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Abstract
Health-related quality of life (HRQoL) is frequently impaired in primary hyperparathyroidism

(PHPT) but it is unclear if surgery is beneficial. The objective was to prospectively assess

HRQoL in PHPT (nZ124) with the 15D instrument before and after surgery, to compare it

with that of a comparable sample of the general population (nZ4295), and search for

predictors of HRQoL and its change. HRQoL, and clinical and laboratory parameters were

measured before and at 6 and 12 months after surgery. Regression techniques were used to

search for predictors of HRQoL and gains from treatment. Before surgery, PHPT patients had

significantly lower mean 15D score compared to controls (0.813 vs 0.904, P!0.001).

Excretion, mental function, discomfort and symptoms, distress, depression, vitality, and

sexual activity were most impaired (all P!0.001). Number of medications (PZ0.001) and

subjective symptoms (P!0.05) but not calcium or parathyroid hormone (PTH) predicted

impaired HRQoL. Serum 25-hydroxyvitamin D (25OHD) was of borderline significance

(PZ0.051). Compared to baseline, mean 15D score improved significantly 6 months after

surgery (0.813 vs 0.865, P!0.001) and the effect sustained at 1 year (0.878, P!0.001).

The improvement was clinically important in 77.4% of patients (P!0.001). Educational level

independently predicted improvement (P!0.005). HRQoL is severely impaired in PHPT but

improves significantly after surgery. The 15D is a sensitive tool for assessing HRQoL and

recognizing patients likely to benefit from surgery.
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Introduction
The clinical presentation of primary hyperparathyroidism

(PHPT) has changed during the last decades. The majority

of patients are nowadays asymptomatic with only mild

hypercalcaemia (1, 2, 3). Surgery offers the only opportu-

nity for cure of PHPT. There is consensus that patients

with markedly increased serum calcium concentrations or

signs of skeletal or nephrological complications should

undergo parathyroidectomy (4). Neuropsychological

symptoms and impaired quality of life are commonly

reported in PHPT (5, 6, 7), but whether such symptoms

improve after surgery remains to be established (3).

According to recent guidelines, the decision to operate

should not be based on such criteria as the evidence

currently is limited (8). However, symptoms of mild PHPT

are difficult to evaluate and so far, no single good predictor

of impaired health-related quality of life (HRQoL) in PHPT

has been recognized. The value of symptoms as prognostic

factors regarding who benefits from surgery has so far been

poorly studied. The need for a sensitive tool applicable in

the out-patient clinic was recently recognized (3). The 15D

instrument (9) has previously been used to study HRQoL

in many endocrine (10, 11, 12) and other diseases (13, 14),

but not in PHPT. The 15D instrument is a well-validated

tool for assessing HRQoL and can be used both as a single,

total score and as a profile of 15 different aspects of HRQoL

(9). We tested the hypothesis that in patients with PHPT,

the 15D instrument might serve as a sensitive tool in

assessing diffuse neurocognitive symptoms that might

predict which patients benefit from surgery. In this single

center study, we prospectively (before the operation, and

at 6 and 12 months after surgery) investigated HRQoL as

well as clinical and laboratory parameters in 124 PHPT

patients referred for surgery to a single centre. The results

were compared to those of a large representative sample of

the general population (nZ4295) standardized for gender

and age (15).
Subjects and methods

Subjects

The final study group comprised 124 consecutive PHPT

patients referred for parathyroidectomy to the Helsinki

University Hospital between October 2010 and May 2013.

