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BACKGROUND: Obtaining cancer screening on patients
with limited life expectancy has been proposed as a mea-
sure for low quality care for primary care physicians
(PCPs). However, administrative data may underestimate
life expectancy in patients who undergo screening.
OBJECTIVE: To determine the association between re-
ceipt of screening mammography or PSA and overall
survival.
DESIGN: Retrospective cohort study from 1/1/1999 to
12/31/2012. Receipt of screening was assessed for
2001–2002 and survival from 1/1/2003 to 12/31/2012.
Life expectancy was estimated as of 1/1/03 using a vali-
dated algorithm, and was compared to actual survival for
men and women, stratified by receipt of cancer screening.
PARTICIPANTS: A 5 % sample of Medicare beneficiaries
aged 69–90 years as of 1/1/2003 (n = 906,723).
INTERVENTIONS:Receipt of screeningmammography in
2001–2002 for women, or a screening PSA test in 2002 for
men.
MAIN MEASURES: Survival from 1/1/2003 through 12/
31/2012.
KEY RESULTS: Subjects were stratified by life expectan-
cy based on age and comorbidity. Within each stratum,
the subjects with prior cancer screening had actual me-
dian survivals higher than those who were not screened,
with differences ranging from 1.7 to 2.1 years for women
and 0.9 to 1.1 years for men. In a Cox model, non-receipt
of screening in women had an impact on survival (HR =
1.52; 95 % CI = 1.51, 1.54) similar in magnitude to a
diagnosis of complicated diabetes or heart failure, and
was comparable to uncomplicated diabetes or liver dis-
ease in men (HR= 1.23; 1.22, 1.25).
CONCLUSIONS:Receipt of cancer screening is a powerful
marker of health status that is not captured by comorbid-
ity measures in administrative data. Because life expec-
tancy algorithms using administrative data underesti-
mate the life expectancy of patients who undergo screen-
ing, they can overestimate the problem of cancer screen-
ing in patients with limited life expectancy.
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INTRODUCTION

Over the past few years there has been growing concern about
the potential harms of over-testing, perhaps best exemplified
by the BChoosing Wisely^ campaign.1 Over-testing can be
defined as the use of tests of unproven benefit or where the
potential for harm exceeds the potential benefit. Several au-
thorities have recommended that over-testing be monitored
and used as a quality indicator for physicians.2–4 One example
of over-testing is the case of a patient with limited life expec-
tancy receiving a screening test for cancer.5–11 There is a lag
between when a cancer is diagnosed by screening and when it
would be diagnosed through symptoms, and a further lag
before screening lowers the risk of death from the cancer.12

Thus, patients with limited life expectancy who undergo can-
cer screening are at risk of diagnosis and treatment of a cancer
that would not otherwise have affected their health.8–10

Therefore, such Bover-screening^ could be used as a quality
indicator, where physicians would be evaluated based on the
percentage of patients with low life expectancy who are over-
screened, similar to measuring the percentage with normal life
expectancy who do not receive screening (under-screened).2–4

We have conducted preliminary work on developing quality
measures for over-screening using Medicare data and estimat-
ing the life expectancy of individual patients.9,11,13 However,
individuals who are screened are healthier on average than
those who are not screened—the so-called healthy user effect
that is found with many tests and treatments.14 It is possible
that these differences in health status are not completely cap-
tured by the data included in life expectancy algorithms, which
in insurance claims data tend to rely on age, gender, and
comorbidity. These algorithms would then underestimate the
life expectancy of those who undergo cancer screening, and
overestimate the life expectancy of those who do not. We
explored this idea by estimating the life expectancy of older
men and women as of 1/1/2003 and comparing it to their
actual survival. We hypothesized that men and women who
had undergone prior cancer screening would have longer
survival than what was estimated.

METHODS

We first identified a population of men and women as of 1/1/
2003, and then conducted a look back to determine which
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patients had undergone prior screening mammography or PSA
testing. This population was followed for 10 years (1/1/2003
to 12/31/2012) to assess their survival. We compared the
actual survival to their predicted life expectancy as of 1/1/
2003, estimated with a validated algorithm for use with ad-
ministrative data. We assessed whether a history of receiving
cancer screening was associated with longer survival, inde-
pendent of the characteristics used to predict life expectancy in
the algorithm.

