
Association of Markers of Haemolysis and Endothelial Dysfunction with Disease Severity and ABO Phenotype in Individuals with Sickle Cell Anaemia in South-West of Nigeria

Abstract
Background: Haemoglobin S (HbS) originates from a single nucleotide substitution in the gene encoding ß-globin. The pathological effect of this abnormality is haemolysis; which culminates in an increased level of free haemoglobin and arginase in plasma. The released free cell haemoglobin (Hbfree) reacts with Nitric Oxide and Arginine, leading to an increased expression of vascular cell adhesion molecule (VCAM). The relationship of ABO blood types as it affects this abnormality have been established in sickle cell anaemia disease population. This study explored the association between disease severity, markers of haemolysis and endothelial dysfunction with ABO phenotype in individuals with sickle cell anaemia (SCA).
Materials and Methods: 
This is a comparative cross-sectional study consisting of seventy-three (73) participants with SCD.Consented sickle cell anaemia individuals of age16 years and above in steady state were recruited for this study, while those with sickle cell anaemia in crisis or recent episode of crisis less than 1 month, recent blood transfusion less than 3 months, SCA individual on Nitrate therapy,  hydroxyurea, recent arginine therapy treatments less than 3 months, statins drugs (HMG coA-Reductase inhibitors), sildenafil therapy, allopurinol (xanthine oxidase inhibitor) and contraceptives were excluded from the study. Their clinical characteristics, disease severity, ABO blood phenotype, markers of haemolysis (Free cell haemoglobin-Hbfree, lactate dehydrogenase (LDH), total and conjugated bilirubin, corrected reticulocyte count, and reticulocyte production index) and markers for endothelial dysfunction (vascular cell adhesion molecule (VCAM), von Willebrand Factor (vWF) and nitric oxide (NO) were measured. Free haemoglobin (HbFree), VCAM, vWF and NO levels were determined using enzyme linked immunoassay method. LDH, bilirubin; total and conjugated were determined using COBAS C311 chemistry auto-analyzer (and the unconjugated bilirubin was determined). Full blood count and reticulocyte count were determined using Sysmex 350XN 5-part haematology auto-analyzer. Blood group phenotype was determined using the tiles method. 
Results: 
The Majority (71.2%) of the participants had moderate disease as determined by a modified SCD scoring system published by Adegoke et al. Markers of haemolysis, Hb free and LDH were significantly higher in the non-O blood group participants, consequently NO level was significantly lower while VWF and VCAM were higher in these participants. In terms of clinical severity, Hb Free level was significantly higher in the non-O blood type for those with moderate and severe disease phenotypes but not for mild diseases. While LDH was significantly higher in non-O for severe but not clinically for mild and moderate diseases. Conversely, all the markers of endothelial dysfunction showed statistical significant differences in their levels for moderate and severe disease categories. Among the study participants with O blood group type, LDH and VWF were significant predictors of disease severity. Every unit increase in LDH had a 5% increase in odds of clinically severe disease (AOR =1.05, 95% CI = 1.005-1.095) and for VWF, every unit increase was linked with approximately 44% increase in odds of clinically severe disease (AOR =1.44, 95% CI = 1.06-1.95). None of the markers measured were significant predictors for clinical disease severity for non-O.
Conclusion: This study indicates that Sickle cell anaemia patients with O blood group type exhibited a lower degree of haemolysis and endothelial dysfunction as compared to those with non- O blood group. LDH and vWF were reliable markers for predicting disease severity in SCA with blood group O phenotype.
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INTRODUCTION
Sickle cell anaemia (SCA) is the most frequent type of sickle cell  disease (SCD) caused by a point mutation in the sixth codon of the β-globin gene (HBB) on the 11th chromosome for which adenine is substituted for thymine (GAG-GTG), encoding valine substitution for glutamic acid leading to the production of haemoglobin S variant (HbS) during fetal development (Quinn et al., 2016). This point mutation gives rise to haemoglobin moiety that forms polymers in low oxygen concentrations which consequentially leads to sickled-shaped red blood cells formation as opposed to the normal biconcave disc forms (Pace et al., 2016, Quinn et al., 2016).
Approximately 5-7% of people worldwide have an abnormal form or variant of haemoglobin. (Modell  et al., 2008, World Health Organization, 18 November 2007).  Sickle cell anaemia disease is the most common form of haemoglobin variant globally (World Health Organization, 18 November 2007).The disease burden is remarkably high in sub-Saharan Africa and Asia (Piel et al., 2013). An estimated 20 to 30% of the Nigerian populace carries the gene for sickle cell. (Fleming et al., 1979,Issa et al.,2025).
The haemolysis associated endothelial dysfunction phenotype of sickle cell anaemia has been identified to be strongly associated with a high rate of haemolysis which has significant effects on the vascular physiology both at the arteriolar level, as well as in large arteries (Kato et al.,2007).Haemolysis leads to an increased level of free haemoglobin and arginase in plasma. The released haemoglobin (Hb) reacts with free Nitric Oxide and L-arginase, resulting in reduced bioavailability of Nitric Oxide (Kato et al., 2007). This decline in plasma Nitric Oxide concentration may manifest with features of endothelial dysfunction, over expression of vascular adhesion molecules such as VCAM-1, ICAM and E- selectin. These vascular adhesion molecules are expressed only upon endothelial activation and distortion in vasomotor tone.8This endothelial injury can lead to end organ damage involving brain, kidney, blood vessels, gonads and skin (Kato et al., 2007).
The ABO blood types have been documented to affect susceptibility and resistance to disease and health (Liumbruno et al., 2013). Theoretically, people with SCA, who have non-group O blood phenotype should have elevated levels of vWF and lower levels of nitric oxide (Castaman et al., 2002, Ambalavanan et al., 2009). Hypothetically therefore; the combined effects of non-group O and SCA may contribute autonomously to the elevation of vWF and reduced levels of nitric oxide. Hence, the SCA individuals with non–group O phenotype may have an increased likelihood to develop severe disease conditions, defined by the syndrome of haemolysis-linked endothelial dysfunction. The syndrome of haemolysis-linked endothelial dysfunction comprises of raised lactate dehydrogenase enzyme (LDH), pulmonary hypertension, non-haemorrhagic stroke, priapism and cutaneous leg ulcer (Kato et al., 2007, Claudia et al., 2008)
This study explored the association between disease severity, markers of haemolysis, markers of endothelial dysfunction and ABO phenotype in individuals with sickle cell anaemia.
MATERIALS AND METHODS
A total of 15 mL of venous blood was aseptically collected. 5mL was placed into an EDTA test tube, 5mL into a plain  tube and 5mL into a lithium heparin. Full blood count and the reticulocyte count were determined using the Sysmex 350XN 5-part haematology auto-analyzer and differentials manually done. Plasma cell free haemoglobin concentration, VCAM, von Willebrand and nitric oxide levels was determined using enzyme linked immunoassay method (ELISA). Lactate dehydrogenase was determined by COBAS C311 chemistry analyzer (Roche HITECHI)) chemistry auto-analyzer. Blood groups were determined using the antiserals by  BioTec Diagnostics adopting the  tiles method . The Haemoglobin phenotypes were determined using cellulose acetate haemoglobin electrophoresis in alkaline pH between 8.4 and 8.9.

