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Abstract

Purpose To describe the clinical and biochemical pro-
file of patients with primary hyperparathyroidism (PHPT)
of the Swiss Hyperparathyroidism Cohort, with a focus
on neurobehavioral and cognitive symptoms and on their
changes in response to parathyroidectomy.

Methods From June 2007 to September 2012, 332
patients were enrolled in the Swiss PHPT Cohort Study, a
nationwide prospective and non-interventional project col-
lecting clinical, biochemical, and outcome data in newly
diagnosed patients. Neuro-behavioral and cognitive sta-
tus were evaluated annually using the Mini-Mental State
Examination, the Hospital Anxiety and Depression Scale,
and the Clock Drawing tests. Follow-up data were recorded
every 6 months. Patients with parathyroidectomy had one
follow-up visit 3—6 months’ postoperatively.

Results  Symptomatic PHPT was present in 43 % of
patients. Among asymptomatic patients, 69 % (131/189)
had at least one of the US National Institutes for Health cri-
teria for surgery, leaving thus a small number of patients
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with cognitive dysfunction or neuropsychological symp-
toms, but without any other indication for surgery. At
baseline, a large proportion showed elevated depression
and anxiety scores and cognitive dysfunction, but with no
association between biochemical manifestations of the dis-
ease and test scores. In the 153 (46 %) patients who under-
went parathyroidectomy, we observed an improvement in
the Mini-Mental State Examination (P = 0.01), anxiety
(P = 0.05) and depression (P = 0.05) scores.

Conclusion PHPT patients often present elevated depres-
sion and anxiety scores and cognitive dysfunction, but
rarely as isolated manifestations. These alterations may be
relieved upon treatment by parathyroidectomy.
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Introduction

Primary hyperparathyroidism (PHPT) is a common disor-
der characterized by an excessive and abnormal secretion
of parathyroid hormone (PTH). It is usually diagnosed
through routine blood chemistry screening, investigation
of osteoporosis, or kidney stones. The disease is character-
ized biochemically by chronically elevated serum calcium
in the presence of inadequately elevated or inappropri-
ately normal serum PTH levels. The classic presentation
of PHPT involves the presence of renal stones, a decrease
of bone mineral density, resulting in low-trauma fractures,
and neuromuscular weakness. Some reports have described
an increased mortality due to cardiovascular disease and
malignancy [1, 2]. An increased risk of death has been
observed both among patients with mild PHPT who did
not undergo surgery and seriously affected individuals who
underwent parathyroidectomy (PTx) [3]. However, this
has not been consistently found and one study even dem-
onstrated that neither overall mortality nor mortality due
to cancer or cardiovascular disease were increased among
patients with PHPT [4].

Subjective neuro-behavioral and cognitive symptoms
have been well documented in patients with advanced dis-
ease [5-7], but a wide variety of mild, non-specific symp-
toms have been described in patients at an early stage of
the disease, thus making it difficult to identify a causal
relationship in these individuals. Although unrecognized in
most cases, neuro-behavioral manifestations may impact
on quality of life [8§-11]. Some studies have addressed
psychological or neurocognitive manifestations of PHPT,
but only a few have used validated psychological instru-
ments in routine clinical practice [12—15]. Finally, geo-
graphic and disease stage-dependent phenotypic expres-
sion may exist [16].

The aim of this multicentre cohort study was to describe
the clinical and biochemical profile of patients with PHPT
in Switzerland, particularly their neuro-behavioral and cog-
nitive symptoms, changes in calcium and PTH over time
and treatment modalities, and to determine whether cogni-
tive and mood symptoms improve after PTx.

Subjects and methods
Study design

The Swiss PHPT Cohort Study is a multicentre, prospec-
tive, longitudinal project aimed at collecting clinical, den-
sitometric and biochemical parameters, including outcome
data, from patients with this disorder. Cohort recruitment
was initiated in June 2007 and terminated in September
2012. The study was entirely non-interventional, without
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any influence on patient management. The observational
period was planned for at least 3 years. At inclusion, base-
line demographics, medical history, and the clinical and
biochemical status of all study participants were recorded.
During the follow-up period, changes in therapeutic inter-
ventions, biochemical parameters, bone health, and any
symptoms/complications of PHPT were regularly docu-
mented according to the standard clinical procedures of the
participating centers.

