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Abstract

Introduction: Mean platelet volume (MPV) level is known to increase in diabetes mellitus (DM). In this study, the
first aim is to examine whether there is a correlation between MPV and hemoglobin Alc (HbAlc) and fasting
plasma glucose (FPG). The second aim is to investigate whether a correlation exists between MPV and HbAlc and
FPG changes after treatment

Method: In the study, we examined baseline and final HbAlc, MPV and FPGA values of 343 patients. Including
the study group (SG) consisted of 169 patients with diabetes whose HbAlc levels decreased %1 and the control
group involving 174 patients whose HbAlc levels did not change.

Results: Similar to CG, HbAlc level of SG decreased to 7.58, and MPV level reduced to 8.68. There existed a
positive correlation between MPV and HbAlc levels (r:154; p<0.005). Additionally, positive correlation was found
between MPV and HbAlc changes (r:216; p:0.005), and MPV and FPG changes (r:245; p:0.001) in SG. Moreover,
there was a positive correlation between MPV and HbAlc changes (r:306; p<0.005), and MPV and FPG changes
(r:306; p<0.005) in patients underwent insulin treatment.

Conclusion: The change in HbAlc level is similar to MPV level change. The effect of insulin therapy on MPV is
significant.
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Introduction cardiovascular

symptoms  and  sexual

Diabetes is a disease of metabolism clinically ~ dysfunction. Patients with diabetes have
expressed by chronic hyperglycemia and  an increased incidence of atherosclerotic
blood lipid and protein disorders that  cardiovascular, peripheral arterial and cerebro-
have been extensively reported as linked to  vascular disease (2). People with type-2

several complications causing morbidity  diabetes mellitus (DM) have a two to four

and mortality (1). Long-term complications of
diabetes include retinopathy with potential loss
of vision; nephropathy leading to renal
failure; peripheral neuropathy with risk of
foot ulcers, amputations, and Charcot joints.
In addition, it causes autonomic neuropathy

times higher risk of coronary heart disease
(CHD) morbidity and mortality, a four-to
eight-fold higher risk of congestive heart
failure, a two- to six-fold higher risk of stroke,
and a poorer prognosis of cardiovascular
events than people without diabetes (3, 4). It
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is reported that cardiovascular mortality risk is
correlated with blood glucose concentration in
cases with type 2 DM (5, 6). Based on the data
resulting from large epidemiologic studies,
diabetes has been classified as CHD and
cerebrovascular risk equivalent (7, 8).

Platelets play an important role in the
integrity of normal hemostasis. Larger platelets
with higher mean platelet volume (MPV) are
hemostatically more reactive and produce
higher amounts of the prothrombotic factor
thromboxane A,, increasing the propensity
to thrombosis (9, 10). Altered platelet
morphology and function have been reported
in patients with DM, and MPV was found
to be significantly higher in diabetic patients
(11, 12). Increased platelet activity due to
abnormal insulin action is emphasized in the
development of vascular complications of
DM (13). Hemoglob in Alc (HbAj), which
indicates glucose tolerance and glucose
regulation in diabetes, is a marker formed
by slow and non-enzymatic glycosylation of
hemoglobin. Additionally, it shows glycemia
control in people with diabetes and is closely
associated with the risk of developing DM
complications (14).

Epidemiologic studies in type-2 diabetes
have shown that higher glucose levels,
as determined by HbAIc, are associated
with increased risk of diabetic retinopathy,
nephropathy, and neuropathy (15). Guidelines
suggest a target <HbAlc 6.5% (American
Association of Clinical Endocrinologists) or
<7.0% (American Diabetes Association) for
patients with short diabetes duration, long life
expectancy and at low hypoglycemia risk
(16, 17). In the study conducted by Action to
Control ~ Cardiovascular  Risk in  Diabetes
(ACCORD), tight glycemia control has been

28

Huseyin Kurt, et al.

found to reduce micro-vascular complications
but to increase mortality particularly in elderly
diabetics. For that reason, it has been
concluded that glycemia control should be a
little more flexible (HbAlc 7-7.5%) especially in
older individuals (18). In United Kingdom
Prospective Diabetes Study (UKPDS), the risks
of microvascular complications and glycemia,
such that for every percentage point decrease
in HbAlc (e.g., 9 to 8%), there was a 35%
reduction in the risk of complications (19). The
studies investigating MPV levels in diabetic
patients have been cross-sectional. It is known
that MPV levels are high in DM and there is a
correlation between hemoglobin Alc and
MPV. In this study, our aim is to investigate
whether MPV are affected by the change in
HbAlc | levels in the event that HbAlc levels
change in a certain period of time.

