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Abstract

Objective: The haptoglobin (Hp) gene located on chromosome 16q22 exhibits a

polymorphism that can impact its capacity to inhibit the deleterious oxidative activity

of free hemoglobin. We aimed to determine the influence of Hp polymorphism on

oxidative stress, lipid profile, and cardiovascular risk in Cameroonian sickle cell ane-

mia patients (SCA patients).

Method: The Hp genotypes of 102 SCA patients (SS), 60 healthy individuals (AA),

and 55 subjects with sickle cell trait (AS) were determined by allele-specific PCR, and

the blood parameters were assessed using standard methods.

Results: Hp2-2 genotype was significantly (P < .05) present in SS (54%) than in AS

(42%) and AA (38%). Levels of catalase and cell reactive protein were higher, while

levels of total antioxidant capacity, triglycerides, low-density lipoprotein cholestetol,

blood pressure, Framingham score, and body mass index were lower in the SCA

patients. These parameters appeared to be unrelated to the haptoglobin genotypes.

SCA patients with Hp1-1 genotype presented a higher oxidative stress index (0.53

± 0.31) than those with Hp2-1 (0.33 ± 0.18). Lipid profile and cardiovascular risk

were not significantly different between various Hp genotypes in SCA patients.

Conclusion: Haptoglobin polymorphism did not affect lipid profile, cardiovascular

risk, and oxidative stress status of SCA patients. Nevertheless, SCA patients with

Hp1-1 genotype tended to be more prone to oxidative stress than those with Hp2-1.
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1 | INTRODUCTION

Haptoglobin (Hp) is an α2-sialoglycoprotein that binds free hemoglo-

bin (Hb) and prevents oxidative damage caused by the reaction

between heme iron of Hb and proteins and lipids.1 The capacity of Hp

to neutralize potential oxidation from the heme in Hb is particularly

important in sickle cell anemia (SCA), where there is increased release

of free Hb and increased systemic oxidative stress due to chronic
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hemolysis. Indeed, SCA is a genetic disease characterized mainly by

chronic hemolytic anemia, vaso-occlusive crises (VOCs), and bacterial

infections. Chronic hemolysis results in the presence of a large

amount of free Hb in the blood. This large amount of free Hb contrib-

utes to the formation of reactive oxygen species, thus causing oxida-

tive stress and lipid peroxidation.2 The oxidative stress can exacerbate

atherosclerosis caused by increased accumulation of cholesterol in

the arterial wall of macrophages.3 The presence of free Hb in plasma

is also linked to increased endothelial adhesion and nitric oxide

depletion,4 leading to a decrease of its vasodilator and antithrombotic

properties.5 This decrease, in turn, increases the atherogenic risk. The

atherogenic risk has long been considered as low in SCA patients

because of the reduction of total cholesterol level in plasma, especially

during crises. Elsewhere, recent studies have reported disturbances in

other markers of the lipid balance, in particular an increase in plasma

triglyceride concentrations, ApoB and ApoB/ApoAI, c-LDL/c-HDL,

and CT/c-HDL ratios (index of atherogenicity). These lipid abnormali-

ties could facilitate the occurrence of cardiovascular diseases in SCA

patients.6

Hp protein is present in all mammals, but its polymorphism is

particular to humans.3 Yano et al developed a PCR technique to

identify the six different genotypes of Hp (Hp1S-1S, Hp1F-1S,

Hp1F-1F, Hp2-1S, Hp2-1F, and Hp2-2).7 These genotypes do

not have equal capacity to protect the body from harmful effects

of free Hb.8 Hp1-1 is more active than the others in binding

hemoglobin and suppressing its inflammatory effects.9

Melamed-Frank et al10 established that individuals with Hp2-2

are more prone to oxidative stress than others. Hp2-2 individ-

uals show a stronger immunological reactivity than those with

Hp1-1 and Hp2-1, as revealed by antibody production after vac-

cination.9 Different clinical conditions have been associated

with the polymorphism of haptoglobin. Roguin et al11 showed

that Hp2-2 is associated with myocardial infarction, as a predic-

tor of the severity and extent of infarction damage in patients

with different risk factors. Ostrowski et al12 and Moreira and

Naoum13 already reported a strong association between SCA

and the Hp1-1 genotype. Other works suggested that Hp poly-

morphism may be involved in the pathophysiology of SCA.2,14

More recently, Chintagari et al15 demonstrated that Hp attenu-

ates the toxic effects of heme and iron released after hemolysis.

