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Abstract
Autoimmune polyglandular syndrome (APS) is a rare autoimmune disease that affects multiple endocrine glands. It can lead to
various clinical manifestations. The primary objective of this review was to provide a comprehensive analysis of the clinical features
andmanagement strategies used in managing APS, based on a review of case reports. We emphasize disease pattern recognition
and detection of atypical clinical signs, as well as the outcomes of various treatment modalities. Case reports from credible journals
were searched in PubMed, resulting in a systematic literature review adopting the 2020 Preferred Reporting Items for Systematic
Reviews and Meta-analysis guidelines. Of the 1173 records identified, 474 remained after duplicates were removed, and 49 full-
text articles were reviewed. After further screening based on criteria such as associated disorders, patient age, follow-up, and
treatment details, 12 articles were selected for the final analysis. The findings revealed that common endocrine dysfunctions in APS
include Addison’s disease and hypothyroidism, while non-endocrine manifestations, such as autoimmune encephalitis and
pernicious anemia, can also occur. The most frequently adopted strategies were immunosuppressive and hormone therapies. The
heterogeneity of APS indicates early diagnosis and individualized treatment strategies. Ultimately, this analysis identifies existing
insufficiencies and provides recommendations for formulating standard operating procedures for the treatment of APS.

Keywords: Addison’s disease, autoimmune polyglandular syndrome, autosomal recessive disease, endocrine disorder,
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Introduction

Individuals with at least two endocrine disorders in one cluster are
said to have autoimmune polyglandular syndrome (APS).
Autoimmune polyendocrine syndrome type 1 (APS-1), autoim-
mune polyendocrine syndrome type 2 (APS-2), and X-linked
immune dysregulation polyendocrinopathy and enteropathy
(IPEX) are common autoimmune polyglandular disorders[1].
Mutations in the autoimmune regulator gene (AIRE), found on
chromosome 21q22.3, are the cause of a rare monogenic heredi-
tary disease known as APS-1. The frequency of APS-1 is popula-
tion-dependent and generally very low. However, it is more

frequently seen among Iranian Jews (1:9000), Sardinians (1:14
400), and Finns (1: 25 000). Conversely, only a few occurrences
of APS-1 have been reported in Eastern Asia[2]. It is associated
with adrenal insufficiency, hypoparathyroidism, and persistent
mucocutaneous candidiasis. Clinical diagnosis is based on the
presence of two or more of these three signs[2]. APS-2 is related
to chromosome 6 particularly because it is close to the markers
for major histocompatibility complex genes responsible for the
resulting organ failure. The class II human leukocyte antigen
(HLA) alleles DQ2 and DQ8 and haplotypes HLADR3 and
HLA-DR4 increase susceptibility to APS-2[3,4]. APS type 3 is
defined by the co-occurrence of autoimmune diseases (excluding
Addison’s disease or hypoparathyroidism), autoimmune thyroid
disease (AITD), and type 1 diabetes mellitus (T1DM), which are
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classified under this variant[5]. The pathology of APS-1 stems
frommutations in the autoimmune regulator (AIRE) gene, result-
ing in the loss of immune tolerance and failure to eliminate auto-
reactive T cells in the thymus, leading to widespread autoimmu-
nity across multiple organs, including the endocrine glands. In
contrast, APS-2 develops through interaction between genetic
predispositions (especially HLA haplotypes) and environmental
triggers (such as infections)[6]. Autoantibodies commonly found
in people at risk for APS-2, such as anti-21-hydroxylase, anti-
thyroid peroxidase, and anti-glutamic acid decarboxylase, allow
for the diagnosis of the disease in its early phases and before
critical organ failure occurs[7]. Endocrine abnormalities in the
same population are another approach that aims to prevent dan-
gerous conditions, such as adrenal crisis or diabetic ketoacidosis,
from occurring within individuals that are monitored[8]. In the
case of APS-1, managing the condition entails hormone augmen-
tation therapy in relation to its deficiencies, which includes
administration of hydrocortisone for adrenal insufficiency, cal-
cium and vitamin D for hypoparathyroidism, and antifungal
therapy for chronic mucocutaneous candidiasis. Finally, except
for the most severe or refractory cases of autoimmune manifesta-
tions, immunosuppressive therapies are not usually employed
because of the negative impact of treatment, especially with
regard to the risk of infection[9]. On the other hand, the aim of
management in APS-2 is to treat autoimmune thyroiditis (AIT),
type 1 diabetes mellitus (T1DM), and adrenal insufficiency with
hormone substitution as a basis of treatment. It is also important
to stress that long-term management is compulsory for APS-2
patients because there is a likelihood of the emergence of a new
autoimmune disease which may warrant a change in therapy[10].
In addition to advances in screening genetic background and
molecular diagnostics, the autoimmunities associated with APS
are better identified, thereby improving the patient’s quality of
life. Early detection and risk assessment strategies for preventive
therapy in high-risk groups can also lower the risk of acute
endocrine crisis and lead to effective management of the
disease[11]. Besides, novel curative approaches like targeted immu-
notherapies are being developed, but problems persist since there
is a high risk for the development of infections and other auto-
immunities owing to the existence of polymorphisms in cross-
reacting antigens[12]. Although we have made progress in

