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ABStR ACt

Excess aldosterone is associated with the increased risk of car-
dio-/cerebrovascular events as well as metabolic comorbidities 
not only due to its hypertensive effect but also due to its proin-
flammatory action. Autonomous cortisol secretion (ACS) in the 
setting of primary aldosteronism (PA) is known to worsen car-
diovascular outcome and potentially exhibit immunosuppres-
sive effects. The aim of this study was to determine the impact 
of ACS status in patients with PA on kinetics of thyroid autoan-
tibodies (anti-TPO, anti-TG) pre and post therapy initiation. 
Ninety-seven PA patients (43 unilateral, 54 with bilateral PA) 
from the database of the German Conn’s Registry were includ-
ed. Anti-TPO and anti-TG levels were measured pre and 6–12 
months post therapeutic intervention. Patients were assessed 
for ACS according to their 24- hour urinary cortisol excretion, 
late night salivary cortisol and low-dose dexamethasone sup-
pression test. Abnormal test results in line with ACS were iden-
tified in 74.2 % of patients with PA. Following adrenalectomy, 
significant increases in anti-TPO levels were observed in pa-
tients with at least one abnormal test (p  =  0.049), adrenalec-
tomized patients with at least two pathological ACS tests (p  =  
0.015) and adrenalectomized patients with pathologic dexa-
methasone suppression tests (p  =  0.018). No antibody increas-
es were observed in unilateral PA patients without ACS and in 
patients with bilateral PA receiving mineralocorticoid antago-
nist therapy (MRA). Our data are in line with an immunosup-
pressive effect of mild glucocorticoid excess in PA on thyroid 
autoantibody titers. This effect is uncovered by adrenalectomy, 
but not by MRA treatment.
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Introduction
Primary aldosteronism (PA) represents the leading cause of endo-
crine hypertension [1], accounting for 5–10 % of all cases. Simulta-
neously, it is the most common endocrine form of hypertension 
that can be cured by surgery [2]. A large body of evidence exists 
implicating the increased risk of cardio- and cerebrovascular events 
as well as metabolic comorbidities in patients with aldosterone ex-
cess compared to patients with essential hypertension [3–5]. In-
terestingly, studies have suggested that the above mentioned com-
plications are not only due to the hypertensive effect of excessive 
aldosterone but are also mediated by its proinflammatory action 
[6]. Recently, emphasis has been made on the effects of glucocor-
ticoid co-secretion in the setting of PA revealing a higher incidence 
of metabolic syndrome and type 2 diabetes mellitus due to im-
paired insulin secretion [7] and insulin-sensitivity [8] further wors-
ening the cardiovascular and metabolic burden in PA. Recent stud-
ies have investigated the implication of aldosterone in the develop-
ment and/or progression of autoimmune disorders, as aldosterone 
is associated with the activation of circulating immune cells, re-
duced by mineralocorticoid receptor antagonists (MRA) [9]. Auto-
immune thyroiditis also known as Hashimoto’s thyroiditis repre-
sents one of the most common disorders in the general population, 
especially in women, with the incidence estimated at 3.5 
cases/1000 women per year [10, 11]. In the setting of autoimmun-
ity, Hashimoto’s thyroiditis is characterized by the presence of spe-
cific autoantibodies (most specifically anti-TPO) [10] and by a lym-
phocytic infiltration [10, 11]. In this study, we investigated the ki-
netics of anti-thyroid peroxidase (anti-TPO) and thyroglobulin 
antibody (anti-TG) in patients with primary aldosteronism and eval-
uated the extent of concomitant autonomous cortisol secretion 
(ACS) on said antibodies pre- and post-therapy initiation.

