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Summary

Primary aldosteronism (PA) is more common than expected. Aberrant adrenal expression of luteinizing hormone (LH) 
receptor in patients with PA has been reported; however, its physiological role on the development of PA is still unknown. 
Herein, we report two unique cases of PA in patients with untreated Klinefelter’s syndrome, characterized as increased 
serum LH, suggesting a possible contribution of the syndrome to PA development. Case 1 was a 39-year-old man with 
obesity and hypertension since his 20s. His plasma aldosterone concentration (PAC) and renin activity (PRA) were 220 
pg/mL and 0.4 ng/mL/h, respectively. He was diagnosed as having bilateral PA by confirmatory tests and adrenal venous 
sampling (AVS). Klinefelter’s syndrome was suspected as he showed gynecomastia and small testes, and it was confirmed 
on the basis of a low serum total testosterone level (57.3 ng/dL), high serum LH level (50.9 mIU/mL), and chromosome 
analysis. Case 2 was a 28-year-old man who had untreated Klinefelter’s syndrome diagnosed in his childhood and a 2-year 
history of hypertension and hypokalemia. PAC and PRA were 247 pg/mL and 0.3 ng/mL/h, respectively. He was diagnosed 
as having a 10 mm-sized aldosterone-producing adenoma (APA) by AVS. In the APA, immunohistochemical analysis 
showed co-expression of LH receptor and CYP11B2. Our cases of untreated Klinefelter’s syndrome complicated with PA 
suggest that increased serum LH levels and adipose tissues, caused by primary hypogonadism, could contribute to PA 
development. The possible complication of PA in hypertensive patients with Klinefelter’s syndrome should be carefully 
considered.
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Learning points:

 • The pathogenesis of primary aldosteronism is still unclear.
 • Expression of luteinizing hormone receptor has been reported in aldosterone-producing adenoma.
 • Serum luteinizing hormone, which is increased in patients with Klinefelter’s syndrome, might contribute to the 

development of primary aldosteronism.

Background

Primary aldosteronism (PA) is more common than was 
expected: 5–10% of hypertensive patients are reported 
to have the condition (1). Because specific treatments, 
including adrenalectomy and mineralocorticoid 
receptor antagonist treatment, can reduce cardiovascular 
event risks in patients with PA, careful screening and 

appropriate diagnosis are recommended to improve their 
prognosis (1).

Pathophysiology of aldosterone hypersecretion in 
PA has been partially explained by aberrant adrenal 
expression of some hormone receptors. Aberrant adrenal 
expression of luteinizing hormone (LH) receptor has been 
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reported in aldosterone-producing adenoma (APA) (2). 
It has also been reported that LH increased aldosterone 
secretion of APA in an in vitro study (3). In some patients 
with PA, response of aldosterone to LH administration 
were also reported (4). However, the physiological role of 
LH receptor in adrenal aldosterone secretion in patients 
with PA has been still unknown.

Klinefelter’s syndrome is a common cause of male 
primary hypogonadism, which is characterized as 
increased serum LH level. Herein, we report two unique 
cases of patients with Klinefelter’s syndrome complicated 
by PA, suggesting a possible contribution of Klinefelter’s 
syndrome in the PA development.

Case presentation
Case 1

A 39-year-old man was referred to our hospital for a closer 
inspection of hypertension with adrenal incidentaloma. 
He had been diagnosed with hypertension and diabetes 
in his 20s but had stopped visiting his doctors thereafter. 
He underwent computed tomography (CT) because 
of headache and stomachache, and an adrenal tumor 
was discovered. His medical history was remarkable for 
surgery for patent ductus arteriosus.

Case 2

A 28-year-old man was referred to our hospital because 
of hypertension. He had a 2-year history of hypertension 
and received 10 mg of amlodipine, 4 mg of doxazosin 
and 10 mg of furosemide. He had also been diagnosed 
as having Klinefelter’s syndrome during childhood, and 
chromosome analysis revealed a mosaic of 47, XXY, and 
48, XXY, +18. His medical history was remarkable for 
ventricular septal defect and ulcerative colitis.

