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Abstract

Design: Addison’s disease (AD) is a rare autoimmune disease (AID) of the adrenal cortex, 
present as an isolated AD or part of autoimmune polyendocrine syndromes (APSs) 1 
and 2. Although AD patients present with a number of AID co-morbidities, population-
based family studies are scarce, and we aimed to carry out an unbiased study on AD and 
related AIDs.
Methods: We collected data on patients diagnosed with AIDs in Swedish hospitals and 
calculated standardized incidence ratios (SIRs) in families for concordant AD and for 
other AIDs, the latter as discordant relative risks.
Results: The number of AD patients was 2852, which accounted for 0.4% of all 
hospitalized AIDs. A total of 62 persons (3.6%) were diagnosed with familial AD. The SIR 
for siblings was remarkably high, reaching 909 for singleton siblings diagnosed before 
age 10 years. It was 32 in those diagnosed past age 29 years and the risk for twins was 
323. SIR was 9.44 for offspring of affected parents. AD was associated with 11 other AIDs, 
including thyroid AIDs and type 1 diabetes and some rarer AIDs such as Guillain–Barre 
syndrome, myasthenia gravis, polymyalgia rheumatica and Sjögren’s syndrome.
Conclusions: The familial risk for AD was very high implicating genetic etiology, which for 
juvenile siblings may be ascribed to APS-1. The adult part of sibling risk was probably 
contributed by recessive polygenic inheritance. AD was associated with many common 
AIDs; some of these were known co-morbidities in AD patients while some other appeared 
to more specific for a familial setting.
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Introduction

Addison’s disease (AD) is an autoimmune disease (AID) 
characterized by a gradual autoantibody destruction of 
the adrenal cortex with resulting impaired production of 
corticosteroids and mineralocorticoids (1). Most patients 
express autoantibodies against 21-hydroxlase, an enzyme 
in the steroid synthetic pathway. The global prevalence 
is estimated as 14/100,000, where 63% are women (2). 
The reported prevalence in Norway is also 14/100,000 
(3). All symptomatic patients need medical attention 
and the standard treatment is hormone replacement 
therapy, which allows most patients to remain in good 
health (1). AD is a common component in autoimmune 
polyendocrine syndrome (APS) in which multiple 
endocrine glands are attacked by autoantibodies (4, 5). 
AD is part of the rare juvenile APS-1, which is usually 
diagnosed before age 15 years and is caused by recessive 
mutations in the autoimmune regulatory gene (AIRE) 
(4, 5). The more common adult-onset APS-2 is defined 
through co-morbidity of at least two of the following three 
AIDs: AD, type 1 diabetes or autoimmune thyroid disease, 
but it may also include other AIDs (4). AD patients may 
present with multiple AIDs, irrespective of APS-2; among 
Norwegian and Swedish patients only less than 40% were 
diagnosed with isolated AD (1, 3). In these studies, the 
most common AID comorbidities were thyroid AID (in 
half of the patients) and type 1 diabetes (in over 10% of 
the patients). A family history of AD was reported in 10% 
of the Norwegian patients and 6% of the Swedish ones 
(1, 3). A small case-control study from Poland reported 
that 3% of the family members were also diagnosed with 
AD and that thyroid AID was found in almost 30% of the 
family members (6). In our previous family studies, AD 
was associated with type 1 diabetes and Graves’ disease in 
family members (7, 8). AD was found to be in excess after 
diagnosis of asthma and subsequent type 2 diabetes was 
increased after a diagnosis of AD (9, 10).

AD (and APS-2) is a polygenic condition for which 
no single ‘major’ gene has been identified, in spite of 
the high twin heritability (11, 12, 13). Twin studies have 
shown a high co-aggregation of AD with other AIDs, such 
as Hashimoto’s thyroiditis, Graves’ disease, celiac disease 
and type 1 diabetes (12, 13). The HLA locus was for a long 
time the only significant genetic risk factor for AD, as it was 
for many other AIDs; the HLA DQ/DR regions regulate the 
antigen presentation to the T-cell receptor (5, 14). It was 
recently shown that amino acid polymorphisms within 
HLA class II exon 2 mediate the APS risk and differentiate 
between thyroid and polyglandular autoimmunity (15). 

