Original Research

Annals of Internal Medicine

Personalized Estimates of Benefit From Preventive Care Guidelines
A Proof of Concept
Glen B. Taksler, PhD; Melanie Keshner, MSN, FNP; Angela Fagerlin, PhD; Negin Hajizadeh, MD, MPH; and R. Scott Braithwaite, MD, MSc

Background: The U.S. Preventive Services Task Force (USPSTF)
makes recommendations for 60 distinct clinical services, but clinicians rarely have time to fully evaluate and implement the
recommendations.
Objective: To complete a proof of concept for prioritization and
personalization of USPSTF recommendations, using patient-specific
clinical characteristics.
Design: Mathematical model.
Data Sources: USPSTF recommendations and supporting evidence
and National Vital Statistics Reports.
Target Population: Nonpregnant adults.
Time Horizon: Lifetime.
Perspective: Individual.
Intervention: USPSTF grade A and B recommendations.
Outcome Measures: Personalized gain in life expectancy associated with each recommendation.
Results of Base-Case Analysis: Increases in life expectancy varied
more than 100-fold across USPSTF recommendations, and the rank
order of benefits varied considerably among patients. For an obese
man aged 62 years who smoked and had hypercholesterolemia,

T

he U.S. Preventive Services Task Force (USPSTF)
makes recommendations for 60 distinct clinical services
(1). Yet, although receipt of preventive health care services
has improved in the past decade, only approximately one
half of recommended services are provided (1–3). Utilization remains alarmingly low for some services (for example,
48% of persons are not screened for colorectal cancer), and
disparities in utilization may contribute to those in health
outcomes (for example, 37% of black persons aged ⬎65
years vs. 62% of white persons aged ⬎65 years receive
pneumococcal vaccinations) (4, 5).
An important reason why the U.S. health system does
not implement prevention guidelines consistently may be
insufficient personalization and prioritization at the point
of care. The time available to fully evaluate and implement
all relevant recommendations is widely considered inadequate (2–16) and would require more than 7 hours each
day for a typical practice panel of 2500 patients (3), making prioritization essential. However, many studies suggest
that clinicians do not know which USPSTF recommendations have the greatest benefit for each patient and therefore do not prioritize recommendations appropriately (17–
20). A more systematic approach to prioritizing and
personalizing guidelines may improve outcomes. Previous
work suggests that increasing adherence to screening and

hypertension, and a family history of colorectal cancer, the model’s
top 3 recommendations (from most to least gain in life expectancy)
were tobacco cessation (adding 2.8 life-years), weight loss (adding
1.6 life-years), and blood pressure control (adding 0.8 life-year).
Lower-ranked recommendations were a healthier diet, aspirin use,
cholesterol reduction, colonoscopy, screening for abdominal aortic
aneurysm, and HIV testing (each adding 0.1 to 0.3 life-years). For
a person with the same characteristics plus uncontrolled type 2
diabetes mellitus, the model’s top 3 recommendations were diabetes control, tobacco cessation, and weight loss (each adding 1.4 to
1.8 life-years).
Results of Sensitivity Analysis: Robust to variation of model
inputs and satisfied face validity criteria.
Limitation: Expected adherence rates and quality of life were not
considered.
Conclusion: Models of personalized preventive care may illustrate
how magnitude and rank order of benefit associated with preventive guidelines vary across recommendations and patients. These
predictions may help clinicians to prioritize USPSTF recommendations at the patient level.
Primary Funding Source: New York University School of Medicine.
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treatment recommendations for hypertension, hyperlipidemia, aspirin chemoprophylaxis, and smoking cessation
could each add 180 000 to 570 000 life-years to the U.S.
population (21).
Moreover, optimal care may differ among patients.
For example, a diabetic woman aged 80 years who is very
frail may be more likely to be harmed than benefited by
extremely tight blood sugar control, yet current decision
supports may enforce rigid application of guidelines for
this parameter (22, 23). Indeed, personalizing care is a
main rationale for establishing patient-centered medical
homes.
To facilitate personalized decision making at the point
of care, we undertook a demonstration project to mathematically model an estimate of individualized magnitude of
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Context
Professional organizations recommend so many screening
and preventive services that clinicians cannot provide all of
them to every patient.