This functional Hp gene polymorphism may determine the sus-

ceptibility to a wide variety of vascular disorders associated with

an increase in oxidative stress.16

In Cameroon, the prevalence of SCA is between 2% and 3%.

The disease affects over 2 million people and causes about 4000

deaths each year. Half of the death occur before the age of 5, mak-

ing it a real public health problem. Despite these statistics, the

modulatory role of the Hp genotype on the oxidative stress, lipid

disturbance, and cardiovascular risk in SCA patients is still largely

understudied. The present study was therefore designed to inves-

tigate the impact of Hp polymorphism on oxidative stress, lipid

profile, and atherogenic risk in SCA patients from West

Cameroon.

2 | MATERIALS AND METHODS

2.1 | Study design and subjects

We conducted a cross-sectional descriptive study at the Regional

Hospital of Bafoussam (RHB) located in West of Cameroon, from

September 2018 to August 2020. One-hundred and two SS patients

regularly in consultation in RHB and aged 1-40 years were recruited for

this study. Exclusion criteria included pregnancy, and patients with a

history of crisis or blood transfusion within the past t3 months. Sixty

healthy individuals (AA) and 55 subjects with sickle cell trait (AS) were

recruited as controls. Prior to beginning the data collection, a question-

naire collecting clinical history including demographic data with tracing

of the major traditional cardiovascular risk factors (age, sex, hyperten-

sion, family history of cardiovascular disease, diabetes, and current

smoking), acute chest syndrome, priapism, alcohol consumption, disease

condition, and treatment history was given to each participant. They

were informed about the aims of the study, and written informed con-

sents were obtained from them (or their parents or guardians)according

to the Declaration of Helsinki. The study was approved by the Ethics

Review and Consultancy Committee (ERCC) of CAMBIN (Cameroon

Bioethics Initiative; reference number: CBI/424/ERCC/CAMBIN).

2.2 | Methods

2.2.1 | Sample collection and biochemical markers
measurements

Ten milliliters of blood was collected in two tubes (5 mL in EDTA tubes

and 5 mL in dry tubes). Blood in EDTA tubes was spotted on filter paper

for molecular analyses. The blood was sampled from fasting participants

and collected by nurses of the RHB. SS, AS, and AA phenotypes were

determined by agarose gel electrophoresis using the CELLOGEL kit.

Plasmatic total cholesterol (TC), triglycerides (TG), and high-density lipo-

protein cholesterol (HDL-C) concentrations were determined by enzy-

matic colorimetric assays using an auto analyser (Fully Smart;

Biochemical Systems International). Low-density lipoprotein cholesterol

(LDL-C) was determined by calculation using the formula of Friedewald:

LDL-C = TC � [HDL-C + TG/5]. Atherogenic index of plasma (AIP)

was calculated as the logarithmically transformed ratio of molar concen-

trations of TG to HDL-C: AIP = log (TG/HDL-C). Blood pressure

(BP) was measured with an automatic BP monitor with heart sense

(One Plus Healthcare FT-11B) and cardiovascular risk was estimated by

calculating the Framingham score (F score).17 C-reactive protein (CRP)

concentration was determined by latex agglutination using a DIALAB

kit. For oxidative stress, total antioxidant capacity (TAC) by Ferric

Reducing Antioxidant Power assay (FRAP), catalase activity (CAT),

malonedihaldehyde (MDA), and reduced glutathione (GSH) were evalu-

ated using the methods described by Benzie and Strain,18 Sinha,19 Folch

et al,20 and Ellman,21 respectively. The oxidative stress index (OSI) was

calculated as the ratio [(MDA/TAC) � 100]. Height and weight were

measured using an height gauge and an electronic scale, respectively.
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2.2.2 | DNA extraction and haptoglobin genotyping

