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Background: IgA vasculitis is the most common form of vasculitis in children. Vitamin D deficiency has
been observed to contribute to immune function and the pathogenesis of various immune diseases. However,
at present, only a few studies with small sample sizes have shown that IgA vasculitis patients have lower
vitamin D levels than healthy children. Thus, we conduct a large study to investigate the significance of
serum 25-hydroxyvitamin D3 (25(OH)D) levels of children with IgA vasculitis across different subgroups
and healthy children.

Methods: In this retrospective study, 1,063 children were recruited from the Ningbo Women and
Children’s Hospital between February 2017 and October 2019, including 663 patients hospitalized with
IgA vasculitis and 400 healthy examination children who served as the control group at the same time.
There wasn’t any bias in the season. The healthy group came from children who underwent normal physical
examination. The 663 IgA vasculitis patients were then divided into the IgA vasculitis-nephritis and non-IgA
vasculitis-nephritis groups, streptococcal-infection and no-streptococcal-infection groups, gastrointestinal-
involvement and no-gastrointestinal-involvement groups, and joint-involvement and no-joint-involvement
groups. The serum 25(OH)D levels at disease onset were analyzed. All the participants were followed up for
6 months from the date of onset.

Results: The serum 25(OH)D levels of the IgA vasculitis group (15.47+6.58 ng/mL) were significantly
lower than those of the healthy control group (22.48+6.24 ng/mL) (P<0.01). There were no significant
differences in terms of age and sex between the IgA vasculitis and healthy control group. Further,
among the IgA vasculitis patients serum 25(OH)D levels were reduced in the IgA vasculitis-nephritis
(12.99+4.92 ng/mL), streptococcal-infection (14.2+6.06 ng/mL), and gastrointestinal-involvement
(14.43+6.33 ng/mL) groups (P=0.00, 0.004, 0.002, respectively). The vitamin D levels with IgA vasculitis
were significantly lower in winter and spring than summer and autumn. Conversely, the joint-involvement
group did not show a significant reduction in vitamin D levels compared to no joints involved group.
Conclusions: IgA vasculitis patients have reduced vitamin D levels, which suggests that vitamin D
deficiency may be involved in the development of IgA vasculitis. Vitamin D supplementation may reduce the
incidence of IgA vasculitis, and maintaining high vitamin D levels in IgA vasculitis patients may prevent renal

damage.
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Introduction

Immunoglobulin A (IgA) vasculitis (also known as Henoch-
Schonlein purpura) is the most frequent form of vasculitis in
children (1). The main pathological feature of IgA vasculitis
is acute leukocytoclastic vasculitis, which is characterized
by non-thrombocytopenic cutaneous purpura and often
presents with a combination of gastrointestinal bleeding or
pain, arthralgia, and renal impairment (2,3). IgA vasculitis
frequently occurs in children and has a varied prognosis
depending on the complications. The incidence rate of IgA
vasculitis is estimated to be between 3-27 per 100,000 cases
ayear (1).

Generally, IgA vasculitis patients have excellent
outcomes; however, approximately 20-70% of cases have
renal involvement, which predominantly presents as
glomerulonephritis with mesangial IgA deposits (4-6). The
extent of renal damage determines the long-term prognosis
of IgA vasculitis patients. Most cases of IgA vasculitis occur
in autumn and winter, and boys tend to be affected more
frequently than girls (7). The seasonal tendency of IgA
vasculitis indicates a correlation between IgA vasculitis
and viral infection (8). The etiology and pathogenesis of
this disease are not yet fully understood (9); however, a
wide variety of pathogens, infections, immune statuses,
stimulation of allergic reactions, and gene polymorphisms
have been associated with the occurrence of the disease (10).

As a fat-soluble vitamin, vitamin D presents subepidermally
as an inactive cholecalciferol and is activated by ultraviolet
irradiation, after being hydroxylated twice in the liver and
kidney to form the biologically active 1,25-dihydroxyvitamin
D3. In addition to its well-known functions of regulating
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Key findings

e Vitamin D3 levels were significantly lower in the IgA vasculitis
children than the healthy children and were even more reduced
when the children also suffered from renal or gastrointestinal

symptoms.

What is known and what is new?

