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Abstract
Hypoparathyroidism (HypoPT) and pseudohypoparathyroidism (PHP) are diseases with abnormal calcium and phosphate 
homeostasis and low and high PTH levels, respectively. It has been hypothesized that this could dispose to vascular calcifica-
tions and thereby perhaps also cardiovascular morbidity. The aim of this study was to assess lower leg arterial calcifications 
(LLAC) in patients with HypoPT or PHP. Using a cross-sectional design, we measured the LLAC using a high-resolution 
peripheral quantitative computed tomography (HR-pQCT) scanner in 72 patients with HypoPT and 25 patients with PHP and 
compared them with findings in 61 controls. LLAC were found in only two (3%) of the controls. Compared to the controls, 
LLAC were significantly more prevalent in patients with HypoPT (N = 12, [17%], p < 0.01) and PHP (N = 4, [16%], p < 0.04). 
Compared to the patients without calcifications, patients with calcifications had higher plasma calcium levels and a lower 
eGFR, as well as they were older and more often males. Plasma phosphate levels and the calcium-phosphate product were 
not associated with LLAC. In conclusion, we found that HypoPT and PHP are associated with an increased prevalence of 
vascular calcifications.
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Introduction

Hypoparathyroidism (HypoPT) is a metabolic disease char-
acterized by hypocalcemia with relatively high plasma phos-
phate levels due to inadequate levels of parathyroid hormone 
(PTH). The most common cause of HypoPT is post-surgical 
HypoPT after thyroid or parathyroid surgery. Other causes 
for hypoparathyroidism include genetic or autoimmune 
diseases causing the so called non-surgical HypoPT (Ns-
HypoPT) [1]. In pseudohypoparathyroidism (PHP) there 
is a peripheral resistance to PTH which results in similar 
manifestations as HypoPT, with low plasma calcium levels 
and relatively high phosphate levels, although plasma PTH 
levels are elevated [2]. In recent years there has been an 
increased focus on HypoPT and its effect on the cardiovas-
cular system. It has been hypothesized that disturbances in 

the calcium and phosphate homeostasis may increase the 
risk of cardiovascular events [3, 4]. Studies have shown that 
Ns-HypoPT is associated with an increased risk of cardio-
vascular disease [5, 6], whereas post-surgical HypoPT does 
not seem to increase the risk [6, 7], except if plasma calcium 
levels are too low [8]. A plausible mechanism for the pos-
sible increased risk of cardiovascular disease in patients with 
HypoPT might be vascular calcifications due to disturbances 
in calcium and phosphate levels. The association between 
abnormal calcium, phosphate and PTH levels and vascu-
lar calcifications and cardiovascular disease have, however, 
until now mainly been examined in patients with chronic 
kidney disease (CKD). Similar to patients with HypoPT, 
patients with CKD have low calcium and high phosphate 
levels, but unlike patients with HypoPT, CKD patients have 
high levels of PTH [9]. In CKD patients, the increased risk 
of vascular calcifications and cardiovascular events has been 
associated with the abnormal calcium, phosphate and PTH 
homeostasis [3, 10]. Patients with CKD have increased lev-
els of FGF23 due to the increased phosphate levels. Elevated 
levels of FGF23 have also been associated with increased 
risk of vascular calcifications and cardiovascular disease 
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[11]. Vitamin K, on the other hand, has been shown to play 
a possible role in reducing vascular calcifications [12]. In 
the presence of vitamin K, the vitamin K-dependent pro-
teins such as matrix gla protein (MGP) is carboxylated. The 
carboxylated form of this protein (cMGP) inhibits vascular 
calcifications [12, 13]. Thereby suggesting that vitamin K 
could offer therapeutic benefits to CKD patients [12]. It is, 
however, unknown whether such mechanisms are also of 
importance to patients with HypoPT.

Until now there have only been limited studies examining 
vascular calcifications in patients with HypoPT, showing 
that Ns-HypoPT is associated with increased risk of both 
coronary artery calcifications and increased carotid intima 
thickness [4, 14]. One way to examine vascular calcifica-
tions is by measuring lower leg arterial calcification (LLAC) 
using a high-resolution peripheral quantitative computed 
tomography (HR-pQCT) scanner. HR-pQCT scans are pri-
marily used for assessment of bone structure but has also 
been shown to be useful to identify vascular calcifications. 
Studies have shown that LLAC assessed by HR-pQCT scans 
is associated with coronary artery calcifications [15], which 
is a good marker for atherosclerosis and cardiovascular dis-
ease [16].

