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Abstract 
Context: Primary hyperparathyroidism (PHPT) is associated with increased risk of morbidity and death, and vitamin D levels are a potentially 
confounding variable.  
Objective: The aim of this study was to assess morbidity and mortality associated with primary hyperparathyroidism (PHPT).  
Methods: In this population-based retrospective matched cohort study, data linkage of biochemistry, hospital admissions, prescribing, imaging, 
pathology, and deaths was used to identify patients across the region of Tayside, Scotland, who had PHPT from 1997 to 2019. Cox proportional 
hazards models and hazards ratios (HR) were used to explore the relationship between exposure to PHPT and several clinical outcomes. 
Comparisons were made with an age- and gender-matched cohort.  
Results: In 11 616 people with PHPT (66.8% female), with a mean follow-up period of 8.8 years, there was an adjusted HR of death of 2.05 (95% 
CI, 1.97-2.13) for those exposed to PHPT. There was also an increased risk of cardiovascular disease (HR = 1.34; 95% CI, 1.24-1.45), 
cerebrovascular disease (HR = 1.29; 95% CI, 1.15-1.45), diabetes (HR = 1.39; 95% CI, 1.26-1.54), renal stones (HR = 3.02; 95% CI, 2.19-4.17) 
and osteoporosis (HR = 1.31; 95% CI, 1.16-1.49). Following adjustment for serum vitamin D concentrations (n = 2748), increased risks for 
death, diabetes, renal stones, and osteoporosis persisted, but not for cardiovascular or cerebrovascular disease.  
Conclusion: In a large population-based study, PHPT was associated with death, diabetes, renal stones, and osteoporosis, independent of 
serum vitamin D concentration. 
Key Words: primary hyperparathyroidism, vitamin D, calcium, mortality 
Abbreviations: HR, hazard ratio; PHPT, primary hyperparathyroidism; PTH, parathyroid hormone; SIMD, Scottish Index of Multiple Deprivation; SMR, Scottish 
Morbidity Records. 

Primary hyperparathyroidism (PHPT) is a common endocrine 
disorder with a prevalence of approximately 0.5% to 0.7% of 
the population (1, 2). Rates of diagnosis increased following 
the widespread use of automated biochemistry panels and 
osteoporosis screening (3). PHPT has a wide range of clinical 
presentations. Patients may present with classic symptoms of 
bone and abdominal pain, present nonspecific symptoms, or 
they may be asymptomatic. Asymptomatic patients may still 
be affected by target organ complications, for example, neph-
rolithiasis and osteoporosis. There is also an increasing inter-
est in normocalcemic hyperparathyroidism, which is recently 
acknowledged as part of the PHPT disease spectrum, although 
evidence on this entity remains limited (4). PHPT has also 
been associated with increased risk of cardiovascular disease 
and cardiovascular risk factors such as diabetes and hyperten-
sion (5, 6, 7), which were correlated to parathyroid hormone 

concentrations, although these correlations were not adjusted 
for vitamin D concentrations (5). In nonrandomized observa-
tional studies, parathyroidectomy may improve insulin resist-
ance in some people with PHPT (8, 9). 

Guidelines recommend parathyroidectomy, depending on 
hypercalcemic symptoms, key biochemical criteria, renal cal-
cification, bony disease (10, 11, 12), and in some guidelines, 
young age (10). Furthermore, recent international guidelines 
on the management of PHPT advocate surgical intervention 
in symptomatic and asymptomatic disease; based on specific 
criteria, they suggest surgery may be considered in all PHPT 
patients (13). Parathyroidectomy is the main treatment of-
fered to patients with PHPT (10, 11). Although the calcimi-
metic drug cinacalcet may be used to manage severe 
hypercalcemia in patients for whom surgery is unsuitable, it 
is not proven to reduce the risk of end-organ damage (14).  
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However, a population-based study estimated that around 
80% of people with PHPT and serum calcium less than 
2.9 mmol/L do not undergo parathyroidectomy and are man-
aged conservatively (15). Parathyroidectomy has had variable 
impact on mortality in observational studies (5, 6), but is 
known to reduce the risk of renal stones and improve bone 
density (16). 

