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Abstract
Purpose Parathyroid hormone (PTH) excess is associated with hypertension while elevated PTH has been observed in
primary aldosteronism (PA). This study aimed to determine the proportion of patients with hyperparathyroidism who met
Endocrine Society criteria for PA screening, and to assess current screening practices.
Methods Multi-centre retrospective cohort study including patients attending outpatient endocrine clinics at three tertiary
health services in Victoria, Australia between 2015–2019. Patients were included if they had an elevated PTH level and
excluded if they had a secondary cause of hyperparathyroidism or a prior diagnosis of PA. Demographic, clinical and
biochemical data were extracted from electronic medical records.
Results Of 275 patients with hyperparathyroidism, hypertension was present in 51.6%; including 62.4% of patients with
hypercalcaemia and 35.5% of those with normocalcaemia. Overall,15.6% (43/275) had a guideline indication for PA
screening, including 21.8% (36/165) of those with hypercalcaemia and 6.4% (7/110) of those with normocalcaemia. Of those
with hypertension, 30% (43/142) had a guideline indication for PA screening. The most common indication for screening
was hypertension and hypokalaemia (16/43). Despite this, only 9.3% (4/43) were screened, with one confirmed PA
diagnosis.
Conclusion Hypertension is common in patients with hyperparathyroidism. A third of patients with hyperparathyroidism and
hypertension had a guideline indication for PA screening, however screening remains substantially under-utilised. A pro-
spective study is needed to evaluate the prevalence and impact of PA in patients with hyperparathyroidism.
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Introduction

Primary aldosteronism (PA) is an adrenal disorder char-
acterized by excessive aldosterone production despite sup-
pressed plasma renin [1]. Also known as Conn’s syndrome,
PA was once thought to be a rare condition associated with
severe hypertension and hypokalaemia. It is now recognized
as the most common endocrine cause of secondary hyper-
tension and can be found in patients with mild hypertension
and normokalaemia [2, 3]. Patients with PA have an
increased risk of cardiovascular events and stroke [4], renal
disease, metabolic syndrome and an overall reduced quality
of life [5]. Early identification of PA permits effective tar-
geted treatment or potential surgical cure, yet PA remains
largely underdiagnosed with <1% of eligible patients ever
screened for the disease [6].

Several studies have demonstrated that patients with PA
may have elevated parathyroid hormone (PTH) levels [7],
which can be normalized by targeted PA treatment [8].
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Studies have also shown that patients with PA are at a
higher risk of osteopenia and osteoporosis compared to
patients with essential hypertension, with a higher pre-
valence of vertebral fractures [9]. These phenomenona may
be related to PTH excess, which has well-recognized effects
on bone and calcium metabolism [10]. It is postulated that
aldosterone may induce PTH secretion by increasing renal
loss of calcium with subsequent decline in bone mineral
density (BMD) [11]. The overall clinical pattern may
therefore resemble normocalcaemic hyperparathyroidism,
which is described as persistently high PTH levels with
normal total and ionised calcium in the absence of known
causes of secondary hyperparathyroidism [12]. The pre-
valence of normocalcaemic hyperparathyroidism ranges
from 0.4–8.9%, dependent on selected populations and the
exclusion criteria for secondary causes of hyperparathyr-
oidism [13]. Currently, it is not standard practice to screen
for PA in patients with normocalcaemic hyperparathyroid-
ism [13].

In contrast to secondary hyperparathyroidism observed
in patients with PA, primary hyperparathyroidism is char-
acterized by autonomous secretion of PTH due to para-
thyroid hyperplasia or adenoma, resulting in
hypercalcaemia [14]. Primary hyperparathyroidism is
associated with hypertension in 40–60% of patients
although the exact mechanism is unclear [15] and PA
screening is not currently recommended. Importantly,
untreated hyperparathyroidism is associated with increased
cardiovascular mortality [16] which is partly attributed to
concomitant hypertension observed in 40–60% of patients
with primary hyperparathyroidism [17, 18]. It is the higher
PTH levels, instead of the calcium levels, however, that
correlates with higher all-cause and cardiovascular mor-
bidity and mortality in untreated primary hyperparathyr-
oidism [12].

