-analysis

Change of psoriasis area and severity index (PASI) (3 mouths). A total of 206 patients

(110 in the experimental group and 96 in the control group) were included in the analysis. The

analysis indicated no significant difference in heterogeneity (I2 = 0%, p = 0.41) among

included studies and the pooled results of random effect model illustrated that vitamin D sup-

plementation for 3 months failed to significantly affect the value of change in PASI (WMD:

-1.18; 95% CI: -2.35, 0.00; p = 0.05) (see Fig 3A).

Change of psoriasis area and severity index (PASI) (6 mouths). Total 3 studies with 205

cases (109 were in the experimental group and 96 were in control group) were included. The

Fig 1. Flowchart of literature screening process.

https://doi.org/10.1371/journal.pone.0294239.g001

Table 1. Basic characteristics of included literatures.

Authors Study period Country Study design Registration number Types of vitamin D Patients (n) Follow-up

VD/Control

Disphanurat 2019 2016–2017 Thailand Double-blind RCT TCTR20180613001 Oral vitamin D2 23/22 6 months

Ingram 2018 2012–2013 New Zealand and Australia Double-blind RCT 12611000648921 Vitamin D3 67/34 12 months

Jarrett 2018 2011–2012 New Zealand Double-blind RCT ACTRN12611000402943 Vitamin D3 oral capsule 23/42 12 months

Jenssen 2023 2017–2019 Norway Double-blind RCT NCT03334136 Cholecalciferol 60/62 4 months

VD, vitamin D; RCT, randomized controlled trial

https://doi.org/10.1371/journal.pone.0294239.t001
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combined analysis of random effect model showed that vitamin D supplementation for 6

months may significantly affect the value of change in PASI (WMD: -1.14; 95% CI: -2.26,

-0.02; p = 0.05) (see Fig 3B). No significant discrepancy in heterogeneity (I2 = 0%, p = 0.64)

nor significant bias in publication.

Change of psoriasis area and severity index (PASI) (the end of follow-up). Included in

present analysis were 4 studies with 328 patients (169 were in experimental group and 159

were in palcebo group). The combined analysis revealed that vitamin D supplementation failed

to significantly affect the value of change in PASI at the end of follow-up (WMD: -0.32; 95%

CI: -1.17, 0.53; p = 0.46)(see Fig 3C). No significant heterogeneity (I2 = 39%, p = 0.18) nor sig-

nificant publication bias were observed. Further subgroup analysis was conducted in terms of

the type of vitamin D supplementation and the region where the participants were located.

Table 2. Demographics and clinical characteristics of included studies.

Outcomes Studies No. of patients WMD or RR 95% CI P-value Heterogeneity

VD/Control Chi2 df P-value I2 (%)

Age (years) 4 173/160 1.78 [-0.58, 4.14] 0.14 3.33 3 0.34 10

Gender (male) 4 173/160 1.04 [0.86, 1.25] 0.72 0.87 3 0.83 0

BMI (kg/m2) 3 113/98 -0.07 [-1.47, 1.33] 0.93 3.15 2 0.21 37

PASI 4 173/160 0.29 [-0.25, 0.83] 0.29 0.08 3 0.99 0

Serum 25(OH)D 4 173/160 0.18 [-0.04, 0.40] 0.10 0.96 3 0.81 0

CRP 2 90/56 0.89 [-3.02, 4.79] 0.66 6.69 1 0.02 82

BMI, body mass index; PASI, Psoriasis Area and Severity Index; CRP, C-reactive protein; VD, vitamin D; WMD, weighted mean difference; RR, risk ratio; CI,

confidence interval.

https://doi.org/10.1371/journal.pone.0294239.t002

Fig 2. Risk of bias evaluation of included studies.

https://doi.org/10.1371/journal.pone.0294239.g002
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Fig 3. Forest plot of the change in psoriasis area and severity index (PASI):(A)3 mouths, (B) 6 mouths, (C) at the

end of follow-up, (D) subgroup of Vitamin D type at the end of follow-up,and (E) subgroup of patient population

at the end of follow-up.

https://doi.org/10.1371/journal.pone.0294239.g003
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In aspects of the type of vitamin D supplementation, our pooled analysis showed that vita-

min D2 supplementation (WMD: -1.44; 95% CI: -2.75, -0.13; p = 0.03) was superior to vitamin

D3 (WMD: -0.27; 95% CI: -0.27, 0.41; p = 0.69, no significant difference in heterogeneity: I2 =

0%, p = 0.94) (see Fig 3D), with significant differences in heterogeneity of the two groups (I2 =

79.2%, p = 0.03).