Place and Duration of Study:
The study was conducted at the Department of Haematology and Blood Transfusion, Lagos University Teaching Hospital (LUTH), a tertiary hospital located in Idi- Araba, Surulere, Lagos State. A tertiary institution located within the cosmopolitan economic capital city of Nigeria, between the periods of 20th Sept, 2019 to 20th Sept, 2020.
STATISTICAL ANALYSIS



Data obtained from results of sample analysis and questionnaires was cleaned and entered into Microsoft Excel 2013 spread sheet and analyzed using statistical package for the social sciences (SPSS) version 21. Categorical data such as gender was presented as frequencies and tables. Tests of normality of continuous variables such as haemoglobin concentration, reticulocyte count, nitric oxide level, vWF; were done using the kolmogorov-smirnov test. Continuous variables are presented as means and standard deviation for normally distributed data or as medians and interquartile for skewed data. Difference between means of continuous variable was tested using student t- test or Mann Whitney U test depending on the distribution. ANOVA and Logistic regression test were used to determine
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the relationship between the markers of HED namely: vWF levels, Nitric oxide, cell free haemoglobin concentration, vascular cell adhesion molecule (VCAM), blood group phenotypes and disease severity in individuals with SCA. The level of statistical significance was set at 5% probability level P-value <0.05.


