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I
n 1954 Archie Cochrane, then aged 45, was
diagnosed as having an acute attack of polio.
He was sceptical of the diagnosis at the time,

but evidently thought little more about it.1

Eleven years later he was informed that his
sister, Helen (fig 1), was acutely ill in a
psychiatric hospital in Glasgow, said to be
suffering from senile psychosis. Unhappy with
this diagnosis, and hearing that she was poten-
tially terminally ill, he enlisted the help of a
physician friend to visit her in hospital. There it
was determined that she was suffering from an
acute attack of porphyria, precipitated by the use
of barbiturates. Archie remembered back to his
supposed polio attack and recalled that he had
been prescribed a sleeping table before it. It
looked as though he, too, had suffered an attack
of porphyria.

As variegate porphyria is an autosomal domi-
nant condition Archie reasoned that informing
family members of their possible propensity
could avoid future episodes, through avoidance
of triggering agents, as well as mitigate against
potentially serious misdiagnoses. He therefore
contacted family members and obtained urine or
faecal samples, to trace transmission through the
family. As a man convinced of the necessity of
high response rates he was justifiably proud of
the fact that samples were obtained from 152 of
153 living descendents of his maternal great
grandfather. Indeed the relevant family tree,
framed and hanging on the wall, was among the
first items discussed when I visited him in
Rhoose Farm House in 1985. In his report of
the investigation of familial distribution of
variegate porphyria tendency Archie calculated
mortality rates among the maternal side of his
family and, although very imprecisely estimated,
a hint of excess total mortality was seen for
women aged 45–64.2 Although the genetic
variants underlying variegate porphyria are now
well characterised3 these have many non-specific
effects. Thus the level of understanding of the
function of these variants at present offers little
to furthering the understanding of disease
aetiology and modifiable environmental risk
factors more generally. In the case of genetic
variants with more circumscribed functional
consequences this is not the case, however.
Indeed, examining the association of such
functional genetic variants and health outcomes
offers one potential way of obtaining robust
inferences regarding modifiable environmental
causes of disease. To illustrate the potentials of
this approach—sometimes referred to as
Mendelian randomisation—I will briefly
outline why there is a problem in conventional

observation epidemiology, introduce Mendelian
randomisation as one potential solution, and
discuss the limitations of this approach.

LIMITS OF OBSERVATIONAL
EPIDEMIOLOGY
To someone interested in the health conse-
quences of a modifiable environmental expo-
sure—say, a particular aspect of diet—the
obvious approach would be to directly study
dietary intake and how this relates to the risk of
disease. Why, then, should an alternative
approach be advanced? The impetus for thinking
of new approaches is that conventional observa-
tional study designs have yielded findings that
have failed to be confirmed by randomised
controlled trials.4 Observational studies showed
that b carotene intake was associated with a
lower risk of lung cancer and cardiovascular
disease mortality, and some authorities were
impressed enough with this evidence that large
scale randomised controlled trials of b carotene
supplementation were launched. Large numbers
of people took b carotene, justification for which
would come from reports such as the 1990
review of this issue that concluded ‘‘Available
data thus strongly support the hypothesis that
dietary carotenoids reduce the risk of lung
cancer’’.5 However, when large scale randomised
controlled trials reported their findings b car-
otene supplementation produced no reduction in
risk of lung cancer or cardiovascular disease.
Similarly, observational studies reported that
people taking vitamin E supplements had lower
risk of coronary heart disease, and again based
on such studies randomised controlled trials
were launched. The results were similarly dis-
appointing—there was no evidence of benefit
from supplements, despite the fact that the trials
directly mimicked the observational studies that
had studied the apparent consequences of
supplemental vitamin E intake.

In 2001 the Lancet published an observational
study showing an inverse association between
circulating vitamin C levels and incident cor-
onary heart disease.6 The left hand side of figure 2
summarises these data, presenting the relative
risk for 15.7 mmol/l higher plasma vitamin C
level, assuming a log-linear association. As can
be seen, adjustment for confounders had little
impact on this association. However a large scale
randomised controlled trial, the heart protection
study, examined the effect of a supplement that
increased average plasma vitamin C levels by
15.7 mmol/l. In this study randomisation to the
supplement was associated with no decrement in
coronary heart disease risk.7
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It is possible to advance case by case explanations for the
discrepancies between observational studies and randomised
controlled trials of particular exposures. However, it seems
probable that a general explanation also applies. Thus there is
considerable confounding between vitamin C levels and other
exposures that could increase the risk of coronary heart
disease. In the British women’s heart and health study
(BWHHS), for example, women with higher plasma vitamin
C levels were less likely to be in a manual social class, have no
car access, be a smoker or be obese and more likely to

