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Abstract: Breast cancer is the most prevalent neoplasm and the second leading cause of death among females in Kenya. 
Estrogen and its metabolites are known risk factors for breast cancer. Polymorphisms in these genes and breast cancer 
susceptibility are unique among different populations. This study aimed to determine the probable associations between 
estrogen-metabolizing gene variations and other risk factors for breast cancer risk in Kenyan women. Buffy coat samples 
were obtained from patients diagnosed with estrogen receptor-positive breast cancer, benign breast disease, and healthy 
volunteers. Genotyping of target polymorphisms was conducted using polymerase chain reaction (PCR)-restriction frag-
ment length polymorphism (RFLP) analysis. The rs4646903 variant genotype CC was associated with breast cancer in the 
case-control model (P=0.001); the heterozygous genotype TC (P=0.01) and the luminal B molecular subtype (P=0.02) 
showed increased odds of late-stage breast cancer. The rs1048943 variant genotype GG was associated with breast cancer in 
the case-benign model (P=0.04), whereas CG was associated with breast cancer in the case-control model (P=0.02). These 
findings imply that the rs4646903 and rs1048943 variant genotypes are involved in breast cancer risk in Kenyan women. 
Hence, they may be explored further as potential markers for the disease.
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INTRODUCTION

Breast cancer has consistently been recorded as the 
primary malignancy in females worldwide. According 
to the GLOBOCAN 2020 report, the disease accounts 
for about 2.3 million incident cases and 0.7 mil-
lion deaths. Of these, 186,598 new cases and 85,787 
mortalities are estimated to occur in Africa. Africa 
has maintained a young-age profile for breast can-
cer patients. Although the continent has a low age-
standardized incidence rate (ASR) of 40.7/100,000, 
it has the highest age-standardized mortality rate of 
19.4/100,000 relative to other continents. In Kenya, 
breast cancer was reported to have an incidence of 
6799 (ASR 41/100 000) and mortalities of 3107 (ASR 
19.4/100 000) [1]. A recent study reported that 54% 

of breast cancer cases were diagnosed in patients aged 
>50 years [2]. 

Breast cancer is managed and controlled by sur-
gery, radiotherapy and systemic therapies (chemo-
therapy, targeted therapy and hormonal therapy) [3]. 
However, access to safe and timely therapy is scarce 
in sub-Saharan Africa (Kenya included) as challenges 
of limited specialized oncologists and infrastructure 
are common [4]. Late disease manifestation, limited 
knowledge of the disease and deficient healthcare in-
frastructure have contributed to the low 5-year sur-
vival rates of patients with breast cancer in the region 
[5,6]. Although the risk factors driving susceptibility 
to breast cancer in low-income countries mirror those 
in high-income countries, variations in the incidence 
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of risk factors and susceptibility to breast cancer may 
vary based on genetic, geographical and lifestyle fac-
tors [1]. The primary risk factors associated with ur-
banization and economic development, such as mod-
ern birth control methods, obesity, delayed parity, null 
parity and short breastfeeding periods, have contrib-
uted significantly to the occurrence of the disease [5].

Estrogen is implicated in the pathogenesis and 
prognosis of breast cancer [7]. Estrogen metabolism, 
which is mediated by heme-containing cytochrome 
P450 (CYP450) enzymes, generates genotoxic metab-
olites that play significant roles in estrogen-induced 
breast carcinogenesis [8]. Estrogen is oxidized by 
phase I enzymes (CYP1A1) to yield 2-hydroxy (cat-
echol) estrogens, which are conjugated by phase II 
enzymes for elimination. If not conjugated, catechol 
metabolites are converted into quinones and semiqui-
nones. Collectively, hydroxy estrogens, semiquinones 
and quinones undergo redox cycling to yield reactive 
oxygen species (ROS) that are associated with oxida-
tive damage [9]. Genetic variations (single-nucleotide 
polymorphisms) in the CYPP450 genes can modulate 
metabolic activities during the transformation of sub-
stances. This may either increase or reduce exposure 
to estrogenic metabolites [10,11]. Allele distribution 
in CYP450 genes differs between populations, and 
these genes are of clinical importance as they can be 
studied to understand disease development and pro-
gression [12]. 

Breast cancer encompasses a vast array of condi-
tions that result from multiple biological processes 
and risk factors [13]. Variations in the estrogen-me-
tabolizing genes have been associated with breast 
cancer [14]. Knowledge regarding the role of genetic 
polymorphisms and other factors in the risk of breast 
cancer in Kenya is scarce. Consequently, insights into 
interventions that could be adopted for the prevention, 
monitoring and early diagnosis of the disease to im-
prove survival are unclear [15]. This study sought to 
explore the possible associations of various risk factors, 
namely CYP1A (rs4646903) and CYP1A (rs1048943) 
genotypes, environmental exposure, reproductive and 
clinical factors with susceptibility to estrogen receptor-
positive (ER+) breast cancer and its characteristics. 
Knowledge of variant frequencies and their associations 
with breast cancer will clarify the clinical relevance of 
these polymorphisms in the etiology and progression 

of the disease in Kenyan patients. This may lead to the 
development of interventions that can be used as poten-
tial molecular biomarkers for breast cancer diagnosis.

