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Abstract: Platelets indices have been recently reported as clinically useful biomarkers. In most clinical laboratories
in Sudan; platelet indices are not reported/or evaluated, this could be of lack of knowledge about their availability,
importance, and local laboratory reference values. The study aimed to determine the Sudanese reference value for
platelet count and indices, to investigate whether a significant age/gender difference are exists. A total of 300
apparently healthy Sudanese; 150 males and 150 females, their ages range between 10 and 60 years; categorized in
5 groups. A full blood count was performed using Sysmex KX-21 blood analyzer and the platelet count and indices
were recorded. The following reference values were obtained for platelet count — males 130-357x10° /ul , females
146-378 x10%/ul; mean platelets volume (MPV) — males 8.4-11.4 fl, females 8.0-11.6 fl; platelets distribution width
(PDW) — males 8.7-15.7 fl, females 7.8-16.2 fl; platelets -large cell ratio (P-LCR) — males 12.7-36.1%, females 10.9-
38.8%; plateletcrit (PCT)-males 0.14-0.24%, females 0.13-0.33%. A significant difference between males/females
and ages below/over 35 years were obtained for platelet count (p: 0.0001, 0.0001) and PCT (p: < 0.0001, 0.0006);
respectively, while other indices did not show significant differences. This study illustrated the importance of
determining local reference values, because populations, reagents and instruments may differ from published
reference values. These reference values pave the way for the clinicians to apply these indices in the investigations
of disease states.
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I. INTRODUCTION

Automated hematology analyzers have contributed to more accurate, precise, and faster results. [1].They also made it
possible to determine other parameters that had not previously been measured [2]. Sysmex KX-21 one of these blood
analyzers is wide commonly used in most of clinical laboratories in Khartoum, it is used to determine full blood counts
including platelet counts and its volume indices. Platelets indices affected by a wide range of variables that interfere with
its value [3]. Evidence exists that reference values indicated by some manufactures may be unsuitable for every laboratory
and therefore local laboratory reference values for platelet indices should be established [1], [4], [5].The importance of
determining local references values stems from the observation that laboratory machines may be using different
measuring principles and population dynamics vary [5].

Platelet indices including mean platelet volume (MPV), platelet distributing width(PDW), platelet large cell ratio (P-LCR)
and plateletcrit (PCT) offer valuable information about the morphology and maturity of platelets. MPV is a measurement
of the average size of platelets in blood [5].The higher MPV is a larger platelets size. PDW reflects the variability in the
platelets size [6] and it's therefore increased in the presence of platelets anisocytosis. PCT is an expression of a percentage
that reflects the volume occupied by platelets in blood [7]. PCT is directly related to the platelet count and the size of the
platelets [8]. It has been suggested that platelet indices are potentially useful markers for the early diagnosis of many
types of diseases, can play a role in the rapid evaluation of bone marrow activity of patients with platelet-associated
disorders [9, ] [10], [11], [12], [13], [14], [15]. MPV reflects an atherosclerothrombic tendency in the human body [16, ]
[17], [18]. MPV and P-LCR are indicators of active bone marrow [19], [20]. On the other hand, PCT and PDW can be
used to differentiate reactive thrombocytosis from myeloproliferative disorders [11], [13], [21], [22].
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These parameters are now available, but they are not reported in most clinical laboratories in Sudan because clinicians are
not aware that they are available, and the reference ranges with which the patients' results should be interpreted are not
known. Thus, the present study aimed to establish Sudanese reference ranges for platelet count and its volume indices, to
investigate whether there is a significant gender and age differences.

Il. MATERIAL AND METHOD

Ethical approval was obtained from the Research Ethics Committee at FMLS-Khartoum University. A cross sectional
study was carried out in Khartoum state among apparently healthy Sudanese during a period of January to April 2014. A
written informed consent was obtained; demographic data were recorded in a questionnaire. Individual with any
condition affecting platelets number or function was excluded. A total of 300 subjects were included from different
schools/universities, private/governmental institutions, and different companies, 150 males and 150 females with different
age groups, their ages ranged between 10 and 60 years old. Multistage sampling method was followed; study population
was categorized in 5 age groups, each group consists of equal numbers of subjects for both genders.

From each enrolled subject EDTA- K3 venous blood sample (3 ml) was collected, mixed gently, and was delivered within
30 minutes hour of collection for laboratory analysis. Platelets count including platelets indices was performed as part of
full blood count by automated procedure using Sysmex KX-21 blood cell analyzer. The whole blood mode was
selected to analyze blood sample without pre-dilution .

