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Abstract:

Objective Primary aldosteronism (PA) is a major cause of secondary hypertension. The association between
PA and other hormone disorders is unclear. The present study aimed to evaluate whether the parathyroid hor-
mone (PTH) value is associated with PA subtypes or specific treatments.

Methods We enrolled 135 patients with PA who had their PTH value measured before undergoing a spe-
cific treatment. We evaluated whether PTH value is associated with PA subtypes or with specific treatments.
The present study is a single-center retrospective study (2011-2018).

Results Our study showed that, among the patients with PA, the proportion of those with PTH elevation
was >30%. The PTH value was significantly correlated with both the basal plasma aldosterone concentration
(PAC) and PAC after a captopril challenge test. However, the PTH value was not significantly different be-
tween the patients with unilateral and bilateral PA. We observed that the serum PTH value decreased after
treatment of PA with unilateral adrenalectomy or mineralocorticoid receptor antagonists.

Conclusion Our findings suggest that the PTH value in PA patients might be associated with the autono-
mous production of aldosterone. However, there was no correlation between the PTH value and PA subtypes
in our study. Additionally, our study showed that targeted treatment for PA may lead to a decrease in the se-
rum PTH levels. Hence, the PTH value could potentially be used as an index for measuring the suitability for
PA treatment.
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hyperparathyroidism (PHPT) is also one of the causes of

Introduction

Primary aldosteronism (PA) is the most frequent cause of
secondary hypertension, accounting for 5-10% of patients
with hypertension. In addition, patients with PA have a
higher incidence of cardiovascular complications. In Japan, a
recent retrospective study indicated that the prevalence of
cardiovascular disease was higher among patients with PA
compared to those with essential hypertension (1). Primary

secondary hypertension. A Scottish retrospective study re-
vealed that patients with PHPT had a significantly increased
risk of developing cardiovascular and cerebrovascular dis-
ease compared to the general population (after accounting
for age and sex) (2). Therefore, excesses of aldosterone or
parathyroid hormone (PTH) are independent risk-factors that
may contribute to cardiovascular complications. Further-
more, PHPT might be associated with primary aldostero-
nism. For example, a recent study conducted in Germany
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found that patients with PA had higher PTH levels com-
pared to those with essential hypertension (3), and Rossi et
al. reported that the PTH value was useful for determining
PA subtypes (4).

Hence, we conducted a study evaluating the association
between PA and PTH elevation, and assessing the PTH level
of PA patients before and after targeted treatment.

Material and Methods

Patients

Between 2011 and 2018, a total of 248 patients with PA
underwent adrenal vein sampling (AVS) for subtype diagno-
sis at our institution. The PTH level before PA targeted
treatment was measured in 135 of these patients. The diag-
nosis of PA was confirmed by the captopril challenge test
(CCT), the furosemide plus upright test, or the saline infu-
sion test according to the 2014 guidelines of the Japanese
Society of Hypertension (JSH) (5). Further, all testing proto-
cols adhered to the guidelines of the Japan Endocrine Soci-
ety (6). The criterion for successful selective catheterization
was the ratio of adrenal vein to inferior vena cava cortisol
concentrations (7). The lateralization index (LI) is defined as
the ipsilateral adrenal vein aldosterone to cortisol concentra-
tion ratio over the contralateral aldosterone to cortisol ratio.
In pre-adrenocorticotropic hormone (ACTH) AVS, unilateral
aldosterone overproduction was confirmed by a LI >2. In
post-ACTH AVS, unilateral aldosterone overproduction was
confirmed by a LI >4 (7). In total, 114 patients with PA un-
derwent successful pre-ACTH AVS. Of these, 60 had a diag-
nosis of unilateral PA. In addition, 124 patients with PA un-
derwent successful post-ACTH AVS, of whom 19 patients
had a diagnosis of unilateral PA. We investigated the propor-
tion of patients with a PTH level higher than the upper limit
among PA patients, and evaluated the association between
the PTH value and PA subtype. We also investigated
whether specific therapies for PA had an impact on the PTH
level.

We measured the PTH level using intact PTH, which in-
cludes 1-84 and 7-84 PTH fragments. Intact PTH was meas-
ured by an electrochemiluminescence immunoassay with the
Cobas system (Roche Diagnostics, Tokyo, Japan) in our own
hospital. The reference interval is 10.3-65.9 pg/mL.

