Sharma et al. BMC Public Health ~ (2025) 25:1073 BMC Public Health
https://doi.org/10.1186/512889-025-22261-x

Check for
updates

Prevalence and associated factors

of mammography uptake among the women
aged 45 years and above: policy implications
from the longitudinal ageing study in India
wave | survey

Priyanka Sharma''®, Dipak Das>'®, Divya Khanna**'®, Atul Budukh**®, Anita Khokhar®, Satyajit Pradhan*®®, Ajay
Kumar Khanna’®, Pankaj Chaturvedi*®*® and Rajendra Badwe™*®

Abstract

Background Breast cancer emerged as number one cancer among women worldwide in terms of incidence

and mortality. Majority of breast cancers diagnosed in India are among women aged 45 years and above. A low
proportion of Indian female population in reproductive age group (30-49 years) underwent breast cancer screening.
The national operational framework includes mammography as one of the investigation modalities under the
algorithm for early detection and management of breast cancer. This study describes prevalence and associated
factors of mammography uptake in women aged 45 years and above.

Methods We utilized data from 35,083 women aged >45 years in the Longitudinal Aging Study of India, a
nationwide representative survey of the Indian population. The outcome variable was self-reported history of
undergoing mammography in past two years before the survey as a representation of early detection of breast
cancer. Demographic, behavioural, and clinical characteristics were taken as independent variables. Univariable and
multivariable models were applied for the following age groups: 45-59 years and > 60 years, and unadjusted and
adjusted odds ratios were calculated.

Results The prevalence of mammography was 1.3% among Indian women aged 45 years and above, 1.7% among
45-59 years and 0.9% among women > 60 years. The highest prevalence was reported in Kerala and the lowest was
in Nagaland. Among women in 45-59 years age group, secondary or higher education, being currently in union,
having diabetes, neurological illness, hearing problems, and reproductive health problems, better cognition level,
and self-history of cancer were found to be associated with increased mammography uptake. Urban residence, being
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research for pragmatic interventions.

countries, India

currently in union, having bone/joint disease, hearing problem, and one or multi-morbidity, better cognition level and
self and family history of cancer were associated with higher mammography uptake among elderly women.
Conclusions Low rates of mammography among women across the country, along with inter-state disparities,
highlight inadequate coverage of early detection of breast cancer under National program. Increasing burden

of breast cancer in all states underscores need to implement early detection program proactively. Disparities in
mammography uptake by age, residence and co-morbidities reflect the need for special focus and context-specific

Keywords Breast cancer, Mammography, Early detection, Healthcare disparities, Lower- and middle-income

Background

Globally, female breast cancer emerged as the second-
leading cancer in terms of incidence and the fourth-
leading cause of cancer mortality [1]. In 2022, 157 out of
185 countries have reported breast cancer as the leading
cancer site among women [1]. As per the projected global
estimates, by 2040, the incidence will rise by 41% and
mortality by 51.8%.? The situation in India is no different,
where breast cancer has surpassed cervical cancer as the
number one cancer in women [2]. Recently, the National
Cancer Registry Programme reported a significant rising
trend of breast cancer incidence in India across all pop-
ulation-based cancer registries (PBCRs) [3]. Some of the
reasons for this increase are rapid urbanization, demo-
graphic transition, westernized lifestyle, low breastfeed-
ing rates, substance use and obesity [4—8]. The registries
established by Tata Memorial Centre in different parts
of India also show breast cancer as the predominant
cancer in women with age-adjusted rates in the range of
12.2 (Sindhudurg, a district in Maharashtra state) to 30.2
(Chandigarh, a Union Territory) per 100,000 population
[9, 10].

Although the incidence of breast cancer in India is
much lower than that of the Western population, the
mortality rate is higher or comparable to that of devel-
oped countries [2]. This can be attributed to several rea-
sons, including but not limited to (i) the median age of
Indian breast cancer patients, which is a decade younger
than Western counterparts, with younger age of presen-
tation generally associated with aggressive breast cancer,
(ii) delayed detection leading to diagnosis in advanced
stage due to poor screening coverage and various com-
munity and system-related barriers, (iii) high burden
of triple-negative breast cancer and breast cancer gene
mutations in Indian population which are generally asso-
ciated with poor prognosis [7].

Therefore, the National Programme for Prevention and
Control of Cancer, Diabetes, Cardiovascular Diseases and
Stroke (NPCDCS) has recommended screening through
clinical breast examination (CBE) for women aged 30-65
years at 5-year intervals [11]. Together with regular clini-
cal examinations and monthly breast self-examinations,

radiological investigations, including ultrasonography
for women <40 years and mammography among women
aged 240 years, are key elements in the early diagnosis
of breast cancer [11]. However, the latest National Fam-
ily Health Survey (NFHS-5) reported that only 1% of the
Indian female population in the reproductive age group
(aged 30-49 years) underwent breast cancer screening
through CBE [12, 13]. A recent review reported that only
5% of Indian women aged 40 years or above participated
in breast cancer screening services [14]. This is much
lower than the recommended guidelines of 70% cover-
age [15]. Previous research has explored barriers in the
early detection of cancer among reproductive age group
women, but the middle-aged and elderly population is
traditionally neglected. The nationwide data for breast
cancer screening comes mainly from the NFHS. How-
ever, this survey does not include women aged 50 years
and above.

The epidemiology and management of breast cancer
among premenopausal and peri/postmenopausal women
are different with regards to (i) late detection because of
higher breast density in premenopausal Asian women,
(ii) specific molecular subtypes presentation with dis-
tinct prognosis and management in menopausal women,
and (iii) variable outcomes of breast cancer in younger
and older patients [16]. The median age of breast cancer
diagnosis in India is 49 years [17], and about 75% of esti-
mated breast cancer cases (132252/178361) for the year
2020 occurred in women>45 years of age in India [2].
Therefore, understanding the behaviour for accessing the
early detection services for breast cancer and the associ-
ated factors in this age group will be most beneficial and
might give the highest yield.

