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Abstract 
Introduction: Sub-Saharan Africa (SSA) is facing a rising epidemic of non-communicable diseases including 
the coronary artery disease (CAD) ranking at the top of the list. Chromosome locus 9p21.3 containing 
CDKN2B antisense RNA 1 (CDKN2B-AS1), identified in many genome-wide association studies for coronary 
artery disease (CAD), encompasses multiple single nucleotide polymorphisms (SNPs). This study aimed to 
conduct the first genetic study evaluating the common polymorphisms in 9p21.3 locus in Tanzanian CAD 
patients from different regions of Tanzania and their associations with CAD risk factors. 
Material and Methods: A total of 90 patients from Northern region (N-CAD) of Tanzania and 65 patients 
from other regions (South, East, West and Central) (R-CAD) were included in the study. Further the 
biochemical analysis the genotyping of common variants was performed with the LightSNiP typing assay 
using qRT-PCR method.   
Results: Our analyses revealed that both genotype and allele frequencies of rs10757274, rs10757278 and 
rs10811656 were significantly different between the groups (p<0.05, respectively). We identified that one 
previously undescribed three-marker haplotype (rs1333049, rs10757274 and rs10757278) encompassing 
CDKN2B-AS1 was overrepresented (G-G-G, the risk haplotype, p<0.05) in N-CAD group compared to R-CAD 
group. The AUC of a risk model based on non-genetic factors was 0.730 (0.654-0.797) and the combination 
with genetic risk factors improved the AUC to 0.784 (95%CI=0.713-0.844, p<0.0001). 
Conclusion: Our results identified the presence of a novel three-marker haplotype having a significant 
association with CAD in Northern Tanzania. Moreover, combination of the nongenetic and genetic risk 
models were demonstrated to indicate good diagnostic accuracy for CAD in Northern Tanzania.  
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Introduction 

The contribution of non-communicable diseases (NCDs) to the health challenges is 
growing globally and becoming major health problem facing the world today and a global leading 
cause of death and disability (Lee et al., 2012). Sub-Saharan Africa (SSA) is characterized by the 
greatest burden of communicable diseases (CDs) among all regions in the world (Boutayeb, 
2006). But a disturbing trend in the last decade has been the consistent rise of NCDs in SSA (Dalal 
et al., 2011). The prevalence of some NCDs in SSA is beginning to match with that in high-income 
countries and are projected to increase at least 5-fold by 2100 (Adebamowo et al., 2017). 
Coronary artery disease (CAD) as a main NCDs once considered rare in SSA, its incidence is now 
becoming worrisome in this region. The number of deaths due to CAD increased by 87% from 
1990 to 2013 in SSA, likely due to aging and growth of the SSA population (Adebamowo et al., 
2017). Moreover, the number of deaths caused by NCDs will be increased by 2020 with CAD 
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expected to be the most leading causes of death and disability among adult populations (World 
Health Organization, 2002). The spectrum and pattern of CAD along with their risk factors are 
changing in urban areas as a result of progressive urbanization and westernization of lifestyle 
(Tantchou Tchoumi et al., 2011; Mocumbi, 2012). The result of migration from rural areas to urban 
areas and living in urban areas compared to rural areas is strongly associated with a higher 
prevalence of hypertension, glucose intolerance, obesity dyslipidemia, and also CAD (Unwin et 
al., 2010). 

CAD is caused by a combination of genetic, physiological, environmental and behavioral 
factors. Modifiable risk factors such as diabetes, cholesterol, hypertension, and smoking has 
repeatedly shown that 30% to 40% of deaths from CAD can be prevented and the fact that a major 
proportion of the susceptibility to CAD is due to genetic risk factors has been recognized for 
more than five decades. For reduced or eliminated of the CAD, comprehensive prevention will 
require knowledge of the genetic risk factors (Roberts, 2014).  
Genome-wide association studies (GWASs) after development of DNA sequencing technology 
have facilitated to increase our knowledge for understanding the genetic basis of complex 
diseases, for preventing the disease and translation toward new therapeutics (Visscher et al., 
2017). 

