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Primary Hyperparathyroidism: Comparing Cardiovascular
Morbidity and Mortality in Patients Treated With
Parathyroidectomy Versus Conservative Management

Melanie Nana® ¢ 9, Holly Morgan® ¢, Natasha Shrikrishnapalasuriyar®, Atul Kalhan?

Abstract

Background: There is emerging evidence suggestive of endothelial
and cardiovascular dysfunction in patients with mild or asymptomatic
primary hyperparathyroidism (PHPT) although there is a lack of clear
consensus regarding potential cardiovascular benefits post elective
parathyroidectomy.

Methods: We carried out a retrospective observational study on pa-
tients with a biochemically confirmed diagnosis of PHPT who were
under follow-up at our district general hospital between 1995 and
2016. The primary objective of the study was to compare all-cause
mortality in patients who underwent elective parathyroidectomy ver-
sus the patients who were managed conservatively. The secondary
objective of our study was to compare the rate of development of
atherosclerotic cardiovascular disease (ASCVD) in the two groups.

Results: Our results showed no statistically significant difference
in all-cause mortality rate in the patients managed conservatively as
compared to the surgically treated group. However, the rate of AS-
CVD events, including coronary artery disease and hypertension,
were lower in the latter group.

Conclusions: The adverse impact of PHPT on the cardiovascular
system remains underrecognized with most of the evidence being
derived from observational studies supporting a correlation between
parathyroid hormone (PTH) levels and ASCVD events. All patients
with PHPT should undergo clinical evaluation for ASCVD risks
during initial workup as well as during follow-up visits. As elective
parathyroidectomy is a relatively safe procedure and ASCVD risk is
known to increase with age, there is a rationale to consider surgery for
the majority of asymptomatic PHPT patients aged < 60 years.
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Introduction

Primary hyperparathyroidism (PHPT) is the third most com-
mon endocrinological disorder with an estimated prevalence
of 0.1-0.7% in adult population [1]. It has female prepon-
derance (3 - 4:1) with a higher incidence rate at 58 - 146 per
100,000 person-years in women as compared to 23 - 80 per
100,000 person-years for men [2]. The majority of the patients
diagnosed with PHPT are relatively asymptomatic and have
mild disease [3]. In 85% of the patients, excess parathyroid
hormone (PTH) secretion is secondary to a solitary parathy-
roid adenoma with diffuse hyperplasia of the gland accounting
for the remaining 15% of the cases [4].

Elective parathyroidectomy after localisation studies (ul-
trasound neck/technetium-sestamibi scintigraphy, single pho-
ton emission computed tomography study) remains the defini-
tive management for this chronic condition. The consensus
guidelines for management of PHPT lays emphasis on age (<
50 years), presence of end organ damage (nephrocalcinosis or
nephrolithiasis, osteoporosis and or vertebral fractures) and bi-
ochemical cut off values (serum Ca > 2.85 mmol/L, creatinine
clearance < 60 mL/min, 24-h urinary calcium > 400 mg/day)
for consideration for surgery (Supplementary figure 1, www.
jofem.org) [5]. There are observational reports suggestive of
endothelial and cardiovascular dysfunction in patients with
mild or asymptomatic PHPT although there is a lack of conclu-
sive evidence regarding potential cardiovascular benefits with
elective parathyroidectomy [6].

PTH and calcium play a key role in maintaining cardio-
vascular homeostasis with both an indirect and direct effect
on cardiac conduction and endothelial function [7]. PTH binds
to the G-protein-coupled receptor on cardiac myocytes which
leads to intracellular calcium influx and activation of protein
kinase ¢ (PKC) pathway [8]. PKC activation is associated with
cellular proliferation and induction of myocardial hypertrophy.
Epidemiological and observational studies also support an
increased prevalence of hypertension, left ventricular hyper-
trophy (LVH) , diastolic dysfunction, coronary artery disease
(CAD) and aortic calcification in patients with PHPT [4, 8-10].
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Figure 1. Methodology.

Severe PHPT has been linked with increased cardiovascular
disease (CVD) mortality [11]. Recent Canadian and interna-
tional consensus suggests a clinical evaluation for CVD risk
assessment for perioperative risk assessment although experts
do not recommend elective parathyroidectomy as a strategy to
mitigate future risk of developing CVD events [11].

Keeping this background in mind, we carried out a retro-
spective observational study in patients with established PHPT
comparing all-cause mortality and cardiovascular morbidity
in patients who had undergone definitive management (elec-
tive parathyroidectomy) versus those managed conservatively.
We aimed to study and analyse the baseline characteristics, all-
cause mortality as well as long-term atherosclerotic cardiovas-
cular disease (ASCVD) outcomes in patients with established
PHPT who were treated surgically (elective parathyroidectomy)
as compared to the patients who were managed conservatively.

