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Summary

 Context—Autoantibodies to 21-hydroxylase (21OH-AA) precede onset of autoimmune 

Addison's disease (AD). Progression to AD can take months to years, and early detection of 

metabolic decompensation may prevent morbidity and mortality.

 Objective—To define optimal methods of predicting progression to overt AD (defined by 

subnormal peak cortisol response to Cosyntropin) in 21OH-AA+ individuals.

 Design, Setting and Participants—Individuals were screened for 21OH-AA at the Barbara 

Davis Center from 1993 to 2011. Subjects positive for 21OH-AA (n = 87) were tested, and the 

majority prospectively followed for the development of Addison's disease, including seven 

diagnosed with AD upon 21OH-AA discovery (discovered), seven who progressed to AD 

(progressors) and 73 nonprogressors.

 Main Outcome Measured—Plasma renin activity (PRA), ACTH, baseline cortisol, peak 

cortisol and 21OH-AA were measured at various time points relative to diagnosis of AD or last 

AD-free follow-up.

 Results—Compared with nonprogressors, in the time period 2 months–2 years prior to the 

onset of AD, progressors were significantly more likely to have elevated ACTH (11–22 pm, P < 

1E-4), with no significant differences in mean PRA (P = 0·07) or baseline cortisol (P = 0·08), and 

significant but less distinct differences seen with 21OH-AA levels (P < 1E-4) and poststimulation 

cortisol levels (P = 6E-3).

 Conclusion—Moderately elevated ACTH is a more useful early indicator of impending AD 

than 21OH-AA, PRA or peak cortisol, in the 2 months–2 years preceding the onset of AD.

 Introduction

Autoimmune Addison's disease (AD), the primary cause of primary adrenal insufficiency in 

the developed world, is a relatively rare disorder.1,2 At disease onset, AD can be fatal 
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(Addisonian Crisis) if not properly recognized and treated. The presence of 21-hydroxylase 

autoantibodies (21OH-AA) usually precedes the development of AD in the absence of 

symptoms and is a marker for risk of progression to clinical disease.3,4 The natural history 

of disease progression after the appearance of 21OH-AA has been described2,5,6 with 

recommendations on clinical management and follow-up based on risk factors associated 

with progression.7–9

Like other related organ-specific autoimmune diseases (e.g. type 1 diabetes and autoimmune 

thyroid disease), autoantibody formation precedes disease progression with a variable 

amount of time from the detection of autoantibodies to the detection of tissue destruction. 

Progressive deterioration of adrenal gland function is reported to be typified by increased 

plasma renin activity (PRA) and ACTH and culminates in overt cortisol deficiency10 with a 

reported 40% of young subjects having positive antiadrenal autoantibodies developing AD 

within 10 years.9,11

Risk of development of 21OH-AA and progression to overt AD is associated with multiple 

factors including age (adults more than children), gender (females more than males) and 

signs of adrenal dysfunction upon discovery of antiadrenal autoantibodies.9 In contrast to 

autoimmune polyendocrine syndrome type 1 (APS-1, a rare monogenic disorder comprised 

of hypoparathyroidism and muco-cutaneous candidiasis) in which risk is mainly associated 

with the AIRE gene, idiopathic autoimmune AD and autoimmune polyendocrine syndrome 

type 2 (APS-2) are considered polygenic with risk lying mainly in the human leukocyte 

antigen (HLA) region. In the latter, the presence of other autoimmune disease (including 

type 1 diabetes and autoimmune thyroid disease) in 21OH-AA+ individuals is a marker for 

risk,1,12–14 as are specific HLA class I and II alleles4,15–20 [specifically DRB1*0301-

DQB1*0201 (DR3) and DRB1*04-DQB1*0302 (DR4)].1,4 The highest risk for the 

progression to AD in 21OH-AA+ individuals is reported to be conferred by a highly 

conserved extended haplotype that includes DR3 and HLA-B8 (but not HLA-A1).4,18,21,22 

Homozygosity of MICA 5·1 (which is in strong linkage disequilibrium with HLA-B8) is 

also associated with progression.11,17,22,23 HLA-B15 in one study to date is associated with 

protection from progression to overt AD in 21OH-AA+ populations.24

A model for stages of AD progression following the development of 21OH-AA has been 

proposed.2 In this model, elevation of PRA is the first biomarker to become abnormal 

