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Abstract In May 2013, an internationally renowned celebri-
ty—Angelina Jolie—disclosed her receipt of BRCA1/BRCA2
(BRCA) testing and subsequent double mastectomy in a high-
ly publicized editorial. Publicity surrounding celebrity health
services use increases awareness of important health issues
and demand for health services. We aimed to describe BRCA
testing trends before and after Jolie’s disclosure, breast cancer-
related services use following testing, and test reimbursement
trends. MarketScan Commercial Claims data were used to
compare trends in BRCA testing before and after Jolie’s health
disclosure using an interrupted time series model among
women aged 18–64. We used modified Poisson regression
to estimate risks for health services use (surgical consult, mas-
tectomy, mammography, magnetic resonance imaging, genet-
ic counseling) following BRCA testing. BRCA testing rates
increased from 12.5 to 19.0 tests/100,000 women between
January 2013 and October 2014. Immediately following
Jolie’s disclosure, testing increased by approximately 37%

(p < 0.001). Although BRCA testing increased, use of post-
testing follow-up services declined after Jolie’s disclosure.
Mean insurance reimbursement and patient out-of-pocket
spending on the test decreased by 3 and 36%, respectively.
While genetic testing uptake increased following Jolie’s dis-
closure, subsequent health services use associated with BRCA
mutations declined, suggesting that celebrity disclosures may
be associated with potential genetic testing overuse.

Keywords Genetic testing . Breast cancer . Costs . Health
services use

Introduction

Approximately 10% of invasive breast cancers can be attrib-
uted to hereditary breast cancer, most commonly resulting
from deleterious mutations in BRCA1 and BRCA2 (BRCA)
genes (King et al. 2003). Known mutations in these genes
confer increased risks of both breast and ovarian cancers, as
well as other malignancies. On average by the age of 70,
women with BRCA1 and BRCA2 mutations have a 57 and
49% cumulative risk of breast cancer and a 40 and 18% risk
of ovarian cancer, respectively. This is in contrast to women
in the general population, where the risk of breast and ovar-
ian cancers is 12 and 1.3% (Chen and Parmigiani 2007).
Evidence demonstrates that enhanced screening, risk-
reducing medications, and prophylactic mastectomy/
oophorectomy are effective strategies for reducing cancer
incidence and stage at diagnosis among women with delete-
rious BRCA mutations (Moyer and Force 2014). As such,
testing women at high risk for BRCA mutations—specifical-
ly, those with a personal or family history of breast and/or
ovarian cancer—has been shown to be cost-effective
(Anderson et al. 2006; Guillem et al. 2006). Given this body
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of evidence, guidelines have been established and recom-
mend testing for women with significant personal or family
history (Berliner et al. 2013); however, use of these genetic
tests remains low. In a sample of high-risk breast cancer
patients, only 19% of women received genetic testing
(Jagsi et al. 2015). Low rates of uptake may be partially
due to lack of awareness (Lacour et al. 2008) or costs
(Finlay et al. 2008).

On May 14, 2013, an internationally renowned celebrity—
Angelina Jolie—brought public awareness to BRCA testing
through a widely publicized editorial in the New York Times
(Jolie 2013). In this editorial, Jolie described both her decision
to undergo BRCA testing due to her family history of breast
and ovarian cancer, and her decision to have prophylactic
double mastectomy upon learning she had a known deleteri-
ous BRCA1 mutation. In the week following this publication,
information seeking for genetic testing and procedures in-
creased significantly, (Noar et al. 2015) and visits to The
National Cancer Institute’s Preventive Mastectomy and the
Physician Data Query Genetics of Breast and Ovarian
Cancer webpages increased 795- and 5-fold, respectively
(Juthe et al. 2015). This suggests that her editorial increased
awareness and information seeking regarding BRCA muta-
tions, testing, and subsequent risk reduction strategies. In the
USA, similar trends have occurred following celebrity health
disclosures. For example, in March 2000, a journalist (Katie
Couric) brought awareness to colorectal cancer screening by
undergoing a colonoscopy on national television, and was also
credited with increasing rates of colonoscopy following her
procedure (Cram et al. 2003). This demonstrates that celebrity
health disclosures have the power not only to change aware-
ness but also to change health services use.

While several studies have documented increased aware-
ness of prophylactic mastectomy following Jolie’s disclosure
(Juthe et al. 2015; Borzekowski et al. 2014; Lebo et al. 2015),
population-level BRCA testing trends and receipt of BRCA-
related follow-up health services before and after Jolie’s dis-
closure have not been described. The objective of this study
was to examine the uptake of BRCA testing and subsequent
health services use following the 2013 Jolie’s editorial, among
commercially insured women.

