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D espite debate about the benefits and harms of screening 

mammography,1-3 it remains the best available tool to detect 

breast cancer early and prevent morbidity and mortality. 

As such, the majority of women participate in mammography 

screening. In 2013, the CDC estimated that 69.1% of women older 

than 50 years underwent mammography4 as recommended by the 

United States Preventive Services Task Force.5 Identified harms of 

mammography include a high prevalence of false positives, need 

for additional imaging and biopsies, potential overdiagnosis of 

breast cancer, radiation exposure, and masking bias in dense 

breast tissue.1 These issues have received extensive attention in 

the literature and are important concepts for women to understand 

when considering screening.

False-positive mammograms and the resulting psychosocial harms 

have garnered attention in recent years.6,7 Over a 10-year screening 

period, the cumulative probability of a false-positive mammogram 

is 42% to 61%, depending on screening interval.8,9 Anxiety and 

distress are common among those experiencing a false-positive 

mammogram, with effects persisting in the months following the 

test.6,10 The prevalence of false positives and documented negative 

psychosocial outcomes are, in part, the basis for not routinely 

screening women younger than 50 years, who are more frequently 

affected by these outcomes.5,11 Guidelines instead promote shared 

decision making for these women, although this ideal is not often 

realized in practice.12-14 Research has shown that women are not 

often aware of the harms of mammography, including the potential 

for false-positive findings and future testing.15,16

Having a false-positive mammogram is further associated with 

increases in individuals’ risk perceptions, despite no actual change 

in risk or health threat,10,17 that can persist long after the abnormal 

test and affect health service use.18,19 Although there is interest in 

determining the multidimensional benefits and harms associated 

with screening and risk communication, the effects of designating 

individuals as “at risk” on healthcare utilization measures beyond 

the downstream diagnostic workup are understudied. This is a 

critical gap in knowledge at a time when improving cancer screening 
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ABSTRACT

OBJECTIVES: A false-positive mammogram can result 
in anxiety, distress, and increased perceptions of breast 
cancer risk, potentially changing how women utilize 
healthcare. This study examined whether having an 
abnormal mammogram, considered a proxy for elevated 
risk perception, was associated with greater future health 
service use (outpatient visits and referrals).

STUDY DESIGN: A retrospective cohort study using 
electronic health record data, spanning 2008 to 2012, from 
Boston Medical Center, a safety-net hospital. 

METHODS: We grouped 3920 women aged 40 to 75 years 
receiving primary care and who had a mammogram 
between 2010 and 2011 into 3 categories: false-positive 
mammogram at index date; previous false positive, but 
normal index mammogram; and no history of false-positive 
mammograms. We contrasted the longitudinal changes in 
outpatient visits and provider referrals, before versus after 
the index mammogram, between women with false-positive 
mammogram and those without using Poisson regression 
models with a difference-in-differences specification. 
Clinical, visit, and demographic data were obtained from the 
institutional clinical data warehouse.

RESULTS: Adjusting for baseline differences in 
sociodemographic characteristics across risk groups and 
for secular changes between pre- and postindex periods, a 
current false-positive mammogram was associated with 
an 18% increase in overall outpatient visits (incidence rate 
ratio [IRR], 1.18; 95% CI, 1.07-1.51), but no corresponding 
increase in provider referrals (IRR, 1.15; 95% CI, 0.99-1.34), 
relative to never having a false positive. A previous 
false-positive mammogram had no associated change in 
outpatient utilization (IRR, 0.99; 95% CI, 0.91-1.07). 

CONCLUSIONS: Providers should discuss the implications 
of mammography findings at the time of screening to 
help mitigate potential detrimental effects and promote 
appropriate engagement in health services.
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rates is emphasized through payment schemes intended to improve 

quality of care.20 Yet the process of undergoing a mammogram and 

receiving results may change the way a woman conceptualizes her 

health and engages with the medical system. Understanding the 

impact of these tests on how women utilize healthcare services 

over time is needed to improve the quality of care.