exercise, be on a low fat diet, have a daily alcoholic drink, and
be tall.8 Furthermore, for these women in their 60s and 70s
those with higher plasma vitamin C levels were less likely to
have come from a home 50 years or more previously in which
their father was in a manual job, or had no bathroom or hot
water, or within which they had to share a bedroom. They
were also less likely to have limited educational attainment.
In short, a substantial amount of confounding by factors
from across the life course that indicate increased risk of
coronary heart disease was seen. Table 1 illustrates how four
simple dichotomous variables from across the life course can
generate large differences in cardiovascular disease mortality
(table 1).9

In the BWHHS 15.7 mmol/l higher plasma vitamin C level
was associated with a relative risk of incident coronary heart
disease of 0.88 (95% CI 0.80 to 0.97).10 This is close to the
estimates seen in the observational study summarised in
figure 2. When we adjusted for the same confounders as were
adjusted for in that study the estimate changed very little—to
0.90 (95% CI 0.82 to 0.99). Only when we additionally
adjusted for confounders acting across the life course was
considerable attenuation seen, with a residual relative risk of
0.95 (95% CI 0.85 to 1.05). It is obvious that given inevitable
amounts of measurement imprecision in the confounders, or
a limited number of missing confounders, the residual
association is essentially null and close to the finding of the
randomised controlled trial. Most studies have more limited
information on potential confounders, and in other fields we
may be even more ignorant of the confounding factors we
should measure. In these cases inferences drawn from
observational epidemiological studies may be seriously
misleading. It is for these reasons that alternative
approaches—including Mendelian randomisation—need to
be applied.

WHAT IS MENDELIAN RANDOMISATION?
Mendelian randomisation is an instrumental variables
approach,11 in which genetic variants are the instruments.
In instrumental variable approaches a measure is required
that is related to the exposure of interest, but is not related
through any other pathway to the outcome.12 Thus the
instruments will serve as proxies for the exposure of interest,
but the instruments will not have a confounded or biased
association with the disease outcome. Therefore, the associa-
tion of the instrument with the outcome can provide robust
evidence regarding the potentially causal association of
exposure and disease.

Figure 1 Archie Cochrane and his sister Helen (source: Bosch FX.
Archie Cochrane: Back to the Front, Barcelona, 2003).

EPIC w  

1.2
Relative risk 

H
ea

rt 
pr

ot
ec

tio
n 

stu
dy

0.4 1.00.6 0.8

0.63 (0.45, 0.90)

Does not favour
vitamin C

Favours
vitamin C

EPIC w 0.63 (0.49, 0.84)

EPIC m  0.70 (0.51, 0.95)

EPIC m 0.72 (0.61, 0.86)

1.06 (0.95, 1.16)

Figure 2 Estimates of the effects of an
increase of 15.7 mmol/l plasma vitamin
C on CHD five year mortality estimated
from the observational epidemiological
EPIC study and the randomised
controlled heart protection study. EPIC
m, men, age adjusted; EPIC m*, men,
adjusted for age, systolic blood
pressure, cholesterol, BMI, smoking,
diabetes, and vitamin supplement use;
EPIC f , women, age adjusted; EPIC f*,
women, adjusted for age, systolic blood
pressure, cholesterol, BMI, smoking,
diabetes, and vitamin supplement
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Genetic variants can serve as useful instruments within
this framework.13–19 Within populations of homogenous
origin the vast majority of genetic variants will be uncorre-
lated with other variants, the exception being those which
are physically close together on a chromosome and thus
remain associated despite repeated meioses—an association
referred to in the genetic literature as ‘‘linkage disequili-
brium’’. Furthermore, genetic variants tend to be unrelated to
the behavioural and socioeconomic factors that underlie so
much confounding in conventional observational epidemiol-
ogy. Thus if a genetic variant can be taken to proxy for a
modifiable environmental risk factor, or for a potentially
modifiable physiological measure, the variant should only be
related to the disease outcome to the extent to which it serves
as a proxy for these factors. As well as allowing an
unconfounded estimate of exposure and disease associations,
the genetic variant will not be influenced by reverse
causation. While the onset of disease may change people’s
behaviour, or alter physiological parameters such as circulat-
ing cholesterol levels or blood pressure, such diseases will not
change germ line genetic variants.20 21

The utility of this approach may be best appreciated
through examples, and those below have been selected to
illustrate the range of inferences that can be drawn.

