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INTRODUCTION
When celebrities reveal health narratives, their stories have the 
potential to stimulate public interest and awareness of illness 
or medical procedures, inspire others to face similar medical 
issues, and promote public health policy.1,2 Media coverage of 
celebrity cancer experiences has been shown to impact health 
service utilization and adherence to preventive health guide-
lines.1,3–5 The influence of celebrity health narratives differs 
depending on audience characteristics. One study has shown 
a stronger impact of celebrity health narratives among the 
less educated and those who share demographic character-
istics with the celebrity6; another study has suggested that an 
emotional involvement with the celebrity may be influential.7 
Interestingly, coverage of celebrity health events is not uni-
versally associated with improved public health outcomes8,9; 
sometimes wrong, misleading, or alarming information is 
communicated.10 Moreover, subgroups can interpret and utilize 
appropriate health messages in unexpected ways.9

On 14 May 2013, actress, director, and humanitarian Angelina 
Jolie described in an opinion piece in The New York Times that 
she had recently undergone a prophylactic double mastectomy. 
Through genetic testing, Ms Jolie learned that she carried a rare 
BRCA1 gene mutation and publically disclosed that her doctors 

estimated her risk of developing breast cancer to be 87%. She 
went on to say that her breast cancer risk was now reduced to less 
than 5% by undergoing the breast surgery. In her commentary, 
Ms Jolie noted that only a fraction of breast cancers result from 
the inherited gene mutation but concluded that access to gene 
testing and lifesaving preventive treatment should be a priority 
for all women. The story was featured in news and entertain-
ment media of all kinds; Ms Jolie’s picture appeared on the cover 
of People magazine on two consecutive weeks following her rev-
elation (15 May 2013 and 22 May 2013) and TIME magazine (27 
May 2013) as well as a host of European and Asian periodicals. 
In Britain, Jolie’s picture appeared on the front page of every 
national newspaper immediately following her disclosure.11

Given the intense media attention, this study was designed 
to examine immediate recall and public reaction to the story. 
We asked whether the typical American adult recalled the 
Angelina Jolie story, what elements of the story they retained, 
and how they understood and perceived what was described 
by and about this celebrity. We were especially interested in the 
public’s ability to distinguish the genetic context of Angelina 
Jolie’s risk of breast cancer from the lower risk that characterizes 
the vast majority of women who do not carry a BRCA muta-
tion. We also wondered about the extent to which exposure to 
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Background: In May 2013, Angelina Jolie revealed in a New York 
Times opinion piece that she had undergone a preventive double 
mastectomy because she had a family history of cancer and carried 
a rare mutation of the BRCA1 gene. Media coverage has been exten-
sive, but it is not obvious what messages the public took from this 
personal health story.

Methods: We conducted a survey with a representative national online 
panel of 2,572 adults. Participants described their awareness and iden-
tified information sources for the Angelina Jolie news story. They also 
reported their understanding, reactions, perceptions, and subsequent 
activities related to the story. We asked questions pertaining to personal 
and societal breast cancer risk and hypothetical questions regarding 
preventive surgery if the respondent or a family member were in the 
same position as Ms Jolie. Demographic  information was collected, as 
was family risk for breast and ovarian cancer, and a gauge of numeracy.

Results: While three of four Americans were aware of Angelina 
Jolie’s double mastectomy, fewer than 10% of respondents had the 
information necessary to accurately interpret Ms Jolie’s risk of devel-
oping cancer relative to a woman unaffected by the BRCA gene 
mutation. Awareness of the Angelina Jolie story was not associated 
with improved understanding.

Conclusion: While celebrities can bring heightened awareness to 
health issues, there is a need for these messages to be accompanied by 
more purposeful communication efforts to assist the public in under-
standing and using the complex diagnostic and treatment informa-
tion that these stories convey.
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the story affected respondents’ self-rated breast/ovarian cancer 
risk in light of their family history. Finally, we were interested 
in the immediate impact of the story on information seeking 
and health discussions with family, genetic counselors and 
other health practitioners, cancer-related anxiety, and initia-
tion of cancer-related preventive behaviors. In order to assess 
the immediate impact of the story on these questions, we 
designed and launched a rapid response survey within 3 weeks 
of Angelina Jolie’s New York Times commentary.