This study examined whether having an abnormal mammogram, 

considered a proxy for elevated risk perception,10,18 was associated 

with greater future health service use. Previous studies have examined 

breast-specific health service use in relation to other clinical mark-

ers of risk status, such as genetic mutations or family history.21-23 

This study expanded the measure of healthcare utilization beyond 

breast-specific services among a population of women undergoing 

mammography. We hypothesized that women who experienced a 

recent or previous false positive would have higher postmammogram 

visit and referral rates relative to women without false-positive 

mammograms. Although we were unable to fully characterize the 

purpose and content of these outpatient visits and referrals, this 

study sought to deliver an initial assessment of healthcare utilization 

changes following a false-positive test result, establishing the basis 

for a detailed exploration of such visits and assessment of whether 

additional service use represents value-based care.

METHODS
This retrospective cohort study examined whether experiencing a 

false-positive mammogram recently or in the past was associated 

with healthcare utilization by comparing rates of outpatient visits 

and referrals in the 2 years prior to an index mammogram with  

1 year following. This study was determined to be exempt by the 

Boston University Medical Campus Institutional Review Board.

Participants

Utilization data came from Boston Medical Center (BMC), an urban 

safety-net hospital. Included women: 1) were aged 40 to 75 years, 

2) received primary care at BMC, 3) had a screening mammogram 

at BMC in 2010 or 2011 that did not result in a cancer diagnosis, 

and 4) had their first mammogram at 40 years or older. Women 

receiving primary care at BMC were identi-

fied by a documented visit with a designated 

provider in the preceding 2 years. Prior work 

has demonstrated that these patients use 

the hospital system as their main source of 

care for all conditions, including emergency 

and specialist care.24 The first mammogram 

during 2010 or 2011 was defined as the index 

mammogram. Women with a prior cancer or 

cancer diagnosed during the study period or 

those who died during the study were excluded.

Data Collection
Administrative and clinical data were obtained through the clinical 

data warehouse, a comprehensive database that aggregates data 

from multiple electronic hospital sources. The use of retrospec-

tive clinical data provided a measure of actual utilization rates, 

eliminating bias from self-reported data. Data collected spanned 

calendar years 2008 to 2012.

Study Design

We used a difference-in-differences (DID) approach, which measures 

the difference in utilization before and after the index mammogram 

for women who experienced a false-positive mammogram and 

contrasts this difference with the corresponding difference for 

women who experienced no false-positive mammogram.25 This 

approach adjusts for pre-index differences in utilization between 

the 2 groups and secular changes in utilization between pre-index 

and postindex periods. We defined the 2-year period before and 

1-year period after the index mammogram visit as the pre-index 

and postindex periods, respectively. This provided a stable measure 

of utilization prior to the index mammogram and allowed for 

assessment of bias that may have threatened internal validity.26

Comparison Groups

An abnormal mammogram was defined using criteria of the Breast 

Imaging Reporting and Data System (BI-RADS) Atlas, 4th edition.27 

A normal finding included BI-RADS 1 (normal) or 2 (benign) clas-

sifications. BI-RADS scores of 0 (incomplete), 3 (probably benign), 4 

(suspicious), or 5 (highly suggestive of malignancy) were included 

in the abnormal mammogram group, as they required a follow-up 

or further testing. False positives were defined as those abnormal 

findings that did not result in a cancer diagnosis as assessed by 

the Tumor Registry.

BI-RADS results were used to create 3 groups of women that 

reflected levels of risk designation7,10,17,18: 1) current false positive 

(high risk): women experiencing a false-positive mammogram at 

the index date and indicative of high risk perception; 2) previous 

false positive (intermediate risk): women who had a normal 

mammogram result on the index date with a false-positive result 

TAKEAWAY POINTS

We used a difference-in-differences approach to measure changes in healthcare utilization 
associated with false-positive mammography. A current false positive was associated with 
an 18% increase in outpatient visits, but no increase in provider referrals, relative to women 
with no false positive. 

 › Trends encouraging mammography adherence increase opportunities for false positives, 
which we have shown to impact short-term health service use. 

