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					Abstract  

					Background: Thrombospondin-1 (TSP-1), a platelet-derived adhesive glycoprotein, contributes to vaso-  

					occlusive crises (VOC) in sickle cell anaemia (SCA). Although elevated TSP-1 levels have been reported in  

					paediatric and high-income settings, its relationship with platelet indices inAfrican adults with SCAremains  

					poorly defined. This study aimed to evaluate serumTSP-1 concentrations in adult Nigerian patients with SCA  

					during VOC and steady state, and to explore associations with platelet indices and haematological  

					parameters.  

					Materials and Methods: We conducted a cross-sectional comparative study at Ahmadu Bello University  

					Teaching Hospital (ABUTH), Zaria, Nigeria. Participants comprised 40 SCA patients in VOC, 40 in steady  

					state, and 40 age- and sex-matched HbAA controls. Clinical data were obtained using a structured  

					questionnaire. Complete blood counts and platelet indices were analysed using an automated haematology  

					analyser, and serum TSP-1 was quantified by enzyme-linked immunosorbent assay (ELISA). Group  

					comparisons were performed usingANOVA, correlations were assessed with Pearson's or Spearman's tests as  

					appropriate, andpredictorsofTSP-1 wereidentifiedbymultivariablelinearregression.  

					Results: A total of 120 participants were enrolled (median age 26 years, 67·5% female). Mean TSP-1 levels  

					were significantly higher in VOC (406·0 ng/mL, SD 164·6) than steady state (312·4 ng/mL, SD 145·6) and  

					controls (192·3 ng/mL, SD 121·2; p < 0·001). In steady state, TSP-1 correlated positively with haemoglobin  

					(r = 0·42, p = 0·01) and haematocrit (r = 0·49, p = 0·01), but inversely with mean platelet volume (r = –0·38, p  

					= 0·02) and platelet large cell ratio (r = –0·36, p = 0·02). During VOC, TSP-1 showed a modest inverse  

					correlation with numeric pain scores (rs = –0·41, p = 0·01). In multivariable regression, white blood cell count  

					independentlypredictedTSP-1 levels(β= 7.309, t = 2.285, p = 0.024).  

					Conclusion:TSP-1 levels were markedly elevated duringVOC in adult Nigerian patients with SCAand were  

					independently associated with leukocytosis. Platelet indices are significantly altered but added limited  

					predictive value for TSP-1 variance, supporting their role as complementary rather than substitute  

					biomarkers.  
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					Sickle cell anaemia (SCA) is the most common and severe form of sickle  
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					cell disease (SCD), representing about 70% of all cases worldwide.1,2 It is a  
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					major global health problem, with an estimated 300,000 affected newborns  

					annually, and more than 80% of these births occuring in sub-SaharanAfrica,  

					particularly in Nigeria and the Democratic Republic of Congo.2,3,4 In Nigeria  
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					alone, over 150,000 babies are born with SCAeach year, with 10–30% of the  

					population carrying the sickle cell trait and approximately 2–3% affected by  

					the disease.2,5 Despite significant advances in newborn screening and early  

					interventions in high-income countries—where up to 94% of children now  

					survive to adulthood—mortality rates remains high in sub-Saharan Africa.6  

					It is estimated that 50–90% of affected infants in low-resource settings die  

					before their first birthday, largely due to late diagnosis, poor access to care,  

					andunder-recognitionofdiseasecomplications.6  
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					The hallmark clinical feature of SCA is the vaso-occlusive crisis (VOC), a  
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					painful and often debilitating complication that results LCR), platelet–large cell concentration (P-LCC), and  

					from microvascular obstruction.7,8,9 VOC is driven by plateletcrit (PCT). These parameters reflect platelet  

					complex interactions between sickled erythrocytes, size, morphology, and activity, and abnormalities have  

					leukocytes, platelets, andplasmaproteins.10,11,12  

					been observed in both acute and chronic diseases,  

					includingSCA.28  

					Recurrent pain episodes are the leading cause of  

					hospital admissions among SCA patients, contributing In SCA, increased MPV has been linked to greater  

					to a marked reduction in quality of life (QoL).13 In the disease severity and frequency of VOC.28 Studies have  

					United States alone, direct annual healthcare costs for demonstrated positive correlations between MPV and  

					SCA-related pain crises exceed US$1.1 billion.14,15 pain scores during VOC, as well as with annual crisis  

					Hospitalizations for pain are also a strong predictor of frequency and cerebrovascular events.29,30,31 Similar  

					early mortality, and in Nigeria, approximately 20.7% of associations have been reported for PDW, which tends  

					affected families experience catastrophic health to be higher in VOC compared with steady state.32  

					expenditures related to disease complications.15,16,17 The Although MPV and PDW often rise together following  

					frequency of hospital attendance due to VOC varies platelet activation, PDW may be a more specific  

					widely, with 0.5–27.9% of patients seeking care marker, and their combined measurement may improve  

					annually and 0.3–5% requiring emergency predictive accuracy for coagulation activation.33 Other  

					intervention.18  

					indices, such as P-LCR and PCT, have shown  

					inconsistent associations with SCA complications,  

					Platelets play an important role in the pathophysiology though some studies suggest they may also increase  

					of VOC. They contribute to vascular occlusion by withVOC frequency.31,34  

					r e l e a s i n g a d h e s i v e p r o t e i n s , i n c l u d i n g  

					thrombospondin-1 (TSP-1), stored in their alpha These findings underscore the potential of platelet  

					granules.19,20 TSP-1 is a multifunctional glycoprotein indices as inexpensive, rapid, and widely accessible  

					that not only enhances cellular adhesion but also biomarkersofdiseaseactivityandprognosis.  

