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Background: Mammography is the cornerstone of breast cancer screening. Its diagnostic performance, however, is influenced by
population demographics such as age and breast density.

Purpose: The aim of this study was to establish contemporary performance benchmarks for mammography screening in Bahrain’s
primary health-care centres (PHCs) and to identify areas for quality improvement.

Methods: A cross-sectional retrospective analysis was performed on mammograms from asymptomatic women aged >40 years who
were screened in 2020 at primary health care centres. Screening outcomes were cross-referenced with subsequent breast cancer
diagnoses recorded in the Bahrain Cancer Registry (2021-2022). Mammographic findings were categorised using the Breast Imaging
Reporting and Data System (BI-RADS), and performance metrics including the cancer detection rate (CDR), sensitivity, and
specificity were calculated.

Results: A total of 2196 screening mammograms were included, with a mean patient age of 56.1 years. The cancer detection rate was
12.3 per 1000 screens, and the recall rate was 30.6%. Sensitivity and specificity were 69.2% and 71.2%, respectively, and the interval
cancer rate was 5.4 per 1000. The most common breast density category was “scattered fibroglandular” (61.8%). Recall rates were
significantly associated with breast density (p < 0.001). Among the 39 patients diagnosed with breast cancer, invasive ductal carcinoma
was the most prevalent subtype (71.8%).

Conclusion: The findings highlight the moderate utility of mammography screening in Bahrain, characterised by a relatively high
recall rate and a need to optimise reporting standards and recall criteria. Tailored strategies such as supplemental imaging for women
with dense or high-risk breasts, strict adherence to BI-RADS guidelines, and implementing double reading or single reading with
computer-aided detection could improve screening outcomes. These results establish important regional performance benchmarks and
can inform policies to enhance breast cancer detection and management in the Arabian Gulf region.

Keywords: breast imaging, mammogram, breast cancer screening, benchmark, Arabian Gulf

Introduction
Mammography, despite its limitations, remains the only breast cancer screening test endorsed by major health bodies
such as the US Preventive Services Task Force and the American Cancer Society, and it is the most effective means of
reducing breast cancer mortality.'> To improve the quality of mammography practice, the American College of
Radiology (ACR) introduced the Breast Imaging Reporting and Data System (BI-RADS) in the 1980s.’

Established performance metrics for screening mammography such as the cancer detection rate, sensitivity, and specificity
are defined by the ACR.** These metrics were originally designed to evaluate radiologists’ interpretive performance, but they
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are also used to inform patients, healthcare providers, and policymakers about the benefits, harms, and limitations of
mammography screening.®

Bahrain has the highest age-standardised breast cancer incidence among Gulf Cooperation Council countries.’
Moreover, as in many Middle Eastern countries, breast cancer tends to present at a younger age in Bahrain.* The
prevalence of dense breast tissue in these younger patients can make mammographic interpretation more challenging.'*"!

Currently, mammography in Bahrain is offered every two years to women aged 40 years and above at five of the 27
primary healthcare (PHC) centres equipped with breast imaging facilities. Screening is opportunistic, meaning that
women are not invited for screening but may receive it during patient—doctor encounters. In the last couple of years,
a new healthcare system called “Choose Your Doctor” has been introduced in select health centres. This system allows
patients to select their family physician, enabling the physician to actively invite eligible women for screening. The
service is provided free of charge to Bahraini nationals in the public health care sector.

Previous Gulf-region mammography reports are methodologically heterogeneous and often involve estimation of the
uptake and barriers to breast cancer screening.®'? The scarce mammogram metric performance studies in the region are
single-centre, enrolling small sample size, with no linkage to subsequent clinical outcomes.'*'* One local study reported
a recall rate of 32% and a cancer detection rate of 0.5% in 2018,'* but other performance metrics were not assessed and
the study did not track interval cancers.'* Evaluating these metrics can help policymakers establish benchmarks for local
practice and identify opportunities for improvement. Moreover, given the similarities in breast cancer epidemiology and
risk factors across the region, our findings can serve as a reference point for other regional studies of mammography
performance. The purpose of this study was to establish the first national performance benchmarks for screening
mammography in Bahrain’s PHC system and to assess screening performance trends over time. Our design provides
the first regional estimates of programme metrics based on standardized reporting and longitudinal verification, offering
a more robust benchmark for future quality-improvement efforts.

