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Abstract

Background: Recent studies implicated the importance of vitamin D in innate immune

defense and pathogenesis of allergic diseases. However, the impact of vitamin D

deficiency on atopic dermatitis (AD) diagnosis and severity remains unclear. This

case–control study investigated such relationship in Hong Kong Chinese children.

Methods: Serum 25-hydroxyvitamin D [25(OH)D] levels of 498 AD children and 328

non-allergic controls were measured by immunoassay. Subjects were categorized into

deficient (<25 nM), insufficient (25–49.9 nM), and sufficient (≥50 nM) groups. Short-

term and long-term AD severity was evaluated by physician-diagnosed SCORing

Atopic Dermatitis (SCORAD) and Nottingham Eczema Severity Score (NESS),

respectively. Atopy biomarkers were also measured for analysis.

Results: The mean (s.d.) serum 25(OH)D levels in AD patients and controls were 28.9

(15.3) and 34.2 (14.5) nM, respectively (p < 0.001). More patients had serum 25(OH)D

levels <25 nM than controls (47.8% vs. 26.6%). AD severity as indicated by both

SCORAD andNESS showed inverse associations with serum 25(OH)D levels (respective

p = 3.6 9 10�4 and 0.004 when adjusted for age, sex, month of assessment, and

immunoassay batch as covariates). VitaminD-deficient patients (3.08 � 0.76) had higher

logarithm-transformed total IgE than those with insufficient (2.74 � 0.69) and sufficient

(2.72 � 0.72) serum25(OH)D levels (p < 0.001). The proportionof subjectswith elevated

IgE was higher in vitamin D-deficient (43.2%) than vitamin D-sufficient (20.0%) groups.

Conclusions: VitaminD deficiency and insufficiency are prevalent inHongKongChinese

children. Vitamin D deficiency is associated with childhood AD and high total IgE.

Serum 25(OH)D levels correlate inversely with both long- and short-term AD severity.

Vitamin D is well known to be an important nutrient to bone

health, which also serves as a hormone involved in obesity,

cancer, cardiovascular diseases, immune function, and mater-

nal/fetal health (1). Besides, vitamin D has emerged as a new

contributor to immune regulations as well as the outcome of

immune responses (2, 3). The protective role of vitamin D

against allergy was supported by the associations between low

serum 25-hydroxyvitamin D [25(OH)D] levels and higher rates

of asthma, food allergy, and IgE sensitization (4). However,

other reports suggested high vitamin D intake to be associated

with increased prevalence of atopic manifestations in children.

Oral supplement with cod liver oil increased risk of asthma and

hay fever, and high maternal serum vitamin D during

pregnancy increased the risk of infant eczema at 9 months.

Studies at cellular and molecular level reported that the active

form of vitamin D 1a,25(OH)2D increased cathelicidin in

macrophages, lead to skew to T helper 2 response in T cells, as

well as reduce maturation and migration of dendritic cells,

lessen IgE production in B cells (5).

Atopic dermatitis (AD) is a common chronic allergic disease

which prevalence is estimated to be 15–30% in children and

2–10% in adults (6). The incidence of eczema is higher in urban

areas and in families with higher socioeconomic status. The

prevalence of eczema ever was 19.3% in Hong Kong school-

children (7). Regarding the impact of vitamin D to eczema, a

small study of 37 eczema children found significant correlation

between serum 25(OH)D levels and AD severity (8). In

contrast, Allen et al. (9) did not find significant association

between eczema and low serum 25(OH)D levels among 577

Australian infants who participated in the population-based
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HealthNuts study. Nonetheless, those with vitamin D insuffi-

ciency were more likely to be peanut and/or egg allergic.

Prospective studies reported contradictory findings on this

topic. Whereas one study linked higher vitamin D levels with

increased risk of flexural dermatitis (10), a Finnish population-

based birth cohort found that maternal vitamin D intake

during pregnancy was not associated with risk of atopic eczema

when children were assessed at 5 years (11). Another birth

cohort of 231 high-risk Australian infants observed that lower

25(OH)D levels in cord blood were more common among

infants that developed eczema (12). Serum 25(OH)D levels

were, however, not associated with allergen sensitization, IgE-

mediated food allergy, and eczema severity as measured by

SCORing Atopic Dermatitis (SCORAD).

