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Background: Most studies use age as a cutoff to evaluate screening mammography utilization,
generally examining screening up to age 75 years (the age-cutoff method). However, many experts
and guidelines encourage clinicians to consider patient health and/or life expectancy.

Purpose: To compare the accuracy of estimating screening mammography utilization in older
women using the age-cutoff method versus using a method based on the projected life expectancy.
Methods: Two cohorts were selected from female Medicare benefıciaries aged 67–90 years living in
Texas in 2001 and 2006. The 2001 cohort (n⫽716,279) was used to generate life-expectancy estimates
by age and comorbidity, which were then applied to the 2006 cohort (n⫽697,825). Screening
mammography utilization during 2006 –2007 was measured for the 2006 cohort. Data were collected
in 2000 –2007 and analyzed in 2011.

Results: The screening rate was 52.7% in women aged 67–74 years based on age alone, compared to
53.5% in women in the same age group with a life expectancy of ⱖ7 years. A large proportion (63.4%)
of women aged 75–90 years (n⫽370,583) had a life expectancy of ⱖ7 years. Those women had a
screening rate of 42.7%. The screening rate was 35.7% in women aged 75–90 years based on age alone,
compared to 16.3% in women in the same age group with a life expectancy of ⬍5 years.
Conclusions: Estimating screening mammography utilization among older women can be improved by using projected life expectancy rather than the age-cutoff method.
(Am J Prev Med 2012;42(3):229 –234) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine

Introduction

C

urrent cancer screening guidelines base their recommendations primarily on age.1–3 For example,
the U.S. Preventive Services Task Force (USPSTF)
Guideline3 recommends biennial screening mammograms in women aged 50 –74 years. Screening mammography is not routinely recommended in women aged ⱖ75
years.3 Although older women have a higher risk of breast
cancer and lower risk of false-positive screening than
younger women, their limited life expectancy reduces the
potential benefıt from breast cancer screening.3– 6 Older
women are also more likely to be diagnosed and treated
for screen-detected cancer that would never have become
symptomatic in their lifetime.7,8
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Using age cutoffs to defıne appropriate target populations for screening mammography has recognized limitations. For example, screening mammography may not
be appropriate in women aged 50 –74 years with poor
health and short life expectancy. Recent studies9,10 report
that one quarter of women aged 70 –74 years with severe
cognitive impairment and 12% of those aged 65–74 years
with advanced cancer at another site still receive screening mammography. On the other hand, some women
aged ⬎75 years with good health and excellent functional
status may live long enough to benefıt from screening
mammography.11
A number of authors12–14 have argued that life expectancy should be taken into account when making screening decisions. Nevertheless, studies continue to use age
cutoffs to evaluate screening mammography utilization
in the community. For example, a recent study15 found
that poor self-reported health predicted nonadherence to
mammography screening and concluded that women
with poor health may need more support from their
providers to receive regular mammography screening.
Such a conclusion failed to recognize that screening
mammography may not be appropriate in women with
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poor health and limited life expectancy. Another study16
found a low screening rate among women aged 40 – 64 years
with severe mental illness and recommended intervention targeting women with severe mental illness to
ensure regular mammography screening. The study
neglected the fact that patients with severe mental
illness die on average 13–32 years earlier than the
general population.17
The present study used Texas Medicare claims data
from 2000 –2007 to develop a methodologic framework
using life expectancy to defıne appropriate use and overuse of screening mammography in older women and
compare the estimates of screening rates to those using an
age-cutoff method.

Methods
Data Sources
The 100% Texas Medicare claims data from 2000 –2007 were used
in the current study, including Medicare enrollment fıles, Carrier
fıles, Outpatient Statistical Analysis Files (OUTSAF), and Medicare
Provider Analysis and Review (MEDPAR) fıles. Data were collected in 2000 –2007 and were analyzed in 2011.