Contribution
This work describes how to rank screening and preventive
services according to increases in life expectancy and illustrates how the order changes with differences in demographic characteristics, medical conditions, and lifestyle
choices.

Caution
These illustrations do not recognize differences in patient
adherence to recommendations, differences in quality of
life, and other important considerations.

Implication
It is possible for clinicians to incorporate patient-specific
priorities for screening and preventive services into clinical
care.
—The Editors

health benefit for each of the 25 USPSTF grade A and
B guidelines applicable to nonpregnant adults (Table).
Our model was intended as a proof-of-concept exercise
rather than a finished product intended for widespread
implementation.

METHODS
Model

We used a life-expectancy Markov model to prioritize
preventive care services by examining each USPSTF recommendation in the context of a person’s risk– benefit profile (Figure 1). First, we obtained the national average life
expectancy for a patient’s age, race, and sex (24). We then
personalized estimates for life expectancy on the basis of
the presence or absence of characteristics known to have a
substantial effect on life expectancy that were influenced by
USPSTF recommendations (tobacco use, alcohol use, body
mass index, cardiovascular risk profile [hypertension, hypercholesterolemia, diabetes, and aspirin chemoprophylaxis], BRCA1/BRCA2 status, osteoporosis, and depression). To do so, we adjusted mortality for a patient’s
individualized relative risk (RR). For example, 10-year allcause mortality for women aged 50 years was 69 out of
1000 for current smokers and 37 out of 1000 for those
who never smoked (25). Assuming a 20% prevalence of
smoking (26), the current smokers had a 59% higher risk
for death than the general population [all-cause mortality
rate in current smokers ⫼ all-cause mortality rate in the
general population ⫽ 69 ⫼ (20% ⫻ 69 ⫹ 80% ⫻ 37)],
and the never smokers had a 15% lower risk for death than
the general population [all-cause mortality rate in never
smokers ⫼ all-cause mortality rate in the general popula162 6 August 2013 Annals of Internal Medicine Volume 159 • Number 3
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tion ⫽ 37 ⫼ (20% ⫻ 69 ⫹ 80% ⫻ 37)]. Supplements 1
and 2 and Table 1 of Supplement 1 (available at www
.annals.org) include a detailed description of methods,
sources, and inputs.
Next, for each of the 25 USPSTF grade A and B
recommendations on preventive care applicable to nonpregnant adults (Table), we simulated the change in personalized life expectancy after following each recommendation (that is, we followed a hypothetical cohort of persons
“just like the patient” until death). At each age, the contribution to overall life expectancy was defined as the probability that a patient would survive to that age, multiplied
by the expected benefit of preventive care, minus the expected risk. For example, the expected benefit from aspirin
in women was the life expectancy associated with a 17%
RR reduction in ischemic stroke (95% CI, 1% to 31%)
(27). The expected risk was the life expectancy associated
with a 10-year probability of gastrointestinal bleeding of
0.4% to 3.0%, depending on age, with an 80% survival
rate (27, 28). When important clinical mediators were relevant (such as coronary heart disease for hyperlipidemia),
we adjusted for the estimated probability of developing
each mediator and associated survival rates (Supplements 1
and 2 and Table 1 of Supplement 1).
We then estimated how much longer a person would
be expected to live after following each USPSTF recommendation (Supplement 1). Recommendations with a gain
in life expectancy were considered advisable in our personalized setting.
Finally, we ranked USPSTF recommendations on the
basis of the expected number of life-years gained to help
identify the most important preventive care guidelines for
each patient. Mindful of technology limitations in many
health service settings, we implemented the model in Microsoft Excel 2007 (Microsoft, Redmond, Washington).
Inputs

Model inputs consisted of the 3 factors used to estimate baseline life expectancy—age, race, and sex—and additional patient-specific variables that modified the expected benefits and risks of each preventive care service
(Supplements 1 and 2 and Table 1 of Supplement 1).
Patient-specific variables and effect sizes were obtained
from studies cited by USPSTF recommendations and comprised 9 categories: body mass index, vital signs, laboratories (lipid and sugar levels), medical history, lifestyle (tobacco use, alcohol use, and depression), current preventive
care screenings, family history of disease, sexual practices,
and reproductive history (for women only).
For example, 2 patient-specific variables were used to
adjust for cervical cancer–specific mortality: reproductive
history (parity of ⱖ5, age ⬍18 years at first sexual intercourse, ⬎5 sexual partners, or long-term oral contraceptive
use) (RR, 2.5 times if ⱖ1 condition met) and smoking
status (RR, 1.5 times for current smokers) (29, 30). Accordingly, the mortality benefit from cervical cancer
www.annals.org
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Table. USPSTF Recommendations for Nonpregnant Adults*
Preventive Care Topic

