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Abstract

Introduction: Abnormal coagulation tests have been observed in patients with primary 

hyperparathyroidism (HPT) suggesting a prothrombotic effect of parathyroid hormone 

(PTH). Vitamin D deficiency (VIDD) is the most frequent cause of secondary HPT. Aim of 

our study was to investigate the influence of HPT secondary to moderate-to-severe VIDD 

and vitamin D replacement on the coagulation and fibrinolysis system.

Subjects and methods: Prospective cohort study of patients with vitamin D <25 nmol/L 

with and without HPT, and a control group of patients on vitamin D suppletion. 

At baseline and after 2 months of vitamin D suppletion (900,000 IU in 2 months), 

endocrine and coagulation markers were measured.

Results: 59 patients with VIDD of which 34 had secondary HPT and 36 controls were 

included. After 2 months of suppletion, vitamin D increased by 399% (VIDD with HPT), 

442% (all patients with VIDD) and 6% (controls). PTH decreased by 34% (VIDD with 

HPT, P < 0.01 for decrease), 32% (all VIDD, P < 0.01) and increased by 8% in the controls 

(P-values: <0.01 for relative changes between VIDD with HPT or all VIDD patients vs 

controls). Relative changes in PT, aPTT, fibrinogen, Von Willebrand factor, factors VII, 

VIII and X, thrombin generation, TAFI, clot-lysis time and d-dimer were not different 

between patients with VIDD with HPT or all VIDD vs controls.

Discussion: Secondary HPT due to VIDD does not have a prothrombotic effect. In contrast 

with previous reports, PTH does not seem to influence coagulation or fibrinolysis, which 

is relevant because of the high prevalence of VIDD.

Introduction

An effect on markers of coagulation and fibrinolysis has 
been hypothesized for hyperparathyroidism as primary 
hyperparathyroidism is associated with an increased risk 
of cardiovascular (CV) morbidity and mortality (1, 2, 3, 
4). Many known CV risk factors, such as hypertension, 

dyslipidemia and metabolic syndrome, have been reported 
in primary hyperparathyroidism (4, 5, 6). A recent review 
summarizing the cardiovascular manifestations of 
primary hyperparathyroidism underlined the conflicting 
results of studies investigating the physiological effects 
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of parathyroid hormone (PTH) and parathyroidectomy 
on, amongst others, endothelial dysfunction (4). In our 
current study, the objective was to study the direct effect 
of PTH on markers of coagulation and fibrinolysis since 
current literature on this topic is conflicting. Until to date, 
5 studies focused on PTH and markers of coagulation and 
fibrinolysis (Table 1) (5, 6, 7, 8, 9). Four studies investigated 
patients with primary hyperparathyroidism and some, 
but not all, indicated that this condition is associated 
with increased plasma levels of Factor (F) VII, FX, d-dimer, 
tissue plasminogen activator (t-PA) and plasminogen 
activator inhibitor-1 (PAI-1) compared to healthy controls 
(5, 6, 7, 8). Another study in healthy subjects found 
no significant relationship between hemostatic factors 
and serum PTH (9). Several methodological drawbacks 
limit any firm conclusions. Including a control group 
with healthy persons for example carries the risk of 
overestimating the difference when compared to patients 
with hyperparathyroidism since concomitant disease in 
those patients could also increase markers of coagulation 
and fibrinolysis. Besides, most of the current evidence 
does not allow us to assess the effect of increased and 
normalized values of PTH on coagulation within the 
same persons. Vitamin D deficiency is the most frequent 
cause of secondary hyperparathyroidism. In this study, 
we hypothesized that hyperparathyroidism secondary to 

vitamin D deficiency may be associated with procoagulant 
effects. This may be relevant given the high prevalence of 
hyperparathyroidism secondary to vitamin D deficiency.