In 2007, GWAS identified a new susceptibility locus for CAD mapped at chromosome 
9p21.3 (Helgadottir et al., 2007; McPherson et al., 2007; Samani et al., 2007).  This locus contains 
the coding sequences of genes for two cyclin-dependent kinase inhibitors; 2 cyclin kinases 
inhibitors (CDKN2A/B) CDKN2A (p16INK4a, p14ARF), CDKN2B (p15INK4b), methylthioadenosine 
phosphorylase (MTAP) and large nonprotein coding RNA in INK4 locus, termed CDKN2B-AS1 
(ANRIL). Moreover, CDKN2B-AS1 has been proposed to regulate their neighbour adjacent protein 
coding genes which include CDKN2A/B through transcription factors (Congrains et al., 2012). Also, 
several single nucleotide polymorphisms (SNP) associated with CAD, are located on the 9p21.3 
locus. These SNPs show a strong linkage disequilibrium forming a risk haplotype 58 kilobase in 
length (Helgadottir et al., 2007; McPherson et al., 2007). Associations of the SNPs with CAD 
pathogenesis have also been replicated in many case-control studies in non-African populations 
(Helgadottir et al., 2007; McPherson et al., 2007; Samani et al., 20017; Congrains et al., 2012; 
Hinohara et al., 2008; Zhou et al., 2012; Yan et al., 2016). 

Africa is the ancestral homeland of all modern humans in line with knowledge of human 
evolutionary history (Teo et al., 2010). Though the genetic studies of populations on 
mitochondrial (mt) DNA and nuclear DNA markers consistently indicate that knowledge of 
genetic diversity and population structure in Africa has high levels of haplotype diversity and low 
levels of linkage disequilibrium (LD) (González-Santos et al., 2015). Because of the important role 
of African populations in human history, characterizing their patterns of genetic diversity is 
crucial for reconstructing for understanding the genetic basis of complex diseases. GWASs in 
Africa could shed light on understanding the genetic background of complex diseases (Tishkoff & 
Williams, 2002).  

In the present study, we selected from GWAS six SNPs (rs1333049, rs2383206, rs2383207, 
rs10757274, rs10757278 and rs10811656) located on 9p21.3 locus. These SNPs were previously 
reported to be strongly associated with CAD in non-African populations (Helgadottir et al., 2007; 
McPherson et al., 2007). Associations of the SNPs with CAD pathogenesis have also been 
replicated in many case-control studies in non-African populations (Helgadottir et al., 2007; 
McPherson et al., 2007; Samani et al., 20017; Congrains et al., 2012; Hinohara et al., 2008; Zhou et 
al., 2012; Yan et al., 2016). And then we investigated their associations with CAD in different 
regions of Tanzania along with the CAD risk factors.  
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Materials and Methods 

Study Population 
The study was performed at Muhimbili National Hospital (MNH) Jakaya Kikwete Cardiac Institute 
(JKCI) from January 2016 through February 2017. Individuals enrolled in the study were selected 
among patients admitted to the cardiology outpatient clinic. A total of 155 CAD patients; 90 CAD 
patients from Northern region (mean age 63.10±11.25) and 65 CAD patients from other regions 
(Southern region, Western region, Central region and Eastern region of Tanzania) (mean age 
59.67±9.21) were enrolled in this study. CAD was defined as ≥ 50 % luminal narrowing in at least 
one coronary artery. All subjects enrolled in this study were African Tanzanians belonging to 
different tribes.  

Detailed information on demographics, past history, lifestyle factors and coronary risk 
factors (diabetes, hypertension, obesity and etc.) record were completed through personal 
interviews. Also, informed consent was obtained from each participant. Body mass index (BMI) 
was calculated with regard to the formula BMI = kg/m2.  Obesity was defined as a BMI ≥30. For 
diagnosis of dyslipidemia, triglyceride, Low-density lipoprotein-cholesterol (LDL-C) and high-
density lipoprotein (HDL-C) level were used as parameters according to National Cholesterol 
Education Program Adult Treatment Panel III (NCEP-ATP III) (NCEP-ATP III, 2001). Hypertension 
was defined as a systolic blood pressure ≥140 mmHg and diastolic blood pressure ≥90 mmHg or 
on the basis that patients were already being treated with anti-hypertensive drugs. Diabetes was 
diagnosed either by the 1999 World Health Organization (WHO) criteria 11 or self-report of being 
previously diagnosed as diabetic. All participants gave written consent after receiving a full 
explanation of the study. Ethics approval was obtained from the Ethics Committee of the 
Muhimbili University of Health and Allied Sciences (MUHAS). 
 