In aspects of patients’ location, the pooled results revealed that vitamin D supplementation

was superior in Asia (WMD: -1.44; 95% CI: -2.75, -0.13; p = 0.03,) than that in Europe (WMD:

0.07; 95% CI: -0.27, 0.41; p = 0.69, no significant discrepancy in heterogeneity: I2 = 0%,

p = 0.94) (see Fig 3E).

Change of psoriasis disability index (PDI). Of the 4 studies included in the calculations

only the change of PDI was provided in the study by Jarrett et al. [20] 65 patients were included

(23 in the vitamin D group and 42 in the placebo group). The results showed that the group

using vitamin D (-1.4000 + 7.5949) was superior to the placebo group (-0.7000 + 7.9544), but

showed no statistical significance(p = 0.73).

Change of dermatology life quality index (DLQI). Of the 4 studies included in the calcu-

lations only the study by Jenssen et al. [18] provided values for the change of DLQI and

included 122 patients (60 in the vitamin D group and 62 in the placebo group). The results

showed that the use of the vitamin D group (-0.59) was superior to the placebo group (0.10).

However, the authors concluded that the effect of vitamin D supplementation on DLQI was

not significant(p = 0.11).

Change of C-reactive protein(CRP). Of the 4 studies included in the calculations only

the study by Disphanurat et al. [21] provided Change of CRP and included 45 patients (23 in

the vitamin D group and 22 in the placebo group). The results were not statistically supported

(3-mouths p = 0.08,6-mouths p = 0.58), although they showed that at 3 months, the vitamin D

group (-3.2482±6.24) was superior to the placebo group (-0.84±3.88); at 6 months, the vitamin

D group (-1.03±9.07) was still superior to the placebo group (0.30±3.01).

Safety of vitamin D supplementation. Adverse effects of vitamin D supplements were

discussed in two of the five studies that participated in the investigation. The study by Ingram

et al.[19] found no significant evidence of toxicity and received no reports of adverse effects. In

the study by Disphanurat et al [21], at 3-month follow-up, two patients in Vit D supplement

group and one case in the placebo group experienced nausea. Accordingly, the study’s person-

nel concluded that the incidence of adverse reactions to vitamin D supplements for psoriasis is

usually low.

Sensitivity analysis

We performed a one-way sensitivity analysis comparing changes in PASI at 3 months, 6

months, and the end of follow-up to evaluate the impact of individual study on the composite

results. The analysis was calculated through omiting individual studies, and results showed

that excluding the 2018 study by Ingarm et al. [19] changed the WMD of PASI at 3 months(see

Fig 4A), 6 months(see Fig 4B), but did not change the WMD of PASI at the end of follow-up

(see Fig 4C). This result shows that the values of change in PASI at 3 and 6 months are not sta-

ble, but at the end of follow-up is robust.

Discussion

Since vitamin D was discovered and then used for psoriasis in 1985 [22], several landmark

studies have been published and provided initial evaluations on this treatment [23–25]. How-

ever, as it is controversial whether oral vitamin D supplementation has significant efficacy

[26–38], and given that psoriasis is a chronic and complex disease, effective treatment needs to
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Fig 4. Sensitivity analysis of change in PASI: (A) 3 mouths, (B) 6 mouths, and (C) at the end of follow-up.

https://doi.org/10.1371/journal.pone.0294239.g004

PLOS ONE Safety and efficacy of VD supplementation in psoriasis

PLOS ONE | https://doi.org/10.1371/journal.pone.0294239 November 15, 2023 8 / 14

https://doi.org/10.1371/journal.pone.0294239.g004
https://doi.org/10.1371/journal.pone.0294239


take into account both the physiologic manifestations of the disease and less obvious aspects

such as the impact on patients’ quality of life [13]. Therefore, the validity of this study consists

of the PASI, which is common for evaluating the physiologic manifestations of the disease, the

DLQI, which is common for evaluating the quality of life of patients, and the PDI for psoriasis.