Patients and Methods

Description of the patient cohort and diagnostic 
workup
The study population consisted of 97 patients who were recruited 
at the Munich center of the German Conn’s Registry. The German 
Conn’s Registry is a multicenter-registry that investigates therapy, 
comorbidities and the long-term outcome in PA patients through-
out Germany since 2008 [12]. The investigated cohort was studied 
between January 2014 and February 2019. The diagnosis of PA was 
established as stated in the Endocrine Society Practice Guidelines 
[2] . Diagnosis was established initially during screening by an ele-
vated blood pressure (BP) and an elevated plasma aldosterone/
renin ratio (ARR) (cutoff: 12.0 ng/U sitting position) [13] followed 
by an abnormal confirmatory test (saline infusion and/or captopril 
challenge test). Before conducting these tests (and complete test-
ing for hypercortisolism) interfering antihypertensive medication 
was changed whenever possible ( > 90 % of patients). ACE inhibi-
tors, beta blockers, central-alpha agonists, angiotensin receptor 
blockers (ARB’s) were withdrawn for at least one week, and miner-
alocorticoid receptor antagonists (MRA) for at least four weeks 
prior testing. The diagnosis was then made on the basis of all clin-
ical and laboratory findings. All patients in this study underwent 
adrenal venous sampling without cosyntropin stimulation as well 

as some form of adrenal imaging (computed tomography scanning 
or MRI) for subtype differentiation between unilateral and bilater-
al disease. The majority of patients ( > 80 %) had simultaneous bi-
lateral adrenal venous sampling using a selectivity index of  ≥ 2.0 
and a lateralization index of  ≥ 4.0 [14–16].

All patients underwent complete testing for hypercortisolism, 
including 1 mg dexamethasone suppression test (DST), a 24-hour 
urinary free cortisol determination (UFC) and late night salivary 
cortisol (LSC) measurement at baseline visit. Furthermore, anti-TPO 
and anti-TG as well as thyroid function (TSH, fT3 and fT4) were test-
ed at baseline and during follow up visits. All patients underwent 
thyroid ultrasound at baseline visit.

Patients with missing data for aldosterone, renin, serum potas-
sium, anti-TPO, anti-TG, blood pressure, DST, 24-hour urinary cor-
tisol or LSC were excluded from this study. Other exclusion criteria 
were patients with preexisting hyperthyroidism or biochemical 
overt hyperthyroidism at any of the visits, patients taking thyreo-
static medications, patients with history of thyroid cancer and pa-
tients who had undergone thyroid surgery. Unilateral adrenalec-
tomy (ADX) was offered to all patients with unilateral PA. Patients 
with unilateral PA who did not opt for ADX were excluded from this 
study. All patients with bilateral PA were treated with MRA using 
spironolactone with a starting dose of 25–50 mg per day in the ma-
jority of the cases. All patients had a follow up visit (V2) one year 
after being treated with either MRA or ADX.

Definitions and laboratory measurements
Measurement of serum cortisol was conducted using an immuno-
chemiluminescence assay (Liaison; DiaSorin, Saluggia, Italy). With-
in and between intra-assay and interassay variability was  < 10 %, 
with a lower limit of quantification at 0.2 μg/dl as previously de-
scribed [13, 14, 17]. Urinary cortisol measurement was performed 
with chemiluminescence immunoassay (ADVIA Centaur, Siemens) 
with within- and between-assay coefficients variations below 7 %. 
Before 01.06.2016, salivary cortisol was measured by a lumines-
cence immunoassay (Cortisol LIA, IBL, Hamburg, Germany) with 
within- and between-assay coefficients variations below 9 % and 
6 %. Since 01.06.2016, salivary cortisol was measured by an auto-
mated chemiluminescence immunoassay (IDS-iSYS CLIA, Immu-
nodiagnostic Systems, Boldon, UK) with within- and between-as-
say coefficients variations below 8 % and 12 %, respectively. Serum 
aldosterone measurement was performed with chemilumines-
cence immunoassay (LIAISON, CLIA, DiaSorin). Anti-TPO and an-
ti-TG titers were obtained at baseline and at follow up visit (refer-
ence values 1–16 IU/ml and 5–100 IU/ml, respectively) and meas-
urement was performed with chemiluminescence immunoassay 
(Liaison; CLIA, DiaSorin).

