Impact of Cognitive Impairment on Screening Mammography Use in Older US Women

Abstract 
Objectives:  Guidelines do not recommend screening mammography in women with limited life expectancies because harms outweigh benefits.  Therefore, we evaluated mammography rates for women with cognitive impairment in the context of their life expectancies.  

Methods: Women aged > 70 years from the 2000 wave of the Health and Retirement Study were evaluated for screening mammography using Medicare claims.  Population-based estimates of 2-year prevalence of screening mammography and 4-year survival were calculated for women according to cognitive status and age. 

Results: Women with severe cognitive impairment had lower rates of mammography (18%) compared to women with normal cognition (45%). Nationally, an estimated 120,000 screening mammograms were performed in women with severe cognitive impairment despite this group’s median survival of 3.3 years (95% CI 2.8-3.7). Cognitively-impaired women who had high net worth and were married had screening rates approaching 50%.

Conclusions:  While severe cognitive impairment is associated with lower screening mammography rates, certain subgroups with cognitive impairment are often screened despite lack of probable benefit. Given the limited life expectancy of women with severe cognitive impairment, guidelines should explicitly recommend against screening these women. 


Introduction

Screening mammography guidelines suggest that women with a life expectancy less than 4-5 years are unlikely to benefit from breast cancer screening, and thus should not be screened.
 ADDIN EN.CITE 
(1-3)
 While some cancer screening guidelines specify upper age cutoffs for stopping screening as a surrogate for life expectancy (e.g., Prostate-specific antigen (PSA) screening guidelines suggest stopping at age 75 years),(4) we do not know of any guidelines that specify the types of comorbidity that would preclude screening. This is despite the fact that certain comorbid conditions, such as dementia, are stronger predictors of life expectancy than age.(5)  Specifically, patients with dementia generally live less than 5 years 
 ADDIN EN.CITE 
(6-12)
 and therefore are unlikely to benefit from screening mammography.  In addition, having dementia or severe cognitive impairment increases the likelihood that elderly women will experience harm from screening mammography (e.g., more psychological distress from false positive results due to the inability to understand screening procedures, and more complications from the treatment of clinically insignificant disease).


(13, 14) ADDIN EN.CITE  Moreover, screening mammography can distract care away from more pressing medical problems arising from either the cognitive impairment itself or from other comorbid conditions.  However, it is unknown how often these women with severe cognitive impairment in the US are undergoing screening mammography.

A few prior studies have examined screening mammography rates in women with cognitive impairment, however they relied on self-report of screening mammography, which is likely to be inaccurate in women with cognitive impairment 


(15-17) ADDIN EN.CITE  or were older studies limited to a local geographic area.


(17, 18) ADDIN EN.CITE   To our knowledge, there have not been any recent national studies using objective measures, such as Medicare claims, to document the actual mammography rates in older women with severe cognitive impairment. Such data are needed to determine current practice patterns and to identify whether cognitive status appropriately factors into screening mammography decisions.  

Therefore, we conducted a study to document the actual rates of screening mammography in a US-representative sample of older women stratified according to their cognitive status.  We used Medicare claims data linked to the Health and Retirement Study to define rates of screening mammography (based on claims data) for women with differing levels of cognitive impairment.  We also calculated survival according to level of cognitive impairment to validate that women with severe cognitive impairment defined by a standardized instrument have a median survival less than five years and are therefore unlikely to benefit from screening mammography. 

