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Abstract 

Background Autoimmune polyendocrinopathy candidiasis ectodermal dystrophy (APECED), also known as autoim-
mune polyendocrine syndrome type I (APS-I) is an inborn error of immunity (IEI) with an immune dysregulation phe-
notype, mainly characterized by endocrine and non-endocrine manifestations including adrenal insufficiency, chronic 
mucocutaneous candidiasis, and ectodermal dystrophy. Renal disorders seem to be a significant morbidity in APECED 
patients, requiring further investigations.

Methods The literature search was conducted in PubMed, Web of Science, and Scopus databases using relevant key-
words, and included articles were systematically reviewed regarding the clinical and immunological features. APECED 
patients with at least one nephrological complication were included.

Results Ninety-three APECED patients from 30 studies were identified. More than half of the patients (38,52%) pre-
sented nephrocalcinosis. The second and third most prevalent renal complications were tubulointerstitial nephritis 
(TIN) (23,31%), and hypertension (13,18%), respectively. Other less frequent renal disorders including renal tubular 
acidosis (RTA) glomerulonephritis were also reported among patients. Additionally urinary tract infections (UTI), 
were also common among cases (15,20.5%).

Conclusions Renal complications in APECED represent a significant issue that should be monitored and considered 
in managing these patients to preserve renal function and improve patients’ outcomes.

Keywords Autoimmune polyendocrinopathy, APECED, AIRE, Primary immunodeficiency, Inborn error of immunity, 
Nephrocalcinosis

Introduction
 Autoimmune polyglandular syndrome type 1 (APS-1), 
also known as Autoimmune polyendocrinopathy-can-
didiasis-ectodermal dystrophy (APECED) is a systemic 
autoimmune disease that involves endocrine and non-
endocrine organs [1]. Mutations in the Autoimmune 
Regulator (AIRE) gene are causative for APECED devel-
opment [2]. The AIRE is located at chromosome posi-
tion 21q22.3, comprising 14 coding exons that produces 
a transcription regulator of 545 amino acids, weighing 58 
kDa [3]. AIRE plays a role in regulating the expression of 
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tissue-specific antigens (TSAs), which are crucial for the 
process of negative selection by ensuring the presenta-
tion of the full range of self-antigens at the site of nega-
tive selection, leading to the removal of any self-reactive 
T cells, therefore, mutations in AIRE impair self-toler-
ance and increase autoreactive immune cells that target 
multiple tissues [4].

The clinical features of APECED are characterized by a 
triad of chronic mucocutaneous candidiasis (CMC), adre-
nal insufficiency (AI), and hypoparathyroidism (HP) [5]. 
Besides the classic triad, patients also suffer from other 
endocrine and non-endocrine manifestations. Based on 
recent estimations up to 10% of APECED patients experi-
ence at least one type of renal disorder [6]. Renal compli-
cations are caused by T-cell infiltration in renal tubules 
and the development of anti-proximal tubular and anti-
collecting duct-specific autoantibodies in some APECED 
patients. Renal disorders range from mild renal impair-
ment in patients with nephrocalcinosis to a rapidly pro-
gressive renal failure requiring kidney transplantation 
followed by tubulointerstitial nephritis (TIN) [1, 6, 7]. 
Early administration of immunosuppressive therapies to 
APECED patients with kidney complications led to the 
cessation of TIN progression in some patients, therefore, 
detection of renal involvement by monitoring renal func-
tion may improve patients’ outcomes [8]. Although more 
than 80% of patients with APECED have hypoparathy-
roidism, nephrocalcinosis is observed in some patients, 
suggesting that iatrogenic impaired calcium homeostasis 
may deteriorate patients’ condition [8, 9].