MATERIALS AND METHODS

Ethics statement

The study was performed in compliance with the 
Declaration of Helsinki; the Aga Khan University 
Institutional Ethical Research Committee approved 
the study protocol (Ref: 2020/IERC-26 (v2)). All par-
ticipants gave informed consent and agreed to partici-
pate in the study.

Participants

The study participants were women with breast masses 
who visited the breast clinic and radiology department 
at Aga Khan University Hospital Nairobi (AKUHN) 
and AIC Hospital Kijabe (KAIC). Control individu-
als were healthy volunteers working at AKUHN. 
Recruitment took place over three years in the period 
between 2019 and 2021. A total of 170 subjects, includ-
ing 68 pathologically confirmed ER+ breast cancer pa-
tients, 82 benign breast disease (BBD) patients and 20 
healthy volunteers (controls) working at the hospital, 
were included in the study. The distribution of ER+ 
breast cancer cases across the study period of 2019, 
2020 and 2021 was 14, 51 and 3, respectively, while 
that of BBD was 14, 33, and 35 in 2019, 2020, and 2021, 
respectively. Controls were recruited in 2021.

The study participants were interviewed by a 
trained nurse, and blood samples were collected after 
obtaining informed consent to participate in the study. 
Buffy coat aliquots were prepared from the blood sam-
ples and stored at -80°C until analysis. Individuals 
with other cancers were excluded from the study. In 
addition to the genotype data, other data considered 
for all participants included sociodemographic (age, 
level of education), anthropometric (body mass index 
(BMI)) and reproductive factors (age at menarche, age 
at menopause, parity), family medical history, comor-
bidities (diabetes and hypertension), lifestyle (smok-
ing tobacco and alcohol consumption) and exogenous 
hormonal use (use of contraceptives). For the ER+ 
breast cancer cases, disease characteristics including 
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the stage, grade, histological and molecular subtypes 
were included. 

DNA extraction and genotyping

Genomic DNA was extracted from the buffy coat 
samples using an ISOLATE II Genomic DNA Kit 
(Bioline, Meridian Life Science Inc., USA) accord-
ing to the manufacturer’s protocol. The quality and 
quantity of DNA were determined using a NanoDrop 
2000 spectrophotometer (BioSpec-mini, Shimadzu 
Corporation, Tokyo, Japan). A cut-off of 50 ng/μL was 
used for the inclusion of samples in the PCR. Analysis 
of CYP1A1 (rs4646903) and CYP1A1 (rs1048943) by 
restriction fragment length polymorphism (PCR-
RFLP) was performed using an Applied Biosystems™ 
ProFlextm 3× 32-well PCR System thermocycler. 
The 340 base pairs (bp) of rs4646903 and 204 bp of 
rs1048943 regions were amplified using specific prim-
ers (F: 5'-CAGTGAAGAGGTGTAGCCGCT-3' and R: 
5'-TAGGAGTCTTGTCTCATGCCT-3' for rs4646903; 
F: 5'-CTGTCTCCCTCTGGTTACAGGAAGC-3' and 
R: 5'-TTCCACCCGTTGCAGCAGGATAGCC-3' for 
rs1048943). The PCR mixtures consisted of 50 ng/
μL genomic DNA, 0.3 μM of each primer, 1.5 U of 
MyTaq DNA polymerase, 6 μL 5× MyTaq reaction 
buffer and nuclease-free water to a volume of 30 μL. 
Amplification consisted of an initial denaturation for 3 
min at 95°C, followed by 30 cycles of denaturation for 
30 s at 95°C, annealing for 45 s at 55°C, extension for 
45 s at 72°C and final extension for 3 min at 72°C. PCR 
products were visualized on a 2% agarose-Tris borate-
EDTA gel stained with GelRed® nucleic acid gel stain 
(Biotium, Inc. Fremont, CA, USA). Amplified DNA 
fragments containing the regions of interest were sub-
jected to restriction enzyme digestion. The restriction 
enzymes MspI (New England Biolabs; UK, catalog #: 
R0106) and BsrDI (New England Biolabs; UK, catalog 
#: R0574) were used as restriction digests. To the 10 μL 
PCR product, nuclease-free water, reaction buffer and 
four units of a predetermined enzyme were added to a 
total volume of 20 μL. The restriction reaction of Msp1 
was incubated at 37oC for 1 h and heat-inactivated at 
80oC for 20 min; the BsrD1 reaction was incubated at 
65oC for 1 h and heat-inactivated at 80oC for 20 mins. 
The restricted products were visualized as band pat-
terns on a 3% agarose-tris borate-EDTA gel stained 
with gel red under a UV transilluminator.