Study Subjects
Appendix A (available online at www.ajpmonline.org) demonstrates the sample selection. The main study cohort (n⫽697,825)
was selected from female benefıciaries aged 67–90 years and residing in Texas in 2006. The cohort included only those with full
Medicare Parts A and B coverage and without HMO coverage in
the 2 years after the year studied. Women with HMO coverage were
excluded because their claims are not routinely included in Medicare claims. Subjects were aged ⱖ67 years to allow for a 2-year
look-back period in the Medicare claims to ascertain any past
diagnosis of breast cancer or breast mass (any claims with ICD9-CM codes 174xx, 2330, and 61172). Those with any previous
claim for breast cancer and/or breast mass were excluded.
A second cohort (n⫽716,279) also was created from female
Medicare benefıciaries aged 67–90 years in 2001. The inclusion and
exclusion criteria were the same as those for the 2006 cohort, except
that the data allowed only a 1-year look-back period for the 2001
cohort. The 2001 cohort was used to generate life-expectancy estimates by age and comorbidity, which were then applied to the 2006
cohort.

Measures
Screening mammography. Two years of claims data (January 1, 2006 –December 31, 2007) were reviewed to establish
whether a woman in the 2006 cohort had a screening mammogram. Because the claims data are limited in their ability to distinguish screening from diagnostic mammography,18 –20 the present
study used the algorithm developed and validated by Freeman and
associates21,22 to identify a screening mammogram. Specifıcally,
the algorithm defınes a screening mammogram as a bilateral mammogram (Carrier fıles with a Current Procedure Terminology
[CPT] code of 76091 or 76092) with (1) no mammogram
(CPT codes 76090, 76091, and 76092) in the previous 11 months

and (2) no diagnosis of breast cancer or breast mass (any claim with
ICD-9-CM codes 174xx, 2330, and 61172) in the previous 2 years.
The second criterion was not necessary for the current study
because women with any diagnosis of breast cancer or breast mass
in the previous 2 years were excluded from the study cohort. In
addition, for mammography claims with a screening CPT code
(76092), the algorithm also requires a screening diagnosis code
(ICD-9-CM code) of V16.3, V10.3, V72.5, or V1589.22 Freeman et
al.21 validated the algorithm and estimated that about 92% of the
algorithm-identifıed screening mammograms were confırmed
screenings.

Age, comorbidity, and life expectancy. Each subject’s age
was calculated from that at the beginning of the study year (e.g.,
January 1, 2006, for the 2006 cohort). The subjects were stratifıed
by 2-year age intervals.
Comorbidity was assessed by using Klabunde’s adaption of the
Charlson comorbidity index based on outpatient, inpatient, and
carrier claims in the previous 12 months.23,24 Comorbidity was
categorized as none, 1, 2, and 3 or more.
A grid of median survival time was generated for each age–
comorbidity group based on the cohort of female Medicare benefıciaries in Texas in 2001 (n⫽716,279) followed up until December
31, 2007, or until date of death. The Texas Medicare claims in the
year 2000 were used to ensure a 12-month look-back period to
assess comorbidity. For each age and comorbidity group, the
Kaplan–Meier survival analysis25 was used to estimate median
survival time. The median survival time was then applied to the
corresponding age– comorbidity group of women in the 2006
cohort to project their life expectancy. Statistically, median
survival time and life expectancy are different terms. Conceptually, however, both indicate the prognosis of a cohort, and
median survival time is often used as a proxy measure of life
expectancy.26
Definitions of appropriate target population for screening mammography. Using the life-expectancy method, the
appropriate target population for screening mammography was
defıned as women with ⱖ7 years of life expectancy. Women with a
life expectancy of ⬍5 years were defıned as an inappropriate population for screening mammography. Women with life expectancies between 5 and 7 years were defıned as a “gray zone” for
screening mammography. The 5- and 7-year cut-off points were
chosen because (1) studies suggest that screening mammography is
not benefıcial to women with ⬍5–10 years of life expectancy12,14
and (2) the longest follow-up time for life-expectancy estimates in
the present data is 7 years.
Using the age-cutoff method, the appropriate target population for screening mammography was defıned as women aged
67–74 years. Women aged 75–90 years were defıned as an inappropriate target population for screening mammography. There
was no “gray zone” based on the age-cutoff method.