In an attempt to inform the value of any future randomized 
controlled trial, it is important to determine whether any cor-
relation between PHPT and vascular disease is independent 
of vitamin D status, since serum vitamin D concentrations 
are inversely associated with vascular disease (17, 18), even 
though randomized controlled trials of vitamin D replace-
ment have not been shown to protect from cardiovascular 
endpoints (18, 19). Several population-based studies have 
been published on the epidemiology or natural history of 
PHPT in different countries over the last 10 years (1, 3, 20,  
21). A recent national Swedish study of patients with a 
hospital-based diagnosis of PHPT demonstrated an in-
creased risk of fracture (any fracture and hip fracture), car-
diovascular events, and death (22).However, these 
previous studies have not provided data on vitamin D, which 
could be a confounding variable. To our knowledge, this is 
the largest population-based study on patients with PHPT 
analyzing their risk of cardiovascular disease, cerebrovascu-
lar disease, hypertension, diabetes, and death, which pro-
vides data on serum vitamin D levels. 

Methods 
A population-based retrospective matched cohort study was 
performed among patients ever registered with a general prac-
titioner in Tayside, a well-defined geographical region within 
Scotland (UK), with a mainly Caucasian population of 400  
000 people. All patients are issued a unique patient identifica-
tion number (Community Health Index), which facilitates the 
linkage of all electronic medical records and official registers. 
The Biochemistry database was linked anonymously to other 
databases by the Health Informatics Centre Services/Farr 
Institute of Scotland at the University of Dundee (http:// 
www.dundee.ac.uk/hic). These included demographic records 
(gender, birth, migration, and deprivation based on patient’s 
full postcode [Scottish Index of Multiple Deprivation; 
SIMD]), Scottish Morbidity Records (SMR) (hospital admis-
sions, surgical procedures, and cancer registration), Scottish 
Care Information Diabetes Collaboration (SCIDC) database 
(data from primary care and diabetes clinics on diabetes mel-
litus), prescriptions dispensed, and the General Registrar 
Office records on patient deaths. Radiology (nuclear medi-
cine, Sestamibi Tc-99 scan) and Pathology reports were also 
accessed and linked for identifying parathyroid tumors (aden-
oma, hyperplasia, and carcinoma). 

The International Classification of Diseases (ICD) Tenth re-
vision codes and the Operations and Procedures Codes 4 
(OPCS-4: B14, B16, Z13.5) were used in the SMR, and pre-
scriptions were identified by means of the British National 
Formulary (BNF) codes (Supplementary Table 1) (23). To en-
sure data quality, SMR data are routinely subjected to a set of 
validation rules by the Information Services Division (ISD, 
NHS National Services Scotland) to evaluate and ensure these 
datasets are accurate, consistent, and comparable across time 
and between sources (24). 

PHPT and Comparison Cohort Definition 
An algorithm was developed for an initial-biochemistry-based 
diagnosis of PHPT. Any individual with a raised outpatient se-
rum corrected calcium concentration (ie, serum calcium con-
centration adjusted for serum albumin) > 2.55 mmol/L on 2 
or more occasions during the follow-up period was identified 
as having probable PHPT. A subgroup was categorized as 
having definitely diagnosed PHPT if they also had one or 
more of the following: a) serum parathyroid hormone 
(PTH) > 3 pmol/L; b) increased 24-hour urinary calcium ex-
cretion > 7 mmol/day; c) histologically proven parathyroid 
tumor; d) positive Sestamibi Tc-99 scan results; and/or e) hos-
pital admissions with PHPT diagnoses or surgery records with 
parathyroidectomy. Patients with tertiary hyperparathyroid-
ism were identified and excluded if an estimated glomerular 
filtration rate ≤ 30 was observed before (or within 180 days 
after) first raised serum corrected calcium. Those on thiazides 
and lithium before the first raised corrected calcium were ex-
cluded. Thus, our exposed cohort included all definite and 
probable diagnosed PHPT patients. 

For each patient with PHPT (ie, exposed cohort), the pa-
tient register was used to identify 3 patients matched by gen-
der and age (±2.5 years) for comparison who were free of 
PHPT and had normal serum calcium concentration adjusted 
for serum albumin during follow-up (ie, unexposed cohort). 
Baseline data at the date of entry into the study were collected 
on all patients. Serum total 25-hydroxy vitamin D concentra-
tion (ie, serum vitamin D) was measured for each participant 
at baseline and also during the follow-up as the median of 
available measurements. The numbers of patients with clinical 
outcomes of interest before and after entering the study were 
also identified. The period of follow-up for the analysis was 22 
years, from 1997 to 2019. Each eligible patient was followed 
until either occurrence of clinical outcome of interest or end of 
study (ie, moving out of health area, death, or October 21, 
2019). 

