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Purpose: Platelet indices have been shown to be associated with complications of diabetes
mellitus (DM). However, the clinical relevance of platelet indices for assessing the risk of
being microvascular complications among patients with DM is largely overlooked. Hence
this study aimed to determine the association of platelet indices with microvascular compli-
cations among type 2 DM patients.

Patients and Methods: A hospital-based cross-sectional study was conducted among 352
type 2 DM patients from April 1 to May 30/2019 at Debre Berhan Referral Hospital. Data
were collected by interview, physical measurements, document review, and laboratory tests.
Then the data were entered into Epi-data manager-4.4.1.0 and exported into SPSS-25 for
analysis. Platelet indices were compared between participants with and without microvas-
cular complications using an independent z-test. A logistic regression model was used to
assess the association between microvascular complications and platelet indices. All infer-
ences were considered statistically significant at P<0.05.

Results: One hundred seventeen (33.2%) of participants were suffering from at least one
microvascular complications. The mean platelet volume (MPV), platelet distribution width
(PDW), and platelet-large cell ratio (P-LCR) were significantly increased in DM patients
with complications as compared to without complications (13.57+£2.17f1 vs. 11.76+1.93f1),
(16.5742.491 vs. 14.97+2.4111) and (28.09+7.58% vs. 24.19+6.46%), respectively (all are
P<0.001). In multivariate logistic regression analysis, MPV (AOR=1.68, 95% CI: 1.37—
2.05), PDW (AOR=1.37, 95% CI: 1.15-1.63), P-LCR (AOR=1.07, 95% CI: 1.01-1.14), age
(AOR=1.07, 95% CI: 1.01-1.12), and duration of DM (AOR=1.31, 95% CI: 1.18-1.46) were
significantly associated with the presence of microvascular complications.

Conclusion: MPV, PDW, and P-LCR were significantly higher among type 2 DM patients with
microvascular complications. This indicates that platelet indices can be used as prognostic markers
of vascular complications and can be used as simple and cost-effective parameters to predict
microvascular complications particularly in patients with old age and long duration of DM.
Keywords: platelet indices, microvascular complication, type 2 DM, Ethiopia

Introduction

Diabetes mellitus (DM) is a complex metabolic disorder of great impact worldwide
with a central theme of chronic hyperglycemia arising from insulin deficiency or
insulin resistance or both.! Type 2 diabetes mellitus is the predominant form of

diabetes worldwide, accounting for 90% of cases globally.?
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Diabetes mellitus has been growing rapidly as
a worldwide public health problem. According to
International Diabetes Federation (IDF) estimation, as of
2019, 463 million (8.8%) adults had DM worldwide.
These global prevalence is estimated to be increased to
700 million (10.9%) by the end of 2045. It is estimated
that the middle and low-income countries will bear the
brunt of the diabetes epidemic to the extent of 80% of the
global burden.’

The chronic hyperglycemia and attendant metabolic
deregulation of DM resulting in long-term diabetes-
related complications in multiple organ systems of the
body.* These complications are responsible for the major-
ity of morbidity and mortality associated with the disorder
which impairs the quality of life of the patient and imposes
significant cost implications for the patient, relatives, and
the healthcare system.’

If microvascular complications are detected at the earlier
stages it will be useful in controlling them and protecting the
patients from associated adverse events.® However, screen-
ing all DM patients for all microvascular complications has
an economic burden since they involve multiple specialties
and need lifelong follow-up. At this juncture, it may be
helpful if there is a parameter that can find out DM patient
who is at higher risk of developing these complications.™’

Due to metabolic abnormality, platelets in DM are
larger, hyperactive, and release more granules, and have
an increased tendency to thrombotic events leading to both
macrovascular and microvascular complications which in
turn increases morbidity and mortality.”’

Hence, platelet indices which commonly available
from the routine hematological analysis may provide
important information for early detection and evaluation
of diabetes-related complications so that timely interven-
tion could be taken from earlier stages.'®

Nevertheless, measurements of platelet indices are simple,
inexpensive, and easily available from routine laboratories
investigation and are done nearly for every patient coming to
the hospital via a routine complete blood count test, clinicians
were not routinely considered platelet parameters for asses-
sing the status of the patients. Besides data on platelet para-
meter and their association with vascular complications are
scarce in sub-Saharan countries particularly in Ethiopia.