Ethics and statistics

This clinical study was approved by the Ethics Commit-
tees of Kanazawa University and all study procedures were
carried out in accordance with the Declaration of Helsinki.
In addition, a waiver of consent was obtained from the Eth-
ics Committees of Kanazawa University. Statistical analyses
were performed using the Excel software program 2016
(Microsoft, Seattle, USA) with the add-in software program
Statcel4 (OMS, Tokyo, Japan). The Mann-Whitney U test
was used to compare differences between independent
groups. The Wilcoxon test was used to evaluate the differ-

ence between two conditions among correlated samples.
Spearman rank correlation coefficients were used to deter-
mine the relationship between the two data sets. p values <
0.05 were considered to be statistically significant.

Results

PTH level elevation in patients with PA

Table presents the clinical characteristics of patients with
PA. In 135 patients with PA who had their serum PTH level
assessed, 50 (37%) had a higher PTH level than the upper
limit of the reference interval. The PTH value did not sig-
nificantly correlate with the systolic blood pressure, diastolic
blood pressure, aldosterone-to-renin ratio (ARR), or serum
potassium level. However, there was a significant correlation
between the PTH value and basal plasma aldosterone con-
centration (PAC) (rs=0.22, p=0.009) (Fig. 1). In addition,
PAC after CCT was also correlated with the PTH value (rs=
0.32, p<0.001) among 130 PA patients (Fig. 1).

Association between PA subtype and the PTH value

Twenty-one of 60 (35%) patients with unilateral PA dur-
ing pre-ACTH AVS had a higher PTH level than the upper
limit of the reference interval while 19 of 54 (35%) patients
with bilateral PA in pre-ACTH AVS had a higher PTH level
than the upper limit of the reference interval. In contrast,
when examining the results of post-ACTH AVS, eight of 19
patients (42%) had a higher PTH level than the upper limit
of the reference interval, while 37 of 105 (35%) patients
with bilateral PA in post-ACTH AVS had a higher PTH
level than the upper limit of the reference interval.

Based on the results of pre-ACTH AVS, the PTH value of
unilateral PA was eqivalent to bilateral PA (59 vs. 56 pg/
mL, p=0.77) (Table). Similarly, based on the results of post-
ACTH AVS, the PTH value of unilateral PA was eqivalent
to bilateral PA (62 vs. 58 pg/mL, p=0.23) (Table).

PA with targeted treatment

Among the 135 PA patients, 18 patients received surgical
treatment, including adrenalectomy (n=17) and radiofre-
quency ablation (n=1). Of these 18 patients with surgical
treatment, 7 patients had a higher PTH level than the upper
limit of the reference interval before surgical treatment.
While, 117 PA patients received medical treatment with a
mineralocorticoid receptor (MR) antagonist. Of these 117
patients with MR antagonist, 43 patients had a higher PTH
level than the upper limit of the reference interval.

In this study, of the 135 patients, 17 had PTH measured
both before and after undergoing specific treatment (5 after
surgical treatment, 12 after MR antagonist). The PTH levels
decreased after treatment in 15 of the 17 patients, and all
five surgical cases showed a decrease in PTH (Fig. 2). In
addition, 9 of the 10 patients (5 after surgical treatment, 5
after MR antagonist) whose PTH levels were above the up-
per limit of normal had PTH levels that fell within the nor-
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Table. Summary of Clinical Characteristics of Patients with Primary Aldoste-
ronism.
All Pre-ACTH AVS Post-ACTH AVS
Unilateral Bilateral Unilateral Bilateral

N (M/F) 135 (69/66) 60 (31/29)  54(27/27) 19 (12/7) 105 (52/53)
Age (years) 52+11 52+12 52+12 55«11 5111
sBP (mm Hg) 136x17 134+17 137+18 13318 136+17
dBP (mm Hg) 85+13 85+12 85+14 86+16 84+12
PAC (pg/mL) 203+173 223+233 167+80 349+190% 169+78
PRA (ng/mL/h) 0.5+0.5 0.5+0.5 0.6+0.2 0.4+0.4 0.6+0.5
ARR 694+1,015  851+122* 4794452 1,664+1,526% 471360
K (mEq/L) 3.9+0.4 3.8+0.5 4.0+0.3 3.6+0.5 3.9+0.3
Ca (mg/dL) 9.2+0.4 9.2+0.4 9.2+0.3 9.2+0.4 9.2+0.4
P (mg/dL) 3.5+0.6 3.4+0.6 3.5+£0.5 3.2+0.5% 3.5+£0.5
Cr (mg/dL) 0.8+0.7 0.8+0.9 0.7+0.2 0.8+0.3 0.8+0.7
FECa (%) 1.0£0.6 1.1+0.6 1.1x0.7 1.3+0.7 1.0+0.6
PTH (pg/mL) 60+29 59+31 5620 62+18 58+28