Methods

Study Design

This cross-sectional observational study was conducted in two stages. In the first stage, we retrospectively reviewed
mammography reports from two primary health care centres (Naim Health Centre and Hamad Kanoo Health Centre)
between 1 January 2020 and 31 December 2020. At that time, these two centres were the only PHCs with breast imaging
facilities receiving screening referrals from across Bahrain. In the second stage, we obtained data on subsequent breast
cancer diagnoses for the same cohort from the Bahrain Cancer Registry for the period 1 January 2021 to
31 December 2022, corresponding to a two-year post-screening interval. Performance measures were defined according
to the ACR BI-RADS 5th edition® and were calculated using standard BI-RADS formulae. All study procedures were
conducted in accordance with relevant guidelines and regulations.

Inclusion Criteria
All digital screening mammograms performed at the two study centres in 2020 for asymptomatic women aged >40 years
(between 1 January and 31 December 2020) were included.

Exclusion Criteria

We excluded (1) screening examinations in women with a personal history of breast cancer, mastectomy, or breast
augmentation (populations in which screening performance metrics are known to differ significantly); and (2) any
mammogram with a BI-RADS category 6 (known breast cancer).

Data Collection Procedures and Definitions

All included mammograms were part of the opportunistic screening programme at PHCs, where patients from any PHC
in Bahrain were referred to the two designated centres. Demographic and clinical information (such as age, nationality,
and family history) was collected from the medical records and radiology reports. All mammograms were interpreted by
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a single radiologist. Each report included the BI-RADS assessment category assigned to the mammogram, according to
the following standard definitions:

e BI-RADS 0: Requires additional imaging evaluation

e BI-RADS 1: Negative (no findings)

¢ BI-RADS 2: Benign findings

e BI-RADS 3: Probably benign; short-interval follow-up suggested

e BI-RADS 4: Suspicious for malignancy

¢ BI-RADS 5: Highly suggestive of malignancy

¢ BI-RADS 6: Known malignancy (biopsy-proven prior to definitive therapy)

If a mammogram resulted in a recommendation to recall the patient for further assessment, we retrieved the subsequent
diagnostic radiology and pathology reports from the patient’s records. The radiology reports also documented breast
density according to the ACR BI-RADS Atlas categories: (a) almost entirely fatty, (b) scattered fibroglandular densities,
(c) heterogeneously dense, and (d) extremely dense (5). Finally, we cross-checked the Bahrain Cancer Registry records
for 2021 and 2022 to identify any breast cancer diagnoses among the women screened in 2020.

Outcome Measurements and Statistical Analysis

Performance metrics (eg recall rate, CDR, sensitivity, specificity, and likelihood ratios) were defined in accordance with
the ACR BI-RADS 5th edition.® Data were analysed using SPSS version 29. Descriptive statistics (frequencies,
percentages, means, and medians) are reported for the participants’ demographic and clinical characteristics (age, breast
density, family history, nationality) and for tumour characteristics of the cancers detected. The performance metrics were
computed as defined above. Associations between age and mammography findings or breast density were tested using
one-way ANOVA, and associations between mammography findings, density category, follow-up recommendation, and
patient recall were tested using chi-square tests. A p-value < 0.05 was considered statistically significant. All data
generated or analysed during this study are included in this published article.

Results

Demographics and Clinical Characteristics

We analysed 2196 screening mammograms from asymptomatic women. The mean age of the patients was 56.1 years (SD
8.2), with a median of 56 and a range of 43-93 years. The vast majority of women were Bahraini nationals (97.2%), with
only 2.8% being non-Bahraini (Table 1). First-degree family history of breast cancer was recorded as “Unknown” in 98%
of cases, limiting the usefulness of this variable.

The majority of mammograms were reported as either “negative” (68.8%) or “incomplete, needs additional evalua-
tion” (28.5%). Findings suspicious for, or highly suggestive of, malignancy were very uncommon (0.2% of examinations
for each category). The most common breast density category was “scattered fibroglandular” (61.8%), followed by
“heterogencously dense” (26.9%); only 1.6% of women had “extremely dense” breasts. Consistent with these findings,
67.9% of patients were recommended to return for routine screening (reflecting the high proportion of negative results),

whereas 31.2% were advised to undergo further imaging based on indeterminate or concerning findings.