Methods

Study sample

We used 2012–2014 TruvenHealth MarketScan Commercial
Claims and Encounters data for this study. These data repre-
sent the healthcare experience of non-retired employees and
their dependents enrolled in commercial health insurance
plans and include monthly enrollment, inpatient and outpa-
tient medical claims, and outpatient prescription drug claims.

The MarketScan data is one of the largest convenience sam-
ples available in proprietary U.S. claims databases (Truven
Health Analytics 2015).

We identified women (ages 18–64) from January 2013 to
December 2014 who received BRCA testing (Healthcare
Common Procedure Classification (HCPCS) codes: 81211–
81217, S3818–S3820, S3822–S3823). Among women who
received BRCA testing, we further restricted to those who
were enrolled in their insurance plan for 1 year prior to their
BRCA testing date to measure comorbidity. For evaluating
follow-up health services receipt, we restricted this sample
to women with 3 months of enrollment following BRCA test-
ing. There were 50,557 women meeting these criteria.

In addition to the primary sample, we also identified the
number of women enrolled in the health plan by month in
2013 and 2014 who were between the ages of 18 and 64 to
evaluate use of the test per 100,000 enrollees in the health
plan, controlling for potential changes in enrollment by
month.

Time periods of interest

The event of interest was the May 14, 2013 New York Times
editorial publication authored by Angelina Jolie, an interna-
tionally known celebrity (Jolie 2013). This publication docu-
mented Ms. Jolie’s decisions to undergo BRCA testing and,
subsequent to learning her BRCA status, to pursue a prophy-
lactic double mastectomy due to her high-risk status and fam-
ily history of breast and ovarian cancer.

Measures

Outcomes of interest were receipt of BRCA testing and,
among women who received testing, receipt of follow-up ser-
vices within the 3 months following test receipt. Services of
interest included health care visits to a surgeon (surgeon listed
as the specialist on any inpatient or outpatient claim), receipt
of a mastectomy (HCPCS codes: 19303 and 19304, and
International Classification of Diseases, Ninth Edition (ICD-
9) procedure codes: 85.33–85.36 and 85.41–85.44), and re-
ceipt of a breast MRI (HCPCS code: 77059). In addition, we
were interested in receipt of genetic counseling within
3 months prior to or after BRCA1/2 testing (HCPCS codes:
96040, S0265). Of note, the genetic counseling HCPCS codes
are not specific to cancer-related genetic counseling. We ex-
amined these health services, as women with deleterious
BRCA1/BRCA2 mutations would be eligible for prophylactic
surgery, mammography, and breast MRI, and should attend
genetic counseling.

Control variables included in our models were age, region
(northeast, south, west, and north central), relationship to plan
holder (employee, spouse, or child), and health plan type
(Health Maintenance Organization (HMO), Preferred
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Provider Organization (PPO), or other). These variables were
included as covariates, as they were available in the
MarketScan dataset and may be related to need for health
services use (i.e., age, relationship to plan holder) or access
to health services (i.e., region and health plan type) (Andersen
1995). For example, individuals with HMOs often have more
closely coordinated care managed through a primary care phy-
sician and may be less likely to receive unnecessary services
or could have delays in receipt of specialty services due to the
need for referrals in most HMO settings.

Statistical analysis

We summarize baseline characteristics of women who re-
ceived BRCA testing and plotted monthly trends in the
proportion of women receiving BRCA testing during
2013 and 2014 per 100,000 women enrolled during each
month.

To estimate the impact of Ms. Jolie’s editorial on BRCA
testing rates, we used an interrupted time series analysis to
compare trends in the number of BRCA tests received prior
to May 2013, the level change in testing during May 2013,
and the change in trend following May 2013 through the re-
mainder of the study period (Wagner et al. 2002). As an ex-
ploratory analysis, we examined bivariate relationships be-
tween covariates and uptake of genetic testing using
interrupted time series analyses to estimate changes in the
number of tests received by month. We also estimated bivar-
iate and multivariate adjusted models using generalized esti-
mating equations with a normal distribution and identity link.
Multivariate models controlled for patient and plan covariates
noted above.