At the same time, the study also did subgroup analyses to take into account the potential valid-

ity that may exist for population differences and differences in vitamin D types. In addition, to

compensate for the lack of sensitivity in selecting indicators, our study introduced CRP as a

validation indicator [29].

Three of the publicly available RCTs failed to produce significant efficacy [18–20], and

these studies that were found to be ineffective all showed small changes that were thought to

have been influenced by other confounding factors rather than vitamin D supplementation,

and it should also be mentioned that the indicators of assessment appeared to be insufficiently

sensitive to such small changes, also confusing the team in conducting the evaluations. Inter-

estingly, another study [21] that included mildly symptomatic cases and used higher doses of

vitamin D supplementation came to the opposite conclusion, which may be that small changes

were amplified to render the results significantly useful, and this discrepancy in results also

hints at the potential validity of such small changes. At the same time, it should not be over-

looked that although the study by El-Hanafy et al [17] was based on methotrexate combined

with vitamin D supplementation versus methotrexate alone, the conclusion also supports the

effectiveness of vitamin D supplementation. Of course, this conclusion is also suggesting that

vitamin D supplementation might yield greater utility when used as an adjunctive treatment.

What also strikes one as coincidental is that, regardless of the significant or non-significant

conclusions given by these studies, the studies all agree that subgroup analyses should be con-

ducted to seek possible potential effectiveness, and all agree that higher levels of 25(OH)D are

effective in the treatment of psoriasis. Apparently, there are three areas worth noting: dose,

subgroup analysis, and evaluation metrics.

First, there are two central issues with dosage. One is the effect on intestinal calcium

absorption and the calcium homeostasis system, which may lead to hypercalcemia or hypercal-

ciuria [28, 30]. According to the recommendations of the Institute of Medicine and Endocri-

nology, the daily dose of vitamin D supplementation should be 4,000–10,000 IU/day [31, 32].

The minimum supplementation of 2857 IU/day and the maximum of 4285 IU/day in the stud-

ies we included were calculated to be within the recommended range. And in terms of the sta-

tistics, there were no serious adverse effects, but nausea was observed in a small number of

cases. Of course, there are also studies further indicating that vitamin D supplementation of up

to 10,000 IU/day (almost as much as the skin produces on its own) has no association with any

harmful effects [33]. On the other hand, there is the dose that produces a significant effect, and

we note that Ingram et al. reported an increase in 25(OH)D levels from 24.8 ng/mL to 41.2 ng/

mL after 200,000 IU followed by 100,000 IU/month of vitamin D3 [19], but showed ineffective

results; Jenssen et al. [18] also described similar results (from 15.1 ng/mL to 29.7 ng/mL); in

contrast, Disphanurat et al. showed that 60,000 IU of vitamin D2 every two weeks improved

PASI scores, but 25(OH)D levels only increased from 24.77 ng/mL to 27.39 ng/mL [21]. This

puzzling situation suggests that the heterogeneity in the dose of vitamin D supplements of sig-

nificant utility is so high that it is almost impossible to draw definitive conclusions. Therefore,

although the data from established studies do not suggest that safety is in question, based on

the fact that the dose still needs to be explored and the well-known close relationship between

it and safety, we believe that the safety of vitamin D supplementation in the treatment of psori-

asis remains unclear.