ACS was assumed when DST, LSC or UFC were elevated [Refer-
ence values:  > 1.8 μg/dl,  > 1.5 ng/ml,  > 150 μg/l (pre 2015) or  > 83 
μg/l (post 2015), respectively]. Blood pressure was measured 3 
times on each arm after at least 5 minutes of resting with standard 
sphygmomanometers. Body mass index (BMI) was calculated as 
body weight (kg) per heights (m2).

Statistical analysis
In a priori power analysis, we calculated that a total sample size of 
72 would be sufficient to identify significant differences between 
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groups, assuming a medium effect (0.6), a power of 1–β  =  0.80 
and a type I error of α  =  0.05, with 36 subjects having unilateral PA 
and 36 subjects having bilateral idiopathic hyperplasia (IHA). Sta-
tistical analysis was done using standard statistical software (SPSS 
25, IBM, Chicago, IL, USA). All values are expressed as median, 25th 
and 75th percentile if not mentioned otherwise. Data between nor-
mal and pathological subgroups were compared using Mann–Whit-
ney U-test. To study the impact of increasing levels of ACS, patients 
were grouped according the number of pathological tests into the 
following groups: 0–1 pathological tests, or 2 and more patholog-
ical tests. Since only 5 subjects had 3 pathological tests, we con-
sidered this group to be borderline small and combined it with the 
group of patients with 2 pathological tests.

Within-group changes from baseline to follow-up were calcu-
lated by Wilcoxon signed-rank test. Stepwise multiple regression 
analysis was performed for multivariate analysis. Differences were 
considered statistically significant when p  ≤ 0.05. Categorical var-
iables are displayed as percentage or numbers. Since urinary cor-
tisol reference ranges differed depending on date of visit ( > 150 
µg/l until 2015,  > 83 μg/l post 2015) we calculated the upper limit 
of normal to form a general collective.

▶Fig. 1 Box plot demonstration of anti-TPO levels at baseline visit 
(V1) and at follow up visit (V2) in patients with autonomous cortisol 
secretion (ACS) and patients without autonomous cortisol secretion 
(no ACS).

▶table 1 Characteristics of primary aldosteronism (PA) patients with autonomous cortisol secretion (ACS) with at least one pathological test and of 
PA patients without ACS (patients with normal tests regarding hypercortisolism).

Characteristics ACS No ACS p

n ( %) 72 (74.2) 25 (25.8) 0.000

Male n ( %) 49 (68.1) 12 (48) 0.010

Age (years) 57.7 ± 10 50 ± 10 0.000

BMI (kg/m2) 27.6 ±  5.89 (27.6; 24.2–32.1) 26.7 ± 4.46 (26.7; 23.9–29.7) 0.276

Systolic BP (mmHg) 149.5 ±  17.9 (149.5; 135-160) 147 ± 23.7 (147; 132–160) 0.496

Diastolic BP (mmHg) 87 ± 11.6 (87; 82–98) 93 ± 14.4 (93; 81–101) 0.455

Aldosterone pg/ml 149 ± 233 (149; 102–249) 162 ± 117.4 (162; 114–270) 0.509

PRC mU/l 3.6 ± 4.8 (3.6; 2–7.1) 3.2 ± 4.2 (3.2; 2–5.3) 0.863

ARR 37.3 ± 83.3 (37.3; 22.5–70.1) 49.10 ± 63.5 (49.10; 21.5–81.1) 0.421

Potassium (mmol/l) 3.6 ± 0.5 (3.6; 3.4–3.9) 3.7 ± 0.3 (3.7; 3.5–3.8) 0.505

Anti TPO (IU/ml) 2.6 ± 107 (2.6; 1.4–5.7) 3.2 ± 12.1 (3.2; 1.6–4.7) 0.928

Anti TG (IU/ml) 6.3 ± 40.3 (6.3; 5–10) 7 ± 33.5 (7; 5.4–11.2) 0.218

TSH (IU/ml) 1.7 ± 0.9 (1.7; 1.1–2.2) 1.8 ± 5.6 (1.8; 1.3–2.2) 0.544

HbA1c (mmol/mol) 34 ± 7 (34; 31–39) 36 ± 7 (36; 32–37) 0.769

Glucose (mg/dl) 100 ± 18.8 (100; 90.1–108) 95 ± 20.6 (95; 91–105) 0.281

Total cholesterol (mg/dl) 190 ± 36.6 (190; 168.5–220) 182 ± 29.7 (182; 158–198) 0.073