Hence, in view of this, the study was conducted to
assess platelet indices and its association with the micro-
vascular complications among type 2 DM patients attend-
ing Debre Berhan Referral Hospital, North-East Ethiopia.
To the best of our knowledge, this is the first study in

Ethiopia that investigates the relationships between plate-
let indices and diabetes-related complications.

The finding of the study is helpful in establishing the
association between platelet indices and microvascular
complications among type 2 DM patients so as to know
whether platelet indices can be of any help in the early
screening of complications which would reduce morbidity
and healthcare costs of the patients. The study also pro-
vides input for other researchers, as baseline data for
further investigations.

Patients and Methods
Study Setting and Design

A cross-sectional study was conducted among type 2 DM
patients at Debre Berhan referral hospital which is located
130 km North-East of Addis Ababa, the capital city of
Ethiopia from November-1 to December 30/2019. Debre
Berhan Referral Hospital provides DM follow-up services
along with other inpatient and outpatient health care and
medical services. Besides the routine follow-up care prac-
tice, the diabetes follow-up clinic provides diabetes-related
complications screening service for all DM patients for the
first contact. Then every 6 months patients were screened
for these complications.

Study Population and Sampling

Techniques

All type 2 DM patients attending the hospitals during the
study periods were eligible for the study, whereas patients
with a history of blood transfusion in the last three weeks,
taking drugs that cause bone marrow suppression, partici-
pants with a history of blood loss (gastrointestinal or
genitourinary bleeding), pregnancy mothers, male patients
with hemoglobin below 13 g/dl and female patients below
12 g/dl, and patients on antiplatelet drugs were excluded.
Participants with other known chronic diseases (hemato-
logic diseases, malignancies, kidney disease, and chronic
liver disease) were also excluded to rule out any other
causes of reactive platelets.

The required sample size of the study was estimated
using a statistical formula for single population proportion
by taking the prevalence of microvascular complications
as 38.5%,11 a confidence interval of 95% (Z ,,=1.96), and
5% level of precision. Hence, the final sample size was
364. A systematic random sampling technique based on
the order of their visit was used for selecting the study
participants. The first participant was randomly selected by
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writing down the medical record numbers of the first two
participants in separate papers and thereafter selecting one
randomly. Then, every other patient that meets the inclu-
sion criteria was enrolled in the study.

Data Collection Procedures and

Operational Definitions

Data were collected by a face-to-face interview, review of
patient’s medical records, physical measurements, and
collecting laboratory investigation using a pre-tested struc-
tured questionnaire. A detailed history was taken regarding
the socio-demographic and clinical characteristics of the
study participants. Data regarding the presence of hyper-
tension, duration of DM, current treatment for DM, and
diabetes-related microvascular complications were col-
lected from each study participant’s via review of their
medical records.

Regarding anthropometric measurements, weight and
height were measured using an electronic weight scale and
a portable standard stadiometer with proper calibrations to
calculate the body mass index (BMI) as weight in kilo-
grams divided by the square of height in meters.'*'* Waist
circumference was measured to the nearest 0.1 cm with
a non-extensible inelastic measuring tape at the midpoint
between the last rib and the iliac crest at the end of the
normal expiration, with keeping the participant standing
up straight, parallel legs and arms hanging down on the
sides. The measurement was repeated and the average
value was recorded for analysis. Then abdominal obesity
was defined as a waist circumference of greater than 88 cm
for females and greater than 102 cm for males."*

Blood pressure (BP) was measured twice (5 minutes
apart) using a standard digital sphygmomanometer with
appropriate cuffs in a sitting position after at least 5-min-
utes of rest. An average of two measurements was
recorded for analysis. If the difference between the two
readings was >5mm Hg, the measurement was repeated
and the average of the two closest readings was considered
for classifying blood pressure. Then participants with sys-
tolic/diastolic blood pressure levels >130/80 mmHg or
with antihypertensive medication regardless of the current
BP were defined as having hypertension.'”