ALCOHOL AND HEALTH: REPORTING BIAS,
REVERSE CAUSATION, CONFOUNDING, OR
CAUSE?
Studying the association of alcohol and health outcomes is
problematic, as the reporting of alcohol intake may be
seriously biased in a way that could be differential with
respect to health outcomes. Furthermore, health problems
might lead people to reduce or stop drinking, generating an
apparently protective effect of alcohol consumption, and
confounding will occur—heavy drinkers are likely to smoke
more and display other unfavourable behavioural and socio-
economic characteristics, putting them at high risk of disease.
The predicted influence of bias, reverse causation, and
confounding on the alcohol-disease association could go in
either direction, inflating or attenuating real effects.

Mendelian randomisation can help here because a genetic
variant exists that is strongly associated with alcohol
consumption. Alcohol is oxidised to acetaldehyde, which in
turn is oxidised by aldehyde dehydrogenases (ALDHs) to
acetate. Half of Japanese people are heterozygotes or
homozygotes for a null variant of ALDH2 and peak blood
acetaldehyde concentrations after alcohol challenge are 18
times and five times higher among homozygous null variant
and heterozygous individuals respectively compared with
homozygous wild type individuals.22 This renders the
consumption of alcohol unpleasant through inducing facial
flushing, palpitations, drowsiness, and other symptoms. As
table 2 shows, there are considerable differences in alcohol
consumption according to genotype.23 The principles of
Mendelian randomisation are seen to apply—two factors
that would be expected to be associated with alcohol
consumption—age, and cigarette smoking—which would

confound conventional observational associations between
alcohol and disease, are not related to genotype, despite the
strong association of genotype with alcohol consumption.

It would be expected that ALDH2 genotype influences
diseases known to be related to alcohol consumption, and as
proof of principle it has been shown that ALDH2 null variant
homozygosity—associated with low alcohol consumption—is
indeed related to a lower risk of liver cirrhosis.24 Considerable
evidence, including data from randomised controlled trials,
suggests that alcohol increases HDL cholesterol levels25 26

(which should protect against CHD) and blood pressure
(which should mitigate or reverse the protective effect of
alcohol).27 28 In line with this, ALDH2 genotype is strongly
associated with HDL cholesterol and hypertension in the
expected direction (table 2). Given the apparent protective
effect of alcohol against CHD risk seen in observational
studies possession of the ALDH2 allele—associated with
lower alcohol consumption—should be associated with a
greater risk of myocardial infarction, and this is what was
seen in a case-control study.23 Men either homozygous or
heterozygous for null variant ALDH2 were at twice the risk of
myocardial infarction. Supporting reasoning that the HDL
cholesterol elevating effects of alcohol render it protective
against coronary heart disease, statistical adjustment for HDL
cholesterol greatly attenuated the association between
ALDH2 genotype and CHD.

The implications of this example are that examination of
ALDH2 null variant and disease associations can provide
evidence regarding the causal influence of alcohol, rather
than that people should be screened for ALDH2 variants as a
way of determining their disease risk. This basic point—that
genetic variant-disease associations provide evidence about
environmentally modifiable risk of disease in populations,
rather than point to detection of genetic susceptibility in
individuals as a way of targeting interventions—is central to
the Mendelian randomisation enterprise.

CHOLESTEROL AND CORONARY HEART DISEASE
Randomised controlled trials of lowering cholesterol with
statins have shown that circulating cholesterol has a causal
effect on coronary heart disease risk to most (but not all29)
people’s satisfaction. Before this there was some debate
regarding causality, and some commentators still consider
that confounding or reverse causation could generate the
association (fig 3). A variant in the gene coding for
apolipoprotein B (Apo B) is associated with a 2.6 mmol/l
higher circulating cholesterol level—a condition known as
familial defective Apo B.30 31 The principle of Mendelian
randomisation applies—although related to a substantial
difference in cholesterol level the variant is not related to
triglyceride, fibrinogen, glucose, body mass index, and waist-
hip ratio. The variant is, however, association with an odds
ratio for coronary heart disease of 7 (95% CI 2.2 to 22).32 This
is greater than would be predicted by randomised controlled
trial evidence on lowering total cholesterol and reducing CHD
mortality, but the genetic variant is associated with lifelong
differences in cholesterol level, whereas trials only lower