 › Counseling about potential false positives and their meaning prior to screening may mitigate 
the anxiety experienced at the time of an abnormal mammogram. 

 › Interventions to ensure appropriate utilization are needed to address women’s concerns 
while promoting evidence-based care.
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in the past; and 3) no false positives (low risk): women who had a 

normal index mammogram result and no previous false-positive 

results. We distinguished current from previous false-positive 

mammograms to test if changes in utilization following a current 

false positive would persist over time.

Measures

We examined 2 utilization indicators as outcomes: referrals and 

outpatient visits. The number of referrals measured provider-initiated 

orders for health services and was totaled for each time period. 

Referrals were captured as “orders,” and all types (ie, specialty visits, 

laboratory) were compiled to measure the total count documented 

in the medical record over each time frame. Counts of all outpatient 

visits attended for each 12-month period were also measured 

and included all primary care, specialty, emergency department, 

laboratory, and procedure visits. Diagnostic tests included in the 

follow-up for an abnormal mammogram were excluded.

Demographic covariates included age, race/ethnicity, insurance, 

education, and primary language. Baseline comorbidities were 

measured by identifiying all unique diagnosis codes (International 

Classification of Diseases, Ninth Revision, Clinical Modification 

[ICD-9-CM]) in the pre-index period and grouping them into 30 

categories using the Elixhauser classification.28,29 A dichotomous 

indicator variable for time (pre-index vs post index) was created 

and later interacted with the 3 groups to assess differences over 

time by group.25 

Comparison of Pre-Index Longitudinal Trends Between 
Comparison Cohorts

A critical assumption underlying the appropriateness of the DID design 

was that the longitudinal trends in utilization for the 2 comparison 

cohorts, women with a current or previous false-positive mammogram 

versus those without, diverged from a parallel trajectory only after 

the false-positive mammogram event; that is, prior to this event, 

the longitudinal trends between the 2 groups should have followed 

similar trends (ie, were parallel).30 We tested this “parallel trends” 

test by using only pre-index event data, dividing the 2 pre-index 

years of utilization into 2 single-year utilization periods; estimated 

a similarly specified DID model limited to only the pre-index data; 

and tested if the changes in utilization between the 2 years were 

similar between the 2 comparison groups (current vs never; previous 

vs never). Confirmation of parallel trends enhanced the ability of 

the main DID model (with complete data) to attribute postindex 

utilization changes to false-positive mammograms.

Propensity Score Weighting

Another potential source of confounding was systematic differences 

in the prevalence of the observed demographic and socioeconomic 

covariates and pre-index utilization between the groups of women 

compared. One approach to adjust for potential imbalance was the 

use of propensity score weighting known as standardized mortality 

ratio weighting (SMRW).31 In this 2-step method, we first estimated 

a logistic regression of the indicator of false-positive mammogram 

(0/1) on age, race, language, education, insurance, Elixhauser cat-

egories, and pre-index visits (or referrals) to obtain the predicted 

probability of false-positive mammogram (propensity score); in the 

second step, we estimated the main regression model using SMRW, 

wherein women with false-positive mammograms were assigned 

a weight of 1 and women without false-positive mammograms 

were assigned a weight equal to the ratio of the propensity score to 

1 minus the propensity score.32 The propensity score weighting was 

used to produce comparable groups with parallel pre-visit trends. 

Statistical Analysis

We performed descriptive analyses and examined patient charac-

teristics by group. Our core analysis estimated the change in each 

utilization outcome associated with a current (at index mammo-

gram) or previous false-positive mammogram (prior to index, with 

normal index mammogram) using a weighted Poisson regression 

model with a DID specification.25,33 Multivariable models adjusted 

for covariates, including comorbidities present at the index mam-

mogram. Two models for each outcome were constructed: one to 

compare the current versus never false-positive groups and the other 

to compare the previous versus never false positive-groups. Thus,  

4 final DID models were run to account for selection of appropriate 

comparison groups via propensity score weighting.