Materials and Methods

We carried out a retrospective observational study on patients
with a biochemically confirmed diagnosis of PHPT (n = 348)
who were under follow-up at our district general hospital from
1995 to 2016. Patients with incomplete records or who were
later identified to have an alternative diagnosis were excluded
from the study (n = 12) (Fig. 1).

Case note letters and the electronic patient record system
were used to establish the baseline characteristics (age and sex),
comorbidities, date of diagnosis, biochemical results (bone pro-
file, PTH level, 25-OH vitamin D level and renal function) and
information regarding long-term outcomes and morbidity of
these patients, including brain and vascular imaging and coro-
nary angiography. In addition, electronic records in the local
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tertiary center were reviewed to ensure that all cardiovascular
outcomes were identified. This study was discussed with the lo-
cal ethics committee who advised that no ethical approval was
required as the study was a retrospective observational study
with a review of case notes and clinical information available
for patients being followed up by the local health board. Pa-
tients were not subjected to any therapeutic intervention and the
study did not affect their usual care. All data remained anony-
mous. Therefore, consent from individual patients was not re-
quired. Institutional review board approval was not required.

Patients were categorised into two groups. Group A in-
cluded those patients who had undergone elective parathyroid-
ectomy (n = 72) and group B included those who had been
managed conservatively (n = 264).

The primary outcome of this observational study was the
comparison of all-cause mortality in patients who underwent
elective parathyroidectomy versus the patients managed con-
servatively. The secondary outcome of the study was com-
parison in rate of development of ASCVD (fatal and non-fatal
myocardial infarction, stable and unstable angina, fatal and
non-fatal stroke, transient ischemic episodes and peripheral
vascular disease) events between the two groups [12].

A further subgroup analysis was also carried out on age-
matched patients between the two groups (Fig. 1). This was
done to neutralise any potential bias in baseline ASCVD risk
due to difference in ages between the two broader groups.
Seventy-two age-matched patients were randomly selected by
an independent observer from the conservative management
group. All-cause mortality as well as rate of ASCVD devel-
opment for this subgroup of patients was compared with the
patients who had undergone elective parathyroidectomy.

All statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) for Windows. The un-
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Table 1. Demographics and Baseline Biochemical Parameters of the Two Groups

Conservative Surgical P value
Number of patients 264 72 -
Male/female 59:277 11:61 -
Mean age in years (range) 68.7 (26 - 90) 56.8 (33 - 84) 0.001*
Mean S.Ca at diagnosis (mmol/L) 2.70 2.72 0.498
Mean PTH at diagnosis (pg/mL) 11.4 16.5 0.034*

Statistical tests: Mann-Whitney, unpaired t-test. *Denotes significance (P < 0.05). S.Ca: serum corrected calcium; PTH: parathyroid hormone.

paired #-test was used for parametric data; Mann-Whitney, Chi-
squared and Fisher’s exact tests were used for nonparametric
data. The multivariate relationship between variables was stud-
ied using logistic regression analysis. Statistical significance
was considered to be at the standard P-value of < 0.05.

Results

A total of 336 patients (n = 336) with confirmed PHPT were
identified from retrospective analysis of case notes and elec-
tronic database (clinical portal). Out of these 336 patients, 72
patients (n = 72) underwent elective parathyroidectomy while
264 (n = 264) patients were managed conservatively. The deci-
sion for elective parathyroidectomy was broadly based on con-
sensus criteria for management of PHPT (Supplementary figure
1, www.jofem.org) along with due consideration to preference
of the patient and presence/absence of comorbidities [5].

Baseline characteristics

The mean age of the patients at diagnosis of hyperparathy-
roidism was 68.7 years in the conservative group (range: 26
- 90), and 56.8 years in the surgical cohort (range: 33 - 84).
The difference in age between the two groups was statistically
significant, P-value < 0.001 (unpaired #-test). Out of the 336
patients with confirmed PHPT, there were 59 male (M) and
277 female (F) patients; with M/F ratio of 1:4.6. There was no
significant difference in M/F ratio in the two groups (elective
parathyroidectomy group: M, n =11 and F, n = 61; M/F ratio
of 1:5.7; conservative management group: M, n = 48 and F,
n = 188; M/F ratio of 1:4.5). Mean duration of follow-up for
the conservative group was 7.25 years, range 6 months - 23
years, and 2.42 years for the surgical group, range 4 months -
13 years. This difference was statistically significant (P-value
<0.001, Mann-Whitney test).

We compared the serum corrected calcium (S.Ca) levels at
initial presentation to the endocrine clinic in both the groups.
The patients who underwent elective parathyroidectomy had
a mean corrected S.Ca of 2.72 mmol/L as compared to S.Ca
of 2.70 mmol/L in the patients managed conservatively. The
difference in S.Ca levels between the two groups of patients
was not statistically significant (P = 0.494 (unpaired #-test)).
Mean PTH levels at diagnosis were 11.4 pg/mL (range: 3.0 -
104.4) in the conservative management group and 16.5 pg/mL
(range: 3.49 - 89) in the patients managed with elective par-
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athyroidectomy. The PTH levels were significantly higher (P =
0.034; confidence interval (CI): -7.2 to -0.28) in patients who
were treated with elective parathyroidectomy as compared to
the group of patients who were managed on conservative lines
(Table 1).