The aim of this study was to assess vascular calcifica-
tions in the lower legs in patient with HypoPT and PHP and 
compare findings to a control group. Because these patients 
have disturbances in calcium and phosphate homeostasis, we 
hypothesized that these patients would have more vascular 
calcifications.

Subjects and Methods

Patient Selection

We identified patients with HypoPT, both post-surgical and 
non-surgical, and PHP, as well as people from the general 
background population who previously have had a HR-
pQCT scan performed at our Department of Endocrinology 
and Internal Medicine, Aarhus University Hospital, Den-
mark. Bone data from scans of the lower legs have previ-
ously been reported [2, 17–19]. Patients with HypoPT were 
diagnosed based on their biochemical characteristic with 
hypocalcemia due to inappropriately low PTH levels [20], 
and PHP were diagnosed based on hypocalcemia with inap-
propriately high PTH levels [21].

Clinical characteristics and biochemistry were retrieved 
from patient charts. Body mass index (BMI) was cal-
culated as weight in kilograms divided by height in 
meters squared (kg/m2). The Danish Health and Medi-
cines Authority approved retrieval of data from the scan-
ner database and hospital charts (#31-1521-437). The 

Danish Data Protection Agency was notified about the study 
(#2016-051-000001/1845).

Controls

Controls were subjects (N = 61) who were included in our 
database with HRpQCT scans, as they had served as non-
diseased individuals in prior studies [18, 19]. In brief, they 
have been recruited by direct mailing to a random sample 
from the general background population and included if they 
were not suffering from calcium metabolic diseases, thyroid 
disorders, current malignant diseases or alcohol abuse, as 
previously detailed [18, 19]. All the controls were asked 
about these diseases in a questionnaire and had a lab screen-
ing performed.

HR‑pQCT‑Scan

Using a HR-pQCT scanner (XtremeCT; SCANCO Medi-
cal AG, Brüttisellen, Switzerland) all cases and controls 
had their lower leg scanned. Prior to the scan, the lower 
leg was stabilized in a carbon cast and inserted in the scan-
ner. The right side was scanned unless a history of fracture 
in the region was present. At each site, 110 computerized 
tomography slices were obtained. These slices were used 
to reproduce a 9.02 mm long three-dimensional image. The 
images were analyzed using software provided by the com-
pany (SCANCO Medical AG, Brüttisellen, Switzerland) 
[15, 22]. Image analysis was performed by first detecting the 
bone structure, if the outer contours of the tibia and fibula 
was not correct, it was corrected by hand. These bone struc-
tures were then removed from calcification measurement. 
The computer was set to identify any non-skeletal calcified 
tissue. Afterwards any calcified area not related to a vessel 
were removed by hand. This included any area that did not 
have the typical location of either the anterior or posterior 
tibial artery or did not have the typical round vascular struc-
ture (Fig. 1). The algorithm was set to analyze the identified 
calcifications. LLAC was calculated in mg hydroxyapatite 
(HA) as total volume of vascular calcifications (mm3) × 
mean calcification density (mgHA/cm3)/1000. Like other 
studies concerning vascular calcifications in HRpQCT scans 
[15, 22], we used the unit mgHA instead of mgHA/cm3, 
because the latter would depend on how close to the calcifi-
cation the outer contours were drawn. In the absence of any 
visible vascular calcification on the scan, the calcification 
was recorded as 0 mgHA.

Biochemistry

All blood and 24 h urine samples were collected at the time 
of the HR-pQCT scan. Blood samples were drawn in the 
morning in the fasting state and analyzed using standard 



777Lower Leg Arterial Calcifications Assessed by High-Resolution Peripheral Quantitative…

1 3

methods on an automated analyzer (Cobas 6000; Roche 
Diagnostics GmbH, Mannheim, Germany) at our univer-
sity Department of Clinical Biochemistry. The laboratory 
is accredited by the Danish Accreditation Fund (DANAK). 
If needed, blood samples were stored at − 80 °C until ana-
lyzed. Measurement of 24 h renal calcium excretion were 
only available from the group of patients.