Associations Between Variables

We examined the relationships between patient age, mammography findings, and breast density. There were statistically
significant differences in mean age across the breast density categories (p < 0.001, ANOVA). Women with almost
entirely fatty breasts tended to be older on average, whereas those with extremely dense breasts were younger on average.
By contrast, mean age did not differ significantly across the mammography report categories (p = 0.325) (Table 2).
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Table | Clinical and Demographic Characteristics of the Screening
Population (N = 2196)

Variable Number (%)
Age Mean (SD): 56.12 (8.18)
Median: 56

Range: 50 (min 43, max 93)

Nationality
Bahraini 2134 (97.2)
Non-Bahraini 62 (2.8)

1°¢ degree Family history of breast cancer

Yes 21 (1)
No 23 (1)
Unknown 2152 (98)

Mammogram interpretation

Incomplete need additional evaluation 625 (28.5)
Negative 1510 (68.8)
Benign 37 (1.7)
Most likely, Benign 15 (0.7)
Suspicious 5(0.2)
Highly suggestive of malignancy 4 (0.2)

Density classification

Almost entirely fatty 143 (6.5)
Scattered fibroglandular 1357 (61.8)
Heterogeneously dense 591 (26.9)
Extremely dense 35 (1.6)
Unknown 70 3.2)

Breast density was also significantly associated with the mammography assessment outcome (p < 0.001, chi-square),
suggesting that certain density types correspond to specific mammographic findings (Table 3). For instance, women with
almost entirely fatty breasts were more likely to have benign or negative mammogram results.

Table 3 also shows that mammography outcome, breast density, recommended follow-up, and recall status were all
interrelated. In general, higher breast density was associated with a greater likelihood of needing additional imaging or
intervention. Nearly all patients with an “Incomplete” assessment were appropriately recalled for further evaluation
(95%). However, only 80% of those with a “Suspicious” finding and 75% of those with a “Highly suggestive of
malignancy” finding were recalled. The failure to recall some patients with clearly abnormal findings appears to have
resulted from inconsistencies in radiology reporting and non-adherence to recommended follow-up.

Breast Cancer Diagnoses
Within two years of the 2020 screening, 39 out of 2196 women (1.8%) were diagnosed with breast cancer. The mean age at
diagnosis was 60.6 years (SD 9.8). Among these cases, 53.8% involved the left breast, 41.0% the right breast, and 5.1% were
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Table 2 Association Between Age, Mammography Report Category, and Breast Density

(N = 2196)
Variable N Mean (SD) | 95% CI P value
Mammogram report
Incomplete: need additional imaging evaluation | 625 55.90 (8.32) 55.25-56.55 | 0.325
Negative 1510 | 56.21 (8.03) | 55.80-56.61
Benign 37 54.72 (10.95) | 51.07-58.38
Most likely, benign 15 56.33 (6.88) | 52.52-60.14
Suspicious 5 60.60 (12.46) | 45.12-76.07
Highly suggestive of malignancy 4 62.75 (11.95) | 43.72-81.77
Density categories
Almost entirely fat 143 59.44 (8.01) 58.12-60.77 | <0.001
Scattered fibroglandular density 1357 | 57.17 (8.22) | 56.74-57.61
Heterogeneously dense 591 53.27 (7.37) 52.67-53.86
Extremely dense 35 5171 (6.11) | 49.61-53.81
Unknown 70 55.10 (7.86) | 53.22-56.97

Table 3 Association Between Mammography Findings, Breast Density, Follow-up Recommendation, and Recall Status (N = 2196)