Subjects and methods

Study design

We performed a prospective cohort study in patients 
with moderate-to-severe vitamin D deficiency. When 
diagnosed, blood was drawn for the measurement of 
vitamin D, PTH and coagulation and fibrinolysis markers. 
A second blood sample was drawn after 2  months of 
vitamin D suppletion. To control for blood handling, 
storage and seasonal influences we included a control 
group of patients with a previous vitamin D deficiency 
who were already using vitamin D (and thus were 
assumed to have normal levels of PTH and vitamin D) 
matched for age (±5  years) and gender. The study was 
performed between 12 September 2013 and 25 March 
2015 according to the declaration of Helsinki, at the 
Department of Internal Medicine of the Medical Center 
Slotervaart. The study was approved by the local medical 
ethical committee of the Medical Center Slotervaart and 
all participants provided written informed consent.

Table 1  Studies investigating the effect of PTH on markers of coagulation and fibrinolysis.

 
Author, year

Study 
design

 
Sample

 
Increased levels

 
No association

 
Conclusion

Erem et al. (6) Cohort Cases: 23 patients with 
primary HPT

Platelet count, FVII, 
FX and d-dimer

Fibrinogen, FV, FVIII, 
FIX, vWF, AT, protein 
C, protein S, t-PA, 
PAI-1

Results suggest a 
potential 
hypercoagulable stateControls: 20 age-matched 

healthy controls
Erem et al. (7) Cohort Cases: 24 patients with 

primary HPT
t-PA, PAI-1, and 
PAI-1/t-PA ratios

– Represents a potential 
hypercoagulable and 
hypofibrinolytic stateControls: 20 age-, sex-, 

and weight-matched 
healthy controls

TFPI levels decreased

Chertok-Shacham 
et al. (8)

Cohort Cases: 35 patients with 
primary HPT

PAI-1 Fibrinogen and d-dimer Hypercoagulability may 
be involved in the 
pathogenesis of CVD 
in these patients

Controls: 25, age and 
weight-matched 
controls

Farahnak et al. (5) Case-
control

Cases: 49 patients with 
primary HPT

– PAI-1, vWF, before and 
after PTX in 
comparison with 
controls

No differences as 
regards biomarkers 
predicting CVDControls: 49 healthy 

matched controls
Jorde et al. (9) 

 
 

Cohort 
 
 

Cases: 206 healthy 
subjects 
 

– 
 
 

t-PA, PAI-1, prothrom-
bin fragment 1+2, FVII 
 

No significant relations 
between any of the 
haemostatic factors 
tested and serum PTH

HPT, hyperparathyroidism; F, factor; vWF, von Willebrand Factor; AT, antithrombin; t-PA, tissue-type plasminogen activator; PAI-1, plasminogen activator 
inhibitor-1; TFPI, tissue factor pathway inhibitor; CVD, cardiovascular disease; PTX, parathyroidectomy; PTH, parathyroid hormone.
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Study population

All consecutive adult patients with moderate-to-severe 
vitamin D deficiency, defined as 25-OH-vitamin D blood 
levels of <25 nmol/L, were asked to participate in this study. 
These patients were identified by a daily notification by 
the local laboratory of all patients with vitamin D levels 
of <25 nmol/L. Patients with former vitamin D deficiency 
on vitamin D suppletion with colecalciferol were asked to 
participate as controls. In our center, the regular dosage 
to maintain normal vitamin D levels is a regimen of 
50,000 IU per month. For each patient with secondary 
hyperparathyroidism (defined as PTH > 10 pmol/L (upper 
limit of normal)) due to vitamin D deficiency, we included 
one control patient. These patients were retrieved by 
screening all patients using colecalciferol in the hospital 
using the electronic patient record system. Patients were 
excluded in case of pregnancy, acute and chronic renal 
disease (defined as eGFR < 45 mL/min), liver cirrhosis, 
granulomatosis (liver, lung, kidney, other), primary 
hyperparathyroidism, malabsorption syndromes, Von 
Willebrand disease, hemophilia, recent bariatric surgery 
(<13 months before vitamin D deficiency diagnosis), any 
surgery in 3  months before inclusion, use of vitamin K 
antagonists or other anticoagulant therapy (except for 
low-molecular-weight heparin in a prophylactic dose and 
platelet aggregation inhibitors), unstable autoimmune 
disease (defined as erythrocyte sedimentation rate level 
above the upper limit of normal or recent change in 
medication dose) and the use of oral glucocorticoids. 
Controls were excluded if they had abnormal levels of 
vitamin D or PTH before inclusion (if measured due to 
patient care).