Statistics

For normally distributed data we assessed differences 
between groups using independent t test. For skewed data, 
we assessed differences between groups using Mann–Whit-
ney test. For categorical values proportions were compared 
using chi-square test. Correlation analysis was performed 
by calculating Pearson’s correlation coefficient. Data are 
reported as mean ± standard deviation (SD) or 95% con-
fidence interval or median with interquartile (25%; 75% 
percentile) range (IQR), as appropriate. A two-sided p 
value < 0.05 was considered statistically different. All cal-
culations were performed using IBM SPSS statistics version 
20, (IBM, New York, USA).

Results

In total, we included 97 cases: 22 patients with post-surgical 
HypoPT, 25 with PHP and 50 with Ns-HypoPT. Findings 
in patients were compared to findings in 61 healthy con-
trols. On average, the controls had a lower BMI and were 

a few years younger than the group of patients. However, 
only patients with HypoPT were on average older than the 
controls, whereas patients with PHP were slightly younger 
than the controls (Table 1). The male–female-ratio between 
patients and controls was almost the same. Compared to 
the controls, patients had significantly lower plasma calcium 
levels and higher plasma phosphate levels. Furthermore, 
patients with HypoPT had higher plasma creatinine levels 
with a lower eGFR, whereas renal function was not impaired 
in the group of patients with PHP. Hypercalciuria was more 
prevalent among patients with HypoPT compared to patients 
with PHP (Table 1).

Figure 2 shows the results from the HR-pQCT. Preva-
lence of LLAC was significantly higher among patients 
compared to the controls (17% vs. 3%, p = 0.01). The per-
centage of patients with calcifications did not differ between 
patients with HypoPT and PHP (16.6% vs. 16.0%, p = 0.94) 
or between patients with post-surgical- and non-surgical 
HypoPT (18.2% vs. 16.0%, p = 0.82) (data not shown). For 
individuals with calcifications, the degree of calcifications 
varied considerably ranging from 0.47 to 40.27 mgHA. It 
did, however, not differ between patients and controls (13.1 
vs. 17.6 mgHA; p = 0.14) or between patients with PHP and 
HypoPT (15.4 vs. 12.3 mgHA, p = 0.47).

Table 2 compares characteristics of patients with and 
without calcifications. Compared to patients without cal-
cifications, patients with LLAC were older and more often 
of the male gender. Furthermore, patients with LLAC had 
statistically significant higher plasma calcium levels and a 
lower eGFR. Plasma calcium levels were within the refer-
ence range for patients with LLAC, whereas those without 
calcifications had calcium levels slightly below the refer-
ence range. Phosphate, calcium-phosphate product, TSH, 
24 h urine calcium, BMI and calcium, alfacalcidol and levo-
thyroxine treatment did not differ significantly between the 
two groups.

Comparisons of patients with or without calcifications 
are shown in Tables 3 and 4 for patients with HypoPT and 
PHP, respectively. Plasma calcium levels were higher among 
patients with HypoPT and LLAC compared to those without 
LLAC (Table 3) and a similar (non-significant) tendency was 
found in the smaller group of patients with PHP (Table 4). 
Plasma phosphate levels were borderline significantly 
(p = 0.07) lower in the group of HypoPT patients with LLAC 
compared to those without LLAC (Table 3). The calcium-
phosphate product did not differ between patients with or 
without LLAC in any of the two groups of patients. HypoPT 
patients with LLAC had a lower eGFR (p < 0.01) compared 
to HypoPT without LLAC (Table 3), whereas a similar (non-
significant) tendency was found for PHP patients (Table 4). 
Among patients with PHP the ones with and without cal-
cifications only differed statistically significant concerning 
levothyroxine and hypercalciuria.

Fig. 1   An example of vascular calcifications (arrows) at the anterior 
or posterior tibial arteries, as identified by the HR-pQCT scan
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For the 22 patients with post-surgical HypoPT, the aver-
age duration of disease was 11 years (n = 18) for patients 
without calcifications, whereas it was 19 years for the four 
post-surgical patients with calcifications (p < 0.10) (data not 
shown).

