RESEARCH

OPEN ACCESS

CrossMark

click for updates

'Behaviour and Health Research
Unit, University of Cambridge,
Cambridge, UK

?School of Psychological
Sciences, University of
Manchester, Manchester, UK

3Department of Public Health
and Primary Care, University of
Cambridge, Cambridge, UK
“Imperial Clinical Trials Unit,
Imperial College London,
London, UK

Correspondence to:

TM Marteau
tmm388@cam.ac.uk
Additional material is published
online only. To view please visit
the journal online.

Cite this as: BMJ 2016;352:i1102
http://dx.doi.org/10.1136/bm;.i1102

Accepted: 14 February 2016

The impact of communicating genetic risks of disease on risk-
reducing health behaviour: systematic review with meta-analysis

Gareth J Hollands,! David P French,? Simon J Griffin,> A Toby Prevost,* Stephen Sutton,?

Sarah King,! Theresa M Marteau’

ABSTRACT

OBJECTIVE

To assess the impact of communicating DNA based
disease risk estimates on risk-reducing health
behaviours and motivation to engage in such
behaviours.

DESIGN
Systematic review with meta-analysis, using Cochrane
methods.

DATA SOURCES

Medline, Embase, PsycINFO, CINAHL, and the
Cochrane Central Register of Controlled Trials up to 25
February 2015. Backward and forward citation searches
were also conducted.

STUDY SELECTION

Randomised and quasi-randomised controlled trials
involving adults in which one group received
personalised DNA based estimates of disease risk for
conditions where risk could be reduced by behaviour
change. Eligible studies included a measure of
risk-reducing behaviour.

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,

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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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


http://
http://crossmark.crossref.org/dialog/?doi=10.1136/bmj.i1102&domain=pdf&date_stamp=2016-03-15

health related services. Regulatory systems in the USA
are now being developed to ensure public protection in
anticipation of rapid developments in precision medi-
cine, including increased commercial interests in
direct-to-consumer genomic testing.?

As the science develops, it is increasingly possible to
provide information about multiple single genes, each
relating to different disease risks, and also to aggregate
multiple risk loci and identify patterns of characteris-
tics across multiple genes that in combination confer
increased risks of one or more diseases. However, DNA
based disease risk estimates will only translate into
health benefits if acting on them modifies disease
outcomes, and if those informed of these genetic risks
undertake the relevant actions.

Three competing predictions on the effect of commu-
nicating DNA based disease risks are evident in the lit-
erature. Firstly, communicating DNA based risk
estimates, particularly if based on the detection of
risk-conferring mutations, motivates behaviour change
more strongly than does communicating risks of dis-
ease derived from other types of risk information.*”
This is consistent with theories of attitude change,
which suggest that the greater the personal salience of
information, such as that regarding one’s own DNA, the
greater the impact.® Secondly, communicating DNA
based disease risk estimates demotivates behaviour
change.’ This is based on the observation that diseases
considered to have a genetic basis are perceived as less
controllable,'® and using DNA to estimate disease risks
may lead to a sense of fatalism or lack of control over
the ability to improve outcomes." Finally, communicat-
ing such information is likely to have, at best, only a
small effect on behaviour. This is based on review evi-
dence showing that perceptions of disease risk exert, at
most, only a small influence on behaviour,? and that
communicating the results of a wide range of biomarker
tests has no consistent effect on behaviour.13

Several narrative reviews have been conducted
assessing the emotional and behavioural outcomes of
communicating DNA based disease risk estimates!>8
and the outcomes of genetic health services for com-
mon adult onset conditions.’” However, these reviews
identified few clinical studies using randomised
designs to assess effects on behaviour and did not
include quantitative syntheses of effects. Although sys-
tematic reviews have been conducted more recently,
these have focused on single behaviours such as
smoking cessation.?°?! We assessed the impact of
communicating DNA based disease risk estimates on
risk-reducing behaviours and motivation to undertake
such behaviours. We also examined whether communi-
cating the presence of a risk-conferring genotype would
elicit a stronger (and potentially counteractive) motiva-
tional response than communicating its absence.?

There are high expectations that advances in genetics
will usher in a new era of personalised medicine, and
that because communicating genetic risks will motivate
risk-reducing behaviour changes, such communication
has a role in risk reduction strategies aimed at improv-
ing population health.” The results of this review will
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inform debates about the role of genetic testing in pub-
lic health policies. The findings will also contribute to
the evidence base on the behavioural impact of commu-
nicating risks of disease based on a wide range of bio-
logical markers, of which DNA is but one.31424

Methods

This is a revised and updated version of a Cochrane
review from 2010,%> adding 11 studies to the seven previ-
ously identified. The methods are described in detail
elsewhere.?

Data sources

We searched Medline, Embase, PsycINFO, CINAHL, and
the Cochrane Central Register of Controlled Trials up to
25 February 2015. Backward and forward citation
searches were also conducted from included studies.
Appendix 1 details the Medline search strategy.

Inclusion and exclusion criteria

To be eligible, studies had to be randomised controlled
trials or quasi-randomised controlled trials (controlled
trials using a non-random method of allocation to study
arm, such as alternation or by date of birth), have
recruited adult populations (>18 years), and include
one group that received personalised DNA based risk
estimates for diseases for which behaviour change
could reduce risk (including heart disease, cancers, and
Alzheimer’s disease). We excluded studies that evalu-
ated the communication of DNA based risk estimates of
diseases for which there is no known intervention to
reduce that risk, such as Huntington’s disease.

The studies assessed the effects of the intervention
relative to the effects of communicating non-DNA
based disease risk estimates (assessment based on
family history, biological markers of disease, personal
characteristics, or a combination thereof) or of commu-
nicating no disease risk estimates. Included studies
therefore formed three main groups, defined by differ-
ences in the intervention and comparison groups: dis-
ease risk estimates based on DNA versus non-DNA
based disease risk estimates; disease risk estimates
based on DNA plus non-DNA based disease risk esti-
mates versus only non-DNA based disease risk esti-
mates; or disease risk estimates based on DNA versus
no disease risk estimates.

The primary outcome was performance of a
behaviour that could reduce the risk of disease.
Behaviours included smoking, alcohol consumption,
diet, and physical activity. We only included studies
that measured at least one of the primary outcomes.
Secondary outcomes were motivation to change
behaviour and levels of depression and anxiety.