Investigation
Case 1

This man’s height was 159 cm and BMI was 35.2 kg/m2.  
He had mild gynecomastia. His blood pressure was  
128/79 mmHg with 60 mg nifedipine. Laboratory 
findings were as follows: potassium, 4.2 mEq/L; plasma 
aldosterone concentration (PAC), 220 pg/mL; and plasma 
renin activity (PRA), 0.4 ng/mL/h. He was diagnosed as 
having PA according to an aldosterone-renin ratio (ARR) 
of 240 after the captopril challenge test (CCT) and a PRA 

of 1.4 ng/mL/h after the furosemide upright test (Table 1), 
per the guideline of the Japanese Society of Hypertension 
(5). Abdominal CT revealed a 10-mm-sized left adrenal 
adenoma (Fig. 1A). His plasma cortisol level was 
suppressed to 0.8 µg/dL after the 1-mg dexamethasone 
suppression test. Adrenal venous sampling (AVS) after 
cosyntropin injection revealed a low lateralized ratio (LR) 
of 1.2 and high contralateral ratio (CR) of 2.0, indicating 
bilateral PA, per the Endocrine Society guidelines (1), 
which suggested idiopathic hyperaldosteronism (IHA) 
with non-functioning adenoma (Table 2). During the 
AVS, his small testes were incidentally identified, but he 
refused further investigation at the time. At the age of  
43 years, he agreed to receive gonadal survey, which 
revealed a low serum total testosterone level (57.3 ng/dL;  
normal range: 284–799 ng/dL), high LH level (50.9 mIU/mL;  
normal range: 1.7–11.2 mIU/mL) and high FSH level  
(68.2 mIU/mL; normal range: 2.1–18.6 mIU/mL). 
Chromosome analysis revealed 47, XXY, and he was 
diagnosed as having Klinefelter’s syndrome.

Case 2

His height was 164.8 cm and BMI was 22.6 kg/m2. Blood 
pressure was 131/86 mmHg. He had mild gynecomastia. 
Laboratory findings were as follows: potassium,  
3.3 mEq/L; PAC, 247 pg/mL; PRA, 0.3 ng/mL/h; serum 
total testosterone, 182.2 ng/dL; serum LH, 29.5 mIU/mL;  
and serum FSH, 36.3 mIU/mL. He was diagnosed as PA 
because ARR after CCT was 245 and PAC after saline 
infusion test was 204 pg/mL (Table 1), according to the 
guideline (5). Abdominal CT revealed a 10 mm-sized right 
adrenal adenoma (Fig. 1B). The AVS revealed that LR was 
3.5 and CR was 1.0 (Table 2).

Treatment
Case 1

He started taking eplerenone after bilateral PA was 
confirmed by the AVS. He also started to receive 
testosterone enanthate replacement therapy at the time.

Case 2

Considering his age, hypokalemia, unilateral right adrenal 
tumor and tendency of right-sided higher aldosterone 
secretion confirmed by AVS, he received right laparoscopic 
adrenalectomy, which improved his hypokalemia and 
hypertension. The resected tumor was pathologically 
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diagnosed as APA, as it included mainly clear cells (Fig. 
1C) with positive CYP11B2 immunostaining using anti-
CYP11B2 antibodies (obtained by the courtesy of Dr. 
K Nishimoto, Department of Uro-Oncology, Saitama 
Medical University International Medical Center, Japan) 
(Fig. 1D). Remarkably, triple-label immunofluorescence 
analysis for nuclei, CYP11B2, and LH receptor using 
4′,6-diamidino-2-phenylindole (40043, Biotium, Fremont, 
CA, USA) and anti-CYP11B2 and anti-LH/hCG receptor 
antibodies (SAB2700732, Sigma-Aldrich), respectively, 
revealed co-expression of CYP11B2 and LH receptor in the 
cytosol of some tumor cells (Fig. 2). He started to receive 
testosterone enanthate supplementation therapy 2 years 
after the surgery.