DATA SOURCE

The 5 % Medicare claims data from 1999 to 2012 were used
for the study. These files contain all claims for a 5 % randomly
selected sample of Medicare beneficiaries. The files used
included 1) Medicare enrollment files, which include yearly
information on patient demographics, monthly eligibility/
enrollment information, and vital status; 2) carrier files (claims
for physician services); 3) outpatient statistical analysis files
(claims for hospital outpatient visits); and 4) Medicare Pro-
vider Analysis and Review files (claims for hospital stays).

STUDY POPULATION

From the 5 % Medicare claims data, we identified 543,970
women and 362,753 men who were 69–90 years old as of 1/1/
2003.We used a cutoff age of 69 years to allow for a look-back
period to assess prior receipt of cancer screening tests. To
ensure that we had complete claims of these beneficiaries
from which to identify screening utilization (mammography
and PSA), we included those who had full coverage in Medi-
care Part A (hospital care) and Part B (physician and outpatient
services) and had no health maintenance organization cover-
age during 1999–2003.

OUTCOME VARIABLE: SURVIVAL

Survival was tracked from 1/1/2003 through 12/31/2012 using
the date of death field in the Medicare enrollment files.

INDEPENDENT VARIABLES

Recipient of Mammography Screening. For women in the
cohort, we tracked claims for mammography screening during
2001–2002. We assessed mammography over 2 years,
because some guidelines recommend screening every other
year. A screening mammogram was identified as a bilateral
mammogram (carrier files with Current Procedure
Terminology [CPT] codes of 76091 and 76092) for a woman
who had received no mammogram in the prior 11 months and
with no breast-related diagnosis (International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-

CM] codes of 174xx, 2330, or 61172) in the prior 2 years.15,16

We had previously validated the algorithm with mammogra-
phy record review; 92 % of the algorithm-identified screening
mammograms were confirmed screenings.15

Recipient of PSA Screening. For men in the cohort, we
tracked claims for PSA testing during 2002. A PSA
screening was identified as a PSA test (carrier files with CPT
code 84153 and Healthcare Common Procedural Coding
System [HCPCS] code G0103) for a man who had no
prostate-related diagnosis within the prior 3 years and no
symptoms associated with prostate cancer (e.g., hematuria,
weight loss, urinary obstruction) within the previous
3 months.17,18

Patient Characteristics. Data regarding age, sex,
race/ethnicity (white, black, or other), Medicaid eligibility
(yes/no), and the Elixhauser comorbidities19 were obtained
from the Medicare files.

Estimation of Life Expectancy. We developed and validated
gender-specific Cox proportional hazards models based on an
individual’s age and the presence or absence of any of the
comorbidities included in the Elixhauser comorbidity mea-
sure.19 These comorbidities are listed in Table 3, plus the
footnote to Table 3. The C-statistics for the models predicting
10-year mortality were 0.77 for men and 0.80 for women.13 In
preliminary analyses we had included other factors, such as
number of physician visits, but they did not improve the
performance of the model.13 The method of estimating life
expectancy was similar to others published around the same
time.5 Other published methods include information on func-
tional and emotional status, but these methods cannot be used
with administrative data.6,8

STATISTICAL ANALYSIS

We conducted parallel analyses for women and men. In the
text below, the term Bscreening^ refers to screening mammog-
raphy for women and PSA screening for men. Descriptive
statistics were used to summarize screening use by subject
characteristics. Using the age/comorbidity-based Cox propor-
tional hazards model, we estimated each subject’s life expec-
tancy and categorized it as <3, 3–4, 5–6, 7–8, or 9+ years as of
1/1/2003. Kaplan–Meier survival curves were used to plot
actual survival of subjects over the 10-year follow-up period,
stratified by category of estimated life expectancy and prior
screening use.20

