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Introduction

Breast cancer is a major global health concern. In 2020, it was 
the most frequently diagnosed cancer, with 2.26 million cases 
and 685,000 deaths among females1. Moreover, its associated 
annual economic burden could be as high as US$20 billion, 
even with conservative estimates2-5. The disease was previously 
more common in developed countries, but its epidemiology 
has evolved, with developing countries now accounting for 

over half of global breast cancer cases and deaths1. In less de-
veloped regions, the burden of the disease is highest among 
those below 50 years of age, whereas in developed countries, 
those above the age of 70 shoulder the highest burden6. This 
glaring disparity has been attributed to the predominance of 
younger persons and the decade-shorter life expectancy of 
populations in developing countries6. Besides, the five-year 
survival rate for breast cancer exceeds 80% in developed coun-
tries, compared to less than 50% in developing nations1. The 
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Abstract
Introduction: Breast cancer remains a major global health challenge, with Africa and other developing countries expe-
riencing its greatest impact. Knowledge of breast density (an independent risk factor) is essential for early breast cancer 
diagnosis. However, such data is scarce across Africa and absent in Ghana. The aim of this work was to investigate the as-
sociation between mammographic breast density patterns and BI-RADS assessment categories among women in Ghana.
Material and methods: A retrospective cross-sectional study was conducted on 2,108 women who underwent mam-
mography between October 2011 and December 2022. Breast density was visually assessed by radiologists using the 
American College of Radiology (ACR) Breast Imaging Reporting and Data System (BI-RADS). Associations between 
breast density, age, and BI-RADS assessment categories were analysed using Fisher’s Exact Test.
Results: Breast density category B (scattered fibroglandular tissue) was most common (44%, n = 935), followed by 
category A (almost entirely fatty; 39%, n = 821), category C (heterogeneously dense; 16%, n = 397), and category D (ex-
tremely dense; 1%, n = 23). More than 50% of all categories received benign diagnoses (BI-RADS 2), while less than 10% 
recorded negative diagnoses (BI-RADS 1). Higher-density categories demonstrated a greater proportion of suspicious 
and malignant findings: in category D, 17% were BI-RADS 3, 17% BI-RADS 4, and 13% BI-RADS 5, compared to lower 
proportions in categories A and B. Confirmed malignancies (BI-RADS 6) were observed across categories A–C (1% 
each). A significant association was found between breast density and cancer diagnoses (p < 0.05), as well as between 
age and breast density (p < 0.05).
Conclusion: There is a significant association between breast density and BI-RADS assessment categories, with lower 
breast density observed in older women, a finding consistent with published literature. These results highlight the need 
for tailored breast cancer screening strategies in Ghana.
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poorer outcome in developing countries is due to multiple in-
teracting factors, such as poor awareness and knowledge about 
cancer, delayed presentation, late detection, and limited access 
to affordable and effective treatments7-9.

In Africa, one of the less developed regions in the world, 
breast cancer is the leading female malignancy, recording 
186,598 new cases and 85,787 deaths in 2020 (age-stan-
dardised incidence rate [ASIR] = 132.1%; age-standardised 
mortality rate [ASMR] = 88.8%)1. West Africa has the second 
highest number of cases in the region – 49,339 (ASIR = 41.5%, 
cumulative risk = 4.5%) – while recording the highest number 
of breast cancer deaths (25,626; ASMR = 22.3%, cumulative 
risk = 2.5%)10. 

In 2018, Ghana, one of the highest-ranked West African 
countries in terms of cancer cases, recorded close to 5,000 
cases of breast cancer, the predominant cause of cancer deaths 
in the country11,12. The high burden of breast cancer in Africa 
necessitates its prioritisation as a public health issue, espe-
cially as its high cost of management could further cripple the 
struggling economies of these regions1-5,13. One epidemiologi-
cal strategy is to target breast density, which has been identi-
fied as an independent predictor of breast cancer occurrence 
and prognosis14,15. Breast density is a measure of the ratio of 
fibroglandular tissue and fatty tissue in breasts, as seen on 
a  mammogram16. High breast density means there is more 
fibroglandular tissue and less fat. Nonetheless, most of what 
is known about breast density and its relationship with breast 
cancer comes from outside Africa14-28. Thus, the epidemiol-
ogy of breast density patterns and breast cancer in Ghanaian 
and other West African female populations remains obscure, 
hindering the design of tailored interventions. To improve in-
sights on the subject area, this study evaluated mammographic 
breast density patterns and their relationship with breast can-
cer incidence among a large cohort of Ghanaian women seen 
at the biggest tertiary hospital in Ghana.

