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Abstract

Background: Previous reports suggested risk of death and breast cancer varied by comorbidity 

and age in older women undergoing mammography. However, impacts of functional limitations 

remain unclear.

Methods: We used data from 238,849 women in the Breast Cancer Surveillance Consortium­

Medicare linked database (1999–2015) who had screening mammogram at ages 66–94 years. 

We estimated risk of breast cancer, breast cancer death, and non-breast cancer death by function­

related indicator (FRI) which incorporated 16 claims-based items and was categorized as an 

ordinal variable (0, 1, and 2+). Fine and Gray proportional sub-distribution hazards models were 

applied with breast cancer and death treated as competing events. Risk estimates by FRI scores 

were adjusted by age and NCI comorbidity index separately and stratified by these factors.

Results: Overall, 9,252 women were diagnosed with breast cancer, 406 died of breast cancer, 

and 41,640 died from non-breast cancer causes. The 10-year age-adjusted invasive breast cancer 

risk slightly decreased with FRI score (FRI=0: 4.0%, 95% CI=3.8%−4.1%; FRI=1: 3.9%, 95% 

CI=3.7%−4.2%; FRI≥2: 3.5%, 95% CI=3.1%−3.9%). Risk of non-breast cancer death increased 

with FRI score (FRI=0: 18.8%, 95% CI=18.5%−19.1%; FRI=1: 24.4%, 95% CI=23.9%−25.0%; 

FRI≥2: 39.8%, 95% CI=38.8%−40.9%). Risk of breast cancer death was low with minimal 

differences across FRI scores. NCI comorbidity index-adjusted models and stratified analyses 

yielded similar patterns.

Conclusions: Risk of non-breast cancer death substantially increases with FRI score, whereas 

risk of breast cancer death is low regardless of functional status.

Impact: Older women with functional limitations should be informed that they may not benefit 

from screening mammography.

Keywords

mammography; functional limitations; breast cancer screening; epidemiology

Introduction

Over the past decades, the elderly population in the United States (US) has grown 

substantially. The US Census Bureau has estimated that older adults–those at or above 

65 years of age–will make up about 24 % of the US population by 2060 (1), including a 

large number of older people living with functional limitations and co-existing illnesses (2, 

3). Because the number of vulnerable older adults continues to increase, it is important to 

determine the outcomes of specific health services, such as breast cancer screening with 

mammography, in older women with differential health conditions.

Breast cancer is the most common malignancy among women in the United States (4). It has 

been estimated that about 276,480 women were diagnosed with invasive breast cancer in the 

United States during 2020, with 44.5% aged 65 years or older at diagnosis (5). Screening 

mammography can detect signs of early lesions of breast cancer with high accuracy (6) and 

reduce breast cancer mortality at the population level (7). However, benefits of screening 

mammography may be more limited in older women because of aging, co-existing illnesses, 
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and functional impairments (8, 9). Due to pre-existing adverse health conditions and short 

life expectancy associated with natural aging processes, older women undergoing screening 

mammography may not be healthy enough to safely undergo mammography (or treatment if 

cancer is found) or survive long enough to experience the benefits conferred by early breast 

cancer detection (10, 11). In a prior study of older women with screening mammography 

in the Breast Cancer Surveillance Consortium (BCSC)-Medicare linked data, we found that 

older women with a higher Charlson Comorbidity Index (CCI) (≥2 vs. 0) had a substantial 

increase (1.3 to 3-fold) in risk of non-breast cancer death (12); however, the association 

between functional limitations and screening outcome was not evaluated in that study.

While comorbidity measures have been used to evaluate disease burden, measures of 

functional limitations can more accurately reflect older people’s overall wellbeing and be 

a marker of the severity of comorbid illnesses. For example, comorbidities (e.g., stroke, 

heart failure, etc.) may affect function or profoundly decrease a person’s ability to perform 

activities of daily living (13).

In gerontological research, functional limitations and comorbidities are usually considered 

simultaneously when making decisions about health services utilization for older people due 

to their strong impacts on general health, life expectancy (14, 15), and risk of mortality 

(16). Incorporating functional limitations into our analysis along with comorbidity and aging 

better reflects the severity of pre-existing health conditions which in turn affects the benefits 

and risks of screening mammography among older women. Therefore, we proposed to 

investigate if risk of breast cancer or mortality after screening mammography varied by 

functional limitations in the BCSC-Medicare cohort.