We estimated the association between receipt of cancer
screening and survival using three sets of analyses. First, we
compared the hazard ratio estimate associated with prior re-
ceipt of screening with the estimates for different comorbid-
ities using a multivariable Cox proportional hazards model,
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adjusting for age, race/ethnicity, and Medicaid eligibility.21

Second, we compared the reduction in R2 associated with
removing screening from the full model to the R2 reduction
associated with removing different comorbidities. Lastly, we
calculated the percentage of individuals who had received
screening who were then reclassified from the limited life
expectancy group to the longer life expectancy group, after
adding prior cancer screening history to the life expectancy
prediction model.
We also conducted sensitivity analyses to determine wheth-

er any of the change in estimated life expectancy after adding
prior cancer screening to the model was explained by changes
in mortality from the cancer that was screened for. In those
analyses we deleted any patients who had incident diagnoses
of breast or prostate cancer during the screening period, and
we censored patients when they developed incident breast or
prostate cancer during the survival analysis period (2003–
2012). We defined incident cancer as a new diagnosis (none
in prior year) of breast or prostate cancer plus evidence of
treatment (surgery, radiotherapy, chemotherapy, hormone ther-
apy) as previously defined.22,23 This excluded 14,715 women
with incident breast cancer and 15,245 men with incident
prostate cancer.
We used Statistical Analysis System (SAS) version 9.2

software (SAS Institute Inc., Cary, NC) for data extraction
and statistical analyses.

RESULTS

Table 1 summarizes the cohort characteristics and associated
screening rates by gender. Factors associated with higher
screening use (both mammography and PSA) included youn-
ger age, white race, ineligibility for Medicaid, and having 1–2
comorbid conditions. Screening rates increased with greater
life expectancy. More than half (52.1 %) of women with an
estimated 9+ years of life expectancy received screening
mammograms, compared to 20.3 % for those with <3 years
of life expectancy. The screening rates for PSA were 28.9 %
for men with an estimated 9+ years of life expectancy vs.
15.9 % for those with <3 years life expectancy.
Figure 1 presents survival curves from 2003 to 2012 for

women (Fig. 1a) and men (Fig. 1b), stratified by their pre-
dicted life expectancy in 2003. The curves were further strat-
ified by whether the subjects had received cancer screenings in
2001 or 2002 (for mammography) or in 2002 (for PSA). For
each life expectancy group, the survival curve was higher for
those who had undergone cancer screening than for those who
had not. This is also shown in Table 2, which presents the
observed median survival for women and men with different
predicted years of life expectancy, stratified by whether they
had undergone cancer screening. For example, in women with
a predicted 7–8 years of life expectancy, the actual median
survival was 8.1 years. After stratification by whether they had
previously undergone mammography, those who had

undergone screening had an actual median survival of
9.3 years, compared to 7.2 years for those who did not undergo
screening mammography. With PSA screening in men, the
effect was smaller but still substantial, with differences of
greater than a year in median survival between the screened
and unscreened groups.
We next compared the magnitude of impact on survival

associated with receipt of cancer screening to the impact
associated with selected comorbidities. Table 3 presents two
Cox proportional hazards models, one for women and one for
men. Each controls for age, race/ethnicity, poverty, and all the
comorbidities listed in the table and footnotes. In women, lack
of mammography screening was associated with a 52 % in-
crease in hazard of death (HR = 1.52; 95 % CI: 1.51, 1.54),
comparable to a diagnosis of diabetes with complications
(HR = 1.54; 95 % CI: 1.51, 1.56), chronic obstructive pulmo-
nary disease (COPD; HR= 1.53; 95 % CI: 1.51, 1.54), and
congestive heart failure (CHF; HR = 1.51; 95 % CI: 1.49,
1.53). Only four comorbidities (metastatic cancer, renal fail-
ure, lymphoma, and neurological disorders other than paraly-
sis) had a stronger association with mortality than did mam-
mography screening. In men, lack of PSA screening was
associated with a hazard ratio of 1.23 (95 % CI: 1.22, 1.25),
comparable to a diagnosis of uncomplicated diabetes (HR =
1.26; 95 % CI: 1.25, 1.28) or liver disease (HR = 1.21: 95 %
CI: 1.16, 1.26).
Another way of estimating the independent impact of a