understanding different patterns of APS, challenges still exist
regarding its diagnosis and treatment. Because of APS’s complex-
ity and diversity, management must adopt a multidisciplinary
approach. This review elaborately analyzes 12 different case
reports, focusing on the pattern of clinical manifestations and
management strategies employed. Table 1 shows the comparative
features and clinical characteristics of various types of APS. This
comparison was based on data from numerous studies to eluci-
date the differences and overlaps of various APS types.

Selection methodology

Eligibility criteria

This review focused on case reports of patients diagnosed with
APS between 1 January 2014 and 1 September 2024. Both adult
and pediatric patients were included to offer a comprehensive
view of APS manifestations across age groups. Only case reports
and case series published in English were considered to avoid
translation issues. Studies were excluded if they involved animal
models, non-clinical trials, systematic reviews, or grey literature.

Search procedure

The search was conducted using PubMed, which contains an
extensive collection of medical literature. Data collection
focused explicitly on APS case reports, ensuring detailed docu-
mentation of clinical manifestations, diagnostic pathways, and
management strategies.

Search strategy

The Population, Concept, and Context (PCC) framework
guided the search strategy, which was developed to answer the
question.

● Population (P): “Autoimmune Polyglandular Syndrome,”
“Polyglandular Autoimmune Syndrome,” “APS,” “APECED,”
“Schmidt Syndrome”.

● Concept (C): “CaseReport,” “Case Series,” “ClinicalManifesta-
tions,” “Symptoms,” “Signs,” “Diagnosis,” “Treatment,”
Management.

● Context (C): “EndocrineDisorders,” “Autoimmunity,”Multi-
system Disease.

Table 1
Comparison between the types of autoimmune polyglandular syndromes (APS)[13–17]

Feature APS Type 1 APS Type 2 APS Type 3

Primary components Chronic mucocutaneous candidiasis,
hypoparathyroidism, adrenal insufficiency

Adrenal insufficiency, autoimmune
thyroiditis, type 1 diabetes

Autoimmune thyroiditis with another autoimmune
disease (excluding adrenal insufficiency)

Genetics Autosomal recessive, AIRE gene mutation Polygenic, HLA-DR3, HLA-DR4
associations

Polygenic, often linked with HLA-DR3 and HLA-DR4

Onset age Childhood to early adulthood Early to mid-adulthood Adulthood
Gender predominance Equal distribution between genders Female predominance Female predominance
Additional autoimmune diseases Pernicious anemia, type 1 diabetes,

autoimmune hepatitis
Pernicious anemia, vitiligo,

myasthenia gravis
Celiac disease, type 1 diabetes, pernicious anemia

Frequency Rare Most common Less common than APS type 2

APS, autoimmune polyglandular syndromes.
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Table 2 outlines the strategy for searching and the key word
iterations required to identify appropriate literature on autoim-
mune polyglandular syndrome.