Genotyping of rs4646903

The wild-genotype TT was detected as one fragment 
(340 bp), while the variant genotype CC, characterized 
by the gain of restriction site by MspI, was detected 
as two fragments (200 and 140 bp). The heterozygous 
genotype TC was detected by the presence of three 
fragments (340, 200 and 140 bp). 

Genotyping of rs1048943

The wild-genotype AA was detected as two fragments 
(150 and 54 bp), while the variant genotype GG, char-
acterized by loss of cleavage by BsrDI, was detected 
as one fragment (204 bp). The heterozygous genotype 
AG was detected by the presence of three fragments 
(204, 150 and 54 bp).

Statistical analysis

Descriptive analyses of the predictors (sociodemo-
graphic, anthropometric, reproductive, lifestyle, fam-
ily history of breast cancer and genotype) for all par-
ticipants and disease characteristics were performed 
using univariate analysis. Pearson’s chi-square (χ2) test 
was used to determine differences in the distribution 
of predictors among the study participants. Fischer’s 
exact test was used for scenarios with fewer than five 
or zero observations. Statistical analyses were per-
formed using SPSS (IBM Corp. Released 2019, IBM 
SPSS Statistics for Windows, Version 26.0. Armonk, 
NY: IBM Corp., USA). The database was resampled 
to handle imbalanced sample sizes using the R pack-
age version 4.4.4 [http://www.r-project.org/index.
html]. Multivariable and exact logistic regression (for 
small sample sizes) were used to calculate the odds 
ratio (OR), and 95% confidence intervals (CI) served 
to evaluate the association between predictors and 
breast cancer risk, as well as the association between 
the genotypes and tumor characteristics. Statistical 
analyses were performed using the SPSS and STATA 
(StataCorp. 2015. Stata Statistical Software: Release 
14. College Station, TX).
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RESULTS

Descriptive characteristics of study participants

A total of 170 subjects comprising 68 estrogen recep-
tor-positive (ER+) breast cancer patients (cases), 82 
benign breast disease (BBDs) and 20 healthy volun-
teers (controls) were included in the study. The age 
range of the cases (28 to 78) and mean age (51 years) 
were higher compared to that of the BBDs (23 to 74) 
with a mean of 43 years and the control subjects (25 to 
52) with an average of 38 years. The observed frequen-
cies in the different age categories between cases and 

BBDs differed significantly (χ2=20.51, df=5, P<0.001), 
which was analogous to the differences between cases 
and controls (χ2=20.79, df=5, P<0.001). There was sig-
nificant variation in the level of education among the 
study participants.  The likelihood of the participants 
having a tertiary level of education was significantly 
high in both models; between cases and BBDs and 
cases and controls it was (χ2=16.963, df=3, P<0.001) 
and (χ2=10.78, df=3, P=0.013) respectively. The case 
participants reported a significantly higher propor-
tion of family members with breast cancer (χ2=4.496, 
df=1, P=0.034) and other types of cancers (χ2=8.346, 
df=1, P=0.004) than the control participants (Table 1).

Table 1. Descriptive characteristics of study participants. The table shows comparative analysis of sociodemographic, anthropometric 
measures, family medical history, comorbidities, lifestyle, reproduction and genotype variables in estrogen receptor-positive (ER+) breast 
cancer (BC) cases, breast benign disease (BBD) and control participants.

Cases (N =68) BBDs (N = 82) Cases vs BBDs Controls (N= 20) Case vs Control
N n % N n % χ2/Exact P N n % χ2/Exact P