					inhibits nitric oxide (NO) signalling and promotes anti-  

					angiogenic activity.20,21 Although platelets are a major Despite extensive research on platelet biology in SCA,  

					source of TSP-1, other cell types can release it in relatively few studies have examined the relationship  

					response to injury or inflammatory stimuli. Upon between TSP-1 and platelet indices, particularly in  

					plateletactivation, alpha granules releaseTSP-1, which adults. Most available data come from paediatric  

					can bind to platelet surfaces, stabilize aggregates populations or from high-income settings. This  

					through crosslinking fibrinogen–GpIIb/IIIa knowledge gap is important because, in Nigeria and  

					complexes, and promote adhesion to vascular similar low-resource settings, increasing numbers of  

					endothelium via GpIb receptors.22,23,24 These processes SCA patients are surviving into adulthood.  

					contribute to the formation and persistence of Furthermore, VOC-related complications tend to  

					microvascularocclusionsinSCA.  

					increase with age, underscoring the need for improved  

					risk stratification in this population. Since TSP-1  

					Several studies have shown that plasma TSP-1 levels assays are not routinely available and have long  

					are elevated during VOC compared with steady-state turnaround times, identifying surrogate markers based  

					SCA and healthy controls.2 5 , 2 6 High TSP-1 on readily available platelet indices could have  

					concentrations have been linked to increased sickle substantialclinicalutility.  

					erythrocyte adherence to the vascular endothelium,  

					acting as a molecular bridge between receptors on The current study therefore aimed to evaluate serum  

					erythrocytes and endothelial cells.27 Elevated TSP-1 TSP-1 levels in adult SCApatients, both in steady state  

					has also been associated with a history of acute chest and during VOC, and to explore their relationship with  

					syndrome, pulmonary embolism, more frequent VOC various platelet indices and other haematological  

					episodes, lower haemoglobin levels, and higher parameters. By identifying correlations betweenTSP-1  

					markers of haemolysis, such as lactate dehydrogenase, and simple, inexpensive laboratory measures such as  

					aspartate aminotransferase, and bilirubin.19 In steady MPV, PDW, PCT, and platelet counts, it may be  

					state, TSP-1 levels correlate with platelet count; possible to develop practical tools for predicting VOC  

					however, this relationship is often lost during acute risk and guiding early intervention. Such an approach  

					VOC.19  

					could be particularly valuable in resource-limited  

					settings, where access to advanced laboratory assays is  

					Platelet activation can be assessed indirectly through restricted, but automated blood counts are increasingly  

					platelet indices (PIs), which are routinely available as available.  

					part of automated blood counts. Commonly reported  

					indices include mean platelet volume (MPV), platelet Given the established role of TSP-1 in mediating sickle  

					distribution width (PDW), platelet–large cell ratio (P- erythrocyte adhesion and stabilizing thrombi, and the  
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					documented abnormalities in platelet indices in SCA, count (CBC) parameters and serum TSP-1  

					understanding their interrelationship could shed light concentrations.  

					on the mechanisms underlying VOC and other  

					complications. Moreover, this knowledge could Laboratoryinvestigations  

					contribute to the development of cost-effective Venous blood (8 mL) was drawn from the antecubital  

					biomarker strategies that improve patient outcomes vein under aseptic conditions. Three milliliters were  

					whileminimizingcosts.  

					placed in a K₃-EDTAanticoagulated tube, gently mixed  

					to prevent clotting, and analysed within 6 hours for  

					CBC using an automated haematology analyser  

					(Dymind DH36, China). Parameters measured  

					Materials and Methods  

					Study Design and Population  

					This was a cross-sectional comparative study included red cell count, haematocrit, red cell indices  

					conducted at the Department of Haematology,Ahmadu (mean corpuscular volume [MCV], mean corpuscular  

					Bello University Teaching Hospital (ABUTH), Zaria, haemoglobin [MCH], mean corpuscular haemoglobin  

					Nigeria.  

					concentration [MCHC], red cell distribution width  

					[RDW-SD, RDW-CV]), totaland differentialwhite cell  

					Participants comprised three groups: adults with SCA counts, platelet count, and platelet indices - MPV, PCT,  

					(HbSS on haemoglobin electrophoresis) either PDW, P-LCR, P-LCC.  

					experiencing vaso-occlusive episode (VOC) or in  

					steady state, and age- and sex-matched healthy controls The remaining 5 mLof blood was placed in a plain tube,  

					(HbAA on haemoglobin electrophoresis). Eligible allowed to clot, and centrifuged to obtain serum, which  

					SCA patients were aged 18 years or older and were was stored at –20°C until analysis. Serum TSP-1 was  

					either in steady state or presenting with VOC. Steady quantified using a commercially available enzyme-  

					state was defined as the absence of acute painful crisis, linked immunosorbent assay (ELISA) kit according to  

					hospital or emergency department visits for VOC in the themanufacturer'sinstructions.  