Second, we conducted a subgroup analysis to look for more possible effectiveness related to

two factors: vitamin D type and patient population. Although overall statistical analyses of
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subgroups for PASI (change at the end of follow-up) values did not show significant evidence

of effectiveness, subgroup analyses suggest that supplementation with vitamin D2 may be

superior to vitamin D3 and may be more effective in Asian populations than in European pop-

ulations. Differences between different types of vitamin D and overall may need to be analyzed

from a historical perspective.For a long time, vitamin D2 and D3, as two different forms of

vitamin D, were considered equivalent and interchangeable [34], and vitamin D supplementa-

tion was commonly used in the form of vitamin D2, possibly for reasons of being able to treat

a wider range of conditions (studies have claimed that vitamin D2 lowers the incidence of falls

and non-vertebral fractures compared with vitamin D3) [31], for example, in North America

[28]. However, with 25(OH)D as a definitive indicator of vitamin D status, vitamin D3 is grad-

ually being found to be a more efficient form to utilize [35]. Of course, the ability of vitamin

D3 to be utilized effectively may depend on the frequency of dosage administration, with a

study by Laura Tripkovic et al. Noting that the response to vitamin D3 was significant when it

was given in a bolus dose, but lost its effect with daily supplementation [36]. Thus, the signifi-

cant effectiveness of vitamin D2 supplementation may benefit from its wider use, the nonsig-

nificant effectiveness of vitamin D3 supplementation may be influenced by the frequency of

dosage administration, and the overall nonsignificant effectiveness result is influenced by a

combination of these 2 factors superimposed on the unequal number of studies (1 studies of

vitamin D2 supplementation and 3 study of vitamin D3 supplementation); Differences

between different populations and the aggregate may need to be explained at the genetic level.

Psoriasis Risk Associated with Serum 25(OH)D Levels [37]. VDR (vitamin D receptor) is

responsible for mediating 25(OH)D synthesis, inducing proliferation and differentiation of

human keratinocytes, and regulating the immune system. It has more than 200 single base

polymorphisms (SNPs), commonly associated with psoriasis [38–40]. Several population-spe-

cific studies have shown that VDR polymorphisms are associated with psoriasis risk in Asian

populations such as, for example, Koreans [41, 42], Chinese [43] or Turks [44, 45], whereas the

opposite conclusion has been found in European populations such as Italians [46] and Croats

[47]. Thus, the higher efficacy rates in Asian populations compared to European populations

may be related to the single-base polymorphisms of the VDR, whereas the overall general

result of no significant efficacy rate is due to the limited number of studies and their uneven

distribution (3 studies in Europe and 1 study in Asia).

Third, the use of markers to compensate for the limitations of evaluation metrics. There are

various evaluation metrics for psoriasis, but current efficacy measures may lack validity, reli-

ability, sensitivity to change, and feasibility [48, 49]. Therefore, given the association between

CRP and psoriasis, we used CRP as a marker in an attempt to validate weak validity not

reflected by efficacy indicators [29]. The results showed that although this weak validity was

numerically reflected, it was not statistically supported [21]. This gives us an indication that

the continued search for and utilization of some strong association markers may be able to fill

the gaps in the existing measures and provide stronger evidence of effectiveness.

Of course, there are still some limitations in present study, and the possible reasons are as

followed: 1. Relatively small number of studies and cases eligible for inclusion, with some stud-

ies having missing data results or cases missing visits/withdrawals; 2. The included studies dif-

fered in terms of the daily or total dose used, and the mode of intake. 3. Studies focused too

little on adverse events, with only 1 of the 4 double-blind RCTs included in the study reporting

adverse events. Therefore, the results of the current meta-analysis should be interpreted with

caution, taking into account other potential confounding factors.

In summary, despite the aforementioned shortcomings of this study, we report a latest

meta-analysis, The results showed that, in terms of effectiveness, vitamin D supplementation

failed to have a significant impact on the overall effectiveness evaluation of the PASI, DLQI,
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PDI and CRP, and therefore we are in agreement with the findings of Formisano [11] and

Theodoridis et al. [12] The difference is that in the subgroup analysis, vitamin D2 seems to be

more effective than vitamin D3, and Asians seem to be more effective than Europeans, an

information that should not be ignored; in terms of safety, no serious adverse effects were

found, except for minor discomfort in very few cases, but we need to be cautious in our evalua-

tion as the optimal dosage still needs to be explored. Nevertheless, in order to further investi-

gate the efficacy and safety of vitamin D supplementation, we call for more well-designed,

large-scale, prospective randomized studies in terms of optimal dosage, different populations,

and different vitamin D types.

