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ABSTRACT

Objective: To investigate the potential role of zinc, iron, magnesium, and selenium in the pathogenesis of Periodic Fever, Aphthous
Stomatitis, Pharyngitis, Adenitis (PFAPA) syndrome.

Methods: A retrospective analysis was conducted of 26 children diagnosed with PFAPA and 31 age- and sex-matched healthy controls.
Serum levels of zinc, iron, magnesium, and selenium were retrieved from hospital records and compared between the groups.

Results: Magnesium levels were 2.03 + 0.14 mg/dL in the PFAPA group and 1.99 + 0.13 mg/dL in the control group. The difference was
not statistically significant (P = 0.308). Median iron levels (25-75" percentiles) were 52.5 pg/dL (22.0-81.5) in the PFAPA group and 61.1
pg/dL (42.5-89.0) in the control group; the difference was not significant (P = 0.226). Zinc levels were similar: 86.24 + 11.18 mcg/L in the
PFAPA group and 87.26 + 10.06 mcg/L in the control group (P = 0.720). However, median selenium levels differed significantly: 38.9 mcg/L
(34.2-50.0) in the PFAPA group versus 48.0 mcg/L (43.0-55.5) in the control group (P = 0.002). Each one-unit increase in selenium levels
increased the odds of disease by approximately 8.6%, and this association was statistically significant (odds ratio = 1.086, 95% confidence
interval: 1.019-1.157, P = 0.011).

Conclusion: In conclusion, this study demonstrates that low selenium levels are associated with PFAPA syndrome in children. No significant
relationships were observed between zinc, iron, or magnesium levels and the disease. Given the effects of selenium on the immune system
and inflammation, we hypothesize that selenium deficiency may contribute to the pathogenesis of PFAPA.
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INTRODUCTION

Periodic Fever, Aphthous Stomatitis, Pharyngitis, Adenitis (PFAPA)
syndrome, characterized by periodic fever, aphthous stomatitis,
pharyngitis, and cervical adenitis is an autoinflammatory disease

criteria most frequently employed. According to these criteria,
periodic fever attacks commencing before five years of age,
aphthous stomatitis without upper respiratory tract infection,
pharyngitis or cervical lymphadenitis, being asymptomatic
between attacks, exclusion of cyclic neutropenia, and normal

first described by Marshall et al.' in 1987.2 PFAPA is the most
widespread cause of periodic fever in childhood, although the
true incidence is unknown.? There is no specific laboratory
finding or diagnostic test for the syndrome.2 Although the clinical
manifestations have been well described, the lack of a disease-
specific laboratory finding makes diagnosis difficult. Diagnosis
is therefore based on clinical criteria, with the modified Marshall

growth and development are regarded as diagnostic.*

Zinc, iron, magnesium, and selenium are elements with
important functions. Zinc is an essential trace element for
biological processes and serves as a cofactor for more than
300 enzymes involved in protein synthesis and repair systems.
It is also involved in cellular signaling at all levels and plays an
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important role in immune system regulation.® Although the
principal function of iron is the transport of O, by hemoglobin,
it is also an important cofactor for several enzymes and plays
a critical role in the immune system and in defense against
infection.® Selenium is an important micronutrient for human
health, particularly through its effects on thyroid metabolism,
the cardiovascular system, and the immune system. It is
involved in the activation, proliferation, and differentiation of
cells that direct immune responses and contributes to immune
regulation by preventing excessive responses that could lead
to autoimmunity or chronic inflammation.” Finally, magnesium
is an important element in the regulation of metabolism and
homeostasis in all tissues. It regulates ion channel activity, acts
as a second messenger in signal transmission, contributes to
the production of adenosine triphosphate, and influences
immunological functions by affecting immune cells.®

PFAPA syndrome has long been recognized. Several potential
etiological factors have been investigated, including infectious
agents, immunological mechanisms, and genetic predisposition;
however, the disease's etiopathogenesis and genetic basis
remain unclear.® The purpose of this study was to investigate
the potential role of zinc, iron, magnesium, and selenium, all of
which are involved in immune function, in the pathogenesis of
PFAPA.

MATERIAL AND METHODS

Approval for the study was obtained from the Kastamonu
University Clinical Research Ethics Committee prior to
commencement (decision no.. 2023-KAEK-106, date:
13.09.2023). All procedures in studies involving human
participants are carried out in accordance with institutional
ethical standards (Kastamonu Ethical Committee) and with
the 1964 Declaration of Helsinki. Informed consent was not
obtained because the study was conducted retrospectively.