Primary outcome

The primary outcome of this observational study was to meas-
ure and compare all-cause mortality in the two groups. Sixty-
two out of 264 patients (23.4%) in the conservative group and
10 out of the 72 patients (13.8%) in the surgical group died
during the two decades follow-up period for the study (Table
2). Figure 2 outlines the survival estimates over time. The all-
cause mortality rate in the patients managed conservatively as
compared to the surgically treated patients showed no signifi-
cant statistical difference (P = 0.104, Fisher’s test). The mean
age of death was 82.7 years in the conservative group (range:
55-97) and 80.4 years in the surgically treated group (range:
63 - 94).

Secondary outcomes

Elevated blood pressure (BP) was documented in 119 patients
in the conservative group (45.2%) and 18 patients in the surgi-
cal group (25.0%). The patients who underwent elective parath-
yroidectomy were statistically less likely (P = 0.002, Fisher’s
test) to have hypertension during follow-up visit as compared
to the patients who were managed by a conservative approach.

Retrospective review of case notes confirmed develop-
ment of CAD-related events (unstable angina, fatal or non-fatal
myocardial infarction) in 45 patients in the conservative group
(17.1%) as compared to occurrence of such events in two of
the patients in the surgical group (2.8%) during the duration
of follow-up. This difference in development of CAD events
was significantly (P = 0.001, Fisher’s test) higher in patients
managed conservatively as compared to the ones who were
treated by elective parathyroidectomy. In regard to cerebrovas-
cular disease, 27 out of 264 patients (10.2%) in the conserva-
tive group experienced an ischemic or non-ischemic stroke
or transient ischemic attack (TIA), representing 10% event
rate in this group. Six out of the 72 patients (8%) who under-
went elective parathyroidectomy went on to have a stroke or
a TIA during the duration of follow-up. There was no statisti-
cally significant difference in development of cerebrovascular
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Table 2. Primary and Secondary Outcomes

Conservative Surgical P value

Mortality 62 (23.4%) 10 (13.8%) 0.104
Hypertension 119 (45.2%) 18 (25%) 0.002*
CAD-related events 45 (17.1%) 2 (2.8%) 0.001*
Cerebrovascular disease 27 (10.2%) 6 (8%) 0.824
Peripheral vascular disease 22 (8%) 6 (8%) 1.00
Total ASCVD events 213 32 0.001*
Duration of clinic follow-up in years (range) 7.25(0.5-23) 2.42(0.3-13) 0.001*

Statistical tests: Mann-Whitney, Fisher’s test. *Denotes significance (P < 0.05). Percentage is not stated for total ASCVD as single patient may have
had multiple events. CAD: coronary artery disease; ASCVD: atherosclerotic cardiovascular disease.

events or peripheral vascular disease between the two groups.
There was a higher rate of total ASCVD in the conservative
group compared to the surgical group. This difference was sta-
tistically significant (P = 0.001, Fisher’s test) (Fig. 3).

Duration of endocrine clinic follow-up was longer in the
conservative group (7.25 years versus 2.42 years, P = 0.001,
Fisher’s test) (Table 2).

Regression analysis

On regression analysis, the odds of having ASCVD were re-
duced by half in the patients who underwent elective parathy-
roidectomy as compared to the group of patients who were
managed on conservative lines, which was independent of age
(odds ratio 0.482, P=0.027) (Table 3).

Subgroup analysis

To further ensure prevalence of ASCVD was not due to dif-
ference in age, a subgroup age-matched analysis was also car-
ried out. Seventy-two age-matched conservatively managed
patients were selected for subgroup analysis, and baseline pa-

rameters as well as long-term outcome of this subgroup were
compared to the patients who had undergone elective parathy-
roidectomy.

Baseline characteristics (subgroup analysis)

The two subgroups were well matched with regards to demo-
graphics (male/female ratio and age). There was no statisti-
cally significant difference in mean S.Ca levels at the time of
diagnosis between the two subgroups (2.67 and 2.73 mmol/L
respectively conservative versus surgical subgroup; P = 0.221)
(Table 4). Mean PTH was higher in patients who underwent
elective parathyroidectomy as compared to the age-matched
subgroup of patients who were managed conservatively (15.1
versus 10.07 mmol/L; P = 0.018). Table 4 shows the difference
in demographic and baseline biochemical parameters between
the two age-matched groups.

