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Genetic risk and behavioural change
Theresa M Marteau, Caryn Lerman

Predictive genetic testing is currently used mainly for
untreatable conditions, such as Huntington’s disease,
or prenatal detection of serious genetic disorders such
as cystic fibrosis. Prenatal tests are usually accompa-
nied by an offer of termination of affected pregnancies.
Genes have now been isolated that are associated with
potentially preventable diseases such as heart disease
and cancer and with increased risk from smoking and
obesity. This has raised the possibility of providing
predictive information to many more people. Such
information may eventually reduce disease by facilitat-
ing the development of better targeted and more effec-
tive treatment.

Informing people of their genetic susceptibility to
disease may motivate them to change their behaviour
to reduce their risks. However, changing behaviour is
often difficult. In this article we review the limited
evidence concerning behavioural responses to genetic
information on risk. We use this and the literature on
behavioural change to consider if and how behaviour
might be changed in response to genetic information.

Methods
We searched Medline, PsycINFO, and the Social Science
Citation Index using the following terms: health be-
havior; illness behavior; genetic screening or mass
screening; cancer screening, health screening, mam-
mography, or preventive medicine; genetic counselling,
genetic disorders, genetic linkage, or genetics; and at risk
populations. In addition, we searched citations of key
papers, recent reviews of the subject, and conference
proceedings (using the Web of Science).

Changing health related behaviour
Just telling people that they are at risk of developing a
disease is rarely sufficient to change behaviour.1 The
interventions that are most likely to work are those that

Summary points

Changing behaviour is difficult

Behavioural change is most likely in motivated
people who participate in effective interventions

Providing people with genetic information on risk
may not increase their motivation to change
behaviour and in some cases may decrease
motivation

Behavioural change may be more likely if people
are persuaded that changing their behaviour can
reduce the risk of an adverse health outcome and
they are given access to evidence based
interventions

Further research is needed to evaluate
programmes in which genetic risk information is
given, including evaluation of different ways of
giving information

Effective interventions to change behaviour after
provision of information on risk need to be
developed
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are based on theories of behavioural change.2 3 These
theories suggest that motivation to change a health
related behaviour is influenced by two sets of beliefs:
firstly, beliefs about current behaviour (is it putting me at
risk? will changing it reduce my risk?) and, secondly,
beliefs about the ability to change behaviour (how easy
will it be for me to change my behaviour? do I have the
skills to adopt this new behaviour?).4 5 Most studies use
intention to change behaviour as the measure of
motivation.

Although intention to change is associated with an
increased likelihood of doing so, it predicts only about
30% of the variance in behavioural change. There are
many reasons for this, but particularly important is the
likelihood that people with good intentions fail to act
on them.6 7 Few interventions to induce change have
been proved effective, and even these succeed in
changing behaviour in only a minority. Interventions
with evidence of effectiveness are available for
smoking, physical activity, and attendance at screening
programmes.2 8

Changing behaviour in response to
genetic risk
Providing people with personalised information on
risk is not new.9 The question is whether responses will
be any different if the information is based on DNA.

Responses to any information on risk are shaped
by pre-existing perceptions and by the way the
information is presented.1 10 Genetic risk information
could both increase and decrease motivation to change
behaviour. It might increase motivation by strengthen-
ing the belief that current behaviour, combined with a
genetic predisposition, is putting a person at increased
risk of disease. It could also increase motivation by
strengthening belief in the effectiveness of a treatment
recommended on the basis of genotypic information.
Alternatively, given a common perception that genetic
risks are immutable, it might decrease motivation by
weakening beliefs that changing behaviour will reduce
risks.11 12 Genetic risk information may also weaken
belief in the ability to change behaviour—for example,
among people who learn that they have a genetic vul-
nerability to nicotine addiction. We consider the
evidence for these hypotheses in relation to three
important health problems: cancer, heart disease, and
smoking.