Statistical Analysis 
The mean and SD or the median and the interquartile range of 
the data were calculated to describe continuous variables. 
ANOVA and chi-square tests were used to compare means 
and frequencies among subgroups of patients respectively. 
Nonparametric methods were used where appropriate. 

Survival analysis was performed to follow patients, and 
Cox proportional hazards models using the robust variance 
estimator were used to explore the relationship between ex-
posure to PHPT and clinical outcomes. This was to accommo-
date varying duration of follow-up. A separate analysis 
estimating the hazard ratios (HR) with 95% CI associated 
with PHPT was performed for each of the outcomes of inter-
est. Log-rank test of equality across strata were obtained for 
all categorical covariates, and univariate Cox models were fit-
ted for the continuous covariates to explore whether or not to 
include them also in the multivariate model. Categorical cova-
riates were included as dummy variables. Unadjusted and ad-
justed models were stratified by the matched sets of subjects 
on age and gender (ie, matched analysis). Unmatched analysis 
was done in corrected models for serum vitamin D concentra-
tion by breaking the matched sets to overcome sample size 
constraints. These models were then stratified by the tertile 
average serum vitamin D concentration during the follow-up 
and adjusted for the matched variables (ie, age and gender).  
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Exposure was coded as binary (ie, ever vs never had PHPT) as 
well as dummy variables to consider 3 levels of exposure (ie, 
never had PHPT, definite PHPT, and probable PHPT). 
Sensitivity analyses to assess the robustness of the findings 
were conducted by competing risk regression models where 
death was the competing event. Model specification was eval-
uated using goodness of fit diagnostics by computing Harrell’s 
C coefficient, and a test of the proportional hazards assump-
tion was performed for each covariate and globally using a 
formal significance test based on Schoenfeld residuals (25). 
Data were entered into a STATA/MP version 15.1 software 
package (StataCorp, USA) for statistical analysis and deter-
mination of statistical significance (P < .05). 

Outcomes 
All outcomes were incident and coded as binary. The out-
comes considered were death (ie, all-cause mortality), diabetes 
mellitus, bone fractures, osteoporosis, nonfatal cardiovascu-
lar disease, arterial hypertension, cerebrovascular disease, 
kidney disease (chronic kidney disease and renal stones), glau-
coma, Parkinson disease, and psychiatric disease. Patients 
with prevalent outcomes of interest at baseline were excluded 
from the survival analysis of that particular outcome. Limiting 
this study to only incident outcomes avoided bias from miss-
ing data on prior events (ie, left censoring). 

For some outcomes being modeled, history of medication 
used and history of renal impairment (serum creatinine level 
>150/120 µmol/L for men/women, respectively) were also 
considered for inclusion as covariates. In all models, social de-
privation as measured by the SIMD (http://www.scotland.gov. 
uk/Topics/Statistics/SIMD) was included as a covariate. 

Statement of Ethics 
All analyses were performed on anonymized datasets. The 
study was approved by the East of Scotland Research Ethics 
Service (HIC datasets V2, REC ref. 18/ES/0126, IRAS ID 
143637), and informed consent had been obtained for all 
participants. 

Results 
Overall, 11 616 patients with PHPT were identified from 
1997 to 2019, and the mean follow-up time was 8.8 ± 6.8 
years (median 7.8 years) Of these 66.8% were female, the 
mean age was 55.7 years and mean serum corrected calcium 
at diagnosis was 2.7 mmol/L (Table 1). At baseline, diabetes 
mellitus, cardiovascular risk factors, and cardiovascular dis-
ease were less common in the PHPT group relative to the 
age- and sex-matched cohort. Smoking was similar in both 
groups, but this information was only available in 10% of pa-
tients. At diagnosis of PHPT, psychiatric and chronic kidney 
disease was less common, but renal stones and osteoporosis 
were more common in people with PHPT. There was also 
an increased rate of previous cancer diagnosis in PHPT at 
baseline as well as a higher rate of prescribed drugs for psychi-
atric disease (Table 1). There were 6795 individuals identified 
as having definite PHPT (65.3% female, mean age 56.6 years), 
representing 58.5% of the total PHPT cohort. 