Data extraction and synthesis

Two authors prescreened all search results (titles and
abstracts) against the inclusion criteria. Studies selected
by either or both authors were subjected to a full text
assessment. Two authors independently assessed the
selected full text articles for inclusion. Two authors
independently extracted data on study participants,
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study design, interventions, outcome measures, results,
and risk of bias characteristics. One author entered
extracted data into Review Manager software, and these
were checked by a second author. We contacted study
authors for additional information about included stud-
ies as required.

Studies were analysed by type of behaviour, with
data across diseases and interventions combined. We
summarised study effect sizes for each outcome using
forest plots. Effect sizes for dichotomous data were odds
ratios, with values greater than one favouring the inter-
vention group. Effect sizes for continuous outcomes
were standardised mean differences, centred on zero,
with values greater than zero favouring the intervention
group and those less than zero favouring the compari-
son group. When different studies reported either
dichotomous or continuous data for the same outcome,
we combined these data using the generic inverse vari-
ance method, and we reported effect sizes as stan-
dardised mean differences. This involved following the
methods outlined in the Cochrane handbook (sections
7.7.7. and 9.4.6)%: computing standard errors for these
studies by entering the data separately as dichotomous
and continuous outcome type data, as appropriate, and
converting the confidence intervals for the resulting log
odds ratios and standardised mean differences into
standard errors. Log odds ratios were then converted to
standardised mean differences by multiplying each by
the required constant. We obtained pooled effect sizes
with 95% confidence intervals using a random effects
model applied on the scale of standardised mean differ-
ences and log odds ratios. We tested for heterogeneity
using the 2 test and quantified it using the I? statistic,
with a value of 50% or greater considered to represent
substantial heterogeneity.26

If multiple indices of a given behavioural outcome
were reported, we used the most stringent and valid
measure of behaviour available (eg, an objective mea-
sure such as biochemically validated smoking cessa-
tion). When a study had more than one follow-up time
point, we used data from the longest follow-up avail-
able. Final values were always used rather than changes
from baseline. When there were multiple intervention
and control arms, we chose to compare with that which
allowed the purest isolation of the effect of the DNA risk
communication component.

Subgroup analysis

When data were available, we examined the effect of a
genetic test result within those participants receiving
DNA based disease risk estimates, comparing the effect
of communicating the presence versus the absence of a
risk-conferring genotype (in this context, a variant asso-
ciated with an increased likelihood of disease).

Treatment of missing data

We analysed data according to participants’ ran-
domised groups, accounting for missing data where
possible, using data as provided by authors or, for
dichotomous outcomes when data were not provided,
assuming that participants with missing outcomes were
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engaging in the risk increasing behaviour (eg, continu-
ing to smoke). When such analysis was not possible
(due to missing data or outcomes reported as continu-
ous data) owing to the problematic nature of imputa-
tion without available individual level data, we
analysed outcomes as reported.

Assessments of risk of bias and quality of evidence
We assessed the methodological characteristics of
included studies in accordance with Cochrane guid-
ance,? including assessment of sequence generation,
allocation concealment, blinding, incomplete outcome
data, selective outcome reporting, and other bias. For
each criterion, we determined whether this represented
a low, unclear, or high risk of bias, and based on the
individual domains we generated a summary risk of
bias assessment. If the judgment in at least one domain
was “high risk of bias” then we determined the sum-
mary risk of bias to be high. We judged the summary
risk of bias to be low only if judgments in all domains
were “low risk of bias.” The summary risk of bias con-
tributed to the GRADE assessment of the quality of evi-
dence, which was applied to each primary outcome in
terms of the extent of our confidence in the estimates of
effects. GRADE criteria for assessing quality of evidence
encompass study limitations, inconsistency, impreci-
sion, indirectness, publication bias, and other consid-
erations.?

Patient involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in
developing plans for design or implementation of the
study. No patients were asked to advise on interpreta-
tion or writing up of results. There are no plans to dis-
seminate the results of the research to study participants
or the relevant patient community.

Results

Overall, 10515 identified references were screened for
possible inclusion. Eighteen studies met the inclusion
criteria. Figure 1 outlines the search and screening pro-
cess and table 1 gives details of the included studies.
Studies were excluded for several reasons: ineligible
study design, not including a relevant outcome mea-
sure, no personalised DNA based disease risk esti-
mates, no eligible comparison, and an ongoing study
yet to report its results.

The studies were principally carried out in outpatient
or primary care clinics or various community popula-
tions. Five studies communicated the genetic risks for
lung or oesophageal cancer to smokers?836394246 and
one study communicated the risks of Crohn’s disease to
smokers.”” Two studies communicated the risks of
oesophageal and other cancers with alcohol consump-
tion.344% One study communicated the risks of mela-
noma.’! One study communicated the risks of colorectal
cancer.” Three studies communicated the risk of type 2
diabetes.??3347 Three studies communicated the risks of
heart disease, cardiovascular disease, or hyperten-
sion.®#14 One study communicated predictive genetic
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Records identified through electronic Additional records identified
database searching (n=10 503) through other sources (n=12)

/

Title and abstract records screened (n=10 515)

—— Records excluded (n=10 463)
Full text articles assessed for eligibility (n=52)

Full text articles excluded (n=34):
Ineligible study design (n=3)
Ineligible intervention (n=11)
Ineligible outcome (n=9)
Ineligible comparison (n=3)
Ongoing study (n=8)

Studies included in qualitative synthesis (n=18)

Studies included in quantitative analysis (meta-analysis) (n=18)

Fig 1| Search and screening process

testing for Alzheimer’s disease.?® One study communi-
cated the genetic risks of obesity.** Eight studies were
conducted in the USA,2830-34424749 fiye in the UK,3237 414346
three in Japan,3¢3°4% and one study was conducted in
each of Finland® and Canada.* The mean ages of par-
ticipants, where reported, ranged from 30 to 56 years,
and the sex mix of participants ranged between 0% and
73% female.

Primary outcome analysis

In separate forest plots we show the results for dichoto-
mous outcome data only (fig 2), continuous outcome
data only (fig 3), and combined dichotomous and con-
tinuous outcome data (fig 4).