USPSTF Recommendation

Grade

Date

AAA screening for men

One time, by ultrasonography, in men aged 65–75 y who have ever
smoked
Screening and behavioral counseling interventions

B

February 2005

B

April 2004

A

March 2009

A

March 2009

A
B

December 2007
September 2005

B

July 2002

B
A

December 2009
March 2012

A

June 2007

Men aged ⱖ35 y
Men aged 20–35 y if at increased risk for CHD
Women aged ⱖ45 y if at increased risk for CHD
Women aged 20–45 y if at increased risk for CHD
Everyone aged 50–75 y, by FOBT, sigmoidoscopy, or colonoscopy
Screening when staff-assisted depression care supports are in place to
ensure accurate diagnosis, effective treatment, and follow-up
Screening for type 2 diabetes mellitus in asymptomatic adults with
sustained blood pressure (treated or untreated) ⬎135/80 mm Hg
All sexually active women if at increased risk for infection
Adults with hyperlipidemia and other known risk factors for CVD and
diet-related chronic disease
Everyone at increased risk for HIV infection
Everyone and patients with a BMI ⱖ30 kg/m2 should be provided with
or referred to intensive, multicomponent behavioral interventions
Women aged ⱖ65 y and younger women if at increased risk for
osteoporotic fractures
High-intensity behavioral counseling for everyone at increased risk

A
B
A
B
A
B

June 2008
June 2008
June 2008
June 2008
October 2008
December 2009

B

June 2008

B
B

May 2005
January 2003

A
B

July 2005
June 2012

B

January 2011

B

October 2008

Ask all adults about tobacco use and provide tobacco cessation
interventions for those who use tobacco products
Everyone at increased risk for syphilis infection

A

April 2009

A

July 2004

Alcohol misuse counseling
Aspirin to prevent CVD
Men

Women

Blood pressure screening in adults
Counseling about BRCA screening

Breast cancer preventive medication
Breast cancer screening
Cervical cancer screening
Chlamydial infection screening for
nonpregnant women
Cholesterol abnormalities screening
Men aged ⱖ35 y
Men aged ⬍35 y
Women aged ⱖ45 y
Women aged ⬍45 y
Colorectal cancer screening
Depression screening for adults
Diabetes screening
Gonorrhea screening for women
Healthy diet counseling
HIV screening
Obesity screening and management
for adults
Osteoporosis screening for women
Counseling about sexually
transmitted infections
Tobacco use counseling and
interventions
Syphilis screening

Men aged 45–79 y, when the potential benefit due to a reduction in MIs
outweighs the potential harm due to an increase in gastrointestinal
hemorrhage
Women aged 55–79 y, when the potential benefit of a reduction in
ischemic strokes outweighs the potential harm of an increase in
gastrointestinal hemorrhage
Adults aged ⱖ18 y
Referral of women whose family history is associated with an increased
risk for deleterious mutations in BRCA1/BRCA2 genes for genetic
counseling and evaluation
Discuss chemoprevention with women at high risk for breast cancer and
low risk for adverse effects of chemoprevention
Biennial screening mammography for women aged 50–74 y
Women aged 21–65 y with cytology every 3 y or, for women aged
30–65 y, screening with cytology plus HPV testing every 5 y
Sexually active, nonpregnant young women aged ⱕ24 y or older;
nonpregnant women at increased risk

AAA ⫽ abdominal aortic aneurysm; BMI ⫽ body mass index; CHD ⫽ coronary heart disease; CVD ⫽ cardiovascular disease; FOBT ⫽ fecal occult blood test; HPV ⫽
human papillomavirus; MI ⫽ myocardial infarction; USPSTF ⫽ U.S. Preventive Services Task Force.
* Excludes folic acid supplementation because benefits accrue to an unborn child rather than the patient.