Conclusion

The combined analyses suggest that although the efficacy of vitamin D supplementation in

psoriasis is not significant and the safety profile needs to be explored, the information that the

use of vitamin D2 or the possibility of better outcomes in Asian populations inspires the need

for more high-quality studies to further explore the possible potential effectiveness. At the

same time, the search for a new prognostic index that combines clinical and laboratory factors

should be pursued to compensate for the shortcomings of existing measures and provide

stronger evidence of efficacy.
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23. Trémezaygues L, Reichrath J. Vitamin D analogs in the treatment of psoriasis: Where are we standing

and where will we be going? Dermatoendocrinol. 2011; 3(3):180–6. https://doi.org/10.4161/derm.3.3.

17534 PMID: 22110777

24. Holick M F, Pochi P, Bhawan J. Topically applied and orally-administered 1, 25-dihydroxyvitamin-D3 is

a novel, safe, and effective therapy for the treatment of psoriasis-a 3-year experience with histologic

analysis. Journal of Investigative Dermatology. 238 MAIN ST, CAMBRIDGE, MA 02142: BLACKWELL

SCIENCE INC. 1989; 92(3): 446–446.

25. Perez A, Raab R, Chen TC, Turner A, Holick MF. Safety and efficacy of oral calcitriol (1,25-dihydroxyvi-

tamin D3) for the treatment of psoriasis. Br J Dermatol. 1996; 134(6):1070–8. PMID: 8763427

26. Mattozzi C, Paolino G, Richetta AG, Calvieri S. Psoriasis, vitamin D and the importance of the cutane-

ous barrier’s integrity: an update. J Dermatol. 2016; 43(5):507–14. https://doi.org/10.1111/1346-8138.

13305 PMID: 26971536

27. Wadhwa B, Relhan V, Goel K, Kochhar AM, Garg VK. Vitamin D and skin diseases: A review. Indian J

Dermatol Venereol Leprol. 2015; 81(4):344–55. https://doi.org/10.4103/0378-6323.159928 PMID:

26144849

28. Soleymani T, Hung T, Soung J. The role of vitamin D in psoriasis: a review. Int J Dermatol. 2015; 54

(4):383–92. https://doi.org/10.1111/ijd.12790 PMID: 25601579

29. Beygi S, Lajevardi V, Abedini R. C-reactive protein in psoriasis: a review of the literature. J Eur Acad

Dermatol Venereol. 2014; 28(6):700–11. https://doi.org/10.1111/jdv.12257 PMID: 23998353

30. EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). Scientific opinion on the tolerable

upper intake level of vitamin D. EFSA Journal. 2012; 10(7): 2813.

31. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP, et al. Evaluation,

treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline. J

Clin Endocrinol Metab. 2011; 96(7):1911–30. https://doi.org/10.1210/jc.2011-0385 PMID:

21646368

32. Rosen CJ, Abrams SA, Aloia JF, Brannon PM, Clinton SK, Durazo-Arvizu RA, et al. IOM committee

members respond to Endocrine Society vitamin D guideline. J Clin Endocrinol Metab. 2012; 97

(4):1146–52. https://doi.org/10.1210/jc.2011-2218 PMID: 22442278

33. Zittermann A, Prokop S, Gummert JF, Börgermann J. Safety issues of vitamin D supplementation. Anti-

cancer Agents Med Chem. 2013; 13(1):4–10. PMID: 23094916

34. Ross AC, Taylor CL, Yaktine AL, Del Valle HB, editors. Dietary Reference Intakes for Calcium and Vita-

min D. Washington (DC): National Academies Press (US). 2011.

35. Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a vitamin supplement. Am J Clin

Nutr. 2006; 84(4):694–7. https://doi.org/10.1093/ajcn/84.4.694 PMID: 17023693

36. Tripkovic L, Lambert H, Hart K, Smith CP, Bucca G, Penson S, et al. Comparison of vitamin D2 and vita-

min D3 supplementation in raising serum 25-hydroxyvitamin D status: a systematic review and meta-

analysis. Am J Clin Nutr. 2012; 95(6):1357–64. https://doi.org/10.3945/ajcn.111.031070 PMID:

22552031

37. Pitukweerakul S, Thavaraputta S, Prachuapthunyachart S, Karnchanasorn R. Hypovitaminosis D is

Associated with Psoriasis: A Systematic Review and Meta-Analysis. Kans J Med. 2019; 12(4):103–

108. PMID: 31803350

38. Zhao Y, Chen X, Li J, He Y, Su J, Chen M, et al. VDR gene polymorphisms are associated with the clini-

cal response to calcipotriol in psoriatic patients. J Dermatol Sci. 2015; 79(3):305–7. https://doi.org/10.

1016/j.jdermsci.2015.06.014 PMID: 26169344

39. Megna M, Ferrillo M, Barrea L, Patruno C, Muscogiuri G, Savastano S, et al. Vitamin D and psoriasis:

an update for dermatologists and nutritionists. Minerva Endocrinol. 2020; 45(2):138–147. https://doi.

org/10.23736/S0391-1977.20.03190-9 PMID: 32340428

40. Lee YH. Vitamin D receptor ApaI, TaqI, BsmI, and FokI polymorphisms and psoriasis susceptibility: an

updated meta-analysis. Clin Exp Dermatol. 2019; 44(5):498–505. https://doi.org/10.1111/ced.13823

PMID: 30474246

41. Lee DY, Park BS, Choi KH, Jeon JH, Cho KH, Song KY, et al. Vitamin D receptor genotypes are not

associated with clinical response to calcipotriol in Korean psoriasis patients. Arch Dermatol Res. 2002;

294(1–2):1–5. https://doi.org/10.1007/s00403-002-0293-3 PMID: 12071154

PLOS ONE Safety and efficacy of VD supplementation in psoriasis

PLOS ONE | https://doi.org/10.1371/journal.pone.0294239 November 15, 2023 13 / 14

https://doi.org/10.1155/2019/5237642
http://www.ncbi.nlm.nih.gov/pubmed/31139214
http://www.ncbi.nlm.nih.gov/pubmed/4069059
https://doi.org/10.4161/derm.3.3.17534
https://doi.org/10.4161/derm.3.3.17534
http://www.ncbi.nlm.nih.gov/pubmed/22110777
http://www.ncbi.nlm.nih.gov/pubmed/8763427
https://doi.org/10.1111/1346-8138.13305
https://doi.org/10.1111/1346-8138.13305
http://www.ncbi.nlm.nih.gov/pubmed/26971536
https://doi.org/10.4103/0378-6323.159928
http://www.ncbi.nlm.nih.gov/pubmed/26144849
https://doi.org/10.1111/ijd.12790
http://www.ncbi.nlm.nih.gov/pubmed/25601579
https://doi.org/10.1111/jdv.12257
http://www.ncbi.nlm.nih.gov/pubmed/23998353
https://doi.org/10.1210/jc.2011-0385
http://www.ncbi.nlm.nih.gov/pubmed/21646368
https://doi.org/10.1210/jc.2011-2218
http://www.ncbi.nlm.nih.gov/pubmed/22442278
http://www.ncbi.nlm.nih.gov/pubmed/23094916
https://doi.org/10.1093/ajcn/84.4.694
http://www.ncbi.nlm.nih.gov/pubmed/17023693
https://doi.org/10.3945/ajcn.111.031070
http://www.ncbi.nlm.nih.gov/pubmed/22552031
http://www.ncbi.nlm.nih.gov/pubmed/31803350
https://doi.org/10.1016/j.jdermsci.2015.06.014
https://doi.org/10.1016/j.jdermsci.2015.06.014
http://www.ncbi.nlm.nih.gov/pubmed/26169344
https://doi.org/10.23736/S0391-1977.20.03190-9
https://doi.org/10.23736/S0391-1977.20.03190-9
http://www.ncbi.nlm.nih.gov/pubmed/32340428
https://doi.org/10.1111/ced.13823
http://www.ncbi.nlm.nih.gov/pubmed/30474246
https://doi.org/10.1007/s00403-002-0293-3
http://www.ncbi.nlm.nih.gov/pubmed/12071154
https://doi.org/10.1371/journal.pone.0294239