MATeRIALs AND MeTHODs
The study survey was conducted online within the United States 
between 3 June 2013 and 5 June 2013 among 2,572 adults (aged 
18 years and older) by Harris Interactive on behalf of Johns 
Hopkins School of Public Health via its Quick Query product. 
The questions regarding Angelina Jolie and her announcement 
were included as part of Harris’ routine omnibus survey that 
includes questions from multiple research initiatives. Omnibus 
survey respondents are recruited to participate regularly in 
research. As a collective, the respondents are intended to reflect 
the national population (considering age, sex, income, race, 
education, and region). To ensure representativeness, Harris 
employs a two-stage approach to respondent inclusion in the 
Omnibus poll. In stage 1, the outgoing sample is balanced demo-
graphically (based on the demographic factors including age, 
sex, income, race, education, and region), and incoming data 
are monitored against known targets for these variables accord-
ing to the US Census Bureau’s 2012 Current Population Survey. 
This ensures that data can be weighted to these targets with-
out extreme weighting. In stage 2, Harris weights the data on 
demographic variables (age, sex, income, race, education, and 
region), in addition to a propensity score variable. This process 
is intended to adjust for attitudinal and behavioral factors that 
may differ between the sample group participants who partici-
pate in online surveys and those who do not. The Johns Hopkins 
Bloomberg School of Public Health Institutional Review Board 
determined that the research protocol for this study was exempt.

To facilitate the survey’s rapid implementation and budget 
restrictions, we were limited to 12 questions. Although most 
of our items were based on previous measures, some modi-
fication was made for the sake of efficiency and format. For 
the most part, participants were asked to endorse responses 
from a list of multiple options, and we used only a few open-
ended responses. Readers can see the complete survey in the 
Supplementary Appendix online.

Besides sociodemographic variables, participants were asked 
if they had read, heard, or seen any Angelina Jolie stories in 
the previous 3 weeks. The survey used a skip pattern, so only 
participants who accurately checked that Ms Jolie “had sur-
gery (double mastectomy) to reduce her risk of breast cancer” 
were prompted to describe their information sources, attitudes 
toward the story, and understanding of Jolie’s self-reported life-
time risk of developing breast cancer.

All participants, regardless of whether they were aware of 
Ms  Jolie’s surgery, answered general questions about their 

family history of breast and ovarian cancer, awareness of the 
proportion of cancers related to BRCA mutations, and the 
average woman’s risk of developing breast cancer if she does 
not have the BRCA mutation. We also asked if respondents had 
engaged in any health-seeking activities related to breast or 
ovarian cancer in the past 3 weeks.

Using an approach derived from that used in the Health 
Information National Trends Survey,12 family history of breast 
and ovarian cancer was based on the participant’s identifica-
tion of the number of first (self, mother, father, son, daughter, 
sister, brother, and father), second (aunt, uncle, nephew, and 
niece), and third (cousin) degree relatives reported to have 
breast or ovarian cancer. This way of assessing family history is 
consistent with models of family risk assessment that focused 
on personal cancer history and the number of affected paternal 
and maternal first, second, and third degree of relatives.13–15

Using the format suggested by Lipkus,16 female respondents 
were asked to estimate their own lifetime breast or ovarian can-
cer risk, and males were asked to estimate a female relative’s life-
time risk of developing these types of cancers, compared with 
others of their same race and age, indicating if they thought 
their risk (or a family member’s risk) was higher, the same, or 
lower. We used a modification of Schwartz et al.’s17 three-item 
measure of numeracy previously used in a study of screening 
for mammography.

APPROACH AND ANALYsIs
The statistical analysis for this study used SPSS version 12.0 (SPSS, 
Chicago, IL). The data set provided to us by Harris included 
propensity score weighting for age, sex, race/ethnicity, educa-
tion, region, and household in order to bring data in line with 
respondents’ propensity to be online (based on the US Census 
Bureau’s 2012 Current Population Survey). In stage 2, Harris uses 
back-end weighting with the collected data. Harris’ two-stage 
approach of sampling and weighting was used to ensure the data 
represented the US national population. Additionally, we used 
the SPSS option for weighted data in our analyses.

