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ARTICLE INFO ABSTRACT

Purpose: Improved mammographic sensitivity is associated with reduced mammographic density. This study
aims to: provide a preliminary report on mammographic density among women in Riyadh; identify risk factors
associated with mammographic density; and consider the potential implications for screening practices.
Methods: Based on a cross-sectional design, we examined a total of 792 women using an area-based mammo-
graphic density method (LIBRA). Spearman's correlation, Mann-Whitney U, Kruskal-Wallis and binary logistic
regression were used for analyses.

Results: The study population had a mean age of 49.6 years and a high proportion of participants were over-
weight or obese (90%). A large number of women had low mammographic density, with a mean dense breast
area of 19.1 cm? and percent density of 10.3 cm?. Slightly more than half of the variations in the dense breast
area and percent density models were explained by BMI. In the adjusted analyses, BMI, menopausal status, age at
menarche and number of children remained statistically significant predictors.

Conclusion: Given the high proportion of women with low mammographic density, our findings suggest that
women living in Riyadh may not require additional imaging strategies beyond mammography to detect breast
cancers. The high proportion of obese women reported here and across Saudi Arabia suggests that mammo-
graphic density is less likely to have an adverse impact on mammographic sensitivity. Thus and to improve
clinical outcomes among Saudi women, annual mammography and commencing screening at a younger age are
suggested. Additional studies are required to shed further light on our findings.
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1. Introduction

Breast cancer is a major public health concern in Saudi Arabia ac-
counting for 18.7% of the total cancer deaths among women in 2014
[1]. Approximately 56.5% of newly diagnosed breast cancer cases were
classified with regional or metastatic disease which explain the poor
disease prognosis reported among Saudi women [2]. This poor prog-
nosis may also be attributable to delay in breast cancer diagnosis as a
result of low mammography screening uptake reported across the
country ranging from 0.6% to 18% [3].

Epidemiological studies have reported several risk factors associated
with breast cancer aetiology within Saudi women [4,5]. However,
mammographic density, a strong risk factor that has been recognised
since thel970s [6-12], is not fully understood in this population.
Mammographic density results from the different x-ray attenuation
properties of breast tissue following a mammographic examination
[13]. Adipose tissue appears dark (radio-lucent) and fibro-glandular
tissue appears white (radio-opaque) [14]. An elevated risk of breast
cancer ranging from factors of two to six has been reported among
women with high mammographic density (75% dense breast tissue and
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over) compared to women with low mammographic density (25%
dense breast tissue and less) [15]. Besides the increased risk associated
with mammographic density, it has been reported particularly with film
screen technology that an increase in the amount of dense breast tissue
results in reduced mammographic sensitivity (a measure of the ability
to detect cancer) increasing the likelihood of false negative findings
[16-20]. Therefore, studying mammographic density offers valuable
information about the modality of choice for screening and identifica-
tion of women who could be targeted for a tailored screening [21].

Mammographic density has been reported to vary across racial
backgrounds [22-25]. Previous studies have shown a high mammo-
graphic density in Vietnamese [26] and Mongolian [27] women
whereas low mammographic density was observed among Indian [28]
and Latin American women [29,30]. In addition, the first work to
evaluate mammographic density in the Arab world was conducted
among Lebanese women. The study concluded that mammographic
density prevalence in Lebanon was similar to the Western population
where 53% of the women had dense breast tissue compared with 46.9%
to 79% in the West [31]. In contrast, our recent investigation among
women living in Ras Al Khaimah, a northern emirate in the United Arab
Emirates (UAE), revealed that 76% of Emirati participants had fatty
breast tissue [32]. These variations highlight the importance of ethnic-
dependent mammographic density studies.

While substantial efforts in creating a population-based breast
cancer screening program is being established by the Saudi Arabian
government [33], the aim of this study is to examine the distributions of
mammographic density as represented by dense breast area and percent
density (PD%) and to examine risk factors associated with mammo-
graphic density among Saudi women living in Riyadh, Saudi Arabia.
The findings of this study would provide a preliminary evaluation of the
aetiology and magnitude of mammographic density among Saudi
women and would provide some potential clinical implications for
screening practices.

2. Methods
2.1. Study population and data collection

The study was approved by the Human Ethics Committee at the
University of Sydney (protocol number 2014/884). Informed written
consent was obtained from all participants (including 38 consent forms
obtained by thumb print from illiterate participants) prior to the in-
terview and mammography screening.

Between December 2016 and May 2017, 902 women aged 30 years
or over were enrolled in the study. Of these, 252 (27.9%) women were
recruited from the following hospitals: Al-Eiman General Hospital
(n = 115), Asser Central Hospital (n = 56) and King Salman Hospital
(n = 81). The remaining 650 women (72.1%) were recruited from
breast cancer screening centres provided by the Ministry of Health in
Riyadh. Exclusion criteria included cases with previous history of breast
cancer (n = 2), and to prevent any overestimation of mammographic
density reading, cases with masses or calcifications were excluded
(n = 25). Due to the absence of ethical approval, cases with oral con-
sent forms were removed from the analysis (n = 31). Eleven other cases
were excluded because the density measurement software was unable
to accurately estimate mammographic density for unknown reasons. An
additional 41 cases with missing mammography views at the time of
data collection were also removed. Thus, a total of 792 women were
included in our analysis.

Immediately before mammography screening, women who agreed
to participate were interviewed by female radiographers using a
structured questionnaire. The questionnaire included questions about
age, occupation, income, education, menopause status, age at me-
narche, age at first pregnancy, number of deliveries, breast feeding, the
use of oral contraceptives (OC) or hormone replacement therapy (HRT)
and family history of breast cancer (having a first or second degree
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relative diagnosed with breast cancer). Anthropometric measures of
height and weight were also taken for most women at the clinic visit
and body mass index (BMI) was calculated, however 92 measures of
height and weight were self-reported.

Each woman had the standard two view mammograms including
craniocaudal (CC) and mediolateral oblique (MLO) of both breasts
produced with full field digital mammography (Hologic and General
Electric, GE units). Of the 792 participants, 179 had raw “For
Processing” digital mammograms and 613 had post-processed “For
Presentation” digital mammograms available at the time of the analysis.

2.2. Mammographic density estimation

The left CC view was used to estimate dense breast area and PD%.
This projection is generally preferred over MLO view because CC view
not affected by the superimposition of the pectoral muscle [34].

An area-based mammographic density measurement method using a
fully automated software, the Laboratory for Individualized Breast
Radiodensity Assessment (LIBRA) developed by the Computational
Breast Imaging Group (CBIG) at the University of Pennsylvania, (ver-
sion 1.0.4), was used to estimate dense breast area and PD % (all in
cm?2) for both raw and processed images. LIBRA has been applied to
over 30,000 mammography screening examinations and it was devel-
oped to work with both raw and post-processed digital mammograms
[21], and is being increasingly used in research studies [35-38].

