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Malmö, Sweden,§Department of Metabolism and Endocrinology, Diabetes Research Centre, Vrije Universiteit Brussel and
¶BDR, Brussels, Belgium

(Accepted for publication 23 September 1996)

SUMMARY

The diagnostic specificity of recombinant 21-hydroxylase autoantibodies (21OH-Ab) for Addison’s
disease was tested in adult patients with either Graves’ disease (GD), insulin-dependent diabetes
mellitus (IDDM), or polyendocrinopathy, as well as in healthy controls. Using a radiobinding assay with
in vitro translated recombinant human 21-hydroxylase, we found 21OH-Ab in 24/28 (86%) idiopathic
Addison patients, and using an immunofluorescence assay we found adrenal cortex autoantibodies
(ACA) in 12/28 (43%) patients (P ¼ 0·002). All the 12 ACA-positive sera were also positive for 21OH-
Ab and ACA were found in 11/15 (73%) patients with less than 15 years and in 1/13 (8%) patients with
15–38 years of disease duration (P ¼ 0·002). 21OH-Ab were present in 3/92 (3%) patients with GD, in
1/180 (0.6%) with IDDM and in 0/106 healthy subjects. The 21OH-Ab-positive GD and IDDM patients
were also positive for ACA. None of 17 patients with polyendocrinopathy, but without Addison’s
disease, had 21OH-Ab. None of the 180 Belgian IDDM patients had Addison’s disease or developed an
adrenal insufficiency at follow up. In two out of three Graves patients, the presence of 21OH-Ab was
associated with clinical and biochemical signs of adrenal insufficiency. Of the 89 21OH-Ab-negative
patients with GD none had Addison’s disease at the time of blood sampling, and 79 were followed up for
5.6–7.5 years and none developed clinical signs of adrenal insufficiency. We conclude that the presence
of 21OH-Ab in patients with endocrine autoimmune diseases is highly specific for Addison’s disease.

Keywords adrenal autoantibodies Addison’s disease polyendocrinopathy radioimmunoassay
recombinant autoantigen

INTRODUCTION

A large body of evidence supports the hypothesis that, in Western
countries, most cases of idiopathic Addison’s disease are caused by
autoimmune destruction of the adrenal cortex [1,2]. Although the
prevalence of Addison’s disease is very low, only 39–60 per
million individuals [3,4], the observation that acute adrenal insuf-
ficiency associated with mononuclear cell infiltration of the adrenal
cortex may be life-threatening [5] strengthens the importance of
developing simple and reliable diagnostic assays to identify
accurately individuals at high risk for Addison’s disease. This is
particularly important in the clinical management of adult patients
with endocrine autoimmune disorders often associated with Addi-
son’s disease, such as Hashimoto’s thyroiditis, Graves’ disease

(GD), insulin-dependent diabetes mellitus (IDDM), or premature
menopause [4,6–8]. In this context, it is noteworthy that about 50%
of idiopathic Addison patients have a concomitant autoimmune
endocrine disease (this combination is referred to as autoimmune
polyendocrine syndrome (APS)) [7,9].

The enzyme steroid 21-hydroxylase (21OH) is a major adrenal
autoantigen in Addison’s disease [10,11], and we [12] and others
[10,13,14] have shown that 21OH autoantibodies (21OH-Ab) are
present in 70–90% of idiopathic Addison patients.

Because of the high diagnostic sensitivity (percentage of anti-
body-positive patients) of 21OH-Ab for Addison’s disease, this
immune marker can be useful for predicting adrenal insufficiency
in endocrine autoimmune patients. However, because of the low
prevalence of Addison’s disease in patients with endocrine auto-
immune diseases, the diagnostic specificity (percentage of anti-
body-negative subjects without the disease) must approach nearly
100% for the antibody assay to be highly predictive. Typically,
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prediction of endocrine autoimmune diseases is limited by low
specificity of the autoantibody assay used. For example, IDDM-
associated autoantibodies occur frequently in other autoimmune
diseases [15,16] and only the combination of both genetic and
immune markers can guarantee an adequate specificity for the
disease [17].

So far, the diagnostic specificity of 21OH-Ab for Addison’s
disease has not been elucidated in a large number of patients with
endocrine autoimmune diseases. Additionally, it is still unclear
whether the 21OH-Ab assay should only be used in combination
with—or can be used in substitution of—the classical immuno-
fluorescence assay for adrenal cortex autoantibodies (ACA).