Biochemical parameters 
Serum total cholesterol (TC) and HDL-C, triglycerides (TG) were measured by routine enzymatic 
endpoint methods and using an automated autoanalyzer (Analyzer A15 Biosystems, Philippines). 
Fasting glucose was determined using the enzymatic reference method with glucose oxidase. 
LDL-C and Very Low-density lipoprotein-cholesterol (VLDL-C) were calculated using the 
Friedewald Formula. 
 
DNA Isolation 
Genomic DNA was obtained from peripheral blood leukocytes with MagnaPure Compact (Roche, 
Germany). DNA qualities and quantities were determined by NanoDrop™ 1000 
Spectrophotometer (Thermo Scientific, Wilmington, Delaware USA). The extracted DNA was 
stored at -20ºC before subsequent processes.  
 
Genotyping 
Genotyping of the SNPs was performed by the use of Quantitative Real-Time PCR (QRT-PCR). 
Genotyping was carried out with the LightSNiP typing assay (TIBMolBiol, Berlin, Germany) with 
the LightCycler® 480 system instrument (Roche-Germany).  
 
Statistical analysis 
Statistical analysis was performed using SPSS software (Statistical Package for the Social 
Sciences, SPSS Inc, Chicago, IL, USA). The allelic frequency distributions of polymorphisms 
between the control and patient groups were compared using Chi-square (x2). Hardy-Weinberg 
equilibrium (HWE) was assessed by Fischer’s exact test. For comparisons of differences between 
mean values between two groups, unpaired Student t-test was used.  To evaluate differences 
between groups, the data were log transformed to satisfy ANOVA criteria and then subjected to 
one-way ANOVA with Tukey’s post hoc analysis. The associations between variants in six SNPs 
and CAD risk factors were estimated by computing odds ratios (ORs) and 95% confidence 
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intervals (CIs). A multiple logistic regression model was used to adjust for multiple CAD risk 
factors. Haplotypes were generated from the genotyped data. The linkage disequilibrium (LD) 
and haplotype analysis were performed using Haploview 4.2. Bonferroni correction was used to 
account for multiple testing. The ROC curves were calculated using leave-one-out cross-validation 
and random forests with 1000 trees (DeLong et al., 1988; Pedregosa et al., 2011). For 
classification, differences were considered significant at p<0.05.  
 

Results 

General Characteristics of the Subjects 
A total of 155 CAD patients; 90 CAD patients from Northern region and 65 CAD patients from 
other regions were enrolled in this study. All individuals were African Tanzanians belonging to 
different tribes. Most of the patients were from the Northen region of Tanzania (n=90), and the 
rest from South, West, East and Central regions of Tanzania (n=20, n=15, n=15 and n=15 
respectively). The majority of the Northern participants were living in an urban location and were 
ethnically Chagga tribe.    

Of all patients, 105 (67.7%) had obesity, 104 (67.4%) had type 2 diabetes mellitus, 134 
(86.4%) had hypertension and 85 (54.8%) had hyperlipidemia. Moreover 38 (24.5%) participants 
were smokers and 66 (42.5%) participants declared a positive family history of CAD. The 
prevalence of obesity, diabetes, hypertension, hyperlipidemia and family history did differ 
between N-CAD and R-CAD (p<0.05, respectively). There was no significant difference in 
prevalence of smoking between N-CAD and R-CAD group (p>0.05). According to biochemical 
analysis the CAD patients from Northern region (N-CAD) and other regions (R-CAD), there were 
no significant differences observed between CAD patients from Northern region and other 
regions in terms of age, height, VLDL, systolic BP, and diastolic BP (p>0.05, respectively).   
However, N-CAD patients had significantly greater weight, BMI, fasting blood glucose, serum TC, 
TG, LDL-C and HDL-C (p<0.05, respectively) than R-CAD patients. There were no significant 
differences observed between male CAD patients from Northern region and other regions in 
terms of systolic BP, diastolic BP and VLDL (p>0.05, respectively). However, N-CAD male patients 
had significantly higher differences BMI, fasting blood glucose, serum TC, TG, LDL-C and 
significantly lower HDL-C level (p<0.05, respectively) than male R-CAD patients. Moreover, there 
were significant differences detected between female N-CAD patients and female R-CAD patients 
with regard to level of BMI, fasting blood glucose, serum TC, LDL-C HDL-C and VLDL (p<0.05, 
respectively).  
 