Briefly, the software starts by defining the pectoral muscle (if pre-
sent) and the breast boundaries through an edge-detection process [35].
It then applies an adaptive multi-class fuzzy c-means to split-up and
classify the image gray levels (Fig. 1b) into clusters of similar X-ray
attenuation (Fig. 1c). These clusters are then combined to form an
absolute dense breast area segmentation (Fig. 1d). The PD% is then
calculated by dividing the dense breast area by the total breast area.

2.3. Statistical analysis

The associations between mammographic density measurements
(dense breast area and PD%) and items investigated with the ques-
tionnaire (see above) were examined by Spearman's rank correlation
coefficient (r) for continuous variables and with Mann-Whitney U and
Kruskal-Wallis tests used for categorical variables. The reliability of our
mammographic density measurements between mammographic views
(CC vs MLO) and sides (left/right) was examined by Spearman's rank
correlation coefficient (r).

Before building the regression models for dense breast area and PD
%, we first tried to normalise mammographic density measurements
using either the square root or logl0 transformations as dense breast
area and PD% were found to be positively skewed (Fig. 2). However,
the distributions remained non-normally distributed. Therefore, mam-
mographic density measurements were divided into two categories
based on the median value of each measure as suggested in previous
research [25], and treated as categorical variables before being entered
into the regression analyses.

Binary logistic regression using the “Enter” method was fitted to
evaluate the independent association of the set of predictors (risk fac-
tors) that showed a significant association with the mammographic
density measurements in the univariate analysis (Spearman's rank
correlation coefficient or Mann-Whitney U or Kruskal-Wallis tests.
Predictors were retained in the model if p values demonstrated to be
below 0.05.

To explore the independent effect of each model, the prediction
capability (Nagelkerke R?) was compared between models. First, all
significant predictors in the univariate analysis were entered into the
model (baseline model). Predictors that showed significant associations
were retained in the model (significant model). The last model (sig-
nificant model) was then adjusted for age (continuous), breast feeding
(categorical) and the use of OC (categorical) to provide a final fully
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Fig. 1. a) Left craniocaudal (LCC) mammography view of a clinically free 49-year-old Saudi woman “For Presentation”. b) Multi-class fuzzy c-means centroids
(vertical lines) which use to provide a breast image intensity histogram. c) Intensity-clustered breast image. d) Final segmentation of breast and dense tissue [37],
corresponding to a breast area of 312.6 cm?, a dense breast area of 65.5cm? and a percent density of 20.9% cm?.

adjusted model. A two-sided significance level of a = 0.05 was used.
All analyses were performed using SPSS version 25.0 [IBM, USA].

3. Results
3.1. Baseline characteristics

The demographic characteristics of the study population are pre-
sented in Table 1. Overall, the mean age was 49.6 years and the ma-
jority of participants were married, homemakers and held Saudi citi-
zenship. In relation to reproductive factors, the mean age at menarche
was 13.3 years and 61% of participants were premenopausal. More than
90% were parous (having on average 6 children) and had previous
breastfeeding experience. Nearly 60% of parous women delivered their
first child at 20 years old or younger (mean age 20.9 years). More than
half of participants had used OC whereas < 3% had used HRT through
their life time.

The distributions of mammographic density measurements are
presented in Fig. 2. Dense breast area and PD% were found to be po-
sitively skewed whereas breast area and non-dense area were found to
be approximately normally distributed. In terms of the reliability of our
mammographic density measurements, strong correlations were re-
ported between different breast projections and sides. For the CC view,
which was used in the current study, strong correlations were found
between right and left CC views for breast area (r = 0.91, p < 0.0001),
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dense breast area (r =0.85, p < 0.0001) and PD% (r = 0.86,
p < 0.0001). Similarly, strong correlations were found between left CC
and left MLO for breast area (r = 0.93, p < 0.0001), dense breast area
(r=0.81, p < 0.0001) and PD% (r = 0.83, p < 0.0001).

3.2. Univariate analyses

The results of the univariate analyses for the associations between
dense breast area and PD% with risk factors are presented in Table 2.
For continuous variables, negative correlations were observed for both
density measures with age, weight, BMI and number of children
(p < 0.05). In contrast, height, age at menarche and age at first child
were positively correlated with dense breast area and PD% (p < 0.05).

For categorical variables, higher dense breast area and PD% were
observed among pre-compared with post-menopausal women
(p < 0.0001). Moreover, dense breast area and PD% were statistically
different for varying educational levels and in particular the post-hoc
analyses showed that dense breast area and PD% were statistically
lower for women with no formal education compared with women in
higher education group. No other statistically significant associations
were observed.

3.3. Multivariable logistic regression analyses

The baseline model with all significant univariate risk factors
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Fig. 2. Distributions of the breast area, non-dense area, dense breast area and percent density (PD%) among study participants.

explained 12.8% of the variance in dense breast area. With only the
significant multivariable risk factors retained in the model (BMI, me-
nopausal status, age at menarche and number of children), 12.4% of the
variance in dense breast area was explained. When the significant
model was then adjusted for age (continuous), breast feeding (catego-
rical) and the use of OC (categorical), the model improved by only 0.1%
and explained 12.5% of the variance in dense breast area. Only BMI
(B = —0.07, p =0.001, OR = 0.93, 95% CI: 0.90, 0.95), menopausal
status (B = 0.46, p = 0.03, OR = 1.59, 95% CI: 1.04, 2.42), number of
children (B = —0.06, p = 0.04, OR = 0.93, 95% CI: 0.87, 0.99) and
age at menarche (B = 0.11, p = 0.01, OR = 1.12, 95% CL:1.02, 1.23)
remained statistically significant with dense breast area representing
our final model shown in Table 3.

The PD% model showed a slightly better prediction than the dense
breast area model. The baseline model with all the significant uni-
variate risk factors explained 17.8% of the variance in PD%. With only
the significant multivariable risk factors retained (BMI, menopausal,
age at menarche and number of children), the model explained 17.2%
of the variance in PD%. When the significant model was then adjusted
for age (continuous), breast feeding (categorical) and the use of OC
(categorical), the model decreased by 0.1% and explained 17.1% of the
variance in PD%. Compared with fully adjusted dense breast area
model, number of children was no longer a significate predictor for PD
% (B= —0.06, p=0.05, OR=0.93, 95% CI: 0.87, 1.00). BMI
(B = —0.09, p =0.001, OR = 0.90, 95% CI: 0.88, 0.93), menopausal
status (B = 0.59, p = 0.007, OR = 1.80, 95% CI: 1.18, 2.77) and age at
menarche (B =0.10, p = 0.02, OR = 1.11, 95% CI: 1.01, 1.22) re-
mained statistically significant with PD% in the representing our final
model shown in Table 3.

4. Discussion

The aim of this study was to provide preliminary data on mam-
mographic density patterns among Saudi women living in Riyadh,
Saudi Arabia measured using an area-based mammographic density
measurement method (LIBRA) which produces dense breast area and

PD% values. It also aimed to highlight important risk factors associated
with both density measures.

