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IMPACT OF HEMOGLOBIN S ON THE RENAL FUNCTION OF INDIVIDUALS WITH SICKLE CELL TRAIT (HbAS) IN NIGERIA

Abstract
Background:
Individuals with the heterozygous state of sickle hemoglobin β-globin gene, the sickle cell trait (HbAS), are generally believed to be healthy and the carrier status does not affect their renal functions.
Study design:  It is a cross-sectional study comprising of 80 consecutive Hb AS individuals and 80 age and sex-matched controls with Hb AA, all of whom were apparently healthy. All subjects who were apparently healthy individuals between the ages of 18 and 65 years with Hb AS or Hb AA (controls) matched for age and sex were included into the study, while Individuals with positive serological reaction to viral screening tests such as HIV, Hepatitis B and C or have any other systemic conditions like diabetes mellitus or hypertension were excluded from the study.

Place and Duration of Study: Department of Haematology and Blood Transfusion, Chemical Pathology, Haematology and Immunulogy,of Obafemi Awolowo University Teaching Hospitals Complex, and Obafemi Awolowo University,Ile-Ife,Osun State respectively, between the periods of 10th July, 2017 to 31 July, 2018.
Materials and Methods:
This is a cross-sectional study comprising of 80 consecutive Hb AS individuals and 80 age and sex-matched controls with HbAA, all of whom were apparently healthy. A structured questionnaire was used to obtain demo-sociographic data after informed consent was obtained. Venous blood (10mls) was obtained for haematological and biochemical parameters that include percentage HbS, plasma creatinine, total protein, albumin, uric acid, urea. On the spot mid-stream urine was obtained and tested for microalbuminuria. Data was analysed on SPSS version 24 software.


Results
The mean ages of HbAS and HbAA across the groups were 35.30 ± 11.40 years and 36.1 ± 11.39 years respectively. The body mass indexes (BMI) for the two groups were 20.67 ± 1.45 kg/m2 and 21.10 ± 2.11 kg/m2 for the HbAS and HbAA groups respectively.
The combined prevalence of stages 2 and 3 renal dysfunction as estimated by the eGFR in Hb AS is 35.5%, the majority been stage 2 with 28.8% while that of HbAA is 2.5%, only in stage 2 category. The prevalence of microalbuminuria in the HbAS participants is 18.8% as compared to 0% in the Hb AA participants. Percentage Hb S is the only independent predictor of estimated glomerular filtration rate from multivariate regression on predictors of estimated glomerular filtration rate.
This study concluded that percentage Hb S is the only independent predictor of renal complication seen in apparently healthy individuals with Sickle cell trait.
Key Words: Sickle cell trait (SCT), estimated glomerular filtration rate (eGFR), microalbuminuria, Haemoglobin S (HbS), renal function, Nigeria.


