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Abstract: Background: Hyperparathyroidism (HPT) is a common endocrine disorder. 85% of patients with primary 
HPT harbor a single adenoma and cured by excision of the incident gland. Mean platelet volume (MPV) shows the 
average size of platelets and reflects the platelet production rate and stimulation. We decided to investigate whether 
MPV would be a useful biomarker in patients with parathyroid adenoma. Materials and Methods: Fourty-four pa-
tients with solitary parathyroid adenoma (Adenoma group) and 56 people with normal serum PTH and calcium 
levels (Control group) were included in the study. The differences in pre-treatment MPV between adenoma group 
and healthy control group were investigated. The differences between pre-operative and post-operative MPV, PTH, 
and calcium levels in adenoma group were also analyzed. Results: There was no statistically significant difference 
between the adenoma group and healthy control group regarding age; gender; smoking status; and white blood cell, 
hemoglobin, and platelet count (P > 0.05). Post-operative MPV, PTH, and serum calcium levels in patients with soli-
tary parathyroid adenoma (SPA) were found to be significantly lower when compared with pre-operative MPV, PTH, 
and serum calcium level (P = 0.001). Pre-operative MPV levels in patients with SPA were found to be significantly 
higher when compared with healthy control group (P = 0.0001). For the diagnosis of SPA, ROC analysis revealed 
76.1% sensitivity and 80.4% specificity for a cut-off value of 9.015 fl of MPV whereas positive predictive was 76.1% 
and negative predictive value was 83.3%. Conclusion: In this study, a significant correlation of MPV level with para-
thyroid adenoma was found. Therefore, detecting MPV level would be useful for the diagnosis of SPA.
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Introduction

Hyperparathyroidism is a common endocrine 
disorder with potential complications on the 
skeletal, renal, neurocognitive and cardiovas-
cular systems [1]. HPT is generally divided into 
three types: primary, secondary, and tertiary 
[1-5]. In Europe, primary HPT is now a relatively 
common disorder that is diagnosed in 0.7% of 
the general population [2-5]. Primary HPT 
results from the autonomous overproduction of 
parathyroid hormone (PTH). A single parathy-
roid adenoma (SPA) is the cause of disease in 
approximately 85% of patients, and resection 
yields a lenghty cure [5, 6].

Mean platelet volume (MPV) is an accurate 
measure of platelet size which is routinely 
reported during a complete blood count (CBC) 
analysis [7-9]. MPV shows the average size of 
platelets and reflects the platelet production 
rate and stimulation [10]. In recent years, 
numerous studies have noted the importance 

of MPV as a predictor of clinical outcomes in 
the settings of various diseases, including coro-
nary artery disease, thrombotic disorders, he- 
patocellular carcinoma, gastric carcinoma and 
pancreatic adenocarcinoma [6-12]. From this 
stand-point, we decided to investigate whether 
MPV would be a useful biomarker in patients 
with parathyroid adenoma.

Materials and methods

Ethics

This study was approved by the appropriate eth-
ics committee of Adana Numune Research and 
Training Hospital and has therefore been per-
formed in accordance with the ethical stan-
dards in the 1964 Declaration of Helsinki.

Study design and obtaining samples

The present study was a retrospective study. 
Data collection included patient demographics, 
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clinico-pathological parameters, and preopera-
tive and postoperative hematological parame- 
ters. 

As a routine,for blood count analyses, samples 
were obtained after overnight fasting and 
between 7:30 AM and 9:00 AM. Pre-operative 
datas were obtained from the pre-operative 
results of routine blood tests. Post-operative 
routine controls performed one and three-
months after surgery. Data were obtained from 
the routine control testswhile the patients 
serum, TSH, calcium, and parathyroid hormone 
levels were within normal limits. All blood sam-
ples were tested (as a part of their complete 
blood counts, CBC) using an automated hema-
tology analyzer (Cell-Dyn 3200) (Abbott Dia- 
gnostics, Abbot Park, IL, USA) for measurement 
of MPV. In ourlaboratory, the MPV reference 
range is determined as 7-11 fl. Pre-operative 
and post-operative, PTH level, calcium level, 
phosphate level, lymphocyte count, leukocyte 
count, neutrophil count, monocyte count, plate-
let count and MPV in adenoma group were ana-
lyzed. The differences in pre-treatment MPV 
between adenoma group and healthy control 
group were also investigated.