Table 2 shows the results for clinical outcomes for people 
with definite PHPT (n = 6795), and also for all people with 
PHPT (n = 11 616). There were 16 139 deaths during follow- 
up for the entire study cohort. For definite PHPT patients, the 

risk for death was increased (HR = 1.21) compared to the age- 
and sex-matched controls. There was also an increased risk of 
cardiovascular disease, cerebrovascular disease, fractures, 
osteoporosis, and diabetes. The greatest risks were for renal 
stones (HR = 3.6) and chronic kidney disease (HR = 1.5). 

Table 1. Description of patients at first diagnosis of primary 
hyperparathyroidism and their sex-age matched comparison cohort: 
baseline data 

Characteristic PHPT  
(n = 11 616) 

Comparison 
cohort  
(n = 34 848) 

P  

n (%) 

Gender, female  7768 (66.8%)  23 304 (66.8%)  =1.000 

SIMD quintile:  

1 most deprived  1978 (17.7)  5631 (16.8)    

2  1964 (17.6)  6109 (18.2)    

3  2122 (19.0)  6373 (19.1)    

4  3186 (28.5)  9383 (28.1)    

5 most affluent  1913 (17.1)  5948 (17.8)  =.072 

Smoking  940 (62.1)  2214 (61.9)  =.934 

Diabetes mellitus  944 (8.1)  3212 (9.2)  <.001 

Cardiovascular 
disease (non-fatal)  

1203 (10.4)  4840 (13.9)  <.001 

Cerebrovascular 
disease  

541 (4.7)  2011 (5.8)  <.001 

Arterial 
hypertension  

1400 (12.1)  5340 (15.3)  <.001 

Bone fractures  1054 (9.1)  3263 (9.4)  =.351 

Osteoporosis  1301 (11.2)  2991 (8.6)  <.001 

Glaucoma  38 (0.3)  155 (0.4)  =.088 

Chronic kidney 
disease  

178 (1.5)  933 (2.7)  <.001 

Renal stones  166 (1.4)  326 (0.9)  <.001 

Parkinson disease  153 (1.3)  550 (1.6)  =.046 

Psychiatric disease  1607 (13.8)  7162 (20.6)  <.001 

Medication use:  

Antidepressants  5819 (50.1)  16 010 (45.9)  <.001  

Antipsychotics  1988 (17.1)  3874 (11.1)  <.001  

Osteoporosis drugs  2653 (22.8)  4306 (12.4)  <.001  

Parkinson drugs  288 (2.4)  882 (2.5)  =.758 

Mean (SD) 

Age, years  55.7 (25.5)  55.4 (23.1)  =.307 

Body mass index,  
kg/m2  

30.0 (6.2)  30.4 (6.2)  <.01 

Serum corrected 
calcium, mmol/La  

2.7 (2.5-2.7)   2.3 (2.2-2.4)  <.001 

Serum PTH, pmol/La  7.8 (4.1-13.2)   6.4 (3.9-12.5)  <.01 

Serum creatinine, 
umol/La  

73.0 (59.1-89.8)  72.8 (59-88)  <.001 

Serum vitamin D, 
nmol/La  

38.0 (24-63)  40.0 (24-90)  =.281 

Average age at study entry = 55.6 (±23.8) years. Sample size for smoking 
(n = 5087; 1512 PHPT and 3575 comparison cohort), serum PTH (n = 7557; 
4569 PHPT and 2988 comparison cohort) and serum vitamin D (n = 6333; 
2748 PHPT and 3585 comparison cohort). 
Abbreviations: PHPT, primary hyperparathyroidism; PTH, parathyroid 
hormone; SIMD, Scottish Index of Multiple Deprivation. 
aMedian (interquartile range).   
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Vascular outcomes were adjusted for cardiovascular disease 
and renal disease, but not for diabetes and hypertension, to 
avoid over adjustment as diabetes and hypertension affect car-
diovascular disease. However, baseline distribution of dia-
betes and hypertension were lower in people with PHPT 
than in the comparison cohort and thus, if fully adjusted 
for, would likely have augmented the risks observed. 
Increased risks were not observed for psychiatric disease, 
glaucoma, and Parkinson disease. This table also shows an in-
creased risk, with similar hazard ratios, for all the same out-
comes in all patients with PHPT (ie, definite and probable). 
Sensitivity analyses by competing risk regression models, 
where death was the competing event, showed similar results 
as well (Table 3). 