Methodology

Study design and site
This was a retrospective cross-sectional study conducted at the 
Mammography Unit of the Radiology Department of the Ko-
rle Bu Teaching Hospital (KBTH), Accra, Ghana. KBTH is the 
largest tertiary healthcare facility in Ghana and serves as a ma-
jor referral centre for the country and the West African sub-
region. The hospital is affiliated with the University of Ghana 
Medical School and provides advanced clinical training and 
specialised diagnostic services. The Radiology Department 
performs over 37,000 imaging procedures annually, including 
approximately 1,200 mammography examinations,29 making 
it a key facility for breast imaging and diagnoses in the region.

Study population and Data collection
The study included women aged 30 to 99 years who under-
went screening or diagnostic mammography between October 
2011 to December 2022. The study was done as a census in-

volving 2,108 patients. Their information was extracted from 
anonymised mammography reports taken from the hospital’s 
patient records. In Ghana, mammography is usually done for 
patients aged 40 years and above. However, younger patients 
with significant risk factors may also undergo screening if the 
potential benefits outweigh the risks associated with radiation 
exposure. From the extracted data, the ages of the women were 
between 30 and 99 years old. The breast density patterns for 
all the patients were scored by five experienced radiologists 
using the ACR-BI-RADS categories as follows: almost entirely 
fatty (Category A), scattered fibroglandular tissue (Category 
B), heterogeneously dense breast (Category C) and extremely 
dense breasts (Category D). Categories A and B were classi-
fied as low-density breasts, while Categories C and D were 
classified as high-density breasts30. BI-RADS 0 - BI-RADS 6 
is also used in reporting breast imaging, where BI-RADS 0 is 
an incomplete assessment, additional imaging or evaluation 
is needed to conclude the report, BI-RADS 1 is negative, BI-
RADS 2: Benign, BI-RADS 3: Probably benign, BI-RADS 4: 
Suspicious of malignancy, BI-RADS 5: Highly suggestive of 
malignancy, and BI-RADS 6: Biopsy-proven malignancy31. 

Data analysis

Data was analysed using Microsoft Excel and the R program-
ming language. The breast types were categorised based on 
density and assigned labels. The categories “Almost Entirely 
Fatty,” “Scattered Fibroglandular tissues,” “Heterogeneously 
Dense Breast,” and “Extremely Dense” were labelled A, B, C, 
and D, respectively. These labels indicate an increasing trend 
in breast density, where A < B < C < D. Diagnoses, initially 
ranging from BI-RADS 1 to BI-RADS 6 in ascending order 
of severity, were grouped into two categories: BI-RADS  1 
to BI-RADS 3 representing “non-severe” and BI-RADS 4 
to BI-RADS 6 representing “severe” diagnoses. Participants 
were grouped into 10-year age intervals: 30-39, 40-49, up to 
90-99 years. The frequency of participants within each age 
class was recorded, and a contingency table was created to 
assess the relationships between age, breast density, and BI-
RADS scores. Table 1 shows the age distribution with breast 
density categories.

Table 1. Age distribution with Breast density categories.

Age group
Breast density categories

 Total
A B C D

30–39 0 17 13 0 30

40–49 149 331 159 17 656

50–59 354 366 105 5 830

60–69 232 165 34 1 432

70–79 72 44 16 0 132

80–89 11 11 1 0 23

90–99 3 1 1 0 5

Total 821 935 329 23 2108
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A second contingency table was developed to 
explore the relationship between breast density 
pattern and BI-RADS assessment categories, 
detailing the number of participants exhibiting 
a particular breast density category with a spe-
cific BI-RADS score. Table 2 shows the breast 
density patterns with the BI-RADS Score.

Statistical analyses

In both contingency tables, some cells contained 
zero counts, violating the assumptions for a chi-
square test. Therefore, Fisher’s Exact Test was 
used for statistical analysis. The analysis was 
undertaken using the R programming language.

