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Is There a Relation Between Mean Platelet
Volume and Inflammation Markers Either in
Patients with Type 2 Diabetes and
Retinopathy or Neuropathy?

Retinopati veya Noropatisi Olan Tip 2 Diyabetli
Hastalarda Ortalama Trombosit Hacmi ve
Inflamasyon Belirtecleri Arasinda Iliski Var midir?

ABSTRACT Objective: Patients with diabetes mellitus have an increased risk of developing com-
plications such as retinopathy and neuropathy. Size of platelets and inflammation have been sug-
gested to be involved in the pathogenesis of diabetic complications. The purpose of this study was
to find out if there was a correlation of mean platelet volume with inflammatory markers in patients
with diabetes and retinopathy or neuropathy. Material and Methods: The study has been carried out
on 50 patients with type 2 diabetes without retinopathy or neuropathy, 52 with retinopathy, and
50 with neuropathy, and 50 healthy participants. After comparing all the parameters we seeked
correlation of mean platelet volume with inflammation markers in all groups. Results: In diabetic
group with retinopathy or neuropathy mean platelet volume levels were higher than patients with
diabetes without those complications and the controls. We did not find any correlation between
mean platelet volume and leucocyte count, sedimentation rate and high sensitivity C- reactive pro-
tein in all the groups. Conclusion: The mean platelet volume values of patients with diabetes were
higher than individuals without diabetes, highest levels being in patients with diabetes with
retinopathy and neuropathy. We do not think that there is a link between mean platelet volume
and inflammation in patients with diabetes with or without retinopathy or neuropathy at least in
our patients.

Key Words: Diabetes mellitus, type 2; diabetic retinopathy; diabetic neuropathies;
blood platelets; inflammation

OZET Amag: Diabetes mellituslu hastalar retinopati ve noropati gibi komplikasyonlar1 gelistirme
riski altindadirlar. Trombosit boyutlar: ve inflamasyonun diyabetik komplikasyonlarin patogene-
zinde yer aldig1 diistintilmektedir. Calismamizin amaci, retinopati veya néropatisi olan diyabetli
hastalarda ortalama trombosit voliimii ile inflamatuar belirteglerin arasinda iligki olup olmadigini
saptamaktir. Gereg ve Yontemler: Calismamiz retinopati veya noropatisi olmayan 50 tip 2 diyabetli
hasta, 52 retinopati, 50 noropatisi olan tip 2 diyabetli hasta ve 50 saglikli kisi ile gerceklestirilmi-
stir. Ttim gruplarda biitiin parametreler kiyaslandiktan sonra ortalama trombosit voliimii ile infla-
matuar belirteglerin arasinda korelasyon olup olmadig aragtirilmigtir. Bulgular: Retinopati veya
noropatisi olan diyabetli hasta gruplarinda ortalama trombosit voliimii, komplikasyonlar: olmayan
diyabetikler ve kontrollerden daha yiiksekti. Tiim gruplarda ortalama trombosit volimii ile 16kosit
sayimi, sedimantasyon ve yiiksek sensitivite C- reaktif protein degerleri arasinda korelasyon sap-
tanmadi. Sonug: Diyabetli hastalarda ortalama trombosit voliimii non-diyabetiklerden yiiksekti, en
yiiksek degerler retinopati ve noropatisi olan diyabetli hastalarda idi. Retinopati ve noropatisi olan
ve olmayan diyabetli hastalarda ortalama trombosit voliimii ve inflamasyon arasinda bir baglanti ol-
madigin diisiiniiyoruz; en azindan bizim hastalarimizda.

Anahtar Kelimeler: Diabetes mellitus, tip 2; diyabetik retinopati; diyabetik noropatiler;
kan trombositleri; inflamasyon
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ostprandial hyperglycemia is one of the ear-
Pliest and most important anomalies seen in

type 2 diabetes mellitus (T2DM).! In recent
studies correlation was found between postpran-
dial hyperglycemia and diabetic complications ei-
ther macro or microvascular possibly by inducing
inflammation and endothelial dysfunction.?? In-
flammation with related cytokines, adhesion mol-
ecules and chemokins was also recognised to
decrease beta cell secretion and increase insulin re-
sistance.* Moreover inflammation and those rela-
tives were also found guilty of the development
and progression of diabetic complications.?

Platelets play an important role in homeostasis.
Their size is thought to be a determinant of their
function. Large platelets determined by mean
platelet volume (MPV), react more actively and pro-
duce more thrombotic factors such as thromboxane
A2 and B thromboglobulin.® In most of the studies
about T2DM, MPV levels were found to be higher
than the controls.” " It was also proposed that MPV
could play a role in diabetic nephropathy, diabetic
retinopathy (DR), diabetic neuropathy (DN), and

macrovascular diabetic complications.'®!

Studies emerging from the thought that MPV
may be a useful indicator of systemic inflammation
in acute and chronic inflammatory diseases, re-
vealed conflicting results.?*! Moreover relation of
MPYV and inflammation markers was demonstrated
in infectious and inflammatory diseases, cardiovas-

cular disease and diabetes.*>*°

Keeping in mind the close relations of MPV
with diabetes and inflammation we planned 1) to
compare MPV levels and inflammation markers of
diabetic patients with and without retinopathy- neu-
ropathy and compare those levels of normal subjects
2) to see if there is a correlation in MPV levels and in-
flammation markers, such as leucocyte count, sedi-
mentation rate and high sensitivity C-reactive
protein (hs-CRP) in diabetic and normal individuals.