Genotypes and Allele Frequencies in N-CAD and R-CAD patients and Their Associations with CAD 

The genotype and allelic distributions of rs1333049, rs2383207, rs2383206, rs10757274, 
rs10757278 and rs10811656 SNPs in N-CAD patients and R-CAD patients are presented in Table 1. 
Significant differences were observed in genotype frequencies of rs10757274, rs10757278 and 
rs10811656 between N-CAD patients and R-CAD patients (p<0.05). The risk genotypes of 
rs10757274, rs10757278 (GG genotypes of the rs10757274 and rs10757278) and rs10811656 (TT 
genotype for the rs10811656) were associated with an increased risk to CAD in northern region of 
Tanzania (p<0.005,  respectively) The risk alleles frequencies of rs10757274, rs10757278 and 
rs10811656 (G alleles of rs10757274, rs10757278, and T allele of rs10811656) were found 
significantly higher (OR=3.072 CI 95% 1.899-4.970, OR=2.611 95% CI:1.606-4.246 and OR=2.115 95% 
CI:1.334-3.351, respectively) in N-CAD patients compared to R-CAD patients (Table 1).  

On the other hand we have not noted significant difference in genotype and allele 
frequency distributions of rs1333049, rs2383206 and rs2383207 SNPs between N-CAD and R-CAD 
patients. We also investigated gender and genotype distributions of SNPs, a significant difference 
was also observed between gender and genotype distributions of rs10757274, rs10757278 and 
rs10811656 SNPs. GG genotypes of rs10757274 and rs10757278 and TT genotype of rs10811656 
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were found to be more frequent in the female and male N-CAD patients than in female and male 
R-CAD (p<0.05, respectively). 

We also examined the associations of rs10757274, rs10757278 and rs10811656 with the risk 
of CAD in female and male N-CAD patients. In female N-CAD patients, G alleles of rs10757274, 
rs10757278 and T allele of rs10811656 increased the risk of CAD 3.2 times (95% Cl:1.33-7.70) 
(p=0.007), 4.2 times (95% CI:1.74-10.13) (p=0.001) and 4.12 times (95% CI:1.75-9.68) (p=0.008) 
respectively in comparison to female R-CAD patients. In male patients, G alleles of rs10757274, 
rs10757278 and T allele of rs10811656 increased the risk of CAD in male N-CAD patients; 3.7 times 
(95% Cl:1.74-7.84) (p=0.000); 2.65 times (95% CI:1.15-6.11) (p=0.020) and 7 times (95%1.42-34.28) 
(p=0.008), respectively compared to male R-CAD patients.  In genetic association studies, 
statistical power to detect disease susceptibility loci depended on the genetic models tested.  
Therefore, the genotype frequencies were further analyzed by three genetic models: additive, 
dominant and recessive model. For rs10757274, a significant association between this 
polymorphism and increased risk of CAD was found in all three models, dominant model 
(OR:8.25, 95% CI:3.64-18.68, p<0.0001), recessive model (OR:0.31, 95% CI:0.11-0.88, p=0.022) and 
additive model (OR:3.07, 95% CI:1.89-4.97, p<0.0001). Moreover, significant positive correlations 
between rs10757278 and CAD risk were also identified in dominant (OR:5.10, CI:2.29-11.36, 
p<0.0001) and additive model (OR:1.95,95% CI:1.22-3.10, p=0.0044). Similarly, an increased risk of 
CAD was alo found with rs10811656 in dominant model (OR:9.31, 95% CI:3.30-26.21, p<0.0001 and 
additive model (OR:2.11, 95% CI:1.33-3.35, p=0.0013). 
 
Haplotype analysis 
The most common haplotypes of the six polymorphisms, calculated by Haploview 4.2 are 
summarized in Table 2. Any common haplotypes associated with the disease and rare haplotypes 
(with frequency<5%) were excluded from the association analysis. The haplotypes were 
generated using the three SNPs (rs1333049, rs10757274 and rs10757278) encompassing the long 
non-coding RNA RNA CDKN2B-AS1 between CAD patients and controls, and eight different 
haplotypes were generated (with frequency<5%) (Figure 1). GGG haplotype was found to be a 
highrisk haplotype for coronary artery disease risk (p<0.05). The significancy remained after 
applying Bonferroni correction. 
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Table 1: The genotypic and allelic frequency distributions of SNPs on chromosome 9p21.3 in study cohorts 