RESULTS AND DISCUSSION
Table 1: Sociodemographic Characteristics and disease severity parameters  of the Study Participants (N = 73)
	Characteristics
	Frequency (N=73)
	Percentage (%)

	Sex
	
	

	Male
	37
	50.7

	Female
	36
	49.3

	Age at diagnosis (yrs)
	
	

	<2
	32
	43.8

	2 – 5
	25
	34.7

	6 – 9
	0
	0.0

	>9
	16
	21.9




	Transfusion in the past 1 year
	
	

	Yes
	53
	72.6

	No
	20
	27.4

	Number of transfusion episodes in
past 1 year
	
	

	1-3
	48
	90.6

	>3
	5
	9.4

	Total lifetime transfusion episodes
	
	

	0
	4
	5.5

	1-4
	45
	61.6

	≥5
	24
	32.9

	Number of previous hospitalizations
	
	

	0
	2
	2.7

	1-3
	31
	42.5

	≥4
	40
	54.8

	Past or current SCD Complications
	
	

	Avascular Necrosis
	23
	31.5

	Priapism
	11
	15.1

	Osteomyelitis
	1
	1.4

	Cardiomyopathy
	1
	1.4

	Nephropathy
	7
	9.60

	Stroke/Cerebrovascular Disease
	16
	21.9

	Gall Stones
	6
	8.2

	Chronic Leg Ulcer/Sickle Cell Leg Ulcer
	30
	41.10

	Acute Chest Syndrome
	3
	4.1

	Pulmonary Hypertension
	2
	2.7






Table 2. Disease severity score of study participants.
	Disease severity by score
	Frequency
	Percentage

	Mild(< 7)
	       6
	8.22

	Moderate(8-17)
	       52
	71.23

	Severe(≥ 18)
	       15
	20.55

	Total                                               
	        73            
	100,00










Table 3: Blood group phenotypes of participants.

	Blood type
	Frequency (N=73)
	Percentage

	O
	37
	50.7

	Non-O
	36
	49.3

	            A
	14
	19.2 (38.9)

	              B                                            15                                      20.5(41.7)
              AB                                           7                                       9.6(19.4)




Table 4: Disease severity according to blood group phenotypes of study participants
	Disease severity by score
	O blood group (N=37)
	Non-O blood group (N=36)
	Chi square

	P Value

	Mild (< 𝟕)
	3
	        3
	0.06
	0.056*

	Moderate (8-17)
	         28
	       24
	
	

	Severe (≥ 𝟏𝟖)
	6
	        9
	
	


* Significant P Value.
















Table 5: Haemogram of all study participants.


	Parameters
	Total Participant (N=73)
Mean (SD)
	O Blood group (N=37)
Mean (SD)
	Non-O Blood group(N=36) Mean (SD)
	Test Statistic
	P value

	Hb (g/dl)
	8.21(2.06)
	8.61(2.34)
	7.81(1.64)
	2.25
	0.14

	PCV (%)
	22.52(2.05)
	23.44(6.30)
	21.57(4.40)
	2.92
	   0.15

	MCV (fL)
	81.76(10.59)
	79.30(17.40)
	82.0(10.10)
	1.23
	0.27

	MCH (pg)
	26.95(2.37)
	28.94(2.60)
	28.96(2.20)
	1.19
	0.28

	MCHC (g/dL)
	36.66(1.23)
	35.74(1.88)
	36.76(1.34)
	0.76
	0.34

	WBC	Count (x109/L)
	10.39(4.82)
	10.25(6.00)
	10.53(3.40)
	0.16
	0.16

	ANC (x109/L)
	7.25(8.16)
	6.45(4.0)
	8.06(10.98)
	0.32
	0.32

	ALC (x109/L)
	4.09(2.02)
	3.96(2.30)
	4.20(1.70)
	0.63
	0.63

	Monocyte (%)
	0.48(0.29)
	0.44(0.29)
	0.53(0.29)
	0.65
	0.65

	Basophil (%)
	0.23(0.24)
	0.25(0.25)
	0.22(0.23)
	0.64
	0.770

	Eosinophils (%)
	0.10(0.14)
	0.094(0.086)
	0.107(0.94)
	0.06
	0.06

	Platelets (x109/L)
	314.19(142.79)
	313.9(160.5)
	314.5(124.30)
	2.91
	0.05*


* Significant P value
Table 6: Markers of haemolysis and endothelial dysfunction in the study participants.