Table 4 represents a subanalysis of all people with PHPT in 
whom a serum vitamin D concentration was available. This com-
prised a subset of 2748 people having PHPT (23.7%) and 3585 
controls. The data were not age- and gender-matched for availabil-
ity of serum vitamin D concentrations, and thus the unmatched 
analysis was adjusted for age and gender, and other relevant cova-
riates. There was an increased risk of renal stones, diabetes, and 
osteoporosis, independent of serum vitamin D concentrations, 
but no increased risk of cardiovascular disease. Overall, there re-
mained an increased mortality after adjusting for serum vitamin 
D concentrations in people with PHPT (HR = 1.28). 

Although baseline cancer rates were higher in PHPT cases 
than in the comparison cohort (17.8% vs 15.8% respectively, 
P < .001), all patients with cancer at baseline were excluded 
when looking at risk of cancer during follow-up. However, 
for a few patients hypercalcemia can be a presenting feature 
of cancer. Although such numbers are thought to be small, 

this could be a confounding factor. However, for people 
with definite PHPT there was an increased risk of cancer after 
adjustment for age, sex, and baseline cancer (HR = 1.51; 95% 
CI, 1.42-1.61), which was also seen in all patients after adjust-
ment for serum vitamin D (HR = 1.28; 95% CI, 1.11-1.47). 
Cancer also remained significant when death was removed 
as a competing hazard (HR = 1.42; 95% CI, 1.35-1.51). 

Discussion 
We report on a large cohort of people with PHPT (n = 11 616) 
with 22 years of longitudinal data. This was a population- 
based study including all patients with PHPT and inclusion 
did not require referral to a hospital clinic. There was a small 
increased risk of death, cardiovascular disease, and cerebro-
vascular disease compared with a matched comparison co-
hort. This was in addition to an increased risk of traditional 
endpoints such as renal stones, osteoporosis, and chronic kid-
ney disease. These results confirm similar findings in a smaller 
cohort of 1424 people with PHPT from 2006 data (16), but 
also showed that the increased risk of death, osteoporosis, re-
nal stones, and diabetes, was independent of serum vitamin D 
concentrations. 

Our findings are consistent with a recent retrospective 
follow-up study from Sweden that also demonstrated in-
creased risk of fractures, cardiovascular events, and mortality 
(23). Compared with this Swedish cohort, the current study 
had a longer average follow-up period (8.8 years vs 2.6 years), 
included all people with PHPT without requiring a referral to 
a hospital clinic, and crucially, was able to confirm that some 
findings were independent of serum vitamin D concentration. 

Table 2. Adjusted estimates of hazard ratios for primary hyperparathyroidism on clinical outcomes by exposed subgroup (n = 46 464) 

Outcome Time at risk  
(person-years) 

Events n Definite PHPT  
(n = 6795) 

All PHPT  
(n = 11 616)    

HR 95% CI HR 95% CI  

Cardiovascular disease (nonfatal)a  372 226 5189  1.29  1.18-1.41*  1.34  1.24-1.45*  