The two controls with calcifications were similar to the 
controls without calcifications, except for age (data not 
shown): an average age of 60 years for those with calcifica-
tions and 43 years for those without calcifications.

Bivariate correlation analyses were performed to search 
for correlation between the degree of mineralization and spe-
cific parameters. The bivariate correlation analysis showed 
that only daily dose of calcium from supplements was sig-
nificantly associated with LLAC (mgHA) for patients with 
calcifications (r = 0.581; p < 0.02; slope = 0.007). All the 
patients with a LLAC higher than 20 mgHA had a daily cal-
cium dose of 1200 mg or more. Neither biochemical findings 

nor age, BMI or daily dose of alfacalcidol correlated signifi-
cantly with LLAC (Fig. 3).

Discussion

Our study represents one of the few studies examining vas-
cular calcifications in patients with HypoPT and PHP. To the 
best of our knowledge, it is also the largest study concern-
ing this topic. A priori we hypothesized that patients with 
HypoPT or PHP would have more vascular calcifications 
compared to the general population. This hypothesis is sup-
ported by our findings. We found that 17% of the patients 
with HypoPT or PHP had LLAC compared to only 3% in 
the control group.

Comparing patients with and without calcifications, 
those with LLAC had higher plasma calcium levels. They 

Table 1   Characteristics of patients and controls at time of HR-pQCT scans

Number of subjects (n) with percentages (%) within group or median with interquartile range (25%; 75% percentiles)
HypoPT hypoparathyroidism, PHP pseudohypoparathyroidism
Tests for significant differences between groups
a p < 0.05 for patients compared with controls
b p < 0.05 for HypoPT compared with controls
c p < 0.05 for PHP compared with controls
d p < 0.05 for HypoPT compared with PHP

Reference range All cases (n = 97) HypoPT (n = 72) Pseudo-hypoparathy-
rodism (n = 25)

Controls (n = 61)

Gender
 Male, n (%) 24 (25) 19 (26) 5 (20) 13 (21)
 Female, n (%) 73 (75) 53 (77) 20 (80) 48 (79)

Age, years 47 (31; 59) 51 (40; 61)b,d 31 (27; 38)c,d 42 (32; 56)b,c

BMI, kg/m2 28 (25; 34)a 28 (25; 32)b 30 (24; 35)c 24 (23; 27)a,b,c

Plasma
 Calcium, ionized (mmol/L) 1.18–1.32 1.16 (1.10; 1.21)a 1.16 (1.07; 1.19)b 1.21 (1.13; 1.26)c 1.23 (1.21; 1.25)a,b,c

 Calcium, total (mmol/L) 2.20–2.55 2.24 (2.06; 2.36)a 2.23 (2.05; 2.34)b 2.27 (2.18; 2.38)c 2.34 (2.30; 2.40)a,b,c

 Ca (total) × Pi (mmol2/L2) 2.47 (2.18; 2.83) 2.48 (2.12; 2.84) 2.47 (2.30; 2.75) 2.36 (2.00; 2.70)
 Phosphate (mmol/L) 0.76–1.41 1.11 (1.02; 1.25)a 1.11 (1.02; 1.25)b 1.12 (1.01; 1.24)c 1.02 (0.86; 1.14)a,b,c

 Creatinine (µmol/L) 45–90 75 (65; 90)a 80 (67; 96)b,d 66 (61; 79)d 69 (62; 74)a,b

 eGFR (ml/min)  > 90 88 (68; 104)a 82 (62; 98)b, d 103 (94;121)d 98 (87; 109)a,b

 TSH (10–3 IU/L) 0.30–4.00 1.92 (0.99; 4.20) 1.83 (1.00; 3.39) 3.15 (0.76; 5.70)c 1.97 (1.40; 3.12)
24 h urine
 Calcium (mmol/24 h)
  Male 2.0–9-0 4.50 (2.75; 6.85) 5.15 (2.89; 10.8) 1.40 (1.00; 4.80)
  Female 2.0–7.0 6.10 (3.30; 11.2) 6.35 (4.40; 11.4)d 4.00 (2.15; 5.78)d

