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Assessment of mean platelet volume (MPV) in primary 
hyperparathyroidism:

Effects of successful parathyroidectomy on MPV levels
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Objective. A determinant of platelet function - mean platelet volume (MPV), is newly emerging 
risk factor for atherothrombosis. The aim of this study is to evaluate MPV in patients with primary 
hyperparathyroidism (PHPT) before parathyroidectomy (PTX) and six months after successful 
PTX in a retrospective study.

Methods. We analyzed the changes in serum biochemical, parathyroid hormone (PTH) and 
MPV before and six months after PTX in 66 patients with PHPT and 44 healthy controls, age- and 
sex-matched.

Results. Sixty-six patients (18 men, 48 women) with mean age 53.8±12.7 years were analyzed. 
MPV was significantly higher in the patients with PHPT before PTX than in the same group after 
PTX (9.26±1.20 fl vs. 7.99±0.80 fl, p<0.0001). MPV levels were positively correlated with PTH 
(r=0.888, p<0.0001), calcium (r=0.292, p=0.017) in the preoperative phase. Postoperative (after 6 
months) MPV showed a significant positive correlation with postoperative PTH (r=0.381, p=0.002) 
and calcium levels (r=0.324, p=0.008).

Conclusions. These results suggest that subjects with PHPT lead to have increased platelet 
activation.
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Parathyroid hormone (PTH) is a key regulator 
of mineral metabolism, the homeostasis of calcium, 
phosphate, vitamin D, and bone turnover. Primary 
hyperparathyroidism (PHPT) is being diagnosed 
with increasing frequency mainly as a result of the 
introduction of routine serum calcium measurements. 
PHPT, caused by solitary parathyroid adenomas in 
85% of cases and a diffuse hyperplasia in most of the 
remaining cases, overproduces PTH which mobilizes 
calcium to the blood stream (Marx 2000). Renal stones, 
osteoporosis and diffuse symptoms of hypercalcaemia, 

such as constipation, fatigue and weakness, are classi-
cal complications (Solomon et al. 1994). Patients with 
elevated PTH resulting from primary or secondary 
hyperparathyroidism have been shown to be at higher 
risk for cardiovascular morbidity and mortality (Garcia 
de la Torre et al. 2003; Andersson et al. 2004; Block et 
al. 2004). This increase in mortality seems to be mainly 
due to an overrepresentation of cardiovascular death 
(Hedback et al. 1990; Hedback and Oden 1998). PHPT 
is reported to be associated with hypertension, distur-
bances in the renin-angiotensin-aldosterone system, 
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cardiac arrhythmia as well as structural and functional 
alterations in the vascular wall (Garcia de la Torre et al. 
2003; Andersson et al. 2004).

Although it is controversial and the cutoff values for 
increased mean platelet volume (MPV) in prediction 
of cardiovascular risk are not clear; MPV, an indica-
tor of platelet activation, has an important role in the 
pathophysiology of cardiovascular diseases (Davi and 
Patrono 2007). MPV is an important biological variable 
and larger platelets have higher thrombotic potential 
(Meadows and Bhatt 2007).

We aimed to evaluate levels of MPV in PHPT patients 
before parathyroidectomy (PTX) and six months after 
successful parathyroidectomy (PTX) in a retrospective 
study.

Materials and Methods

In this retrospective study, 66 consecutive patients with 
PHPT (48 female and 18 males aged 20-80 years) were 
recruited from Department of Endocrinology, Diskapi 
Training and Researching Hospital, Ankara, Turkey. The 
study was conducted from January 2008 to December 
2011 in addition; age- and sex-matched healthy individu-
als were used as healthy controls (HC group). PHPT is 
diagnosed with elevation of PTH (or lack of suppression) 
in the context of hypercalcaemia. All patients underwent 
preoperative localization by ultrasonography and 99mTc-
sestamibi scintigraphy before proceeding to parathyroid 
surgery. I did not apply local ethical committee for this 
study, because this study is retrospective. All the guide-
lines of Helsinki were followed.

