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No associations exist between mean platelet
volume or platelet distribution width and thyroid
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Abstract
Mean platelet volume (MPV) and platelet distribution width (PDW) are morphometric indices of size distribution and variability of
platelet. We aimed to explore the associations between MPV or PDW and thyroid function in a large Chinese cohort.
This was a cross-sectional study with a recruitment of 13,622 self-reported healthy Chinese (8424 males, 5198 females). Clinical

data of the participants comprised of anthropometric measurements, hepatic function, renal function, serum levels of lipid, glucose,
C-reactive protein, erythrocyte sedimentation rate, platelet, MPV, PDW, and thyroid hormones. Database was sorted by sex, and the
associations between MPV or PDW and thyroid function were analyzed by quartiles of MPV or PDW. Levels of MPV and PDW were
compared in different thyroid function subgroups by 1-way analysis of variance and independent sample’s t test. Receiver-operating
characteristic (ROC) curve was adopted to determine diagnostic values of MPV and PDW for thyroid dysfunction. Crude and
adjusted odds ratios of MPV and PDW for thyroid dysfunction with 95% confidence intervals were analyzed by binary logistic
regression models.
MPV, PDW, and thyroid stimulation hormone were significantly higher in females than in males. Females showed significantly

higher incidence of hypothyroidism and hyperthyroidism thanmales. However, there were no significant differences of MPV and PDW
among different thyroid function subgroups in both sexes, and no obvious correlations were revealed between MPV or PDW and
thyroid function. From ROC analysis, we demonstrated no diagnostic values of MPV and PDW for thyroid dysfunction. From binary
logistic regression models, no risks of different MPV and PDW quartiles were identified for thyroid dysfunction in both sexes.
We could not show any association between MPV or PDW and thyroid function. Prospective studies with better defined risk

groups should be performed in the future for further verification and validation.

Abbreviations: ALT = alanine aminotransferase, BH = body height, BMI = body mass index, BUN = blood urea nitrogen, BW =
body weight, CI = confidence interval, Cr = creatinine, CRP =C-reactive protein, ESR = erythrocyte sedimentation rate, FG = fasting
glucose, FT3 = free triiodothyronine, FT4 = free thyroxine, MPV=mean platelet volume, OR= odds ratio, PDW= platelet distribution
width, PLT = platelets, PVI = platelet volume index, ROC = receiver-operating characteristic, SD = standard deviation, SPSS =
Statistical Package for Social Sciences, TBIL = total bilirubin, TC = total cholesterol, TG = triglycerides,
TSH = thyroid-stimulating hormone.
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1. Introduction

Platelets (PLT) play a central role not only in hemostasis and
thrombosis, but also in inflammation, atherogenesis, and even
cancer.[1] Mean platelet volume (MPV) and platelet distribution
width (PDW) are morphometric indices as well as quantitative
measures of size distribution and variability of PLT, which can be
calledasplatelet volume index (PVI) collectively.MPVandPDWare
considered as integral components in the general assessment of PLT
function.[2] PDWandMPVhavebeen reported tobe associatedwith
awide variety of diseases; however, there are obvious contradictions
in the literatures. For instance, some investigations foundMPVwas
positively correlated with the presence of coronary artery
atherosclerosis,[3] degree of coronary artery calcification,[4] and
cardiovascular mortality.[5] Yet, other reports did not identify any
association between MPV and the extent of coronary artery
disease.[6,7] Park et al[8] showed that patients with metabolic
syndrome had significantly lower MPV levels, which phenomenon
was independent of confounding variables only in women.
However, Lippi et al[9] found that MPV in patients with metabolic
syndrome was not significantly different from the control subjects.
Surprisingly,Demirtunc et al[10] evendisplayed thatpatientswith the
metabolic syndrome had a significantly higherMPV comparedwith
the control group. MPV was demonstrated to correlate with type 2
diabetes mellitus,[11] but among diabetic patients, conflicting results
were reported betweenMPV and hemoglobin A1C levels, or micro-
or macrovascular complications.[11–13] Likewise, there were also
inconsistent reports on the role of MPV for predicting atrial
fibrillation-related illness,[14,15] as well as ischemic stroke.[16–18]

The relationship between MPV or PDW and thyroid has
not been comprehensively studied. Moreover, the available
published literatures are far from conclusive. For example,
several investigations revealed increased MPV in subclinical
hypothyroidism,[19–22] Hashimoto thyroiditis[23] or hyperthyroid-
ism,[24] but other studies did not demonstrate such
phenomenon.[25–27] Very recently, Lippi et al[28] studied 1050
ostensibly healthy and euthyroid patients aged 50 years and older,
and demonstrated a significant, positive, and independent
associationbetweenMPVandserumthyroid-stimulatinghormone
(TSH) values. Thyroid diseases are very common, particularly in
women. The prevalence of hypothyroidism and hyperthyroidism
has been reported as approximately 8.9%[29] and 1.2%.[30] It has
been reported that coagulation-fibrinolytic system is very sensitive
to thyroid hormones.[31] Therefore, the open question of whether
MPV or PDW has any diagnostic or predictive values for thyroid
dysfunction still awaits definite answers.
In this study, we aimed to systematically investigate the

associations between MPV or PDW and thyroid function in a
cohort of Chinese.
2. Methods

2.1. Design

Since 2007, we commenced a cross-sectional, community-based
health-check program in Tianjin Medical University General
Hospital, with the joint efforts form departments of Health
Management, Endocrinology & Metabolism, and Nuclear Medi-
cine. Our first publication was released in 2011,[32] and now we
had a total of 5 publications on this continuous project,[32–36] from
which investigational methodology was described in details.
Briefly, all of the self-reportedhealthyparticipantswereasked tofill
in a questionnaire, and then blood samples were obtained. From
September 2011, because of the allowance of our budget, thyroid
2

hormone level test was included in the research. For the purpose of
the present study, to avoid the influences of confounding factors,
the followings were set as the exclusion criteria: subjects with
known histories of liver, kidney, gastrointestine, cardiovascular,
inflammation, infection, immune, oncology, thyroid, or hemato-
logical diseases, diabetes; participants taking anymedicine (such as
antithrombotics, aspirin, antilipemics, antihypertensives, diuretics,
oral contraceptives, among others) that might influence hematol-
ogy, thyroid, inflammation, infection or immune; pregnancy. A
total number of 13,622 eligible Chinese (8424 males, 5198
females) with adequate data for analysis were included in this
research. They were recruited during the time period from
September 2011 through March 2014. Written consent was
provided from every person of the recruits, and the institutional
review board and ethic committee of Tianjin Medical University
General Hospital approved this study.