Treatment
 Calcium supplements, n (%) 73 (75) 57 (79) 16 (64)
  Dose, mg/d 800 (800; 1500) 800 (800;1500) 600 (400; 1070)

 Alfacalcidol, n (%) 75 (77) 56 (78) 19 (76)
  Dose µg/d 2.00 (1.23; 3.00) 2.00 (1.06; 3.00) 2.14 (1.50; 3.00)

 Levothyroxine, n (%) 35 (36) 24 (33) 11 (44)
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Fig. 2   Percentage of subjects 
with lower leg arterial calcifica-
tions within each group

Table 2   Characteristics of the 
patients with and without LLAC

Reference intervals for biochemistry are shown in Table 1. Mean with 95% confidence interval or number 
with percentages (%)
a Hypercalciuria defined as renal calcium excretion > 7 mmol/24 h for females and > 9 mmol/24 h for males
Bold values are statistically significant for p-value < 0.05

Patients with LLAC N = 16 Patients without LLAC 
N = 81

p value

Age, years 61 (52–70) 43 (40–46)  < 0.01
Gender
 Male, n (%) 8 (50) 16 (20) 0.01
 Female, n (%) 8 (50) 65 (80)

BMI, kg/m2 29.2 (27.2–31.3) 29.3 (27.8–30.8) 0.96
Plasma
 Calcium, ionized (mmol/L) 1.23 (1.15–1.30) 1.13 (1.11–1.16)  < 0.01
 Calcium, total (mmol/L) 2.36 (2.21–2.51) 2.19 (2.15–2.23)  < 0.01
 Phosphate (mmol/L) 1.06 (0.91–1.15) 1.14 (1.09–1.20) 0.19
 Ca (total) × Pi (mmol2/L2) 2.49 (2.27–2.72) 2.49 (2.38–2.60) 0.99
 eGFR (mL/min) 64 (49–80) 91 (86; 96)  < 0.01
 TSH (10–3 IU/L) 2.79 (1.62–3.96) 3.41 (2.43–4.38) 0.56

24 h urine
 Calcium (mmol/24 h) 8.05 (6.03–10.1) 6.35 (5.36–7.34) 0.15
 Hypercalciuria, n (%)a 8 (50) 22 (27) 0.045

Treatment
 Calcium, n (%) 13 (81) 60 (74) 0.54
  Dose, mg/d 1315 (609; 2022) 1049 (888; 1210) 0.25

 Alfacalcidol, n (%) 13 (81) 62 (77) 0.68
  Dose, µg/d 1.94 (1.43; 2.45) 2.23 (1.95; 2.53) 0.38

 Levothyroxine, n (%) 7 (43) 28 (35) 0.49
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did, however, have calcium levels within the normal range 
and about the same calcium levels as the control group. In 
a previous study of Agarwal et al. [4] regarding HypoPT 
and coronary artery calcifications, an opposite tendency 
was found, as patients without calcifications had higher 
plasma calcium levels than those with calcifications [4]. 
This study only included patients with Ns-HypoPT who 
presumably were untreated (not reported by the authors), 
as the entire group of patients had a very low average 
plasma total calcium level (1.8 ± 0.2  mmol/L), which 
was significantly lower than levels in a matched group of 
healthy controls (2.3 ± 0.2 mmol/L). Patients with calcifi-
cations had total calcium levels as low as 1.4 ± 0.2 mmol/L 
[4] which is markedly lower than the levels in our patients. 
The difference in the calcium levels could be the reason 
for the different results regarding the association between 
calcifications and calcium levels. Thus, this discrepancy 
may indicate that the optimal calcium level to avoid 
calcifications is just below the normal reference range 
and that levels below or above that range may result in 
increased risk of calcifications. Similar to our findings, 
the study by Agarwal et al. [4] showed no associations 
between calcifications and serum phosphate level or the 

calcium-phosphate product, suggesting no major important 
effect of phosphate on the risk of LLAC in HypoPT.