After overnight fasting, 4 mL of venous blood samples
were drawn with aseptic precautions from the antecubital
vein from each study participant by trained data collectors.
Then 2 mL of the samples were taken in the Ethylene
diamine tetraacetic acid (EDTA) tube for complete blood

count for determination of platelet indices and the remain-
ing 2 mL into a plain tube for plasma glucose analysis.

Analysis of platelet indices was performed by using the
ABX Micros 60 automated hematology cell counter
(Horiba- ABX, Montpellier, France). Plasma glucose
levels were analyzed with a glucometer. The analysis
was done according to standard operating procedures
within 2 hours of sample collection to avoid changes due
to aging of the blood sample.

To ensure data quality, the questionnaire was initially
prepared in English and translated to Amharic language
(local language) by an expert who has a good ability of the
two languages. The Amharic language version again was
retranslated back into English by another expert to ensure
consistency. The questionnaire was pre-tested on 19 type 2
DM patients (5% of the actual sample size) in the Debre
Sina Hospital before it was administered to the study
participants. Based on the pre-test some modifications
have been done to the questionnaire and the modified
questionnaire was used for the final data collection.
Three data collectors (one nurse and two laboratory tech-
nicians) and one supervisor were recruited and one-day
training was given for them by the principal investigator
regarding the objectives of the study, the data collection
procedures, and the confidentiality of the information. The
data collection procedures were checked frequently
through supervision by the investigators and supervisor
for its consistency. Additionally, the collected data were
checked daily by the principal investigator to safeguard its
completeness and clarity.

Statistical Analysis
Before entry, data were cleaned and checked for any
missing values. Then, it entered into Epi-data manager
version 4.4.1.0 and exported to SPSS version-25 software
for statistical analysis. The data were also checked; for its
distribution and outliers before analysis. The normality test
of variables was evaluated by using the Kolmogorov—
Smirnov and Shapiro—Wilk tests. Then the data were pro-
cessed by using descriptive analysis, including frequency
distribution, cross-tabulation, and summary measures.
Data were expressed as mean =+ standard deviation
(£SD) for all normally distributed continuous variables
and as frequency and percentage for categorical variables.
Independent #-test and chi-square test were used to evalu-
ate the differences in the distribution of continuous and
categorical variables with respect to the presence or
absence of microvascular complications, respectively.
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Binary logistic regression analysis was performed to
assess the association between microvascular complications
and platelet indices as the main predictors. In the regression
analysis, other known conventional risk factors for diabetic
microvascular complications were included as covariates in
the model. To identify the predictors that were independently
associated with microvascular complications, only indepen-
dent variables with a P-value <0.25 in the unadjusted model
of logistic regression analysis were included in the multi-
variate logistic regression model. All inferences were con-
sidered statistically significant at P<0.05.

Results
Socio-Demographic Characteristics of

the Participants

A total of 364 study participants were invited and 352 of
them fulfilled the inclusion criteria and volunteered to
participate in the study making the response rate 97.1%.
The mean age (£SD) of the study participant was 54.2
(£8.5) years, ranging from 36 to 76 years. Out of 352
study participants, 184 (52.3%) were females and 225
(63.9%) were from an urban area (Table 1).

Clinical Characteristics of the Participants
More than half (54.5%) of the study participants were
suffering from diabetes for 1-7 years duration. The mean
(xSD) of BMI and waist circumference were found to be
23.3 (£3.7) kg/m? and 84.7 (£6.9) cm, respectively. The
Mean (£SD) of SBP and DBP were also found to be 132.99
(x13.99) mmHg and 82.57 (£11.04) mmHg, respectively,
and 139 (39.5%) were hypertensive. Three-fourths (76.7%)
of the study participants were on oral hypoglycemic agents
and the remaining were on combined treatments of insulin
and oral hypoglycemic agents (Table 2).

Platelet Indices Among the Study
Participants with or without

Microvascular Complications

From the total of the study participants, 117 (33.2%) were
presented with at least one documented record of diabetes-
related microvascular complications, namely retinopathy,
neuropathy, and nephropathy. Among the microvascular
complications, retinopathy, nephropathy, and neuropathy
were seen in 66 (18.8%), 39 (11.1%), and 23 (6.5%)
participants, respectively. One hundred six participants
(30.1%) had only one microvascular complication while
11 participants (3.1%) had more than one complications.

