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Abstract                                                                                                                                  

Background: There is a clear relation between renal and cardiovascular diseases (CVD with 

distinct genotypes. Mutations of methylene tetrahydrofolate reductase (MTHFR) gene is the 

most common genetic cause of mild hyperhomocysteinemia. The homozygosity for the cytosine 

677 thymine (C677T) mutation in MTHFR leads to decreased synthesis of 5-methyltetrahydro-

folate, the primary methyl donor in the conversion of homocysteine to methionine. The resulting 

increase in plasma homocysteine concentrations is now confirmed as a risk factor for thrombosis.                                                                                                                      

Objective: To investigate the association between methylene tetrahydrofolate reductase gene 

variants and cardiovascular and renal diseases among Sudanese patients.                                               

Materials and methods: 150 cases from Khartoum State hospitals (Sudan) were adopted in 

this study. They included 50 renal diseases cases, 50 CVD cases, and 50 controls. Peripheral 

blood was collected from each participant and biochemical and molecular analysis was 

performed. Genomic DNA was extracted to perform the polymerase chain reaction (PCR) 

analysis.                                                                                                                                                   

Results: The mean total homocysteine concentration in healthy Sudanese individuals was 

(10.97µmol/L). Frequency rate of mutant MTHFR C677T polymorphisms among CVD and renal 

diseases patients among Sudanese patients was low. The frequency rate of mutant MTHFR 

C677T genotype among CVD and renal diseases patients was 0%TT, 18 % CT, and 0%TT, 12 % 

CT respectively). Also, the MTHFR T677T genotype was not detected in all patients studied. 6% 

of MTHFR C677T was detected among healthy control participants.                                                                                                    

Conclusion: There was no significant association between the C677T polymorphism and the 

risk for renal diseases patients and cardiovascular diseases.  
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Introduction  

The homozygosity for the cytosine 677 thymine (C677T) mutation in MTHFR leads to decreased 

synthesis of 5-methyltetrahydro-folate, the primary methyl donor in the conversion of 

homocysteine to methionine. The resulting increase in plasma homocysteine concentrations is 

now confirmed as a risk factor for thrombosis. The mutation responsible for this form is a C 

(cytosine) to T (thymine) substitution at nucleotide 677 of the coding sequence, which converts 

alanine to a valine residue. Individuals with the MTHFR TT genotype produce an enzyme with 

about 30% activity, resulting in decreased methyl tetrahydrofolate. It is the most frequent cause 

of mild hyperhomocysteinemia and can be found in 5-15% of the population1.                                                   

The ‘thermolabile’ variant form (C677T) of methylene tetrahydrofolate reductase (MTHFR, EC 

1.5.1.20) was found to be more prevalent in patients with cardiovascular diseases than controls in 

many studies. The mutations in homocysteine metabolism related enzyme genes including 

methylene tetrahydrofolate reductase (MTHFR) C677T, 844ins68methionine synthase (MS) 

A2756G and cystathionine b-synthase (CBS) have been identified as genetic risk factors for 

thromboembolic events2.                                                                                                                   

Additionally, MTHFR 677TT genotype was found to be associated with a 25% increase in 

homocysteine concentrations. The results of these studies suggest that even slight elevations in 

the concentrations of total plasma homocysteine (15 µmol/L) are associated with increased risk 

of myocardial infarction, peripheral arterial disease, stroke and venous thrombosis. Also, 

individuals with the MTHFR 677 TT genotype have a 16% increase in coronary heart disease 

(CHD) risk. A few studies have evaluated the associations between genetic polymorphism of 

homocysteine and renal disease, and most of these studies have focused only on the methylene 

tetrahydrofolate reductase (MTHFR) gene 677C→T polymorphism, disregarding other 

mutations. Mann et al in 2008 has reported the association between increased plasma 

homocysteine concentration and decreasing GFR and this association was confirmed in many 

other studies. MTHFR 677TT genotype was also linked with a higher risk for reduced kidney 

functions independent of homocysteine levels3.  

The aim of this study was to find out the occurrence of genetic mutations of methylene 

tetrahydrofolate reductase (MTHFR C677T) in healthy Sudanese population and patients with 

hyperhomocysteinemia, associated with CVD and renal diseases. No such study was ever 

conducted neither in healthy Sudanese population nor in Sudanese disease conditions. 
 