To date, there is a paucity of representative data for
the utilisation of breast cancer early detection services
among women aged 45 years and above in India. This
study utilises data from the Longitudinal Aging Study
of India (LASI) [18], a nationally representative survey
amongst the Indian population aged 45 years and above
for estimating the prevalence and associated factors of
mammography which can serve as a representative for
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the utilisation of breast cancer early detection services in
Indian women aged >45 years.

Methods

Data sources and participants

The present study is derived from the first wave of the
LASI, a cross-sectional nationwide representative sur-
vey, data from 72,250 Indian population aged 45 years
and above and their spouses. LASI is conducted by the
International Institute of Population Sciences (IIPS),
Mumbai, India, in collaboration with T.H. Chan School
of Public Health, USA and the University of Southern
California (USC), USA. In 2017-18, the survey covered
29 states and six union territories (excluding Sikkim).
This survey aimed to study the health status and the
social and economic well-being of older adults in India.
The survey employed a multi-stage, stratified area prob-
ability cluster sampling design, with three-stage sampling
in rural areas and four-stage sampling in urban areas, to
generate national and state-level estimates. The survey
included households with at least one person aged 45
or older and gathered information about the economic,
social, health, and functional aspects of all adults aged
45 or older and their spouses, regardless of age. In total,
72,250 participants (both men and women aged 45 or
older and their spouses) took the survey, with an indi-
vidual participation rate of 87.3% [18]. We utilized the
data of 35,083 women >45 years of age for our study to
calculate mammography prevalence and associated fac-
tors and created heat maps for the state-wise prevalence
of mammography.

Ethical consideration

The LASI received ethical approval from the Indian
Council of Medical Research (ICMR), and all respon-
dents provided written or oral informed consent [18].
This study derived the findings based on secondary sur-
vey data available in the public domain, and therefore,
no further IRB approval was required from the authors’
institutions for this manuscript. All the methods followed
relevant guidelines and regulations following the Decla-
ration of Helsinki.

Patient and public involvement

Patients and the public were not involved in the design or
the planning of this secondary data analysis. The data was
extracted from the LASI, Wave-I, 2017-2018 database
and contained no personal identifying information.

Study variables and outcome

The study outcome variable was the self-reported history
of undergoing mammography in the two years preced-
ing the survey. Based on existing literature, the following
explanatory variables were included in our study:
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a. Demographic characteristics like age, place of
residence for rurality and Indian state of residence,
socio-economic status (SES as monthly per capita
expenditure categorized into five quintiles by LASI),
education, caste, and tribal status, working status,
marital status, living arrangement (alone or with
others and satisfaction with the living arrangement),
household size, life satisfaction, health insurance.

b. Behavioral characteristics included the history of
tobacco, alcohol, and physical activity frequency.

c. Clinical characteristics included self-reported
chronic health conditions such as cancer,
cardiovascular diseases (CVD), chronic obstructive
pulmonary disease (COPD), diabetes mellitus
(DM), hypertension (HTN), bone and/or joint
diseases, ophthalmological problems, stroke, hearing
problem, neurological problems, and injuries. Any
reproductive health-related problems and depression
were also included. The weight and height of the
study participants were recorded.

d. Functional characteristics included the use of hearing
aids, cognition (correctly recalls set of words),
self-rated health, and variables representing daily
function limitations.

e. Self and family histories of cancer were also asked
from the study respondents.

Assessment of the study variables

Overweight and obesity variables were derived accord-
ing to the Body Mass Index (BMI) classification for
the World Health Organization (WHO) guidelines for
the Asian population using the height and weight data
recorded in the survey. BMI between 23.0 and 24.99 kg/
m? was categorized as overweight and >25.0 kg/m? as
obesity.

Depression was measured using the 10-item Center for
Epidemiological Studies-Depression (CES-D) scale. The
10 items included three positive symptoms (feeling hope-
ful, happy, and satisfied) and seven negative symptoms
(feeling depressed, trouble concentrating, fear of some-
thing, low energy, bothered by things, feeling alone, and
everything is an effort). Response options included rarely
or never (<1 day), sometimes (1 or 2 days), often (3 or 4
days), and most or all the time (5-7 days) in a week before
the interview. For negative symptoms, rarely or never
(<1 day) and sometimes (1 or 2 days) were scored zero,
and often (3 or 4 days) and most or all the time (5-7 days)
categories were scored one. Scoring was reversed for pos-
itive symptoms. The overall score ranges from zero to 10,
and scores of >4 are used to calculate the prevalence of
depressive symptoms [19]. We defined multi-morbidity
if the respondent was diagnosed by a health professional
with at least two chronic health conditions.
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Daily functions were assessed by having partici-
pants complete the Activities of Daily Living (ADL) and
Instrumental Activities of Daily Living (IADL) question-
naires. To identify ADL limitations, LASI respondents
were asked if they had any of the following limitations
and expected the limitation to last for more than three
months: difficulty with dressing, walking across the
room, bathing, eating, getting in or out of bed, or using
the toilet (including getting up and down). In the LASI,
respondents were asked if they were having any difficul-
ties that were expected to last more than three months,
such as preparing a hot meal, shopping for groceries,
making a telephone call, taking medications, doing work
around the house or garden, managing money (such as
paying bills and keeping track of expenses), and getting
around or finding an address in unfamiliar places. All
LASI survey participants were asked about using any aid
or supportive device to assist them in their ADL. Any aid
or supportive devices include hearing aid, spectacles/
contact lenses, dentures, and any aid for physical disabili-
ties, such as walker/walking sticks, wheelchairs, adjust-
able shower tools/ commodes, back/neck collar, any
orthosis or prosthesis, and any other aid.

