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Abstract: Background and Objectives: Graves’ disease (GD) and primary aldosteronism (PA) are two
pathologies that can cause significant morbidity and mortality. GD is mediated by autoantibodies,
and recent studies have shown autoantibody involvement in the pathophysiology behind both PA
and pre-eclampsia. The coexistence of GD and PA, however, is reportedly rare. This report describes
a unique case of Graves’” hyperthyroidism and concomitant PA in a patient with a history of pre-
eclampsia with severe features. Case Presentation: The patient presented at 17 weeks pregnancy with
mild hyperthyroidism, negative TSH receptor antibodies, and a low level of thyroid-stimulating
immunoglobulins (TSI). Her TSH became detectable with normal thyroid hormone levels, and there-
fore, no anti-thyroid medication was administered. At 34 weeks she developed pre-eclampsia with
severe features, and a healthy child was delivered; her TSH returned to normal. Seven months after
delivery, she presented emergently with severe hyperthyroidism, hypertensive crisis, and a serum
potassium of 2.5 mmol/L. Her hypertension was uncontrolled on multiple anti-hypertensives. Both
TSI and TSH receptor antibodies were negative. The aldosterone(ng/dL)/renin(ng/mL/h ratio was
(13/0.06) = 216.7, and abdominal CT imaging demonstrated normal adrenal glands; thus, a diagnosis
of PA was made. Her blood pressure was subsequently controlled with only spironolactone at 50 mg
2xday. Methimazole was started but discontinued because of an allergic reaction. Consequently,
a thyroidectomy was performed, and pathology revealed Graves’ disease. The patient remained
well on levothyroxine at 125 mcg/day and spironolactone at 50 mg 2xday three months after the
thyroidectomy. Conclusions: This patient manifested severe GD with antibodies undetectable by con-
ventional TSI and TSH receptor assays and accelerated hypertension from PA simultaneously. These
conditions were successfully treated separately by spironolactone and thyroidectomy. Autoimmune
PA was considered likely given the clinical picture. The diagnosis of PA should be considered in
hypertension with GD.
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1. Introduction

Graves’ disease (GD) is an autoimmune disease of the thyroid gland. It is the most
common cause of hyperthyroidism in developed countries [1], affecting 2% of women and
0.5% of men globally [2], and is associated with adverse effects on the quality of life [3].
In GD, autoantibodies (TRAb) against the thyroid-stimulating hormone receptor (TSHR)
induce excess thyroid hormone secretion, which can cause severe hyperthyroidism with
associated tachycardia, hypertension, fever, delirium, and an increased risk of death [2].
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Recent studies have shown that other common diseases, such as primary aldosteronism
(PA) and pre-eclampsia, may also have autoimmune-related mechanisms that underlie
their pathogenesis [4,5]. PA is the most common form of secondary hypertension (HTN),
accounting for 5-10% of all patients and increasing in prevalence in patients with severe or
treatment-resistant hypertension [6]. Compared to patients with primary HTN, patients
with PA have an increased risk of cardiovascular complications [7]. Pre-eclampsia is an
enigmatic, hypertensive disease and a leading cause of fetal and maternal morbidity and
mortality [8,9]. Stimulating autoantibodies (AT1R-Abs) against the angiotensin II type 1
receptor (AT1R) have been implicated in both PA and pre-eclampsia and may play a role
in their pathogenesis [5]. Concomitant GD and PA as well as PA in pregnancy are both
reportedly rare combinations [10,11]. This study therefore presents a unique case of a
patient with GD, PA, and a prior history of pre-eclampsia with severe features, as well as
an overview of the literature describing the autoimmune nature of these three diseases.

2. Detailed Case Description

The patient was referred to the endocrine clinic (30 June, Table 1) for hyperthyroidism
and pregnancy of 17 weeks. She had been diagnosed with hypothyroidism and treated with
levothyroxine for two years but had not been on thyroid hormone for the past five years.
One month prior to the initial endocrine visit, symptoms of feeling hot and tremulous as
well as a racing heart had resulted in an emergency room visit where hyperthyroidism was
diagnosed. In clinic, her pulse rate was 98, BP was 124/62, weight was 93 kg (205 Ibs), and
height was 157 cm (5 feet, 2 inches). No goiter was observed. Thyroid function tests re-
vealed the following: TSH, 0.00 pIU/mL (0.00 mIU/L); Free Thyroxine (Free T4), 0.7 ng/dL
(9.0 pmol/L); and Free Triiodothyronine (Free T3), 4.61 pg/mL (7.08 pmol/L). The TSH re-
ceptor antibody assay was negative. The TSI (thyroid-stimulating immunoglobulins) assay
was weakly positive at 163% (normal <140%), and a thyroid sonogram showed no nodules
but did show a heterogeneous echotexture. A diagnosis of mild Graves’ hyperthyroidism
was made. The patient was seen in the endocrine clinic every two to four weeks, and no
anti-thyroid medication was initiated because of the following: the TSH became detectable,
the Free T3 was only minimally elevated, the TSI was normal to only mildly elevated, and
there was no fetal distress.