* Vitamin D deficiency is prevalent in autoimmune diseases, such
as systemic lupus erythematosus, multiple sclerosis, autoimmune
thyroid disorders, and antiphospholipid syndrome.

e Vitamin D deficiency is also prevalent in IgA vasculitis patients.

What is the implication, and what should change now?
* Reduced vitamin D levels may be involved in the development of
IgA vasculitis.

© Translational Pediatrics. All rights reserved.

939

calcium and phosphorus metabolism, and maintaining
bone health, vitamin D has a broad regulatory effect on
the immune system (11,12). Studies have shown that
vitamin D deficiency is prevalent in autoimmune diseases,
such as systemic lupus erythematosus (SLE) (13), multiple
sclerosis (14), autoimmune thyroid disorders (15), and
antiphospholipid syndrome (16). A systematic review showed
that SLE patients had significantly lower vitamin D levels
than healthy controls (13), and lower vitamin D levels were
associated with SLE disease pathogenesis (17).

The main mechanisms underlying the role of vitamin
D in immunity include the upregulation of T helper cell
type 2 (Th2) cell activity, the inhibition of T helper cell
type 1 (Thl) and T helper cell type 17 (Th17) cells, the
enhancement of regulatory T cell (Treg) function, damage
to the development and function of B cells, and the
reduction of monocyte activation (11,12). Roy et al. (18)
found that vitamin D has a profound long-term affect on
the immune system and can help the immune system reach
a new steady state. Roy et a/. also reported that optimal
vitamin D levels range from 50-100 mol/L with both the
pathogen and effector T-cell levels kept within reasonable
limits (18). In conclusion, while vitamin D has been
widely studied in autoimmune diseases, few studies have
investigated the role of vitamin D in IgA vasculitis patients.
At present, only a few studies with small sample sizes have
shown that IgA vasculitis patients have lower vitamin D
levels than healthy controls (19-21). The distribution of
vitamin D levels in renal involvement, gastrointestinal
involvement, and joint involvement has not been thoroughly
studied. Thus, we conducted a large retrospective study
to examine the relationship between vitamin D levels and
IgA vasculitis. This article is presented in accordance with
the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-23-176/rc).

Methods
Study design and participants

A retrospective study was performed between February 2017
and October 2019 to compare serum 25-hydroxyvitamin D3
(25(OH)D) levels between children with IgA vasculitis and
healthy controls. The study was carried out in accordance
with the principles of the Declaration of Helsinki (as revised
in 2013) and was approved by the Ethics Committee of
Ningbo Women and Children’s Hospital (Registry No.
EC2022-044). Given the retrospective nature of this study,
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Hospitalised IgA vasculitis
n=663

Not meet inclusion criteria:

Meet exclusion criteria:
¢ History of hematuria or proteinuria n=1

¢ Not a new-onset patient n=8 |«
* Aged >16 years old n=1

A

> ¢ Nutcracker sign n=2
* Another immune disease n=1
e | ost to follow-up n=45

n=605

Eligible patients

Figure 1 The flowchart diagram including the number of patients to be excluded and the inclusion/exclusion criteria

the requirement of informed consent was waived.

A total of 663 children (aged under 16 years) who had
been diagnosed with IgA vasculitis at the Ningbo Women
and Children’s Hospital were enrolled in this study. IgA
vasculitis was diagnosed according to the 2005 European
League against Rheumatism (22) and the Chinese Society
of Pediatric Rheumatology diagnostic criteria for IgA
vasculitis (23). The diagnostic criteria were as follows: a
palpable rash (required) predominantly on the lower limbs
with any one of the following: diffused abdominal pain;
arthritis/arthralgia, kidney damage (hematuria/proteinuria),
or IgA deposition on biopsies from any site. To be eligible
for inclusion in this study, the patients had to meet the
following inclusion criteria: (I) be a new-onset patient; (II)
be an inpatient; and (III) be aged <16 years. Patients were
excluded from the study if they met any of the following
exclusion criteria: (I) had another immune system disease;
(II) had a history of hematuria or proteinuria; and/or (III)
had a negative nutcracker sign; (IV) lost to follow-up within
6 months (Figure 1).