					preceding four weeks, no blood transfusion in the  

					preceding four months, no intercurrent illness Statisticalanalysis  

					(including infection) in the preceding four weeks, and Data were analysed using SPSS version 28 (IBM Corp.,  

					no antibiotic use within the preceding three weeks.35 Armonk, NY, USA). Categorical variables were  

					Exclusion criteria for SCA participants included summarised as frequencies and percentages, with  

					current hydroxyurea therapy, receipt of a blood associations between categorical variables assessed  

					transfusion within the past three months, pregnancy, or using Chi-square χ² tests. The distribution of  

					use ofantiplateletagentswithinthepreceding10 days.  

					continuous variables was tested using the  

					HbAA controls aged ≥18 years were recruited from Shapiro–Wilk test. Normally distributed variables  

					hospital staff and relatives of the participants. were reported as mean (SD), and non-normally  

					Individuals with HbAS or other haemoglobin variants distributed variables as median (IQR). Group  

					on Hb electrophoresis, a history of blood transfusion comparisons were made using independent t tests for  

					within the past three months, pregnancy, or antiplatelet haematological parameters and Mann–Whitney U tests  

					use within10 dayswereexcluded.  

					for non-normallydistributedclinicalvariables  

					Sample sizeand sampling  

					Correlations of serum TSP-1 levels with platelet  

					The minimum required sample size per group was indices and other haematological parameters were  

					calculated using the formula for comparison of means assessed using Pearson's correlation, while correlations  

					between two groups,36 with an effect size of 0.74 with non-normally distributed clinical variables was  

					derived from previously reported mean serum determined using Spearman's rank correlation  

					thrombospondin-1 (TSP-1) levels in SCA (148.4 coefficients. Multiple linear regression analysis was  

					ng/mL, SD 82.7) and HbAAcontrols (99.9 ng/mL, SD performedto determineindependentpredictorsofTSP-  

					41.3).37 With α = 0.05 and 90% power, 40 participants 1 variance. A p- value ≤ 0.05 was considered  

					were required per group with a total of 120 across the statisticallysignificant.  

					three groups. Participants and controls were recruited  

					consecutively as they presented to the haematology Ethicalconsiderations  

					day-careor sicklecellclinic.  

					The study was approved by the Health Research Ethics  

					Committee of ABUTH, Zaria, Nigeria. Written  

					informed consent was obtained from all participants  

					Data collection  

					Data were obtained using a structured, interviewer- before enrolment, after providing detailed information  

					a d m i n i s t e r e d q u e s t i o n n a i r e c a p t u r i n g about study objectives and procedures. All data were  

					sociodemographic characteristics, clinical history, and keptconfidentialandanonymisedduringanalysis.  

					findings from general physical and systemic  

					examination. Laboratory data included complete blood  
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					Results  

					Participantcharacteristics  

					SCAparticipants.  

					A total of 120 individuals were enrolled in the study, Haematologicalparameters  

					comprising 40 patients with sickle cell anaemia (SCA) Marked differences in haematological indices were  

					in vaso-occlusive crisis (VOC), 40 patients in steady observed across the three study groups (Table 2). Both  

					state (SS), and 40 age- and sex-matched healthy HbAA VOC and steady-state patients had significantly lower  

					controls. The median age of the entire cohort was 26 mean haemoglobin (Hb) levels (8.0 ± 1.3 g/dLand 7.7 ±  

					years (IQR 22–29), with little variation across groups. 1.6 g/dL, respectively) and haematocrit (Hct) (23.1%  

					Age distribution was similar, with 45% of participants and 23.0%) compared with HbAA controls (12.5 ± 1.6  

					aged 18–24 years and 32·5% aged 25–29 years. g/dL, 41.1%; p < 0.001 for both). White cell counts  

					Overall, 39 (32·5%) were male and 81 (67·5%) were were elevated in SCA, particularly during VOC (16.2 ×  

					female, with sex proportions balanced across groups. 10⁹/L vs 11.5 × 10⁹/L in steady state and 5.2 × 10⁹/L in  

					The majority of participants were single (70·8%), controls; p < 0.001). Platelet counts were also  

					particularly among SCA patients, while a higher significantly higher in SCA patients than controls  

					proportion of controls were married (35·0%). Students (377.7 × 10⁹/L) than in controls (284.2 × 10⁹/L, p <  

					formed the largest occupational group (59·2%), and 0.001). Platelet indices demonstrated group-specific  

					educational attainment differed significantly: 97·5% of variations (Table 2). Mean platelet volume (MPV) was  

					HbAA controls had tertiary education compared with lowest in steady state (8·9 fL) compared with Hb AA  

					65·0% of VOC patients and 32·5% of those in steady (9·5 fL, p = 0·004), while plateletcrit (PCT), was higher  

					state.  

					in SCA than Hb AA (0·34% vs 0·27%, p<0·001).  