SNP          Genotypic Frequencies n (%)          P-Value             Allelic Frequencies                       X2   OR/CI(95%)                                       P-Value              

           Genotype     N-CAD(n=90)  R-CAD(n=65)                                Allele     N-CAD(n=90)    R-CAD(n=65)  

rs1333049    GG          37(41.1)       27(41.53)  

 GC           45(50)         25(38.47)                         0.116      G/C      0.66/0.34              0.61/0.39                       0.93               0.79/0.49-1.26                        0.333  

 CC           8(8.9)           13(20)  

rs2383206     AA           18(18.9)      18(27.69)  

                        AG          58(65.6)      36(55.38)                     0.819        A/G      0.52/0.48           0.55/0.45                          0.42              1.16/0.73-1.82                          0.517  

                        GG          14(15.6)      11(16.93)  

rs2383207    AA          17(20)         24(36.93)  

                       AG          59(64.4)      31(47.69)                       0.226             A/G      0.52/0.48           0.61/0.39                          2.24              1.41/0.89-2.24                         0.134  

                       GG          14(15.6)       10(15.38)  

rs10757274  AA         10(11.1)       33(50.77)  

                       AG         61(67.8)      27(41.53)                         0.000              A/G      0.45/0.55           0.72/0.28                          21.59             3.07/1.89-4.97                        0.000  

                       GG         19(21.1)       5(7.7)  

rs10757278  AA          11(12.9)      27(41.54)  

                       AG          65(72.2)      30(46.15)                          0.000             A/G      0.46/0.54           0.69/0.31                           15.33             2.61/1.60-4.24                        0.000  

                       GG         14(15.6)       8(12.3)  

rs10811656    CC          5(5.6)        23(35.39)  

                       CT           54(60)       24(36.92)                      0.000             C/T       0.36/0.64           0.54/0.46                         10.29              2.11/1.33-3.35                         0.001  

                       TT          31(34.4)    18(27.69)  

OR: Odd Ratio, CI: Confidence Interval *The genotypic and allelic frequency distributions of polymorphisms between the groups were compared using HWE test.  

In all cases differences were  considered significant at p< 0.05. 



Tanzania Journal of Health Research  https://doi.org/10.4314/thrb.v21i1.3  
Volume 21, Number 1, April 2019 

 7 

 

 

 

Table 2:  The distribution of 9p21.3 locus haplotypes in Tanzanian CAD patients and controls 

 

 

 

 

Figure 1. Linkage disequilibrium pattern of the SNPs along the 9p21.3 

region. The graphic illustrates the distinct haplotypes defined using the 

Haploview programme. The linkage disequilibrium (LD) between any two 

SNPs is shown in the cross cell. LD is presented with standard color 

schemes, bright red for very strong LD (LOD>2, D'=1), pink-red and blue for 

intermediate LD (LOD>2, D'<1 and LOD<2, D'=1, respectively) and white for 

no LD (LOD<2, D<1).The darker region shows higher r2-value.  

 

 

ROC analysis combining the non-genetic and genetic risk factors 
We presented two ROC analysis in our study.  The first ROC analysis evaluated that, 

whether the SNPs identified to be associated with CAD enhance the predictive value of known 
non-genetic risk factors such as BMI, cholesterol, triglyceride, glucose levels. Therefore two 
models for CAD prediction based on clinical features and SNPs were built. The first model (the 
clinical only model) consisted of known CAD risk factors collected in this study: BMI, cholesterol, 
triglyceride, glucose levels. For the second model (clinical+genetic model), the six associated 
SNPs (rs1333049, rs2383207, rs2383206, rs10757274, rs10757278 and rs10811656) were entered 
into the model assuming an additive model of inheritance, in addition to those included in the 
clinical-only model. SNPs rs10757274, rs10757278 and rs10811656 were significantly associated 
with CAD (p=0.0004), but the other three SNPs rs1333049, rs2383207, rs2383206 were not 
associated with CAD (p > 0.05) after adjusting for other variables in the model and therefore 
were removed from the clinical+genetic model. The final clinical+genetic model included BMI, 
cholesterol, triglyceride, glucose, rs10757274, rs10757278 and rs10811656. As shown in Table 3, 