Sociodemographics
Age at diagnosis (years)
20-29 65 1 1.5 80 3 3.8 20.51 <0.001* 20 4 20 20.79 <0.001*
30-39 9 13.8 25 31.2 5 25
40-49 17 26.2 34 42.5 10 50
50-59 26 40.0 12 15.0 1 5
60-69 8 12.3 5 6.2 0 0
70+ 4 6.2 1 1.2 0 0
Range, mean, sd (years) 28-78, 51, 10.86 23-74, 43, 9.2 25-52, 38, 8.1 
Level of education
None 66 2 3.0 78 0 0 16.780 <0.001* 19 0 0 10.513 0.006*
Primary 10 15.2 3 3.8 0 0
Secondary 14 21.2 5 6.4 0 0
Tertiary 40 60.6 70 89.7 19 100
Anthropometric measures (Body mass index)
<18.5 49 2 4.1 78 0 0 3.1444 0.354* 19 0 0 4.343 0.214*
18.6-24.9 7 18.4 16 20.5 7 36.8
25-29.9 14 24.5 29 37.2 6 31.6
>30 26 53.1 33 42.3 6 31.6
Range, mean, sd 10-42, 29.7, 6.7 19-43, 28.53, 4.5 19-34, 27.3, 3.9
Family medical history
History of breast cancer
No 65 52 80.0 77 60 77.9 0.091  0.762 19 19 100 4.496 0.034*
Yes 13 20.0 17 22.1 0 0
History of other types of cancers
No 64 43 67.2 77 58 75.3 1.139 0.286 19 19 100 8.346 0.004*
Yes 21 32.8 19 24.7 0 0
Comorbidities
Diabetes
No 66 58 87.9 79 72 91.1 0.412 0.521 19 19 100 2.542 0.111*
Yes 8 12.1 7 8.9 0 0
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The difference in the proportions of alcohol con-
sumption in the past year was significantly higher 
in both BBDs (χ2=11.446, df=1, P<0.001) and con-
trol participants (χ2=8.312, df=1, P=0.004) than in 
the cases. Most cases had attained menopausal sta-
tus relative to the BBDs (χ2=16.060: df=1: P<0.001) 
as well as relative to the control subjects (χ2=14.58, 
df=1, P<0.001). Cases reported significantly higher 
frequencies of gravidity compared to BBDs (χ2=3.938, 
df=1, P=0.047) and control participants (χ2=7.54, 

df=1, P=0.013). A significantly higher percentage 
of control subjects reported using modern family 
planning methods compared to the cases (χ2=6.369, 
df=1, P=0.033) (Table 1). No significant differences 
were observed between the study participants in the 
proportions of other predictors such as comorbidi-
ties (diabetes and hypertension), smoking tobacco, 
radiation therapy, and CYP1A1 genotypes (rs4646903 
and rs1048943) (Table 1).

Hypertension
No 64 42 65.6 78 60 76.9 2.218 0.136 19 14 73.7 0.434 0.510
Yes 22 34.4 18 23.1 5 26.3
Lifestyle
Ever smoked tobacco
No 66 64 97.0 78 76 97.4 0.029 1.000* 19 19 100 0.590 1.000*
Yes 2 3.0 2 2.6 0 0
Alcohol consumption in the past year
No 66 42 63.6 79 28 35.4 11.446 <0.001 19 5 26.3 8.312 0.004*
Yes 24 36.4 51 64.6 14 73.7
Reproduction
Age at menarche (years)
<12 64 2 3.1 78 2 2.6 4.300 0.116* 19 3 15.8 4.421 0.119*
13-14 39 60.9 62 79.5 13 68.4
>15 23 35.9 14 17.9 3 15.8
Range, mean, sd 8 – 22, 15, 1.9 years 11-17, 14, 1.4 years 10-17, 13.9, 1.3 years
Menopausal status
No 66 30 45.5 77 60 77.9 16.060 <0.001 19 18 94.7 14.58 <0.001*
Yes 36 54.5 17 22.1 1 5.3
Gravidity
No 66 5 7.6 79 15 19.0 3.938  0.047*  19 6 31.6 7.54 0.013
Yes 61 92.4 64 81.0 13 68.4
 Ever used modern family planning methods
No 65 22 33.8 78 16 20.5 3.230 0.072 19 3 15.8 6.369 0.033
Yes 43 66.2 62 79.5 16 84.2
Genotypes
rs4646903
TT 68 44 65 82 62 76 2.806 0.256* 20 9 45 3.935 0.122*
TC 21 31 19 23 8 40
CC 3 4 1 1 3 15
rs1048943
AA 68 61 89.7 82 72 88 0.298 0.862* 20 20 100 2.237 0.327*
AG 5 7.4 8 10 0 0
GG 2 2.9 2 2 0 0
Radiation therapy
No 66 65 98.5 77 74 96.1 0.741 0.624* 19 19 100 0.291 1.000*
Yes 1 1.5 3 3.9 0 0

N – total number of respondents; n – frequencies; χ2 – Pearson Chi-square test of independence; Exact – Fisher’s exact test; * – calculated using Fisher’s 
exact test; the P- value of statistical significance is in bold.

Table 1. continued
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Descriptive characteristics of tumor parameters 
in cases

The frequency of breast cancer tumor characteristics 
in the cases was also analyzed. Most cases (76.5%, 
n=52) presented with invasive ductal carcinoma 
(IDC). Most tumors were moderately differentiated 
(grade II) (62.1%, n=41) and were diagnosed at stage 
II (47%, n=25). Luminal A constituted most of the 
cases (82.8%, n=53) (Table 2).