The diagnosis of PHPT was confirmed by histopatho-
logical diagnosis based on combination of different 
variables, including histological pattern of the excised 
glands. The Third International Workshop guidelines 
criteria was accepted for surgical intervention. This 
guideline concluded that surgery is indicated in asymp-
tomatic patients who meet any of the following condi-
tions (Bilezikian et al. 2009):
1. Serum calcium concentration of 1.0 mg/dl (0.25 mmol/l) 

or more above the upper limit of normal.
2. Creatinine clearance that is reduced to <60 ml/min.
3. Bone density at the hip, lumbar spine, or distal radius 

that is more than 2.5 standard deviations below peak 
bone mass (T score < -2.5) and/or previous fragility 
fracture.

4. Age less than 50 years.
From all patients who underwent PTX, 61 patients 

had a single adenoma (chief cells), two patients had 

double adenoma, one patient had hyperplasia, and one 
patient had ectopic adenoma and one cancer. None 
of the 66 patients with PHPT had multiple endocrine 
neoplasia.

The standardized baseline screening included com-
plete history, physical examination, skeletal radiographs, 
and electrocardiogram. Bone mineral density (BMD) 
(g/cm2) was measured using dual-energy X-ray absorp-
tiometry (DEXA). Osteopenia or osteoporosis were 
defined according to lowest measured T-score value in 
either spine or femoral neck. Diagnostic classification 
was based on the World Health Organization criteria: 
BMD T-score ≥ -1.0 is normal; > -2.5 and < -1.0 is low 
bone mass (osteopenia); and ≤ -2.5 is osteoporosis.

In this study, hypertension was defined as a mean 
systolic blood pressure (SBP) > 140 mmHg and or 
a mean diastolic blood pressure (DBP) > 90 mmHg or 
current treatment with antihypertensive drugs. Treat-
ment of hypertension was defined as current use of 
a prescribed medication affecting blood pressure. Blood 
pressure in PHPT patients and controls was measured 
on the right arm with subject in the sitting position 
after at least 5 min at rest by standard mercury sphyg-
momanometers, and correctly sized cuffs were used. 
Antihypertensive drugs and doses were not changed 
throughout the study.

A patient with cardiovascular disease history was 
defined as a patient with at least one of the following 
health conditions: coronaropathy, myocardial ischemia 
or infarction, arrhythmia, stroke, aneurysm, or intermit-
tent claudication. The upper limits for calcium and PTH 
serum levels were defined as <10.5 mg/dl and <65 pg/ml, 
respectively. Vitamin D evaluation corresponded to 
25-hydroxyvitamin-D [25(OH)D] serum level (normal 
range, 20-100 ng/ml). Pre-operative vitamin D defi-
ciency was defined as <20 ng/ml. Corrected calcium = 
serum calcium + 0.8x(4 - serum albumin).

Fasting venous blood samples were taken at baseline 
and after 6 months of curative PTX. Blood samples were 
drawn after a fasting period of 12 h. Glucose, creatinine, 
alanine aminotransferase and lipid profiles were deter-
mined by standard methods. Hematologic indices are 
evaluated from complete blood count (CBC) analysis 
performed by a Coulter LH 780 Hematology Analyzer 
(Beckman Coulter Ireland Inc. Mervue, Galway, Ireland). 
Serum urea nitrogen, creatinine, calcium, phosphorous, 
albumin and alkaline phosphatase (ALP) concentrations 
were measured by an automatic chemical analyzer (Ro-
che Diagnostics, COBAS INTEGRA 800, Indianapolis, 
Indiana, USA). Normal reference values were: calcium  
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8.4-10.2 mg/dl, creatinine 0.5-1.2 mg/dl. Serum intact 
PTH was measured by a direct immunochemilumino-
metric assay (Siemens Healthcare Diagnostics Inc, AD-
VIA Centaur® XP Immunoassay System, Deerfield, USA) 
with normal values 10-65 pg/ml. Serum levels of 25(OH)
D were measured by liquid chromatography-mass spec-
trometry (Siemens Healthcare Diagnostics Inc., ADVIA 
Centaur® XP Immunoassay System, Deerfield, USA). 
Cure or success of PHPT was defined as normalization 
of serum calcium and PTH without permanent hypopar-
athyroidism. Also ultrasound examinations were taken of 
the kidneys and gallbladder to look for calculi.

