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Glossary

Met a-analysis:  a meta-analysis combines the results of 
several studies that  address a set  of related research 
hypotheses.
Bias:  bias is systemat ic favourit ism that  is present  in the 
data collect ion process result ing in misleading results
Prospect ive st udy:  a cohort  study that  follows over t ime a 
group of similar individuals who dif fer with respect  to 
certain factors under study, in order to determine how 
these factors affect  rates of a certain outcome.
Random error:  an error that  has a random dist ribut ion and 
can be at t ributed to chance.
Regression dilut ion:  regression dilut ion is a stat ist ical 
phenomenon also known as “ at tenuat ion” .
Polymorphism:  a polymorphism is a genet ic variant  that  
appears in at  least  1% of a populat ion.

Despite the known importance of classical risk factors 
such as smoking, elevated blood lipids and high blood 
pressure to cardiovascular disease risk, the incidence of 
cardiovascular disease in individuals who lack these t raits, 
together with evidence that  intervent ions which successfully 
target  such factors do not  ent irely abrogate the risk of 
disease has encouraged invest igators to cont inue searching 
for novel biomarkers. Consequent ly, in recent  decades, 
many circulat ing molecular biomarkers and thousands of 
genet ic variants related to lipid, infl ammatory, metabolic 
and haemostasic pathways have been invest igated. To date, 
however, these novel factors have generally been 
invest igated in individual observat ional studies typically 
involving only a few hundred cases and only few hundred 

cont rols which, due to the inherent  stat ist ical uncertaint ies 
of small sample sizes, may be prone to chance fi ndings, 
select ive publicat ion biases and potent ially over-stated 
conclusions1.  However, the reliable ident ifi cat ion and 
detailed characterisat ion of any such associat ions with 
cardiovascular disease is essent ial if  ongoing research is to 
help improve our understanding of cardiovascular disease 
aet iology, bet ter predict  disease risk in individuals and 
suggest  new targets for intervent ional therapies. 

In the absence of individual studies of very large size, 
appropriate synthesis of the available reports of molecular 
biomarkers in coronary heart  disease (CHD) by meta-analysis 
should provide a bet ter preliminary indicat ion of their 
relevance to CHD than can individual studies involving j ust  
a few hundred cases. This is because meta-analyses are less 
likely to be subj ect  to random error than single studies, 
which due to their inherent  stat ist ical uncertaint ies 
may produce false-posit ive and false-negat ive results. 
Consequent ly, to enhance appropriate interpretat ion and to 
priorit ise hypotheses for further invest igat ion, there is an 
increasing need for systemat ic reviews of publicat ions on 
biomarkers in CHD. Figure 1 suggests a schema for a staged 
approach to the evaluat ion of candidate biomarkers in CHD. 
This approach includes systemat ic reviews of published and 
unpublished data; measurement  of emerging biomarkers in 
stored samples from exist ing large prospect ive studies; and 
the collaborat ive pooling of individual part icipant  data from 
mult iple studies. 

Preliminary quant itat ive reviews (“ literature-based 
meta-analyses” ) can help to priorit ise research in CHD by: 
a) ident ifying risk markers for which the available evidence 
is, in aggregate, comparat ively unpromising, encouraging 
the study of other, potent ially more fruit ful hypotheses; b) 
suggest ing the need for new measurements in much larger 
studies than hitherto to achieve reliable results; c) indicat ing E-mail :  ed303@medschl.cam.ac.uk
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that  exist ing data would, if  properly brought  together into 
a detailed synthesis, be suffi cient  to yield reliable results. 
However, such literature-based reviews cannot  provide: a) 
precise est imates of risk marker-disease associat ions under 
a range of dif ferent  circumstances, such as at  dif ferent  
ages, in women and men, at  dif ferent  levels of established 
risk factors; b) reliable characterisat ion of the shape of any 
dose-response relat ionships; c) consistent  approaches to 
adj ustment  for possible confounding factors; and d) detailed 
invest igat ion of potent ial sources of heterogeneity. 
Moreover, most  available assessments of emerging risk 
markers have related CHD risk solely to baseline 
measurements (which can lead to substant ial underest imat ion 
of any associat ions due to regression dilut ion bias2) and, 
have based stat ist ical adj ustment  for possible confounding 
factors only on baseline values (which can lead to residual 
biases). But , if  a risk marker is of potent ial aet iological 
relevance, it  may also be important  to characterise in detail 
it s degree of within-person variabilit y, both to understand 
the sources of this variabilit y and to enable appropriate 
correct ion for regression dilut ion2.  

Such uncertaint ies can be addressed by analyses of 
individual data from a comprehensive set  of relevant  
prospect ive studies of cardiovascular outcomes (i.e.,  
individual part icipant  data meta-analysis). The value of this 
approach has been demonst rated by the Emerging Risk 

Factors Collaborat ion (ERFC)3,  an analysis of individual data 
on over 1.2 million part icipants in 110 long-term prospect ive 
studies in approximately general populat ions, including 
75,000 incident  maj or cardiovascular outcomes. The ERFC 
has, for example, demonst rated approximately log-linear 
associat ions for each of total and high density lipoprotein 
(HDL) cholesterol with CHD and other vascular outcomes4.  
These fi ndings are of considerable public health importance, 
refut ing earlier suggest ions of threshold levels at  which 
these established risk factors cease to be relevant , and 
demonst rat ing the importance of total and HDL cholesterol 
to CHD outcomes under a wide range of circumstances, 
notably in men and women and in the elderly for whom 
these risk factors were previously regarded by some 
authorit ies as unimportant .

