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Serum vitamin D status in a cohort of infants with food
protein-induced gastrointestinal disease
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Abstract. Increases in the prevalence of food allergy and
vitamin D deficiency have been observed in recent years.
The association between vitamin D levels and food allergy
remains to be fully elucidated, and research focused on the
prevalence of vitamin D insufficiency in infants with food
protein-induced gastrointestinal disease in Chengdu, Sichuan
is lacking. Thus, the present study aimed to determine the
prevalence and clinical characteristics of serum 25 hydroxyvi-
tamin D [25-(OH)D] insufficiency and sufficiency in infants
with food protein-induced gastrointestinal disease. The
present study also aimed to identify the potential predisposing
factors of 25-(OH)D insufficiency. The present retrospective
study analyzed data obtained from Chengdu Women's and
Children's Central Hospital spanning between June 2021 and
February 2022. Children with a confirmed diagnosis of food
protein-induced gastrointestinal disease were enrolled in the
present study. Blood indicators, including serum 25-(OH)D,
serum total immunoglobulin E (IgE), specific IgE against
allergens, and hemoglobin were measured during the course
of the disease. Clinical characteristics of patients and blood
examination results were obtained from the hospital electronic
database. A total of 361 patients were included in the study
group and 45 healthy individuals were included in the control

Correspondence to: Dr Xiao-Li Xie, Department of Pediatric
Infection and Gastroenterology, Chengdu Women and Children's
Central Hospital, School of Medicine, University of Electronic
Science and Technology, 1,617 Riyue Road, Qingyang, Chengdu,
Sichuan 611731, PR. China

E-mail: xxlilye@qq.com

*Contributed equally

Key words: gastrointestinal food allergy, vitamin D, 25 hydroxy-
vitamin D, pediatrics, immunoglobulin E

group. The results of the present study demonstrated that
serum 25-(OH)D levels of infants with protein-induced gastro-
intestinal disease were significantly lower compared with the
control group. Notably, female participants with higher serum
total IgE levels exhibited insufficient serum 25-(OH)D levels.
However, the results of the logistic regression analysis revealed
no predisposing factors associated with serum 25-(OH)D
insufficiency. In conclusion, infants with food protein-induced
gastrointestinal disease may exhibit a higher risk of low serum
25-(OH)D levels and this risk may be greater in females with
higher total IgE.

Introduction

In both developed and developing countries, the prevalence of
pediatric food allergy has increased in recent years (1). Food
protein-induced gastrointestinal disease is characterized by
adverse reactions to a food protein that may lead to various
dysfunctions of the digestive system (2). To date, three etio-
logical models, including the vitamin D, hygiene hypothesis
and dual allergen exposure hypothesis have been proposed to
determine the mechanisms underlying food allergy (3).

Vitamin D is a fat-soluble vitamin obtained from relatively
few dietary sources, such as oily fish and egg yolks. It is also
produced following skin exposure to sunlight (UVB). Serum
25-hydroxyvitamin D [25-(OH)D] is the major metabolic form
of vitamin D that acts as a reliable indicator for monitoring
vitamin D levels (4). The results of previous studies demon-
strated that vitamin D is active throughout the immune system,
and vitamin D deficiency is present in numerous extra-skeletal
diseases, including food allergies (5-7). Notably, vitamin D
prevents food allergies by reducing the immune response,
promoting immune tolerance, and maintaining intestinal
barrier function (8).

The association between vitamin D and food allergy may
be attributed to several factors. Notably, multiple factors may
impact the levels of vitamin D, such as sun exposure, season
of birth, race, lifestyle, place of residence, ethnicity, age, and
use of vitamin D supplementation (9). Moreover, there is a
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lack of consensus among academics and government agencies
regarding the optimal vitamin D levels required for optimal
health (10). Additionally, an individual's genetic background
may also impact the individual levels of vitamin D (11). Reduced
levels of vitamin D-binding protein leads to higher vitamin D
bioavailability and the genotype of vitamin D-binding protein
can be stratified into low (GT/TT genotype) and high (GG
genotype). The results of a previous study demonstrated that
children with the GG genotype exhibited higher vitamin D
insufficiency polymorphisms when compared with children
with the GT/TT genotype. Pre-pregnancy vitamin D supple-
mentation may have a protective effect against food allergy,
particularly in infants with the GT/TT genotype (12).
However, the definition of food allergy may vary, and this may
be determined via the diagnosis of a physician, observed food
sensitization, or test-proven food allergy (13-15).