Methods

Participants/Setting

The Health and Retirement Survey (HRS) is a US-representative longitudinal study of health and wealth of non-institutionalized adults aged 50 years and older with biennial data collection starting in 1992.(19) The primary sample was obtained through a multi-stage, clustered area probability frame screening of household units. For about half of the respondents born before 1913, samples were additionally drawn from Medicare enrollment lists. Data were collected primarily through telephone interviews and the overall response rate was 81%.(20) Survey data from the HRS and claims data from the Center for Medicare Services were merged in order to examine actual screening mammography rates of older women in the period 2 years prior to their 2002 HRS interview.  Women eligible for our study included the 4,312 women who were 70 years or older at the 2002 wave of the HRS study (Figure 1).  We excluded 939 women (22%) enrolled in Medicare managed care during the 2 years prior to their HRS interview because they lacked the opportunity for Medicare claims.  In addition, women had to be eligible for screening.  Therefore, we excluded 706 women because they had a history of breast cancer (223, 5%) or a breast neoplasm (483, 11%).  The identification of a history of breast cancer or breast neoplasm was based on Medicare claims during 1998-1999, or if the women reported a history of breast cancer during their 2000 HRS interview.  We also used claims data to exclude 287 women (6%) whose first mammogram during the study interval was performed for non-screening purposes (e.g., bilateral or unilateral diagnostic mammogram or breast mass within one year prior to the index mammogram).  Lastly, we excluded 249 women (6%) who were missing cognitive impairment information.  This left a final screen-eligible cohort for analysis of 2,131 women.

Primary Predictor:

An overall cognitive score was calculated for each participant based on a 35 point cognitive instrument developed for HRS.(21, 22)  The scale includes memory (20 points), calculation/attention (7 points) and orientation/naming questions (8 points).  Memory was tested by asking the women to recall 10 nouns immediately and after a 5 minute delay, with one point per recalled word for a total of 20 points.  Calculation/attention was assessed using the serial 7’s test, in which participants start with 100 and consecutively subtract 7 five times, and by counting backwards from 20 to 10 and 86 to 76.  Orientation and naming included the following items: naming the month, day, year, day of the week, the object used to cut paper (scissors), the plant that lives in the desert (cactus), and the President and Vice President of the United States.  An overall score of 20-35 was considered normal cognitive function, 11-19 was defined as mild-moderate cognitive impairment and a score of 10 or below was defined as severe cognitive impairment based on prior work with this measure.
 ADDIN EN.CITE 
(23, 24)
  In addition, 273 participants used a proxy informant to complete the HRS interview.  For these participants, we defined severe cognitive impairment based on the proxy’s report that the respondent’s memory or ability to make judgments and decisions was ‘fair or poor’.  These definitions for severe cognitive impairment have been used to define dementia in prior studies using HRS data.
 ADDIN EN.CITE 
(25-27)
 

Outcome Variables:

Because self-report of mammography is unreliable in women with cognitive impairment, our primary outcome was receipt of screening mammography within the past two years based on Medicare claims (CPT code 76092; ICD-9 codes V76.11, V76.12; HCPCS codes G0202 G0203; or revenue center code 403).(28) To validate that our cognitive score identified women who had limited survival and would be unlikely to benefit from mammography, we calculated 4-year survival estimates and life expectancy estimates for age and cognitive status groups using vital status information from the National Death Index.
Covariates

Other factors known to influence the use of screening mammography were also assessed, including demographic characteristics such as age, education, marital status and total net worth. Total net worth was calculated as the sum of all assets and income, as this is a better indicator of socioeconomic status in the elderly as compared to income alone.  Net worth was categorized into low (<$10,000), middle ($10,000-$100,000) and high (>$100,000) based on previous work.(29)  Race/ethnicity was assessed using standard questions derived from the US Census.  We categorized individuals into the following four mutually-exclusive groups: White, non-Hispanic (White); African American, non-Hispanic (African American); Hispanic (Latino); and persons of other race/ethnicity.  Self-report of medical conditions included hypertension, diabetes, lung disease, psychiatric illness, arthritis, stroke, and heart disease.  We also assessed dependence in 6 instrumental activities of daily living (IADL) by calculating a summary score ranging from 0-6 points.  One point was given if a woman needed help from another person to perform each of the following: using a map, managing money, taking medications, grocery shopping, preparing hot meals, and using a telephone.  Similarly, we assessed dependence in 5 basic activities of daily living (ADL) and calculated a summary score ranging from 0-5 points.  One point was given for needing help with each of the following: bathing, bed transfers, dressing, eating, and toileting.   
Statistical Analysis:

Baseline characteristics were summarized for our cohort according to their cognitive status.  We then calculated the rate of screening mammography according to cognitive status.  The cohort was stratified based on age, level of education, race/ethnicity and net worth.  To assess the effect of these covariates on the rates of screening mammography, we calculated logistic regression models with screening mammography as the outcome and cognitive status as the primary predictor.  Adjustments to this logistic model were added, including demographics and comorbidity.  