Table 1 Cardiovascular mortality according to cumulative risk indicator (father’s social
class, screening social class, smoking, alcohol use)9

Number CVD deaths Relative risk

4 favourable (0 unfavourable) 517 47 1
3 favourable (1 unfavourable) 1299 227 1.99 (1.45 to 2.73)
2 favourable (2 unfavourable) 1606 354 2.60 (1.92 to 3.52)
1 favourable (3 unfavourable) 1448 339 2.98 (2.20 to 4.05)
0 favourable (4 unfavourable) 758 220 4.55 (3.32 to 6.24)
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cholesterol for a few years. The greater increase in risk is
therefore expected, and is likely to reflect the effect of
increased cholesterol acting over many decades. This illus-
trates one particular value of Mendelian randomisation
approaches, which is that differences in an exposure proxied
by a genetic variant will reflect long term differences, not
subject to the short term fluctuations that apply to single
measures of, say, cholesterol level in middle age. The
implication of the finding that familial defective Apo B is
related to higher coronary heart disease is that cholesterol
reduction will reduce CHD risk in the whole population, not
that screening for this genetic variant to detect people at high
risk would be valuable. The population attributable risk of
familial defective Apo B for coronary heart disease is trivial,
and even if the risk in all people carrying this variant was
reduced to the background population risk by treatment, the
effect on overall population CHD occurrence would be small.

STATIN THERAPY, HMG-CoA REDUCTASE
GENOTYPE, AND CHOLESTEROL REDUCTION
Genetic variants in the HMG-CoA reductase gene are
associated with a differential cholesterol response to statin
treatment, for example a 42 compared with 33 mg/dl fall in
total cholesterol according to genotype was reported by one
study.33 This difference is comparatively small, although is
highly statistically robust. It is unlikely to be useful in clinical
practice—the persons with slightly less response could simply
receive a greater dose of statin based on cholesterol response,
not genotype.

Their findings are, however, potentially exciting for
another reason. The mode of action of statins in preventing
CHD risk is debated, and it has been suggested that
mechanisms other than lowering circulating LDL-cholesterol
are involved. For example, an influence on inflammatory
causes of CHD34 may underlie their influence on CHD risk.
Indeed opponents of the diet-heart theory have cited the
additional actions of statins as evidence against the argument
that lipid lowering by statins provides strong evidence of a
causal relation between cholesterol and coronary heart
disease.29 Variants in the HMG-CoA reductase genotype
combined with the reasoning offered by the ‘‘Mendelian
randomisation’’ paradigm offer a way of resolving this issue,
however. If cholesterol lowering is the mechanism through
which statins act, then in fixed dose randomised trials of
statin treatment, in the group randomised to statin treat-
ment, those with the HMG-CoA reductase variant related to a
lesser reduction in cholesterol level should have a higher risk
of CHD than those with variants related to greater statin
induced cholesterol reduction. Among the control group CHD
risk should not be related to HMG-CoA reductase gene
variant, as genotype is not related to baseline blood
cholesterol levels. If these effects were seen—and if a lack
of influence of these variants on other potential mechanisms
were confirmed—then the attribution of the CHD risk
reduction seen with statins to their cholesterol reducing
effects could be reliably inferred. These data would confirm
that despite some attempts to argue the opposite29 circulating
cholesterol levels are causally related to CHD and thus that

Table 2 Relation between characteristics and ALDH2 genotype: the 2*2/z*2 and 2*2/
2*1 genotypes are associated with avoidance of alcohol consumption23

2*2/2*2 2*2/2*1 1*1/1*1 p Value

Age (years) 61.3 (0.8) 61.5 (0.4) 60.6 (0.4) NS
BMI (kg/m2) 23.1 (0.2) 23.0 (0.1) 23.3 (0.1) NS
Alcohol 0.21 (0.06) 0.6 (0.03) 1.16 (0.03) 0.0001
% smoker 48.5 47.9 47.7 NS
% hypertension 40.6 37.7 46.9 0.0002
Cholesterol (mg/dl) 203 (2.3) 203 (1.1) 203 (1.0) NS
Triglyceride (mg/dl) 134 (7.4) 137 (3.5) 150 (3.3) 0.012
HDL cholesterol (mg/dl) 48 (1.0) 52 (0.5) 54 (0.5) 0.0001

Values are expressed as the mean and standard error. Alcohol consumption in cups/day (one cup of Japanese
alcohol corresponds to 25.2 ml ethanol).