Inclusion criteria

We reviewed the medical records of 44 patients 
who underwent parathyroid surgery for primary 
PHT and operated on by a single surgeon 
(Adenoma group). A diagnosis of primary hyper-
parathyroidism was based on hypercalcemia 
and an elevated serum parathyroid hormone 
level. Those patients who had met the criteria, 
determined by the NIH consensus panel and 
those who were symptomatic, were included in 
the study. Localization of the pathological 
gland(s) and thyroid tissue were evaluated in all 
patients pre-operatively by both US and MIBI 
imaging of the neck. Fifty-six peoples with nor-
mal serum PTH and calcium levels were includ-
ed in the study as a healthy control group 
(Healthy group). 

Exclusion criteria

Patients with suspected parathyroid hyperpla-
sia or multiple endocrine neoplasm syndrome 
were excluded. The patients with malignancy, 
solid organ tumor, inflammatory disease, 
myeloproliferative disorders, diabetes mellitus, 
hypertension, infection, heart failure, hepatic 

or renal disorders, taking anticoagulation medi-
cine, abnormal TSH level, and recurrent or per-
manent hyperparathyroidism were also exclud-
ed from the study.

Statistical analyses

Data were analyzed by using the Statistical 
Package for Social Sciences (SPSS) 20.0 for 
Windows. Continuous datas were presented as 
mean ± standard deviation or median (mini-
mum-maximum). The Kruskal-Wallis test, the 
Mann-Whitney U test and the Wilcoxon test 
were used to compare the parameters of ade-
noma group and healthy control group. Pre-
operative MPV values were found to be statisti-
cally different between groups, and they were 
analyzed for their diagnostic value in solitary 
parathyroid adenoma using ROC analysis. 
Statistical significance was defined as a P value 
< 0.05.

Results

44 (mean age 54 ± 13, m/f = 3/41) patients 
with SPA underwent to parathyroid surgery. 
There was no statistically significant difference 
between the healthy group and adenoma group 
regarding age; gender; smoking status (P > 
0.05). We also did not find a statistically signifi-
cant difference between groups according to 
white blood cell, hemoglobin, lymphocyte 
count, leukocyte count, neutrophil count, 
monocyte count, platelet count (P > 0.05). 
Additionally, there were no statistically signifi-
cant difference between pre-operative and 
post-operative values of above mentioned 
parameters in adenoma group (P >  0.05). 

Post-operative serum calcium levels in patients 
with SPA were found to be significantly lower 
when compared with pre-operative serum cal-
cium level. The median pre-operative serum 
calcium level was 11.4 mmol/l and the median 
post-operative serum calcium level were 8.8 
mmol/l, 9.0 mmol/l, and 9.2 in the post-opera-
tive 24 hours, at the first month, and at the 
thirth month, respectively (P = 0.0001) (Table 
1). 

Post-operative serum PTH levels in patients 
with SPA were found to be significantly lower 
when compared with pre-operative serum PTH 
level. The median pre-operative serum PTH 
level was 202.0 pmol/l and the median post-
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operative serum PTH levels were 20.9 pmol/l, 
43.3 pmol/l, and 40.7 pmol/l in the post-oper-
ative 24 hours, at the first month, and at the 
thirth month, respectively (P = 0.0001) (Table 
1). 