Consistent with previous studies, both density measures were in-
versely associated with BMI and number of children at the time of
screening [35,39-41]. However, age at menarche was positively asso-
ciated with both density measures which was in agreement with some
but not all prior studies. Previous studies on the association between
mammographic density and the age at menarche have led to conflicting
findings. A number of studies have reported a null association
[10,24,41-471, whereas one has reported a negative relationship [48].
In contrast and consistent with some previous reports [49-54], we
found a statistically significant positive association between mammo-
graphic density and the age at menarche in both unadjusted and ad-
justed analyses. Our finding is supported by a recent, large population-
based study that examined the mammographic density of > 24,000
American women aged between 20 and 74 years using a semi-auto-
mated thresholding technique, Cumulus, to estimate mammographic
density. The study reported that the positive association remained
statistically significant in both unadjusted and adjusted analyses [55]. It
is worth noting that the strength of the association between age at
menarche and mammographic density has been reported to vary across
age groups and menopausal status [52]. Therefore, determining the
strength of association stratified by age and menopausal status among
Saudi females in future studies is recommended.

In relation to mammographic density distributions, our study
showed that a large number of women had low mammographic density
distributions compared with previous studies. The reported average
dense breast area (19.1cm?) and PD% (10.3 cm?) were lower than
those previously reported among American women in two previous
studies where dense breast area was 31.3 cm? and 22.3 cm? while PD%
was 27.1cm? and PD% = 17.1 cm? [25,35]. Singaporean Chinese
women also displayed higher values with a dense breast area of
26.2 cm? and a PD% of 27.8 cm? [41]. Possible attributable factors for
the reported low mammographic density among Saudi women will be
discussed below.

It is well-established that increase in body weight is one of the most
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Table 1
Characteristics of the study population
Characteristics
Age at screening (years), mean ( + SD) 49.6 (7.4)
30-44 225 (28.4)
45-49 174 (22)
50-54 191 (24.1)
55-59 126 (15.9)
=60 76 (9.6)
Ethnicity, n (%)"
Saudi 764 (96.5)
Non-Saudi 28 (3.5)
Marital status, n (%)"
Single 15 (1.9)
Married 638 (80.7)
Divorced and widowed 138 (17.4)
Working status, n (%)“
Full/part time 158 (20.2)
Homemakers 623 (79.8)
Education, n (%)
No formal education 164 (20.8)
Literary, primary, secondary, high school 432 (54.9)
Diploma, bachelor, postgraduate 191 (24.3)
Household monthly income, n (%)°
Less than 5000 (SAR) 183 (27.5)
From 5000 to 9000 (SAR) 229 (34.4)
From 10,000 to 14,000 (ASR) 148 (22.2)
> 14,000 (SAR) 106 (15.9)
Breast density Measurements, mean ( * SD)f
Breast Area (cm?) 213.6 (74.3)
Non-dense area (cm?) 194.4 (79.1)
Dense breast area (cm?) 19.1 (23.8)
Percent density (cm?) 10.3 (13.2)
Menopausal status, n (%)®
Premenopausal 489 (61.9)
Postmenopausal 301 (38.1)

Characteristics
Height (cm), mean ( + SD)" 156.7 (6.8)
Weight (kg), mean ( = SD)" 79.2 (15.3)
BMI (kg/cm?), mean ( + SD)" 32.3 (6.3)
Normal and underweight (<24.9) 65 (8.4)
Overweight (25-29.9) 233 (30.1)
Obese class I (30-34.9) 260 (33.6)
Obese class II (35-39.9) 125 (16.1)
Obese class III (=40) 91 (11.8)
Age at menarche (years), mean ( = SD)' 13.3 (1.7)
=13 444 (57.2)
>13 332 (42.8)
Parity, n (%)
Nulliparous 30 (3.9)
Parous 746 (96.1)
Number of children, mean ( = SD)* 6.1 (2.6)
=4 198 (27)
5-7 324 (44.1)
=8 212 (28.9)
Age at first child (y), mean ( * sSD)' 20.9 (4.7)
=20 428 (58.3)
> 20 306 (41.7)
Breast feeding, n (%)™
Never 53 (7.2)
Ever 689 (92.8)
Oral contraceptive use, n (%)"
Never 289 (37.4)
Ever 483 (62.6)
Hormonal replacement therapy, n (%)°
Never 754 (97.5)
Ever 19 (2.5)
Family history of breast cancer, n (%)”
No 687 (87.4)
Yes 99 (12.6)

Abbreviations: n = number of participants; BMI = body mass index; SAR = Saudi Arabia Riyal.
? Non-Saudi participants were from: Syria (n = 13), Egypt (n = 4), Yemen (n = 3), Jordan (n = 2), India (n = 2), one participant from Sudan, Palestine, Pakistan

and Philippines.
> One missing value.
¢ Part time workers (n = 8), full time student (n = 4), missing (n = 7).
4 One refused and four missing values.
¢ Refused (n = 55), missing (n = 15), I do not know (n = 56).

f Left Cranio Caudal (LCC) view was used to calculate mammographic density measurements.

& One refused and one missing value.

h Missing (n = 18).

i Missing (n = 10), I do not know (n = 6).

3’ Among parous women only (One missing value).

X Among parous women only (One I do not know, and 12 missing values).
! Among parous women only (4 I do not know, and 9 missing values).

™ Among parous women only (Four missing values).

" Among parous women only (One refused, 2 I do not know and 3 missing values), 30 participants were current users.
° Among parous women only (One refused, 2 I do not know and one missing values), one participant was current user.

P 51 do not know and one missing value.

important factors associated with reduction in mammographic density
[56]. In our study, a considerable proportion of women were over-
weight (30.1%) or obese (61.5%) as shown in Table 1. The confounding
effect of BMI in our study can be illustrated by comparing the final
adjusted dense breast area and PD% regression models with the model
having only BMI as the main predictor. Approximately more than half
of the variance in the dense breast area model (12% compared with
17.1% in the fully adjusted model) and PD% model (7.7% compared
with12.5% in the fully adjusted model) were explained by BMI when it
was used as the only predictor in both models.

Another possible explanation of the low mammographic density
measures reported in the current investigation may relate to the re-
productive characteristics of our sample (Table 1). In the present study,
96% of women were parous, 73.2% had 5 children or more and only
2.6% had used HRT during their life time, all of which have been re-
ported to be associated to reduce mammographic density [57,58].
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While the reproductive and hormonal factors may explain only 20-30%
of variations in mammographic density [58], it could also help to focus
on genetic and environmental factors for better understand the ae-
tiology of mammographic density among Saudi population.

In relation to the regression analysis, a somewhat similar predictive
pattern was reported for the dense breast area and PD% models in-
dicating that similar agents were key to the final model. However, the
factors associated with the PD% model had a better predictive capacity
(R% = 17.2%) than they had with dense breast area (R? = 12.4%,
Table 3). This slightly higher performance of the PD% measurement
may be partially due to the contribution of both non-dense and dense
tissue of the breast compared with dense breast area, which only takes
the dense breast tissue into account. Additionally, non-dense area re-
flects the quantity of fatty tissue in the breast and 40% of the variation
in non-dense area has been shown to be explained by BMI [59]. Women
with high BMI tend to have large breast with increased amounts of
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Table 2
Univariate analyses of risk factors associated with dense breast area and percent
density

Dense breast area (cm?) Percent density (cm?)