Descriptive statistics for categorical variables were pro-
vided as proportions. The χ2 test was used to compare the 
background characteristics between respondents who were 
aware and not aware of the story, correctly recalled Jolie’s esti-
mated risk of breast cancer, and answered questions about 
the BRCA mutation and breast cancer risks. In determining 
any differential impact of story awareness on health-related 
behaviors during the 3 weeks following the story, group 
differences were examined by statistically controlling for 
numeracy and family history.

ResULTs
Almost three quarters of sampled adults (74%; n = 1,907) 
correctly indicated that Angelina Jolie had undergone a dou-
ble mastectomy to reduce her risk of developing breast can-
cer (question 1 in the Supplementary Appendix online). 
Significant differences in awareness existed across sociodemo-
graphic groups (Table 1) with higher recall of the story among 
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women and whites and lower recall among younger, unmar-
ried, less affluent, less educated, and numerate respondents. 
There were no significant differences in story awareness evident 
in regard to geographical region and family history of cancer.

Respondents were asked what Jolie’s risk of developing breast 
cancer was (item 3 in the Supplementary Appendix online). 
Among respondents aware of the story, almost half (47%) 
reported her risk within a reasonable range (80–90%) of Jolie’s 
disclosed estimated risk of 87%. Correct recall was higher among 
women, nonminorities, wealthier, and older respondents, includ-
ing those who had been divorced, separated, or widowed and 
those who had higher numeracy scores (see Table 1).

Among respondents who accurately reported Jolie’s esti-
mated risk, fewer than 10% had the information necessary 
to interpret Ms Jolie’s risk of developing cancer relative to a 
woman unaffected by the BRCA gene mutation. To investigate 
this question, we asked respondents to indicate the propor-
tion of breast cancer cases for which a BRCA gene mutation 
is responsible (correct response less than 10%) and the aver-
age woman’s risk of getting breast cancer over her lifetime if 
she does not have a BRCA mutation (correct response between 
5 and 15%) (items 5 and 6 in the Supplementary Appendix 
online). Slightly more than one in five respondents (22.6%; n 
= 206) correctly reported the contribution of BRCA mutations 
to all breast cancer cases, and 31.2% (n = 284) knew an average 
woman’s risk; 8.9% (n = 81) correctly answered both questions.

We also explored the extent to which individuals who did not 
recall Jolie’s risk responded to the two knowledge questions; 
19.9% (n = 198) correctly answered the BRCA mutation ques-
tion; 31.6% (n = 315) correctly answered the average risk ques-
tion; and 5.8% (n = 58) correctly responded to both questions, 
and this number was significantly lower than the group with 
correct recall of Jolie’s risk (P < 0.02).

For the overall survey sample, 7.9% of respondents correctly 
answered both questions (Table 1, column 4). Individuals 
were less likely to correctly respond to the BRCA mutation 
question than the question about average risk, 23 (n = 583) 
compared with 31% (n = 794), respectively. Interestingly, men 
were significantly more accurate in their knowledge of this 
information than women, as were better educated and more 
numerate respondents, as well as those from the Western and 
Midwest geographic regions. Lower knowledge rates were 
reported by the individuals who had been divorced, separated, 
or widowed. Notably, family history of breast and ovarian 
cancer was not related to more accurate knowledge of cancer 
risks (Table 1).

We further explored the relationship between family  history 
and an individual’s rating of one’s own or family member’s risk of 
dying from breast or ovarian cancer compared with the average  
population risk for others of the same race and age, strati-
fied by awareness of the Jolie story. We found that individuals  
aware of the story and who reported at least one affected first-
degree relative were less likely to rate their personal risk as 
higher than the population average relative to those who had 
similar family health histories and did not know the story (39 

vs. 59%; P < 0.05). Perhaps even more striking and worrisome 
is that about half of all individuals aware of the story and with-
out a family history of cancer rated their cancer risk as lower 
than the population average relative to those without a family 
history and unaware of the story (47 vs. 52%, but the difference 
was not statistically significant). There were no sex differences 
in these associations.

Although the story was widely reported, only 3.4% of the 
respondents who were aware of the story indicated that they 
had read Ms Jolie’s commentary originally in The New York 
Times. Most respondents became aware of the story though a 
national or local television news story (61.2%) or entertainment 
piece (21.5%). A quarter (25.7%) of respondents reported expo-
sure to the story from two or more information sources.