Pre-operative the mean MPV levels in patients 
with SPA were found to be significantly higher 
when compared with healthy controls (10.2 fl 
versus 7.9 fl, P = 0.0001) (Table 2). After surgi-
cal treatment of SPA patients, a significant 
decrease in the mean MPV level was seen 
(10.2 fl versus 9.3 fl, P = 0.001) (Table 3). The 
post-operative MPV levels of SPA patients and 

For the diagnosis of SPA, ROC analysis revealed 
76.1% sensitivity and 80.4% specificity for a 
cut-off value of 9.015 fl of MPV whereas posi-
tive predictive value was 76.1% and negative 
predictive value was 83.3% (Figure 1). 

Discussion

Hyperparathyroidism is a common endocrine 
disorder with potential complications on organ 
systems [1]. Eighty-five percent of patients with 
pHPT harbor a single adenoma and cured by 
excision of the incident gland [1-3]. Over the 
last 25 years, much has been learnt about the 

Table 1. Comparison of pre-operative and post-operative biochemical parameters

Parameter
Wilcoxon test
Preop-Postop1 Preop-Postop2 Proeop-Postop3

n Mean Median sd z p z p z p
Preop Ca 44 11.8 11.4 1.1 -5.7 0.0001 -5.8 0.0001 -5.6 0.0001
Postop Ca 1 44 8.8 8.8 .7
Postop Ca 2 44 8.9 9.0 .7
Postop Ca 3 42 9.1 9.2 .5
Preop PTH 44 408.5 202.0 553.7 -5.8 0.0001 -5.8 0.0001 -5.6 0.0001
Postop PTH 1 44 69.5 20.9 272.8
Postop PTH 2 44 97.6 43.3 242.7
Postop PTH 3 41 73.8 40.7 141.6
PTH: parathyroid hormone; Ca: calcium;  n: number of patients; Postop 1: value in the post-operative 24 hour; Postop 2: value 
at the post-operative first month; Postop 3: value at the post-operative 3th month. P < 0.05 is considered as statistically 
significant.

Table 2. Pre-operative MPV levels in patients with SPA were found to be significantly higher when 
compared with healthy controls

Mann-Whitney U test
n Mean Median Minimum Maximum sd Mean Rank U P

Preop MPV Adenoma Group 44 10.2 10.3 6.8 15.1 1.7 70.17 366.5 0.0001
Helathy group 56 7.9 7.6 6.0 13.7 1.5 35.04

Preop PLT Adenoma Group 44 256.1 253.0 78.0 442.0 77.1 45.83 1026.5 0.154
Helathy group 56 279.8 282.0 166.0 479.0 70.9 54.17

MPV: Mean platelet volume, PLT: Platelet. P < 0.05 is considered as statistically significant.

Table 3. Comparison of preoperative and postoperative parameters in 
patients with solitary parathyroid adenoma

Parameter
Patients with solitary parathyroid adenoma Wilcoxon Test

n Mean Median Minimum Maximum sd z P
Preop PLT 44 256.1 253.0 78.0 442.0 77.1 -0.362 0.717
Postop PLT 44 251.6 246.0 141.0 410.0 66.5
Preop MPV 44 10.2 10.3 6.8 15.1 1.7 -3.3 0.001
Postop MPV 44 9.3 9.3 6.2 12.5 1.6
MPV: Mean platelet volume, PLT: Platelet. P < 0.05 is considered as statistically signifi-
cant.

healthy controls were 
found to be comparable 
(P > 0.05). Additionally, 
when we made a sub-
group analysis, we found 
that pre-operative MPV 
levels were higher in both 
minimally invasive surge- 
ry and classical bilateraly 
neck exploration groups 
than healthy subjects (P 
= 0.0001) (Table 4).
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molecular mechanisms of benign and malign 
tumours. The molecular basis of parathyroid 
adenoma is no exception [13]. In other words 
parathyroid adenoma is benign tumour and its 
molecular mecanism is still not well known. 
Platelets have an important effect on tumor 
progression and metastasis. From this stand 
point, we decided to investigate the correlation 
between parathyroid adenoma and MPV in this 
study. 