screening for a patient with both risk factors was 3.75
times (RR, 2.5 times ⫻ 1.5 times) the average mortality
benefit for women of the same race and age. Fatal complications were also personalized; for example, patients receiving warfarin were estimated to have a 4.3-times higher
risk for dying of colonoscopy (31). When there was no
meaningful risk for fatal complications (for example, mammography), we considered other complications (such as
anxiety) by assigning the lowest complication rate that calibrated the model to agree with the starting age for screening recommended by the USPSTF (Supplement 1).
Assumptions

To keep the model generalizable, scalable, and feasible
in a patient setting, we made substantial simplifications.
First, we assumed that age, race, and sex were sufficient to
www.annals.org
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represent baseline (national average) life expectancy. Other
factors, such as ethnicity, geography, and socioeconomic
status, were not considered. Second, we assumed that personalized risks affected mortality at constant multiplicative
rates (RRs). For example, a patient with hypercholesterolemia had 1.44 times the RR for abdominal aortic aneurysm (32), regardless of other risk factors. When estimates
were available from existing literature, we allowed RRs to
vary across age, race, and sex groups.
Third, the baseline benefits of preventive care were
assumed to depend on 3 variables: the RR reduction from
a preventive care service, the proportion of the population
adhering to that service, and the delay for benefits to occur.
For example, colonoscopy was associated with a reduction
in RR in colorectal cancer–specific mortality of 70%,
6 August 2013 Annals of Internal Medicine Volume 159 • Number 3 163
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Figure 1. Personalized preventive care model.
Data Sources
U.S. Life Expectancy
Tables
National Vital
Statistics System,
Centers for Disease
Control and
Prevention

Preventive Health
Care Services
USPSTF Grade A
and B
recommendations
and supporting
evidence

Step 1
Calculate national
average life expectancy,
using age, race, and sex

Step 2
Use relative risk to
adjust life expectancy
for personalized factors
(tobacco, BMI, alcohol,
cardiovascular risk
profile [hypertension,
hypercholesterolemia,
diabetes, and aspirin
chemoprophylaxis],
BRCA1/BRCA2,
osteoporosis, and
depression)

Step 3
Estimate change in life
expectancy from
following each USPSTF
grade A or B
recommendation

Step 4
Rank order estimated
gains in life expectancy
for each USPSTF grade
A or B recommendation

Example:
White man aged 62 y
expected to live 19.1 y

Example:
White man aged 62 y;
smoker; BMI, 30.4
kg/m2; total cholesterol
level, 7.8 mmol/L
(300 mg/dL); LDL
cholesterol level, 6.5
mmol/L (250 mg/dL);
blood pressure, 150/90
mm Hg; expected to
live 13.1 y

Example:
Relative benefits from
colonoscopy 3.5 times
the general population
average due to family
history of colorectal
cancer. Relative risks
1.0 times the general
population average.
Total estimated gain in
life expectancy is +0.2 y.

Example:
Quit smoking (+2.8 y),
lose weight (+1.6 y),
lower blood pressure
(+0.8 y), improve diet
(+0.3 y), use aspirin
daily (+0.3 y), lower
cholesterol (+0.3 y),
have decennial
colonoscopy (+0.2 y),
screen for AAA (+0.1 y),
get tested for HIV
(+0.1 y)

Prevalence of Disease
USPSTF
recommendations,
supporting
evidence, and
other sources,
as necessary

A 4-step process was used to create a personalized model of preventive health care recommendations. Detailed methods are available in Supplement 1
(available at www.annals.org). AAA ⫽ abdominal aortic aneurysm; BMI ⫽ body mass index; LDL ⫽ low-density lipoprotein; USPSTF ⫽ U.S.
Preventive Services Task Force.