Table 1. Timeline of Graves’ hyperthyroidism during pregnancy, delivery, and thyroidectomy.

Symptoms and Signs TSH Free T4 Free T3 TSI 2

Date Clinical Status (0.45-533 pIU/mL) ! (0.58-164ng/dL)"  (2.50-3.90 pg/mL) (<140%) Thyroid Treatment
163%;
Tremulousness, overheated, ¢
30 Jun racing heart; 0 0.89 4.7 Tiﬁtlie;deg Sor none
17 weeks pregnant negative
8 Jul 0 0.7 4.61
30 Aug 0.03 0.5 4.03
12 Sep Thyroid sonogram: no nodules
Oral glucose tolerance test positive
1 Oct for gestational diabetes; treated with 0.04 0.47 3.57 102%
diet and later insulin
3 Preeclampsia with severe features;
Cesarean delivery 34 4/7 weeks;
27 Oct male, 4.080 kg,
Apgar 8, 9; gestational diabetes
resolved 6 weeks postpartum
12 Jan 2.1 0.9
Started:
Methimazole: 10mg
Emergency room for paresthesia and Met 3:/1d ?'Y,ZSm
15 May weakness of right arm, BP 169/98, 0 3.93 14.62 121% € ng(;((i)a-y g
pulse 97 Dexamethasone:
1mg, 2x/day

x 7days
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Table 1. Cont.
Symptoms and Signs TSH Free T4 Free T3 TSI? :
Date Clinical Status (045-533 pIU/mL) ! (0.58-164ng/dL)’  (2.50-3.90 pg/mL) ! (<140%) Thyroid Treatment
31 May 0 1.75 4.94
Stopped:
6 Jun Rash 0 1.26 561 Methimazole
20 Jun 0 2.24 10.03 124%
TSH Receptor Dexamethasone
25 Jul 0 3.42 13.8 Antibodies 1mg, 2x/day
negative x 7days
Diffuse follicular hyperplastic .
changes with patchy mild chronic Thyro1dect(4)my,
12 Au thyroiditis on pathology; Started:
& 0 )i Ol lsdo patho ggy' , Levothyroxine
patho oglcaDi éiggéms, raves 125mcg/day
Levothyroxine
31 Aug 0.01 0.87 3.98 125meg/day

1 TSH (Thyroid Stimulating Hormone): 1 uIU/mL = 1 mIU/L; Free T4 (Free Thyroxine): 1 ng/dL = 12.87 pmol/L;
Free T3 (Free Triiodothyronine): 1 pg/mL = 1.536 pmol/L. 2 TSI (Thyroid Stimulating Immunoglobulins);
TSH Receptor Antibodies were also measured; 3 During her preeclampsia with severe features, BP ranged
(164-177)/(84-102), requiring IV Labetalol. BP treatment was not required immediately postpartum.

During her pregnancy, the patient developed gestational diabetes, requiring insulin
and polyhydramnios. The patient’s blood pressure was normal at multiple endocrine
clinic visits (BP (120-124)/(62-68)) until October (27 October, Tables 1 and 2), when she
developed pre-eclampsia with severe features. During her hospitalization, her blood
pressures were (164-177)/(84-102). She required IV Labetalol for severe-range blood
pressures during her labor course. A healthy 4.080 kg male, Apgar 8,9, was delivered at
34 and 4/7 weeks, and she did not require anti-hypertensives at discharge. The gestational
diabetes resolved, but subsequent mild hypertension (BP ~144/88) was treated by her
obstetrician and primary care physician using lisinopril and hydrochlorothiazide. When
seen in clinic 2.5 months (12 January) after delivery, her BP was 140/90 on lisinopril and
hydrochlorothiazide, and her TSH and Free T4 were normal, at 2.1 plU/mL (or mIU/L)
and 0.9 ng/dL (11.58 pmol/L), respectively.