Regardless of previous investigations, estimations 
regarding the prevalence of renal complications in these 
patients are controversial, and the mechanism underly-
ing the renal pathologies is not fully understood. In this 
study, we reviewed the characteristics of renal disorders 
and their correlation with genetic changes and polymor-
phisms and tried to better define the mechanism under-
lying renal pathologies of APECED patients. The result 
of this study may provide a better prognostic feature of 
involved individuals and impede inaccurate therapeutics 
that deteriorate renal function and patients’ prognosis.

Methods
We adhered to the Preferred Reporting Items for system-
atic Reviews and Meta-Analyses (PRISMA) guidelines to 
ensure transparency and rigor in the study design, litera-
ture search, selection, and reporting processes.

Search strategy
A comprehensive search was conducted using several 
databases including PubMed, and Web of Science up to 
January 1st, 2023, applying different terms: “Autoimmune 
polyendocrine syndrome type 1” OR “Polyglandular 

Autoimmune Syndrome type 1” OR “Autoimmune Pol-
yglandular Syndrome type 1” OR “APS1” OR “Auto-
immune polyendocrinopathy candidiasis ectodermal 
dystrophy” OR “APECED” OR “Autoimmune poly-
endocrinopathy type 1” OR “Autoimmune regulator 
gene” OR “AIRE gene” AND “Renal Insufficiency” OR 
“Renal Failure” OR “Kidney” OR “Renal Disease” OR 
“ESRD” OR “kidney diseases” OR “Hypercalcemia” AND 
“Hypercalciuria” OR “Hypertension” OR “Nephrotic 
Syndrome” OR “Nephritic Syndrome” OR “Glomerulo-
nephritis” OR “Hydronephrosis” OR “Hyperoxaluria” OR 
“Nephritis” OR “Nephrocalcinosis” OR “Renal Tubular 
Transport” OR “Renal Tubular Acidosis” OR “Nephro-
lithiasis”. Patients reported in screened articles were fur-
ther assessed for renal complications. We also identified 
potentially relevant literature by a manual search in refer-
ences of all included studies.

Study selection
The initial screening of articles was performed by two 
independent investigation teams, who reviewed titles/
abstracts to include relevant studies according to the 
inclusion criteria.

The literature search was limited to articles written in 
the English language, and articles reporting at least one 
APECED patient with renal disorder were considered to 
be included. We excluded Studies using animal models, 
reviews and meta-analyses, and any types of secondary 
studies, conference abstracts, and articles in other lan-
guages. Further screening was performed by reviewing 
full texts.

Data extraction
Two independent investigation teams collected the fol-
lowing data: publication year and author, age, gender, 
country, gene defect, the number of participants, and 
renal and non-renal disorders and other abnormali-
ties. Duplicate data was removed, and a third researcher 
resolved discrepancies between the two investigators.

Results
Study characteristics
After the removal of duplicates, a total of 1144 arti-
cles were assessed based on title and abstract. Of these, 
1017 articles were excluded; 127 remaining articles 
were further reviewed by reviewing the full text. Data 
was extracted from 30 articles fulfilling the inclusion cri-
teria. A total of 93 patients were finally enrolled in our 
study. The Prisma diagram is shown in Fig. 1. The list of 
extracted data including articles and patients is shown in 
Table 1.
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Case characteristics
A total of 73 patients were evaluated (42 males, 17 
females, and 14 patients of unknown sex). At the time 
of the study, 10 patients were alive (live status only for 
13 of a total of 73 patients were available). The median 
age of patients at the diagnosis of the disease, and at the 
study was 9.7, and 30.7 years, respectively (from avail-
able cases). Most patients were from Finland (41,44%), 
the United States (23,25%), Italy (6,6.5%), Iran (6,6.5%), 
Brazil (3,32%), and Turkey (2,21%). Other cases were 
reported in diverse countries including Portugal, Aus-
tria, Ireland, Lebanon, Canada, Japan, China, Nether-
lands, Saudi Arabia, and Poland. Only the genetic data 
of 33 patients were available. For thirty-five patients, at 
least one type of gene defect was described. AIRE muta-
tions c.967-979del13bp (p. L323Sfs*51) in 7 patients 
(22%) was the most repeated mutation, followed by 
c.769 C > T (p.R257*) mutation in 6 patients (19%) and 
11 Alleles.