but only 40% of the recommended population obtained
screening (22, 23). If the entire recommended population
was screened, then the national rate of colorectal cancer–
specific mortality would be expected to decrease by 58%
(1 ⫺ [RR with 100% adherence] ⫼ [RR with 40% adherence] ⫽ 1 ⫺ [1 ⫺ 70% RR reduction] ⫼ [40% adherence
⫻ {1 ⫺ 70% RR reduction} ⫹ 60% adherence ⫻ 100%
RR]). Therefore, the average person having colonoscopy
for the first time would benefit from a 58% risk reduction
versus national mortality data. However, studies suggested
a delay of 5 years to realize this risk reduction (22, 23).
Delays were incorporated only when studies cited by the
USPSTF had indicated a substantial period for benefits to
accrue and were personalized when possible (Supplements
1 and 2 and Table 1 of Supplement 1).
Fourth, we did not discount time when estimating
benefits, so patients were assumed to value immediate and
future benefits equally. This assumption was used because
the added complexity of attempting to identify personalized discount rates may have made the project infeasible.
Fifth, sexually transmitted diseases other than HIV
rarely resulted in death (33) and therefore were not likely
to be associated with meaningful changes in life expectancy. If
screening was recommended, the smallest reported increment in life expectancy (0.1 life-year) was assigned.
164 6 August 2013 Annals of Internal Medicine Volume 159 • Number 3
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Sixth, once screening or treatment was initiated, persons were assumed to continue at a personalized frequency
until the model recommended stopping; for example, decennial colonoscopy until age 75 years (Supplement 1).
Finally, we assumed that the expected benefits of
screening started to exceed the expected risk for fatal complications (or equivalent harms) at the age when initiation
was first recommended. For age-specific USPSTF recommendations (such as recommending screening at age ⱖ50
years) that involved no direct risk for death, we imputed
rates of serious complications on the basis of the age initiation threshold for USPSTF guidelines (34).
Scenarios

We considered 2 hypothetical patients, each with several chronic conditions and health risks. “Adam” was a
white man aged 62 years who was obese (body mass index,
30.4 kg/m2); smoked; and had hypercholesterolemia (total
cholesterol level, 7.8 mmol/L [300 mg/dL]; low-density
lipoprotein cholesterol level, 6.5 mmol/L [250 mg/dL]),
hypertension (blood pressure, 150/90 mm Hg), and a family history of colorectal cancer (ⱖ2 family members). “Bill”
had the same characteristics plus uncontrolled type 2 diabetes mellitus (hemoglobin A1c level, 9%). Whereas the
USPSTF often stratifies recommendations by sex (Table),
www.annals.org
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we decided that both patients should be men to emphasize
comorbidity-based differences. We chose age 62 years as
the midpoint for aspirin chemoprophylaxis (selected men
aged 45 to 79 years) and colorectal cancer screening (ages
50 to 75 years) as recommended by the USPSTF (Table).
Physicians may believe that tobacco cessation would
be the most important priority in Adam but question
whether diabetes control or tobacco cessation was more
important in Bill. In both patients, physicians may
question the relative priority of weight loss versus hypertension control. We analyzed model recommendations for
these 2 patients to illustrate the model’s capabilities and
limitations.
Sensitivity Analysis

For each preventive care condition, we conducted a
1-way sensitivity analysis to assess the effect of varying
input assumptions (such as race and sex) across plausible
ranges. When available, plausible ranges were based
on 95% CIs from studies referenced in USPSTF
recommendations.
Face Validity

For each USPSTF guideline that considered age, we
partitioned the simulated population into 4 subgroups on
the basis of the presence or absence of relevant clinical
characteristics (high vs. average benefit rates and high vs.
average complication rates). For example, for colonoscopy,
patients with HIV had high benefit rates because HIV
increased the risk for colorectal cancer. Patients who received warfarin had high complication rates because warfarin increased the risk for bleeding-related complications
from colonoscopy. The model was considered valid if it
met 3 prespecified criteria for face validity: Preventive care
was recommended at an earlier starting age for the group
with high benefit and average complication rates, relative
to all other groups; preventive care was recommended at a
later starting age for groups with the same benefit rates but
higher complication rates; and initiation of preventive care
began within 5 years of the starting age recommended by
the USPSTF in the group with average benefit and complication rates. For USPSTF guidelines that did not consider age, we compared initial age of recommendation predicted by the model with the implicit age at initiation
(ⱕ18 years).
This study did not meet the criteria for human subjects review at the Institutional Review Board of New York
University School of Medicine.
Role of the Funding Source

This study was funded by New York University
School of Medicine. The funding source had no role in the
design, conduct, and analysis of this study or in the decision to submit the manuscript for publication.
www.annals.org
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RESULTS
Calculation of Life Expectancy, Adjusted for Age, Race,
Sex, and Risk Factors