Study Design
The Studied Subjects

The present study was conducted through
the retrospective examination of medical
records of patients diagnosed with DM and
observed in internal medicine clinic in Balikesir
University School of Medicine between January
2014 and December 2015. At clinic follow-up,
detailed history of the patients diagnosed with
DM and observed regularly was investigated,
routine physical examinations were performed,
other diseases were examined, and all
medications that they used were recorded.
Physical examination included systolic blood
pressure and diastolic  blood  pressure
measurement with subjects sitting after a 10
minute rest using sphygmomanometer. At the
routine checkups of DM diagnosed patients
carried out every 3 months, blood samples
from antecubital vein in sitting position were
taken so as to determine complete blood
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count, urinalysis, 12-hour fasting glucose, total
cholesterol, LDL cholesterol, HDL cholesterol,
triglycerides, urea, creatinine, alanine amino-
transferase, and aspartate aminotransferase
levels. The results of blood samples taken from
patients were evaluated on the same day and
treatment were restated in case of need. By
analyzing the medical records of patients
diagnosed with DM, the ones that were
suitable for the study criteria were included in
the study. At the latest 3 months follow-up,
the patients who had a difference in HbA.
values more than 1% formed the study group
(SG), while the patients having %0.1
differences or no difference created control
group (CG). On the other hand, the diabetic
patients diagnosed with diabetic retinopathy at
annual eye clinic controls and detected to
have urine protein/creatinine value above 0.2
and the patients diagnosed with diabetic
neuropathy during their routine controls were
excluded in the study. The individuals who
used acetyl salicylic acid (ASA) during the
study were included, whereas the patients who
started to use ASA or stopped using ASA
during the study were excluded.

Exclusion criteria were;

= Essential  hypertension  (systolic  blood
pressure 2140 mmHg and/or diastolic
blood pressure 290 mmHg in-clinic and
daytime ambulatory),

» Hepatic and other systemic diseases,
= Use of ticlopidine, warfarin, heparin, statin,
= Acute or chronic infection,

» Male patients with hemoglobin below 13
mg/dL and female patients below 12
mg/dL,

= Abnormal platelet counts (<150 and >400 x
10%/uL)
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= Others: Recent major surgery, smoking,
alcohol  consumption,  pregnancy and
cancer.

Biochemical and Hematologic Evaluation

Blood samples taken for the complete
blood count were placed EDTA tubes and
studied through Beckman Coulter LH 780
Hematology Analyzer (Beckman Coulter, Inc,
CA, USA) within an hour. Glucose, lipid profile
measurements and urine specimen were
conducted using the Beckman Coulter AU680
Analyzer (Beckman Coulter, Inc. CA, USA).
HbA1. was studied with high-performance
liquid chromatography (HPLC) method. HbA¢
measurements were conducted using the
Menarini/ARKRAY ADAMS A;c HA-8160 device
(MenariniDiagnostics, Firenze, Italy).

Statistical Analysis

Data were expressed as mean — standard
deviation. Statistical analyses were carried out
using the SPSS software version 20.0 (SPSS Inc,
Chicago, IL, USA). Data were tested for normal
distribution using the Kolmogorov-Smirnov
test. MPV, FPG and HbA;. changes in both
groups after 3 months were compared by
paired Student's #test. The chi-square test was
used to compare the categorical parameters.