	Parameter
	Mean ±SD
	Range

	Markers of Haemolysis
	
	

	CRC (%)
	5.3.±1.0
	3.2-5.7

	RPI
	3.0± 2.7
	2.0-3.6

	Hbfree (ng/dL)
	85.2 ±36.7
	7.5 - 331.3

	Total Bilirubin (µmol/L)
	43.9 ±31.7
	6.2 -131.5

	Unconjugated Bilirubin (µmol/L)
	6.8 ± 3.5
	1.0-15.3

	LDH (U/L)
	635.7 ± 159.8
	347.0-984.0

	Markers of Endothelial Dysfunction
	
	

	vWF (%)
	256.2 ± 36.6
	86.3-1864.0

	VCAM (ng/dL)
	1286.2 ± 719.8
	913.8 -2581.0

	Nitric Oxide (U/L)
	81.7± 20.3
	7.1- 113.8



CRC corrected reticulocyte count. RPI-reticulocyte production index, LDH- lactate dehydrogenase, VCAM vascular cell adhesion molecule, vWF von Willebrand Factor












	Parameters
	Pearson Correlation coefficient (r)
	P value

	LDH vs VCAM
	0.478
	< 0.001

	vs Vwf
	0.322
	< 0.001

	vs NO
	-0.448
	< 0.001

	HbFree vs VCAM
	-0.007
	   0.950

	vs Vwf
	0.158
	   0.180

	vs NO
	-0.441
	< 0.001

	RPI vs VCAM
	0.516
	< 0.001

	vs Vwf
	-0.074
	    0.540

	vs NO
	-0.192
	 < 0.100


 Table 7: Correlations of LDH, HbFree and RPI and markers of endothelial dysfunction (VCAM, vWF and NO)
Table 8: Comparison of the markers of haemolysis between group O and Non O study participants.
	Parameter
	O Blood group
Mean(SD)
	Non-O Blood group
Mean(SD)
	      T
Statistics
	P
Value

	CRC (%)
	4.81(2.18)
	7.48(7.14)
	8.11
	0.03*

	RPI (%)
	4.00(6.06)
	5.71(8.21)
	4.66
	  0.04*

	Hbfree(ng/dl)
	66.8(11.30)
	104.1(43.70)
	8.61
	<0.001*

	Tbil(umol/L)
	44.12( 34.17)
	43.57(29.38)
	0.37
	0.55

	Ubil(umol/L)
	6.58(3.9)
	6.94(3.20)
	0.32
	0.07

	LDH(U/L)
	543.90(125.60)
	730(135.10)
	0.12
	<0.001*



* Significant P value. CRC- corrected reticulocyte count, RPI-reticulocytes production index, HB free cell haemoglobin concentration, Uncj.bil- unconjugated bilirubin, T. Bil- total Bilirubin. LDH- lactate dehydrogenase

	Parameters
	
	Blood groups
	
	*F
	P Value

	                                    O	A	B	AB

	CRC (%)
	4.81(2.18)
	4.47(1.94)
	8.47(3.41)
	5.60(0.88)
	8.91
	<0.001*

	RPI (%)
	4.00(6.0)
	4.36(1.67)
	4.47(1.94)
	2.76(0.41)
	4.72
	< 0.001*

	T.bil(umol/L)
	44.12(34.1)
	36.51(29.80)
	43.41(29.20)
	58.00(27.63)
	0.709
	   0.55

	U.bil (umol/L)
	6.58(3.9 )
	6.54(3.22 )
	7.27(3.40)
	7.04(3.10)
	0.16
	0.92

	HbFree(ng/mL)
	66.8(11.3)
	110.34(15.14)
	114.11(61.8)
	70.01(5.84)
	13.34
	<0.001*

	LDH (U/L)
	543.9(125.6)
	741.21(29.5)
	679.80(130.2)
	815.57(143.6)
	14.91
	<0.001*


Table 9: Comparison of markers of haemolysis between different blood groups                                                        													            
* Significant P value. ANOVA F statistic, CRC- corrected reticulocyte count, RPI-reticulocyte production index, Hbfree-free cell haemoglobin concentration,U.Bil- unconjugated bilirubin, T.bil- total Bilirubin. LDH- lactate dehydrogenase.  
Table 10: Comparison of markers of haemolysis with disease severity scores of study participants.
	Parameter
	