Platelets are the cellular orchestrators of pri-
mary hemostasis. Blood platelets are discoid 

anucleate cellular fragments originating from 
the cytoplasm of megakaryocytes. In 1882, 
Bizzozero introduced the term “blood plates” 
and documented their importance in blood 
coagulation and in the formation of thrombus 
[14, 15]. About a century later, researchers 
were demonstrated that platelethas different 
functions other than thrombosis such as secre-
ating growth factors, to help damaged tissue 
recovery, managing inflammation and alert the 
immune cells [7-15]. The tumor cells and their 
microenvironment is increasingly recognized as 
a key regulator of tumour growth. In the 19th 
century. Gasic et al., described an interesting 
association between number of platelets and 
metastatic potential of cancer [16]. Today it is 
well-known that, platelets are the major serum 
source of many pro-angiogenic proteins in the 
circulation of patients with tumour [17]. The is 
also a known association between platelets 
and immune system. In 1999, Nieswandt et al., 
were reported that the main contribution of 
platelets to tumour growth and metastasis 
seems to consist in protection of tumor cells 
from NK cell lysis [18]. 

Even if the platelets have an effect on tumour 
progression, there might be an association 
between parathyroid adenoma and platelet 
functions. In our study, MPV level was higher in 
patients with parathyoid adenoma than healthy 
controls (P = 0.0001). MPV is the platelet activ-
ity marker that is most commonly used to eval-
uate inflammatory processes and malignan-
cies. Platelets with larger MPV are thought to 
have granules containing more mediators and 
thus play a bigger role in tumour development 
and progress [18-24]. MPV also shows the 
activity of platelets. Larger platelets have more 
reactivity than smaller ones [19]. 

The correlation between MPV and tumour pro-
gression was analyzed in different types of can-

Table 4. Preoperative MPV levels when subgroups compared
Kruskall-Wallis H Test

n Mean Median Minimum Maximum sd Mean 
Rank H P Comparison 

of two groups
Preop MPV 1-Classical Operation 20 10.8 11.0 7.9 15.1 1.6 78.10 38.6 0.0001 3-1 

3-22-Minimaly Invasive Operation 24 9.7 10.0 6.8 12.2 1.6 63.56

3-Healthy Control 56 7.9 7.6 6.0 13.7 1.5 35.04

Preop PLT 1-Classical Operation 20 262.2 247.0 114.0 406.0 83.6 46.93 2.1 0.352 -

2-Minimaly Invasive Operation 24 251.1 255.5 78.0 442.0 72.7 44.92

3-Healthy Control 56 279.8 282.0 166.0 479.0 70.9 54.17
MPV: Mean platelet volume, PLT: Platelet. P < 0.05 is considered as statistically significant.

Figure 1. For the diagnosis of SPA, ROC analysis re-
vealed 76.1% sensitivity and 80.4% specificity for a 
cut-off value of 9.015 fL of MPV whereas positive 
predictive value was 76.1% and negative predictive 
value was 83.3%.
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cers [20-25]. Karateke et al. reported that MPV, 
PDW, and PCT to be correlated with the severity 
of endometrial pathology with the highest val-
ues in endometrial cancer [25]. Baldane et al. 
studied on the association between thyroid 
papillary carcinomas and MPV. They reported 
that thyroid papillary carsinomas had higher 
MPV levels than beningn goiter patients and 
controls and in the same research the MPV lev-
els decreased after surgical treatment [20]. It 
was an interesting result for us, because also in 
our study we found that in all cases pre-opera-
tive MPV levels decreased to normal ranges 
after the parathyroid adenoma excised (P = 
0.0001). Additionally, when we were consid-
ered the post-operative MPV levels, there were 
not a statistically significant difference between 
healthy controls and patients who underwent 
successfull parathyroid surgery. In another 
study, Eryılmaz A et al. concluded that MPV may 
be used as a new marker in the diagnosis of 
head and neck cancers [23].