LDL cholesterol (mg/dl) 117 ± 39.1 (117; 94–148.5) 112 ± 31.7 (112; 77–126) 0.150

HDL cholesterol (mg/dl) 55 ± 15.8 (55; 45–66) 51 ± 18.7 (51; 43–64) 0.629

Triglycerides (mg/dl) 95.5 ± 101.2 (95.5; 69.5–133.5) 105 ± 45.5 (105; 58–134) 0.683

Basal cortisol (µg/dl) 13.5  ±  5.5 (13.5; 9.8–17.4) 12.1 ± 5.5 (12.1; 7.8–17) 0.362

Cortisol after 1 mg DST (μg/dl) 1.5 ± 2.5 (1.5; 1.2–1.8) 1.2 ± 0.5 (1.2; 1–1.4) 0.009

Late night salivary cortisol (ng/ml) 1.6 ± 1 (1.6; 0.9–2.2) 0.9 ± 0.3 (0.9; 0.7–1) 0.000

Urinary free cortisol (μg/24 h) upper limit of normal 1.3 ± 3 (1.3; 1.1–2.1) 0.8 ± 0.3 (0.8; 0.5–0,9) 0.000

Data are displayed as mean ± SD for normally distributed continuous data, and as median; 25th and 75th continuous variables without normal 
distribution. BMI: Body mass index; PRC: Plasma renin concentration; ARR: Aldosterone/renin ratio; Anti-TPO: Anti-thyroid peroxidase; anti-TG: 
Anti-thyroglobulin; BP: Blood pressure; DST: Dexamethasone suppression test; LSC: Late night salivary cortisol; UFC: Urinary-free cortisol.
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To evaluate possible significant differences in antibody kinetics 
between two patient collectives (visit 1 vs. follow up visit), the delta 
and subsequently absolute proportion of the anti-TPO and anti-TG 
between baseline and follow up was calculated. A linear regression 
was then performed.

Results
Of our 97 investigated PA patients, 43 underwent ADX whereas 54 
patients have been diagnosed with IHA and have been treated with 
MRA. Of these patients ACS was identified in 74.2 % (n  =  72, 37 
with one pathological test, 28 with two pathological tests, 7 with 

three pathological tests). We found no significant differences in an-
ti-TPO (and anti-TG) titers at baseline between ACS and non ACS 
patients (▶Fig. 1 and ▶table 1). Fourteen patients (14.4 %, 5 in 
the ADX group, 9 in the MRA group) showed either elevated an-
ti-TPO and/or anti-TG at baseline visit. All patients received follow 
up visits one year after therapy initiation and characteristics are 
shown in ▶table 2. When comparing the prevalence of ACS accord-
ing to subtypes, the presence of ACS was evident in both subgroups. 
At least one pathological test indicating ACS was present in 84 % of 
unilateral PA patients and in 67 % of IHA patients (▶table 2). Thir-
teen of the analyzed patients (6 ADX, 7 MRA) were taking thyroid 
hormone supplementation either at baseline or during the follow 

▶table 2 Characteristics of primary aldosteronism (PA) patients at baseline and at one year follow up.