However, the patient’s hypertension increased 6.5 months after pre-eclampsia and
delivery, and the patient went to the emergency room for paresthesia and weakness of
her right upper extremity (15 May, Table 1). She was found to be hypertensive, with a BP
of 169/98 and pulse rate of 97, and hypokalemic, with a serum potassium of 2.5 meq/L
(mmol/L). A brain CT revealed no cranial hemorrhage. She was treated with intravenous
potassium and hydralazine, and oral potassium chloride was added to her lisinopril and hy-
drochlorothiazide. In addition, she was found to be quite hyperthyroid, with a TSH of 0.00
(WIU/mL or mIU/L), Free T4 of 3.93 ng/dL (50.57 pmol/L), and Free T3 of 14.62 pg/mL
(22.45 pmol/L), and was referred for a follow-up with the endocrine clinic. The diagnosis
of PA was entertained and evaluated by the aldosterone-to-renin ratio (ARR). The ARR
at a potassium of 2.7 meq/L (mmol/L) was (13 ng/dL)/(0.06 ng/mL/h) = 216.7, and at
a potassium of 3.2 meq/L (mmol/L), was (9 ng/dL)/(0.07 ng/mL/h) = 128.6. Spironolac-
tone 50 mg 2x/day was started, and she was weaned off the potassium chloride, hy-
drochlorothiazide, lisinopril, and hydralazine. The systolic BP seven days after start-
ing the spironolactone was 118 mm, and two weeks later the BP was 124/76. Her hy-
pokalemia had resolved with a potassium of 3.6 meq/L(mmol/L) off of any potassium
chloride supplementation.
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Table 2. Timeline of primary aldosteronism (PA) during pregnancy, delivery, and thyroidectomy.

. Medications Aldosterone/Renin Ratio (ARR)
1
Date BP and Potassium (meq/L) and Clinical Status (ng/dL)/(ng/mL/h) 2
30 Jun 124/62 none
3 Preeclampsia
27 Oct (164-177)/(84-102) with severe features;
Delivery
12 Jan 140/90 Lisinopril
a Hydrochlorothiazide
Lisinopril
15M 169/98 Hydrochlorothiazide
ay Potassium 2.5 Added: Hydralazine and
Potassium Chloride
25 May Potassium 2.7 13/0.06 = 216.7
31 May Potassium 3.2 9/0.07 =128.6
Started:
Spironolactone:
50mg 1x/day, three days later increased
6 Jun 162/90 2xday.
Stopped:
Potassium Chloride and BP
medications
118 systolic
13 Jun by palpation
124/76
20 Jun Potassium 3.6
25 Jul 130/74
Thyroidectomy
12 Aug 130/80 Started: Levothyroxine
160s/100-110 Patient had stopped spironolactone. Pz.itlent had discontinued
22 Aug Potassium 3.2 It was restarted, 50mg 2x/da spironolactone for 10 days.
' /OUmE y Repeat A/R: 6/0.25 = 24.0
31 Aug 130/74 Spironolactone, 50mg, 2x/day

Potassium 4.2

1 Serum potassium: 1 meq/L = 1 mmol/L; 2 Aldosterone: conventional units 1 ng/dL = 27.7 pmol/L; Renin:
conventional units 1 ng/mL/h = 12.8 pmol/1/min. A positive ARR for PA using conventional units is >30 and
using SI units is >60 [12,13]; 3 Futher details in text and Table 1.

The patient’s hyperthyroidism was treated with Methimazole, but it was discontinued
because of a serious rash (Tables 1 and 2). Two TSI measurements were in the normal range
and a TSH receptor antibody level was negative. The patient was given a brief course of
dexamethasone, and a thyroidectomy was necessary to treat the severe hyperthyroidism.
The surgical pathology confirmed the diagnosis was Graves’ disease in the context of
negative TSI and TSH receptor antibody assays. The patient reported immediate relief
after thyroidectomy, but unadvisedly stopped her spironolactone for 10 days. This resulted
in recurrent hypertension (BP 160 s/100-110) and hypokalemia (potassium of 3.2 meq/L
(mmol/L)). Spironolactone at 50 mg 2xday was restarted with the resolution of the hyper-
tension and hypokalemia. Post-surgical hypothyroidism was treated with levothyroxine.