INTRODUCTION
Sickle-cell disease is a common genetic condition due to a haemoglobin disorder. Such haemoglobinopathies, mainly thalassaemias and sickle-cell anaemia, are globally widespread. About 5%  of  the  world’s  population  carry  genes  responsible  for  haemoglobinopathies.  
The prevalence of Hb S gene in various parts of Africa varies between 20-40%, while in Nigeria the prevalence is put at 20-25 percent. (Akinyanju et al., 1989, Isa H et al., 2020) About 25% of adults Nigerian have the sickle cell trait (AS), while the Hb C trait is largely confined to the Yoruba people of south-western Nigeria in whom it occurs in about 6% of the population. Other variant haemoglobins including beta thalassemia are rare, but alpha thalassemia occurs in 39% (32% with 3 alpha-globin genes; 7% with 2 alpha-globin genes). (Akinyanju et al., 1989). In the United States, approximately 8% of people of African origin are heterozygous for βS globin, and SS disease occurs in 1 in 400 births. (Grant AM et al., 2011)   Each  year  about  300,000  infants  are  born  with  major  haemoglobin  disorders, including  more  than  200,000  with  sickle-cell  anaemia  in  Africa.(WHO, 24 April 2006)
The kidney, is the most commonly adversely affected organ by Sickle cell trait (HbAS). Classic microradioangiographic studies demonstrated that the vasa recta in the renal medulla are disrupted in sickle cell trait, although to a lesser extent than is seen in SCA.(Statius van Eps LW et al., 1970).
In Hb AS, red blood cell haemoglobin content ranges between 10-40% of Hb S, the rest is Hb A. Nevertheless, this amount of Hb S is sufficient to cause common renal complications.(Tsaras G et al., 2009  Known renal manifestations of Hb AS include microscopic haematuria, renal papillary necrosis with gross haematuria, isosthenuria, and renal medullary carcinoma. Sickle cell trait has also been associated with earlier progression to end-stage renal disease (ESRD) in people with autosomal dominant polycystic kidney disease. The risk of chronic kidney disease (CKD) and progression to ESRD in  Hb AS has been attributed to variants of apolipoprotein L-1 encoded by APOL1.(Genovese G1 et al., 2010A). Multicenter study in 2014 concluded that the presence of Hb AS was associated with an increased risk of CKD, decline in eGFR, and albuminuria, compared with non-carriers. These findings suggest that Hb AS may be associated with the higher risk of kidney disease in African Americans.(Naik RP et al., 2014)
This study is the first from Nigeria and it aimed at establishing impact of Hemoglobin S on the renal status of individuals with sickle cell trait (HbAS) in Nigeria.

MATERIALS AND METHODS
This study was conducted at the Department of Haematology and Blood Transfusion (OAUTHC) ile-ife, Osun State, Nigeria. A structured questionnaire was used to obtain demosociographic data after informed consent was obtained. Venous blood (10mls) was obtained for haematological and biochemical parameters that include percentage Hb S (using Bio-RadTM D-10 haemoglobin testing system, USA), plasma creatinine, total protein, albumin, uric acid, urea (using kits manufactured by Randox Laboratories Ltd, UK). On the spot mid-stream urine was obtained and tested for microalbuminuria (using ‘The Micral-Test® strip by F. Hoffmann-La Roche Ltd, Switzerland). 

ETHICAL CLEARANCE
Ethical clearance was obtained from Obafemi Awolowo University Teaching Hospitals ethical and research Committee (IRB/IEC/0004553, NHREC/27/02/2009a).

 

STATISTICAL ANALYSIS
Data was stored into Statistical Package for Social Sciences (SPSS) version 22.0 (2016). Data was presented as means, standard deviations and confidence intervals where necessary using descriptive statistics. Inferential statistics such as student t-test and Chi-square was used to compare categorical variables and relationship between parameters was tested using bivariate correlation analysis and multivariate regression model. P-values ≤ 0.05 was considered as statistical significance.

Results
Table 1: The mean values of age, sex distribution and other anthropological data among Hb AS and Hb AA groups

	
	Hb AS
N=80
	Hb AA
N=80
	P-value

	Age (years)
		
	
	

	Mean ± SD
	35.30 ± 11.40
	36.1 ± 11.39
	0.658

	 Sex Distribution
	
	
	

	            Males (%)
	39 (48.7)
	39 (48.7)
	1.00

	            Females (%)
	41 (51.3)
	41 (51.3)
	1.00

	Weight (kg)
	57.34 ± 4.60 
	57.64 ± 4.61
	0.681

	Height (m)
	  1.67 ± 0.06
	  1.66 ± 0.71
	0.328

	BMI (kg/m2)
	20.67 ± 1.45
	21.10 ± 2.11
	0.135


BMI grades: < 18.5 kg/m2 – underweighted; 18.5-25.0 kg/m2- normal; 25.0-30.0 kg/m2- overweight; > 30 kg/m2- obese.(BMI Classification". Global Database on Body Mass Index. World Health Organization. 2006. Retrieved July 27, )


Table 2: The mean values of haematological parameters assessed in the study groups
	