Smoking cessation

Six studies assessed smoking cessation,283637394246 g]]
but one® using self report measures. The genetic risks
communicated were for lung or oesophageal can-
cer?836394246 and Crohn’s disease.’’ Comparisons were
between DNA based risk estimates versus no risk esti-
mates for four of six studies,?¢ 3?4246 with one study com-
paring DNA based plus non-DNA based risk estimates
versus only non-DNA based risk estimates,?® and one
study comparing DNA based versus non-DNA based
risk estimates.?” Pooled analysis (n=2663) showed no
significant effect of DNA based risk communication on
smoking cessation (odds ratio 0.92, 95% confidence
interval 0.63 to 1.35, P=0.67; >=39%, fig 2). Within inter-
vention arm subgroup analysis, assessing the effect of
the presence (versus absence) of a risk-conferring geno-
type, was possible for five of the six studies.3637394246
Pooling these data revealed no evidence of a benefit
from communicating the presence of a risk-conferring
genotype (odds ratio 1.26, 95% confidence interval 0.81
to 1.97, P=0.30).

Medication use
One study (n=162) communicated the genetic risk of Alz-
heimer’s disease and assessed self reported medication

use to reduce this risk, at 12 month follow-up.?® The
comparison was between DNA based plus non-DNA
based risk estimates versus only non-DNA based risk
estimates. The odds ratio of 1.26 (95% confidence inter-
val 0.58 to 2.72, P=0.56) suggested no effect of DNA based
risk communication (fig 2). In subgroup analysis com-
paring those receiving a positive versus a negative APOE
e4 disclosure, the odds ratio was 2.61 (95% confidence
interval 1.09 to 6.23, P=0.03), indicating a positive effect
on medication use of information concerning the pres-
ence of a risk-conferring genotype.

Alcohol use

Three studies?*3>4° assessed self reported alcohol use,
with genetic risks communicated for cancers**“° and
for cardiovascular disease.’> Comparisons were
between DNA based risk estimates versus no risk esti-
mates. Pooled data (n=239) revealed no evidence of an
effect of DNA based risk communication on reducing
alcohol use (standardised mean difference 0.07, 95% con-
fidence interval —0.20 to 0.35, P=0.61, 1>=13%, fig 3). Sub-
group analysis of data from one study,*> showed no effect
of communicating a high risk genotype (standardised
mean difference 0.17, 95% confidence interval —0.42
to 0.76, P=0.57).

Sun protection behaviours

One study (n=73) communicated the risk of melanoma
and assessed self reported sun protection behaviours.3!
The comparison was between DNA based risk estimates
versus no risk estimates. The standardised mean differ-
ence was 0.43 (95% confidence interval —0.03 to 0.90,
P=0.07), suggesting no effect of DNA based risk commu-
nication (fig 3). Subgroup analysis was not possible.

Diet

Seven studies assessed self reported dietary
behaviour.30323541434547 The genetic risks communicated
were for type 2 diabetes,?%” obesity,*> familial hyper-
cholesterolaemia,* Alzheimer’s disease,® cardiovas-
cular disease,® and hypertension.** Comparisons were
between DNA based risk estimates versus no risk esti-
mates for three studies,*>““> with three studies compar-
ing DNA based plus non-DNA risk estimates versus only
non-DNA based risk estimates,?4'%” and one study
comparing DNA based risk estimates versus non-DNA
based risk estimates.?? Pooled data from these studies
(n=1784) showed no significant evidence of a benefit
from DNA based risk communication (standardised
mean difference 0.12, 95% confidence interval —0.00 to
0.24, P=0.05, 1*17%, fig 4). Pooled subgroup analysis
of data from three studies,3°3°45 showed no effect of
communicating a high risk genotype (standardised
mean difference 0.18, 95% confidence interval —0.13 to
0.50, P=0.25).

Physical activity

Six studies assessed physical activity as an endpoint
behaviour,303235414347 g]] but one*? using self report mea-
sures. The genetic risks communicated were for type 2
diabetes,??# obesity,” familial hypercholesterolaemia,*
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Table 1| Characteristics of included studies

Timing of
outcome

Outcome(s) selected for

review

Setting and

Country participants

USA

assessment

Comparison

Intervention

Study design

Study

6 months,

Self reported smoking

No disease risk estimates (quit

advice+referral to smoking

DNA based disease risk estimates (feedback of GSTM1

status in booklet with advice on smoking risks+4

Randomised controlled trial

Smokers attending
community health

clinic

McBride et al,

200242

12 months

abstinence in past 7 days

specialist+quit guide and nicotine

patches where required)

telephone counselling sessions over follow-up period).

Disease risk: lung cancer

1 month

Self reported risk-reducing
diet and physical activity

behaviours

No disease risk estimates (weight
control advice leaflet, genetic
feedback given at later date)

DNA based disease risk estimates (obesity gene (FTO)

feedback, plus weight control advice leaflet). Disease

risk: obesity

Randomised controlled trial

Students recruited
from a university

UK

Meisel et al,
201543:44

3 months,
12 months

Self reported sodium

intake

No disease risk estimates (dietary

DNA based disease risk estimates (genetic tests for

Canada Online recruitment of ~ Randomised controlled trial
healthy individuals

Nielsen et al,

20144

recommendations based on current
guidelines; genetic feedback was

given at later date)

caffeine metabolism, vitamin C utilisation, sweet taste

perception, and sodium sensitivity (angiotensin

converting enzyme) linked to disease risk, with

personalised results and dietary recommendations).

Disease risk: sodium sensitive hypertension

1 week,

No disease risk estimates (leaflet+20  Self reported smoking

minute quit smoking intervention)

DNA based disease risk estimates (leaflet+20 minute
quit smoking intervention+GSTM1 status feedback).

Disease risk: lung cancer

Smokers in stop Randomised controlled trial
smoking clinic

UK

Sanderson

2 months

status (quit smoking)

et al, 200846

3 months,
6 months

Self reported dietary

Non-DNA based disease risk

DNA based disease risk estimates+non-DNA based
disease risk estimates (genetic testing for diabetes

Randomised controlled trial

USA Overweight/obese

Voils et al,

energy intake and physical

activity

estimates (education on age related
macular degeneration, cataracts,

veteran outpatients,

2015448

related genes with personalised feedback+conventional
diabetes risk counselling and brief lifestyle counselling).