2.2. Sample and measurement

Fasting blood tests, as well as anthropometricmeasurements, were
done when the participants visited our institution. Body height
(BH) and body weight (BW) were measured with light indoor
clothing and without shoes, and body mass index (BMI) was
calculated by using the equation “BW (kilograms) divided by the
square of BH (meters2)”. Peripheral venous blood samples were
collected for the following test items: alanine aminotransferase
(ALT), total bilirubin (TBIL), blood urea nitrogen (BUN),
creatinine (Cr), total cholesterol (TC), triglycerides (TG), and
fasting glucose (FG) by an automated analyzer (Hitachi Corpora-
tion, Tokyo, Japan); C-reactive protein (CRP) on an analyzer
(Hebai Diagnostics, Shijiazhuang, China); erythrocyte sedimenta-
tion rate (ESR) by Westergren method (Yakun Diagnostics,
Tianjin, China); TSH, free triiodothyronine (FT3), and free
thyroxine (FT4) by chemiluminescent reaction principle on an
automated ADVIA Centaur analyzer (Siemens Healthcare Diag-
nostics, Erlangen, Germany).
For the measurement of PLT, MPV, and PDW, in specific,

venous blood samples were obtained and collected in K2-
ethylenediaminetetraacetic acid (EDTA) tubes. The PLT count,
MPV, and PDW values were analyzed on an automated
hematological analyzer (Sysmex Corporation, Kobe, Japan)
within 60 minutes of sample collection.
The laboratory calibration references for the above parameters

were as follows: ALT 5 to 40U/L; TBIL 3.4 to 20mmol/L; BUN
1.7 to 8.3mmol/L; Cr 44 to 115mmol/L; TC 3.5 to –5.17mmol/L;
TG 0.57 to 1.71mmol/L; FG 3.6 to 5.8mmol/L; CRP <8mg/L;
ESR <20mm/h; TSH 0.3 to 5.0mIU/L; FT3 3.5 to 6.5pmol/L;
FT4 11.5 to 23.5pmol/L; PLT 125 to 350�109cells/L; MPV 7.8
to 12.5 fL; PDW 9.0 to 17.0 fL.

2.3. Grouping and definition

According to the TSH reference, thyroid function subgroups were
determined. Hypothyroidism was determined as TSH >5.0mIU/L,
hyperthyroidism as TSH <0.3mIU/L, and euthyroidism as 0.3 �
TSH � 5.0mIU/L. MPV and PDW were divided according to the
quartiles of their measurements. Age subgroups 1 to 6 were defined
as the followings: age�25years, 25years< age� 35years, 35years
< age � 45 years, 45 years< age� 55 years, 55 years< age � 65
years, age > 65 years.

2.4. Statistical analysis

All data were presented as mean± standard deviation (SD).
Differences of the parameters between groups or subgroups were



Table 1

Population characteristics.

Total Male Female T value†

Case number 13622 8424 5198
Age, y 48.62±10.72 48.45±10.41 48.89±11.20 �2.363

∗

BMI, kg/m2 25.55±3.47 26.30±3.23 24.34±3.49 33.181
∗∗

ALT, U/L 23.49±17.18 27.13±18.46 17.59±12.84 32.693
∗∗

TBIL, mmol/L 11.97±5.34 13.13±5.63 10.09±4.20 33.668
∗∗

BUN, mmol/L 4.72±1.33 4.94±1.30 4.35±1.29 25.848
∗∗

Cr, mmol/L 73.47±14.77 81.02±11.80 61.23±10.18 100.059
∗∗

TC, mmol/L 5.15±0.99 5.13±0.96 5.18±1.02 �2.972
∗∗

TG, mmol/L 1.74±1.34 1.98±1.47 1.36±1.00 26.850
∗∗

FG, mmol/L 5.43±1.21 5.56±1.30 5.21±1.01 16.679
∗∗

CRP, mg/L 0.90±2.53 0.98±2.86 0.78±1.89 3.873
∗∗

ESR, mm/hr 6.36±3.78 5.39±2.77 7.93±4.59 �38.415
∗∗

PLT (�109 cells/L) 214.77±51.07 208.08±47.79 225.60±54.26 �19.726
∗∗

MPV, fL 9.94±0.92 9.91±0.92 10.00±0.93 �6.039
∗∗

PDW, fL 12.66±1.91 12.62±1.91 12.71±1.92 �2.603
∗∗

TSH, mlU/mL 2.49±3.13 2.16±2.45 3.03±3.93 �15.900
∗∗

FT3, pmol/L 5.24±0.85 5.43±0.82 4.94±0.81 34.297
∗∗

FT4, pmol/L 16.28±2.75 16.76±2.57 15.49±2.85 26.903
∗∗

ALT= alanine aminotransferase, BMI=body mass index, BUN=blood urea nitrogen, Cr= creatinine, CRP=C-reactive protein, ESR= erythrocyte sedimentation rate, FG= fasting glucose, FT3= free
triiodothyronine, FT4= free thyroxine, MPV=mean platelet volume, PDW=platelet distribution width, PLT=platelet, TBIL= total bilirubin, TC= total cholesterol, TG= triglycerides, TSH= thyroid stimulation
hormone.
† Analyzed by independent sample’s t-test.
∗
P<0.05.

∗∗
P<0.01.