variable on an outcome is to assess the effect of removing that

Table 1. Cohort Characteristics by Gender and Screening Use

Parameter Women Men

All % Receiving
mammography
screening*

All %
Receiving
PSA
screening*

No. of
patients

543,970 43.9 362,753 25.6

Age (years)
69–74 183,802 53.5 145,427 29.2
75–79 154,554 47.8 107,627 26.2
80–84 121,645 38.1 71,658 21.9
85–89 83,968 23.9 38,041 17.6

Race/ethnicity
White 481,466 45.0 324,619 26.4
Black 40,888 36.3 22,809 16.8
Other 21,615 33.0 15,325 21.9

Medicaid eligibility
No 466,230 46.7 334,294 26.3
Yes 77,739 27.3 28,459 18.2

No. of comorbidities
0 152,303 40.9 121,930 21.0
1–2 146,586 50.5 88,165 31.8
2 109,437 47.2 66,239 29.5
3+ 135,643 37.3 86,419 23.0

Predicted life expectancy (years)
<3 24,722 20.3 23,552 15.9
3–4 47,541 26.0 42,229 20.3
5–6 74,254 32.1 58,415 23.2
7–8 80,108 40.3 65,133 26.2
9+ 317,344 52.1 173,424 28.9

* Receipt of a screening mammogram was assessed over a 2-year
period, 2001–2002, because some authorities recommend every other
year screening. Receipt of a screening PSA test was assessed in 2002
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variable on the R2 of the model. The R2 explained by a variable
relates both to the magnitude of the risk and to the prevalence
of the variable in the population. The R2 for the full survival

model for women in Table 3 containing age, race/ethnicity,
poverty, all comorbidities, and screening is 0.29. Removing
whether the patients received mammography reduces the R2

Figure 1 Actual survival among Medicare enrollees aged 69 to 90, stratified by whether they had received cancer screening and by estimated life
expectancy, and adjusted for age, race, Medicaid eligibility, and comorbidities. a Screening mammography in women. b Screening PSA in men.

Table 2. Median Survival for Each Life Expectancy Stratum, by Screening Use

Gender Life expectancy (years) Actual survival, median (interquartile range)

All Screened Unscreened

Female 3–4 4.0 (1.8, 7.1) 5.3 (2.7, 8.7) 3.6 (1.6, 6.5)
5–6 5.9 (3.0, 9.4) 7.3 (4.1, >10) 5.2 (2.6, 8.7)
7–8 8.1 (4.4, >10) 9.3 (5.6, >10) 7.2 (3.7, >10)

Male 3–4 4.0 (1.9, 7.1) 4.8 (2.3, 7.9) 3.9 (1.8, 6.8)
5–6 6.1 (3.1, 9.8) 6.9 (3.8, >10) 5.9 (2.9, 9.5)
7–8 8.4 (4.5, >10) 9.2 (5.3, >10) 8.1 (4.3, >10)
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by 4.8 %. In comparison, removing CHF, metastatic cancer, or
complicated diabetes from the model reduces the R2 by 1.8 %
or less.
Table 4 shows the effect of adding prior screening behavior

to reclassification of estimates of the number of the patients
with <7 years (for women) and <10 years (for men) of life
expectancy among those who had received screening. We
chose 7 and 10 years because they are commonly used as
cutoffs for when mammography and PSA testing might rep-
resent over-testing, respectively. Among screened women
with estimated life expectancy of <7 years, 15.3 % shifted to
life expectancy of 7+ years after screening was added to the
model. Among men with estimated life expectancy of
<10 years who had been screened, 10.0 % were reclassified
as having 10+ years after receipt of screening was added. We
also looked at the magnitude of the shift in life expectancy
when screening was added to the model. In screened women