Blood spots on the filter paper were excised with a sterile pair of surgi-

cal scissors. DNA was extracted from dried blood spots heated at

100�C in Chelex-100 in buffered Tris-EDTA as previously described by

Plowe et al.22 DNA was stored in the Tris-EDTA buffer at �20�C until

Hp genotyping was done by allele-specific PCR, as previously described

by Yano et al.7 Briefly, PCR was performed in a 25-μL reaction mixture

consisting of 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 0.1% Triton X-100,

2.5 mM MgCl2, 200 μM of each dNTP, 1.5 U of Taq DNA polymerase,

and 0.2 μM of each primer with 1 μL of DNA extract. Cycling conditions

were as follows: 95�C for 3 min followed by 35 cycles of 94�C for 40 s,

58�C for 1 min, 72�C for 2 min. Final extension was carried out at 72�C

for 5 min. PCR products were stored at 4�C for immediate use or

�20�C for long-term use. A T3 thermal cycler (Biometra, UK) was used

for the PCR amplification. PCR products were electrophoresed at 50 V

for 1 h on 1.2% agarose gel containing ethidium bromide, and the Hp

genotypes were determined by observing the DNA fragments under

UV light. Table 1 shows the sequences of primers and Table 2 shows

the combinations of the primers and predicted sizes of DNA fragments

amplified in each reaction.7

2.3 | Data analyses

Data were analyzed using Statistical Package for the Social Sciences

20 (SPSS, IBM). Hp genotype frequencies and individual alleles are

presented as percentages. According to the size of a population group,

which was above 30, as well as the descriptive explored test of

Levene, statistical tests for parametric tests were used. Comparisons

were made within and between groups using the Chi-square test

associated with z test and one-way ANOVA. Hardy-Weinberg equilib-

rium (HWE) analyses were carried out using the Plink software. Statis-

tically significant difference was considered at P < .05.

TABLE 1 Nucleotide sequences of the primers used

Primer Oligonucleotide sequence (50-30)

F3 CAGGAGTATACACCTTAAATG

S2 TTATCCACTGCTTCTCATTG

C42 TTACACTGGTAGCGAACCGA

C72 AATTTAAAATTGGCATTTCGCC

C51 GCAATGATGTCACGGATATC

TABLE 2 Primer set for PCR

Reaction
Primer
sets (F-R)

Target
alleles

Predicted
size (bp)

Reaction 2 F3-C42 Hp2 935

Reaction S C51-S2 Hp1S 1200

Reaction F F3-C72 Hp1F 1400

TABLE 3 Demographic information

Variables SS (102) AS (55) AA (60) P value

Gender Male 52 (51%)a 10 (18%)b 28 (47%)a <.001*

Female 50 (49%)a 45 (82%)b 32 (53%)a

Sex ratio (M/F) 1.04a 0.22b 0.8a <.001*

Age (y) Mean ± SD 9.59 ± 7.14a 24.89 ± 16.27 b 14.83 ± 7.29 c <.001*

Min-Max 1-40 1-55 1-36

Age range (y) 1-18 92 (90%)a 23 (42%)b 44 (73%)c <.001*

19-55 10 (10%)a 32 (58%)b 16 (27%)c

History of cardiovascular stroke No 100 (98%)a 54 (98%)a 60 (100%)a .558

Yes 2 (2%)a 1 (2%)a 0 (0%)a

History of ACS No 84 (82%)a 54 (98%)b 59 (91%)b <.001*

Yes 18 (18%) a 1 (2%)b 1 (9%) b

History of diabetes No 101 (99%)a 55 (100%)a 60 (100%)a .568

Yes 1 (1%)a 0 (0%)a 0 (0%)a

History of priapism** No 49 (94%)a 10 (100%)a 28 (100%)a .295

Yes 3 (6%)a 0 (0%)a 0 (0%)a

History of PHT No 102 (100%) 55 (100%) 60 (100%)

Smoker No 102 (100%) 55 (100%) 60 (100%)

Alcohol consumption No 93 (91%)a 31 (56%)b 50 (83%)a <.001*

Yes 9 (9%)a 24 (44%)b 10 (17%)a

Note: Values subscripted with different letters in the same line are significantly different at P < .05.