I MATERIAL AND METHODS

PATIENTS

A total of 152 type 2 diabetic patients [98 female
(64.5%), 54 male (35.5%)], without neuropathy and

retinopathy [31 female (62.0%), 19 male (38.0%)]
and 50 with neuropathy [33 female (66.0%), 17
male (34.0%)] and 52 with retinopathy [34 female
(65.4%), 18 male (34.6%)] aged from 22-90 years,
were recruited from the Clinic of Ankara Training
and Research Hospital from June 2009 to June
2012.%° Patients were classified as having type 2 di-
abetes mellitus (T2DM) according to the WHO di-
agnostic criteria.®® (The 1999 World Health
Organization (WHO) criteria define diabetes as an
>126 mg/dL
(7.0 mmol/L) or a two-hour post glucose challenge
value 2200 mg/dL (11.1 mmol/L). Our patients
were receiving either insulin or oral hypoglycemic

fasting plasma glucose (FPG)

agents. Fifty aged matched normal people [36 fe-
male (72%), 14 male (28%)] examined in outpatient
Clinic of Ankara Training and Research Hospital
were chosen as the control group.

Our exclusion criteria were secondary or type
1 patients with diabetes, women having doubt of
pregnancy, patients having glomerular filtration
rate <60 mg/dl, having heart failure, functional thy-
roid disease (in history or nowadays), uncontrolled
hypertension (HTA), active infection and anemia
(females with Hb <11.5 g/dl, males with Hb <12.5
g/dl). Patients with known congenital or acquired
platelet disease, hematologic disease, and acute
stress, those receiving anti-coagulant and/or anti-
aggregant treatments, which may potentially affect
MPYV were also excluded from the study. We also
excluded the diabetic patients having both
retinopathy and neuropathy.

After detailed physical examination, in all sub-
jects body weight and height were measured. We
calculated body mass index (BMI) as weight in kilo-
grams divided by the square of height in meters
(kg/m?).

Systolic and diastolic blood pressure (SBP and
DBP) were measured after a 5 minute rest in the
semi-sitting position with a sphygmomanometer.
Blood pressure was determined at least three times
at the right upper arm, and the mean was used in
the analysis. The patients who were taking antihy-
pertensive drugs or patients whose determined
mean blood pressure levels >140/90 mmHg were
diagnosed as having HTA.>! Our hypertensive pa-
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tients were receiving either angiotensin convert-
ing enzyme inhibitor (ACEI) or angiotensin recep-
tor blocker (ARB).

Blood was withdrawn after 12 hour of
overnight fasting, at 08.30 a.m. for FPG, serum total
cholesterol (TC) and high density lipoprotein cho-
lesterol (HDL-C), triglyceride (TG), and hemoglo-
bin Alc (HbAlc), hs-CRP, creatinine levels, also
for whole blood count, platelet counts, erythrocyte
sedimentation rate (ESR) and MPV. Low-density
lipoprotein cholesterol (LDL-C) was calculated by
the Friedewald Formula (LDL = Total cholesterol—
(HDL-C+TG/5).

Hyperlipidemia (HL) was defined as having
hypolipidemic treatment or presence of TC levels
2200 mg/dl, and/or LDL-C levels =130 mg/dl,
and/or TG levels =150 mg/dL and/or HDL-C levels
<40 mg/dl for men and <50 mg/dl for women.>? Our
hyperlipidemic patients were having statins and/or
fibrates.

DN was diagnosed by neurologic examination
by two experts. DN was defined in patients diag-
nosed earlier or if an abnormal neurologic exami-
nation that was consistent with the presence of
peripheral sensorimotor neuropathy plus either ab-
normal nerve conduction in at least two peripheral
nerves or equivocally abnormal autonomic nerve

testing was present.>

DR was defined by ophtalmoscopic examina-
tion by two experts. Patients who had at least two
microaneurysms and/or retinal hemorrhage, and/or
other signs of retinal damage were accepted as hav-
ing retinopathy.>*

We formed 4 groups; Group I- Type 2 diabetic
patients without retinopathy and neuropathy,
Group II-Type 2 diabetic patients with retinopa-
thy, Group III- Type 2 diabetic patients with neu-
ropathy, Group IV: Control group. We compared
all the parameters. Then we made correlation
analysis of MPV with leucocyte count, ESR and
hs-CRP in all groups.

This study was performed according to the
Helsinki decleration 2008. The local ethics com-
mittee approved this study and all the subjects gave
written informed consent.

LABORATORY METHODS

Plasma glucose, TC, TG and HDL-C concentra-
tions were determined by enzymocalorimetric
spectrophotometric method in a Roche/Hitachi
molecular PP autoanalyser. HbAlc was examined
by TOSOH HPLC, creatinine with Beckman
Coulter AU2700, and blood count with LH-780
blood count device and MA with OLYMPUS
AU400.

MPV’s were analysed in 2 hours after they
were withdrawn, using two different blood sam-
ples which were taken in test tubes with EDTA
with automated whole blood counter. Blood Qual-
ity controls in our laboratory documented a good
reproducibility of MPV measures, with intra-assay
and inter-assay coefficients of variation <2.2% on
commercial controls. Reference range of our MPV
was 7.4-10.4 L. Although Demirin et al. found that
95% of normal Turkish individuals had a MPV be-
tween 7.2 and 11.7 fL. we chose to stick to the val-
ues of our laboratory.”

STATISTICAL ANALYSIS

Calculations were performed using SPSS version
15,0. Data are presented as mean + SD. When dif-
ference in groups was examined, Bonferroni cor-
rected Kruskal Wallis H test was used. We also
used Spearman Correlation for correlation analy-
sis. A p value of <0.05 was considered as statisti-
cally significant.