Disease risk: type 2 diabetes

primary care setting

glaucoma+conventional diabetes

risk counselling and brief lifestyle

counselling)

3 weeks,

Colorectal screening

No disease risk estimates (usual care

DNA based disease risk estimates (feedback on

Randomised controlled trial

Individuals with

USA

Weinberg

6 months

assessed by manual and

combination of MTHFR polymorphisms and serum folate with no risk counselling)

average risk status for
levels, and risk counselling). Disease risk: colorectal
cancer

colorectal cancer who
did not adhere to

screening

et al, 20144950

electronic medical chart

review

recommendations,

primary care setting
*Family clusters were randomised but treated as individual randomisation because reported that clustering did not affect results.

Alzheimer’s disease,® and cardiovascular disease.?®
Comparisons were between DNA based risk estimates
versus no risk estimates for two studies,®®** with three
studies comparing DNA based plus non-DNA based risk
estimates versus only non-DNA based risk esti-
mates, 447 and one study comparing DNA based ver-
sus non-DNA based risk estimates.?? Pooled data from
these studies (n=1704) revealed no evidence of an effect
of DNA based risk communication (standardised mean
difference —0.03, 95% confidence interval —0.14 to 0.07,
P=0.54, 12=0%, fig 4). Pooled subgroup analysis of data
from two studies®?3> showed no effect of communicat-
ing a high risk genotype (odds ratio 1.23, 95% confi-
dence interval 0.49 to 3.11, P=0.65).

Attendance at screening or behavioural support
programmes

Two studies assessed attendance at screening or
behavioural support programmes*“° following com-
munication of genetic risks for type 2 diabetes®* and
colorectal cancer.’ Comparisons were between DNA
based risk estimates versus no risk estimates. Pooled
analysis (n=891) suggested no effect of DNA based risk
communication (standardised mean difference —0.04,
95% confidence interval —0.20 to 0.11, P=0.59, I>=0%,
fig 4). It was possible to conduct subgroup analysis with
data from both studies, which showed no effect of com-
municating a high risk genotype (standardised mean
difference —0.16, 95% confidence interval —0.47 to 0.16,
P=0.33).

Secondary outcomes

The few data reported on prespecified secondary out-
comes of motivation to change behaviour and of depres-
sion and anxiety provided no evidence of any
intervention impact on these outcomes. Five studies
assessed motivation or intention to change
behaviour,3233343646 two studies measured depres-
sion,*146 and three studies measured anxiety.?24146 In all
cases, confidence intervals included no effect.

Assessment of risk of bias and quality of evidence

Only four of the 18 studies were considered to have a
low summary risk of bias, having met all of the specified
criteria (fig 5).3233374% The inability of 14 of 18 studies to
meet criteria for low summary risk of bias reflected both
a lack of clarity in reporting and a failure or inability to
safeguard against risk of bias. In terms of GRADE
assessment of the quality of the evidence across out-
comes, evidence was determined to be of low quality for
all outcomes other than attendance at screening or
behavioural support, meaning limited confidence is
placed in the effect estimates. Evidence was down-
graded twice for these outcomes owing to study limita-
tions (with all or most information for the outcome from
studies at high or unclear risk of bias) and imprecision
(with sample sizes failing to meet the optimal
information size and/or 95% confidence intervals for
the summary effect estimate overlapping no effect and
including appreciable benefit or harm). For the outcome
of attendance at screening or behavioural support, the

doi: 10.1136/bm;.i1102 | BMJ2016;352:i1102 | the bmj
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No of events/total

Study or subgroup Intervention Control 0Odds ratio IV Weight 0Odds ratio IV
. . random (95% Cl) (%) random (95% CI)
Smoking cessation
Audrain 1997 14/133 20/156 — 16.9 0.80(0.39t0 1.65)
Hishida 2010 15/286 22/276 = 18.3 0.64(0.32t01.26)
Hollands 2012 9/251 12/246 —'—‘-— 13.0 0.73(0.30t0 1.75)
Ito 2006 43/341  52/356 —a 27.9  0.84(0.55 to 1.30)
McBride 2002 41/372 9/185 | ——— 16.3 2.42(1.15t05.10)
Sanderson 2008 10/43 5/18 —-—‘-— 7.6 0.79 (0.23 t0 2.75)
Subtotal 132/1426 120/1237 e 100.0 0.92(0.63 to 1.35)
Test for heterogeneity: 1’=39%
Test for overall effect: z=0.43, P=0.67
Medication use
Chao 2008 31/111 12/51 ——.— 100.0 1.26(0.58t02.72)
Subtotal 31/111 12/51 —i—— 100.0 1.26(0.58t02.72)
Test for heterogeneity: Not applicable 0.2 0.5 1 2 5
Test for overall effect: z=0.59, P=0.56 Favours Favours
control intervention

Fig 2 | Primary outcome analysis: smoking cessation; medication use

evidence was downgraded only once owing to impreci-
sion (and not study limitations, as information came
from studies at low risk of bias). Therefore, the evidence
for this outcome was assessed to be of moderate quality.

Discussion

The evidence in this review suggests that communicat-
ing DNA based disease risk estimates has little or no
effect on health related behaviour. The evidence for
concluding an absence of effect was strongest for smok-
ing cessation and physical activity, where for both, six
studies contributed comparably consistent effects, with
pooled point estimates of effect size close to unity, sup-
ported by relatively narrow 95% confidence intervals.
The evidence concerning attendance at screening or
behavioural support shared similar characteristics and
indicated an absence of effect, although findings were
based on only two studies (albeit both well conducted
trials). The results from the seven studies on dietary
behaviour are compatible with a small effect of genetic
risk communication and with a narrow pooled
confidence interval. For all other behaviours, data were
considerably fewer. There were also no effects on
motivation to change behaviour, and no adverse effects

Mean (SD)/total

on depression or anxiety, although again there were few
data for these secondary outcomes. Finally, the supple-
mentary subgroup analyses within participants in the
intervention arms only, suggest that there is no clear
effect of genetic test result. Only one of six analyses
showed a statistically significant effect of communicat-
ing the presence versus absence of a risk conferring
mutation, and this was derived from one study.

Strengths and weaknesses of this review

We conducted the review using rigorous Cochrane
methods to minimise the risk of bias. We included
quantitative synthesis using meta-analysis and system-
atic assessment of risk of bias of included studies and of
quality of the evidence by outcome, and we identified a
substantive body of randomised studies able to inform
our specified aims. Previous reviews had identified few
clinical studies using randomised designs, did not
include quantitative syntheses of effects on behaviour,
or were focused on single behaviours.