Table | Socio-Demographic Characteristics of the Study
Participants (n=352)

Characteristics Category Frequency (%)
Age* 54.3+8.5
Sex Male 168 (47.7)
Female 184 (52.3)
Educational status No formal education 92 (26.1)
Primary school 78 (22.2)
Secondary school 82 (23.3)
Diploma and above 100 (28.4)
Occupational status Farmer 133 (37.8)
Government employee 147 (41.8)
Private employ 64 (18.1)
Unemployed 8 (2.3)
Marital status Single 44 (12.5)
Married 243 (69.1)
Divorced 30 (8.5)
Widow/Widower 35 (9.9)
Residence Urban 225 (63.9)
Rural 127 (36.1)
Monthly income <5000 ETB 266 (75.6)
=5000 ETB 86 (24.4)

Note: *Expressed as mean * SD.
Abbreviation: ETB, Ethiopian Birr.

Diabetic patients with microvascular complications
showed significantly higher mean platelet volume (MPV),
platelet distribution width (PDW), and platelet-large cell ratio
(PLCR) than DM patients without microvascular complica-
tions (P<0.05). Diabetic patients with microvascular complica-
tions also showed higher plateletcrit (PCT) than those without
microvascular complications; however, these differences were
not found to be statistically significant. On the other hand,
diabetic patients with microvascular complications showed
lower mean platelet count than those without microvascular
complications, however, these differences were also not found
to be significant (P >0.05). Concerning demographic, clinical,
and biochemical indices among the study participants with or
without complications, participants with complications had
significantly higher mean age and duration of diabetes as
compared to patients without complications (P <0.05). The
mean value of BMI, SBP, DBP, and FBS was also found to
be higher among participants with complications as compared
to participants without complication, but only BMI and FBS
were found to be statistically significant (P <0.05) (Table 3).

Regarding the types of microvascular complications,
MPV, PDW, and P-LCR were found to be significantly
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Table 2 Clinical Characteristics of the Study Participants
(n=352)

Characteristics
Age (years), mean (+SD) 54.2 (£8.5)
Duration of DM (years), mean (+SD) 7.5 (24.6)
Antihypertensive medication, n (%) 127 (36.1)
Systolic BP (mmHg), mean (xSD) 133.7 (£14.5)
Diastolic BP (mmHg), mean (xSD) 834 (x11.8)
Hypertension, n (%)

Yes 139 (39.5)

No 213 (60.5)
Body mass index (kg/m?), mean (xSD) 233 (+3.7)
Abdominal obesity, n (%)

Yes 72 (20.5)

No 280 (79.5)
Treatment modality, n (%)

OHA 270 (76.7)

Both OHA and insulin 82 (23.3)
Fasting blood glucose (mg/dl), mean (xSD) 147.9 (£35.2)
Platelet count (x 10%/L), mean (+SD) 266.5 (£51.5)
MPV (fL), mean (£SD) 12.3 (¥2.2)
PDW(fL), mean (xSD) 15.5 (¥2.5)
P-LCR (%) 254 (£7.1)
PCT (%) 0.2251 (+0.06)

Note: Abdominal obesity when waist circumference >102 cm (male) or >88 cm
(female).

Abbreviations: MPV, mean platelet volume; OHA, oral hypoglycemic agents;
PDWY, platelet distribution width; P-LCR, Platelet large cell ratio; PCT, plateletcrit;
SD, standard deviation.

increased in diabetic retinopathy (P<0.001), (P<0.001), and
(P=0.005), respectively and only P-LCR was significantly
increased in diabetic neuropathy (P<0.001). MPV and PDW
were also significantly higher in diabetic nephropathy as
compared to their counterparts (P<0.05) (Table 4).