Given the close association between PA and hyperpar-
athyroidism, and the lack of data on patterns of PA
screening amongst patients with hyperparathyroidism, we
sought to examine the proportion of patients with hyper-
parathyroidism who had a guideline indication for PA
testing, comparing those with normal calcium levels versus
hypercalcaemia. We hypothesised that PA may be an under-
recognised cause of elevated PTH, and there would be more
patients with indications for PA testing in the normo-
calcaemic group than the hypercalcaemic group.

Materials and methods

Study design, setting and participants

We conducted a multi-centre retrospective cohort study at
three tertiary health services in Victoria, Australia. Study

participants included adults (18 years and above) who
attended outpatient endocrinology and bone health clinics at
the study sites between a five-year period (2015–2019, prior
to COVID-related restrictions to in-person consultations)
and had an elevated PTH concentration in the pathology
database within each health service. Patients diagnosed with
secondary causes of hyperparathyroidism (vitamin
D < 50 nmol/L, estimated glomerular filtration rate [eGFR]
<60 mL/min/1.73 m2, or other secondary causes reported by
the clinician including familial hypocalciuric hypocalcae-
mia [FHH], renal or bone disease), were excluded as well as
patients with known primary aldosteronism. Treatments for
hyperparathyroidism included parathyroidectomy, cina-
calcet, bisphosphonate, hydration and monitoring. Indica-
tions for PA screening were defined as per the Endocrine
Society Criteria [19]. According to this guideline, screening
with an aldosterone-to-renin ratio is recommended if any of
the following eight criteria are met.; sustained blood pres-
sure >150/100 in three separate measurements taken on
different days, hypertension (>140/90 mmHg), resistance to
three conventional anti-hypertensive drugs, hypertension
controlled with four or more medications, hypertension and
spontaneous or diuretic-induced hypokalaemia, hyperten-
sion and adrenal incidentaloma, hypertension and sleep
apnoea, hypertension and a family history of early onset
hypertension or a cerebrovascular event <40 years, or all
hypertensive first-degree relatives of patients with PA [19].
Aldosterone renin screening was undertaken following
withdrawal of confounding medications for at least 4 weeks
[19].

The Human Research Ethics Committees of the three
health services approved this study (Alfred Health Project
Number 450/21, Eastern Health QA21-045, Monash Health
RES-21-0000-440Q – 77423). Consents from participants
were not required by the ethics committees as data were
collected retrospectively and fully de-identified.

Data collection and storage

Data were extracted from electronic medical records,
including demographics, patients’ characteristics, and
pathology results. Demographic data included sex, age, and
country of birth. Patients’ characteristics included body
mass index, blood pressure (BP) values, antihypertensive
medications, comorbidities, family history, and treatment
received for hyperparathyroidism. BP measurements were
collected within the period of 12 months prior to and after
the time point with the highest PTH level. Three sets of BP
values were collected where available and were averaged to
determine the indication for PA testing. The number and
classes of antihypertensive medications taken were recor-
ded. The comorbidities recorded were past hypokalaemia,
obstructive sleep apnoea, chronic kidney disease, adrenal
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adenoma, and osteoporosis. Hypokalaemia was defined as
any potassium level below the reference range or the use of
potassium supplements, between first clinic presentation
and post-hyperparathyroidism treatment presentation. The
presence of obstructive sleep apnoea, chronic kidney dis-
ease, adrenal adenoma, and osteoporosis was recorded if the
diagnosis had been established. If there was insufficient
documentation/imaging to determine the presence of a
condition, it was classified as unknown. Chronic kidney
disease was classified by stages depending on eGFR results.
Pathology results included serum corrected PTH, vitamin D,
calcium, potassium, ionised calcium, phosphate, albumin,
creatinine, and urine calcium to creatinine ratio. These were
collected at the initial visit, at the time of the highest PTH
level, and at the first visit post-treatment. Family history of
hypertension and/or stroke below age 40, or family history of
PA were documented. The type of treatment for hyperpar-
athyroidism was also collected. Indications for PA screening
were recorded according to the Endocrine Society guideline
[19]. In the event that the participant had multiple indications
for PA screening, each indication was documented.