Height and body weight were measured with par-
ticipants standing without shoes and heavy outer gar-
ments. Body mass index (BMI) was calculated as weight 
divided by height squared (kg/m2) as a measure of 
relative weight. Obesity was defined as BMI > 30 kg/m2 

for both sexes.
Follow-up examinations 6 months after PTX in-

cluded questionnaire, physical examination, the same 
blood chemistries as before operation, and blood pres-
sure measurement.

Data are presented as mean ± standard deviation 
(SD). The difference in percentages in both groups was 
tested using chi-square test. The differences between 
the preoperative and postoperative mean values were 
evaluated using the paired or unpaired Student’s t-test. 
Correlation analysis between MPV and different pa-

rameters was performed, calculating Pearson’s or Spear-
man’s coefficient as appropriate. Groups were compared 
with Mann-Whitney U test. A p value less than 0.05 
(two sided test) was accepted as level of significance. 
Analyses were performed using SPSS 17.0 (SPSS, Inc., 
Chicago, Illinois).

Results

Parathyroidectomy corrected hyperparathyroidism 
in all cases exception one case (parathyroid cancer). 
Sixty-six patients were included in this study. Fourteen 
patients (n=14, 21.2%) presented with kidney stones and 
38 (n=38, 57.6%) patients have osteoporosis. The mean 
age of the patients was 53.8 years (range, 20-80 years), and 
most of these were women (n=47, 71.2%). The mean BMI 
of the patients was 28.7±3.2 kg/m². Hypertension, history 
of cardiovascular disease, and diabetes was observed in  
18 (27.3%), 9 (13.6%), and 7 (10.6%) patients, respec-
tively. Pre-operative vitamin D deficiency was present in  
46 patients (69.6%). 

The pre- and postoperative biochemical parameters 
are shown in Table 1. There was a significant reduc-
tion in calcium (p<0.001), PTH (p<0.001) and ALP 
(p<0.001) after curative parathyroid surgery, whereas 
the serum 25(OH)D levels did not change significantly. 
However, there was no statistically significant difference 
between pre- and postoperative (after 6 months) fast-

Table 1

Preoperative - postoperative demographic, biochemical data and BMI in patients with primaryhyperparathyroidism and controls

Healthy Preoperatively Postoperatively p

Age (years) 51.7±11.8 52.90±13.15 52.90±13.15 0.912
Male/Female ratio 12/32 18/48 18/48 1.000
PTH (pg/ml) 38.7±9.8 274.36±191.43*# 48.83±35.15 <0.0001
Corrected Ca (mg/dl) 9.1±0.58 11.65±1.09*# 9.25±0.39 <0.0001
Phosphorus, inorganic(mg/dl) 3.4±0.71 2.32±0.53 3.80±0.42 0.040
Alkaline phosphatase (ALP)(U/l) 50.8±16.5 230.36±98.84*# 120±20 <0.0001
25-(OH)D (ng/ml) 19.43±11.7 18.7±13.4 19.1±12.5 0.543
BMI (kg/m2) 27.4±2.9 28.7 ± 3.2 28.3±3.1 0.613
Creatinine (mg/dl) 0.56±0.21 0.86±0.22 0.58±0.19 0.030
MPV (fl) 7.56±0.62 9.15±1.14*# 7.91±0.76 <0.0001
Platelet count (x103/μl) 253.7±72.6 261.2±80.5 259.3±82.1 0.712

Results are presented as mean ± SD.
p<0.01 - patients with primary hyperparathyroidism (preoperative - postoperative 6th month) vs. controls
*p<0.0001 between preoperative and postoperative
#p<0.0001 between preoperative and healthy controls
There is no statistical significant parameters between postoperative and healthy controls without ALP (p=0.003).
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ing plasma glucose, BMI, SBP and DBP. Preoperative 
serum creatinine levels were significantly higher than 
postoperative levels (after 6 month) (0.86 mg/dl and 
0.58 mg/dl, respectively; p=0.03).