Abbreviations: ACS, acute chest syndrome; PHT, pulmonary hypertension.

*Significant difference at P < .05. **Done only for male.
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3 | RESULTS

Table 3 shows characteristics of the study population. Ninety percent

of SS patients were children (age range 1-18) with a sex ratio (male/

female) of 1.04. Significant difference was found between the cases

(SS) and controls (AA) in age (9.59 ± 7.14 vs 14.83 ± 7.29) and history

of acute chest syndrome (ACS) (Yes: 18% vs 9%). Significant differ-

ence was found between SS and AS in age (9.59 ± 7.14 vs 24.89

TABLE 4 Parameters measured in
the studied groups

Parameters SS (n = 102) AS (n = 55) AA (n = 60) P value

TAC (μM) 129 ± 25b 144 ± 25a 147 ± 19a <.001*

MDA (μM) 0.51 ± 0.29 0.44 ± 0.34 0.54 ± 0.25 .183

GSH (μM) 29.28 ± 4.97b 26.39 ± 5.23c 33.87 ± 3.66a <.001*

CAT (IU/min/mg) 780 ± 233a 490 ± 196b 477 ± 112b <.001*

OSI 0.43 ± 0.29a 0.31 ± 0.22b 0.38 ± 0.22a,b .022*

TG (g/L) 1.31 ± 0.57 1.10 ± 0.54 1.28 ± 0.53 .070

TC (g/L) 1.07 ± 0.38b 1.39 ± 0.45a 1.37 ± 0.39a <.001*

HDL-C (g/L) 0.43 ± 0.15 0.45 ± 0.13 0.45 ± 0.10 .735

LDL-C (g/L) 0.37 ± 0.31b 0.72 ± 0.43a 0.66 ± 0.44a <.001*

AIP 0.47 ± 0.21a 0.38 ± 0.23b 0.43 ± 0.17a .036*

SBP (mmHg) 91.8 ± 18.1b 117.9 ± 26.4a 116.4 ± 13.4a <.001*

DBP (mmHg) 47.2 ± 15.1b 74.1 ± 22.1a 70.5 ± 10.9a <.001*

F score �7.69 ± 4.58b �5.13 ± 6.63a �6.90 ± 5.08b .017*

BMI (m/kg2) 16.88 ± 2.69c 24.98 ± 7.80a 20.32 ± 3.84b <.001*

CRP (mg/L) 19.7 ± 18.9a 8.2 ± 5.5b 6.0 ± 0.0b .046*

Note: Values subscripted with different letters in the same line are significantly different at P < .05;

ANOVA test with post hoc Dunnet T3.

Abbreviation: AIP, artherogenic index of plasma (AIP = log (TG/HDL-C); BMI, body mass index; CAT,

specific activity of catalase (μmol/L of H2O2/min/mg of protein); CRP, C-reactive protein; DBP, diastolic

blood pressure; F score, Framingham score; MDA, malondihaldehyde; OSI, oxidative stress index

(OSI = (MDA/TAC)*100); SBP, systolic blood pressure; TAC, total antioxidant capacity.

*Significant difference at P < .05.

TABLE 5 Haptoglobin genotypes and allele frequencies distribution in the study population

Groups SS (n = 102) AS (n = 55)** AA (n = 60)** P value Total

Hp genotypes Hp 1-1 32 (31.4%)a 16 (29.1%)a 21 (35%)a <.001* 69 (32%)

Hp 2-1 15 (14.7%)b 23 (41.8%)a 23 (38.3%)a 61 (28%)

Hp 2-2 55 (53.9%)a 16 (29.1%)b 16 (26.7%)b 87 (40%)

Hp subtypes Hp1S-1S 25 (24.5%)a 8 (14.5%)a 9 (15%)a .001* 42 (19%)