We assessed attitudes toward the story by asking respondents 
what they thought and felt after hearing about Jolie’s story by indi-
cating with which of eight close-ended statements about the story 
they agreed (item 4 in the Supplementary Appendix online). 
Almost three-fourths (72%) of both men and women felt Ms Jolie 
did the right thing by publically announcing her medical situa-
tion. However, more women than men felt she did the right thing 
in having the surgery (73.5 vs. 65.7%, respectively; P < 0.002). 
More than half of the women (57.4%) said that they would have 
undergone the surgery themselves if they carried the “faulty” 
gene. Half of the women (49.9%) said they would recommend the 
surgery to a family member under those circumstances; in con-
trast, only 40.0% of men would make that recommendation to a 
family member carrying the gene (P < 0.0001). Both males and 
females reported considering or encouraging a family member to 
get genetic testing to test for the faulty breast cancer gene at about 
the same rate (8.9% for women and 9.1% for males).

Some respondents (7.8% for women and 8.9% for males) 
indicated that the story had resulted in heightened anxiety 
about their own or a family member’s risk of developing cancer, 
whereas ~5% (4.6% for women and 4.7% for males) said that 
the story made them less anxious about cancer risks; there are 
no sex differences in these items. More women (9%) than men 
(4.9%) (P < 0.004) indicated that the story made them feel more 
motivated to do something about their health such as seeing a 
doctor, having a mammogram, or seeing a genetic counselor.

All respondents were asked if they took any health-related 
action over the past 3 weeks (the time span which included 
Ms Jolie’s public disclosure). Although the majority of respon-
dents (80%) did not endorse any of the options listed (see item 
9 in the Supplementary Appendix online), a subset appeared 
to have initiated story-related behaviors of some kind. For 
instance, 6.6% had a mammogram and/or encouraged a family 
member to have a mammogram, 6.4% indicated that they had 
learned more about breast or ovarian cancer from talk shows 
on television or radio, etc., 6.4% reported seeking information 
about insurance coverage for genetic testing, and 5.8% indi-
cated that they talked with relatives about their family history 
of cancer. Very few participants indicated that they looked for 
information about genetic tests for breast or ovarian cancer 
through the Internet (2.7%), spoke with a doctor (2.0%) or a 
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Table 1. Percentages of sociodemographic variables, numeracy, and personal and family risk of cancer predicting 
awareness, recall, and knowledge (N = 2,572)a