Outcome and follow-up
Case 1

Blood pressure was not affected by the testosterone 
supplementation therapy and was maintained under 
taking 100 mg of eplerenone, 40 mg of nifedipine, 5 mg of 
amlodipine, and 40 mg of telmisartan 3 years after the AVS.

Case 2

Soon after the adrenalectomy, hypokalemia and high 
blood pressure was improved. Six months after the surgery, 
his blood pressure was maintained under taking 10 mg of 
furosemide and 2.5 mg of amlodipine and plasma renin 

Table 1 Confirmation tests to diagnose primary aldosteronism in the present cases.

Case 1 Case 2

Captopril challenge test
 Time Baseline 60 min 90 min Baseline 60 min 90 min
 PAC, pg/mL 187 102 120 236 196 176
 PRA, ng/mL/h 0.5 0.5 0.7 0.6 0.8 0.9
 ARR 374 204* 240* 393 245* 196
Furosemide upright test
 Time Baseline 60 min 120 min Baseline 60 min 120 min
 PAC, pg/mL 101 432 551 278 340 311
 PRA, ng/mL/h 0.4 1.2 1.4* 0.9 3.6 4.8
Saline infusion test
 Time Baseline 120 min 240 min Baseline 120 min 240 min
 PAC, pg/mL 226 47.9 102 304 190 204*

 PRA, ng/mL/h 0.6 0.3 0.4 0.6 0.3 0.3

Asterisks represent positive results according to the guidelines of the Japanese Society of Hypertension (5).
ARR, aldosterone-renin ratio; PAC, plasma aldosterone concentration; PRA, plasma renin activity.

Figure 1
Radiological findings of the adrenal adenomas of 
the present cases. (A) A trans-axial contrast-
enhanced computed tomography (CT) image 
shows a left adrenal adenoma, 10 mm in 
diameter, in case 1. (B) A trans-axial contrast-
enhanced CT image shows a right adrenal 
adenoma, 10 mm in diameter, in case 2. (C) 
Hematoxylin-eosin staining for the resected 
adrenal adenoma of case 2. The tumor-contained 
cells with abundant clear cytoplasm and rounded 
nuclei. (D) Immunohistochemistry for CYP11B2 of 
the resected adrenal adenoma of case 2.
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activity was increased to 2.3 ng/mL/h. Two years after the 
operation, his blood pressure was maintained by taking 10 
mg of amlodipine, 20 mg of cilnidipine, and 100 mg of 
eplerenone. Thus, the persistent increased blood pressure 
was thought due to primary hypertension. After testosterone 
supplementation therapy was started, his blood pressure 
decreased and 10 months later, amlodipine was stopped.

Discussion

We present two unique cases of Klinefelter’s syndrome 
with PA. In the resected APA of case 2, interestingly, 
immunohistochemical analysis revealed co-localized 
expression of LH receptor and CYP11B2, aldosterone 
synthase. Both patients had never received testosterone 
supplementation therapy and had developed hypertension 
in their 20s. We propose two possible mechanisms by which 
Klinefelter’s syndrome could contribute to PA development.

First, increased serum LH levels due to Klinefelter’s 
syndrome could contribute to PA development. Typically, 
serum LH levels are increased in patients with primary 
hypogonadism in adulthood. Also, experimental studies 
on orchiectomized rats show increased PAC (6). Moreover, 
it was also reported that the LH receptor was expressed in 
APA and LH-stimulated aldosterone production in primary 

cultures from APA (3). Here, we observed co-expression of 
LH receptor and CYP11B2 in the APA of case 2. In this 
scenario, increased serum LH levels since adolescence 
might stimulate aldosterone secretion and contribute 
to PA development. Of note, in postmenopausal 
women, serum LH is negatively correlated with urinary 
aldosterone excretion (7). The effects of the hormone on 
PA development might be observed only in men. A recent 
study showed that cytosolic expression of LH receptor in 
APAs and non-functioning adrenal carcinoma suggesting 
that cytosolic LH receptor expression might represent the 
alteration of its function (8). Further study is needed to 
solve these limitations and suggest this hypothesis.