A murine study showed that vitamin D receptor activation

improved allergen-triggered eczema (13). However, clinical

trials of vitamin D yielded conflicting results. Hata et al. (14)

found among 14 eczema patients that daily administration of

4000 IU vitamin D increased expression of the antimicrobial

peptide cathelicidin in lesional biopsies. Small case series

suggested that vitamin D supplementation improved AD

severity in children (15) and adults (16). However, the

therapeutic efficacy of vitamin D on AD remains poorly

defined in view of conflicting results reported in several

randomized, double-blind, and placebo-controlled studies

(17–19). In the present study, we measured serum 25(OH)D

level in a case–control cohort of Chinese children to investigate

the relationship between vitamin D and childhood AD.

Patients and methods

Study population

This case–control study was consisted of 826 unrelated Hong

Kong (22ºN) Chinese children (498 AD cases and 328 non-

allergic controls) (20). Patients with AD were younger than

18 years old, and their AD was diagnosed according to the

criteria by Hanifin and Rajka (21). AD patients were recruited

from both pediatric clinics of our university-affiliated teaching

hospital (n = 403) and secondary schools that participated in a

local epidemiological study for obesity and diabetes (n = 95)

(20, 22). All controls did not report any AD, asthma and

allergic rhinitis using the validated Chinese version of Inter-

national Study of Asthma and Allergy in Childhood (ISAAC)

questionnaire (23), who were participants of our epidemiolog-

ical study described above (20, 22). Short-term AD severity

within preceding three days was determined by pediatric

dermatologist using objective SCORAD (24), with the cutoff

values for moderate and severe disease being 15 and 40,

respectively. Long-term AD severity in the preceding

12 months was reported by caregivers using the self-adminis-

tered Nottingham Eczema Severity Score (NESS) (25). Scores

of 8 and 12 were the cutoffs for moderate and severe AD,

respectively. These severity scores were only recorded in the

subgroup of patients from our pediatric dermatology and

allergy clinics. All subjects were free from any respiratory

infection for 4 weeks before study. Subjects and their parents

gave informed written consent, and Joint Chinese University

of Hong Kong-New Territories East Cluster Clinical Research

Ethics Committee approved this study.

Serum 25-hydroxyvitamin D measurement

The concentration of 25(OH)D in serum samples was measured

using enzyme immunoassay (Immunodiagnostic Systems Ltd,

Boldon, Tyne and Wear, UK). The intra- and interassay

coefficients of variation were 3.3% and 6.5%. Serum 25(OH)D

levels were shown by regression standardized residual plots to

follow normal data distribution, which were categorized into

deficient (<25 nM), insufficient (25–49.9 nM), and sufficient

(≥50 nM) groups according to Institute of Medicine (IOM)

reference (26).

Atopy markers

Plasma total immunoglobulin E (IgE) concentration was

measured by microparticle immunoassay (IMx analyzer;

Abbott Laboratories, Abbott Park, IL, USA), which was

logarithm-transformed before analysis (logIgE). Increased IgE

levels were determined based on local age-specific references.

Circulating eosinophils were enumerated using a Coulter STKS

counter (Beckman-Coulter, Miami, FL, USA) and were

expressed in terms of percentage of total leukocytes (eos%).

Eos% ≥5% was considered to be increased (27). Children’s

atopy status was determined by positivity to at least one locally

important allergen among house dust mites, cat, and cock-

roaches by skin prick test (SPT; wheal ≥3 mm larger than

negative control) or specific IgE testing by radioallergosorbent

test (≥0.35 kIU/l) (28, 29).

Statistical analysis

Data were expressed in number and percentage or mean and

standard deviation (s.d.) as appropriate. Differences between

cases and controls were analyzed by Student t test for

numerical variables or v2 or Fisher’s exact test for categorical
data. Comparisons between groups were made using analysis

of variance (ANOVA) in conjunction with Tukey’s post hoc test.