	Disease severity
	
	*H
	P values

	
	Mild
Median (IQR)
	Moderate Median (IQR)
	Severe Median (IQR)
	
	

	CRC (%)
	1.27(3.0-8.51)
	3.00(3.15-7.05)
	3.80(3.91-9.89)
	4.00
	0.02



	


RPI (%)
	


1.95(2.0-14.89)
	


6.70(2-14.97)
	


    5.00(2.0-13.80)
	


 6.02
	


0.03*

	
HbFree(ng/dL)
	
76.10(66.25-82.10)
	
70.01(66.11-95.32)
	    
   85.18(71.22-103.98)
	
  0.98
	
0.91

	U. Bil(umol/L)
	12.70(3.33-33.91)
	7.34(3.38-10.56)
	6.53(2.86-9.40)
	4.04
	0.02*

	T. Bil(umol/L)
	12.70(21.4-45.74)
	34.90(19.76-83.76)
	15.90(16.88-59.87)
	1.46
	0.23

	LDH (U/L)        337.0(530-742.01)   588.00(518.0-785.34)   821.0(563.0-778.11)       26.00      <0.001*


* Kruskal Wallis test.IQR –Inter quartile range. CRC corrected reticulocyte count. RPI-reticulocyte production index, LDH- lactate dehydrogenase.

Table 11: Comparison of the markers of endothelial dysfunction with disease severity score in study participants.

	Parameters
	
	Disease severity
	
	*H
	**P

	
	Mild Median (IQR)
	Moderate Median (IQR)
	Severe Median (IQR)
	
	

	vWF %
	163.95 (159.6-166.5)
	163.29 (158.0-185.91)
	171.10(167.0-189.5)
	  292
	0.75

	VCAM (ng/dL)
	565.50 (339-552)
	1135.50(835.81-2002.70)
	1714.00(1056.50-170.5)
	 4.45
	0.02*

	NO (U/L)
	82.20 (86.82-97.88)
	93.60 (87.41-94.40)
	80.30(66.768-95.88)
	 0.26
	0.77


* Significant P value. Kruskal walls test. IOR – Inter quartile range.VCAM vascular cell adhesion molecule, vWF -von Willebrand Factor, NO- Nitric Oxide.
Table 12: Analysis of markers of endothelial dysfunction, disease severity with ABO blood groups of study participants.

	Parameter	
	Disease   
severity
	Blood group O Median(IQ)
	   Blood group        
   non-O    
   Median(IQ)
	     *U
	    Z score
	      P value

	vWF (%)       Mild         154.20 (157.5-175.6)        179.80(167.5-181.4)       0.00         -1.96             0.05**
	
                     Moderate 158.90 (157.89-177.70)   185.90(179.79-189.11)    36.00       -3.56             <0.001**
                       
                     Severe     164.20(159.89-169.89)    179.80(171.77-185.10)    6.00         1.99             0.01**

	
VCAM
(ng/dL)         Mild         349.00(300.12-378.90)    870.00(779.20-981.12)    0.00         -1.96            0.05**
                                                                                                                                                                                                

	
	Moderate   929.00(899.12-1120.51)   1793.00(1692.12-1889.00)   138.00   -3.43        <0.001**
    
 Severe      1205.16(1194.0-1452.29)   2264.00(2001.11-2321.10)   7.00       2.55         0.02**

	
	

	NO(U/L)      Mild         93.60(81.11-100.11)           65.40(59.10-70.89)               0.00        -1.96       0.05**
                          
                   Moderate      96.05(85.00-108.22)     66.90(59.22-73.51)               0.00         -2.54      <0.001**
                           
                   Severe           99.35(89.11-119.15)    73.00(67.11-86.77)                0.00         -3.11     < 0.01**



** Significant P values. * U-Mann-Whitney U test. vWF (von-willibrand factor). VCAM- vascular cell adhesion molecule. NO- Nitric oxide.
Table 13. Unconditional logistic regression analysis of the relationship between markers of haemolysis and disease severity among participants with O Blood Group.