Haplotype 
Associations 

Frequency Case, Control Frequency Case, Control Ratio χ2 P value 

AAG 0.459 83.5 : 96.5, 40.4 : 49.6 0.464, 0.449 0.057 0.8112 

GGC 0.235 37.0 : 143.0, 26.5 : 63.5 0.205, 0.295 2.666 0.1025 

AGC 0.072 11.7 : 168.3, 7.7 : 82.3 0.065, 0.085 0.375 0.5404 

AAC 0.065 12.1 : 167.9, 5.4 : 84.6 0.067, 0.060 0.042 0.8367 

AGG 0.060 10.7 : 169.3, 5.5 : 84.5 0.059, 0.061 0.002 0.9604 

GAG 0.055 12.1 : 167.9, 2.8 : 87.2 0.067, 0.031 1.483 0.2234 

GGG 0.033 8.6 : 171.4, 0.3 : 89.7 0.048, 0.003 3.742 <0.05 

GAC 0.021 4.3 : 175.7, 1.3 : 88.7 0.024, 0.015 0.228 0.633 
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both models were significantly predictive of CAD, with area under curve (AUC) of 0.730 (95% 
CI:0.654-0.797) for clinical only model (p=0.0001), and AUC of 0.784 (95% CI:0.713-0.844) 
(p<0.0001) for clinical+genetic model. Most importantly, all three CAD-associated SNPs 
rs10757274, rs10757278 and rs10811656, improved the predictive power for CAD over the model 
composing of only non-genetic known risk factors, with an improvement in AUC of 0.0388 (95% 
CI: 0.0246-0.102, p=0.02307). 
 
 Table 3: Comparison between two multivariate models with and without CAD associated SNPs. AUC: area 
under curve. 

Model Variables AUC (95%CI) P value 

Difference in AUCs 

(95%CI) 

Model 2-Model 1 

P value 

Non-Genetic Risk 

Factors 

BMI, cholesterol, 

triglycerides, glucose 
0.730 (0.654-0.797) 0.0001 

0.0388 (0.0246-0.102) 0.02307 
Non-Genetic + 

Genetic Risk 

Factors 

BMI, cholesterol, 

triglycerides, glucose, 

rs10757274, rs10757278 and 

rs10811656 

0.784 (0.713-0.844) <0.0001 

 DeLong et al ., 1988  

 

We performed another ROC analysis to evaluate whether the distribution of SNPs 
identified to be associated with CAD differs between regions (N-CAD and R-CAD) 
significantly, two multivariate models were built. The first model (the clinical only model) 
consisted of known general features including age, BMI, weight and height. For the 
second model (clinical+genetic model), the six associated SNPs (rs1333049, rs2383206, 
rs2383207, rs10757274, rs10757278 and rs10811656) were entered into the model 
assuming an additive model of inheritance, in addition to those included in the clinical-
only model. The Second clinical+genetic model included age, BMI, weight, height, 
rs1333049, rs2383206, rs2383207, rs10757274, rs10757278 and rs10811656. The clinical + 
genetic model had a significantly higher AUC of 0.818 (p=0.002) (Figure 2A) compared to 
the clinical-only model with an AUC of 0.662, suggesting significant differences between 
different regions. Moreover, the models used were also used for the estimation of 
features important to prediction (Figure 2B). 
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Figure 2: (A) ROC Curve Comparison between models with and without CAD associated SNPs. AUC: area 
under curve. (B) Future importance analysis in Tanzanian CAD patients. 

 

Discussion 
For over the centuries, CDs were the main cause of death worldwide. As the results of 