Result of Mammogram reports Incomplete: Negative Benign Most Likely, | Suspicious | Highly P- value
Need Additional n(%) n(%) Benign n(%) Suggestive Of
Imaging n(%) Malignancy
Evaluation n(%) N(%)
Density categories
Almost entirely fat 28 (4.5%) 115 (7.6%) 0 0 0 0 <0.001
Scattered fibroglandular density 328 (52.5%) 989 (65.5%) 24 (64.9%) | 9 (60%) 4 (80%) 3 (75%)
Heterogeneously dense 193 (30.9%) 379 (25.1%) 12 (32.4%) | 6 (40%) 0 I (25%)
Extremely dense 20 (3.2%) 13 (0.9%) 1 (2.7%) 0 1 (20%) 0
Unknown 56 (9.0%) 14 (0.9%) 0 0 0 0
Follow up recommendations by the radiologist
Return for routine screening 18 (2.9%) 1436 (95.1%) | 24 (64.9%) | 12 (80%) 1 (20%) I (25%) <0.001
Short-interval follow-up imaging at 6 months | 3 (0.5%) 6 (0.4%) 1 (2.7%) 0 0 0
Recommendation for tissue biopsy 2 (0.3%) 4 (0.3%) 0 1 (6.7%) 0 2 (50%)
Further imaging is needed immediately 602 (96.3%) 64 (4.2%) 12 32.4%) | 2 (13.3%) 4 (80%) I (25%)
Recall of patients
Yes 592 (95%) 59 (3.9%) 12 (32.4%) | 3 (20%) 4 (80%) 3 (75%) <0.001
No 31 (5%) 1451 (96.1%) | 25 (67.6%) | 12 (80%) 1 (20%) I (25%)
International Journal of Women’s Health 2025:17 https: 2587
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bilateral. Regarding stage at diagnosis, 17.9% of the cancers were in situ, 43.6% were localised disease, 23.1% showed direct
extension, and 15.4% had an unknown stage. In terms of tumour grade, 43.6% were Grade 2, 23.1% were Grade 3, and 15.4% had
an unknown grade. Histologically, invasive ductal carcinoma was the most common type, accounting for 71.8% of the diagnosed
cases.

Recall and Interval Cancers

A total of 673 women (30.6% of those screened) were recalled for further imaging. Among those recalled, 24 (3.6%) were
ultimately diagnosed with breast cancer and 649 (96.4%) were not, reflecting a high rate of false-positive recalls. Conversely, 15
women who were not recalled after screening were later diagnosed with breast cancer. Of these 15 “missed” cases, 12 had normal
mammogram findings at the time of screening and were diagnosed within the subsequent two-year interval, qualifying them as
interval cancers. The remaining 3 cases had discordant initial readings: the mammogram interpretation noted a suspicious lesion
requiring further imaging (a positive finding), but the final recommendation was mistakenly recorded as routine follow-up, and
thus these patients were not recalled. All three of these errors occurred in women with heterogeneously dense or extremely dense
breasts. Excluding these reporting errors, the adjusted interval cancer rate was 5.4 cases per 1000 screens.

Among the 12 true interval cancers (cancers that were not detected at screening but presented within two years), 58.3% were
in the left breast, 54.5% arose in heterogeneously dense breasts, 41.7% were localised Grade 2 tumours, 16.7% were stage 3 with
direct extension, and 41.7% had unknown grade or stage. Considering all 39 cancers diagnosed (24 in the recalled group and 15
in the not-recalled group), the majority (61.5%) were detected among those who had been recalled. However, because 649 of the
673 recalls did not result in a cancer diagnosis, the recall process yielded a substantial number of false positives.

Among the patients who were recalled, follow-up investigations included repeat mammography in 85 cases (12.6%),
ultrasound in 323 cases (48.0%), and both ultrasound and mammography in 250 cases (37.1%); for the remaining 15
cases (2.2%), the type of follow-up was not recorded.

Performance Metrics
Figure 1 summarizes the clinical flow and Table 4 summarises the key performance metrics of the screening programme.
The positive mammogram rate (also known as the abnormal interpretation rate, comprising BI-RADS categories 0, 3, 4,

Screened
N=2,196

Recalled Not Recalled
N=673 N=1,523

True positives
Interval cancers
— (cancer detected) —
N=24 N=15
False positives
Cancer free
— (unnecessary recalls) —
N=649 N=1,508

Figure | Summary of the clinical flow from initial screening to interpretation.
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Table 4 Screening Performance Metrics for Mammography
(N = 219¢)

Mammogram Result | Breast Cancer Diagnosis | Total

Yes No

Positive mammogram 27 (4.2%) 622 (95.8%) 649

Negative mammogram 12 (0.8%) 1535 (99.2%) 1547

Total 39 2157 2196

or 5) was 29.6% (649 out of 2196 screenings). The interval cancer rate, defined as the number of cancers diagnosed
within 12-24 months after a negative screening result, was 5.4 per 1000 screens. The screening sensitivity was 69.2%;
95% CI (52.4% to 83.0%) and specificity was 71.2%; 95% CI (69.2% to 73.1%), corresponding to a positive likelihood
ratio of 2.4 and a negative likelihood ratio of 0.43. The cancer detection rate (true positive cases per 1000 screenings)
was 12.3 per 1000.