	Parameter
	Odds Ratio
	95%
	C.I
	Coefficient
	S.E
	Z - Statistic
	P

	CRC (%)
	1.1050
	0.8065
	1.5141
	0.0999
	0.1607
	0.6215
	0.53

	RPI
	1.0523
	0.7021
	1.5772
	0.0510
	0.2065
	0.2472
	0.80

	HbFree(ngmL)
	1.0134
	0.9131
	1.1246
	0.0133
	0.0531
	0.2497
	0.80

	Tbil (umol/L)
	0.9805
	0.9283
	1.0355
	-0.0197
	0.0279
	-0.7078
	0.48

	LDH (U/L)
	1.0490
	1.0049
	1.0950
	0.0478
	0.0219
	2.1836
	0.03*


* Significant P value.
Table 14: Unconditional logistic regression analysis of the relationship between markers of haemolysis and severity of disease among participants with non-O blood group phenotype.
	Parameter
	Odds Ratio
	95%
	C.I
	Coefficient
	S.E
	Z – Statistic
	P

	CRC
	3.3699
	0.4646
	24.4400
	1.2149
	1.0109
	1.2018
	0.23

	RPI
	0.9967
	0.4360
	2.2783
	-0.0033
	0.4218
	-0.0079
	0.10

	Tbil (umol/L)
	1.0036
	0.9510
	1.0590
	0.0036
	0.0274
	0.1294
	0.90

	HbFree(ngmL)
	1.0037
	0.5992
	1.6811
	0.0037
	0.2632
	0.0140
	0.10

	LDH (U/L)
	0.0231
	0.9916
	1.0556
	0.0229
	0.0160
	1.4326
	0.15




Table 15: Unconditional logistic regression analysis of the relationship between markers of endothelial dysfunction and severity of disease among participants with O blood group type.


	Parameter
	*AOR
	95%
	C.I
	Coefficient
	S.E
	Z–Statistic
	P

	VCAM (ng/m/L)
	1.0007
	0.998
	1.004
	0.0007
	0.0013
	0.5467
	0.58

	
vWF (%)
	1.4374
	1.057
	1.951
	0.3629
	0.1567
	2.3161
	0.02**

	
NO (U/I)
	1.0517
	0.879
	1.2590
	0.0504
	0.0918
	0.5494
	0.58





AOR- adjusted odds ratio.** Significant P value






[bookmark: _GoBack]Table 16: Unconditional logistic regression analysis of the relationship between markers of endothelial dysfunction and severity of disease among participants with Non-O blood group phenotype.
	Parameter
	Odds Ratio
	95%
	C.I
	Coefficient
	S.E
	Z – Statistic
	P

	VCAM (ng/m/L)
	1.0009
	0.9996
	1.0022
	0.0009
	0.0007
	1.3005
	0.19

	VWF (%)
	1.0001
	0.9984
	1.0019
	0.0001
	0.0009
	0.1281
	0.90

	NO (U/I)
	1.0053
	0.9526
	1.0609
	0.0053
	0.0275
	0.1922
	0.85














       