All patients had first been evaluated by an endocrinologist

at the Division of Endocrinology at the Helsinki University

Hospital. Possible vitamin D supplementation was pre-

scribed at this visit, i.e. at least 2–3 months before surgery.
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The preoperative 15D questionnaire was, on average,

answered 1–2 weeks before surgery. All patients who

were operated on for PHPT and who had answered the

first, pre-operative 15D questionnaire were included in

the study. The surgical criteria for PHPT were based on the

recommendation of the Third International Workshop on

the Management of Asymptomatic PHPT in 2008 and were

fulfilled by 80.6% of patients (16). The surgical criteria

(one or more) were as follows: osteoporosis in 60/124

(48.3%) patients, impaired kidney function in 17/124

(13.7%) patients, kidney stones in 9/124 (7.3%) patients,

serum ionized calcium O1.50 mmol/l (reference range,

1.16–1.30 mmol/l) in 36/124 (29.0 %), and age !50 years

in 12/124 (9.7%) patients. Twenty-four patients (19.4%)

had biochemically mild PHPT and did not fulfill the

prevailing surgical criteria for PHPT (16) although they

were symptomatic. The mean age of the study cohort was

65 years (range 39–85) and 81.4% were females. Mean

serum ionized calcium concentration was 1.47G

0.12 mmol/l (reference range 1.16–1.30 mmol/l) and

PTH concentration 176.3G155.6 ng/l (reference range

12–47 ng/l). Of the 124 patients, 115 were operated on

because of PHPT for the first time, eight for the second,

and one for the third time. The patients took on average

four regular medications (range 0–11), 41.1% took five or

more medications regularly.
Laboratory measurements

All laboratory tests were performed at the central

laboratory of the Helsinki University Hospital, HUSLAB,

using in-house methods. Serum ionized calcium

was measured by ion-specific electrodes. Serum PTH was

measured by a chemiluminometric assay. 25OHD was

measured by HPLC, serum creatinine by an enzymatic

photometric assay, and serum alkaline phosphatase as well

as 24-h urinary calcium by photometric methods.
Study design

A 15D questionnaire including an explanatory letter and

an additional questionnaire addressing educational level

were sent to PHPT patients along with the date and

information for the planned operation. One hundred and

twenty eight patients returned the preoperative ques-

tionnaire. However, three patients had tertiary PHPT and

one had not filled in the questionnaire, thus these patients

were excluded from the study. Total response rate to the
This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

http://www.endocrineconnections.org
http://dx.doi.org/10.1530//EC-15-0053
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


E
n

d
o

cr
in

e
C

o
n

n
e
ct

io
n

s
Research E M Ryhänen et al. Quality of life in primary

hyperparathyroidism
3–8 4 :181
first questionnaire is unclear because the number of

questionnaires sent was not counted. Another set of the

15D questionnaire was sent at 6 and 12 months after

surgery to all patients who had returned the first

questionnaire. In case of no response to the second or

third questionnaire, a new questionnaire with an expla-

natory letter was sent once. Of the 124 respondents, 117

(94.4%) replied to the questionnaire at six and 116 (93.5%)

at 12 months after surgery respectively. Demographic,

biochemical and clinical data as well as operative results

were collected from the electronic patient record of the

Helsinki University Hospital. Possible PHPT-related symp-

toms (fatigue, depression, loss of memory, abdominal pain

or nausea, muscle weakness, and joint pains) as docu-

mented by the endocrinologist evaluating the patient

before surgery were retrieved from the electronic patient

records of the Helsinki University Hospital. Approxi-

mately 200–230 patients undergo surgery for PHPT at the

Helsinki University Hospital yearly, including reopera-

tions, tertiary PHPT and surgery of MEN patients. The

overall complication rate is w0.5–1% and is due to

laryngeal nerve palsy.

The study was approved by the Ethical Committee of

the Helsinki University Hospital. All patients gave their

signed informed consent to participate in the study.
HRQoL assessment

The 15D questionnaire is a generic, standardized, well-

validated, self-administered measure of HRQoL that can be

used both as a profile or a single score measure (9). Each

dimension (mobility, vision, hearing, breathing, sleeping,

eating, speech, excretion, usual activities, mental func-

tion, discomfort and symptoms, depression, distress,

vitality, and sexual activity) has five levels and the

respondent chooses the level best describing her/his

current health status for each dimension. The 15D score

and the dimensional level values, both on a 0–1 scale, are

calculated from the health state descriptive system by

using a set of population-based preference or utility

weights. A higher score reflects a better HRQoL. The

minimum important change for the 15D score is estimated

to be 0.015 for improvement and K0.015 for deterioration

and 0.015 can also be regarded as the minimum clinically

important cross-sectional difference between groups (13).