Primary and secondary outcomes (subgroup analysis)

There was no statistically significant difference in all-cause
mortality between the age-matched conservative group and the
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Figure 2. Kaplan-Meier survival curve showing estimated survival over time.
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Figure 3. Bar chart showing difference in development of total ASCVD, hypertension, CAD-related events and CVD-related
events between the two groups. *Denotes significance. ASCVD: atherosclerotic cardiovascular disease; CAD: coronary artery

disease; CVD: cardiovascular disease.

surgical group (Table 5).

Elevated BP was documented in 31 (43%) patients in the
age-matched conservative group and 18 patients in the surgical
group (25.0%). The development of CAD-related events was
recorded in 14 (19%) patients in the age-matched conserva-
tive group as compared to CAD related events in two of the
patients in the surgical group (2.8%) during the duration of
follow-up. This difference in development of CAD events was
significantly (P = 0.002, Fisher’s test) higher in age-matched
patients who were managed conservatively as compared to the
patients who underwent elective parathyroidectomy. There
was no statistically significant difference in development of
cerebrovascular events or peripheral vascular disease.

There was a higher rate of total ASCVD events in the age-
matched conservative group compared to the surgical group.

Table 3. Logistic Regression Analysis

This was statistically significant (P = 0.001, Fisher’s test) (Ta-
ble 5 and Fig. 4).

Regression analysis

The odds of developing ASCVD were reduced by nearly three
quarters in the patients who underwent elective parathyroidec-
tomy as compared to the group of patients who were managed
conservatively (odds ratio: 0.287, P=0.001) (Table 6).

Discussion

PHPT remains one of the commonest endocrinological dis-

B (coefficient) SE Sig. OR (Exp(b)) 93% Cl for OR
Lower Upper
Age 0.033 0.010 0.001* 1.033 1.014 1.053
Surgery -0.729 0.330 0.027* 0.482 0.253 0.921
Constant -2.816 0.747 0.000 0.060
*Denotes significance (P < 0.05). Cl: confidence interval; OR: odds ratio.
Table 4. Demographics and Baseline Biochemical Parameters of the Two Groups
Conservative (age-matched subgroup) Surgical P value
Number of patients 72 72 -
Male/female 11:61 11:61 -
Mean age at diagnosis 59.8 (26 - 87) 56.8 (33 - 84) 0.139
Mean age now/age at death (years) 66.3 (30 - 96) 65.9 (40 - 95) 0.865
Mean S.Ca at diagnosis (mmol/L) 2.67 2.73 0.221
Mean PTH at diagnosis (mmol/L) 10.07 15.1 0.018%*

Statistical tests: Mann-Whitney, unpaired t-test. *Denotes significance (P < 0.05). S.Ca: serum corrected calcium; PTH: parathyroid hormone.
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Table 5. Primary and Secondary Outcome Data in the Two Subgroups

Conservative (age-matched subgroup) Surgical P value
Mortality 6 (8.3%) 10 (13.8%) 0.427
Hypertension 31 (43%) 18 (25%) 0.022*
CAD-related events 14 (19%) 2 (2.8%) 0.002*
Cerebrovascular disease 3 (4%) 6 (8%) 0.299
Peripheral vascular disease 5(7%) 6 (8%) 0.089
Total ASCVD 53 32 0.001*

Statistical tests: Chi-squared, Fisher’s test. *Denotes significance (P < 0.05). Percentage is not stated for total ASCVD as single patient may have
had multiple events. CAD: coronary artery disease; ASCVD: atherosclerotic cardiovascular disease.

orders encountered in clinical practice with a majority of the
patients being diagnosed incidentally at a relatively early stage
of the disease [3, 13]. Elective parathyroidectomy remains the
only definitive therapeutic option for management of patients
with PHPT. The consensus criteria for management of PHPT
lay emphasis on well-defined criteria for surgical treatment in
asymptomatic patients with PHPT (Supplementary figure 1,
www.jofem.org) [5]. Elective parathyroidectomy is primarily
considered based on age of the patient and evidence of end or-
gan damage related to bones (osteoporosis) and renal systems
(nephrolithiasis, hypercalciuria and declining renal function)
[5]. On the other hand, although the direct and indirect impact
of PHPT on cardiovascular system is supported by evidence
from laboratory and observational studies, the evaluation of
CVD risk remains underutilized for clinical decision making
in real-life practice.

Cwm Taf University Local Health Board (LHB) covers
3% of landmass and caters to healthcare needs of 10% of the
population of Wales with Royal Glamorgan Hospital (RGH)
being one of the two main hospitals under the remits of this
health board [14]. Our observational study had a total of 336
patients with confirmed PHPT spanning over a two-decade
follow-up period at Royal Glamorgan Hospital which is re-
sponsible for healthcare needs of 145,823 adults [15].