					Platelet distribution width (PDW) was significantly  

					increased in both SCA groups compared with controls  

					Clinicalprofileof SCApatients  

					Among SCA participants, 75·0% of those in VOC and (p < 0·001), and was higher in VOC than steady state  

					87·5% of those in steady state had a history of blood (15·9 vs 15·5, p = 0·002). The platelet large cell ratio  

					transfusion in their lifetime. Hospital admissions in the (P-LCR) was reduced in steady state relative to HbAA  

					preceding year were significantly more common in (19·6% vs 24·0%, p = 0·009). These findings  

					VOC patients (72.5%) than in steady state (42.5%) (OR underscore the haematological activation and  

					= 3.57, p = 0.007). Febrile episodes were also more dysregulation characteristic of SCA, with further  

					frequent in VOC (20·0% vs 5·0%; OR = 4·75, p = derangementduringVOC.  

					0·043). Splenomegaly (17·5% vs 12·5%) and  

					hepatomegaly (10·0% vs 5·0%) were observed but did Serumthrombospondin-1 and correlations  

					not differ significantly between the two groups (p > Serum thrombospondin-1 (TSP-1) levels differed  

					0.05). Table 1 presents the clinical characteristics of markedly between groups (Figure 1). VOC patients had  

					Table 1: Clinical Characteristics of SCA Participants  

					Clinical Variable  

					Clinical Status  

					Χ2  

					Odds Ratio  

					(OR)  

					P

					VOC (n = 40) SS (n = 40)  

					Count (%)  

					Count (%)  

					Transfused in the past  

					Yes  

					No  

					30 (75.0)  

					10 (25.0)  

					35 (87.5)  

					5 (12.5)  

					2.05  

					0.43  

					0.152  

					Admitted in the last 1  

					year  

					Yes  

					No  

					29 (72.5)  

					11 (27.5)  

					17 (42.5)  

					23 (57.5)  

					7.37  

					4.11  

					0.39  

					0.72  

					3.57  

					4.75  

					1.49  

					2.11  

					0.007*  

					0.043*  

					0.531  

					Febrile  

					Yes  

					No  

					8 (20.0)  

					32 (80.0)  

					2 (5.0)  

					38 (95.0)  

					Splenomegaly  

					Yes  

					7 (17.5)  

					33 (82.5)  

					5 (12.5)  

					35 (87.5)  

					No  

					Hepatomegaly  

					Yes  

					4 (10.0)  

					2 (5.0)  

					0.396  

					No  

					36 (90.0)  

					38 (95.0)  

					*=significant, VOC = vaso-occlusive crisis, SS= steady state  
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					Table 2: Haematological parameters of study participants  

					Haematological  

					Parameter  

					VOC (n =40) SS (n =40)  

					HbAA (n =40)  

					Mean±SD  

					P

					Mean±SD  

					Mean±SD  

					Hct (%)  

					Hb (g/dL)  

					23.06±4.20  

					8.00±1.34  

					23.04±5.15  

					7.73±1.56  

					11.51±3.72  

					41.07±4.66  

					12.52±1.56  

					5.21±1.15  

					<0.001*  

					<0.001*  

					<0.001*  

					<0.001*  

					0.014*  

					WBC count (x 109/L) 16.16±4.76  

					Platelet count (x109/L) 362.75±135.01 392.56±153.27 284.15±65.50  

					MPV (fL)  

					PDW  

					9.05±0.90  

					15.89±0.69  

					0.33±0.11  

					8.94±0.71  

					15.48±0.36  

					0.35±0.14  

					19.61±5.05  

					74.88±29.58  

					9.48±0.94  

					15.90±0.29  

					0.27±0.05  

					23.98±6.50  

					65.98±18.47  

					<0.001*  

					<0.002*  

					0.009*  

					PCT (%)  

					P-LCR (%)  

					P-LCC (x 109/L)  

					22.25±7.09  

					74.45±27.76  

					0.223  

					*=significant, VOC = vaso-occlusive crisis, SS= steady state, Hb AA=haemoglobin AA phenotype  

					Table 3: Correlation of TSP-1 with haematological indices and clinical parameters  

					TSP-1 Levels  

					Haematological Variable  

					VOC (n = 40)  

					P – Value  

					0.11  

					SS (n = 40)  

					P - Value  

					HbAA (n = 40)  

					r

					r

					R

					P - Value  

					Hct (%)  

					Hb (g/dL)  

					-0.26  

					-0.27  

					-0.09  

					0.27  

					0.12  

					0.03  

					0.27  

					0.01  

					0.26  

					0.49  

					0.42  

					0.06  

					0.02  

					-0.38  

					-0.07  

					0.13  

					-0.36  

					-0.03  

					-0.27  

					0.25  

					-0.01  

					-0.16  

					-

					0.01*  

					0.01*  

					0.71  

					0.91  

					0.02*  

					0.67  

					0.44  

					0.02*  

					0.85  

					0.09  

					0.12  

					0.98  

					0.33  

					-

					-0.13  

					-0.07  

					-0.15  

					-0.29  

					0.14  

					0.18  

					-0.21  

					0.15  

					-0.11  

					-

					0.42  

					0.67  

					0.37  

					0.07  

					0.39  

					0.27  

					0.19  

					0.36  

					0.49  

					-

					0.09  

					0.59  

					0.09  

					0.45  

					0.88  

					0.09  

					0.96  

					WBC count (x 109/L)  

					Platelet count (x109/L)  