Ren et al. Medicine (2016) 95:40 www.md-journal.com
measured by independent sample t test or 1-way analysis of
variance. Intergroup or intersubgroup prevalence differences
were compared by x2 test. Pearson bivariate correlation was
conducted among different variables. Diagnostic values of MPV
and PDW for thyroid dysfunction were performed by using
receiver-operating characteristic (ROC) curve. Crude and
adjusted odds ratios (ORs) for thyroid dysfunction with 95%
confidence intervals (CIs) were analyzed by binary logistic
regression models. We adopted the software of Statistical
Package for Social Sciences (SPSS version 17.0, Chicago, IL)
for all statistical analyses. Significance was defined as P<0.05.
3. Results

3.1. Characteristics of the participants

There were significant differences in all indices among opposite
sex (Table 1). Females were older than males. TC, ESR, PLT,
MPV, PDW, and TSHwere significantly higher in females than in
males. However, all the other parameters were significantly
higher in males than in females. Females showed decreased levels
of MPV and PDW from the youngest age subgroup to the age
subgroup between 25 and 35 years, whereas males showed
increased patterns of them. After 35 years of age, MPV and PDW
remained relatively constant among different age subgroups,
especially for MPV (Fig. 1). Generally speaking, females
demonstrated higher levels of MPV and PDW than males. In
particular, significant differences existed for the age subgroup
between 45 to 55 years for both MPV and PDW.

3.2. Incidence of thyroid dysfunction

Females demonstrated significantly higher overall incidences of
hypothyroidism and hyperthyroidism than males. Subgroup
incidences of hypothyroidism and hyperthyroidism (divided
by MPV and PDW quartiles) were analyzed separately; all
3

subgroups displayed the same differences between women and
men (Tables 2 and 3).

3.3. MPV and PDW levels in different thyroid function
subgroups

Levels ofMPV and PDWwere compared among different thyroid
function subgroups in different sex respectively. No significant
differences were identified in the parameters (Table 4).
3.4. Correlations of MPV and PDW with other indices

For men, both MPV and PDW demonstrated significant positive
relationships with BMI, hepatic function, renal function, and FG,
yet negative relationships with TC, ESR, and PLT. For women,
both MPV and PDW displayed significant positive relationships
with TBIL only, but negative relationships with BMI, TC, CRP,
and PLT. For both sexes, no obvious correlations were identified
between MPV or PDW and age or thyroid function (Table 5).
3.5. Diagnostic values of MPV and PDW for thyroid
dysfunction

From ROC analyses, MPV and PDW demonstrated no diagnostic
and predictive values for either hypothyroidism or hyperthyroid-
ism. Areas under the curves of MPV and PDW were found to be
0.520 and 0.518 in males for hypothyroidism (both P>0.05),
0.580 and 0.549 in males for hyperthyroidism (both P>0.05),
0.505and0.508 in females for hypothyroidism (bothP>0.05), and
0.526 and 0.512 in females for hyperthyroidism (both P>0.05).
3.6. Risks of thyroid dysfunction in different MPV and
PDW quartiles

Risks of thyroid dysfunction in different sexes were calculated by
utilizing binary logistic regression models (Table 6). Crude OR

http://www.md-journal.com


Figure 1. Mean platelet volume and platelet distribution width in different age
subgroups. All participants were analyzed for mean platelet volume (A) and
platelet distribution width (B) by different sex separately. Subgroups 1 to 6
referred to the followings ages respectively: age = 25 years, 25 years < age =
35 years, 35 years< age = 45 years, 45 years< age = 55 years, 55 years< age
= 65 years, age > 65 years. #Difference of prevalence between sex
was significant at 0.05;

∗
difference of prevalence between sex was significant

at 0.01.

Table 2

Incidence of thyroid dysfunction in different sexes by MPV quartiles.

Incidence (and

Quartile 1 Quartile 2

Male
Euthyroidism 96.78% (2313) 96.65% (1844)
Hypothyroidism† 2.93% (70) 2.83% (54)
Hyperthyroidism† 0.29% (7) 0.52% (10)

Female
Euthyroidism 88.22% (1326) 88.72% (1022)
Hypothyroidism† 10.45% (157) 10.16% (117)
Hyperthyroidism† 1.33% (20) 1.13% (13)

Chi-square value‡

Hypothyroidism†,‡ 96.772
∗∗

73.897
∗∗

Hyperthyroidism†,‡ 16.338
∗∗

4.319
∗

Total‡ 110.968
∗∗

77.302
∗∗

MPV=mean platelet volume.
∗
P<0.05.

∗∗
P<0.01.

† Hypothyroidism defined as TSH >5.0mIU/L, hyperthyroidism defined as TSH <0.3mIU/L.
‡ Comparing the incidence of hypothyroidism and/or hyperthyroidism between males and females by x2
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calculation was performed with lowest quartiles of MPV and
PDW as references. Adjusted risk factors included age, BMI,
ALT, TBIL, BUN, Cr, TC, TG, FG, CRP, ESR, PLT, FT3, and
FT4 as covariates. We could not identify any significant risk for
thyroid dysfunction in both males and females (P>0.05).
4. Discussion

PVIs are a group of parameters derived from routine blood
counts. MPV and PDW are the most validated representatives of
PVIs. MPV and PDW are not only inexpensive but also
universally available with blood routine measurements, which
can be automatically calculated from PLT count by hematology
analyzers. MPV (measured in femtoliters) can be deduced from
the following formula,[2,37] in which the plateletcrit represents the
ratio of PLT volume to whole blood volume: MPV= (plateletcrit
[%]/PLT count [109cells/L])�105. Other PVIs, such as PDW,
can be derived from the PLT size distribution curve. The
distribution width at the level of 20% is defined as PDW. PVIs
are traditionally considered useful in assessing the etiology of
thrombocytopenia.[38] For example, MPV and PDW can be
utilized to differentiate between hypoproductive thrombocyto-
penia (e.g., aplasia anemia) and hyperdestructive thrombocyto-
penia (e.g., idiopathic thrombocytopenic purpura).[39]

