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Atopic dermatitis (AD) is a chronic inflammatory skin con-
dition that is characterized by pruritus, dry skin, and eczema-
tous lesions.1 The prevalence is estimated to be 15% to 30% 
in children and 2% to 10% in adults.2 Although the age of 
onset varies, AD typically starts during the first 2 years of 
life.3,4 As AD is primarily a disease of childhood, the quality 
of life of patients, parents, and caregivers can be negatively 
affected.5-7 The pathogenesis of AD is complex, involving 
interplay between environmental, genetic, biochemical, and 
immunologic factors. Altered cell-mediated immunity has 
been reported in patients with AD, leading to defects in skin 
innate immunity and impaired skin barrier function.8

Currently, the conventional AD treatments include 
immune modulatory agents, such as topical and/or oral corti-
costeroids and calcineurin inhibitors.9 Unfortunately, com-
pliance to these regimens is poor due to disease chronicity, 
steroid phobia, and difficulty with daily routines. Therefore, 

in addition to patient education and simplifying treatment 
regimens, alternative therapies are needed to help improve 
AD in the pediatric population.

Vitamin D (VD) is known to maintain calcium homeosta-
sis and enhancing bone metabolism. However, there is a 
growing body of evidence suggesting a role for VD in skin 
immunity, barrier function, and inflammation.10-12 These 
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Abstract
Background: Atopic dermatitis (AD) is a chronic inflammatory skin condition characterized by a pruritic eczematous rash. 
Evidence surrounding the role of serum vitamin D (VD) in modifying disease severity is inconsistent.
Objectives: To determine whether VD levels are correlated with AD severity and the effects of VD supplementation on 
disease modification.
Methods: This was a 2-phase study, using a cross-sectional design to evaluate the relationship between VD level and 
severity, as well as a double-blinded, randomized control trial to elucidate the effects of VD supplementation. Patients aged 0 
to 18 years with AD were included in phase 1, and disease severity and serum VD levels were determined. Those with renal, 
liver, or other dermatologic conditions were excluded. Patients with abnormal (<72.7 nmol/L) VD levels were eligible for 
phase 2 and to be randomized to either VD supplementation of 2000 IU/d or placebo. VD level and severity were assessed 
at baseline and 3 months.
Results: The 77 patients included in phase 1 had a mean (SD) age of 7.4 (4.5) years, and 45.5% (33/77) were female. Increased 
severity was significantly correlated with lower VD levels (P = .015). Of the 45 patients included in phase 2, 21 and 24 were 
assigned to the supplementation and placebo arm, respectively. The mean (SD) change in severity did not differ significantly 
between the supplementation (15.35 [9.71]) and placebo (15.13 [8.97]) groups after 3 months of intervention (P = .7).
Conclusion: Although VD levels correlated with AD severity, VD supplementation did not significantly improve disease 
severity.
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effects may be attributed to the ability of VD to regulate 
keratinocyte proliferation and differentiation. VD also exerts 
pluripotent effects on adaptive immune system functions, 
such as T-cell activation and dendritic cell maturation.13

Some studies have demonstrated an inverse relationship 
between serum VD level and AD severity.14,15 However, the 
results are conflicting, as other groups have found no such rela-
tionship.16,17 Furthermore, the effect of VD supplementation on 
disease modification remains unknown. In adult studies, VD3 
supplementation of 1600 IU/d for 2 months18 or 2000 IU/d for 
3 months19 significantly improved severity. In children, oral 
VD3 supplementation of 1000 IU/d has been shown to improve 
winter-related AD.20 Opposing this finding, Galli et al21 and 
Sidbury et al22 demonstrated that VD supplementation did not 
significantly influence the severity of disease in children.

While VD could potentially be a safe, effective, and 
affordable therapy, the effects of VD levels and supplemen-
tation on AD severity remain controversial. The objective of 
this study was to determine whether VD levels correlate with 
AD disease severity and if supplementation improves dis-
ease severity in children with AD.

Methods

This was a 2-phase prospective study conducted at the 
Dermatology Clinic in the Hospital for Sick Children, a tertiary 
care center in Toronto, Ontario, Canada. The hospital research 
ethics board approved the study. This study was registered on 
the PROSPERO clinical trial registry (ID: CRD42017068773).