Bias, study size, and quantitative variables

Selection bias was mitigated by including patients objec-
tively based on their laboratory-specific PTH levels. Con-
founders were also minimised by excluding patients with
secondary causes of hyperparathyroidism which may have
different impacts on BP. The number of cases detected at
the health services during the study period determined the
sample size. Patients with serum calcium within the refer-
ence range at initial presentation were considered to have
normocalcaemic hyperparathyroidism. A serum calcium
level above the reference range indicated hypercalcaemic
hyperparathyroidism. Patients were analysed according to
these normocalcaemic and hypercalcaemic categories.

Laboratory assays

Hyperparathyroidism was defined as a PTH concentration
above the laboratory-specific reference range (Alfred Health
1.6–6.0 pmol/L, Eastern Health 1.6–6.9 pmol/L, Monash
Health 1.5–7.0 pmol/L). The reference ranges for the cor-
rected calcium concentration were 2.00–2.50 mmol/L in
2015 or 2.10–2.60 mmol/L in 2016–2020 at Alfred Health
and 2.10–2.60 mmol/L at Eastern Health and Monash
Health. Hypokalaemia was defined as a serum potassium
<3.5 mmol/L for all services.

Data analysis

Continuous variables were expressed as mean and sample
size (n). Categorical variables were described as sample size

(n) and proportion (%). The prevalence of hypertension and
qualification for PA screening were calculated for each
hyperparathyroidism category (n, %). The associations
between PTH, calcium, potassium and blood pressure in
each hyperparathyroidism category were analysed using
ANOVA test. Linear modelling assessed the relationship
between age, PTH, BMI and systolic blood pressure. Two-
sided p < 0.05 were considered statistically significant. All
statistical analyses were performed using IBM® SPSS®
Statistics software version 27.01- 2023 (IBM Corporation,
Armonk, NY, USA).

Results

Participant characteristics

A total of 1124 patients with hyperparathyroidism were
identified at the 3 sites however 849 patients were
excluded due to chronic kidney disease with eGFR
<60 mL/min/1.73 m2 (N= 718) or vitamin D insuffi-
ciency/deficiency (<50 nmol/L (N= 131) (Fig. 1). No
patients were excluded due to pre-existing PA. Of the 275
patients included, 110 patients had normocalcaemic
hyperparathyroidism and 165 had hypercalcaemic hyper-
parathyroidism. Two hundred and six (74.9%) patients
were female with a mean age of 70.4 years (SD 14.6). The
baseline characteristics of participants in the normo-
calcaemic and hypercalcaemic groups and their comor-
bidities are described in Table 1.

In the hypercalcaemic group, 99.4% (164/165) had pri-
mary hyperparathyroidism, while one was indeterminate. Of
90 surgically managed patients in the hypercalcaemic
group, 27 had blood pressure data pre- and post-surgery. In
the normocalcaemic group, the cause of elevated PTH was
not identified in the majority of patients (108/110, 98.2%)
as patients with known secondary causes had been excluded
from this study; two patients had parathyroid adenomas
localised on sestamibi scans.

Blood pressure in hyperparathyroidism

Of all the patients, 142/275 (51.6%) had a history of
hypertension or elevated blood pressure (average of two
to three measurements) in clinic. Hypertension was pre-
valent in 62.4% of the hypercalcaemic group and 35.5%
of the normocalcaemic group (p < 0.001). Linear model-
ling demonstrated that BMI (p= 0.005), creatinine
(p= 0.003) and age (p < 0.001) were associated with
systolic blood pressure, while PTH had no effect
(p= 0.693). There was no difference in BMI and age
between the hypercalcaemic and normocalcaemic groups.
Antihypertensive use was common in the whole group; 61
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patients had one antihypertensive agent, 49 patients had
two agents, 20 patients had three agents and 8 patients
used four different agents. The proportion of patients on
three or more anti-hypertensive medications was 18.4% in
the hypercalcaemic group (19/103) and 23% in the nor-
mocalcaemic group (9/39). The proportion of patients
using each class of anti-hypertensive agents did not differ
significantly between the normocalcaemic and hypercal-
caemic groups.