Age, sex, month of assessment, and batch of immunoassay

measurements were included as covariates in the regression

analysis for serum vitamin D level, and age and sex were

adjusted for total IgE analysis. All comparisons were

made two-tailed using statistical package R version 2.15.1

(R Foundation for Statistical Computing, Vienna, Austria),

with the level of significance set at 0.05.

Results

Table 1 describes subjects’ clinical characteristics. The mean

(s.d.) age of AD patients and controls was 10.5 (3.9) and 12.3

(4.1) years, respectively. Both total IgE level and eos% were

higher in cases then controls. On the other hand, serum 25(OH)

D levels were higher in controls than patients (mean [s.d.]: 34.2

[14.5] vs. 28.9 [15.3] nM; p < 0.001). The proportion of subjects

with serum 25(OH)D levels <50 nM was similar between cases

and controls (88.8% vs. 87.8%; p = 0.760), but more AD
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patients had serum 25(OH)D levels <25 nM than controls

(47.8% vs. 26.6%; Fig. 1).

Data for SCORAD and NESS were available for 306 and

290 AD cases, respectively. Patients with and without severity

data were similar for age, sex, and proportions with increased

total IgE and eos% (p > 0.1 for all). One hundred and four,

129 and 73 patients had mild, moderate and severe AD by

SCORAD, and 71, 103 and 116 patients by NESS, respectively.

Serum 25(OH)D levels showed inverse associations with short-

term and long-term AD severity (Fig. 2). Patients with vitamin

D deficiency had higher LogIgE (3.08 � 0.76) than those in the

insufficient or sufficient groups (Fig. 3). Besides, the percent-

age of control subjects with increased total IgE was inversely

related to serum 25(OH)D groups (p = 0.040; Table 2). Such

association was not found among patients. Atopy was in

general not associated with vitamin D status. Nonetheless,

differences in atopy percentage between AD and controls

observed at lower serum 25(OH)D levels were not detected

among subjects whose levels exceeded 60 nM (Fig. 4).

Discussion

This case–control study provides the first evidence for the

association between vitamin D and AD in the Chinese

population. High prevalence of vitamin D deficiency was

found in Hong Kong children and adolescents. Specifically,

serum 25(OH)D levels were lower in AD than controls, which

also showed inverse correlation with both SCORAD and

NESS for disease severity. Furthermore, vitamin D-deficient

patients had higher logIgE than those with insufficient and

sufficient serum 25(OH)D levels.

Despite the well-known effect on bone health, vitamin D

pathway emerged as a new regulatory mechanism for immune

responses (3). There are two sources of vitamin D, with the

major one being the conversion of 7-dehydrocholesterol to pre-

vitamin D3 by ultraviolet-B from sunlight exposure. Intake of

vitamin D3 from foods such as oily fish and cod liver oil is the

other source. Inactive vitamin D is then metabolized to the

major circulating form 25(OH)D, with a long half-life of more

than two weeks, by CYP2R1 in microsomes and CYP27A1 in

liver that encode 25-hydroxylase. The activated form of

vitamin D (1a,25(OH)2D or calcitriol) is made following

further hydroxylation step at C-1 position, which is trans-

ported via circulation to the nuclei of target cells by the group-

specific components vitamin D-binding protein. The binding of

1a,25(OH)2D to vitamin D receptor (VDR) results in hetero-

Table 1 Clinical characteristics in our atopic dermatitis (AD) patients

and controls

AD

(n = 498)

Control

(n = 328) p-value

Age, years 10.5 � 3.9 12.3 � 4.1 <0.001

Male 287 (57.6) 187 (57.0) 0.917

25(OH)D, nM 28.9 � 15.3 34.2 � 14.5 <0.001

LogIgE 2.90 � 0.74 1.95 � 0.68 <0.001

Increased

plasma

total IgE

416 (83.7) 117 (35.8) <0.001

Atopy* 433 (93.1) 156 (47.6) <0.001

Peripheral

blood

eosinophils†,%

8 (5–11) ND –

25(OH)D, 25-hydroxyvitamin D; LogIgE, logarithm-transformed

plasma total IgE level; ND, not done.