Pearson’s  correlation  coefficients  were
calculated to evaluate the relationships
between HbA;, MPV and several clinical

variables (age, sex, total cholesterol, HDL
cholesterol, LDL cholesterol and triglycerides).
Differences in baseline patient characteristics
measurements among both group patients
were analyzed by one-way analysis of variance
(ANOVA). If ANOVA indicated a significant
difference, the Tukey multiple comparison
procedure was used to determine which
groups were different. A P-value of <0.05 was
considered statistically significant.
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Results

The study consisted of 343 individual, 169
of whom having HbA;. difference above 1% in
the three-month follow-up were included in
SG and 174 of whom having % 0.1 HbA;.
difference or no HbA;. difference were in CG.
There was no statistical difference between the
two groups with regard to age, sex, total
cholesterol, LDL cholesterol, HDL cholesterol,
triglyceride and platelet count. The mean
demographic and metabolic characteristics of
study and control groups (at baseline and after
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3 months) are given in Table 1. 118 (% 69.8) of
the patients in SG and 124 (%/1.2) of the
patients in CG were using ASA.

At the baseline, there was a significant
difference between control and study groups
with MPV (p<0.005),FPG and HbA1. (p<0.001).
At the end of the three months, as the mean
HbA;. level of SG decreased %2.09, the level
of MPV, FPG, and HbA;. were compared for
both groups, no difference was observed.
The mean HbA;. level of CG decreased from
7.74+0.09 to 7.65+0.09 after three months,

2.0

MPYV change

(r:260; p<0,05)
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B FPG change mgldl

Figure-1. Correlation between MPV and Hemoglobin Alc changes (A), correlation between MPV and FPG changes

(B) in type 2 diabetes mellitus patients.

3.0

MPYV change

(r:216; p=0,005)

207

MPYV change

(r:245; p=0,001)

-100 ° 100 200 300 00
B FPG change mg/dl

Figure-2. Correlation between MPV and Hemoglobin Alc changes (A), Correlation between MPV and FPG changes

(B) regarding to the intensive insulin treatment.
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Table-1. The baseline and final hematological values of the groups

Control Group (n:174) Study Group (n:169)

Baseline Final P Baseline Final P
Age (years) 58.64+9.7 57.86+9.47
HbAlc (%) 7.74+1.18 7.65+1.18 0.001 9.68+1.65 758 +1.26 0.001
MPV (fL) 8.86+0.86 8.75+0.86 0.001 9.16+1 8.68+0.89 0.001
FPG (mg/dL) 169.94+60.43 155.97+459 0.001 22742+814 15294505 0.001
Tot. Cholest. (mg/dL) 204.2+42.62 202.35+41.7 0.534 206.11+44.84 199+40.05 0.018
LDL (mg/dL) 122.09+3593 = 1205+36.25 0556 @ 120.46+38.47 116.4+33.6 0.136
HDL (mg/dL) 48.25+15.55 47.94+13.06 0.647 4755+13.26 50.3+1548 0.001
Triglyceride (mg/dL) 171.06+84.8 1733+83.84 | 0.645 182.52+95.6 164.7+88.3 0.001
MPV change (fL) 0.1+0.18 047+051
Hbalc change (%) 0.08+0.03 2.09+1.1
FPG change (mg/dL) 14.02+44.7 745+77.13

Abbreviations: HbAlc: Hemoglobin Alc; MPV: mean platelet volume; FPG: Fasting Plasma Glucose; LDL: Low Density
Lipoprotein; HDL: High Density Lipoprotein.

Table-2. Baseline, final and MPV, HbAlc, FPG change values of study group according to treatment variety

Treatments MPV HbAlc FPG
Baseline 9.19+1.25 8.99+1.28 201.52 +60.44
8:;\52) Final 8.75 +1.02 6.96+0.90 135.57+36.96
Change 0.43+0.56 2.02+0.98 65.94+58.08
. Baseline 9.14+0.84 10.26+1.70 24537+84.41
i:sg'g Final 8.63+0.80 7.99+132 160.85+54.69
Change 0.50+0.49 2264122 84.52+87.94
_ Baseline 9.18+1.03 8.88+1.29 213.67+87.48
('?S ) Final 8764095 7374111 161.90+52.70
Change 0.42+0.45 1.51+0.45 51.76+62.08