The mean T-score at the femoral neck was -1.82 
(+0.30 to -4.40). The mean T-score at the total lumbal 
1-4 spine was -2.36 (+1.50 to -5.20).

MPV levels were significantly higher in patients with 
PHPT (9.15±1.14 fl) compared to healthy volunteers 
(7.56±0.62 fl; p<0.0001). Six months after PTX, MPV fell 
significantly from 9.15±1.14 to 7.91±0.76 fl in patients 
with PHPT. However, no statistically significant (p=0.73) 
difference was observed in the MPV value between cured 
PTX patients (on 6th month) (7.91±0.76 fl) and the healthy 
controls (7.56±0.62 fl).

In preoperative phase; MPV levels were positively 
correlated with iPTH (r=0.888, p<0.0001), calcium 
(r=0.292, p=0.017), and adenoma weight (r=0.377, 
p=0.003). MPV levels were negatively correlated with 
serum phosphate (r=-0.452, p<0.0001) and total lumbar 
spine T score (r=-0.296, p=0.016). In contrast, no corre-
lation was found between MPV and creatinine, vitamin 
D, femoral neck T-score (r=0.227, p=0.066; r=0.134, 
p=0.284; r=-0.192, p=0.122, respectively).

In postoperative phase (after 6 month); postopera-
tive MPV showed a significant positive correlation with 
postoperative PTH (r=0.381, p=0.002) and calcium 
levels (r=0.324, p=0.008). No correlation was noted 
between MPV and serum phosphate postoperatively 
(r=-0.200, p=0.107). Similarly, no correlation was ob-
served between MPV values and creatinine (r=0.135, 
p=0.279), and vitamin D (r=0.035, p=0.778).

Discussion

In this study, for the first time we demonstrated that 
MPV is significantly decreased in cured PTX. It is to-
day well-confirmed that symptomatic PHPT has been 
linked with increase mortality of all causes (Lundgren 
et al. 2001). It has been reported that patients suffering 
from chronic hyperparathyroidism are more likely to 
have higher all-cause mortality with a standardized 
mortality ratio of 2.62 (Yu et al. 2011). PHPT has been 
associated with an increased risk for cardiovascular 
disease. Specifically, the incidence of coronary artery 
disease, valvular and myocardial calcification, left ven-
tricular hypertrophy, cardiac conduction abnormalities 
and arrhythmias, cardiac functional abnormalities, 
carotid plaque, and endothelial dysfunction have been 
considered to be increased. Furthermore, increased 

cardiovascular risk factors such as hypertension, dia-
betes, and hyperinsulinism have also been observed. 
Malignant disorders and cardiovascular diseases such 
as myocardial infarction, stroke and heart failure seem 
to be excessively prevalent causes of death among 
PHPT patients (Hedback and Oden 1998; Wermers et 
al. 1998). The largest mortality study to date included 
4461 patients that underwent surgery between 1987 and 
1994, and found a highly significant increase in all-cause 
death as well as in cardiovascular death (risk ratio: men 
1.71, 95% CI: 1.34-2.15; women 1.85; 95% CI 1.62-2.11) 
compared with controls (Hedback and Oden 1998). The 
patients were evaluated to have mild-moderate disease, 
but the serum calcium levels were not presented. The 
observed increase in mortality was independent of age 
and gender (Hedback et al. 1990), and was also present 
several years post-operatively, even though the patients 
were ‘‘cured’’ by PTX and had calcium, PTH and phos-
phate within the normal range (Hedback et al. 1990). 
Others have reported an increased risk of myocardial 
infarction among PHPT patients more than a year after 
surgery, despite normalized biochemical parameters 
(Vestergaard et al. 2003). The serum calcium levels were 
only modestly elevated at baseline (mean 1.65 mmol/l) 
in this study (Vestergaard et al. 2003). Conservative 
treatment of female PHPT patients was related to an 
increased risk of cardiovascular death, which could 
be abolished by PTX (Ogard et al. 2004). The levels 
of serum calcium or PTH were not presented in this 
study (Ogard et al. 2004). As a consequence, patients 
suffering from PHPT have an increased mortality that 
is mainly caused by cardiovascular death. The precise 
mechanisms underlying these associations with patients 
with PHPT are currently not elucidated exactly.