Next, we estimate subsequent health services use dur-
ing the 3 months following BRCA testing among women
receiving BRCA testing before and after the Jolie’s edito-
rial. We also estimated estimates genetic counseling re-
ceipt during 3 months before or following BRCA testing.
Separate models were estimated for each of the following
binary outcomes: inpatient or outpatient claims submitted
by a surgeon, receipt of mastectomy, breast MRI, receipt
of mammography or genetic counseling). We used gener-
alized estimating equations with a binomial distribution
and log link to estimate risks and risk ratios with 95%
confidence intervals for each comparison.

Finally, we estimated mean health plan reimbursement
and patient out-of-pocket spending on BRCA testing by
month. We compare changes in spending before and after
the Jolie’s editorial, using a generalized estimating equa-
tion with a normal distribution and log link. We used SAS
9.4 for all analyses and adjusted spending estimates for
medical inflation using the medical component of the
Consumer Price Index.

Results

On average, women receiving BRCA testing in this commer-
cially insured population were 46.8 years old (Table 1 online
only). The majority of women had a PPO health plan and
received insurance through their employer; 44.3% were be-
tween the ages of 35 and 49. BRCA testing increased between
April and May (the month of Jolie’s editorial publication)
from 12.6 to 16.4 tests per 100,000 women (Fig. 1a). When
evaluating trends in testing over time, women received ap-
proximately 93.6 tests/month at baseline, and there was a
non-significant increase in testing of 2.2 tests/month over the
entire study period (p = 0.33). However, in May 2013, there
was a large and statistically significant increase in testing by
31.1 tests—a 36% increase in testing from the prior month
(p < 0.001) (Table 2). We found no difference in testing over
time by covariates (i.e., age, region, relationship to the plan
holder, and health insurance type) in bivariate analyses (data
not shown).

Rates of post-testing health services use declined following
the Jolie’s editorial date (Table 3). Specifically, visits to a
surgeon declined from 35.6% of women tested to 31.0% (ad-
justed risk ratio (aRR) 0.87, 95% confidence interval (CI)
0.84, 0.90), mastectomy from 10.1 to 7.2% (aRR 0.71, CI
0.84, 0.90), and MRI from 12.4 to 9.7% (aRR 0.78, CI 0.73,
0.84). We found a slight increase in mammography from 11.4

Table 1 (Online only). Characteristics of commercially insured adult
women (aged 18–64) who received BRCA testing in 2013 or 2014

Total (n = 50,557) Percentage (%)

Variable

Age, mean/SD 46.8 10.2

Age category (years)

18–34 6455 12.8

35–49 22,406 44.3

50–64 21,697 42.9

Region

Northeast 12,214 24.2

North Central 9413 18.6

South 16,954 33.5

West 10,708 21.2

Relationship to plan holder

Employee 29,159 57.7

Spouse 20,204 40.0

Child/other 1194 2.4

Plan type

HMO 5809 11.5

PPO 30,658 60.6

Other 14,090 27.9

HMO Health Maintenance Organization, PPO Preferred Provider
Organization
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to 12.1% (aRR 1.18, CI 1.11, 1.26) and no significant differ-
ence in genetic counseling from 7.3 to 7.7% (aRR 1.05, CI
0.97, 1.15). Overall, costs for BRCA testing declined over time
(Fig. 1b). After accounting for inflation, mean reimbursement
by plans decreased by 3% over the study period (RR 0.97, CI
0.96, 0.98) from $3101 to $3011 per test. For patients, mean
out-of-pocket spending decreased by 36% (RR 0.64, CI 0.60,
0.68), from $234 to $150 per test.

Discussion

Overall, we found that BRCA genetic testing increased follow-
ing Jolie’s editorial; furthermore, we observed a lower proba-
bility of receiving several health services associated with a
deleterious BRCA test result following Jolie’s editorial.
BRCA1/2 testing increased following Jolie’s editorial,
supporting findings from a recent study conducted in 12 family
history clinics and 9 regional genetics services in the United
Kingdom showing a 2.5-fold increase in genetic testing refer-
rals and increased inquiries about prophylactic mastectomy
following publication of the article (Evans et al. 2014). On
the one hand, increased use of BRCA testing may reflect im-
proved access to care; however, increased use of genetic testing

may reflect inappropriate screening, as current US Preventative
Services Task Force guidelines recommend against BRCA test-
ing among women who are at low risk of having a deleterious
BRCAmutation, as the harms of genetic testing may outweigh
the benefits (Moyer and Force 2014). This complements recent
findings by Borzekowski et al. demonstrating that awareness
of Jolie’s story was not associated with improved understand-
ing about genetic testing (Borzekowski et al. 2014). Increased
use of the genetic test among women for whom it is not
guideline-recommended may reflect overuse of care and
exposure to unnecessary costs and harms associated with un-
necessary testing. Also, among those who received a genetic