Risk factors Correlation (r) p-Value® Correlation (r) p-Value®
Age (years) (=)0.21 < 0.0001 (=) 0.24 < 0.0001
Height (cm) 0.13 < 0.0001 0.12 0.001
Weight (kg) (-)0.23 < 0.0001 (-)0.34 < 0.0001
BMI (kg/cm?) (-)0.28 < 0.0001 (=) 0.39 < 0.0001
Age at menarche 0.10 0.003 0.09 0.006
(years)
Number of children (-)0.17 < 0.0001 (-)0.17 < 0.0001
Age at first child 0.11 0.002 0.12 0.001
(years)
Education Median p-Value” Median p-Value”
No formal education 8.3 3.6
Literary, primary, 111 0.02 5.3 0.03
secondary, high
school
Diploma, bachelor, 12.3 6.0
postgraduate
Menopausal status
Premenopausal 13.6 6.6
Postmenopausal 7.5 < 0.0001 3.1 < 0.0001

Abbreviations: BMI = Body Mass Index.

2 Obtained from Spearman's rank correlation coefficient for continuous
variables.

b Obtained from Mann-Whitney U and Kruskal-Wallis tests for categorical
variables.

adipose (non-dense) tissue [25,56]. This was evident in our study in
that the non-dense area mean (194 cm?) was close to total breast area
mean (213 cm?). While 91.6% of our participants were overweight and
obese, this might explain the higher performance of PD% model com-
pared with dense area model.

4.1. Clinical implications

Mammography is the only proven and validated clinical tool for
breast cancer screening [60]. However, the clinical benefits for women
undergoing mammography screening largely depend on their mam-
mographic density, with improved screening sensitivity associated with
lower levels of mammographic density [16-19]. Sensitivity of 85% was
reported among women with fatty breast tissue [61]. Therefore,
mammography screening is probably of most benefit in women with
low breast density since masses are more easily detected and better
outcomes are more likely.

Our study showed that a large number of women had low mam-
mographic density when measured as dense breast area and PD%. This
low-density observation is supported by the density distributions using
the Breast Imaging and Reporting and Data System, 4th edition (BI-
RADS). Our results showed that 53% and 28% of women were assigned
to either BI-RADS 1 or BI-RADS 2, categories respectively, whereas 14%
and 5% of participants were assigned to BI-RADS 3 and BI-RADS 4,
respectively (Supplementary file 1). The relative proportion of BI-RADS
distributions observed in our study were approximately similar to those
reported among women living in the Eastern province of Saudi Arabia
[62]. Although the authors did not report all distributions across all
mammographic density categories, the study showed that 77% of the
women were categorised as BI-RADS 1 while only 4.0% were assigned
to BI-RADS 3 and BI-RADS 4 [62]. Therefore, in the light of the current
and previously reported low mammographic density, one potential
clinical implication is that women living in Riyadh may not be targeted
for additional screening and that mammography would be a sufficiently
sensitive breast imaging modality for early detection of breast cancer in
this population.
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It should be borne in mind that a proportion of women with dense
breast tissue, particularly those with other breast cancer risk factors,
may benefit from additional screening to aid early cancer detection.
Improvement in the breast cancer detection rates have been reported
when Magnetic Resonance Imaging (MRI), breast ultrasound,
Automated Breast Ultrasound (ABU), Digital Breast Tomosynthesis
(DBT) and molecular imaging are used in addition to normal mam-
mography screening [63,64]. Women at high-risk of breast cancer
might benefit the most from MRI and breast ultrasound screening,
which have a reported sensitivity of 78% and 80%, respectively, when
combined with mammography screening [65]. However, any im-
provements in detection of breast cancers come at the expense of in-
creased recall rates, false-positives, costs and patient anxiety [63]. Al-
though some studies have suggested that DBT or breast ultrasound be
added for average risk women, reports from various international or-
ganisations and evidence-based review studies do not recommend
supplemental screening for women at average or low risk of breast
cancer who have increased mammographic density [66]. This high-
lights the importance of breast cancer risk assessment to assist radi-
ologists to identify women who might derive the greatest benefit from
additional screenings [65].

It is well established that high BMI has consistently been reported as
a major contributor to mammographic density reduction [56], an effect
that seen in the current study. The obesity profile reported here is in
line with previous studies in different regions in Saudi Arabia [67-69],
and with recent large household survey by the Ministry of Health
showed that 28% and 33.5% of all Saudi women were overweight or
obese, respectively [70]. Notably, the obesity prevalence seen in the
current study is also consistent with that reported by Al Mulhim, F. A.,
et al., 2015 among women resident in Eastern province of Saudi Arabia
in which comparable low BI-RADS density distributions were observed
[62]. Therefore, given the consistent finding of low mammographic
density between women living in Riyadh and Eastern regions, along
with the increased BMI recorded across the country, it could be sug-
gested that low mammographic density would be more common among
Saudi women. If this was found to be true, our conclusion regarding the
use of mammography as a primary screening modality might be able to
be generalised to the wider Saudi female population. Further studies
with larger sample are needed to report mammographic density levels
across Saudi Arabia, which would shed more light on our conclusion.

One might think that increased BMI would be advantageous as
mammographic density will be lower among those individuals.
However, this comes at the cost of increased risk, particularly among
obese postmenopausal women [71]. Moreover, data showed that,
compared with women of normal weight, women with BMI of 28 kg/
cm? had an 80% increased risk not only of advanced stages at diagnosis
of breast cancer (stages III and IV) but also of poorly differentiated
grade (p = 0.014, OR = 1.80, 95% CI = 1.1-2.8) [72], both of which
are common among Saudi women [2,67,73,74]. Therefore, to facilitate
early detection of breast cancer and to reduce the number of women
presenting at advanced stages, there may be a need to revise re-
commended mammography screening intervals and the appropriate age
to start screening particularly if mammographic density is not likely to
be the main obstacle to the detection of breast masses using mammo-
graphy [23].

Recent work carried out in Sweden suggested that shorter screening
intervals (al2-month screening interval) might be considered for
women with high BMI [75]. The study reported that for cancers diag-
nosed within 24 months of a negative mammogram, which are known
as interval cancers, women with higher BMI had larger cancers than
women with lower BMI. While the current practice in Saudi Arabia
recommends screening intervals of 24 months [60], and in the light of
high prevalence of obesity observed in our study and in the country, it
might be worthwhile exploring the advantages to women with high BMI
having a 12-month screening interval particularly women belonging to
high-risk groups.
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In terms of appropriate age to start mammography screening, age
has been used as a clinical metric to decide when a woman needs to
start and stop breast cancer screening; this is referred to as the “age-
based breast screening” approach [65,76]. Even though most breast
cancer screening recommendations were established based on in-
formation derived from Western women, there is a lack of agreement
between international organisations about the optimal age to com-
mence screening [63]. Thus, it is not necessary to implement Wester-
nised recommendations in Saudi Arabia, where breast cancer epide-
miology differs, particularly in terms of tumour biology, age at first
presentation and mammographic density.