The present study aimed to investigate the levels of
vitamin D in infants with a protein-induced gastrointestinal
disease that was diagnosed in the Chengdu Women's and
Children's Central Hospital (Chengdu, China). The present
study also aimed to determine differences in the clinical
features of infants with different vitamin D levels, and the
potential predisposing factors for food protein-induced
gastrointestinal disease.

Materials and methods

Research participants. The present retrospective study was
performed at the Chengdu Women and Children's Central
Hospital between June 2021 and February 2022. Infants with
food allergies were initially diagnosed by a pediatric gastro-
enterologist based on their medical history, clinical symptoms,
and physical examinations, and diagnoses were confirmed via
an oral food test. Children with no gastrointestinal symptoms,
concomitant non-atopic comorbidities (such as chronic kidney
or liver disease, cerebral palsy, or a history of bowel surgery
combined with severe cardiopulmonary disease) or a lack of
response to the oral food test were excluded from the present
study. Gastrointestinal symptoms included vomiting, diarrhea,
gastrointestinal bleeding, reflux, feeding difficulties, food
refusal, abdominal pain, bloating, and constipation. A total of
361 infants with food protein-induced gastrointestinal disease
were recruited as the study group. 44% (159/361) of the cohort
were female and the median age was 7 months and 16 days
[interquartile range (IQR), 5-13 months]. A total of 45 healthy
individuals were recruited as age-matched controls. These
children received routine childcare without any underlying
disease.

Serum 25-(OH)D levels, total immunoglobulin E (IgE),
specific IgE (sIgE) against allergens, white blood cell counts,
hemoglobin levels, and peripheral blood eosinophil counts
were measured. Vitamin D levels at =75 nmol/l were indicative
of sufficiency, vitamin D levels at <75 nmol/l were indicative
of insufficiency, and vitamin D levels at <50 nmol/l were
indicative of deficiency. Inpatients underwent a face-to-face
survey during hospitalization. The survey included the
following terms: i) Infant feeding, including feeding methods
after birth and the potential introduction of solid foods at 6
months of age; ii) vitamins, including vitamin D supplemen-
tation in mothers during pregnancy and lactation, vitamin D

supplementation in infants after birth, and vitamin D dosage
and frequency; and iii) family history, including a history of
allergic diseases in family members that were diagnosed by
healthcare professionals.

Measurement of serum sIgE levels. Total IgE and sIgE levels
targeting a panel of food allergens, including milk,egg,soybean,
wheat flour, peanut, cashew nuts, shrimp, lobster/scallop, shell-
fish, cod, salmon, crab, lamb, beef, and mango were measured.
Infants with sIgE values of =0.35 IU/ml and total IgE values
based on age (newborn, >1.5 IU/ml; 1 month-1 year of age,
>15 IU/ml; 1-5 years of age, >60 IU/ml; 6-9 years of age,
>90 IU/ml; 10-15 years of age, >200 U/ml; and =15 years of
age, >100 IU/ml) were classified as increased.

Statistical analysis. Categorical variables are presented as
frequencies and percentages, and continuous variables are
presented as the mean + standard deviation. An unpaired
Student's t-test was used for comparisons between age and
serum 25-(OH)D levels. A x? test was used for comparisons
between sex and clinical characteristics. Logistic regres-
sion analysis was used to analyze the potential association
between 25-(OH)D levels and food allergy. Types of allergens,
number of allergens, age, and sex were considered as poten-
tial confounders. Potential predisposing factors, including
vitamin D supplementation during pregnancy and lactation,
vitamin D supplementation after birth, infant feeding after
birth, and the introduction of solid food at 6 months of age
were analyzed using logistic regression analysis, and age, sex,
family history and number of siblings were set as potential
confounders. A forward stepwise method was used to remove
variables that were not significant. Variables with a P-value
<0.10 in the univariate analysis were entered into the logistic
regression model. All statistical analyses were performed
using SPSS version 27 (IBM Corp.). P<0.05 was considered to
indicate a statistically significant difference.

Results

A total of 361 infants with food protein-induced gastrointes-
tinal disease were included in the present study. Of these, 298
infants were outpatients, and 63 infants were inpatients. Serum
25-(OH)D levels ranged from 17.40-150.19 nmol/l with a mean
value of 83.31 nmol/l. In total, 38.22% (138/361) of the infants
exhibited low serum 25-(OH)D levels at <75 nmol/I. A total
of 5.54% (20/361) of infants exhibited vitamin D deficiency
with levels of <50 nmol/l and 32.69% (118/361) of infants were
vitamin D insufficient, with levels of 50-75 nmol/l. Notably,
serum 25-(OH)D levels were significantly lower in patients
than in healthy controls, and there were no significant differ-
ences in age or sex (Table I).