Parameters
	Hb AS
N=80
Mean ± SD
	Hb AA
N=80
Mean ± SD
	
t-value
	
P- Value

	White Cell Count (x 103/uL)
	6.29 ±1.44	
	  5.82 ± 1.49
	1.993	
	0.048**

	% Neutrophil (%)
	47.94 	± 6.09
	46.69 ± 6.81	
	1.224	
	0.223

	ANC ( cells/µL)
	2954.24± 859.53
	2770.64± 897.73	
	1.321	
	0.188	

	% Lymphocyte (%)
	49.66	± 4.26
	51.70  ±  8.42
	-1.932	
	0.056**

	Platelets (x 109/uL)
	262.91 ± 94.41
	257.20	± 96.73
	0.378	
	0.706	

	Haemoglobin conc. (g/dL)
	13.07 ± 1.70
	13.73 ± 1.36
	-2.708
	0.008**

	Haematocrit (%)
	37.51  ±  4.24
	38.70 ±3.46	
	-1.944
	0.054**

	Red blood cell count(x 103/uL)
	4.92 ± 0.57
	5.12 ± 0.53
	-2.295	
	0.023**

	Erythrocyte sedimentation rate (mm/hr)
	18.70 ± 10.00	
	12.79 ± 8.23
	4.084	
	<0.001**

	Reticulocyte count (%) 
	0.89 ± 0.46	
	0.78 ± 0.31
	1.745	
	0.083

	Mean corpuscular volume (fl)
	77.26 ± 4.80
	80.35 ± 6.01
	-3.590	
	<0.001**

	Mean corpuscular
haemoglobin( pg)
	27.39  ± 2.18
	28.67 ± 2.45
	-3.497	
	0.001**

	Mean corpuscular haemoglobin concentration (g/dl)
	35.34	± 1.28	
	35.82   ±  0.83
	-2.950	
	0.040**


Key;**p-value that are statistically significant

Table 3: Correlation between estimated glomerular filtration rate and haematological parameters assessed in Hb AS participants 

		Estimated glomerular filtration rate versus

	

	r- value
	      P-value 

	Haematocrit (%)
	0.183	
	0.105

	Haemoglobin conc.(g/dl)
	0.183	
	0.152

	White Cell Count ( x 103/uL)
	-0.029	
	0.799

	Absolute Neutrophil Count (Cells/ uL)
	-0.136	
	0.230

	% Neutrophil (%)
	-0.117	
	0.303

	% Lymphocyte (%)
	0.114	
	0.313

	Platelet Count ( x 103/uL)
	-0.050	
	 0.661

	Erythrocyte Sedimentation Rate(mm/hr)
	-0.226*
	 0.044

	Reticulocyte Count (%)
	-0.155	
	0.170

	Mean corpuscular volume (fl)
	-0.225*
	0.049

	Mean corpuscular volume (pg)
	-0.176	
	0.199

	Mean corpuscular haemoglobin concentration (g/dl)
	-0.062	
	0.582

	%  Hb S
	  -0.816***
	<0.001



	
	
	

	               Key: * Weak statistically significant correlation; *** Very strong statistically significant 
             correlation  
	
	
	










Table 4: The mean values of biochemical parameters of Hb AS and Hb AA groups

	
Parameters
	Hb AS
N=80
Mean ± SD
	Hb AA
N=80
Mean ± SD
	
t- value
	
P- Value

	Urea (mmol/l)
	4.28 ± 1.57
	3.55 ± 0.87
	3.651	
	0.001**

	Creatinine (µmol/l)
	86.55 ± 16.59	
	77.76  ±  10.45
	4.010	
	0.001**

	Estimated glomerular filtration rate (ml/min/1.73m2)
	101.00  ± 24.10
	112.03 ± 17.41
	-3.316	
	0.001**

