Will precision medicine improve population health?
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Why does this even matter?
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Fig. 2. Mortality by cause, white non-Hispanics ages 45-54.
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Fig. 1. All-cause mortality, ages 45-54 for US White non-Hispanics (USW),
US Hispanics (USH), and six comparison countries: France (FRA), Germany
(GER), the United Kingdom (UK), Canada (CAN), Australia (AUS), and Swe-
den (SWE).



What the health conversation has been recently
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Proportion of NIH funding awarded to projects with the terms
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The loyal opposition



to the aspirations of science

The onaK)pposition



to compelling ideas that do not advance health

The loyal oppositionA



There Is one guestion that matters. Will precision
approaches improve population health?



It depends.
No, unless.
Three reasons why not.



1. The challenges of complexity in biology



Genes matter relatively little
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Fig 1. Population attributable fractions (PAFs) for 28 disease phenotypes estimated from studies of monozygotic twins. Sources of data and
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Many variants, with very small effect
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Little evidence for efficacy of molecular targeting
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Relative Risk of Death

The inevitable overwhelming role of behavior

Men Women

Relative Risk of Death
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2. The conflation of the individual and population



B
25+

8 P<0.001
3 20-

=

(=]

kS

g 154

=

3

J

= 104

]

2

L.

E 5

=

v

0
<15 16-20
Genotype Score

Meigs JB, Shrader P, Sullivan LM, McAteer JB, Fox CS, Dupuis J, Manning AK, Florez JC, Wilson PW, D'Agostino RB Sr, Cupples LA. Genotype score in addition to
common risk factors for prediction of type 2 diabetes. N Engl J Med. 2008 Nov 20;359(21):2208-19



90- P<0.001

Percentage of Subjects
i

20— Diabetes

10  No diabetes

| UEUSUSUSUSOSUSUSUSU
0 2 46 81012141618202224262830323436
Genotype Score

Meigs JB, Shrader P, Sullivan LM, McAteer JB, Fox CS, Dupuis J, Manning AK, Florez JC, Wilson PW, D'Agostino RB Sr, Cupples LA. Genotype score in addition to
common risk factors for prediction of type 2 diabetes. N Engl J Med. 2008 Nov 20;359(21):2208-19



FIGURE 2. Probability distributions of a marker, X, in cases (solid curves) and controls (dashed curves) consistent with the logistic model log-
itP(D = 1]X) = a + BX. It has been assumed that X has a mean of 0 and a standard deviation of 0.5 in controls so that a unit increase represents
the difference between the 84th and 16th percentiles of X in controls. The marker is normally distributed, with the same variance in cases. The

odds ratio (OR) per unit increase in X'is shown.

Pepe MS, Janes H, Longton G, Leisenring W, Newcomb P. Limitations of the odds ratio in gauging the performance of a diagnostic, prognostic, or screening marker.
American Journal of Epidemiology 2004; 159:882-890.
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3. The fallacy of individual behavior change
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RESULTS

We examined 10515 abstracts and included 18 studies
that reported on seven behavioural outcomes,
including smoking cessation (six studies; n=2663),
diet (seven studies; n=1784), and physical activity (six
studies; n=1704). Meta-analysis revealed no
significant effects of communicating DNA based risk
estimates on smoking cessation (odds ratio 0.92, 95%
confidence interval 0.63 to 1.35, P=0.67), diet
(standardised mean difference 0.12, 95% confidence
interval =0.00 to 0.24, P=0.05), or physical activity
(standardised mean difference —0.03, 95% confidence
interval —0.13 to 0.08, P=0.62). There were also no
effects on any other behaviours (alcohol use,
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Genetic testing is being increasingly used in a growing number of healthcare
settings and in direct-to-consumer testing for a range of common complex disorders

There is an expectation that communicating DNA based disease risk estimates will
motivate changes in key health behaviours, including smoking, diet, and physical
activity

There is a need for a rigorous systematic review to examine whether communicating
genetic risks does indeed motivate risk-reducing behaviour change

WHAT THIS STUDY ADDS

The results of this updated systematic review with meta-analysis using Cochrane
methods suggest that communicating DNA based disease risk estimates has little
orno impact on risk-reducing health behaviour

Existing evidence does not support expectations that such interventions could play
a major role in motivating behaviour change to improve population health
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The impact of communicating genetic risks of disease on risk-
reducing health behaviour: systematic review with meta-analysis
Gareth J Hollands,' David P French,2 Simon J Griffin,? A Toby Prevost,* Stephen Sutton,?

medication use, sun protection behaviours, and
attendance at screening or behavioural support
programmes) or on motivation to change behaviour,
and no adverse effects, such as depression and
anxiety. Subgroup analyses provided no clear evidence
that communication of a risk-conferring genotype
affected behaviour more than communication of the
absence of such a genotype. However, studies were
predominantly at high or unclear risk of bias, and
evidence was typically of low quality.
CONCLUSIONS

Expectations that communicating DNA based risk
estimates changes behaviour is not supported by
existing evidence. These results do not support use of
genetic testing or the search for risk-conferring gene
variants for common complex diseases on the basis
that they motivate risk-reducing behaviour.
SYSTEMATIC REVIEW REGISTRATION

This is a revised and updated version of a Cochrane
review from 2010, adding 11 studies to the seven
previously identified.