This equates to an incidence rate 11 new patients per
100,000 population per year. There was a female preponder-
ance of PHPT (4.6:1) in our study population which is slightly
higher than previous studies [2]. The patients who underwent
elective parathyroidectomy were relatively younger as com-
pared to the group of patients who were managed conserva-
tively (mean age at diagnosis 57.2 years in the surgical group
as compared to 68.7 years in the conservative group). This is
not surprising as a younger age (< 50 years) remains an im-
portant criterion for patients to be considered for elective par-
athyroidectomy based on consensus guidelines. In addition,
there is an increased likelihood of younger patients being more
likely to be deemed suitable for surgical treatment (elective
parathyroidectomy).

A total of 72 out of 336 patients (21.4%) underwent elec-
tive parathyroidectomy in our observational study. There was
no statistically significant difference in the corrected S.Ca
levels in both the groups (2.72 mmol/L in surgically treated
group versus 2.70 mmol/L in patients managed conserva-
tively) of patients, which was surprising considering higher
S.Ca levels (S.Ca > 2.85 mmol/L) being one of the criteria
for elective parathyroidectomy. Mean PTH levels at diagno-
sis were significantly higher in patients who underwent elec-
tive parathyroidectomy versus the ones who were managed
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Figure 4. Bar chart showing the difference in development of total ASCVD, hypertension, CAD-related events and CVD-related
events between the two age-matched subgroups. *Denotes significance (P < 0.05). ASCVD: atherosclerotic cardiovascular dis-

ease; CAD: coronary artery disease; CVD: cardiovascular disease.
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Table 6. Logistic Regression Analysis

B (coefficient) SE Sig.

95% CI for OR
Upper

OR (Exp (1) Lower

-1.249
-0.223

0.357
0.237

Surgery

Constant 0.347

0.001*

0.287
1.250

0.142 0.578

Cl: confidence interval; OR: odds ratio.

medically (11.4 versus 16.5 pg/mL; P = 0.034; CI: -7.2 to
-0.28). Similarly, on subgroup analysis, mean baseline PTH
levels were higher in patients who underwent elective parath-
yroidectomy as compared to the age-matched patients who
were managed conservatively (15.1 versus 10.07 mmol/L; P
= 0.018). There has been emerging evidence regarding PTH
levels correlating with severity of the disease, and one can ar-
gue that PTH levels need to be taken in consideration during
initial decision making while evaluating patients with PHPT
[16, 17]. On the other hand, PHPT is associated with a low
25-OH vitamin D levels which can propagate an increase in
PTH levels. As a result, initial PTH results need to be inter-
preted cautiously specially in presence of co-existent vitamin
D deficiency. The PTH and S.Ca levels do not correlate with
arterial BP although age and body mass index remain strong-
est predictors of development of hypertension in patients
with PHPT [18].

PTH acts as on G-protein-coupled receptors to activate
phospholipase V on myocytes and protein kinase A on vascular
endothelium [8]. The proposed mechanisms of development of
cardiovascular dysfunction in PHPT include: 1) Development
of hypertension: driven by alteration in vasodilatory proper-
ties of endothelium and/or hyperaldosteronism as a result of
activation of renin-aldosterone-angiotensin axis (RAAS); 2)
Development of LVH: driven by PTH mediated hypertrophy
of cardiac myocytes, endothelial dysfunction [19]; 3) Calcifi-
cation of myocardium and aorta.

Observational studies have demonstrated plausible mech-
anisms to support a bidirectional interplay between PTH and
the renin-angiotensin-aldosterone system (RAAS). Chronic
stimulation of the calcium sensing receptors has been dem-
onstrated to increase plasma renin. Interestingly, angiotensin
II may have an acute and direct effect on PTH synthesis and
secretion [20]. In addition, PTH may play a direct effect on the
RAAS system, through potentiation of angiotensin II induced
aldosterone secretion from the zona glomerulosa cells [19-22].
It has been suggested that aldosterone may stimulate secretion
of PTH by one of two mechanisms: either by virtue of a sec-
ondary hyperparathyroidism induced by a chronic aldosterone
excess inducing hypercalciuria and hypocalcaemia [23], or by
a more direct effect mediated via mineralocorticoid receptors
in the parathyroid tissue [24].

Patients with PHPT have been observed to have an in-
creased prevalence of hypertension and LVH [24-27]. In addi-
tion, reduction in BP and regression of LVH has been observed
post-parathyroidectomy [28, 29]. Table 7 [25-30] summarises
the studies showing association of hypertension, LVH and
PHPT.

PHPT has also been associated with an increased arterial
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stiffness [31-34], intimal medial thickness [35], mitral valve
calcification [36], aortic valve calcification [10, 37], diastolic
and systolic dysfunction [37-39]. Vascular stiffness remains
the most consistent cardiovascular complication associated
with PHPT [3, 6]. Table 8 [10, 31-35, 38-41] summarises the
studies assessing impact of primary HPT on vascular endothe-
lium, cardiac function and valvular calcification.