The results data was collected analyzed using Microsoft office Excell (2007) and SPSS program and presented in tables
and figures. Reference value was calculated as mean-2SD to mean+2SD, simple T-test was used to compare the
reference value of platelets count and platelet indices between both genders and different age groups.

I11. RESULTS

The full blood counts of 300 individuals (150 male and 150 female) between the ages of 10 and 60 year were analyzed on
the Sysmex KX-21 blood cell analyzer to obtain the platelet count and platelet indices (PDW, MPV, PCT, and P-LCR).

A. Platelet count and platelet indices:

Means, standard deviations and reference values of platelet counts and indices of the entire study population is presented
in TABLE 1. It should be noted that the study population’s reference value for platelet count (146 — 378 x 10%L) is
approximately similar to the reference value that is in current use (150 — 450 x 10°/L).

B. Platelet count and platelet indices in regard to gender:

In TABLE II, the reference values are listed separately for males and females and the p-value is noted to indicate whether
the difference is significant (p < 0.05) between male and females. It can be noted that the females® value (161-399 x 10%/
L) for platelet count is perfectly within the reference value currently in use at local laboratories, while in the platelet
count’s reference value of male participants (130-357 x 10° L) the upper and lower limits were below than that in current
use. The platelet count and PCT reference values between males and females were both significant with p-values of
0.0001 and 0.0001, respectively. MPV, PDW, and P-LCR did not show a significant difference.

C. Platelet count and platelet indices in regard to age:

In TABLE 1, the reference values are listed separately for subject below 35 year of age and over 35 year of age and the
p-value is noted to indicate whether the difference is significant (p < 0.05) between subjects below/over 35 years old age.
It can be noted that the subject <35 year of age the range (150-401 x 10% L) for platelet count is perfectly within the
reference value currently in use at local laboratories, while in the platelet count’s reference value of the subject >35 year
of age participants (146-358 x 10% L) the upper limit was below than that in current use. The platelet count and the PCT
reference values between subjects below/over 35 years old age were both significant with p-values of 0.0001 and 0.0006,
respectively. MPV, PDW, and P-LCR did not show a significant difference.

D. Comparison of platelet indices results with other published results:

The findings of present study compared well with those of others published in the literature though there are slight
differences, TABLE IV. It must be considered that the different instruments give different results. Technicon blood
analyzer measures PDW as percentage and not as femtoliter as other instruments, thus in some cases the results cannot be
compared with other instruments’ measurements. Results are from different continents of the world and the study
population varies from one study to the next.
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IV. DISCUSSION

The study populations’ ages ranged from 10 to 60 year and comprised both males and females. Sudanese have genetic
mixure of afro-arab race. We categorized the study population into groups according to their ages range. We analyzed the
platelets count and indices by using automated blood analyzer Symex KX-21 and compared the results of platelets count
and indices in both genders and different age groups to find any statistical significant differences, TABLE II, I1l, and Fig.
1.

The significant difference between the genders for platelet count and PCT results is in line with what has been published
in the literature [23], [24]. A study done by Pekelharing et al [25] found significant difference between females and males
with p < 0.0001. The difference can possibly be ascribed to the different hormonal profiles amongst the gender [26].
Another study done by Botma et al [2] found significant difference between males and females for platelet count and PCT
(p- value <0.05). The present study also revealed a significant differences of platelet count and PCT in ages below and
over 35 year old; which in line with a study of Giacomini et al [23] who divided their study subjects into groups according
to age, for example 1-10, 18-45 and 45-65, and found a difference among the platelets and different platelet indices during
different life stages. Platelets count and PCT decrease from childhood but remain steady afterwards.

In this study the MPV reference value of 8.4-11.4 fl was found for males and 8.0-11.6 fl for females. These reference
values compared well with other studies[4], [23].Wakeman et al [4] determined reference values for MPV separately for
males and females on the Sysmex XE-2100 and concluded that there was no significant difference between males and
females (p = 0.426), which confirms this study’s findings as declared in TABLE Il. In a study done on the Sysmex XE-
5000 which is similar to the Sysmex KX-21, the difference in MPV reference value for males and females was found to
be significantly different with a p-value of 0.0006 [25].This may be due to the genetic differences among the populations,
as the instruments used similar measuring principle.