Predictor variables

Total Aware of Jolie’s story

Correct recall of Jolie’s 
asserted lifetime  

risk (80–90%)b

Accurate knowledge 
of BRCA mutation and 

breast cancer risksc

n % n % n % n %

Overall 2,572 100 1,907 74.2 910 47.7 202 7.9

Sex

  Male 1,237 48.1 805 65.1 322 40.0 125 10.1

  Female 1,335 51.9 1,102 82.5*** 588 53.4*** 77 5.8***

Race/ethnicity

  Non-Hispanic white 1,819 71.8 1,444 79.4 724 50.1 156 8.6

  Hispanic 350 13.8 212 60.6 83 39.3 17 4.9

  Black 292 11.5 185 63.4 78 42.2 18 6.2

  Others 71 2.8 49 69.0*** 21 42.9** 5 7.0

Age

  18–34 years 768 29.8 400 52.1 169 42.4 52 6.8

  35–44 years 426 16.5 323 75.8 157 48.6 29 6.8

  45–54 years 422 16.4 356 84.4 163 45.8 41 9.7

  55 years and older 957 37.2 829 86.6*** 421 50.8* 81 8.5

Household income

  <35K 702 29.3 444 63.2 187 42.0 49 7.0

  $35K to 49.9K 333 13.9 248 74.5 111 44.8 23 6.9

  $50K to 74.9K 456 19.0 364 79.8 198 54.4 45 9.9

  $75K and higher 909 37.9 733 80.6*** 356 48.6** 78 8.6

Education level

  Less than high school 138 5.4 61 44.2 33 54.1 2 1.4

  High school 969 37.7 686 70.8 311 45.3 67 6.9

  Some college 732 28.5 573 78.3 263 45.9 50 6.8

  College and more 733 28.5 587 80.1*** 303 51.6 83 11.3***

Geographical region

  Northeast 546 21.2 409 74.9 219 53.5 35 6.4

  Midwest 555 21.6 416 75 189 45.4 48 8.6

  South 867 33.7 645 74.4 278 43.0 58 6.7

  West 603 23.4 436 72.3 224 51.4** 61 10.1*

Marital status

  Married 1,257 48.9 1,014 80.7 508 50.1 111 8.8

  Single/never married 743 28.9 423 56.9 169 40.0 61 8.2

  Divorced/separated/widowed 571 22.2 470 82.3*** 233 49.6*** 31 5.4*

Numeracy

  None correct 481 18.7 313 65.1 123 39.3 24 5.0

  1 correct 997 38.8 725 72.7 342 47.2 61 6.1

  2 correct 1,094 42.5 869 79.4*** 445 51.2*** 117 10.7***

Risk factors

   Negative personal and 
negative family history

1,589 61.8 1,165 73.3 540 46.4 124 7.8

   Have ≥1 affected  
second-/third-degree relatives

540 21.0 407 75.4 205 50.5 37 6.9

   Have a personal history or 
have ≥1 affected first-degree 
relatives

443 17.2 337 76.1 165 49.0 40 9.0

aResults were calculated after the application of poststratification weights so that the sample would be representative for the US population according to the 
sociodemographic variables, specifically sex, age, education, income, and region. bThe denominator is 1,907, which reflects the number of people aware of Jolie’s double 
mastectomy news story. cThe denominator is 2,572, the entire survey sample. *P < 0.05; **P < 0.01; ***P < 0.001.
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genetic counselor (1.3%), and sought information about insur-
ance coverage and costs for preventive surgery (1.5%) or about 
their cancer risk.

There was a positive association between respondent endorse-
ment of positive attitudes toward the Jolie’s story and an indica-
tion of positive health actions in the past 3 weeks (Pearson cor-
relation of 0.25; P < 0.0001); nevertheless, endorsement of the 
behaviors did not differ between respondents who were aware 
or not aware of the story, after controlling for demographic 
variables, numeracy, and personal and family history.

DIsCUssION
Based on our population sample, we estimate that three of every 
four American adults were aware of Angelina Jolie’s prophylactic 
mastectomy, and almost half could recall Jolie’s estimated risk of 
breast cancer before surgery. Nevertheless, fewer than 10% of 
all respondents had sufficient information necessary to interpret 
the information about Ms Jolie’s risk of developing breast cancer 
relative to women unaffected by the BRCA gene mutation.

Awareness of the Jolie story was not associated with greater 
knowledge of breast cancer risk, with or without consideration 
of the BRCA gene mutation. In fact, among those who followed 
the story, women were less accurate than men, almost always 
overestimating the contribution of the BRCA mutation to breast 
cancer and the average women’s lifetime risk of breast cancer.

We investigated whether awareness of Jolie’s story was asso-
ciated with respondents ability to more accurately relate their 
own family history to their own (or family member’s) cancer 
risk and found that there were substantial errors evident; about 
half thought that lack of family history was associated with lower 
than average risk of cancer while it also appeared that individu-
als aware of the story, and with at least one cancer-affected first-
degree relative, were less likely to rate their own (or family mem-
ber’s) cancer risk higher than average. These findings suggest that 
respondents largely interpreted a negative family history as pro-
tective against cancer and that exposure to the story appeared to 
confuse, rather than clarify, an understanding of the relationship 
between a positive family history and increased cancer risk.

It is noteworthy that more than 8% of the population reported 
some increased anxiety in the weeks following the story. Both men 
and women overwhelmingly approved of Angelina going public 
with her story; however, more women than men approved of her 
decision to have prophylactic surgery or said that they would rec-
ommend the surgery to a family member if they carried the muta-
tion. Indeed, 57% of women said that they would have undergone 
the surgery themselves if they carried the “faulty” gene.