Patients with sufficient and insufficient serum 25-(OH)D
levels were compared to determine the potential associations
between patient demographics and clinical characteristics
with vitamin D (Table II). The results of the present study
demonstrated that the concentration of serum 25-(OH)D
varied in infants with food protein-induced gastrointestinal
disease. Mean serum 25-(OH)D levels in infants with low
serum 25-(OH)] levels were significantly lower than in
infants with normal serum 25-(OH)D levels. The results of
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Table I. Comparison of 25(OH)-D levels between children affected by food protein-induced gastrointestinal diseases and healthy

children.
Parameter Patients, n=361 Healthy group, n=45 N P-value
Age, months® 9.50+6.5 8.22+6.04 - 0.2
Sex, n (%) 0.67 041
Male 202 (56) 18 (40)
Female 159 (44) 27 (60)
25-(OH)D, nmol/I° 83.31+22.50 103.04+47.30 - 0.005*

"P<0.01. *Mean = standard deviation. 25-(OH)D, 25 hydroxyvitamin D.

Table II. Demographics and clinical characteristics between children affected by food protein-induced gastrointestinal diseases

based on serum 25-(OH)D levels.

Characteristic <75 nmol/l, n=138 =75 nmol/l, n=223 x> P-value
25-(OH)D, nmol/1 61.68+x12.31 96.70+16.03 - <0.001°¢
Age, months 9.89+7.80 9.26+5.59 - 0414
Sex, n (%) 9.62 0.002°
Male 63 (45.65) 139 (62.33)
Female 75 (54.35) 84 (37.67)
Clinical characteristics, n (%)
Gastrointestinal bleeding 55 (39.86) 83 (37.22) 0.03* 0.87
Diarrhea 58 (42.03) 80 (35.88) 0.04* 0.85
Vomiting/reflex 14 (10.10) 17 (7.62) 0.70 041
Constipation 12 (8.70) 19 (8.52) 0.003° 0.95
Food difficulty/bloating 17 (9.30) 31 (13.90) 0.19 0.67
Atopic dermatitis 10 (7.25) 15 (6.73) 0.04* 0.85

1P<0.05,*P<0.01, °P<0.001. 25-(OH)D, 25 hydroxyvitamin D.

the present study demonstrated that females exhibited higher
levels of insufficient serum 25-(OH)D than males; however,
there was no significant association between the levels of
serum 25-(OH)D and age. Moreover, there were no significant
differences in white blood cell count, hemoglobin levels, and
eosinophil ratios between infants with insufficient 25-(OH)D
and sufficient 25-(OH)D levels.

The results of the logistic regression analysis indicated that
patients with higher total IgE levels exhibited insufficient serum
25-(OH)D levels. Notably, this result remained significant when
adjusted for sex (Table IIT). However, there were no predisposing
factors associated with insufficient serum 25-(OH)D Ilevels in
infants with food protein-induced gastrointestinal disease.

Discussion

Clinical studies have yielded conflicting results regarding the
potential association between vitamin D levels and the devel-
opment of food allergies or sensitization (16). The results of
a previous study demonstrated that pre-school-aged children
with high 25(OH)D levels (=75 nmol/l) exhibited a two-fold
increased risk for food allergy development compared with

infants with low 25(OH)D levels (50-74.9 nmol/l) (17). By
contrast, Foong et al (18) demonstrated that infants with
non-IgE-mediated gastrointestinal food allergy were at risk of
low vitamin D levels. Moreover, a previous study also demon-
strated that infants with food allergies exhibited significantly
lower vitamin D levels than controls (19). However, no significant
difference was observed in the levels of vitamin D between
infants with cow's milk protein allergy and controls (20).

At present, the optimal levels of vitamin D for preventing
food allergy remain to be established. Levels of vitamin D suffi-
ciency at >50 nmol/l are required for maintaining healthy bone
mineralization, and calcium and phosphorus metabolism (21).
The results of the present study demonstrated notable differ-
ences in vitamin D levels between infants with gastrointestinal
food allergy and healthy controls and determined that vitamin D
levels may play an important role in gastrointestinal food allergy.
Although vitamin D levels were lower in children with food
protein-induced gastrointestinal disease when compared with
healthy controls, only 5.54% (20/361) of infants exhibited vitamin
D levels <50 nmol/l. Therefore, vitamin D supplementation is
recommended in infants with food protein-induced gastroin-
testinal disease, and excessive vitamin D supplementation in
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Table III. Logistic regression analysis of sufficient vs. insufficient levels of 25-(OH)D.