Association and sequencing studies have identified several 
low-risk genes which are also shared between some other 
AIDs (11). These include AIRE, BACH2, TTPN22, CTLA4, 
CLEC6A and HLA-DRB1, which jointly may account for 
20% of the heritability of AD (11, 16). These genes are 
relevant in many immune functions. For example, in 
addition to the HLA locus, AIRE encodes a protein which 
regulates the expression of autoantigens and negatively 
selects autoreactive T-cells in the thymus (4, 5). BACH2 
maintains regulatory T-cell function and B-cell maturation, 
and CTLA-4 (cytotoxic T-lymphocyte associated protein 
4) acts as a major negative regulator of T-cell responses 
(4, 5). These pathways have been highlighted by the 
ever-increasing use of immune checkpoint inhibitors in 
cancer therapy. The applied monoclonal antibodies target 
checkpoint receptors, such as CTLA-4, and autoimmune 
side-effects are common (17, 18). In fact, some authors 
have suggested that the side-effects of immune checkpoint 
inhibitors would constitute a new type of APS (19).

Due to the sparsity of population-based family studies 
in AD, we used Swedish hospital data to characterize 
familial clustering of concordant (between AD) and 
discordant (AD and other AIDs). Concordant risks were 
assessed separately for offspring of affected parents and 
for siblings in order to draw conclusions about the mode 
of association. The discordant analysis was conducted 
bidirectionally: first, the relative risk was calculated for 
any other AID in families of AD, followed by the relative 
risk for AD in families with other AIDs.

Methods

AID patients were identified from the Swedish Hospital 
Discharge Register (years 1964 through 2012, full national 
coverage from 1986 onwards) and the Outpatient Register 
(2001 through 2012). Only the first AID diagnosis was 
included. Of a total of 769,991 patients with any of in 
total 43 AIDs, 51% were identified from the Inpatient 
Register and 49% were identified from the Outpatient 
Register. The International Classification of Diseases (ICD) 
codes were used for identification of AIDs as described 
elsewhere (20). Family relationships were obtained from 
the Multigeneration Register, containing the Swedish 
population in families and covering parental generations 
for a century (21). As family members, only first-degree 
relatives of offspring-parent pairs and siblings were 
considered; ‘the offspring generation’ was born after 1931 
and siblings could be defined only in this generation; 
‘the parental generation’ was born any time earlier. 
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By the year 2012, the offspring generation reached age 
80 years. For the parental generation there was no age 
limit. Information from the registers was linked at the 
individual level via the national 10-digit civic registration 
number. In the linked dataset, civic registration numbers 
were replaced with serial numbers to ensure the integrity 
of all individuals. Spouses were identified through the first 
common child.

Standardized incidence ratios (SIRs) were calculated 
for the offspring generation as the ratio of observed 
to expected number of cases. The expected numbers 
were calculated for all individuals without a first-
degree family history of a specific AID and the rates 
were standardized by 5-year-age, gender, period (5-year 
groups), socioeconomic status and residential area. The 
95% CI of the SIRs were calculated assuming a Poisson 
distribution. Separate SIRs were calculated for offspring 
when only parents or only singleton siblings/twins were 
probands, that is, they were diagnosed with concordant 
AID. In the analysis of discordant AIDs, bidirectional (i.e. 
AD-AIDx and AIDx-AD) associations were considered. 
Results are shown for discordant associations if any  
of the comparisons were significant (95% CI did not 
include 1.00).

Results

The number of AD patients in the offspring generation 
(to whom risks were calculated) was 1735 with a mean 
diagnostic age (i.e. first hospital contact) of 39.7 years; 
considering also their parents the total number was 
2852 of whom 46.5% were males (Table 1). The total AID 
population amounted to 519,180 patients in the offspring 
generation of 8.5 million. Thus, AD accounted for 0.3% 
of all AIDs in the offspring generation and 0.4% in the 
whole population.

Concordant familial risks

A total of 62 persons were diagnosed with familial AD in 
the offspring generation, 8 with a parental and 54 with a 
sibling history (4 of the affected parental probands had 
remarried and were not included among the 58 individuals 
for ‘All’). Among the total of 1735 AD patients, 3.6% were 
familial. Familial risks for AD are shown in Table 2 for 
offspring whose first-degree relatives (parents or siblings 
as probands in the top and only parents as probands in 
the bottom) were diagnosed with concordant disease. 
The overall familial risk for AD risk was 41.49 and almost 
identical for women and men. The risk depended on the 
age at diagnosis, being highest (245.54) for 0–9 year old 
and lowest (24.79) for those older than 29 years. The SIR 
was 9.44 for offspring whose parents were affected and 
was significant for offspring diagnosed at age 10–29 years. 
Of note, only 8 patients had an affected parent while 54 
siblings shared the disease. We also planned to analyze 
the risk between spouses but no concordant couples were 
identified.