Adam’s life expectancy is 13.1 years (Figure 2, A),
meaning that he has the life expectancy of an average white
man aged 71 years. Bill’s life expectancy is only 9.6 years,
meaning that he has the life expectancy of an average
white man aged 77 years.
Personalized Rank Order of Preventive Care
Recommendations

To improve Adam’s life expectancy, the model’s rank
order of recommendations is to quit smoking (2.8 lifeyears gained); lose 7.3 kg or more (1.6 life-years gained);
reduce blood pressure to 120/80 mm Hg (0.8 life-year
gained); eat a healthier diet, such as eating more fruits and
vegetables (0.3 life-year gained); use aspirin daily (0.3 lifeyear gained); lower the total cholesterol level to 5.2
mmol/L or less (ⱕ199 mg/dL) and low-density lipoprotein
cholesterol level to 2.6 mmol/L or less (ⱕ100 mg/dL) (0.3
life-year gained); have decennial screening colonoscopy
(0.2 life-year gained); have ultrasonography to screen for
abdominal aortic aneurysm (0.1 life-year gained); and get
tested for HIV (0.1 life-year gained) (Figure 2, B). Therefore, quitting smoking would confer a gain of 0.8 more
life-year than lowering blood pressure and 2.0 more lifeyears than losing weight, suggesting a clear rank order of
the model’s top 3 recommendations.
To improve Bill’s life expectancy, the model’s top recommendation is to control diabetes (to hemoglobin A1c
level ⱕ7%; 1.8 life-years gained) (Figure 2, B), followed by
quitting smoking (1.5 life-years gained) and lowering
blood pressure (1.4 life-years gained). The benefit from
tobacco cessation would be approximately one half that of
Adam’s (1.5 vs. 2.8 life-years gained) because of lower life
expectancy in a patient with uncontrolled diabetes (Figure
2, B). Bill’s rank order is less clear because the gain from
each of the top 3 recommendations is similar (1.4 to 1.8
life-years gained).
Sensitivity Analysis

If Bill were black instead of white, tobacco cessation
would become more important than diabetes control, with
an associated gain in life expectancy as a black man of 1.8
years for tobacco cessation versus 1.6 years for diabetes
control; as a white man, the numbers would be 1.5 years
versus 1.8 years, respectively. This change would occur because the benefits of diabetes control are concentrated at
later ages (for example, the risk for coronary heart disease
increases 2.0 to 2.1 times for each race over 10 years), but
black persons are less likely to survive to those ages (34.0%
probability of Bill surviving 10 years if he were black vs.
40.8% if he were white). Therefore, if Bill were black, he
would probably realize less benefit from diabetes control,
and the rank order of the top 2 recommendations would
reverse.
6 August 2013 Annals of Internal Medicine Volume 159 • Number 3 165
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Figure 2. Rank order of personalized preventive care recommendations.
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This figure shows personalized life expectancy for 2 hypothetical patients, plus an estimate of how much longer each patient may expect to live by
following various preventive care recommendations. Estimates are shown for adherence to each individual recommendation; adherence to several
recommendations may change life expectancy by less than the sum of individual recommendations. AAA ⫽ abdominal aortic aneurysm.

For a woman with Bill’s characteristics (white or
black), diabetes control would decrease in rank from first
to fourth because of a lower risk for coronary heart disease
in women that is not offset by a higher risk for stroke, with
tobacco cessation, blood pressure control, and weight loss
ranking first to third, respectively. The differences would
be clinically meaningful, conferring approximately 0.8 lifeyear more for tobacco cessation than diabetes control. Preventive health care recommendations specific to women
would rank low for gains in life expectancy, with mammography, osteoporosis testing, and Papanicolaou smear
each conferring a gain of less than 0.1 life-year.
Sensitivity analyses were robust to variation of other
model inputs (Supplements 3 and 4 and Supplement Figures 1 to 17, available at www.annals.org).
General Observations

Across various hypothetical patients, tobacco cessation,
diabetes control, weight loss, and blood pressure reduction
166 6 August 2013 Annals of Internal Medicine Volume 159 • Number 3
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were consistently among the highest-ranked guidelines.
Screenings for abdominal aortic aneurysm, colorectal cancer, and breast cancer (in women with unknown BRCA1/
BRCA2 status) typically ranked lower.
Face Validity

The model satisfied face validity criteria across
USPSTF recommendations (Supplement 2 and Tables 2
to 6 of Supplement 2; Supplement 3; and Supplement 4
and Supplement Figures 18 to 20).