This process of data analyses provides 
a  structured approach to analysing the rela-
tionship between participants’ age, breast density, 
and BI-RADS score of examinations while address-
ing missing data and statistical limitations.

All inferential statistics were performed at an 
alpha level of 0.05, and hence, differences whose p-
values were below 0.05 were considered statistically 
significant.

Ethical considerations

Approval for the study was obtained from the Insti-
tutional Review Board of the institution (protocol 
identification number: KBTH–IRB 00091/2022) and 
the University of Ghana Ethics Committee for Basic 
and Applied Sciences (protocol identification num-
ber: ECBAS 050/21-22).

Results

Background information on the study participants
The total number of participants for this study was 2,108, and 
the mean age was 55 years. Those between the ages of 50 and 
59 years were in the majority (39.37%). Details of the age dis-
tribution of the participants are provided in Figure 1.

Mammographic breast density patterns among  
the study participants
Breast density patterns, category A (almost entirely fatty) and 
B (scattered fibroglandular tissues) were the most prevalent: 39%, 
n = 821 and 44%, n = 935, respectively. Category C (heteroge-
neously dense breasts) recorded 16%, n = 329, while category 
D (extremely dense breast) was the least encountered among the 
study participants: 1%, n = 23. This is presented in Figure 2.

Table 2. Breast density patterns with BI-RADS Score.

Breast Density
BI-RADS 1 
(Negative 
diagnosis)

BI-RADS 2 
(Benign 

diagnosis)

BI-RADS 3 
(Probably 

Benign 
diagnosis)

BI-RADS 4 
(Suspicious  

of malignancy)

BI-RADS 5 
(Highly 

Suggestive  
of malignancy)

BI-RADS 6 
(Confirmed 

Cancer)
Total

A (Almost entirely fatty breast) 47 625 48 49 46 6 821

B (Scattered fibroglandular tissues) 69 633 88 61 72 12 935

C (Heterogeneously dense breast) 28 198 35 32 33 3 329

D (Extremely Dense) 2 10 4 4 3 0 23

Total 146 1466 175 146 154 21 2108

Figure 1. Age group distribution of participants. This figure illustrates the 
distribution of study participants across different age groups, showing how the 
population is spread among younger, middle-aged, and older women, highlighting 

the predominant age ranges represented in the study cohort.

Figure 2. Breast density distribution of participants. This figure presents 
the distribution of participants according to their breast density categories  
(A-D) as defined by the BI-RADS classification system. It illustrates the 
relative proportions of each category within the study population, providing 

insight into the overall breast density profile of the participants.
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Relationship between breast density 
patterns and age distribution
A greater percentage of all the age groups had 
breast density category A, except the 30-39 age 
group, which had only breast density catego-
ries B and C, 57% and 43%, respectively. Only 
age groups 40-49 and 50-59 had participants 
with breast density category D, 3% and 1%, 
respectively. Further details are presented in 
Figure 3.

Relationship between breast density 
patterns with BI-RADS score
It is important to note that even though the 
BI-RADS score for breast cancer reporting 
is from BI-RADS 0 - BI-RADS 6, this study 
included only BI-RADS scores 1-6 from the 
patients’ mammogram reports. This implies 
that patients who had BI-RADS 0 had further 
imaging before reports were written. Across 
all breast density categories, over 50% of par-
ticipants had benign findings (BI-RADS 2), 
while fewer than 10% had negative findings 
(BI-RADS 1). The proportions of suspicious 
or malignant findings increased with breast 
density. Specifically, BI-RADS 3–5 scores rose 
progressively from categories A to D: in cat-
egory A, 6% each had BI-RADS 3, 4, or 5; in 
category B, 9%, 7%, and 8%; in category C, 
11%, 10%, and 10%; and in category D, 17%, 
17%, and 13%, respectively. Biopsy-proven 
malignancy (BI-RADS 6) occurred in only 
1% of categories A-C. These findings indicate 
a trend of increasing BI-RADS 3, BI-RADS 4, 
and BI-RADS 5 scores with higher breast den-
sity, suggesting that individuals with denser 
breasts may have a higher likelihood of suspi-
cious or malignant diagnoses. Figure 4 shows 
more details.

Relationship between breast density 
patterns and breast cancer
Null Hypothesis (H0): There is no significant relationship be-
tween Breast Density pattern and BI-RADS score.