Ethics Committees’ approval was obtained prior to the
study commencement in each center and all subjects gave
informed written consent before study inclusion. The study
was conducted according to the principles of the Decla-
ration of Helsinki and the requirements of Good Clinical
Practice. All registered patients were anonymously iden-
tified by a number. Each participating center was able to
access their data via internet and a secure password on a
web-based data capture (WBDC) system. Data transfer was
encrypted to guarantee secrecy obligations and to prohibit
data abuse. Members of the operational committee had full
access to data (read-only) and permission to extract data
from the study database for analysis. However, the center-
specific, detailed patient identification was retrievable.
Password and helpline support were provided by InfoSnake
GmbH (Zug, Switzerland).

Participants

A total of 332 patients with sporadic PHPT diagnosed
within the last 12 months were recruited in 15 centers in
Switzerland located in Basel, Bern, Geneva, Lausanne,
Lucerne, St. Gall, Locarno, and Ziirich. Only patients (male
and female) with confirmed hypercalcemia (serum calcium
levels above the respective laboratory reference range)
and diagnosed with PHPT after exclusion of other causes
of hypercalcemia were eligible for inclusion. Patients with
normocalcemic PHPT or active non-parathyroid malig-
nancy were excluded.

Procedures

Physicians treated patients at their discretion and
recorded patient follow-up according to the data collec-
tion sheet using a WBDC system. At the time of inclu-
sion, baseline demographics (gender, date of birth with
month and year), medical history, biochemical parame-
ters, bone mineral density (BMD) measured routinely at
the lumbar spine and left hip, biomarkers for bone and
calcium metabolism (serum calcium, serum parathyroid
hormone level, 25-hydroxyvitamin D), and current treat-
ment regimens were recorded. Retrospective data were
entered into the patient’s file if contemporary data were
not available. During follow-up, data were recorded at
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least every 6 months according to usual clinical proce-
dures and guidelines for the management of asympto-
matic PHPT [17-19]. If a PTx was decided upon during
follow-up, a final visit took place within 3 —6 months
after surgery. Deaths and information on subjects lost to
follow-up were documented.

Changes in neuropsychological functioning were eval-
uated prospectively at baseline, at yearly intervals, and
within 3 —6 months after parathyroid surgery. Patients
in all participating centres underwent a minimal set of
neuro-psychological tests that are routinely used in the
primary care setting, i.e., the Mini-Mental Status Exami-
nation (MMSE) [20] and the Clock Drawing Test (CDT)
[21] for cognitive testing, and the Hospital Anxiety and
Depression scale (HADS) for depression and anxiety
evaluation [22, 23]. The HADS contains seven items
scored in a 4-point range from 0 to 3, with higher scores
indicating more symptoms [22]. A cut-off score of 8 or
greater defined mild to severe symptoms of anxiety or
depression. We used a score of 11 or greater to qualify
symptoms as severe. All tests were sent anonymously to
the Geneva study centre for a central reading and scoring
by a trained geriatrician (GG).

Statistical analyses

Analyses of epidemiological data and results of local clini-
cal procedures related to the treatment of PHPT patients
were performed in a descriptive manner. Descriptive sta-
tistics [mean and standard deviation, median and 95 %
confidence interval (CI), or interquartile range (IQR)]
were evaluated for continuous variables. Count and per-
centage were evaluated for dichotomous and categorical
variables. Parameters were analyzed at baseline and until
at least 3 months later or until lost to follow-up. Wilcoxon
matched-pairs signed-rank test was applied to compare two
time point assessments within the same group. Chi-squared
tests were used to compare proportions. Normality was
verified using a Shapiro—Francia test. Correlations were
determined by Spearman rank correlation for non-normally
distributed variables and by simple linear regression anal-
yses for Gaussian variables. Logistic regression was used
to predict the probability of improvement in cognitive and
neuropsychological tests, based on various clinical and
biological manifestations. The effect of predictor variables
was expressed by odds ratio (OR) and 95 % CI. There was
no power calculation since this was a post hoc analysis in a
cohort study. The significance level for two-sided p values
was 0.05 in all tests. All statistical analyses were performed
using STATA software (version 11.0; Stata Corporation,
College Station, TX, USA).