Clinical features
The classical triad of APECED comprises CMC, HP, and 
adrenal insufficiency (AI). Of these, HP was the most 

prevalent with presentation in 90% (53 of 59) of patients, 
pursued by CMC (86%, 30 of 35) and AI (44%, 26 of 59).

Most of the patients (59, 80.8%) had at least one type 
of endocrinopathy, 16 patients (21.9%) had two types of 
endocrinopathy, 9 patients (12.3%) had three types of 
endocrinopathy, and 6 patients (8.2%) had four types of 
endocrinopathy.

Hypoparathyroidism (90%, 53 of 59 reported) was the 
most common complication among endocrinopathies, 
followed by primary adrenal insufficiency (PAI) (44%, 
26 of 59), hypogonadism (8.5%, 5 of 59), hypothyroidism 
(27%, 16 of 59), primary ovarian insufficiency (8.5%, 5 of 
59). Diabetes mellitus (3%, 2 of 59), subclinical thyroidi-
tis (3%, 2 of 59), growth hormone deficiency (3%, 2 of 
59), single occurrence of chronic thyroiditis, and ovarian 
atrophy.

Ectodermal dystrophy occurred as the most prevalent 
non-triad manifestation in APECED patients 37% (27 
of 73). In addition, two patients showed more than two 
types of ectodermal dystrophy. Among patients with 
ectodermal dystrophy, the most prevalent form of ecto-
dermal dystrophy was alopecia (18, 66.6%), with enamel 
hypoplasia (10, 37%), cataract (6, 22.2%), keratitis (2, 
7.4%) and nail dystrophy (3,11.1%) following behind. 

Fig. 1 PRISMA diagram summarizing the selection of eligible studies based on the PRISMA guideline
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Other ectodermal dystrophies such as onychomycosis, 
nail dysplasia, corneal keratopathy, superior corneal vas-
cularization, tear reduction, and glaucoma were among 
other complications.

Besides routine clinical manifestations in APECED 
patients including autoimmune endocrinopathy, 
mucocutaneous candidiasis, and ectodermal dystrophy, 
about 44% of patients (32 of 73) showed a wide spectrum 
of other abnormalities, including more than seventy dif-
ferent diseases or symptoms (Table 1).

The spectrum of renal disorders
APECED patients suffer from various types of renal dis-
orders including nephrocalcinosis, hypertension, end-
stage renal disease (ESRD), renal tubular acidosis (RTA), 
diabetic nephropathy, multicystic kidney disease, vasculi-
tis, glomerulonephritis, and hypercalciuria. In this study, 
more than half of patients (38,52%) presented nephroc-
alcinosis which was severe in 5 cases and moderate in 3 
cases. Besides nephrocalcinosis, four patients had neph-
rolithiasis, and one patient had mild hypercalciuria. 
The second most prevalent renal complication among 
patients was TIN (23, 31.5%); one of the TIN cases had 
chronic renal failure related to TIN. Hypertension was 
the third most prevalent (13,18%)  renovascular  involve-
ment among patients. Autoimmune renal disorders were 
also prevalent among patients; three patients (4%) had 
glomerulonephritis (one of them had ANCA-mediated 
crescentic glomerulonephritis), and three cases (4%) 
had renal tubular acidosis (RTA). One case had positive 
LKM antibody but not any other diseases. In addition to 
the renal disorders, urinary tract complications includ-
ing urinary tract infections (UTI), were common among 
cases (15,20.5%).

