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Abstract

Background: Despite suggestions that zinc therapy may lessen 
the pain discomfort implicated by zinc – induced thrombotic crisis, 
zinc levels has not been linked to platelet indices in SCD pain. Hence 
the focus. 

Aim: To determine [zinc] and its relation to platelet counts in 
sickle cell disease patients.

Methodology: Ghana Institute of Clinical Genetics (sickle cell 
clinic) was the site for the case-control study. After ethical clearance 
from College of Health Sciences (CHS-Et/M.1-P5.12/2023-2024), a 
validated Tampa scale kinesiophobia (TSK) pain assessment ques-
tionnaires were used for data collection. Ten (10) mls of blood was 
collected, four (4) mL into EDTA tube for full blood count and He-
moglobinopathy on cellulose acetate electrophoresis, while six (6) 
mL was placed in a Serum Separating Tube (SST) for the determina-
tion of zinc. The data was analyzed using the Statistical Package for 
the Social Science (SPSS) version 21 and Microsoft Excel 2016.

Results: Under zinc above threshold stratifications, the average 
platelet count (p = 0.000) and platelet distribution width (PDW; p = 
0.002) were increased in SCD. [Zn] stratifications also related statis-
tically to heart rate, SCD pain in fear avoidance model (TSK), SpO2 
and weight. 

Conclusion: Zinc activated certain platelet differentials caus-
ing an increase in platelet counts and Platelet Distribution Width 
(PDW) in SCD.

Keywords: Zinc; Platelet; Sickle cell disease; Atomic absorption 
spectroscopyIntroduction

The link between zinc and platelet emanated from animal 
studies, importantly, rats subjected to Zn deficiency [1,2]. In 
these studies, prolonged bleeding time and decreased plate-
let aggregation [3] were the prominent findings. Other animal 
modelled experiment has asserted that zinc deficiency could 
impair platelet reactivity to certain agonists [4].

Platelets cannot synthesize fibrinogen [5]. The conversion of 
soluble fibrinogen to insoluble fibrin fibers is best achieved by 
thrombin activation, an essential component of hemostasis [6]. 
Thrombin and other regulating factors like zinc and calcium act 
on fibrin clot structure and mechanical stability [2]. 

Similar to existing literature on calcium, few studies have 
indicated zinc to also simulate thrombin-induced fibrin clot 
formation [7,8]. It has been shown that the association of fi-
brin monomers to protofibrils is greatly enhanced by zinc to a 
greater extent than calcium [2]. Other studies have indicated 

plausible facts that zinc deficiency could impair calcium uptake 
by platelet [9,10] and thus, delay clotting time and prolong the 
bleeding time in rats [12].

Bleeding abnormality linked to Zn deficiency has been impli-
cated in Sickle Cell Disease (SCD) [13]. This deficiency is wide-
spread among SCD patients [14]. These patients do benefit from 
zinc supplements as it has been suggested to decrease vaso-
occlussive crises in SCD [15]. Routine oral zinc supplementation 
has also been shown to decrease the prevalence of diarrhea-
related mortality in subjects at high risk of zinc deficiency [16]. 

One such high risk zinc deficiency is SCD [15]. In West Af-
rica, Ghana has the second highest prevalence (2%) of SCD [17]. 
Even though SCD can cause intravascular and extravascular 
hemolysis [18], it is also, characterized by normocytic intrinsic 
hemolytic anemia [19,20] brought on by defective hemoglobin 
[21]. Despite suggestions that zinc therapy may lessen the dis-
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comfort of painful crisis due to zinc – induced reactive oxidant 
species [22], zinc levels has not been definitively linked to plate-
let differentials in SCD pain. 

SCD patients do suffer thrombotic crisis [23]. Recent stud-
ies have suggested that abnormal platelet function could be 
involved in thrombotic crises [24]. Abnormal platelet includes 
increased platelet count, shortened platelet survival and an in-
crease in platelet activation [25]. Platelet indices such as Mean 
Platelet Volume (MPV), Plateletcrit (PCT), and Platelet Distribu-
tion Width (PDW) are biomarkers of platelet activation [26]. 
These indices, are parameters determined together in an au-
tomated hematological analyzer. The indices relate to morphol-
ogy and platelet proliferation kinetics.