The HRQoL of the study patients was compared to that of

an age- and gender-adjusted sample of the Finnish general

population from the Finnish Health 2011 survey

(nZ4924) (15).
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Statistical analysis

The data were analyzed using IBM SPSS Statistics 19 (SPSS,

Inc.). Patient characteristics are presented as means and S.D.

for continuous variables, and frequencies and proportions

for categorical variables. The statistical significance of the

difference in the mean 15D score of the general population

and study patients was tested by independent samples

t-test, and that in the means of continuous variables,

including the 15D scores before and after parathyroid-

ectomy with paired samples t-test. As some of the 15D

variables were not normally distributed, also correspond-

ing non-parametric tests were applied. Apart from minor

differences in the level of statistical significance, the results

of parametric and non-parametric tests were quite similar.

Therefore, only results of parametric tests are reported.

Linear regression was used to study the association

between the baseline 15D score and a set of independent

variables (age, gender, education level, serum ionized

calcium, PTH and 25OHD concentrations, number of

regular medication, and whether one experienced possible

PHPT-related symptoms or not). Binary logistic regression

was used to explore the association between the previously

mentioned factors and baseline 15D score, and whether

the patient had experienced at least a minimal clinically

important improvement in the 15D score from baseline

to 6 months after surgery or not. A P value !0.05 was

considered statistically significant.
Results

Clinical and biochemical results of patients with PHPT

Clinical and biochemical characteristics of the study

group are reported in Table 1. Compared to baseline

concentrations, serum ionized calcium and serum PTH

concentrations were significantly lower 1 month after

surgery (1.47 mmol/lG0.12 vs 1.25 mmol/lG0.08 and

176.5 ng/lG155.6 vs 35.8 ng/lG33.4, respectively,

P!0.001 for both) (Table 1). Parathyroidectomy resulted

in normocalcaemia in 111 of 124 (89.5%) patients, while

13 (10.5%) patients did not reach normocalcaemia.

Postoperative calcium concentrations decreased also in

this subgroup (1.44G0.07 vs 1.36G0.05, P!0.001) indi-

cating partial recovery.
Symptoms according to the electronic patient record

Fifty-one of the 124 (41.4%) patients suffered from

possible PHPT-related symptoms, i.e. fatigue, depression,
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Table 1 Clinical and biochemical characteristics of 124 study subjects at baseline and postoperatively.

Description

MeanGS.D. or number

at baseline

MeanGS.D.

postoperatively Normal range

Age (years) 65G10.2
Number of women/men 101/23
BMI (kg/m2) 27.4G5.1
Blood pressure (mmHg) 145/83G23/14
Number of regular medication 3.9G2.9
Educational levela 56/66/3
Serum ionized calcium (mmol/l) 1.47G0.12 1.25G0.08* 1.16–1.3
PTH (ng/l) 176.3G155.6 35.8G33.4* 12–47
Creatinine (mmol/l) 73.3G25.0 \, 50–90; _, 60–100
GFR (ml/min/1.73 m2)b 82.4G18.6 O60
25-OHD (nmol/l) 57.2G17.8 O40
24-h urinary calcium (mmol) 11.5G2.12 1.3–6.5
Alkaline phosphatase (U/l) 74.8G25.6 35–105