Screening and selection

This systematic review was conducted following the 2020
update of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA-S) guidelines used for
literature search reporting[18]. A total of 1173 records were
identified through the primary database search, with no other
supplementary sources. After eliminating 699 duplicates, a total
of 474 records remained. From this pool, 425 were excluded
based on criteria such as reviews, randomized controlled clinical
trials (RCTs), and meta-analyses, leaving 49 records marked for
full-text retrieval. An initial screening of 49 articles resulted in
the selection of articles for further review. Of these 49 articles
considered for a further review, 14 were eliminated as they only
discussed simple streamlined APS cases without any pertinent
associated disorder, included in their title or doi number. Six
instances were excluded because they were not limited to auto-
immune diseases but had other primary conditions. As far as five
articles are concerned, they had similar co-occurring disorders,
while three had less than six-year-old patients under discussion.
Also, an additional five articles did not have proper follow-up,
and four did not have adequate treatment, resulting in the defi-
nitive inclusion of 12 articles in the final review (Fig. 1).

Results

The clinical presentations, diagnoses, and outcomes of the 12
patients with APS and its associated diseases are summarized in
Table 3. These individual cases illustrate the variation in the
symptoms of APS and how different treatments have been
used; they also provide information regarding the complexity
and variability of this disease.

Discussion

Analysis of common themes

Several common medical traits and dilemmas emerged in 12
reviewed cases. The majority of individuals had several
auto-immune conditions primarily affecting the endocrine
system, with Hashimoto’s thyroiditis, T1DM, and adrenal
insufficiency[19,24] being more common than others. Other fre-
quently coexisting disorders include autoimmune hepatitis
(AIH), rheumatoid arthritis (RA), and autoimmune
polyendocrinopathy[21,27]. For certain patients, especially those

with overlapping or atypical symptoms, there exist a large num-
ber of significant diagnostic challenges, which makes diagnosis
either difficult or delayed. For example, the syndrome of adrenal
insufficiency could be concealed by other autoimmune symp-
toms at times, thus adding complexity to the clinical presenta-
tion. Hormonal replacement therapies (such as insulin for
T1DM) are standard treatment methods, and hormone replace-
ment therapies are not the only ones such as levothyroxine for
thyroiditis and immunosuppressive treatments (e.g., corticoster-
oids); in some cases, doctors may also prescribe surgery.
However, despite these interventions, it is difficult to achieve
stability[27–30].

Uncommon presentations

Furthermore, these instances epitomized numerous uncommon
or uncharacteristic manifestations of APS, emphasizing its clin-
ical diversity. One case involved the deficiency of isolated
GnRH, an abnormal endocrine expression in APS that is rarely
mentioned in the literature[27]. Another case presented with
IgG4-related disease, a rare overlap that added complexity to
the diagnosis and management[27]. Similarly, a case of SACD
associated with vitamin B12 deficiency portrayed an uncommon
neurological manifestation of APS-II[26]. Such bizarre presenta-
tions highlight the importance of increased clinical alertness as
well as personalized diagnosis and treatment. One patient pre-
sented with a triad of Hashimoto thyroiditis, immunological
crescentic glomerulonephritis mediated by ANCA, and second-
ary hyperparathyroidism that treated with 600mg/d elemental
calcium, 2.5μg/d active vitamin D3, and immunosuppressive
treatment. This comprehensive approach improves kidney func-
tion and controls thyroid and parathyroid disorders, indicating
the need for timely diagnosis and individualized treatment[27].
Another patient had T1DM and immune thrombocytopenic
purpura in addition to heparin-induced thrombocytopenia,
where initiating insulin therapy and stopping heparin were
essential for controlling hyperglycemia and purpura episodes[30].