The patient was seen again three months after thyroidectomy and continued well on
levothyroxine at 125 mcg/day with a normal BP and serum potassium on spironolactone
at 50 mg 2xday.
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3. Discussion

Recent studies have shown associations between primary aldosteronism (PA) and several
thyroid pathologies. PA has been associated with increased thyroid abnormalities or alterations
in ultrasonography including nodules, multinodular goiter, and papillary carcinoma [14,15].
PA has also been linked to increased thyroid dysfunction and increased anti-thyroid autoan-
tibodies (anti-thyroid peroxidase and anti-thyroglobulin) [16,17]. Several case reports have
described PA complicated by autoimmune Hashimoto’s thyroiditis [18,19], with one case
noting improvement in hypothyroid symptoms after the medical and surgical treatment
of PA [19]. The association between Graves’ disease (GD) and PA has not been well stud-
ied. Several case reports have documented concomitant PA and Graves” hyperthyroidism
resulting in either thyrotoxicosis or hypokalemic paralysis [10,20,21]. Other reports have
shown coexisting PA with other forms of hyperthyroidism, including toxic nodular goiter or
unspecified hyperthyroidism, with consequent hypokalemic paralysis [10,22]. While there
is a paucity of literature describing the association between GD and PA, there is increasing
evidence on the role of PA in thyroid disease. Some studies have proposed autoimmune
processes as an underlying cause, as stimulatory autoantibodies exist in both GD and PA.
However, the exact mechanism remains unclear and requires further investigation [10,19].

The autoimmune nature of both PA and pre-eclampsia revolves around autoantibodies
against the angiotensin II type 1 receptor (AT1R) [5,23]. The ATIR is a G-protein-coupled
receptor (GPCR) widely distributed throughout the human body and plays a significant
role as part of the renin-angiotensin-aldosterone system (RAAS) in blood pressure regula-
tion, vasoconstriction, inflammation, and cardiovascular functioning [23]. Autoantibodies
against the AT1R (AT1R-Abs) have been implicated in various pathologies, including pre-
eclampsia, PA, renal graft failure, and systemic sclerosis [5,24]. AT1R-Abs activity has been
shown in patients with PA due to aldosterone-producing adenomas (APAs) and bilateral
adrenal hyperplasia (BAH) [25], with significantly increased activity when compared to nor-
motensive controls [26]. Kem et al. showed that serum from patients with PA significantly
increased AT1R activation in AT1R-transfected cells compared to serum from normotensive
controls, with activity inhibited by the AT1R blocker losartan [27]. The same study showed
that IgG from AT1R-Abs-positive sera yielded vasoconstrictive effects in rat cremaster
arterioles, with activity blocked by losartan, and stimulated aldosterone production in
cultured adrenal cells, with activity blocked by candesartan. Aldosterone production was
enhanced with the addition of angiotensin II, suggesting an AT1R-Abs-mediated allosteric
conformational change in the AT1R that facilitates angiotensin II binding [27].

The mechanism of the relationship between autoimmune-induced PA and the conven-
tional view of PA as APA and BAH has yet to be elucidated. Aldosterone-producing cell
clusters, now termed multiple aldosterone-producing nodules or micronodules, are felt to
be the precursors of APA and BAH [28-30]. Interestingly, one study of 107 adrenal glands
of normotensive Japanese patients from an 837-autopsy consecutive cohort revealed that
aldosterone-producing cell clusters are common, with 34% harboring known aldosterone-
driver mutations [31]. One hypothesis proposes that AT1R-Abs play a role in the chronic
stimulation of the zona granulosa, with a consequent hyperproliferative state potentially
enabling the development of APA or BAH [5]. These studies show increasing evidence for
an autoimmune mechanism involving AT1R-Abs that may underlie PA development.