However, our review does have several limitations,
linked to limitations of the available evidence. Princi-
pally, we found that several studies were limited in their
ability to address the review objective. They were often
underpowered to detect plausible small effects of risk
information on behaviour, and many of the studies (10
of 18) were judged to have control groups of low rele-
vance because their content differed from the interven-
tion group in more than only the absence of DNA based
information on disease risk. For example, one study
that produced a medium sized effect on behaviour had
an intervention group that differed from the control
group both in the use of DNA based risk communication
and in the provision of telephone counselling.*? Also,
few included studies were determined to be at low sum-
mary risk of bias. In particular, the failure or inability to
use valid measures of behaviour may have introduced
error and bias. While we acknowledge that the use of
self report measures is sometimes necessary, included
studies typically used self report measures even when
viable objective measures were available (for example,
in relation to smoking cessation).>! Participants and
providers are not blinded to the intervention and it is
important that outcome assessors are blinded, but this

Study or subgroup Intervention Control SMD IV random Weight  SMD IV random
Reduced alcohol use (95% C1) (%) (95% CI)
Hendershot 2010 -2.06 (2.8)/32 -1.52(1.89)/33 —_— 28.3 -0.22(-0.71t00.26)
Hietaranta-Luoma 2014 -2.51 (1.71)/51 -2.7 (1.5)/56 ——rI— 43.5 0.12 (-0.26 t0 0.50)
Komiya 2006 -190 (164.9)/28  -252.1(230.5)/39 ——'—'— 28.2 0.30(-0.19t00.79)
Subtotal 111 128 i 100.0 0.07 (-0.20 t0 0.35)
Test for heterogeneity: 1’=13%
Test for overall effect: z=0.51, P=0.61
Sun protection behaviours
Glanz 2013 3.05 (0.55)/35 2.8 (0.59)/38 —#—— 1000 0.43(-0.03t00.90)
Subtotal 35 38 —e 100.0 0.43 (-0.03 to 0.90)
Test for heterogeneity: Not applicable 1.0 0.5 0 0.5 1.0
Test for overall effect: z=1.83, P=0.07 Favours Favours
control intervention

Fig 3 | Primary outcome analysis: reduced alcohol use; sun protection behaviours. SMD=standardised mean difference
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Total
Study or subgroup SMD Standard Intervention Control SMD IV random Weight SMD IV random
Diet error (95% CI) (%) (95% CI)
Chao 2008 0.55 0.36 111 51 B [ — 2.8 0.55 (-0.16 to 1.25)
Godino 2012 -0.04 0.10 183 185 —l—- 24.5  -0.04 (-0.25t00.17)
Hietaranta-Luoma 2014  0.33 0.20 51 56 ——-—-— 8.8 0.33 (-0.05 t0 0.71)
Marteau 2004 0.41 0.21 213 103 —‘—'— 7.7 0.41 (-0.00 to 0.82)
Meisel 2015 0.05 0.12 139 140 —— 20.0 0.05(-0.18t0 0.28)
Nielsen 2014 0.19 0.19 82 41 ——;-'— 9.0 0.19 (-0.19t0 0.57)
Voils 2015 0.10 0.10 218 211 —-l:— 27.2 0.10 (-0.09 to 0.29)
Subtotal 997 787 = 100.0 0.12 (-0.00 to 0.24)
Test for heterogeneity: 1°=17%
Test for overall effect: z=1.96, P=0.05
Physical activity
Chao 2008 0.19 0.46 111 51 = 1.4 0.19 (-0.72 t0 1.09)
Godino 2012 -0.01 0.10 184 182 —lr— 27.1  -0.10(-0.31t0 0.11)
Hietaranta-Luoma 2014  0.08 0.21 61 61 —'--— 7.0 0.08 (-0.33 to 0.48)
Marteau 2004 -0.01 0.17 213 103 —_— 10.7 -0.01 (-0.33t0 0.32)
Meisel 2015 0.03 0.12 139 140 —rl— 20.6  0.03(-0.20t0 0.26)
Voils 2015 -0.06 0.09 230 229 y 33.2  -0.06 (-0.25t00.13)
Subtotal 938 766 _T 100.0 -0.03 (-0.14 to 0.07)
Test for heterogeneity: 1°=0%
Test for overall effect: z=0.61, P=0.54
Attendance at screening or behavioural support programmes
Grant 2013 0.07 0.21 74 34 — 15.2 0.07 (-0.33 t0 0.47)
Weinberg 2014 -0.06 0.09 514 269 84.8 -0.06 (-0.24t00.11)
Subtotal 588 303 100.0 -0.04(-0.20t00.11)
Test for heterogeneity: 1°=0%
Test for overall effect: z=0.54, P=0.59 1005 0 05 10
Favours Favours
control intervention

Fig 4 | Primary outcome analysis: diet; physical activity; attendance at screening or behavioural support programmes.

SMD=standardised mean difference

was rarely the case (at least as reported), and, where
self report measures are used, is not possible. The
potential for selective outcome reporting was also nota-
ble, with few instances of trial registration or published
protocols. The substantive risk of bias and seemingly
poor quality of many of the included studies, and the
relative imprecision of the effect estimates, suggests
caution in interpreting the results.

Interpretation of study results

We outlined three possible competing hypotheses on
the possible behavioural impact of DNA based disease
risk information evident in the literature—that it
strongly motivates risk-reducing behaviour change,
that it demotivates risk-reducing behaviour change,
and, finally that, at best, it has only a small effect on
risk-reducing behaviour. Our results do not support the
first two hypotheses, but are consistent with the third,
suggesting that high expectations of the potency of
such communications to change behaviour are
unfounded. This is consistent with the results of a
recent cohort study reporting no impact on diet or
physical activity of direct-to-consumer genome-wide
testing.>? It is also in accord with the results of a
Cochrane review in which the authors concluded that
the current evidence does not support the hypothesis
that biomedical risk assessment increases smoking
cessation.’ The theoretically oriented literature on

behaviour change also highlights the typically small
effect of risk communication on behaviour.”? While the
results of the current review are strongly suggestive of,
at most, small effects on health behaviours, high qual-
ity research evidence is currently insufficient to engen-
der confidence of this for each individual behaviour
included in the review. However, given the overall pat-
tern of the combined evidence, any additional large
scale trials, even if better designed and conducted,
need a clear justification. Such justification would be
based on incrementally developed evidence indicating
that efficacy of a clinically important degree is possible
(that is, higher than the priors based on this review)
given the particular characteristics of the intervention
and target population.