Introduction

Searching for gene variants associated with risks of
common complex conditions, including diabetes and
various cancers, continues to receive considerable
attention.'? Although the main target of such research is
more effective treatments, more precise prediction of
disease has also been anticipated. Less attention has
been given to evaluating whether health benefits, in
particular risk-reducing changes in behaviour, can be
realised through communicating the results of such
predictions. For example, does communicating to
smokers that they have an increased genetic risk of
developing lung cancer motivate smoking cessation, or
does telling middle aged people that they have an
increased genetic risk of developing diabetes motivate
increased physical activity to reduce this risk? These are
particularly timely questions, given high levels of inter-
est in personalised medicine and in direct-to-consumer
testing. More than 10 years ago, direct-to-consumer
tests for a range of common complex disorders were
rushed to market. These tests continue to be sold in
Canada, the United Kingdom, and other European
countries, including Denmark, Finland, the Nether-
lands, Sweden, and Ireland (www.23andme.com/
en-gb/health/; www.23andme.com/en-eu/), with con-
tinued international expansion likely. In the United
States, expansion was tempered in 2013 when the Food
and Drug Administration ordered the company
23andme to stop selling its testing kits because of con-
cerns about their accuracy and usefulness, but as of
October 2015 the company has resumed selling some
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This discussion Is not academic. Three reasons
why it matters.



1. Missing the important, on compelling distraction



The world, actual size




The world, by preventable deaths




The world, by unhealthy life expectancy
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Japan 273
Switzerland 323
Australia 330
France 336
Italy 342
Canada 346
Spain 351
Sweden 353
Norway 363
Austria 373
Netherlands 377
Finland 377
Portugal 394
Germany 394
United Kingdom 401
United States 418
Denmark 440
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FIGURE 1-1 Mortality from noncommunicable diseases in 17 peer countries, 2008.
SOURCE: Data from World Health Organization (2011a, Table 3).

US Health in International Perspective. Shorter lives, poorer health. S Woolf, L Aron, eds. NRC and IOM. 2012.
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FIGURE 1-6 U.S. female life expectancy at birth relative to 21 other high-income
countries, 1980-2006.

NOTES: Red circles depict newborn life expectancy in the United States. Grey
circles depict life expectancy values for Australia, Austria, Belgium, Canada, Den-
mark, Finland, France, Iceland, Ireland, Italy, Japan, Luxembourg, the Netherlands,
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom,
and West Germany.

SOURCE: National Research Council (2011, Figure 1-4).

US Health in International Perspective. Shorter lives, poorer health. S Woolf, L Aron, eds. NRC and IOM. 2012.



Inequality in life expectancy widens for women

Wealthier women can expect to live longer than their parents did, while life
expectancy for poor women may have declined. 91.9 Richest
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Source: National Academies of Science, Engineering and Medicine

National Academy of Medicine. The growing gap in life expectancy by income: Implications for federal programs and policy responses. 2015.
http://www.nap.edu/download.php?record_id=19015#



Fig.4.3.  Percentage of adults aged 65 years
or older who had problems
accessing health-care services
during the past year due to their
cost, 11 countries, 2014
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Source: (6).
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2. Resource allocation, investing in the future



Change in Massachusetts State Government spending: 2001-14

1.0
81%
0.8 -
_95’ 0.6 -
S
()
=
= 0.4 -
8
Q)
0.2 -
X
1% 2% - . i ) .
0.0 - T T — T 12%
¥
& S & S
.x\c’ “sdb ,e"b \‘2&
¥ S ¥ ¢
P > N
& o
0.4 ) >
P 2
& v
(‘\0
0.6 ¢

* Health care expenditure is Group Insurance Commission spending plus MassHealth (Medicaid)

“Healthy People/Healthy Economy: An Initiative to Make Massachusetts the National Leader in Health and Wellness.” 2015. Data from Massachusetts Budget
and Policy Center Budget Browser. <http://www.tbf.org/tbf/56/hphe/Health-Crisis>



Among NIH funding for the current fiscal year, only 0.4%
was awarded to projects with the terms “population™ or
“public” in the title

$155,015,207

NIH RePORTER. Current projects from FY 2013-2014 for which funding data is available. <http://projectreporter.nih.gov/reporter_ChartResults.cfm?icde=22550343>
Accessed on November 19, 2014.



Proportion of NIH funding awarded to projects with the terms
“population” or “public” in the title, abstract, or terms
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NIH RePORTER. Search results for projects for which funding data is available. <http://projectreporter.nih.gov/reporter.cfm> Accessed on November 20, 2014.



3. Hype over hope



66

The time has come in America when the same
kind of concentrated effort that split the atom and
took man to the moon should be turned toward
conqguering this dread disease. Let us make a
total national commitment to achieve this goal.