The primary independent variable of interest in the DID specifica-

tion was the interaction between time and having a false-positive 

mammogram result, which compared the average difference in 

utilization in the pre- versus postindex mammogram periods 

for the current and previous false-positive mammogram groups 

compared with those with no false-positive mammograms. We 

hypothesized that a current false-positive would result in higher 

rates of referrals and outpatient visits in the follow-up period, as 

women might feel that they are at higher risk. 

To perform the parallel trends test described above, we estimated 

an identically specified weighted Poisson DID model, with the data 

limited to the pre-index period and with utilization in the 2 pre-index 

years as the 2 periods compared. All analyses were perfomed in SAS 

version 9.3 (SAS Institute Inc; Cary, North Carolina). Estimates are 

reported as incidence rate ratios (IRRs) with 95% CIs. Statistical 

significance was set at α = .05 for all models.

Sensitivity Analysis

False-positive rates may be confounded by age due to differences 

in the properties of mammography and breast tissue structure.34 

We conducted a sensitivity analysis to assess the influence of age, 

stratifying the sample into 2 groups (40-49 and 50-75 years). As 

Poisson models may not capture overdispersion in outcomes, we 

performed estimation using negative binomial distribution models.35
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RESULTS
The sample included 3920 women who met inclusion criteria 

(Table 1). Almost half (42%) were women for whom routine screening 

was universally recommended (aged 50-64 years), 52% were black, 

and 61% spoke English as their primary language. Most had public 

insurance (55%), and 41% had less than a high school education. 

Seventy-six percent of women had at least 1 Elixhauser-defined 

comorbid condition. The previous false-positive group had the 

highest prevalence of 1 or more comorbidities at 80.3% versus 

75.6% in the no false-positive group and 71.4% in the current 

false-positive group (details in eAppendix Table [eAppendices 

available at ajmc.com]).

Associations Between Demographics 
and Risk Groups

Sample characteristics identified the 

demographic correlates of false-positive mam-

mograms. The current false-positive group was 

younger than the other 2 groups (P = .0002). 

Education (P = .02) was the only other charac-

teristic significantly associated with risk group. 

Unadjusted visit rates over time by risk group 

are displayed in Table 2. Testing differences in 

these trends across the pre-index period using 

the SMRW propensity score method resulted 

in nonsignificant associations, suggesting that 

the parallel trends assumption was satisfied. 

Changes in Utilization Associated 
With a False-Positive Mammogram

Adjusting for baseline differences in socio-

demographic characteristics across groups 

and for secular changes between the pre- and 

postindex periods, a current false-positive mam-

mogram was associated with an 18% increase 

in overall outpatient visits (IRR, 1.18; 95% CI, 

1.07-1.51) (Table 3). In contrast, a previous false-

positive mammogram had no associated change 

in utilization (IRR, 0.99; 95% CI, 0.91-1.07). 

Educational achievement, insurance coverage 

type, and baseline comorbidities were associated 

with systematic differences in outpatient visits 

in the pre- and postindex periods.

Contrary to the hypothesis, women with 

current false positives saw no increase in referral 

rates (IRR, 1.15; 95% CI, 0.99-1.34). Those with 

previous false positives also did not have a 

significant change in referral rates (IRR, 0.99; 

95% CI, 0.83-1.20). Although point estimates 

for referrals were similar to the visit outcome, 

differing baseline outcome rates resulted in varying magnitudes, 

affecting the significance of the association. Nonwhite race, having 

public insurance, and baseline comorbidities were associated with 

higher referral rates.

Sensitivity Analyses

A stratified analysis by age was conducted to account for the lower 

sensitivity and specificity of mammography for younger women34 

and found slight variations by age (Table 4). The increase in visits 

associated with a false positive appeared to be driven by women 

younger than 50 years, with no significant change in utilization for 

older women (IRR, 1.13; 95% CI, 0.97-1.31); however, the general trend 

was similar. Stratifying by age, older women (aged 50-74 years) with 

TABLE 1. Demographic Characteristics of Sample by False-Positive Group (N = 3920)

Variable n (%)

Current  
False 

Positive
(n = 500)

Previous 
False 

Positive 
(n = 594)