Statistical analysis

We generated a dichotomous variable for mammography
status and calculated the prevalence of mammography
in women aged >45 years. To understand the geographi-
cal variations and clustering of mammography preva-
lence among women aged 45 years and above (n=35083)
throughout the different states of India, a heat map was
constructed with ArcGIS 10.8. A mix of colour coding
was used from brown (lowest) to maroon (highest) and
converting the undefined states to black. The prevalence
(expressed as a percentage) was classified into five quan-
tiles or classes (<0.5, 0.5-0.99, 1-1.49, 1.5-2, and >2). The
States Reorganization Act of 1956 divided Indian states
into six regions, namely- Northern, Northeastern, Cen-
tral, Eastern, Western and Southern regions. We used the
same categorization to calculate the regional prevalence
for women aged >45 years. Weighted prevalence was cal-
culated for the age groups 45-59 years (n=18,717) and
>60 years (n=16,366), as different age groups can have
unique health and socio-demographic characteristics.

To understand the association of the explanatory vari-
ables with mammography in the different age groups,
univariate models were applied for the following age
groups: 45—59 years and > 60 years and unadjusted odds
ratios (with 95% Confidence Interval (CI) were calcu-
lated. The variables found significant on univariable
analysis (p-value<0.20) were entered into multivariable
models [20], after excluding multi-collinearity through
the variance inflation factor. Through multivariable logis-
tic regression, we estimated adjusted odds ratios (AOR
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with 95% CI) of the association between mammography
uptake and the above-mentioned explanatory variables.
Information regarding education and working status was
missing for more than half of the study participants, so
these variables were not included in the multivariable
model. Among women aged>60 years, data related to
reproductive health problems was available for only eight
participants, so it was excluded from uni- and multivari-
able analysis. Missing data were excluded from the study.
A table detailing the list of variables and their corre-
sponding missing data has been included in the appendix
file (Supplementary Material 1).

Stata 13 was utilized for all analyses, applying sam-
pling weights at both household and individual levels to
address the complex multi-stage sampling method. Fol-
lowing recommendations from the main survey report,
these weights helped mitigate bias resulting from the
survey design, varying sampling rates, non-responses,
and post-stratification adjustments. Statistical tests were
reported as significant at p values < 0.05.

Results

Among the 35,083 women (aged>45 years), the over-
all prevalence of mammography was 1.3%. It was 1.7%
among women aged 45-59 years and 0.9% among women
aged>60 years. Less than one-fourth (7604; 21.7%) of
participants had health insurance coverage. The majority
were from rural backgrounds (22535; 64.2%). Nearly one-
third belonged to the poor wealth quintile (11631; 33.1%),
from scheduled caste and tribes (12432; 35.4%), were
unmarried or not living with a partner (12846; 36.6%),
and never/rarely watched television or listened to radio
(11522; 32.8%).

Disparity in mammography prevalence among women =45
years in different States/Union territories

Figure 1 represents the prevalence of mammography in
different states and Union territories in India according
to the LASI survey findings. The highest prevalence of
mammography was reported in Kerala (4.5%), followed
by Karnataka (2.9%) and Lakshadweep (2.7%). Nagaland
reported the lowest prevalence (0%), followed by Andhra
Pradesh (0.1%), Uttarakhand (0.27%) and Assam (0.28%).

Predictors of mammography among women in 45-59
years’ age group

The prevalence of mammography was significantly lower
among the women aged 45-59 years residing in north-
ern (AOR: 0.46; 95% CI: 0.31-0.69), eastern (AOR: 0.53;
95% CI: 0.35-0.83) and northeastern regions (AOR: 0.48;
95% CI: 0.26—0.86) compared to their southern counter-
parts. Mammography prevalence was significantly lower
in women from other castes (AOR: 0.66; 95% CI: 0.48—
0.92) than in the general caste. Women currently in the
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union had higher odds (AOR: 1.43; 95% CI: 1.02-2.01)
of undergoing mammography testing than their coun-
terparts. Tobacco users had lower odds (AOR: 0.58; 95%
CI 0.36-0.92) of getting mammography than non-users.
Women who rated their health as good were less likely to
undergo mammography (AOR: 0.67; 95% CI: 0.45-0.99)
than those who rated their health as poor. A diagnosis of
DM (AOR: 1.57; 95% CI: 1.11-2.22), neurological illness
(AOR: 1.89; 95% CI: 1.01-3.55), and hearing problems
(AOR: 1.62; 95% CI: 1.03-2.56), self-reported by women,
were positive predictors of mammography. Those with
better cognition had higher odds (AOR: 1.59; 95% CI:
1.22-2.08) of undergoing mammography than their
counterparts. Women who self-reported a history of
cancer were ten times (AOR: 10.63; 95% CI: 6.39-17.71)
more likely to undergo mammography than those who
did not have cancer. Education and wealth displayed a
significant association with mammography in univari-
able analysis, revealing higher mammography prevalence
among women with higher education and wealth status
than women with lower education and wealth. (Table 1)

Predictors of mammography among women in the 60
years and above age group

Among women aged =60 years, the prevalence of mam-
mography was significantly lower in northern regions
(AOR: 0.48; 95% CI: 0.27-0.85) compared to those resid-
ing in the southern region. Elderly women residing in
urban areas were two times (AOR: 2.01; 95% CI: 1.39—
2.89) more likely to undergo mammography than their
rural counterparts. Currently living in the union was a
positive predictor (AOR: 1.69; 95% CI: 1.20-2.40) for
mammography uptake. Women having bone or joint dis-
eases (AOR: 1.61; 95% CI: 1.11-2.32), hearing problems
(AOR: 2.06; 95% CI: 1.32—-3.21), and at least one morbid-
ity (AOR: 3.6; 95% CI: 1.06—12.59) or multi-morbidities
(AOR: 5.06; 95% CI: 1.38-18.48) were more likely to
undergo mammography. Better cognition was positively
associated (AOR: 1.57; 95% CI: 1.10-2.22) with mam-
mography uptake. Elderly women with a history of cancer
or a family history of cancer had 15-(AOR: 15.33; 95% CI:
8.63—27.22) and 2- times (AOR: 1.89; 95% CI: 1.13-3.18)
higher odds of undergoing mammography, respectively
than those who did not have any such history. (Table 2)
The predictors of mammography uptake have been sum-
marized in Table 3.