Materials and methods   

This was is a case control, descriptive, qualitative study in Sudanese population. 150 participants 

were included in this study, divided into three groups: 50 patients in the CVD group, 50 patients 

in the renal diseases group, and 50 participants in the matching healthy control group. All 

patients blood specimens were collected from Khartoum State hospitals (Sudan). Specialized 

clinicians had confirmed the full diagnosis of CVD and renal diseases. The healthy control blood 

specimens were collected from the Central Blood Bank in Khartoum. Inclusion criteria were: 

patients aged 18-60 years, within the local Khartoum ethnicity, and suffering from CVD and 

renal diseases. renal diseases. The exclusion criteria were: patients lacking vitamin supplements,  
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and patients with cancer, liver disease, primary renal disease, or collagen diseases. Clinical, 

laboratory, and demographical data were entered in forms specially designed for this study. 

Ethical approval was granted by the Directorate of Research in Khartoum State (Sudan). All 

participants provided a written informed consent. Statistical analysis was performed using the 

statistical package for social science (SPSS) program, version 21.0 software. Mean ± SD were 

used to measure the clinical characteristics between cases and controls with unpaired student t-

test. Allele frequencies were estimated by the gene counting method, and the chi-square (χ2) test 

was used to identify departures from Hardy-Weinberg equilibrium. Genotype distribution of 

several polymorphisms was compared between patients and control subjects by the chi-square 

test. Yates correction was also carried out for genotype and allele frequencies.                                                                                                    

From each participant 6 ml of blood specimen were collected. 4 ml of them were used for 

biochemical tests, and 2 ml for molecular analysis.                                                                                                

Biochemical analysis:  Serum was separated from the 4 ml coagulant blood specimen and used 

for biochemical analysis by an automated chemistry analyzer. The analytes investigated were: 

homocysteine, vitamin-D, vitamin B12, folic acid, albumin, urea nitrogen, creatinine, cholesterol, 

triglyceride, urine random calcium/ creatine Ratio (URCA), and total protein.                                        

Molecular analysis: Polymerase chain reaction (PCR) was performed with designed primers for 

CBS (844 in s68) variants based on earlier publications. The primers were redesigned depending 

on the selected variants to confirm the nucleotide sequences. Three steps (denaturation, 

annealing, and extension) were applied for the selected variants genotyping. PCR amplification 

was performed with 35 cycles (95°C for 30 sec, 60°C for 30 sec, 72°C for 45 sec) followed by 

the final extension step at 72°C for 5 min. The reaction volume contained 100 pmol of each 

primer, 6 μL of sterile water, 10 μL of the 2X master mix (included MgCl2, 10X Taq buffer, 10 

unit of Taq DNA polymerase) and 2 μL template DNA. The PCR product was directly separated 

by electrophoresis in 3.0% agarose gel (AGE) and visualized in UVI gel doc. 
 

Results  
 

Table (1) exhibits features of controls, renal diseases and cardiovascular diseases patients.   

The gender composition of height and weight in renal diseases patients, CVD and controls are 

almost similar (p > 0.05), however, the difference in body mass index (BMI) between patients 

and controls was statistically significant (p = 0.04 in renal diseases patients and p = 0.01 in CVD 

patients). Systolic blood pressure (SBP) was found to be significantly associated in renal diseases 

patients (p=0.003), and diastolic blood pressure (DBP) was insignificantly associated in both 

renal diseases and CVD patients. The homocysteine (Hcy), vitamin B12 , and folic acid (FA) 

concentrations were higher in renal diseases patients than in controls. On comparing these two 

groups, they were found significantly associated (p < 0.05). Vitamin D, albumin, blood urea, 

blood creatinine, total protein and uric acid were also found to be significantly associated             

(p < 0.05). The results of these analytes were higher in renal diseases patients as compared with  

controls. On the other hand, the concentrations of cholesterol and triglycerides were lower in 

renal diseases patients than in controls and were insignificantly associated (p > 0.05).  

Homocysteine, vitamin B12, and folic acid concentrations were higher in CVD patients than in 

controls. They were significantly associated (p < 0.05). Vitamin D, albumin, blood urea, 

creatinine, total protein, uric acid and cholesterol concentrations were also significantly 
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associated (p < 0.05), and they were higher in CVD patients than in controls. Triglyceride 

concentration was higher in controls than in CVD cases (insignificantly associated: p > 0.05).     

 

Table (1):  Baseline features in renal diseases (RD) patients,                                                                          

cardiovascular diseases (CVD) patients and control participants  

Parameters RD patients  

(n=50) 