Variables ADX MRA

Baseline (V1) Follow up (V2) p Baseline (V1) Follow up (V2) p

ACS/no ACS n ( %) 36/7 (83.7/16.3) – 36/18 (66.7/33.3) –

Male n ( %) 29 (67.4) – 32 (59.3) –

Systolic BP (mmHg) 149  ±  18.9  
(149; 133–158)

136 ± 17.7  
(136; 124–141)

0.003 149 ± 19.9  
(149; 133–160)

132 ± 14.8  
(132; 122–143)

0.000

Diastolic BP (mmHg) 87 ± 11.6  
(87; 81–98)

86 ± 11.5  
(86; 81–98)

0.814 91 ± 13  
(91; 83–100)

87 ± 9.7  
(87; 82–93)

0.095

Potassium (mmol/l) 3.5 ± 0.6  
(3.5; 3.3–3.7)

4.3 ± 7.2  
(4.3; 4.1–4.5)

0.000 3.75 ± 0.3  
(3.75; 3.6–3.9)

4.3 ± 0.4  
(4.3; 4.1–4.6)

0.000

Aldosterone (pg/ml) 218 ± 281.1  
(218; 121–353)

65 ± 49.9  
(65; 40–114)

0.000 129.5 ± 93.7  
(129.5; 99–186)

266.5 ± 134.6  
(266.5; 173–334)

0.000

PRC (mU/l) 4.4  ± 5.5  
(4.4; 2–8.5)

11.9 ± 38.4  
(11.9; 7.4–21.3)

0.000 3.3 ± 3.8  
(3.3; 2–5.3)

13.2 ± 129.5  
(13.2; 7–32)

0.000

ARR 47.8 ± 102.7  
(48; 23.5–165.2)

5.2 ± 21  
(5.2; 2.3–13.7)

0.000 38.2 ± 44.2  
(38.2; 20.8–62)

16.2  ± 25.6  
(16.2; 9.8–29.7)

0.000

Anti TPO (IU/ml) 2.6 ± 10.7  
(2.6; 1.6–4.7)

2.8 ± 22  
(2.8; 1.6–6.8)

0.181 2.85 ± 123.2  
(2.85; 1.4–5.6)

3.45 ± 87.2  
(3.45; 1.1–7.8)

0.714

Anti TG (IU/ml) 6.4 ± 45  
(6.4; 5–11.4)

7.4 ± 48.2  
(7.4; 6–13.5)

0.433 6.7 ± 32.9  
(6.7; 5–10.3)

7.2 ± 43.9  
(7.2; 5.8–12)

0.487

TSH (IU/mL) 1.7 ± 1  
(1.7; 0.9–2)

1.62 ± 1  
(1.62; 1.3–2.3)

0.125 1.8 ± 3.9  
(1.8; 1.3–2.2)

2 ± 1  
(2; 1.2–2.6)

0.267

HbA1c (mmol/mol) 36 ± 8  
(36; 31–40)

38 ± 9  
(38; 33–42)

0.000 33 ± 7  
(33; 31–37)

36 ± 8  
(36; 33–40)

0.000

Glucose (mg/dl) 97 ± 22.5  
(97; 90–113)

99 ± 21  
(99; 91–114)

0.735 99 ± 16.3  
(99; 91–106)

98 ± 22.5  
(98, 93–109)

0.012

Total cholesterol (mg/dl) 185 ± 39.1  
(185; 168–211)

192 ± 43.2  
(192; 54–219)

0.432 190.5 ± 32.2  
(190.5; 163–212)

191 ± 37.6  
(191; 164–212)

0.703

LDL cholesterol (mg/dl) 120 ± 40.6  
(120; 90–140)

110 ± 39.8  
(110; 86–136)

0.717 115 ± 35.6  
(115; 91–141)

111 ± 40.5  
(111; 90–138)

0.275

HDL cholesterol (mg/dl) 55 ± 15.1  
(55; 45–64)

50 ± 16.2  
(50; 41–65)

0.000 51  ± 17.6  
(51; 44–66)

51 ± 17.4  
(51; 43–64)

0.035

Triglycerides (mg/dl) 88 ± 46.7  
(88; 66–130)

114 ± 96.9  
(114; 85–168)

0.000 105.5 ± 113.2  
(105.5; 70–134) 