Existing data showed that a significant number of Saudi women
tend to develop breast cancer before they reach the recommended age
to start mammography screening (40 years) [23]. Early studies among
Saudi women showed that between 26 and 35% of all breast cancers
were reported among women younger than 40years old [74,77]. A
recent report from the Ministry of Health showed that 18.89%
(n = 354) of newly developed breast cancer was detected before the
age of 40 years [2]. Of those breast cancers, 176 (51%) were seen in the
age group 35-39 years. Therefore, a meaningful proportion of women
with breast cancer will not be diagnosed until the first round of
screening at 40years. While it has been suggested that the re-
commended age for initial breast screening should be 5 to 10 years
before the age at which breast cancer is most frequently diagnosed
[78], it would seem reasonable to revise the starting age for screening
and explore the use of 35years as a cut-off point for breast cancer
screening in Saudi Arabia. This approach of recruiting younger women
has been previously recommended for African American and Ugandan
women, although no cut-off point was proposed [23,79].

We acknowledge that recruiting younger women might necessitate
the use of other imaging modalities, mainly breast ultrasound, as the
accuracy of mammography screening is arguably low among younger
women. However, this argument was based on mammographic density
data mainly derived from Western women [65]. Therefore, until more
data about mammographic density levels across Saudi Arabia become
available, particularly for younger individuals, it is believed that of-
fering mammography screening at an earlier age might improve clinical
outcomes and reduce the breast cancer burden among young Saudi
women by detecting breast cancers before they become symptomatic.

4.2. Strengths and limitations

To the best of our knowledge, this is the first study that has ex-
amined mammographic density among Saudi women and identified risk
factors associated with dense breast area and PD%. The findings are
strengthened by the use of a fully automated area-based mammo-
graphic density measurement method (LIBRA) which has been reported
to have a moderate to strong correlations not only with both BI-RADS
(5th version) and Cumulus mammographic density measurements, all
of which are widely used in clinical and screening settings, but also
with volumetric density measurements [21,34,80].

Some limitations should also be noted. The cross-sectional design
and small sample size may limit the generalizability of our findings to
the wider Saudi population. Another likely limitation is the use of post-
processed “For Presentation” digital mammograms which may slightly
improve our LIBRA outputs (dense breast area and PD%) as a result of
increased contrast and presence of a relatively sharp, well-defined air-
tissue boundary compared with raw digital mammograms [21]. In ad-
dition, the study population was predominantly from Riyadh, the ca-
pital of Saudi Arabia and as such, our observation needs to be validated
in a larger study including all regions of Saudi Arabia, particularly since
breast cancer incidence has been reported to vary across the country
[81].

Clinical Imaging 54 (2019) 138-147

5. Conclusion

Higher dense breast area and PD% were observed among pre-me-
nopausal women compared with post-menopausal women, and mam-
mographic density was found to be inversely associated with BMI and
positively associated with age at menarche. A large number of women
had low mammographic density, which was found to be mainly ex-
plained by increased BMI. Consequently, the study suggested that Saudi
women living in Riyadh may not require additional breast screenings
beyond mammography to detect cancers. However, individuals with
increased dense breast tissue, who are at high risk of developing breast
cancer, may benefit from additional screenings, particularly MRI and
breast ultrasound. Given the substantial increase in obesity observed in
the present study and across Saudi Arabia, it is recommended that
mammography screening be offered for women at 35 years, along with
a shorter interval between mammograms (12months instead of
24 months), in order to improve the poor breast cancer prognoses re-
ported among Saudi women through earlier detection of the disease.
These recommendations were based on the consistently reported asso-
ciation between reduced mammographic density and increased BMI,
which suggests that mammographic density is less likely to impair
earlier detection. Further studies of the impact of obesity on mammo-
graphic density involving women of different age groups, particularly
under-researched Saudi women are needed to shed further light on the
study's findings and implications.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.clinimag.2019.01.002.

Acknowledgment

The authors would like to thank women who participated in this
work. We are very grateful to the critical assistance and help during the
data collection phases provided by: Mr. Muath Al-Julaihim and Ms.
Bdoor Khalid Al-Breiky (King Salman Hospital); Mr. Mohammed Al-
Shehri and Ms. Tagreed Ahmed Assiri (Asser Central Hospital); Mr.
Mahmmoud Al-Sharqawi and Dr. Hifa Nassri (Ministry of Health); Dr.
Fatimah Hassan El-Iraqi, Ms. Hend Salim Abo-Alomrain, Hend
Mohammed Badawi, Reem Moktar Al-Abdullah, Ms. Meshaeel Aaiash
Al-Enezi, Ms. Hanan Theeb Al-Aklabi and Ms. Fuzyah Al-Enezi (Al-
Eiman General Hospital). Our appreciation and thanks are extended to
Professor Deborah Black, University of Sydney for her assistance during
the statistical analysis. Salman Albeshan Ph.D. candidature stipend is
sponsored by King Saud University (KSU).

Conflict of interests

The authors have no conflict of interest to declare.
Research data for this article

Due to the sensitive nature of the questions asked in this study,
survey respondents were assured raw data would remain confidential
and would not be shared. Data not available/The data that has been
used is confidential.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

[1] World Health Organization (WHO). Cancer country profiles [Internet] 2018 [up-
dated 2018; cited 2018 Nov 27]; Available from. https://www.who.int/cancer/
country-profiles/sau_en.pdf?ua=1; 2014.

[2] Kingdom of Saudi Arabia. Saudi Health Council. Saudi cancer registry. Cancer


https://doi.org/10.1016/j.clinimag.2019.01.002
https://doi.org/10.1016/j.clinimag.2019.01.002
https://www.who.int/cancer/country-profiles/sau_en.pdf?ua=1
https://www.who.int/cancer/country-profiles/sau_en.pdf?ua=1

S.M. Albeshan et al.

[3]

[4]

[5

—

[6

=

[71

8

=

[9

—

[10]

[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

incidence report Saudi Arabia. 2014 [cited 2018 Jan 27]; Available from. https://
nhic.gov.sa/eServices/Documents/2014.pdf.

El Bcheraoui C, Basulaiman M, Wilson S, Daoud F, Tuffaha M, AlMazroa MA, et al.
Breast cancer screening in Saudi Arabia: free but almost no takers. PLoS One
2015;10(3):e0119051.

Albeshan SM, Mackey MG, Hossain SZ, Alfuraih AA, Brennan PC. Breast cancer
epidemiology in gulf cooperation council countries: a regional and international
comparison. Clin Breast Cancer 2018;18(3):e381-e92.