Hp1F-1F 6 (5.9%)a 6 (10.9%)a 9 (15%)a 21 (10%)

Hp1S-1F 1 (1%)a 2 (3.6%)a 3 (5%)a 6 (3%)

Hp2-1S 11 (10.8%)a 13 (23.6%)a 13 (21.7%)a 37 (17%)

Hp2-1F 4 (3.9%)b 10 (18.2%)a 10 (16.7%)a 24 (11%)

Hp2-2 55 (53.9%)a 16 (29.1%)b 16 (26.7%)b 87 (40%)

Hp allele frequencies Hp1S 0.31 0.28 0.28 0.29

Hp1F 0.08 0.22 0.26 0.17

Hp2 0.61 0.50 0.46 0.54

Hp1 0.39 0.50 0.54 0.46

OR 0.54 0.85 1.87

95% CI 0.34-0.84 0.50-1.42 1.19-2.95

Note: a-c: values subscripted with different letters in the same line are significantly different at P < .05.

*Chi2 test with Bonferroni adjustment and Fisher test for the small size groups.

**AS and AA were in Hardy-Weinberg equilibrium (P > .05).
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± 16.27), sex (male: 51% vs 18%), history of ACS (yes: 18% vs 2%),

and alcohol consumption (yes: 9% vs 44%).

Oxidative stress parameters, lipid profile, blood pressure, F score,

and body mass index among the studied groups, irrespective to the

Hp genotype, are shown in Table 4. Homozygous SS patients

exhibited significantly higher (P < .05) activity of CAT (780 ± 233

IU/min/mg) and amount of CRP (19.7 ± 18.9 mg/L) and significantly

lower (P < .05) amounts of TAC (129 ± 25 μM), GSH (29.28

± 4.97 μM), TC (1.07 ± 0.38 g/L), LDL-C (0.37 ± 0.31 g/L), SBP (91.8

± 18.1 mmHg), DBP (47.2 ± 15.1 mmHg), and BMI (16.88 ± 2.69

m/kg2) than AA controls. Compared with AS, SS patients presented

significantly (P < .05) higher levels of GSH (26.39 ± 5.23 vs 29.28

± 4.97 μM), CAT activity (490 ± 196 vs 780 ± 233 IU/min/mg), OSI

(0.31 ± 0.22 vs 0.43 ± 0.29), and AIP (0.38 ± 0.23 vs 0.47 ± 0.21), but

significantly lower (P < .05) amounts of TAC (144 ± 25 vs 129

± 25 μM), TC (1.39 ± 0.45 vs 1.07 ± 0.38 g/L), LDL-C (0.72 ± 0.43 vs

0.37 ± 0.31 g/L), SBP (117.9 ± 26.4 vs 91.8 ± 18.1 mmHg), DBP

(74.1 ± 22.1 vs 47.2 ± 15.1 mmHg), F score (�5.13 ± 6.63 vs �7.69

± 4.58), and BMI (24.98 ± 7.80 vs 16.88 ± 2.69 m/kg2).

Table 5 shows the Hp genotype and allele frequency distributions in

the study population. The genotype distributions were in HWE in AS

(x2 = 0.22, P = .28) and controls AA (x2 = 0.08, P = .08). Significant devi-

ation from the Hardy-Weinberg equilibrium was observed in the cases SS

(x2 = 3.14 � 10�12, P = 9.42 � 10�13), with heterozygous deficit. Hp2-2

genotype was significantly (P < .05) present in homozygous SS patients

(54%) than in AS and AA, while Hp2-1 was most significantly found

(P < .05) in AS (42%) and AA (38%). Hp2-1F was significantly more pre-

sent in AS and AA than in SS. Regarding intra-group Hp allele frequency

distribution, Hp2 was the most present allele in SS with a proportion of

0.61. The proportion of Hp1 was 0.38 (with 0.31 for Hp1S and only 0.08

for Hp1F). However, in AS and AA controls, the proportions of the Hp1

and Hp2 alleles were similar (around 0.5 each) (Table 5).