We then calculated 4-year survival in all screen-eligible respondents according to their cognitive status using the method of Kaplan Meier.  Survival was also calculated for 5-year age and cognitive status groups. We calculated a cox proportional hazard regression model of the survival estimates to estimate life expectancy for each of the age/cognitive status groups. For the severe cognitive impairment group, median life expectancy was reported from actual data, not from the model. We also determined screening mammography rates and mortality according to cognitive impairment and ADL dependence. For all analyses, we applied study weights to account for the complex study design and we used these weights to calculate population estimates of screening mammography use overall and in specific strata. All analyses were conducted using the Statistical Analysis Software (SAS v. 9.1.3).

Results

Participant Characteristics

Characteristics of the 2,131 women in our cohort are presented in Table 1. The median age was 77 years (interquartile range [IQR] = 73-80).  The majority of women were White and unmarried.  Seventy-two percent of the sample had normal cognitive status, 29% had mild-moderate cognitive impairment and 9% had severe cognitive impairment.
Women with cognitive impairment were more likely to be older, non-White race/ethnicity (African American or Latino), had lower levels of formal education, and had lower net worth.  Women with cognitive impairment also had higher levels of comorbid conditions (e.g., hypertension, any psychiatric illness, diabetes, stroke and heart disease) and higher levels of functional impairment.  For example, 51% of women with severe cognitive impairment were dependent in 1 or more ADL compared to 4% of women with normal cognitive status, p<0.001. 

Screening Mammography According to Cognitive Impairment and Age

Overall, 39 percent of elderly US women had a screening mammogram within 2 years prior to their HRS interview based on Medicare claims.  The proportion of elderly women who had a recent screening mammogram decreased with worsening cognitive status: 45% for women with normal cognitive status, 33% for women with mild-moderate cognitive impairment, and 18% for women with severe cognitive impairment. This is similar to the decrease in screening rates that occurs with advancing age.  For example, 46% of women aged 70-74 years were screened; this percentage fell to 20% for women aged > 85 years.   Extrapolating these data to the US population, we estimated that 120,553 (95% CI, 73,455 to 167,651) elderly US women with severe cognitive impairment received screening mammography in 2002. Among women aged > 85 years in the US, 245,664 are estimated to have received screening mammography in 2002 (95% CI 172,027-319,301).

Older age was associated with lower rates of screening mammography, independent of cognitive status (Figure 2).  For example, among women with normal cognitive status, 32% of women 85 years or older received screening compared with only 46% of women aged 70-74 years who had normal cognitive status (P-trend<0.001).  Similarly, among women with severe cognitive impairment, 9% of women aged 85 years or older received screening compared with 25% of women aged 70-74 years with severe impairment(P-trend<0.001).  