There are an increasing number of studies evaluating diagnostic
and prognostic values of PVIs, particularlyMPV, in diseases other
than hematology. However, obvious inconsistence exists. In
cardiovascular diseases, for instance, Jung et al[4] found that
patients with coronary artery calcification had significantly higher
MPV levels than otherwise, and regardedMPV as an independent
predictor of coronary artery calcification. In an Austria study
conducted by Slavka et al,[5] a total of 206,554 first-ever
admissions to the Allgemeines Krankenhaus Wien were included
between January 1996 and July 2003. Patients with increased
MPV levels (≥11.01fL)were foundat higher risks of death because
of ischemic heart disease. The authors proposed that increased
MPV contributes to the phenomenon by the following mecha-
nisms[4,5]: larger PLT was both metabolically and enzymatically
more active than smaller ones, containing more prothrombotic
materials (e.g., thromboxane A2 and B2) and increased levels of
case number count) in different quartiles

Quartile 3 Quartile 4 Total

96.57% (1969) 95.93% (2002) 96.49% (8128)
2.75% (56) 3.50% (73) 3.00% (253)
0.69% (14) 0.57% (12) 0.51% (43)

87.77% (1206) 86.11% (1033) 88.19% (4584)
10.33% (142) 10.61% (124) 10.39% (540)
1.89% (26) 1.28% (15) 1.42% (74)

88.393
∗∗

67.263
∗∗

325.340
∗∗

12.198
∗∗

5.505
∗

37.056
∗∗

98.482
∗∗

71.667
∗∗

356.103
∗∗

method.



Table 3

Incidence of thyroid dysfunction in different sexes by PDW quartiles.

Incidence (and case number count) in different quartiles

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Total

Male
Euthyroidism 96.53% (2060) 97.00% (2105) 96.44% (2030) 95.93% (1933) 96.49% (8128)
Hypothyroidism† 3.09% (66) 2.63% (57) 2.76% (58) 3.57% (72) 3.00% (253)
Hyperthyroidism† 0.37% (8) 0.37% (8) 0.81% (17) 0.50% (10) 0.51% (43)

Female
Euthyroidism 87.95% (1175) 89.05% (1196) 88.82% (1160) 86.81% (1053) 88.19% (4584)
Hypothyroidism† 10.70% (143) 9.53% (128) 9.72% (127) 11.71% (142) 10.39% (540)
Hyperthyroidism† 1.35% (18) 1.41% (19) 1.45% (19) 1.48% (18) 1.42% (74)

Chi-square value‡

Hypothyroidism†,‡ 85.626
∗∗

80.782
∗∗

77.255
∗∗

82.495
∗∗

325.340
∗∗

Hyperthyroidism†,‡ 12.040
∗∗

13.465
∗∗

4.136
∗

10.199
∗∗

37.056
∗∗

Total‡ 95.878
∗∗

92.483
∗∗

80.369
∗∗

90.879
∗∗

356.103
∗∗

PDW=platelet distribution width.
∗
P<0.05.

∗∗
P<0.01.

† Hypothyroidism defined as TSH >5.0mIU/L, hyperthyroidism defined as TSH <0.3mIU/L.
‡ Comparing the incidence of hypothyroidism and/or hyperthyroidism between males and females by x2 method.
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procoagulant surface proteins; larger PLT had more a-granules,
containing chemotactic and mitogenic factors that could cause
vascular intimal proliferation; during the formation of an
arteriosclerotic plaque, PLT played an essential role during the
subsequent thrombus assembly, leading to myocardial infarction,
whereas MPV was a simple and accurate marker of the functional
status of the process. On the contrary, De Luca et al[6] showed that
even combined information onMPV and PDWwas not related to
the extent of coronary artery disease. The authors gave an
explanation for such a negative result.[6] They considered that
increase in PLTvolume and its variabilitymight be a process driven
by increased production of reticulated PLT from bone marrow.
This could be because of the compensatory effect of consumption
of small PLT in coronary artery disease.[7] Thereafter, larger PLT
volume and its larger variability might not imply higher reactivity,
but an indication of even reduced aggregation as larger PLT could
be precursor and not fully mature PLT.
In the case of MPV with metabolic syndrome, conflicting

results were also reported. In a study form Korea, Park et al[8]

recruited 3827 participants who voluntarily underwent medical
examinations, and found that female subjects with metabolic
syndrome had significantly lower MPV than otherwise. The
mechanism was proposed as followed[8]: increased adiposity
Table 4

MPV and PDW levels in different thyroid function subgroups.

Male

Subgroups Case number MPV, fL PDW

Euthyroidism (1) 8128 9.90±0.92 12.62
Hypothyroidism (2) 253 9.94±0.91 12.73
Hyperthyroidism (3) 43 10.14±0.86 12.99
F value

∗
1.628 1

T value (1): (2)† �0.702 �0
T value (1): (3)† �1.671 �1
T value (2): (3)† �1.293 �0

MPV=mean platelet volume, PDW=platelet distribution width.
∗
Analyzed by 1-way analysis of variance.

† Analyzed by independent sample t test.

5

tissue in metabolic syndrome could engender increasing
secretions of adipokines and cytokines such as leptin, adipo-
nectin, interleukin 6, and tumor necrosis factor a, which could
lead to chronic low-grade inflammation and increase PLT counts.
And sinceMPVwas usually inversely associated with PLT counts
(also demonstrated in Table 5 of the present study), so that the
PLT mass (PLT count�MPV) could be kept constant. MPV was
inversely related with metabolic syndrome as a result. Neverthe-
less, the investigation conducted in Italy by Lippi et al,[9] which
enrolled 3337 participants, only found slightly higher level of
MPV in subjects with metabolic syndrome than otherwise, but
there was no significant difference. The completely contrary
findings were demonstrated in a prospective, randomized
Turkish study from Demirtunc et al[10] in which patients with
the metabolic syndrome had a significantly higher MPV
compared with the control group, and MPV was significantly
decreased after doxazosin treatment. They reasoned that as a key
mechanism for metabolic syndrome, insulin resistance was
associated with PLT aggregability and reduced prostacyclin
generation, which resulted in enhanced PLT activity and
increased MPV level.
The present study focused on the relationship between PVI and

thyroid, with the largest sample size for the topic until now. We
Female

, fL Case number MPV, fL PDW, fL

±1.90 4584 10.00±0.92 12.70±1.89
±1.92 540 10.03±1.00 12.82±2.17
±2.13 74 10.08±0.91 12.76±1.92
.249 0.588 0.928
.934 �0.828 �1.345
.287 �0.741 �0.278
.813 �0.364 0.211
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Table 5

Pearson bivariate correlation coefficients.