42. Park BS, Park JS, Lee DY, Youn JI, Kim IG. Vitamin D receptor polymorphism is associated with psoria-

sis. J Invest Dermatol. 1999; 112(1):113–116. https://doi.org/10.1046/j.1523-1747.1999.00482.x PMID:

9886274

43. Liu JL, Zeng HM, Lin MG, Ju M, Wu ZM, Li MJ, et al. Association of vitamin D receptor polymorphisms

with susceptibility to psoriasis vulgaris and clinical response to calcipotriol in patients with psoriasis vul-

garis. Chin J Dermatol. 2017; 50(12):889–893.

44. Dayangac-Erden D, Karaduman A, Erdem-Yurter H. Polymorphisms of vitamin D receptor gene in Turk-

ish familial psoriasis patients. Arch Dermatol Res. 2007; 299(10):487–491. https://doi.org/10.1007/

s00403-007-0782-5 PMID: 17763859

45. Kaya TI, Erdal ME, Tursen U, Camdeviren H, Gunduz O, Soylemez F, et al. Association between vita-

min D receptor gene polymorphism and psoriasis among the Turkish population. Arch Dermatol Res.

2002; 294(6):286–289. https://doi.org/10.1007/s00403-002-0326-y PMID: 12192493

46. Richetta AG, Silvestri V, Giancristoforo S, Rizzolo P, D’Epiro S, Graziano V, et al. A-1012G promoter

polymorphism of vitamin D receptor gene is associated with psoriasis risk and lower allele-specific

expression. DNA Cell Biol. 2014; 33(2):102–109. https://doi.org/10.1089/dna.2013.2217 PMID:

24320988

47. Rucevic I, Stefanic M, Tokic S, Vuksic M, Glavas-Obrovac L, Barisic-Drusko V. Lack of association of

vitamin D receptor gene 30-haplotypes with psoriasis in Croatian patients. J Dermatol. 2012; 39(1):58–

62. https://doi.org/10.1111/j.1346-8138.2011.01296.x PMID: 21951018

48. Kitchen H, Cordingley L, Young H, Griffiths CE, Bundy C. Patient-reported outcome measures in psoria-

sis: the good, the bad and the missing! Br J Dermatol. 2015; 172(5):1210–21. https://doi.org/10.1111/

bjd.13691 PMID: 25677764

49. Spuls PI, Lecluse LL, Poulsen ML, Bos JD, Stern RS, Nijsten T. How good are clinical severity and out-

come measures for psoriasis?: quantitative evaluation in a systematic review. J Investig Dermatol.

2010; 130(4): 933–43. https://doi.org/10.1038/jid.2009.391 PMID: 20043014

PLOS ONE Safety and efficacy of VD supplementation in psoriasis

PLOS ONE | https://doi.org/10.1371/journal.pone.0294239 November 15, 2023 14 / 14

https://doi.org/10.1046/j.1523-1747.1999.00482.x
http://www.ncbi.nlm.nih.gov/pubmed/9886274
https://doi.org/10.1007/s00403-007-0782-5
https://doi.org/10.1007/s00403-007-0782-5
http://www.ncbi.nlm.nih.gov/pubmed/17763859
https://doi.org/10.1007/s00403-002-0326-y
http://www.ncbi.nlm.nih.gov/pubmed/12192493
https://doi.org/10.1089/dna.2013.2217
http://www.ncbi.nlm.nih.gov/pubmed/24320988
https://doi.org/10.1111/j.1346-8138.2011.01296.x
http://www.ncbi.nlm.nih.gov/pubmed/21951018
https://doi.org/10.1111/bjd.13691
https://doi.org/10.1111/bjd.13691
http://www.ncbi.nlm.nih.gov/pubmed/25677764
https://doi.org/10.1038/jid.2009.391
http://www.ncbi.nlm.nih.gov/pubmed/20043014
https://doi.org/10.1371/journal.pone.0294239