Study procedures

Study visits were scheduled between 08:00 and 11:00 h 
A total of 21 mL of venous blood was taken two times; 
at inclusion and after 2 months of vitamin D suppletion. 
Additional questions were asked about weight, height, 
medical history, ethnicity, smoking status and the use 
of (recently stopped) medication. This information was 
completed by reviewing the charts of all the patients. 
Endocrine disorders were stable diseases including 
diabetes. Patients with vitamin D deficiency were treated 
according to the following regimen: colecalciferol 
(vitamin D3) orally, 900,000 IU over 3 weeks (300,000 IU 
weekly) followed by a maintenance dose of 1000 IU/day,  
aimed at achieving blood levels of 25-OH-D above  
30 ng/mL (75 nmol/L)) (10).

Laboratory tests

Blood samples were collected in a 3.5 mL serum tube (BD 
Vacutainer, Plymouth, UK) for direct assessment of levels of 
vitamin D, PTH, calcium, phosphate, creatinine, albumin 
and CRP, and in 3.5 mL 0.109 mol/L (3.2%) sodium 
citrate tubes for tests of coagulation and fibrinolysis 
(Greiner Bio-One, Kremsmünster, Austria). Citrated 
blood was immediately centrifuged, and the supernatant 
re-centrifuged, for 15 min at 3000 rpm (1860 g) at 15°C 
to obtain platelet-poor plasma. Plasma was aliquoted 
and stored at −80°C until further use. Measurement of 
coagulation and fibrinolysis parameters was performed 
in one batch at the Department of Experimental 
Vascular Medicine, Academic Medical Center, University 
of Amsterdam, Amsterdam, the Netherlands, after 
completion of the study. Analysis of PTH (reference 
value: 2.0–10.0 pmol/L), vitamin D (>50 nmol/L), calcium 
(2.20–2.60 mmol/L), phosphate (0.70–1.50 mmol/L), 
creatinine (70–110 µmol/L), albumin (35–50 g/L) and CRP 
(<8 mg/L) were performed on an Abbott Architect ci8200 
(Abbott, Abbott Laboratories). During this study, Abbott 
Laboratories informed us that falsely elevated patient 
results were generated using the ARCHITECT Intact PTH 
Assay. Measurements of PTH were repeated in one batch 
in citrated plasma, after completion of the study with the 
use of a new reagent, at the local laboratory of the Medical 
Center Slotervaart. The intra- and inter-assay coefficients 
of variations (CVs) were 2.9–6.1% and 3.0–6.4%. Because 
the assay had not been validated by the manufacturer for 
use with citrated plasma, serum/citrated plasma studies 
were performed to characterize the correlation. Results 
in plasma were corrected for dilution with citrate. On 
the basis of the analysis of at least 30 samples, small 
systematic differences between serum and citrated plasma 
were observed, but Deming regression showed a highly 
significant association between serum and plasma levels 
of PTH (correlation coefficient (R) = 0.9754. Prothrombin 
time (PT) (10.7–12.9 s), activated partial thromboplastin 
time (aPTT) (25.0–38.0 s), fibrinogen (1.9–4.0 g/L), FVII 
activity (71–152%), FVIII activity (63–173%), FX activity 
(66–125%) and d-dimer (<1.00 mg/L) were measured by 
BCS-XP (Siemens Healthcare). Von Willebrand Factor 
(VWF) antigen was measured by a homemade ELISA 
(antibodies from DakoCytomation, Denmark) (50–150%). 
In vitro thrombin generation initiated by 1 pM tissue factor 
was determined by calibrated automated thrombinography 
(CAT) (Thrombinoscope BV). The following parameters 
were derived from the thrombograms: lag time  
(1.5–3.2 min), peak thrombin (63–154%) and endogenous 
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thrombin potential (ETP) (65–146%). Thrombin-
activatable fibrinolysis-inhibitor (TAFI) activity (64–125%) 
was measured by a Pentapharm TAFI kit. Clot-lysis times 
were obtained with a spectrophotometric method as 
described (11). Clot-lysis times were normalized to pooled 
normal plasma.