No False 
Positive 

(n = 2826) P

Age group, years .0002a

<50 1678 (43) 256 (51) 227 (38) 1195 (42)

50-64 1668 (42) 188 (38) 280 (47) 1200 (42)

65-75 574 (15) 56 (11) 87 (15) 431 (15)

Race/ethnicity .059

Non-Hispanic white 595 (15) 90 (18) 87 (15) 418 (15)

Hispanic 533 (14) 59 (12) 99 (17) 375 (13)

Black 2035 (52) 257 (51) 311 (52) 1467 (52)

Other/declined 757 (19) 94 (19) 97 (16) 566 (20)

Language .18

English 2410 (61) 301 (60) 374 (63) 1735 (61)

Spanish 381 (10) 45 (9) 72 (12) 264 (9)

Haitian Creole 556 (14) 79 (16) 73 (12) 404 (14)

Other 573 (15) 75 (15) 75 (13) 423 (15)

Primary insurance .37

Commerical/private 1008 (26) 124 (25) 156 (26) 728 (26)

Public 2137 (54) 270 (54) 338 (57) 1529 (54)

Other/uninsured 775 (20) 106 (21) 100 (17) 569 (20)

Education .02a

Less than high school 1610 (41) 213 (43) 272 (46) 1125 (40)

High school/GED diploma 1110 (28) 132 (26) 151 (25) 827 (29)

Some college/ 
associate degree

381 (10) 37 (7) 65 (11) 279 (10)

College/postgrad 539 (14) 79 (16) 76 (13) 384 (14)

Other/missing 280 (7) 39 (8) 30 (5) 211 (7)

Comorbidities .03a

≥1 Elixhauser 
comorbidity

2971 
(75.8)

357  
(71.4)

477  
(80.3)

2137 
(75.6)

GED indicates General Educational Development.
aIndicates P <.05.
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current false positives received significantly 

fewer referrals compared with those without 

false positives (IRR, 0.85; 95% CI, 0.79-0.92), 

whereas there was no significant difference in 

referral rates across false-positive groups among 

younger women (aged 40-49 years). Estimates 

of change for the current and previous false-

positive groups were robust when re-estimating 

the models using a negative binomial model.

DISCUSSION
Having a false-positive mammogram was 

associated with significantly increased rates of 

outpatient visits in the year following the test, 

suggesting that utilization may be driven by 

patients seeking care, but is likely not gener-

ated by the health system as there was no 

corresponding increase in referrals for care. 

Increased utilization dissipated over time: 

We found comparable visit and referral rates 

between those with a previous false positive 

and a recent normal mammogram and those 

with no false-positive mammograms. 

One striking finding from this study was 

the marked increase in outpatient visits fol-

lowing an abnormal mammogram. Although 

increased breast-specific utilization is expected 

in order to rule out a cancer diagnosis,36 the 

reasons for increases in other types of care 

are less obvious. Our findings could indicate 

that women may conceptualize themselves as 

less healthy than prior to their false-positive 

mammogram37 or that they may experience 

increased anxiety, leading to additional visits 

that increase reassurance through monitor-

ing. Prior study findings have confirmed that 

increases in utilization may be related to the 

negative psychosocial outcomes of having a 

false-positive mammogram, showing increases 

in mental health services following the receipt 

of an abnormal mammogram.19 

Undergoing imaging and receiving a normal 

result has been characterized as a “gift of 

knowing,” providing reassurance to those 

who engage in screening.38 This reassurance 

may be driving decreases in utilization in the 

previous false-positive group. This group was 

possibly reassured of good health with the 

normal mammogram result, thus removing 

TABLE 3. Poisson Regression Model Estimates for DID Analysis for Outpatient  
Visits and Referrals

Outpatient Visits Referrals

IRR 
Current 
vs Never

IRR 
Previous 
vs Never

IRR
Current 
vs Never

IRR
Previous 
vs Never

False-positive categorya

Ref: no abnormal (none) 0.99 0.89b 0.99 0.85b

Time (ref: 1 year pre-index)