 Patients with elevated PTH resulting from 
PHPT have been shown to be at higher risk for cardio-
vascular morbidity and mortality (Garcia de la Torre et 
al. 2003; Andersson et al. 2004; Hagstrom et al. 2009). 
Platelets play a pivotal role in atherothrombosis. Acti-
vated platelets play an important role in the pathogenesis 
of coronary artery disease and occlusive arterial disease 
(Davi and Patrono 2007). Platelets secrete and express 
a large number of substances that are crucial mediators 
of coagulation, inflammation, thrombosis, and athero-
sclerosis (Coppinger et al. 2004). The demonstrated 
ability of antiplatelet drugs to reduce cardiovascular 
events has reinforced the major role of platelets in the 
atherothrombotic process (Meadows and Bhatt 2007). 
Circulating platelets vary in both size and functional 
activity. A subpopulation of active platelets consists of 
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large platelets. Larger platelets are metabolically and 
enzymatically more active (Davi and Patrono 2007), 
and have greater prothombotic potential (Meadows and 
Bhatt 2007). Platelet size measured as MPV is possibly 
a simple and accurate way to estimate platelet activity 
(Davi and Patrono 2007; Meadows and Bhatt 2007). El-
evated MPV is associated with other markers of platelet 
activity, including increased platelet aggregation, in-
creased thromboxane synthesis and β-thromboglobulin 
release, and increased expression of adhesion molecules 
(Bath and Butterworth 1996). Increased MPV, reflect-
ing increased activity of platelets, has been reported to 
associate with ischemic cardiac events, coronary artery 
calcification and predict future myocardial infarction 
(Chu et al. 2010; Jung et al. 2011).

Serum calcium levels have been demonstrated to 
be an independent predictor of mortality even within 
the normal range. Leifsson and Ahren (1996) explored 
the distribution of calcaemia in a large population-
based health survey including 33346 individuals, and 
correlated the values to mortality during a follow-up 
of 10.8 years as mean. The mortality rate during the 
follow-up period in men less than 50 years of age was 
20% higher in those with serum calcium greater than 
2.45 mmol/l than in those with serum calcium less than 
2.45 mmol/l. Furthermore, those with serum calcium 
above 2.60 mmol/l had a doubled (odds ratio=2.0) mor-
tality rate compared with that of subjects with serum 
calcium below 2.60 mmol/l. This increase was princi-
pally due to cardiovascular disease. In another study 
(Lind et al. 1997), a cohort of 2183 males aged 50 years 
were investigated for serum calcium and followed-up 
over the next 18 years. The serum calcium levels were 
significantly elevated at baseline in the subjects who 
developed myocardial infarction when compared with 
the rest of the cohort (2.37±0.09 vs. 2.35±0.09 mmol/l, 
p<0.03) and Cox’s proportional hazard analysis showed 
that serum calcium was an independent risk factor for 
myocardial infarction. In a more recent study of a cohort 
of untreated hypercalcaemic patients (serum calcium 
> 2.60 mmol/l) with PHPT according to biochemical 
criteria, the median survival time was 20 years versus 
25 years in the normocalcaemic age- and sex-matched 
controls (Lundgren et al. 2001). The excess mortality was 
significant for cardiovascular disease only, and this ac-
counted for 43% of the deaths among the patients (31% 
of controls). Cox’s proportional hazard analysis revealed 
that serum calcium was independently related to the 
overall mortality and to the cardiovascular mortality 
in the patients. After adjustment for these risk factors 

(glucose, DBP, heart volume, age and sex), the hazard 
ratio for hypercalcaemia with regard to cardiovascular 
death was 1.72 (95% CI, 1.24-2.37; p=0.001). Similar 
analysis on the overall mortality revealed a hazard ratio 
of 1.38 (95% CI, 1.07-1.79; p=0.013). We showed that 
serum calcium was significantly correlated with MPV. 
Serum calcium and MPV levels have been reported to 
associate with cardiovascular mortality. We hypoth-
esized that high serum calcium could be induced to 
increase MPV levels. In addition, serum calcium levels 
were low when MPV levels fall.