Table 6 shows the quantification of different parameters

according to Hp genotype in the study population. SS patients with

Hp1-1 genotype presented a significantly high (P = .043) OSI com-

pared with Hp2-1 patients (0.53 ± 0.31 vs 0.33 ± 0.18). Apart for OSI,

no significant difference was observed in SS patients. In AS, GSH was

significantly higher (P = .048) in Hp1-1 subjects (28.9 ± 5.5 μM) than

those with Hp2-2 genotype (24.5 ± 4.0 μM), while in AA controls,

TAC was significantly higher (P = .007) in Hp2-1 persons (156

± 9 μM) than those with Hp2-2 genotype (136 ± 27 μM).

4 | DISCUSSION

The present study showed a sex ratio (M/F) of 1.04 in SS patients,

underlining that SCA distribution is independent of the sex. This can

be justified by the recessive autosomic transmission of SCA. The

majority of patients were young (mean age: 9.5 years) with 92% of

SCA patients aged below 19 years. The early mortality of SCA

patients might explain this result. Indeed, according to Houwing

et al,23 more than half of SCA patients die before the age of 5 years in

sub-Saharan Africa. These results are in agreement with those of

Fatima et al,24 who found that the most affected by SCA were chil-

dren under 10 years. The significant difference found in the history of

ACS between SS, AS, and AA could be the result of the disease, as

ACS is a common complication in SCA.25

In the present study, homozygous SS patients exhibited a signifi-

cant reduction in the TAC level compared with AA and AS, supporting

previous studies.26-28 TAC reflects the reducing property of non-protein

individual antioxidant, and this value is more informative than the quan-

tification of individual antioxidants.26 His increase could be the result of

the excess of reactive oxygen species (ROS) in blood. We also noted a

significant reduction of GSH level in SS compared with AA, supporting

previous studies.29-31 GSH is another important non-protein low-molec-

ular-weight compound implicated in the fight against oxidative stress.32

This compound is an essential cofactor for GSH-Px activity. It has been

reported that GSH concentration was decreased in SCA patients due to

the excessive production of ROS, which consume GSH, leading to the

reduction in the activity of GSH-Px.31 Various studies have shown the

depleted levels of nonenzymatic antioxidant molecules such as

vitamin C, carotene, and trace elements in SCA patients, reducing anti-

oxidant activity.33,34 Reduction of TAC and GSH could be the result of

higher oxidative stress in SCA patients. Indeed, SCA patients were more

affected by the oxidative stress than AS and controls, supported by the

OSI, which is higher in SCA patients than AS and AA. Significant

increase in the catalase activity was observed in SCA patients compared

with controls and AS, supporting the previous study of Faes et al.35

CAT is an enzyme produced to fight against free radicals, and the

increase of its activity is consistent with higher oxidative stress in

SCA.27 It is usually accepted that oxidative stress is increased in SCA

compared with healthy conditions. High oxidative stress in SCA may be

due to several mechanisms including (a) the excessive levels of cell-free

hemoglobin with its catalytic action on oxidative reactions, (b) the char-

acteristic recurrent ischemia-reperfusion injury, (c) a chronic pro-

inflammatory state, and (d) higher auto-oxidation of HbS.36

SCA patients presented higher CRP level compared with AS and

AA controls. The increase in CRP level could be due to infections.

Indeed, SCA is mainly characterized by higher infection sensitivity and

CRP level increase in case of infection. They also exhibited a signifi-

cantly lower amount of TC, LDL-C, SBP, DBP, and BMI compared with

AS and AA controls. Decreased TC and LDL-C in SCA have been well

documented.3,6,37,38 Hypocholesterolemia in SCA patients might

result from the increase in cholesterol use during the intense activity

of erythropoiesis. TC, in particular LDL-C, has a well-established role

in atherosclerosis. Reduction in TC, HDL-C, and LDL-C can be induced

by hemolytic stress in SCA.39 The low levels of SBP, DBP, BMI, AIP,

and LDL-C in SCA patients are consistent with the low levels of TC

and F score and the virtual absence of atherosclerosis among SCA

patients.3 Previous studies on TG in SCA have given controversial

results. Increased TG has been seen in several studies of adult SCA

patients.40,41 However, Shores et al42 did not find increased TG levels

in adult SCA patients, and Hama et al39 found a decrease TG in young

SCA patients compared with controls in Iraq. Potential reasons for

inconsistencies in TG between studies include differences in age, gen-

der, weight, diet, smoking, disease severity, and treatments.3 In the
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present study, TG level in SCA patients was not significantly different