In the present study, we therefore evaluated the prevalence of
21OH-Ab in a large group of adult patients with GD or IDDM in
addition to healthy individuals, using our recently developed
radiobinding assay with full-length recombinant human 21OH
[12]. Additionally, a separate group of polyendocrinopathy or
polyautoimmune adult patients was studied for presence of
21OH-Ab. To evaluate the predictive value of our 21OH-Ab
assay for Addison’s disease, the presence of circulating autoanti-
bodies was correlated with the appearance of clinical signs of
adrenal insufficiency at follow up. We also compared the pre-
valence of 21OH-Ab in our group of idiopathic Addison patients
with that of ACA detected in an indirect immunofluorescence
assay.

PATIENTS AND METHODS

Serum samples
We analysed serum samples from (i) 28 idiopathic Addison
patients (age 26–70 years, F/M ratio 0.9; 19 with ‘isolated’
Addison’s disease and nine with APS II) (group 1) previously
used to develop our 21OH-Ab assay [12]; (ii) 92 patients with
newly diagnosed GD (age 17–85 years, F/M ratio 3.0) (group 2),
recruited between May 1988 and April 1990 at the Department of
Endocrinology, Malmo¨ University Hospital, University of Lund,
Sweden, and previously studied to evaluate the frequency of
GAD65 autoantibodies (GAD65Ab) and islet-cell antibodies
(ICA) in patients with untreated hyperthyroidism [15]; (iii) 180
patients with newly diagnosed IDDM (age 19–39 years, F/M
ratio 0.5) (group 3), recruited by the Belgian Diabetes Registry
and previously characterized for prevalence of GAD65Ab, ICA,
and insulin autoantibodies (IAA) [18,19] as well as for HLA and
insulin genotype [20]; (iv) 17 patients with polyautoimmune/
polyendocrine diseases (age 17–85 years, F/M ratio 4.7) (group
4) diagnosed between 1994 and 1995 at the Department of Internal
Medicine and Endocrine & Metabolic Sciences, University of
Perugia, Italy; (v) 106 healthy subjects (96 Belgians, previously
used [19] as part of a control group of the IDDM patients; and 10
Italians, never tested before for presence of autoantibodies) (age
16–55 years, F/M ratio 1.2) (group 5).

The idiopathic Addison patients were selected from a group of
patients with primary adrenal insufficiency after exclusion of
patients with adrenocortical tuberculosis, or adrenoleukodystrophy
or those bilaterally adrenalectomized by surgery. Autoantibody
analyses were carried out after clinical diagnosis was made and
were not used for patient recruitment.

The serum samples from the Belgian IDDM patients (group 3)
used in this study were selected based on the following criteria: of
the 747 IDDM patients consecutively reported to the Belgian
Diabetes Registry between May 1989 and April 1993, a serum

sample at clinical onset and a standard questionnaire with clinical
and demographic data filled in by the treating physician were
available for 312 patients. Of these 312 patients, serum samples
from every patient with an age >18 years (n ¼ 180) were studied.
The Italian polyautoimmune/polyendocrine patients (group 4)
were recruited on the basis of the concomitant presence of at
least two autoimmune diseases (one at least being an endocrine
disease, other than Addison’s disease), with no other exclusion
criteria. Among those patients, 12 had Hashimoto’s thyroiditis,
three GD, 10 IDDM, one early menopause, four vitiligo, one
pernicious anaemia, one systemic lupus erythematosus (SLE),
and two had alopecia.

Five of the Swedish GD patients also had or later developed
IDDM, one had myasthenia gravis and one pernicious anaemia.
Among the Belgian IDDM patients, three had GD or hyperthy-
roidism, one had Hashimoto’s thyroiditis, one anti-thyroglobulin
antibodies without thyroid clinical symptoms and one Crohn’s
disease.

Serum samples were kept frozen at¹208C until 1995, when
they were analysed for 21OH-Ab.

To test the predictive value of 21OH-Ab for Addison’s disease
in adult patients with endocrine autoimmune diseases, samples
from groups 2 and 3 were analysed blindly, i.e. without knowing
which samples (if any) were from patients with Addison’s disease.