Risks for siblings are shown in Table 3, separating 
singleton siblings and twins. For singleton siblings, 
the SIR was 909.09 when diagnosed below age 10, and 
declining to 32.03 at age over 29 years. For twins, the SIR 
was 323.62, the diagnostic age range was 27–67 years. All 
twin pairs were of the same sex.

Discordant familial risks

We analyzed familial risks for discordant AIDs and the 
results are shown in Table 4 when any of the bidirectional 
analyses were significant; this was found for 11 other 
AIDs (both sexes). Both of the bidirectional SIRs were 
significant for 8 AIDs, including common AIDs and rarer 
ones, such as polymyalgia rheumatica and Sjögren’s 
syndrome. Only one directional increases were noted for 
AD in families of rheumatoid arthritis patients, and only 
for Guillain–Barre syndrome and myasthenia gravis in 
families of AD patients. The highest risk for AD (3.44) was 
noted in families of type 1 diabetes. The highest risk for 
discordant AID in AD families was for myasthenia gravis 
(3.85). Of note, 43 AD patients were found in polymyalgia 
rheumatic families, ranking third after families with 
rheumatoid arthritis (79) and Graves’ disease (47). None 
of the sex-specific SIRs differed between men and women 
(i.e. the 95% CIs overlapped). Nevertheless, only female 
bidirectional SIRs were increased for celiac disease and 
Sjögren’s syndrome. Three sex-specific bidirectional SIRs 
were significantly increased in both sexes in associations of 

Table 1 Number of cases of autoimmune diseases in 
offspring (n = 8,517,416) and in the total population,  
1964–2012.

No. of events in the 
study population

No. of events in total of 
population

No. % Mean age No. Diag. age
% 

males

Total 519,180 38.8 ± 19.5 769,991 40.3 ± 18.4 40.2
Addison’s 

disease
1735 0.3 39.7 ± 16.9 2852 36.9 ± 17.4 46.5
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AD with type 1 diabetes, Graves’ disease and Hashimoto’s 
thyroiditis. Discordant associations are summarized in 
Fig. 1 for sexes combined.

Discussion

The present nation-wide study covered a rare AID, 
which accounted for 0.4% of all hospitalized AIDs in 
Sweden. Familial AD accounted for 3.6% among all AD 
patients. We provided novel population-based familial 
risk estimates, which were very high, 41.49, and equal 
for men and women. Such high familial risk could be 
anticipated from the twin-based heritability estimates 
(12, 13). Yet they were far higher than our previous results 
on other AIDs. For example, concordant risk for offspring 
with Graves’ disease with an affected parent was 4.49 (8). 
A surprising finding was that most familial cases (54/62) 

were siblings rather than offspring of affected parents. 
The sibling risk was remarkably high, reaching 909 for the 
youngest singleton siblings but remaining as high as 32 
in those diagnosed past age 29 years. The risk for twins 
was 323, and all but one twin were diagnosed past age 
29 years. Even though all concordant twins were of the 
same sex, it is likely that many of them were dizygotic 
as reported from the Swedish Twin Register (13). In our 
previous studies, the concordant risk for young siblings 
diagnosed with type 1 diabetes was 12.3 and 8.33 for 
siblings diagnosed with Graves’ disease at any age (7, 
8). The SIRs for twins were somewhat over 20 for type 1 
diabetes and 16.6 for Graves’ disease.

It is likely that the early onset AD population 
consisted of APS-1, usually diagnosed before 15 years of 
age (4, 22). The syndrome is caused by recessive AIRE 
mutations, which is consistent with the extremely high 
risk between young siblings. No twins were identified at 

Table 2 Familial risks of Addison’s disease.