Guideline indications for PA testing and outcomes
of testing

A total of 43 patients (15.6% of overall cohort, 30.2% of
those with hypertension) met the Endocrine Society
guideline criteria for PA screening; 36 (21.8% of 165) in the
hypercalcaemic group and 7 (6.4% of 110) in the normo-
calcaemic group (Table 2). Four patients (1.4% of the
overall cohort, 2.8% of those with hypertension) were

Patients with hyperparathyroidism

(N = 1124)

446

447

448

449

450

451

Patients excluded (n = 849)

� Chronic kidney disease with eGFR 

<60 mL/min/1.73m2 (n = 718)

� Vitamin D deficiency <50 nmol/L 

(n = 131)

Patients included for analysis

(n = 275)

Normocalcaemic hyperparathyroidism

(n = 110)
Hypercalcaemic hyperparathyroidism

(n = 165)

Normal ARR (n = 3)

� Interfering 

medications (n = 

Indicated for PA screening*

(n = 7)

� BP >150/100 (n = 1)

� BP≥140/90 on 3 drugs (n = 1)

� BP <140/90 on 4 drugs (n = 2)

� HTN and Low K+ (n = 2)

� HTN and adrenal mass (n = 1)

Indicated for PA screening*

(n = 36)

� BP >150/100 (n = 10)

� BP <140/90 on 4 drugs (n = 4)

� HTN and Low K+ (n = 14)

� HTN and adrenal mass (n = 2)

� HTN and OSA (n = 7)

Screened

(n = 0)

Screened (n = 4)

� BP >150/100 (n = 

1)

� HTN and Low K+

(n = 1)

� HTN and adrenal 

mass (n = 2)

Abnormal ARR (n = 1)

� Diagnosed with PA

Fig. 1 Screening for primary aldosteronism between hypercalcaemic
and normocalcaemic groups in patients with hyperparathyroidism. PA
primary aldosteronism, BP averaged blood pressure from three

separate collections, HTN hypertension, low K+=Hypokalaemia,
OSA obstructive sleep apnoea. * Indication for PA screening was
according to the Endocrinology Society guideline

Endocrine



screened; two had hypertension and adrenal mass, one had
hypertension and hypokalaemia and one had resistant
hypertension. Of these four, one had a grossly abnormal
ARR and was subsequently diagnosed with PA. Three
patients had normal ARR but two of them were taking
interfering medications which may have caused a false
negative result.

In patients with hypertension, there was no statistically
significant difference in the proportion with an indication
for PA screening among those with hypercalcaemia or
normocalcaemia (34.6%, 36/103 vs 17.9%, 7/39; p= 0.28).

The most common indication for PA screening was a his-
tory of hypertension and hypokalaemia (16 patients; 14 in
the hypercalcaemic group and 2 in the normocalcemic
group), followed by blood pressure of >150/100 mmHg (11
patients) (Table 2). In hypercalcaemic patients who had an
indication for PA screening and had surgical treatment of
their primary hyperparathyroidism, PTH normalised in 85%
(21/25) and diastolic, but not systolic blood pressure, was
significantly reduced (80.3 mmHg to 72.2 mmHg,
p= 0.038). Of the four patients with persistently elevated
PTH, three had normalised calcium but all four had residual
hypertension. They were not tested for PA and the cause of
persistent PTH elevation was not found.

Discussion

Our study of 275 patients with either normocalcemic or
hypercalcaemic hyperparathyroidism across three tertiary
centres found that hypertension was present in over 50% of
the whole cohort; andifferent days, hypertension (>140/90
mmHgd 15.6% of the entire cohort had at least one
guideline indication for PA screening. However, only 1.4%
were screened for PA, which is consistent with current lit-
erature demonstrating low uptake of guideline recommen-
dations for PA screening in Australia and internationally
[20, 21].

The prevalence of hypertension in the normocalcaemic
group (34.6%) was comparable to the baseline prevalence in
this age group in Australia (34.2%) [22]. As expected it was
higher in the hypercalcaemic hyperparathyroidism group
(62.4%). We found that more hypercalcaemic patients had
indications for PA screening than those with normocalcae-
mia. We had expected to find more patients with normo-
calcaemia to qualify for PA screening based on the
hypothesis that hyperaldosteronism may be an under-
diagnosed cause of secondary hyperparathyroidism. How-
ever, it is impossible to know which subgroup had the
higher prevalence of PA without measuring plasma aldos-
terone and renin concentrations in all patients. To resolve
this issue, prospective studies are needed to explore the
outcomes of patients with hyperparathyroidism and hyper-
tension who are formally investigated for PA.