Inherited cancer
Isolation of genes for susceptibility to cancer has made
it possible to provide predictive genetic testing for risk
of breast cancer, hereditary non-polyposis colon
cancer, familial adenomatous polyposis, and prostate
cancer.13–15 These advances enable appropriate detec-
tion and risk management strategies to be imple-
mented years before cancer develops, with the
potential to reduce mortality.16 17 However, in order for
such testing to reduce risk and mortality, people who
are at risk must change their behaviour.

People with a family history of cancer vary in their
use of screening. Women who are told they have an
inherited predisposition to breast cancer (without
genetic testing) show significant but modest increases
in adherence rates to mammography screening.18 19

However, rates of screening among people with a fam-

ily history of bowel and prostate cancer are below the
recommended levels and do not differ from those in
the general average risk population.20–22

Before genetic testing was available, about 80% of
women with a family history of breast cancer reported
that an important motivation for such testing was to
increase their use of screening and preventive options
such as prophylactic surgery. However, initial data
show no significant changes in screening behaviour
after testing. For example, among women carriers in
families with hereditary breast-ovarian cancer, 68%
were adherent to mammography recommendations
before BRCA1/2 testing and 68% reported adherence
one year after receiving positive test results.23 Similar
rates were found in women with negative results. Little
is known about the effect testing for cancer susceptibil-
ity has on other health behaviours such as smoking,
activity levels, and diet.

Heart disease
People who have or perceive a family history of heart
disease are not more or less likely than other people
to engage in behaviours that reduce the risk of heart
disease, such as not smoking or being physically
active.24 25 Perceiving a family history of heart disease
was associated with a sense of fatalism in less than 15%
of participants in a population based survey of over
2000 adults.26 It remains to be seen whether people
who have genetic testing to ascertain their risk of heart
disease will have similar low rates of fatalism.

Although testing for an inherited predisposition to
heart disease has been asserted to have no adverse
psychological consequences, there is no evidence to
support this assertion.27 Among a subset of parents of
newborns recalled after cholesterol screening for
familial hypercholesterolaemia, positive results led to a
sense of fatalism. This was based on the belief that
genetically conferred risks are serious and immu-
table.11 Further support for this interpretation was
provided by the results of an experimental analogue
study in which students were asked to imagine
receiving either a DNA based risk assessment for heart
disease or an unspecified risk assessment.12 A
randomised trial of the cognitive and behavioural
impact of providing DNA-based risk information to
relatives of patients with familial hypercholesterol-
aemia is currently under way.28
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Smoking
Gene variants that modify the adverse effects of health
behaviours are much more common than susceptibil-
ity genes such as those that confer hereditary cancer
and heart disease. An important example of gene-
behaviour interaction is the genes that increase
susceptibility to the adverse health effects of smok-
ing.29 30 Only one study has examined the effect of
testing for common gene variants on smoking
behaviour.31 32 This randomised controlled trial com-
pared the smoking beliefs and behaviours of smokers
who received smoking counselling plus genetic test
results indicating a twofold to threefold increased risk
of smoking related lung cancer with those of smokers
who received counselling only. Smokers who had
genetic testing showed positive changes in perceptions
of risk and beliefs about quitting. However, although
they made more attempts to quit, they were no more
likely to stop smoking. These preliminary results
suggest that genetic information may not lead to
behavioural changes, even when there is an unequivo-
cal risk reduction strategy available.

Variants for genes involved in nicotine metabolism
and the regulation of the neurotransmitters dopamine
and serotonin have been associated with an increased
likelihood of smoking,33–35 smoking more cigarettes,36

and a lower likelihood of stopping smoking.35 37

However, these findings have not been replicated in all
studies.38 39 Such research could lead to the develop-
ment of improved treatments for nicotine addiction
and allow treatment to be targeted at those smokers
most likely to benefit. However, the clinical integration
of such information is likely to be complex. Moreover,
people who are told that they are predisposed to nico-
tine addiction may become more fatalistic and reduce
their efforts to stop smoking. Alternatively, they may be
more motivated to participate in treatments tailored to
their genotype because they believe that the treatments
are more effective.