(increase) following the appearance of 21OH-AA. This is followed by abnormalities of peak 

cortisol following cortrosyn stimulation (decrease), and finally by serum ACTH (increase) 

and basal cortisol (decrease) before progression to overt clinical disease in which ACTH 

greatly increases and peak stimulated and basal cortisol are greatly decreased.10 Serum level 

of 21OH-AA has also been reported to increase as adrenal function deteriorates.25 Based on 

this model, it is proposed that risk can be stratified with appropriate follow-up intervals.9 

There is little data in the literature from prospective studies documenting quantitative 

changes in ACTH, PRA, baseline cortisol and peak cortisol in 21OH-AA+, non-APS-1 

individuals over an extended period of time.
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 Materials and methods

 Subjects

In 1993, we began 21-hydroxylase autoantibody (21OH-AA) testing of relatives of AD 

individuals and individuals/relatives of individuals with T1DM. Follow-up for progression to 

AD in 21OHAA+ individuals continues through 2011. To date, we have screened 20 519 

serum samples in 12 782 individuals for the expression of 21OH-AA. As illustrated in Fig. 

1, we have enrolled a total of 87 individuals (0·6% of the total number of individuals tested) 

with persistently positive 21OH-AA (defined as more than one consecutive 21OH-AA level 

> 0·15 measured at least 1 month apart).

The mean age at first 21OH-AA detection was 22·6 years in nonprogressors and 17 years in 

progressors (P = 0·23). Time from first 21OH-AA+ to last event (either last negative clinical 

follow-up or progression to AD) was 5·4 (±0·49 years, SEM) in nonprogressors and 3·2 

(±1·1 years, SEM) in progressors (P = 0·07).

Subjects were prospectively followed for clinical signs and symptoms of AD as well as 

changes in adrenal function and/or ACTH in 69 of the enrolled 87 individuals. Subjects with 

21OH-AA positivity were followed from the date of first positive 21OH-AA detection until 

(i) onset of AD ‘progressors’ to AD (normal adrenal function testing at first 21OH-AA+, n = 

7) and ‘discovered’ AD (adrenal function testing diagnostic of disease onset at first 21OH-

AA+, n = 7) or (ii) last follow-up without AD (‘non-progressors’, n = 73; 54 with adrenal 

function testing). In progressors, mean time to disease progression was 3·2 years (CI 95%, 

2·2–4·2 years) from first detection of 21OH-AA. Nonprogressors were followed for a mean 

of 5·4 years (CI 95%, range 4·9–6·9 years) from the time of 21OH-AA detection, with the 

absence of AD typically confirmed via clinical history and cortisol levels post cortrosyn 

stimulation. Since our last publication,24 one additional individual has progressed to clinical 

AD.

The HLA genotypes and demographic information in this group (including age, gender and 

the presence of other autoimmune disease) have been previously characterized.24 For those 

who volunteered race information (n = 77), 75 were white non-Hispanic, one was Hispanic 

and one was ‘biracial’ (white and Hispanic). There were no significant differences between 

progressors and nonprogressors for the presence of T1DM (>80% in both groups). Patients 

or their parents provided informed consent with Institutional Review Board (IRB) oversight 

at the University of Colorado Denver.

All patients in this study were 21OH-AA-positive (index > 99th percentile of normal) using 

previously defined methods.3,4 Patients with the clinical diagnosis of APS-1 (with distinct 

signs, symptoms and abnormalities in the AIRE gene) were excluded, and all included 

patients were Interferon alpha autoantibody negative (confirming absence of APS-1).26 

Amongst 21OH-AA+ nonprogressor cohort, 78% (57/73) had type 1 diabetes vs 86% 

(12/14) of progressors (P-value not significant). Only 12 individuals from either cohort had 

no other autoimmune disorders reported.
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 ACTH stimulation test and AD diagnosis

Individuals were admitted into the Clinical Translational Research Center the morning of 

testing, placed in a supine position, and an IV catheter was inserted 30 min before baseline 

laboratory work. At baseline, blood was drawn for 21OH-AA, PRA, ACTH and cortisol. At 

time 0, 1-μg Cosyntropin (Amphastar Pharmaceuticals, Rancho Cucamonga, CA, USA) 

(low-dose Cosyntropin stimulation) was given and immediately followed by a normal saline 

flush; 30 min later, serum was obtained for cortisol measurement. Then, a dose of 250-μg 

Cosyntropin (high-dose stimulation) was given by IV catheter, and cortisol was measured 30 

and 60 min later. The normal range values for ACTH are 0–10 pm (Siemens/DPC Immulite 

1000 Assay, Deerfield, IL, USA),27 and the PRA normal range is 0– 3·7 μg/l/h (standard 

radioimmunoassay from DiaSorin).28 Diagnosis of AD was made with a peak cortisol level 

after 250-μg Cosyntropin of ≥497 nm or a fasting cortisol of ≥82·8 nm (Beckman Coulter 

Access II one-step competitive assay, Brea, CA, USA)29,30 The highest cortisol level after 

stimulation was considered the peak level. If symptoms of adrenal disease developed 

between stimulation testing or were present at the determination of 21OH-AA positivity, 

limited testing at the discretion of the attending endocrinologist may have been performed 

(nonstimulated ACTH and cortisol).