Age at diagnosis 
(years)

Men Women All
O SIR 95% CI O SIR 95% CI O SIR 95% CI

Family history
 All 27 42.80 28.18 62.34 31 40.95 27.80 58.18 58 41.49 31.72 54.05
 0–9 8 289.86 123.79 573.93 3 174.42 32.88 516.30 11 245.54 121.87 440.85
 10–19 4 87.72 22.82 226.82 3 88.76 16.73 262.73 7 88.16 34.95 182.67
 20–29 7 64.34 25.50 133.31 7 63.58 25.20 131.74 14 63.96 34.84 107.59
 ≥30 8 17.82 7.61 35.29 18 30.02 17.75 47.53 26 24.79 16.18 36.38
Parents only
 All 2 5.27 0.50 19.37 6 12.64 4.55 27.69 8 9.44 4.03 18.68
 0–9 1 37.74 0.02 216.31 0 1 24.45 0.01 140.15
 10–19 1 26.04 0.01 149.28 1 33.78 0.01 193.66 2 29.41 2.77 108.16
 20–29 0 3 37.64 7.10 111.42 3 19.47 3.67 57.63
 ≥30 0 2 5.70 0.54 20.96 2 3.38 0.32 12.44

Bold type: 95% CI does not include 1.00.
O, observed number of cases; SIR, standardized incidence ratio.

Table 3 Familial risks of Addison’s disease in siblings.

Age at 
diagnosis 
(years)

Men Women All

O SIR 95% CI O SIR 95% CI O SIR 95% CI

Singleton 
siblings

 All 25 82.45 53.30 121.88 19 54.08 32.50 84.62 44 67.23 48.83 90.31
 0–9 7 921.05 365.10 1908.44 3 882.35 166.35 2611.88 10 909.09 432.94 1678.27
 10–19 3 191.08 36.02 565.63 2 192.31 18.13 707.23 5 191.57 60.45 450.63
 20–29 8 178.17 76.10 352.79 4 95.69 24.89 247.44 12 138.41 71.17 242.53
 ≥30 7 29.79 11.81 61.72 10 33.82 16.11 62.43 17 32.03 18.62 51.40
Twins
 All 2 350.88 33.08 1290.39 8 317.46 135.58 628.59 10 323.62 154.12 597.44
 20–29 1 312.50 0.13 1791.33 1 312.50 0.13 1791.33
 30+ 2 606.06 57.13 2228.85 7 318.18 126.12 659.28 9 355.73 161.28 678.20

Bold type: 95% CI does not include 1.00.
O, observed number of cases; SIR, standardized incidence ratio.
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ages below 27 years, which implies that they were not 
APS-1 patients. The risk for singleton siblings diagnosed 
at age >29 years was 32.03 while the risk for offspring of 
affected parents was 9.44. The case numbers were small 
but the difference was significant. The common reasons 
for the difference in risks between siblings and offspring 
of affected parents are either childhood environmental 
sharing or recessive inheritance. In view of lacking 
information on strong environmental risk factors and 
the finding that no spouses shared an AD diagnosis, 

inherited factors are likely to contribute to the observed  
sibling risks.

Family studies on AD are rare and include the 
recent small hospital-based study from Poland and 
twin studies from Sweden, discussed in Introduction 
(6, 11, 12). However earlier studies on other AIDs have 
observed significant associations with AD in family 
members, including studies on vitiligo, thyroid diseases 
and multiple sclerosis (23, 24, 25). In the present study 
we showed significant familial associations for AD with  

Table 4 Familial risks for discordant AID.