with estimated life expectancy of <7 years, 99 % had an
increase in estimated life expectancy of ≤2 years when screen-
ing was added to the model. For men with life expectancy of
<10 years, no increase greater than 1 year was found by adding
receipt of screening.
Finally, we conducted sensitivity analyses to determine

whether the increase in survival associated with receipt of
mammography or PSA screening was due in part to a reduc-
tion in deaths from those two cancers. We did this by exclud-
ing from the sample subjects with a diagnosis of and treatment
for those cancers during the period in which we assessed
receipt of cancer screening, and by censoring any patients in
the Cox proportional hazards survival analysis when theywere
diagnosed with and treated for breast or prostate cancer. This
had almost no effect on the findings. For example, in the
survival analyses presented in Table 3, eliminating those with
incident breast cancer changed the hazard ratio associated with
prior receipt of screening mammography from 1.53 to 1.55,
while eliminating those with prostate cancer did not change
the hazard ratio (1.23) associated with receipt of PSA
screening.

DISCUSSION

In this study, we found that the decision to undergo screening
for cancer was a powerful predictor of life expectancy. It is
important to emphasize that the cancer screening itself is not
the cause of this increase. While randomized trials of breast

Table 3. Hazard of Death Associated with Screening Use, Compared to Comorbid Conditions, Adjusting for Age, Race/Ethnicity, and Medicaid
Eligibility

Parameter Women Men

% HR (95 % CI) % HR (95 % CI)

Screening use
Unscreened 56.12 1.52 (1.51,1.54) 74.36 1.23 (1.22,1.25)

Comorbidity*
Metastatic cancer 0.85 3.00 (2.91,3.10) 0.99 3.29 (3.18,3.41)
Renal failure 1.98 1.72 (1.68,1.76) 2.98 1.61 (1.57,1.65)
Lymphoma 0.58 1.71 (1.64,1.78) 0.72 1.65 (1.58,1.72)
Neurological disorder 3.26 1.64 (1.61,1.67) 3.65 1.72 (1.69,1.76)
AIDS 0.00 1.56 (1.00,2.45) 0.02 1.46 (1.11,1.93)
Complicated diabetes 3.87 1.54 (1.51,1.56) 4.01 1.49 (1.46,1.52)
COPD 11.04 1.53 (1.51,1.54) 12.56 1.57 (1.55,1.59)
CHF 9.16 1.51 (1.49,1.53) 9.95 1.62 (1.59,1.64)
Weight loss 1.76 1.44 (1.41,1.47) 1.40 1.47 (1.43,1.52)
Psychosis 1.48 1.43 (1.39,1.46) 0.91 1.44 (1.39,1.50)
Peripheral vascular disease 7.25 1.33 (1.31,1.34) 7.84 1.30 (1.28,1.32)
Paralysis 0.65 1.31 (1.26,1.36) 0.69 1.27 (1.22,1.33)
Uncomplicated diabetes 13.53 1.31 (1.30,1.32) 14.89 1.26 (1.25,1.28)
Alcohol abuse 0.23 1.30 (1.22,1.38) 0.73 1.29 (1.23,1.35)
Depression 6.28 1.25 (1.24,1.27) 3.38 1.26 (1.23,1.29)
Cardiac arrhythmia 12.42 1.23 (1.22,1.25) 15.85 1.16 (1.15,1.18)
Liver disease 0.94 1.23 (1.19,1.27) 0.95 1.21 (1.16,1.26)
Rheumatoid arthritis 3.71 1.21 (1.19,1.24) 1.82 1.10 (1.07,1.13)
Deficiency anemia 4.15 1.17 (1.15,1.19) 3.33 1.20 (1.18,1.23)

HR hazard ratio, CI confidence interval, AIDS acquired immune deficiency syndrome, COPD chronic obstructive pulmonary disease, CHF congestive
heart failure
* All comorbidities were entered into two models, one for women and one for men, along with age, race/ethnicity, and Medicaid eligibility. The
comorbidities were sorted from high to low according to HR estimates for women. Comorbidities with HR< 1.2 for both women and men were not
listed. These included coagulopathy, fluid and electrolyte disorders, solid tumor w/o metastasis, drug abuse, chronic blood loss anemia, valvular
disease, pulmonary circulation disease, hypertension, hypothyroidism, obesity, and peptic ulcer