At the time of this study, in patients with available life 
status, three patients were alive (at the ages of 19, 33, and 
54) with a functioning kidney graft, and three patients 
deceased at the ages of 19, 56, and 58 with a functioning 
graft. Two patients were under dialysis and one patient 
had a progressive worsening of kidney function. The graft 
was removed one year after kidney transplantation for 
one patient.

Therapeutic strategies
Multiple therapeutic strategies were used to amelio-
rate patients’ symptoms and outcomes. About 32% of all 
patients had received one type of Ca/vit D/PTH replace-
ment therapy. Of 24 cases who received Ca/vit D/PTH 
replacement therapy, 19 were under treatment with 
25-OH-rhpTH1-34, 3 patients were under treatment 
with elemental calcium and calcitriol, one case was under 
treatment with high dose therapy with oral calcium, 
alfacalcidol (analogue of vitamin D), and recombinant 

PTH. Another case was under treatment with calcium 
supplementation and 1-alpha hydroxycholecalciferol 
administration.

Patients also received diverse medications which 
might cause or affect renal complications includ-
ing sodium bicarbonate, intravenous immunoglobu-
lin (IVIG), rituximab, and prophylactic antibacterial 
or antifungal therapy. Twenty-one patients (29%) were 
under treatment with immunosuppressive agents, of 
these, six patients received Mycophenolate mofetil 
(MMF), two patients were under treatment with ster-
oids, three patients were under treatment with the 
combination of cyclosporine A (CSA), azathioprine, 
and steroids, three patients were under treatment with 
azathioprine, two patients were under treatment with 
CSA + MMF + steroids, and single cases were under 
treatment with basiliximab + CSA + MMF + steroids, 
basiliximab + MMF + Tacrolimus + steroids, Tacroli-
mus + MMF + steroids, cyclosporine, and azathioprine.

Other therapeutic and prophylactic agents used to 
improve the conditions and outcomes of patients are pre-
sented in Table 1.

Discussion
Autoimmune polyendocrinopathy candidiasis ectoder-
mal dystrophy (APECED) or Autoimmune Polyendocrine 
Syndrome type 1 (APS type 1) is a rare genetic syndrome 
diagnosed typically in childhood and late adolescence [9]. 
Renal disorders have recently been reported in 6.3–10% 
of APECED patients [36]. APECED patients suffer from a 
variety of renal diseases, which include renal tubular aci-
dosis, nephrocalcinosis, tubulointerstitial nephritis, acute 
tubular necrosis, cystitis, pyelonephritis, nephrolithiasis, 
persistent proteinuria, diabetic nephropathy, microalbu-
minuria, and in later stages chronic renal failure. In the 
present study, we evaluated the incidence of renal com-
plications and their association with genetic variations.

The most common mutation in APECED patients with 
renal disorders is consistent with previous reports and is 
the same as other APECED patients (35.8% of APECED 
patients had c.967-979del13bp (p. L323Sfs*51) mutation, 
which is also the most common mutation in included 
patients in our study). A study showed that while 3% 
of mutation-positive probands had tubulointerstitial 
nephritis, none of mutation-negative probands showed 
this renal complication, suggesting a potential high 
impact of genetic mutations in this renal involvement 
[37]. Several unique mutations have been reported in 
the included studies. However, it is not fully understood 
how genetic mutations could affect renal complications, 
and future studies should be carried out to find the asso-
ciations between mutations and renal complications in 
APECED.
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In this review, the most common cause of renal involve-
ment in APECED patients is nephrocalcinosis. The prev-
alence of nephrocalcinosis in this review was 52%.