	Total Protein (g/l)
	74.33	± 4.56	
	74.53 ± 4.22
	-.288	
	0.774

	Albumin (g/l)
	36.88 ± 1.69	
	38.39 ± 1.78	
	-5.524	
	0.001**

	Globulin (g/l)
	37.45 ± 4.82	
	36.14 ± 4.43
	  1.794	
	0.075

	Potassium (mmol/l)
	3.62 ± 0.29	
	3.72 ± 0.36
	-1.876	
	0.063

	Uric acid (mmol/l)
	0.38 ± 0 .23	
	0.30 ±	0.10
	 2.863	
	0.005**

	Total calcium (mmol/l)
	2.24 ±	0.17	
	2.24  ±	0.15
	-0.270	
	0.783

	Ionised calcium (mmol/l)
	1.12±0.08	
	1.13±	0.08	
	-1.032	
	0.304

	Inorganic phosphate(mmol/L)
	1.14±	0.35
	1.10 ±0.25
	  0.944	
	0.347


Key: **p-value that are statistically significant
Laboratory reference range - Urea: 2.5-5.8mmol/; creatinine: 50-132 µmol/l; egfr (stage 1: > 90 ml/min/1.73m2, Stage 2: 60 to 89 ml/min/1.73m2, Stage 3: 30 to 59 ml/min/1.73m2, Stage 4: 15 to 29 ml/min/1.73m2,ESRD: <15 ml/min/1.73m2)(Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney Inter Suppl, 2013,Total protein:58-80g/l,Albumin:35-50g/l;globulin:20-45g/l;Potassium:3-5mmol/l:Uric acid: 0.12 -0.36 mmol/l;Total calcium 2.25-2.75mmol/l;ionised calcium:1.1-1.3mmol/l;inorganic phosphate:0.65-1.3mmol/l.

Table 5: Correlation between estimated glomerular filtration rate and biochemical parameters assessed in Hb AS participants
	                                                                         Estimated glomerular filtration rate versus

	

	r- value                                P-value

	Urea(mmol/L)
	-0.004	
	0.969

	Creatinine(µmol/l)
	-0.653**	
	0.001

	Total Protein(g/l)
	-0.008	
	0.942	

	Albumin(g/l)
	0.069	
	0.542	

	Globulin(g/l)
	-0.032	
	0.778	

	Potassium(mmol/L)
	0.074	
	0.514	

	Uric acid(mmol/L)
	-0.062	
	0.585	

	
	
	

	Total calcium(mmol/L)
	-0.199	
	0.077	

	Ionised calcium(mmol/L)
	-0.033	
	0.773	

	Ionised Phosphate(mmol/L)
	-0.034	
	0.765


 Key: **Strong statistically significant correlation





Table 6: The prevalence and different stages of renal function status Hb AS and Hb AA populations
	
Parameters
	Hb AS 
N=80
	Hb AA
N=80
	
 ᵡ2
	
P-value

	Stage 1(%)
	52 (65.0)
	78 (97.5)
	27.840	
	 0.001

	Stage 2 (%)
	23 (28.8)
	2 (2.5)
	
	

	Stage 3 (%)
	  5 (6.5)
	0 (0.0)
	
	

	Total
	80 (100.0)
	80 (100.0)
	
	







eGFR (stage 1: > 90 ml/min/1.73m2, Stage 2: 60 to 89 ml/min/1.73m2, Stage 3: 30 to 59 ml/min/1.73m2, Stage 4: 15 to 29 ml/min/1.73m2,ESRD: <15 ml/min/1.73m2).(Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney Inter Suppl, 2013

Table 7: The mean values of %Hb S across stages of renal function in Hb AS group.
	
Parameters
	Stage 1
Mean ± SD
N =28
	Stage 2
Mean ± SD
N =23
	Stage 3
Mean ± SD
N = 5
	
F -value
	
p-value

	%Hb S
	36.30 ± 3.39
	41.61 ± 1.84
	46.68 ± 2.26
	9.255
	0.001**


Key;**p-value that are statistically significant





Table 8: The prevalence of microalbuminuria in the study groups

	Parameters
	Hb AS
N=80
	Hb AA
N=80
	
 ᵡ2
	
P-value

	Microalbuminuria Present (%)

	15 (18.8)
	0 (0.0)
	16.55	

	< 0.001**

	Microalbuminuria Absent (%)

	65 (81.2)
	80 (100.0)
	
	

	Total (%)
	80 (100.0)
	80 (100.0)
	
	



Key: **p-value that are statistically significant microalbuminuria <30mg/dl; Microalbuminuria ≥ 30mg/dl.