Results presented in mean � s.d. or number (percentage) unless

stated otherwise.

*Defined as positive results by either skin prick tests or allergen-

specific IgE in peripheral blood.

†Expressed as median (interquartile range).

2 test χ p < 0.001 
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Figure 1 Distribution of different status of serum 25(OH)D levels in

AD patients and controls (p-value obtained by v2 test).

Table 2 Association between atopy markers and groups of serum 25

(OH)D levels

Vitamin D status AD Control

Atopy

Deficient (<25 nM) 93.6% 46.6%

Insufficient (25–50 nM) 93.2% 46.0%

Sufficient (>50 nM) 90.7% 57.5%

p-value* 0.755 0.404

Increased plasma total IgE

Deficient (<25 nM) 86.5% 43.2%

Insufficient (25–50 nM) 81.4% 35.7%

Sufficient (>50 nM) 80.4% 20.0%

p-value* 0.269 0.040

Increased eos%

Deficient (<25 nM) 78.6% ND

Insufficient (25–50 nM) 76.4% ND

Sufficient (>50 nM) 75.6% ND

p-value* 0.857 –

AD, atopic dermatitis; eos%, percentage of eosinophils among

leukocytes in peripheral blood; ND, not done.

*Analyzed by v2 tests separately for control and AD groups.

ª 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 3

Wang et al. Atopic dermatitis and vitamin D deficiency



dimerization with retinoid X receptors and regulation of the

transcription of vitamin D responsive genes (30).

Our study found vitamin D deficiency to be strongly

associated with childhood AD, and serum 25(OH)D levels

inversely correlated with short-term and long-term disease

severity. These results were consistent with those reported in a

recent Italian study (8). A number of clinical trials supported

that targeting vitamin D metabolism and signaling might be an

effective treatment for AD. Sidbury et al. (15) recruited 11

children with mostly mild AD to receive ergocalciferol 1000 IU

or an identical-looking placebo once daily for 1 month.

Vitamin D-treated patients had significant improvement in

investigator’s global assessment but not disease severity.

Another short-term clinical trial found 1600 IU vitamin D

daily to reduce disease severity in adults with AD (17). In a case

series of 20 Caucasian adults who had low 25(OH)D levels and

history of skin infections and winter AD exacerbations,

Samochocki et al. (16) reported that a 3-month supplementa-

tion with 2000 IU/day cholecalciferol improved their disease

severity. Such benefit might be explained by the observations

that 1a,25(OH)2D increased in vitro cathelicidin expression and

antimicrobial activity in keratinocytes (31), which can help to

restore an effective epidermal barrier. The frequency of

bacterial skin infections was also higher in AD patients with

lower serum 25(OH)D levels (16). Daily administration of

4000 IU vitamin D enhanced cathelicidin expressions in a case

series of 14 eczema patients (14). The same group subsequently

randomized 30 subjects with AD, 30 non-atopic subjects, and

16 subjects with psoriasis to receive 4000 IU of cholecalciferol

or placebo for 21 days (18). In contrary to their earlier

findings, there was no change in skin cathelicidin or AD

severity among vitamin D-treated subjects despite an increase

in serum 25(OH)D levels. On the other hand, another

randomized, double-blind, placebo-controlled clinical trial

showed that AD patients receiving daily dose of 1600 IU

cholecalciferol for 60 days had significant improvement in

SCORAD and Three Item Severity score (19). Larger ran-

domized controlled trials of longer duration are thus needed to

delineate the benefits of vitamin D treatment for AD.