Recently Yilmaz H. showed that subjects with 
PHPT lead to have increased platelet activation 
[26]. Smilarly, in our study, post-operative 
serum calcium and parathyroid hormone levels 
were decreased to normal ranges after opera-
tion in all cases which were correlated with 
MPV. For the diagnosis of SPA, ROC analysis 
revealed 76.1% sensitivity and 80.4% specifici-
ty for a cut-off value of 9.015 fL of MPV where-
as positive predictive value was 76.1% and 
negative predictive value was 83.3%.

We found a significant correlation between 
MPV and parathyroid adenoma in this study 
and believe that this will provide useful infor-
mation in the diagnosis of SPA and evaluating 
the success of the operation. The main limita-
tion of our study is the low number of cases. 
Although this study was showed the relation-
ship between MPV and parathyroid adenoma, 
the specific mechanisms of the relationship 
needs further studies. 

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Oktay Irkorucu,  
Department of General Surgery, Adana Health 
Research and Training Center, Sağlık Bilimleri 
University, 79043 Sokak, Hacı Omay Apt. Kat:2, No. 
2, Çukurova, Adana, Turkey. Tel: +905325670525; 
E-mail: oktaytip@yahoo.com

References

[1] Duan K, Hernandez KG, Mete Ö. Clini- 
copathological correlates of hyperparathyroid-
ism. J Clin Pathol 2015; 68: 771-787.

[2] Heath H, Hodgson SF, Kennedy MA. Primary 
hyperparathyroidism. Incidence, morbidity, 
and potential economic impact in a communi-
ty. N Engl J Med 1980; 302: 189-193.

[3] Lundgren E, Rastad J, Thurfjell E, Akerström G, 
Ljunghall S. Population-based screening for 
primary hyperparathyroidism with serum calci-
um and parathyroid hormone values in meno-
pausal women. Surgery 1997; 294: 287294.

[4] Jorde R, Bonaa KH, Sundsfjord J. Primary hy-
perparathyroidism detected in a health screen-
ing. The Tromso Study. J Clin Epidemiol 2000; 
53: 1164-1169.

[5] Callender GC, Udelsman R. Surgery for Primary 
Hyperparathyroidism. Cancer 2014; 1: 3602-
3616.

[6] Udelsman R, Lin Q, Donovan P. The superiority 
of minimally invasive parathyroidectomy based 
on 1650 consecutive patients with primary hy-
perparathyroidism. Ann Surg 2011; 253: 585-
591.

[7] Leader A, Pereg D, Lishner M. Are platelet vol-
ume indices of clinical use? A multidisciplinary 
review. Ann Med 2012; 44: 805-816.

[8] Sansanayudh N, Anothaisintawee T, Muntham 
D, McEvoy M, Attia J, Thakkinstian A. Mean 
platelet volume and coronary artery disease: a 
systematic review and meta-analysis. Int J 
Cardiol 2014; 175: 433-440.

[9] Erdem H, Aktimur R, Cetinkunar S, Reyhan E, 
Gokler C, Irkorucu O, Sozen S. Evaluation of 
mean platelet volume as a diagnostic biomark-
er in acute appendicitis. Int J Clin Exp Med 
2015; 8: 1291-5.

[10] Kılınçalp S, Ekiz F, Başar O, Ayten MR, Coban S, 
Yılmaz B, Altınbaş A, Başar N, Aktaş B, Tuna Y, 
Erbiş H, Uçar E, Erarslan E, Yüksel O. Mean 
platelet volume could be possible biomarker in 
early diagnosis and monitoring of gastric can-
cer. Platelets 2014; 25: 592-594.

[11] Kurt M, Onal IK, Sayilir AY, Beyazıt Y, Oztaş E, 
Kekilli M, Turhan N, Karaman K, Akdogan M. 
The role of mean platelet volume in the diagno-
sis of hepatocellular carcinoma in patients 
with chronic liver disease. Hepatogastroen- 
terology 2012; 59: 1580-1582.