In this paper, it is anticipated that the link between these 
platelet indices under zinc level stratification in SCD will be un-
raveled. Hence the focus.

Aim

To determine zinc levels and its relation to platelet indices in 
sickle cell disease.

Methodology

Study Design

Case-control study.

Study Site

Ghana Institute of Clinical Genetics (sickle cell clinic), Korle-
Bu, Accra.

Study Population 

Sickle cell disease patients attending the Ghana Institute of 
Clinical Genetics (sickle cell clinic) and control subjects at the 
blood bank, Korle-Bu.

Inclusion Criteria

•	 Ballas 2012 criteria was utilized. 

Exclusion Criteria

•	 The following were excluded from this studyPatients 
who declined to respond to the questionnaire were excluded 
from the study.

Sample Size Determination and Sampling Strategy

For precision level in outcome of interest, Cochran formu-
la was used; n = [z2(p)(1-p)]/e2. At 95% confidence interval, z 
=1.96, desired precision ‘e’ of 0.05, and SCD prevalence ‘p’ be-
ing 0.02, the minimum sample size was calculated.

On the field, seventy-three (73) controls and 150 SCD cases 
were obtained, making a total of 223.

Sampling Strategy

Convenient sampling 

Data Collection, Tools and Methods

After obtaining ethical clearance from College of Health Sci-
ences (CHS-Et/M.1-P5.12/2023-2024) and patient’s consent, 
tampa scale kinesiophobia pain rating as well as venous blood 
samples were taken for analysis of full blood count, hemoglobin 
electrophoresis and assessment of zinc levels. These are briefly 
described below:

Tampa scale of kinesiophobia

This is a 17-item questionnaire used to analyze fear associat-
ed with movement due to pain. Individual responses are based 
on the extent to which they agree with the statements which 
ranges from strongly disagree, somewhat disagree, somewhat 
agree and strongly agree. These correspond to a score of 1, 2, 3 
and 4 respectively.

Blood Processing

Four (4) mL of blood for full blood count was obtained in 
EDTA tube from participants while the other 6mL of blood for 
zinc level determination was taken by laboratory assistants at 
the study sites with a syringe into Serum Separating Tube (SST). 
The blood samples were transported on ice to the laboratory. 
After allowing the SST blood to coagulate at room temperature, 
it was centrifuge for five minutes at 3000rpm. The serum was 
kept at -22°C till analysis. 

Cellulose Acetate Electrophoresis

EDTA whole blood sample was centrifuged, red blood cells 
(rbc) obtained and washed 3 times in 0.85% saline and once 
in distilled water. Cellulose acetate membrane was marked and 
moistened with the buffer prior to the start of the experiment. 
Rbc(s) were placed at vantage points on the membrane; time 
and voltage were then set for the electrophoretic run. The mi-
gration of hemoglobin was determined by comparison to a ref-
erence hemoglobinopathy.

The Atomic Spectrophotometer for Assessment of Zinc Lev-
els

The atomic spectrophotometer at Ecolab, University of Gha-
na, Geography Department, as well as standards of operation 
protocol in the Lab was carefully followed to the latter for the 
determination of zinc in study subjects.

Data Handling, Analysis and Presentation

The data was analyzed using the software Statistical Pack-
age for the Social Science (SPSS) version 21 and Microsoft 
Excel 2016. The mean and standard deviation for continuous 
data was determined and student T-test and Analysis of Vari-
ance (ANOVA) were used for statistical association between two 
means and three or more mean values respectively.

Results

Study Participants

The study investigated 150 Sickle Cell Disease (SCD) patients 
and 73 control group (Figure 1 & Figure 2). 