Materials and Methods

BCSC-Medicare and study population

The BCSC is a collaborative research network (https://www.bcsc-research.org/about/sites) of 

breast imaging registries in the United States used to assess and improve the delivery and 

quality of breast cancer screening and related outcomes (17). The BCSC registries collect 

demographic information, risk factors, screening history, pathological characteristics of 

breast lesions, and mammography indication and results. BCSC data are pooled at a central 

Statistical Coordinating Center (SCC). All registries and the SCC received institutional 

review board approval for active or passive consenting processes or a waiver of consent 

to enroll participants, link data, and perform data analysis. All procedures were Health 

Insurance Portability and Accountability Act (HIPAA) compliant, and all registries and the 

SCC had a Federal Certificate of Confidentiality and other protection for the identities of 

women, physicians, and facilities that are subjects of this research (17, 18). In our study, 

Medicare claims data were linked to data from Carolina Mammography Registry, New 

Hampshire Mammography Network, San Francisco Mammography Registry, and Vermont 

Breast Cancer Surveillance System and claims data from Kaiser Permanente Washington 

were included.

Women with the following characteristics in the BCSC-Medicare linked data were included 

for analysis: (1) ≥66 years at screening (because functional limitations were computed based 
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on claims data of the year prior to the screening mammogram, and Medicare eligibility 

began at 65 years); (2) underwent mammography screening between 1999–2015; (3) were 

continuously enrolled in Medicare Parts A and B from 1 year before the screening and were 

not enrolled in a Medicare managed care plan during the same time period; and (4) had 

no history of breast cancer at the time of screening. Screening mammography was defined 

as routine bilateral screening views performed in women without breast imaging in the 

previous nine months and without a history of breast cancer, breast implants, or mastectomy 

(17). The first screening mammogram that fit these criteria was used for the analysis and 

referred to as the index screening mammogram.

Exposure and outcome of interest

Functional limitations were the exposure of interest in our analysis, represented by 16 

function-related indicators (FRI) present in Medicare Part A and B claims data during 

the year before index BCSC mammography screening. We used commonly accepted claims­

based algorithms to identify these items and assigned 1 point to each; thus, FRI scores 

represented the summed number of functional limitations and women without functional 

limitations were assigned 0. Detailed FRI algorithms have been described (15, 19) and we 

listed these items in Supplementary Table 1. We categorized FRI as 0, 1, and ≥2 for the 

current analysis due to sample size considerations.

The primary outcomes of interest were incident invasive breast cancer and ductal carcinoma 

in situ (DCIS) diagnosed after index screening and death from non-breast cancer causes. 

Breast cancer death was the secondary outcome. Breast cancer diagnosis, mode of cancer 

detection (screen-detected vs. other), and AJCC stage were obtained by linking BCSC data 

to pathology databases, SEER programs, and state or regional tumor registries. Date of death 

was determined using SEER, state cancer registries, state vital records, and Medicare data; 

cause of death was ascertained using the first three of those sources (17).

Other covariates

Age, race/ethnicity, education level, family history of breast cancer in a first degree 

relative, and time since last mammogram were reported by participants in self-administered 

questionnaires or obtained from the electronic medical record. Body mass index (BMI) 

was calculated as weight in kilograms divided by height in meters squared (kg/m2) based 

on self-reported height and weight or obtained from the electronic medical record. Breast 

density at index screening was interpreted in clinical practice by radiologists based on 

Breast Imaging Reporting and Data System (BI-RADS) and categorized as: almost entirely 

fat, scattered fibroglandular density, heterogeneously dense, or extremely dense (20). Pre­

existing comorbidities were represented by the National Cancer Institute (NCI) comorbidity 

index, a weighted index based on 16 diseases identified from hospital and physician claims 

data (21); the NCI comorbidity index was computed using algorithms suggested by NCI (22) 

and categorized as 0, 1, and ≥2 in our study.

Statistical analysis

We descriptively summarized distributions of NCI comorbidity index, sociodemographic 

characteristics (age, race/ethnicity, and education), BMI, first-degree family history of breast 
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cancer, breast density, time since prior mammogram, mode of diagnosis, and stage of breast 

cancer at diagnosis in the overall sample and for each category of FRI. Distributions of FRI 

and other covariates were examined by status at the end of follow-up (alive, breast cancer 

death, death from non-breast cancer causes, invasive breast cancer, and DCIS) within the 

10-year period after index mammography. In the primary analysis, women were followed 

from the date of the index screening to death from non-breast cancer causes, invasive 

breast cancer, DCIS, disenrollment, end of complete information for cancer data, end of 

complete information for vital status data, or end of the 10-year follow-up period, whichever 

occurred first. To estimate the 10-year cumulative incidence of each outcome, we used Fine 

and Gray proportional subdistribution hazards models that accounted for competing events 