Statistical analysis

The main outcome of this study was comparison 
of coagulation parameters in patients with 
hyperparathyroidism secondary to vitamin D deficiency 
with these values after two months of vitamin D suppletion. 
Because some patients with vitamin D deficiency had normal 
levels of PTH at inclusion, our secondary outcome was the 
comparison of coagulation parameters in all patients with 
vitamin D deficiency, irrespective of their PTH level, with 
these values after two months of vitamin D suppletion. We 
planned to include 34 patients with vitamin D deficiency 
and secondary hyperparathyroidism and 34 control 
patients on vitamin D suppletion. This was based on the 
results of d-dimer and fibrinogen measurements in patients 
with primary hyperparathyroidism (5) and the assumption 
of an effect size of 0.5 (calculated as the difference of the 
means divided by the mean of the standard deviations), 
with a power of 80% and an alpha error of 0.05. Performing 
a secondary analysis with all patients with vitamin D 
deficiency at baseline, regardless of their PTH level, gave 
us the opportunity to increase our sample size even more. 
If essential data were missing, for example, because drawn 
blood was hemolyzed, the measurement was repeated if 
possible. Otherwise, participants were replaced by a new 
participant to reach the intended power. The characteristics 
of the participants are expressed as median (interquartile 

range) or number (percentages) where appropriate; age 
and BMI are expressed as median (interquartile range) and 
the other characteristics as number (percentages). These 
characteristics were compared with the control group for 
both the patients with secondary hyperparathyroidism 
due to vitamin D deficiency as well as for the patients 
with normal PTH despite vitamin D deficiency by 
Mann–Whitney U test or chi-square tests/Fisher’s exact 
test, respectively. The parameters of coagulation and 
fibrinolysis are expressed as median (interquartile range). 
These parameters were compared before and after vitamin 
D suppletion by a Wilcoxon signed-rank test. The relative 
differences of coagulation parameters before and after 
vitamin D suppletion were compared between patients 
with vitamin D deficiency with hyperparathyroidism and 
all patients with vitamin D deficiency vs controls by a 
Mann–Whitney U test. Statistical analysis was performed 
with the use of SPSS 21 software package (SPSS).

Results

Participants, vitamin D and PTH

Characteristics of participants are shown in Table  2. 
During the study, 20 patients were excluded for the 
following reasons: pregnancy (n = 1), incompliance 
with vitamin D suppletion (n = 2), withdrawn informed 
consent/no-show visit 2 (n = 8), hemolyzed blood (n = 2), 
death (n = 1), prescription of oral corticosteroids (n = 1), 
change in methotrexate dose (n = 1), bariatric surgery 
(n = 1), GFR < 45 mL/min (n = 1) and control patients with 
vitamin D level <40 nmol/L at baseline (n = 2). Excluding 
those patients, a total of 59 patients with moderate-to-
severe vitamin D deficiency (vitamin D level <25 nmol/L) 

Table 2  General characteristics of participants at the time of inclusion.

Parameter VIDD with SHPT (n = 38) P value‡ VIDD (n = 59) P value‡ Controls (n = 36)

Agea (year) (median (IQR)) 44 (36–55) 0.85 43 (36–50) 0.49 44 (37–57)
Genderb (n) male 5 0.54 12 1.00 7
BMIa (kg/m2) (median (IQR)) 29.4 (26.4–36.0) 0.15 29.4 (25.5–37.2) 0.10 27.8 (23.5–31.1)
Currently smokingb (n) 4 0.51 11 1.00 6
Medical history
  Cardiovascular diseasec (n) 11 0.68 18 0.77 12
  Venous thromboembolismb (n) 2 0.49 2 0.52 0
  Diabetesc (n) 10 0.89 13 0.53 10
  Chronic kidney diseaseb (n) 1 1.00 1 1.00 1
  Endocrine disordersc (n) 14 0.17 12 0.10 19

Data are expressed as median (interquartile range) unless otherwise indicated. P values were rounded to 2 decimals. Null hypotheses: when compared to 
the controls, for the patients with secondary hyperparathyroidism due to vitamin D deficiency, as well as for the patients with normal PTH level despite 
vitamin D deficiency, there are no statistically significant differences in general characteristics. 
‡P-values regard comparison vs. controls. aMann–Whitney U test; bFisher’s exact test; cChi-square test.
VIDD, vitamin D deficiency; SHPT, secondary hyperparathyroidism; N, number; PTH, parathyroid hormone; y, year; BMI, body-mass index. 