 Data analysis

The statistical analyses including mean, median and quartile values were performed using 

GraphPad Prism 4·0 (La Jolla, CA, USA). Level of significance in all testing was P < 0·05 

unless noted. P-values were derived using the Mann–Whitney U-test accounting for non-

normal distribution of the data. Time points for evaluation were set at 2 months–2 years 

prior to ‘event’ and >2 years prior to ‘event’, with testing on the ‘day of diagnosis’ specified 

if it is being used in the analysis.

 Result

 Serum 21OH-AA

As shown in Table 1, mean index value of serum 21OH-AA in nonprogressors was 0·90 

(±0·03 SEM). In progressors/discovered, mean 21OH-AA was 1·14 ± 0·14 on the day of 

diagnosis (P = 0·04 vs nonprogressors). Mean 21OH-AA in progressors at 2 months– 2 

years prior to diagnosis was 1·40 ± 0·09 (P < 1E-4 vs nonprogressors) and at >2 years prior 

to diagnosis of overt AD was 1·33 ± 0·08 (P < 1E-4). When looking at individuals over time, 

there is significant overlap between the nonprogressor and the progressor groups (Fig. 1a,b). 

As illustrated in Fig. 3a, ROC analysis of nonprogressors and progressors at 2 months–2 

years prior to AD diagnosis indicates an area under the curve of 0·84 with optimal 

specificity (89%) and sensitivity (75%) at a cut-off of >1·044 (P < 1E-4).

 Plasma renin activity

Individual renin values for progressors and nonprogressors are shown in Fig. 2c,d. Mean 

values in progressors for 2 months– 2 years and >2 years (prior to AD diagnosis) were 4·3 

μg/l/h (±1·2 SEM) and 3·3 ± 0·7 μg/l/h respectively, compared with 3·1 ± 0·4 μg/l/h in 

nonprogressors (overall P = 0·7). There is an overall increase in renin activity within 2 
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months–2 years prior to AD onset (median 3·0 μg/l/h, IQR 1·9–6·9 μg/l/h); however, 

extensive overlap exists when they are compared with nonprogressors (median 1·6, IQR 0·8–

3·2 μg/l/h). Mann–Whitney comparison between all groups was not significant (Table 1). 

Fig. 3b illustrates the ROC curve area for renin (calculated using all non progressor values 

compared with progressor values 2 months– 2 years prior to diagnosis) was 0·67 (P = 0·09), 

with the upper limit of normal (3·7 μg/l/h) giving a sensitivity of 75% and a specificity of 

50%. Optimal cut-off value from the ROC curve was determined to be >1·75 μg/l/h with a 

sensitivity of 58% and specificity of 87%.

 ACTH

High ACTH was defined as >11 pm (Fig. 2e,f). Mean values for nonprogressors, progressors 

at >2 years prior to AD diagnosis and progressors at 2 months–2 years were 4·8 (±0·28 

SEM), 6·3 ± 1·4 pm (P = 0·57 vs nonprogressors) and 15·1 ± 2·3 (P < 1E-4 vs 

nonprogressors), respectively. Mean progressor ACTH between 2 months and 2 years was 

also greater vs progressors >2 years prior to diagnosis had a difference of 8·75 pm (P = 

3E-3). There was no significant difference between nonprogressors and progressor 

measurements >2 years prior to AD onset.

ROC area under the curve (Fig. 3c) using nonprogressor values vs progressors at 2 months–2 

years is 0·94 (P < 1E-4), with sensitivity and specificity at an ACTH value of >11·2 pm of 

94% and 78%, respectively. Sensitivity of 89% and specificity of 89% are found at an ACTH 

value of >8·2 pm.

When the progressor time course is evaluated (including values on the day of diagnosis, 

illustrated in Fig. 2e,f), the ACTH value in progressors >2 years prior to AD diagnosis is 

typically below 11 pm, but 2 months–2 years prior to diagnosis values are between 11 and 

22 pm. On the day of diagnosis (including seven progressors and seven discovered, n = 14), 

values are typically over 22 pm with a mean value on the day of diagnosis 99 pm (range 

16·5–226·8 pm).