from those of AA and AS. SS patients also exhibited significantly

higher (P < .05) levels of GSH, OSI, and AIP and significantly lower

(P < .05) F score compared with AS. The differences in GSH and OSI

are the result of higher oxidative stress in SCA. The variation in AIP

could be the result of age and sex differences between the two

groups, as the mean age of SS individuals (9.59 ± 7.14) is significantly

lower than in AS (24.89 ± 16.27) and the proportion of SS females

(49%) is significantly lower than in AS (82%).

In the current study, distribution of Hp genotypes was in HWE in

AS (x2 = 0.22, P = .28) and controls AA (x2 = 0.08, P = .08), but a signif-

icant deviation from HWE was observed in SS (x2 = 3.14 � 10�12,

P = 9.42 � 10�13), with heterozygous deficit, supporting the previous

work of Ostrowski et al12 where control AA cases were in HWE while

SCA patients showed deviation from HWE. The deviation from HWE

observed in SS patients may be explained by a lack of random reproduc-

tion (panmixia) in this group. Indeed, SCA patients aware of their

genetic status tend to choose partners of the AA genotype in order to

limit the risk of transmission to children. The Hp2-2 genotype was the

prevalent genotype in SCA patients (54%), whereas Hp2-1 was signifi-

cantly more represented in AS and AA (42% and 38%, respectively).

Regarding the allele frequency distribution, Hp2 was the most frequent

in SS patient (0.62). These results support those obtained by Adekile

and Haider2 in Kuwaiti patients. Their research showed that the most

frequent genotypes were Hp2-2 (52%) in SS patients and Hp2-1 (49%)

in AA controls, and the frequency of Hp2 allele in SS patient was 0.74.

However, these are different from the results of Olatunya et al43 in

Nigeria, Khalid and Khalil44 in Sudan, Moreira and Naoum13 in Brazil,

and Ostrowski et al12 in the United States, where the most frequent Hp

genotype in SS patients was Hp1-1 (43%, 68%, 36% and 72%, respec-

tively). Furthermore, the previous work of Bruna et al45 in Brazil

showed Hp2-1 as the most frequent Hp genotype in SS patients (57%).

The outcome of the relationship between Hp genotypes and SCA may

be influenced by a multitude of disease determinants including ethnic-

ity, environmental factors, and other diseases like malaria. SCA patients

are commonly affected by malaria, as Cameroon is an endemic region

of malaria. Hp has a protective effect against malaria, and it has been

suggested that Hp2-2 genotype accelerates the acquisition of immunity

against malaria.46 Previous studies have demonstrated that Hp2-2

genotype is associated with reduced susceptibility to malaria. In the

study by Elagib et al47 in Ghana, they found that Hpl-l genotype was

associated with susceptibility to falciparum malaria and the develop-

ment of severe complications. Quaye et al48 found that Hp2-2 geno-

type was significantly less in malaria patients as well as in complications

of malaria disease in Sudan. Atkinson et al49 conducted a similar study

in Kenya, with results suggesting that the Hp2-2 genotype was associ-

ated with reduced episodes of clinical malaria. These results can explain

why Hp2-2 genotype is significantly more represented in SCA patients.