Several clinical conditions may induce nephrocalci-
nosis during the course of the disease, such as vitamin 
D replacement, congenital hypothyroidism, inherited 
tubulopathies, and RTA; hypoparathyroidism-induced 
hypercalciuria seems to be the most common cause 
as the fractional excretion of calcium increases and the 
tubular absorption of calcium decreases due to the lack 
of PTH. Nephrocalcinosis occurs through hypercalciu-
ria with hypercalcemia or hypercalciuria with no hyper-
calcemia [38]. A study by Laakso and colleagues showed 
that APECED patients suffered from lower serum cal-
cium, higher serum phosphate, and higher urine calcium 
secretion [39]. Therefore, hypercalciuria-induced without 
hypercalcemia nephrocalcinosis in APECED patients is 
probably the most among these patients. Based on clini-
cal and laboratory findings in APECED patients; to elu-
cidate the underlying mechanism of nephrocalcinosis 
in APCED patients, we suggested two theories. First, 
mutations in calcium-sensing receptors (CASR) can sup-
press PTH levels and exert a hypercalciuric hypocalce-
mia condition. Circulating autoantibodies against CASR 
in APECED patients, particularly activating antibodies, 
consolidate this theory [40, 41]. Second, vitamin D ther-
apy may cause iatrogenic hypercalciuria at the initiation 
of treatment, therefore ongoing assessment of nephro-
calcinosis is warranted [42]. It is suggested that calcium 
should be maintained just below or within the lower nor-
mal range to prevent nephrocalcinosis, nephrolithiasis, 
and renal failure [43]. Novel therapies such as recombi-
nant PTH could maintain serum calcium levels without 
requiring intravenous calcium injection, which may exac-
erbate nephrocalcinosis [10].

In this study, the second form of renal involvement in 
patients with APECED was TIN, with a 32% prevalence. 
TIN is a severe complication of APECED that might 
ultimately lead to renal failure. Its prevalence in Finn-
ish APECED patients is about 10% [8]. Severe pediatric 
cases of renal failure associated with TIN result in dialy-
sis and kidney transplantation [1, 44]. In APECED, the 
only clinical sign of TIN may be impaired renal function 
without any urinalysis abnormalities [8]. Recently, the 
role of circulating circulating metabolites and antibodies 
and their prognostic value in nephritis have been shown 
[45]. Circulating antibodies against the proximal and 
distal parts of the nephron are present in TIN patients, 
with kidney biopsies showing lymphocyte infiltration 
and complement components deposition. Autoantibod-
ies against proximal renal tubules in some cases indicate 
involvement of autoimmune pathogenic mechanisms in 
the development of renal complications in some patients 

[8]. The treatment of TIN is not clearly defined, but early 
initiation of immunosuppressive therapy such as MMF 
reduces the formation of fibrosis in the kidney via reduc-
ing circulating antibodies and diminishing T cell activity 
[29, 46].

The mechanism underlying kidney injuries could vary 
from metabolites dysfunctions, mitochondrial dysfunc-
tion, impaired autophagy, and activation of cell death 
pathways to immunologic processes such as infiltra-
tion of inflammatory cells, activation of inflammatory 
cytokines, and accumulation of macrophages [47, 48]. 
As mentioned above, renal complications are caused by 
T-cell infiltration in renal tubules and the development 
of anti-proximal tubular and anti-collecting duct-specific 
autoantibodies in the case of APECED.

The role of autoantibodies in the pathogenesis of kid-
ney disorders in APECED is a matter of controversy. 
While some studies suggest that autoantibodies can 
rarely cause renal injury, the presence of these autoan-
tibodies in some cases advocates the involvement of 
autoimmune pathogenic mechanisms in the develop-
ment of renal complications in some patients, even 
though the main immunopathogenesis of APECED is 
the manipulated T-cell tolerance [7]. Hence, this could 
be a potential underlying mechanism of kidney involve-
ment in APECED. Nevertheless, there are several types 
of autoantibodies against tissues, interferons, and inter-
leukins in APECED patients. It is of not to say there were 
several autoantibodies in patients in this study such as 
anti tubular epithelium that were not reported in the 
previous comprehensive review of APECED patients [9]. 
These specific autoantibodies could also be used to pre-
dict renal involvement, as a previous study suggested that 
the measurement of autoantibodies produced against the 
cytokines could be used for early diagnosis of APECED 
[49].