21OH-Ab assay
21OH-Ab in human serum were determined using a radio-
binding assay within vitro transcribed and translated recombinant
35S-21OH in a multiwell-adapted (Millipore Co, Bedford, MA)
procedure previously described [12,21]. The full-length cDNA for
human 21OH used in this study was a kind gift of Dr Bon-Chu
Chung (Institute of Molecular Biology, Academia Sinica, Taipei,
Taiwan) and was subcloned into pcDNA II (Invitrogen, San Diego,
CA) under the control of the SP6 promoter. Autoantibody titres
were expressed as a relative index (21OH index) using a 21OH-
Ab-positive Addison serum and two 21OH-Ab-negative healthy
sera as described elsewhere [12,21]. In sera with 21OH index >0.8,
titration of antibody levels was carried out using scalar dilutions
(1:25–1:2500) of the serum and the positive and negative standard
sera.

The present study used different standard sera than in our initial
report [12], and the upper limit of the reference interval for 21OH-
Ab was reassessed by analysing a large number of sera from
healthy subjects, as well as the same sera from idiopathic Addison
patients previously used to develop our assay [12].

Adrenal cortex autoantibodies
ACA were determined in an indirect immunofluorescence assay
using cryostatic sections of bovine adrenal glands and following
standard procedures [22].

Statistical analysis
Differences in prevalence of 21OH-Ab between different subject
groups as well as differences between prevalence of 21OH-Ab and
prevalence of ACA were tested withx2 analysis with Yate’s
correction whenever appropriate. Differences in antibody titre
(21OH index) were analysed by the non-parametric Mann–
Whitney U-test.

The positive predictive value of 21OH-Ab for Addison’s
disease (PPV) was calculated using the formula:ðP × sensÞ/
ððP × sensÞ þ ðð1 ¹ PÞ × ð1 ¹ specÞÞÞ, where P ¼ prevalence of
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Addison’s disease,sens¼ diagnostic sensitivity, andspec¼
diagnostic specificity.

RESULTS

Prevalence and titre of 21OH-Ab and ACA in Addison patients and
healthy subjects
The 21OH index in 106 healthy subjects was 0·0276 0·013 (range
¹0·02–0·059). In accordance with previous studies with similar
autoantibody assays [12,19,21,23] the upper level of normal was
defined as the meanþ3 s.d. and was 0.066. None of the 106 healthy
sera had a 21OH index above the estimated upper level of normal
(Fig. 1).

Using this upper level of normal, 24/28 (86%) idiopathic
Addison patients were positive for 21OH-Ab (Fig. 1) (the
median of the positive samples was 0.620 and the range 0.112–
4.550). This frequency is identical to that observed in our previous
study [12] that used the same Addison serum samples but different
standard sera.

ACA were found in 12/28 (43%) idiopathic Addison patients.
This prevalence was significantly lower (P ¼ 0·002) than that of
21OH-Ab in the same population. All ACA-positive sera were also
positive for 21OH-Ab (Fig. 2). ACA were found in 11/15 (73%)

idiopathic Addison patients with <15 years and in 1/13 (8%)
patients with 15–38 years of disease duration (P ¼ 0·002)
(Fig. 2). Interestingly, ACA were found in all patients with
21OH index >0.6 (n ¼ 12) and in no patient with 21OH index
<0.6 (n ¼ 16) (P < 0·001). None of 35 healthy subjects was found
positive for ACA.

Since the diagnostic sensitivity of 21OH-Ab for Addison’s
disease was higher than that of ACA, serum samples from patients
with endocrine (or polyendocrine) autoimmune diseases were first
analysed for the presence of 21OH-Ab. Antibody-positive samples
were subsequently analysed for the presence of ACA.

Prevalence and titre of 21OH-Ab and ACA in GD, IDDM and
polyautoimmune/polyendocrinopathy patients
Among the Swedish GD patients, 3/92 (3%) were positive for
21OH-Ab. The three antibody-positive Graves patients were also
positive for ACA and had a 21OH index of 0.698, 2.229 and 2.639,
respectively (Fig. 1). Only 1/180 (0.6%) Belgian IDDM patients
was positive in our assay, with a 21OH index of 1.211 (Fig. 1). This
patient was also found positive for ACA. None of the Italian
patients with polyautoimmune/polyendocrine diseases had a 21OH
index above the upper level of normal (Fig. 1).