Post index 1.01 0.92b 0.82b 0.83b

2 years pre-index 0.61b 0.90b 0.53b 0.93

False-positive category × time

False positive × post index 1.18b 0.99 1.15 1.07

False positive × 2 years pre-index 0.98 1.08 0.99 1.13

Age group, years (ref: 50-64)

40-50 1.06 1.05 1.00 0.93

65-75 1.07 0.99 0.98 0.92

Race/ethnicity (ref: non-Hispanic white)

Black 1.18b 0.98 1.17b 1.04

Hispanic 1.14 1.16 1.43b 1.20

Other 1.19 0.99 1.21b 0.97

Language (ref: English)

Haitian Creole 0.90 0.86b 0.81b 0.84b

Spanish 1.07 0.88 0.80 0.92

Other 1.00 1.02 1.00 1.08

Education (ref: college/postgrad)

Less than high school 1.12 1.13 1.04 1.06

High school/GED diploma 1.22b 1.24b 1.10 1.30b

Some college/associate degree 1.15 1.08 0.99 0.99

Other/missing 0.88 1.02 0.82b 1.06

Primary insurance (ref: private)

Public 1.26b 1.32b 1.22b 1.24b

Other 1.12 1.00 1.12 0.95

(continued)

TABLE 2. Unadjusted Median Outpatient Visit and Referral Rates Over Time by 
False-Positive Group

Outpatient Visits
Median (IQR)

Referrals
Median (IQR)

2 Years 
Pre-Index

1 Year 
Pre-Index

1 Year 
Post 

Index
2 Years 

Pre-Index
1 Year 

Pre-Index

1 Year 
Post 

Index

Current 
false positive

4 (0-11) 9 (5-17) 11 (6-21) 0 (0-2) 2 (0-4) 2 (0-4)

Previous 
false positive

12 (7-20) 12 (7-21) 10 (5-19) 2 (0-4) 2 (0-4) 2 (0-4)

No false 
positive

7 (0-16) 10 (6-20) 10 (4-21) 0 (0-4) 2 (0-5) 2 (0-4)

IQR indicates interquartile range.
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the impetus to continue higher rates of utilization. The increase in 

immediate post–false-positive visits suggests that communication 

at the time of mammogram or in the immediate postmammogram 

period may be required to mitigate short-term anxiety and increased 

utilization. This may be particularly true for underserved popula-

tions similar to those studied here: We found that women with a 

high school education and black women had significantly more 

utilization associated with a false positive. This 

finding is similar to others that have noted that 

minority and low-literacy women experience 

higher distress and lower understanding when 

presented with abnormal mammogram results 

relative to white and high-literacy women.39,40 

Interventions targeted toward these populations, 

such as patient navigation, have been shown 

to decrease anxiety following a false positive,41 

but navigator effects on utilization beyond the 

diagnostic follow-up are limited. Prospectively 

understanding the role of anxiety generated by 

a false-positive test in subsequent healthcare 

utilization is required to tailor interventions 

to promote appropriate, high-quality care to 

women undergoing mammography screening.

Limitations

Using a proxy for risk perception presumed that 

women adopted a risk identity concordant with 

our classification and assumed that women with 

normal mammograms did not have perceptions 

of increased risk. We only included women 

who had their first mammogram after the age 

of 40 years, omitting those with very high risk 

perceptions due to family history, as these 

women usually begin screening earlier and 

might have higher risk perceptions. However, 

the study design did not fully characterize risk 

or women’s interpretation of the abnormal 

finding. Future studies are required to describe 

behavior patterns based on a more sensitive 

measure of risk perception. 

By using both current and previous false-

positive groups, this study showed the timing of 

the mammogram may be essential in establishing 

influences on patterns of care. Age-related dif-

ferences discovered in the sensitivity analysis, 

although minimal, may have been influenced by 

increased anxiety due to changes in guidelines 

recommending less mammography for women 

younger than 50 years that were implemented 

in 2009. However, all groups were exposed to 

these changes prior to the index mammogram. Study results have also 

shown that the changes in guidelines have produced minimal provider 

practice changes over time.42 Further, 1 year after the guideline changes, 

a large survey of women found that less than half were even aware of 

these changes,43 leading us to conclude that these guidelines likely 

had a minimal impact on the trend for younger women to increase 

utilization at a higher rate following a false positive.