The analysis of the relation between Hp genotyping and lipid pro-

file, oxidative stress parameters, artherogenic index of plasma, BP,

F score, and body mass index in the studied groups revealed signifi-

cant differences for OSI in SS, for TAC in AA controls, and for GSH in

AS. To the best of our knowledge, our study is the first to examine

the relationship between Hp polymorphism and oxidative stress, lipid

profile, and cardiovascular risk among Cameroonian SCA patients. In

SS, patients with Hp1-1 genotype presented a significantly high

(P < .05) OSI compared with Hp2-1 patients, underlining the higher

susceptibility of Hp1-1 SCA patients to oxidative stress compared

with Hp2-1 patients. This result is different from those of Melamed-

Frank et al,10 who established that individuals with Hp2-2 are more

prone to oxidative stress than Hp1-1 and Hp2-1 individuals. This dif-

ference can be attributed to the difference in experimental

approaches. The work of Melamed-Frank et al was performed in vitro

using a recombinant truncated Hp, while our study was done on SCA

patients. The increase OSI in Hp1-1 SCA patients could be the result

of the observed higher level of MDA in these patients compared with

Hp2-1 SCA patients (0.61 ± 0.28 vs 0.42 ± 0.21 μM). The other

parameters (lipid profile, MDA, TAC, CAT, GSH, artherogenic index of

plasma, blood pressure, F score, and body mass index) did not reveal

any significant difference between Hp genotypes and in patients and

controls. These results are similar to those of some previous works

concerning the effect of Hp genotype on some biochemical parame-

ters in SCA patients. Cox et al50 showed that Hp polymorphism did

not have any effect on the risk of transcranial Doppler among SCA

patients in Tanzania; Bruna et al45 found no relationship between Hp

polymorphism and IL-6 and IL-8 levels among Brazilian SCA patients;

and Olatunya et al43 showed that there were no statistical differences

in the clinical events and laboratory parameters regarding Hp geno-

types in Nigerian SCA patients. Yet, several studies have shown that

Hp polymorphism is associated with abnormalities in others diseases.

Hp2-2 is characterized by a higher risk of mortality in tuberculosis and

HIV.51 It is a major risk factor for (a) vascular complications and reti-

nopathy in diabetics,52 (b) cardiovascular disease in diabetes

mellitus,53 (c) developing refractory hypertension in hypertensive

patients, (d) severity and extent of myocardial damage after myocar-

dial infarction,54 (e) the prediction of atherosclerosis in patients with

ischemic stroke,55 (f) non-muscle invasive bladder cancer incidence

and progression,56 and (g) worse glycemic and insulinemic compensa-

tion in pediatric obesity.57 In the present study, TAC and GSH levels

were significantly lower in Hp2-2 subjects (AA and AS) than in those

carrying Hp1-1 and Hp2-1. This result supports the fact that Hp2-2 is

a risk factor for the development of oxidative stress in normal condi-

tion. The impaired ability of the Hp2-2 protein to prevent Hb-driven

oxidation as compared with the Hp1-1 protein might constitute the

mechanism by which oxidative stress and vascular risk in Hp2-2 indi-

viduals are increased.1 Individuals with the Hp2-2 genotype have

reduced clearance of the macrophage-Hp-Hb complex, which affects

iron deposition, oxidative stress, and active macrophage accumulation.

These changes would be consistent with an increased risk of athero-

sclerotic cardiovascular diseases.16 Therefore, the mechanism by with

SCA patients with Hp1-1 are more prone to oxidative stress than

those with Hp2-1 genotype should be investigated. Since a large body

of evidence suggests that the Hp2 allele is a major susceptibility gene

for the development of vascular complications and of oxidative stress,

a special focus should be given to the particular population of SS

patients with Hp2-2 genotype.
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5 | CONCLUSION

This study aimed to determine the influence of Hp polymorphism on oxi-

dative stress, lipid profile, and cardiovascular risk in Cameroonian SCA

patients. Our results showed that although levels of CAT and CRP were

higher and levels of TAC, TC, LDL-C, SBP, DBP, F score, and BMI were

lower in SCA patients, they appeared not to be related to the haptoglobin

genotypes. Hp gene polymorphism did not affect lipid profile, cardiovas-

cular risk, and oxidative stress status of SCA patients. Nevertheless, SCA

patients with the Hp1-1 genotype present a higher oxidative stress index

than those with Hp2-1. Further investigations are necessary to identify

the implications of Hp polymorphism in SCA patients.
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