					MPV (fL)  

					PDW  

					PCT (%)  

					P-LCR (%)  

					P-LCC (x 109/L)  

					Age  

					0.10  

					-0.03 rs  

					0.03 rs  

					0.17 rs  

					0.14 rs  

					-0.41rs  

					0.85  

					0.87  

					0.29  

					0.39  

					0.01*  

					No of Bone Pains/year  

					No of transfusions/years  

					No of admissions/years  

					NPS  

					-

					-

					-

					-

					-

					-

					*=significant, VOC = vaso-occlusive crisis, SS= steady state , HbAA=haemoglobin AA, TSP-1 =  

					thrombospondin-1, NPS = Numeric Pain Score, rs= spearmans correlation coefficient  

					the highest concentrations (mean 406·0 ng/mL, SD  

					164·6), followed by steady state (312·4 ng/mL, SD  

					145·6) and HbAA (192·3 ng/mL, SD 121·2). ANOVA  

					Mean±SD = 406.0±164.6  

					confirmed significant group differences (F=21·86, p <  

					0·001). Post hoc testing showed that TSP-1 was  

					Mean±SD = 312.4±145.6  

					Mean±SD = 192.3±121.2  

					significantly higher in VOC than steady state (p =  

					0·013) and HbAA (p < 0·001), and in steady state  

					comparedwithHbAA(p= 0·001).  

					Correlations of TSP-1 with clinical and haematological  

					variables revealed state-specific associations (Table 3).  

					In VOC, TSP-1 was moderately and inversely  

					correlated with numeric pain score (rs = –0·41, p =  

					0·01). No other clinical variables correlated  

					significantly with TSP-1 during VOC. In steady state,  

					TSP-1 correlated positively with haemoglobin (r =  

					0·42, p = 0·01) and haematocrit (r = 0·49, p = 0·01), but  

					negatively with MPV (r = –0·38, p = 0·02) and P-LCR  

					(r= –0·36, p = 0·02)(Table3).  

					VOC= vaso-occlusive crisis, HbAA=haemoglobin AA, SD= standard deviation  

					Figure 1: Box plots showing the Mean TSP-1 levels  

					across the study groups.  

					cell count as the only independent predictor of TSP-1  

					levels, with each unit increase in WBC associated with  

					a mean 7·3 ng/mL rise in TSP-1 (p = 0·024).  

					Haemoglobin, platelet count, and plateletcrit did not  

					contribute independently to variance in TSP-1 (Table  

					Multiple regression analysis confirmed white blood  
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					Table 4: Multiple linear regression analysis of predictors of thrombospondin-1 (TSP-1) variance  

					among study participants  

					Predictor Variable R2  

					Adj R2  

					F

					P

					Constant Gradient  

					t-test  

					p

					(β)  

					Model  

					0.196 0.168  

					7.004 <0.001 263.926  

					Hb(g/dL)  

					WBC (x109/L)  

					Platelet (X109/L)  

					-11.151  

					7.309  

					-1.613 0.110  

					2.285 0.024*  

					-0.365 0.716  

					1.168 0.245  

					-0.078  

					Plateletcrit (%)  

					290.241  

					*=significant  

					4).  

					Interestingly, correlations between TSP-1 and  

					platelet indices differed between steady state and  

					VOC. In steady state, TSP-1 correlated positively  

					Discussion  

					This study provides evidence on the relationship with haemoglobin and haematocrit, but inversely  

					between TSP-1 levels and platelet indices in adults with mean platelet volume (MPV) and platelet  

					with sickle cell anaemia (SCA) during vaso- large cell ratio (P-LCR). These findings suggest  

					occlusive crises (VOC) and in the steady state. that, in quiescent disease, TSP-1 levels may be  

					Consistent with previous reports, we found that influenced by baseline haematological status and  

					serum TSP-1 concentrations were significantly subclinical platelet activation. By contrast, during  

					higher during VOC compared with the steady state VOC, no significant positive correlations between  

					and healthy HbAA controls.19,25,26 These findings TSP-1 and platelet indices were observed, except  

					reinforce the central role of TSP-1 in mediating for a modest inverse association with pain scores.  

					sickle erythrocyte adhesion and vascular This loss of correlation echoes earlier observations  

					occlusion,7,27 supporting its potential use as a that while platelet count and TSP-1 track together  

					biomarkerof acutediseaseactivity.  

					at baseline, their relationship is dissociated during  

					acute crises when multiple cell types, including  

					The elevated TSP-1 levels observed in this endothelial and inflammatory cells, contribute to  

					Nigerian adult cohort are consistent with prior TSP-1 release.19,22,23  

					observations from paediatric populations and  

					studies conducted in high-income settings.19,25,26 Our regression modelling identified white blood  

					Importantly, our study demonstrates that TSP-1 cell (WBC) count as the only independent  

					elevation persists beyond childhood, indicating it predictor of TSP-1 levels. Elevated leukocytes are  

					is a consistent feature of VOC even in adulthood. well-established contributors to VOC  