*P!0.001 for comparison with preoperative concentrations.
aLess than high school/high school or more/not known.
bCalculated with CKD-EPI – equation.
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loss of memory, abdominal pain or nausea, muscle

weakness, and joint pain.
HRQoL in patients with PHPT compared to general

population controls

The mean 15D profiles for PHPT patients before para-

thyroidectomy and for the age- and gender-adjusted

general population are presented in Fig. 1. Mean total

preoperative 15D score of PHPT patients (nZ124) was

significantly lower (0.813G0.110 vs 0.904G0.091,

P!0.001) compared to that of the general population

(nZ4295). PHPT patients were worse off on 13 of 15

dimensions of the HRQoL instrument (P!0.001 for 11

dimensions, P!0.01 for two dimensions). All five dimen-

sions (mental function, discomfort and symptoms,

depression, distress, vitality) measuring cognitive and

psychiatric well-being were severely impaired compared

to controls (all P!0.001). Excretion, usual activities and

sexual activity were also severely impaired (all P!0.001).

The dimensions of eating and hearing did not differ

between patients and controls (Fig. 1).
HRQoL in patients with PHPT before and after surgery

The 15D results before and at 6 and 12 months after

surgery are presented in Fig. 1. Six months after surgery,

the mean 15D score (nZ117) had increased significantly

from baseline (0.813G0.105–0.865G0.108, P!0.001).

The proportion of patients that experienced at least a
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minimum clinically important change in HRQoL after

surgery was 77.4% for improvement and 13.7% for

deterioration, respectively (Table 2). Regarding the

different dimensions, a significant improvement was

seen in ten of 15 dimensions. The most significant

improvements were observed in speech, excretion, mental

function, discomfort and symptoms, depression, distress,

vitality, and sexual activity (all P!0.001). Usual activities

(P!0.01) and sleeping also improved (P!0.05, Fig. 1). The

15D scores before surgery did not differ between the small

subgroup of uncured (nZ12) and cured (nZ113) patients

(0.778G0.095 vs 0.818G0.106, PZ0.195), neither did the

changes in 15D score 6 months after surgery (0.052G0.074

vs 0.061G0.083, PZ0.695).

Compared to baseline, also mean 15D score 12

months after surgery (nZ116) was significantly higher

(0.813G0.105 vs 0.878G0.105, P!0.001) and similar to

that of 6 months after surgery (Fig. 1). The most marked

sustained improvements were noted on the dimensions

of excretion, mental function, discomfort and symptoms,

depression, distress, vitality, and sexual activity

(all P!0.001). Usual activities (P!0.001), sleep, mobility,

and speech also improved (P!0.01, Fig. 1).
Comparison of patients fulfilling and not fulfilling current

criteria for surgery of PHPT

The difference in changes of total 15D scores from baseline

to 6 months after surgery for those PHPT patients who

fulfilled (nZ100, 80.6%) and did not fulfill (nZ24, 19.4%)
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Figure 1

Mean 15D dimension profiles of PHPT patients before, at 6 months, and 12 months after parathyroidectomy compared to an age- and gender-adjusted

sample of the general population.
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the prevailing recommended surgical criteria (16) was not

statistically significant (0.052G0.074 vs 0.060G0.101,

respectively, PZ0.643). Neither were there any statistically

significant differences between these subgroups regarding

the changes in the single 15 dimension scores.
Predictors of impaired HRQoL in PHPT

Of several possible independent variables (age, gender,

educational level, serum ionized calcium and PTH concen-

trations, number of regular medications (range 0–11,

mean 4), whether one experienced possibly PHPT-related

symptoms or not), only the number of regular medications

(bZK0.012, PZ0.001) and whether one experienced

subjective symptoms (bZK0.038, PZ0.049) reached

statistical significance as predictors of impaired HRQoL in

PHPT patients before surgery (adjusted R2Z0.175, FZ3.948,

P!0.001). Serum 25OHD level had a borderline significance

in predicting impaired HRQoL (bZ0.001, PZ0.051).
http://www.endocrineconnections.org
DOI: 10.1530//EC-15-0053

� 2015 The authors
Published by Bioscientifica Ltd
Predictors of improved HRQoL after surgery in PHPT

Among different patient-related factors, higher edu-

cational level predicted improved HRQoL after surgery

and low preoperative 15D score was of borderline

significance (PZ0.057) (Table 3).
Discussion

The main findings of this prospective study are that PHPT

patients scheduled for surgery because of the disease have

significantly impaired HRQoL compared to the age- and

gender-adjusted general population as assessed by the

15D, that HRQoL significantly improves after surgery in

the patients, and that the improvements are sustained

1 year after surgery.