Table 9: Age distribution and proportion of microalbuminuria within the Hb AS group
	
	Microalbuminuria
Present
	Microalbuminuria
Absent
	
	

	Age Distribution (yrs)
	
15/80 (%)
	
65/80 (%)
	
 ᵡ2
	
p-value

	18-29
	6 (7.5)
	23 (28.8)
	0.806	
	0.938	

	30-39
	4 (5.0)
	16 (20.0)
	
	

	40-49
	4 (5.0)
	18 (22.5)
	
	

	50-59
	1 (1.3)
	5 (6.2)
	
	

	60-69
	0 (0.0)
	3 (3.8)
	
	

	Total
	15 (18.8)
	65 (81.2)
	
	



	Parameters
	Unstandardized coefficient ᵦeta
	P value

	Constant
	-35.52	
	0.999	

	Age
	  1.919	
	0.242	

	MCV
	  0.128	
	0.394	

	ESR
	  0.061	
	0.373	

	% Hb S
	  4.360	
	0.002**	

	Creatinine
	 15.889	
	1.000	


Table 10: Multivariate regression on the predictors of estimated glomerular filtration rate
Key: **p-value that are statistically significant
Figure 1: SCATTER PLOTS BETWEEN EGFR AND AGE   IN HBAS PARTICIPANTS
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r = -0.378, p = 0.001









DISCUSSION
This study is the first of its kind to determine the relationship between the percentage of Hb S and eGFR of individuals with sickle cell trait. The observed insignificant difference in mean weight, height and BMI across the studied group confirms that the study design was followed and data from this study may be compared with data from previously published studies. (Ajayi O.I et al., 2017 ), (Goldsmith JC et al., 2012)
The similarity might also be related to the contribution of occupational, environmental and nutritional status of the population studied. This could also be attributed to no or mild effect of the percentage haemoglobin S in circulation on appendicular skeletal system in Hb AS compared to that in sickle cell anaemia individuals.(Ejindu VC et al., 2007)
The correlation observed between the eGFR and age (r = -0.378; p =0.001; figure 1) was similar to observations made by Naik et al (2014).  Weinstein JR et al., (2010) attributed this to a reduction in the glomerular capillary plasma flow rate and the glomerular capillary ultrafiltration coefficient. Also the association of aging with changes in the activity of the renin-angiotensin and nitric oxide systems leads to normotensive ischemic nephropathy as well as progressive chronic kidney disease. (Weinstein JR et al., 2010).
 This study observed significant differences in the mean values of urea, creatinine, uric acid eGFR and albumin in Hb AS individuals when compared with Hb AA participants (Table 4). This is contrary to the observations of Nnadi EE et al., Sep-Oct 2014 who observed a significantly higher mean value in serum inorganic phosphate in the Hb AS compared to the Hb AA, instead. This observation was attributed to increased tubular re-absorption of phosphate in sickle cell disease and this may account for the higher serum levels of  inorganic phosphate in Hb AS compared to Hb AA (p = 0.005) .(Nnadi EE et al., Sep-Oct 2014 ,)
In this study, the observed creatinine values categorized the participants into different stages of renal impairment (Table 6). A combined prevalence rate of 35.3% of Stages 2 (two) and 3 (three) was noted in Hb AS participants when compared to 2% in the Hb AA participants. Further analysis of percentage haemoglobin S (%HbS) in Hb AS participants revealed statistically significance values across all the three stages of renal dysfunction (Table 7). This attest to the significant impact %HbS plays in evolvement of renal impairment in sickle cell trait individuals. (Julia Zhe Xu et al., 2019) in another study agreed to this finding and attributed this to the intracellular hemoglobin S composition which leads to polymerization. Other factors includes oxygen saturation, intracellular pH and 2, 3-diphosphoglycerate levels. Environmental and co-inherited genetic mutational factors is also said to modulate the kinetics of HbS polymerization in individuals with SCT. (Julia Zhe Xu et al., 2019) further concluded that Clinically symptomatic HbAS individuals could be considered to fall under four genetic categories such as; co-inheritance of HbS with a genetic modifier (including APOL1, HMOX1, HBA1 and HBA2 variants), dominant forms of HbS alleles, apparent heterozygosity for HbS,  and non-Mendelian inheritance of HbS.