Factors Associated with Microvascular
Complications Among the Study

Participants

In univariate logistic regression analysis, MPV (COR=1.56,
95% CI: 1.34-1.81, P <0.001), PDW (COR=1.32, 95% CIL:
1.16-1.48, P <0.001), and P-LCR (COR=1.09, 95% CI:

1.04-1.13, P<0.001) were significantly associated with the
presence of diabetes-related microvascular complications
among type 2 DM patients. After adjustment for age, sex,
duration of DM, BMI, waist circumference, systolic and dia-
stolic blood pressure, hypertension, and FBS of the study
participants within multiple logistic regression, MPV
(AOR=1.68, 95% CI: 1.37-2.05), PDW (AOR=1.37, 95%
CI: 1.15-1.63), and P-LCR (AOR=1.07, 95% CI: 1.01-1.14)
remained significantly associated with the presence of micro-
vascular complications and the associations were more
strengthened. Other independent predictors of microvascular
complications in the study were age (AOR=1.07, 95% CIL:
1.01-1.12), and duration of DM (AOR=1.31, 95% CI: 1.18—
1.46) (Table 5).

Discussion

Diabetes is a growing global public health problem asso-
ciated with an increased risk of microvascular and macro-
vascular complications.'® With the easy availability of
various blood tests such as MPV, efforts are made to
identify and prove their utility to act as biomarkers for
early detection of diabetic complications.

In this institution based cross-sectional study, platelet
indices and its association with microvascular complica-
tions among type 2 DM patients at Debre Berhan Referral
Hospital Northeast Ethiopia have been assessed. The study
was found that MPV, PDW, and P-LCR have significantly
increased in type 2 DM patients with microvascular com-
plications as compared to patients without microvascular
complications.

After adjusting for potential confounders in multivari-
ate logistic regression, increases in MPV, PDW, and
P-LCR levels were significantly associated with the pre-
sence of microvascular complications. This was in accor-
dance with studies conducted by Desai et al,'” Tanima
Sushma K and
Rangaswamy M,'® Walinjkar et al,'® Pujani et al,® and
Shilpi et al.*!

On the other hand, the studies conducted by Alhadas
et al,?*> and Subashini et al® have observed that both MPV
and PDW were significantly higher in type 2 DM patients

. . -1
Dwivedi and Reshma Davangeri,'’

with microvascular complications than those without
microvascular complications. Moreover, a significantly
higher value of MPV has observed in the study results of
Yenigiin et al.>* Pradeep Nigam et al,”* Dubey et al*> and
Buch et al.’ In addition to this, Jindal et al’ showed that
PDW was significantly higher in type 2 DM patients with
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Table 3 Comparison of Mean Platelet Indices

the Study Participants (n=352)

and Clinical Characteristics with the Presence of Microvascular Complication Among

Variables Microvascular Complications P-value*
Yes (n=117) No (n = 235)
Platelet indices
Platelet count (<10%/L) 257.9 (+48.5) 270.5 (+52.4) 0.075
MPV (fL) 13.6 (£2.2) 11.8 (£1.9) <0.001#*
PDW (fL) 16.6 (£2.5) 14.9 (£2.4) <0.00 I**
P-LCR (%) 28.0 (£7.6) 24.2 (£6.5) <0.001#*
PCT (%) 0.226 (£0.066) 0.225 (£0.058) 0.861
Socio-demographic and clinical factors
Age (years) 56.8 (£8.9) 53.0 (¢8.1) 0.001#*
Sex, n (%) 0.133
Male 61 (36.3) 107 (63.7)
Female 56 (30.4) 128 (69.6)
Marital status, n (%) 0.074
Single 17 (38.6) 27 (61.4)
Married 77 (31.7) 166 (68.3)
Divorced Il (36.7) 19 (63.3)
Widowed 12 (34.3) 23 (65.7)
Residence, n (%) 0.365
Urban 78 (34.7) 147 (65.3)
Rural 39 (30.7) 88 (69.3)
Duration of DM (years) 10.73 (£5.10) 6.04 (£3.56) <0.001#*
BMI (kg/m?) 24.25 (+4.08) 22.92 (£3.42) 0.008**
Abdominal obesity, n (%) 0.036**
No 85 (30.4) 195 (69.6)
Yes 32 (444) 40 (55.6)
SBP (mmHg) 1352 (£13.9) 131.9 (£13.9) 0.094
DBP (mmHg) 842 (x11.4) 81.8 (£10.8) 0.110
Hypertension, n (%) 0.025%*
Present 59 (42.4) 80 (57.6)
Absent 58 (27.2) 155 (72.8)
FBS (mg/dl) 161.67 (+44.10) 141.62 (+28.29) 0.011#*

Notes: Values are expressed as mean (£SD) unless stated. *P-value calculated by chi-square test for categorical variables and Student’s t-test for continuous variables.