Results
Patient characteristics

Among the 332 patients (mean age 67 £ 15 years; 78 %
female) included in the cohort analysis, 42 (13 %) were
younger than 50 years and 70 (21 %) were over 80 years
old. Eight (2 %) had potentially other additional causes
of hypercalcemia as follows: four patients received thi-
azides; two were on lithium therapy; and two had hyper-
thyroidism (Table 1; Fig. 1). Most patients had biochemi-
cally mild PHPT with median calcium and PTH levels of
2.68 mmol/l (95 % CI 2.66-2.70) and 12.4 pmol/l (95 % CI
11.7-13.40), respectively (Table 1).

Clinical presentation

One hundred forty-three patients (43 %) presented with a
classic symptomatic form of PHPT (history of renal lithi-
asis, low-trauma fractures, or muscle weakness) (Table 2).
One hundred eighty-nine patients were classified as
“asymptomatic”. Of these, 69 % (131/189) presented with
at least one of the criteria for PTx according to the guide-
lines for the management of asymptomatic PHPT [17-19].
Fifty-eight patients had no criteria for surgery. Among the
latter, only 11 patients were operated because of the pres-
ence of non-specific symptoms (psychological and general
symptoms as opposed to organ-specific symptoms) (Fig. 1).

Patient follow-up and PTx

We performed a prospective follow-up of 112 patients.
During the study follow-up period, 153 (46 %) patients
were operated; four had undergone a PTx before study
inclusion and experienced persistent or recurrent dis-
ease. Twelve percent (18/153) had simultaneous thyroid
surgery including total thyroidectomy (n = 6), thyroid
lobectomy (n = 9), or subtotal thyroidectomy (n = 3).
The related diagnoses were multinodular goiter (n = 13)
with an associated Graves’ disease (n = 1), thyroid cancer
(n = 2), and a single benign thyroid nodule (n = 3). PTx
achieved a 97 % cure rate as indicated by postoperative
serum calcium and PTH normalization. Three patients
(2 %) who underwent PTx during study follow-up had
persistent disease and two had recurrent disease (1 %).
No patient sustained the following postoperative compli-
cations: recurrent laryngeal nerve injuries, hematomas, or
permanent hypoparathyroidism. Patients undergoing PTx
were younger (63 + 13 vs 71 &+ 15 years; P < 0.0001).
Serum calcium and PTH levels were significantly
higher in the PTx group (serum calcium, 2.8 + 0.3 vs
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Table 1 Characteristics of
patients included in the Swiss

Patients with PHPT (n = 332)

Primary Hyperparathyroidism

Gender (M/F)
Cohort Study

Premenopausal women (1)
Age (years, median, 95 % CI)
Weight (kg, median, 95 % CI)
Height (cm)

BMI (kg/m?)

73/259

31

70 (95 % C1 66-71)

68 (95 % C167-71)
162 (95 % CI 160-163)
26 (95 % CI 25-26)

MMSE (median, 95 % CI) 183 28 (95 % CI 27-29)
<24, n (%) 45 (25)
Clock drawing test (median, 95 % CI) 148 8(95 % CI17-9)
<8, n (%) 69 (47)
HADS anxiety subscale (median, 95 % CI) 181 5(95 % CI 5-6)
>8, n (%) 60 (33)
HADS depression subscale (median, 95 % CI), score 181 3(95 % CI 3-4)
>8,n (%) 36 (20)
Location, n (%)

Geneva 121 (36)

Lucerne 66 (20)

St Gall 50 (15)

Basel 44 (13)

Bern 26 (8)

Locarno/Ascona 11(3)

Others 14 (4)
Parathyroidectomy, n (%) 153 (46)
Cinacalcet use, n (%) 45 (14)

Serum calcium (N: 2.25-2.60 mmol/l) (median, 95 % CI)

Serum PTH (N: 1.1-6.8 pmol/l)

25-Hydroxyvitamin D (75-120 nmol/l)

Fractures, n (%)

Renal lithiasis or nephrocalcinosis, n (%)

Muscle weakness®

2.68 (95 % CI 2.66-2.70)
12.4 (95 % CI 11.7-13.3)
54 (95 % CI 50-58)
55(17)