Discussion

Estimating the prevalence of mammography uptake
among women aged>45 years in India serves as a piv-
otal indicator for evaluating the coverage of early detec-
tion of breast cancer within this demographic group.
WHO advocates regular screening through CBE as the
best approach for breast cancer prevention in low- and
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middle-income countries (LMICs) [8]. India, facing con-
straints of a large population and limited resources, has
opted for CBE as the screening method of choice [11].
Screened-positive individuals are referred for an age-
appropriate radiological examination (mammography
and ultrasonography) through the established referral
pathways under the national operational framework for
cancer control [11]. While CBE is conventionally recom-
mended, a notable gap exists in the availability of data
regarding CBE coverage among women aged > 50 years in
previous national surveys [12]. Consequently, we turned
to the assessment of available data for mammography
uptake prevalence as a representative measure for the
coverage of early detection services for breast cancer in
women aged >45 years. We believe this is the first nation-
wide representative study to estimate the prevalence of
mammography among women aged >45 years in India.
This population-based cross-sectional study assessed
mammography uptake disparities and associated factors
in more than 35,000 women aged >45 years. As this age
group comprises the highest burden and mortality due
to breast cancer [21], the prevalence of mammography
uptake in this age group can significantly reflect upon the
early detection of breast cancer and the overall mortality
and incidence rates.

Prevalence of mammography uptake

We found that only 1.3% of women aged=>45 years
reported undergoing mammography in the two years
preceding the survey. The reported prevalence is much
lower than the findings across the globe, where mam-
mography rates ranged from 4.5% (in African countries)
and 40-59.7% (mainly in Asian countries like Korea,
Japan, Taiwan, and Singapore) to 84% (in European and
American populations) in the similar age groups [22-32].
Poor knowledge, familial negligence, stigma, inefficient
referral system, paucity of essential healthcare infra-
structure in regional centres, inaccessibility of diagnostic
centres, inadequate and incomplete treatment and fol-
low-up, are some of the major reasons resulting in poor
coverage of early diagnosis services and subsequently
late detection and increased mortality due to cancer
in LMICs [33-35]. The situation in India is no differ-
ent. As CBE is the preferred screening tool for LMICs,
including India, and only screen-positive individuals are
referred for mammography, low rates of mammography
uptake may partly reflect upon the inadequate coverage
of breast cancer prevention and control programs in our
country. This is evident from findings of NFHS-5 where
<1% of women in the 30—49 years age group ever under-
went CBE [12]. The health infrastructure required for
cancer care is insufficient in the national three-tier health
system and in existing cancer programs [36]. There is a
scarcity of trained medical professionals in remote areas
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Table 1 Distribution of women (aged 45-59 years) undergoing mammography according to socio-demographic characteristics

(n=18717)

Characteristics Sample distribution Weighted prevalence (%) ORC (95% ClI) ORA (95% ClI)
Residence

Rural 11,887 1.2 Reference Reference

Urban 6830 28 2.09 (1.64-2.65)* 1.27 (0.96-1.68)
Region

South 4324 3 Reference Reference

North 3974 0.9 0.49 (0.34-0.71)* 0.46 (0.31-0.69)*
West 3092 2.1 0.97 (0.70-1.33) 1.01 (0.69-145)
North-East 2466 0.5 0.27 (0.16-0.47)* 0.48 (0.26-0.86)*
East 3527 0.8 0.52 (0.36-0.75)* 0.53 (0.35-0.83)*
Central 1334 16 0.61(0.37-1.02) 0.89 (0.51-1.54)
Wealth quintile

Poor 6144 1.1 Reference Reference

Middle 6243 25 1.39(1.02-1.89)* 1.13(0.82-1.58)
Rich 6330 15 1.43 (1.05-1.94)* 1.08(0.77-1.51)
Education#

No education or < primary 1822 14 Reference e

Primary complete 2412 15 1.19(0.73-195) -
Secondary 3136 26 1.84(1.18-2.88)* = -

Higher secondary and above 1420 52 247 (1.53-4)* e
Working status#

Not Working 2588 14 Reference e
Working 7413 1.2 0.75(052-1.090 -
Category

General 6590 1.1 Reference Reference
Scheduled Caste and Tribes 7003 2.1 0.63 (0.46-0.85)* 0.96 (0.69-1.36)
Others 4434 1.9 0.69 (0.51-0.92)* 0.66 (0.48-0.92)*
Household size

>6 members 6275 1.9 Reference

1-5 members 12,442 1.7 128 (098-166) e
Marital status

Single/widowed/divorced 4064 1.1 Reference Reference

In union 14,653 19 1.28(0.94-2.17) 1.43 (1.02-2.01)*
Living arrangement

Living Alone 465 0.7 Reference

Living with others 18,252 1.8 1.14(051-258) e
Satisfaction with the living arrangement

Not satisfied 750 1.6 Reference

Satisfied 14,848 19 089(051-157) -

Neither satisfied nor dissatisfied 2867 0.9 054 (0.28-1.05) e
Perceived life satisfaction

Not satisfied 3219 1.5 Reference e
Satisfied 12,279 14 1.23(0.88-173) e

Neither satisfied nor dissatisfied 2901 3.1 097 (062-153) e
Health-insurance status

No 14,222 16 Reference e

Yes 4315 24 1.13(086-148) -
Tobacco use

No 3235 0.9 Reference Reference

Yes 15,334 19 0.43 (0.28-0.66)* 0.58 (0.36-0.92)*
Alcohol use

No 751 0.1 Reference Reference

Yes 17,824 1.8 0.17 (0.04-0.7)* 0.28 (0.68-1.13)
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Table 1 (continued)