I RESULTS

A total 152 patients and 50 control subjects com-
posed of 4 different groups were recruited to the
study. The demographic and laboratory parameters
of all the groups and their comparisons were shown
in Table 1.

FBG, HbAlc, and MPV levels of Group IV
were found to be significantly lower than Group I,
IL, III. As Groups I and II and also Groups I and III
were compared, in Group II and IIT MPV values
were higher, but in Group II and III MPV levels
did not differ. None of the paremeters, including
leucocyte count, ESR and hs-CRP were not statis-
tically different in all groups.
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TABLE 1: The biochemical and clinical characteristics of the groups.
Group | Group Il Group lll Group IV
DM (+) DR (-) DN (-) DM (+) DR (+) DM (+) DN (+) Control
(n: 50) (n: 52) (n: 50) (n: 50)
FBG (mg/dL) 165.3+74.12 160.9+50.3° 175.5+53.8 92.5+12.2¢
HbA1c (%) 9.9+2.42 9,142,200 9.1+2.8 5.120.2¢
Cr (mgydL) 1.2£1.0 1104 0.9£0.3 0.8£0.2
BMI (kg/m?) 25.9+3.4 26.3+3.2 26.4+3.2 24.7+4.7
TC (mg/dL) 165.2+32.1 178.2+40.4 179.2+40.4 180.1+54.6
LDL-C (mg/dL) 98.1x23.1 104.2+25.1 104.6+25.1 101.150.3
HDL-C {mg/dL) 44.2+10.3 432 +11.0 43.7+11.0 46.2+10.3
TG (mg/dL) 125.3+33.2 180.6+91.2 180.6+91.2 188.6+102.6
SBP (mm/Hg) 111.8211.2 123.7:21.1 123.8:21.1 130.8£23.1
DBP (mm/Hg) 76.1:8.1 81.6+13.3 82.6+13.3 81.3+11.5
PC (x10%pL) 255.6+95.1 246.0+58.7 269.5+96.3 236.5+57.8
Leucocyte count (L) 7444:1779 77981830 74311842 77011639
ESR (mm/h) 27.0422.3 27.0+21.0 29.24237 19.6+17.0
hs-CRP (mg/L) 1.71.1 2.1£1.4 1413 1.9+1.7
MPV (fL) 8.8+1.12 9.3+1.0 % 9.3+1.6° 8.3£0.6°

Group |- Type 2 diabetic patients without retinopathy and neuropathy, Group - Type 2 diabetic patients with retinopathy, Group Ill- Type 2 diabetic patients with neuropathy, Group

IV: Control group.

FBG: Fasting blood glucose, HbA1c: Hemoglobin Alc, Cr: Creatinine, BMI: Body mass index, TC: Total cholesterol, LDL-C: Low density lipoprotein cholesterol, HDL-C: High density
lipoprotein cholesterol, TG: Triglyceride, SBP: Systolic blood pressure, PC: Platelet count; DBP: Diastolic blood pressure, ESR: Erytrocyte sedimentation rate, hs-CRP: high sensitive

C-reactive protein, MPV: Mean platelet volume. Data are presented as mean + SD.

a Difference between Group | and IV is statistically significant (p<0.05); b Difference between Group Il and IV is statistically significant (p<0.05); ¢ Difference between Group Il and
IV is statistically significant (p<0.05); d Difference between Group | and Il is statistically significant (p<0.05); e Difference between Group | and Il is statistically significant (p<0.05).

Later we made correlation analysis of MPV
with leucocyte count, ESR and hs-CRP in all
groups. There was no correlation with MPV and
either parameters (Table 2).

I DISCUSSION

It has been demonstrated that platelet volume is
strongly correlated with the activity of platelets.
Large platelets contain more granules, aggregate
more easily and have higher capability of secretion
and expression. Evidence has been accumulated that
MPYV may have a role in inflammation and infection.
There are studies demonstrating the relationship be-
tween MPV and myocardial infarction, where in-
flammation is considered to have an important
role.®* A meta-analysis concluded that MPV was
associated with restenosis after angioplasty and also
mortality following myocardial infarction.>® It was
reported that following a myocardial infarction MPV
was an independent risk factor for recurrent ischemia

or death at 2 years of follow-up.” Pizzuli et al.
demonstrated higher MPV in stable angina than con-
trols, but the highest MPV in unstable angina.® MPV
was also found to be associated with cerebrovascular
and peripheral artery disease.**>%>

Study results about infection and MPV were
conflicting. Some authors demonstrated a negative
correlation between MPV and inflammatory activ-
ity of the disease in pulmonary tuberculosis, acute
appendicitis, acute pancreatitis and HIV infection,
but some others have reported an association be-
tween MPV and the severity of infection like acute
appendicitis, ascitic fluid infection, acute cellulitis,
infective endocarditis, and sepsis.3*3436-4060-63 Algo
in some of the infective diseases high MPV levels

decreased after the treatment.3>*

In chronic inflammatory diseases, such as ul-
cerative colitis, Crohn’s disease, cystic fibrosis, and
Familial Mediterranean Fever a decrease in MPV
levels was determined.®*® On the contrary, a sig-
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TABLE 2: Correlation analysis of with leucocyte count,
ESR and hs-CRP in all groups
R P
MPV- leucocyte count
Group | -0.044 NS
Group Il -0.061 NS
Group IIl 0.019 NS
Group IV 0.147 NS
MPV- ESR
Group | -0.032 NS
Group Il -0.062 NS
Group Il -0.085 NS
Group IV 0.052 NS
MPV-hs-CRP
Group | -0.036 NS
Group Il 0.016 NS
Group Il 0.174 NS
Group IV 0.045 NS