52 (16)

73 (22)

Results are means =+ standard deviation for Gaussian continuous variables and median and 95 % CI for

non-normally distributed variables

M males, F females, CI confidence interval, BMI body mass index, MMSE Mini-Mental State Examination,
HADS Hospital Anxiety and Depression Scale, PTH parathyroid hormone

% Muscular weakness was considered to be related to PHPT when serum calcium was measured above

3 mmol/l

2.6 £ 0.20 mmol/l, P < 0.0001; serum PTH, 20.3 £ 20.20
vs 12.8 = 7.2 pmol/l, P < 0.0001). Forty-four patients
reported a short-term improvement of one or more symp-
toms following PTx: fatigue (n = 28); musculoskele-
tal pain (n = 7); articular pain (n = 4); constipation or
abdominal pain (n = 3); muscle weakness (n = 2); sleep
disorders (n = 2); polydipsia (n = 2); nausea (n = 1);
concentration (n = 1); mobility disability (n = 2) and not
specified (n = 5). In those without surgery, a significant
worsening of symptoms occurred in 12/34 (35 %). Con-
versely, only 7/78 (9 %) patients in the PTx group reported
a worsening of symptoms (P = 0.001). Forty-four (59 %)
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patients claimed that they felt better after parathyroid sur-
gery, while only one non-operated patient (3 %) reported
an improvement in symptoms (P < 0.0001). During fol-
low-up, nine patients had clinical complications: three
with a kidney stone (after PTx), five with a low-trauma
fracture, and one with muscle weakness. It was not pos-
sible to determine if the stones were newly formed or
already present before PTx. Among patients with frac-
tures, four of five occurred in those belonging to the non-
PTx group. The rate of complications tended to be lower
in the PTx group compared with the group with a medical
follow-up (5 vs 15 %; P < 0.09).
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332 patients with PHPT

143 with symptomatic disease (43%)

189 with asymptomatic disease (57%)

Failed surgery before inclusion in 4
patients

82 with asymptomatic disease (82/153: 54%)
71 with symptomatic disease (71/153: 46%)

2 with asymptomatic disease
2 with symptomatic disease

Surgery in 153 patients (153/332: 46%)

No surgery in 175 patients (175/332 53%)

105 with asymptomatic disease (105/175: 60%)
70 with symptomatic disease (70/175: 40%)

Completed at least one of the neuropsychological tests

at baseline

N=2 N=85 N=96

Follow-Up
N=112

Neuropsychological assessment data

after surgery

(N=44)

Fig. 1 Flow diagram of patient inclusion and follow-up

Neuro-behavioral and cognitive symptoms in patients
with PHPT and effect of PTx

At baseline, 183 (55 %) patients completed at least one
of the neuropsychological tests (Table 1). Regarding
the MMSE, 25 % displayed a pathological score with a
significant cognitive impairment and a strong effect of
age (p = —0.51; P < 0.001). Forty-seven percent had an
abnormal CDT (Table 1). Similar to the MMSE, age was
strongly associated with the CDT score (p = —0.41;

Neuropsychological assessment data in

non-operated patients

(N=17)

P < 0.0001). To exclude cognitive impairment associated
with advanced age, we limited our analysis to the 47 sub-
jects who were younger than 60 years and had completed
at least one of the neuropsychological tests. We found a
negative correlation between the MMSE score and serum
PTH levels (p = —0.13; P < 0.01) and between the CDT
score and serum PTH (p = —0.09; P < 0.002), respectively,
at baseline. No relation was found with serum calcium and
25-hydroxyvitamin D levels. When taking into consid-
eration the whole population who had a least one HADS
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Table 2 Clinical presentation of patients included in the Swiss Primary Hyperparathyroidism Cohort Study