Characteristics Sample distribution Weighted prevalence (%) ORC (95% CI) ORA (95% ClI)
Physical activity

Never 11,535 14 Reference Reference
Regularly 4085 3 0.69 (0.5-0.95)* 0.93 (0.66-1.31)
Rare 2925 1.2 0.64 (0.44-0.93)* 0.89(0.61-1.32)
Cardiovascular disease

No 18,265 1.7 Reference Reference

Yes 404 2.5 2.11(1.17-3.8)* 1.09 (0.56-2.15)
Chronic Obstructive Pulmonary Disease

No 17,960 1.7 Reference Reference

Yes 709 1.8 1.9 (1.19-3.05)* 1.23(0.73-2.08)
Diabetes Mellitus

No 16,698 14 Reference Reference

Yes 1968 43 2.52(1.89-3.36)* 1.57 (1.11-2.22)*
Hypertension

No 13,695 15 Reference Reference

Yes 4972 26 1.72(1.34-2.2)* 1.01 (0.73-1.39)
Bone/joint disease

No 15,875 17 Reference Reference

Yes 2794 1.9 1.89 (1.43-2.49)% 1.14 (0.82-1.60)
Neurological illness

No 18,322 15 Reference Reference

Yes 342 14 2.5(1.39-4.5)* 1.89 (1.01-3.55)*
Cancer

No 18,523 1.6 Reference Reference

Yes 145 215 16.96 (10.96-26.25)* 10.63 (6.39-17.71)*
Ophthalmological morbidity

No 10,548 13 Reference Reference

Yes 8117 24 2.5(1.94-3.21)* 1.15 (0.78-1.69)
Stroke

No 18,541 1.7 Reference Reference

Yes 128 59 3.36 (1.47-7.69)* 1.59 (0.61-4.21)
Hearing problem

No 17,803 1.7 Reference Reference

Yes 861 25 2.19 (1.45-3.3)* 1.62 (1.03-2.56)*
Injury or fall

No 16,725 18 Reference -

Yes 1936 1 09(06-135 e
Co-morbidity

No disease 6334 0.7 Reference Reference

One morbidity 5979 1 2.23(1.49-3.32)* 141 (0.87-2.23)
Multi morbidity 6358 35 4.64 (3.23-6.66)* 1.38(0.73-2.57)
Activities of daily living limitation (ADL)

No 16,838 1.7 Reference Reference

Yes 1879 2 2.33(1.73-3.13)* 1.34(0.93-1.93)
Instrumental activities of daily living limitation (IADL)

No 13,074 19 Reference Reference

Yes 5643 14 1.32(1.03-1.7)* 1.08 (0.81-1.45)
Uses any aid/supporting device

No 12,308 1.2 Reference Reference

Yes 6326 29 2.58 (2.02-3.28)* 1.32(0.96-1.82)
Self-rated health

Poor 2460 26 Reference Reference
Average 8003 1.8 0.55 (0.41-0.75)* 0.85(0.61-1.20)
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Table 1 (continued)
Characteristics Sample distribution Weighted prevalence (%) ORC (95% CI) ORA (95% ClI)

Good 8131 14 0.38 (0.27-0.52)* 0.67 (0.45-0.99)*
Reproductive health problems

No 15,695 1.5 Reference Reference

Yes 2874 2.8 2.84 (2.2-3.66)* 2.29(1.73-3.02)*
Cognition

Up to 5 words 10,021 1.7 Reference Reference

Above 5 words 8436 1.8 1.83 (1.43-2.34)* 1.59 (1.22-2.08)*
Depression

No 15,265 1.7 Reference Reference

Yes 3229 2 1.49 (1.12-1.97)* 1.17 (0.85-1.61)
Overweight and obesity

No 9029 2 Reference

Yes 7525 15 124(095-16) e

Family history of cancer

No 17,583 1.5 Reference Reference

Yes 1005 3.1 2.05 (1.38-3.04)* 1.29(0.83-2.01)

#- omitted due to missing data
*- significant association

ORA- Odds ratio adjusted
ORC- Odds ratio crude

Cl- Confidence interval

who can conduct CBE. Socio-cultural and economic fac-
tors further aggravate the problem of poor coverage [37].
Mammography facilities required to diagnose suspicious
lesions are scarce in rural areas. Ultrasound is a valuable
diagnostic tool regulated by the Pre-conception and Pre-
natal Diagnostic Techniques (Prohibition of Sex Selec-
tion) Act, 1994, to prevent misuse for sex determination
and ensure ethical practices in prenatal care. The Act
requires that only qualified providers in registered facili-
ties perform ultrasonography. While essential for public
interest, these regulations may limit access in rural areas
with fewer registered setups, highlighting the need for
strategies to improve availability in underserved regions.

Disparity in mammography uptake

The disparity in the prevalence of mammography was
evident across different states of India (range: 0.0%
in Nagaland state to 4.5% in Kerala state). The coun-
try’s southern region was found to have a higher preva-
lence of mammography compared to the northern and
northeastern states. This inter-state disparity within the
country in mammography uptake can be explained by
the interplay of multiple socio-demographic as well as
healthcare-related contextual factors such as (i) better lit-
eracy, socio-economic status and health literacy in south-
ern states, (ii) hard-to-reach terrains and limited health
infrastructure in northeastern states (iii) focused women
cancer research in southern and central states such as
Tamil Nadu, Kerala and Maharashtra, (iv) poor cancer
awareness and limited infrastructure in states with lower
development indicators such as Uttar Pradesh, Bihar,

Jharkhand, Chhattisgarh and many other states (iv) active
government-led early detection programmes such as the
Tamil Nadu Health Systems Project [38-42]. Further-
more, the highest age-adjusted rates for breast cancer
have been observed in the Southern regions as reported
by registries under the National Cancer Registry Pro-
gramme and Tata Memorial Centre. This could also have
been partially attributed to higher mammography test-
ing in these regions [3, 6]. However, breast cancer rates
are increasing in all the PBCRs of India. Therefore, it is
essential that early detection efforts are not restricted to
just some parts of the nation; they should be intensified
in all the states and regions.