The renal involvement diagnosis was based on the revised
diagnostic criteria of the Nephrology Group, Society of
Pediatrics, Chinese Medical Association (24). Hematuria
and/or proteinuria within 6 months of developing IgA
vasculitis was recorded. The diagnostic criteria for
proteinuria were as follows: (I) routine urine results showing
positive urine protein 3 times within 1 week; (II) 24-h
urinary protein quantification >150 mg or urinary protein/
creatinine (mg/mg) >0.2; or (III) urinary microalbumin
levels higher than the normal value 3 times in 1 week. The
diagnostic criteria for hematuria were as follows: gross
hematuria or 3 microscopic hematuria samples within
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1 week with >3 red blood cells/high power field. Children
who met the diagnostic criteria for IgA vasculitis nephritis
(IgA vasculitisN) at any time were classified as having renal
damage. An antistreptolysin O value of more than 400 U/L
was considered positive.

During the 6-month follow-up period, 12 patients
never checked their routine urine results, the urine of 18
patients was not regularly monitored, and 15 patients could
not be contacted by telephone. The remaining 605 IgA
vasculitis patients were divided into the joint-involvement
(Figure 2) and no-joint-involvement groups, the
gastrointestinal-involvement and no-gastrointestinal-
involvement groups, the IgA vasculitis-nephritis and no-
renal-involvement (no-IgA vasculitis-nephritis) groups,
and the streptococcal-infection and no-streptococcal-
infection groups. The clinical data of the included patients
were collected between February 2017 and October 2019,
and the patients were followed up for 6 months (in some
instances, by telephone). Data from the group of 400
healthy outpatient children examined at the same hospital
were also retrospectively collected to confirm the following:
(I) no immune system diseases, such as IgA vasculitis,
and no recent infectious diseases; (II) normal growth and
development; and (III) no history of chronic diseases or
other notable diseases.

Serum vitamin D level measurements

The serum 25(OH)D levels were measured using automated
chemiluminescence immunoassays (ADVIA Centaur). The
kit was purchased from Siemens Medical Diagnostics Co.,

Ltd. (Shanghai) (product No. 10699533).
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IgA vasculitis
(n=605)

(

\

Renal Gastrointestinal
involvement involvements
Yes No Yes No
110 495 231 374

Streptococcal Joint
infection involvement
Yes No Yes No
165 440 244 361

Figure 2 The classification of 605 patients based on the presence of renal involvement, gastrointestinal involvement, streptococcal infection

and joint involvement. Patients are duplicates.

Season determination

According to the onset season, the IgA vasculitis patients
were divided into the following 4 groups: spring, summer,
autumn, and winter. Spring occurs from March to May,
summer from June to August, autumn from September to
November, and winter from December to February.

Statistical analysis

All the data processing and statistical analyses were
performed using SPSS (statistical product and service
solutions) version 20.0 (SPSS Inc., IBM Company
Headquarters, 233 S. Wacker Drive, 11th floor Chicago,
Illinois 60606). The data measurements are expressed as the
mean = standard deviation. A 7-test was used to compare age
and vitamin D levels between the different groups of IgA
vasculitis patients. A 1-way analysis of variance (followed by
a Tukey test) was used to compare vitamin D levels between
different seasons. For differences between sexes, the %’ test
was used for comparisons between groups. Results with a P
value <0.05 were considered statistically significant.

Results
Participants

A total of 663 IgA vasculitis patients and 400 healthy
children participated in this study between February 2017
and October 2019. In the IgA vasculitis group, 45 patients,
were lost to follow-up and 605 patients completed the
study, of whom 231 had gastrointestinal symptoms, 244 had
joint swelling and pain, and 110 had compromised renal
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function. In IgA vasculitis participants, 27.3% (165/605) of
the patients had streptococcal infection. Approximately half
of the patients were male (52.7%), which was similar to the
sex distribution in the healthy children group (55.5%). The
median age of the patients was 7.23+2.63 years. There were
no significant differences in terms of age and sex between
the IgA vasculitis and control groups (1able 1).

Distribution of vitamin D levels of each group

As Table 2 shows, our results indicate that the levels of serum
25(OH)D in the IgA vasculitis group were significantly
decreased (P<0.001), indicating that there may be an
association between serum 25(OH)D and IgA vasculitis.
Further, the serum 25(OH)D levels of the IgA vasculitisN
patients were lower than those of the NIgA vasculitisN
patients. The serum 25(OH)D levels were also lower in the
streptococcal-infection group (14.20+£6.06 ng/mL) than
the no-streptococcal-infection group (15.93+6.71 ng/mL)
(P=0.004). The vitamin D levels of the children with IgA
vasculitis combined with gastrointestinal symptoms were
significantly decreased, compared with no gastrointestinal
symptoms (P=0.002), but there was no significant difference
(P=0.565) in the vitamin D levels of children with or
without joint symptoms.