ARR: aldosterone-to-renin ratio, dBP: diastolic blood pressure, F: female, FECa: fractional excretion

of calcium, M: male, N: number of patients, PAC: plasma aldosterone concentration, PRA: plasma re-

nin activity, sBP: systolic blood pressure
Data are presented as means=+standard deviations.

*p<0.05 for unilateral vs. bilateral pre-ACTH AVS.
§p<0.05 for unilateral vs. bilateral post-ACTH AVS.
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aldosterone concentration. The PTH level is significantly cor-
related with the basal plasma aldosterone concentration (PAC)
(rs=0.22, p=0.009) (upper panel). In addition, PAC after a cap-
topril challenge test also correlated with the PTH level (rs=0.32,
p<0.001) (lower panel).

mal range after specific treatment (Fig. 2).

In addition, 16 patients had PTH and plasma renin activ-
ity (PRA) value in both before and after treatment. We
found a significant negative correlation between the amount
of change in PTH and PRA after specific treatment in 9 pa-

tients with high PTH before treatment (rs=-0.82, p=0.02).

Case description of PA with primary hyperparathy-
roidism

In addition to conducting an epidemiologic analysis
among the aggregated PA patients, we also present a repre-
sentative case study here. The patient was a 42-year-old
Japanese woman who experienced repeated ureteroliths for
10 years. When she had a fifth ureterolith, laboratory data
indicated that her serum calcium concentration was elevated
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A

Figure 3.

B

9mTc-sestamibi scintigraphy of a PA patient with primary hyperparathyroidism. (A) and

(B) show the preoperative state, while (C) and (D) show the postoperative state 1 year after parathy-

roidectomy.

to 11.1 mg/dL, with a corresponding high PTH level (200.7
pg/mL). This led to hospitalization in our department. Ultra-
sonography showed a right parathyroid tumor (23 mm di-
ameter); scintigraphy with technetium (*"Tc) sestamibi
(MIBI) demonstrated where the tumor was concentrated
(Fig. 3). The patient also had hypertension; laboratory data
showed that her PRA was <0.2 ng/mL/h, and PAC was 136
pg/mL. CCT demonstrated that PRA was 0.3 mg/mL/h and
PAC was 149 pg/mL with an ARR of 497 after captopril
treatment. However, CT indicated no adrenal tumor. Follow-
ing surgery on the right parathyroid tumor, the PTH level
initially decreased but subsequently increased again. Three
months after parathyroidectomy, eplerenone treatment was
started and her PTH level gradually decreased and reached
the reference range after 6 months of eplerenone treatment
(Fig. 4). Approximately 1 year after parathyroidectomy,
MIBI scintigraphy showed no accumulation, suggesting no
recurrence of hyperparathyroidism (Fig. 3).

Discussion

In our study, more than 30% of the patients with PA had
a higher PTH level than the upper limit of the reference in-
terval, which is defined as a range in which 95% of the test

values are distributed. However, only one patient with PA
presented with a serum calcium concentration abnormality.
Our findings suggest that PTH might be influenced by PAC
as well as by calcium concentrations.

The PTH reference range was established using the PTH
values of 198 of 346 healthy Japanese subjects, excluding
those with 25-hydroxyvitamin D concentrations of less than
15 pg/mL, which suggests a relative deficiency of vitamin
D (8). Several other assays were included in the report, most
of which had an upper limit of 65 pg/mL. The report also
did not give a specific number of people. However, the ref-
erence range includes 95% of healthy people. In this study,
37% of PA patients had PTH levels above the upper limit of
the reference range, an estimated percentage significantly
higher than the healthy population.