The reference values of PDW in both male 8.7-15.7 fl and female 7.8-16.2 fl compared well with those published in the
literature[15], [25]. Botma et al [2] have reference values for PDW, males 9.3-14.3fl and females 9.8-16.0 fl, that closely
resemble that of this study’s population. They found no significant difference in PDW between males and females as in
our study results. The literature describes several other studies that were performed to determine PDW reference values,
but the results are expressed as percentages, probably due to different analyzers being used (e.g. Technicon H*2) and can
thus not be compared to results found in this study [27].

In the present study the P-LCR reference value of 12.7 - 36.1% was found for males and 10.9 - 38.8%; with no significant
difference. Pekelharing et al [25] determined reference ranges for P-LCR separately for males and females on the Sysmex
XE-5000 and concluded that there was significant difference between males and females (p = 0.0004), this could be of the
genetic differences among the populations studied and the difference in measuring principle of the instrument used.

V. CONCLUSION

The reference values obtained in this study compared well with the results in the literature. There was a significant
difference for platelet count/PCT between males/females and ages below/over 35 year. However, gender and age have no
significant effects on platelet indices. These established local reference values will enable the laboratory to effectively use
the blood cell analyzer and provide a better service to clinicians who could use these results to provide better care to
patients.
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Figure I: MEA OF PLATELET INDICES AMONG DIFFERENT STUDIED AGE GROUPS

List of Tables:

TABLE I: MEAN, S.D AND REFERENCE VALUES OF PLATELETS COUNT AND INDICES

Variable N Mean SD Min Max Reference value
PlateletsX10°/L 300 261 57.9 140 439 146 — 378
MPV/Al 300 9.9 0.85 6.7 12.6 8.2-11.6
PDWI/fl 300 12.1 1.8 1.4 19.3 8.3-15.9
P-LCR% 300 24.6 6.4 8.3 44.2 11.8-37.4
PLC% 300 0.23 0.05 0.11 0.40 0.13-0.34

TABLE IlI: REFERENCE VALUES FOR PLATELETS COUN/INDICES IN MALES/FEMALE

Research Publish Journals

Variable N/150 Mean SD Mean- Mean+ Reference P- value
2SD 25D Range
Plateletsx10%L | F 280 59.5 161 399 161 - 399 0.0001
M 243 56.6 130 356 130 - 357
MPV/fl F 9.9 0.96 8.0 11.8 8.0-11.6 0.7
M 9.8 0.75 8.3 11.3 8.4-11.4
PDW/ F 11.9 2.1 7.7 16.2 7.8-16.2 0.3
M 12.1 1.6 8.6 15.7 8.7-15.7
P-LCR% F 24.8 6.9 10.9 38.7 10.9 - 38.8 0.5
M 24.4 5.8 12.7 36.1 12.7 - 36.1
PLCY% F 0.23 0.05 0.12 0.33 0.13-0.33 0.0001
M 0.24 0.05 0.14 0.34 0.14-0.24
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TABLE Ill: REFERENCE VALUES OF PLATELETS COUN/INDICES IN AGE BELOW/OVER 35 Y

Variable N/150 Mean SD Mean- Mean+ Reference P- value
25D 25D Range
Plateletsx10°/L | <35 275 62.8 150 401 150 - 401 0.0001*
>35 247 55.3 146 357 146 - 358
<35 9.8 0.86 8.1 11.5 8.1-11.6 0.4
MPV/l >35 9.9 0.87 8.2 11.6 8.2-11.7
PDW/A <35 12 1.6 8.7 15.3 78-15.4 0.5
>35 12.1 1.9 8.3 16.0 8.3-16.1
P_LCR% <35 24.2 6.3 11.6 36.9 11.7-37 0.5
>35 24.8 6.5 11.7 37.8 11.8-37.9
PLC% <35 0.26 0.05 0.15 0.37 0.15-0.37 0.0006**
>35 0.24 0.05 0.13 0.34 0.14-0.34

TABLE IV: COMPARING PLATELET IDICES RESULTS WITH OTHER PUBLISHED STUDIES

population | Instrument sex N MPV/fl PDWIHl PCT% Author
Iranian Technicon M/F 993 7.4-10.7 | 40-57% | 0.13-0.32 Adibi
H*2 [24]
German Sysmex M/F 309 9.1-121 | 9.9-16.1 | 0.17-0.39 Pekelharing
XE -5000 [22]
S. African Sysmex M/F 60 8.8-125 | 9.3-16.0 | 0.19-0.40 Botma
XE-2010 2
Sudanese Sysmex M/F 300 8.2-11.6 | 8.3-159 | 0.13-0.34 Present
KX -21 study
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