The 21OH index was significantly higher in Addison patients
than in GD, IDDM or polyautoimmune/polyendocrinopathy
patients (P < 0·001 in all comparisons), but not statistically differ-
ent between healthy controls and either GD or IDDM or polyauto-
immune/polyendocrinopathy patients. Similarly, the prevalence of
21OH-Ab was significantly different between GD, IDDM, or
polyautoimmune patients and idiopathic Addison patients
(P < 0·001), but not between GD, IDDM or polyautoimmune/
polyendocrinopathy patients and healthy controls. Furthermore,
the autoantibody titre in 21OH-Ab-positive patients did not vary
significantly among the study groups.
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Fig. 1. Box-and-whisker plot of 21-hydroxylase (21OH) index in patients
with idiopathic Addison, Graves, insulin-dependent diabetes mellitus
(IDDM), or polyautoimmune/polyendocrine diseases (Poly) and in healthy
subjects. The upper end of each box is the 75th percentile, and the lower end
is the 25th percentile. The horizontal line inside each box is the median.
Extreme values (*) are those more than three boxlengths above the 75th
percentile or below the 25th percentile, and outliers (W) are those more than
1.5 boxlengths above the 75th percentile or below the 25th percentile.
Whiskers are lines from the upper end of the box to the highest observed
value or from the lower end of the box to the lowest value that is no outlier.
The dotted line shows the upper level of normal in the assay.

Fig. 2. Prevalence of adrenal cortex autoantibodies (ACA) and/or 21-
hydroxylase autoantibodies (21OH-Ab) in idiopathic Addison patients, in
relation to disease duration.h, Neither 21OH-Ab nor ACA;d, 21OH-Ab
only; g, both 21OH-Ab and ACA.



Follow up of GD, IDDM and polyautoimmune/polyendocrinopathy
patients
Of the 92 Swedish patients with GD in this study, one 21-year-old
male and one 29-year-old female (2%) had Addison’s disease at
the time of blood sampling, and the male also developed IDDM 2
years later. Both these patients had 21OH-Ab (21OH index 2.229–
2.639), with steady titres during a 0.5–1.0 year follow-up period.
Further follow-up serum samples were not available. The third GD
serum sample positive for 21OH-Ab (21OH index 0.698) was from
a 85-year-old woman with pernicious anaemia, but no clinical or
laboratory signs of Addison’s disease. No follow-up serum
samples were available from this patient after her diagnosis with
GD. This patient died 4 years later because of cerebrovascular
infarction. During the last 4 years of follow up after blood
sampling the patient did not show signs of adrenal insufficiency.
Of the 89 GD patients without 21OH-Ab, none had Addison’s
disease at the time of blood sampling and 79 were followed up for
5.6–7.5 years, and none developed adrenal insufficiency during
this period.

Assuming that the prevalence of Addison’s disease in our
population of 92 Swedish GD patients was 2% (2/92), and that
the diagnostic sensitivity of 21OH-Ab for Addison’s disease would
be 100% (2/2) and the diagnostic specificity 98.9% (1/90 21OH-
Ab-positive GD patients without Addison’s disease), the positive
predictive value of our 21OH-Ab assay for Addison’s disease in
the tested GD population was 66%. When the diagnostic sensitivity
observed among the 28 idiopathic Addison patients (86%) was
used for the same calculation, the positive predictive value was
63%.

None of the 17 Italian polyautoimmune/polyendocrinopathy
patients developed clinical signs of adrenal insufficiency during a
2–12 months follow-up period after the blood sampling for this
study. Similarly, none of the 180 adult Belgian IDDM patients
either had Addison’s disease at the time of blood sampling or
developed signs of adrenal insufficiency during a 2.6–6.5 year
follow-up period. Accordingly, the diagnostic specificity of our
21OH-Ab assay for Addison’s disease in IDDM patients is 99.4%
(1/180 antibody-positive patient without Addison’s disease). The

single 21OH-Ab-positive IDDM patient was a 23-year-old male
without other autoimmune or endocrine diseases. The titre of
21OH-Ab remained sustained during the 2 years after onset of
IDDM, and the patient did not show clinical signs of adrenal
insufficiency in a 5-year follow-up period. Further follow-up
serum samples were not available.

In our study, a total of 0/13 patients with Hashimoto’s thyroid-
itis, 1/96 (1%) with GD, 1/194 (0.5%) with IDDM and 1/29 (3%)
patients with polyendocrinopathy and/or polyautoimmune diseases
was positive for 21OH-Ab in absence of clinical signs of adrenal
insufficiency (Table 1).

DISCUSSION

In the present study we show that (i) the presence of 21OH-Ab is a
marker at high diagnostic sensitivity for autoimmune Addison’s
disease, and higher than that of ACA; (ii) ACA and 21OH-Ab have
a similarly high diagnostic sensitivity in patients with short–
medium disease duration (<15 years), but only 21OH-Ab can be
detected in patients with long disease duration (>15 years); and (iii)
the presence of 21OH-Ab in patients with GD or IDDM is highly
specific for adrenal insufficiency.