Aldosterone and the PTH levels may bi-directionally in-
fluence the secretory responses for each hormone in a feed-
back loop. The results from an animal study suggested that
excess aldosterone contributed to urinary calcium excretion,
which subsequently led to secondary hyperparathyroid-
ism (9). In a recent study of hypertensive patients, Jiang et
al. found a significantly higher 24-hour urinary calcium ex-
cretion in patients with PA when compared to patients with
essential hypertension; this led to lower serum calcium lev-
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Figure 4. The clinical course of a PA patient with primary hyperparathyroidism. PTH: parathy-

roid hormone, Ca: calcium

els and caused an elevated PTH level among these PA pa-
tients (10). In addition, Maniero et al. reported that MR ex-
pression occurred in parathyroid-secreting cells in both
PTH-secreting adenoma and the normal parathyroid
gland (11). Therefore, aldosterone might act to increase PTH
directly via MR. Our results indicate that the PTH value sig-
nificantly correlates with both basal PAC and PAC after
CCT, thus creating an indirect relationship between these
values. Conversely, Mazzocchi et al. demonstrated that PTH
stimulates aldosterone secretion as a result of binding to the
PTH/PTH-rP receptor in adrenal zona glomerulosa (12).
Hence, research indicates that aldosterone and PTH form a
positive feedback loop that might contribute to the progres-
sion of cardiovascular diseases.

The relationship between the PTH level and the PA sub-
type diagnosis remains to be elucidated. A previous clinical
study indicated that the PTH level was useful for discrimi-
nating between subtypes of PA, which might aid physicians
in deciding whether to recommend AVS to patients with
PA (4). However, another clinical study indicated that the
PTH level is in fact elevated in patients with PA but is ir-
relevant in distinguishing the subtypes of PA (10). In our
study, PAC and ARR were significantly higher in unilateral
PA post-ACTH AVS in comparison to bilateral PA (Table),
and PAC exhibited a significant correlation with the PTH
value. However, the PTH level was not significantly differ-
ent between unilateral and bilateral PA cases. Further studies
are needed to determine how the PTH level in patients with
PA is associated with the pathophysiology of PA.

Specific treatment for PA might lead to decreased PTH

levels in patients with PA (3). For example, the Graz Endo-
crine Causes of Hypertension (GECOH) study showed that
PA treatment suppressed the PTH levels. In the GECOH
study, the PTH levels in patients with PA treated with MR
antagonists or adrenalectomy were similar to those in pa-
tients with essential hypertension. Another study revealed
that PA treatment, such as adrenalectomy or medical ther-
apy, reduced urinary calcium excretion and increased the se-
rum ionized calcium concentration; this led to the normali-
zation of the PTH levels (10). Even in this study, the PTH
level decreased with respect to the reference interval after
adrenalectomy or MR antagonist treatment.

A PAC decrease is one of the targeted outcomes of
adrenalectomy. However, no treatment index for administer-
ing medication has yet been established. Currently, the
blood pressure or serum potassium measures are the only in-
dices typically utilized. We previously reported that long-
term MR blocker treatment results in remission in some pa-
tients with PA (13). However, the mechanism through which
this occurs as well as the patients’ backgrounds are un-
known. A recent clinical cohort study indicated that patients
with PA whose PRA remained suppressed while on MR an-
tagonists had a significantly higher risk for both cardiovas-
cular events and death than patients with essential hyperten-
sion. This demonstrated that an unsuppressed PRA level is
an important target for the treatment of patients with
PA (14). In the case profile presented in the present study,
the patient’s PTH level increased to more than the upper
limit of the reference interval. Before her hospital visit at 24
months, the eplerenone treatment dose had been insufficient.
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Moreover, the patient was not regularly taking her medica-
tion. Hence, insufficient medication may have raised her
PTH level and adequate medication resulted in her PTH
level decreasing to the reference level. Furthermore, in this
study, the amount of change in PTH and PRA was signifi-
cantly inversely correlated with specific treatments, although
only in cases where PTH was above the upper limit of the
reference value. Therefore, the PTH level after targeted PA
treatment may be one of factors reflecting treatment efficacy,
similar to PRA. Furthermore, the presence of PA should be
suspected in cases in which a high PTH level is prolonged
regardless of parathyroidectomy.

In summary, our study showed that there was no correla-
tion between the PTH level and PA subtype. However, the
basal PAC levels as well as levels after captopril treatment
were significantly correlated with the PTH value. Our results
suggest that the PTH value in PA patients may be associated
with the autonomous production of aldosterone. In addition,
we described a PA case profile, in which targeted treatment
for PA may have led to decreased PTH levels. A decrease in
PTH therefore has the potential to become an index for
measuring the effectiveness of PA treatment.

The authors state that they have no Conflict of Interest (COI).
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