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-17-0249
http://www.endocrineconnections.org	 © 2018 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-17-0249


L P B Elbers et al. Coagulation and parathyroid 
hormone

3297:2

and 36 control patients who were already using vitamin D 
suppletion at baseline completed 2 months of vitamin D 
replacement and underwent the second assessment after 
2 months of follow-up. A total of 21 of the 59 patients 
with vitamin D deficiency had normal PTH levels at 
baseline (PTH ≤ 10 nmol/L).

There were no statistically significant differences 
in age, gender, BMI, smoking status and medical 
history when comparing the patients with secondary 
hyperparathyroidism due to vitamin D deficiency, 
respectively the patients with normal PTH levels despite 
vitamin D deficiency, to the control patients (Table 2).

Values of vitamin D, PTH, calcium, phosphate, 
creatinine, albumin and CRP and their relative 
changes after two months of vitamin D suppletion 
are depicted in Table  3. PTH levels decreased from 14.1 
(12.1–17.2) to 9.3 (7.2–11.3) pmol/L in the patients 
with secondary hyperparathyroidism due to vitamin 
D deficiency and from 12.0 (7.7–15.7) to 7.4 (5.7–10.5)  
pmol/L in all patients with vitamin D deficiency at baseline. 

PTH decreased from 7.2 (6.2–7.9) to 5.6 (4.6–6.7) pmol/L 
in the patients with vitamin D deficiency but normal PTH 
levels at baseline. PTH levels did not change in the controls. 
In the patients with secondary hyperparathyroidism due 
to vitamin D deficiency, median (IQR) vitamin D level was 
20 (18–24) nmol/L at baseline and 108 (92–140) nmol/L 
after two months of vitamin D suppletion. These values 
were similar for all patients with vitamin D deficiency, with 
and without hyperparathyroidism (vitamin D 20 (18–24) 
and 111 (94–162) nmol/L at baseline and after 2 months 
of vitamin D suppletion, respectively). Vitamin D levels 
did not change in the controls. Calcium and phosphate 
levels slightly increased within the normal ranges after 
2  months of vitamin D suppletion in all patients with 
vitamin D deficiency at baseline, while these parameters 
did not change in the controls. Only in the controls, CRP 
levels were slightly increased after two months of vitamin 
D suppletion, within the reference range (1.5 (0.6–4.8) 
mg/L at baseline compared to 2.1 (0.9–5.9) after 2 months 
of vitamin D suppletion).

Table 3  Endocrinological parameters before and after 2 months of vitamin D suppletion.

Parameter At time of inclusion – median (IQR) After 2 months of suppletion – median (IQR) P valuea

Vitamin D (nmol/L)
  VIDD with SHPT 20 (18–24) 108 (92–140) <0.01
  VIDD 20 (18–24) 111 (94–162) <0.01
  Controls 74 (59–87) 75 (66–89) 0.07
PTH (pmol/L)
  VIDD with SHPT 14.1 (12.1–17.2) 9.3 (7.2–11.3) <0.01
  VIDD 12.0 (7.7–15.7) 7.4 (5.7–10.5) <0.01
  Controls 6.7 (5.3–9.0) 7.3 (6.0–9.7) 0.13
Calcium (mmol/L)
  VIDD with SHPT 2.30 (2.20–2.36) 2.32 (2.26–2.42) <0.01
  VIDD 2.31 (2.24–2.38) 2.34 (2.29–2.44) <0.01
  Controls 2.33 (2.29–2.41) 2.35 (2.27–2.43) 0.65
Phosphate (mmol/L)
  VIDD with SHPT 1.0 (0.9–1.1) 1.1 (1.0–1.2) 0.01
  VIDD 1.0 (0.9–1.1) 1.1 (0.9–1.2) 0.02
  Controls 1.0 (0.9–1.2) 1.0 (1.0–1.1) 0.43
Creatinine (µmol/L)
  VIDD with SHPT 65 (57–70) 65 (58–72) 0.14
  VIDD 65 (59–72) 65 (60–72) 0.13
  Controls 67 (62–73) 65 (59–75) 0.74
Albumin (g/L)
  VIDD with SHPT 37 (35–38) 36 (34–40) 0.49
  VIDD 37 (35–39) 38 (35–40) 0.99
  Controls 38 (36–40) 38 (36–40) 0.99
CRP (mg/L)
  VIDD with SHPT 1.8 (1.0–6.0) 2.6 (0.7–6.0) 0.24
  VIDD 1.9 (0.8–5.7) 2.6 (0.7–5.6) 0.34
  Controls 1.5 (0.6–4.8) 2.1 (0.9–5.9) 0.01