medical research, the discovery of vaccinations and antibiotics, and improvement of living 
conditions CDs are declined and NCDs began to cause enormous problems in industrialized 
countries. SSA is today facing a double burden of NCDs and they still are increasing rapidly. The 
main NCD is CAD and is the leading cause of disability and death in SSA. And the incidence of CAD 
is increasing dramatically as a result of urbanization and migrations from rural areas to urban 
areas in Tanzania. The current population of Tanzania is 59 million and 32.6 % of the population is 
living in urban areas but the urban population is increasing at a rate of 4.2% per year, compared to 
1.9% for the rural population (Unvin et al., 2010). The epidemiological transition is associated with 
parallel increases in CAD and their risk factors (Mocumbi, 2012). The preventable factors are 
tobacco smoking, obesity, hypertension, diabetes, raised blood cholesterol levels but the 
unpreventable factor is the genetic predisposition. Recently, GWAS studies reveal that a 
significant association with CAD was detected for multiple SNPs across a genomic region of 
approximately 58 kilobase pairs on the chromosome 9p21.3 and substantial linkage disequilibrium 
were also determined between the SNPs (Helgadottir et al., 2007; McPherson et al., 2007). This 
association was demonstrated in Caucasian populations but not in African populations 
(Helgadottir et al., 2007; McPherson et al., 2007; Samani et al., 2007). The present study was set 
out to investigate the association of the common SNPs in the 9p21.3 locus with CAD in CAD 
patients from different regions of Tanzania and CAD risk factors. The majority of our patients was 
from Northern region of Tanzania which is known as an urban location and were ethnically from 
Chagga tribe. There are more than 120 distinct ethnic groups and tribes in Tanzania and Chagga 
tribe is the third largest (total population of Chagga is more than 2 million) ethnic group in 
Tanzania (Levinson, 1998) They traditionally live on the southern and eastern slopes of Mount 
Kilimanjaro and Mount Meru (John, 2011) and near Moshi. Many Chaggas works as clerks, 
teachers, and administrators, and many engage in business activities. 

We observed that obesity and BMI were significantly different between N-CAD and R-CAD 
patients. Our anthropometric data is in agreement with a number of studies stating that obesity 
and BMI are generally higher in urban compared to rural areas (Unvin et al., 2010; Asprey et al., 
2000; Njelekelaet al., 2003). We have also found a high prevalence of dyslipidemia in N-CAD 
patients compared to R-CAD patients. Moreover, we found significant differences in TC, LDL, TG 
and HDL levels between N-CAD and R-CAD patients. The prevalence of diabetes and glucose 
levels were also notably higher in N-CAD patients than in R-CAD patients. In addition, we found 
that a high prevalence of hypertension in N-CAD patients compare to R-CAD patients. But there 
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were no significant differences in blood pressure between N-CAD and R- CAD patients which 
might well be due to the antihypertensive medication use. A number of population based studies 
in Tanzania on hypertension involving the general population have shown the high population 
prevalence of hypertension ranging from 19% in rural areas to 35% in urban areas, with the highest 
prevalence of 70% found among individuals aged 70 years and above (Edwards et al., 2000).  

In the present study, we evaluated the common six SNPs on the 9p21.3 locus, rs1333049, 
rs2383206, rs2383207, rs10757274, rs10757278, and rs10811656, extracted from previous GWAS 
studies of European populations. They were shown to be associated with the risk of CAD in 
populations of European ancestry (Helgadottir et al., 2007; Samani et al., 2007). We could only 
determine significant associations of rs10757274, rs10757278 and rs10811656 with the risk of CAD 
patients from the northern region of Tanzania which have been replicated in multiple different 
populations (Helgadottir et al., 2007; McPherson et al., 2007; Samani et al., 2007; Yan et al., 2016; 
Maitra et a., 2009; Zhou et al., 2008; Shen et al., 2008; Aleyasin et al., 2017). In our study cohort, 
we could not demonstrate a significant association between rs1333049, rs2383207 and rs2383206 
and N-CAD. This is in agreement with previous studies that reported the lack of association 
between rs1333049, rs2383207 and rs2383206 SNPs and CAD in American African and North 
African populations (Zanetti et al., 2016; Gong et al., 2011; Silander et al., 2009). 