ESR: Erytrocyte sedimentation rate, hs-CRP: C-reactive protein, MPV: Mean platelet
volume. Data are presented as mean + SD. NS: Nonsignificant.

nificantly higher MPV was observed in the celiac
disease and after introduction of a gluten-free diet,
the MPV of the patients lessened.®

It is interesting that results of studies about MPV
levels in various infective or inflammatory processes
differ. We think that these different results may be
explained by the acute or chronic state of the disease
and also on which day the sample was taken. In our
study MPV levels of our diabetic patients were
higher than that of the control, like most of the stud-
ies with diabetes.”!> The patients with DR and DN
had the highest MPV levels. This result was also in
concordance with previous studies.'*? There was not
any difference of MPV values in both of the compli-
cations of diabetes. This may support the idea that if
the trigger of vascular pathology was pulled in dia-
betes, all the microvasculature would be affected.

hs-CRP is a protein of an acute phase, which is
secreted by liver, and by many other tissues in re-
sponse to an inflammation state. It is lately consid-
ered to be a marker of pro-inflammatory activity
as well as inflammation and a marker of athero-
sclerosis.®” Leucocyte count, being a marker of in-
flammation was found to be correlated with
worsening of insulin sensitivity, diabetes and also
coronary heart disease.”’! ESR and hs-CRP was

also found to be significantly correlated with in-
sulin resistance.”>”® Moreover it was demonstrated
that anti-inflammatory treatment improved beta
cell function in T2DM.747> Keeping in mind the re-
lation of inflammatory markers such as sedimenta-
tion rate, leucocyte count and hs-CRP, and also
MPV we wanted to find out if there is a relation
with MPV and these inflammatory markers in our
groups. Although MPV levels were different in our
diabetic and control groups, we could not obtain
any difference in leucocyte count, ESR and hs-CRP
in all groups. Moreover in correlation analysis we
did not find any positive or negative correlation in
diabetic and control individuals. In the literature
relation of MPV and inflammation markers were
demonstrated in infectious and inflammatory dis-
eases, cardiovascular disease and diabetes.***° In
most of these studies inflammatory markers espe-
cially hs-CRP levels were higher than our results,
but on the contrary in all our groups leucocyte
count, ESR and hs-CRP values were near normal
levels and they did not differ among groups. We
may explain why we were not able to find a corre-
lation between MPV levels and inflammatory
markers. Perhaps in our patients inflammation was
not so serious to take an important part in the
pathogenesis of the diabetic complications.

It was demonstrated that in inflammation and
insulin resistance adipocytes were primarily in-
volved. These cells affect insulin secretion and in-
sulin resistance by adipocytokines, such as leptin,
adiponectin, omentin, resistin and visfatin.”® Adi-
pose tissue also secretes dipeptidyl-4 peptidase
which degrades glucagon like peptide -1.”7 More-
over cytokines in the circulation such as tumor
necrosis factor alpha (TNF-a), interleukin-1 (IL-1)
and interferon gamma (IFN-y) affect insulin re-
lease. TNF- « also by increasing the expression of
islet amyloid polypeptide augments beta cell in-
flammation.”® IL-1, IL-6 and TNF-a were shown to
stimulate cell adhesion molecules and profibrotic
growth factors. In our study we did not investigate
the levels of cytokines. If we had had the chance
of examining the relation of MPV levels with those
cytokines and vascular cell adhesion molecule-1,
and intracellular adhesion molecule-1 our study
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might be more satisfying. We are planning a new
study keeping in mind these thoughts.

It was shown that metformin treatment sig-
nificantly decreased MPV values in diabetic pa-
tients, unrelated to HbAlc levels.” It was also
demonstrated that values of MPV were signifi-
cantly higher in patients on oral hypoglycemic
therapy than patients on insulin treatment.® Al-
though insulin treatment was shown to decrease
the activation and expression of cytokines, in a
study neither insulin nor metformin was shown to
reduce inflammatory marker levels such as hs-CRP
and IL-6.882 Gliclazide and peroxiome proliferator
activated receptor-y (PPAR-y) agonists were
shown to lessen inflammatory cytokines and also
to prevent degenerative changes in diabetic
nerves.® In our study we did not discriminate the
treatment modalities of our diabetic patients. It
would be interesting if we seeked correlation of
MPV’s of our patients with inflammatory markers
after grouping the patients with diabetes according
to their therapeutic modalities.

It was found that statins significantly de-
creased MPYV levels and various ACEIs and ARBs
had different effects on MPV levels.2*® Effects of
statins and ACEIs on inflammation in diabetic
complications were also controversial.® As in this
study either of these drugs were used, our results
may likely have been weakened.

Major strength of our study is its newness. As
far as we searched the literature we could not find
another study seeking correlation of MPV levels
with inflammation markers in diabetic complica-
tions and comparing the results in patients either
having neuropathy and retinopathy. One of our
limitations is the sample size of the study, which is
relatively small. Second limitation is that our pa-
tients were not classified according to their med-
ications such oral antiplateles with diabetes and
insulin and also antihypertensives and antilipemics.
Third limitation is the MPV value, which is evalu-
ated only once in time. Another limitation is about
smoking which has not been mentioned in our
groups. It was demonstrated that smoking had ef-
fects on MPV levels. The last limitation is that our
findings are limited to our groups, which included
only adults from our district, so our results may not
be easily applicable to all our country or other na-
tionalities.