To our knowledge, MPV has not been studied in 
PHPT as a cardiovascular risk predictor. We evaluated 
MPV in PHPT before PTX and after successful PTX, 
and found the MPV increased in PHPT patient groups 
when compared with control groups and cured PTX 
groups. Cured PTX groups have lower MPV levels then 
PHPT groups. We demonstrated that MPV levels have 
no significant difference between cured PTX group 
and healthy controls. Increased MPV is associated with 
increased risk of myocardial infarction (MI) independ-
ent of known cardiovascular risk factors. In this study, 
risk of MI increased by 38% in individuals with MPV 
≥7.4 vs. <7.4 fl (Klovaite et al. 2011). So, MPV levels fell 
in PHPT patients when cardiovascular morbidity and 
mortality rate would reduce.

In this study, we showed that MPV levels significantly 
correlated with PTH and serum calcium preoperatively, 
also postoperatively. To our knowledge, there are no 
current data on a possible effect of cured PTX on MPV. 
But some investigators have reported some conflicting 
effects of PTH in platelets.

Several mechanisms are potentially responsible for 
relationship between MPV and PTH in PHPT patients. 
First, one study has shown that acute administration of 
physiological concentrations of 1,34-PTH induced an 
increase in platelet intracellular [Ca2+] ([Ca2+]i) associ-
ated with an increased arterial blood pressure in humans 
(Fliser et al. 1997). Moreover, a significant correlation 
between serum PTH and platelet [Ca2+]i levels has been 
found in normotensive patients with PHPT (Fliser et 
al. 1997). Cytoplasmic [Ca²+] levels increase in human 
platelets when human platelets are activation for shape-
change and secretion (Salzman and Ware 1984). First, 
this mechanism may be induced high MPV levels in 
PHPT patients. Second, Emam et al. (2012) showed 
that inflammatory biomarkers [interleukin-6 (IL-6), hs-
CRP] were higher in patients with asymptomatic PHPT 
than in controls. Moreover, serum PTH was significantly 
correlated with inflammatory biomarkers which may 
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suggest a subclinical inflammatory response in this 
group of patients. Chronic inflammation plays a pivotal 
role in PHPT and activated platelets (Rashid et al. 2007). 
Proinflammatory cytokines, such as IL-6, are involved in 
enhanced oxidative stress which contributes to platelet 
activation. Third, PTH stimulates the endothelial nitric 
oxide synthase (Rashid et al. 2007); furthermore PHPT 
induced endothelial dysfunction (Nilsson et al. 1999). 
Nitric oxide (NO) facilitates platelet production (Bat-
tinelli et al. 2001). The cytokines and NO produced by 
the dysfunctioning endothelium may stimulate the bone 
marrow to produce large platelets (Robinson et al. 2006). 
Accumulation of intracellular cytosolic calcium, lead-
ing to increased insulin resistance, has been reported 
in PHPT (Tassone et al. 2009). In a community-based 

cohort study of healthy elderly men, serum calcium 
was independently associated with insulin sensitivity 
(Hagstrom et al. 2007). Similarly, insulin resistance 
associated with endothelial dysfunction might trigger 
the same mechanisms. So platelet activation is triggered 
by this pathway.

In conclusion, MPV is a simple index of activated 
platelet and available with routine blood counts. Our 
data suggest that MPV is positively correlated with 
increased PTH and serum Calcium; however, these 
results should be confirmed by further studies involv-
ing a larger sample size and longer follow-up periods. 
Further studies on the involvement of MPV in PHPT 
may contribute to the evaluation of atherothrombotic 
risk in elderly patients with PHPT.
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