(23). A model including FRI level was fit for each age group (66–74, 75–94), comorbidity 

level (0, 1, ≥ 2), and age group by comorbidity level. This provided cumulative incidence 

estimates of FRI level by age group and/or comorbidity level. These estimates were then 

adjusted by the distribution of age group or comorbidity level to obtain the overall estimated 

cumulative incidence for each FRI level. Estimated risk of DCIS was not computed for FRI 

level by age group by comorbidity level due to sparse data. In the primary analysis, when 

evaluating risk of one outcome (death from non-breast cancer causes, invasive breast cancer, 

or DCIS), the other two outcomes were treated as competing events. Due to the similarity 

between point estimates of the risk of invasive breast cancer and DCIS across FRI scores, 

we conducted a trend test by including FRI as an ordinal variable to examine if cumulative 

incidence of these outcomes changed significantly by FRI categories. To further explore risk 

patterns of women aged 75–94, we calculated risk of non-breast cancer death and incident 

breast cancer by FRI scores for women aged 75–84 and 85–94 years separately; the same 

analysis was not performed for breast cancer death due to small sample sizes in women 

aged 85–94. Moreover, as compared to White women, Black women had a higher prevalence 

of co-existing illnesses and different risk of breast cancer and mortality (12, 24), thus we 

calculated risk of non-breast cancer death and incident breast cancer by FRI in White and 

Black women separately and compared the estimates; the analysis was not conducted for 

other race/ethnicity groups and breast cancer death because of smaller sample sizes. In 

the secondary analysis, which treated breast cancer death as the outcome, follow-up was 

not truncated by breast cancer diagnosis and death from non-breast cancer causes was a 

competing event. We did not adjust for other confounders in analysis because minimally 

adjusted results would provide a direct view of cumulative incidence by FRI scores among 

older women. Confidence intervals (CI) were calculated via bootstrapping by using the 2.5th 

and 97.5th percentiles from 1,000 random bootstrap samples. All statistical analyses were 

performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).

Results

Table 1 presents distributions of study characteristics according to FRI. A total of 238,849 

women ages 66 to 94 years undergoing mammography screening between 1999–2015 were 

included with a median follow-up time of 101 months. Overall, 66.7% of the women had 

an FRI score of 0, 24.5% had a score of 1, and 8.8% had a score ≥2. Distribution of 

NCI comorbidity index was as follows: 0: 72.4%, 1: 20.4%, ≥2: 7.2%. The median age 

of participants was 69 years (Quartile 1, Quartile 3 [Q1, Q3]: 67, 75) and approximately 
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half (50.8%) were between ages 65–69 years. Most of the women self-reported as White 

(83.7%), 6.1% were Black, 2.5% Hispanic, 6.2% Asian/Pacific Islander, and 1.6% self­

classified as other race/ethnicity groups. Over half (54.7%) of participants had some college 

education, 58.8% were overweight or obese (BMI≥25 kg/m2), and 17.8% had family history 

of breast cancer. In terms of breast density, over half of the women (52.8%) had scattered 

fibroglandular density in their breast tissue and only a very small fraction (3.4%) were 

classified as extremely dense. Most women (82.2%) had a prior mammogram within 1–2 

years before index screening. Among women diagnosed with breast cancer, 75.4% were 

detected via screening and 20.7% were diagnosed with DCIS. Women with FRI score ≥2 

appeared to have higher NCI comorbidity index score, be older, and be less likely to have a 

prior mammogram within 1–2 years compared to those with lower FRI scores.

A total of 9,252 women were diagnosed with breast cancer (7,479 invasive, 1,773 DCIS) 

during follow-up. Among women with breast cancer diagnosis, 406 died of breast cancer 

and 1,359 died of non-breast cancer causes. Among women without a breast cancer 

diagnosis during follow-up, 189,316 were alive and 40,281 died by the end of follow-up 

(Figure 1). Table 2 summarizes study characteristics by outcome of interest. Among women 

without breast cancer diagnosis, those who died during follow-up had higher scores of FRI 

and NCI comorbidity index and were older compared with those who were alive. Compared 

to women diagnosed with invasive breast cancer, women diagnosed with DCIS had slightly 

lower scores of FRI and NCI comorbidity index and younger ages. Women dying of breast 

cancer had lower scores of FRI and NCI comorbidity index and were younger than those 

dying from non-breast cancer causes.