Mutation: raised cholesterol

Comparison not confounded as allocation to mutation carriage
is determined by segregation of genes = a random process,
and reverse causation does not effect genotype

Comparisons by APOB Arg 3500 Gln mutation

No mutation: not raised cholesterol

Association with disease outcome – more trustworthy

Raised cholesterol Not raised cholesterol

Association with disease outcome may be confounded – not trustworthy

Known and unknown confounders or reverse causation

Figure 3 Non-randomised
comparisons.
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non-pharmacological ways of reducing cholesterol levels will
lead to reductions in CHD occurrence. Such increased
knowledge of disease mechanism and mode of drug action
may offer more to public health than the supposed benefits of
‘‘personalised medicine’’.35

FOLATE, MTHFR, AND NEURAL TUBE DEFECTS
Examining the effects of genotype of mothers on the health
outcomes of their children can be termed ‘‘intergenerational
Mendelian randomisation’’.18 In these circumstances, expo-
sures of interest relate to aspects of the intrauterine
environment that are difficult to measure but are modified
by maternal genotype. For example, folate deficiency in
pregnancy is now known to be a cause of neural tube defects
(NTDs), an effect confirmed by the beneficial effects of
periconceptual folate supplementation.36 37 The MTHFR
677CRT polymorphism is associated with slower enzymatic
processing of folate and in a meta-analysis of case-control
studies of NTDs, mothers homozygous for the null variant
(TT) had a twofold increased risk of having an infant with a
NTD than the homozygous CC mothers.38 The relative risk of
an NTD associated with the TT genotype in the infant was
less than that seen with respect to maternal genotype, and
there was no effect of paternal genotype on offspring NTD
risk. This suggests that it is the intrauterine environment—
influenced by maternal TT genotype operating as a proxy for
lower maternal folate levels—rather than the genotype of
offspring that increases the risk of NTD (see fig 4). The
association between maternal MTHFR genotype and off-
spring NTD risk provides evidence that maternal folate intake
is a key aetiological (and potential preventive) factor, as has
been confirmed by the randomised trials of folate supple-
mentation. The population attributable risk of maternal
MTHFR for NTDs would be low, however, and this finding
does not suggest that screening women for this genetic
variant will be a particularly useful strategy. Instead it

provides evidence that maternal folate is causally related to
offspring NTD risk.

FIBRINOGEN AND CORONARY HEART DISEASE:
PROVING A NEGATIVE?
In the case of cholesterol and CHD we saw that a genetic
variant related to higher cholesterol level was associated with
a higher risk of CHD, as would be expected if cholesterol had

Mother – TT – fetus exposed in utero:
RR 2.04

Father – TT – but cannot have intra
uterine effect on fetus:
RR 1.18

Fetus – TT inherits 50% from mother and 50% father – hence
intermediate risk: RR 1.75

Figure 4 Parental MTHFR and
offspring neural tube defect risk.38

Box 1 Limitations of Mendelian randomisation

N Failure to establish reliable genotype-intermediate
phenotype or genotype-disease associations

N The confounding of genotype-intermediate phenotype
disease associations by linkage disequilibrium between
the genetic variant of interest and another genetic
variant with an influence on the outcome under
investigation.

N The confounding of genotype-intermediate phenotype
disease associations by pleiotropic effects of genetic
variants.

N Canalisation and developmental stability.

N Lack of suitable polymorphisms for studying modifiable
exposures of interest.

N Inadequate biological understanding of the function of
genetic variants.