The primary outcome of our study was to compare all-
cause mortality between the two groups of patients during the
two-decade follow-up period for the study. The all-cause mor-
tality was higher in patients who were managed conservatively
(23.4%) as compared to those who underwent elective parath-
yroidectomy (13.8%) although these numbers did not reach a
statistical significance. Previous studies have associated severe
PHPT with an increased mortality although all-cause mortality
is only a crude index of ASCVD outcome [9, 11, 42-44]. One
has to be mindful of relatively older age at the time of diag-
nosis of the patients who were managed conservatively and in
addition, the likelihood of frail health being one of the reasons
for these patients to be managed conservatively. Table 9 [9, 11,
42-46] summarises the studies showing an impact of PHPT on
mortality.

Interestingly, we observed a significantly lower risk of
development of total ASCVD events in patients treated sur-
gically as compared to patients managed non-surgically (213
versus 32, P=0.001).

Specifically, hypertension and CAD were lower in patients
treated surgically. On the other hand, the rate of development
of cerebrovascular disease in patients treated with elective
parathyroidectomy was 10% as compared to 8% in patients
managed conservatively, showing a lack of statistical signifi-
cance (P = 0.8236). There was also no significant difference
in peripheral vascular disease events, although these numbers
were small.

There is currently no robust level 1 evidence derived from
randomised controlled trials supporting an increased CVD risk
in patients with PHPT. The only notable systematic review
(included 5,770 articles and 12 studies) and meta-analysis (12
studies) of predominantly Caucasian population with PHPT
was carried out by van Ballegooijen et al in 2013 [47]. There
was an increased risk for total CVD events with PHPT: pooled
HR (95% CI), 1.45 (1.24 - 1.71). The results for fatal CVD
events and non-fatal CVD events were: HR 1.50 (1.18 - 1.91)
and HR 1.48 (1.14 - 1.92). In addition, there is a lack of ad-
equate literature of impact of PHPT in non-Caucasian ethnic
groups.

Duration of follow-up was also reduced in the surgical
group as these patients can be discharged from the clinic fol-
lowing surgery as opposed to patients managed conservatively
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Table 7. Literature Review of Studies Covering the Association of PHPT With Hypertension and Left Ventricular Hypertrophy

Study authors Design Nun{b'e r of Results Comments
(reference) participants
Brown et al, Cross-sectional analysis of MESA 5,668 Higher serum aldosterone was Large diverse population.
2015 [44] participants without PHPT or CKD associated with higher serum Association shown,
PTH. Higher PTH levels were causation not clear. Led
observed in patients with HTN. onto EPATH study.
The use of RAAS inhibitors was
associated with lower PTH levels.
Heyliger et Retrospective review of patients 464 Significant decrease in Large sample size.
al, 2009 [28] undergoing parathyroidectomy BP (< 10 mm Hg) after Retrospective design. Single
for PHPT or thyroidectomy for parathyroidectomy in patients BP measurements taken
non-toxic thyroid disease with preoperative hypertension. pre- and post-operatively.
Patients who had preoperative
alterations in BP medications
were excluded.
Nainby- Case control study; patients 248 Mean BP in patients with Difference persisted when
Luxmoore et with PHPT undergoing PHPT was higher than matched controlled for renal function.
al, 1982 [25] parathyroidectomy and controls. This difference was no
matched surgical controls longer observed at discharge.
Stefenelli et Prospective study; baseline 119 Regression of LVH after 41 LV mass measured using
al, 1997 [29] LV mass pre- and post- months of parathyroidectomy. echocardiography; potential
elective parathyroidectomy LVH reduction was independent for operator variability
on patients with PHPT of changes in BP. in measurements.
Verheyen et Cross-sectional analysis of 136 PTH levels did not correlate Small sample size, single-
al, 2016 [27] the EPATH trial, studied with nocturnal hypertension. center study. Daytime SBP
association between PTH levels Significant relationship between readings not assessed.
and nocturnal hypertension ARR and nocturnal SBP in
patients with high PTH.
Yao et al, Prospective observational study 7,504 Raised PTH levels were associated ~ Large sample size. Participants
2016 [26] on health population, median with an increased risk of with pre-existing ASCVD at

follow-up of 6 years, monitored
for development of HTN

development of hypertension.

baseline excluded. PTH only
measured on one occasion.

ARR: aldosterone to renin ratio; BP: blood pressure; CKD: chronic kidney disease; EPATH: “Eplerenone in Primary Hyperparathyroidism” trial; HTN:
hypertension; LVH: left ventricular hypertrophy; PTH: parathyroid hormone; MESA: Multi-Ethnic Study of Atherosclerosis; PHPT: primary hyperpar-

athyroidism; SBP: systolic blood pressure.

who tend to have prolonged monitoring. The shorter follow-up
duration can potentially off-set costs associated with surgery
and remains an important point to be weighed in during deci-
sion making.