How might behavioural change be
promoted?
The current evidence suggests that providing people
with DNA derived information about risks to their
health does not increase motivation to change
behaviour beyond that achieved with non-genetic
information. For some people, genetic information
may even reduce motivation to change behaviour.
Genetic information could facilitate behavioural

change if people are offered effective risk reducing
interventions that are tailored to their DNA based risk,
as could be the case for smoking. This, however, is likely
to be the exception for the foreseeable future.

People’s motivation to change behaviour may be
increased by strengthening two sets of beliefs: firstly
their beliefs that changing behaviour can reduce risks
and, secondly, their beliefs in their ability to change.
The first set of beliefs might be altered by using bar
charts to show health risks before and after
behavioural change, similar to those used in pro-
grammes to manage cardiovascular risk.40 Beliefs about
ability to change might be altered by cognitively based
interventions of the type used in cognitive behaviour
therapy.40 41 The effectiveness of these methods in
increasing motivation to change behaviour in the con-
text of genetic testing requires empirical investigation.
As with all information on risk, behaviour is more
likely to be changed if the information is presented as
part of an intervention that is known to be effective in
changing behaviour

It will also be important to ensure that people who
are found not to be at increased risk do not develop a
false sense of reassurance, feeling invulnerable to the
adverse effects of their risky behaviour. Such people
need to understand that they have a residual (albeit
lower) risk of developing the condition and be encour-
aged to engage in risk reducing behaviours relevant for
the general population.

The human genome project shows what can be
achieved with sufficient resources and concerted
international effort. Perhaps what is needed now is a
human behavioural change project to ensure that appli-
cations from the human genome project are realised in
practice.

TMM is funded by The Wellcome Trust and CL is funded by the
National Cancer Institute and the National Human Genome
Research Institute.

Competing interests: None declared.

1 Leventhal H, Benyamini Y, Brownlee S, Diefenbach M, Leventhal EA,
Patrick-Miller L, et al. Illness representations: theoretical foundations. In:
Petrie KJ, Weinman JA, eds. Perceptions of health and illness. Amsterdam:
Harwood, 1997.

2 Jepson R. The effectiveness of interventions to change health-related behaviours:
a review of reviews. Glasgow: MRC Social and Public Health Sciences Unit,
2000. (Occasional paper No 3.)

3 Kok G, van den Borne B, Dolan Mullen P. Effectiveness of health educa-
tion and health promotion: meta-analyses of effect studies and determi-
nants of effectiveness. Patient Educ Counsel 1997;30:19-27.

4 Godin G, Kok G. The theory of planned behavior: a review of its applica-
tions to health-related behaviors. Behavior Change 1996;11:87-98.

5 Armitage CJ, Conner M. Efficacy of the theory of planned behaviour: a
meta-analytic review. Br J Soc Psychol (in press).

6 Sutton S. Predicting and explaining intentions and behavior: how well are
we doing? J Appl Soc Psychol 1998;28:1318-39.

7 Orbell S, Sheeran P. “Inclined abstainers”: a problem for predicting
health-related behaviour. Br J Soc Psychol 1998;37:151-65.

8 Jepson R, Clegg A, Forbes C, Lewis R, Sowden A, Kleijnen J. The
determinants of screening uptake and interventions for increasing
uptake: a systematic review. Health Technol Assess 2000;4(14).

9 Croyle RT. Psychosocial effects of screening for disease prevention and detection.
New York: Oxford University Press, 1995.

10 Shaw C, Abrams K, Marteau TM. Psychological impact of predicting
individuals’ risk of illness: a systematic review. Soc Sci Med 1999;49:1571-
98.