Correlation between IgA vasculitis onset season and
vitamin D levels

The number of IgA vasculitis patients was highest in winter,
and the vitamin D levels of these patients were low. In
summer, the number of IgA vasculitis cases was the lowest,
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Table 1 Comparison of age and sex between the IgA vasculitis and healthy control groups

Characteristic IgA vasculitis patients Healthy children P
Sex, no. (%)
Male 319 (52.7) 222 (55.5) 0.388
Female 286 (55.5) 178 (44.5) 0.388
Age (years) (mean + SD) 7.23+2.63 7.33+2.26 0.513

Table 2 Comparison of vitamin D3 levels between IgA vasculitis and healthy children, and comparison of vitamin D3 levels within IgA vasculitis

Grouping [N] Levels of 25-hydroxyvitamin D3 [mean + SD] [ng/mL] P
IgA vasculitis patients [605] 15.47+6.58 0.00
Healthy children [400] 22.48+6.24

Renal involvement [110] 12.99+4.92 0.00
No renal involvement [495] 16.02+6.78

Streptococcal infection [165] 14.20+6.06 0.004
No streptococcal infection [440] 15.93+6.71

Gastrointestinal symptoms [231] 14.43+6.33 0.002
No gastrointestinal symptoms [374] 16.10+6.59

Joints involved [244] 15.27+6.88 0.565
No joints involved [361] 15.58+6.37

Table 3 Comparison of vitamin D3 levels in patients with IgA vasculitis with different onset seasons

Onset season Number of cases (%) Levels of 25-hydroxyvitamin D3 (ng/mL) F value P
Spring 125 (20.66%) 13.374* 5.807 0.000
Summer 109 (18.17%) 17.625

Autumn 181 (29.92%) 16.740

Winter 190 (31.40%) 14.393*

The Tukey test was used for comparisons between groups; *, indicates P<0.05, compared to the summer and autumn groups. The

population variances for each group were equal.

while the vitamin D levels were the highest. The vitamin D
levels of the patients were significantly lower (P<0.001) in
winter and spring than summer and autumn (7zble 3).

Discussion

In this study, the serum vitamin D levels of children with
IgA vasculitis and healthy children were compared to
explore the relationship between IgA vasculitis and vitamin
D levels. We found that the vitamin D levels of the IgA

© Translational Pediatrics. All rights reserved.

vasculitis children were significantly lower than those of the
healthy children. To our knowledge, this is the largest study
to date on IgA vasculitis and vitamin D levels.

As is widely known, vitamin D is a fat-soluble vitamin,
and 25(OH)D is its active form. In fact, 25(OH)D is
the main circulating form of vitamin D with a half-
life of approximately 3 weeks; thus, measuring serum
25(OH)D levels facilitates the determination of vitamin
D status (25,26). For a long time, vitamin D deficiency
has been known to play a vital role in the pathogenesis
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of autoimmune diseases (27). Reports have shown that
patients with SLE have significantly insufficient vitamin D
levels (13), as do those with other immune diseases, such as
multiple sclerosis (14), autoimmune thyroid disorders (15),
and antiphospholipid syndrome (16). There is increasing
evidence that IgA vasculitis patients also have lower serum
levels of vitamin D than healthy children, but most of these
previous studies had small sample sizes (19-21). Thus, an
observational retrospective study was conducted with a large
sample size to compare vitamin D levels between children
with IgA vasculitis and healthy children.

In this study, we showed that compared to the healthy
control population, children with IgA vasculitis have
decreased 25(OH)D levels, which is in line with the findings
of previous trials (19-21). The immune effects of vitamin
D have been studied extensively. Research has shown that
vitamin D regulates the growth, metabolism, differentiation,
death, and reproduction of immune cells through vitamin
D receptors (28). Vitamin D response elements have been
identified in multiple sclerosis (29), which can also occur
in IgA vasculitis. Metabolically active vitamin D can be
produced by dendritic cells, which indicates that vitamin
D is an immunomodulator (30). The main mechanisms
underlying the role of vitamin D in immunity are the
upregulation of Th2 cell activity, the inhibition of Thl
and Th17 cells, the enhancement of Treg cell function,
damage to the development and functioning of B cells, and
the reduction of monocyte activation (11,12). In addition,
vitamin D also plays a role in regulating inflammatory
cytokines, such as tumor necrosis factor alpha (TNF-o)
and interleukin 6 (IL-6) (31). The levels of inflammatory
cytokines, such as TNF-a and IL-6, can be changed in IgA
vasculitis, as can the polyclonal activation of B cells, and
the changes in their levels are related to the degree of IgA
vasculitis disease activity (32).