Calcium supplements are an important part of the stand-
ard treatment of HypoPT and PHP. The possible role of cal-
cium supplements in the development of vascular calcifica-
tions continuous to be a controversial issue. Use of calcium 
supplements has been associated with an increased risk of 
vascular disease in some [23–25] but not all [26, 27] studies. 
These studies have, however, been performed on people not 
suffering from parathyroid diseases. In our study, there was 
no statistically significant difference in the use of calcium 
supplements when comparing the patients with and without 
calcifications. Nevertheless, we did find a significant correla-
tion between LLAC (mgHA) and daily dose of calcium sup-
plements. The highest LLAC scores were all found among 
patients with a calcium dose of at least 1200 mg, indicating a 
threshold value at 1200 mg. Therefore, we cannot exclude a 
potential harmful effect of calcium supplements in the treat-
ment of HypoPT and PHP.

In this study, we divided the patients into HypoPT and 
PHP to see whether the number of patients with calcifica-
tions differed between groups. The percentage of patients 
with calcifications were almost the same in the two groups. 
In the HypoPT group the ones with calcifications were older, 

Table 3   Characteristics of the 
hypoparathyroidism (HypoPT) 
patients with and without Lower 
Leg Arterial Calcifications 
(LLAC)

Values are means with 95% confidence intervals or number with percentage (%). Bold values are statisti-
cally significant
Bold values are statistically significant for p-value < 0.05

HypoPT with LLAC N = 12 HypoPT without LLAC 
N = 60

p value

Age, years 67 (60–74) 47 (43–51)  < 0.01
Gender
 Male, n (%) 7 (58) 12 (20)  < 0.01
 Female, n (%) 5 (42) 48 (80)

BMI, kg/m2 28.9 (26.9–30.9) 29.1 (27.2–31.0) 0.93
Plasma
 Calcium, ionized (mmol/L) 1.23 (1.13–1.34) 1.12 (1.09–1.14)  < 0.01
 Calcium, total (mmol/L) 2.37 (2.17–2.57) 2.17 (2.12–2.22)  < 0.01
 Phosphate (mmol/L) 1.02 (0.91–1.13) 1.14 (1.08–1.19) 0.07
 Ca (total) × Pi (mmol2/L2) 2.40 (2.13–2.68) 2.47 (2.34–2.59) 0.55
 eGFR (ml/min) 53 (39–68) 84 (79; 90)  < 0.01
 TSH (10–3 IU/L) 3.16 (1.81–4.51) 2.83 (2.04–3.63) 0.66

24 h urine
 Calcium (mmol/24 h) 8.28 (5.69–10.9) 7.24 (6.13–8.34) 0.43
 Hypercalciuria, n (%) 6 (50) 20 (33) 0.23

Treatment
 Calcium, n (%) 9 (75) 48 (80) 0.70
  Dose, mg/d 1577 (560; 2595) 1083 (917; 1250) 0.07

 Alfacalcidol, n (%) 9 (75) 47 (78) 0.80
  Dose µg/d 1.80 (1.09; 2.51) 2.17 (1.87; 2.48) 0.33

 Levothyroxine, n (%) 3 (25) 21 (35 0.50
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the male:female ratio was higher, the calcium levels were 
higher, and the eGFR was lower compared to the ones with-
out calcifications. These findings are in accordance with 
known risk factors for LLAC in other groups of patients 
[28]. In the PHP group, only levothyroxine treatment and 
hypercalciuria differed statistically significant between 
patients with or without calcifications. We did, however, find 
the same tendencies with higher calcium, lower eGFR and 
higher age among the ones with calcifications, suggesting 
that similar mechanism may account for the development 
of calcifications in both HypoPT and PHP.

Several studies have shown an increased prevalence of 
intracerebral calcifications in patients with HypoPT and 
PHP [29–33]. PHP is caused by mutations in GNAS gene 
or mutations upstream of the GNAS complex locus [34]. 
The GNAS gene encode the Gsα-part of the PTH receptor, 
resulting in PTH resistance. The defect G protein receptor 
does not only affect PTH, as Gsα deficiency in mesenchymal 
stem cells leads to de novo differentiation of osteoblasts in 
soft tissue, thereby causing ossifications [35]. Accordingly, 
patients with PHP may have a high occurrence of ossifica-
tions which may be misinterpreted as vascular calcifications 
when evaluating findings on HR-pQCT scans. However, we 
find it most likely that the identified calcifications were 

located in the vasculature, as we removed anything without 
a vessel-like structure and without a location typical of the 
anterior or posterior tibial artery. Further studies are, never-
theless, needed to determine whether these findings are due 
to calcifications or ossifications.