Alternate Hypothesis (H1): There EXISTS a  relationship 
between Breast Density patterns and BI-RADS score.

Decision
Since p – Value < α, the null hypothesis is REJECTED. Hence, 
there is a significant relationship between Breast Density pat-
terns and Breast Cancer. This is shown in Table 3. Research 
has shown that women who have high breast density are more 
likely to be diagnosed with breast cancer than those with less 
dense breasts32,33.

Table 3. Results of Fisher’s Exact Test 1.

Test Alpha 
Level (α)

Degree  
of Freedom p-Value No.  

of replications

Chi-Square 0.05 15 7.211 × 10-5

Fisher’s Exact 
Test 0.05 4 × 10-5 100,000

Effect of age groups on breast density patterns
Null Hypothesis (H0): There is no significant relationship be-
tween Age Groups and Breast Density patterns.

Alternate Hypothesis (H1): There EXISTS a  relationship 
between Age Groups and Breast Density patterns.

Figure 3. Age distribution with breast density. This figure illustrates the relationship 
between participants’ age groups and their corresponding breast density categories 
(A-D) based on the BI-RADS classification. The distribution highlights the general 
trend of decreasing breast density with increasing age, reflecting the physiological 

replacement of glandular tissue with fatty tissue over time.

Figure 4. Breast density category distribution with BI-RADS score. This figure shows 
the distribution of BI-RADS scores (1-6) across the different breast density categories 
(A-D). It illustrates how the likelihood of higher BI-RADS scores, indicative of 
suspicious or malignant findings, tends to increase with increasing breast density.
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Decision
Since p – Value < α, the null hypothesis is REJECTED. Hence, 
there is a  significant relationship between age groups and 
breast density patterns. This can be seen in Table 4. Studies 
have established that breast density decreases with increasing 
age23,34.

Table 4. Results of Fisher’s Exact Test 2.

Test Alpha 
Level (α)

Degree  
of Freedom p-Value No.  

of replications

Chi-Square 0.05 18 2.2 × 10-16

Fisher’s Exact 
Test 0.05 1 × 10-5 100,000

Discussion

This study found that a majority (83%) of Ghanaian women 
had low breast density (Categories A and B), with the remain-
ing 17% having high breast density (categories C and D). Most 
age groups were dominated by breast density type A, except 
for the 30-39 age group, which only had categories B and C. 
Breast density category D was observed in the 40-49 and 50-
59 age groups, at 3% and 1%, respectively. These findings are 
consistent with studies in Nigeria, in which the majority - 
69.8% of the participants had low-density breasts (35.2% for 
category A and 34.6% for category B), while just a  few had 
high-density breasts (30.2% - 21.1% for category C and 9.1% 
for category D)18. Similarly, more low-density breasts were ob-
served among participants of the studies of Gathara et al.,17 
in Uganda (61%), Singh et al.,35 in India (84%), Kang et al.,23 
in the UAE (76.4%), and Alshakarh et al.26 in Saudi Arabia 
(62%). These similarities may be attributed to the methods 
used and the similar selection criteria for study participants, 
despite variations in sample sizes and geographical locations 
across the studies. In contrast, predominantly dense breasts 
were observed among participants of the studies of Al-Mousa 
et al.,25 in Jordan (69.4%), Ali & Fateh,24 in Iraq (54.3%), Ah-
madinejad et al.,19 in Iran (51.9%), Salem et al.,20 in Lebanon 
(52.9%), Sung et al.,21 in China (52.8%), and Checka et al.,16 
in the United States (55.4%). In these studies, histopathology 
reports, body mass index (BMI), reproductive factors, fam-
ily history of breast cancer (FHBC), oral contraceptive con-
sumption (OCP), and hormone replacement therapy (HRT) 
of participants were recorded. The significant differences in 
breast density grades between the current study and those re-
porting contrasting findings may be linked to the additional 
information of participants that was recorded and used in the 
data analyses. In this study, the absence of BMI, reproductive 
history, and hormone therapy data limited the robustness of 
statistical analyses.