Another possible contributor to aldosterone excess 
might be increased adipose tissue caused by hypogonadism. 
In fact, obesity was observed in 42.6% of patients with 
Klinefelter’s syndrome in their adulthood (9). Also, obesity 
is common in IHA, and it has been hypothesized that it 
increases aldosterone secretion through hyperproduction of 
adipocytokines (10). In case 1 we show IHA with obesity; 
thus, not only increased serum LH but also increased adipose 
tissues could affect the PA development.

Our cases suggest that patients with untreated 
Klinefelter’s syndrome might be complicated by PA in 
adulthood. Indeed, prevalence of hypertension was reported 

Table 2 Adrenal venous sampling after cosyntropin injection.

Case 1 Case 2
Right AV Left AV IVC Right AV Left AV IVC

Aldosterone, pg/mL 26 800 17 200 198 36 000 10 100 270
Cortisol, μg/dL 1305.0 1045 24.4 640.2 629.8 17.0
A/C ratio 20.5 16.5 8.1 56.2 16.0 15.9
Lateralized ratio 1.2 3.5
Contralateral ratio 2.0 1.0

Lateralized ratio was defined as the aldosterone-to-cortisol concentration ratio on the higher side of the adrenal glands over the aldosterone-to-cortisol 
concentration ratio on the lower side. Contralateral ratio was defined as the adrenal aldosterone-to-cortisol concentration ratio on the lower side over 
the aldosterone-to-cortisol concentration ratio on the inferior vena cava.
A/C, aldosterone/cortisol; AV, adrenal vein; IVC, inferior vena cava.

Figure 2
Co-expression of CYP11B2 and LH receptor in the aldosterone-producing adenoma of case 2. Subcellular localization of nuclei, CYP11B2 and LH receptor 
of the resected aldosterone-producing adenoma of the case 2 were determined by triple-label immunofluorescence using 4′,6-diamidino-2-phenylindole 
(DAPI), anti-CYP11B2 antibody and anti-LH/hCG receptor antibody, respectively. Merge shows combined images for DAPI (blue), CYP11B2 (green), and LH 
receptor (red). Scale bars represent 20 µm.
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as 12.5% in non-obese and 18.8% in obese patients with 
untreated Klinefelter’s syndrome (9). Coexistence of PA and 
this syndrome has rarely been reported, except for a case 
of aldosterone-secreting adrenal carcinoma (11); hence, the 
prevalence of PA in patients with Klinefelter’s syndrome is 
still unclear. Considering our cases, it is possible that, at least, 
a fraction of untreated Klinefelter’s patients also have PA. 
The fact that patients with both conditions have rarely been 
reported might be explained by the underdiagnoses of the 
two diseases, although the possibility of coincidence of these 
two conditions cannot be ruled out. Because testosterone 
supplementation therapies can decrease serum LH levels, 
adipose tissue mass, and possibly PAC in patients with 
Klinefelter’s syndrome, those therapies might contribute to 
masking underlying PA, or prevention from developing PA. 
In case 2, blood pressure decreased after the testosterone 
supplementation therapy. The supplementation might 
have decreased LH-dependent aldosterone secretion of the 
residual adrenal gland and have improved the persistent 
hypertension after the adrenalectomy. Further study is 
needed for an effect of testosterone supplementation on 
blood pressure in Klinefelter’s syndrome.

In conclusion, our cases of concomitant untreated 
Klinefelter’s syndrome and PA suggest that increased 
serum LH levels and adipose tissues due to Klinefelter’s 
syndrome could contribute to PA development, although 
the complication of the two diseases might represent a 
coincidence. Thus, the possible complication of PA in 
hypertensive patients with Klinefelter’s syndrome should 
be carefully considered.
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