Our study has several strengths as well as limitations. A 
major limitation is the relatively small sample size limiting 
our abilities to perform adjustments and sub-analyses. The 
calcifications have probably developed over a long period 
in the years prior to the scan, but the biochemical charac-
teristics were determined at the time of the scan. We do not 
have any data on the biochemical characteristics in the years 
prior to the scan during which the calcifications developed. 
Furthermore, we were not able to account for other factors 
known to affect the risk of LLAC such as hyperlipidemia, 
diabetes mellitus, hypertension, CKD, cardiovascular his-
tory and smoking history. The patients with HypoPT were 
also on average a few years older than the controls, whereas 
PHP patients were younger. Despite these age differences, a 
similar prevalence of calcifications was found in both groups 
of patients which was much higher than in the group of con-
trols. Moreover, the scanner did not scan the entire tibia, but 
only scanned 9.02 mm of the tibia. It could be of interest 
in future studies to determine calcification in a larger part 

Table 4   Characteristics of the 
pseudohypoparathyroidism 
(PHP) patients with and 
without Lower Leg Arterial 
Calcifications (LLAC)

Values are means with 95% CI or number of subjects with percentage (%). Bold values are statistically 
significant
a Under detection limit

PHP with LLAC N = 4 PHP without LLAC N = 21 p value

Age, years 42 (7–77) 34 (29–39) 0.24
Gender
 Male, n (%) 1 (25) 4 (19) 0.79
 Female, n (%) 3 (75) 17 (81)

BMI, kg/m2 30.2 (20.7–39.8) 30.0 (27.3–32.6) 0.93
Plasma
 Calcium, ionized (mmol/L) 1.22 (1.12–1.31) 1.18 (1.14–1.22) 0.47
 Calcium, total (mmol/L) 2.34 (2.11–2.57) 2.24 (2.17–2.31) 0.25
 Phosphate (mmol/L) 1.18 (1.10–1.26) 1.11 (1.01–1.22) 0.56
 Ca (total) × Pi (mmol2/L2) 2.77 (2.36–3.18) 2.48 (2.29–2.66) 0.18
 eGFR (ml/min) 96 (63–129) 105 (96–114) 0.43
 TSH (10–3 IU/L) 1.67 (0a-5.33) 5.23 (2.08–8.39) 0.33

24 h urine
 Calcium (mmol/24 h) 7.35 (2.35–12.4) 3.99 (2.10–5.88) 0.14
 Hypercalciuria, n (%) 2 (50) 2 (9.5) 0.01

Treatment
 Calcium, n (%) 4 (100) 12 (57) 0.10
  Dose, mg/d 725 (153; 1297) 913 (401; 1425) 0.66

 Alfacalcidol, n (%) 4 (100) 15 (71) 0.22
  Dose, µg/d 2.25 (1.22; 3.28) 2.44 (1.65; 3.24) 0.80

 Levothyroxine, n (%) 4 (100) 7 (33) 0.01
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Fig. 3   Scatterplot showing 
associations between lower leg 
arterial calcifications in each 
group and age (a), daily dose 
of alfacalcidol (b) and calcium 
from supplements (c)
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of the arteries. It is still, however, to the best of our knowl-
edge the largest study examining vascular calcifications in 
patients with HypoPT and PHP. A strength of the study was 
the objective assessment of the size of the calcification, once 
a calcification had been identified.

In conclusion, our study showed an association between 
vascular calcifications and PHP and HypoPT, indicating 
that the general disturbances in calcium homeostasis could 
dispose to vascular calcifications, and possibly also cardio-
vascular disease. However, more research is needed on this 
topic to fully understand the cardiovascular complications 
of this disease. These findings should be considered in the 
care and treatment of these patients, since early diagnosis 
and treatment may reduce cardiovascular mortality. Based 
on the findings in this study, it is especially older patients 
with high calcium levels and/or low eGFR who are at risk 
of vascular calcifications.
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