PHPT and symptomatic disease PHPT and asymptomatic disease P value
143 (43) 189 (57)
n (%) n (%)
Renal lithiasis, n (%) 41 (29) -
Clinical vertebral fractures 20 (6) -
Non-vertebral fractures 41 (12) -
Any fractures, n (%) 55 (38 %) -
Muscle weakness, n (%) 53 (37) 20 (11) 0.0001
Age <50 years 18 (13) 24 (13) 0.976
Age (years) 68 £ 15 67 £ 15 0.474
Kidney dysfunction, n (%) 16 (11) 11 (6) 0.08
Osteoporosis®, n (%) 38 (43) 71 (38) 0.373
Serum calcium >2.85 mmol/l, n (%) 27 (22) 34 (20) 0.670
Serum calcium (N: 2.25-2.60 mmol/l) 27+£03 27+£0.2 0.846
Serum PTH (N: 1.1-6.8 pmol/l) 18.3 £ 20.5 148 £94 0.052
25-Hydroxyvitamin D (75-120 nmol/l) 61 £33 55 +£27 0.139

PHPT primary hyperparathyroidism, PTH parathyroid hormone
# In patients without fractures

Table 3 Changes in neuro-behavioral and cognitive symptoms according to parathyroidectomy using paired data: Swiss Primary Hyperparathy-

roidism Cohort Study
Normal range  Parathyroidectomy Follow-up

N TO (baseline) Evaluation 2 pP* N  TO (baseline) Evaluation 2 P*

MMSE >24 44 28.5(28.0-29.0) 29 (28.0-30.0) 0.01 15 28(19.9-29) 29 (24.2-30.0) ns
MMSE <24, n (%) 7 (16 %) 2 (5 %) 0.0001 533 %) 4 (27 %) 0.05

Clock drawing test 36 9.5(8.0-10.0) 8.0 (8.0-9.0) ns 11 7.0(5.0-9.0) 7.0(3.7-9.0) ns

<8, n (%) 9 (25 %) 11 (31 %) ns 7 (64 %) 7 (64 %) ns

HADS anxiety subscale 44 6.5 (5-8) 5(5.0-9.0) 0.05 17 5.0(3.0-6.0) 4.0(3.0-6.0) ns

>8, n (%) 7 (16 %) 10 (23 %) 0.001 2 (17 %) 0 (0 %) ns

HADS depression subscale 44 3.5(3.0-4.0) 3(2.0-4.0) 0.05 17 2.0(1.0-4.0) 3.0(2.0-5.0) ns

49 %) 0(0 %) 0.007 0 (0 %) 0 (0 %) ns

Values are median, 95 % CI

MMSE Mini-Mental State Examination, HADS Hospital Anxiety and Depression Scale

* Wilcoxon matched-pairs signed-rank test was applied two timepoint assessments within the same group

evaluation, no correlation was observed with serum levels
of calcium or PTH.

To assess the impact of PTx on neurocognitive func-
tion, patients with PHPT were tested before and after
PTx. A postsurgical improvement in the MMSE score was
observed (P = 0.012). Preoperatively, 16 % of patients with
PHPT scored less than 24 points for the MMSE. After PTx,
only 5 % scored less than 24 points (P < 0.001) (Table 3).
Those without improvement after PTx did not differ in
terms of age, serum calcium or PTH levels. In 44 operated
patients, anxiety (P = 0.051) and depression (P = 0.045)
scores tended to improve after a median follow-up of
266 days (IQR 210-380).
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In an attempt to identify those patients that would benefit
from surgery in terms of cognitive and neuropsychological
symptoms, we computed logistic regression models with an
increase of cognitive performances or lower depression and
anxiety scores as outcome. Regarding the depression score,
a value before surgery of 8 or greater predicts success per-
fectly. Our results corroborated this measurement and all
patients with an abnormal score (8 or greater) improved
their score postoperatively compared with 32 % of subjects
with lower values (P < 0.002). No significant changes in
neuro-behavioral and cognitive symptoms were recorded
in 17 non-operated patients evaluated longitudinally after a
median follow-up of 287 days (IQR 229-556).
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Discussion

Our study showed that the symptomatic form of PHPT was
present in large proportion of the cases in Switzerland; that
PHPT patients often presented elevated depression and
anxiety scores and cognitive dysfunction, but rarely as iso-
lated manifestations and these alterations may be relieved
after parathyroidectomy.