Despite their advantages over individual studies of 
customary size, individual part icipant  meta-analyses of 
several prospect ive studies of emerging risk markers may 
not  dist inguish reliably whether associat ions of part icular 
biomarkers with CHD refl ect  a causal relat ionship or mainly 
a marker of established cardiovascular risk factors to which 
the biomarker is correlated, or mainly a marker of subclinical 
disease, or some combinat ion of these possibilit ies. For 
example, the Fibrinogen Studies Collaborat ion has reported 
approximately log-linear associat ions of fi brinogen with CHD 
risk under a wide range of different  circumstances5.  The 
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Figure 1 Out line of a staged 
approach to priorit ise and evaluate 
novel and emerging markers in 
cardiovascular diseases.
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Figure 2 Integrat ion of data 
involving gene → phenotype → CHD 
risk. 
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magnitude of this associat ion, however, reduced considerably 
following adj ustment  for several established cardiovascular 
risk factors5,  as could be expected given the large number of 
established and emerging risk factors to which plasma 
fi brinogen is correlated6.  The existence of these many 
correlates makes it  diffi cult , therefore, to determine to 
what  extent  the observed associat ions of fi brinogen with 
CHD risk are independent  from these markers. 

Focused genet ic studies may help to overcome some of 
these potent ial l imitat ions of observat ional epidemiology7.  
“ Mendelian randomisat ion”  experiments at tempt  to 
minimise confounding and avoid reverse associat ion bias by 
measurement  of common polymorphisms in regulatory 
regions of genes that  have been reliably associated with 
dif ferences in circulat ing biomarker concent rat ion (but  not  
with any known change in biomarker funct ion). According 
to Mendel’s second law, the inheritance of genet ic variants 
should be subj ect  to the random assortment  of maternal 
and paternal alleles at  the t ime of gamete format ion. So, if  
the levels of a part icular biomarker actually increase the 
risk of CHD, then carriage of alleles that  expose individuals 
to a long-term elevat ion of that  biomarker should confer an 
increased risk of CHD in proport ion to the dif ference in 
biomarker levels at t ributable to the allele. Because of the 
randomised allocat ion of alleles from parents to offspring, 
potent ial confounders should be dist ributed evenly among 
the genotypic classes, and any bias due to reverse causat ion 
should be avoided because genotypes are fi xed at  concept ion 
and are unlikely to be modifi ed by the onset  of disease7.  
Hence, by helping to j udge the likelihood of any causal 
associat ions in CHD and est imat ing their magnitude, such 
focused genet ic analyses should help to priorit ise biomarkers 
for further study (eg, as therapeut ic targets) and elucidate 
disease pathways. 

This approach has been applied to the study of plasma 
levels of fi brinogen (Fig. 2). A report  of a null associat ion of 
fi brinogen genotypes with CHD risk in a total of about  12,000 
CHD cases and 18,000 cont rols, has decreased the likelihood 
of a maj or causal role for fi brinogen levels8,  but  even larger 
numbers would be needed to exclude the possibilit y of a 
modest  but  st il l potent ially important  effect . For example, 
it  has been est imated that  greater than 15,000 cases and 
greater than 15,000 cont rols would be needed to confi rm or 
exclude 5-10% increases in CHD risk per 1 SD increase in 
blood levels of C-react ive protein (CRP)9.  The CRP-CHD 
Genet ics Collaborat ion is, therefore, generat ing data and 
conduct ing pooled analyses of known relevant  CRP genet ic 
variants in about  46,000 CHD cases and about  150,000 
cont rols from 47 cont ribut ing studies. This approach is being 
extended to the study of several other candidate biomarkers, 
including HDL-C, lipoprotein(a) and interleukin-6.

The potent ial limitat ions of Mendelian randomisat ion 
analyses include: the need for very large sample sizes because 
most  genotypes have only modest  effects on concentrat ions 
of biomarkers; the scope for residual confounding by 
unrecognised pleiot ropic effects of genotypes; and the 
potent ial obscuring of causal associat ions by processes 
related to developmental adaptat ion (“ canalisat ion” )9.  
Furthermore, ideal Mendelian randomisat ion analyses should 
probably involve informat ion on genotypes, biomarker levels 
and CHD status derived from the same individuals in a single 

very large prospect ive study (which, for clinical CHD 
outcomes, may require upwards of 20,000 incident  CHD 
cases). In the current  absence of any such studies, however, 
it  has been necessary to combine informat ion from several 
different  studies, only relat ively few of which may involve 
concomitant  assessment  of genotype, biomarkers and CHD 
status (indeed, in the case of fi brinogen, studies focusing on 
biomarker-CHD and gene-CHD associat ions have largely been 
non-overlapping). 

Conclusions

Approaches that  enable study of the separate and combined 
effects of genet ic, biochemical and lifestyle factors should 
yield new scient ifi c insights that  cont ribute important ly to 
the predict ion and prevent ion of CHD. 
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