Previous studies have reported impaired HRQoL using

the SF-36 (17, 18, 19, 20), the Pasieka Assessment Scale (21),

both (5, 7) or the SF-12 (22) in PHPT patients compared
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Table 2 Classification of the changes in 15D scores from

baseline to 6 months into global assessment scale categories

and the distribution of the patients into these categories.

Global assessment

category

Limits for change

in 15D scorea

Distribution of

patients (%)

Much better O0.035 60.5
Slightly better 0.015–0.035 16.9
Much the same

(no change)
OK0.015 and !0.015 8.9

Slightly worse K0.015 to K0.035 3.2
Much worse !K0.035 10.5

aFor the limits, see (13).

Table 3 The results of binary logistic regression model

predicting whether the patient had experienced at least a

minimum clinically important improvement in the 15D score

from baseline to 6 months after operation.

Variable

Regression

coefficient Significance

Constant 9.506 0.112
Age (years) K0.037 0.217
Gender (0Zfemale, 1Zmale) K0.480 0.481
Educational levela 1.858 0.003
Preoperative serum calcium K2.112 0.555
Preoperative serum PTH 0.001 0.817
Preoperative serum 25OHD 0.028 0.156
No. of regular medication 0.084 0.410
Preoperative 15D score K6.180 0.057
Presence of self-reported

symptoms
K0.959 0.100

aHigh school or moreZ1, less than high schoolZ0.
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to healthy or thyroid-operated controls. These and other

authors (6, 23, 24) reported improved HRQoL after surgery,

but have been criticized regarding insufficient patients

numbers, lack of control population and insufficient

assessment of cognitive parameters, i.e. lack of validated

tools (3). Another difficulty relates to the time point for

assessing HRQoL. In some studies, HRQoL has within the

study group been assessed at differing time points after

surgery, or only short-term outcome has been assessed,

which does not allow for the exclusion of a possible placebo

effect induced by the surgical procedure itself.

The randomized controlled trial by Bollerslev et al.

(25), including 191 PHPT patients not fulfilling surgical

criteria for the disease, half of which were randomized for

surgery and half of which were not, reported no clear

improvements in HRQoL 2 years after surgery. This was

despite impaired HRQoL, as measured by the SF-36 and

the Comprehensive Psychopathological Rating Scale in

patients compared to controls at baseline. This study

included subjects with very mild PHPT, as none fulfilled

the prevailing surgical criteria (25). Several patients

initially withdrew from the study, as they could not

accept adherence to their randomization group, which

could have caused a selection bias (25). In contrast,

Ambrogini et al. (26) and Rao et al. (27) reported that

reduced baseline HRQoL improved with surgery in

randomized trials of 50 and 53 PHPT patients not fulfilling

surgical criteria, as assessed by the SF-36. Other studies on

mild PHPT reported similar findings (28, 29). Of note, in

the present study, total 15D scores significantly improved

at 6 and 12 months after surgery compared to baseline in

the patients, but were still slightly lower than those

observed in controls (Fig. 1). Only longer follow-up can

tell whether surgically cured patients eventually will have

identical scores compared to controls or not.

The question remains whether the observed improve-

ments in HRQoL are significant enough to expose patients
http://www.endocrineconnections.org
DOI: 10.1530//EC-15-0053

� 2015 The authors
Published by Bioscientifica Ltd
to surgical intervention, and how to assess the neuropsy-

chological symptoms and HRQoL in PHPT in the out-

patient setting.