Overall, age-adjusted 10-year cumulative incidence (Table 3) of invasive breast cancer 

(FRI=0: 4.0%, 95% CI=3.8%−4.1%; FRI=1: 3.9%, 95% CI=3.7%−4.2%; FRI≥2: 3.5%, 

95% CI=3.1%−3.9%) and DCIS (FRI=0: 1.0%, 95% CI=0.9%−1.0%; FRI=1: 0.8%, 95% 

CI=0.7%−0.9%; FRI≥2: 0.8%, 95% CI=0.7%−1.0%) slightly decreased as FRI score 

increased. In the overall sample, risk decrease across FRI scores was significant for invasive 

breast cancer (p-trend<0.01) and DCIS (p-trend=0.01). Age-adjusted cumulative risk of 

death from non-breast cancer causes substantially increased as FRI score increased (FRI=0: 

18.8%, 95% CI=18.5%−19.1%; FRI=1: 24.4%, 95% CI=23.9%−25.0%; FRI≥2: 39.8%, 95% 

CI=38.8%−40.9%). The cumulative incidence of breast cancer death was low, and women 

with FRI score≥2 (0.30%, 95% CI=0.18%−0.42%) had a slightly higher age-adjusted risk of 

breast cancer death compared to those with FRI score at 0 (0.24%, 95% CI=0.20%−0.28%), 

although risk difference between these two groups was minimal and largely non-significant. 

In subgroups stratified by age (66–74 vs. 75–94), risk of invasive breast cancer decreased as 

FRI score increased in both subgroups but statistical significance was only observed in those 

aged 75–94 years (p-trend<0.01). In both age groups, risk of DCIS decreased with minimal 

difference as FRI score increased (Table 3), although the trend test suggested statistical 

significance (p-trend=0.04) in the subgroup aged 66–74 years. Risk of non-breast cancer 

death increased by FRI in all age groups, and the relative increment (from FRI=0 to FRI≥2) 

was more substantial in younger women (percent change in risk of non-breast cancer death 

for 66–74: 157.3%, 75–84: 71.4%, 85–94: 30.0%) (Table3, Supplementary Table 2). Risk 

of death due to breast cancer was low in both subgroups and women with FRI≥2 had a 

slightly higher risk than those with FRI=0. Subgroup analysis by race suggested that risk 
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of non-breast cancer death increased by FRI score (Supplementary Table 3) in both White 

(FRI=0: 18.1%, 95% CI=17.8%−18.5%; FRI=1: 23.5%, 95% CI=22.9%−24.1%; FRI=2: 

38.2%, 95% CI=37.0%−39.4%) and Black women (FRI=0: 20.7%, 95% CI=19.4%−21.9%; 

FRI=1: 29.2%, 95% CI=26.6%−31.9%; FRI=2: 46.0%, 95% CI=41.0%−50.8%), but the 

estimated risk was higher in Black women.

Patterns of cumulative incidence of invasive breast cancer, DCIS, death from non-breast 

cancer causes, and breast cancer death in NCI comorbidity index-adjusted models (Table 4) 

were largely consistent with outcomes derived from age-adjusted models.

Patterns of estimates for FRI were similar in subgroup analysis stratified by composite 

of age and NCI comorbidity index (Supplementary Table 4). In this set of analysis, 

risk of death from non-breast cancer causes significantly increased as FRI score became 

higher. Risk of breast cancer death increased substantially if people had older age, more 

comorbidities, and higher FRI scores simultaneously. Cumulative incidence of invasive 

breast cancer slightly decreased or remained unchanged as FRI score increased.

Discussion

We found that functional limitations were common among older women, with approximately 

one-third of our study population having some functional limitations. In this screening 

cohort, women with a higher burden of functional limitations had a significantly increased 

risk of death from non-breast cancer causes and the increment was more substantial for 

subgroups with younger ages. Compared to women with younger age and lower burdens of 

functional limitations, risk of incident invasive breast cancer was slightly lower in older 

women with higher burdens of functional limitations. While cumulative risk of breast 

cancer death increased slightly with increasing FRI, comorbidity, and age, the absolute risk 

differences were minimal and remained very low in each FRI, comorbidity, and age group.

Several population-based studies yielded similar outcomes as ours and suggested a positive 

association between functional limitations and mortality among older people with cancer 

diagnosis, although they had smaller sample sizes (25, 26). For example, Brown et al. 