Dysrhythmiaa1  399 038 2637  1.44  1.27-1.62*  1.48  1.33-1.64* 

Arterial hypertensiona  340 945 5949  1.48  1.36-1.62*  1.51  1.39-1.63* 

Diabetes mellitusg  372 262 3840  1.43  1.28-1.60*  1.39  1.26-1.54* 

Bone fracturesb  388 305 3688  1.44  1.29-1.61*  1.42  1.29-1.57* 

Osteoporosisb  380 529 4125  1.31  1.15-1.51*  1.31  1.16-1.49* 

Cerebrovascular diseasec  403 880 2131  1.16  1.01-1.32*  1.29  1.15-1.45* 

Glaucomag  414 424 177  1.10  0.68-1.84  1.26  0.80-1.99 

Chronic kidney diseasee  412 319 995  1.50  1.14-1.97*  1.43  1.13-1.81* 

Renal stonesf  411 481 412  3.57  2.47-5.15*  3.02  2.19-4.17* 

Parkinson diseaseh  412 303 664  1.26  0.95-1.69  1.08  0.84-1.40 

Psychiatric disease  280 363 8562  1.04  0.98-1.11  1.04  0.97-1.11 

Deathd  402 358 16 139  1.21  1.15-1.27*  2.05  1.97-2.13* 

Adjusted models were stratified by the matched sets of subjects on age and gender. Models were adjusted for Scottish Index of Multiple Deprivation (SIMD). 
Abbreviations: HR, Hazard ratio; PHPT, primary hyperparathyroidism. 
*P < .05. 
aAdjusted also for history of diabetes mellitus and renal impairment. 
alAdjusted also for history of diabetes mellitus. 
bAdjusted also for history of bisphosphonates use and renal impairment. 
cAdjusted also for history of diabetes mellitus and arterial hypertension. 
dAdjusted also for history of nonfatal cardiovascular disease and renal impairment. 
eAdjusted also for history of diabetes mellitus, arterial hypertension, and renal stones. 
fAdjusted also for history of diabetes mellitus, arterial hypertension, and renal impairment. 
gAdjusted also for history of arterial hypertension. 
hAdjusted also for history of antipsychotic and/or antidepressant drugs.   
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This population-based study included many people who 
were not referred to hospital, classically asymptomatic and/ 
or with modest elevations of serum calcium. However, the 
risks persist, even when such people were included in our ana-
lysis. Despite an increasing recognition of PHPT with wide-
spread biochemical screening and earlier diagnosis, renal 
stones and chronic kidney disease remain common presenta-
tions associated with PHPT in addition to increased fracture 
risk. Osteoporosis and fractures remain common, as is well 
recognized (12, 26), both as a presentation and a long term 
outcome. These findings support guideline recommendations 
for further renal and bone related investigations even in 
asymptomatic patients (4, 11), although osteoporosis could 
be treated by using bisphosphonates or by parathyroid sur-
gery. The increased risk of hypertension and diabetes mellitus 
in PHPT may explain some risk associated with chronic kid-
ney disease, as these risk factors seem to be more common 
than renal stones. These vascular risk factors are also likely 
to explain the greater risk of cardiovascular diseases and cere-
brovascular disease associated with PHPT observed in this 
study and others (23). Studies looking at the role of cardiovas-
cular risk assessment during assessment of patients with 
PHPT in clinical practice are warranted, to see if more aggres-
sive blood pressure and lipid management may improve out-
comes in such patients. 

Surprisingly, psychiatric diseases were not identified as 
being associated with PHPT. Our definition was fairly broad 
and included prescribing data in addition to hospitalization 
data. The former included all antidepressant prescriptions 
and these are now widely used in the general population 
(27). This may explain the high rates of psychiatric disease 
in the comparison cohort at baseline using our definitions 
(Table 1) and which may have diluted out any effects seen in 
the PHPT patients. Although average serum vitamin D con-
centration at baseline was lower for the PHPT cohort 
(38.0 nmol/L) than for the comparison cohort (40.0 nmol/L), 
this difference was not statistically significant (Table 1, 
P = .281). A smaller sample size might have accounted for 
that (ie, analyses on serum vitamin D were performed in a sub-
sample of 6333 patients). Furthermore, there are reports that 
PHPT is associated with lower serum 25-hydroxy vitamin D, 
and the explanation is thought to be due to PHPT promoting 
conversion of 25-hydroxy vitamin D into 1,25 hydroxy vita-
min D. Studies that have reported a difference are mainly 
from cohorts of patients from secondary or tertiary referral 
centers, often with more severe disease. Our study included 
many people with less severe disease. Also the comparison 
measurement of serum vitamin D concentrations between co-
horts in our study was not matched for season, and vitamin D 
concentrations are known to vary by season. In addition, our 

Table 3. Estimates of hazard ratios for primary hyperparathyroidism 
on having several clinical outcomes. Competing risk regression 
models when death is the competing event 

Outcome Time at risk 
(person-years) 