Box 2 Misunderstandings of Mendelian
randomisation

One common misunderstanding regarding Mendelian ran-
domisation relates to the fact that the environmentally
modifiable exposures that are proxied for by the genetic
variants used in studies within the Mendelian randomisation
paradigm are influenced by many other factors than these
genetic variants. For example, when discussing the case of
fibrinogen and coronary heart disease—which is discussed
in this paper—Jousilahti and Salomaa49 consider that this
approach does not take into account the complex genetic
background of multifactorial disease, and fails to recognise
that other genetic factors and environmental factors than the
polymorphism under study influence fibrinogen levels. The
suggestion here is that because other factors are involved, the
association between a genetic polymorphism related to
fibrinogen level and disease outcomes cannot be taken to
provide information about the association between fibrino-
gen and coronary heart disease. This reflects a basic
misunderstanding of epidemiology, as well as of Mendelian
randomisation. Of course many genetic and environmental
factors influence fibrinogen levels—indeed with respect to
environmental factors this is why the association between
fibrinogen and coronary heart disease is strongly con-
founded, and thus cannot be reliably estimated from
observational epidemiology. However, groups defined by
the genetic variant under study consistently differ with respect
to mean fibrinogen level. As a thought experiment, consider
another example. Within a population the use of antihyper-
tensive medicines (even if these are widely and appropriately
prescribed) will only make a small contribution to the
variance in blood pressure. However, this obviously does
not mean that antihypertensive drugs will not have an
influence on the sequelae of raised blood pressure. The fact
that there are many other environmental and genetic factors
contributing to blood pressure other than antihypertensive
drugs is irrelevant, as is the wide range of factors
contributing to variance in fibrinogen levels. Groups that
differ with respect to use of antihypertensive drugs will differ
with respect to blood pressure, and this will be shown in their
clinical event rate. Similarly groups that differ with respect to
a genetic variant related to fibrinogen level will differ with
respect to fibrinogen level, and if fibrinogen level were a
cause of coronary heart disease (in the way that blood
pressure is indeed a cause of coronary heart disease) these
groups would have different rates of disease.
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a causal effect on CHD. This approach offers a method for
investigating the causal effect of many other intermediate
phenotypes. It has, for example, been applied to the potential
causal influence of circulating fibrinogen levels on CHD risk.
Many observational epidemiological studies show that higher
levels of circulating fibrinogen are related to increased risk of
CHD.39 Fibrinogen levels are, however, higher in a wide
variety of population subgroups known to have increased
CHD risk—for example, cigarette smokers, people from less
favourable socioeconomic backgrounds, non-drinkers, and
people who engage in less leisure time activity.40 Thus
confounding could generate a positive fibrinogen-CHD
association, and furthermore atherosclerosis itself may
increase fibrinogen levels, meaning that fibrinogen could be
a marker of disease state rather than a causal factor in its
own right.

In a large case-control study Youngman and colleagues41

showed that fibrinogen was associated with heart disease in
the usual way; a 0.12 g/l increase conferring a relative risk of
CHD of 1.20 (1.13 to 1.26). However, fibrinogen is also
influenced by a polymorphism in the b fibrinogen gene,
presence of the T allele being associated with a 0.12 g/l
increase in serum levels in the population. Presence or
absence of the T allele should not be associated with any of
the behavioural or environmental correlates of fibrinogen
that may confound associations with heart disease.
Therefore, estimates of effects of this allele on CHD risks
are in effect, unconfounded, ‘‘intention to treat’’ estimates of
the effect of the higher fibrinogen levels associated with
presence of the allele. In their study, Youngman and
colleagues found that the relative risk of CHD associated
with presence of the T allele (that is, the unconfounded effect
of a 0.12 g/l increase in fibrinogen) was 1.03 (0.96 to 1.10).
This provides evidence against a strong causal association of
fibrinogen with CHD, although it does not, of course, exclude
any association. Indeed it can be shown that 30 000 cases
and 30 000 controls are required to exclude a relative risk of
1.5 for CHD between the top and bottom tertile of fibrinogen
at 80% power.14

LIMITATIONS OF MENDELIAN RANDOMISATION
Mendelian randomisation is an attractive strategy for
improving strength of causal inference that can be drawn
from observational epidemiology. However, there are several
limitations that need to be considered (box 1). Firstly, and
not specific to Mendelian randomisation, establishing robust
evidence on genetic variant-disease associations has proved
problematic, probably largely because effect sizes will be
small and publication bias will ensure that many of the
putative associations that reach public attention are actually
chance findings.42 Strategies for improving this situation have
been discussed,42 and the Mendelian randomisation approach
would benefit greatly from the robust establishment of
associations between functional genetic variants and disease
outcomes.