We carried out a subgroup analysis of age-matched pa-
tients managed conservatively and compared the baseline bio-
chemical parameters and ASCVD outcomes with the group
of patients treated surgically. This was performed to reduce
any potential bias in our initial analysis which may have been
due to difference in age or comorbidities in the two groups.
The age-matched patients managed conservatively were more
likely to develop an ASCVD event (53 versus 32, P=10.001) as
compared to the patients who underwent surgery. Again, this
difference was accounted for by the increased hypertension
and CAD-related events.

There was no statistically significant difference in devel-
opment of cerebrovascular events, peripheral vascular disease
or all-cause mortality between the two age-matched subgroups.

Again, the duration of follow-up for the group of patients
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who underwent elective parathyroidectomy was significantly
shorter than the patients managed conservatively.

Strengths

Our observational study included 336 patients who were con-
firmed to have diagnosis of PHPT over the duration of over
two decades (1995 - 2016). The case records and electronic
database was evaluated in a meticulous manner. The all-cause
mortality and ASCVD events were recorded manually by two
independent observers.

Limitations

This is a retrospective observational study. The impact of con-
founding factors and age at the time of initial presentations
cannot be negated. It is plausible that patients who were man-
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Table 8. Literature Review of Studies Covering Impact of PHPT on Vascular Endothelium, Cardiac Function and Valvular Calcifica-

tion

Study authors Design Nunfb'e r of Results Comments

(reference) participants

Bansal et al, Cross-sectional analysis of 6,459 Higher PTH associated with higher Multi-ethnic large population.

2014 [39] participants of MESA. Healthy levels of incident HF (hazard ratio: Cardiac MRI used to
cohort without ASCVD. 1.96). Higher PTH associated with quantify LVM. Single

higher LVM (11g mean difference). baseline measurement of
PTH and 25(OH)D.

Dalberg etal,  Prospective case control 67 Higher BP, left atrial diameter and Prospective design.

1996 [40] study; patients with PHPT diastolic dysfunction in PHPT Small sample size. Use of
undergoing parathyroidectomy patients when compared to controls. echocardiography associated
and matched controls Reduced cardiac calcifications with potential of operator bias.
undergoing thyroidectomy. post parathyroidectomy.

Iwata et al, Case-control study; patients 100 AVCA positively associated with Control group had more

2012 [10] with PHPT and matched PTH level; no difference in peak cardiovascular risk factors.
controls (further analysis transaortic pressure gradient. Use of echocardiography
of Walker 2009 cohort). associated with potential

operator bias. AVCA is an
indirect marker for ASCVD.

Rosa et al, Case-control study; 28 patients 90 PWYV significantly higher in patients Well matched baseline

2011 [31] with PHPT and hypertension, with PHPT and HTN compared characteristics. Singular BP
16 with PHPT without HTN, with those with essential HTN. measurements (not ambulatory).
28 essential HTN patients, Surgery significantly decreased
18 healthy controls. systolic BP and PWV.

Rubin et al, Case-control study; patients 173 PHPT was an independent predictor Small proportion of cases

2005 [32] with mild PHPT and of increased arterial stiffness. PTH compared to controls. Surrogate
matched healthy controls. levels directly correlated with arterial marker of arterial stiffness used.

stiffness (measured by Alx)

Schillaci et Case-control study; patients 72 Aortic PWV was significantly Patients with pre-existing

al, 2011 [34] with mild PHPT and higher among PHPT patients. Aortic hypertension, CV disease
matched healthy controls. PWYV decreased after surgery. excluded. PWV is a

Association remained significant surrogate marker.
when controlled for BP.

Smith et al, Case-control study; patients 42 PWA showed augmentation in PWA indirect measure of

2000 [33] with mild PHPT and PHPT group significantly higher vascular stiffness (surrogate
matched healthy controls. than controls. Central aortic marker of clinical disease).

systolic pressure also elevated. Small sample size.

Vestergaard et Case-control study, patients 2,695 Increased incidence of acute MI in Large sample size.

al, 2003 [41] with PHPT undergoing PHPT patients up to 10 years prior Historical follow-up.
parathyroidectomy compared and 1 year post surgery. Increased
to matched controls. risk of HTN and HF, which did not

resolve by 1 year post surgery.

Walker et al, Case-control study; patients 1,040 IMT higher in PHPT patients. Odds of ~ Small proportion of cases

2009 [35] with PHPT and matched abnormal carotid stiffness increased compared to controls.
healthy controls. for every 10 pg/mL increase in PTH. Control group was not well

matched with respect to
cardiovascular risk factors.

Wannamethee Prospective observational 3,731 Raised PTH at baseline was associated  Large sample size. Study

etal, 2014 study of healthy cohort with increased CV risk factors. Higher  based on older, predominately

[38] (British Regional Heart risk of incident HF with elevated PTH  white, male population.

Study); 13-year follow-up.

levels (hazard ratio: 1.66) independent
of HTN, renal dysfunction,
calcium and vitamin D levels.

Doctor diagnosed HF, echo
not available in all patients.