In conclusion, our results suggest that MPV lev-
els of our diabetic patients with diabetic complica-
tions are not related to inflamation markers where
inflammation was not so serious. We hope that in
the future prospective, multicentric studies with
larger size may enlighten the pathophysiology of di-
abetic complications and new therapy modalities in-
terfering major pathological pathways having role
on the diabetic complications may be discovered.

American Diabetes Association. Postprandial
blood glucose. American Diabetes Association.
Diabetes Care 2001;24(4):775-8.

Ohkubo Y, Kishikawa H, Araki E, Miyata T,
Isami S, Motoyoshi S, et al. Intensive insulin
therapy prevents the progression of diabetic mi-
crovascular complications in Japanese patients
with non-insulin-dependent diabetes mellitus: a
randomised prospective 6-year study. Diabetes
Res Clin Pract 1995;28(2):103-17.

UK Prospective Diabetes Study (UKPDS)
Group. Intensive blood-glucose control with
sulphonlyureas or insulin compared with con-
ventional treatment and risk of complications in
patients with type 2 diabetes. Lancet
1998;352(9131):837-53.

Esposito K, Nappo F, Marfella R, Guigliano G,

I REFERENCES

Guigliano F, Ciotola M, et al. Inflammatory cy-
tokine concentrations are acutely increased by
hyperglycemia in humans: role of oxidative
stress. Circulation 2002;106(16):2067-72.

Taslipinar A, Yaman H, Yilmaz M, Demirbas S,
Saglam M, Taslipinar MY, et al. The relationship
between inflammation, endothelial dysfunction
and proteinuria in patients with diabetic
nephropathy. Scand J Clin Lab Invest
2011;71(7):606-12.

Kamath S, Blann AD, Lip GY. Platelet activa-
tion: assessment and quantification. Eur Heart J
2001;22(17):561-71.

Kodiatte TA, Manikyam UK, Rao SB, Jagadish
TM, Reddy M, Lingaiah HK; et al. Mean platelet
volume in Type 2 diabetes mellitus. J Lab Physi-
cians 2012;4(1):5-9.

Turkiye Klinikleri ] Med Sci 2015;35(4)
206

Jindal S, Gupta S, Gupta R, Kakkar A, Singh
HV, Gupta K, et al. Platelet indices in diabetes
mellitus: indicators of diabetic microvascular
complications. Hematology 2011;16(2):86-9.

Demirtunc R, Duman D, Basar M, Bilgi M,
Teomete M, Garip T. The relationship between
glycemic control and platelet activity in type 2
diabetes mellitus. J Diabetes Complications
2009;23(2):89-94.

Bavbek N, Kargili A, Kaftan O, Karakurt F, Kosar
A, Akcay A. Elevated concentrations of soluble
adhesion molecules and large platelets in dia-
betic patients: are they markers of vascular dis-
ease and diabetic nephropathy? Clin Appl
Thromb Hemost 2007;13(4):391-7.

. Mustand JF, Packham MA. Platelets and diabetes

mellitus. N Engl J Med 1984;311(10):665-7.



Atalay et al.

Endocrinology and Metabolic Diseases

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Hekimsoy Z, Payzin B, Omek T, Kandogan G.
Mean platelet volume in type 2 diabetic pa-
tients. J Diabetes Complications 2004;18(3):
173-6.

Winocour PD. Platelet abnormalities in diabetes
mellitus. Diabetes 1992;41(Suppl 2):26-31.

Tschoepe D, Roesen P, Esser J, Schwippert B,
Nieuwenhuis HK, Kehrel B, et al. Large platelets
circulate in an activated state in diabetes malli-
tus. Semin Thromb Hemost 1991;17(4):433-8.

Sharpe PC, Trinick T. Mean platelet volume in
diabetes mellitus. Q J Med 1993;86(11):739-42.

Uniibol M, Ayhan M, Giiney E. The relationship
between mean platelet volume with microalbu-
minuria and glycemic control in patients with
type Il diabetes mellitus.  Platelets
2012;23(6):475-80.

Turgutalp K, Ozhan O, Akbay E, Tombak A,
Tiftik N, Ozcan T, et al. Mean platelet volume
and related factors in patients at different stages
of diabetic nephropathy: a preliminary study.
Clin Appl Thromb Hemost 2014;20(2):190-5.

Papanas N, Symeonidis G, Maltezos E,
Mavridis G, Karavageli E, Vosnakidis TH, et al.
Mean platelet volume with type 2 diabetes mel-
litus. Platelets 2004;15(8):475-8.

Dindar S, Cinemre H, Sengul E, Annakkaya AN.
Mean platelet volume is associated with
glycemic control and retinopathy in patients with
type 2 diabetes mellitus. West Indian Med J
2013;62(6):519-23.

Betteridge DJ, Zahavi J, Jones NA, Shine B,
Kakkar VV, Galton DJ. Platelet function in dia-
betes mellitus in relationship to complications,
glycosylated hemoglobin and serum lipopro-
teins. Eur J Clin Invest 1981;11(4):273-7.

Zhong ZL, Han M, Chen S. Risk factors associ-
ated with retinal neovascularisation of diabetic
retinopathy in type 2 daibetes mellitus. Int J
Ophtalmol 2011;4(2):182-5.

Ayhan Tuzcu E, Arica S, llhan N, Daglioglu M,
Coskun M, llhan O, et al. Relationship between
mean platelet volume and retinopathy in pa-
tients with type 2 diabetes. Graefes Arch Clin
exp Ophtalmol 2014;252(2):237-40.