127 ± 128.9  
(127; 97–159)

0.001

Data are displayed as mean ± SD for normally distributed continuous data, and as median; 25th and 75th continuous variables without normal 
distribution. ADX: Adrenalectomy; no ACS: No pathologic cortisol test regarding hypercortisolism; BMI: Body mass index; PRC: Plasma renin 
concentration; ARR: Aldosterone/renin ratio; Anti-TPO: Anti-thyroid peroxidase; anti-TG: anti-thyroglobulin; BP: Blood pressure; DST: Dexamethasone 
suppression test; LSC: Late night salivary cortisol; UFC: Urinary-free cortisol.
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up visit. All dosages remained the same post therapy initiation. 
Eleven Patients (6 ADX, 5 MRA) had known preexisting Hashimoto 
thyroiditis, based on typical ultrasound findings, antibody titers 
and/or hypothyroidism.

To further explore the effects of ACS, we analyzed the course of 
thyroid antibody titers in patients who underwent ADX. Taking into 
account all adrenalectomized patients regardless of ACS status, no 
significant differences were noted with respect to anti-TPO and an-
ti-TG titers (p  =  0.181 and 0.433, respectively) whereas adrenal-
ectomized ACS patients showed an increase of anti-TPO titers of 
borderline significance (▶Fig. 2).

Adrenalectomized patients with no or one pathological ACS test 
(n  =  26) showed no significant increase in antibody titers. In con-
trast, patients with two or more pathological screening tests (n  =  
17) had significantly higher anti-TPO levels (p  =  0.015) after ADX 
(▶Fig. 2). Anti-TG levels remained unchanged following ADX (p  =  
0.726).

In patients with at least two pathological screening tests, com-
pared to non ACS patients, the impact of ACS subtype on anti-TPO 
titers remained significant when adjusted for age (p  =  0.010) or 
age and gender (p  =  0.021). When further adjusting for BMI, sys-
tolic BP and ARR, ACS status stayed significant (p  =  0.038), further 
underlining its influence on anti-TPO levels. ACS subtype was not 
associated with anti-TG titers (p  =  0.448) even when adjusting for 
age and gender.

Patients with IHA receiving MRA treatment did not show differ-
ences in thyroid antibody titers during follow-up, irrespective of 
ACS status.

Finally, we analyzed the effect of ACS in terms of the DST results, 
on our primary outcome parameter, the anti-TPO antibody in-

crease. Sixteen (8 unilateral, 8 IHA patients) of 97 patients (16.5 %) 
were found to have a pathological DST response. PA patients who 
have undergone ADX showed a significant anti-TPO titer increase 
(p  =  0.018), whereas patients treated with MRA displayed no such 
rise during follow-up.

We also analyzed patients that initially displayed elevated an-
ti-TPO and/or anti-TG levels. Of these 14 patients (4 unilateral, 10 
IHA patients), 5 had been previously diagnosed with Hashimoto’s 
thyroiditis and were taking l-thyroxine during their initial visit. 
These patients showed higher absolute antibody levels and TSH 
compared to the rest of the patients (3.69 vs. 1.79 μU/ml). Patients 
with initially elevated antibodies showed a higher BMI pre- and 
post-therapy (31 kg/m2 at V1 vs. 26 kg/m2 in PA patients with nor-
mal thyroid antibody titers at V1), and a significantly higher ARR at 
follow up (16.2 vs. 11.4, p  =  0.006).

Unfortunately, we only have limited data regarding hypercorti-
solism at follow up, which is why an evaluation regarding the res-
olution of ACS post ADX or during MRA therapy could not be suffi-
ciently made in this study. A follow up 24-hour urinary free cortisol 
was available in 8 patients with ACS who had undergone ADX, with 
the majority of these patients showing a decline in their 24-hour 
urinary cortisol excretion (mean 227 μg/dl before ADX vs. 120 μg/
dl after 1 year).