Figure 1: Flowchart for study participants used in data analysis.
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Socio-Demographics

The most recorded clinical manifestations were acute chest 
syndrome (n = 67), severe pain (51), infection (n = 4) and avas-
cular necrosis (n = 7) with relatively few having varying manifes-
tations. Major areas where SCD subjects felt much pain were 
at their back, shoulders, chests, arms, elbow, hip, knee, abdo-
men, wrist and ankle. The mean age for the SCD group was 
29.7±12.2(150) while the mean age for the control group was 
26.3±9.0(73).  Majority of subjects in both SCD and controls 
never smoked. However, few SCD subjects (18.7%) have taken 
alcohol before.

Zinc Levels

Average zinc levels for SCD VOC, SCD steady state and control 
subjects were 2.6±1.1(46), 2.5±1.1(104) and 1.4±1.3(73) µg/ml 
respectively. Reference range for [Zn] was 0.7 to 1.8 µg/ml (Yo-
kokawa et al., 2020).

Study Characteristics

Statistical significance was seen in platelet count, heart rate, 
after zinc level stratification (Table 1) as well as other unique 
statistical finding under increased zinc level stratification (Table 
1).

Normal ranges: 

Platelet count (PLT) = 150 to 400 × 109/L

Plateletcrit (PCT) = 0.22–0.24%

Platelet distribution width (PDW) = 15.1% to 17.9%

Mean platelet volume (MPV) = 7 to 11.5 fL

Discussion

The current study presented a novel insight on zinc above 
threshold stratification levels and showed statistical signifi-
cance with study parameters, most importantly, platelet indices 
among subjects.

It is therefore, presented here for the first time, platelet in-
dices, a biomarker of platelet activation and how zinc affects 
these indices in SCD. This study emanated from our working 
hypothesis that indicated a model by which endothelial injury 
from SCD vasoocclusive crisis could lead to the release of zinc 
from damaged cells, thus, enabling the potentiation of plate-
let activation in response to thrombin. Other studies also sug-
gested an increase in zinc levels within the area of a growing 
thrombus [2,12]. Zinc, released by platelets act as a co-factor 
for the initiation of procoagulant assembly on surfaces of plate-
lets in the endothelial system. Zinc is thereby shown to modu-
late platelet activity by also, acting as an intracellular second 
messenger and thus, influence membrane receptor activity [3].

Zinc - induced platelet activation is actually an integrin αIIbβ3-
dependent. Recent work also suggested that exogenous zinc can 
access platelet cytosol through non – selective transporters and 
cation channels [28]. The presence of significantly increased 
zinc – induced - circulating platelets during acute vaso-occlusion 
in SCD patients could have important implications [29]; since it 
is plausible for red blood cells to sludge or cause stasis in an 
anoxic SCD patient. In SCD vascular injury, exposed collagen and 
von Willibrand factor in the endothelial system allows platelet 
adhesion, in such a way that this process causes the release of 
thromboxane A, adenosine phosphate and thrombin for the 
formation of microaggregates [30,31]. The formed aggregates 
might occlude blood vessels and compromise tissue perfusion 
[32]. Platelets, therefore, play a major role in inflammation. 
Numerous studies have found significant relationship between 
platelet indices and systemic inflammatory reaction syndrome, 
activation of the coagulation system, thrombotic diseases, in-
fection and trauma [33].

Table 1: Study characteristics stratified by zinc levels.
Zn levels <1.8µg/ml Zn levels >1.8µg/ml

Controls Steady state VOC Controls Steady state VOC

AA(38) AS(9) SS(12) SC(7) SS(7) SC(2)

p-
value

AA(18) AS(8) SS(63) SC(22) SS(28) SC(9)

p-
val-
ue

Weight 
(kg)

74.8±11.5 71.4±16.3 61.3±7.5 61.0±10.7 53.7±7.3 65.5±14.8 0.00 72.4±13.9 67.3±7.4 59.0±9.0 62.9±10.3 6.0±10.0 64.2±18.7 0.000

HR 
(bpm)

74.30±8.0 73.8±11.4 82.8±6.8 82.6±7.8 90.6±10.6 86.0±5.7 0.000 78.6±6.7 74.4±7.0 84.7±8.2 81.5±10.2 88.3±9.9 85.4±10.9 0.000