Table 4. Reclassification of Life Expectancy Categories in Men and
Women Who Had Received Screening, after Adding Prior Cancer

Screening History to Estimates of Life Expectancy

Estimated survival in the model
without screening

Number (%) of patients
reclassified

No change Shift to 7+
years

Women with <7 years (n = 40,901) 34,638
(84.79)

6263 (15.3)

No change Shift to 10+
years

Men with <10 years (n = 51,023) 45,894 (90) 5129 (10.0)
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and prostate cancer have found reductions in cancer deaths, no
changes were found in overall mortality with screening.24,25

We also addressed this question directly in sensitivity analyses
by deleting patients with new cancer diagnoses, and found no
change in the magnitude of the association between receipt of
cancer screening and survival. Thus, the association of these
cancer screening tests with increased life expectancy must
stem from selection of healthier patients into the screened
group.
Why does receipt of cancer screening predict life expectan-

cy, even after controlling for comorbidity? There is consider-
able information available to physicians and their patients on
factors that affect life expectancy that is not captured or is
incompletely captured in administrative claims data. These
include functional status, cognitive status, emotional status,
social support, and severity of disease.26 For example, one of
the strongest independent predictors of survival is how indi-
viduals rate their health on an excellent/good/fair/poor scale.27

This remains a strong predictor after controlling for comor-
bidity, functional and cognitive status, and a number of phys-
iologic variables.26 Clearly, factors such as self-rated health
and functional status are knowable by patients and their physi-
cians, and would be expected to influence medical decisions
such as receipt of cancer screening.
Life expectancy can be an important factor in assessing the

need for preventive services and medical treatments in the
elderly. For example, the American Cancer Society and the
American Urological Association both discourage PSA
screening in men with life expectancy of less than
10 years,28,29 while the American Cancer Society and U.S.
Preventive Services Task Force advocate consideration of life
expectancy in decisions about mammography screening.28,30

Receipt of cancer screening by those with limited life expec-
tancy can be used as a qualitymeasure, and physicians could be
assessed by the proportion of their patients with limited life
expectancy who receive screenings, just as they are currently
assessed by the proportion of their patients who do not receive
screenings.2–4,9 The results of this paper add a layer of com-
plexity to that concept. Within any stratum of estimated life
expectancy, thosewhohad received screeninghad longer actual
survival then those who did not. Therefore, the method of
estimating median life expectancy underestimated the actual
survival of the population who received screening, which
moved some of them from an Bover-screening^ to an
Bappropriate screening^ group. This complicates attempts to
develop quality metrics for overuse of screening based on
administrative data, although it does not preclude them. The
percentage of patients who shifted out of the limited life expec-
tancy categorywasmodest, 15% forwomen and 10% formen.
Also, the increases in estimated life expectancy associatedwith
receipt of screeningwere of relatively smallmagnitude: 2 years
or less inwomen and 1 year or less inmen. That means that any
error in estimating those with limited life expectancy who
received screenings could be avoided by lowering the cut point
for Blimited life expectancy^ by 1 or 2 years.

The current study does have some limitations. Screening
behavior was assessed in a single 1- or 2-year period. The
observed selection bias may be even stronger when comparing
those receiving regular repeated screening to those who do
not. Also, we were unable to determine cause of death to
isolate deaths from breast or prostate cancer vs. mortality from
other causes.We addressed this issue in sensitivity analyses by
removing all patients with incident breast or prostate cancer
during the screening period and the 10 year-survival period.
This had no effect on the results. Finally, it is possible that life
expectancy measures other than the one employed might be
less likely to show selection bias by screening behavior.31

In summary, cancer screening behavior was a strong pre-
dictor of life expectancy, independent of comorbidity and
other variables included in an algorithm for estimating life
expectancy from administrative data. This means that patients
and physicians are making somewhat more appropriate
choices about screening than are indicated by the method for
estimating life expectancy from administrative data.
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