25(0OH)D: 25-hydroxyvitamin D; Aix: augmentation index; AVCA: aortic valve calcification area; CVD: cardiovascular disease; HF: heart failure; HTN:
hypertension; IMT: intima media thickness; LVM: left ventricular mass; PHPT: primary hyperparathyroidism; PTH: parathyroid hormone; PWA: pulse
wave analysis; PWV: pulse wave velocity; MRI: magnetic resonance imagining.
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Table 9. Literature Review of Studies Covering Mortality and PHPT

Ao Design Nun{b'e S Results Comments
(reference) participants
Hedback et Retrospective observational 896 Increased risk of death in patients who ~ Only included patients
al, 1991 [45] study on patients with had undergone parathyroidectomy who underwent surgery.
PHPT who had undergone when compared to the general Historical study, therefore,
parathyroidectomy; population. This effect was more caution should be applied if
13-year follow-up. marked in those operated on in earlier extrapolating these results to
calendar years, and in older patients. current surgical practice.
Lundgren et Observational case-control 516 Hypercalcemia was independently Large sample size, follow-up
al, 2001 [9] study; patients with associated with increased CV over 20 years. Association shown
hypercalcemia and matched mortality. There were also higher but cannot comment on causality.
normocalcemic controls. PTH levels in cases versus controls.
Nilsson et al, Retrospective cohort 10,995 In earlier calendar years increased Large sample size. Authors
2002 [44] study; patients with PHPT risk of death following surgery. In hypothesise difference in
who had undergone those operated in later calendar years mortality may be due to
parathyroidectomy. mortality did not differ from normal increased severity of disease
population. Principle causes of mortality when operated (as routine
included cardiovascular disease. calcium screening introduced
in middle of study period).
Ogard et al, Retrospective cohort 1,578 Patients with a diagnosis of PHPT had a  Patients identified via national
2004 [46] study, patient with PHPT significantly increased risk of premature register. Increased risk of
who were managed either death compared to general population. cancer in PHPT patients.
conservatively or surgically. Lower risk of death from all causes
in women who underwent surgery.
Significantly increased mortality for
CVD for women treated conservatively.
Palmer et al, Observational study 441 Higher mortality postoperatively Long follow-up period.
1987 [42] of patients with PHPT than general population. Historical study, therefore,
who had undergone caution should be applied if
parathyroidectomys; extrapolating these results to
22-year follow-up current surgical practice.
Uden et al, Multi-center retrospective 282 Increased mortality in patients who Multi-center study, large sample
1990 [43] case control study, long-term had undergone parathyroidectomy size. Historical study, therefore,
follow-up of patients with (survival reduced by 18%). Only caution should be applied if
PHPT who had undergone 1% operative mortality. extrapolating these results to
parathyroidectomy and current surgical practice.
matched controls.
Wermers et Retrospective cohort study; 435 29% underwent parathyroidectomy. Large sample group. Long

al, 1998 [11]

patients with confirmed
PHPT or hypercalcemia
of unknown cause.

Patients with higher serum calcium
levels had an increased risk of
death. Conservative patients

had a non-significant trend
towards decreased survival.

follow-up period. Majority
of patients were white.

Cl: confidence interval; CVD: cardiovascular disease; PHPT: primary hyperparathyroidism; RR: relative risk.

mation.

aged conservatively were already carrying a higher cardiovas-
cular disease burden and more likely to be risk of develop-
ing ASCVD events as compared to patients who underwent
elective parathyroidectomy. Additionally, measurement of all-
cause and ASCVD mortality as primary outcome remains a
crude index for CVD risk assessment. Measurement of carotid
intimal thickness and inflammatory markers during the follow-
up of patients who underwent elective parathyroidectomy and
comparison of these parameters with patients managed medi-
cally (non-surgically) could have provided more precise infor-
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Conclusions

The revised consensus guidelines for management of patients
with asymptomatic PHPT advocate a more proactive role on
the part of the clinician to establish the presence of bone or re-
nal disease. This approach is helpful to alleviate the increased
morbidity associated with nephrocalcinosis and osteoporotic
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fractures if PHPT is left untreated. The adverse impact that

J Clin Endocrinol Metab. 2013;98(3):1122-1129.

PHPT poses on the cardiovascular system remains underrecog- 2. YuN, Donnan PT, Murphy MJ, Leese GP. Epidemiology
nized. The physiological plausibility of increased ASCVD risk of primary hyperparathyroidism in Tayside, Scotland,
in PHPT, along with results of multiple observational studies UK. Clin Endocrinol (Oxf). 2009;71(4):485-493.
throws important points open for debate. A thorough clinical 3. Bandeira L, Bilezikian J. Primary Hyperparathyroidism.
evaluation for ASCVD risks should be part of initial workup F1000Res. 2016;5:F1000 Faculty Rev;1.
as well as during follow-up visits of all patients presenting 4. Andersson P, Rydberg E, Willenheimer R. Primary hyper-
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