As a point of perspective, a 2008 survey of US women with a 
BRCA mutation found that 36% had opted for the prophylactic 
bilateral mastectomy, the highest uptake rate for this surgery 
in the world.18

Men have a role in this story. They have and help frame opin-
ions and provide support to women about medical decisions, 
as the popular media suggested about Jolie’s partner Brad Pitt. 
Clinicians’ attitudes and advice toward prophylactic mastec-
tomy may also vary by gender; a recent European study found 

that male general practitioners were less positive than female 
practitioners toward recommending prophylactic mastectomy 
for women who carry a BRCA mutation.19

While 9% of women reported feeling motivated to do some-
thing they were putting off as a result of the story, like hav-
ing a mammogram or seeing a doctor or a genetic counselor, 
there was little evidence that they acted on these intentions, at 
least not in the 3 weeks immediately following the story. This 
is consistent with outcomes of a previous mass media cam-
paign by Myriad Genetics to promote BRCA1/2 testing, which 
resulted in a short-term increase in inquiries, but little evi-
dence of population-level changes in discussions with health-
care providers or testing increases.20,21

Awareness of the Jolie story was notably much higher than 
reported awareness of the previously mentioned Myriad cam-
paign (74 vs. 36%).20 Celebrities can successfully raise awareness 
about a health issue, but it is a greater challenge for health jour-
nalists to ensure accurate understanding.22 This is difficult when 
the issue involves an understanding of risk and probabilities as 
is true of the genetic information that Angelina Jolie commu-
nicated. In this regard, approximately one-third of our respon-
dents (31.7%) incorrectly predicted how many times a coin 
would come up heads in 1,000 coin flips. This is indicative of 
quantitative skill deficits found for almost half of the Americans 
who are characterized as functioning at below basic (22%) or 
basic (33%) quantitative skill levels.23 The 2002 mass media cam-
paign about BRCA1/2 testing resulted in increased awareness 
but not knowledge and was accompanied by a greater propor-
tion of testing inquiries by women who were not at high risk for 
a BRCA1/2 mutation.21,24 It is not surprising that while Angelina 
Jolie’s health story heightened awareness of breast cancer, it did 
not help the public (even the subset with greater risk due to fam-
ily history) to better understand the risks of the disease for the 
vast majority of women who do not have a BRCA mutation.

A strength of this study is the immediacy and reach of the 
data collection. The online survey was fielded over 2 days 
within 3 weeks of the media story about Ms Jolie; it included 
2,572 adults (aged 18 years and older) and was conducted by 
Harris Interactive. In their approach, Harris ensures a represen-
tative sample that also includes a propensity score for using the 
Internet. But, propensity scores do not account for all the varia-
tion from this sample to the overall United States. For example, 
17.2% of our respondents reported either a personal history of 
breast or ovarian cancer or a similar history in a first-degree 
relative; we would expect that figure to be closer to 10% in a 
national sample, indicating that respondents who chose to do 
this survey have a greater personal or close family history of 
relevant cancers compared to the overall population.25,26

To facilitate rapid implementation of the survey, we were 
restricted in the number and format of the questions asked, and 
the survey was largely restricted to multiple choice options. As 
a result, nuanced aspects of this story are lost.

We also made a choice regarding the range of cancer risks 
considered to be “accurately” reported. Hereditary cancer risks 
are generally presented as ranges, to represent the existing 
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uncertainty in the scientific literature. Risks for breast can-
cer for women with a mutation in the BRCA1 gene have been 
reported to range from 44 to 87% by the age of 70 years.27,28 
While we do not know the exact risk figures reported to Ms 
Jolie by her genetic counselor, we do know that she chose to 
report an 87% risk in her commentary. As this work was on 
awareness and recall of celebrity revelations, we focused on a 
range (80–90%) close to the specific risk provided in Ms Jolie’s 
New York Times piece.

One problem with the survey is that it failed to allow non–
whole-number responses. The correct answer to one of the 
three numeracy questions used in our measure was a decimal 
(0.1%).17 As some respondents may have known that 0 was 
incorrect, they may have entered 1 as the smallest number 
that was acceptable. On the other hand, respondents may have 
thought the answer was 1%. As we cannot tell the right answers 
from the wrong on this item, we decided to drop that question 
and use the other two questions as our numeracy indicator. 
We think the measure was nonetheless useful as it provided a 
somewhat more sensitive measure of population function rela-
tive to numeric concepts than educational level.

As our understanding of the genetic contribution to disease 
risk continues to unfold, it will be vital for health journalists to 
seek out clinical and scientific experts who can communicate 
population risks in ways that inform, rather than alarm. It is 
recommended that clinicians seek ways to reach the most vul-
nerable and high-risk populations with clear and useful infor-
mation.4,10,22 Preparing for inevitable future events similar to the 
Angelina Jolie’s announcement involves transforming height-
ened public awareness into heightened public understanding 
and appropriate use of medical resources.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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