Discussion
Studies investigating the interaction between ACS in the setting of 
primary aldosteronism and its effect on thyroid autoantibodies are 
scarce. Aldosterone has been shown to promote an inflammatory 
state that is enhanced by T cell immunity, therefore establishing 

▶Fig. 2 Box plot demonstration of anti-TPO levels at baseline visit (V1) and at follow up visit (V2) in adrenalectomized patients with ACS, 0–1 
pathological tests and at least 2 pathological tests regarding hypercortisolism (ACS) vs patients without autonomous cortisol secretion (no ACS).
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its role in the immune system. Studies have shown that the capac-
ity of dendritic cells to activate CD8 + T cells and induce Th17 polar-
ization of CD4 +  T cells, known to occur in many autoimmune dis-
eases, can directly be increased by aldosterone [18]. Aldosterone 
encourages inflammation characterized by vascular infiltration of 
immune cells, proinflammatory cytokine production (e. g., TNF-α), 
and reactive oxidative stress. This may underline the essential role 
of aldosterone and its contribution to the development and pro-
gression of autoimmunity [18–21] . Fittingly, Herrada and Shi et al. 
[18, 20] have found an increased expression of Th17-related fac-
tors in autoimmune thyroiditis (AIT).

Bendtzen et al. [22] demonstrated that the mineralocorticoid 
receptor antagonist spironolactone is able to reduce tumor necro-
sis factor-α and interferon-γ production in patients with rheuma-
toid and juvenile idiopathic arthritis, thus reducing inflammation.

The exact pathophysiology of ACS in IHA is unknown and re-
mains closely investigated until this day. Diffuse or nodular hyper-
plasia of the zona glomerulosa is considered the traditional source 
of excess aldosterone in these patients. While diffuse hyperplasia 
of the zona glomerulosa cells in IHA adrenals have commonly been 
reported [23–27], other studies describe the presence of hyperpla-
sia of zona glomerulosa and zona fasciculate like cells which may 
serve as a proposed mechanism of ACS in IHA [24, 25, 28–32]. These 
findings have been referred to as primary cortical hyperplasia.

Several studies have found that titers of angiotensin-II type-1 
receptor autoantibodies (AT1RAA) were elevated in PA patients, 
indicating a potential pathophysiologic role for agonistic autoan-
tibodies in PA [33, 34]. It has been suggested that approximately 
60 % of PA patients possess active autoantibodies against AT1R 
[35]. As a result, the AT1R may be activated by the production of 
these antibodies, which may contribute to the development of PA 
in some patients [36]. Er et al. [37] hypothesized that this process 
raises the possibility of immune dysregulation in PA, which in turn 
carries an increased risk of developing concomitant autoimmune 
disease. Interestingly, Piazza et al. [38] investigated the kinetics of 
AT1R titers in APA patients and found that these patients showed 
elevated levels in comparison to IHA patients. Furthermore, the 
raised autoantibody titers in the APA patient cohort did not change 
1 month after unilateral adrenalectomy. This finding, together with 
our own data, raise the possibility that mild functional hypercorti-
solism (i. e., ACTH triggered) rather than autonomous secretion of 
cortisol by the APA may be the responsible mechanism, which 
would implicate less effects on the immune system. This remains 
the subject for further investigation.

It has been proven that the prevalence of thyroid morphologi-
cal alterations in PA patients is high compared to the general pop-
ulation [39] . Our study further explored the interactions between 
anti-TPO and anti-TG levels in the setting of primary aldosteronism 
with and without ACS. In a study conducted by Armanini et al. [40], 
a statistically significant difference in the prevalence of thyroid ab-
normalities between PA and healthy controls (60 % vs. 27 %, 
p  < 0.0001) has been demonstrated. Turchi et al. also studied the 
relationship between aldosterone and thyroid disease among 188 
patients with PA and 96 matched essential hypertensives. Here the 
prevalence of thyroid dysfunction was similar in PA and essential 
hypertension (EH) (15 % and 19 %, respectively) [39].