Unadjusted Adjusted®
Variable OR 95% CI P-value OR 95% CI P-value
Sex 0.468 0.295~0.742 0.001° 0.429 0.266~0.690 <0.001°
Total IgE 0.996 0.994~0.999 0.004* 0.996 0.994~0.998 0.001°

1P<0.01, °P<0.001. ‘Adjusted for sex. IgE, immunoglobulin E; 25-(OH)D, 25 hydroxyvitamin D; CI, confidence interval; OR, odds ratio.

infants without disease is not required. However, the appropriate
supplemental dose needs to be further studied.

Clinical characteristics, such as age, sex, allergen type, and
clinical symptoms may be associated with vitamin D insuf-
ficiency. The results of a previous study demonstrated that
patients with eosinophilic esophagitis with insufficient vitamin
D levels were older, and the proportion of patients with food
impaction was larger, compared with patients with sufficient
vitamin D levels (22). Moreover, the results of previous studies
demonstrated that females had lower vitamin D levels and a
lower incidence of gastrointestinal food allergies, and patients
with lower vitamin D levels were older (18,23). The results
of the present study were consistent with those of previous
studies, demonstrating that females were at a high risk of
developing insufficient vitamin D levels; however, a higher
number of males presented with food allergies. Slack et al (22)
revealed that a positive skin prick test reaction to peanuts was
more common in patients with insufficient vitamin D levels,
and Kostara et al (19) revealed that multiple-sensitized chil-
dren exhibited significantly lower vitamin D levels. However,
the results of the present study demonstrated no significant
differences in allergen type or number between children with
sufficient and insufficient vitamin D levels.

Mechanistically, vitamin D contributes to immune toler-
ance through the induction of tolerogenic dendritic cells and
regulatory T cells, and the inhibition of IgE production in B
cells (8). The results of a previous animal study demonstrated
that vitamin D receptors, directly and indirectly, regulated IgE
production in B cells, and vitamin D acts as an environmental
factor that contributes to the maintenance of a low serum IgE
response through vitamin D receptors (24). Similar to the
results of previous studies (23,25), the results of the present
study revealed that total IgE levels were associated with
low vitamin D status in allergic diseases. However, further
investigations into the precise mechanisms underlying the
development of this inflammatory condition are required.

Research into vitamin D supplementation for primary
allergy prevention is lacking. A randomized controlled and
double-blinded study investigated the effects of vitamin D
supplementation in early infancy on the allergy outcomes of
high-risk infants with sufficient vitamin D levels at birth. The
results revealed no statistically significant differences between
the vitamin D-supplemented and placebo groups in the inci-
dence of allergic disease outcomes or allergen sensitization
rates at 1 or 2.5 years of age (26). Moreover, the results of an
in vivo study demonstrated that high levels of vitamin D did
not alleviate allergic symptoms in mice (27,28).

Allergic diseases pose a serious threat to human health.
Prevention strategies implemented during early childhood,
pregnancy, and lactation remain the subject of numerous
studies, despite the lack of a gold standard of diagnosis and
treatment options. However, multiple previous studies demon-
strated that there was no association between maternal vitamin
D levels and food allergy in offspring (15,29,30). Moreover,
the present study demonstrated that there were no significant
risk factors associated with vitamin D insufficiency. Thus,
additional vitamin D supplementation during pregnancy or
lactation may not be beneficial and may even increase the risk
of early childhood food allergy (13,14,25).

However, the present study has some limitations. For example,
the results of the present study were obtained from a single
center, and further investigations including data obtained from
centers nationwide are required to verify the vitamin D levels
of infants with gastrointestinal food allergies. In addition, the
present study highlighted significantly different serum 25-(OH)
D levels between patients and healthy individuals; however, a
causal association between low serum 25-(OH)D levels and food
protein-induced gastrointestinal disease was not determined.
Moreover, further investigations into the specific mechanisms
underlying the effects of serum 25-(OH)D in patients with food
protein-induced gastrointestinal diseases are required.

In conclusion, patients with food protein-induced gastroin-
testinal disease may be at risk of low 25-(OH)D levels, and this
risk may be greater in females and individuals with higher total
IgE. However, the optimal levels of vitamin D for the preven-
tion of food allergy remain unknown; thus, supplementation in
infants with food protein-induced gastrointestinal disease may
not be required. In addition, a few patients in the present study
demonstrated serum 25-(OH)D levels <50 nmol/I.
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