Given a true genotype–phenotype association, when are
Mendelian randomisation interpretations misleading? By
‘‘true’’ in this statement is meant an association that is not
attributable to population stratification (in which the
coexistence of different disease rates and allele frequencies
within population sub-sections lead to an association
between the two at the whole population level).
Confounding could occur through a second genetic variant
that influences disease risk being in linkage disequilibrium
with the variant under study. A second form of confounding
will arise if the genetic variant has more than one functional
effect (known as pleiotropy). A possible example of this
relates to the association of APOE genotype and coronary
heart disease.43 The APOE genotype is associated with

differences in cholesterol level, but the genotype is not
associated with CHD risk in the way predicted by this. This
could be because the APOE genotype associated with lower
cholesterol levels is also associated with less efficient transfer
of very low density lipoproteins and chylomicrons.44 45

The possible role of confounding through linkage disequi-
librium or pleiotropy could be investigated through tabulat-
ing other disease risk factors by genotype. This, of course,
relies on knowledge of other causal factors for the disease in
question and mitigates against some of the advantages of
Mendelian randomisation. Empirical evidence to date sug-
gests that, when this has been studied, confounders are only
rarely related to genotype, but more systematic evidence on
this is required.

A further potential limitation relates to the process of
canalisation or developmental adaptation that may occur in
response to the effect of the genotype under investigation.
Compensation may occur to a perturbation introduced by
genotypic effects expressed during fetal development. Thus if
a genotype changed, say, cholesterol levels during fetal
development, the developmental programme could be chan-
ged to compensate for this, such that tissues were less
susceptible to the action of cholesterol, for example. Findings
from knock-out animal model preparations—when a gene is
essentially rendered non-expressive—often show less severe
phenotypic effects than anticipated from knowledge of the
function of the knocked-out gene.46 A full discussion of this
issue is available elsewhere.13 In terms of human studies
using the Mendelian randomisation approach it is unclear
how important this theoretical problem is. However, it should
be born in mind that when analogies are drawn between
Mendelian randomisation and randomised controlled trials,
randomised controlled trial interventions tend to occur in
adulthood (for example, drugs lowering cholesterol are given
then) whereas in Mendelian randomisation the ‘‘randomisa-
tion’’ occurs during gamete formation and conception, and
thus prior to fetal development.

Genetic epidemiology and population health: is
Mendelian randomisation the link?
Genetic epidemiology has been viewed as almost the
antithesis of behavioural, environmental, or social epidemiol-
ogy. This line of reasoning sees genetic epidemiology as
primarily investigating non-modifiable biological factors,
which must lead to a purely biological notion of disease
causation, prevention, and treatment.47 This critique can be
expanded to cover two features of findings from genetic
association studies: that the population attributable risk of
the genetic variants is low and that in any case the influence
of genetic factors is not reversible. Illustrating both of these
criticisms, Terwilliger and Weiss48 suggest, as reasons for
considering that many of the current claims regarding genetic
epidemiology are hype, firstly, that alleles identified as
increasing the risk of common diseases ‘‘tend to be involved
in only a small subset of all cases of such diseases’’ and,
secondly, that in any case ‘‘while the concept of attributable
risk is an important one for evaluating the impact of
removable environmental factors, for non-removable genetic
risk factors, it is a moot point’’.

Mendelian randomisation, however, puts environmental
factors centre stage by explicitly using studies in which
genetic variant-disease outcome associations can provide
robust evidence regarding the causal nature of environmental
factors in influencing health. This approach intends to inform
behavioural, environmental, or social approaches to disease
control by helping to establish those causal factors for which
intervention will influence disease rates. The approach does
not inform strategies for genetic screening for disease risk or
targeting of therapy. In this light the criticisms of Terwilliger
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and Weiss regarding the small subset of diseases that can be
said to be ‘‘caused’’ by the genetic variants, and the low
population attributable risk for the genetic variants, do not
apply.

CONCLUSIONS
Despite some prevalent misunderstandings (box 2),
Mendelian randomisation allows for many forms of inference
regarding the causal effects of modifiable exposures on
disease risk. Empirical evidence regarding the utility of the
approach remains limited, but the rapid expansion of
knowledge in functional genomics promises many exciting
possibilities to test its application in the next few years.
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ADDENDUM
Since this paper was accepted there have been several developments
in this field. See references 50–55 for examples.
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