There is no universal agreement about the cutoff value of

serum 25(OH)D level that defines vitamin D deficiency. Our

study followed IOM’s recommendation to define vitamin D

sufficiency at the 50 nM cutoff for serum 25(OH)D, whereas

others suggested a cutoff of 75 nM (32). Ethnicity was a major

factor that determines vitamin D level (18, 33). Several groups
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Figure 2 Relationship between serum 25(OH)D levels and (a) short-

term AD severity by SCORing Atopic Dermatitis (SCORAD) and (b)

long-term AD severity by NESS. The respective p-values obtained by

multivariate regression were 0.0004 and 0.004 following adjustment

for age, sex, month of assessment, and batch of immunoassay

measurements as covariates.
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p-values for trend in AD patients and controls were <0.001 and 0.092,

respectively. Between-group differences were analyzed by Tukey’s

post hoc test.
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reported high prevalence of vitamin D deficiency in Chinese. At

75 nM cutoff, a study in Hangzhou (latitude: 30ºN) found

vitamin D deficiency in nearly 90% of schoolchildren (34).

Another study of 332 healthy adolescent girls in Beijing (40ºN)

also reported a prevalence of 90% for vitamin D deficiency at

50 nM cutoff. Based on the threshold 25 nM, this study found

47.8% and 26.6% for vitamin D deficiency among AD patients

and non-allergic controls, respectively (Fig. 1). Our findings

supported that vitamin D deficiency was also prevalent in

Hong Kong Chinese children.

It is worth noting that the above cutoff values for vitamin D

deficiency are based primarily on researches on bone health,

whereas the optimal threshold for vitamin D level that reflects

normal immunity remains unknown. Accordingly, this study

compared serum 25(OH)D levels between cases and non-allergic

controls.Nearlyhalfofpatientshadserum25(OH)Dlevel<25 nM,

which was 80% higher than controls. Besides, serum 25(OH)D

level correlated inversely with both short-term and long-term

disease severity in our patients. Total IgE was also higher among

patients with low serum 25(OH)D levels, and the proportion of

subjectswith increased total IgEdecreasedwith increasing25(OH)

D levels in our controls. These results supported an association

between atopy and vitamin D deficiency (35).

The main drawback of this study relates to the unavailability

of clinical factors such as subjects’ physical activity, duration of

outdoor and thus sunlight exposure, and detailed dietary intakes

that regulate vitamin D homeostasis. Prospective cohorts are

needed to accurately address the influences of these confounders

on vitamin D deficiency. Another limitation is caused by the

choice of laboratory assay for measuring 25(OH)D. The

International Vitamin D External Quality Assessment Scheme

compared 25(OH)D results obtained by different methods with

the all-laboratory trimmed mean (ALTM). The immunoassay

that we used in this study yielded results close to the target value,

but which were lower than ALTM across the whole range. Bias

was evident at 25(OH)D concentration >80 nM (36). To inves-

tigate this issue in this study, we randomly selected 10 samples in

each of low,medium, and high ranges for serum25(OH)D levels.

Such samples were re-analyzed using liquid chromatography

mass spectrophotometry, which yielded higher 25(OH)D levels

than by our immunoassay (means in nM: 48.1 vs. 41.5). Thus, this

study overestimated to some extent the prevalence of vitamin D

deficiency in Chinese children. Nonetheless, this methodological

issue would not affect our results on case–control association
between AD and vitamin D deficiency and relationship between

serum 25(OH)D levels and AD severity. In addition, our AD

patients were recruited from both pediatric clinics and local

community, whereas the controls came only from the same

community study. This raised the concern regarding the repre-

sentativeness of our controls. From Table 1, the phenotypes of

total IgE and atopy from allergen sensitization in both cases and

controls were similar to what we reported in local hospital-based

and community studies (20, 22, 37–39). These groups were

matched for sex, but our controls were older than patients. The

latter was expected given that our controls came from secondary

schools. As atopic phenotypes are evolving in young children,

secondary schools were selected as the reference population for

our controls so that we were more confident that they were free

from any ever history of allergic disease. Thus, we believe that

our controls were representative of the general childhood

population in Hong Kong.

In summary, vitamin D deficiency was associated with AD

diagnosis and high total IgE levels in Hong Kong Chinese

children. Vitamin D levels showed inverse correlation with

both long- and short-term AD severity. Randomized placebo-

controlled clinical trials are necessary to address the benefits of

vitamin D treatment on AD outcomes.
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