Association of predictors with ER+ breast cancer risk

Resampling of the dataset to handle the imbalanced 
sample sizes projected a high accuracy (77%) on the 
random over sampling model, hence its adoption 
in association analysis. Controls had 39% odds of 
developing breast cancer at the age of 40 years and 
above (OR=0.39, 95% CI=0.18-0.82, P=0.01). The 
odds of a participant in the control group having 
a close relative with breast cancer and developing 
breast cancer was significantly low at 3% (OR=0.03, 
95% CI=0 0-0.19, P<0.001). The odds of BBDs and 
control participants having close relatives with other 
types of cancers and developing breast cancer were 
significantly low at 29% (OR=0.29, 95% CI=0.10-0.88, 

P=0.008) and 2% (OR=0.02, 95% CI=0-0.15, P<0.001), 
respectively. The odds of individuals in the BBDs 
and control groups being at risk of developing breast 
cancer owing to alcohol consumption in the past 
year were high. Individuals in the BBD group were 
three-fold more at risk of developing breast cancer 
(OR=3.4, 95% CI=1.38-8.71, P=0.008) while the con-
trols were at five-fold risk (OR=5.70, 95% CI=2.77-
12.08, P<0.001). Control individuals who had attained 
menarche at an older age (>15 years) had 25% odds 
of developing breast cancer (OR=0.25, 95% CI=0.10-
0.58, P<0.001). The odds of postmenopausal women 
with benign breast disease being at risk of develop-
ing breast cancer was 26% (OR=0.26, 95% CI=0.10-
0.71, P=0.008) while that of control individual was 5% 
(OR=0.05, 95% CI=0.01-0.19, P<0.001). A positive 
gravidity status showed 32% odds of breast cancer 
risk in control individuals (OR=0.32, 95% CI=0.08-
1.00, P=0.05). Women in the control group who had 
never used modern family planning methods had 
a four-fold higher risk of developing breast cancer 
(OR=4.38, 95% CI=1.77-12.06, P<0.001). The vari-
ant genotype CC of CYP1A1 (rs4646903) harbored a 
five-fold risk of control individuals developing breast 
cancer (OR=5.79, 95% CI=1.42-34.22, P<0.001). The 
variant genotype GG of CYP1A1 (rs1048943) had 12% 

odds of developing breast cancer in BBDs 
(OR=0.12, 95% CI=0.01-0.98, P=0.04), 
whereas the heterozygous genotype AG 
had 11% odds of developing breast can-
cer in control individuals (OR=0.11, 95% 
CI=0-0.78, P=0.02) (Table 3).

Association analysis of rs1048943 and 
rs4646903 genotypes with ER+ breast 
tumor characteristics

The associations of genotypes in 
rs4646903 and rs1048943 with ER+ 
breast cancer tumor characteristics such 
as tumor stage, grade, histological sub-
types and molecular subtypes were deter-
mined. Stages I and II were taken as the 
early stage, whereas stage III was taken as 
the late stage of ER+ breast cancer. The 
wild-type genotype TT of rs4646903 and 
AA of rs1048943 were used as reference 
points. The heterozygous genotype TC of 

Table 2. Descriptive characteristics of tumor parameters in cases. The table shows dis-
tribution of the tumor characteristics in ER+ BC cases.
Tumor characteristic Levels N n %
Histological type IDC (Invasive ductal carcinoma) 68 52 76.5

Others 16 23.5
Grade Grade 1 (Well differentiated) 66 3 4.5

Grade 2 (Moderately differentiated) 41 62.1
Grade 3 (Poorly differentiated) 22 33.3

Lymph node involvement N0 53 21 39.6
N1 17 32.1
N2 11 20.8
N3 4 7.5

Tumor size T0 53 2 3.77
Tis 2 3.77
T1 (<2 cm) 13 24.5
T2 (2-5 cm) 30 56.6
T3 (>5 cm) 5 9.43
T4 1 1.89

Clinical stage Stage I 53 13 25
Stage II 25 47
Stage III 15 28

Molecular subtypes Luminal A 64 53 82.8
Luminal B 11 17.2
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rs4646903 conferred about 8-fold statistically signifi-
cant odds of occurring in the late stage (OR=8.06, 95% 
CI=1.68-44.60, P=0.01) and slightly above 6-fold odds 
of being a luminal B molecular subtype (OR=6.56, 
95% CI=0.08-148.79, P=0.02). No significant associa-
tions were found between the genotypes and grade as 
well as histological subtypes of tumor characteristics 
(Supplementary Table S1).

DISCUSSION

This study reports the prevalence of rs4646903 and 
rs1048943 single nucleotide polymorphisms (SNPs) 
in the CYP1A1 gene in women diagnosed with 
ER+ breast cancer at Aga Khan University Hospital 
Nairobi (AKUHN) and AIC Hospital Kijabe (KAIC). 
Associations between SNPs and breast cancer risk as 
well as breast tumor characteristics were determined. 

Differences in the proportions of probable predictors 
of breast cancer among the study participants were 
analyzed. The rs4646903 genotype variants TC and 
CC were significantly associated with breast cancer 
risk, whereas the TC genotype was positively associ-
ated with late-stage and luminal B molecular subtype. 