SpO2 87.9±11.9 88.9±11.2 94.3±6.1 96.0±4.5 94.3±2.6 97.0±1.4 0.142 98.2±1.2 97.9±0.6 95.8±2.1 97.5±1.5 95.5±2.1 96.7±2.0 0.000

TSK 20.7±6.0 1.3±5.1 35.3±7.8 41.1±5.8 42.1±12.3 23.5±0.7 0.000 25.2±6.4 22.1±3.2 35.3±6.2 35.0±8.0 36.7±6.3 39.6±6.3 0.000

Plt 
(103/
mm3)

192.0±148.0 198.9±140.7 352.3±109.6 272.7±84.2 555.6±267.8 224.5±72.8 0.000 217.3±72.6 251.3±52.9 417.3±139.7 284.8±77.0 443.3±134.5 268.0±139.0 0.000

MPV 7.2±3.6 8.2±3.5 8.5±0.8 8.3±0.4 7.8±0.6 7.9±0.3 0.761 9.1±0.5 9.5±0.5 8.1±0.7 7.9±1.1 8.0±0.7 7.7±0.5 0.000

PCT 0.3±0.1 0.3±0.2 0.3±0.2 0.2±0.1 0.4±0.2 0.2±0.1 0.192 0.2±0.1 0.2±0.1 0.3±0.1 0.2±0.1 0.4±0.1 0.2±0.1 0.000

PDW 17.9±5.7 20.7±8.5 17.8±1.4 16.1±0.9 17.0±1. 17.6±1.1 0.588 18.4±1.6 19.1±2.5 16.1±3.3 17.2±1.5 17.0±1.3 16.9±2.0 0.002
Legend: *mean ± sd; HR: Heart Rate; Plt: Platelet; MPV: Mean Platelet Volume; rbc: Red Blood Cell; VOC: Vaso-Occlussive Crisis; PCT: Plateletcrit; SpO2: Oxygen 
saturation; PDW: Platelet distribution width

Figure 2: Cellulose acetate electrophoretogram for the hemoglo-
binopathy identified in this study.
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Whenever there is a decreased platelet production, MPV lev-
els may increase [34] and vice versa. Under physiological condi-
tions, MPV directly relates to PDW in the same direction (De 
Luca et al., 2014); while the number of platelets in SCD blood is 
maintained at equilibrium by elimination and regeneration. In 
this study, platelet counts and PDW were increased in SCD while 
PCT and MPV were within normal limits under zinc stratifica-
tion. Genetic and some environmental factors might have modi-
fied these indices [35]. Increased platelet count in SCD has been 
well established by several studies [36-38] with limited informa-
tion of PDW in SCD. One study indicated an increase of PDW in 
SCD patients experiencing vasoocclussive crisis [39]. Others as-
sociated PDW with cerebrovascular events and mortality [40]. 
In our study, PDW levels were rather increased in all groupings, 
whether control or steady state SCD or SCD with Vaso occlusive 
crisis. Thus, indicating the influence of zinc on PDW.  

Subjects experiencing severe pain or vasocclusive crisis had 
relatively higher TSK values indicating their fear of movement 
and establishing SCD hallmark of sudden onset of excruciating 
musculoskeletal painful episodes.

The study population’s characteristics data conformed to the 
existing literature that SCD subjects were relatively lean [37] 
and had increased platelet counts. Leanness may be related 
to retarded growth brought about by perhaps, zinc deficiency 
(Table 1).

Limitations

The present study was unable to indicate whether increased 
platelet indices were primary or secondary, even though there 
was some level of understanding that platelet activation might 
be secondary to the sludging of red blood cell and/or tissue an-
oxia.

Conclusion

Zinc increased platelet activation in SCD and this contributed 
to the progression of thrombotic crisis in SCD pain.

Recommendation

Future studies are required for the understanding of plate-
let - zinc signaling pathways that contribute to zinc - induced 
platelet activation.
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