TABLE 3. (Continued) Poisson Regression Model Estimates for DID Analysis for 
Outpatient Visits and Referrals

Outpatient Visits Referrals

IRR 
Current 
vs Never

IRR 
Previous 
vs Never

IRR
Current 
vs Never

IRR
Previous 
vs Never

Comorbidities

Congestive heart failure 1.36b 1.43b 0.98 1.09

Cardiac arrhythmias 1.32b 1.56b 1.17 0.87

Valvular disease 1.22 0.97 0.98 0.95

Pulmonary circulation disorders 2.36b 1.60b 1.58 1.51b

Peripheral vascular disorders 1.40b 1.29b 1.48b 1.10

Hypertension, uncomplicated 1.11b 1.16b 1.03 1.11b

Hypertension, complicated 1.31 2.04b 0.68 1.17

Paralysis 0.83 0.70b 1.20 0.72

Other neurological disorders 1.43b 1.32b 1.26b 1.40b

Chronic pulmonary disease 1.32b 1.20b 1.19b 1.10

Diabetes, uncomplicated 1.30b 1.64b 1.42b 1.35b

Diabetes, complicated 1.96b 1.45b 1.77b 1.50b

Hypothyroidism 1.30b 1.19b 1.24b 1.03

Renal failure 1.65b 1.62b 1.14 1.07

Liver disease 1.78b 1.28 1.66b 1.35b

Peptic ulcer disease, excluding 
bleeding

0.94 1.04 0.81 0.80

Rheumatoid arthritis/ 
collagen vascular disorders

1.22 1.23b 1.27b 1.18

Coagulopathy 1.09 1.36 1.19 1.48b

Obesity 1.17b 1.25b 1.21b 1.34b

Weight loss 1.29b 0.99 1.22b 1.09

Fluid/electrolyte disorders 1.26b 1.39b 1.01 1.20

Deficiency anemias 1.34b 1.23b 1.34b 1.40b

Alcohol abuse 1.17 1.03 1.08 0.88

Drug abuse 1.30b 1.33b 1.09 1.14

Psychoses 1.35b 1.32 1.05 0.89

Depression 1.30b 1.31b 1.37b 1.34b

Index date

2011 index 0.99 0.94 0.97 0.99

DID indicates difference-in-differences; GED, General Educational Development; IRR, incidence rate 
ratio; ref, reference.
aCategories: “Current” indicates current false positive at index date; “Previous,” previous false positive 
with normal index mammogram; “Never,” no false positives at any time.
bIRR estimates are significant at α = .05.
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Study exclusion criteria also eliminated women without a primary 

care visit in the 2 years prior to the index mammogram and did not 

include utilization outside of the safety-net health system in which 

patients had their mammogram, limiting generalizablity to those 

women who were connected to primary care in an urban safety-net 

setting. Further work is needed to understand how women without 

a regular source of care and those who seek care in other settings 

respond to a false-positive screening test.

Finally, we were unable to fully characterize or control for 

the purpose of outpatient visits. We chose to exclude outpatient 

services related to the diagnostic workup (ie, biopsies), but there 

was the potential for residual confounding if a significant number 

of outpatient visits were indirectly related to the abnormal mam-

mogram. This would require data abstraction and/or prospective 

characterization of the visits, which was beyond the scope of this 

study. It is also unknown whether these additional visits were neces-

sary or represented overuse of care. The utility of these additional 

visits is an important area of future investigation to understand 

how mammography may impact the provision of value-based care.