Socio-demographic factors associated with mammography
uptake
Mammography prevalence was higher in women aged
45-59 compared to those aged>60 years, consistent
with prior studies indicating older women are less likely
to undergo mammography [26, 43]. However, conflicting
results have also been reported in the literature [23, 27,
31]. On univariable analysis, a higher proportion of edu-
cated women underwent mammography than those with
lower or no education, akin to the results of other studies
[14, 24, 26, 31, 43, 44]. Similarly, a higher proportion of
women in upper wealth quintiles were likely to get mam-
mography than the lower ones, in line with other studies
(14, 24, 26, 31, 44].

Educated women are likely to have better health lit-
eracy, health-seeking behaviour and higher autonomy
to access screening services for cancer, leading to higher
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Table 2 Distribution of women (aged 60 years and above) undergoing mammography according to socio-demographic

characteristics (n=16366)

Characteristics Sample distribution Weighted prevalence (%) ORC (95% ClI) ORA (95% ClI)
Residence

Rural 10,648 0.5 Reference Reference
Urban 5718 1.6 3.24 (2.36-4.47)* 2.01(1.39-2.89)*
Region

South 3785 0.9 Reference Reference
North 3490 0.5 0.38 (0.23-0.62)* 0.48 (0.27-0.85)*
West 2923 14 0.88 (0.59-1.3) 1.11 (0.69-1.75)
North-East 1970 04 0.18 (0.08-0.42)* 047 (0.17-1.24)
East 3141 0.5 0.42 (0.26-0.69)* 0.61(0.34-1.11)
Central 1057 1.2 0.51(0.25-1.04) 1.17 (0.54-2.58)
Wealth quintile

Poor 5487 0.7 Reference Reference
Middle 5465 0.9 1.67 (1.1-2.55)* 1.34(043-1.18)
Rich 5415 1.1 2.04 (1.36-3.07)* 1.33(0.85-2.10)
Education#

No education or < primary 1597 14 Reference -
Primary complete 1484 14 137(0.75-252) e
Secondary 1307 15 2.29(1.3-4.01)*
Higher secondary and above 568 39 3.84(2.1-7.02)* e
Working status#

Not Working 5365 1.1 Reference e
Working 2976 62 061(036-1.01) -
Category

General 4248 13 Reference Reference
Scheduled Caste and Tribes 5429 0.6 0.35 (0.22-0.55)* 0.72 (0.44-1.19)
Others 6105 0.8 0.72(0.5-1.02) 0.81(0.54-1.22)
Household size

>6 members 5516 0.7 Reference Reference

1-5 members 10,850 1 1.47 (1.03-2.09)* 1.46 (0.99-2.16)
Marital status

Single/widowed/divorced 8782 0.7 Reference Reference

In union 7584 1.1 1.62(1.18-2.22)* 1.69 (1.20-2.40)*
Living arrangement

Living Alone 1257 0.5 Reference

Living with others 15,109 0.9 162(0.79-33) e
Satisfaction with the living arrangement

Not satisfied 825 1 Reference

Satisfied 12,189 0.9 0.78(042-145) e
Neither satisfied nor dissatisfied 2906 0.5 046 (0.22-098) e
Perceived life satisfaction

Not satisfied 2952 0.7 Reference e
Satisfied 10,379 1 136(0.88-2.12) e
Neither satisfied nor dissatisfied 2501 0.6 0.83(045-156) e
Health-insurance status

No 12,942 0.9 Reference e

Yes 3289 0.8 1.17(081-169 -
Tobacco use

No 12,520 0.9 Reference Reference

Yes 3743 0.8 0.5(0.31-0.78)* 0.75 (0.45-1.56)
Alcohol use

No 15,583 0.9 Reference e

Yes 685 1.1 0.72(03-1.77) e
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Characteristics Sample distribution Weighted prevalence (%) ORC (95% CI) ORA (95% ClI)
Physical activity

Never 12,568 0.9 Reference Reference
Regularly 1990 0.7 0.68(04-1.17) 0.83 (046-1.51)
Rare 1702 04 0.48 (0.24-0.94)* 0.63 (0.29-1.31)
Cardiovascular Disease

No 15,656 0.8 Reference Reference

Yes 686 19 2.17 (1.25-3.78)* 1.21 (0.66-2.18)
Chronic Obstructive Pulmonary Disease

No 15,222 0.8 Reference Reference

Yes 1120 14 1.81(1.12-2.93)* 1.13 (0.68-1.95)
Diabetes Mellitus

No 13,927 0.7 Reference Reference

Yes 2416 1.7 2.09 (1.47-2.96)* 1.02 (0.68-1.53)
Hypertension

No 9986 0.7 Reference Reference

Yes 6355 1.2 2(1.47-2.73)* 0.91(0.62-1.33)
Bone/joint disease

No 12,975 0.7 Reference Reference

Yes 3368 14 2.45 (1.79-3.37)* 1.61(1.11-2.32)
Neurological illness

No 15,902 0.9 Reference

Yes 440 1.1 139(0.7-3.15) -
Cancer

No 16,209 0.7 Reference Reference

Yes 134 20.2 22.52(13.84-36.63)* 15.33 (8.63-27.22)*
Ophthalmological morbidity

No 7259 0.5 Reference Reference

Yes 9078 1.2 2.75(1.9-3.97)* 1.12 (0.69-1.81)
Stroke

No 15,994 0.9 Reference e

Yes 347 0.2 1.16 (043-3.16) -
Hearing problem

No 14,794 0.8 Reference Reference

Yes 1542 1.3 2.19(1.47-3.27)* 2.06 (1.32-3.21)*
Injury or fall

No 14,074 0.8 Reference -

Yes 2258 1 13(086-195 -
Co-morbidity

No disease 3495 0.2 Reference Reference

One morbidity 4595 0.5 3.82(1.46-9.99)* 3.6 (1.06-12.59)
Multi morbidity 8254 13 11.45 (4.68-27.98)* 5.06 (1.38-18.48)
Activities of daily living limitation (ADL)