Subtypes of AID in 
offspring

Family history  
of AID

Both Genders Men Women
Obs. SIR 95% CI Obs. SIR 95% CI Obs. SIR 95% CI

Addison’s 
disease

Celiac  
disease

18 1.83 1.08 2.77 7 1.51 0.60 2.84 11 2.11 1.05 3.54

Celiac  
disease

Addison’s  
disease

45 2.14 1.56 2.81 12 1.60 0.82 2.63 33 2.44 1.68 3.34

Addison’s 
disease

Diabetes mellitus 
type I

19 3.44 2.06 5.15 9 3.28 1.49 5.78 10 3.59 1.71 6.15

Diabetes mellitus 
type I 

Addison’s  
disease

42 2.38 1.72 3.16 26 2.75 1.79 3.91 16 1.96 1.12 3.04

Addison’s 
disease

Graves’  
disease

47 1.76 1.29 2.29 20 1.67 1.02 2.48 27 1.83 1.20 2.58

Graves’  
disease

Addison’s  
disease

53 2.24 1.68 2.88 10 2.65 1.26 4.54 43 2.16 1.56 2.85

Addison’s 
disease

Guillain–Barre 
syndrome

4 1.97 0.51 4.37 4 3.43 0.89 7.60

Guillain–Barre 
syndrome 

Addison’s  
disease

6 2.90 1.04 5.68 5 4.11 1.30 8.51 1 1.17 0.00 4.59

Addison’s 
disease

Hashimoto’s 
thyroiditis

35 2.04 1.42 2.77 16 2.07 1.18 3.21 19 2.02 1.21 3.03

Hashimoto’s 
thyroiditis

Addison’s  
disease

47 2.39 1.75 3.12 7 2.20 0.87 4.13 40 2.42 1.73 3.23

Addison’s 
disease

Myasthenia  
gravis

2 0.94 0.09 2.70 2 1.67 0.16 4.78

Myasthenia  
gravis 

Addison’s  
disease

6 3.85 1.39 7.55 3 4.70 0.89 11.52 3 3.26 0.61 7.99

Addison’s 
disease

Polymyalgia 
rheumatica

43 2.23 1.61 2.94 14 1.73 0.94 2.76 29 2.58 1.73 3.61

Polymyalgia 
rheumatica

Addison’s  
disease

12 2.06 1.06 3.40 5 1.98 0.63 4.11 7 2.12 0.84 3.99

Addison’s 
disease

Rheumatoid 
arthritis

79 1.27 1.00 1.56 35 1.28 0.89 1.74 44 1.25 0.91 1.65

Rheumatoid 
arthritis 

Addison’s  
disease

40 1.13 0.81 1.51 15 1.39 0.77 2.18 25 1.02 0.66 1.45

Addison’s 
disease

Sarcoidosis 29 2.57 1.72 3.59 11 2.19 1.09 3.68 18 2.87 1.70 4.35

Sarcoidosis Addison’s  
disease

25 2.17 1.40 3.11 11 1.61 0.80 2.70 14 3.00 1.63 4.77

Addison’s 
disease

Sjögren’s 
syndrome

12 2.09 1.07 3.44 4 1.56 0.41 3.47 8 2.51 1.07 4.55

Sjögren’s 
syndrome 

Addison’s  
disease

10 2.20 1.05 3.77 1 2.22 0.00 8.70 9 2.19 0.99 3.86

Addison’s 
disease

Systemic lupus 
erythematosus

5 1.06 0.33 2.19 3 1.43 0.27 3.50 2 0.76 0.07 2.18

Systemic lupus 
erythematosus 

Addison’s  
disease

9 2.19 0.99 3.85 2 3.47 0.33 9.94 7 1.98 0.78 3.71

Bold type: 95% CI does not include 1.00.
O, observed number of cases; SIR ,standardized incidence ratio.
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11 other AIDs, including the ones that are the most 
common co-morbidities in individual patients: thyroid 
AIDs and type 1 diabetes, and some rarer ones such as celiac 
disease. We had no data on some other relatively common 
co-morbidities, such as vitiligo or gonadal failure (1, 3). 
Pernicious anemia has been found to be a co-morbidity 
in Swedish patients but we found no increase in familial 
risk (1). Rheumatoid AIDs were clearly underrepresented 
among the associated AIDs, with the exception of 
polymyalgia rheumatic, systemic lupus erythematosus 
and Sjögren’s syndrome. Rheumatoid arthritis is the most 
common AID in Swedish hospital records, and it showed 
a modest association (1.27) and of borderline significance 
only in AD families (26). Novel associations with high 
SIRs were found for Guillain–Barre syndrome, myasthenia 
gravis, polymyalgia rheumatica and Sjögren’s syndrome. 
The genetic link between AD and myasthenia gravis and 
polymyalgia rheumatica may be the HLA locus (27, 28). 
Co-morbidity of AD and myasthenia gravis has previously 
been reported (29).

Limitations of the present study include the low 
patient numbers because of the rarity of AD and many 
comparisons, whereby some of the results may yield chance 
findings. The design of applying bidirectional analysis will 
in part alleviate the problem of multiple comparisons, as 
parent-offspring pairs are independent in the bidirectional 
analysis. Thus significant results in the bidirectional 
analyses, as was the case for most observed associations, 
provide support for ‘true‘ associations. The strengths of 
the study were diagnostics in a standard way in a high-
level health care system, accessible to the population at 
large without economic barriers. The family relationships 
were obtained from the Swedish Multigeneration Register 
with unbiased and complete family relationships (21).

In summary, we found a very high familial risk for AD, 
particularly among siblings. The juvenile component of 

the risk could be ascribed to ASP-1. The adult component 
of sibling risk was probably contributed to by polygenic 
inheritance. AD was associated with many common AIDs, 
some of which were known co-morbidities in AD patients. 
Significant familial associations were also found for rare 
AIDs, such as Guillain–Barre syndrome, myasthenia 
gravis, polymyalgia rheumatica and Sjögren’s syndrome.
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