Management outcomes

Hormone substitution therapies usually stabilize primary endo-
crine dysfunctions such as insulin treatment for T1DM and
levothyroxine for thyroiditis[31–33]. Nevertheless, several patients
have experienced numerous modifications in their therapeutic
protocols because of persistent psychological disturbances or the
emergence of fresh autoimmune disorders. For instance, some
cases were complicated by conditions such as autoimmune hepa-
titis or IgG4-related disorder that required subsequent addition
of immunosuppressive therapy like corticosteroids[28]. Surgical
procedures such as thymectomy for patients suffering from

Table 2
Search strategy applied in PubMed (Medline)

Iteration Keywords Used

S5 S1 AND S2 AND S3 AND S4
S4 “Polyglandular Autoimmune Syndrome” OR “Autoimmune Polyendocrinopathy-Candidiasis-Ectodermal Dystrophy” (APECED) OR “Schmidt Syndrome”
S3 “Case Report” OR “Case Series” OR “Clinical Manifestations” OR “Symptoms” OR “Diagnosis” OR “Treatment” OR “Management”
S2 “Autoimmune Polyglandular Syndrome” AND “Diagnosis”
S1 “Autoimmune Polyglandular Syndrome”

Limiters: Publication year from 2014 to present, using advanced search.
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thymoma-related myasthenia gravis are effective in relieving
specific symptoms; however, careful postoperative follow-up is
needed[22]. When patients did not accept conventional therapies
such as steroid-related treatments for IgG4[28], results were
uncertain, indicating patients’ compliance with the doctor’s pre-
scriptions has significant importance.

Prognostic factors

Numerous factors have been reported to contribute to the long-
term outcomes of patients with APS. Specific organ involvement
also plays an important role, since adrenal failure and type 1
diabetes mellitus have been documented as having a highly sig-
nificant morbidity risk if not treated properly. Additional auto-
immune disorders such as RA or AIH also contribute
significantly in this regard[21,22], and the future prognosis is
made more complex by these factors because they require
wider and longer treatment regimens. Lastly, patient treatment
adherence to hormone replacement therapy, including immuno-
suppressive medications, has significant effects on the outcomes.

Owing to side effects, non-adherence affects decisions or prefer-
ences, mainly causing disease instability and poor clinical
outcomes[34]. These findings suggest the importance of
a comprehensive, multidisciplinary strategy for managing APS,
according to the patient’s clinical presentation and needs.

Clinical implications

Diagnostic approach

A diagnostic methodology is necessary for the management of
APS. For instance, patients with unusual autoimmune diseases
should exhibit indications that they are highly suspected of
having APS by their doctors if they have several endocrine dis-
orders (as seen in the reviewed cases). The first screening should
include broad hormonal panels to evaluate thyroid function
(TSH, free T4, and T3)[32], adrenal function (cortisol,
ACTH)[35], and glucose levels (fasting glucose, HbA1c). Given
the prevalence of T1DM and autoimmune thyroiditis in APS,
testing for autoantibodies such as anti-glutamic acid

Figure 1. PRISMA flow diagram of the literature selection process. APS: autoimmune polyglandular syndrome; RCTs: randomized controlled clinical trials.
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decarboxylase (GAD), anti-thyroid peroxidase (TPO), and anti-
thyroglobulin antibodies is crucial[34,36]. When it comes to
uncommon illnesses, such as those affecting the brain, more
tests might be needed, including brain MRI, serum autoantibo-
dies for diseases such as pernicious anemia or anti-NMDA
receptor encephalitis[25], and EEG[20]. For those with potential
dysfunction in organs outside the endocrine system, such as in
IgG4-related disease[28], or issues involving the liver or glands
depending on patient history, imaging techniques and biopsies
can be performed to confirm the diagnosis and assess disease
severity.

Treatment recommendations

The treatment of primary endocrine deficiencies largely relies on
hormone replacement therapy. For example, insulin should be
administered immediately in patients with T1DM, whereas
those suffering from hypothyroidism require levothyroxine.
Corticosteroid replacement with hydrocortisone or fludrocorti-
sone is an absolute necessity in cases of adrenal insufficiency[31–33].
Immunosuppressive therapy should be considered when there are
complicated conditions like autoimmune hepatitis, IgG4-related
disease[28], and myasthenia gravis[22] in APS. Corticosteroids,
employed alone or in combination with other immunosuppres-
sants such as azathioprine or methotrexate, can control inflam-
mation, thereby helping to prevent disease progression[21,27,37,38].
On rare occasions, when a thymoma is associated with myasthe-
nia gravis, it may be necessary to perform thymectomy[22,39,40],
after which close postoperative management is essential.