In the present study, independent predictors of

impaired HRQoL in the patient group before surgery

were whether one experienced possible PHPT-related

symptoms and a number of regular medications. It is

perhaps not surprising that PHPT patients with a mean age

of 65G10 years are ordered quite a large number of

medications (mean 4, range 0–11). This might in part

reflect an attempt to treat diffuse disease-related symp-

toms. Melck et al. (30) reported that patients undergoing

surgery because of PHPT have a significantly higher mean

number of regular pre-operative medications compared to

patients referred for thyroidectomy (4 vs 2.8, P!0.001).

Number of medications or dosage decreased significantly

after surgery in PHPT patients, which was mainly

explained by symptom improvement (30). Number of

medications has previously been associated with lower

HRQoL (31). In the present study, number of medications

after surgery was not studied.

Neither serum calcium nor PTH was able to predict the

impairment, while serum 25OHD was of borderline

significance. A recent study did not find any correlation

between serum 25OHD and preoperative HRQoL (20).

As seasonal variation can influence HRQoL (32), we

investigated whether this could have influenced our

results. We divided the patients into three categories

according to whether they answered the preoperative 15D

questionnaire in October to January, February to May, or

June to September (data not shown). The results of the

present study were not explained by seasonal variation.
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Educational level predicted an improvement in

HRQoL after surgery, while baseline 15D score was

borderline significant. Previous studies in the general

population and in patients with single diseases demon-

strate educational level associates with HRQoL (14, 33).

In the present study, patients with the lowest baseline 15D

score demonstrated the most significant improvements in

HRQoL after surgery, and the result was sustained at

1 year. Despite a wide range in serum calcium concen-

trations in our cohort (range 1.33–2.18 mmol/l), neither

serum calcium nor PTH concentrations correlated with

improvement of HRQoL. Previous results regarding

HRQoL and serum calcium have been discordant (7, 17,

20, 24, 28). In the present study, using the 15D

instrument, PHPT patients also demonstrated a distinct

profile of impaired HRQoL including the dimensions of

vitality, distress, depression, discomfort and symptoms,

mental function, sexual activity and excretion. The results

indicate that in the future it might be possible to

recommend surgery because of HRQoL-related symptoms

directly based on a preoperative 15D score and this distinct

profile. Further studies with the 15D including larger

numbers of PHPT patients with impaired HRQoL but not

fulfilling the prevailing surgical criteria are needed.

Although not used in PHPT before, the 15D has been

extensively used in other diseases (13). When indirectly

compared to patients groups operated on because of

coronary artery disease, morbid obesity or arthrosis of

the knee, the improvement in HRQoL observed after

surgery in PHPT patients is among the largest described

(34, 35, 36). Converted to the GAS scale, our results show

that 60.5% of PHPT patients did much better and 16.9%

slightly better at 6 months after surgery.

The lack of a control group of unoperated PHPT

patients can be regarded as a weakness of the study.

As 80% fulfilled the criteria for surgery, such a setting

seems unethical and patient recruitment would have been

difficult. Strengths of the study are its prospective nature,

that HRQoL was measured both before and at 6 and 12

months after surgery, the well-validated HRQoL assess-

ment tool, large control population, and assessment of a

large number of possible predictors of impaired HRQoL in

PHPT.

In conclusion, patients with PHPT demonstrate

significantly impaired HRQoL compared to controls,

which significantly improves after surgery. The 15D

instrument appears to be a good tool for the assessment

of HRQoL in PHPT and for evaluating which patients

might benefit from surgery.
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Läkaresällskapet.
Author contribution statement

All authors have contributed to the study concept and design, were

involved in drafting the manuscript and approved the final manuscript.

The preliminary data of this study has been presented as a poster at

the Endocrine Society meeting in June 2013 in San Francisco, CA, USA.
Acknowledgements
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