Data are expressed as median (interquartile range). P-values < 0.05 are in bold. P values were rounded to 2 decimals. Null hypotheses: there are no 
statistically significant differences between the time of inclusion and after two months of vitamin D suppletion.
aWilcoxon signed rank test.
IQR, interquartile range; VIDD, vitamin D deficiency; SHPT, secondary hyperparathyroidism; PTH, parathyroid hormone; CRP, C-reactive protein. 
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Coagulation and fibrinolytic parameters

Parameters of coagulation, thrombin generation and 
fibrinolysis are shown in Table  4. After two months of 
vitamin D suppletion, PT, aPTT, fibrinogen, VWF, FVII, 
FVIII, ETP, d-dimer, TAFI and clot-lysis time did not change 
in the patients with vitamin D deficiency with secondary 
hyperparathyroidism. The same was true in all patients 
with vitamin D deficiency and in the controls. Only the 
change in FX in the patients with vitamin D deficiency 
and secondary hyperparathyroidism was statistically 
significantly different after two months of vitamin D 
suppletion (P-value of 0.024 for an increase of 2.35%). 
When analyzing all patients with vitamin D deficiency 
and the controls, the difference after two months of 
vitamin D suppletion was not statistically different. 
When comparing the relative change between baseline 
and 2  months follow-up between the patients with 
vitamin D deficiency and secondary hyperparathyroidism 
respectively all patients with vitamin D deficiency to the 
controls, there were no statistically significant differences 
except for FX (P value of 0.025 when comparing the 
relative change from baseline in the patients with vitamin 
D deficiency and secondary hyperparathyroidism to the 
controls).

Discussion

The aim of this study was to investigate the influence 
of hyperparathyroidism secondary to moderate-to-
severe vitamin D deficiency and subsequent vitamin D 
replacement on the coagulation and fibrinolytic system. 
We hypothesized that after 2  months of vitamin D 
suppletion (and thus normalization of vitamin D and PTH), 
patients with moderate-to-severe vitamin D deficiency 
and secondary hyperparathyroidism would have lower 
levels of markers of coagulation and fibrinolysis when 
compared to before vitamin D suppletion. Because not all 
patients with moderate-to-severe vitamin D deficiency had 
increased levels of PTH at baseline, we made a distinction 
among patients with vitamin D deficiency with and 
without secondary hyperparathyroidism. In our study, 
parameters of coagulation and fibrinolysis did not change 
after two months of vitamin D suppletion despite a marked 
decrease in PTH levels in both the patients with vitamin D 
deficiency and secondary hyperparathyroidism at baseline 
(n = 38), and all patients with vitamin D deficiency at 
baseline (n = 59). Relative changes between baseline and 

2 months of vitamin D suppletion did not differ between 
the patients with vitamin D deficiency and secondary 
hyperparathyroidism and the patients with vitamin D 
deficiency without secondary hyperparathyroidism, 
respectively, vs the control patients (n = 36). This indicates 
that, within this PTH range, there is no effect of PTH on 
the hemostatic system.

Only in FX, a small but statistically significant 
increase was detected in the patients with vitamin D 
deficiency and secondary hyperparathyroidism after two 
months of vitamin D suppletion, which was not in line 
with our hypothesis – we would expect a decrease – and 
likely attributed to multiple testing.