Previous reviews of the behavioural impact of genetic
risk communication have included non-randomised
studies, predominantly of those with family histories of
breast, ovarian, and colorectal cancer, with the domi-
nant behaviours reported being screening or prophylac-
tic surgery. These indicate an increase in screening and
prophylactic surgery, particularly among those found to
be carriers—that is, those with an increased risk of dis-
ease.’o? Such findings suggest that DNA based risk
assessments are more likely to motivate clinical means
of reducing risk (such as undergoing surgery or attend-
ing screening) than behavioural means (such as altering
smoking, diet, or physical activity behaviours) that are

doi: 10.1136/bm;.i1102 | BMJ2016;352:i1102 | the bmj
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Fig 5 | Assessment of risk of bias

the main focus of this review.>® In spite of this, the one
large and well conducted trial included in this review*?
that assessed the impact of DNA risk communication on
colorectal screening found no effect on uptake.

Implications for public health and research

The available evidence does not provide support for the
expectations raised by researchers and proponents of
personalised medicine as well as direct-to-consumer
testing companies that the receipt of results from DNA
based tests for gene variants that confer increased risk
of common complex diseases motivates behaviour
change. Concerns that communicating DNA based dis-
ease risk estimates may demotivate behaviour change
are also unsupported by the results of this review.
Where such tests exist, be it in public or private sector

thelbmj | BMJ2016;352:11102 | doi: 10.1136/bmj.i1102
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domains, their use warrants the collection of evidence
on behaviour change as part of research protocols,
thereby contributing to the limited existing evidence
base. At present there is little evidence to suggest that
simply communicating the results of DNA tests has a
role in strategies aimed at improving population health
by motivating risk-reducing behaviour change.>* Such
tests may, however, have a role in such strategies if sup-
plemented by the offer of effective behaviour change
interventions. DNA testing, alone or in combination
with other assessments of disease risk, may have a role
in stratifying populations by risk, to enable clinical and
behavioural interventions—such as screening tests, sur-
gery, and drug treatments—to be targeted at those at
increased risk.>®

The communication of genetic information may differ
in respect to how much it is framed as a “risk” to health,
or used to inform recommendations for wellness (even if
these are derived from associations with increased risk).
For example, nutrigenomic information may not be pre-
sented or characterised as risk information but may be
used to inform behavioural recommendations, which
can be highly specific and targeted. This is demonstrated
by one of the included studies,* which used nutrige-
nomic testing to provide specific intake recommenda-
tions for foods. However, as yet there are too few trials to
assess whether this type of genetic testing has a different
impact from more traditional genetic testing providing
information about the likelihood of a health harm.

Given the continued high expectations for the com-
munication of DNA based disease risk estimates to
motivate risk-reducing behaviour change, it is import-
ant that any additional randomised controlled trials are
conducted using methodologically robust designs.
These would be powered to detect possible small effects
on behaviour (that might have important population
consequences), and conducted and reported cognisant
of the risks of bias—for example, by incorporating pre-
specified outcomes, valid measures of behaviour, and
the blinding of outcome assessors.

Conclusion

The results of this review suggest that communicating
DNA based disease risk estimates has little or no effect
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.

We thank Barb Biesecker and Hilary Burton for their helpful comments
on a draft of this paper.

Contributors: GJH, SK, and TMM searched for, screened, and selected
studies. All authors extracted data. GJH, SK, ATP, and TMM conducted
the analysis. All authors interpreted the analysis, drafted the final
manuscript, and read and approved the final version. TMM is the
guarantor.

Funding: A previous version of this review was funded as part of a
grant from the Medical Research Council, UK (Risk communication in
preventive medicine: optimising the impact of DNA risk information;
G0500274). Updating this review was funded by a National Institute
for Health Research senior investigator award to TMM. The funder had
no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; and
preparation, review, or approval of the manuscript.



RESEARCH

10

Competing interests: GJH, SJG, ATP, SS, and TMM were authors on
at least one of the included studies. These authors were not involved
in decisions regarding the inclusion of these studies nor in the
extraction of data from these studies. All authors have completed
the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.
pdf (available on request from the corresponding author) and
declare: no support from any organisation for the submitted work;
no financial relationships with any organisations that might have an
interest in the submitted work in the previous three years; and no
other relationships or activities that could appear to have influenced
the submitted work.

Ethical approval: Not required.

Data sharing: All data used for the review are available from the
authors.

Transparency: The manuscript’s guarantor (TMM) had full access to
all of the data in the review and takes responsibility for the integrity of
the data and accuracy of the data analysis. She accepts full
responsibility for the conduct of the review and has controlled the
decision to publish. She affirms that the manuscript is an honest,
accurate, and transparent account of the study being reported; that no
important aspects of the study have been omitted; and that any
discrepancies from the study as planned (and, if relevant, registered)
have been explained.

This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 3.0) license,
which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly
cited. See: http://creativecommons.org/licenses/by/3.0/.

1 Collins FS, Varmus H. A new initiative on precision medicine.
N Engl) Med 2015;372:793-5. doi:10.1056/NEJMp1500523.

2 Allen NE, Sudlow C, Peakman T, Collins R. UK Biobank. UK biobank
data: come and get it. Sci Transl Med 2014;6:224ed4. doi:10.1126/
scitranslmed.3008601.

3 Lander ES. Cutting the Gordian helix--regulating genomic testing in
the era of precision medicine. N Engl/ Med 2015;372:1185-6.
doi:10.1056/NEJMp1501964.

4 Collins FS, Green ED, Guttmacher AE, Guyer MS. US National Human
Genome Research Institute. A vision for the future of genomics
research. Nature 2003;422:835-47. doi:10.1038/nature01626.

5  Collins F. Has the revolution arrived?Nature 2010;464:674-5.
doi:10.1038/464674a.

6  Gramling R, Nash J, Siren K, Culpepper L. Predictive genetics in
primary care: expectations for the motivational impact of genetic
testing affects the importance family physicians place on screening
for familial cancer risk. Genet Med 2003;5:172-5. doi:10.1097/01.
GIM.0000068986.03217.BB.