Hara T, Nakamura J, Koh N, Sakakibara F,
Hamada Y, Sasaki H, et al. An aldose reductase
inhibitor, TAT, reduces ADP-induced platelet hy-
peraggregation in streptozotocin-induced dia-
betic rats with neuropathy. J Lab Clin Med
1995;126(6):541-7.

Ueno Y, Koike H, Nakamura Y, Ochi Y, Annoh
S, Nishio S. Effects of beraprost sodium, a
prostacyclin analogue, on diabetic neuropathy
in streptozotocin-induced diabetic rats. Jpn J
Pharmacol 1996;70(2):177-82.

O'Malley BC, Ward JD, Timberley WR, Porter
NR, Preston FE. Platelet abnormalities in dia-
betic peripheral neuropathy. Lancet 1975;
2(7948):1274-6.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Jennings PE, Dallinger KJ, Nightingale S, Bar-
nett AH. Abnormal platelet aggregation in
chronic symptomatic diabetic peripheral neu-
ropathy. Diabet Med 1986;3(3):237-40.

Keskin S, Giirler M, Temeloglu M, Celebi A, Al-
icanoglu R, Ekizoglu I. [Relation between mean
platelet volume and risk factors for coronary
heart disease]. Turkiye Klinikleri J Med Sci
2006;26(4):380-4.

Pizzulli L, Yang A, Martin JF, Luderitz B.
Changes in platelet size and count in unstable
angina compared to stable angina or non-car-
diac chest pain. Eur Heart J 1998;19(1):80-4.

Hendra TJ, Oswald GA, Yudkin YS. Increased
mean platelet volume after acute myocardial in-
farction relates to diabetes and to cardiac fail-
ure. Diabetes Res Clin Pract 1988;5(1):63-9.

Lalouschek W, Lang W, Mullner M; Vienna
Stroke Study Group. Current strategies of sec-
ondary prevention after a cerebrovascular
event: the Vienna stroke registry. Stroke
2001;32(12):2860-6.

Kario K, Matsuo T, Nakao K. Cigarette smoking
increases the mean platelet volume in elderly
patients with risk factors for atherosclerosis. Clin
Lab Haematol 1992;14(4):281-7.

Matowicka-Karna J, Kamocki Z, Polinska B,
Osada J, Kemona H. Platelets and inflamma-
tory markers in patients with gastric cancer. Clin
Dev Immunol 2013;2013:401623.

Abdel-Razik A, Eldars W, Rizk E. Platelet in-
dices and inflammatory markers as diagnostic
markers for ascitic fluid infection. Eur J Gas-
troenterol Hepatol 2014;26(12):1342-7.

Suvak B, Torun S, Yildiz H, Sayilir A, Yesil Y,
Tas A, et al. Mean platelet volume is a useful in-
dicator of systemic inflammation in cirrhotic pa-
tients with ascitic fluid infection. Ann Hepatol
2013;12(2):294-300.

Karaman H, Karakukcu C, Kocer D. Can mean
platelet volume serve as a marker for prostati-
tis? Int J Med Sci 2013;10(10):1387-91.

Tanrikulu CS, Tanrikulu Y, Sabuncuoglu MZ,
Karamercan MA, Akkapulu N, Coskun F. Mean
platelet volume and red cell distribution width as
a diagnostic marker in acute appendicitis. Iran
Red Crescent Med J 2014;16(5):e10211.

GaoY,LiY,YuX, GuoS,JiX SunT,etal The
impact of various platelet indices as prognostic
markers of septic shock. PLoS One
2014;9(8):e103761.

Catal F, Tayman C, Tonbul A, Ak¢a H, Kara
S, Tatli MM, et al. Mean platelet volume (MPV)
may simply predict the severity of sepsis in
preterm infants. Clin Lab 2014;60(7):1193-
200.

. Gunluoglu G, Yazar EE, Veske NS, Seyhan EC,

Altin S. Mean platelet volume as an inflamma-
tion marker in active pulmonary tuberculosis.
Multidiscip Respir Med 2014;9(1):11.

Turkiye Klinikleri ] Med Sci 2015;35(4)
207

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Icli A, Tayyar S, Varol E, Aksoy F, Arslan A,
Ersoy I, et al. Mean platelet volume is in-
creased in infective endocarditis and decrease
after treatment. Med Princ Pract 2013;22(3):
270-3.

Kitazawa T, Yoshino Y, Tatsuno K, Ota Y, Yot-
suyanagi H. Changes in mean platelet volu-
me levels after bloodstream infection have a
prognostic value. Intern Med 2013;52(13):
1487-93.

Zareifar S, Farahmand Far MR, Golfeshan F,
Cohan N. Changes in platelet count and mean
platelet volume during infectious and inflamma-
tory disease and their correlation with ESR and
CRP. J Clin Lab Anal 2014;28(3):245-8.

Varasteh-Ravan HR, Ali-Hassan-Sayegh S,
Shokraneh S, Mozayan MR, Karimi-Bon-
darabadi AA. Relationship of admission mean
platelet volume, platelet distribution width and
white blood cells with ST resolution in patients
with acute ST segment elevation myocardial in-
farction treated with streptokinase without his-
tory of previous cardiovascular surgery.
Perspect Clin Res 2013;4(2):125-9.

Giles H, Smith RE, Martin JF. Platelet glyco-
protein llb-llla and platelet size are increased in
acute myocardial infarction. Eur J Clin Invest
1994;24(1):69-72.