As a limitation of our study, one could argue that the 
levels of PTH in the patients with vitamin D deficiency and 
secondary hyperparathyroidism were not high enough at 
baseline or that the decrease in PTH after 2  months of 
vitamin D suppletion was not large enough to detect an 
effect of PTH on markers of coagulation and fibrinolysis. 
In the study by Chertok-Shacham and coworkers for 
example, patients with primary hyperparathyroidism 
had a mean PTH level of 136.2 ng/L, compared to 36.2 in 
the controls (8), which is in accordance with 14.3 pmol/L 
in the patients with primary hyperparathyroidism and 
3.8 pmol/L in the controls. Indeed, with a median relative 
change from baseline in PTH of −34% in our patients 
with secondary hyperparathyroidism due to vitamin D 
deficiency, we cannot rule out that a larger decrease in 
PTH may have an effect on markers of coagulation and 
fibrinolysis. However, the absence of any effect of such 
a decrease of PTH within the same persons on all the 
markers of coagulation and fibrinolysis measured in this 
study makes that possibility seem less likely.

Another limitation of this study is that PTH may 
influence additional humoral factors that lower markers of 
coagulation and fibrinolysis counteracting a stimulating 
effect of PTH per se. The receptor of PTH is markedly 
expressed in bone and kidney, but is also present in other 
tissues such as breast, skin, heart, blood vessels, pancreas, 
and others that are not regarded as classical PTH target 
tissues (12). This possibility might be investigated in 
future experimental studies involving administration 
of PTH. Besides, vitamin D could have direct or indirect 
effects on markers of coagulation. Various studies of 
differing quality investigated the effect of vitamin D levels 
and suppletion on markers of coagulation with conflicting 
results hindering any definitive conclusions (13, 14, 15, 
16). However, the current evidence indicates that vitamin 
D deficiency does not lead to an increased risk of venous 
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Table 4  Markers of coagulation and fibrinolysis before and after 2 months of vitamin D suppletion.

Parameter At time of inclusion – median (IQR) After 2 months of suppletion – median (IQR) P valuea

Coagulation
PT (s)
  VIDD with SHPT 11.6 (10.9–12.1) 11.7 (10.9–12.1) 0.93
  VIDD 11.5 (11.0–12.1) 11.6 (11.1–12.1) 0.90
  Controls 11.6 (11.1–12.0) 11.6 (11.2–11.9) 0.21
aPTT (s)
  VIDD with SHPT 32.0 (29.6–33.7) 31.2 (29.0–33.7) 0.07
  VIDD 31.9 (30.2–34.4) 31.9 (29.6–33.7) 0.06
  Controls 32.3 (29.4–33.7) 31.6 (29.5–33.2) 0.06
Fibrinogen (g/L)
  VIDD with SHPT 3.4 (2.9–4.0) 3.3 (2.9–4.1) 0.49
  VIDD 3.4 (2.8–4.0) 3.4 (2.9–4.1) 0.18
  Controls 3.5 (3.1–4.0) 3.5 (2.9–4.0) 0.72
VWF (%)
  VIDD with SHPT 117 (101–158) 121 (95–184) 0.14
  VIDD 125 (103–162) 127 (105–176) 0.21
  Controls 117 (88–143) 115 (89–144) 0.85
FVII (%)
  VIDD with SHPT 108 (86–142) 104 (88–138) 0.81
  VIDD 114 (87–140) 112 (88–136) 0.52
  Controls 124 (103–143) 130 (109–152) 0.41
FVIII (%)
  VIDD with SHPT 144 (130–182) 154 (128–185) 0.47
  VIDD 145 (130–175) 151 (130–181) 0.81
  Controls 139 (108–159) 145 (112–159) 0.10
FX (%)
  VIDD with SHPT 92 (77–114) 96 (80–119) 0.02
  VIDD 98 (82–114) 100 (87–119) 0.10
  Controls 99 (84–116) 99 (87–114) 0.26
Thrombin generation
Lag time (min)
  VIDD with SHPT 5.0 (4.3–5.6) 4.6 (4.2–5.7) 0.74
  VIDD 5.1 (4.5–5.8) 5.0 (4.3–5.7) 0.44
  Controls 4.9 (4.5–5.6) 5.0 (4.3–5.7) 0.25
Peak (%)
  VIDD with SHPT 121 (92–164) 125 (98–161) 0.81
  VIDD 120 (93–163) 128 (98–162) 0.17
  Controls 120 (104–185) 128 (110–166) 0.55
ETP (%)
  VIDD with SHPT 105 (92–128) 105 (93–123) 0.96
  VIDD 106 (92–130) 112 (94–127) 0.70
  Controls 106 (94–138) 111 (95–131) 0.47
Fibrinolysis
d-dimer (mg/L)
  VIDD with SHPT 0.34 (0.24–0.50) 0.37 (0.23–0.52) 0.79
  VIDD 0.33 (0.22–0.50) 0.34 (0.23–0.52) 0.82
  Controls 0.31 (0.18–0.56) 0.30 (0.20–0.55) 0.78
TAFI
  VIDD with SHPT 85 (78–93) 84 (76–96) 0.88
  VIDD 85 (76–93) 84 (75–95) 0.88
  Controls 90 (81–100) 91 (81–99) 0.71
n-CLT (%)
  VIDD with SHPT 89 (76–109) 91 (79–106) 0.41
  VIDD 96 (81–116) 94 (84–109) 0.57
  Controls 89 (80–100) 93 (81–103) 0.35