MPV in male PDW in male MPV in female PDW in female

Age 0.017 0.008 0.002 0.027
BMI 0.026

∗
0.045

∗∗ �0.040
∗∗ �0.016

ALT 0.027
∗

0.048
∗∗ �0.017 0.000

TBIL 0.041
∗∗

0.048
∗∗

0.038
∗∗

0.040
∗∗

BUN 0.052
∗∗

0.042
∗∗ �0.010 �0.004

Cr 0.052
∗∗

0.052
∗∗ �0.005 0.002

TC �0.042
∗∗ �0.046

∗ �0.066
∗∗ �0.044

∗∗

TG 0.013 0.060
∗∗ �0.013 0.033

∗

FG 0.054
∗∗

0.077
∗∗ �0.015 0.006

CRP �0.012 �0.003 �0.060
∗∗ �0.044

∗∗

ESR �0.049
∗∗ �0.039

∗∗ �0.027 �0.012
PLT �0.490

∗∗ �0.471
∗ �0.74

∗∗ �0.442
∗∗

TSH 0.021 0.022
∗

0.009 0.017
FT3 �0.020 �0.023

∗
0.026 0.026

FT4 0.002 0.000 0.016 0.015

ALT= alanine aminotransferase, BMI=body mass index, BUN=blood urea nitrogen, Cr= creatinine,
CRP=C-reactive protein, ESR=erythrocyte sedimentation rate, FG= fasting glucose, FT3= free
triiodothyronine, FT4= free thyroxine, MPV=mean platelet volume, PDW=platelet distribution width,
PLT=platelet, TBIL= total bilirubin, TC= total cholesterol, TG= triglycerides, TSH= thyroid
stimulation hormone.
∗
P<0.05.

∗∗
P<0.01.
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did not identify any associations between MPV or PDW and
thyroid function. Confusing literature in this particular topic can
also be retrieved. Three studies from Turkey[19–21] and 1 study
from Korea[22] showed increased MPV levels in subclinical
hypothyroidism, and another Turkish research[23] showed
elevated MPV in Hashimoto’s thyroiditis. The sample sizes of
all the Turkish studies[19–21,23] were very small (<100 cases in the
patients group). An Italian cohort consisting of 1050 ostensibly
Table 6

The risks of thyroid dysfunction according to MPV and PDW quartile

Male

Parameter values Crude OR (CI)
∗

Adjusted O

Hypothyroidism‡

MPV Quartile 1 MPV �9.30 (reference) MPV �9.40 (r
MPV Quartile 2 9.30< MPV �9.800 0.968 (0.675–1.387) 1.242 (0.807–
MPV Quartile 3 9.80< MPV �10.40 0.940 (0.658–1.342) 0.987 (0.622–
MPV Quartile 4 MPV >10.40 1.205 (0.863–1.681) 1.453 (0.917–

Hyperthyroidism‡

MPV Quartile 1 MPV �9.30 (reference) MPV �9.40 (r
MPV Quartile 2 9.30< MPV �9.800 0.558 (0.212–1.469) 1.320 (0.313–
MPV Quartile 3 9.80< MPV �10.40 0.426 (0.171–1.057) 0.567 (0.172–
MPV Quartile 4 MPV >10.40 0.505 (0.198–1.285) 0.564 (0.159–

Hypothyroidism‡

PDW Quartile 1 PDW �11.30 (reference) PDW �11.40
PDW Quartile 2 11.30< PDW �12.30 0.845 (0.590–1.211) 1.041 (0.672–
PDW Quartile 3 12.30< PDW �13.60 0.892 (0.623–1.276) 1.154 (0.735–
PDW Quartile 4 PDW >13.60 1.163 (0.828–1.633) 1.382 (0.861–

Hyperthyroidism‡

PDW Quartile 1 PDW �11.30 (reference) PDW �11.40
PDW Quartile 2 11.30< PDW �12.30 1.022 (0.383–2.728) 4.588 (0.879–
PDW Quartile 3 12.30< PDW �13.60 0.464 (0.200–1.077) 0.834 (0.293–
PDW Quartile 4 PDW >13.60 0.751 (0.296–1.906) 1.303 (0.391–

CI= confidence interval, MPV=mean platelet volume, OR= odds ratio, PDW=platelet distribution width
∗
Logistic regression model with Quartile 1 as reference, including no covariates.

† Logistic regression model with Quartile 1 as reference, including age, BMI, ALT, TBIL, BUN, Cr, TC, T
‡ Hypothyroidism defined as TSH >5.0mIU/L, hyperthyroidism defined as TSH <0.3mIU/L.
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healthy and euthyroid patients aged 50 years and older showed a
graded increase of MPV values from the first to the fourth
quartile of TSH.[28] The authors proposed that elevated TSH had
a prothrombotic effect, leading to cardiovascular consequences
(like atherosclerosis), and MPV was a marker of such adverse
events. And it was suggested that PLT activation, as reflected by
an increased MPV, might be an important mediator of
thrombotic complications in patients with fluctuations of thyroid
hormones. Nevertheless, an early small-sample study from the
Netherlands[25] showed hypothyroidism could lead to more
small-sized PLT, and a decrease of MPV. Another recent small-
sized investigation from Turkey[26] also did not observe
significant MPV change in subclinical hypothyroidism. Torun
et al[26] explained that increase of MPV was owing to several
inflammatory cytokines, and the effect of hypothyroidism on
MPV seemed unlikely without an additional risk factor affecting
low-grade inflammation. We also agree with the comments and
suggestions from Varol[40] on the article of Carlioglu et al[23] that
various confounding factors (e.g., obesity, hepertension, smok-
ing, hyperlipidemia, atrial fibrillation, rheumatic diseases,
inflammatory diseases, metabolic syndrome, diabetes mellitus,
among others), which can affect MPV values, should be taken
into considerationwhen studyingMPV. In our research, we could
not prove any existed correlations between MPV or PDW and
thyroid with or without various factors in our regression models
(Table 6).
The measuring technique of MPV should be considered

seriously when conducting such investigations because accurate
measurement of MPV is important for clinical and research
purposes. However, there are several crucial factors that can
influence the results. Generally, variation and discordance of
MPV are implicated in the following major confounding factors:
anticoagulant type (EDTA or citrate), time interval between
blood sampling and MPV analysis, and environmental tempera-
s.