No 12,393 0.7 Reference Reference

Yes 3973 13 1.78 (1.29-2.45)* 1.36 (0.94-1.97)
Instrumental activities of daily living limitation (IADL)

No 7781 0.7 Reference -

Yes 8585 1 1.03(0.76-141) e

Uses any aid/supporting device

No 9443 0.6 Reference Reference

Yes 6878 13 2.45 (1.77-3.37)* 1.21(0.82-1.78)
Self-rated health

Poor 4026 13 Reference Reference
Average 7160 0.8 0.51 (0.36-0.73)* 0.74 (0.51-1.10)
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Characteristics

Sample distribution

Weighted prevalence (%)

ORC (95% CI)

ORA (95% CI)

Good

Reproductive health problems#
No

Yes

Cognition

Up to 5 words

Above 5 words
Depression

No

Yes

Overweight and obesity
No

Yes

Family history of cancer
No

Yes

4834

11,314
4441

12,953
3002

7783
6719

15,444
769

0.6

0.43 (0.28-0.65)*

0.66 (0.40-1.07)

O __________________________
11—

0.8 Reference Reference

1.2 2.01(1.46-2.76)* 1.57 (1.10-2.22)*
0.7 Reference Reference

14 1.68 (1.18-2.38)* 1.41(0.95-2.07)
09 Reference e

0.9 098(0.7-138) e

0.8 Reference Reference

2.2 2.86 (1.78-4.6)* 1.89(1.13-3.18)*

#- omitted due to missing data
*- significant association

ORA- Odds ratio adjusted
ORC- Odds ratio crude

Cl- Confidence interval

Table 3 Factors associated with mammography uptake among Indian women aged 45 years and above

Explanatory variables included

Women aged 45-59
years*

Women
aged = 60 years*

Socio-demographic characteristics:

Age, place of residence, wealth quintile, education, caste, tribal status, working status, marital status,

living arrangement, household size, life satisfaction, health insurance

Behavioral characteristics:
History of tobacco and alcohol use, and physical activity frequency.
Clinical characteristics:

History of cancer, cardiovascular diseases, chronic obstructive pulmonary disease, diabetes mel-
litus, hypertension, bone and/or joint disease, ophthalmological problems, stroke, hearing problem,
neurological problems, injuries, reproductive health problems, overweight, obesity, depression, and

multi-morbidity (at least two chronic health conditions).

Functional characteristics:

-Place of residence
(rural/urban)

-Place of residence
(rural/urban)

-Geographical region  -Geographical
-Wealth status region

-Caste -Marital status
-Marital status

-Tobacco use -

-Cancer -Cancer

-Diabetes Mellitus
-Neurological illness

-Hearing problems
-Bone and joint

-Hearing problems diseases
-Reproductive health  -Any one
problem morbidity
-Multi-morbidity
-Self-rated health -Cognition

Daily function limitations such as Activities of Daily Living (ADL), and Instrumental Activities of Daily Liv- -Cognition
ing (IADL), use of hearing aids, cognition, and self-rated health, and using any supporting device or aid.

Family history

- -Family history of
cancer

*Variables found significant on multivariable analysis

screening uptake [45]. Enhanced coverage of breast can-
cer screening invariably results in higher utilization
of mammography services [14]. Interventions such as
improving awareness for early detection of breast cancer
through community health educators, patient navigation,
offering free and mobile mammography, and availability
of trained primary care providers who can recommend
mammography to eligible women through regular visits

can be effective in increasing the mammography uptake
rates among women aged>45 years [43, 45]. Afford-
ability through universal health coverage is critical to
lessen the socioeconomic disparities in health practices
[46]. Health insurance has been consistently linked to
an increased likelihood of medical examinations among
women, as indicated by prior studies [14, 24, 28-31, 43].
While our study produced similar findings, they did not
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reach statistical significance in regression analysis. None-
theless, these results suggest the potential importance
of health insurance in promoting healthcare access and
merit further exploration. Monitoring indicators for
early detection programs can further minimize socio-
economic differences and enhance health service uptake
[47].

We observed that more urban women underwent
mammography than rural ones in the elderly age group,
similar to the findings of Mahumud RA [14]. Still, no
such association was found among women aged 45-59
years. In addition to the previously discussed factors, the
paucity of sophisticated mammography testing facilities,
their regular maintenance, and the lack of adequately
trained manpower for mammography interpretation
are more pronounced in rural areas in our country. A
study on NFHS-5 data also reported similar findings
for women in the reproductive age group [12, 48]. Poor
transportation facilities coupled with restricted mobil-
ity due to various co-morbidities further aggravate the
misery, especially in rural elderly women [45]. Previous
studies have highlighted the detrimental effects of rural
settings in the form of delayed diagnosis, poor survival
and higher mortality among patients with cancer [21, 49].
Mobile-based breast health promotion and early detec-
tion of cancer through community health workers guided
by smartphone applications, similar to the POSHAN
tracker for malnourished children, can be developed,
introduced and promoted in low-resource settings to
target women from rural areas to improve the uptake of
health services [14, 50].

Being in a union was positively associated with under-
going mammography, which is in tune with findings of
previous studies [26, 31, 37], suggesting that married
individuals are more likely to engage in healthy behaviour
and preventive healthcare than unmarried ones. It is well
documented that having a partner is a motivating fac-
tor for self-care, healthier lifestyles, and compliance with
regular check-ups [51]. This can also be partly due to bet-
ter socio-economic status among married women and,
thus, better access to healthcare [52].