7 DzauVJ, Ginsburg GS, Van Nuys K, Agus D, Goldman D. Aligning
incentives to fulfil the promise of personalised medicine. Lancet
2015;385:2118-9. doi:10.1016/50140-6736(15)60722-X.

8  Chens, Chaiken S. The heuristic-systematic model in its broader
context. In: Chaiken S, Trope Y, eds. Dual process theories in social
psychology.Guildford Press, 1999:73-96.

9  Bates BR, Templeton A, Achter PJ, Harris TM, Condit CM. What does “a
gene for heart disease” mean? A focus group study of public
understandings of genetic risk factors. Am / Med Genet A
2003;119A:156-61. d0i:10.1002/ajmg.a.20113.

10  Shiloh S, Rashuk-Rosenthal D, Benyamini Y. Illness causal
attributions: an exploratory study of their structure and associations
with other illness cognitions and perceptions of control. / Behav Med
2002;25:373-94. doi:10.1023/A:1015818532390.

11 SeniorV, Marteau TM, Weinman J. Impact of genetic testing on causal
models of heart disease and arthritis: An analogue study. Psychol
Health 2000;14:1077-88. doi:10.1080/08870440008407368.

12 MilneS, Sheeran P, Orbell S. Prediction and intervention in health-
related behavior: A meta-analytic review of protection motivation theory.
JAppl Soc Psychol 2000;30:106-43. doi:10.1111/].1559-1816.2000.
tb02308.x.

13 McClure JB. Are biomarkers useful treatment aids for promoting
health behavior change? An empirical review. Am J Prev Med
2002;22:200-7. d0i:10.1016/50749-3797(01)00425-1.

14 Bize R, Burnand B, MuellerY, Rége-Walther M, Camain JY, Cornuz J.
Biomedical risk assessment as an aid for smoking cessation.
Cochrane Database Syst Rev 2012;12:CD004705.23235615.

15 Broadstock M, Michie S, Marteau T. Psychological consequences of
predictive genetic testing: a systematic review. Eur | Hum Genet
2000;8:731-8. d0i:10.1038/sj.ejhg.5200532.

16 Meiser B. Psychological impact of genetic testing for cancer
susceptibility: an update of the literature. Psychooncology
2005;14:1060-74. doi:10.1002/pon.933.

17 Beery TA, Williams JK. Risk reduction and health promotion behaviors
following genetic testing for adult-onset disorders. Genet Test
2007;11:111-23. doi:10.1089/gte.2006.0527.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Heshka JT, Palleschi C, Howley H, Wilson B, Wells PS. A systematic
review of perceived risks, psychological and behavioral impacts of
genetic testing. Genet Med 2008;10:19-32. doi:10.1097/
GIM.Ob013e31815f524f.

Scheuner MT, Sieverding P, Shekelle PG. Delivery of genomic medicine
for common chronic adult diseases: a systematic review. JAMA
2008;299:1320-34. doi:10.1001/jama.299.11.1320.

de Viron S, Van der Heyden J, Ambrosino E, Arbyn M, Brand A, Van
Oyen H. Impact of genetic notification on smoking cessation:
systematic review and pooled-analysis. PLoS One 2012;7:e40230.
doi:10.1371/journal.pone.0040230.

Smerecnik C, Grispen JE, Quaak M. Effectiveness of testing for genetic
susceptibility to smoking-related diseases on smoking cessation
outcomes: a systematic review and meta-analysis. Tob Control
2012;21:347-54. d0i:10.1136/t¢.2011.042739.

Fanshawe TR, Prevost AT, Roberts JS, Green RC, Armstrong D, Marteau
TM. Explaining behavior change after genetic testing: the problem of
collinearity between test results and risk estimates. Genet Test
2008;12:381-6. d0i:10.1089/gte.2007.0103.

Burke W, Khoury MJ, Stewart A, Zimmern RL. Bellagio Group. The path
from genome-based research to population health: development of
an international public health genomics network. Genet Med
2006;8:451-8. doi:10.1097/01.gim.0000228213.72256.8c¢.

Hollands GJ, Hankins M, Marteau TM. Visual feedback of individuals’
medical imaging results for changing health behaviour. Cochrane
Database Syst Rev 2010;(1):CD007434.20091633.

Marteau TM, French DP, Griffin §), et al. Effects of communicating
DNA-based disease risk estimates on risk-reducing behaviours.
Cochrane Database Syst Rev 2010;(10):CD007275.20927756.
Higgins JPT, Green S, eds. Cochrane Handbook for Systematic
Reviews of Interventions Version 5.0.2.The Cochrane

Collaboration, 2009.

Balshem H, Helfand M, Schiitnemann HJ, et al. GRADE guidelines:

3. Rating the quality of evidence. J Clin Epidemiol 2011;64:401-

6. doi:10.1016/].jclinepi.2010.07.015.

Audrain J, Boyd NR, Roth J, Main D, Caporaso NF, Lerman C. Genetic
susceptibility testing in smoking-cessation treatment: one-year
outcomes of a randomized trial. Addict Behav 1997;22:741-51.
doi:10.1016/S0306-4603(97)00060-9.

Lerman C, Gold K, Audrain J, et al. Incorporating biomarkers of exposure
and genetic susceptibility into smoking cessation treatment: effects on
smoking-related cognitions, emotions, and behavior change. Health
Psychol 1997;16:87-99. doi:10.1037/0278-6133.16.1.87.

Chao S, Roberts JS, Marteau TM, Silliman R, Cupples LA, Green RC.
Health behavior changes after genetic risk assessment for Alzheimer
disease: The REVEAL Study. Alzheimer Dis Assoc Disord 2008;22:94-7.
doi:10.1097/WAD.0b013e31815a9dcc.

Glanz K, Volpicelli K, Kanetsky PA, et al. Melanoma genetic testing,
counseling, and adherence to skin cancer prevention and detection
behaviors. Cancer Epidemiol Biomarkers Prev 2013;22:607-14.
doi:10.1158/1055-9965.EPI-12-1174.