Our study shows that patients with unilateral disease and sig-
nificant cortisol co-secretion, especially those with at least two 
pathological cortisol tests, demonstrated an increase in TPO anti-
body titers after surgery compared to patients with no ACS. This 
effect stayed fairly robust even when adjusted for age and gender. 
Along the same line, adrenalectomized patients with ACS and a 
pathological DST response showed a significant increase in an-
ti-TPO titers after surgery compared to ACS patients with IHA and 
a pathologic DST response. Currently, there are several case reports 
of exacerbation of Hashimoto’s thyroiditis or Graves’ disease fol-
lowing partial hypophysectomy or adrenalectomy in patients with 
Cushing’s disease [41–44] .

Other studies have reported the onset of rheumatoid arthritis 
[45, 46] and systemic lupus erythematosus [47] after successful 
surgical treatment of Cushing’ disease. Immunosuppressive effects 
exhibited by cortisol are well known, which inhibits most aspects 
of the immune response, including proliferation of lymphocytes. 
By means of reducing T cell proliferation, glucocorticoids are known 
to suppress autoimmune reactions [48]. It is due to these effects 
that they have been used to treat patients with Hashimoto’s thyroid-
itis, to decrease anti-TPO and anti-TG antibodies and ultimately nor-
malize thyroid function [49]. Corollary, it has been suggested that 
patients with Cushing’s syndrome and concomitant thyroid auto-
immune disease may be protected by the exhibited immunosup-
pressive effects of hypercortisolism [43]. By treating the disease (re-
moval of adrenal or pituitary adenomas), the autoimmune process 
as a result of restoration of normal pituitary-adrenal function, may 
be intensified and overt thyroid dysfunction is likely to develop. A 
study conducted by Niepomniszcze et al. [50] in patients with Cush-
ing’s disease and autoimmune thyroid disease showed that the 
prevalence of positive anti thyroid antibodies during active disease 
(27 %) increased drastically (87 %) after hypercortisolism resolved. 
These findings corroborate our results. Colao et al. [51] also docu-
mented an increased prevalence of anti-TG and anti-TPO positive 
titers in patients following remission of Cushing’s disease as com-
pared during active disease (20 % and 40 % pre- and post-success-
ful pituitary surgery).

Er et al. further analyzed the risk of new onset autoimmune dis-
ease in PA patients. This study mirrored our results by showing a 
higher incidence of each autoimmune disease (incl. inflammatory 
conditions) in patients with PA compared to matched EH controls. 
Fittingly, patients who underwent either ADX or MRA treatment 
still showed an increased incident risk of developing new onset au-
toimmune disease [37].

With that being said, no significant differences between TSH 
levels were found in ACS versus non-ACS patients in our study, sug-
gesting that the relatively small titer changes observed in our pa-
tients are not associated with clinical AIT. A weakness of our study 
is the lack of a gender and age-matched normotensive control 
group. Moreover, antibody values from baseline visits were often 
missing, causing us to eliminate many potential patients from fur-
ther analysis, therefore leading to a smaller sample size.

Another limitation of this study was that an evaluation regard-
ing the normalization of ACS after surgery or during MRA therapy 
could not sufficiently be made due to limited hypercortisolism test-
ing available during follow up visits.
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All in all, overall changes in antibody kinetics are slight, there-
fore not exhibiting a significant clinical effect, although from a 
pathophysiological standpoint these findings are fitting to the im-
munosuppressive agency of cortisol. A key strength of the present 
study was that we conducted a prospective analysis of patients 
within the conditions of a standardized registry including the usage 
of same assays during initial visit and follow up. As far as we know, 
this is the first study investigating the effect of ACS in the setting 
of PA on thyroid autoantibodies pre and post therapy initiation.

Conclusion
This study investigated the impact of glucocorticoid co-secretion 
in PA on thyroid autoantibodies during the course of disease. In 
conclusion, unilateral ADX in patients with PA and significant cor-
tisol co-secretion is associated with anti-TPO antibody titer increas-
es, a finding, which is not observed in MRA treated patients.
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