**Significant p-value.

Abbreviations: MPV, mean platelet volume; PDW, platelet distribution width; PCT, plateletcrit; P-LCR, platelet large cell ratio; n, number.

Table 4 Comparison of Platelet Indices According to the Types of Microvascular Complications Among the Study Participant (n=352)

Platelet Indices Retinopathy Nephropathy Neuropathy

Yes No P-value Yes No P-value Yes No P-value
Platelet count (x10°/L) 255.5 (55.1) 268.9 (50.4) 0.111 263.3 (45.8) 266.9 (52.1) 0.743 253.1 (38.9) 267.4 (52.1) 0.297
MPV (fl) mean (+SD) 13.7 (1.9) 12.0 (2.1) <0.001 13.2 (2.5) 122 (2.1) 0.040 13.8 (2.3) 122 (2.1) 0.806
PDW (fl) mean (£SD) 16.7 (2.40) 15.2 (2.5) <0.001 16.6 (2.8) 15.3 (2.5) 0.019 16.1 (1.9) 15.5 (2.6) 0.348
P-LCR (%) 28.0 (7.7) 24.8 (6.8) 0.005 27.4 (6.9) 25.2 (7.0) 0.147 27.8 (8.1) 25.3 (6.9) <0.001
PCT (%) 0.22 (0.06) 0.23 (0.06) 0.754 0.24 (0.07) 0.22 (0.06) 0.222 0.196 (0.07) 0.227 (0.06) 0.054

Abbreviations: MPV, mean platelet volume;

PDW, platelet distribution width; PCT, plateletcrit; P-LCR, platelet large cell ratio.
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Table 5 Factors Associated with Microvascular Complication Among the Study Participants Attending Debre Berhan Referral

Hospital, Northeast Ethiopia, 2018 (n=352)

Variables Univariate Analysis Multivariate Analysis
COR (95% CI) P-value AOR (95% CI) P-value

Platelet count (x10%/L) 0.99 (0.98-1.00) 0.593 0.99 (0.98-1.00) 0.241
MPV (fL) 1.56 (1.34-1.81) <0.001 1.68 (1.37-2.05) <0.001*
PDW (fL) 1.32 (1.17-1.48) <0.001 1.37 (1.15-1.63) <0.001*
P-LCR (%) 1.09 (1.04-1.13) <0.001 1.07 (1.01-1.14) 0.015%
PCT (%) 1.49 (0.02-124.87) 0.860 1.06(0.01-87.10) 0.455
Age (years) 1.09 (1.05-1.13) <0.001 1.07 (1.01-1.12) 0.015%
Sex

Male 1.00 1.00

Female 0.65 (0.38-1.17) 0.118 0.72 (0.31-1.69) 0.452
Residence

Urban 1.00 1.00

Rural 0.77 (0.44-1.36) 0.363 0.98 (0.39-2.43) 0.961
Duration (years) 1.28 (1.19-1.39) <0.001 1.31 (1.18-1.46) <0.001*
BMI (kg/m?) 1.10 (1.02-1.18) 0.010 1.04 (0.89-1.22) 0.565
Abdominal obesity

No 1.00 1.00

Yes 2.01 (1.04-3.90) 0.038 1.32 (0.38-4.63) 0.667
Systolic blood pressure (mmHg) 1.02 (0.99-1.04) 0.095 1.01 (0.94-1.07) 0.522
Diastolic blood pressure (mmHg) 1.02 (0.99-1.04) 0.112 1.09 (0.94-1.16) 0.975
Hypertension

No 1.00 1.00

Yes 1.89 (1.10-3.27) 0.021 1.03 (0.28-3.79) 0.969
Fasting blood sugar (mg/dl) 1.02 (1.01-1.02) <0.001 1.01 (0.99-1.02) 0.194

Note: *Significant p-value.