Discussion

This study evaluated the performance of a mammography screening programme in a primary health care setting in
Bahrain, analysing 2196 screening mammograms. The screened population had a median age in the mid-50s.
Approximately 30% of the mammograms were classified as heterogeneously dense or extremely dense, while about
60% were classified as having scattered fibroglandular densities. It is important to acknowledge that the BI-RADS breast
density classification is based on visual assessment by radiologists and can suffer from inter- and intra-observer
variability. Nevertheless, our observed density distribution is in line with previous reports that Middle Eastern women
tend to have higher breast density compared to Western populations.'*'®

Overall, our results indicate that the screening mammography programme has a modest screening utility on the basis
of the given likelihood ratios and recall rates. The sensitivity was modest, and the recall rate was high, yielding only
moderate likelihood ratios for test performance. The sensitivity of 69.2% means that roughly 69% of all breast cancers in
the screened population were detected on the initial mammogram, while about 31% were missed (false negatives). The
specificity of 71.2% corresponds to a false-positive rate of about 28.8%, meaning a considerable number of women
without cancer received an abnormal screening result (622 out of 2157 cancer-free women). These false positives can
lead to anxiety, unnecessary follow-up procedures (such as biopsies), and higher healthcare costs.

The positive likelihood ratio of 2.4 further reflects the limited discriminative power of the screening test. A positive
mammogram made the probability of breast cancer only 2.4 times higher than it would be if the test were negative.
Similarly, the negative likelihood ratio of 0.43 indicates that a negative mammogram does reduce the probability of
cancer, but not enough to rule it out entirely, especially in women at higher risk.

Root cause review of the three patients who were not recalled despite suspicious findings identified two adminis-
trative scheduling errors (patients were placed on the follow-up list but appointments were never generated) and one
instance of patient refusal to return. Because the screening pathway failed to trigger timely diagnostic work-up, we have
treated all three cases as false-negative outcomes in the performance calculations and described them as manifestations of
a system failure in the recall logistics.

Our findings are generally consistent with the range of results reported in the literature, though certain metrics differ
in magnitude. A comparison between our results and international benchmark can be found in Supplementary Table 1.

Published studies have shown considerable variability in mammography performance depending on the technology used,
population demographics, and clinical setting.'” For example, a systematic review of digital mammography reported
CDRs of 4-6.6 per 1000 and recall rates of 3-10%.'® Another review focusing on 2D mammography found CDRs of
3.2-7.1 per 1000 and recall rates of 2.6-17.5%."° Both of these reviews indicate much lower recall rates than observed in
our study (which had a CDR of 12 per 1000 and a 30% recall rate). In a separate study, a 2D mammography programme
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had an abnormal interpretation rate of 10.4%,?° compared to our AIR of 29%. These discrepancies may be partly
explained by the high prevalence of dense breasts in our cohort and our use of single-reader image interpretation; both
factors have been shown to increase recall rates and reduce specificity.”' >* Other attributable factors could be first round
screening effect, conservative interpretive threshold of the single reader and absence of standardised protocol for
BIRADS 3 pathway.?* Moreover, while a single reader approach is not ideal, it was the prevailing situation at the
time of data collection. As our study is retrospective in nature, we presented the data as they occurred in real clinical
practice which might have led to increased classification bias.

Another systematic review reported average sensitivity and specificity for digital mammography of about 73% and
88%, respectively.”” Our sensitivity (69.2%) and specificity (71.2%) were lower. One likely explanation is that our
screening programme targets a younger age group (starting at 40 years) with a higher proportion of dense breasts,
compared to Western populations where screening often starts at age 50.%* Dense breast tissue in younger women can
mask cancers on mammography, lowering both sensitivity and specificity. The lack of comparable national or regional
data also makes it difficult to benchmark our results against other Gulf populations.