The multivariate multiple regression on predictors of estimated glomerular filtration rate in this study (Table 10) corroborated the findings of a multicentric longitudinal study by Naik et al (2014) of a pooled analysis of more than 15000 individuals from five population-based cohorts of African Americans. Naik et al study revealed that 19.2% of Hb AS had chronic kidney diseases (CKD) compared to 13.5% non-carriers. Also 31.8% of Hb AS when compared to 19.6% non-carriers had albuminuria during the study period. (Becton LJ et al., 2010), (Naik RP et al., 2014).
Sickle cell trait was therefore concluded to be associated with an increased risk of CKD, incident CKD, decline in eGFR and presence of albuminuria. The study suggested that the pathophysiological mechanism of renal impairment in the sickle cell trait is demonstrable renal medullary vascular disruption following injection radiographs, although to a lesser extent than seen in sickle cell anaemia, in which %Hb S is much more, thus implying a dose-dependent relationship with kidney injury. This was also corroborated in longitudinal studies of larger population of individual living with Sickle cell Trait as compared with those with Sickle cell anaemia. (Olaniran KO et al., 2020, Stafford K et al., 2023)

This study also demonstrated significant microalbuminuria being present in the HbAS as compared to HbAA (Table 8).These observations that Hb AS is related to both impaired renal function and microalbuminuria are consistent with the medullary vascular disruption and %HbS dose-dependent renal impairment mechanisms as proposed by Naik et al. The Naik et al., 2014 study also concluded that the association between %Hb AS and CKD was independent of APOL1 risk variants, which has drawn attention to the possible explanation for a higher risk of CKD among African Americans.A followed up study by Masimango MI et al., 2022 in a large Congolese population-based study holds similar conclusion. Although, APOL1 risk variants are associated with CKD progression in African Americans and Sub-Sahara Africans respectively, they did not fully explain the observed increased risk of CKD among studied population compared with other populations of different ethnicity. Further studies with larger sample sizes are needed to sufficiently address potential interactions between Hb AS and the other CKD risk factors.
This study also revealed, highest prevalence of microalbuminuria within the age range of 18 to 29yrs, a finding that was corroborated by Datta V et al, (2003), who confirmed presence of microalbulminuria in age greater than 9 years in individual with SCT.This finding is attributed to glomerulopathy and forms the basis for recommending earlier microalbulminuria study in individual with Sickle Cell Trait. Another Classic microradioangiographic studies by Statius van Eps LW et al., (1970) demonstrated that the vasa recta in the renal medulla are disrupted in sickle cell trait leading to microalbuminuria, although to a lesser extent than is seen in Sickle cell anaemia. 
This study revealed no association between Hb AS and ESRD. The longitudinal study by Naik et al (2014) also showed a similar observation. Two prior studies Derebail et al (2010) and Hicks et al (2011), examined the relationship between Hb AS and ESRD, and demonstrated discordant findings, which could be potentially explained by limitations and variations in study design. (Derebail VK et al., 2010), (Hicks PJ et al., 2011).
Although observed relationship with decline in eGFR suggests that %Hb S may be associated with severe renal phenotypes, further prospective genetic studies with larger sample size are needed to resolve these questions.
Conclusions
Individuals with sickle cell trait should do annual urinalysis screening for microalbuminuria as earlier as 9 years of age and long- term follow up study in order to detect early signs of renal complications and kidney function outcomes. Higher levels of haemoglobin S have been shown to be related to a higher risk of renal impairment, even in Nigerians with sickle cell trait.
This study therefore recommends further and wider research to expand the scope of this study.
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