Screening Mammography According to Cognitive Impairment: Multivariate Analyses

In multivariate analyses, severe cognitive impairment remained one of the strongest predictors of not receiving a mammogram, after adjustment for all the variables in Table 1.  Odds ratios are presented in Table 2, which show elderly women with severe cognitive impairment were 72% less likely to receive a screening mammogram compared to elderly women with normal cognitive status.  Women with mild-moderate impairment were 40% less likely to receive a screening mammogram. These results were similar after adjustment. Similarly, advanced age (age >85 years) also decreased the likelihood of receiving a screening mammogram by approximately 70% compared to older adults aged 70-74 years old. Comorbid conditions such as heart or lung disease or stroke were not associated with lower likelihood of screening after adjustment. 
Socio-demographic characteristics, such as higher net worth and being married, were associated with higher rates of screening even after adjustment (Table 2). While White women were twice as likely to receive a screening mammogram compared to either Black or Latino Women (OR 2.3; 95% CI 1.3-4.1), race was not an independent predictor of screening in multivariate analyses. Women who were married and women with high net worth ($100,000 or more) were at 50 to 60 percent increased odds of having a screening mammogram (OR 1.6, 95% CI 1.2-2.0; OR 1.5, 95% CI 1.2-1.9, respectively) independent of other factors, including cognitive status. Therefore, certain subgroups of women with cognitive impairment (e.g.,White women with more than $100,000 net worth who were married) had high screening mammography rates (47%). Activities of daily living dependence was also associated with lower screening mammography rate, for each level of cognitive impairment. Specifically, women with severe cognitive impairment and ADL dependence are much less likely to be screened (only 5%)(Table 3).
4-Year Survival and Average Life Expectancy According to Cognitive Impairment and Age

Worsening cognitive impairment was significantly associated with worsening survival: 15% of women with normal cognitive status died during four years of follow up as did 26% of women with mild-moderate cognitive impairment and 59% of women with severe cognitive impairment.  Overall, women with severe cognitive impairment had shorter average survival and shorter life expectancies compared to women with mild-moderate cognitive impairment and normal cognitive status, log-rank test p<0.001.(Figure 3 and Appendix 1) The life expectancy for women with severe cognitive impairment was substantially less than the survival for women age 85 or older with normal cognition, 6.7 years (95% CI 6.3-7.1). Activities of daily living dependence was also associated with lower survival. Specifically, women with severe cognitive impairment and ADL dependence have a much higher mortality rate (66%)(Table 3).
Discussion 

This is the first US population-based study to determine actual rates of screening mammography in older women across levels of cognitive impairment. We found that women with severe cognitive impairment had much lower screening mammography rates than women with normal cognition (18% vs 45%). However, there were several socio-demographic characteristics that increased screening rates independent of cognition, such as being married or having high net worth. This resulted in some subgroups of women with cognitive impairment having screening rates approaching 50%. This is despite the fact that women with severe cognitive impairment have a median survival of 3.3 years, which indicates that they are unlikely to benefit from screening mammography. 

Prior studies suggest that health status and comorbidity are not strong predictors of screening mammography use.(5)  For example, in a study of California women, screening mammography rates decreased with advancing age; however, within each age group, the percentage of women reporting screening did not significantly decrease with worsening health status. In contrast, our results suggest that severe cognitive impairment is associated with a substantial decrease in screening mammography rates, similar in magnitude to the reductions seen with very advanced age (85 years or older). One possible explanation is that physicians appropriately recognize that harms of screening likely outweigh the low potential benefit for women with cognitive impairment.  Another possibility is that elderly women with severe cognitive impairment or their caregivers may be refusing screening mammography to avoid the potential harms and distraction from care.  

Prior studies suggest that screening mammography can cause harm in frail elderly women. For example, one study of elderly nursing-home-eligible women found 17% of women experienced harm from screening mammography, including false-positive results and identification and treatment of clinically insignificant cancer.(13) Treatment for inconsequential disease may include the ill effects of surgery, radiation or chemotherapy, their side-effects, or psychological harms related to the treatment.  Lastly, time spent getting a screening mammogram and follow-up from the mammogram may distract from the care of a woman’s most pressing medical problems arising from the cognitive impairment itself (e.g., management of depression and behavioral issues) or from her other medical comorbidities.