					This is particularly relevant in sub-SaharanAfrica, pathophysiology, promoting adhesion,  

					where increasing numbers of SCA patients are inflammation, and endothelial injury.12,29 The  

					surviving into adulthood but continue to association between WBC and TSP-1 underscores  

					experience substantial morbidity from recurrent the intertwined roles of inflammation and platelet  

					crises.2,4,6  

					activation in sickle cell pathobiology. This  

					supports Sundd et al.'s model, which positions  

					We also explored the associations between TSP-1 neutrophils, platelets, and sickled erythrocytes at  

					and platelet indices (PIs) which are inexpensive thecentreofthevaso-occlusiveprocess.8,12  

					surrogate markers of platelet activation. Platelets  

					are increasingly recognised as active participants Clinical correlates of TSP-1 in our study were  

					in SCApathophysiology,10,12 contributing adhesive limited. The inverse association between TSP-1  

					proteins and procoagulant activity that amplify and numeric pain scores during VOC is  

					vaso-occlusion. In our study, platelet counts were counterintuitive, given that higher TSP-1 might be  

					significantly elevated in SCA compared with expected to worsen vascular obstruction and pain.  

					controls, while indices such as platelet distribution This paradox may reflect complex temporal  

					width (PDW) and plateletcrit (PCT) were also dynamics: TSP-1 may peak early during VOC as  

					higher. These findings are consistent with earlier platelets and endothelial cells are activated, but  

					reports showing abnormal platelet morphology decline as crises progress, pain intensifies, and  

					andfunctioninSCA.28,31,32  

					interventions such as hydration and analgesia are  
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					initiated. Alternatively, pain intensity scores may suggesting they may serve as complementary  

					reflect subjective perception rather than rather than substitute biomarkers. These findings  

					biochemical severity, limiting their correlation deepen our understanding of platelet-mediated  

					withlaboratorymarkers.15  

					vascular pathology in SCA, support the role of  

					TSP-1 as a biomarker of acute disease activity, and  

					Our findings also highlight the limitations of highlight the potential for inexpensive  

					relying solely on platelet indices as predictors of haematological indices to inform care where  

					VOC severity. While MPV and PDW were advancedassays areunavailable.  

					significantly altered in SCA, they did not  

					independently predict TSP-1 variance in Acknowledgement  

					regression analysis. This suggests that, although We thank the Department of Haematology and  

					platelet indices are accessible and useful adjuncts, Blood Transfusion, Ahmadu Bello University  

					they cannot fully substitute for direct biomarkers Teaching Hospital, for granting permission to  

					such as TSP-1. Nevertheless, their combined conduct this study and for providing laboratory  

					measurement could help stratify clinical risk in support and equipment. We are grateful to the  

					low-resource settings where TSP-1 assays are technical staff for their assistance with sample  
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					analyses, and to all the patients with sickle cell  
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					This study has several strengths. It recruited well- with deep appreciation the late ProfAbjah Usman,  

					characterized adult SCA patients in both steady whose guidance in the conceptual stages helped  

					state and VOC, with age- and sex-matched refinethestudy design.  

					controls, and employed rigorous laboratory  

					methods for TSP-1 quantification. It also provides Conflict of interest: The authors declare no  

					much-needed data from sub-Saharan Africa, conflictofinterest  

					where the burden of SCA is highest.2,5 However,  

					several limitations must be acknowledged. The Sources of Funding: This research was self-  

					cross-sectional design precludes evaluation of funded  

					temporal changes in TSP-1 during VOC  

					progression. The modest sample size may limit  

					statistical power for detecting weaker correlations.  

					Additionally, the absence of longitudinal follow-  

					up prevents assessment of whether TSP-1 predicts  

					recurrentcrisesor chroniccomplications.  

					References  

					1. ꢀRees D, Williams T, Gladwin M. Sickle-cell  

					disease. Lancet. 2010;376(9757):2018–31.  

					2. ꢀOjewunmi OO, Adeyemo TA, Ayinde OC,  

					AdekileA, Ojewunmi OO, Adeyemo TA, et al.  

					Expert Review of Hematology Current  

					perspectives of sickle cell disease in Nigeriaꢀ:  

					changing the narratives. Expert Rev Hematol  

					[Internet]. 2019;12(8):609–20. Available  

					from: https://doi.org/10.1080/17474086.  

					2019.1631155  

					3. ꢀWilson M, Forsyth P, Whiteside J.  

					Haemoglobinopathy and sickle cell disease.  

					Contin Educ Anaesthesia, Crit Care Pain.  

					2010;10(1):24–8.  

					4. ꢀPiel F., Patil A., Howes R., Nyangiri O.,  

					Gething P., Dewi M, et al. Global  

					epidemiology of sickle haemoglobin in  

					neonates: A contemporary geostatistical  

					model-based map and population estimates.  

					Lancet. 2013;381:142–51.  

					5. ꢀAkaba K, Inyama M, Ekwere T, Iheanacho O,  

					Bassey E, Ushie G, et al. Haemostatic  

					disorders in sickle cell disease subjects in  

					Nigeria: A review of the literature. Int Blood  

					Future studies should therefore adopt longitudinal  

					designs, capturing serial measurements of TSP-  

					1 and platelet indices before, during, and after  

					VOC, to clarify their temporal dynamics.  