The first phase of estrogen metabolism increases 
estrogen polarity through catabolism by CYP1A1 
genes. The resulting catechol estrogens may be further 
oxidized to form quinones, which may cause genetic 
mutations and result in breast cancer. Both catechol 
estrogens and quinones are detoxified by conjuga-
tion with phase II enzymes. Polymorphisms within 
estrogen-metabolizing genes and their association 
with breast cancer susceptibility have generated in-
consistent findings in different populations, sparking 
considerable research interest [16].

Cases vs BBDs Cases vs Controls
OR (95% CI) P OR (95% CI) P

Sociodemographics
Age at diagnosis (years) 
<40 Reference Reference
>40 0.47 (0.15-1.47) 0.19 0.39 (0.18-0.82) 0.01*
Family history of breast cancer 
No Reference   Reference
Yes 1.18 (0.43-3.24) 0.74 0.03 (0 - 0.19) <0.001*
Family history of other types of cancers 
No Reference  
Yes 0.29 (0.10-0.88) 0.02 0.02 (0 - 0.15) <0.001*
Comorbidity (diabetes) 
No Reference   Reference
Yes 0.95 (0.18 – 5.00) 0.95 0.12 (0 – 0.15) <0.001*
Comorbidity (hypertension) 
No Reference   Reference
Yes 0.70 (0.23-2.11) 0.53 1.20 (0.44 – 3.54) 0.88*
Radiation therapy
No Reference   Reference
Yes 2.31 (0.16 – 31.5) 0.52 0.42 (0 – 16.52) 0.59*
Ever smoked tobacco 
No Reference   Reference
Yes 0.28 (0.01-4.38) 0.36 0.11 (0.00-1.06) 0.05*
Alcohol consumption in the past twelve months 
No Reference   Reference
Yes 3.4 (1.38-8.71) 0.008 5.70 (2.77-12.08) <0.001*
Body mass index 
18 - 24.9 Reference Reference

<18 0.35 (0 – 3.45) 0.39 0.26 (0 – 2.5) 0.26*
25-29.9 2.20 (0.92 – 5.42) 0.07 1.75 (0.75 – 4.13) 0.21*
>30 1.31 (0.60 – 2.90) 0.57 0.61 (0.27 – 1.38) 0.27*
Reproduction
Age at menarche(years) 
13-14 Reference Reference
<12 0.745 (0.19-2.80) 0.66 2.12 (0.85 – 5.62) 0.11*
>15 0.56 (0.23 – 1.36) 0.20 0.25 (0.10 -0.58) <0.001*
Menopausal status 
No Reference   Reference
Yes 0.26 (0.10 – 0.71) 0.008 0.05 (0.01 – 0.19) <0.001*
Ever been pregnant
No Reference   Reference
Yes 0.99 (0.25 – 3.94) 0.99 0.32 (0.08 – 1.00) 0.05*
Ever used any modern family planning methods
No Reference   Reference
Yes 1.42 (0.46 – 4.37) 0.53 4.38 (1.77-12.06) <0.001*
Genotypes
rs4646903
TT Reference Reference
TC 0.79 (0.30 – 2.06) 0.63 1.91 (0.94 – 3.94) 0.07*
CC 0.44 (0.25 – 7.62) 0.57 5.79 (1.42 – 34.22) <0.001
rs1048943
AA Reference   Reference
AG 1.53 (0.35 – 6.60) 0.56 0.11 (0 -0.78) 0.02*
GG 0.12 (0.01 – 0.98) 0.04 0.23 (0 – 2.22) 0.21

* – Calculated using exact logistic regression; OR – odds ratio; CI – confidence 
interval; P values of statistical significance are shown in bold

Table 3. Association of predictors with ER+ BC risk. The table shows association of sociodemographics, anthropometric measures, family medical 
history, comorbidities, lifestyle, reproduction and genotype variables with estrogen receptor positive breast cancer. Analyses were performed in 
case-BBDs and case-control models.
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Reports on breast cancer in African women 
have referred to an earlier age of diagnosis (below 65 
years), with the majority occurring during or around 
menopause, compared to that in developed countries. 
However, early detection is limited by a lack of aware-
ness, delayed health-seeking behavior and deficient 
diagnostic processes [17]. In this study, the mean age 
at the time of breast cancer diagnosis was 51 years. 
An earlier study of Kenyan women with BC showed 
that the mean age at diagnosis of breast cancer was 
49.2 years [2]. Another study conducted in Nigeria 
reported an average diagnostic age of 49.5 years [18]. 
Amadori et al. established that the average age at di-
agnosis in Tanzanian and Italian women was 51 years, 
whereas in African Americans it was 57 years [19].