We identified a high prevalence of hypokalaemia; around
15% of patients in the overall cohort, including 12.7% in the
normocalcaemic group and 17% in the hypercalcaemic
group. Whilst hypokalaemia has been reported in the setting
of primary hyperparathyroidism due to associated renal
tubular acidosis [23], it is unclear what can cause hypoka-
laemia in patients with normocalaemic hyperparathyroid-
ism. Hypokalaemia and hypertension are typically observed
in PA but only one of the patients with hypertension and
hypokalemia was screened and subsequently diagnosed

Table 1 Baseline characteristics of participants

Normocalcaemic Hypercalcaemic P Value

(n= 110) (n= 165)

Age years (mean) (n) 68.3 (109) 71.8 (165) 0.99

Sex

- Male (n, %) 26 (23.6%) 43 (26.2%) 0.81

- Female (n, %) 84 (76.4%) 122 (73.9%) 0.68

Body Mass Index
(mean, kg/M2) (n)

26.6 (87) 29.1 (127) 0.39

Systolic Blood
Pressure (mean,
mmHg) (n)

128 (100) 132 (154) 0.62

Diastolic Blood
Pressure (mean,
mmHg) (n)

73 (101) 75 (164) 0.082

Hypertension (n, %) 39 (35.5%) 103 (62.4%) <0.001

Hypokalaemia (n, %) 14 (12.7%) 28 (17.0%) 0.40

Hypertension and
hypokalaemia

5 (4.5%) 20 (12.1%) 0.850

Obstructive Sleep
Apnoea (n, %)

5 (4.5%) 11 (6.7%) 0.60

Chronic Kidney Disease (n, %)

- Stage 1 2 (1.8%) 38 (23.0%) <0.001

- Stage 2 47 (42.7%) 115 (69.7%) <0.001

Adrenal Adenoma
(n, %)

1 (0.9%) 2 (1.2%) N/A

- Unknown 14 (12.7%) 5 (3.0%)

Osteoporosis (n, %) 88 (80.0%) 101 (61.2%) 0.12

Calcium (mmol/L)
(n)

2.4 (108) 2.8 (165) <0.001

PTH (nmol/L) (n) 9.8 (109) 13.3 (165) <0.001

Vit D (nmol/L) (n) 83 (100) 67 (162) 0.52

Potassium (mmol/L)
(n)

3.8 (108) 3.9 (164) 0.084

DEXA score Lumbar
Spine (mean, T-
score) (n)

−1.92 (99) −1.21 (126) 0.96

DEXA score Femoral
Neck (mean, T-score)
(n)

−2.16 (97) −1.72 (124) 0.98

Where n number of patients, or expressed as a percentage of patients
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with PA in this study. Prospective evaluation of aldosterone
and renin in affected patients will be insightful.

There is increasing evidence for an interaction between
the renin-angiotensin-aldosterone system and calcium reg-
ulatory hormones [24, 25]. It is possible that aldosterone
excess in patients with PA contributes to a rise in PTH
without a concomitant increase in serum calcium due to
aldosterone-mediated renal calcium loss [24]. How aldos-
terone excess may relate to hypercalcaemic hyperparathyr-
oidism is less clear, but previous studies have demonstrated
markedly decreased plasma aldosterone and renin levels
[26] as well as decreased blood pressure [27] in patients
with primary hyperparathyroidism after parathyroidectomy.
On the other hand, animal studies have suggested that PTH
may directly increase the secretion of aldosterone from the
adrenal zona glomerulosa as well as indirectly by activation
of the renin-angiotensin system [25]. A bidirectional rela-
tionship between hyperaldosteronism and hyperparathyr-
oidism, with each condition perpetuating the other has thus
been suggested [24, 28]. In our cohort, 15% of patients who
underwent parathyroidectomy had persistently elevated
PTH and systolic hypertension despite normalisation of
calcium, raising the possibility of concurrent PA. In a large
retrospective study of 462 patients with PA, PTH levels
were higher in those with PA compared to “low renin
without PA” and non-PA participants, despite comparable
calcium levels and kidney function [29]. Normocalcaemic
hyperparathyroidism was also more common in those par-
ticipants with PA (38% vs 28%, p= 0.010) [29]. Large
prospective studies investigating changes in PTH, aldos-
terone and renin following parathyroidectomy may help to
further elucidate the interaction between these hormones.