Godino JG, van Sluijs EM, Marteau TM, Sutton S, Sharp SJ, Griffin S.
Effect of communicating genetic and phenotypic risk for type 2
diabetes in combination with lifestyle advice on objectively measured
physical activity: protocol of a randomised controlled trial. BMC Public
Health 2012;12:444. doi:10.1186/1471-2458-12-444.

Grant RW, O’Brien KE, Waxler JL, et al. Personalized genetic risk
counseling to motivate diabetes prevention: a randomized trial.
Diabetes Care 2013;36:13-9. d0i:10.2337/dc12-0884.

Hendershot CS, Otto JM, Collins SE, Liang T, Wall TL. Evaluation of a
brief web-based genetic feedback intervention for reducing
alcohol-related health risks associated with ALDH2. Ann Behav Med
2010;40:77-88. d0i:10.1007/512160-010-9207-3.

Hietaranta-Luoma HL, Tahvonen R, Iso-Touru T, Puolijoki H, Hopia A.
An intervention study of individual, apoE genotype-based dietary and
physical-activity advice: impact on health behavior. / Nutrigenet
Nutrigenomics 2014;7:161-74. doi:10.1159/000371743.

Hishida A, Terazawa T, Mamiya T, et al. Efficacy of genotype
notification to Japanese smokers on smoking cessation--an
intervention study at workplace. Cancer Epidemiol 2010;34:96-100.
doi:10.1016/j.canep.2009.11.008.

Hollands GJ, Whitwell SCL, Parker RA, et al. Effect of communicating
DNA based risk assessments for Crohn’s disease on smoking
cessation: randomised controlled trial. BM/ 2012;345:e4708.
doi:10.1136/bmj.e4708.

Whitwell SC, Mathew CG, Lewis CM, et al. Trial Protocol:
Communicating DNA-based risk assessments for Crohn’s disease: a
randomised controlled trial assessing impact upon stopping smoking.
BMC Public Health 2011;11:44. doi:10.1186/1471-2458-11-44.

Ito H, Matsuo K, Wakai K, et al. An intervention study of smoking
cessation with feedback on genetic cancer susceptibility in Japan.
Prev Med 2006;42:102-8. doi:10.1016/j.ypmed.2005.10.006.
Komiya'Y, Nakao H, Kuroda Y, Arizono K, Nakahara A, Katoh T.
Application of aldehyde dehydrogenase 2 (ALDH2) genetic diagnosis
in support of decreasing alcohol intake. / Occup Health 2006;48:161-5.
doi:10.1539/joh.48.161.

doi: 10.1136/bm;.i1102 | BMJ2016;352:i1102 | the bmj



RESEARCH

41

42

43

44

45

46

47

Marteau T, Senior V, Humphries SE, et al. Genetic Risk Assessment for
FH Trial Study Group. Psychological impact of genetic testing for
familial hypercholesterolemia within a previously aware population: a
randomized controlled trial. Am / Med Genet A 2004;128A:285-93.
doi:10.1002/ajmg.a.30102.

McBride CM, Bepler G, Lipkus IM, et al. Incorporating genetic
susceptibility feedback into a smoking cessation program for
African-American smokers with low income. Cancer Epidemiol
Biomarkers Prev 2002;11:521-8.

Meisel SF, Beeken R}, van Jaarsveld CHM, Wardle J. Genetic
susceptibility testing and readiness to control weight: Results

from a randomized controlled trial. Obesity (Silver Spring)
2015;23:305-12. d0i:10.1002/0by.20958.

Meisel SF, Beeken RJ, van Jaarsveld CH, Wardle J. Genetic test
feedback with weight control advice: study protocol for a
randomized controlled trial. Trials 2012;13:235.
doi:10.1186/1745-6215-13-235.

Nielsen DE, El-Sohemy A. Disclosure of genetic information and
change in dietary intake: a randomized controlled trial. PLoS One
2014;9:€112665. doi:10.1371/journal.pone.0112665.

Sanderson SC, Humphries SE, Hubbart C, Hughes E, Jarvis MJ,
Wardle J. Psychological and behavioural impact of

genetic testing smokers for lung cancer risk: a phase Il

exploratory trial. / Health Psychol 2008;13:481-94.
doi:10.1177/1359105308088519.

Voils Cl, Coffman CJ, Grubber JM, et al. Does Type 2 Diabetes Genetic
Testing and Counseling Reduce Modifiable Risk Factors? A
Randomized Controlled Trial of Veterans. / Gen Intern Med
2015;30:1591-8. d0i:10.1007/511606-015-3315-5.

48

49

50

51

52

53

54

55

Voils Cl, Coffman CJ, Edelman D, et al. Examining the impact of genetic
testing for type 2 diabetes on health behaviors: study protocol for a
randomized controlled trial. Trials 2012;13:121.
doi:10.1186/1745-6215-13-121.

Weinberg DS, Myers RE, Keenan E, et al. Genetic and environmental
risk assessment and colorectal cancer screening in an average-risk
population: a randomized trial. Ann Intern Med 2014;161:537-45.
doi:10.7326/M14-0765.

Myers RE, Manne SL, Wilfond B, et al. A randomized trial of genetic
and environmental risk assessment (GERA) for colorectal cancer risk
in primary care: trial design and baseline findings. Contemp Clin Trials
2011;32:25-31. doi:10.1016/j.cct.2010.08.013.

West R, Hajek P, Stead L, Stapleton ). Outcome criteria in smoking
cessation trials: proposal for a common standard. Addiction
2005;100:299-303. d0i:10.1111/j.1360-0443.2004.00995 .X.

Bloss CS, Schork NJ, Topol EJ. Effect of direct-to-consumer
genomewide profiling to assess disease risk. N Engl ) Med
2011;364:524-34. doi:10.1056/NEJM0a1011893.

Marteau TM, Weinman J. Self-regulation and the behavioural response
to DNA risk information: a theoretical analysis and framework for
future research. Soc Sci Med 2006;62:1360-8. doi:10.1016/].
socscimed.2005.08.005.

Evans JP, Meslin EM, Marteau TM, Caulfield T. Genomics. Deflating the
genomic bubble. Science 2011;331:861-2. doi:10.1126/science.1198039.
Academy of Medical Sciences. Realising the potential of stratified
medicine.Academy of Medical Sciences, 2013.

© BM| Publishing Group Ltd 2016

Web appendix: Medline search strategy

See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe




