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ABSTRACT 
Background: The majority of patients with primary hyperparathyroidism (PHPT) in developed 
countries today present with no obvious symptoms, i.e. the mild form of the disease. As the only 
curative treatment is parathyroidectomy (PTX), it has been debated whether this intervention is 
reasonable in this patient category and if observation is a safe alternative. There are surgical 
criteria for patients with mild disease. However, these criteria are not based on long-term 
randomized studies since such studies have been lacking, and non-randomized studies are at risk 
of selection bias. Also, many studies have not been limited to mild disease. 
Aims and methods: The randomized controlled trial, The Scandinavian Investigation of 
Primary Hyperparathyroidism (SIPH), included patients with mild PHPT. The aim was to 
compare PTX with observation (OBS) on mortality and disease-specific morbidities (bone 
health, renal health, cardio- and cerebrovascular disease and malignancies) during a follow-up 
of 10 years. Bone mineral density (BMD) was followed by dual-energy x-ray absorptiometry 
(DXA) and prospectively obtained thoracolumbar spine radiographs were assessed for vertebral 
fractures (VFs) by two radiologist. Peripheral fractures as well as kidney stones and other pre-
specified morbidities were structurally inquired at baseline and after two, five and 10 years. 
With long-term follow-up, DXA data had to be validated and the BMD-T-score-plot was 
invented for that purpose. 
Results: In Paper I (5-year fracture data), all new VFs were found in the OBS group, however 
not reaching statistical significance in comparison with PTX (P=0.058). Peripheral fractures 
were equally distributed between groups. In Paper II (5-year BMD data), a significant treatment 
effect of PTX could be seen for all analyzed compartments except radius 33% (Rad33). In paper 
III (validation of DXA data), we found systematic differences in the BMD-T-score relationship, 
and the factors causing them were accounted for. In Paper IV, the DXA results (BMD and T-
scores) of the 10-year evaluation are presented. In Paper V, the end of study (10 years) mortality 
data and morbidity data (fractures including VFs, kidney stones, cardio- and cerebrovascular 
disease and malignancies) are presented. 
Conclusion: In a 5-year perspective, no effect of PTX compared to OBS could be seen for 
mortality or any hard endpoint morbidity event, however with very few events. Even though 
PTX had a positive effect on BMD evolution, no effect on fracture outcome could be seen. Thus, 
observation could be an alternative to PTX in a 5-year perspective. For 10-year data see the 
conclusion of Paper IV and V. Longitudinal BMD data is at risk for systematic differences and 
the BMD-T-score-plot is an effective tool in the validation process. 

Keywords: primary hyperparathyroidism, parathyroidectomy, observation, vertebral fractures, 
peripheral fractures, kidney stones, radiography, bone mineral density, dual-energy x-ray 
absorptiometry, mortality 
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SAMMANFATTNING PÅ SVENSKA 
Primär hyperparatyroidism är orsakad av överproduktion av parathormon från 
bisköldkörtlarna, vilket påverkar calciummetabolismen. Det är en vanlig 
sjukdom hos ffa postmenopausala kvinnor. Sjukdomen upptäcks oftast pga att 
man upptäckt förhöjda calciumnivåer i blodet, utan att patienten har några 
tydliga symptom, vilket brukar refereras till som mild sjukdom. Den enda 
botande behandling som finns är kirurgi, där den överproducerande 
bisköldkörteln tas bort. Dock kan kirurgi kännas som en invasiv åtgärd när 
patienten i fråga är symptomfri. Vinsten av kirurgi vid mild sjukdom är också 
osäker. Studier där man lottat patienter till antingen kirurgi eller observation 
och sedan följt dem under lång tid har saknats. 

För att få mer kunskap om hur effektiv behandling med kirurgi är avseende 
långtidsföljder av mild primär hyperparatyroidism, initierades en studie i slutet 
på 90-talet där patienter med mild primär hyperparatyroidism lottades till 
antingen behandling med kirurgi eller till observation. Totalt inkluderades 191 
patienter och 145 av dem följdes i 5 år och motsvarande siffra för 10 år var 129 
patienter. Vid uppföljningsbesök efterfrågades frakturer, njurstensanfall, 
hjärtkärlsjukdom, stroke och cancerutveckling. Dessutom röntgades 
patienterna för att kunna upptäcka kotkompressioner och deras bentäthet 
följdes också. När vi analyserade 5-årsresultaten fann vi ingen skillnad i 
dödlighet mellan grupperna. Vi fann inte heller någon skillnad i 
frakturförekomst, njurstensanfall, hjärtkärlsjukdom, stroke eller 
cancerutveckling. Dock kunde en skillnad i bentäthet ses, där patienter som 
opererats hade en bättre utveckling av sin bentäthet över tid jämfört med de 
som inte opererats. För 10-årsresultatet får vi hänvisa till manuskripten till 
delarbete IV och V, då denna data ännu inte är publicerad. 

Vi upptäckte också hur problematiskt det är med upprepade 
bentäthetsmätningar över tid, då hårdvara, mjukvara och inställningar i den 
maskinella utrustningen som mäter bentäthet kan ändras över tid och ge 
systematiska skillnader i mätningarna. Men genom att plotta bentäthet mot T-
score (ett värde som refererar till en jämförande ung referenspopulation) fann 
vi ett enkelt sätt att upptäcka systematiska skillnader, och med kunskap om 
bakomliggande orsaker kunde de i regel kompenseras/korrigeras för. 

Trots att kirurgi gav en bättre bentäthetsutveckling över tid, så hade det ingen 
påverkan på frakturförekomsten. Vår slutsats blir således att observation kan 
vara ett säkert alternativ till kirurgi för patienter med mild primär 
hyperparatyroidism i ett 5-årsperspektiv. 
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1 INTRODUCTION 

1.1 THE AUTOREGULATION OF CALCIUM 
Parathyroid hormone (PTH), produced and secreted from the four parathyroid 
glands, is the hormone controlling the calcium regulation, keeping calcium 
levels within a tight physiological range. The calcium-sensing receptor (CaSR) 
in the parathyroid glands reacts to the levels of ionized calcium in the blood 
(reflecting the serum or plasma calcium level). If the calcium level decreases 
there will be an increase in PTH secretion. An increase in PTH will increase 
the re-absorption of calcium in the renal tubules within minutes. The PTH 
effect on bone is not as instant, but over hours to days increased bone 
resorption liberates calcium from the skeleton. PTH also increases the 
conversion of inactive 25-hydroxyvitamin D ([25(OH)vitD]) to its active form, 
1,25-dihydroxivitamin D ([1,25(OH)2vitD]). 1,25(OH)2vitD in turn, increases 
the absorption of calcium from the intestines and increases bone resorption, 
leading to increased blood calcium levels (Figure 1). Under normal 
physiological conditions there are feedback mechanisms to decrease PTH 
secretion when blood calcium levels increase (1, 2). 

Figure 1. Simple schematic overview of the pathophysiology in PHPT 
Ca=calcium; 25(OH)vitD=25-hydroxyvitamin D; 1,25(OH)2vitD=1,25-
dihydroxivitamin D 
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1.2 PRIMARY HYPERPARATHYROIDISM 
Primary hyperparathyroidism (PHPT) is a disease of overproduction of PTH 
with disturbed calcium autoregulation causing increased extracellular calcium 
levels (calcium levels in the blood) (Figure 1). The overproduction is usually 
caused by a single parathyroid adenoma (80%). But it can also be due to 
hyperplasia of all four glands (10-15%) or multiple adenomas (5%). In rare 
cases, less than 1%, the overproduction is caused by parathyroid cancer (3). 
The prevalence varies between countries and a major factor for the variation is 
the availability of routine testing, with a higher prevalence in developed 
countries (4). When multichannel serum auto-analyzers were introduced in the 
1970’s, several biochemical tests, including calcium, could be performed in 
one run. This led to an increase in the PHPT diagnosis due to more frequent 
testing of calcium (5). The disease is more common among women than men, 
and postmenopausal women dominate (4). The prevalence of the disease 
among postmenopausal women in Sweden is about 2% (6). 

1.2.1 CLASSICAL SYMPTOMATIC DISEASE 
Before widespread testing of calcium levels, patients diagnosed with PHPT 
were symptomatic. The disease was known as “the disease of bones, stones 
and groans”, a multi-organ serious disease. The two classical target organs 
were the kidneys (nephrolithiasis, nephrocalcinosis and renal impairment) and 
the bones. The bone affection was known as osteitis fibrosa cystica, clinically 
manifested as bone pain and fractures. Radiologically brown tumors, “salt-and-
pepper scull”, subperiosteal bone resorption and “rugger jersey spine” could 
be seen (Figure 2). In addition to involvement of kidneys and bones, there 
were also cardio/cerebro-vascular manifestations with hypertension and 
increased mortality from myocardial infarction and stroke, neuromuscular 
manifestations with proximal muscle weakness and atrophy of type 2 muscle 
fibers, gastrointestinal manifestations with increased risk of peptic ulcers, 
constipation and pancreatitis and psychiatric/cognitive manifestations with 
changes of mental status, fatigue or even psychosis (3, 7). 
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Figure 2.  Radiological features of osteitis fibrosa cystica 
Images from Radiopaedia.org. 
a) Brown tumor (Case courtesy of Dr Hani Al Salam, Radiopaedia.org, rID: 
12460) 
b) Brown tumor (Case courtesy of Dr  MohammadTaghi Niknejad, 
Radiopaedia.org, rID: 20607) 
c) Subperiosteal bone resorption (Case courtesy of Dr Andrew Dixon, 
Radiopaedia.org, rID: 9738) 
d) “Salt-and-pepper scull” (Case courtesy of Dr David Cuete, Radiopaedia.org, 
rID: 34227) 
e) “Salt-and-pepper scull” (Case courtesy of Dr Chris O'Donnell, 
Radiopaedia.org, rID: 30704) 
f) “Rugger jersey spine” (Case courtesy of Dr Ian Bickle, Radiopaedia.org, rID: 
39481) 

1.2.2 MILD OR ASYMPTOMATIC DISEASE 
As routine testing of calcium began in the 1970’s the clinical presentation of 
PHPT changed. The majority of the patients were discovered incidentally and 
were without obvious symptoms of PHPT. The term asymptomatic PHPT was 
created, nowadays more commonly referred to as mild PHPT, as there might 
be difficulties ruling out light symptoms with certainty.  

Affection of bone has been seen in cohorts with mild, or mainly mild, PHPT. 
Bone mineral density (BMD) measured by dual x-ray absorptiometry (DXA) 
has been found to be low at compartments rich in cortical bone, whereas 
lumbar spine BMD, a compartment dominated by trabecular bone, may be 
preserved or even increased (8, 9). The negative effect of mild PHPT on 
cortical bone and the preservation of trabecular bone has also been confirmed 
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with histomorphometric analysis or micro-computed tomography (μCT) of 
iliac crest biopsies (10-12).  

There are several studies reporting increased risk of fractures in patients with 
PHPT (9, 13-19). However, only a few of them have been restricted to patients 
with mild disease or reported them separately from symptomatic patients (9, 
13, 19). Based on studies showing trabecular bone preservation, one would not 
expect an increase in vertebral fracture (VF) prevalence among patients with 
PHPT, since the vertebra is dominated by trabecular bone. Even so, several 
studies have shown VFs to be more common among patients with PHPT (15, 
17-19), also when restricted to asymptomatic patients (9, 19). The increased 
risk of VFs in patients with PHPT is supported by the trabecular bone score 
(TBS), a grey-level textural analysis of DXA images, reflecting 
microarchitecture of the lumbar spine. In a study, TBS was lower (reflecting 
reduced bone strength) in patients with PHPT (not limited to mild disease) than 
controls, and was associated with VFs (18).  

Nephrolithiasis causing symptoms is by definition not mild disease. However, 
several studies have shown presence of silent/occult renal calculi in 
asymptomatic patients, ranging from 7-38% (20-23). The great span, 7-38%, 
could to some extent be explained by different radiological methods. Not 
surprisingly, computed tomography (CT) was significantly better than 
ultrasound (US) at detecting renal calculi in asymptomatic PHPT, 38% by CT 
compared to 10% by US (23). Another explanation of the difference in renal 
calculi prevalence in different studies could be the composition of study 
population, as it is known that young age and male sex are risk factors for 
kidney stones in PHPT (24-26). Increased risk of development of kidney stones 
as well as kidney failure has been seen in mild PHPT compared to controls 
(13). 

It is unclear if there is an increased risk of cardiovascular events in patients 
with mild PHPT, with conflicting results mainly from observational studies (7, 
27-29). Whether mortality is increased in mild disease is also debated (13, 27). 
Patient with mild PHPT often report vague symptoms of fatigue and weakness, 
though with no signs of type II muscle fiber atrophy. However, such symptoms 
as well as mild depression, also reported in mild PHPT (7), are common 
findings in the general population and on an individual level it is difficult to 
establish whether the symptoms in fact are caused by the disease. 
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1.2.3 DIAGNOSIS OF PRIMARY HYPERPARATHYROIDISM 
The diagnosis of PHPT is based on biochemical tests, with hypercalcemia in 
combination with elevated PTH levels or PTH levels in the upper range of 
normal (inappropriate normal PTH levels). Total calcium levels should be 
corrected for albumin levels and a second or third generation PTH assay should 
be used. Free ionized calcium can also be used for diagnosis, although not 
available everywhere (3, 30). In fact, today free ionized calcium is preferred if 
available (31, 32). As familial hypocalciuric hypercalcemia (FHH), a 
hereditary disease, has the same biochemical profile as PHPT, it must be ruled 
out. This is usually done with a test called fractional excretion of calcium 
(FeCa). However there is an overlap in test results for the two diseases, and if 
there is a suspicion of FHH (family history being a key feature), genetic testing 
is recommended (3, 31). 

Secondary hyperparathyroidism, most often caused by renal impairment, 
vitamin D deficiency or malabsorption, is characterized by low or normal 
calcium levels with an increase in PTH, thus differing from PHPT. Long-
standing secondary hyperparathyroidism can evolve to tertiary 
hyperparathyroidism with patients becoming hypercalcemic, however not 
implicating a diagnostic difficulty as these patients generally present at end-
stage renal failure. Normocalcemic primary hyperparathyroidism (NPHPT) 
has the same biochemical profile as secondary hyperparathyroidism but 
without any identifiable underlying cause. This condition seems to be related 
to PHPT as some, but not all, over time develop PHPT (3). 

1.2.4 TREATMENT OF PRIMARY HYPERPARATHYROIDISM 
Parathyroidectomy 

Parathyroidectomy (PTX) has hitherto been the only way to cure PHPT (3). 
There are two different surgical approaches of PTX. Bilateral neck exploration 
has been used since the beginning of the 20th century, with the first successful 
procedure in 1925, and it was the dominating method in the 20th century (33). 
It has a high success rate with few complications (3). When it comes to the 
diagnosis of PHPT, imaging has no role to play. However, in later years 
imaging has become important for pre-surgical localization of adenomas (30). 
Minimally invasive PTX (MIP) has become the preferred surgical method for 
patients with a single adenoma localized with imaging techniques. With MIP 
only the culprit gland is explored with less extensive surgery, smaller incisions, 
local/regional anesthesia and reduced recovery time. If performed under the 
right circumstances (single adenoma) the success rate is over 98% and there 
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are very few complications (34). Imaging techniques for localization of 
adenomas consists of neck ultrasound (Figure 3), technetium (⁹⁹ᵐTc) sestamibi 
scintigraphy and four-dimensional CT protocols where the fourth dimension 
refers to time with scanning in multiple contrast phases. Local venous 
sampling of PTH can also be used in selected cases (3, 34). 

Figure 3. Imaging of a parathyroid adenoma with ultrasound 
Images from Radiopaedia.org. 
Case courtesy of Dr Maulik S Patel, Radiopaedia.org, rID: 16063 

The typical complications of PTX are recurrent laryngeal nerve palsy and 
hypoparathyroidism, both can be temporary or persistent. In addition, other 
complications seen with most surgery, such as hemorrhage or wound infection, 
can occur. Permanent nerve palsy and hypoparathyroidism are uncommon 
complications, less than 1% without any difference between bilateral neck 
exploration and MIP. However, temporary hypoparathyroidism, hemorrhage 
and infections are less common after MIP (33). Persisting PHPT refers to 
patients not being cured after PTX with persistently elevated calcium and PTH 
levels after surgery. Recurrent PHPT refers to those with normalization of 
calcium and PTH initially but with recurrence of biochemistry consistent with 
the disease after more than 6 months (3). Although a study found a small 
difference in persisting PHPT between the surgical techniques favoring 
bilateral neck exploration, the recurrence rate was similar for the methods (33). 
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Indications for parathyroidectomy 

All symptomatic patients are recommended PTX. But in asymptomatic 
patients the optimal care has been debated for decades. Surgery might seem 
invasive in a patient without symptoms. There have been four international 
workshops on the subject of treatment of asymptomatic PHPT, the first in 1990 
and the latest in 2013. The indications for PTX in asymptomatic patients with 
PHPT have been extended over time (30, 35-37). 

The criteria for PTX in asymptomatic patients can be divided into four 
categories, calcium level, skeletal manifestations, renal manifestations and 
age. The only criterion unchanged over time is age. Patients under the age of 
50 years are recommended surgery even if they are asymptomatic. In the 1990 
criteria, increased calcium more than 0.25-0.40 mmol/L above the normal 
upper limit was a criterion for PTX, in 2013 the corresponding criterion was 
0.25 mmol/L. The skeletal criteria in 1990 only consisted of a BMD Z-score 
of <-2.0 without specified compartment. In 2013 the BMD criteria for surgery 
was a T-score <-2.5 at the lumbar spine, femoral neck, total hip or the radius 
33%. But in addition, VF imaging is recommended in the evaluation of 
asymptomatic PHPT and VFs is a criterion for surgery. In the 1990 criteria, 
surgery was recommended if eGFR was reduced with >30% from expected or 
if 24-h urinary calcium was >400mg. In the 2013 criteria surgery is 
recommended if creatinine clearance is <60ml/min. If 24-h urinary calcium is 
>400mg a urinary biochemical stone risk profile should be made and if that 
shows increased risk of calcium-containing stones a criterion for surgery is 
met. Additionally, in the 2013 recommendations imaging of the urinary tract 
should be performed and if silent kidney stones or nephrocalcinosis are found 
criteria for surgery are met. If the patient wants surgery it is also an indication, 
even if the criteria above are not met, as long as there are no contraindications 
(30). In the summary statement from the fourth international workshop in 
2013, a table overviewing the change in surgical criteria can be found (30). 

Patients not meeting the criteria for surgery should be followed, annually with 
calcium, creatinine and eGFR and every 1-2 years with DXA and with 
appropriate imaging if VFs or kidney stones are suspected. If the criteria above 
are met or if a fragility fracture or kidney stones develop, the patient should be 
recommended surgery (30). 

Research results of parathyroidectomy 

Several observational or retrospective studies on PHPT have shown effects of 
parathyroidectomy on various outcomes, such as BMD (38-42), fractures (14, 
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43-46), kidney stones (26, 47), and cardiovascular disease risk factors (48, 49). 
But there are conflicting results, especially with cardiovascular risk factors (29, 
50). In addition, many studies have not been limited to asymptomatic patients 
and with observational studies, there is a risk of selection bias. 

There are few randomized studies comparing PTX to observation (OBS) in 
mild PHPT. In 2004, Rao et al (51) found a significant treatment effect of PTX 
on BMD (femoral neck and total hip) in a randomized study of 53 patients with 
a follow-up time of at least 24 months. No significant difference between 
randomization groups was seen for lumbar spine or forearm BMD and there 
were no fracture events. One patient in the OBS group had a kidney stone. In 
2007, Ambrogini et al (52) reported a significant treatment effect of PTX on 
BMD (femur compartments and lumbar spine) but no difference between 
groups for distal third of the radius, in a randomized study of 50 patients 
followed for one year. I addition, there were one symptomatic VF and one case 
of kidney stone in two different patients in the OBS group but none in the PTX 
group.  

This doctoral thesis reports data from the 5-year and 10-year follow up of the 
Scandinavian Investigation of Primary Hyperparathyroidism (SIPH), a 
multicenter controlled prospective randomized trial comparing PTX to OBS in 
mild PHPT (more thoroughly described in the methods section). In 2007, 
Bollerslev et al (53) reported the first data from the SIPH-study of patients 
having completed the first (119 patients) and second year (99 patients) of 
follow-up at the end of the inclusion period. No significant change in creatinine 
was seen between groups or compared to baseline. A significant increase in 
lumbar spine BMD was seen in the PTX group, both compared to baseline and 
the OBS group, but not for any other compartment. In 2009, Bollerslev et al 
(54) reported data from 116 patients in the SIPH study that had completed the 
two year follow-up. A significant increase in both lumbar spine and femoral 
neck BMD was seen in the PTX group compared to the OBS group combined 
with a 35% decrease in biochemical markers of bone turnover in the PTX 
group. No differences between groups were found for blood pressure or 
different markers of cardiovascular disease. 

Medical treatment 

Asymptomatic patients with PHPT not meeting any criteria for surgery are in 
general without need of any medication for the disease. However, there are 
patients (symptomatic or asymptomatic meeting criteria for surgery) that 
refuse or have contraindications to surgery. There are also a few patients not 
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being cured by surgery. These patients may be in need of medical treatment 
(55).  

Cinacalcet is a calcimimetic drug, effective in lowering serum calcium, often 
with normalization. However it has little effect on PTH and thereby no 
consistent effect on BMD. Bisphosphonates can be used to improve BMD, 
with Alendronate being the recommended medication for use in PHPT. 
Regarding estrogens, there are limited data supporting a positive effect on bone 
but no fracture data. No consistent positive effect on calcium or PTH has been 
seen with estrogens. Estrogens may be considered for postmenopausal women 
with PHPT, especially if they have concomitant menopausal symptoms. 
However, the benefits versus risks must always be considered (55). 

1.2.5 SUMMARY 
Mild PHPT is now the dominating disease presentation in developed countries. 
Even though the disease has been discovered by routine testing and the patients 
have no obvious symptoms of the disease, there is evidence of silent affection 
of organ systems such as low BMD and silent renal calculi discovered by 
imaging. In contrast to symptomatic disease where surgery is the obvious 
choice of treatment, surgery in mild disease has been debated for decades. 
Many studies are not limited to patients with mild disease and non-randomized 
studies are at risk of selection bias. There are only a few randomized studies 
on mild PHPT comparing PTX to OBS, all with short follow-up time and few 
participants. In order to determine the optimal treatment strategy for patients 
with mild PHPT long-term randomized studies are needed. 

1.3 BONE DENSITOMETRY 
A DXA scanner (Figure 4) is using x-ray radiation with different energy levels 
to measure the bone mineral content of a specific anatomical area (often 
referred to as compartment or site). The measured bone mineral content in 
grams (g) is divided by the area in cm², with BMD in g/cm² as the product (56). 
The BMD is a measure of bone strength and essential for evaluation of 
osteoporosis. Even though the DXA technique is based on ionizing radiation, 
the doses are very low, about 5μSv (57). 

The measurement of a DXA scanner is not a precise true value but an apparent 
value calculated by the machine software using x-ray technology (56). From 
this knowledge it is not unexpected that DXA scanners of different brands give 
slightly different results (58) or that results from scanners from the same 
manufacturer using different techniques may vary (59, 60). 
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Figure 4. Photography of a DXA scanner  
Image from Pål Wangen, Scanex Medical Systems AS. Printed with permission. 

1.3.1 T-SCORE 
For clinicians it is difficult to relate to measured raw values in g/cm² as they 
vary between compartments and may differ between different types of 
scanners. To overcome this problem T-scores were defined. The “T” actually 
refers to the given name of Dr Tom Kelley, one of the creators of the term T-
score. With T-scores a comparison with a young normal reference population 
for each compartment is made. The T-score represents how many standard 
deviations (SD) from the mean of a healthy young normal reference population 
a measured BMD value (g/cm²) is. The formula of the T-score being: 

T-score = (BMD-YN)/SDYN 

with YN = mean of a young normal population and SDYN = the SD of the young 
normal population (56). 

T-scores should be used when reporting BMD in postmenopausal women and 
men 50 years and older according to the International Society of Clinical 
Densitometry (ISCD). In these patient categories, the diagnosis of osteoporosis 
is made if the T-score is ≤-2.5 at the lumbar spine, femoral neck or total hip 
(60). 

1.3.2 Z-SCORE 
Z-scores are calculated in a similar way as T-scores, but instead of comparison 
with a young normal mean, the comparison is with a mean of an aged-matched 
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reference population. However, there are several variants of Z-score 
calculations, where factors as sex, ethnicity and weight can be included in 
addition to age (61).   

According to ISCD, Z-scores should be used for premenopausal women and 
men under the age of 50 years. A Z-score ≤-2.0 is to be considered below 
normal (60). 

1.3.3 REFERENCE POPULATIONS 
Reference populations vary between DXA manufacturers and there may be 
local reference populations for use. However, according to the ISCD, the 
National Health and Nutrition Examination Survey (NHANES) III reference 
database should be used for femoral neck and total hip T-scores. For both men 
and women, regardless of ethnicity, a Caucasian female reference population 
for T-score calculation should be used. If there are local reference populations 
available, they should be used for Z-score calculation but not for T-scores (60). 

1.3.4 EXTRA FEATURES OF BONE DENSITOMETRY 
The DXA technique was introduced over 30 years ago. In addition to improved 
technology for BMD measurements, new features have evolved over the years. 
Vertebral fractures assessment (VFA) is a feature where a lateral image of the 
spine is presented. This image can be used for, as the name indicates, 
assessment of VFs from Th7 and below. The radiation dose is less than 1/20 
of that of spine radiographs, and as the image acquisition with DXA is 
perpendicular to the spine, the oblique projections caused by radiographic cone 
beams are avoided (62). The trabecular bone score (TBS) is an analysis of 
variance in grey-levels in the DXA image reflecting bone micro-architecture. 
Lower TBS values represent poorer bone quality. TBS has been proven to be 
an independent predictor of osteoporotic fractures (63). Body composition 
analysis can also be made as the DXA technique can separate bone and fat 
from other tissues. Thus, not only bone can be analyzed but also the proportion 
of fat, useful in studies of e.g. obesity, the metabolic syndrome and 
cardiovascular health etc (62). 

1.4 VERTEBRAL FRACTURE (VF) 
EVALUATION 

Prevalence and incidence of VFs are important outcomes in many studies of 
bone health. But what is the definition of a VF? How much compression or 
wedging is needed? Should the criteria be the same throughout the spine? 
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There is actually no consensus (64). VF assessment methods can roughly be 
divided into two categories, the qualitative and quantitative approach. The 
qualitative assessment method is a visual assessment used in clinical practice. 
However, it is subjective with poor inter-/intra-reader agreement and 
questioned in research settings. Quantitative assessment is developed for 
research purposes. It is more objective with better inter-/intra-reader 
agreement, but has difficulties to distinguish normal variants and non-fracture 
deformities from VFs (65). 

1.4.1 MORPHOMETRIC ANALYSIS 
A quantitative approach uses measurements of vertebral heights, 
morphometrics. Many morphometric VF assessment techniques use a six-point 
measuring system (Figure 5) (66), with measurement of the anterior height 
(AH), middle height (MH) and posterior height (PH).  

Figure 5.  Illustration of six-point measuring system 
The point-placing in a normal vertebra (lateral view) giving the anterior height 
(AH), middle height (MH) and posterior height (PH). 

Different morphometric methods then use these heights in different 
combinations, usually as ratios compared to mean ratios of reference 
populations, with different cut-offs for VFs (67-72). Grados et al (64) 
compared different morphometric methods and recommended the use of the 
simplest of those showing good intra-/inter-reader agreement, either the 
method of Melton (68, 71) or Eastell (69). Both these methods calculate the 
following ratios: AH/PH, MH/PH and PH/PH of vertebra above and below. 
These ratios are then compared with the corresponding ratios of a reference 
population without VFs. The method of Melton uses -15% compared to the 
reference population as a cut-off for fracture (68, 71). If the ratio is below -3 
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SD of the reference population, the method of Eastell classify it as grade 1 
fracture, and if it is below -4 SD as a grade 2 fracture (69). In the paper from 
1993, Melton et al (71) also argues for the use of SD instead of percentage as 
cut-off for fracture. 

The morphometric methods described above are used for assessment of 
prevalent VFs. For incident fractures in longitudinal studies, a different 
approach can be used as there is an old radiograph of the vertebra in question. 
In a comparison of different methods for incident VF assessment from 1999 
(73), the recommendation was to use the simplest, described by Riggs et al (74) 
in 1982. A drop in any (anterior, middle or posterior) height of 15% or more 
between the examinations is considered a fracture. 

1.4.2 GENANT’S SEMI-QUANTITATIVE ANALYSIS 
In 1993, Harry Genant developed a semi-quantitative method for VF 
assessment. This semi-quantitative method is a compromise between the 
qualitative and quantitative approach. The vertebrae Th4-L4 are graded 
visually without direct measurements, but with predefined criteria for fracture. 
Baseline and follow-up radiographs are assessed simultaneously and in 
chronologic order. Grade 0 represents a normal vertebra. Grade 1, the cut-off 
for fracture, represents visual approximation of a 20-25% decrease in any 
height (anterior, middle and/or posterior) and an area reduction of 10-20%. 
Grade 2 represents a 25-40% decrease in any height and an area reduction of 
20-40%. Finally, grade 3 represents 40% reduction of any height and area 
(Figure 6). In addition, a vertebra can be classified as borderline deformed, 
with the grade 0.5. However, a vertebra with grade 0.5 is classified as un-
fractured. New/incident fractures are defined as vertebrae with an increase in 
grade in follow-up radiographs (i.e. from grade 0 to 1 or from grade 1 to 2 etc) 
(75). 
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Figure 6. Visual description of the grading of Genant’s semi-quantitative method 
Figure from Genant et al. Vertebral fracture assessment using a semiquantitative 
technique. J Bone Miner Res. 1993;8(9):1137-48 (75), with permission. 
© 1993 John Wiley and Sons 

Genant’s method has shown excellent inter-reader agreement and good to 
excellent intra-reader agreement depending on the experience of the reader (65, 
75). It is often used in research settings as a surrogate for a gold standard (76). 
Several studies and reviews have concluded that it is the preferred method for 
research if there is an experienced reader and that morphometric methods 
should not be used alone (64, 65, 77). 

1.4.3 ALGORITHM-BASED QUALITATIVE ASSESSMENT 
(ABQ) 

In 2004, Jiang et al (78) presented a new approach to vertebral fracture 
assessment, the algorithm-based qualitative assessment (ABQ). The algorithm 
was developed from characteristics of incident VFs, as they are more likely to 
be true VFs. The algorithm is based on the assumption that all true VFs have 
an end-plate deformity/depression. If there is an end-plate depression, 
questions are to be answered to rule-out normal variants and non-fracture 
deformities, and if this is ruled out the vertebra is diagnosed with an 
osteoporotic fracture. 
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In the first decade of the new millennium this method was considered 
promising but under validation (76), and in 2009 it was not recommended since 
validation was still on-going (77). 
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2 AIM 

The aim of this doctoral thesis is to find out if there is a beneficial effect of 
PTX compared to OBS in patients with mild PHPT, in a prospective, 
randomized study.  

Paper I: To investigate if there is a difference between PTX and OBS, after 5 
years of follow-up, on the development of vertebral and peripheral fractures, 
as well as on the development of radiographic evidence of nephrolithiasis. 

Paper II: To investigate if there is a difference between PTX and OBS, after 
5 years of follow-up, in regard to BMD [g/cm²] and T-score, as well as in 
regard to biochemical markers of bone turnover. 

Paper III: To investigate the occurrence of systematic differences in DXA 
bone data obtained over almost two decades related to differences in 
hardware/software versions, software analysis settings and reference 
populations. To understand the causes of these systematic differences and if 
possible how to compensate for them. A necessary pre-work for Paper IV. 

Paper IV: To investigate if there is a difference in BMD [g/cm²] and T-scores 
over time between PTX and OBS after 10 years of follow-up.  

Paper V: To investigate if there is a difference in mortality between PTX and 
OBS (with extended follow-up to 2018). To investigate if there is a difference 
in development of peripheral and vertebral fractures, cardiovascular and 
cerebrovascular events, malignancies or kidney stones after 10 years of follow-
up. 
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3 PATIENTS AND METHODS 

3.1 THE SIPH STUDY 
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investigator initiated multi-center randomized controlled prospective trial, 
comparing PTX to OBS in patients with mild PHPT (ClinicalTrials.gov: 
NCT00522028). It is based on the National Institute of Health (NIH) 1990 
criteria for mild PHPT (35). Eight centers, all university hospitals in 
Scandinavia (Gothenburg, Stockholm-Karolinska, Stockholm-Huddinge and 
Uppsala in Sweden; Oslo, Bergen and Trondheim in Norway and Copenhagen 
in Denmark) were involved, with Oslo University Hospital being the 
coordinating center. Between 1998 and 2005, a total of 191 patients with mild 
PHPT was included in the study, 127 patients in Sweden, 54 in Norway and 10 
in Denmark. Ninety-six patients were randomized to OBS (13 men) and 95 to 
PTX (13 men). The predefined End-of-Study (EoS) was 10 years. The last 
patient concluded the study in 2017. 

3.1.1 THE STUDY DESIGN 
For the diagnosis of PHPT, the patients should have three measurements of 
increased albumin-corrected calcium (alb.corr-Ca) within a three-month 
period. Preferably, the measurements of calcium were to be done at three 
consecutive days. PTH was to be measured at the two last occasions of calcium 
measurements. If the PTH level was above the upper limit of the reference 
value, the diagnosis criteria were considered met. If inappropriately high but 
within normal reference values, exclusion of FHH were to be made before 
diagnosis. No thiazide treatment was allowed within a four week period before 
calcium and PTH testing. When diagnosed with PHPT the patients had to 
qualify for mild disease and the inclusion and exclusion criteria for the study 
are found in Table 1. 
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Table 1. Inclusion and exclusion criteria of the SIPH study 

Inclusion criteria Exclusion criteria 

• Untreated mild PHPT • Previous neck surgery 
• Alb.corr-Ca 2.60-2.80 • Hereditary forms of hyperparathyroidism 
• Age between 50-80 years • Hyperparathyroid bone diseaseᵃ 
• Informed consent • Kidney stonesᵇ 
  • Creatinine level >130μmol/L 
  • Complicated medical disorders 
  • Psychiatric diseases demanding treatment 
ᵃIncludes osteitis fibrosa cystica, but not previous osteoporotic fractures 
ᵇDiagnosed within 5 years prior to inclusion 
PHPT=primary hyperparathyroidism; Alb.corr-Ca=albumin-corrected calcium 

 

Block randomization with envelopes was used, with blocks from two to ten. 
Each center had their own randomization blocks to ensure equal distribution to 
randomization groups at each center, but it was managed centrally from Oslo. 
There were predefined criteria for surgery in the OBS group, including both 
medical criteria and the patient wanting surgery. A more detailed description 
of the medical criteria can be found in Paper V. Patients in the OBS group who 
underwent PTX, regardless of reason, remained in the OBS group and were 
analyzed according to the intention to treat (ITT) principle. 

3.1.2 EXAMINATIONS 
After inclusion, the patients in the PTX group underwent PTX with a visit 3 
months after PTX and then yearly visits (in relation to inclusion) for 10 years. 
The patients in the OBS group had a similar follow-up scheme, with a visit 3 
months after randomization and then yearly visits for 10 years.   

Calcium levels, albumin levels, PTH levels and creatinine levels were 
measured locally at each visit. All visits also included a physical examination 
including blood pressure (BP) and a non-structured medical history noted in 
free text in the case report form (CRF). The baseline visit (BL visit) and the 
visits after two, five and ten years (2y visit, 5y visit and 10y visit) were more 
extensive. In these visits, peripheral fractures, kidney stones, cardiovascular 
and cerebrovascular events and malignancies were specifically asked for in a 
questionnaire in the CRF. The more extensive visits also included lateral plain 
radiography of the spine for vertebral fracture evaluation, plain radiography of 
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the urinary tract for evaluation of nephrolithiasis, osteodensitometry with 
DXA, questionnaires of quality of life (QoL) and electrocardiogram (ECG). In 
addition, at these visits blood samples were taken in the morning after an 
overnight fasting period, and 20 ml of plasma was frozen at -80° Celsius and 
sent centrally to Oslo for storage. Medications were only asked for 
systematically at the more extensive visits. Table 2 summarizes the description 
of examinations above. 

Table 2. Overview of examinations 

All visits Addition on extensive visits 
    (baseline and after 2, 5 and 10 years) 

• Biochemistry • Biochemistry 
  ◦ Calcium and albumin levels   ◦ Fasting plasma for storage at -80°C 
  ◦ PTH level • Physical examination 
  ◦ Creatinine level   ◦ ECG 
• Physical examination including BP • Medical history - structured 
• Medical history - non-structured   ◦ Peripheral fractures 
      ◦ Kidney stones 
      ◦ Cardiovascular events 
      ◦ Cerebrovascular events 
      ◦ Malignancies 
    • Plain radiography 
      ◦ Thoracolumbar spine 
      ◦ Urinary tract 
    • DXA 
      ◦ Total body 
      ◦ Lumbar spine 
      ◦ Femur 
      ◦ Forearm 
    • Quality of Life 
      ◦ SF-36 
      ◦ CPRS 
    • Medication 
PTH=parathyroid hormone; BP=blood pressure; ECG=electrocardiogram 
SF-36=Short Form-36; CPRS=Comprehensive Psychopathological Rating Scale 
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3.1.3 PRIMARY AND SECONDARY ENDPOINTS 
The primary endpoint of the SIPH study was mortality. Power calculations 
were made before study start. Based on a Swedish population study (79), the 
anticipated mortality after 10 years was 23%. Calculations were made for a 
mortality of 20-30%. With the assumption that PTX would decrease the 
mortality by an absolute percentage of 10-15% the number of patients required 
for each randomization group was approximated to 200 (Figure 7). However, 
only half as many patients were included after six years when the inclusion 
ended in 2005, and it was considered methodologically problematic to prolong 
the inclusion period. 

Figure 7. Power calculations from original study protocol. 

Secondary endpoints include bone health (VFs, peripheral fractures and 
BMD), renal health (development of nephrolithiasis or kidney failure), 
cardiovascular events, malignancies and QoL. 

3.1.4 EXTENDED FOLLOW-UP OF MORTALITY 
If only CRF data were to be used, there was a risk of patients withdrawing from 
the study due to severe illness before dying, with the endpoint mortality being 
missed. This was foreseen, and in the original study protocol it was stated that 
death data should be register-based. Based on the estimated number of study 
participants and the number of participants de facto included, there was a risk 
of the study being under-powered. Thus, it was decided to extend the search in 
the Death Registries to add follow-up time. After receiving ethical approval, 
mortality data was extracted from the Swedish and Norwegian Cause of Death 
Registries. The corresponding search could not be done for the 10 Danish 
participants due to different interpretation of the new General Data Protection 
Regulation (GDPR). The end-date for data retrieval from the Swedish Cause 
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of Death Registry was 31th of December 2018 and for the Norwegian Cause of 
Death Registry it was 31th of July 2018. 

3.2 ETHICS 
PTX is a safe surgical procedure with few complications (33) and the only 
curative treatment of PHPT (3). Thus, it is not controversial for patients with 
mild PHPT to undergo PTX. The inclusion criteria were also designed to avoid 
including patients in definite need of surgery according to the NIH 1990 
criteria, so that observation would be safe for the OBS group. In addition, there 
were established criteria for surgery in the OBS group during follow-up. Both 
groups were followed rigorously with different testing/examinations. Patients 
may experience the many examinations as straining. However, patients with 
mild PHPT not undergoing surgery are recommended fairly extensive follow-
up even if not in a research context (30). In addition, on an individual level 
thorough follow-up could be beneficial as medical conditions such as high BP, 
osteoporosis, depression etc could be discovered and treated.  

The follow-up includes examinations using ionizing radiation (plain 
radiographs of the urinary tract and thoracolumbar spine and DXA). However, 
the radiation doses are small for plain radiography, effective dose 
approximately 0.6 mSv for thoracolumbar spine (lateral projection) and 0.7 
mSv for urinary tract overview (80), and even smaller for DXA, about 5 μSv 
(57). This can be compared to the general annual background radiation of about 
2.5 mSv (57). Considering the age of the patients in our population the risk of 
the radiation can be regarded as negligible.  

In summary, this study will provide important knowledge in the field of mild 
PHPT with very little risk of adverse effects among the participants. Thus, 
there are no ethical conflicts of importance.  

All study participants have given written consent before entering the study. 
The study was conducted according to the declaration of Helsinki II and has 
received approval from the ethical boards in the respective countries.  
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3.3 ANALYSES 

3.3.1 BIOCHEMISTRY (PAPER I, II, IV AND V) 
As described above, calcium levels, albumin levels, PTH levels and creatinine 
levels were measured locally at each center. Alb.corr-Ca was validated for the 
BL visit, 5y visit and 10y visit, using the same formula for calculation with 
albumin values rounded off to nearest integer and alb.corr-Ca reported with 
two decimals as mmol/L. S-PTH could be reported in the CRF either as pmol/L 
or ng/mL. S-PTH was validated for the BL visit, 5y visit and 10y visit with 
measurements in ng/mL converted to pmol/L. 

In the 5-year evaluation the frozen plasma from the BL visit and the 5y visit 
was analyzed for biochemical markers of bone turnover. For this analysis, 
CTX-1 (Crosslaps, C-terminal telopeptides of type 1 collagen), a marker of 
bone resorption, and P1NP (Intact N-terminal propeptide of type 1 
procollagen), a marker of bone formation, were chosen. As reproducible 
measurements of these markers is challenging due to technical and biological 
variability (81), baseline and 5-year plasma were analyzed in “one run”. For 
more details see Paper II.  

3.3.2 BONE DENSITOMETRY (PAPER II AND IV) 
BMD measurements with DXA were performed locally at each study center 
using scanners of three different brands. Lunar scanners (GE Medical Systems, 
Lunar Corp., Madison, WI, USA) dominated with use of the hardware iDXA, 
Prodigy Advance, Prodigy, DPX-L, DPX-IQ and Expert. A small number of 
patients were scanned with Norland (Norland Corp., Fort Atkinson, WI, USA) 
or Hologic (Hologic, Inc., Waltham, MA, USA) scanners. All centers had daily 
calibration procedures to avoid drift in densitometry values. Printouts of all 
scans were sent in hardcopy to Oslo, the coordinating center. 
 
Analyzed compartments were lumbar spine (LS), femoral neck (FN), radius 
33% (Rad33), ultradistal radius (UDR) and total body (TB), and BMD in g/cm² 
and T-scores were reported primarily. Figure 8 demonstrates the location of 
the analyzed anatomical compartments. A converter was used for Hologic and 
Norland scans (for LS and FN) to achieve more comparable BMD values to 
Lunar scans. 
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Figure 8. Illustration of DXA compartments 
a) Lumbar spine (L2-L4); b) Femoral neck; c) Radius 33% and Ultradistal radius; d) 
Total body 

3.3.3 DXA VALIDATION WITH THE BMD-T-SCORE-PLOT 
(PAPER III) 

In the initial process of checking the DXA data of the 10-year population for 
typos, a suspicion of systematic differences in the relationship between BMD 
and T-score was raised. This would not be unexpected if measurements were 
from scanners of different manufacturers. But this was also seen within scans 
of the same manufacturer (Lunar). To further investigate this, the BMD-T-
score-plot was invented, as a method of finding both random misregistrations 
and systematic differences. Based on the formula of T-score calculation 
described earlier (56) there is supposed to be a linear relationship between 
BMD values and T-scores. If measurements diverge from the regression line 
in a random pattern, misregistrations such as typos should be suspected 
(Figure 9a). But if there are two or more linear relationships in the plot you 
have a systematic difference in your data (Figure 9b). 
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Figure 9. Illustration of the BMD-T-score-plot  
a) No systematic difference, but typos (grey measurements)  
b) Systematic difference, with two linear relationships (blue and red measurements) 

BMD values and T-scores from Lunar DXA scanners from the BL visit, 5y 
visit and 10y visit of the 10-year cohort were systematically checked with the 
BMD-T-score-plot. The result was compared with hardware/software versions 
used, different software analysis settings and reference populations. In Paper 
III there is an illustration where to find this information in the paper print-out 
(Paper III: Figure 1). In the same paper, a table of all hardware/software 
versions used as well as reference populations can be found (Paper III: Table 
I). 

The software analysis setting investigated were the Basic versus the Enhanced 
analysis for TB and the Single Photon Absorptiometry (SPA) calibration 
versus the Lunar calibration for the forearm compartments. The Enhanced 
analysis for TB had been introduced for Prodigy scanners with the software 
14.10 introduction. The purpose of the Enhanced analysis was to make the 
Prodigy scanners more comparable to the newer iDXA scanners. 

Norland and Hologic scans were not part of this validation as there were too 
few of them, 27 and 31 scans respectively. However, in Paper IV the BMD-T-
score-plot was used to assess their closeness to the Lunar regression line for 
the decision of inclusion or exclusion (Paper IV: Supplemental File 1). 

The DXA-data of the 5-year population (Paper II) had already been published 
before the invention of the BMD-T-score-plot and discovery of the results of 
Paper III. Fortunately, the majority of the systematic differences occurred 
between the 5y visit and the 10y visit with only minor affection of 5-year DXA 
data, not changing main results or conclusions. However, in this framework 
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report, the Lunar scans of the 5-year population have been validated similarly 
to the 10-year population. 

3.3.4 VERTEBRAL FRACTURE EVALUATION (PAPER I AND V) 
The VF assessment was performed by two radiologists, Karolina Lundstam 
(KL), the PhD candidate of this doctoral thesis and Mikael Hellström (MH), 
the main supervisor. All thoracolumbar spine radiographs from the different 
centers were sent on CDs or linked digitally to Gothenburg for central 
evaluation. As the study period included a major change in the radiology field, 
the change from analog to digital radiography, there were difficulties in 
retrieving some of the analog radiographs. As a consequence, a number of 
patients had missing baseline radiographs. 

The method of Genant (75) was used for VF evaluation, with the modification 
of including vertebra L5. In the final analysis, vertebrae with grades 0 and 0.5 
were considered non-fractured, and those with grades 1-3 fractured. The type 
of fracture was described as wedge, biconcave or crush (in Paper V, adding 
concave as an alternative). Reader 1 (KL) did the first scoring of the vertebrae 
using a structured study protocol. After that all vertebrae were assessed by 
reader 2 (MH) together with reader 1, reaching a final score in consensus. As 
a support in the decision-making process, quantitative morphometrics was 
applied to all vertebrae given a score of 0.5 or higher with Genant’s method by 
reader 1. For prevalent fractures at baseline, the morphometric method of 
Eastell (69) was used, with the Malmö population developed by O’Neill et al 
(82) as a reference material and for new fractures the method described by 
Riggs (74) was used. 

In the 5-year evaluation (Paper I) patients still in the study at the 5y visit, with 
both a baseline examination and at least one follow-up examination were 
included in the VF evaluation. The radiologists were blinded to randomization.  

For the 10-year evaluation (Paper IV), patients with missing baseline 
radiographs were also included. As the radiologists were aware of the result of 
the 5-year evaluation, they could not be regarded as completely blinded when 
performing the 10-year reading. However, actions were taken to minimize any 
knowledge of randomization group. To avoid influence from the 5-year 
evaluation (where all new fractures were found in the same randomization 
group) the 10-year reading was divided in two sessions. In the first session the 
radiologists only had access to baseline and 10 year radiographs. The same 
examining procedure with reader 1 and 2 as in the 5-year evaluation was 
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Figure 9. Illustration of the BMD-T-score-plot  
a) No systematic difference, but typos (grey measurements)  
b) Systematic difference, with two linear relationships (blue and red measurements) 
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report, the Lunar scans of the 5-year population have been validated similarly 
to the 10-year population. 
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(including the 2 year and 5 year radiographs) as well as the fracture grading 
from the previous 5-year evaluation and the first session. In consensus they 
made a final evaluation. Differences in final fracture grading compared to 
either the 5-year evaluation or the first session were noted (grades 0 and 0.5 
were regarded as an entity though). 

3.3.5 PERIPHERAL FRACTURES (PAPER I AND V) 
At baseline, previous fractures (fractures before study start) were structurally 
asked for. New peripheral fractures could be reported in the CRF at the annual 
visits. In addition, at the 2y visit, 5y visit and 10y visit new peripheral fractures 
were structurally inquired. If time-point and type of fracture were inadequately 
reported in the CRF, the researchers responsible at the center were asked for 
complementary information. 

3.3.6 KIDNEY STONES (PAPER I AND V) 
The 5-year evaluation of radiographic evidence of kidney stones (Paper I) was 
conducted in a similar manner as the 5-year evaluation of VFs. The same 
criteria for inclusion were used and the same reading process was applied, with 
reader 1 (KL) first assessing the radiographs and afterwards having a 
consensus reading with reader 2 (MH). Both radiologists were blinded to 
randomization. The presence of a stone was graded as definitely no stone, 
probably no stone, probably stone or definitely stone. If a stone was present 
(probable or definite) the size, location and side (right or left) was noted. Stone 
location was categorized as follows: renal calices, renal pelvis, proximal ureter, 
middle ureter, distal ureter and bladder (Figure 10). Stones located in proximal 
ureter were those located cranial to the sacroiliac joint, stones projecting over 
the sacroiliac joint area were categorized as being in middle ureter, and stones 
located caudal to the sacroiliac joint were defined as being in distal ureter. The 
presence of obscuring bowel content was graded as none, mild, moderate or 
severe in four different areas: the areas of the right and left kidneys and the 
right and left ureters. 
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Figure 10. Definition of renal calculi positions 
RC=renal calices; RP=renal pelvis; PU=proximal ureter; MU=middle ureter; 
DU=distal ureter; B=bladder  

For unknown reason, there was a misunderstanding regarding the 10-year 
imaging. Many centers had understood that the 10-year radiography of the 
urinary tract was not to be performed. A formal decision of that had never been 
taken by the study Board of Representatives. Anyhow, this resulted in many 
patients having no urinary tract radiography after 10 years. This, in 
combination with the method having low sensitivity for detecting kidney 
stones, led to the decision not to analyze radiographic signs of kidney stones 
in the 10-year evaluation. However, the 10-year evaluation included kidney 
stones (clinically evident) reported in the CRF at any visit (Paper V). As with 
peripheral fractures, occurrence of kidney stones were structurally asked for 
after 2, 5 and 10 years and time-point was noted in the CRF. 
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3.3.7 MORTALITY AND NON-SKELETAL/NON-RENAL 
MORBIDITY (PAPER V) 

Patients dying while still followed in the study, received mortality as cause for 
leaving study. In addition, mortality was investigated based on the Swedish 
and Norwegian Cause of Death Registries, including an extended follow-up 
time, as described above. Time-point and cause of death were registered and 
analyzed. The 10 Danish patients were included in the mortality analysis, 
however censored at either time of death or time of leaving study. 

Morbidity events could be registered in free-text at all visits. After two, five 
and 10 years, cardiovascular events, cerebrovascular events and malignancies 
were recorded in the CRF in a structured manner. The same as described above 
applied for peripheral fractures and kidney stones. Time-point and type of 
morbidity events were analyzed. 

3.4 STATISTICAL ANALYSIS 
For comparison of between group differences (age, biochemistry, and DXA 
data in 5-year evaluation) independent samples t-test was used if normal 
distribution of data, and the Mann-Whitney U test in cases of non-normal data 
distribution. For comparison of within group difference (biochemistry and 
DXA data in 5-year evaluation) dependent samples t-test was used for 
normally distributed data, and the Wilcoxon signed rank test in cases of non-
normal data distribution. Depending on data distribution, data were presented 
as mean ± SD or median (IQR). Non-parametric results are marked with an 
asterisk (*). Data distributions were tested with Shapiro-Wilk test and 
histograms. 

To investigate correlations between two continuous variables (biochemical 
markers of bone turnover versus PTH/BMD and Basic analysis vs Enhanced 
analysis) Pearson’s correlation coefficient was used for normally distributed 
data and Spearman’s rank correlation coefficient for not normally distributed 
data.  

Simple linear regression was used for calculating slopes and intercepts of 
different linear BMD-T-score relationships with 95% confidence intervals 
(95% CI). For calculation of differences between lines (slopes and intercepts), 
multiple linear regressions with dummy variables was used.  

To avoid exclusion of patients with missing data, mixed model analysis was 
used for DXA data in the 10-year evaluation. A linear mixed model was fitted 
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to the DXA data from baseline, 5-years and 10-years. Based on model fit, 
calculations were made of mean values with 95% CI at different time-points 
and mean change with 95% CI within and between groups from baseline to 10-
years.  

Occurrence of new VF or not (categorical data) was tested with Fischer’s exact 
test in the 5-year evaluation due to expected value under 5 in one or more cells 
in the contingency table. For the 10-year evaluation, the VF data met the 
prerequisites for the Pearson’s Chi square test, thus used instead. Cohen’s 
kappa coefficient (κ) was used for assessing intra- and inter-reader agreement 
in the VF evaluation. Mortality and different types of morbidity (peripheral 
fractures, kidney stones, cardiovascular events, cerebrovascular events and 
malignancies) were analyzed with time to first event analysis using Cox 
proportional hazard regression model ((hazard ratio (HR) and 95% CI)). No 
assumption violation was found when testing the proportional hazard 
assumption (“estat phtest” in Stata).  

Patients in the OBS group that underwent PTX remained in the OBS group, 
and data was analyzed according to the ITT principle. A p-value less than 0.05 
was considered statistically significant. IBM SPSS Statistics for Windows, 
version 26 (IBM Corp., Armonk, N.Y., USA) and Stata/ SE 16.1 (StataCorp 
LLC, TX, USA) were used for statistical analyses. 
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4 RESULTS 

4.1 PATIENT OVERVIEW 
At the 5-year evaluation, 145 patients remained in the study (OBS 73/PTX 72) 
with nine and 10 men in the OBS and PTX group, respectively. After five years 
of follow-up 32 patients had withdrawn/been excluded from the study (OBS 
17/ PTX 15), three patients had died (OBS 1/PTX 2) and there were missing 
data for 11 patients (OBS 5/PTX 6). One of the withdrawn patients was a 
patient in the PTX group that turned out to have parathyroid cancer (83, 84). 

Eventually, 129 patients concluded the 10-year evaluation, the EoS, (OBS 
64/PTX 65) with seven and nine men in the OBS and PTX group respectively. 
Two patients with missing data in the 5-year evaluation were included in the 
10-year evaluation, both belonging to the PTX group. One of these patients 
was reluctant to participate in the annual visits after two years of follow-up, 
but accepted to participate at the 10y visit. The other patient had in fact been 
to the 5y visit, but due to an administrative problem at that center, the 5-year 
data of that patient was reported after the 5-year evaluation. 

At the EoS, eight patients had died (OBS 2/PTX 8), 50 patients (OBS 27/PTX 
23) had withdrawn/been excluded and patients with missing data were reduced 
to four (OBS 3/PTX 1) (Paper IV: Figure 1 or Paper V: Figure 1). More 
details about withdrawal reasons and how these changed over time can be 
found in Paper V. 

In the OBS group, 17 patients underwent surgery while still within the study. 
However, the time point of surgery varied and not all of these patients 
concluded the study. Thus, in the 5-year cohort there were 12 patients in the 
OBS group that had PTX and in the 10-year cohort the corresponding figure 
was 13 patients. In Paper V, reasons for surgery and time-point of surgery can 
be found (Paper V: Supplemental Table 1). They all remained in the OBS 
group according to the ITT principle. 

The mean patient age at inclusion of all included patients was 63.4 ± 7.6 years 
for the OBS group and 62.8 ± 8.1 years for the PTX group. The mean age of 
those constituting the 5-year cohort and 10-year cohort was lower, with a mean 
age of 61.5 ± 6.5 years in the OBS group and 60.6 ± 6.9 years in the PTX 
group. 
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4.2 BIOCHEMISTRY (PAPER I, II, IV AND V) 
There was a significant decrease in alb.corr-Ca in the PTX group when 
comparing 5-year data to baseline (p<0.001*). However, alb.corr-Ca decreased 
significantly also in the OBS group (p=0.001), also when excluding patients 
that had undergone surgery (p=0.004). Still, there was a significant treatment 
effect of PTX compared to OBS on alb.corr-Ca after 5 years (p<0.001) (83). 
Figure 11 displays development of alb.corr-Ca over time. In Paper IV, 10-
year calcium data can be found (Paper IV: Figure 2). 

Figure 11. Albumin-corrected Calcium over time 
The mean with 95% CI of alb.corr-Ca measurements at baseline and after 5 years. 
P(groups) denotes p-value for between group change over time compared to baseline 
as well as difference between groups at that time point. Bold text highlights 
significant p-value. 
OBS=observation; PTX=parathyroidectomy 
ᵃNumber of measurements of alb.corr-Ca in the OBS group 
ᵇNumber of measurements of alb.corr-Ca in the PTX group 

PTH decreased significantly in the PTX group after 5 years (p=0.001). But no 
significant change could be found for the OBS group. There was a significant 
treatment effect of PTX compared to OBS on PTH change over time 
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(p<0001*), in the 5-year perspective (Figure 12). In Paper IV, 10-year PTH 
data can be found. 

Figure 12. PTH over time 
Boxplot of PTH measurements at baseline and after 5 years. P(groups) denotes p-
value for between group change over time compared to baseline as well as difference 
between groups at that time point. Bold text highlights significant p-value. 
*non-parametric test; PTH=parathyroid hormone; OBS=observation; 
PTX=parathyroidectomy 
ᵃNumber of measurements of PTH in the OBS group 
ᵇNumber of measurements of PTH in the PTX group 

In the OBS group 37 patients had frozen serum from baseline and 5-year 
analyzed for biochemical markers of bone turnover, and the corresponding 
number in the PTX group was 43 patients. The CTX-1 change in the PTX 
group was significant (median -0,126; IQR 0.277; P<0.001*), while no change 
was found in the OBS group, and there was a significant difference in change 
over time between groups (p=0.030*). There was a significant change in P1NP 
in the PTX group (median -11.0; IQR 27.0; P<0.001*), while no significant 
change was seen in the OBS group, but there was no significant difference in 
change over time between groups (p=0.156*) (84). In Paper II, a boxplot 
illustrating the change can be found (Paper II: Figure 2). 

We found a significant positive correlation between change in PTH and change 
in CTX-1 for the PTX group (r=0.362; p=0.020*) and there was a trend 
towards a positive correlation between PTH change and P1NP change 
(r=0.267; p=0.092*) (Figure 13). No significant correlations between PTH and 
CTX-1 or P1NP could be found in the OBS group (84). 
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Figure 13. Scatterplot of PTH versus biochemical markers of bone turnover 
Difference in PTH (baseline to 5 years) plotted against difference in CTX-1 and 
P1NP (baseline to 5 years). 
OBS=observation; PTX=parathyroidectomy 

4.3 BONE DENSITOMETRY 

4.3.1 DXA VALIDATION WITH THE BMD-T-SCORE-PLOT 
(PAPER III) 

There are few men in the SIPH-study and male reference populations have 
been used for calculations of T-scores. As a consequence, the DXA validation 
of Lunar scans with the BMD-T-score-plot was limited to the female 
population of the 10-year cohort. After exclusion of four Lunar scans lacking 
essential data for this validation, 241 scans from 94 women remained for 
validation and analyzation of potential systematic differences. These scans 
were obtained between 1999 and 2017.  
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Figure 13. Scatterplot of PTH versus biochemical markers of bone turnover 
Difference in PTH (baseline to 5 years) plotted against difference in CTX-1 and 
P1NP (baseline to 5 years). 
OBS=observation; PTX=parathyroidectomy 

4.3 BONE DENSITOMETRY 

4.3.1 DXA VALIDATION WITH THE BMD-T-SCORE-PLOT 
(PAPER III) 

There are few men in the SIPH-study and male reference populations have 
been used for calculations of T-scores. As a consequence, the DXA validation 
of Lunar scans with the BMD-T-score-plot was limited to the female 
population of the 10-year cohort. After exclusion of four Lunar scans lacking 
essential data for this validation, 241 scans from 94 women remained for 
validation and analyzation of potential systematic differences. These scans 
were obtained between 1999 and 2017.  
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For each analyzed compartment, we found two different linear BMD-T-score 
relationships, thus revealing presence of systematic differences for all our 
analyzed compartments. The underlying reason causing the difference varied 
among the compartments. The most pronounced differences between slopes 
and intercepts of the two linear relationships were found for TB and the 
forearm compartments (85). In Paper III, the slopes and intercepts of the linear 
regression calculations can be found (Paper III: Table 2).  

Total Body 

For TB all software versions of iDXA and Prodigy Advance 14.10 had a 
different BMD-T-score relationship compared to the other hardware/software 
versions (Paper III: Figure 2a) (85). Even though the validation was 
originally limited to females the few male data shows the same pattern as the 
female data. 

All Prodigy Advance 14.10 scans had been analyzed with Enhanced analysis. 
Thirty-six scans from female patients were reanalyzed with both Basic and 
Enhanced analysis, using the presently applied software version, 17 (SP4), 
with USA combined NHANES (National Health and Nutrition Examination 
Survey)/Lunar reference population (v113). This confirmed the Basic analysis 
to be consistent with “Blue hardware/software” (not iDXA) and the Enhanced 
analysis with “Red hardware/software” (iDXA) (Paper III: Figure 3a) (85). 
The re-analyzation led to a BMD change for all the individual scans, and often 
but not always to a change in T-score. However, when correlating the BMD 
change (when changing from Basic to Enhanced) to original BMD, the r²-value 
was only 0.471, implying additional factors of impact (Paper III: Figure 3b) 
(85). 

Femoral neck 

For FN the factor causing the two different BMD-T-score linear relationships 
was the reference population. As displayed in Paper III: Figure 2b, USA 
combined NHANES/Lunar reference population (v111, v112 and v113) 
belongs to “Red reference populations”, and all the other used reference 
populations belonging to “Blue reference populations” (85). However, 
different reference populations only cause a systematic difference for females, 
and notably not for men (Figure 14). 
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Figure 14. The BMD-T-score-plot FEMORAL NECK for men 
BMD values of femoral neck plotted against corresponding T-scores for men. 
Red reference population: USA combined NHANES/Lunar Femur reference 
population (v111, v112 and v113) 
Blue reference population: All other reference populations (see Paper III, Table 1) 

Lumbar spine 

There was a systematic difference for LS as well, but smaller compared to the 
other compartments. Even though the difference was small to the eye, it was 
still statistically significant (Paper III: Table 2). The difference could neither 
be explained by hardware/software version nor reference population (Paper 
III: Figure 2c) (85). In communication with GE Healthcare we learnt that this 
small systematic difference was caused by different leg positions when 
scanning (either legs up or down) (Figure 15). If it says “OneScan” in the 
paper print-out the scan belongs to “Red scans”. This setting only affects the 
BMD values and not the T-scores (85). As for TB, but in contrast to FN, a 
systematic difference with the same pattern as for women, was seen for men. 
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Figure 15. Illustration of leg positioning at lumbar spine scanning 
a) legs up position  
b) legs down position (OneScan noted in paper printout) 

Forearm 

As with TB, there was a substantial systematic difference affecting the forearm 
compartments (Paper III: Figure 4ab). For the forearm compartments the 
difference could be explained with use of either SPA or Lunar calibration, and 
was not limited to females. GE Healthcare provided us with a conversion 
formula. 

BMD value (SPA calibration) = BMD value (Lunar calibration) x 0.804 

This software analysis setting affects only the BMD values and not the T-
scores. Visually the two lines align after conversion (Paper III: Figure 4cd). 
However, a significant difference still remains for UDR after conversion 

Karolina Lundstam 

37 

(Paper III: Table 2). This difference is minimal as it is difficult to visually 
appreciate, but it implies that hardware/software and/or reference populations 
may also have minor effects on the BMD-T-score relationship (85).  

4.3.2 BONE DENSITOMETRY DATA CORRECTION AFTER 
VALIDATION 

To obtain reliable BMD results, the systematic differences found must be 
considered. Table 3 summarizes actions taken in the 10-year evaluation to 
compensate for the differences discovered. 

Table 3. Handling of systematic differences in the 10-year evaluation 

Compartment 
Cause of 
difference Action Comment 

LUMBAR SPINE Leg positioning None Negligible difference 
FEMORAL 
NECK 

Reference 
population 

Regression formula for 
"Blue reference 
populations" was used 
for calculations of T-
scores for scans 
originally using 
NHANES ref pop (v111, 
v112 & v113) 

Renders comparable 
data 

FOREARM SPA or Lunar 
calibration 

Lunar calibrated BMD 
values were converted 
to the SPA equivalent 

Renders comparable 
data 

TOTAL BODY iDXA and 
Enhanced/Basic 
analysis 

Compartment excluded 
from the analysis 

iDXA scans cannot be 
made comparable to 
the majority of scans 

 

The TB compartment was excluded from the 10-year evaluation. There were 
two main reasons for that. First, iDXA scans of TB cannot be made comparable 
to the majority of the other scans. Second, there was a substantial spread in the 
Norland and Hologic scans in the BMD-T-score-plot (Figure 16). In addition, 
the clinical use of TB is limited. 
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Figure 16. The BMD-T-score-plot TOTAL BODY (Norland and Hologic scans) 
BMD values of TB plotted against corresponding T-scores for females, Norland and 
Hologic scans. The Lunar Blue and Red line represents plotted values from the 
Densitometry Reference graph (see Paper III: Figure 1) from iDXA/Enhanced 
analysis (Red) and Basic analysis (Blue). 

For the other compartments the BMD-T-score-plot has also been used in the 
decision-making of whether to include Norland and Hologic scans or not. This 
process is described in the Supplemental File 1 in Paper IV. The majority of 
Norland and Hologic scans were included for LS and FN, but they were all 
excluded from the analysis of the forearm compartments. 

5-year evaluation 

The published BMD data from the 5-year evaluation (Paper II) only includes 
patients with both baseline and 5-year measurements. This data set only uses 
SPA calibration and there were no iDXA scans in this material. However, there 
were 16 patients analyzed with Enhanced analysis for TB (OBS 8/PTX 8) and 
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25 patients used the NHANES reference population (v111 and v112) for FN 
(OBS 12/PTX 13). 

The 5-year data from Lunar scans presented in this framework report has been 
corrected in the same way as for LS, FN and forearm in the 10-year evaluation. 
However, all Norland and Hologic scans are included, as they were in Paper 
II. But additional statistical calculations have been made to investigate the 
effect if they were to be excluded. The TB scans using Enhanced analysis have 
been reanalyzed with Basic analysis. There are a few iDXA scans of TB from 
the 5y visit (with missing baseline DXA) and they were excluded from the 
additional statistical calculations together with the Norland and Hologic scans. 
For two patients in the 5-year cohort, DXA data was sent to the coordinating 
center after the 5-year evaluation and publishing of Paper II. This DXA data 
is now included in the framework report. 

4.3.3 5-YEAR DATA (PAPER II) 
Of the 145 patients in the 5-year cohort, 112 patients (OBS 57/PTX 55) had 
validated baseline DXA from at least one compartment. The corresponding 
number for the 5-year DXA was 123 patients (OBS 61/PTX 62). There was no 
difference in BMD or T-score between groups for any compartment at baseline 
(84). 

In the OBS group BMD and T-scores decreased significantly in all 
compartments except for the LS (Figure 17). In the PTX group, LS BMD and 
T-score increased significantly (P<0.001), but for FN and UDR there were no 
significant change and for Rad33 a significant decrease could be found (BMD: 
P=0.011; T-score P=0.012). For TB a significant increase in T-score was seen 
(P=0.017*) for the PTX group, but no significant change for BMD (P=0.198). 
There was a treatment effect of PTX compared to OBS on all compartments 
(LS T-score: P=0.005; FN T-score: P<0.001*; UDR T-score: P=0.023*; TB T-
score P<0.001*) expect Rad33 (Figure 17). 

When the same statistical calculations were made after exclusion of Norland 
and Hologic scans, it resulted in very small differences in p-values and did not 
change the statistical outcome (p-values above or below 0.05) for LS, FN, 
Rad33 and UDR. For TB, however, the statistically significant increase in T-
score (P=0.017*) in the PTX group became not statistically significant 
(P=0.053). When comparing the result of this framework report, including 
corrected DXA data for FN and TB, to the published DXA data in Paper II 
(84), the statistical outcome was similar.   
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Figure 17. T-scores at baseline and after 5 years 
The mean T-scores with 95%CI of all validated scans at baseline and 5-years. P-
values have been calculated for difference within groups (P) and difference between 
groups (P(groups)) over time. Bold text highlights significant p-value. 
*non-parametric test 
ᵃNumber of validated scans for each compartment in the OBS group 
ᵇNumber of validated scans for each compartment in the PTX group 
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4.3.4 10-YEAR DATA (PAPER IV) 
Of the 129 patients in the 10-year cohort 98 (OBS 49/PTX 49) had validated 
baseline DXA from at least one compartment, and the corresponding number 
for 5-year DXA was 106 patients (OBS 53/PTX 53) and for 10-year DXA 124 
patients (OBS 63/ PTX 61).  

Mixed model analysis was used for statistical analysis of the data. Mean BMD 
values and T-scores with 95% CI for baseline, 5-years and 10-years, derived 
from mixed model statistics, can be found in Table 2 in Paper IV. In Paper IV 
the results of within group changes for all analyzed compartments for the two 
randomization groups can be found (Paper IV: Table 2 and Figure 3). This 
paper also describes between group differences (potential treatment effects of 
PTX) for all compartments (Paper IV: Table 2 and Figure 3). 

As described earlier in the method section, analysis of DXA was made after 
correction for systematic differences for FN and the forearm compartments. 
Without conversion of Lunar calibrated scans to SPA calibration, the mean 
BMD value of all scans at the 10y visit would have been 12% higher for Rad33. 
If scans using the NHANES reference population had not been recalculated to 
correspond the Lunar proprietary reference population, the mean T-score value 
of all scans at the 10y visit would have been 0.1 T-scores lower for FN. 

4.4 VERTEBRAL FRACTURES (VFS) (PAPER I 
AND V) 

At the 5-year evaluation, 106 (OBS 55/PTX 51) of the 145 patients had 
baseline radiographs and at least one follow-up radiograph. Fourteen of these 
patients (OBS 8/PTX 6) did not have 5-year radiographs and were only 
followed radiologically for two years (83). 

At the 10-year evaluation, 127 (OBS 63/PTX 64) of the 129 patients had spine 
radiographs at any time point for evaluation of VFs. Thirty-one of these 
patients (OBS 15/PTX 16) did not have baseline radiographs. The total 
radiological follow-up time was 1207 years. In the OBS group this translated 
to a median follow-up time of 9.99 (1.78) years and in the PTX group a median 
follow-up time of 10.28 (1.38) years. The total number of vertebrae to be 
evaluated were 1784 (including 6 L6-vertebrae). Of these, 1747 vertebrae 
(97.9%) could be evaluated for prevalent VF at baseline. The corresponding 
number for new VFs were 1741 vertebrae (97.6%), and of these 89.9% were 
followed for 10-years. 



Mild Primary Hyperparathyroidism 

40 

Figure 17. T-scores at baseline and after 5 years 
The mean T-scores with 95%CI of all validated scans at baseline and 5-years. P-
values have been calculated for difference within groups (P) and difference between 
groups (P(groups)) over time. Bold text highlights significant p-value. 
*non-parametric test 
ᵃNumber of validated scans for each compartment in the OBS group 
ᵇNumber of validated scans for each compartment in the PTX group 

Karolina Lundstam 

41 

4.3.4 10-YEAR DATA (PAPER IV) 
Of the 129 patients in the 10-year cohort 98 (OBS 49/PTX 49) had validated 
baseline DXA from at least one compartment, and the corresponding number 
for 5-year DXA was 106 patients (OBS 53/PTX 53) and for 10-year DXA 124 
patients (OBS 63/ PTX 61).  

Mixed model analysis was used for statistical analysis of the data. Mean BMD 
values and T-scores with 95% CI for baseline, 5-years and 10-years, derived 
from mixed model statistics, can be found in Table 2 in Paper IV. In Paper IV 
the results of within group changes for all analyzed compartments for the two 
randomization groups can be found (Paper IV: Table 2 and Figure 3). This 
paper also describes between group differences (potential treatment effects of 
PTX) for all compartments (Paper IV: Table 2 and Figure 3). 

As described earlier in the method section, analysis of DXA was made after 
correction for systematic differences for FN and the forearm compartments. 
Without conversion of Lunar calibrated scans to SPA calibration, the mean 
BMD value of all scans at the 10y visit would have been 12% higher for Rad33. 
If scans using the NHANES reference population had not been recalculated to 
correspond the Lunar proprietary reference population, the mean T-score value 
of all scans at the 10y visit would have been 0.1 T-scores lower for FN. 

4.4 VERTEBRAL FRACTURES (VFS) (PAPER I 
AND V) 

At the 5-year evaluation, 106 (OBS 55/PTX 51) of the 145 patients had 
baseline radiographs and at least one follow-up radiograph. Fourteen of these 
patients (OBS 8/PTX 6) did not have 5-year radiographs and were only 
followed radiologically for two years (83). 

At the 10-year evaluation, 127 (OBS 63/PTX 64) of the 129 patients had spine 
radiographs at any time point for evaluation of VFs. Thirty-one of these 
patients (OBS 15/PTX 16) did not have baseline radiographs. The total 
radiological follow-up time was 1207 years. In the OBS group this translated 
to a median follow-up time of 9.99 (1.78) years and in the PTX group a median 
follow-up time of 10.28 (1.38) years. The total number of vertebrae to be 
evaluated were 1784 (including 6 L6-vertebrae). Of these, 1747 vertebrae 
(97.9%) could be evaluated for prevalent VF at baseline. The corresponding 
number for new VFs were 1741 vertebrae (97.6%), and of these 89.9% were 
followed for 10-years. 



Mild Primary Hyperparathyroidism 

42 

Indeterminate vertebral fractures 

When including patients without baseline radiographs, there is a risk of finding 
VFs that cannot be determined as neither old nor new, thus being 
indeterminate. In the 10-year evaluation we found one such case with a fracture 
(score 2; wedge type) in a female patient in the PTX group. This patient was 
excluded from the vertebral fracture analysis. 

Prevalent vertebral fractures at baseline 

In the 5-year evaluation 11 VFs were found at baseline in nine female patients 
(OBS 4/PTX 5) (83). One of these patients left the study between the 5y visit 
and the 10y visit, resulting in 10 prevalent VFs at baseline in eight female 
patients (OBS 3 /PTX 5) in the 10-year evaluation. Thirty of the 31 patients 
with missing baseline radiographs had no VFs a first time of examination, thus 
no prevalent fracture at baseline. In Figure 18 an example of a prevalent VF 
at baseline can be seen. 

Figure 18. Example of a prevalent VF at baseline without progression at the 2y 
visit 

New vertebral fractures 

In the 5-year evaluation there were 5 new VFs, all in the OBS group (P=0.058) 
(83). An example of a new VF is found in Paper I (Paper I: Figure 4). As 
expected, the number of VFs increased at the 10-year evaluation. For details 
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of the number and distribution of VFs between the randomization groups after 
10 years, see Paper V. VF characteristics can be found in Supplemental Table 
2 in Paper V. One patient in the PTX group had three new VFs, the other 
patients with new VFs had one each. Two of the patients with VFs in the 5-
year evaluation left the study between the 5y visit 5 and the 10y visit, and were 
not included in the 10-year evaluation (Figure 19). 

Figure 19. Overview of vertebral fracture evaluation  
Overview of patients included in the 5-year evaluation and 10-year evaluation and 
the number of patients with and without new vertebral fractures at the 5-year 
evaluation. 
OBS=observation; PTX=parathyroidectomy; VF=vertebral fracture 
ᵃPatients not included in 5-year evaluation for various reasons e.g. missing baseline 
radiographs or follow-up radiographs or data reported after the 5-year evaluation 

In the 10-year evaluation, 28.6 % of the patients with new VFs (equally 
distributed between randomization groups) could be classified as symptomatic 
as there were traumas (not high energy) connected with VF discovery or the 
patient was examined due to back pain leading to the discovery of the VF. 
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not included in the 10-year evaluation (Figure 19). 

Figure 19. Overview of vertebral fracture evaluation  
Overview of patients included in the 5-year evaluation and 10-year evaluation and 
the number of patients with and without new vertebral fractures at the 5-year 
evaluation. 
OBS=observation; PTX=parathyroidectomy; VF=vertebral fracture 
ᵃPatients not included in 5-year evaluation for various reasons e.g. missing baseline 
radiographs or follow-up radiographs or data reported after the 5-year evaluation 

In the 10-year evaluation, 28.6 % of the patients with new VFs (equally 
distributed between randomization groups) could be classified as symptomatic 
as there were traumas (not high energy) connected with VF discovery or the 
patient was examined due to back pain leading to the discovery of the VF. 
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Another 14.3% of the patients with new VFs (equally distributed between 
randomization groups) had reports of back pain in the CRF that potentially 
could be connected to the new VF. In Figure 20 vertebral level of all fractures 
is illustrated. 

Figure 20. Vertebral fracture level 
Vertebral fracture level of all fractures (prevalent and incident) discovered in the 5-
year and/or 10-year evaluation. 
No=number; VFs=vertebral fractures 

Intra- and inter-reader agreement 

As baseline radiographs were evaluated twice at two separate occasions several 
years apart (5-year evaluation and first session of the 10-year evaluation) by 
the same readers (KL/MH), intra-reader agreement can be assessed. The κ-
value of the intra-reader agreement was 0.841 if comparing different grading. 
If only assessing the difference in reading regarding fracture or not, the κ-value 
was 0.947. 

Inter-reader agreement cannot be properly assessed as reader 2 (MH) was 
aware of the grading of reader 1 (KL). Still, the agreement between them was 
not perfect, as the κ-value for inter-reader agreement comparing different 
grading was 0.979. However, this high value must be seen in the light of 
lacking completely independent readings. 
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4.5 PERIPHERAL FRACTURES (PAPER I AND 
V) 

The total number of peripheral fractures before study start can be found in 
Paper V (Paper V: Table 1). Eight of these patients reported only childhood 
fractures (one each). Five of the reported old fractures had no time point at all 
in the CRF. Twenty-four of the reported old peripheral fractures in 20 patients 
(OBS 13/PTX 7) occurred within 10 years prior to inclusion.  

The number of new peripheral fractures as well as the number of patients with 
new peripheral fractures and their distribution between randomization groups 
can be found in Paper V. It was analyzed with time to first event and hazard 
radios with 95% CI can be found in Table 3 in Paper V. This is illustrated with 
a Kaplan-Meier graph (Paper V: Figure 3a) as well as an illustration of 
fracture localization (Paper V: Supplemental Figure 1). 

4.6 FRACTURES AMONG PATIENTS IN THE 
OBS GROUP WITH PTX 

Of the 13 patients in the 10-year evaluation who underwent PTX despite being 
randomized to the OBS group, four developed any type of fracture (one each). 
Three of the fractures occurred after they had PTX (Table 4). 

Table 4. Fractures amongst surgically treated patients in the OBS group in 
the 10-year cohort (four out of 13 with any new fracture) 

  
Time-point of PTX 

(between visit) 
Time-point of fracture 

(discoveredᵃ/reported visitᵇ) 
Type of 
fracture 

Patient A 3y visit-4y visit 5y Ankle fracture 
Patient B 4y visit-5y visit 10y VF 
Patient C 3y visit-4y visit 5y VF 
Patient D 3y visit-4y visit 2y VF 
ᵃVF 
ᵇperipheral fractures 

In Paper IV, data on patients in the 10-year cohort developing any type of new 
fracture (VF or peripheral fracture) can be found, with ITT and per protocol 
analysis of difference between groups. 
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4.7 KIDNEY STONES (PAPER I AND V) 
At the 5-year evaluation 98 patients (OBS 50/PTX 48) of the 145 patients had 
baseline radiographs of the urinary tract and at least one follow-up radiograph 
(Paper I). Of these, two female patients (OBS 1/PTX 1) developed 
radiographic signs of new urinary tract stones (83). The patient in the PTX 
group developed a new stone (probable), localized in a renal calyx on the left 
side, ca 2 mm in size, seen at the 2y visit but not at the 5y visit. The patient in 
the OBS group developed five new stones (Figure 21). One was 4 mm in size, 
localized in the right proximal ureter at the 2y visit, assessed as definite and 
gone at the 5y visit. The other four were 2-4 mm in sized, three of them 
localized in renal calices on the right side and one in a renal calyx on the left 
side. All were assessed as definite and only the stone on the left side remained 
at the 5y visit. This patient underwent PTX between the 3y visit and 4y visit 
due to renal calculi. 

Figure 21. Example of a patient with new kidney stones radiographically 

In the EoS evaluation (Paper V) all patients were analyzed for symptomatic 
kidney stones. Reported previous history of kidney stones (more than 5 years 
prior to study inclusion) can be found in Table 1 in Paper V. The number of 
patients with symptomatic kidney stones during follow-up is reported in Paper 
V (Paper V: Table 3). 
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4.8 MORTALITY AND NON-SKELETAL/NON-
RENAL MORBIDITY (PAPER V) 

Mortality 

At EoS eight patients had mortality as withdrawal cause (OBS 2/PTX 6). 
However, after withdrawal for other reasons additional patients died within 10 
years, see Paper V. The extended follow-up of mortality gave a mean potential 
follow-up time of 16.6 years (date of inclusion to end-date of search in the 
Death registries. For the total number of deaths in the population (including 
the extended follow-up), see Paper V, where differences between 
randomization groups as well as causes of death can be found (Paper V: Table 
2). There is also a Kaplan-Meier survival graph (Paper V: Figure 2). 

After leaving the study for various reasons, knowledge about potential PTX 
among patients in the OBS group is lacking. However, for seven of the 32 
patients in the OBS group who left the study before the EoS, there are notes of 
planned PTX. One of these seven patients died after approximately 5 years. 
The rest were alive at the end of the extended follow-up time. Likewise, seven 
of the 30 patients in the PTX group left the study before undergoing PTX, six 
of them openly skeptical to PTX and one with no reason given in the CRF. It 
is reasonable to believe that at least six of them, maybe all seven, did not 
undergo PTX in proximity to inclusion and potentially never did. Two of these 
patients died after approximately 18 and 19 years, respectively. The other five 
were alive at the end of the extended follow-up. 

Non-skeletal/non-renal morbidity during study follow-up 

Reported new cardiovascular events, cerebrovascular events and malignancies 
can be found in Paper V. The analysis of time to first event for the 
randomization groups as well as additional information on type of event is 
found in Table 3 in Paper V. In addition, Figure 3b in Paper V illustrates a 
Kaplan-Meier graph of cardio- and cerebrovascular events. 

4.9 PATIENTS MEETING UPDATED CRITERIA 
FOR SURGERY 

As mentioned previously, criteria for surgery have changed over the years. In 
Paper IV, the number of patients in the 10-year population meeting the updated 
2013 criteria for surgery (based on a T-score ≤2.5 as LS, FN or Rad33, or 
presence of a VF at baseline) at baseline, is reported. The majority of these 
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were based on DXA only (78.9%). Only 10.5% were based on VF only and the 
rest were based on both DXA and VFs. Patients meeting updated surgical 
criteria at baseline, were compared with those who did not, for differences 
between groups in development of fractures, and the result can be found in 
Paper IV. 
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5 DISCUSSION 

5.1 PATIENT DEMOGRAPHICS 
The study population can be considered representative for the most common 
form of PHPT in the developed world, the mild form. There are few men in the 
population, but that is also typical for the disease (4). The lower age limit for 
inclusion was set based on the recommendation of surgery for all below the 
age of 50 (35), the only consistent recommendation throughout time (30, 36, 
37). The mean inclusion age was somewhat lower in the 5-year and 10-year 
populations probably reflecting that aged individuals likely were more prone 
to leave the study due to morbidities and frailty. 

The predefined medical criteria for surgery in the OBS group were not as wide 
as the 2013 criteria (30). Consequently, few patients in the OBS group 
underwent PTX due to predefined medical criteria, and the rest were due to 
other not pre-specified medical conditions or patient’s wish. However, if the 
2013 criteria for surgery would have been applied a substantial number of the 
OBS group patients would have qualified for surgery as several patients in the 
OBS group (10-year population) met updated criteria for surgery already at 
baseline. In addition, all patients who developed a new fracture or a new kidney 
stone would meet the 2013 criteria for surgery. 

5.2 BIOCHEMISTRY 
As expected, both calcium and PTH levels decreased significantly in the PTX 
group and there were highly significant differences between randomization 
groups for both tests (83). However, in the OBS group both calcium and PTH 
levels were stable. In fact, after five years there was a significant decrease in 
calcium levels in the OBS group even when excluding those in the OBS group 
that had undergone PTX (83). Calcium levels have previously been shown to 
decrease with time in patients with PHPT, even though the underlying reason 
for that is unclear (28). The stable calcium levels reflects the, by Parfitt et al 
(86) long ago described, equilibrium version of the disease. For the discussion 
of calcium levels after 10 years of follow-up, see Paper IV. 

When analyzing frozen plasma for biochemical markers of bone turnover, we 
chose CTX-1 for bone resorption and P1NP for bone formation, as they are the 
recommended tests if available for analysis (81). In the 5-year perspective from 
baseline, both CTX-1 and P1NP declined significantly in the PTX group, but 
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the difference in change over time compared to the OBS group was statistically 
significant only for CTX-1.  

There was a trend towards a significant decrease in P1NP in the OBS group 
(P=0.061), maybe explaining the lack of difference between groups (84). 
Reason for near significant decrease of P1NP in the OBS group might be 
declining levels of IGF-1 with increasing age (87). Decreasing IGF-1 levels 
have been associated with decreasing bone markers (both CTX-1 and P1NP) 
in young females (88).  

Due to the intrinsic variability of the analyses of biochemical markers of bone 
turnover (81), they need to be analyzed in “one run” with re-analyzation of 
baseline measurements at every new analysis event. Thus, there was not 
enough baseline plasma for a reliable analysis of change in bone markers in a 
10-year perspective. 

5.3 BONE DENSITOMETRY 

5.3.1 METHODOLOGICAL ISSUES 
The ideal situation in DXA research would be to have all patients examined on 
the same DXA machine (hardware) with the same software and reference 
population and all software analysis settings kept constant. Unfortunately, in a 
multicenter study conducted in different countries over almost 20 years, this 
ideal situation is not possible. There are studies comparing hardware from 
different manufacturers (89-93), as well as studies comparing different 
hardware from the same manufacturer (91, 94-96). However, these studies are 
limited to two or sometimes three different hardware types, with specific 
software, offering little aid to a long-term multicenter study. Even different 
software versions can affect the measurements (97).  

In order to address suspected systematic differences in our DXA material, we 
invented the BMD-T-score-plot, a simple but effective tool for discovering 
systematic differences affecting the BMD/T-score relationship, as well as 
random misregistrations and typos (85). With this plot it is possible to assess 
the magnitude of the systematic difference. However, the underlying reason of 
the systematic difference must be sought elsewhere. If hardware of different 
manufacturers are used, systematic differences are to be expected. It is also 
intuitive to understand that different reference populations will result in 
systematic differences. However, our results highlights that there are more 
explanations for systematic differences. It is of importance to acknowledge that 
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the BMD value is in fact not an exact measurement. It is a value based on x-
ray technology calculated with an algorithm dependent of hardware, software 
and software analysis settings. In addition, this algorithm is compartment 
specific. All software analysis settings we encountered were compartment 
specific as well (85). In search of the underlying reason for a systematic 
difference the DXA printout (Paper III: Figure 1) is useful. Explanations for 
all our encountered systematic differences could be found there. Contacting 
the manufacturer, using their expertise, is also helpful. Understanding the 
underlying reason of a systematic difference is necessary for possible 
correction/conversion. 

An update of the BMD calculation process can result in a BMD change that is 
constant, meaning that the constant and the original BMD value are the only 
contributors to the new value. Consequently, the T-score calculation will be 
adjusted for that, with no change in T-scores. This is seen with SPA or Lunar 
calibration. A change from SPA to Lunar calibration led to a BMD increase of 
24% but with no change in T-scores, with obvious risk of erroneous results in 
a research context, but with little impact in a clinical context. This type of 
constant change can be easily corrected for with a conversion formula if 
known. Still we found no publications addressing SPA/Lunar calibration. 

The change in the BMD calculating process can also be more complex. The 
newer iDXA machines have better image resolution and improved algorithms 
for differentiating between bone and soft tissue in TB analysis (85). The 
Enhanced analysis of TB, developed from results of iDXA technology, was 
created for Prodigy scanners to make them more alike (98). As changing from 
Basic to Enhanced analysis affects both BMD and T-scores, and only about 
half of the variation in BMD change can be explained by the original Basic 
BMD values, no conversion formula can be used. Thus, TB BMD and T-scores 
from scans with Enhanced analysis and Basic analysis are not comparable. To 
alert the DXA operator/assessor of this a warning text is displayed in the 
Densitometry Reference graph (Paper III: Figure 1) saying “Cannot graph all 
data – mixed analysis types” (85). 

Reference populations can vary over time (99) and be compartment specific 
(100). The NHANES III reference population was scanned on Hologic 
scanners (100) and later adapted for Lunar scanners (99). The NHANES III 
reference material is limited to the hip compartment (100) (Lunar user 
manual). Thus, when it says “combined NHANES/Lunar reference 
population” in the DXA printout, the NHANES reference population is only 
used for the hip. The other compartments use the Lunar proprietary data base. 
Additionally, the NHANES III reference population only includes females, so 
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even though it says “combined NHANES/Lunar…” in the printout for men the 
Lunar proprietary data base is used for the hip (99), explaining the lack of 
systematic difference in men for FN in our material. To complicate things 
further, only total hip was initially adapted to Lunar scanners (before software 
version 7.0). Thus, scanners with earlier software versions used the Lunar 
proprietary database for FN even though it said “combined 
NHANES/Lunar…” in the DXA printout (99). 

5.3.2 BMD AND T-SCORES OVER TIME 
PHPT is known to affect bone. The proportion of trabecular bone is increased 
at the expense of cortical bone and the bone remodeling space is increased (12, 
101), leading to altered biomechanical properties of the bone (9, 12, 101, 102). 
Thus, a treatment effect of PTX would be expected, as seen in our study for all 
analyzed compartments but Rad33, a compartment dominated by cortical bone, 
after 5 years (84). Several studies have demonstrated less effect of PTX on 
cortical bone compared to trabecular bone (40, 41, 47, 52, 103). The significant 
decrease in Rad33 BMD in the PTX group after 5 years of follow-up is 
consistent with that. However, the rate of decrease seems larger in the OBS 
group, though not affecting between group differences over time in a 5-year 
perspective (84). For discussion of the 10-year data, see Paper IV.  

In the OBS group, there was a significant decrease for all compartments except 
LS in the 5-year perspective (FN, Rad33, UDR and TB) (84). This is in contrast 
to other studies that have found BMD to be stable in observed patients with 
PHPT, both observational studies for up to 6-10 years (47, 104) and 
randomized studies for up to 1-2 years (51, 52). However, with short follow-
up time stable BMD might be expected. In fact, in this study the BMD was 
stable in the OBS group after 1-2 years (53). Still, with extension of the 10-
year observational study (47) to 15-years, a decline in radial and FN BMD 
could be seen (42). For discussion of the 10-year data, see Paper IV. 

In the PTX group several compartments were without significant within group 
differences (FN, UDR and TB) after five years (84). Time is a reasonable 
explanation for this. An initial increase in BMD after PTX is to be assumed, 
after closure of the remodeling space (41) with a new steady state in bone 
remodeling thereafter. But BMD is known to decrease with age (105), and with 
time the age related decline would equal or be larger than the initial increase 
of PTX. However, the treatment effect persists or increases over the years as 
the OBS group is affected by both age related decline and PHPT related 
decline. For discussion of the 10-year data, see Paper IV. 

Karolina Lundstam 

53 

A study found the BMD increase from PTX to be stable for up to 15 years (42), 
in contrast to our results with a preserved BMD increase in the PTX group only 
for LS. There are several possible explanations for this discrepancy. There 
were few observations in that study, only 15, making the result less reliable. 
Other causes could be the SIPH participants being older, consisting of fewer 
men and having higher BMD at baseline. All these factors have been shown to 
affect the BMD response after PTX (106). 

The LS compartment differs from the other compartments as to the BMD 
change patterns over time, with a significant preserved BMD increase in the 
PTX group and no significant BMD change in the OBS group (84). This might 
be due to the compartment being rich of trabecular bone. Histomorphometric 
studies have shown relative preservation of trabecular bone (10, 11, 101) and 
trabecular bone is known to respond better to PTX (41, 102). Contradicting 
this theory is the ultradistal radius compartment, another trabecular rich site, 
which has not the same pattern (84). Perhaps PHPT and PTX affect axial and 
appendicular bone differently. Another contributor to the LS pattern could be 
degenerative changes including osteophytes, increasing with age. 

As described earlier, the systematic differences in DXA measurements did not 
affect the 5-year evaluation of BMD and T-scores in regard of reaching 
statistical significance or not. However, the 10-year evaluation would have 
been seriously affected if these systematic differences had passed unnoticed, 
especially, the forearm compartments. The 12 percent higher mean BMD value 
(Rad33, 10y visit) if conversion not had been made, would likely not have 
affected between group differences, as long as the SPA and Lunar calibrated 
scans were equally distributed between randomization groups. However, it 
would most likely have affected within group differences, since all scans were 
SPA calibrated at baseline. As for the forearm, the systematic differences for 
TB body were huge, but as mentioned earlier, could not be compensated for. 
Thus TB was excluded from the 10-year analysis of DXA. The systematic 
difference of the FN was smaller with only a decrease in mean T-score of 0.1 
at the 10y visit, if scans with NHANES reference population were not 
recalculated to correspond to the baseline scans, possibly not changing the 
overall result. 
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5.4 FRACTURES 

5.4.1 METHODOLOGICAL ISSUES 
Vertebral fractures 

A VF is not a distinct entity as there is no consensus on the definition (64). As 
described earlier in the introduction section there are several different methods 
of evaluation and definitions. At the time point of choosing VF evaluation 
method, the method of Genant was the most recommended (64, 65, 76, 77), 
and a natural choice. Radiologists use a qualitative subjective approach in their 
clinical every day work. In that context, a semi-quantitative approach was also 
more appealing than a strict quantitative approach for two radiologist.  

A more recent study comparing Algorithm-based qualitative assessment 
(ABQ) with Genant’s method showed better inter-reader agreement for 
prevalent VFs using ABQ but with similar good agreement for incident VFs. 
The ABQ method gave fewer VFs, most pronounced for prevalent VFs (107). 
It is easy to understand that diagnosis of incident VFs, with earlier radiographs 
of the vertebra in question available, makes the diagnosis more certain as 
congenital and acquired deformities can be ruled out more easily. Thus, the 
truthfulness of the diagnosis of incident VFs in the SIPH study can be 
considered higher than that of prevalent fractures. It cannot, however, be 
known how much the readers in that particular study (107), focused on the 
qualitative approach of Genant’s method. In our evaluation, we considered 
normal vertebral appearance at different levels (lumbar spine appearance 
differing from thoracic spine), normal variants and degenerative changes. In 
fact, the vertebral fracture level distribution in our study is similar to that of 
the ABQ method with most fractures in the thoracolumbar junction. 

No existing VF assessment method is perfect. A strict criterion for fracture 
with the ABQ method is end-plate depression and Genant’s methods demands 
at least 20% height reduction from expected. It has, however, been 
demonstrated that incident VFs without end-plate depression and with less 
height reduction than 20% may occur (108). In fact, two different patients (one 
in each randomization group) had one vertebra each with obvious changes 
from baseline indicating new fracture, but not enough height reduction to 
qualify as a fracture according to Genant, thus given the score 0.5 and in the 
analysis regarded as non-fractured.  
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Peripheral fractures 

Self-reporting of fractures relies of the recollection ability of the patients. A 
study of fractures in childhood and adolescence showed a mismatch in self-
reported fractures compared with radiological records. Twenty-five percent of 
reported fractures could not be confirmed with radiological records and 10% 
of those who reported no previous fracture had a fracture according to 
radiological records (109). Self-reported fractures not found in radiological 
records can have many explanations and does not necessarily mean that the 
fracture did not exist, and remembering fractures from early childhood can be 
difficult. However, in our study we found additional non-reported fractures for 
a few patients when searching for complementary information of a reported 
fracture. This indicates that we might have an underreporting of fractures. For 
peripheral fractures before study start it is even reasonable to assume that to be 
the case as recollection of events far back in time is more difficult. However, 
we have no reason to believe that this underreporting should differ between 
randomization groups. In search of complementary fracture information only 
one CRF-reported fracture could not be confirmed and it was regarded as a 
CRF registration mistake.  

Given the difficulty of recollection, search of radiological records would have 
been a preferable method for finding peripheral fractures. However, due to 
different structures of the health care systems and transition from analog to 
digital storage this was never a possible option. 

5.4.2 FRACTURES IN GENERAL 
No significant difference in fracture outcome between groups could be found, 
neither for VFs nor for peripheral fractures in a 5-year perspective (83), for 10-
year data see Paper V. Given the positive treatment effect of PTX on BMD 
this was rather unexpected. Type 2 error could be behind this. Another 
explanation could be BMD being a measure of bone density and not reflecting 
bone strength. There are studies supporting both alternatives (18, 19, 110), and 
possibly, it is a combination of both. 

The patients in the OBS group who underwent PTX are a source of concern in 
our material. However, only one of these patients had a fracture before PTX 
and it was not the cause of surgery (the cause being kidney stone). In addition, 
in Paper IV, exclusion of those in the OBS group that underwent PTX, i.e. per 
protocol analysis of fracture outcome, is discussed. 



Mild Primary Hyperparathyroidism 

54 

5.4 FRACTURES 

5.4.1 METHODOLOGICAL ISSUES 
Vertebral fractures 

A VF is not a distinct entity as there is no consensus on the definition (64). As 
described earlier in the introduction section there are several different methods 
of evaluation and definitions. At the time point of choosing VF evaluation 
method, the method of Genant was the most recommended (64, 65, 76, 77), 
and a natural choice. Radiologists use a qualitative subjective approach in their 
clinical every day work. In that context, a semi-quantitative approach was also 
more appealing than a strict quantitative approach for two radiologist.  

A more recent study comparing Algorithm-based qualitative assessment 
(ABQ) with Genant’s method showed better inter-reader agreement for 
prevalent VFs using ABQ but with similar good agreement for incident VFs. 
The ABQ method gave fewer VFs, most pronounced for prevalent VFs (107). 
It is easy to understand that diagnosis of incident VFs, with earlier radiographs 
of the vertebra in question available, makes the diagnosis more certain as 
congenital and acquired deformities can be ruled out more easily. Thus, the 
truthfulness of the diagnosis of incident VFs in the SIPH study can be 
considered higher than that of prevalent fractures. It cannot, however, be 
known how much the readers in that particular study (107), focused on the 
qualitative approach of Genant’s method. In our evaluation, we considered 
normal vertebral appearance at different levels (lumbar spine appearance 
differing from thoracic spine), normal variants and degenerative changes. In 
fact, the vertebral fracture level distribution in our study is similar to that of 
the ABQ method with most fractures in the thoracolumbar junction. 

No existing VF assessment method is perfect. A strict criterion for fracture 
with the ABQ method is end-plate depression and Genant’s methods demands 
at least 20% height reduction from expected. It has, however, been 
demonstrated that incident VFs without end-plate depression and with less 
height reduction than 20% may occur (108). In fact, two different patients (one 
in each randomization group) had one vertebra each with obvious changes 
from baseline indicating new fracture, but not enough height reduction to 
qualify as a fracture according to Genant, thus given the score 0.5 and in the 
analysis regarded as non-fractured.  

  

Karolina Lundstam 

55 

Peripheral fractures 

Self-reporting of fractures relies of the recollection ability of the patients. A 
study of fractures in childhood and adolescence showed a mismatch in self-
reported fractures compared with radiological records. Twenty-five percent of 
reported fractures could not be confirmed with radiological records and 10% 
of those who reported no previous fracture had a fracture according to 
radiological records (109). Self-reported fractures not found in radiological 
records can have many explanations and does not necessarily mean that the 
fracture did not exist, and remembering fractures from early childhood can be 
difficult. However, in our study we found additional non-reported fractures for 
a few patients when searching for complementary information of a reported 
fracture. This indicates that we might have an underreporting of fractures. For 
peripheral fractures before study start it is even reasonable to assume that to be 
the case as recollection of events far back in time is more difficult. However, 
we have no reason to believe that this underreporting should differ between 
randomization groups. In search of complementary fracture information only 
one CRF-reported fracture could not be confirmed and it was regarded as a 
CRF registration mistake.  

Given the difficulty of recollection, search of radiological records would have 
been a preferable method for finding peripheral fractures. However, due to 
different structures of the health care systems and transition from analog to 
digital storage this was never a possible option. 

5.4.2 FRACTURES IN GENERAL 
No significant difference in fracture outcome between groups could be found, 
neither for VFs nor for peripheral fractures in a 5-year perspective (83), for 10-
year data see Paper V. Given the positive treatment effect of PTX on BMD 
this was rather unexpected. Type 2 error could be behind this. Another 
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5.4.3 VERTEBRAL FRACTURES 
All of the five new VFs in the 5-year evaluation occurred in patients in the 
OBS group. However, this result did not reach statistical significance (83). 
Thus, questions need to be raised. Could there in fact be a difference between 
groups not discovered due to a type II error, or was the VF distribution caused 
by coincidence. The 10-year VF data sheds further light on this and for the 
result and discussion of these, see Paper V. In total, few of the new VFs were 
symptomatic and none were due to high-energy trauma. 

There are few studies focusing on the effect of PTX on VF development. A 
register-based study, not limited to mild disease, found increased risk of VFs 
before surgery but not after. However, our study, limited to mild PHPT, could 
not demonstrate a treatment effect of PTX on VFs in a 5-year perspective (83) 
(for the 10-year perspective see Paper V). Whether VFs are more common in 
mild PHPT has been debated. Several studies have found VF prevalence to be 
increased in PHPT (9, 15, 17-19) but most of them have not assessed mild 
PHPT separately (15, 17, 18). Other studies have not found VFs to be increased 
in mild PHPT (111, 112). Due to lack of a control group without PHPT, our 
study cannot properly answer whether VF prevalence is increased in mild 
PHPT. However, neither the number of VFs at baseline nor the number of new 
VFs can be considered particularly high in a Scandinavian perspective (113, 
114), for more details see Paper V. Still, it is important to remember that 
comparison of studies of VF prevalence and incidence are difficult due to 
different assessment methods. 