11 Senior V, Marteau TM, Peters TJ. Will genetic testing for predisposition
for disease result in fatalism? A qualitative study of parents responses to
neonatal screening for familial hypercholesterolaemia. Soc Sci Med
1999;48:1857-60.

12 Senior V, Marteau TM, Weinman J. Impact of genetic testing on causal
models of heart disease and arthritis: an analogue study. Psychol Health
1999;14:1077-88.

13 Miki Y, Swensen J, Shattuck-Eidens D, Futreal A, Harshman K, Tavtigian
S, et al. A strong candidate for the breast and ovarian cancer susceptibil-
ity gene BRCA1. Science 1994;266:66-71.

Educational resources

Kjourny MJ, Burke W, Thompson EJ, eds. Genetics and
public health in the 21st century: using genetic information
to improve health and prevent disease. New York: Oxford
University Press, 2000

BMJ archive
Marteau TM et al. Psychological responses to genetic
testing. BMJ 1998:316:693-6. http://bmj.com/cgi/
content/full/316/7132/693
Levitt M. The ethics and impact on behaviour of
knowledge about one’s own genome. BMJ
1999;319:1283. http://bmj.com/cgi/content/full/
319/7220/1283

Education and debate

1058 BMJ VOLUME 322 28 APRIL 2001 bmj.com



14 Fishel R, Lescoe MK, Rao MR, Copeland NG, Jenkins NA, Garber J, et al.
The human mutator gene homolog MSH2 and its association with
hereditary nonpolyposis colon cancer. Cell 1993;75:1027-38.

15 Cooney KA, McCarthy JD, Lange E, Huang L, Miesfeldt S, Montie JE, et
al. Prostate cancer susceptibility locus on chromosome 1q: a confirmatory
study. J Natl Cancer Inst 1997;89:955-9.

16 Tilanus-Linthorst MM, Bartels CC, Obdeijn AI, Oudkerk M. Earlier
detection of breast cancer by surveillance of women at familial risk. Eur J
Cancer 2000;36:514-9.

17 Vasen HF, van Ballegooijen M, Buskens E, Kleibeuker JK, Taal BG, Grif-
fioen G, et al. A cost-effectiveness analysis of colorectal screening of
hereditary non-polyposis colorectal carcinoma gene carriers. Cancer
1998;82:1632-7.

18 Schwartz MD, Rimer BK, Daly M, Sands C, Lerman C. A randomized trial
of breast cancer risk counseling: the impact on self- reported mammog-
raphyuse. Am J Pub Health 1999;89:924-6.

19 Meiser B, Butow P, Barratt A, Freidlander M, Kirk J, Gaff C, et al. Breast
cancer screening uptake in women at increased risk of developing
hereditary breast cancer. Breast Cancer Res Treat 2000;59:101-11.

20 Kinney AY, Choi YA, DeVellis B, Kobetz E, Millikan RC, Sandler RS.
Interest in genetic testing among first-degree relatives of colorectal can-
cer patients. Am J Prev Med 2000;18:249-52.

21 Bratt O, Damber JE, Emanuelsson M, Kristoffersson U, Lundgren R, Ols-
son H, et al. Risk perception, screening practice and interest in genetic
testing among unaffected men in families with hereditary prostate cancer.
Eur J Cancer 2000;36:235-41.

22 Clavel-Chapelon F, Joseph R, Goulard H. Surveillance behavior of
women with reported family history of colorectal cancer. Prev Med
1999;28:174-8.

23 Lerman C, Hughes C, Croyle RT, Main D, Durham D, Snyder C, et al.
Prophylactic surgery and surveillance practices one year following
BRCA1/2 genetic testing. Prev Med 2000;1:75-80.

24 Becker DM, Levine DM. Risk perception, knowledge, and lifestyles in
siblings of people with premature coronary disease. Am J Prev Med
1987;3:45-50.