It is widely recognized that the current presentation of
PHPT has shifted to a mild or so-called “asymptomatic”
form in relation to screening laboratory tests. It is now
considered that the classic presentation of the disease with
renal stones, fractures, muscle weakness or symptomatic
hypercalcemia may be present in approximately 20 % of
patients only. Nevertheless, it is known also that there are
geographic differences in the predominant phenotypes and
clinical presentations should be analyzed regionally [16].
In our study, 43 % of patients presented with the classic
form. In particular, nephrolithiasis was present in 17 %
of patients in our study. This frequency compares with
recently published data reporting a prevalence ranging
from 7 % [24] to 20 % [25, 26]. However, the number of
patients was too low to evaluate whether the risk of nephro-
lithiasis decreases after curative PTx compared with medi-
cal observation.

In clinical practice, we usually select patients who may
benefit from surgical procedures (PTx) based on NIH
guidelines criteria [17-19, 27]. As these criteria do not
include cognitive and psychological symptoms, there is
the possibility to miss symptomatic patients with revers-
ible manifestations. Neuropsychological symptoms may
be subtle and nonspecific. Furthermore, they are not eas-
ily measurable and often not evaluated during routine clini-
cal practice. In this study, we used sensitive screening tools
for psychological or cognitive impairment that can be eas-
ily administered in daily routine. In our cohort, 83 % of
the population presented either with classical symptoms
(i.e., fractures, kidney stones or muscle weakness) or with
at least one NIH guideline criteria. Finally, there were a
very low number of patients with cognitive dysfunction or
neuro-psychological symptoms without any other indica-
tion for surgery (data not shown).

Several studies have examined mood and cognitive
symptoms in patients with PHPT [8, 11, 13, 14, 28-33],
but only a few were performed with validated instruments,
which can be used in daily routine clinical practice [34].
In this prospective cohort study, we evaluated the impact
of the disease and the effect of PTx on neuro-psycholog-
ical and cognitive function. We observed at baseline that
a large proportion of patients presented with changes in
mood and cognition. Twenty-five percent of patients had
clinically significant cognitive deficits and 20-33 % were
significantly depressed and/or anxious. These -clinical

manifestations could be related to elevated serum levels of
calcium and PTH, although hypercalcemia was only mild
in most patients. We found a possible association between
cognitive function and serum PTH level in patients less than
60 years old. Above this age, the prevalence of age-related
cognitive dysfunction is high and may have prevented any
observation of a significant correlation. Depression and
anxiety disorders are not related to these parameters in
our study. PTx decreased both the depression score and
the prevalence of depression. In addition, global cogni-
tive functioning improved significantly after PTx, whereas
no significant changes were observed in the non-operated
group. To attempt to identify those patients with neuropsy-
chological symptoms or cognitive impairment who might
benefit from an improvement after PTx, we found that an
abnormal depression score of 8 or greater was associated
with a significant improvement postoperatively.

Regarding mood disorders, our results are similar to two
recently published studies showing an increased prevalence
of depression in PHPT patients and a significant improve-
ment after surgery [13, 34]. Of note, Weber et al. used the
same HADS questionnaire [34]. A positive correlation
between the level of depressive symptoms and serum cal-
cium was evidenced in some studies [8, 14, 32], but not in
others [31].

As far as cognitive dysfunction is concerned, cognitive
function was correlated with preoperative serum calcium
levels in a limited number of studies [35, 36]. Data showing
a beneficial effect of PTx are relatively scarce [13, 36—43].
Few studies examined the effect of PTx on global cognitive
function [44]. This issue remains controversial as the effect
of PTx has been considered insignificant in some studies
[12, 45, 46]. The various studies describing PHPT-related
neuro-cognitive symptoms and their response to PTx are
summarized in Table 4. It should be underlined that the
sample sizes of these studies were relatively limited and the
tests used were heterogeneous and not easy enough to be
routinely implemented in clinical setting. This table con-
tains also three randomized studies examining the effect of
PTx on quality of life [11, 29, 33]. Even though quality of
life was not studied in our population, number of domains
evaluated by generic instruments like SF-36 for example
contain psychological well-being. Two of three randomized
trial reported significant improvement following PTx [11,
33].