Female

R (CI)† Parameter values Crude OR (CI)
∗

Adjusted OR (CI)†

eference)
1.910) 9.40< MPV �9.90 0.967 (0.751–1.245) 1.103 (0.808–1.505)
1.565) 9.90< MPV �10.60 0.994 (0.782–1.264) 1.072 (0.786–1.460)
2.302) MPV >10.60 1.017 (0.793–1.304) 1.036 (0.734–1.462)

eference)
5.567) 9.40< MPV �9.90 1.186 (0.587–2.395) 2.874 (0.882–9.370)
1.876) 9.90< MPV �10.60 0.700 (0.389–1.260) 0.817 (0.352–1.896)
2.003) MPV >10.60 1.036 (0.528–2.033) 1.191 (0.427–3.324)

(reference)
1.613) 11.40< PDW �12.40 0.879 (0.684–1.131) 0.945 (0.694–1.285)
1.811) 12.40< PDW �13.70 0.900 (0.699–1.158) 0.889 (0.641–1.233)
2.216) PDW >13.70 1.108 (0.866–1.418) 1.078 (0.769–1.512)

(reference)
23.943) 11.40< PDW �12.40 0.964 (0.504–1.847) 1.406 (0.540–3.657)
2.373) 12.40< PDW �13.70 0.935 (0.488–1.791) 1.135 (0.441–2.923)
4.345) PDW >13.70 0.896 (0.464–1.731) 0.973 (0.355–2.667)

.

G, FG, CRP, ESR, PLT, FT3, and FT4 as covariates.



[41–45]
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ture during storage andmeasurement. PLT swells in EDTA,
but shrinks in citrate.[2,44] However, it is mandatory that blood
samples be anticoagulated to inhibit coagulation before mea-
surement. According to the recommendation from International
Council for Standardization in Hematology,[46] most laborato-
ries, like ours, use EDTA for anticoagulation. For instance, in the
10 articles that we could retrieve studying PVI and thyroid, 5 used
EDTA,[19,22,24,25,28] 4 used citrate,[20,21,26,27] and 1 did not
contain such information.[23] Dastjerdi et al[41] proposed
measuring time should be within 60 minutes of sampling for
EDTA, whereas Lancé et al[43] showed the time delay should be
within 120 minutes for EDTA and 60 minutes for citrate.
Analysis of blood samples within 120 minutes of venipuncture
was also recommended by Leader et al.[2] Nowadays, it is widely
accepted that PLT swelling in EDTA tubes can be minimized by
rapid analysis of samples (within 60 minutes).[40,42] In daily
practice, MPV measurements are performed at room tempera-
ture, so this factor can be negligible. In the current investigation,
we adhered to the optimal preanalytical methodologies for PVI
determination. Still the urgent matter is, since the study on MPV
is becoming increasingly popular, a measurement standard or
consensus should be developed and implemented as soon as
possible.
Besides preanalytical condition and measuring techniques,

there are a large number of genetic and nongenetic determinants
for MPV.[44] Panova-Noeva et al[44] displayed that age,
cardiovascular risk factors, hypertension, and hyperglycemia
were linked with higher MPV in males. Intake of oral contra-
ceptives and menstruation were strongly associated with higher
MPV in females. Moreover, 7 single-nucleotide polymorphisms
(rs342293, rs7961894, rs12485738, rs649729, rs342251,
rs17568628, rs4774471) for females and 4 single-nucleotide
polymorphisms (rs342293, rs7961894, rs10876550, rs342251)
for males were associated with higher MPV. In addition, Leader
et al[2] demonstrated that MPV was not only involved in risk
factors of cardiovascular disease, but also in gestational diabetes,
pre-eclampsia, and various kinds of inflammatory diseases.
Thereby, for accurate MPV measurement, all the above factors
should be taken into account. Our investigation was based on a
cross-sectional heath-check program, not just a PVI or thyroid-
oriented study. Although we tried to limit confounding factors,
but actually, we could not encompass all parameters, especially
the single-nucleotide polymorphisms traits of the participants.
This is an intrinsic limitation for our research.
There are several limitations of our study we want to elaborate.

And at the same time, we also intend to share some thoughts on
this subject at this stage, which could hopefully motivate future
researches. First, as explained above, it is not suitable to compare
results from different measurementmethodologies (e.g., the usage
of anticoagulant EDTA versus citrate will engender different
results). Future investigations should comply with a standard
method, which should include recommended anticoagulant type,
time delay from sampling to measurement, technique imple-
mented, and optimal temperature. Second, as MPV is affected by
a myriad of factors, it is not feasible to study a larger group of
participants than the current one. The larger study group, the
larger heterogeneity of the population, and the more regression to
the mean we will get, let alone conducting the research in a
reasonable amount of time. Therefore, we would rather suggest
doing smaller studies in better-defined risk groups and see
whether this relationship becomes apparent in the future. Third,
the cross-sectional nature of the present study is another inherent
shortcoming. Prospective investigations should be conducted in
7

the future. Fourth, we did not ask the participants about specific
thyroid dysfunction symptoms (e.g., obvious fatigue, weight gain,
laziness, edema, constipation for hypothyroidism) because the
study was a general health check-up, not a thyroid solely oriented
questionnaire. This is another shortcoming of the present study.
Fifth, we did not measure cytokines, interleukins, adipokines,
thyroid antibodies, and sex hormones in the investigation owing
to budget shortage. Inflammation, in specific inflammatory
markers, has been implied to play a certain role in the
pathogenesis of both MPV[2,47,48] and thyroid diseases.[49,50] If
budget allows, it would be interesting to measure these markers
to see whether or not these markers play a role in establishing a
link between PVI and thyroid. Or perhaps, these markers are just
some bystanders. In fact, it has been demonstrated that
inflammation-related cytokines and adipokines could be the
underlying mechanism between PVI and metabolic syndrome.[8]