Behavioural factors associated with mammography uptake
Lower mammography testing among tobacco users in the
45-59 years’ age group, similar to other studies [25, 26,
31, 43, 51, 53, 54], signifies the lower uptake of preven-
tive behaviors among them. They are ignorant regarding
their health status and the harmful effects of tobacco.
They are also more likely to engage in other detrimental
health choices like alcohol use, inadequate physical activ-
ity and unhealthy dietary intake [55, 56]. Another expla-
nation could be that their knowledge about the ill effects
of tobacco may discourage them from availing of early
detection services due to pessimistic and avoidant beliefs
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about cancer [57]. Lower rates of mammography among
tobacco users could lead to more advanced presentation
and poor outcomes [54]. Additionally, a study reported
that married people who quit tobacco are more likely to
have a health insurance plan compared to single individ-
uals, which can positively affect participation in the early
detection of cancer [53].

Clinical and functional factors associated with
mammography uptake

We observed that women with cancer were more likely
to undergo mammography, which is in concordance with
the findings of a previous study [31]. This phenomenon
can be attributed to two factors: (i) healthcare provid-
ers may routinely advise mammography as part of stan-
dard care practices for cancer patients, and (ii) personal
experiences of cancer diagnosis likely enhance aware-
ness, motivating survivors to undergo regular check-ups.
Higher odds of undergoing mammography were also
found among women with a family history of cancer,
akin to studies conducted in other parts of the world [57,
58]. This could be attributed to improved health literacy
among these women and healthcare providers recogniz-
ing the increased risk associated with personal or fam-
ily cancer history and recommending mammography
accordingly [59].

Women with better cognition were more likely to
undergo mammography than those with poor cognition,
similar to other studies [60, 61]. Co-morbidities, espe-
cially diabetes, were positive predictors of mammogra-
phy in our study. This is in tune with the results of several
previous studies [24, 25, 32, 62]. This could be because
of more physician interactions among women with pre-
existing morbidities, which might increase the likelihood
of cancer screening recommendations, including mam-
mography. Women who receive such recommendations
are more likely to get a mammography than women who
did not receive any such recommendation [24].

Furthermore, DM and cancer share common risk fac-
tors, which could also prompt physicians to recommend
mammography among diabetic women [63]. Mammog-
raphy uptake was positively associated with DM which
also suggest a potential avenue for targeted interventions
and early detection strategies. Advocating integrated
healthcare to address diabetes management and breast
cancer detection through collaborative efforts of primary
care providers, endocrinologists, surgeons, and oncolo-
gists will facilitate holistic healthcare. Hearing problems
were found to be positively associated with mammog-
raphy. However, Kushalnagar P found no difference in
mammography uptake rates among hearing-impaired
and hearing-abled women [64].
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Limitations

This study has several limitations. The survey was cross-
sectional; therefore, temporal association between
variables could not be assessed. In addition, changes in
prevalence over time could not be commented upon.
The reference period for mammography in LASI was
two years. Therefore, we could not estimate the lifetime
prevalence of mammography among women aged>45
years. However, as most of the consensus guidelines rec-
ommend annual or biannual mammography screening
intervals, our findings remain valid and highlight inad-
equate coverage of breast cancer prevention services.
The responses for many variables were self-reported and,
therefore, are subject to information bias. The data lacks
information related to CBE, so that could not be assessed.
Additionally, as we utilized the secondary data collected
in LASI, in which information about mammography was
based on self-reports, we could not distinguish whether
the mammograms were conducted for early detection
or for diagnostic evaluation. The information regarding
the availability of mammography facilities could not be
included in the analysis, as it was not a part of the LASI
survey.

Information regarding the major determinants that
could have important policy implications, such as breast
diseases and related complaints, perception and aware-
ness regarding mammography, barriers, and facilitators
to mammography uptake, were unavailable. This has also
limited our scope for qualitative assessment of the LASI
survey data. While this limitation exists, it is important
to note that our study still provides valuable insights into
the coverage of early detection of breast cancer through
mammography. Despite the low number of self-reported
breast cancer cases, our findings remain informative in
understanding the extent of coverage of breast cancer
detection services within our studied population. As the
present study specifically targeted mammography uptake
among women aged >45 years, aligned with early detec-
tion services outlined in national guidelines, the data on
mammography can reflect service coverage within this
age group.

Strengths

We believe that this study pioneers estimating the preva-
lence of mammography among women aged>45 years
in India. We utilised the data from a nationally repre-
sentative survey, enhancing our study findings’ general-
izability. Our study facilitates inter-state comparisons
by delineating the state-wise prevalence of mammogra-
phy, thereby enriching the discourse on regional dispari-
ties. A comprehensive inclusion of potential explanatory
variables, encompassing socio-demographic and health-
related factors, helped explain the associated factors of
mammography uptake in women aged>45 years. The

Page 14 of 17

use of Asian cut-offs to define obesity and overweight
ensured the contextual relevance of our data within the
Asian population.

Conclusion

Previous studies have shown a higher incidence of breast
cancer and poorer survival rates with increasing age
[21]. Our study sheds light on the issue of low mammog-
raphy uptake rates among Indian women aged 45 years
and above. This underscores the imperative for targeted
interventions to enhance early detection services for
breast cancer in this demographic group, particularly
by encouraging high-risk and symptomatic women to
undergo further diagnosis through mammography when-
ever available. In addition, the stark inter-state disparity
in the prevalence of mammography, with Nagaland state
reporting zero prevalence, calls for a comprehensive Pan-
India survey to understand the reasons for such varia-
tions. The escalating burden of breast cancer in every
state serves as a clarion call for proactive measures from
state health authorities in the form of implementing the
program with unwavering commitment. The disparities
in mammography uptake by age, urban-rural residence
and co-morbidities necessitate research and context-
specific interventions and innovations. Early detection of
breast cancer is the key to tackling the growing morbidity
and mortality due to cancer. Therefore, it should be one
of the priority strategies to achieve universal health cov-
erage and sustainable development goals.
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