This retrospective study included 26 patients diagnosed with
PFAPA who were under follow-up at the Kastamonu Training
and Research Hospital Ear, Nose, and Throat Clinic (Turkiye)
between 01.09.2021 and 01.09.2023, and 31 age- and sex-

MAIN POINTS

e Serum selenium levels were significantly lower in
children with Periodic Fever, Aphthous Stomatitis,
Pharyngitis, Adenitis (PFAPA) syndrome compared to
healthy controls.

e Each unit increase in selenium concentration was
associated with an 8.6% lower risk of PFAPA, suggesting
a potential protective role for selenium.

¢ No significant differences were observed in serum zinc,
iron, and magnesium levels between PFAPA patients
and controls.

e Low selenium levels may contribute to immune
dysregulation and excessive inflammatory responses in
the pathogenesis of PFAPA.

e Selenium supplementation may represent a therapeutic
approach, but further prospective studies are required.
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matched healthy controls. Test results obtained during the
follow-up periods were retrieved retrospectively from the
hospital records, and zinc (70-115 mcg/L), iron (16-129 pg/
dL), magnesium (1.7-2.3 mg/dL), and selenium (46-143 mcg/L)
levels were recorded. The obtained data were then compared
with data from the healthy control group. Patients with acute
bacterial infection, autoimmune diseases, or anemia were
excluded.

Statistical Analysis

Normality of the study data distribution was assessed using
histograms, Q-Q plots, and the Shapiro-Wilk test. Quantitative
variables were compared between the groups using the Mann-
Whitney U test and paired samples t-test, while relationships
between categorical variables were evaluated using the chi-
square test. Univariate logistic regression analysis was applied
to evaluate potential risk factors affecting the disease. The
analysis results were reported as odds ratios (ORs) with 95%
confidence interval (Cl). P values < 0.05 were considered
statistically significant. Statistical analyses were performed
using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

The mean ages of the PFAPA and control groups were 7.12
+ 225 and 6.97 + 2.34 years, respectively; no significant
difference was observed between them (P = 0.810). In terms
of gender distribution, girls comprised 46.2% and boys 53.8%
of the PFAPA group, compared with 45.2% and 54.8% in the
control group. No significant difference in gender distribution
was observed between groups (P = 0.999).

Regarding biochemical parameters, magnesium levels were
2.03 + 0.14 mg/dL in the PFAPA group and 1.99 + 0.13 mg/
dL in the control group. The difference was not statistically
significant (P = 0.308). Median iron levels (25™-75%" percentile)
were 52.5 pg/dL (22.0-81.5) in the PFAPA group and 61.1 pg/
dL (42.5-89.0) in the control group, the difference also being
insignificant (P = 0.226). Zinc levels were also similar, at 86.24
+11.18 mcg/L in the PFAPA group and 87.26 + 10.06 mcg/L in
the control group (P = 0.720). However, median selenium levels
differed significantly, at 38.9 mcg/L (34.2-50.0) in the PFAPA
group and 48.0 mcg/L (43.0-55.5) in the control group (P =
0.002) (Figure 1). The groups' demographic characteristics and
biochemical parameters are summarized in Table 1.

In univariate regression analysis, magnesium levels exhibited a
protective effect against the disease; however, this association
was not statistically significant (OR = 0.119, 95% CI: 0.002-
6.966, P = 0.305). Similarly, no significant association was
observed between iron levels and the disease (OR = 1.007,
95% CI: 0.992-1.022, P = 0.360). Zinc levels also exhibited
no significant association (OR = 1.009, 95% CI: 0.960-1.062,
P = 0.714). However, a significant relationship was observed
between selenium levels and the disease. Each one-unit
increase in selenium levels increased the odds of disease by
approximately 8.6%, and this association was statistically
significant (OR = 1.086, 95% CI: 1.019-1.157, P = 0.011)
(Table 2).
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Figure 1. Box plot of selenium levels in the PFAPA and control groups.

PFAPA, periodic fever, aphthous stomatitis, pharyngitis, adenitis.

Table 1. The Groups' Demographic Characteristics and Biochemical Parameters

Group
Variables PFAPA Control P
(n=26) (n=31)
Age 712 +225 6.97 +2.34 0.810
Gender
Female 12 (46.2) 14 (45.2) 0.999
Male 14 (53.8) 17 (54.8)
Magnesium 2.03+£0.14 1.99+0.13 0.308
Iron 525 (22.0-81.5) 61.1(42.5-89.0) 0.226
Zinc 86.24 +11.18 87.26 £10.06 0.720
Selenium 38.9 (34.2-50.0) 48.0 (43.0-55.5) 0.002
Data expressed as n (%), mean + standard deviation, and median (25t-75" percentile) values.
PFAPA, periodic fever, aphthous stomatitis, pharyngitis, adenitis.
Table 2. Analysis of Risk Factors Affecting the Disease
Variables Univariate
OR (95% CI) P
Magnesium 0.119 (0.002-6.966) 0.305
Iron 1.007 (0.992-1.022) 0.360
Zinc 1.009 (0.960-1.062) 0.714
Selenium 1.086 (1.019-1.157) 0.011