Vitamin D deficiency may be involved in autoimmune
mechanisms due to its effects on intestinal barrier
function and microbiome composition (33). Given
the immunological effects of vitamin D, high serum
concentrations may have a preventive effect on autoimmune
diseases. A prospective cohort study by Hahn J ez al. (34)
found that vitamin D supplementation for 5 years reduced
the development of autoimmune disease by 22%. The target
population of Hahn ez 4l.’s cohort study was people aged
>65 years, but it made substantial progress in elucidating
the relationship between vitamin D deficiency and
autoimmune diseases. It has been reported that vitamin D,
combined with cimetidine, increases the Toll-like receptor
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2 protein expression rate and improves cellular immunity in
the monocytes of children with IgA vasculitis (35). Piantoni
et al. (36) found that vitamin D had a profound long-term
effect, and helped the immune system to reach a new steady
state. It has also been shown that the production of Tregs
and Th2 cytokines was enhanced after 2 years of vitamin D
administration in patients with SLE (36).

In the present study, we identified a correlation between
vitamin D deficiency and renal involvement, which indicates
that 25(OH)D may be involved in the pathogenesis of renal
injury in IgA vasculitis. The mechanisms of pathogenesis are
unclear; however, a previous study (37) speculated that the
reduced synthesis of 1,25-dihydroxyvitamin D3 leads to the
release of downstream inflammatory mediators (IL-8 and
TNF-0), which in turn causes the inflammatory destruction
of the vessel wall, and ultimately leads to purpura
development. Other studies have shown that vitamin D is
central to the regulation of a wide range of inflammatory
immune responses, and it can act on B lymphocytes,
inhibit the production of inflammatory cytokines by B
lymphocytes, and inhibit the renin-angiotensin system,
thereby protecting the kidney (38,39). Interestingly, Kim
et al. found that vitamin D supplementation reduced
proteinuria (40). These results suggested that vitamin D
plays an important role in preventing renal damage.

We also found that children with IgA vasculitis with
streptococcal infections and gastrointestinal symptoms had
significantly lower vitamin D levels than no streptococcal
infections and no gastrointestinal symptoms, which is also
a strong risk factor for kidney involvement. However, the
vitamin D levels were not significantly decreased in children
with IgA vasculitis and joint symptoms.

The relationship between season and vitamin D levels
was also considered in this study. A previous study (41)
found that the 25(OH)D levels of the human body reach
their lowest values in winter and spring, and their highest
values in summer and autumn. This is in line with the
findings of our study, which showed that the lowest number
of IgA vasculitis cases occurred in summer and the highest
number in winter. This seasonal variation is not only
related to vitamin D levels but may also be related to viral
infections (42), as the epidemic patterns of influenza and
rotaviruses are similar to that of IgA vasculitis (42).

Limitations of this study

This study had a few limitations. The sample size was large,
but it was a single-center study, the follow-up time was only
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6 months, and the long-term prognosis of IgA vasculitisN
was not determined. Further, some parents refused to allow
their children to undergo renal biopsy, as it is an invasive
test. However, analyze 25(OH)D levels combined with renal
biopsy may be more accurate. In this retrospective study, the
number of renal biopsies, skin biopsies, and gastrointestinal
endoscopic intestinal biopsy was not counted, which will be
the main topic in our next study.

Conclusions

In summary, we found that compared to healthy children,
the IgA vasculitis patients had lower vitamin D levels. The
IgA vasculitis patients with kidney damage, gastrointestinal
tract involvement, and streptococcal infection also had
lower vitamin D levels than no streptococcal infection
group. Thus, vitamin D supplementation may reduce the
incidence of IgA vasculitis, and maintaining high vitamin D
levels in IgA vasculitis patients may prevent renal damage.
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