Varol E, Icli A, Ozaydin, Erdogan D, Arslan A.
Mean platelet volume is elevated in patients with
myocardial infarction with normal coronary ar-
teries, as in patients with myocardial infarction
with obstructive coronary artery disease. Scand
J Clin Lab Invest 2009;69(5):570-4.

Kilicli Camur N, Demirtung R, Konuralp C, Es-
kier A, Basaran Y. Could mean platelet volume
be a predictor for acute myocardial infarction.
Med Sci Monit 2005;11(8):CR387-92.

Elsenberg EH, van Werkum JW, van de Wal
RM, Zomer AC, Bouman HJ, Verheught FW, et
al. The influence of clinical characteristics, lab-
oratory and inflammatory markers on ‘high on
treatment platelet reactivity’ as measured with
different platelet function tests. Thromb
Haemost 2009;102(4):719-27.

Yiksel Kalkan G, Gur M, Baykan AO, Ucar H,
Elbasan Z, Sahin DY et al. Mean platelet vol-
ume is associated with aortic intima —-media
thickness in patients without clinical menifesta-
tion of atherosclerotic cardiovascular disease.
Anatol J Cardiol 2015; 15(9): 753-8.

Jabeen F, Fawwad A, Rizvi HA, Alvi F. Role of
platelet indices, glycemic control and hs-CRP in
pathogenesis of vascular complications in type
2 diabetic patients. Pak J Med Sci 2013;
29(1):152-6.

World Health Organization, International Dia-
betes Federation. Definition and Diagnosis of
Diabetes Mellitus and Intermediate Hyper-
glycemia: Report of a WHO/IDF Consultation.
Geneva: World Health Organization; 20086.
p.46.



Atalay ve ark.

Endokrinoloji ve Metabolizma Hastaliklar1

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

Mancia G, De Backer G, Dominiczak A, Cifkova
R, Fagard R, Germano G, et al; Management of
Arterial Hypertension of the European Society
of Hypertension; European Society of Cardiol-
0gy. 2007 Guidelines for the Management of Ar-
terial Hypertension: The Task Force for the
Management of Arterial Hypertension of the Eu-
ropean Society of Hypertension (ESH) and of
the European Society of Cardiology (ESC). J
Hypertens 2007;25(6):1105-87.

National Cholesterol Education Program, Na-
tional Heart, Lung, and Blood Institute, National
Institutes of Health. National Cholesterol Edu-
cation Program. Third Report of the National
Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treat-
mentof High Blood Cholesterol in Adults (Adult
Treatment Panel Ill) Final Report. Circulation
2002:106(25):3145-421.

Lauritzen T, Frost-Larsen K, Larsen HW, Deck-
ert T. Two-year experience with continous sub-
cutaneous insulin infusilon in relation to
retinopathy and neuropathy. Diabetes
1985;34(Suppl 3):74-9.

Fong DS, Aiello L, Gardner TW, King GL,
Blankenship G, Cavallerano JD, et al. Diabetic
retinopathy. Diabetes Care 2003;26(1):S99-102.

Demirin H, Ozhan H, Ucgun T, Celer A, Bulur
S, Cil H, et al. Normal range of mean platelet
volume in healthy subjects: insight from a large
epidemiologic ~ study. ~ Thromb  Res
2011;128(4):358-60.

Chu SG, Becker RC, Berger PB, Bhatt DL,
Eikelboom JW, Konkle B, et al. Mean platelet
volume as a predictor of cardiovascular risk: a
systematic review and meta-analysis. J Thromb
Haemost 2009;8(1):148-55.

Martin JF, Bath PM, Burr ML. Influence of
platelet size on outcome after myocardial in-
farction. Lancet 1991;338(8780):1409-11.

Li B, Liu X, Cao ZG, Li Y, Liu TM, Wang RT. EI-
evated mean platelet volume is associated with
silent cerebral infarction. Intern Med J
2014;44(7):653-7.

Berger JS, Eraso LH, Xie D, Sha D, Mohler ER
3rd. Mean platelet volume and prevalence of pe-
ripheral artery disease, the National Health and
Nutrition Examination Survey, 1999-2004. Ath-
erosclerosis 2011;213(2):586-91.

Beyazit Y, Sayilir A, Torun S, Suvak B, Yesil Y,
Purnak T, et al. Mean platelet volume as an in-
dicator of disease severity in patients with acute
pancreatitis. Clin Res Hepatol Gastroenterol
2012;36(2):162-8.

Qadri S, Holman S, Dehovitz J, Crystal H,
Minkoff H, Lazar JM. Mean platelet volume is
decreased in HIV infected woman. HIV Med
2013;14(9):549-55.

Narci H, Turk E, Karagulle E, Togan T, Karabu-
lut K. The role of mean platelet volume in the di-

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

78.

74.

75.

agnosis of acute apppendicitis: a retrospective
case controlled study. Iran Red Crescent Med
2013(12);15:e11934.

Ertlirk E, Cure E, Cure MC, Parlak E, Kurt A,
Ogullar S. The association between serum YKL-
40 levels, mean platelet volume and c-reactive
protein in patients with cellulitis. Indian J Med
Microbiol 2015;33(Suppl):61-6.

Yiksel O, Helvaci K, Basar O, Koklii S, Caner
S, Helvaci N, et al. An overlooked indicator of
desease activity in ulcerative colitis: mean
platelet volume. Platelets 2009;20(4):277-81.

Liu S, Ren J, Han G, Wang G, Gu G, Xia Q, et
al. Mean platelet volume: a controversial marker
of disease activity in Crohn’s disease. Eur J Med
Res 2012;17:27.

Uysal P, Tuncel T, Olmez D, Babayigit A, Kara-
man O, Uzuner N. The role of mean platelet vol-
ume predicting acute exacerbations of cystic
fibrosis in children. Ann Thorac Med
2011;6(4):227-30.

Baykal Y, Saglam K, Yilmaz MI, Taglipinar A,
Akinci SB, Inal A. Serum slL-2r, IL-6, IL-10 and
TNF-alpha level in familial Mediterranean fever
patients. Clin Rheumatol 2003;22(2):99-101.

Purnak T, Efe C, Yuksel O, Beyazit Y, Ozaslan
E, Altiparmak E. Mean platelet volume could be
a promising biomarker to monitor dietary com-
pliance in celiac disease. Ups J Med Sci
2011;116(3):208-11.

Ridker PM. Clinical application of C-reactive
protein for cardiovascular disease detection and
prevention. Circulation 2003;107(3):363-9.

Vozarova B, Weyer C, Lindsay RS, Pratley RE,
Bogardus C, Tataranni PA. High white blood cell
count is associated with a worsening of insulin
sensitivity and predicts the development of type
2 diabetes. Diabetes 2002;51(2):455-61.

Twig G, Afek A, Shamiss A, Derazne E, Tzur D,
Gordon B, et al. White blood cells count and in-
cidence of type 2 diabetes in young men. Dia-
betes Care 2013;36(2):276-82.

Rana JS, Boekholdt SM, Rider PM, Jukema JW,
Luben R, Bingham SA, et al. Differential leuco-
cyte count and the risk of futurer coronary artery
disease in healthy men and women: the EPIC-
Norfolk Prospective Population Study. J Intern
Med 2007;262(6):678-89.

Chung CP, Oeser A, Solus JF, Gebretsadik T,
Shintani A, Avalos |, et al. Inflammation-associ-
ated insulin resistance: differential effects in
rheumatoid arthritis and systemic lupus erythe-
matosus define potential mechanisms. Arthritis
Rheum 2008;58(7):2105-12.

Larsen CM, Faulenbach M, Vaag A, Velund A,
Ehses JA, Seifert B, et al. Interleukin 1- recep-
tor antagonist in type 2 diabetes mellitus. N
Engl J Med 2007;356(7):1517-26.

Goldfine AB, Fonseca V, Jablonski KA, Chen

Turkiye Klinikleri ] Med Sci 2015;35(4)
208

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

YD, Tipton L, Staten MA, et al; Targeting In-
flammation Using Salsalate in Type 2 Diabetes
Study Team. Salicylate (salsalate) in patients
with type 2 diabetes: a randomized trial. Ann In-
tern Med 2013;159(1):1-12.

Dunmore SJ, Brown JE. The role of adipokines
in B-cell failure of type 2 diabetes. J Endocrinol
2013;216(1):T37-45.

Lamers D, Famulla S, Wronkowitz N, Hartwig S,
Lehr S, Ouwens DM, et al. Dipeptidyl peptidase
4 is a novel adipokine potentially linking obesity
to the metabolic syndrome. Diabetes
2011;60(7):1917-25.

CaiK, QiD, Wang O, Chen J, Liu X, Deng B, et
al. TNF-a acutely upregulates amylin expres-
sion in murine pancreatic beta cells. Diabetolo-
gia 2011;54(3):617-26.

Dolasik |, Sener SY, Celebi K, Aydin ZM, Kork-
maz U, Canturk Z. The effect of metformin on
mean platelet volume in diabetic patients.
Platelets 2012;24(2):118-21.

Vernekar PV, Vaidya KA. Comparison of mean
platelet volume in type 2 patients with diabetes
on insulin therapy and on oral hypoglycemic
agents. J Clin Diagn Res 2013;7(12):2839-40.

Ye SD, Zheng M, Zhao LL, Qian Y, Yao XM,
Ren A, et al. Intensive insulin therapy decreases
urinary MCP-1 and ICAM-1 excretions in incipi-
ent diabetic nephropathy. Rur J Clin Invest
2009;39(11):980-5.

Pradhan AD, Everett BM, Cook NR, Rifai N, Rid-
ker PM. Effects of initiating insulin and met-
formin on glycemic control and inflammatory
biomarkers among patients with type 2 diabetes:
the Lancet randomized trial. JAMA
2009;302(11):1186-94.

Qiang X, Satoh J, Sagara M, Fukuzawa M, Ma-
suda T, Sakata Y, et al. Inhibitory effect of trogli-
tazone on diabetic  neuropathy in
streptozoctocin-induced diabetic rats. Dia-
betologia 1998;41(11):1321-6.

Mayer J, Eller T, Brauer P, Solleder EM, Schéafer
RM, Keller F, et al. Effects of long-term treat-
ment with lovastatin on the clotting system ad
blood trombosits. Ann Hematol 1992;64(4):196-
201.

Nufez A, Goémez J, Zalba LR, Montén M,
Jiménez A, Velasco S, et al. Losartan inhibits in
vitro platelet activation: comparison with can-
desartan and valsartan. J Renin Angiotensin Al-
dosterone Syst 2000;1(2):175-9.

Brouwers FP, Asselbergs FW, Hillege HL, de
Boer RA, Gansvoort RT, van Veldhuisen DJ, et
al. Long-term effects of fosinopril and pravas-
tatin on cardiovascular events in subjects with
microlabuminuria: ten years follow-up of Pre-
vention of renal and Vascular End-stage Dis-
ease Intervention Trial. Am Heart J 2011;
161(16):1171-8.