Hypoglycemic agents

In APS, especially types 1 and 2, patients frequently develop
autoimmune T1DM, where the immune system attacks insulin-
producing beta cells in the pancreas. The destruction of these cells
leads to insulin deficiency, which necessitates insulin therapy.
Insulin fits into the treatment framework for APS: T1DM is
a typical manifestation of APS, requiring insulin therapy to main-
tain blood glucose control and avoid life-threatening complica-
tions such as diabetic ketoacidosis (DKA)[19,24,41]. Additionally,
insulin therapy is a crucial part of a comprehensive treatment plan
to manage multiple gland failures in patients with APS because it
is frequently used in conjunction with hormone replacement
therapies for other gland deficiencies, such as cortisol for adrenal
insufficiency and thyroxine for hypothyroidism[41,42].

Immunosuppressants

Hydrocortisone, a glucocorticoid, is essential for controlling adre-
nal insufficiency, which is frequently observed in APS (especially
APS-1). Adrenal insufficiency in APS occurs due to autoimmune
injury to the adrenal glands, which causes Addison’s disease.
Patients with autoimmune adrenal insufficiency (Addison’s dis-
ease), a characteristic of APS-1 and possibly APS-2, require life-
long replacement medication with hydrocortisone to prevent
adrenal crisis, which can be fatal if untreated; hydrocortisone is
necessary during stress, sickness, or surgery, when the body’s
cortisol levels rise. In APS patients with adrenal insufficiency,
the dose of hydrocortisone is increased during these intervals to
avoid adrenal crisis, which can lead to shock, coma, or death if

ignored[43]. The management of APS concomitant with rheuma-
toid arthritis (RA) requires anti-TNF agents[43]. Adalimumab
hinders its activity by attaching to the TNF-α receptor, thus
reducing joint inflammation. Hence, it helps curb or minimize
further joint destruction due to RA while minimizing its symp-
toms. Ultimately, decreasing TNF-α drives the inflammatory cas-
cade; therefore, adalimumab has helped to increase the quality of
life and maintain joint functions[44,45].

Thyroid hormone replacement therapy

Levothyroxine is a synthetic version of thyroxine (T4),
a hormone generated by the thyroid gland. In APS, autoimmune
damage to the thyroid gland frequently results in hypothyroid-
ism, which is defined as inadequate thyroid hormone produc-
tion. Managing hypothyroidism in patients with APS is critical
for maintaining metabolic balance and avoiding related
problems[46]. Levothyroxine treats hypothyroidism symptoms
such as tiredness, weight gain, cold sensitivity, depression, and
cognitive impairment by restoring thyroid hormone levels. To
minimize undesirable interactions, levothyroxine medication
should be carefully coordinated with other therapies (such as
hydrocortisone for adrenal insufficiency). For example, starting
levothyroxine before proper treatment of adrenal insufficiency
might result in an adrenal crisis due to increased metabolic
demand[46,47].

Vitamin D

Many patients with APS, particularly those receiving long-term
corticosteroid therapy (for adrenal insufficiency or other auto-
immune disorders), are at a higher risk of osteoporosis and
fracture[48]. Vitamin D, along with calcium, is essential for main-
taining bone density and preventing corticosteroid-induced
osteoporosis. Vitamin D affects the immune system by modify-
ing T cell responses, thereby lowering the likelihood of excessive
autoimmune reactions. Vitamin D promotes the transition from
pro-inflammatory (Th1) to anti-inflammatory (Th2) immunolo-
gical responses. In APS, when autoimmune damage affects many
glands, vitamin D may potentially lower the intensity of auto-
immune episodes[49].