While our results show lower screening rates in women with cognitive impairment, we identified several subgroups of elderly women with cognitive impairment who had substantial rates of screening mammography.  For example, for certain subgroups of women with cognitive impairment, those who were married and had high net worth, screening rates approached 50%. The impact of net worth on screening rates has been shown previously.(29)  These high screening rates are seen despite the fact that women with severe cognitive impairment have a median survival of 3.3 years, which suggests the harms of screening are likely to outweigh the benefits.(13) In fact, all women with severe cognitive impairment who are above age 70 have limited life expectancies. Therefore, while cognitive impairment is harder to identify than age, it provides important guidance to clinicians about which patients not to screen, particularly at younger old ages (70-84) or for subgroups of women who are more likely to be screened. To help clinicians with these decisions, guidelines should be more explicit about stopping screening in older women with severe cognitive impairment rather than basing the decision on age alone. While our study did document lower screening mammography rates in women with severe cognitive impairment, one could argue that even these lower rates in women with severe cognitive impairment are too high. Ultimately, the decision to screen should be mutually decided by the patient, their family members and their physician, in the context of an informed discussion. 

 
A strength of our study over prior studies of screening mammography in women with cognitive impairment is that screening mammography rates were based on Medicare claims and did not rely on self-report. Our screening rates of 18% in women with severe cognitive impairment and 33% in women with mild-moderate impairment were substantially lower than previously reported mammography rates given by self-report.
 ADDIN EN.CITE 
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 In one study by Legg et al, 44% of women with cognitive impairment reported having a mammogram compared to 55% in women without, and in another study by Ostbye et al, self-reported screening ranged from 48% in women with cognitive impairment compared to 64% in women without cognitive impairment. Self-report is particularly unreliable in patients with cognitive impairment. A small proportion of the respondents were evaluated through a proxy informant. Our study incorporates the evaluation of cognition based on these proxy informants for respondents who can not answer themselves. It is very important to include proxy informants in studies of the elderly, particularly when the respondents have some level of cognitive impairment, as use of proxy informants has been shown to decrease health-related non-response in surveys of frail older adults.(30)
Our study had some potential limitations. First, we used a 35 point screen of cognitive impairment that was developed for the Health and Retirement study. This screening test is not commonly used by clinicians. Second, our evaluation of cognitive impairment was not equivalent to a clinical diagnosis of dementia. However, it is likely that our definition of severe cognitive impairment has a good deal of overlap with dementia, as it has been used to screen for dementia in other studies 


(27) ADDIN EN.CITE  and has evidence of construct validity.(21, 22)  In addition, women in our study classified with severe cognitive impairment had a high degree of ADL impairment and had a life expectancy of 3.3 years, which makes them unlikely to benefit from mammography regardless of whether a formal clinical diagnosis of dementia was given. Third, there is possibly a limitation in our time of origin for the life expectancy and survival calculations. These were taken from the HRS 2002 interview date, not at the date of mammography screening. Thus for all groups, the life expectancy at the date of mammography could be an average of one year longer than those reported. A conservative interpretation would suggest women who are 70-74 years old with severe cognitive impairment may have a life expectancy bordering 5 years that might allow some potential to benefit from mammography, but this would have to be weighed against the increased potential harms. Lastly, consistent with other claims-based studies, we could not assess screening mammography use among women who were enrolled in a Medicare Health Maintenance Organization (HMO).(31) 


In summary, this population-based study of older US women suggests that women with severe cognitive impairment have much lower screening mammography rates than women with normal cognition, and this is appropriate given their very limited life expectancy. Guidelines could help clinicians and patients with the often complex decisions about when to stop screening by explicitly stating which comorbidities make it likely that screening will cause net harm. Given the limited life expectancies of persons with severe cognitive impairment and the known harms of screening this population, clinical guidelines should recommend against screening mammography in women with severe cognitive impairment so that time spent in the clinical encounter can be better spent on preventive services that are more likely to improve their quality of life and their ability to stay in their homes. 
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Table 1. Characteristics of Women 70 Years of Age or Older in the Health and Retirement Study, 2002 (n=2131).*
	
	Cognitive Status

	
	Normal cognitive status
	Mild-Moderate Cognitive impairment
	Severe cognitive impairment
	Total

	Characteristic
	(n = 1,167, 62%)
	(n = 609, 29%)
	(n = 355, 9 %)
	(n = 2,131)

	Age 
	
	
	