Almutlaq BA, Almuazzi RF, Almuhayfir AA, Alfouzan AM, Alshammari BT, AlAnzi
HS, et al. Breast cancer in Saudi Arabia and its possible risk factors. J Cancer Policy
2017;12:83-9.

Boyd NF, Byng JW, Jong RA, Fishell EK, Little LE, Miller AB, et al. Quantitative
classification of mammographic densities and breast cancer risk: results from the
Canadian National Breast Screening Study. J Natl Cancer Inst 1995;87(9):670-5.
Boyd NF, Lockwood GA, Byng JW, Tritchler DL, Yaffe MJ. Mammographic densities
and breast cancer risk. Cancer Epidemiol Biomark Prev 1998;7(12):1133-44.
Ciatto S, Zappa M. A prospective-study of the value of mammographic patterns as
indicators of breast-cancer risk in a screening experience. Eur J Radiol
1993;17(2):122-5.

Pinsky RW, Helvie MA. Mammographic breast density: effect on imaging and breast
cancer risk. J Natl Compr Cancer Netw 2010;8(10):1157-64.

Vachon CM, Kuni CC, Anderson K, Anderson VE, Sellers TA. Association of mam-
mographically defined percent breast density with epidemiologic risk factors for
breast cancer (United States). Cancer Causes Control 2000;11(7):653-62.

Wolfe JN. Risk for breast-cancer development determined by mammographic par-
enchymal pattern. Cancer 1976;37(5):2486-92.

Harvey JA, Bovbjerg VE. Quantitative assessment of mammographic breast density:
relationship with breast cancer risk. Radiology 2004;230(1):29-41.

Johns PC, Yaffe MJ. X-ray characterisation of normal and neoplastic breast tissues.
Phys Med Biol 1987;32(6):675-95.

Boyd NF, Dite GS, Stone J, Gunasekara A, English DR, McCredie MR, et al.
Heritability of mammographic density, a risk factor for breast cancer. N Engl J Med
2002;347(12):886-94.

Assi V, Warwick J, Cuzick J, Duffy SW. Clinical and epidemiological issues in
mammographic density. Nat Rev Clin Oncol 2012;9(1):33-40.

Buist DS, Porter PL, Lehman C, Taplin SH, White E. Factors contributing to mam-
mography failure in women aged 40-49 years. J Natl Cancer Inst
2004;96(19):1432-40.

Jackson VP, Hendrick RE, Feig SA, Kopans DB. Imaging of the radiographically
dense breast. Radiology 1993;188(2):297-301.

van Gils CH, Otten JD, Verbeek AL, Hendriks JH, Holland R. Effect of mammo-
graphic breast density on breast cancer screening performance: a study in
Nijmegen, The Netherlands. J Epidemiol Community Health 1998;52(4):267-71.
Pisano ED, Hendrick RE, Yaffe MJ, Baum JK, Acharyya S, Cormack JB, et al.
Diagnostic accuracy of digital versus film mammography: exploratory analysis of
selected population subgroups in DMIST. Radiology 2008;246(2):376-83.

Nelson HD, O'Meara ES, Kerlikowske K, Balch S, Miglioretti D. Factors associated
with rates of false-positive and false-negative results from digital mammography
screening: an analysis of registry data. Ann Intern Med 2016;164(4):226-35.
Keller BM, Nathan DL, Wang Y, Zheng Y, Gee JC, Conant EF, et al. Estimation of
breast percent density in raw and processed full field digital mammography images
via adaptive fuzzy c-means clustering and support vector machine segmentation.
Med Phys 2012;39(8):4903-17.

del Carmen MG, Halpern EF, Kopans DB, Moy B, Moore RH, Goss PE, et al.
Mammographic breast density and race. AJR Am J Roentgenol
2007;188(4):1147-50.

del Carmen MG, Hughes KS, Halpern E, Rafferty E, Kopans D, Parisky YR, et al.
Racial differences in mammographic breast density. Cancer 2003;98(3):590-6.
McCormack VA, Perry N, Vinnicombe SJ, dos Santos Silva I. Ethnic variations in
mammographic density: a British multiethnic longitudinal study. Am J Epidemiol
2008;168(4):412-21.

McCarthy AM, Keller BM, Pantalone LM, Hsieh MK, Synnestvedt M, Conant EF,
et al. Racial differences in quantitative measures of area and volumetric breast
density. J Natl Cancer Inst 2016;108(10).

Dung Trieu P, Mello-Thoms C, Peat JK, Doan Do T, Brennan PC. Associations of
breast density with demographic, reproductive, and lifestyle factors in a developing
southeast Asian population. Asia Pac J Public Health 2017;29(5):377-87.
Demchig D, Mello-Thoms C, Khulan K, Ramish A, Brennan PC. Mammographic
appearances in Mongolia: causal factors for varying densities. Asian Pac J Cancer
Prev 2017;18(9):2425-30.

Singh T, Khandelwal N, Singla V, Kumar D, Gupta M, Singh G, et al. Breast density
in screening mammography in Indian population - is it different from western po-
pulation? Breast J 2017;24(3):365-8.

Soares D, Reid M, James M. Age as a predictive factor of mammographic breast
density in Jamaican women. Clin Radiol 2002;57(6):472-6.

Calderon-Garciduenas AL, Sanabria-Mondragon M, Hernandez-Beltran L, Lopez-
Amador N, Cerda-Flores RM. Mammographic breast density patterns in asympto-
matic Mexican women. Radiol Res Pract 2012;2012:127485.

Salem C, Atallah D, Safi J, Chahine G, Haddad A, El Kassis N, et al. Breast density
and breast cancer incidence in the Lebanese population: results from a retrospective
multicenter study. Biomed Res Int 2017;2017:7594953.

Albeshan SM, Hossian SZ, Mackey MG, Demchig D, Peat JK, Brennan PC.
Mammographic density distribution in Ras Al Khaimah (RAK): relationships with
demographic and reproductive factors. Asian Pac J Cancer Prev
2018;19(6):1607-16.

The Saudi Center for Evidence Based Health Care. Clinical practice guideline on the

146

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Clinical Imaging 54 (2019) 138-147

use of screening strategies for the detection of breast cancer [cited 2018 May 6];
Available from. https://www.moh.gov.sa/depten/TCP/Documents/88.%20Breast
%20Cancer%20-%20Use%200f%20Screening%20Strategies%20for%20the
%?20Detection%200f%20Breast%20Cancer.pdf.

Busana MC, Eng A, Denholm R, Dowsett M, Vinnicombe S, Allen S, et al. Impact of
type of full-field digital image on mammographic density assessment and breast
cancer risk estimation: a case-control study. Breast Cancer Res 2016;18(1):96.
Keller BM, Chen J, Daye D, Conant EF, Kontos D. Preliminary evaluation of the
publicly available Laboratory for Breast Radiodensity Assessment (LIBRA) software
tool: comparison of fully automated area and volumetric density measures in a case-
control study with digital mammography. Breast Cancer Res 2015;17:117.
Conant EF, Keller BM, Pantalone L, Gastounioti A, McDonald ES, Kontos D.
Agreement between breast percentage density estimations from standard-dose
versus synthetic digital mammograms: results from a large screening cohort using
automated measures. Radiology 2017;283(3):672-9.