Controls 

(n=50) 

p - value CVD patients  

(n=50) 

p - value  

Gender ratio  M:F 23:17 M:F 23:27 0.0  M:F 35:15 0.69 

Weight (kgs) 56.2±15.86 67.98±12.77 0.13 64.34±10.66 0.20 

Height (cms) 166.4±9.32 166.8±9.93 0.65 168.86±6.31 0.01 

BMI (kg/m2) 20.25±5.12 24.37±3.81 0.04 22.44±2.67 0.01 

SBP 145.66±31.97 120±17.37 0.003 113.86±21.64 0.12 

DBP 81.32±15.98 80±13.24 0.19 73.1±15.24 0.32 

Smoking 46:4 10:40 0.76 43:7 0.41 

HCY 23.78±13.34 10.97±3.29 < 0.0001 27.30±15.14 < 0.0001 

Vitamin B12 389.43±249.39 200.96±92.81 < 0.0001 523.57±393.66 < 0.0001 

Folic acid 17.09±10.61 13.73±4.63 < 0.0001 14.76±8.2 0.0001 

Vitamin D 56.22±33.64 51.10±21.91 0.003 46.37±30.74 0.01 

Albumin  33.73±6.95 41.71±4.41 0.001 30.31±5.93 0.04 

Bun  21.67±6.45 3.90±0.91 < 0.0001 13.20±11.46 < 0.0001 

Cholesterol  3.39±0.98 3.82±0.88 0.45 3.25±1.42 0.001 

Creatinine  886.39±343.53 70.47±15.50 < 0.0001 127.86±68.22 < 0.0001 

Total protein  71.45±12.32 78.16±4.83 < 0.0001 77.06±9.96 0.0001 

Triglyceride  1.28±0.91 1.41±0.69 0.05 1.19±0.71 0.84 

URCA 369.12±167.58 253.28±72.15 < 0.0001 464.94±156.80 < 0.0001 
 

Table (2) shows genotype distribution between renal diseases patients and control participants. 

Prevalence of HWE was found to be significantly higher in both renal diseases patients and 

cardiovascular diseases patients as compared with healthy controls. Neither heterozygous nor 

homozygous variants of C677T polymorphism in MTHFR gene were significantly associated 

with cardiovascular diseases or renal diseases [CT vs CC; OR-0.81 (0.23, 2.86); p = 0.74 and TT 

vs CT; OR-1.18 (0.01, 69.9); p=0.93]. 

Table 2. Genotype distribution between renal diseases (RD) patients and control participants 

Genotype RD patients   Control participants    OR (95% CI) p-value 

(C677T) CC 45 (90%) 44 (88%) Reference  

(C677T) CT 05 (10%) 06 (12%) 0.81(0.23,  2.86) 0.74 

(C677T)TT 0.0 (0.0) 0.0 (0.0) 1.18 (0.01, 69.9) 0.93 
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Table (3) shows the allele frequency rates calculated between the renal diseases (RD) patients 

and control participants. The C allele of C677T variants was found to be higher in renal diseases 

cases than control cases (95%), while the T allele was found to be higher in control cases than 

renal diseases cases, i.e. 6% (T vs C: OR-0.82 [0.24-2.79]; p=0.75). 
 

Table (3): Allele frequency rates between renal diseases (RD) patients and control participants 

Alleles RD patients Control participants OR (95%CI) p-value 

(C677T) C 95 (0.95) 94 (0.94) Reference  

(C677T) T 05 (0.05) 06 (0.06) 0.82 ( 0.24-2.79) 0.75 
 

 

Table (4) shows the genotype distribution between cardiovascular (RD) patients and control 

participants. The frequency rates of C677T polymorphism in MTHFR genotypes such as CC, CT 

and TT were 82%, 18% and 0.0% in CVD cases and 88%, 12% and 0.0% in control participants 

cases. The statistical analysis showed an insignificant association, CT vs CC: OR-1.61 (0.52-

4.91), p = 0.40; TT vs CT: OR-0.68 (0.01-39.06), p = 0.85]. 
 

Table 4: Genotype distribution between cardiovascular (RD) patients and control participants 

Genotype CVD patients  Control participants  OR (95% CI) p-value 

(C677T) CC 41 (82%) 44 (88%) Reference  

(C677T) CT 09 (18%) 06 (12%) 1.61 (0.52, 4.91) 0.40 

(C677T)TT 0.0 (0.0) 0.0 (0.0) 0.68 (0.01, 39.06) 0.85 
 

 

Table (5) shows the allele frequency rates between cardiovascular diseases patients and control 

participants. An insignificant differences in allele frequency rates were observed with CVD cases 

and control participants. C677T polymorphisms was not associated after incorporation of Yates 

correction (T vs C; OR-1.54 (0.53-4.52); p = 0.42). 
 

Table (5): Allele frequency rates between CVD patients and control participants 

Alleles CVD patients   Control participants    OR (95% CI) p-value 

(C677T) C 91 (0.91) 94 (0.94) Reference  

(C677T) T 09 (0.09) 06 (0.06) 1.54 (0.53-4.52) 0.42 
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Discussion  
 
 

It is known that the frequency rate of the three mutations differs among different ethnic     

populations. The frequency rate of MTHFR C/T genotype ranges from 0.06 to 0.59, and the 

frequency rate of the T/T genotype (homozygosity for the C677T mutation) ranges from 0.00 to 

0.35 among different regional and ethnic population groups. The frequency rate of the 677T 

allele has been found to be highest in North India (16.7%) and lowest in East India (1.1%). 