Abbreviations: MPV: mean platelet volume; HbAlc: Hemoglobin Alc; FPG: fasting plasma glucose; OAD: oral
antidiabetic

Table-3. Analysis of variance of hemoglobin Alc in the study group according to the treatment variety

Treatment Hemoglobin Alc change Statistical output
Diet 1.51+045

F 4.
Oral antidiabetic 2.02+0.98 o 0_5)194
Insulin 2264122 *

* According to diet group p<0.05 (by Tukey HSD)
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and the mean MPV level decreased from
8.86+0.06 to 8.75+0.06. Additionally, mean
HbA1. level of SG decreased 9.68+0.12 to
7.58+0.09 in three month’s period, and the
mean MPV level decreased from 9.16+0.07
to 8.68+0.06. At the beginning of the study,
there was a significant difference between
HbAi., FPG and MPV values of both groups
(p<0.005), whereas no statistical difference
was found after three months during which
the treatment was performed. The mean Hbai.
change of study group was % 2.09+0.08, while
the mean MPV change was 0.47+0.03.

The SG consisted of 169 individuals having
HbA;. change above %1 in 3 months period.
94 of those patients got insulin therapy, 54
were performed OAD change and/or new
OAD addition, and 21 were increased dietary
compliance with dietary modification, which
reduced HbAi. level. The mean baseline and
final Hbaic and MPV values of the patients in
the SG which got treatment change are shown
in Table-2. Whether there was a difference
between types of treatment change and HbA;.
levels in three months period was tested using
one-way analysis of variance. A difference was
found between three types of treatment
change (F:4.39, p:0.014). Posthoc Tukey HSD
test was used for this analysis. It was found
that difference was between insulin addition
and the dietary change (p<0.05) (Table-3).

According to Pearson correlation analysis,
positive correlation existed between MPV and
HbA: levels (r:154; p<0.005), and MPV and
FPG levels (r:217; p<0.001) of the patients
included in the study. Additionally, there was a
positive correlation between MPV and HbA;.
changes (r:216; p:0.005), and MPV and FPG
changes (r:245; p:0.001) for individuals in
the study (Figure 1A, B). When the therapy
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applied to patients in SG and MPV change
were examined, positive correlation existed
in patient applied insulin as a therapy. In
addition, positive correlation was found
between MPV and HbAi. changes (r:306;
p<0.005), and MPV and FPG changes (r:260;
p<0.05) in SG patients given insulin as
treatment (Figure 2A, B). On the other hand,
no correlation was found between MPV
change, and HbA; and FPG changes in SG
patients whose OAD was changed and/or
added new drugs, whose diet was modified.

Discussion

Compared to healthy people, MPV is known
to be higher in patients with diabetes. The first
study investigating MPV effect in patients with
diabetes was conducted by Winocour et al.
The study demonstrated that MPV was higher
in patients with DM. (20). Coban et al.
identified later that MPV was higher in patients
with prediabetes as well as DM (21, 22).

Ulutas et al. found that positive correlation
existed between MPV level and HbA;. and
FBG level (23). At the end of this study which
investigated the patients having above and
below % 7 HbA; level, it was found that MPV
would be a beneficial prognostic marker of
cardiovascular complications in patients with
type 2 DM. Demirtung et al. noted that MPV
increased as the blood glucose level increased
and there was a positive correlation between
MPV and blood glucose level. In addition, they
found that MPV levels increased as HbA . level
increased and positive correlation existed
between MPV and HbAi. level (24). In this
study, the patients who had microvascular
complications of diabetes and suffered from
cardiovascular diseases were included and the
number of patients was limited. Additionally,
no correlation existed between the decrease in

Ulutas Med J 2016;2(1):27-35



Hemoglobin Alc Affects Mean Platelet Volume

the mean fasting blood glucose and HbA;.
level at the end of the study as HbA;. was not
investigated by HPLC method. In the studies
conducted so far, the relationship between
MPV and HbA:. has been demonstrated only
in cross sectional studies except Demirtung et
al. (9, 25). This is the first study examining
prospectively the relationship between MPV
and HDbAjc levels in patients not having
microvascular complications of diabetes.