CONCLUSIONS
This study provides evidence that abnormal screening tests can 

heighten risk perceptions that may result in higher rates of health 

service utilization. It expands previous work to include services 

beyond breast-specific follow-up testing. However, prospective 

mixed-methods approaches that combine utilization data with 

assessment of patient psychosocial outcomes are warranted to 

accurately represent both patient perceptions and the timing of 

events. Current trends encouraging adherence to mammography 

increase opportunities to designate women as “at risk,” which we 

have shown to impact short-term health service use. Counseling 

women about potential false positives and their meaning prior to 

screening may mitigate the anxiety experienced at the time of the 

abnormal mammogram. Further research is needed to better char-

acterize the drivers of increased utilization, the types of visits that 

increase the most, and the value that additional care provides. This 

will present opportunities for intervention to increase appropriate 

utilization and develop tools for providers in addressing women’s 

concerns while providing evidence-based care. n
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eAppendix Table. Distribution of Comorbidities by False-Positive Group 

 

Total 
(n = 3920) 

Current 
False 

Positive 
(n = 500) 

Previous 
False Positive 

(n = 594) 

No False 
Positive 

(n = 2826) P 
Comorbidity Group n (%) n (%) n (%) n (%)  

Congestive heart failure 69 (1.8) 4 (0.80) 8 (1.35) 57 (2.0) .11 
Cardiac arrhythmias 96 (2.4) 11 (2.2) 14 (2.4) 71 (2.5) .91 
Valvular disease 50 (1.3) 3 (0.60) 4 (0.67) 43 (1.5) .09 
Pulmonary circulation disorders 40 (1.0) 3 (0.60) 8 (1.35) 29 (1.0) .48 
Peripheral vascular disorders 71 (1.8) 7 (1.40) 17 (2.9) 47 (1.7) .10 
Hypertension, uncomplicated 1801 (45.9) 182 (36.4) 314 (52.9) 1305 (46.2) <.0001 
Hypertension, complicated 17 (0.4) 2 (0.40) 1 (0.17) 14 (0.5) .67 
Paralysis 14 (0.4) 3 (0.60) 1 (0.17) 10 (0.4) .51 
Other neurological disorders 85 (2.2) 10 (2.0) 16 (2.7) 59 (2.1) .63 
Chronic pulmonary disease 562 (14.3) 73 (14.6) 109 (18.4) 380 (13.4) .008 
Diabetes, uncomplicated 152 (3.9) 19 (3.8) 31 (5.2) 102 (3.6) .18 
Diabetes, complicated 169 (4.3) 21 (4.2) 20 (3.4) 128 (4.5) .44 
Hypothyroidism 336 (8.6) 48 (9.6) 69 (11.6) 219 (7.7) .006 
Renal failure 68 (1.7) 6 (1.20) 12 (2.0) 50 (1.8) .56 
Liver disease 54 (1.4) 5 (1.00) 10 (1.7) 39 (1.4) .63 
Peptic ulcer disease, excluding 
bleeding 

30 (0.8) 2 (0.40) 9 (1.52) 19 (0.7) .08 

Rheumatoid arthritis/collagen 
vascular disorders 

88 (2.2) 9 (1.80) 17 (2.9) 62 (2.2) .47 

Coagulopathy 42 (1.1) 5 (1.00) 6 (1.01) 31 (1.1) .97 
Obesity 228 (5.8) 31 (6.2) 20 (3.4) 177 (6.3) .022 
Weight loss 131 (3.3) 15 (3.0) 21 (3.5) 95 (3.4) .88 
Fluid/electrolyte disorders 65 (1.7) 10 (2.0) 13 (2.2) 42 (1.5) .39 
Deficiency anemias 270 (6.9) 31 (6.2) 36 (6.1) 203 (7.2) .50 
Alcohol abuse 91 (2.3) 9 (1.80) 11 (1.9) 71 (2.5) .44 
Drug abuse 194 (4.9) 30 (6.0) 31 (5.2) 133 (4.7) .44 
Psychoses 58 (1.5) 6 (1.20) 10 (1.7) 42 (1.5) .80 
Depression 1140 (29.1) 133 (26.6) 195 (32.8) 812 (28.7) .06 
≥1 Elixhauser comorbidity 2971 (75.8) 357 (71.4) 477 (80.3) 2137 (75.6) .003 
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