25 Hunt K, Davison C, Emslie C, Ford G. Are perceptions of a family history
of heart disease related to health-related attitudes and behaviour? Health
Educ Res Theory Pract 2000;15:131-43.

26 Hunt K, Emslie C, Watt G. Barriers rooted in biography: how interpreta-
tions of family patterns of heart disease and early life experiences may
undermine behavioural change in mid-life. In: Graham H, ed.
Understanding health inequalities. Oxford: Oxford University Press (in
press).

27 Kastelein JJP. Screening for familial hypercholesterolaemia. BMJ
2000;321:1483-4.

28 Marteau TM. Protocol 99PRT/6. Genetic versus non-genetic diagnosis of
familial hypercholesterolaemia: a randomised trial. www.thelancet.com/info/
info.isa?n1 = authorinfo&n2 = Protocol + review&uid = 14406 (accessed
2 April 2001).

29 Amos CI, Caporaso NE, Weston A. Host factors in lung cancer risk: a
review of interdisciplinary studies. Cancer Epidemiol Biomarkers Prev
1992;1:505-13.

30 Waterworth DM, Talmud PJ, Bujac SR, Fisher RM, Miller GJ, Humphries
SE. Contribution of apolipoprotein C-III gene variants to determination
of triglyceride levels and interaction with smoking in middle-aged men.
Arterioscler Thromb Vasc Biol 2000;20:2663-9.

31 Lerman C, Gold K, Audrain J, Lin TH, Boyd NR, Orleans CT, et al. Incor-
porating 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.

32 Audrain J, Boyd NR, Roth J, Main D, Caporaso Ne Lerman C. Genetic
susceptibility testing in smoking-cessation treatment: one-year outcomes
of a randomized trial. Addict Behav 1997;22:741-51.

33 Lerman C, Caporaso NE, Audrain J, Main D, Bowman ED, Lockshin B, et
al. Evidence suggesting the role of specific genetic factors in cigarette
smoking. Health Psychol 1999;18:14-20.

34 Hu S, Brody CL, Fisher C, Gunzerath L, Nelson ML, Sabol SZ, et al. Inter-
action between the serotonin transporter gene and neuroticism in
cigarette smokers. Mol Psychiatry 2000;5:181-8.

35 Pianezza ML, Sellers EM, Tyndale RF. Nicotine metabolism defect
reduces smoking. Nature 1998;393:750.

36 McKinney EF, Walton RT, Yudkin P, Fuller A, Mant D, Murphy M. Associ-
ation between polymorphisms in dopamine metabolic enzymes and
tobacco consumption in smokers. Pharmacogenetics 2000;10:483-91.

37 Sabol SZ, Nelson ML, Fisher C, Gunzerath L, Brody CL, Hu S, et al. A
genetic association for cigarette smoking behavior. Health Psychol
1999;18:7-13.

38 Jorm AF, Henderson AS, Jacomb PA, Christensen H, Korten AE, Rodgers
B, et al. Association of smoking and personality with a polymorphism of
the dopamine transporter gene: results from a community study. Am J
Med Genet 2000;96:331-4.

39 Oscarson M, Gullsten H, Rautio A, Bernal ML, Sinues B, Dahl ML, et al.
Genetic variation of CYP2A6, smoking and risk of cancer. Lancet
1999;353:898-9.

40 Hingorani A, Vallance P. A computer programme for guiding
management of cardiovascular risk factors and prescribing. BMJ
1998;318:101-5.

41 Hollon SD, Beck AT. Cognitive and behaviour therapies. In: Bergin AE,
Garfield SL, eds. Handbook of psychotherapy and behaviour change. New
York: Wiley, 1994.

Giving people information about their genetic risk of developing common disease will be helpful if they can be persuaded to adopt healthy lifestyles that reduce risk

S
T

E
P

H
E

N
S

H
A

V
E

R
/A

F
P

Education and debate

1059BMJ VOLUME 322 28 APRIL 2001 bmj.com