BC diagnosis is crucial for survival 
[20]. In this study, most cases (47%) were 
diagnosed as stage II of the disease. Our 
findings are consistent with two previous 
studies conducted in AKUH in which 50% 
and 49.1% of the cases were diagnosed at 
stage II in 2014 and 2021, respectively 
[2,21]. Contrary to our findings, it was 
reported that most breast cancers (77%) 
in the sub-Saharan African region were 
diagnosed at late stages [20]. This could 
be attributed to patient and system delays, 
as was established in a study conducted in 
Rwanda [22]. In Nigeria, >70% of the pa-
tients were diagnosed at a late stage of the 
disease. The observation that most breast 
cancers were in the early stages in this 
study could probably be attributed to the 
nature of the patients seeking health care 
in the two tertiary hospitals (AKUHN and 
KAIC). Most participants had obtained 
tertiary education; therefore, they were 
more likely to have a high socioeconomic 
status and better health-seeking behavior, 
leading to an early diagnosis [23].

Moreover, invasive ductal carcinoma 
(IDC) was the most common histological 
subtype of BC (84.2%). This observation 
is like that of previous studies that re-
ported high frequencies of IDC: 76.5% in 
Kenyan patients [21], 82.3% in Nigerians 
(18), 92.8% in Tanzanians and 90.6% in 

Italians [19]. This finding is consistent with an earlier 
finding where it was reported that IDC was the most 
common histological subtype of breast cancer. IDC is 
attributed to DNA damage in breast tissue cells result-
ing from various triggers such as, age and hormonal 
exposure [24].

Most of the cases were progesterone-receptor (PR) 
positive, followed by human epidermal growth fac-
tor-2 (HER2) negative hormone receptors (85.3%, and 
76.6%, respectively). Therefore, the luminal A (ER+/
PR+/HER2-) molecular subtype was the most preva-
lent (82.8%). These findings contradict those of Sayed 
et al. who reported the luminal B (ER+/PR+/HER2+) 
molecular subtype to be the most prevalent 35.8% [2]. 
Among Nigerian women, the prevalence of PR was 
the highest (54.7%) [18].

Table 4. Association analysis of rs4646903 and rs1048943 genotypes with ER+ 
breast tumor characteristics. The table shows analysis for the associations be-
tween rs4646903 and rs1048943 with breast tumor characteristics such as tumor 
stage and molecular subtypes.

Association analysis of rs4646903 and rs1048943 with tumor stage

GENE  
(SNP RS ID)

Genotype 
(N)

Early stage:  
Stage I & II  

(n, %)

Late stage: 
Stage III  

(n, %)
OR (95% CI) P

rs4646903 TT (38) 32 (60) 6 (11) Reference

TC (13) 5 (9) 8 (15) 8.06  
(1.68 – 44.60) 0.01

CC (2) 1 (2) 1 (2) 5.01  
(0.05 – 431.27) 0.64

rs1048943 AA (48) 34 (66) 14 (26) Reference

AG (3) 2 (3) 1 (2) 1.20  
(0.01 – 25.03) 1.00

GG (2) 2 (3) 0 (0) 1.05  
(0.00 – 13.89) 1.00

Association analysis of rs4646903 and rs1048943 with molecular sub-
type

GENE  
(SNP RS ID)

Genotype 
(N)

Luminal A 
(n, %)

Luminal B 
(n, %) OR (95% CI) P

rs4646903 TT (41) 38 (59) 3 (4) Reference

TC (20) 13 (20) 7 (10) 6.56  
(1.27-45.22) 0.02

CC (3) 2 (3) 1 (1) 5.86  
(0.08-148.79) 0.50

rs1048943 AA (57) 47 (73) 10 (16) Reference

AG (5) 4 (6) 1 (2) 1.17  
(0.021-13.66) 1.00

GG (2) 2 (3) 0 (2) 2.02  
(0.00-26.94) 1.00

N – total number of respondents; n – frequencies; OR – odds ratio; CI – confidence 
intervals; values of statistical significance are shown in bold
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CYP1A1 is located on chromosome 15 and com-
prises seven exons and six introns that span 5810 base 
pairs[25]. The contribution of CYP1A1 to estrogen me-
tabolism and polycyclic aromatic hydrocarbon (PAH) 
carcinogen metabolism points to its involvement in 
breast cancer [26]. CYP1A1 is a critical member of 
the phase I estrogen-metabolizing enzyme family be-
cause of its role in catalyzing the formation of 2,3-hy-
droxyestrone, which are subsequently converted to 
estradiol 2,3 quinones [27]. Among the CYP1A1 poly-
morphisms, CYP1A1 (rs4646903) occurs in the 3'-UTR 
and results from a T/C transition. The three genotypes 
were TT (wild type), TC (variant heterozygous) and 
CC (variant homozygous) [26]. The MspI restriction 
enzyme identifies the CYP1A1 (rs4646903) polymor-
phism in the non-coding region of the gene [28]. 