Events 
n 

Adjusted 

HR 95% CI  

Cardiovascular disease 
(nonfatal)a  

372 226 5189  1.10  1.02-1.18*  

Dysrhythmiaal  399 038 2637  1.25  1.13-1.38* 

Arterial hypertensiona  340 945 5949  1.22  1.14-1.31* 

Diabetes mellitusg  372 262 3840  1.02  0.95-1.10 

Bone fracturesb  388 305 3688  1.15  1.07-1.24* 

Osteoporosisb  380 529 4125  1.26  1.18-1.35* 

Cerebrovascular diseasec  403 880 2131  1.01  0.91-1.11 

Glaucomag  414 424 177  0.80  0.55-1.15 

Chronic kidney diseasee  412 319 995  0.87  0.73-1.14 

Renal stonesf  411 481 412  1.67  1.36-2.05* 

Parkinson diseaseh  412 303 664  0.87  0.73-1.05 

Psychiatric disease  170 419 5743  1.06  0.99-1.13 

Competing risk models were adjusted for matching. All models were 
adjusted for Scottish Index of Multiple Deprivation (SIMD). 
Abbreviation: HR, hazard ratio. 
*P < .05. 
aAdjusted also for history of diabetes mellitus and renal impairment. 
alAdjusted also for history of diabetes mellitus. 
bAdjusted also for history of bisphosphonates use and renal impairment. 
cAdjusted also for history of diabetes mellitus and arterial hypertension. 
dAdjusted also for history of nonfatal cardiovascular disease and renal 
impairment. 
eAdjusted also for history of diabetes mellitus, arterial hypertension, and 
renal stones. 
fAdjusted also for history of diabetes mellitus, arterial hypertension, and 
renal impairment. 
gAdjusted also for history of arterial hypertension. 
hAdjusted also for history of antipsychotic and/or antidepressant drugs.  

Table 4. Estimates of hazard ratios for primary hyperparathyroidism 
on several clinical outcomes in those with serum vitamin D 
information 

Outcome Time at risk 
(person-years) 

Events 
n 

Adjusted 

HR 95% CI  

Cardiovascular disease 
(nonfatal)a 

4975  814  0.88  0.76-1.04  

Dysrhythmiaal 59 561  437  1.02  0.84-1.24 

Arterial hypertensiona 49 129  960  1.03  0.90-1.19 

Diabetes mellitusg 55 256  616  1.26  1.07-1.48* 

Bone fracturesb 56 102  833  0.88  0.76-1.02 

Osteoporosisb 9972 1326  1.41  1.26-1.58* 

Cerebrovascular diseasec 60 605  318  1.19  0.95-1.50 

Glaucomag 62 337  27  0.98  0.45-2.18 

Chronic kidney diseasee 61 258  229  1.13  0.84-1.53 

Renal stonesf 61 270  124  1.69  1.17-2.44* 

Parkinson’s diseaseh 61 960  101  0.94  0.62-1.42 

Psychiatric disease 26 152 1116  0.93  0.89-1.08 

Deathd 62 715 1433  1.28  1.16-1.44* 

N = 2758 with PHPT, N = 3585 controls. Unmatched analysis of subjects 
adjusted on age and gender, serum vitamin D concentration, and Scottish 
Index of Multiple Deprivation (SIMD). 
Abbreviation: HR, hazard ratio. 
*P < .05. 
aAdjusted also for history of diabetes mellitus and renal impairment. 
alAdjusted also for history of diabetes mellitus. 
bAdjusted also for history of bisphosphonates use and renal impairment. 
cAdjusted also for history of diabetes mellitus and arterial hypertension. 
dAdjusted also for history of nonfatal cardiovascular disease and renal 
impairment. 
eAdjusted also for history of diabetes mellitus, arterial hypertension, and 
renal stones. 
fAdjusted also for history of diabetes mellitus, arterial hypertension, and 
renal impairment. 
gAdjusted also for history of arterial hypertension. 
hAdjusted also for history of antipsychotic and/or antidepressant drugs.   
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study was done at a fairly high latitude (56 degree north), 
which may have also minimized a difference between PHPT 
and comparison cohorts. 

The present finding of reduced survival rate and increased 
risk of developing cardiovascular disease in patients with 
mild PHPT is congruent with the previous Parathyroid 
Epidemiology and Audit Research Study (PEARS) investiga-
tion examining a 2006 cohort (5, 28). Higher mortality rates 
with PHPT had been reported in other European and 
Australian studies, with variable results on the association be-
tween serum PTH or calcium levels with risk of death (17, 22,  
23, 29). A greater risk of death was seen (unadjusted HR =  
1.72; 95% CI, 1.65-1.80) in the recent Swedish study (23) 
and a recent five-decade population study in the United 
States in patients with higher serum calcium levels (30). 
These 2 studies found that parathyroidectomy improved sur-
vival rate for PHPT patients (23, 30). In a select cohort of 
PHPT patients referred to specialist clinics, serum PTH con-
centrations were associated with mortality in patients who 
were managed conservatively, but this was precluded after ad-
justing for vitamin D levels (29). Findings on causes of death 
have been variable. Cardiovascular disease was most com-
monly reported as the cause of death in people with PHPT 
in several studies (17, 23). Other causes reported include ma-
lignancy and respiratory disease (29, 30). 