Statistical Analysis
Descriptive analysis was used to summarize the sample characteristics of age (2-year interval from 67 to 90 years); race (white, black,
Other/Unknown); and comorbidity (0, 1, 2, and 3⫹) for the study
cohorts. The estimates of screening mammography rates using the
age-cutoff method and life-expectancy method were compared.
SAS, version 9.2, was used for all statistical analyses. The study is
overpowered because of large sample size. Therefore, the actual
www.ajpmonline.org
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estimates are reported here with an emphasis on the public health
importance rather than the statistical signifıcance of results.

Results
Cohort Characteristics
Among the women in the 2006 cohort, approximately
53.1% were aged ⱖ75 years, 85.2% were white, and 5.1%
had a Charlson comorbidity score of 3 or more. Characteristics were similar in the 2001 cohort (Appendix B,
available online at www.ajpmonline.org).
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years. The heterogeneity of median survival time increases among women aged 75–90 years, with a range of
3.6 to ⱖ7 years.
Among those in the age– comorbidity groups with median survival of ⬍5 years (n⫽25,954), about 70.9% died
in 5 years. Among those in the age– comorbidity group
with median survival of ⱖ7 years (n⫽581,643), about
75.9% survived for ⱖ7 years.

Life Expectancy and Rate of Screening
Mammography

Survival by Age and Comorbidity

Table 2 presents screening mammography rates by age
and comorbidity for the 2006 cohort (n⫽697,825). It is
set up like Table 1, using unshaded, light-gray and darkgray shaded areas to indicate the predicted average life
expectancy of ⱖ7, 5–7, and ⬍5 years, respectively. About
78.7% of the women had a life expectancy of ⱖ7 years,
16.7% had a life expectancy of 5–7 years, and 4.6% had a
life expectancy of ⬍5 years.
A large proportion (63.4%) of women aged 75–90 years
(n⫽370,583) had a life expectancy of ⱖ7 years. For
women aged 67–90 years with a life expectancy of
ⱖ7 years, the range of screening
rates in the different age and coTable 1. Median survival in years (95% CI), by age and comorbidity,a for the 2001
morbidity groups was 31.2% to
cohortb,c,d,e
55.9% with an overall rate of
Comorbidity
48.9%.Incontrast,thescreening
rate was 16.3% (range 6.8%–
Age (years)
0
1
2
ⱖ3
22.9%) for those in age–
67–68
⬎7.0
⬎7.0
⬎7.0
6.4 (6.1, 6.7)
comorbidity groups with an
estimated life expectancy of
69–70
⬎7.0
⬎7.0
⬎7.0
6.1 (6.0, 6.3)
⬍5 years (Table 2).
71–72
⬎7.0
⬎7.0
⬎7.0
5.9 (5.6, 6.0)

Table 1 presents the survival experience of the 716,279
women in the 2001 cohort, stratifıed by age and comorbidities. Increasing age and comorbidities were both associated with shorter survival. The unshaded areas indicate age– comorbidity groups with median survival of ⱖ7
years. The light-gray shaded areas indicate age– comorbidity groups with median survival of 5–7 years and the
dark-gray shaded areas indicate age– comorbidity groups
with median survival ⬍5 years. The median survival time
ranged from 5.6 to ⱖ7 years among women aged 67–74

73–74

⬎7.0

⬎7.0

⬎7.0

5.6 (5.4, 5.9)

75–76

⬎7.0

⬎7.0

⬎7.0

5.2 (5.1, 5.5)

77–78

⬎7.0

⬎7.0

6.3 (6.2, 6.5)

5.1 (5.0, 5.1)