					Incorporation of additional markers of endothelial  

					activation (e.g., von Willebrand factor, soluble P-  

					selectin, and VCAM-1) may also help distinguish  

					platelet-derived vs endothelial-derived TSP-1  

					sources.11,27 Ultimately, integration of TSP-1 with  

					other inexpensive indices could enable  

					development of practical, locally feasible  

					biomarker panels to improve risk stratification and  

					guideinterventionsinresource-limitedsettings.  

					In conclusion, this study confirms that TSP-1 is  

					elevated during VOC in adult SCA patients and is  

					closely associated with inflammatory burden as  

					reflected byWBC count. While platelet indices are  

					significantly altered in SCA, their independent  

					contribution to TSP-1 variance is limited,  

					ALCM. Vol 1, No 1, June 2025  

					025  

				

			

		

		
			
				
					
				
			

			
				
					Lawrence IT. et al. Serum Thrombospondin-1 as a Biomarker of Vaso-occlusive Crises in Adults with Sickle Cell Anaemia: ...  

					Res Rev. 2018;8(4):1–7.  

					and Economic Burden of Adults with Sickle  

					Cell Disease in the United Statesꢀ : A  

					Systematic Review. Int J Gen Med.  

					2020;13:361–77.  

					6. ꢀGrosse S., Odame I, Atrash H., Amendah D.,  

					Piel F., Williams T. Sickle cell disease in  

					Africa: A neglected cause of early childhood  

					mortality. Am. J. Prev. Med. 2011, 41, 19. Novelli EM, Kato GJ, Ragni M V, Zhang Y,  

					S 3 9 8 – S 4 0 5 . A m J P r e v M e d .  

					2011;41:s398–405.  

					Mariana E, Nouraie M, et al. 1. Novelli EM,  

					Kato GJ, Ragni M V, Zhang Y, Mariana E,  

					Nouraie M, et al. Plasma thrombospondin-1 is  

					increased during acute sickle cell vaso-  

					occlusive events and associated with acute  

					chest syndrome, hydroxyurea therapy, and  

					lower hemolytic rates. Am J Hem. Am J  

					Hematol. 2013;87(3):326–30.  

					7. ꢀBrittain JE, Mlinar KJ, Anderson CS, Orringer  

					EP, Parise LV. Integrin-associated protein is an  

					adhesion receptor on sickle red blood cells for  

					immobilized thrombospondin. Blood.  

					2001;97(7):2159–64.  

					8. ꢀSundd P, Gladwin MT, Novelli EM.  

					Pathophysiology of Sickle Cell Disease. Annu 20. Budak YU, Polat M, Huysal K. The use of  

					RevPatholMechDis. 2019;14:263–92.  

					9. ꢀPlatt O, Thorington B, Brambilla D, et al. Pain  

					in sickle cell disease. Rates and risk factors. N  

					EnglJ Med. 1991;325(1):11–6.  

					platelet indices, plateletcrit, mean platelet  

					volume and platelet distribution width in  

					emergency non-traumatic abdominal surgery:  

					a systematic review. Biochem Medica.  

					2016;26(2):178–93.  

					10. Manwani D, Frenette PS. Vaso-occlusion in  

					sickle cell disease: pathophysiology and novel 21. Sayed SZ, Mahmoud MM, Moness HM,  

					targeted therapies. Vol. 2013, Hematology / the  

					Education Program of theAmerican Society of  

					Hematology. American Society of  

					Hematology. Education Program. 2013. p.  

					362–9.  

					Mousa SO. Admission platelet count and  

					indices as predictors of outcome in children  

					with severe Sepsis: A prospective hospital-  

					basedstudy. BMC Pediatr. 2020;20(1):1–9.  

					22. Esemuede N, Lee T, Pierre-Paul D, Sumpio  

					BE, Gahtan V. The role of thrombospondin-1  

					i n h u m a n d i s e a s e . J S u r g R e s .  

					2004;122(1):135–42.  

					11. Gee BE. Biologic complexity in sickle cell  

					disease: Implications for developing targeted  

					therapeutics. SciWorldJ. 2013;2013:694146.  

					12. Zhang D, Xu C, Manwani D, Frenette P. 23. Bonnefoy A, Hantgan R, Legrand C, et al. A  

					Neutrophils, platelets, and inflammatory  

					pathways at the nexus of sickle cell disease  

					pathophysiology. Blood. 2016;127:801–9.  

					model of platelet aggregation involving  

					multiple interactions of thrombospondin-1,  

					fibrinogen, and GPIIbIIIa receptor. J Biol  

					Chem. 2001;276:5605.  

					13. Kalpatthi R, Novelli EM. Measuring success:  

					Utility of biomarkers in sickle cell disease 24. Jurk K, Clemetson KJ, de Groot PG, et al.  

					clinical trials and care. Hematol (United  

					States). 2018;2018(1):482–92.  

					14. Kauf T, Coates T, Huazhi L, Mody-Patel N,  

					Hartzema A. The cost of health care for  

					Throm- responding-1 mediates platelet  

					adhesion at high shear via glycoprotein Ib  

					(GPIb): an alternative/back mechanism to von  

					Wille-brandfactor. FASEB J. 2003;17:1490.  

					children and adults with sickle cell disease.Am 25. Hagag A, El Mashad G, El-Lateef H. Clinical  

					J Hematolology. 2009;84(6):323–7.  