Variations in screening technology and practice patterns may further contribute to performance gaps. Digital breast
tomosynthesis (3D mammography), for instance, can improve cancer detection in women with dense breasts by
reducing the problem of overlapping tissue, as evidenced by increased sensitivity in some studies.’®?’ However,
tomosynthesis is not yet widely available in Bahrain and comes with higher costs, limiting its use. Additionally,
differences in screening intervals and radiologist expertise might influence outcomes; for example, shorter intervals
between screenings can catch more interval cancers (potentially improving overall sensitivity) but might also inflate
the recall rate by detecting indolent findings.”*’ Radiologist credentials were not systematically captured in our
dataset and hence future studies should prospectively document radiologist training and experience to evaluate their
potential impact on performance metrics.

This study has several limitations that may affect the interpretation of the findings. First, the screening population’s
relatively younger age and greater breast density likely reduced the observed sensitivity and specificity of mammography,
potentially underestimating the true cancer detection rate. Second, we did not include women who were screened at
secondary care hospitals, which may have introduced selection bias since hospital screenings often involve higher-risk or
symptomatic patients. Third, the study period overlapped with the COVID-19 pandemic, during which healthcare
utilisation dropped substantially; this likely resulted in fewer women being screened and some cancers being diagnosed
later, influencing the performance metrics particularly the interval cancer rate. Finally, several key clinical details (such
as tumour stage, grade, and receptor status) were frequently missing from records, limiting our ability to analyse
correlations between screening outcomes and cancer severity. In addition, incomplete documentation of risk factors
(eg family history or prior biopsies) hindered risk stratification of the screened population.

Despite these limitations, our findings provide valuable insights that can inform improvements in the breast screening
programme. One clear priority is to improve data documentation and integration ensuring that risk factor information is
systematically recorded and that a comprehensive national database captures all screening and cancer outcomes. Given
that only a small fraction of recalls resulted in a cancer diagnosis (and that some patients were recalled despite negative
findings), there is a need to refine recall criteria to avoid unnecessary follow-ups and undue anxiety for patients. Early
detection strategies should balance the psychological and logistical burdens of high recall rates with the benefit of
detecting cancers early. To improve accuracy and reduce unnecessary recalls, we recommend adopting a double-reading
system for mammograms, as recommended by the European screening guidelines,”® or using computer-aided detection to
assist a single reader (as is common in the United States). We observed that inconsistent application of BI-RADS
assessment and follow-up recommendations contributed to inappropriate recall decisions; thus, standardising radiology
reporting practices according to BI-RADS guidelines is essential.

It may also be beneficial to incorporate supplemental screening modalities for women at higher risk or with dense
breasts, for example, routine 2-view digital breast tomosynthesis (DBT), targeted ultrasound for BI-RADS c¢/d, incorpo-
rate MRI for extremely dense (d) with risk factors. Further, standardized management of BI-RADS 3, for example,
adopting short-interval (6-month) follow-up rather than immediate recall, aligning with BI-RADS guidance. Educating
patients about the possibility of false-positive results and establishing clear, evidence-based follow-up protocols can help
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mitigate the psychological impact of recalls. Tailoring screening and follow-up recommendations based on individual
risk profiles (considering factors like family history and genetic predisposition) will further enhance the effectiveness of
the programme. For women at average risk, personalised counselling is important to ensure informed decision-making
regarding screening.

Implementing double-reading or computer-aided detection (CAD) in Bahrain’s national breast-screening programme
is feasible but will require thoughtful resource planning. The principal operational barrier is workforce and capital outlay
for a server based CAD solution. Several facilitators offset these hurdles. First, a phased roll-out, initial double reading
limited to BI-RADS 0 cases and CAD triage for dense-breast screens, targeting the groups that drive 70% of unnecessary
recalls. Second, strong public—private partnerships (eg, corporate sponsorships that already subsidise screening costs)
provide a realistic avenue for co-funding.

Conclusion

In summary, the performance of the mammography screening programme in Bahrain’s primary health care centres was
moderate. While most cancers in the study were eventually detected through the recall process, the high recall rate and
modest accuracy indicate room for improvement and warrant a critical review of the referral, follow-up, and radiological
reading protocols. By enhancing data quality, optimising recall protocols, utilising double-reading or advanced imaging
technologies, and integrating supplemental screening for appropriate cases, the programme’s effectiveness can be
improved. Future research should explore the implementation of these strategies and evaluate outcomes in comparable
populations, thereby guiding evidence-based enhancements in breast cancer screening practice.
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