Abbreviations: MPV, mean platelet volume; PDW, platelet distribution width; PCT, plateletcrit; P-LCR, platelet large cell ratio.

microvascular complications than those without microvas-
cular complications.

An increase in MPV, PDW, and P-LCR is a potential
biomarker of an increase in platelet size and
reactivity.>*!?%?” In hyperglycemic condition, the higher
blood glucose level increases the production of glycopro-
teins and causes non-enzymatic glycation of these proteins
on the surface of the platelets, which decrease platelets
membrane fluidity and causing hyperactive platelets.*®>
Plasma glucose concentration also directly enhances the

activation of the arachidonic acid pathway leads to

increased thromboxane A, formation which is one of the
potent platelet activators and contributes to hyperactivity
of platelets in diabetic patients.*”

Hyperactive platelets are larger, highly active, and
releases more granules and hence causing increased coa-
gulation, impaired fibrinolysis, and endothelial dysfunc-
tion thereby increases the pathogenesis of vascular
complications.'”!” In addition, these hyperactive platelets
are transformed into the multi-pseudopodia structure and
become potentially liable for adhesion and adherence

which leads to vascular complications.'
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Furthermore, in hyperglycemic conditions, the raised
blood glucose level and some glucose metabolites leading
to osmotic swelling of platelets which in turn increase
platelets reactivity, and perhaps shorten the life span of
platelets which reflects the increased release of young and
larger platelets from bone marrow. These young and larger
platelets are more enzymatically and metabolically active
and have an increased tendency to form thrombotic events
leading to both macrovascular and microvascular compli-
cations which in turn increases morbidity and mortality in
diabetic patients.*

In agreement with Dwivedi et al'® and Buch et al’
studies, this study showed that platelet count was lower in
patients with microvascular complications than those with-
out microvascular complications but it was not statistically
significant. One possible explanation for the decreased in
platelet counts in participants with microvascular complica-
tions was centered on the rapid consumption of activated
platelets in diabetics with complications.” Oxidative stress,
characterized by a disturbance between the production of
reactive oxygen species and antioxidant defenses, is
a common condition in type 2 DM, may also exert
a significant effect on the regulation of platelets life span
and platelets homeostasis, thus leading to rapid destruction
of the platelets is another possible explanation.*

Besides platelet indices, in this study duration of DM was
significantly associated with microvascular complications in
which a 1.31-fold increase in the risk of microvascular com-
plications occurrence as the duration of DM increased by one
year. This is in accordance with the results of Bui et al,>* and
Ramnath et al*® in which long duration of DM was reported
to be a non-avoidable risk factor for microvascular complica-
tions. This may be due to the effects of prolonged hypergly-
cemia in the formation of advanced glycation end products
which increases the pathogenesis of vascular complications
in the different organs of the body.***

It was also likely that the difference in the prevalence of
microvascular complications might result from differences in
the age of the participants in which 1.07-fold increase in the
risk of microvascular complications occurrence as the age of
the participants increased by one year. This may be due to the
presence of other co-morbidities, which are common in the
elderly.

Limitations

Regarding the limitations of our study, the lack of
a control group, using plasma glucose levels instead of
glycosylated hemoglobin for assessing glycemic control,

assessing only microvascular complications, and the use of
secondary data for assessing microvascular complications
were the limitations of the study. The study was also
limited in its ability to identify causal relationships
between platelet indices and microvascular complications.
Hence, further studies with more strong study design are
needed to investigate the cause-effect relationship.

Conclusion

MPV, PDW, and P-LCR have significantly increased in type
2 DM patients with complications as compared to those
without complications. The higher values of MPV, PDW,
and P-LCR in participants with microvascular complications
indicates that platelet indices can be used as better prognos-
tic markers for early detection of diabetic complications and
can be used as a simple and cost-effective parameter to
monitor and predict the risk of microvascular complications
and institute appropriate preventive measures in diabetes.

Abbreviations
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interval; DBP, diastolic blood pressure; DM, diabetes mellitus;
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