First of all, our results confirm the previous GWAS results indicating the association of 
9p21.3 locus with CAD and secondly contribute to the literature by reporting the presence of this 
association with Tanzanian ethic groups   (Yan et al., 2016; Maitra et al., 2009; Zanetti et al., 2016; 
Foroughmand et l., 2015; Lemmens et al., 2009). The SNPs that we found to be significantly 
associated with N-CAD, are encompassing the long non-coding RNA CDKN2B-AS1 located in 9p21.3 
locus; rs10757274 is located about 100000 base pairs upper parts of the 9p21.3 locus and it is 
located in the intronic region of CDKN2B-AS1 gene. Moreover, other SNPs rs10757274 and 
rs10811656 are located in one of CDKN2B-AS1 gene enhancers and disrupt a binding site for STAT1 
which would in turn inhibit CDKN2B-AS1 expression and modulate inflammatory signaling 
(Harismendy et al., 2011). In the contrary, Rotterdam study based on an elderly population, 
reported that the rs10757274 and rs10757278 are not associated with CAD (Pilbrow et al., 2012). 
Also, the rs10757274 was shown not to be associated with CAD in North Indian population (18). 
Other studies in Africans ancestry (American Africans and North Africans) CAD patients did not 
address the association between the risk allele of rs10757274, rs10757278 SNPs and phenotypic 
back-ground of CAD (Zhou et al., 2008; Shen et al., 2008; Assimes et al., 2008; Beckie et al., 2011). 
The absence of association may be due to the presence of different ethnicity and possible 
epigenetic factors. Furthermore, we observed in the present study a significant difference in 
genotype distributions of rs10757274, rs10757278 and rs10811656 variants between genders. Risk 
genotypes were found to be more frequent in the female and male N-CAD patients than in R-CAD 
patients. In contrast several investigations done with white and black women, demonstrated a 
low frequency of rs10757274 and rs10757278 in black women compare to white women (Beckie et 
al., 2011; Beckie et al., 2011). Moreover, the same study reported that black women have a low 
frequency of rs1333049, rs2383207 and rs2383206 compare to white women. In our study cohort, 
we have also confirmed the absence of associations between rs1333049, rs2383207, and 
rs2383206 and female CAD patients. Besides the similarities, in some point, our data do also differ 
from the previously reported African data. The differences with those studies might be due to 
genetic diversity within Africa itself. Besides, the International HapMap Project also showed that 
Africa is genetically diverse continent than Europe and Asia. Our results also showed the genetic 
heterogeneity within Tanzania and in Africa. Even though there are few studies which focused on 
characterizing the genome-wide genetic diversity in African populations (Jones et al., 2015; 
Disotell, 2012). The International HapMap (Baudot et al., 2009), 1000 Genomes (Abecasis et al., 
2010), and especially the African Genome Variation Projects (AGVP) have provided remarkable 
insight regarding the vast genetic variations existing across African ancestry populations 
(Gurdasani et al., 2015). Moreover, the gene-gene and gene-environment interactions could also 
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be different in various ethnic setups, thereby making the magnitude of the effect of the SNPs to 
be different within Tanzania and Africa. Moreover, the frequencies of SNPs that were common in 
our population were similar to European population but different than Western and Northern 
African populations. One might well even explain this genetic proximity of Tanzanian and 
European populations by a possible common gene pool formed during the migration time around 
2.700–3.300 years ago (Pickrell et al., 2014). Furthermore, G-G-G haplotype (rs1333049, 
rs10757274, and rs10757278) encompassing the long non-coding RNA CDKN2B-AS1, was found 
linked with a significant increase (high-risk haplotypes) to CAD risk in the Northern region of 
Tanzania. It suggests that SNPs of this locus, rs1333049, rs10757274, and rs10757278, may have a 
cooperative effect on the rise of the CAD in the Northern region of Tanzania. Two multivariate 
models of potential prognostic markers were built; the first one included only clinical model and 
the second one included clinical+genetic model containing CAD-associated SNPs (rs10757274, 
rs10757278, and rs10811656). According to ROC analysis, the comparison of these two models 
indicated, clinical+genetic model including to three SNPs rs10757274, rs10757278, and rs10811656 
together with CAD risk factors such as age, BMI, total cholesterol, triglyceride, and glucose levels 
could possibly serve as prognostic biomarker for CAD in Northern region of Tanzania.  
 As a conclusion, high prevalence of CAD clinical and genetic risk factors imply a continuing 
burden of CAD morbidity and mortality in Africa. To the best of our knowledge, the present work 
is the first study demonstrating the genetic association of 9p21.3 locus with CAD in East Africa, 
and local populations such as Chagga tribe from Northern Tanzania.  And the first findings from 
our study show that the prevalence of CAD is higher in the Northern region of Tanzania which 
implies the people from the Northern region of Tanzania are prone to CAD more than other 
regions of Tanzania. rs10757274, rs10757278 and rs10811656 SNPs located on the 9p21.3 locus, are 
associated with the CAD risk in the Northern region of Tanzania.  High CAD risk in the Northern 
region of Tanzania might well be increased due to the rapid cultural and social changes, aging 
population, increasing urbanization, dietary changes, reduced physical activity and unhealthy 
behaviors compared to other regions in Tanzania. Further large cohorts are required to 
investigate the current genetic associations and to check for their interactions with various 
genetic as well as environmental factors for CAD in Tanzania. 
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