Data are expressed as median (interquartile range). P-values < 0.05 are in bold. P values were rounded to 2 decimals. Null hypothesis: there are no 
statistically significant differences between the time of inclusion and after two months of vitamin D suppletion.
aWilcoxon signed rank test. 
IQR, interquartile range; PT, prothrombin time; VIDD, vitamin D deficiency; SHPT, secondary hyperparathyroidism; aPTT, activated partial thromboplastin 
time; VWF, Von Willebrand Factor; F, factor; ETP, endogenous thrombin potential; TAFI, thrombin-activatable fibrinolysis-inhibitor; n-CLT, normalized clot 
lysis time. 
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thrombosis (17, 18, 19). Yet, in a secondary analysis 
of one of those studies, the risk of idiopathic venous 
thrombosis was lower in women randomized to calcium 
plus vitamin D (19) while another large study found a 
stepwise increasing risk of venous thromboembolism 
with decreasing tertiles of plasma 25-hydroxyvitamin D 
concentrations. However, an alternative explanation for 
this effect was the fact that a reduced 25-hydroxyvitamin 
D concentration is merely a marker of other common 
risk factors for venous thrombosis (20). To the best of our 
knowledge, there are no reports on studies investigating 
the risk of venous thrombosis in primary or secondary 
hyperparathyroidism.

The hypothesis that PTH influences the hemostatic 
system was based on several studies investigating the 
effect of primary hyperparathyroidism on markers of 
coagulation and fibrinolysis (6, 7, 8). One explanation 
for these findings could be that these studies were 
performed in patients with primary hyperparathyroidism 
and that the observed results on the hemostatic system 
were not a direct effect of the increased levels of PTH, 
but as a result of clinical manifestations of primary 
hyperparathyroidism such as hypercalcemia. Such 
manifestations, including nephrolithiasis, could increase 
the inflammatory state and thereby result in a higher 
thrombotic tendency (21). Another explanation for not 
only the increased levels of coagulation and fibrinolysis, 
but also the increased rate of vascular events, in primary 
hyperparathyroidism could be that these suffer from 
dehydration more than healthy controls. Another 
explanation could be that in these 3 studies, markers of 
coagulation and fibrinolysis were only compared to a 
healthy control group thereby excluding the possibility 
to perform paired testing within the same patients  
(e.g., before and after parathyroidectomy). The only study 
reporting markers of coagulation and fibrinolysis (VWF 
and PAI-1) in patients with primary hyperparathyroidism 
before and after parathyroidectomy, did not find a 
difference in these markers (5).

In conclusion, we did not find an influence of 
hyperparathyroidism secondary to vitamin D deficiency 
on coagulation or fibrinolysis. For future research, 
the effect of tertiary hyperparathyroidism in which 
PTH levels are even higher remains to be investigated. 
Besides, to rule out an effect of comorbidities such as 
hypertension, inflammation and vascular calcification 
that are accompanied with tertiary hyperparathyroidism, 
the direct effect of exogenous PTH could be studied in 
healthy volunteers.
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