DISCUSSION
Previous work suggests that clinicians may find it difficult to personalize and prioritize preventive care guidelines (17–20) and that doing so effectively is timeconsuming (3). For many, personalized medicine connotes
efforts to assess a person’s disease risk on the basis of genetics, such as the Human Genome Project (35) and the
www.annals.org
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role of BRCA1/BRCA2 mutations in breast cancer (36).
However, we construe personalized medicine far more
broadly, as efforts to refine health care guidelines to meet
the risk– benefit profile of a patient, considering genetics,
personal and family history of disease, lifestyle, personal
goals, and other defining characteristics. We were not the
first investigators to attempt to personalize recommendations by mathematically modeling a broad range of diseases
and risk factors. Notably, the Archimedes quantitative
model personalizes risk for select conditions (especially diabetes, obesity, and cardiovascular disease) on the basis of
in-depth representation of underlying biological mechanisms (37). We sought a more basic model that combined
all major preventive care recommendations into a single,
holistic proof-of-concept model.
In general, both our model and a recent Lancet Global
Burden of Disease series consistently rank tobacco cessation, diabetes control, weight loss, and hypertension control as high priorities (38). Previous work has also emphasized services to prevent cardiovascular-associated disease
(21). However, we shifted the focus from population burden of preventable morbidity and mortality to individual
priorities. In our hypothetical scenarios, the distinct risk
profiles of Adam and Bill (from both each other and the
average white man aged 62 years) translated into distinct
rank order and magnitude of benefit from preventive care
guidelines. Although a busy clinician may find it difficult
to personalize USPSTF preventive care recommendations,
a mathematical model may offer insights that are sufficiently simple and actionable to incorporate into clinical
workflow. Patients may find it difficult to understand risk
metrics (39), so communication of personalized preventive
care recommendations requires careful attention. However,
the rank order of benefit may be communicated and used
for clinical decision making even if life expectancy is not
completely understood by patients. For example, Adam
may be told that the most important thing he could do to
improve his health is to quit smoking, followed by losing
weight and lowering his blood pressure (Figure 2, B).
In an ongoing pilot study, we are incorporating this
decision support into a busy primary care clinic (Supplement 5, available at www.annals.org). Electronic health
records help to preidentify patients with the largest potential benefits in life expectancy if personalized recommendations were followed. A nurse practitioner then discusses
these personalized recommendations with patients, pursuing a shared decision about goals a patient would like to
achieve. A health coach then discusses practical ways to
achieve them.
To improve clinical relevance, future versions of our
framework must address several limitations. First, patientlevel adherence rates should be incorporated into the decision support. For example, if a person has a 50% probability of adhering to hypertension medication (40) but
only a 25% probability of successfully completing a tobacco cessation program (41), then the relative importance
www.annals.org
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of tobacco cessation should decline by one half. Second, to
improve patient-centeredness, metrics other than life expectancy (such as quality of life and patient preferences)
should be included. Third, to the degree that racial differences in life expectancy are mediated through socioeconomic status, such variables as income and education
should be incorporated into our framework. For example,
it is currently possible that the life expectancy of a highly
educated black person may be better represented by white
race, where persons have higher average socioeconomic status. Similarly, explicit modeling of other risk factors (such
as specific treatments) could improve accuracy. Fourth, an
ideal model should consider interaction among recommendations. For example, we estimated the effects of weight
loss at a patient’s current blood pressure but not how much
blood pressure may decrease because of weight loss. Fifth,
the model would benefit from CIs surrounding several
sources of data. Finally, baseline life expectancy should
consider dominant comorbid conditions that substantially
affect mortality risk, such as previous diagnosis of cancer.
Models of personalized preventive care may help clinicians prioritize USPSTF recommendations at the patient
level. Future work may help to determine whether modelbased personalization is feasible at the point of care and is
associated with improved health outcomes.
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