The evidence on PHPT and cardiovascular risk factors re-
mains conflicting. A meta-analysis of 9 observational studies 
and one randomized controlled trial showed that aortic stiff-
ness is increased in mild PHPT which is reversible with para-
thyroidectomy (31). PHPT is also associated with increased 
carotid intima media thickness (32). Beysel et al demon-
strated an association between normocalcemic and hypercal-
cemic PHPT with cardiovascular risk factors in a cohort (33). 
The authors also demonstrated an improvement in cardio-
vascular risk score following parathyroidectomy. In con-
trast, other Scandinavian and Scottish studies did not show 
improvement in metabolic markers beyond 2 years after par-
athyroidectomy (8, 34, 35). 

Our data demonstrated an increased risk of cancer in PHPT 
was observed. However, although all patients with pre- 
existing cancer were excluded from follow-up, for a few pa-
tients hypercalcemia may be the presenting feature of cancer 
and it is possible a few people may have been misclassified 
in all people with PHPT, and so some caution must be made 
in interpreting this data. However, cancer rates were increased 
in patients with definite PHPT, and also after excluding death 
as a confounding variable. Other studies have shown an in-
creased risk of cancer following parathyroidectomy (36) and 
links between PHPT and cancer after adjusting for vitamin 
D levels (37) a finding in keeping with our study. 

Limitations of this study include its reliance on an algorithm 
to make the diagnosis of PHPT. To be inclusive of many pa-
tients within the primary care setting this does not necessarily 
include the use of a serum PTH measurement, which is only 
measured in 23% of people with hypercalcemia (38). This is 
a limitation that may introduce some bias. However, the ana-
lysis in the subgroup of patients with more strict diagnostic 
criteria, including serum PTH assays, scan results, confirma-
tory histology, and other features, were similar to the com-
plete cohort, which is reassuring. The data on cancer risk 
may be confounded as explained earlier, but if correct it 
does seem to confirm earlier reports (36, 37). We acknowledge 
that diabetes risk may also be influenced by the increased use 

of antipsychotic drugs in people with PHPT and possibly ster-
oid use in patients with cancer; thus, it is possible that some 
confounding still remains on the diabetes risk estimation. 

A further limitation of the current study is that only 
23.7% of PHPT patients had serum vitamin D concentra-
tions measured, reflecting the population-based nature of 
the study. However, our findings generally remain statistic-
ally positive when adjusted for serum vitamin D in the subset 
that had it measured, with the exception of cardiovascular 
disease and cerebrovascular disease. It cannot be certain 
whether PHPT or low vitamin D is the risk factor for cardio-
vascular disease as they are inter-related. However, re-
placing vitamin D does not reduce rates of cardiovascular 
disease (39), while trials assessing the impact of parathyroi-
dectomy on cardiovascular disease are still needed. This 
could be interpreted that the association with cardiovascu-
lar disease may be more related to PHPT rather than low 
vitamin D concentrations. 

A strength of this study is that it includes a large number of 
people with PHPT, with more than 20 years of longitudinal 
data. The major strength of this study is that it includes se-
rum vitamin D data for adjustment of endpoints. It is a 
population-based data base that is likely to include the great 
majority of cases, irrespective of whether a formal diagnosis 
of PHPT had been made or if they had been referred to a sec-
ondary or tertiary care center. This may be important for 
what is increasingly an asymptomatic disease, with patients 
frequently not referred to a specialist or gaining a formal 
diagnosis. 

In conclusion, PHPT is associated with increased mortality, 
which is independent of serum vitamin D concentrations. 
Endpoints of osteoporosis, renal stones, and diabetes mellitus 
were all independent of serum vitamin D levels. PHPT was 
also associated with cardiovascular disease, although not in-
dependently of serum vitamin D concentrations. 
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