No anti-proximal tubular and anti-collecting duct-
specific autoantibodies were reported in the mentioned 
review. Therefore, other antibodies such as liver-kidney 
microsomal (LKM) or Anti-nuclear Ab (ANA), could also 
participate in the renal disorders’ development, particu-
larly TIN.

The prevalence of other renal complications is incon-
sistent between our findings and previous reports. 
Hypertension was reported in 18% of included patients 
in this study, whereas the prevalence of hypertension was 
36% in a Finnish cohort [8]. Since proteinuria and hyper-
tension diminish renal function, early detection and 
management of these conditions seem to be necessary 
to preserve renal function in these patients, and screen-
ing for hypertension, proteinuria, and other renal func-
tion indicators should be considered in the examination 
of these patients. Since the onset of hypertension occurs 
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during childhood in these patients, secondary screening 
tests such as plasma aldosteronism-to-renin ratio (ARR) 
test should be done to rule out other causes of hyperten-
sion and avoid cardiovascular damage [50]. Our study 
revealed that the occurrence of RTA was found to be 4% 
among renal complications in APECED, however, a pre-
vious Finnish study reported a higher prevalence of RTA 
at 6% among 30 cases [8]. In the context of APECED, 
autoantibodies predominantly target specific intracel-
lular enzymes within organs. These autoantibodies are 
typically not pathogenic but rather signify ongoing T-cell 
activity within the affected tissue. A plausible hypothesis 
suggests a potential association between the presence of 
ductal cell antibodies and the development of distal renal 
tubular acidosis (type 1) observed in a subset of patients 
[51]. This rationale could be extended to APECED, even 
though future investigations are required to clarify the 
underlying mechanisms.

It is noteworthy to declare that while in the study by 
Sharifinejad and colleagues, 92% of patients were alive, 
our study showed that about 77% were alive (of reported 
cases) at the time of the study. This might show higher 
mortality in patients with kidney involvement, even 
though there is a lack of reported data on the living sta-
tus of patients with kidney disorders is an obstacle to 
accurate estimation. Most of the cases included in our 
study were from Finland followed by the United States, 
Italy, Iran, Brazil, and Turkey. Whereas the Sharifinejad 
and colleagues, Italian cases were the second reported 
cases (followed by finish people), which suggest lower 
renal manifestations in Italian patients. The frequency of 
AIRE mutations was as same as the previous reports. The 
clinical presentation of APECED patients with kidney 
involvement is relatively different from all cases.

The prevalence of hyperparathyroidism is slightly 
higher in patients with renal involvement (reported in 
our studies with 90% prevalence) than previous compre-
hensive report (84.2%).

A screening for hypertension, UTI, microalbuminuria, 
metabolic acidosis, nephrocalcinosis, nephrolithiasis, 
and other renal function (particularly tubular) indicators 
is recommended to be considered in the examination of 
APECED patients (Table 2).

Limitation
This study has also some limitations. Since APECED is 
relatively a rare disorder, the number of included patients 
in studies was limited, and most of the included stud-
ies were case reports. The results of this study should be 
confirmed by future studies, especially cohorts and case 
controls which could enhance our understanding and 
knowledge of this disease. Furthermore, since APECED 

is a rare disorder, most of the included studies were case 
series, case reports studies. Therefore, we were unable 
to  prefom an appropriate and solid statical analysis. 
There is a lack of investigations, especially cohort studies 
on APECED and renal involvement. Future studies, par-
ticularly cohort studies is warranted to update our under-
standing regarding this rare condition.

Conclusion
Taken together, renal complications in APECED rep-
resent a significant issue that should be monitored and 
considered in managing these patients to preserve renal 
function and improve patients’ outcomes. This is the 
first study reviewing renal involvement in patients with 
APECED. The results of this study could enhance our 
understanding of the impact of this disease on patients.
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