79–80

⬎7.0

⬎7.0

5.9 (5.8, 6.0)

4.7 (4.5, 4.9)

81–82

⬎7.0

6.3 (6.2, 6.4)

5.3 (5.2, 5.5)

4.4 (4.3, 4.6)

83–84

⬎7.0

5.8 (5.7, 5.9)

5.0 (4.8, 5.1)

4.2 (4.1, 4.4)

85–86

6.4 (6.4, 6.5)

5.1 (5.1, 5.2)

4.4 (4.2, 4.5)

3.9 (3.8, 4.1)

87–88

5.8 (5.7, 5.9)

4.9 (4.8, 5.0)

4.1 (4.0, 4.1)

3.7 (3.5, 3.9)

89–90

5.1 (5.1, 5.2)

4.2 (4.2, 4.3)

3.9 (3.8, 4.0)

3.6 (3.5, 3.8)

Note: 95% Cl was not assessed for comorbidities ⬎7.0.
a
Comorbidity was assessed by using Klabunde’s adaption of the Charlson comorbidity index based on
outpatient, inpatient, and carrier claims in the previous 12 months.23,24 It represents a weighted
comorbidity score and was categorized as 0, 1, 2, and ⱖ3 in the study.
b
The unshaded areas (except for row delineation) are the age– comorbidity groups with median
survival of ⱖ7 years.
c
The light-gray shaded areas are the age– comorbidity groups with median survival of 5–7 years.
d
The dark-gray shaded areas are the age– comorbidity groups with median survival of ⬍5 years.
e
The Kaplan-Meier survival analysis was used to estimate median survival time for each age–
comorbidity group in the 2001 cohort (n⫽716,279). Women in the 2001 cohort were followed up
until December 31, 2007, or until date of death.
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Comparison of the
Age-Cutoff Versus LifeExpectancy Methods
Table 3 compares the estimates of screening mammography rates using the agecutoff versus life-expectancy
methods to determine the appropriate target population for
mammography screening. In
women aged 67–74 years, the
screening rate was 52.7%,
compared to 48.9% in women
of all ages with a life expectancy
of ⱖ7 years. The screening
rates were 53.5% in women
aged 67–74 years with a life
expectancy of ⱖ7 years
and 42.7% in women aged
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75–90 years with a life expectancy of ⱖ7 years.
Also shown in Table 3 are
estimates of mammography
overscreening. In the agecutoff method, overscreening was defıned as screening
mammography in women
aged ⱖ75 years. In the lifeexpectancy method, it was
defıned as screening mammography in those with a life
expectancy of ⬍5 years. The
rates of potential overscreening
were 35.7% in women aged
75–90 years, compared to
16.3% in women with a life
expectancy of ⬍5 years.
For women in “Gray Zone”
(with a life expectancy of
5–7 years), 26.8% received
screening mammography. The
screening rates were 35.9% in
women aged 67–74 years with a
life expectancy of 5–7 years
and 25.7% in women aged
75–90 years with a life expectancy of 5–7 years.

Table 2. Rate of screening mammography, by age and comorbidity,a for the 2006
cohort, n (%)b,c,d,e
Comorbidity
0

1

2

ⱖ3

67–68

65,711 (55.3)

16,995 (55.9)

4774 (49.9)

3111 (37.9)

69–70

59,593 (54.7)

16,835 (53.7)

5136 (48.4)

3237 (34.6)

71–72

53,536 (53.7)

16,264 (52.7)

5181 (45.6)

3339 (35.6)

73–74

49,109 (52.4)

15,782 (50.5)

5153 (42.5)

3486 (33.0)

75–76

46,117 (49.9)

15,478 (47.4)

5357 (41.0)

3715 (31.0)

77–78

41,543 (46.7)

14,278 (43.3)

5184 (36.5)

3551 (29.8)

79–80

37,820 (42.3)

13,344 (38.5)

4957 (32.7)

3504 (22.9)