This study comprehensively evaluated how markers of haemolysis and endothelial dysfunction influence sickle cell anaemia disease severity and related to ABO phenotype (blood group O and blood group non-O).
Approximately 51% of our study population were blood group O, this proportion is similar to the 53% reported by Mitra et al., 2014 and mirrors the distribution of ABO blood groups in Lagos, Nigeria (Adeyemo et al., 2006)
There were no significant differences in the demographic profiles and haematological parameters between participants with blood group O and those that are non-O blood groups. The haematological parameters were in keeping with the haematological profiles of SCA in Nigeria (Quinn et al., 2016)
Elevated marker of haemolysis can be considered an indicator or risk for severe disease in SCD irrespective of blood group phenotype (Adeyemo et al., 2006). In this study, the mean values of the markers of haemolysis; corrected reticulocytes count (CRC), reticulocyte production index (RPI), cell free haemoglobin and lactate dehydrogenase (LDH) were higher in non-O blood group participants than the O blood group participants. This study also found these markers except cell free haemoglobin to be higher in those who have moderate and severe disease than those with mild disease. The slightly significantly higher number of participants who have severe disease and are non-O blood group supports these findings. Several studies have also considered LDH, a marker of hemolysis and an indicator of risk of morbidity and mortality in SCD. Mikobi et al., 2017 in a study of 211 Congolese patients with HbSS, found higher serum levels of LDH in patients with the severe clinical phenotype than those of moderate and asymptomatic phenotypes. They observed a significant increase in LDH in patients with leg ulcer, cholelithiasis and aseptic necrosis of the femoral head and concluded that higher serum LDH may be considered an indicator of the disease severity. While, there are no study found that had examined the relationship between the levels of these markers of haemolysis with clinical severity and the ABO blood group phenotypes, this study found that among the study participants with O blood group type, LDH was a significant predictor of disease severity with every unit increase in LDH being associated with about 5% increase in odds of severe disease condition (AOR =1.05, 95% CI = 1.005-1.095). Whereas among the non-O blood group participants, none of the markers of haemolysis was a significant predictor of disease severity.
Markers of haemolysis are convenient biomarkers for the pathologic accumulation of haemoglobin and arginase in blood plasma, which consequently impairs Nitric Oxide bioavailability. Haemolysis is a consequence of sickle cell anaemia disease that leads to haemoglobin de-compartmentalization and release into the plasma as free haemoglobin where it reacts stoichiometrically and scavenges Nitric oxide (Kato et al., 2007). This sequence of events culminates in the formation of reactive oxygen species, which ultimately inhibits vasodilatation (Kato et al., 2007). The diminished Nitric Oxide concentration in plasma manifests with features of endothelial dysfunction such as over expression of vascular adhesion molecules namely; VCAM- 1, ICAM and E-selectin; these are the hallmarks of endothelial activation and vascular vasomotor tone disruption. Endothelial dysfunction is a peculiar feature in sickle cell anaemia that manifests both in crisis and during steady state (Kleinbongard et al., 2006). It has been implicated in the chronic arterial vasculopathy seen in individuals with SCD, responsible for diverse multiorgan pathologies and hence influencing disease severity.
Nitric oxide (NO) is a free radical and a potent vasodilator that regulates vascular homeostasis (Andrabi et al., 2023). Interestingly, NO has properties that can impact every aspect of SCD, from decreasing platelet activation and adhesion receptor expression on the vascular endothelium, to decreasing vascular smooth muscle proliferation, limiting ischemia-reperfusion injury, modulating endothelial proliferation, and regulating inflammation (,Morris et al.,2000, Antwi-Boasiako et al.,2019). Given the crucial role of NO depletion in endothelial dysfunction, it is not surprising that NO deregulation is a common denominator among varied mechanisms of sickle vasculopathy (Kato et al., 2005).
This study reports a higher mean value for Nitric oxide (NO) in blood group O participants that suggest more NO depletion in non-O participants. This is expected, as the non-O participants appear to have a higher degree of haemolysis hence more NO scavenging and depletion. This may also explain the finding of more participants with severe disease phenotype in the non-O participant group. In comparison to healthy controls, studies suggest that patients with sickle cell anaemia disease suffer from decreased NO reserves. Blood plasma levels of L-arginine (the precursor to NO) are depressed in patients with sickle cell anaemia disease, particularly during vaso-occlusive crisis and the acute chest syndrome, and these levels vary inversely with pain symptoms (Morris et al., 2000, Antwi-Boasiako et al.,2019)  in a study of 546 patients with SCD, determined that the mean NO level of Hb AA controls was significantly higher than those of SCD patients in steady state and there was a further significant reduction in the mean NO levels in VOC which rises to significantly higher levels in the immediate postcrisis period. They also found NO levels in patients with leg ulcer and priapism to be significantly lower compared to the SCD patients in steady state and Hb AA controls. However, to the best of our knowledge, no study has evaluated the association of NO level with clinical disease severity and ABO blood group phenotypes.