In a recent study [12], we demonstrated that 86% of idiopathic
Addison sera, and 100% of those from patients with < 20 years of
disease duration, were positive for 21OH-Ab. It seemed therefore
that the presence of 21OH-Ab is a marker at high diagnostic
sensitivity for autoimmune adrenal disease. In the present study
we confirmed our previous observation, and we found that ACA
could be detected only in patients with a high 21OH index and a
short–medium disease duration. Two recent studies [13,14] have
tested the frequency of ACA and 21OH-Ab in Addison patients
and found a high concordance. However, in those studies no
information was given on the correlation between antibody
levels and disease duration. Indeed, in our group of patients with
< 15 years of disease duration, ACA were present in 73% of cases.
This prevalence is similar to the observed prevalence of 21OH-Ab
(100%) and to that of ACA in other studies [23]. However, only
21OH-Ab (but not ACA) could be detected at high frequency
among Addison patients with long-term disease duration (> 15
years), in our study.

Other adrenal autoantigens have been shown to be the target of
autoantibodies in patients with Addison’s disease associated with
APS I [24,25]. However, 17-hydroxylase-Ab and side chain
cleavage enzyme-Ab appear only sporadically in cases of isolated
Addison’s disease [14,26]. We have found that 21OH-Ab occur as
frequently in patients with isolated Addison’s disease as in APS II
patients [12], and our results can be interpreted to indicate that
21OH is the major target for autoantibodies in Addison’s disease,
and that the 21OH-Ab assay can be used as an alternative to the
classical indirect immunofluorescence technique for ACA.

As a result of the high diagnostic sensitivity and specificity of
our radiobinding assay, the predictive value of 21OH-Ab for
adrenal insufficiency in GD patients was > 60%. In our study we
also determined 21OH-Ab in 180 adult Belgian IDDM patients. As
only one subject was found positive, the diagnostic specificity of
our assay for Addison’s disease was 99.4% in adult IDDM
patients. Additionally, in a mixed group of 14 Swedish and Italian
polyendocrinopathy patients with IDDM, only the patient with
concomitant Addison’s disease was positive for 21OH-Ab. The
high diagnostic specificity of our autoantibody assay for Addison’s
disease is also demonstrated by the absence of 21OH-Ab in a group
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Table 1.Diagnostic sensitivity and specificity of 21-hydroxylase autoanti-
bodies (21OH-Ab) for Addison’s disease in patients with endocrine auto-

immune diseases

Diagnostic Diagnostic
Diagnosis sensitivity* specificity†, %

Addison’s disease‡ 87% (26/30) NA§
Graves’ disease¶ NA 99 (95/96)
IDDM¶ NA 99.5 (193/194)
Hashimoto’s thyroiditis¶ NA 100 (13/13)
Polyautoimmune Polyendocrine¶ NA 97 (28/29)
Healthy NA 100 (106/106)

* Diagnostic sensitivity of 21OH-Ab is prevalence of Ab-positive
patients with Addison’s disease.

† Diagnostic specificity of 21OH-Ab is prevalence of Ab-negative
subjects without Addison’s disease.

‡ Total patients with Addison’s disease from groups 1, 2 and 3.
§ NA, Not applicable.
¶ Total patients without Addison’s disease from groups 2, 3 and 4.



of 17 Italian polyautoimmune/polyendocrinopathy patients with-
out clinical signs of adrenal insufficiency, as well as in a group of
106 healthy subjects.

The pathogenic role of autoantibodies in Addison’s disease is
still controversial. 21OH-Ab associated with Addison’s disease
reduce the enzymatic activity of steroid 21-hydroxylasein vitro
[27]. However, in a study of subjects with early adrenal dysfunc-
tion and adrenal autoantibodies [28], normal levels of 17OH-
progesterone were detected, which is inconsistent with a block at
the level of 21-hydroxylase. Although the results of our study
cannot provide direct information on the pathogenic role of 21OH-
Ab, they can be interpreted to demonstrate that the presence of
these autoantibodies is strongly associated with autoimmune
destruction of the adrenal cortex.

In conclusion, we have demonstrated that the appearance of
circulating 21OH-Ab is a highly sensitive and specific marker of
adrenal insufficiency. We believe that the use of assays similar to
our 21OH-Ab radiobinding assay can be useful for clinical trials
for the identification of subjects at high risk for Addison’s disease,
as well as for improving our understanding of the pathogenic
mechanisms of this autoimmune disease.
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