81–82

33,081 (37.4)

11,941 (34.1)

4575 (27.9)

3336 (22.2)

83–84

28,085 (31.2)

10,166 (28.6)

4045 (22.9)

2888 (17.9)

85–86

21,123 (25.5)

7,841 (22.7)

3264 (18.4)

2384 (14.6)

87–88

15,344 (19.8)

5,758 (17.2)

2412 (14.3)

1680 (10.4)

89–90

10,695 (13.3)

4,068 (12.6)

1827 (8.3)

1222 (6.8)

Age (years)

a

Comorbidity was assessed by using Klabunde’s adaptation of the Charlson comorbidity index based
on outpatient, inpatient, and carrier claims in the previous 12 months.23,24 It represents a weighted
comorbidity score and was categorized as 0, 1, 2, and ⱖ3 in the study.
b
The unshaded areas (except for row delineation) are the age– comorbidity groups with median
survival of ⱖ7 years.
c
The light-gray shaded areas are the age– comorbidity groups with median survival of 5–7 years.
d
The dark-gray shaded areas are the age– comorbidity groups with median survival of ⬍5 years.
e
The estimated median survival time from the 2001 cohort was applied to the corresponding
age– comorbidity group of women in the 2006 cohort (n⫽697,825) to project their life expectancy.

Discussion
The present study concurs with Lee and Walter’s commentary that calls for life expectancy– based assessment of cancer
screening in older adults to avoid inappropriate judgment
and unintended harms caused by age-based assessment.27
In the current analyses, the difference between the
age-cutoff and life-expectancy methods in defıning appropriate target populations for screening mammography exists mainly in women aged 75–90 years. A
large proportion (63.4%) of women aged 75–90 years
had a life expectancy of ⱖ7 years. These older healthy
women were less likely to be screened than women
aged 67–74 years.
The fındings are consistent with studies reporting that
about 40% of healthy women aged 80 – 84 years with an
estimated life expectancy of ⱖ10 years did not have a
recent screening mammography.28,29 The age-cutoff
method fails to consider the heterogeneity of life expectancy among older women.14 As a result, estimates of
potential overscreening based on the age-cutoff method
are considerably higher than estimates based on the lifeexpectancy method that integrated age with comorbidity
(35.7% vs 16.3%).

Many experts and guidelines encourage clinicians to
consider patient health and/or life expectancy in making
screening recommendations. A recent study found that
screening mammography use was associated with a lower
risk of 4-year all-cause mortality among older Medicare
benefıciaries, suggesting that patients and providers consider prognosis in mammography screening decisions.30
Estimates from the life-expectancy approach should give
policymakers a more realistic view of the problems in
implementing appropriate cancer screening in the
community.
A variety of research questions can be re-evaluated
using a life-expectancy method, including racial disparities and geographic variation in screening mammography utilization. See Appendix C (available online at
www.ajpmonline.org) for an example of evaluating disparities between white and black women in screening
mammography utilization using the life-expectancy
method. Health service quality measures are valuable in
modifying insurance reimbursement, changing clinician
behavior, and improving quality of care. Quality measures of screening mammography utilization should consider life expectancy also.27,31 Balanced quality measures,
www.ajpmonline.org
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Table 3. Screening mammography rates for the 2006
cohort, using an age-cutoff method versus a lifeexpectancy method
Target population,
by methoda

Screening rate,
% (95% CI)

n

APPROPRIATE TARGET POPULATIONb
Aged 67–74 years

327,242

52.7 (52.5, 52.9)

Life expectancy ⱖ7
years

549,172

48.9 (48.7, 49.1)

Aged 67–74 years

314,069

53.5 (53.2, 53.8)

Aged 75–90 years

235,103

42.7 (42.4, 43.0)

c

INAPPROPRIATE TARGET POPULATION
Aged 75–90 years

370,583

35.7 (35.5, 35.9)

32,343

16.3 (15.9, 16.7)