The positive effects of surgical intervention raise the
question about the mechanism of the association between
PHPT and neuro-behavioral and cognitive symptoms.
Parathyroid hormone may act on the brain, through the
action on PTH receptors which are found in the brain [47].
Through an ionophoretic effect it may induce cellular apop-
tosis by a intracellular calcium overload [48]. Serum para-
thyroid hormone may reduce regional cerebral blood flow

@ Springer



574

J Endocrinol Invest (2016) 39:567-576

Table 4 Summary of studies of cognitive and affective symptoms in PHPT: a literature review

Author Year N Age SCa N of tests domains Relation to sCa or Improvements Follow-up
(mmol/1) PTH at baseline

Cogan MG [46] 1978 4 54 3 8 (multiple domains) ? No 3.6 months

Numann PJ [37] 1984 10 63 2.9 7 (multiple domains) ? Yes (cognition) 4.4 months

Brown GG [35] 1987 34 53 2.88 7 (multiple domains) Yes (sCa) No 6 months

Goyal A [45] 2001 14 18-60 ? 2 No Yes (mood) 6 ws, 3 and 6 months

Prager G [36] 2002 20 61 2.9 2 (cognition) Yes (sCa, PTH) Yes (cognition) 6and 12 ws

Rao DS [11] 2004 53 65 247 2 mood/quality of life ~ ? Mood/quality of life 24 months

Chiang CY [12] 2005 20 52 2.85 4 mood/cognition No No 125 days

Roman SA [38] 2005 28 59 2.82 4 mood/cognition ? Yes (mood and cogni- 2 and 4 ws
tion)

Dotzenrath C [31] 2006 26 62 2.9 5 mood/cognition No Yes (cognition) 6 months

Bollerslev J [29] 2007 191 64 2.7 2 mood/quality of life ~ ? No 24 months

Ambrogini E [33] 2007 50 65 2.6 2 mood/quality of life ~ ? Quality of life 12 months

Walker MD [39] 2009 39 64 2.65 9 mood/cognition No Yes (mood and cogni- 6 months
tion)

Perrier ND [40] 2009 18 63 2.57 9 mood/cognition/sleep ? Yes (sleep) 6 months

Benge JF [41] 2009 111 61 2.68 13 mood/cognition No Yes (mood and cogni- 1 month
tion)

Roman SA [13] 2011 212 60 2.7 5 mood/cognition ? Yes (mood and cogni- 1, 3 and 6 months
tion)

Espiritu RP [32] 2011 169 67 2.65 1 mood Yes (sCa, PTH) Yes (mood) 1, 3,6, and

12 months
Kahal H [51] 2011 24 60 2.7 2 mood ? Yes (mood) 3 months
Babinska D [42] 2012 35 52 2.8 7 mood/cognition No Yes (cognition) 12 months

[49]. Finally, the increased in serum calcium may mediate
the effect, acting as a confounder. [44].

Our study has several strengths, including a large sample
size at baseline and a multicentre design. The study popula-
tion was not restricted to patients referred for surgery and
thus represents a large spectrum of disease severity. There
are also some potential limitations. The size of the included
population represents approximately only 9 % of cases with
an expected hospital discharge diagnosis of PHPT during
the same period in Switzerland [50]. Thus, the followed
sample may not be representative because of a selection bias
and the participation rate was low, particularly in those who
were not operated. Another limitation is the lack of rand-
omization and/or surgical control group without parathyroid
disease. Thus, we cannot exclude a placebo effect of surgery
on neuropsychiatric symptoms. A further limitation was the
variable intervals between evaluations. Patients who under-
went surgery were evaluated 3—6 months after PTx, while
those not operated were evaluated yearly using the cogni-
tive and neuropsychological tests. The lack of the intra and
inter-assay coefficient of variation between the different
centers is also a limit. Finally, we did not measure the level
of education, which may importantly influence the score on
the cognitive test and may act as a potential confounder.

@ Springer

In conclusion, we observed that a large proportion
of PHPT patients have elevated depression and anxi-
ety scores and cognitive dysfunction. These symptoms
are thus often missed as they are not routinely evaluated
in clinical practice. Most symptoms, particularly mood
changes, can be attenuated by PTx. Although the mild
form of the disease is common, the classic presentation
represents more than 40 % of cases. Altogether, there
were a very low number of patients with cognitive dys-
function or neuro-psychological symptoms and without
any other indication for surgery. Thus, neuro-psycholog-
ical testing should be an additional diagnostic tool which
could improve the selection of patients with PHPT to be
evaluated for PTx.
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