Antidepressant therapy

Depression is widespread in individuals with chronic autoim-
mune disorders, including APS, due to the extended duration of
the illness, hormonal abnormalities, and burden of managing
many health concerns[50]. Antidepressants can help improve the
quality of life of patients with APS who suffer from mental
health disorders including sadness and anxiety. Selective seroto-
nin reuptake inhibitors (SSRIs) and serotonin norepinephrine
reuptake inhibitors (SNRIs) are frequently recommended for
treating sadness and anxiety in patients with APS. Depression
in APS can be caused by both psychological stress and endocrine
dysfunctions, such as hypothyroidism and adrenal insufficiency,
which affect mood regulation[51]. Long-term autoimmune activ-
ity in APS can cause chronic inflammation, potentially affecting
the brain and the central nervous system. Some antidepressants,
such as tricyclic antidepressants (TCAs) and SNRIs, have been
demonstrated to have anti-inflammatory and neuroprotective
characteristics, which may be advantageous in lowering the
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neuroinflammatory processes associated with autoimmune
illnesses[50,51].

Estrogen replacement therapy

The variable effects of estrogen replacement therapy (ERT) on
autoimmune diseases necessitate careful consideration of the
condition and patient characteristics before. For instance, estro-
gen may have an influence on disease activity in systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA), among
others[52]. This is because, immunologically, it is known that
estrogens can affect immune responses either negatively or posi-
tively depending on the situation. In cases where, for instance,
SLE flares up synchronously with hormonal changes, estrogen
could be associated with an exacerbation of symptoms. In con-
trast, estrogen replacement can manage symptoms due to defi-
ciency of this hormone particularly among postmenopausal
females[53].

Follow-up and monitoring

Regular follow-up and continuous monitoring are crucial for
APS management. This is due to the tendency of the syndrome to
change over time, coupled with the emergence of new autoim-
mune disorders. The periodic assessment of endocrine function
should be performed, which includes checking thyroid hormone
levels, blood glucose levels, and adrenal function tests regularly.
This is a significant step in identifying asymptomatic conditions
before they develop into symptomatic ones[40].
Considering the possibility of long-standing complications

such as those associated with chronic glucocorticoid
consumption[54] or the evolution of autoimmune hepatitis, it is
also advocated for liver function tests as well as bone density
scans. Improving results and averting disease aggravation can be
helped by educating patients about the need for adherence to
medications, as well as making changes in their lifestyle together
with regular clinical assessments. In addition, some sort of proac-
tive comprehensive management strategies will enable clinicians
to handle APS efficiently, enhance the quality of life of these
individuals, and mitigate any chances of complications[40,55].

Future directions

In the future, larger multicenter studies should be conducted to
validate the findings from this case series and gain an under-
standing of the entire spectrum of APS clinical manifestations
and management outcomes. In addition, looking into new auto-
antibodies or immune dysregulation biomarkers as new diag-
nostic markers would enhance precise and timely diagnosis in
atypical cases particularly in APS. Finally, research on long-term
follow-up regarding different treatment modalities including
hormone replacement therapy and immunosuppressive drugs
would help to optimize management and improve patients’
quality of life.

Conclusion

This review highlights the astonishing diversity of clinical pre-
sentations and management strategies among patients with
autoimmune polyglandular syndrome. The reviewed cases
demonstrate that APS can present with a wide spectrum of
symptoms affecting different organ systems and requiring

specific therapeutic approaches. Despite the heterogeneity
observed, there were common themes, such as the importance
of early diagnosis, hormone replacement therapy, and careful
long-term follow-up as major determinative factors in managing
APS effectively. For general physicians, internists, endocrinolo-
gists, and pediatricians, the key takeaway is that APS diagnosis is
often missed in the early stages when patients are treated for
other conditions. It is only after failure to respond to standard
therapies that immune studies are performed, leading to a more
accurate diagnosis. This highlights the importance of consider-
ing the potential relationship between APS and associated dis-
orders. Treating these disorders separately can result in
complications, so a more integrated approach is essential for
timely diagnosis and effective management.
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