Lee J, Nishikawa RM. Automated mammographic breast density estimation using a
fully convolutional network. Med Phys 2018;45(3):1178-90.

Nguyen TL, Choi YH, Aung YK, Evans CF, Trinh NH, Li S, et al. Breast cancer risk
associations with digital mammographic density by pixel brightness threshold and
mammographic system. Radiology 2018;286(2):433-42.

Astley SM, Harkness EF, Sergeant JC, Warwick J, Stavrinos P, Warren R, et al. A
comparison of five methods of measuring mammographic density: a case-control
study. Breast Cancer Res 2018;20(1):10.

Rice MS, Bertrand KA, Lajous M, Tamimi RM, Torres G, Lopez-Ridaura R, et al.
Reproductive and lifestyle risk factors and mammographic density in Mexican
women. Ann Epidemiol 2015;25(11):868-73.

Heng D, Gao F, Jong R, Fishell E, Yaffe M, Martin L, et al. Risk factors for breast
cancer associated with mammographic features in Singaporean Chinese women.
Cancer Epidemiol Biomark Prev 2004;13(11 Pt 1):1751-8.

Gapstur SM, Lopez P, Colangelo LA, Wolfman J, Van Horn L, Hendrick RE.
Associations of breast cancer risk factors with breast density in Hispanic women.
Cancer Epidemiol Biomark Prev 2003;12(10):1074-80.

Maskarinec G, Pagano I, Lurie G, Kolonel LN. A longitudinal investigation of
mammographic density: the multiethnic cohort. Cancer Epidemiol Biomark Prev
2006;15(4):732-9.

Modugno F, Ngo DL, Allen GO, Kuller LH, Ness RB, Vogel VG, et al. Breast cancer
risk factors and mammographic breast density in women over age 70. Breast Cancer
Res Treat 2006;97(2):157-66.

Riza E, Silva ID, De Stavola B, Perry N, Karadedou-Zafiriadou E, Linos D, et al.
Correlates of high-density mammographic parenchymal patterns by menopausal
status in a rural population in Northern Greece. Eur J Cancer 2005;41(4):590-600.
Stone J, Warren RM, Pinney E, Warwick J, Cuzick J. Determinants of percentage
and area measures of mammographic density. Am J Epidemiol
2009;170(12):1571-8.

Sung J, Song YM, Stone J, Lee K, Lee D. Reproductive factors associated with
mammographic density: a Korean co-twin control study. Breast Cancer Res Treat
2011;128(2):567-72.

Tehranifar P, Reynolds D, Flom J, Fulton L, Liao Y, Kudadjie-Gyamfi E, et al.
Reproductive and menstrual factors and mammographic density in African
American, Caribbean, and white women. Cancer Causes Control
2011;22(4):599-610.

Butler LM, Gold EB, Greendale GA, Crandall CJ, Modugno F, Oestreicher N, et al.
Menstrual and reproductive factors in relation to mammographic density: the Study
of Women's Health Across the Nation (SWAN). Breast Cancer Res Treat
2008;112(1):165-74.

de Stavola BL, Gravelle IH, Wang DY, Allen DS, Bulbrook RD, Fentiman IS, et al.
Relationship of mammographic parenchymal patterns with breast cancer risk fac-
tors and risk of breast cancer in a prospective study. Int J Epidemiol
1990;19(2):247-54.

Dite GS, Gurrin LC, Byrnes GB, Stone J, Gunasekara A, McCredie MR, et al.
Predictors of mammographic density: insights gained from a novel regression
analysis of a twin study. Cancer Epidemiol Biomark Prev 2008;17(12):3474-81.
El-Bastawissi AY, White E, Mandelson MT, Taplin SH. Reproductive and hormonal
factors associated with mammographic breast density by age (United States).
Cancer Causes Control 2000;11(10):955-63.

Haars G, van Noord PAH, van Gils CH, Grobbee DE, Peeters PHM. Measurements of
breast density: no ratio for a ratio. Cancer Epidemiol Biomark Prev
2005;14(11):2634-40.

Warren R, Skinner J, Sala E, Denton E, Dowsett M, Folkerd E, et al. Associations
among mammographic density, circulating sex hormones, and polymorphisms in
sex hormone metabolism genes in postmenopausal women. Cancer Epidemiol
Biomark Prev 2006;15(8):1502-8.

Alexeeff SE, Odo NU, Lipson JA, Achacosol N, Rothstein JH, Yaffe MJ, et al. Age at
menarche and late adolescent adiposity associated with mammographic density on
processed digital mammograms in 24,840 women. Cancer Epidemiol Biomark Prev
2017;26(9):1450-8.

Boyd NF, Martin LJ, Sun L, Guo H, Chiarelli A, Hislop G, et al. Body size, mam-
mographic density, and breast cancer risk. Cancer Epidemiol Biomark Prev
2006;15(11):2086-92.

Boyd NF, Martin LJ, Stone J, Greenberg C, Minkin S, Yaffe MJ. Mammographic
densities as a marker of human breast cancer risk and their use in chemoprevention.
Curr Oncol Rep 2001;3(4):314-21.

Boyd NF, Rommens JM, Vogt K, Lee V, Hopper JL, Yaffe MJ, et al. Mammographic
breast density as an intermediate phenotype for breast cancer. Lancet Oncol
2005;6(10):798-808.

Stone J, Ding J, Warren RML, Duffy SW, Hopper JL. Using mammographic density


https://nhic.gov.sa/eServices/Documents/2014.pdf
https://nhic.gov.sa/eServices/Documents/2014.pdf
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0015
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0015
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0015
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0020
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0020
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0020
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0025
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0025
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0025
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0030
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0030
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0030
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0035
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0035
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0040
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0040
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0040
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0045
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0045
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0050
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0050
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0050
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0055
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0055
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0060
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0060
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0065
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0065
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0070
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0070
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0070
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0075
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0075
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0080
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0080
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0080
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0085
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0085
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0090
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0090
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0090
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0095
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0095
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0095
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0100
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0100
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0100
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0105
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0105
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0105
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0105
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0110
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0110
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0110
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0115
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0115
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0120
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0120
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0120
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0125
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0125
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0125
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0130
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0130
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0130
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0135
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0135
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0135
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0140
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0140
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0140
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0145
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0145
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0150
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0150
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0150
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0155
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0155
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0155
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0160
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0160
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0160
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0160
https://www.moh.gov.sa/depten/TCP/Documents/88.%20Breast%20Cancer%20-%20Use%20of%20Screening%20Strategies%20for%20the%20Detection%20of%20Breast%20Cancer.pdf
https://www.moh.gov.sa/depten/TCP/Documents/88.%20Breast%20Cancer%20-%20Use%20of%20Screening%20Strategies%20for%20the%20Detection%20of%20Breast%20Cancer.pdf
https://www.moh.gov.sa/depten/TCP/Documents/88.%20Breast%20Cancer%20-%20Use%20of%20Screening%20Strategies%20for%20the%20Detection%20of%20Breast%20Cancer.pdf
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0170
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0170
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0170
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0175
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0175
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0175
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0175
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0180
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0180
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0180
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0180
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0185
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0185
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0190
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0190
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0190
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0195
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0195
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0195
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0200
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0200
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0200
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0205
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0205
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0205
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0210
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0210
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0210
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0215
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0215
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0215
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0225
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0225
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0225
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0230
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0230
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0230
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0235
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0235
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0235
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0240
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0240
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0240
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0245
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0245
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0245
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0245
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0250
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0250
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0250
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0250
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0255
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0255
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0255
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0255
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0260
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0260
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0260
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0265
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0265
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0265
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0270
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0270
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0270
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0275
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0275
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0275
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0275
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0280
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0280
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0280
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0280
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0285
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0285
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0285
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0290
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0290
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0290
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0295
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0295
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0295
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0300