Fig. 1 a Unadjusted proportion
of womenwho receivedBRCA1/2
testing for the management of
breast cancer risk, by year. b
BRCA1/2 test mean costs by
patients and payers, by year.
Comparison of mean insurance
reimbursement and patient out-of-
pocket spending was estimated
using a generalized estimating
equation with log link and normal
distribution for before and after
Jolie’s announcement in 05/2013

Table 2 Interrupted time series results for trends in BRCA testing in
2013 and 2014

Estimate p value

Coefficient

Intercept 93.6 –

Time (months 1–22) 2.2 0.30

Intervention period (May 14, 2013) 31.1 <0.001

Months post intervention (5–17) −0.07 0.74

Model adjusted for age, region, relationship to plan holder, and insurance
type
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test, few had claims indicating receipt of genetic counseling,
suggesting that the majority of women who are tested do not
receive counseling from a genetic counselor. This may reflect
low return of positive BRCA results and/or underuse of genetic
counseling services, as recently reported by Armstrong et al.
(Armstrong et al. 2015). Within the study period, we also
observed a decrease in BRCA testing costs following Jolie’s
disclosure; this may partially have contributed to an increase
in testing within the study period. In addition to seeing an
increase in BRCA testing among all women, women were less
likely to receive health services that are associated with having
a deleterious BRCA mutation following Jolie’s health disclo-
sure. One possible explanation for this drop in such health
services use could be that the additional women who received
BRCA testing following the health disclosure were less likely
to harbor a deleterious BRCA mutation that necessitates addi-
tional prophylactic and/or screening services. Thus, it is pos-
sible that increased uptake in testing within this group did not
confer increased identification of women with deleterious
BRCA mutations.

Finally, BRCA genetic testing also increased in October,
breast cancer awareness month, which supports other research
indicating temporal trends for increased screening and diag-
nosis rates during this month (Jacobsen and Jacobsen 2011),
likely due to increased cues to action throughout the month,
reminding women to Bthink pink^ and attend breast cancer
screening (Thackeray et al. 2013).

While this study is among the first to describe trends in
genetic testing and health services use following Angelina
Jolie’s health disclosure (Desai and Jena 2016), the study is
not without limitations. We were unable to examine whether
BRCA testing was guideline concordant due to a lack of reli-
able personal/family history of breast cancer data and lack of
BRCA test results. Also, we were unable to include socioeco-
nomic variables, which likely contribute to uptake of genetic
testing (Armstrong et al. 2005). Several direct-to-consumer
BRCA tests were available to women in 2013; this analysis

is unable to account for trends in screening using these tests.
Finally, in June of 2013, the United States Supreme Court
ruled against patenting of genes; this decision removed the
patent on BRCA1/BRCA2 gene tests by Myriad and thus
allowed other companies to conduct BRCA testing, increasing
access to testing (Kesselheim et al. 2013). Our analysis cannot
disentangle effects of the editorial and the court ruling on
increased screening following the June 13th ruling. This is
particularly important, as we did find that costs of BRCA test-
ing decreased.

Conclusions

This study demonstrates that a celebrity health disclosure can
impact health services use, specifically BRCA testing in-
creased following an editorial article by Angelina Jolie.
While such disclosures increase awareness and uptake of ge-
netic testing, uptake of health services related to having a
deleterious BRCA mutations decreased, suggesting that in-
creased BRCA use did not confer higher identification of
women with BRCA mutations. This points to the importance
of pairing celebrity disclosure with specific recommendations
from health providers to ensure that potential surges in health
seeking do not result in unnecessary services use that may not
benefit patients at low risk.
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Table 3 Comparing health
services use in the 90 days
following BRCA testing before
and after the Jolie’s
announcement

Unadjusted risk Adjusted risk
ratio

95% confidence
interval

Tested before
(%)

Tested after
(%)

Outcome

Any claim submitted by a surgeon 35.6 31.0 0.87 (0.84, 0.90)

Any mastectomy 10.1 7.2 0.71 (0.66, 0.77)

Any MRI 12.4 9.7 0.78 (0.73, 0.84)

Any claim submitted for genetic
counselinga

7.3 7.7 1.05 (0.97, 1.15)

Any mammogram 11.4 12.1 1.18 (1.11, 1.26)

Model adjusted for age, region, relationship to plan holder and insurance type
a Genetic counseling claims were captured during 90 days before and after the test. All other outcomes were
measured in the 90 days following testing
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