 Baseline cortisol

‘Low’ baseline cortisol level is indicated as <276 nm with levels ‘diagnostic’ for adrenal 

failure <80 nm (Fig. 2g,h). Mean baseline cortisol (Table 1) in nonprogressors was 299 

(±13·1 SEM) nm, in progressors 2 months–2 years prior to diagnosis was 372 ± 47 nm and 

in progressors >2 years prior to diagnosis was 475 ± 84 nm.

Median baseline cortisol for nonprogressors was 276 nm (IQR 193–386 nm) compared with 

progressors at 2 months–2 years prior to AD diagnosis (median 309 nm, IQR 256–511 nm) 

and progressors >2 years prior to diagnosis (median 410 nm, IQR 248– 560 nm). ROC 

analysis (not pictured) in nonprogressors vs progressors at 2 months–2 years prior to AD 

diagnosis showed an area under the curve of 0·65 (P = 0·1).

 Peak cortisol

High-dose Cosyntropin (250 μg) cortisol measurements at 30 or 60 min (whichever was 

highest) were considered ‘peak cortisol’ with ‘low’ being defined as less than or equal to 
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497 nm (Fig. 2i,j). All values on the day of diagnosis in progressors were by definition <497 

nm (maximum 414 nm, mean 238 ± 36 nm SEM), and considered diagnostic of AD. 

Nonprogressor mean peak cortisol values was 808 nm (±18 nm SEM), and progressor peak 

cortisol of 597 nm (±55 nm SEM) at 2 months–2 years prior to diagnosis and 887 nm (±131 

nm SEM) at >2 years prior to diagnosis (Table 1). As illustrated in Table 1, data were 

significantly different in progressors 2 months–2 years prior to AD diagnosis vs 

nonprogressors (mean difference 211 nm, P = 5E-3) as well as progressors 2 months–2 years 

vs >2 years prior to AD diagnosis (mean difference 290 nm, P = 0·05).

Median peak cortisol was highest in nonprogressors (800 nm, IQR 690–911 nm) compared 

with progressors at >2 years (773 nm, IQR 667–869 nm), 2 months–2 years (552 nm, IQR 

469–707 nm) and on the day of AD diagnosis (276 nm, IQR 174–304 nm). Area under the 

curve in ROC analysis (Fig. 3d) was 0·81 (P = 5E-3). Sensitivity of 71% with specificity of 

86% was found at a peak cortisol of <709 nm, with the ‘low’ value of <497 nm having a 

sensitivity of 96% and specificity of 29%.

The levels of 21OH-AA, ACTH, PRA and serum cortisol are statistically significantly 

different in progressors vs. nonprogressors. However, significant overlap limits the utility of 

several of the biomarkers for differentiating the two groups. Therefore, we find that the most 

appropriate early predictor of overt AD in the 2 years preceding clinical onset is increased 

ACTH. Increased PRA and 21OH-AA, both of which have been reported to indicate 

subclinical AD progression, were not significantly associated with AD onset in progressor 

vs nonprogressors over time.

 Discussion

Autoimmune AD (isolated or in the form of APS) is a relatively rare disorder in which the 

time from initial serologic signs of disease (namely 21OH-AA formation) and overt disease 

onset can take years. Early detection is an important tool in mitigating significant morbidity 

and mortality related to undiagnosed disease. According to previous literature, biomarkers 

associated with adrenal dysfunction in individuals with adrenal autoimmunity appear (and 

remain) consistently abnormal in the following sequence: PRA (increase), peak cortisol 

(decrease) and finally ACTH (increase) and baseline cortisol (decrease). Quantitative 

changes for each of the aforementioned biomarkers, specifically as they relate to AD 

progression over time, could serve as useful tools to better predict progress to overt AD.

In the period of more than 2 years prior to AD onset, there was little difference between 

mean progressor and nonprogressor values, specifically for PRA, ACTH and peak cortisol. 

As expected, on the day of diagnosis, ACTH values were over twice (and in most cases 

between five and 20 times) the upper limit of normal. Similarly, most of the PRA values 

were above the upper limit of normal; however, there was at least one progressor with a PRA 

value well within the normal range. While this does not exclude the use of PRA in 

supporting the diagnosis of AD, it does raise concern about the consistency of elevation in 

individuals who are clinically progressing to AD. As the study was conducted at a large type 

1 diabetes centre, it is possible that study participants may have been taking ACE inhibitors 
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or angiotensin receptor blockers, which can lower PRA levels and are common in 

longstanding T1DM individuals.