S.M. Albeshan et al.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

671

[68]

[69]

[70]

to predict breast cancer risk: dense area or percentage dense area. Breast Cancer Res
2010;12(6):R97.

Shah TA, Guraya SS. Breast cancer screening programs: review of merits, demerits,
and recent recommendations practiced across the world. J Microsc Ultrastruct
2017;5(2):59-69.

Bae MS, Moon WK, Chang JM, Koo HR, Kim WH, Cho N, et al. Breast cancer de-
tected with screening US: reasons for nondetection at mammography. Radiology
2014;270(2):369-77.

Al Mulhim FA, Syed A, Bagatadah WA, Al Muhanna AF. Breast cancer screening
programme: experience from eastern province, Saudi Arabia. East Mediterr Health J
2015;21(2):111-9.

Wengert GJ, Helbich TH, Kapetas P, Baltzer PAT, Pinker K. Density and tailored
breast cancer screening: practice and prediction—an overview. Acta Radiol Open
2018;7(9).

Wang AT, Vachon CM, Brandt KR, Ghosh K. Breast density and breast cancer risk: a
practical review. Mayo Clin Proc 2014;89(4):548-57.

Checka CM, Chun JE, Schnabel FR, Lee J, Toth H. The relationship of mammo-
graphic density and age: implications for breast cancer screening. AJR Am J
Roentgenol 2012;198(3):W292-W5.

Freer PE. Mammographic breast density: impact on breast cancer risk and im-
plications for screening. Radiographics 2015;35(2):302-15.

Abulkhair OA, Al Tahan FM, Young SE, Musaad SMA, A-RM Jazieh. The first na-
tional public breast cancer screening program in Saudi Arabia. Ann Saudi Med
2010;30(5):350.

Arif JM, Al-Saif AM, Al-Karrawi MA, Al-Sagair OA. Causative relationship between
diabetes mellitus and breast cancer in various regions of Saudi Arabia: an overview.
Asian Pac J Cancer Prev 2011;12(3):589-92.

Ss MA. A review of prevalence of obesity in Saudi Arabia. J Obes Eat Disord
2016;2(2).

Institute for Health Metrics and Evaluation (IHME). Saudi Health Interview Survey
(SHIS) [2018; cited 2018 Nov 18]; Available from. http://www.healthdata.org/

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]
[79]

[80]

[81]

Clinical Imaging 54 (2019) 138-147

ksa/projects/saudi-health-interview-survey.

Chen YZ, Liu L, Zhou Q, Imam MU, Cai JL, Wang YX, et al. Body mass index had
different effects on premenopausal and postmenopausal breast cancer risks: a dose-
response meta-analysis with 3,318,796 subjects from 31 cohort studies. BMC Public
Health 2017;17.

Stark A, Stahl MS, Kirchner HL, Krum S, Prichard J, Evans J. Body mass index at the
time of diagnosis and the risk of advanced stages and poorly differentiated cancers
of the breast: findings from a case-series study. Int J Obes 2010;34(9):1381.
Elkum N, Al-Tweigeri T, Ajarim D, Al-Zahrani A, Amer SMB, Aboussekhra A.
Obesity is a significant risk factor for breast cancer in Arab women. BMC Cancer
2014;14(1):788.

Elkum N, Dermime S, Ajarim D, Al-Zahrani A, Alsayed A, Tulbah A, et al. Being 40
or younger is an independent risk factor for relapse in operable breast cancer pa-
tients: the Saudi Arabia experience. BMC Cancer 2007;7(1):222.

Printz C. Overweight women may require more frequent mammograms. Cancer
2018;124(6):1099.

Pashayan N, Morris S, Gilbert FJ, Pharoah PDP. Cost-effectiveness and benefit-to-
harm ratio of risk-stratified screening for breast cancer: a life-table model. JAMA
Oncol 2018;4(11):1504-10.

Saggu S, Rehman H, Abbas ZK, Ansari AA. Recent incidence and descriptive epi-
demiological survey of breast cancer in Saudi Arabia. Saudi Med J
2015;36(10):1176-80.

Najjar H, Easson A. Age at diagnosis of breast cancer in Arab nations. Int J Surg
2010;8(6):448-52.

Galukande M, Kiguli-Malwadde E. Mammographic breast density patterns among a
group of women in sub Saharan Africa. Afr Health Sci 2012;12(4):422-5.
Gastounioti A, Hsieh MK, Pantalone L, Conant EF, Kontos D. Volumetric versus
area-based density assessment: comparisons using automated quantitative mea-
surements from a large screening cohort. Proc SPIE 2018;10574.

Ibrahim EM, Zeeneldin AA, Sadiq BB, Ezzat AA. The present and the future of breast
cancer burden in the Kingdom of Saudi Arabia. Med Oncol 2008;25(4):387-93.


http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0300
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0300
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0305
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0305
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0305
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0310
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0310
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0310
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0315
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0315
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0315
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0320
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0320
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0320
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0325
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0325
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0330
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0330
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0330
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0335
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0335
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0340
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0340
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0340
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0345
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0345
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0345
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0350
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0350
http://www.healthdata.org/ksa/projects/saudi-health-interview-survey
http://www.healthdata.org/ksa/projects/saudi-health-interview-survey
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0360
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0360
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0360
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0360
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0365
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0365
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0365
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0370
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0370
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0370
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0375
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0375
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0375
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0380
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0380
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0385
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0385
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0385
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0390
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0390
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0390
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0395
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0395
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0400
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0400
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0405
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0405
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0405
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0410
http://refhub.elsevier.com/S0899-7071(19)30002-6/rf0410

	Preliminary investigation of mammographic density among women in Riyadh: association with breast cancer risk factors and implications for screening practices
	Introduction
	Methods
	Study population and data collection
	Mammographic density estimation
	Statistical analysis

	Results
	Baseline characteristics
	Univariate analyses
	Multivariable logistic regression analyses

	Discussion
	Clinical implications
	Strengths and limitations

	Conclusion
	Acknowledgment
	Conflict of interests
	Research data for this article
	Funding
	References