OR, odds ratio; Cl, confidence interval.
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DISCUSSION

Serum selenium levels in this study were significantly lower in
children with PFAPA syndrome than in the control group, and
an increase in selenium levels was associated with a reduced
risk of the disease. This finding is consistent with the known
anti-inflammatory and regulatory effects of selenium on
the immune system and suggests that it may play a role in
the etiopathogenesis of PFAPA syndrome.”'*"2 Huang et al.”
examined the role of selenium in inflammation and immunity
and reported that selenium levels were important for initiating
immunity and also played a role in regulating excessive
immune responses and chronic inflammation. Similarly,
Hariharan and Dharmaraj'® emphasized the antioxidant and
anti-inflammatory effects of selenoproteins and concluded
that glutathione peroxidase assisted in controlling excessive
free-radical production at the site of inflammation. Navarro
Garcia et al." emphasized selenium’s neuroprotective and
anti-inflammatory properties and showed that it may be
beneficial in various inflammatory states. Osuna-Padilla et al.'?
also reported that selenium supplementation reduced immune
activation and inflammation in individuals infected with human
immunodeficiency virus.

PFAPA syndrome is an autoinflammatory disease of uncertain
etiology.®'® Overactivation of the innate immune system
and of proinflammatory cytokines has been implicated in the
pathogenesis."® The low selenium levels observed in the present
study suggest that either selenium requirements may have
increased to counteract the heightened inflammatory response
and oxidative stress in patients with PFAPA syndrome or that
selenium deficiency may contribute to these inflammatory
processes. Considering the role of selenium in immune
regulation, low selenium levels may be eithera cause oraresult of
the excessive immune response observed in PFAPA syndrome.
This, in turn, suggests that selenium supplementation may
represent a potential therapeutic approach for the management
of the syndrome. However, more extensive prospective studies
are now needed to confirm that hypothesis.

No significant associations were determined between zinc,
iron, or magnesium levels and PFAPA syndrome in this study.
However, in light of the general effects of these elements on
the immune system and inflammation, their potential roles in
the pathogenesis of PFAPA still merit investigation. Sanna et
al.® examined the relationship between zinc and autoimmunity
and reported that zinc deficiency can impair the function of
immune cells and affect inflammatory responses. Although
the principal function of iron is oxygen transport, it also plays a
critical role in immune function and defense against infection.®
Brock and Mulero® examined the cellular and molecular aspects
of iron and reported that iron deficiency or excess can affect
immune responses. No significant difference in iron levels
between the two groups was detected in the present study.
This suggests that iron plays no direct role in the pathogenesis
of PFAPA. However, inflammatory conditions can affect iron
metabolism.

Magnesium is an important element involved in the regulation
of homeostasis and metabolism of all tissues. It also affects
immune cells by regulating immune functions.'® Maier et al. ®
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reported that magnesium deficiency activated phagocytes and
triggered inflammation by increasing cytokine production. Low
magnesium levels have therefore been linked to various chronic
inflammatory diseases. Although no significant difference in
magnesium levels was observed in the present study, its role
in PFAPA requires more detailed examination in light of the
potent effects of magnesium on inflammation. In particular,
vitamin D deficiency has been shown to be associated with
PFAPA, and magnesium is an important cofactor in vitamin
D metabolism.””"® Future studies should therefore assess
the interaction between magnesium and vitamin D in the
pathogenesis of PFAPA.

Study Limitations

The principal limitations of this study are its retrospective
design and relatively small sample size. Although the low
selenium levels represent an important finding, further
prospective, randomized controlled studies are needed to
establish whether this relationship is causal or consequential.
Future studies should evaluate the effects of selenium
supplementation on the frequency, severity, and duration
of PFAPA syndrome and establish the safety and efficacy of
such supplementation. In addition, the effects of other trace
elements such as zinc, iron, and magnesium on inflammatory
markers and cytokine profiles might be investigated. Further,
more extensive studies investigating the role of genetic and
immunological parameters and environmental factors are
needed to better understand the etiopathogenesis of PFAPA
syndrome.

CONCLUSION

In conclusion, this study shows that low selenium levels in
children with PFAPA syndrome are related to the disease. No
significant relationships were determined between zinc, iron,
or magnesium levels and the disease. Considering the effects
of selenium on the immune system and inflammation, we think
that selenium deficiency may play a role in the pathogenesis of
PFAPA.
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