Sixth, we applied strict exclusion criteria to rule out confounding
factors, yet a number of participants with disease conditions
might not be aware of their medical status, which could also be a
disadvantage in our research. Future investigations should
implement more rigorous group stratifying method. Perhaps a
preliminary medical checking, including single-nucleotide poly-
morphisms traits determination, should be conducted before
formal recruitment, to minimize confounding factors.
5. Conclusion

The present study could not identify any associations between
MPV or PDW and thyroid function. Our findings question the
utility of MPV or PDW for differential diagnosis of thyroid
dysfunction, the relationship of which should be considered with
caution in clinical practice. Future verification studies should be
conducted in better-defined risk groups with smaller size, ideally
in prospective nature, to determine whether the relationships
become apparent.
Acknowledgments

Many thanks for the statistical consultation from Dr. Ping-Shou
Zhong and Dr. Heng Wang (Department of Statistics and
Probability,Michigan State University), who helped us review the
statistics of the manuscript.
References

[1] Leslie M. Cell biology. Beyond clotting: the powers of platelets. Science
2010;328:562–4.

[2] Leader A, Pereg D, LishnerM. Are platelet volume indices of clinical use?
A multidisciplinary review. Ann Med 2012;44:805–16.

[3] Haberl R, Becker A, Leber A, et al. Correlation of coronary calcification
and angiographically documented stenoses in patients with suspected
coronary artery disease: results of 1,764 patients. J Am Coll Cardiol
2001;37:451–7.

[4] Jung DH, Lee HR, Lee YJ, et al. The association between coronary artery
calcification and mean platelet volume in the general population.
Platelets 2011;22:567–71.

[5] Slavka G, Perkmann T, Haslacher H, et al. Mean platelet volume
may represent a predictive parameter for overall vascular mortality
and ischemic heart disease. Arterioscler Thromb Vasc Biol 2011;31:
1215–8.

[6] De Luca G, Secco GG, Verdoia M, et al. Combination between mean
platelet volume and platelet distribution width to predict the prevalence
and extent of coronary artery disease: results from a large cohort study.
Blood Coagul Fibrinolysis 2014;25:86–91.

[7] De Luca G, Santagostino M, Secco GG, et al. Mean platelet volume and
the extent of coronary artery disease: results from a large prospective
study. Atherosclerosis 2009;206:292–7.

http://www.md-journal.com


[8] Park BJ, Shim JY, Lee HR, et al. The relationship of platelet count, mean [30] Bahn Chair RS, Burch HB, Cooper DS, et al. Hyperthyroidism and other

Ren et al. Medicine (2016) 95:40 Medicine
platelet volume with metabolic syndrome according to the criteria of the
American Association of Clinical Endocrinologists: a focus on gender
differences. Platelets 2012;23:45–50.

[9] Lippi G, Salvagno GL, Targher G, et al. Relationship between mean
platelet volume and biochemical components of the metabolic syndrome.
Clin Drug Invest 2007;27:731–2. author reply 732-733.

[10] Demirtunc R, Duman D, Basar M. Effects of doxazosin and amlodipine
on mean platelet volume and serum serotonin level in patients with
metabolic syndrome: a randomised, controlled study. Clin Drug Invest
2007;27:435–41.

[11] Hekimsoy Z, Payzin B, Ornek T, et al. Mean platelet volume in Type 2
diabetic patients. J Diabetes Complications 2004;18:173–6.

[12] Papanas N, Symeonidis G, Maltezos E, et al. Mean platelet volume in
patients with type 2 diabetes mellitus. Platelets 2004;15:475–8.

[13] Jindal S, Gupta S, Gupta R, et al. Platelet indices in diabetes mellitus:
indicators of diabetic microvascular complications. Hematology
2011;16:86–9.

[14] Ha SI, Choi DH, Ki YJ, et al. Stroke prediction using mean platelet
volume in patients with atrial fibrillation. Platelets 2011;22:408–14.

[15] Yuce M, Cakici M, Davutoglu V, et al. Relationship between mean
platelet volume and atrial thrombus in patients with atrial fibrillation.
Blood Coagul Fibrinolysis 2010;21:722–5.

[16] Ntaios G, Gurer O, Faouzi M, et al. Mean platelet volume in the early
phase of acute ischemic stroke is not associated with severity or
functional outcome. Cerebrovasc Dis 2010;29:484–9.

[17] Pikija S, Cvetko D, Hajduk M, et al. Higher mean platelet volume
determined shortly after the symptom onset in acute ischemic stroke
patients is associated with a larger infarct volume on CT brain scans and
with worse clinical outcome. Clin Neurol Neurosurg 2009;111:568–73.

[18] Muscari A, Puddu GM, Cenni A, et al. Mean platelet volume (MPV)
increase during acute non-lacunar ischemic strokes. Thromb Res
2009;123:587–91.

[19] Erikci AA, Karagoz B, Ozturk A, et al. The effect of subclinical
hypothyroidism on platelet parameters. Hematology 2009;14:115–7.

[20] Coban E, Yazicioglu G, Ozdogan M. Platelet activation in subjects with
subclinical hypothyroidism. Med Sci Monit 2007;13:CR211–4.

[21] Yilmaz H, Ertugrul O, Ertugrul B, et al. Mean platelet volume in patients
with subclinical hypothyroidism. Platelets 2011;22:143–7.

[22] Kim JH, Park JH, Kim SY, et al. The mean platelet volume is positively
correlated with serum thyrotropin concentrations in a population of
healthy subjects and subjects with unsuspected subclinical hypothyroid-
ism. Thyroid 2013;23:31–7.

[23] Carlioglu A, Timur O, Durmaz SA, et al. Mean platelet volume in
euthyroid patients with Hashimoto’s thyroiditis. Blood Coagul Fibrino-
lysis 2015;26:282–4.