(25) followed 428 cancer survivors aged ≥60 years for 11 years on average and measured 

5 functional indexes reflecting mobility, frailty, and strengths of arms and legs. They 

reported that risk of all-cause mortality increased significantly when number of functional 

limitations increased; specifically, as compared to patients without functional limitations, 

there was a 35%−171% relative increase in risk of all-cause mortality among patients 

with 1–5 types of functional limitations. Another cohort study (26) followed 975 female 

breast cancer survivors (mean age=63 years) for 11 years on average and identified 753 

deaths. This study used 10 items to reflect functional impairment and women were treated 

as having functional limitations if they had at least 1 item. Using multivariable analysis, 

they reported that women with functional limitations had a 47% relative increase in 

risk of non-breast cancer mortality. However, these previous studies included only cancer 

survivors as the study population and had small sample sizes, which could reduce statistical 

precision and generalizability. Our research used nationwide registry data and a more 

comprehensive measure of functional limitations, which greatly improves representativeness 
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and better reflects risk variation by functional status in older women undergoing screening 

mammography.

In stratified analysis by age and NCI comorbidity index, we found that although risk of 

death from non-breast cancer causes increased with FRI score in all subgroups, the relative 

increase was larger among women with younger age (66–74 years) and lower NCI index 

score. This suggests that impact of functional limitations on non-breast cancer death is 

much stronger among younger or healthier women compared with their older or sicker 

counterparts in BCSC-Medicare data.

The underlying biological mechanisms that can explain why older women with functional 

limitations have a higher risk of death are not fully uncovered, but chronic inflammation 

may play an important role (26, 27). Several studies indicated a link between physical 

functional decline and chronic inflammation and suggested that functional limitations, 

comorbidities, and older age could synergistically increase levels of inflammatory 

biomarkers in the elderly and contribute to a shorter life expectancy (26–30). In addition, 

functional limitations usually represent illness severity and reflect lower physiologic 

reserve in multiple organ systems (31), suggesting that older people with a higher burden 

of functional limitations may have increased mortality due to aggressive, late-stage, or 

advanced diseases (32).

Interestingly, on the other hand, older women in our cohort with a higher FRI score 

tended to have a lower risk of breast cancer, especially invasive breast cancer. This is 

contrary to our presumption because poor functional status can be associated with a decline 

in immune surveillance among older people, and such decline may contribute to tumor 

promotion (33–36). Since Fine and Gray proportional subdistribution hazards models were 

used in this analysis, this result was not likely due to competing risks. One speculation is 

that older women who had an FRI score≥2 were less likely to undergo invasive medical 

procedures (e.g. breast biopsy and surgery) because these medical services could cause 

complications without bringing survival benefits for older women with functional limitations 

(37–39). Thus, physicians might not be able to obtain pathological evidence to confirm the 

existence of breast cancer among these women despite suspicious lesions on mammograms. 

In addition, inadequate utilization of mammography in functionally impaired older women 

(40), which has also been suggested by our data, may also partially explain the inverse 

relationship between FRI score and breast cancer risk.

Our research has strengths and limitations that should be considered. We used a robust 

and comprehensive measurement of functional limitations which have been validated and 

can predict mortality in older people (19). The BCSC mammography registries, which 

were linked to Medicare claims data, ensured a large sample of women seen in US 

clinical practice followed for incident breast cancer and death. Moreover, subgroup analysis 

by age and NCI comorbidity index allowed us to explore how cumulative incidence 

of screening outcomes varied by these 3 factors that are fundamental in gerontological 

research. However, limitations should be noted. First, our cohort was a screening population, 

and the percentage of non-White race/ethnicity groups (e.g. Black women) (41) was lower 

than that of the US as a whole, suggesting that generalizability might be compromised. 
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Specifically, risk of breast cancer might be overestimated due to the high rate of screening in 

our cohort. Second, the number of women who were diagnosed with DCIS or died of breast 

cancer was low, which could introduce imprecision when estimating risk.

In this screening cohort, older women living with functional limitations had a significantly 

higher cumulative risk of death from causes other than breast cancer, whereas risk of breast 

cancer death appeared to be low regardless of functional status. Based on our results, we 

recommend that physicians consider functional limitations along with major comorbidities 

and age when offering breast cancer screening to older women even if they are just in 

early stage of late adulthood, and women should be notified that benefits of screening 

mammography may be diminished because of these unfavorable health conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flowchart showing the numbers of people with different outcomes of interest. 

Abbreviations: BCSC: Breast Cancer Surveillance Consortium, DCIS: ductal carcinoma in 

situ.
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