	

	    70-74 y
	39
	19
	15
	31

	    75-79 y
	30
	25
	25
	28

	    80-84 y
	22
	28
	26
	24

	    85+
	9
	28
	38
	17

	Ethnicity 
	
	
	
	

	    White
	93
	79
	66
	86

	    Black
	4
	12
	19
	8

	    Latino
	2
	7
	11
	4

	    Others
	1
	2
	4
	2

	> HS level of education
	81
	54
	36
	69

	Married (%)
	38
	25
	24
	33

	Total net worth 
>$100K 

$10K-$100K

<$10K
	66

24

10
	44

33

24
	31

24

45
	56

27

17


Table 1. Characteristics of Women 70 Years of Age or Older in the Health and Retirement Study, 2002 (n=2131) cont.

	
	Cognitive Status b

	
	Normal cognitive status
	Mild-Moderate

Cognitive impairment
	Severe cognitive impairment
	Total

	Comorbid illnesses 
	
	
	
	

	    High blood pressure
	61
	61
	63
	61

	    Diabetes
	14
	19
	20
	16

	    Lung disease
	9
	8
	8
	9

	    Any psych illness
	12
	15
	28
	15

	    Arthritis 
	72
	71
	72
	72

	    Stroke
	8
	13
	29
	12

	    Heart disease
	27
	32
	41
	30

	IADL Dependence a
	
	
	
	

	One or more IADL (of 6)
	21
	39
	79
	32

	ADL Dependence a
	
	
	
	

	    One or more ADL (of 5)
	4
	11
	51
	11


a IADL= instrumental activities of daily living including  using a map, managing money, taking medication, grocery shopping, preparing hot meals and using the telephone; ADL=activities of daily living including bathing/showering, getting in and out of bed, dressing, eating and toileting; Dependence defined as needing help from another person to perform an activity
b Chi-square tests and t-tests were used to compare the 3 cognitive status groups. All characteristics were different between women with normal cognitive status and those with cognitive impairment.

* Each of the cognitive impairment groups was compared to the no cognitive impairment group using a t-test.

Table 2. Rates of screening mammography, Unadjusted and Adjusted Odds of Receiving a Screening Mammography in women 70 years of age or older according to patient characteristics.  

	Characteristic
	N
	Screening Mammography Rate (%)
	Unadjusted

Odds Ratios a (95% CI)
	Adjusted OR b (95% CI)

	Cognitive status
	
	
	
	

	    Normal
	1,167
	45
	1.0
	

	    Mild-moderate
	609
	33
	0.60 (0.5-0.8)
	0.82 (0.6-1.1)

	    Severe 
	355
	18
	0.28 (0.2-0.5)
	0.46 (0.3-0.8)

	Age
	
	
	
	

	    70-74
	629
	46
	1.0
	1.0

	    75-79
	512
	43
	0.89 (0.7-1.1)
	0.95 (0.7-1.2)

	     80-84
	490
	38
	0.70 (0.6-0.9)
	0.82 (0.6-1.0)

	     85+
	500
	20
	0.30 (0.2-0.4)
	0.42 (0.3-0.6)

	Race/Ethnicity
	
	
	
	

	    White, non-Hispanic
	1,721
	41
	1.0
	1.0

	    Black
	257
	30
	0.6 (0.5-0.9)
	0.9 (0.6-1.3)

	    Latino
	117
	23
	0.4 (0.2-0.8)
	0.7 (0.4-1.2)

	Education 
	
	
	
	

	≥ High School 
	1,407
	43
	1.0
	1.0

	<High School 
	724
	30
	0.6 (0.5-0.8)
	0.9 (0.7-1.1)


Table 2. Rates of screening mammography, Unadjusted and Adjusted Odds of Receiving a Screening Mammography in women 70 years of age or older according to patient characteristics cont.
	Characteristic
	N
	Screening Mammography Rate (%)
	Unadjusted

Odds Ratios a (95% CI)
	Adjusted OR b (95% CI)