AT1R-Abs have also been implicated in pre-eclampsia. Multiple studies have shown
a high prevalence of AT1R-Abs in pre-eclampsia [5,32]. AT1R-Abs can be detected in
the second trimester and may be an early but nonspecific marker for pre-eclampsia [33].
AT1R-Abs titers have a strong positive correlation with the severity of pre-eclampsia [34],
and antibody activity decreases after delivery but does not regress completely [32,35]. Zhou
et al. provided strong evidence for pre-eclampsia as a pregnancy-induced autoimmune
disease by injecting AT1R-Abs from pre-eclamptic women into pregnant mice, which
induced pre-eclamptic features such as hypertension, proteinuria, glomerular endotheliosis,
placental abnormalities, and decreased fetal size [36]. These features were blocked with
losartan and a synthetic blocking peptide. Further studies reinforced these findings by
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inducing pre-eclamptic symptoms in pregnant mice via the injection of AT1R-Abs [37-39].
Several studies showed upregulated endothelin-1 activity and decreased mean arterial
pressure (MAP) in response to endothelin-1 antagonists [37,38]. One study by Wenzel et al.
showed significant increases in MAP when AT1R-Abs were combined with angiotensin II,
suggesting an AT1R-Abs-mediated increase in the sensitivity of the AT1R [39]. This is in
line with the results of Kem et al. in their investigation of the role of AT1R-Abs in PA [27].
The aforementioned studies underscore the potential role of AT1R-Abs and autoimmune
processes in the pathogenesis of both pre-eclampsia and PA.

In this patient with acute, severe illness from both GD and PA, and a prior history of
pre-eclampsia with severe features, it is important to highlight the common presence of
stimulatory autoantibodies in GD, PA, and pre-eclampsia. Autoantibodies to the thyroid-
stimulating hormone receptor (TRAbs to the TSHR) are present in the vast majority of GD
cases. Autoantibodies to the AT1R are present in both PA and pre-eclampsia and may play a
role in inducing pathological symptoms for both diseases. However, in this patient, there are
predominantly negative antibody titers for TRADb, as measured by both thyroid-stimulating
immunoglobulin (TSI) and thyrotropin-binding inhibitory immunoglobulin (TSH receptor
antibodies/TBII) assays. Modern third-generation TRAb assays have a sensitivity and
specificity in the upper 90% for patients with overt, clinical GD hyperthyroidism [40]. In
patients with subclinical or mild GD hyperthyroidism, the TRAD test is less reliable and is
more often negative [41]. In such cases with negative TRAD titers, Doppler ultrasonography
or thyroid scintigraphy can detect nodules, vascularity, and radioactive uptake that can help
differentiate GD from other forms of hyperthyroidism [42]. Post-thyroidectomy histology
for GD with negative TRAbs often show marked or moderate lymphocytic infiltration [43].
However, in contrast, this patient demonstrated a severe GD phase with negative TRAb
tests, and furthermore, surgical pathology showed only patchy mild chronic thyroiditis
but with diffuse follicular hyperplastic changes. These features indicate that this case is
an atypical presentation of GD in the context of PA. Given the coexistence of GD, PA, and
prior pre-eclampsia with severe features in this patient, as well as known autoimmune
mechanisms for GD, PA, and pre-eclampsia, it is tempting to suggest an unexplored related
autoimmune connection or pathway. While AT1R-Abs may be involved in the pathogenesis
of PA and pre-eclampsia, and AT1R is present in thyroid tissue, a mechanism to explain a
connection has not been elucidated.

As exemplified in this presented case, the clinical treatment of coexisting GD and PA
can be performed successfully by treating each disease separately. Standard anti-thyroid
medication may be administered, with thyroidectomy as an alternative if contraindications
for medical therapy arise [2,3]. Depending on the presence of an aldosterone-producing
adenoma or bilateral (idiopathic) adrenal hyperplasia (the two most common etiologies of
PA) [44], adrenalectomy or mineralocorticoid antagonists (spironolactone or eplerenone)
may be considered, respectively [12,13]. Ultimately, medical or surgical therapy for GD and
PA should be tailored to each individual patient and based on robust empirical evidence.
Finally, PA should be considered in the onset of new or uncontrolled hypertension in GD.

The presented case report has some limitations. It is a retrospective analysis of a single
patient and therefore difficult to generalize to a larger population. The use of AT1R and
AT1R-AD assays to explore the molecular pathology was beyond the scope of this case
report. Investigating the role of AT1R-Abs in patients with GD and hypertension may
assist in understanding potential connections between GD, PA, pre-eclampsia, and other
autoimmune endocrinopathies.

4. Conclusions

In this female patient, following pre-eclampsia with severe features, there was the si-
multaneous development of severe GD and accelerated hypertension from PA. An unusual
antibody mechanism was indicated by the absence of the typical TSI and TSH receptor
antibodies for GD. Imaging revealed no adrenal adenoma, and autoimmune-driven PA
was considered likely. This case shows the successful long-term treatment of coexistent
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severe GD and PA by thyroidectomy and spironolactone. PA should be considered in new
or uncontrolled hypertension in GD.
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