Phase 1

The first phase was a single-center, prospective cohort study 
evaluating the relationship between serum VD levels and AD 
severity.

We identified and approached patients between the ages 
of 0 and 18 years seen at the dermatology clinic between 
October 2012 and December 2013 with a clinical diagnosis 
of AD, according to the Hanifin and Rajka criteria.23 
Exclusion criteria were patients with known renal or liver 
disease, or chronic dermatological conditions other than AD. 
See Figure 1 for the selection strategy.

Patient characteristics, disease severity, and serum VD 
levels were collected for analysis. A single dermatologist 
determined disease severity at the time of diagnosis using 
the SCORing Atopic Dermatitis (SCORAD) system.24 
Blood samples were obtained concurrently and analyzed for 
VD levels. VD status was categorized as follows: normal, 
>72.5 nmol/L; insufficient, 37.5 to 72.5 nmol/L; and defi-
cient, <37.5 nmol/L.

The primary outcome was the relationship between disease 
severity and serum VD level. Secondary outcomes included 
the frequency of VD insufficiency and deficiency status.

Phase 2

The second study phase was a single-center, double-blinded, 
randomized controlled trial (RCT) studying the effects of 
VD supplementation on disease severity.

Figure 1. Participant flow. F/U, follow-up; VD, vitamin D.
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Patients with insufficient or deficient levels of VD (<72.5 
nmol/L) from phase 1 were invited to participate in this sec-
ond phase. Patients who started phototherapy or systemic 
medications during the study were excluded. See Figure 1 
for participant flow.

Patients were randomly assigned by the hospital research 
pharmacist to either 2 drops of VD (1000 IU/drop) or identi-
cal-appearing placebo drops daily for 3 months. This ran-
domization process used a computer-generated random 
number system to maintain allocation concealment. Patients, 
parents, and physicians were blinded to the group allocation 
for the duration of the study. Both VD and placebo were 
placed in identical bottles that were returned to the pharmacy 
at the end of each study period to be weighed.

VD level and SCORAD severity were collected at base-
line and after 3 months of intervention for all patients. 
Adverse effects were also recorded.

The primary outcome was the physician-measured 
SCORAD severity after 3 months of VD supplementation. 
The secondary outcome was VD levels at 3 months.

To ensure a prevalence confidence interval (CI) with a 
maximum width of 20%, a sample size of 98 patients was 
required for phase 1. To ensure a clinically meaningful differ-
ence of 30% in the SCORAD score between both study 
groups from baseline to 3 months, with a significance level of 
5% and a power of 80%, 23 patients per group were required.

Statistical Analysis

Data were analyzed descriptively, including frequencies and 
percentages for the categorical data and means, standard 
deviations, and ranges for continuous data. Independent sam-
ples t tests and 1-way analysis of variance (ANOVA) were 
used to compare SCORAD severities between VD status 
groups. The equality of the VD treated group and the placebo 
group with respect to the mean percent change in SCORAD 
severity scores was conducted using a 1-tailed test. A general-
ized linear model was used to assess the influence of baseline 
characteristics on the changes observed. All statistical tests 
were conducted with a type I error probability of .05, and no 
adjustment was made for multiple comparisons.

Results

Phase 1

Of the 570 patients identified, 493 declined participation. Of 
the 77 who consented, 100% met the eligibility criteria and 
were included in the study. Participants were 45.5% (35/77) 
female with a mean (SD) age of 7.4 (4.5) years. Mean (SD) 
VD levels were 62.6 (27.8) nmol/L. Normal (>72.5 nmol/L) 
and abnormal (<72.5 nmol/L) VD levels were found in 
35.1% (27/77) and 64.9% (50/77) of patients, respectively. 
Of those with abnormal VD levels, 72% (36/50) were insuf-
ficient (37.5-72.5 nmol/L) and 28% (14/50) were deficient 

(<37.5 nmol/L). When analyzed based on VD status, mean 
(SD) severity scores for normal, insufficient, and deficient 
were 19.0 (11.0), 28.9 (19.2), and 24.6 (14.2), respectively. It 
was found that patients with lower VD levels had signifi-
cantly more severe AD (P = .015) (Table 1).