					S i g n i f i c a n c e o f A s s e s s m e n t o f  

					Thrombospondin and Placenta Growth Factor  

					Levels in Patients with Sickle Cell Anemiaꢀ :  

					Two Centers Egyptian Studies. Mediterr J  

					HematolInfectDis. 2014;6(1):e2014044.  

					15. Darbari DS, Brandow AM. Pain-measurement  

					tools in sickle cell disease: Where are we now?  

					Haematology. 2017;2017(1):534–41.  

					16. Darbari D, Wang Z, Kwak M, et al. Severe  

					painful vaso-occlusive crises and mortality in a 26. Adegoke SA, Smith OS, Adeniyi AT, Adekile  

					contemporary adult sickle cell anaemia cohort  

					study. PLoS One. 2013;8(11):e79923.  

					17. Olatunya OS, Ogundare EO, Fadare JO,  

					AD. Thrombospondin-1 and Vitamin D in  

					Children With Sickle Cell Anemia. Clin Lab  

					Obs. 2018;00(00):1–5.  

					Oluwayemi IO. The financial burden of sickle 27. Brittain HA, Eckman JR, Swerlick RA,  

					cell disease on households in Ekiti, Southwest  

					Nigeria. ClinOutcomesRes. 2015;7:545–53.  

					18. Lee S, Vania DK. Patient-Reported Outcomes  

					Howard RJ, Wick TM. Thrombospondin from  

					activated platelets promotes sickle erythrocyte  

					adherence to human microvascular  

					ALCM. Vol 1, No 1, June 2025  

					026  

				

			

		

		
			
				
					
				
			

			
				
					Lawrence IT. et al. Serum Thrombospondin-1 as a Biomarker of Vaso-occlusive Crises in Adults with Sickle Cell Anaemia: ...  

					endothelium under physiologic flow: A 32. Amin M, Amin A, Kulkarni H. Platelet  

					potential role for platelet activation in sickle  

					c e l l v a s o - o c c l u s i o n . B l o o d .  

					1993;81(8):2137–43.  

					distribution width (PDW) is increased in vaso-  

					occlusive crisis in sickle cell disease. Ann  

					Hematol. 2004;83(6):331–5.  

					28. Pogorzelska K, Krętowska A, Krawczuk- 33. Vagdatli E, Gounari E, Lazaridou E,  

					Ry b a k M , S a w i c k a - Ż u k o w s k a M .  

					Characteristics of platelet indices and their  

					prognostic significance in selected medical  

					condition – a systematic review. Adv Med Sci  

					Katsibourlia E, Tsikopoulou F, Labrianou I.  

					Platelet distribution width: A simple, practical  

					and specific marker of activation of  

					coagulation. Hippokratia. 2010;14(1):28–32.  

					[Internet]. 2020;65(2):310–5. Available from: 34. Antwi-boasiako C, Ekem I, Doku A, Dzudzor  

					https://doi.org/10.1016/j.advms.2020.05.002  

					29.Awwalu S, HassanA, MammanA,AlhassanA,  

					Kusfa I, Brahim I, et al. The Relationship  

					B, Otu KH,Ahenkorah J, et al. Haematological  

					parameters in Ghanaian sickle cell disease  

					patients. J BloodMed. 2018;9:203–9.  

					between Mean Platelet Volume and Numeric 35. Ballas SK. More definitions in sickle cell  

					Pain Scores during Vaso-occlusive Crises  

					among Patients with Sickle Cell Anaemia in  

					disease: Steady state v baseline data. Am J  

					Hematol. 2012;87(3):338–338.  

					Z a r i a , N i g e r i a . J e w e l J M e d S c i . 36. Sullivan L. Power and Sample Size  

					2020;1(2):153–7.  

					Determination [Internet]. Boston University  

					School of Public Health. [cited 2022 Jun 30].  

					Available from: https://sphweb.bumc.bu.  

					edu/otlt/mph-modules/bs/bs704_power/bs704  

					_power_print.html  

					30. Celik T, Unal S, Ekinci O, Ozer C, Ilhan G,  

					Oktay G, et al. Mean platelet volume can  

					predict cerebrovascular events in patients with  

					Sickle Cell Anemia. Pakistan J Med Sci.  

					2015;31(1):203–8.  

					31. Akwiwu E, Onukak E, Isong I, Akpotuzor J,  

					Bassey I, Okafor A. Crisis frequency and  

					associated platelet parameters among steady-  

					state sickle cell subjects. New Zeal J Med Lab  

					Sci. 2020;74:91–4.  

					37. Adegoke SA, Smith OS, Adeniyi AT, Adekile  

					AD. Thrombospondin-1 and Vitamin D in  

					Children with Sickle Cell Anemia. Vol. 41,  

					Journal of Pediatric Hematology/Oncology.  

					2019. p. E525–9.  

					ALCM. Vol 1, No 1, June 2025  

					027  

				

			

		

	


EPUB/toc.xhtml

Table of Contents


		Page






EPUB/images/img_01.png













EPUB/images/img_06.png
900

-
o
o0

— -

o o o - o o
o o o o o o
™~ o LN < o N

(Tuw/3u ) [9A9] [-urpuodsoquuioiy .

o
o
i

Steady State HbAA

VOC

Participant's group