In the period 2 months–2 years prior to the onset of AD, the biomarkers 21OH-AA, baseline 

cortisol and PRA all displayed a large degree of variability in nonprogressor and progressor 

individuals with no clear pattern of significant change over time. Serum 21OH-AA values 

are significantly higher in progressors at all time points vs nonprogressors, with progressor 

values almost all remaining >1 throughout follow-up. Although the P-values comparing 

progressors and nonprogressors are significant (P < 1E-4), we do not find a clear pattern of 

continuing elevation for 21OH-AA as individuals progress to adrenal failure (i.e. as the 

markers ACTH and peak and basal cortisol change). We also find no significant difference in 

the mean PRA or baseline cortisol values relative to nonprogressor data in either ROC 

analysis or analysis of mean and median values. Therefore, while persistently elevated 

21OH-AA may be of use in indicating eventual progression to AD, none of these biomarkers 

(21OH-AA, PRA or baseline cortisol) appear to be useful temporal prognostic indicators.

Conversely, ACTH at 2 months–2 years prior to AD onset displayed a significant difference 

between those individuals who eventually progressed and those who did not. When 

individual progressor patterns are examined in this time period, ACTH values rise above 11 

pm (2–3 times the average nonprogressor values) and remain between 11 and 22 pm until 

approximately 1–2 months prior to AD diagnosis at which time they rise up to 20-fold. This 

is in contrast to nonprogressor individuals, in whom isolated ACTH values >11 pm rarely 

occur. Transient elevations in ACTH with no subsequent evidence of adrenal deterioration 

make it essential that a diagnosis of AD not be based upon ACTH alone in 21OH-AA+ 

individuals. Low basal cortisol levels and ACTH stimulated cortisol levels remain the gold 

standard in AD diagnosis.

As part of this study of 21OH-AA+, non-APS-1 individuals, we performed cortrosyn 

stimulation testing every 1–2 years. We would now use ACTH as an early (‘sentinel’) 

indicator of impending AD onset (vs 21OH-AA levels or PRA) in 21OH-AA+ individuals. 

All 21OH-AA+ patients would be educated on clinical signs and symptoms of AD and 

would have adrenal function tested if they became symptomatic. A rise in ACTH above 11 

pm (but often below 22 pm) would prompt more frequent ACTH level measurements (e.g. 

every 3–6 months). Elevation in serial measurements would trigger formal cortrosyn testing, 

and higher vigilance against acute metabolic decompensation (Addisonian Crisis).

Limitations to this study include a lack of patients with the rare APS-1. The use of 21OH-

AA levels to predict onset of autoimmune AD has been reported, but complicated by the 

lack of standardization of 21OH-AA measurements. The basic study design relied on regular 

clinical and biochemical follow-up of asymptomatic individuals for, in some cases, over a 

nearly 15-year period. Although a large number of nonprogressors have been sequentially 

tested, only seven individuals who we prospectively followed progressed to AD. This is 

more reflective of the patient population and overall rate of progression in non-APS-1, 

21OH-AA-positive individuals than the study design. There is the potential that in the future 

some nonprogressors will progress. Many nonprogressors (n = 26) have the protective HLA-

B15 allele, where to date we have observed only one 21OH-AA+ progressor. Thus, a major 
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subset may never progress, although vigilance in this group is essential with approximately 

10% of patients with AD having HLA-B15.24

This study, in modified form, is ongoing with plans to continue follow-up of 21OH-AA+ 

patients. Nonprogressors will continue to be followed annually with 21OH-AA and ACTH 

levels. Adrenal function testing will be performed if there is a persistent rise in ACTH or 

there are clinical signs or symptoms of Addison's disease. A larger population, more 

frequent and longer follow-up of the current series, as well as studies from other centres 

would be helpful in better defining temporal and quantitative guidelines for predicting 

progression to overt AD in 21OH-AA+ individuals.
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Fig. 1. 
Flow Diagram depicting the participants of the study.
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Fig. 2. 
(a–j): Changes in adrenal function in discovered (n = 7), progressor (n = 7) and 

nonprogressor (n = 54) 21OH-AA-positive individuals over time. Heavy dashed lines 

represent ‘high’ ACTH and plasma renin activity values and ‘low’ peak and baseline cortisol 

values.
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Fig. 3. 
(a–d) ROC curves for four biomarkers comparing values in progressors (at 2 months–2 years 

prior to the onset of Addison's disease) and comparing with nonprogressor values.
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