Phase 2

Of the eligible 50 patients with abnormal VD levels from 
phase 1, 45 patients participated in phase 2. Of these patients, 
68.9% (31/45) were VD insufficient and 31.1% (14/45) were 
deficient. Twenty-one patients (46.7%) were assigned to the 
VD supplementation group while 24 (53.3%) were allocated 
to the placebo group. There were no significant differences at 
baseline in terms of sex, age, AD severity, or VD level (Table 
2). At 3-month follow up, there was a mean (SD) SCORAD 
decrease of 15.35 (9.71) for the VD group (n = 17) and 15.13 
(8.97) for the placebo group (n = 24), P = .7. Five patients 
assigned to the VD group were lost to follow-up due to non-
compliance. The final mean (SD) VD level was significantly 
higher in the supplementation group (81.5 [23.2]) compared 
to the placebo group (41.1 [21.1], P = .001). In addition, 
there were no adverse effects observed from the study.

Discussion

Given that the relationship between VD and AD severity 
remains controversial, the present study contributes several 
important findings. Firstly, lower serum VD levels correlated 
with increased disease severity, supporting the inverse rela-
tionship suggested by previous authors. In the 2 largest stud-
ies to date, both consisting of 306 participants, a significantly 
higher serum VD level was found in patients with milder 
forms of AD.15,25 Peroni et al26 studied 37 children with mild 
(n = 13), moderate (n = 15), or severe (n = 9) AD and 
reported the same relationship. In patients with allergic sensi-
tization or those living in areas with high sun exposure, analo-
gous results were found.15,27 Akan et al28 and Baek et al29 also 

Table 1. Phase 1 (n = 77).

Characteristic Value

Female, No. (%) 35 (45.5)
Age, mean (SD), y 7.4 (4.5)
Mean vitamin D level, mean (SD), nmol/L 62.6 (27.8)
Vitamin D status, No. (%)
 Normal (>72.5 nmol/L) 27 (35.1)
 Insufficient (37.5-72.5 nmol/L) 36 (46.8)
 Deficient (<37.5 nmol/L) 14 (18.2)
SCORAD severity, mean (SD)
 Normal (>72.5 nmol/L) 19.0 (11.0) P = .015
 Insufficient (37.5-72.5 nmol/L) 28.8 (19.2)
 Deficient (<37.5 nmol/L) 24.6 (14.2)

Abbreviation: SCORAD, SCORing Atopic Dermatitis.
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supported an inverse relationship between VD level and 
severity, as they reported negative correlation coefficients of 
−0.349 and −0.020, respectively. Furthermore, a cohort study 
with 91 atopic children demonstrated that higher VD levels 
were linked with milder AD.30 However, compared to other 
studies, this group used lower SCORAD cutoffs of <15, 15 to 
40, and >40 for mild, moderate, and severe, respectively. 
Thus, the modification in SCORAD categorization may have 
overestimated the severities reported, and results from this 
article should be interpreted with caution.

While we report an inverse relationship between serum 
VD levels and AD severity, it is of note that the relationship 
is not linear. In our study, patients with the highest VD levels 
had the mildest disease. However, those with intermediate 
VD levels (37.5-72.5 nmol/L) had more severe disease than 
patients with VD levels of under 37.5 nmol/L. To our knowl-
edge, this nonlinear inverse relationship has been reported 
previously by 1 other study conducted by Cheon et al.30 In 
this cohort of 91 children, the serum VD levels were deter-
mined to be 32.7, 21.4, and 23.2 ng/mL for mild, moderate, 
and severe disease, respectively. All other studies to date 
demonstrating an inverse relationship are linear. Future 
large-scale studies would be helpful in clarifying the linear-
ity of this inverse relationship.

Despite the fact most of the available literature support VD 
as a protective factor for AD, some publications have reported 
conflicting results. A study of 123 children concluded that 
regardless of an AD family history, higher intake of VD dur-
ing the first year of life was correlated with an increased risk 
of AD development at age 6.31 In addition, cross-sectional 
studies have found a significantly reduced risk of eczema for 
cohorts with lower VD status.16,32 More recently in 2017, 
patients with moderate AD were found to have higher VD 
levels compared to those with mild disease.17 This contro-
versy may be explained by the bimodal and/or sex-specific 
factors between VD and allergic cutaneous diseases.33 It has 
also been postulated that these discrepancies are attributed to 
associations to serum IgE.34 Taken together, data on this topic 
are inconsistent, but most of the available literature appears to 
support an inverse correlation between serum VD levels and 
AD severity. While our results further promote the inverse 
relationship, a future meta-analysis is needed to confirm this 
finding.