[12] Karaman K, Bostanci EB, Aksoy E, Kurt M, 
Celep B, Ulas M, Dalgic T, Surmelioglu A, 
Hayran M, Akoglu M. The predictive value of 
mean platelet volume in differential diagnosis 
of non-functional pancreatic neuroendocrine 
tumors from pancreatic adenocarcinomas. Eur 
J Intern Med 2011; 22: 95-98.



A possible biomarker

14541 Int J Clin Exp Med 2016;9(7):14536-14541

[13] Gill AJ. Understanding the genetic basis of 
parathyroid carcinoma. Endocr Pathol 2014; 
25: 30-34.

[14] Karachaliou N, Pilotto S, Bria E, Rosell R. 
Platelets and their role in cancer evolution and 
immune system. Transl Lung Cancer Res 
2015; 4: 713-720. 

[15] Leslie M. Cell biology. Beyond clotting: the pow-
ers of platelets. Science 2010; 328: 562-564.

[16] Gasic GJ, Gasic TB, Stewart CC. Antimetastatic 
effects associated with platelet reduction. Proc 
Natl Acad Sci U S A 1968; 61: 46-52.

[17] Kuznetsov HS, Marsh T, Markens BA, Castaño 
Z, Greene-Colozzi A, Hay SA, Brown VE, 
Richardson AL, Signoretti S, Battinelli EM, 
McAllister SS. Identification of luminal breast 
cancers that establish a tumorsupportive mac-
roenvironment defined by proangiogenic plate-
lets and bone marrow-derived cells. Cancer 
Discov 2012; 2: 1150-65.

[18] Nieswandt B, Hafner M, Echtenacher B, 
Männel DN. Lysis of tumor cells by natural kill-
er cells in mice is impeded by platelets. Cancer 
Res 1999; 59: 1295-300.

[19] Mangalpally KK, Siqueiros-Garcia A, Vadugana- 
than M, Dong JF, Kleiman NS, Guthikonda S. 
Platelet activation patterns in platelet size sub 
populations: differential responses to aspirin 
in vitro. J Thromb Thrombolysis 2010; 30: 251-
62.

[20] Baldane S, Ipekci SH, Sozen M, Kebapcilar L. 
Mean platelet volume could be a possible bio-
marker for papillary thyroid carcinomas. Asian 
Pac J Cancer Prev 2015; 16: 2671-2674.

[21] Afsar CU, Gunaldi M, Kum P, Sahin B, Erkisi M, 
Kara IO, Paydas S, Duman BB, Ercolak V, 
Karaca F, Uyeturk U, Guner SI. Pancreatic car-
cinoma, thrombosis and mean platelet vol-
ume: single center experience from the south-
east region of Turkey. Asian Pac J Cancer Prev 
2014; 15: 9143-9146.

[22] Kisucka J, Butterfield CE, Duda DG, Eichen- 
berger SC, Saffaripour S, Ware J, Ruggeri ZM, 
Jain RK, Folkman J, Wagner DD. Platelets and 
platelet adhesion support angiogenesis while 
preventing excessive hemorrhage. Proc Natl 
Acad Sci U S A 2006; 103: 855-60.

[23] Eryilmaz A, Basal Y, Omurlu IK. Can Head and 
Neck Cancers Be Detected with Mean Platelet 
Volume? Asian Pac J Cancer Prev 2015; 16: 
7045-7047.

[24] Mantovani A, Allavena P, Sica A, Balkwill F. 
Cancerrelated inflammation. Nature 2008; 
454: 436-44.

[25] Karateke A, Kaplanoglu M, Baloglu A. Relations 
of Platelet Indices with Endometrial Hyper- 
plasia and Endometrial Cancer. Asian Pac J 
Cancer Prev 2015; 16: 4905-4908.

[26] Yilmaz H. Assessment of mean platelet volume 
(MPV) in primary hyperparathyroidism: effects 
of successful parathyroidectomy on MPV lev-
els. Endocr Regul 2014; 48: 182-8.