Studies exploring the association of rs4646903 gen-
otypes, TT, TC and CC with breast cancer in variant 
populations have yielded inconsistent results. This is 
not surprising given the dual involvement of CYP1A1 
in the activation of carcinogens and estrogen metab-
olism [29]. Thus, no significant association between 
rs4646903 polymorphisms and breast cancer risk was 
observed in Chinese women [16]. In contrast, the ho-
mozygous variant genotype CC was significantly as-
sociated with the occurrence and stage of breast cancer 
[26]. The distribution of the dominant model (CT+CC 
versus TT) in early- versus late-stage breast cancer 
among Egyptian women was not significantly differ-
ent; however, the odds of association of the variants TC 
and CC in the late stage were 3-fold more than those 
in the early stage [30]. An increase in the proportion 
of the variant genotype CC of rs4646903 with breast 
cancer stage was reported in contrast to no signifi-
cant association between genetic polymorphisms of 
rs4646903 and breast cancer in East Asian, Caucasian, 
or African populations [31]. A study showed no as-
sociation between the variant genotypes TC and CC 
and breast cancer, stage, grade, or molecular sub-type 
in Iraqi women diagnosed with breast cancer [28]. A 
study on a southern Indian population indicated a 
positive association of the variant genotypes TT and 
TC with breast cancer [13] where a 5-fold association 
of rs4646903 variant genotype CC supports the role of 
CYP1A1 in breast cancer susceptibility. 

The second CYP1A1 SNP of interest, based on 
its association with breast cancer, was rs1048943. It 

is located in exon 7 of the gene and results in a A/G 
transition, which causes the substitution of isoleu-
cine for valine at codon 462 [32]. A/G single nucleo-
tide polymorphism was detected using the BsrDI 
(BseMI) restriction enzyme. Like the trend observed 
for rs4646903, the wild-type genotype of rs1048943 
(AA) was the most prevalent in the study subjects. 
A Japanese study reported a significantly lower risk 
of breast cancer in rs1048943, AG and GG variant 
carriers [33]. A protective factor for the rs1048943 
genotype was also observed in French and Austrian 
populations where the variant genotypes of rs1048943, 
AG and GG were significantly associated with suscep-
tibility to breast cancer in case-control and case-BBD 
models, respectively [34][?].

CONCLUSIONS

The findings from this study revealed statistically sig-
nificant associations between breast cancer risk and 
variant genotypes, CC of rs4646903, and AG and 
GG of rs1048943. The strength of this study is the 
inclusion of benign breast disease (BBD) participants 
alongside controls. This allowed for a comparative 
analysis of the associations between predictors and the 
risk of BC in cases and controls compared to cases and 
BBDs. Although BBD is an established risk factor for 
BC, it is not known whether the association will vary 
based on exposure to other predictors. The incorpora-
tion of both the genotypic as well as the non-genetic 
predictors enabled analysis of the interplay between 
the various predictors and their role in breast cancer 
risk. Further investigations employing larger sample 
sizes and other genes could provide more informa-
tion on the role of SNPs in the susceptibility to breast 
cancer and its progression.
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SUPPLEMENTARY MATERIAL

Supplementary Table S1. Association analysis of rs4646903 and rs1048943 genotypes with ER+ breast tumor characteristics. The table 
shows the analysis for the associations between rs4646903 and rs1048943 with breast tumor characteristics such as tumor grade and 
histological subtype.

Association analysis of rs4646903 and rs1048943 with tumor grade

GENE (SNP RS ID) Genotype (N) Well & moderate differentiation: 
Grade I & II (n, %)

Poor differentiation:  
Grade III (n, %) OR (95% CI) P

CYP1A1 (rs4646903) TT (42) 28 (42) 14 (21) Reference
TC (21) 13 (20) 8 (12) 1.22 (0.35 – 4.13) 0.91
CC (3) 3 (5) 0 (0) 0.55 (0.00 – 5.40) 0.63

CYP1A1 (rs1048943) AA (60) 40 (59) 20 (29) Reference
AG (4) 2 (3) 2 (3) 1.97 (0.13 – 29.14) 0.85
GG (2) 2 (3) 0 (0) 0.85 (0.00 – 11.26) 0.91
Association analysis of rs4646903 and rs1048943 with histological subtype

GENE (SNP RS ID) Genotype (N) IDC (n, %) Others (n, %) OR (95% CI) P 
CYP1A1 (rs4646903) TT (44) 35 (51) 9 (13) Reference

TC (21) 14 (21) 7 (10) 1.92 (0.50 – 7.19) 0.40
CC (3) 3 (4) 0 (0) 1.06 (0.00 – 10.72) 1.00

CYP1A1 (rs1048943) AA (61) 46 (68) 15 (22) Reference
AG (5) 4 (6) 1 (1) 0.76 (0.01 – 8.61) 1.00
GG (2) 2 (3) 0 1.31 (0.00 – 10.72) 1.00