The vascular endothelium is not just a cell lining, but it plays an active role via various mediators in the equilibrium of haemostasis, fibrinolysis, and regulation of vessel tone and permeability, as well as synthesis of growth factors (Augustine et al., 2024). Endothelial dysfunction and damage can be detected by measurements of the concentrations of various molecules e.g. VCAM and vWF, that it produces following a response to an invading stimulus or physiological response. Their measurement may each give an indication of abnormality of the endothelium in individuals with sickle cell anaemia (Blum et al., 2005)
The linkage of serum VCAM-1 levels to markers of haemolysis supports the report that plasma cell- free haemoglobin released during intravascular haemolysis is an important factor in NO consumption and endothelial dysfunction in SCD (Gbotosho et al., 2021).VCAM-1 levels in this study were significantly higher in non- O blood group when compared to blood group O participants, which reflects the higher degree of haemolysis and NO depletion. It was also significantly higher in those with severe clinical phenotypes compared with the moderate and the mild clinical phenotypes however, a sub-analysis showed no significant difference in the VCAM-1 level of those with mild phenotypes who are O blood group and those who are non-O.
In this study, the level of sVCAM-1 was positively associated with markers of haemolysis: LDH and RPI but not cell free haemoglobin. This finding is similar to the work of Kato et al of 160 unselected adult patients with SCD. This work found that the level of sVCAM-1 was positively associated with markers of haemolysis, iron burden, renal and hepatic function, pulmonary arterial pressure, white blood cell count, and plasma myeloperoxidase. Conversely, sVCAM-1 was inversely associated with fetal haemoglobin level. Kato et al., 2005 concluded that there is an association of elevated levels of soluble adhesion molecules to increased haemolytic rate, pulmonary hypertension, low oxygen saturation and endothelial dysfunction in patients with SCD. Their results indicate that an elevated level of soluble adhesion molecules particularly higher sVCAM-1 level is a marker related to disease severity, as evidenced by its association with early mortality and organ dysfunction, including pulmonary hypertension, liver disease and renal dysfunction. Pulmonary hypertension is a complication of SCD that has emerged as an important predictor of early mortality (Sheikh et al., 2021). The effect of ABO blood group phenotype on the expression of adhesion molecules modulated by endothelial nitric oxide (NO) will need to be further explored.
Prior studies show that the biological mechanisms for ABO modulating soluble VCAMs are less clear than that of vWF (Ahmed et al., 2020). The glycosyltransferase A (GTA) mediates the transfer of N-acetyl galactosamine to the H-antigen to form blood group A, in contrast to the blood group B, to which glycosyltransferase B (GTB) transfers an α-GA lactose residue to the H-antigen. Prior studies had suggested that decreased cleavage of adhesion molecules from endothelium with H-antigen present may result in reduced protein circulation. Consequently, VCAMs may also be directly modified by the ABO glycosyltransferases (GTA and GTB); resulting in an alteration in their function, structure, secretion, and emphatically the rate of clearance. This may explain why sVCAM-1 level of the mean of blood group non-O; was higher and statistically different when compared to that of blood group O.
This study showed that vWF level was statistically higher in the non-O blood group when compared with O blood group. This difference was much more for blood group A and not as much for blood group B and AB. This finding is in keeping with several studies that have documented the influence of ABO blood groups on plasma vWF levels (Denis et al., 2012). Orstavik et al., 1990 found that 66 percent of the total variation in plasma vWF levels was genetically determined and that 30 percent of this genetic component was explained by ABO blood group. Other studies have consistently reported that group O subjects have lower plasma vWF levels than non-O individuals. Gill et al., 1987 in a large study of 1117 healthy individuals, found that plasma VWF levels were lowest in group O and highest in group AB subjects. This study however, found the highest level of vWF in blood group A participants. This may be because blood group AB participants in this study were small compared with their study with a large sample size.
Several studies have described the association between non-O blood groups and the risk of arterial thromboembolic disease, including ischemic heart disease and peripheral vascular disease (Ali et al., 2024). David et al., 2010 indicated that blood group non-O was associated with a twofold increased cardiovascular mortality compared with blood group O (RR 2.08 [95% CI 0.85 – 5.07]). The increased risk of venous thromboembolism in non-O blood group individuals has also been reported (Ohira et al., 2007).  Although there was no difference in the vWF level according to clinical severity phenotypes, it showed significant differences between blood group O and non-O in each of the three clinical severity phenotypes. This study also determined that among participants with O blood group type but not for non-O, vWF level is a significant predictor of disease severity. For every unit increase in vWF, there is about 44% increase in odds of severe disease conditions (AOR =1.44, 95% CI = 1.06-1.95).   
Conclusion
This study indicates that patients with Sickle cell anaemia (SCA) with blood type O exhibited a lower degree of haemolysis and endothelial dysfunction compared to those with non-O blood phenotypes. LDH and VWF were significant predictors of disease severity in those with O blood type but not for non-O blood groups.
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