[24] Ford HC, Toomath RJ, Carter JM, et al. Mean platelet volume is
increased in hyperthyroidism. Am J Hematol 1988;27:190–3.

[25] van Doormaal JJ, van der Meer J, Oosten HR, et al. Hypothyroidism
leads to more small-sized platelets in circulation. Thromb Haemost
1987;58:964–5.

[26] Torun AN, Uzum AK, Aksoy N. Overt and mild subclinical
hypothyroidism do not influence mean platelet volume in premenopausal
women having low cardiac risk. Clin Appl Thromb Hemost 2012;18:
312–5.

[27] Alcelik A, Aktas G, Eroglu M, et al. Platelet function in euthyroid
patients undergoing thyroidectomy in women. Eur Rev Med Pharmacol
Sci 2013;17:2350–3.

[28] Lippi G, Danese E, Montagnana M, et al. Mean platelet volume is
significantly associated with serum levels of thyroid-stimulating hormone
in a cohort of older euthyroid subjects. Endocrine Res 2015;40:227–30.

[29] Garber JR, Cobin RH, Gharib H, et al. Clinical practice guidelines for
hypothyroidism in adults: cosponsored by the American Association of
Clinical Endocrinologists and the American Thyroid Association.
Thyroid 2012;22:1200–35.
8

causes of thyrotoxicosis: management guidelines of the American
Thyroid Association and American Association of Clinical Endocrinol-
ogists. Thyroid 2011;21:593–646.

[31] Squizzato A, Romualdi E, Buller HR, et al. Clinical review: Thyroid
dysfunction and effects on coagulation and fibrinolysis: a systematic
review. J Clin Endocrinol Metab 2007;92:2415–20.

[32] Zhang Q, Lou S, Meng Z, et al. Gender and age impacts on the
correlations between hyperuricemia and metabolic syndrome in Chinese.
Clin Rheumatol 2011;30:777–87.

[33] Liu L, Lou S, Xu K, et al. Relationship between lifestyle choices and
hyperuricemia in Chinese men and women. Clin Rheumatol 2013;32:
233–9.

[34] Meng Z, Liu M, Zhang Q, et al. Gender and age impacts on the
association between thyroid function and metabolic syndrome in
Chinese. Medicine 2015;94:e2193.

[35] Meng Z, Liu M, Zhang Q, et al. Gender and age impact on the
association between thyroid-stimulating hormone and serum lipids.
Medicine 2015;94:e2186.

[36] Zhang J, Meng Z, Zhang Q, et al. Gender impact on the correlations
between subclinical thyroid dysfunction and hyperuricemia in Chinese.
Clin Rheumatol 2016;35:143–9.

[37] Briggs C. Quality counts: new parameters in blood cell counting. Int J
Lab Hematol 2009;31:277–97.

[38] Bowles KM, Cooke LJ, Richards EM, et al. Platelet size has diagnostic
predictive value in patients with thrombocytopenia. Clin Lab Haematol
2005;27:370–3.

[39] Numbenjapon T, Mahapo N, Pornvipavee R, et al. A prospective
evaluation of normal mean platelet volume in discriminating hyper-
destructive thrombocytopenia from hypoproductive thrombocytopenia.
Int J Lab Hematol 2008;30:408–14.

[40] Varol E. Many confounding factors can affect mean platelet volume in
euthyroid Hashimoto’s thyroiditis patients. Blood Coagul Fibrinolysis
2015;26:714–5.

[41] Dastjerdi MS, Emami T, Najafian A, et al. Mean platelet volume
measurement, EDTA or citrate? Hematology 2006;11:317–9.

[42] Lance MD, Sloep M, Henskens YM, et al. Mean platelet volume as a
diagnostic marker for cardiovascular disease: drawbacks of preanalytical
conditions and measuring techniques. Clin Appl Thromb Hemost
2012;18:561–8.

[43] Lance MD, van Oerle R, Henskens YM, et al. Do we need time adjusted
mean platelet volume measurements? Lab Hematol 2010;16:28–31.

[44] Panova-NoevaM, Schulz A, Hermanns MI, et al. Sex-specific differences
in genetic and nongenetic determinants of mean platelet volume: results
from the Gutenberg Health Study. Blood 2016;127:251–9.

[45] Lippi G, Franchini M. Platelets and immunity: the interplay of mean
platelet volume in health and disease. Expert Rev Hematol
2015;8:555–7.

[46] Recommendations of the International Council for Standardization in
Haematology for Ethylenediaminetetraacetic Acid Anticoagulation of
Blood for Blood Cell Counting and Sizing. International Council for
Standardization in Haematology: Expert Panel on Cytometry. Am J Clin
Pathol 1993;100:371–2.

[47] Zareifar S, Farahmand Far MR, Golfeshan F, et al. Changes in platelet
count and mean platelet volume during infectious and inflammatory
disease and their correlation with ESR and CRP. J Clin Lab Anal
2014;28:245–8.

[48] Gasparyan AY, Ayvazyan L, Mikhailidis DP, et al. Mean platelet
volume: a link between thrombosis and inflammation? Curr Pharm Des
2011;17:47–58.

[49] Hammerstad SS, Jahnsen FL, Tauriainen S, et al. Inflammation and
increased myxovirus resistance protein A expression in thyroid tissue in
the early stages of Hashimoto’s thyroiditis. Thyroid 2013;23:334–41.

[50] Provatopoulou X, Georgiadou D, Sergentanis TN, et al. Interleukins as
markers of inflammation in malignant and benign thyroid disease.
Inflamm Res 2014;63:667–74.


	No associations exist between mean platelet volume or platelet distribution width and thyroid function in Chinese
	1 Introduction
	2 Methods
	2.1 Design
	2.2 Sample and measurement
	2.3 Grouping and definition
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of the participants
	3.2 Incidence of thyroid dysfunction
	3.3 MPV and PDW levels in different thyroid function subgroups
	3.4 Correlations of MPV and PDW with other indices
	3.5 Diagnostic values of MPV and PDW for thyroid dysfunction
	3.6 Risks of thyroid dysfunction in different MPV and PDW quartiles

	4 Discussion
	5 Conclusion
	Acknowledgments
	References