MPV elevation is known as an important
factor for disturbed homeostatic system and
prothrombotic state in DM (13). Platelet
dysfunction has begun at the early stages of
diabetes even before occurrence of vascular
pathology. Increased platelet activity has an
important role in the development of vascular
complications in type 2 DM (26). MPV can
reflect platelet activity, and high MPV s
associated with thrombogenic activation and
an increased risk of CVD (27). Hendra et al.
showed that MPV was higher in patients with
DM who had a history of acute myocardial
infarction (AMI) when compared with the
patients with DM who did not have a history of
AMI (28). MPV can be used as a favorable test
in the monitoring of type 2 DM in terms of
atherosclerosis  development. Skyler et al.
suggest that glucose control plays a greater
role before macrovascular disease is well
developed and a minimal role when it is
advanced, and that significant benefit is only
seen in subsets of patients with shorter type 2
DM duration, lower baseline HbA:., and/or
absence of known CVD (29).

One of the most important findings of our
study was that the decrease in MPV level was
similar to the decrease in HbAi. level. When
the initial HbA;. level of patient in SG that was
9.68 at first decreased to 7.58, MPV level
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decreased from 9.16 to 8.68 which was similar
to CG level. These results demonstrated that
individuals diagnosed with DM and having
similar HbA1. level also had similar values of
MPV. The mean HbA levels of patients in SG
decreased % 2.09 and MPV levels decreased
0.47 fL. The changes in HbA1. and MPV levels
were similar (Figure 1). In UKPDS, it was
reported that glycemia and microvascular
complications of diabetes decrease %35, and
cardiovascular complications decrease %25 if
HbA1. levels decline in %1 (19). Han et al.
stated that MPV levels are closely associated
with  cardiovascular diseases and stroke
development (30).

In the event that HbA1. level of the patients
with diabetes reduces, there will be a decrease
in cardiovascular diseases and the other
diseases caused by vascular pathologies. In the
present study, modification of dietary habits,
the transition to intensive insulin therapy, and
OAD change and/or OAD addition were
effective in the reduction of HbA;. levels of
patients in the study group. Of all the
treatment options, intensive insulin therapy
was the most efficient in reducing HbA;. and
MPV  levels.  Additionally, unlike other
treatments, the change in HbA:. and MPV
levels were correlated in intensive insulin
therapy. In the literature, there are two studies
investigating MPV level and the treatment of
DM. In the study which examined MPV level
and the treatment of DM, it was found that
HbA;. and MPV  levels reduced with
metformin, whereas no correlation was found
between HbAi. and MPV (31). When MPV
levels of the patients underwent insulin and
OAD therapy were compared, MPV level of
patients who got insulin  therapy was
significantly lower. However, in that study,
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MPV level of patients who got insulin therapy
was found to be lower than healthy
people(32).

As intensive insulin treatment is effective in
the regulation of diabetes, studies which claim
insulin therapy should be started in the early
stages of diabetes have been conducted.
Kramer et al. suggest that short-term intensive
insulin therapy improves {-cell function and
insulin resistance in patients with early type 2
DM (33). Diabetes is regulated effectively
thanks to intensive insulin treatment. By
decreasing MPV levels, vascular complications
that may occur can be avoided.

The present study had several limitations.
First, present study consisted of findings
obtained retrospective data even if our
work was a prospective study. Second, MPV
measure from the blood samples taken from
individuals were performed immediately (less
than 60 minute). If sodium citrate had been
added to the blood taken from individuals,
the platelet swelling induced by EDTA
could have been avoided. However, MPV
measured using EDTA and Na™ citrate as anti-
coagulants are highly correlated, and reported
differences are consistently <10%. Third, our
findings are based only on the Turkish
population; different results might be seen in
other ethnic groups.

As a result, there is a correlation between
MPV and HbAi. levels in diabetic patients.
Changes in HbA;. levels are similar to the
change in the MPV levels. By controlling
diabetes, MPV levels decrease. The effects
of insulin therapy to be administered
in controlling diabetes are quite evident.
Additionally, it might be expected that the
insulin therapy is quite effective in the control
of vascular events associated with DM.
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