9
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66

Last year, Vice President Biden said that with a new
moonshot, America can cure cancer . . . .Let's make
America the country that cures cancer once and for

all. 99



Figure 3: New England Journal of Panic-Inducing Gobbledy gook.
Source: Jim Borgman, The Cincinnati Enguirer (27 April 1997 E4)
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Will Precision Medicine

Opinion

Improve Population Health?

Announcement of the precision medicine initiative has
led to a variety of responses, ranging from enthusiastic
expectations' to explicit skepticism,? about potential
health benefits, limitations, and return on investment.
This Viewpoint discusses whether precision medicineis
unlikely or likely to improve population health, aiming
to forge a consensus that bridges disparate perspec-
tives on the issue. The potential of precision medicine
to improve the health of individuals or small groups of
individuals is not addressed here because it involves a
different question with different metrics.

Precision Medicine Is Unlikely

to Improve Population Health

There are 3 fundamental reasons why precision medi-
cine might notimprove the health of populations. First,
disease pathogenesis, especially for common noncom-
municable diseases, is extraordinarily complex. Abun-
dant evidence has demonstrated this for the associa-
tion between the multiplicity of specific genes and
conditions, including obesity, hypertension, or certain
cancers. Additionally, it is known that genetic associa-
tions have, in most instances, small effect sizes in con-
trast with more robust contributions of behavioral and
social factors.

Second, a central promise of precision medicine is
the identification of predictors of disease that can help
guide interventions. This may prove to be the case for
some diseases, especially cancer, but is unlikely to be
the case for most other complex diseases. The chal-
lenge arises from the mathematical foundations of
genetic epidemiology. Although large population
studies can identify associations between genotypes
and phenotypes, resulting associations have limited
capacity to predict phenotype in individuals, which is
the ultimate goal of precision medicine. It would take
substantially stronger associations—several orders of
magnitude greater than have been identified so far—to
provide sufficient evidence to improve disease predic-
tion in individuals.

Third, an assumed potential benefit of precision
medicine (predicated on accurate and meaningful risk
prediction) is that disease in the population can be
avoided or forestalled by large numbers of individuals
who, when provided with accurate risk prediction, will
change their behavior to mitigate their personal risk. Al-
though this may seemiintuitively plausible, current data
suggest that individuals do not change their behavior
much even when they become aware of beingin a high-
risk group.3

Overemphasis on precision medicine by the scien-
tific community and health systems could pose a chal-
lenge to the health of populations for other reasons.

Copyright 2016 American Medical Association.

Downloaded From: http://jama.jamanetwork.com/ by a Columbia University User on 08/18/2016

First, the United States faces extraordinary challenges
to the health of its population. Over the past 30 years,
the United States has fallen behind other high-income
peer nations in health attainment on many metrics,
including life expectancy and infant mortality, and
there are persistent gaps in health outcomes by income
and race/ethnicity.# The solution to these challenges is
probably not an increased focus on the individual, but
rather involves focusing on the social, economic, and
structural drivers of population health that are ubiqui-
tous and inevitably linked to health achievement as a
country. The centrality of the precision medicine effort
to the US national health research agenda may distract
from efforts to remedy the foundational causes of ill
health such as poverty, obesity, and education. Without
addressing these causes, there will be little, if any, suc-
cess in reversing the trends of poor achievement in US
population health.

Second, precision medicine could (and to some ex-
tent has) led to a shift from which projects are funded
by health research agencies. Funding for grants with a
population health or public health goal has declined over
the past 10 years at the National Institutes of Health,
whereas funding for -omic research has increased sub-
stantially. This shift in funding may lead to an emerging
generation of health scientists who see the world
through anindividualist lens and may not engagein fac-
tors that can improve the health of populations.

Third, the promise of precision medicine may lead
to other promises such as the recently announced can-
cer "moonshot,” which may echo previous efforts that
have not lived up to expectations. The hype, which could
become unrealized health benefits, could lead to disil-
lusionment in the goals of health science, with poten-
tial lasting consequences affecting public confidence and
investment in medical research.

Precision Medicine Can Improve Population Health

By contrast, there are 3 fundamental reasons that
advances in precision medicine might improve popula-
tion health. First, population health could improve by
applying complementary individual and public health
approaches to health care and disease prevention. A
focus on the wider environmental and social determi-
nants of health is of great importance in addressing
health inequities. However, pitting the health of indi-
viduals against the health of populations risks widening
an unnecessary divide between medicine and public
health. Population health planning requires directing
efficient use of resources toward those most at risk.
Stratification of populations into risk groups for mul-
tiple chronic diseases could provide more efficient and
effective prevention and treatment strategies and
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| know this is a formidable technical task, one that may not
be accomplished before the end of this century. Yet, current
technology has attained a level of sophistication where it is
reasonable for us to begin this effort. It will take years,
probably decades, of effort on many fronts. There will be
failures and setbacks just as there will be successes and
breakthroughs. And as we proceed we must remain
constant ....but isn't it worth every investment
necessary....We know it is! 99
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