5.4.4 PERIPHERAL FRACTURES 
The discussion of peripheral fracture outcome can be found in Paper V. As 
with VFs, the lack of a control population makes it difficult to determine 
whether the peripheral fracture incidence was increased. But in comparison 
with a Swedish register-based study it does not seem particularly high (115), 
for more details see Paper V. 

5.5 KIDNEY STONES 

5.5.1 METHODOLOGICAL ISSUES 
Plain radiography of the urinary tract is suboptimal for stone detection 
compared to low dose CT used nowadays (Figure 22). Thus, small stones, 
poorly calcified stones and stones projected over dense pelvic bone or gas-
containing bowel may sometimes be difficult to detect on plain radiographs. 
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The choice of method, though, has to be seen in the context of the time of the 
study design. Anyhow, the same radiographic technique was used for both 
PTX and OBS groups, with the same diagnostic shortcomings in both groups. 
Given availability, cost and radiation exposure at that time point, the choice of 
method can be considered reasonable. However, it would not be the choice of 
method in a study designed today in Scandinavia.  

Figure 22. Plain radiography versus CT  
Kidney stone on plain radiography (a) and hydronephrosis (b) and kidney stone (c) 
on CT. The figure demonstrates the superiority of CT, both in visualizing the kidneys 
and stones. 
Images from Radiopaedia.org. 
a) Case courtesy of Dr Sarmad Aslam, Radiopaedia.org, rID: 82414 
b and c) Case courtesy of Dr Muhammad Essam, Radiopaedia.org, rID: 18328 

In clinical practice, there are diagnostic uncertainties regarding kidney stones 
since the diagnosis is not always based on radiological findings. A typical 
clinical picture can be ground for the diagnosis. In addition, radiological 
methods of kidney stone detection have improved since study start, as 
discussed above. 

5.5.2 KIDNEY STONE DEVELOPMENT 
The number of patients with clinically overt kidney stones was small, for 
number of events and randomization group distribution see Paper V. Male sex 
and young age are known predictors of kidney stones in PHPT (25, 26), 
characteristics not dominating our population. PTX has earlier been found to 
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The choice of method, though, has to be seen in the context of the time of the 
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PTX and OBS groups, with the same diagnostic shortcomings in both groups. 
Given availability, cost and radiation exposure at that time point, the choice of 
method can be considered reasonable. However, it would not be the choice of 
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since the diagnosis is not always based on radiological findings. A typical 
clinical picture can be ground for the diagnosis. In addition, radiological 
methods of kidney stone detection have improved since study start, as 
discussed above. 
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decrease the risk of kidney stone events in unselected PHPT materials 
compared to before surgery, but with risk normalization compared to controls 
occurring more than 10 years after surgery (26). It is interesting to reflect over 
our result in that context. Not surprisingly, studies using other imaging 
techniques have found higher prevalence of occult kidney calcifications (21, 
23) than we did with plain radiography (83). CT has been proven better than 
ultrasound (23), which is prone to interobserver variation and limited 
ultrasonographic visualization of the urinary tract. It is reasonable to assume 
that had CT been used in the SIPH study more occult kidney stones would have 
been found. 

5.6 MORTALITY AND NON-SKELETAL/NON-
RENAL MORBIDITIES 

5.6.1 METHODOLOGICAL ISSUES 
Mortality 

Primary endpoint of the SIPH study was death. However, only using CRF data 
would be suboptimal in regard to that endpoint. Several of the deaths within 
the pre-defined follow-up time of 10 years would have been missed if register 
data from the Death registers had not been used. To increase power, the follow-
up time in the Death registers was extended. This allowed mortality follow-up 
of the patients after leaving the study, though with the limitation of not 
knowing the future PTX status of many of the patients. As described earlier, 
there are patients who left the study early or later, where we know or can 
assume that the randomization result were not followed. 

We have no reason to suspect sources of error regarding the date of death. 
However, the underlying cause of death is known to be more uncertain (116, 
117). The underlying cause of death is coded from information written by the 
doctor in the cause of death certificate (116). Generally, underlying causes of 
death are more easily established in younger persons compared to elders with 
multiple diseases (116). Declining autopsy rates are also bound to increase 
cause of death uncertainty (118). Still, no other reasonable method could 
provide more certain causes of death in our study. 
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5.6.2 OUTCOME OF NON-SKELETAL/NON-RENAL 
MORBIDITIES 

Mortality 

There have been contradictive results from studies on mortality. A Swedish 
study of mild PHPT showed increased mortality in those younger than 70 years 
(28), while a study from the United States from approximately the same time 
period found no increased mortality among patients with mild PHPT (27). Yet, 
another study found increased mortality in patients with PHPT (not limited to 
mild disease), however with no effect of PTX on mortality (119). Our mortality 
data (see Paper V) is interesting in relation to these studies. Without a control 
group it is difficult to say whether mortality is increased in our study 
population. Still, the mean age at the time point of death among the deceased 
in our population was 83.2 years, more or less as in the background population 
(120-122). 

Other morbidities 

Higher calcium levels within normal range, have been associated with 
cardiovascular disease and stroke (123). But that does not necessarily mean 
there is a causality. Hypercalcemia is one theory of the development of 
coronary artery calcifications, a known predictor of cardiovascular disease, but 
the pathogenesis remains unclear (124). There are conflicting results regarding 
PHPT and cardiovascular disease (29). Studies have mainly focused on risk 
factors associated with cardiovascular disease (49, 125-128), see Paper V for 
more details. But as with other outcomes of the disease, few of these studies 
have been limited to mild PHPT. Early data, after two and five years of follow-
up, of the SIPH study could not demonstrate a treatment effect of PTX on 
cardiovascular outcome (54, 129). Considering these results, the mildly 
elevated calcium levels seen in mild PHPT do not seem to be a risk factor for 
developing cardio- or cerebrovascular disease in a 5-year perspective. For the 
result and discussion of EoS data, see Paper V.  

A register study with long follow-up time found increased risk of cancer among 
PTX treated patients with PHPT compared to controls, with a sustained risk 
for more than 15 years (130). This study was not limited to mild disease. 
However it highlights that the increased risk of cancer may not be due to the 
PHPT disease itself. If so, treatment with PTX will not affect future 
development of cancer. A randomized study such as this is valuable in finding 
out if this assumption is valid. The result and discussion of EoS data is found 
in Paper V. 
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5.6.2 OUTCOME OF NON-SKELETAL/NON-RENAL 
MORBIDITIES 

Mortality 

There have been contradictive results from studies on mortality. A Swedish 
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5.7 STRENGTHS AND LIMITATIONS 
This is the largest randomized controlled study of mild PHPT comparing PTX 
to OBS with a follow-up time for 10 years for morbidities and even longer for 
mortality. Thus, the design and follow-up time are the main strengths of the 
study. Previously published randomized studies in this field have been smaller 
and with short follow-up times (51, 52). Another important strength is that it 
is an investigator initiated study, with both endocrinologist and endocrine 
surgeons involved. Thus, there has never been an aim of proving PTX superior 
to OBS or vice versa. However, it can be criticized for potentially being 
underpowered. The pre-set aim of 200 participants in each group was not 
achieved. The extended follow-up time of mortality could potentially, at least 
partly, compensate for this. On the other hand, the extended follow-up lacked 
information of PTX after leaving study, a potential source of error. Still, in the 
context of available studies today in the field, the study data must be considered 
valuable.  

Not reaching the pre-set aim reflects difficulties in the study recruitment. This 
could be due to difficulties in the definition of mild disease. What should be 
considered a symptom? Tiredness? Mild depression? There are distinct criteria 
for surgery in mild PHPT (30), but not for the mild term itself. With this 
recruitment difficulty (the patients were to be asymptomatic) together with the 
inclusion/exclusion criteria, it is reasonable to believe that this study 
population is representative for mild disease. However, it is also reasonable to 
believe that some patients with mild PHPT were not selected due to unspecific 
symptoms common in the general population. 

The recruitment difficulties led to a long inclusion period. This could be 
problematic for many reasons, and that was the reason for ending the inclusion 
even though the aimed number of patients had not been reached. Development 
of new drugs or drug recommendations (for example treatment of osteoporosis 
and cardiovascular disease), as well as new improved methods of urinary stone 
detection and the change from analogue to digital radiography could change 
the basic preconditions. However, with the randomized design these changes 
would affect the groups similarly. The DXA evolvement during the study with 
more data presented in the printouts rendered confusion of what to report, with 
the need of validating DXA data (use printout data instead of CRF reported 
data).  

The initial high withdrawal rate is problematic. It was followed by a rather 
expected withdrawal rate mainly related to morbidities. However, to have 
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followed 67.5% of the patients for 10 years must still be regarded as good, 
considering the age of the study population.  

Missing register-based mortality data from Denmark is another limitation. 
However, it was only 10 patients of which one died within study and the 
remaining 9 were followed till EoS, and they were included in the mortality 
analysis and censored either at time of death or at time of EoS.  

Surgical treatment among patients in the OBS group is also problematic as it 
may conceal true differences. However, the study was designed for this 
scenario using the ITT principle. In addition, per protocol analysis has been 
performed for several outcomes without any change in outcome of statistical 
tests or general conclusions of the study. PTX in the OBS group also reflects a 
real world scenario where some observed patients eventually meet surgical 
criteria or wants surgery.  

The number of men in the study is a limitation and it can be questioned if the 
conclusions of the study are valid for men. There are sex specific differences 
regarding the presentation and complications of the disease (131, 132). 

Missing data is another limitation. Frozen plasma could only be analyzed for 
80 of 145 patients in the 5-year evaluation, possibly leading to type 2 error. 
Baseline spine radiographs were missing for 31 patients in the 10-year 
evaluation. Fortunately this only resulted in one indeterminate VF. All patients 
did not have DXA data from all visits (BL visit, 5y visit and 10y visit), 
although the use of mixed model statistics could compensate for that.  

The use of different DXA hardware and software is another limitation, with 
the BMD-T-score-plot being a useful tool for finding systematic differences. 
However, the BMD-T-score-plot is limited to systematic differences affecting 
the BMD-T-score relationship and will not discover error sources not affecting 
this relationship. The Z-score, including more calculation parameters, cannot 
be investigated in a similar way. Operator dependent differences cannot be 
discovered with this method. However, it can be assumed that remaining 
differences, due to DXA examinations at several different locations over long 
time, would affect randomization groups similarly, likely not affecting 
between-group differences. 

The study allowed bone active drugs such as bisphosphonates and estrogens. 
At the time of study design, the use of bisphosphonates was uncommon, thus 
not structurally accounted for in the protocol. As bisphosphonates nowadays 
can be recommended to selected observed patients with PHPT (55), it would 
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have been unethical to deny the patients in the study such treatment when 
considered suitable. Based on the distribution of bisphosphonates in the 5-year 
evaluation (OBS 10/PTX 5) (84), it is unlikely that it would have had a major 
effect on the BMD outcome as a significant treatment effect of PTX was seen. 
Admittedly, there were more, (though not significantly more) patients in the 
PTX group on estrogen treatment (OBS 6/PTX 11) (84). But it seems unlikely 
that the estrogen effect on bone would be sufficient to affect the DXA results 
on a group level. 

To our knowledge, the pre-surgical parathyroid imaging described in the 
introduction has not been conducted in this study due to the time-point of study 
start. If it had been available, it ought to have been of value as less invasive 
surgical procedures could, potentially, have been be applied for many of the 
patients. 
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6 CONCLUSIONS 
This is the only randomized controlled trial of mild PHPT comparing PTX to 
OBS, with a follow-up of 10 years. A total of 129 patients were followed for 
10 years. 

After 5-years of follow-up no significant difference between PTX and OBS 
could be demonstrated for VFs, peripheral fractures and radiographic evidence 
of urolithiasis, and the number of events was small (Paper I).  

However, a treatment effect of PTX on BMD and T-scores could be seen for 
four out of five analyzed compartments, even though it did not translate to a 
detectable reduction in fracture risk (Paper II).  

As expected PTX led to a significant decrease in biochemical markers of bone 
turnover, even though a significant difference between groups over time was 
only seen for CTX-1 (Paper II).  

Thus in a 5-year perspective, observation of patients with mild PHPT seems to 
be a safe alternative as no treatment effect of PTX could be found for any hard 
endpoints. 

It is problematic with long-term follow-up of DXA data, due to changes in 
hardware/software versions, software analysis settings and reference 
populations. The optimal re-analyzation of all scans in one run is not always 
possible. In such circumstances the BMD-T-score-plot is helpful in detecting 
systematic differences. The longer follow-up time, the greater is the risk of 
systematic differences. We found systematic differences of different 
magnitude for all analyzed compartments. Causes included different hardware 
(iDXA vs other Lunar hardware for TB), different software analysis settings 
(Basic vs Enhanced analysis for TB and SPA vs Lunar calibration for the 
forearm), different reference populations (NHANES vs Lunar proprietary 
reference population for FN) and different leg positioning (legs up vs legs 
down for LS). Even though the inflicted systematic differences had no 
significant impact on the 5-year DXA result, it would seriously have affected 
the 10-year DXA result of the forearm and TB if gone unnoticed. The majority 
of systematic differences could be compensated for (Paper III). 

For the conclusions of the 10-year data and the safety of observation in a 10-
year perspective, see the conclusions of Paper IV and V. 
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7 FUTURE PERSPECTIVES 
Conducting large-scale randomized controlled trials with long-term follow-up 
of PTX compared to OBS is logistically difficult and requires an enormous 
amount of work. Hence not said that it would be without value. If additional 
randomized studies of PHPT would be conducted, the following ought to be 
considered. 

• Inclusion of more men, alternatively limited to men only, as data 
from the SIPH study can be considered limited regarding men. 

• Adding a control group with healthy matched individuals would be 
of value, for assessment of outcomes being increased/decreased in 
mild PHPT. 

• Randomizing patients with mild PHPT to PTX vs treatment with 
bisphosphonates  

• Including bone quality assessment of the spine with TBS in the 
analysis, as it has not been investigated in a randomized population 
with mild PHPT. 

• Using low-dose CT for detection of urolithiasis. 

More distinct criteria of mild disease would be valuable, as the mild definition 
today is partially subjective. 

The systematic differences we encountered could in some aspects be regarded 
as historical. As the DXA technology evolves, potentially new systematic 
differences may occur. Similar investigations with search of systematic 
differences in more recently obtained DXA material would be of value, as well 
as for scans of other DXA brands. 
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