	Net worth
	
	
	
	

	    $100K+
	1,117
	46
	1.0
	1.0

	    $10k-$100K
	564
	33
	0.6 (0.5-0.7)
	0.8 (0.6-0.9)

	    $10K or less
	450
	24
	0.4 (0.3-0.5)
	0.7 (0.5-0.9)

	Married
	702
	49
	1.0
	1.0

	Not Married
	1,429
	33
	0.5 (0.4-0.6)
	0.7 (0.5-0.8)

	Comorbidities
	
	
	
	

	    Heart disease
	663
	39
	0.91 (0.7-1.1)
	1.1 (0.9-1.4)

	    Diabetes
	344
	39
	1.0 (0.8-1.3)
	1.1 (0.9-1.4)

	    Stroke
	300
	29
	0.59 (0.43-0.8)
	0.8 (0.6-1.1)

	    Lung disease
	193
	37
	0.91 (0.62-1.3)
	0.9 (0.6-1.4)


a calculated as univariate logistic regression with each characteristic separately

b calculated using multivariate logistic regression simultaneously adjusting for all characteristics together as listed.

Table 3. Screening Mammography Rate and Mortality Rate by Cognitive Status and Dependence in Activities of Daily Living (ADL) 

	Cognitive Status
	Dependence in Activities of Daily Living (ADL)
	Screening Mammography Rate

(%)
	Mortality Rate

(%)

	Normal Cognitive Status
	Independent 
	45
	12

	Mild-moderate Cognitive Impairment
	Independent
	33
	19

	Severe Cognitive Impairment
	Independent
	26
	28

	Normal Cognitive Impairment
	Dependent
	35
	38

	Mild-moderate Cognitive Impairment
	Dependent
	20
	54

	Severe Cognitive Impairment
	Dependent
	5
	66


 
Appendix 1. Life Expectancy according to Cognitive Status and 5-year age group for US women age 70 and above.  

	Age and Cognitive Status Group
	Life Expectancy in Years
	95% Confidence Interval

(95% CI)

	Normal Cognitive Status
	
	

	    70-74
	17.3
	16.9-17.7

	    75-79 
	13.9
	13.5-14.3

	    80-84
	10.6
	10.2-11.0

	    85+
	6.7
	6.3-7.1

	Mild-Moderate Cognitive Impairment
	
	

	    70-74
	13.1
	12.7-13.5

	    75-79 
	10.7
	10.3-11.1

	    80-84
	8.3
	7.9-8.7

	    85+
	
	

	Severe Cognitive Impairment
	
	

	    70-74
	5.0 
	4.6-5.5

	    75-79 
	4.1 
	3.6-4.5

	    80-84
	3.3 
	2.9-3.7

	    85+
	2.7 
	2.3-3.1


Figure 1: Exclusions used to define the final screen-eligible cohort 
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Figure 2. Screening Mammography Rates according to Cognitive status and Age in Older US Women.  




Figure 3. Four year survival estimate for US women 70 years and older, according to cognitive status.
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2131 Women included in final analyses





Missing Cognitive Information (n=249)


249





Mammogram During Study Interval Performed for Non-Screening Purposes (n=287)


  15 	Breast Mass (ICD-9 611.72) 


243	Bilateral diagnostic mammography (CPT code 76091, ICD-9 87.37, HCPCS codes G0204, G0205 G0206, G0207, or revenue center code 401)


  29	Unilateral Diagnostic mammogram (CPT code 76090)





Ineligible for a Screening Due to History of (n=706):


223   Breast cancer prior to study interval


 201 Medicare claims for breast cancer 


(ICD-9 174.x, 198.81, V10.3)


                     22 Self-reported history of breast cancer 





483   Neoplasms of breast prior to study interval (ICD-9 217, 233.0, 238.3, 239.3, 610.x)





Lacked Opportunity for Medicare claims (n=939)


939   In Medicare Managed Care (HMO)  





 4312 Women > 70 years who participated in HRS 2002 
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