A key limitation of our study is its retrospective nature,
such that indications for PA screening could only be
assessed on the basis of hospital notes and clinic blood
pressure recordings. Data relating to some indications for
PA testing, such as obstructive sleep apnoea, family history

of hypertension, or the presence of an adrenal adenoma,
may not have been available in hospital-based electronic
records. Hence, the proportion of patients who had an
indication for screening is likely an under-estimate of the
true number who qualify for screening. Additionally,
aldosterone and renin were not measured in most patients,
precluding estimation of PA prevalence in the study cohort
– a prospective study is required. With regard to hypercal-
caemia, corrected calcium concentration was used to make
the diagnosis as ionised calcium measurements were not
available for the majority of patients. While we excluded
patients with secondary hyperparathyroidism due to vitamin
D deficiency and renal insufficiency, those on anti-
resorptive therapy prior to PTH measurements were not
excluded. The exclusion of patients with elevated PTH due
to anti-resorptive therapy may further refine the cohort of
patients with normocalcaemic hyperparathyroidism of
unknown aetiology and improve identification of indivi-
duals who warrant PA screening.

Overall, we demonstrated that hypertension is common
among patients with hyperparathyroidism and that a sub-
stantial proportion of these patients meet one or more cri-
teria for primary aldosteronism (PA) screening. The
mechanisms underlying hypertension in hyperparathyroid-
ism, particularly in the setting of normocalcaemia, remain
poorly understood, warranting further investigation into the
potential role of PA. Consistent with previous reports from
tertiary settings, including diabetes, nephrology, and emer-
gency department cohorts, few eligible patients are ever
screened for PA despite meeting guideline-recommended
criteria. Our study, based on data from three large tertiary
health services, provides further evidence that PA remains
significantly under-recognised, even among patients with
clear high-risk features such as concurrent hypertension and
hypokalaemia.

Given the known prevalence of PA in 4–14% of patients
with hypertension in primary care [3], a similar prevalence

Table 2 Patients qualifying for screening for primary aldosteronism as per endocrine society criteria52

Indication for PA testing Normocalcaemic Hyperparathyroidism (n= 7) Hypercalcaemic Hyperparathyroidism (n= 37)

Blood Pressure >150/100 (n, %) 1 (14.3) 10 (27.0)

Blood Pressure ≥140/90 on 3 drugs (n, %) 1 (14.3) 0

Blood Pressure <140/90 on 4 drugs (n, %) 2 (28.6) 4 (10.8)

Hypertension and Low Potassium (n,%) 2 (28.6) 14 (37.8)

Hypertension and Adrenal Mass (n,%) 1 (14.3) 2 (5.4)

Hypertension and Obstructive Sleep Apnoea
(n,%)

0 7 (18.9)

Hypertension and Family History of Early
Stroke (n,%)

0 0

Hypertension and First Degree Relative with
PA (n,%)

0 0
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may be expected in patients with both hypertension and
hyperparathyroidism. While our original hypothesis focused
on normocalcaemic hyperparathyroidism as a potential
context in which PA may be unmasked, our findings sug-
gest that screening indications are similarly prevalent in
both normocalcaemic and hypercalcaemic groups. A pro-
spective study with formal biochemical evaluation for PA is
needed before routine screening can be recommended in
patients with normocalcaemic hyperparathyroidism in the
absence of other established indications.

Conclusion

A third of patients with hypertension and hyperparathyr-
oidism have a guideline indication for PA testing. Whilst
this suggests that PA screening should be considered in
people with both hyperparathyroidism and hypertension,
the role of routine testing in those with primary hyper-
parathyroidism is not clear because hypercalcaemia per se
is associated with hypertension and thus PA screening in
this group may not yield as many cases as it would in
those without hypercalcaemia. Future prospective studies
where patients are formally investigated for PA are
required to appreciate the true prevalence of PA in
hyperparathyroidism.
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