Moreover, the highest frequency rate of the 677TT genotype has been found in the Rajput 

population (7.8%), and this genotype is absent in the Kom, Meitei, Paite, Thadou, Kabui, Munda, 

Oraon and Naikda population groups in India4.                                                                                              

In China, frequency rates of the 677T allele and 677TT genotype increased along Southern, 

Central, and Northern areas across Mainland China (all p = > 0.001), while decreased frequency 

rates were found along the South, Central, and North areas across China (all p = > 0.001)5.                                                                                                                                                    

Binia and his co-workers estimated the frequency rate of MTHFR C677T and MTR A2756G 

polymorphisms mutations between Mestizo, Amerindian, European, African and Asian 

populations and found a higher frequency rate of  MTHFR C677T risk genotype (TT) between 

Mestizo and Amerindians (frequency rates: 25% and 57 %, respectively)This rat was higher than 

that between African, European and Asian populations6.                                                                                                   

In African populations, there was no TT genotype, whereas Asians and Europeans had a 15% 

and 13 %, frequency rates respectively. MTR A2756G was detected in similar frequency rates in 

most populations analyzed (<11 %). The lowest frequency rates were also reported in Europeans 

and Mexicans (< 2 %), while the highest frequency rate was in Africans (11 %).                                                                                                

MTHFR 677TT genotype frequency rate was reported to be high in Europeans, Asians, Central 

and South Americans (from 24.1% to 64.3%), and low in African populations (0-35.5 %)7.                                                                                                                                                                   

In another study conducted by Rosa-Maria and his co-authors individuals from the West African 

countries such as Benin and Togo have also shown the lowest frequency rate of the mutation in 

comparison with French and Mexicans8.                                                                                             

Globally, the frequency rate of 677T allele ranged from 0% to 35.5% among Africans  

Americans when compared to European Americans where it ranged from 24.1% to 64.3%. In 

North Americans the frequency rate ranged from 6% to 64.3%, and among South Americans the 

frequency rate ranged from 2% to 48.7%. Finally it ranged from 8% to 31.5% among Siberians6.            

The present study uncovered low frequency rate of mutant MTHFR C677T genotype with                      

0% TT genotype (homozygote) and 18 % CT (heterozygote) among CVD Sudanese patients. The 

low frequency rate of mutant MTHFR C677T genotype (0% TT genotype homozygote and 12% 

CT heterozygote) was observed earlier in a study performed by Elhassan and his colleagues 

among Sudanese DVT patients9.                                                                                                                 

Our findings were similar to previous reports in Africans where none of the 174 Ghanaian 

individuals were found to be homozygous for MTHFR 677T.                                                                               

In addition, the frequency rate in our renal diseases patients was 0% TT genotype (homozygote) 

and 12 % CT (heterozygote) similar to that obtained by Hishida and his co-workers, who 

demonstrated the presence of MTHFR C677T C/T and T/T in CKD frequency rates of 95 % and 

1.39 %, respectively in Japanese population10. The findings of this study showed 0% TT 

genotype (homozygote) and  
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6% CT  (heterozygote) in CVD patients and control participants respectively. This was taken to 

indicate the low risk of this mutation in renal diseases patients. These findings were in line with 

Hishida and his co-workers who reported a significant association between the individuals with 

the T/T genotype of MTHFR C677T polymorphism and the elevated risk of CKD, and 

accordingly, they suggested the possibility of the risk evaluation and prevention of this 

potentially life-threatening disease in these patients based on genetic traits in the near future10.                                                                                

To sum up: The mean total homocysteine concentration in healthy Sudanese individuals was 

(10.97 µmol/L) which is comparable to other populations . Frequency rate of mutant MTHFR 

C677T polymorphisms among CVD and renal diseases Sudanese patients was low. The MTHFR 

C677T polymorphisms was not considered risk factors for developing of CVD and renal diseases 

in the Sudanese population. The frequency rate of mutant MTHFR C677T genotype among CVD 

and renal diseases patients was 0%TT, 18 % CT, and 0%TT, and 12 % CT respectively). Also, 

the MTHFR T677T genotype was not detected in the patients investigated, however, 6% of 

MTHFR C677T was detected among the healthy control participants.                                                              

Conclusion: There was no significant association between the C677T polymorphism and the risk 

for renal diseases patients and cardiovascular diseases.                                                     

Recommendations: Future studies should be conducted in a larger sample size, including  

multiple variants to confirm this study findings. Follow-up studies should also be conducted to 

find out the outcome of any specific mutations are detected.                                                        
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