Although improvements in AD severity using VD supple-
mentation have been reported in other studies, we were unable 
to replicate this result in our study population. Camargo et al20 
employed a similar RCT study design with 107 children and 
found a therapeutic role for VD supplementation. This group 
used a lower regimen of 1000 IU for 4 weeks and only 
recruited children with winter-related AD, which may have 
influenced their results. In addition, this study used the 
Eczema Area and Severity Index (EASI) to measure changes 
in disease severity, which makes it difficult to compare our 
findings. A smaller RCT supplementing with 2000 IU of VD2 
for 4 weeks also showed improvement in AD severity.35 
However, there were only 21 patients included in this RCT, 
diminishing the strength of evidence. Likewise, 2 other cohort 
studies using lower VD regimens of 1000 to 1200 IU also 
reported results in support of VD supplementation.36,37 
Despite the fact that benefits were shown, small sizes of 11 
and 39 were used.

This topic is highly disputed, as several other RCTs were 
unable to find a significant change in disease severity when 
treating with VD supplements. Corresponding to our study, 
Galli et al21 used 2000 IU of VD for 3 months and reported 
no reduction in AD severity. Moreover, this RCT used a 
larger and more reliable sample size of 89 patients, further 
supporting our findings. However, lower dosing regimens of 
1000 IU for 4 weeks have also demonstrated similar results.22 
While the safe upper limit of VD supplementation is deter-
mined to be 4000 IU per day, there is no established dose or 
duration that has been proven to show notable therapeutic 
differences in disease severity. Furthermore, to our knowl-
edge, the effects of VD supplementation over 2000 IU have 
not been studied. It may be possible that a higher regimen is 
needed to observe the true effect of VD supplementation. 
The variation in regimens and severity assessments used by 
authors may be contributing to the inconsistent literature 
reported. This highlights the need for a large prospective 
RCT with the use of differing VD doses and durations to 
establish the most effective supplementation regimen.

Limitations

Although this study provides insightful information regarding 
the relationship of VD and pediatric AD, it is not without its 

Table 2. Phase 2 (n = 45).

Characteristic VD (n = 21) Placebo (n = 24) P Value

Female, No. (%) 11 (52.4) 10 (41.7 .9
Age, mean (SD), y 8.1 (4.1) 8.5 (5.1) .3
Baseline vitamin D level, mean (SD), nmol/L 47.1 (15.2) 42.1 (15.8) .3
Final vitamin D level, mean (SD), nmol/L 81.5 (23.2) 41.1 (21.1) .0001
Baseline SCORAD score, mean (SD) 27.3 (17.8) 24.4 (15.4) .6
Final SCORAD score, mean (SD) 15.4 (9.7) 15.1 (9.0) .9
SCORAD score change, mean (SD) 15.4 (9.7) 15.3 (9.0) .7

Abbreviations: SCORAD, SCORing Atopic Dermatitis; VD, vitamin D.
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limitations. The first limitation is the relatively small sample 
size of eligible patients. As only 45 children were eligible for 
randomization, it is possible that the restricted number of par-
ticipants contributed to the lack of statistical significance 
reported in our results. Second, this study was done in a coun-
try with limited ultraviolet exposure, making it difficult to 
extrapolate to other areas of the world. As climate and ultra-
violet exposure are known to play a role in AD,38,39 a more 
comprehensive patient selection process across multiple 
countries and seasons could help mitigate this bias. Last, this 
study was completed in a multicultural country with a diverse 
patient population. Differing skin types and ethnicities may 
have been a confounding factor that influenced our study.

Conclusion

In conclusion, there was an inverse correlation found between 
serum VD levels and AD severity, supporting the majority of 
the published literature. However, 2000 IU of VD supple-
mentation daily for 3 months in patients with AD who were 
deficient or insufficient did not significantly improve disease 
severity. The lack of an established dosing regimen showing 
beneficial effects of VD supplementation may have contrib-
uted to the inconsistent data. Future studies with larger sam-
ple sizes and various VD dosing regimens are needed to 
clarify the role of VD in reducing AD severity.
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