The data also showed that over 50% of participants in all 
breast density categories had BI-RADS 2 (benign diagnoses), 
while less than 10% in each category had BI-RADS 1 (negative 
diagnoses). For breast density category A, 6% had BI-RADS 3 
(probably benign diagnoses), 6% had BI-RADS 4 (suspicious 

of malignancy), and 6% had BI-RADS 5 (highly suggestive 
of malignancy). Among category B breasts, 9% had probably 
benign diagnoses, 7% were suspicious of malignancy, and 8% 
were highly suggestive of malignancy. For category C breast 
density, 11% had probably benign diagnoses, 10% were suspi-
cious of malignancy, and 10% were highly suggestive of malig-
nancy. 17% of participants with breast density category D had 
probably benign diagnoses, 17% of them were suspicious of 
malignancy, while 13% were highly suggestive of malignancy. 
Additionally, 1% of participants with breast density categories 
A, B, and C had biopsy-proven malignancy. This shows a trend 
of increasing BI-RADS 3, 4, and 5 scores with higher breast 
density, indicating that individuals with denser breasts may 
have a higher likelihood of suspicious or malignant diagnoses. 
From Fisher’s Exact Test, p<0.05, there is a significant associa-
tion between breast density type and breast cancer. Addition-
ally, a significant relationship exists between age and breast 
density pattern, p < 0.05. However, there wasn’t any strong evi-
dence to prove this relationship. No follow-up was conducted 
to confirm or refute the benign or probably benign (BI-RADS 
2 and 3) diagnoses. BI-RADS 4 and 5 were also not confirmed. 
According to a study by Nelson et al. (2016), women with low 
breast density (categories A and B) had lower false-negative 
mammogram result rates than those with high breast density 
(categories C and D), particularly among women aged 40-69 
years. Women within all the age groups, excluding the 60-69 
years group and having category D  breast density, had the 
highest false-negative rates36. From a report by the American 
Cancer Society on Limitations of Mammograms, 1 in 8 breast 
cancers are missed during screening mammograms.37 Simi-
larly, a study in Norway by Hovda et. al., (2021) found that 
24% of interval breast cancer cases were missed cancers, with 
69% of women diagnosed with occult cancer having category 
C and D breast densities38.

This study has clinical and epidemiological significance. It 
provides baseline information on breast density patterns and 
their relationship with breast cancer in Ghana. It fills a knowl-
edge gap on breast cancer epidemiology in Ghana and sub-
Saharan Africa, where such studies are scarce.

This aligns with findings from the Fisher’s Exact Test, which 
shows a correlation between breast density category and breast 
cancer diagnosis, though without enough evidence. Future 
studies that use prospective sampling in their design could 
provide enough evidence and further clarification on the re-
lationship between breast density patterns and breast cancer 
risk and incidence in Ghana.

Limitations

It is important to identify missed cancers in a screening pro-
gram to reduce the breast cancer mortality rate among the 
screening population and to increase trust in mammography 
screening programs. Nonetheless, this study did not identify 
any missed cancers. This could be attributed to the non-avail-
ability and use of additional information in the data analyses, 
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as already stated. These factors have been shown to influence 
breast density patterns39-41. Also, there was no follow-up on 
patients with negative, benign, and probably benign diag-
noses, and histopathology reports of patients with BI-RADS 
4 and 5 scores, which could have led to identifying possible 
missed cancers and confirming the breast cancer incidence 
among the study population. Finally, the qualitative method 
of breast density estimation was used by the radiologists in 
the breast density categorisation. This is a subjective method 
and observer-dependent, so it can introduce intra- and inter-
reader variability in the breast density estimation.

Conclusion and recommendation

In this study, Ghanaian women predominantly had low-
density breasts. The analyses of the data show a  significant 
association between breast density and BI-RADS assessment 
categories, with lower breast density observed among older 
women, a  finding consistent with published studies. These 
findings, however, need to be interpreted in the context of the 
limitations of the current study: Lack of data on BMI, repro-
ductive factors, family history of breast cancer (FHBC), oral 
contraceptive consumption (OCP), and hormone replacement 
therapy (HRT) for more robust statistical analyses. Secondly, 
no follow-up was done on patients that could have led to the 

detection of any possible missed cancers. Also, the qualitative 
method of breast density estimation, which was used by the 
radiologists in the breast density categorisation, is subjective 
and observer-dependent and can introduce intra- and inter-
reader variability. It is therefore recommended that a prospec-
tive study be conducted, where more patient data is recorded, 
and follow-up of patients is included for a more robust statisti-
cal analysis and conclusive results.
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