Life expectancy ⬍5
years
Aged 67–74 years

0

Aged 75–90 years

n/a

32,343

16.3 (15.9, 16.7)

116,310

26.8 (26.5, 27.1)

Aged 67–74 years

13,173

35.9 (34.9, 36.9)

Aged 75–90 years

103,137

25.7 (25.4, 26.0)

d

POPULATION IN “GRAY ZONE”
Life expectancy 5–7
years

a

The age-cutoff and life-expectancy methods were used to determine whether the target population was appropriate for screening
mammography.
b
Using the life-expectancy method, an appropriate target population
for screening mammography was defined as women with ⱖ7 years
of life expectancy. Using the age-cutoff method, an appropriate
target population for screening mammography was defined as
women aged 67–74 years.
c
Using the life-expectancy method, the inappropriate target population for screening mammography was defined as women with a life
expectancy of ⬍5 years. Using the age-cutoff method, the inappropriate target population for screening mammography was defined as
women aged 75–90 years.
d
The “gray zone” for screening mammography was defined as women
with a life expectancy of 5–7 years. There was no “gray zone” based
on the age-cutoff method.
n/a, not applicable

including both appropriate and over-utilization, can be
evaluated based on patients’ life expectancy.
The present study has several limitations. First, age and
comorbidity were used to estimate patients’ life expectancy. The claims data do not contain other clinically
relevant information associated with life expectancy and
risk of breast cancer, such as self-rated health and functional status.32,33 Other data sources such as the National
Health Interview Survey would allow incorporation of
these predictors to improve estimates of life expectancy.34
Integrating age and comorbidity is just an initial step in
estimating life expectancy. The results show that 70.9% of
the women with median survival time ⬍5 years died in
March 2012
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5 years and 75.9% of the women with median survival
time of ⱖ7 years survived for ⱖ7 years. The projected life
expectancy may be further improved by including additional variables in the survival model, such as number of
hospital admissions, number of provider visits, and use of
selected medications in the past 12 months. The study
also did not include the severity of the comorbid illnesses
in estimating life expectancy.35 The recently available
Medicare Part D data may allow researchers to incorporate the Chronic Disease Score, a pharmacy-based measure of illness burden, to assess illness severity.36,37
In addition, life expectancy in older adults is increasing. The CDC reported that the life expectancy for
women aged 65 years increased from 19.1 to 19.7 years
during 2001 to 2006.11 Thus, using the life expectancy of
the 2001 cohort slightly underestimated the actual life
expectancy of the 2006 cohort. Because only 2000 –2007
Texas Medicare claims data were available for the study,
the maximum life expectancy that could be estimated was
7 years. Using a 10-year life expectancy would be more
desirable.12 Moreover, the study could not evaluate the
impact of patient preference on the appropriateness of
screening mammography decisions.
Finally, the study used Texas Medicare claims data.
Compared to the U.S. Medicare population, the Texas
Medicare population is slightly younger and poorer, and
contains a much larger proportion of Hispanics.38 Researchers evaluating screening utilization using a lifeexpectancy method should generate life-expectancy estimates based on their specifıc populations, rather than
using life expectancies estimated in the current sample.

Conclusion
The method to evaluate appropriate use and over-use of
screening mammography based on patients’ life expectancy
allows for a more valid description of the quality of care in
screening mammography utilization than does one based
solely on age cutoffs. Although the methodologic details need
further refınement, future studies to evaluate populationbased estimates of appropriateness of screening should follow the proposed framework and directions.
The study was supported by the Cancer Prevention Research
Institute of Texas (RP101201) and NIH (K05CA134923). The
funding agency had no role in the study’s design, conduct,
analysis, or interpretation of data. Sarah Toombs Smith, PhD,
science editor and assistant professor in the Sealy Center on
Aging, University of Texas Medical Branch at Galveston, provided editorial assistance in manuscript preparation.
No fınancial disclosures were reported by the authors of this
paper.
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