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Abstract

Background: Mendelian randomization (MR) studies investigate the effect of genetic vari-

ation in levels of an exposure on an outcome, thereby using genetic variation as an

instrumental variable (IV). We provide a meta-epidemiological overview of the methodo-

logical approaches used in MR studies, and evaluate the discussion of MR assumptions

and reporting of statistical methods.

Methods: We searched PubMed, Medline, Embase and Web of Science for MR studies

up to December 2013. We assessed (i) the MR approach used; (ii) whether the plausibility

of MR assumptions was discussed; and (iii) whether the statistical methods used were

reported adequately.

Results: Of 99 studies using data from one study population, 32 used genetic information

as a proxy for the exposure without further estimation, 44 performed a formal IV ana-

lysis, 7 compared the observed with the expected genotype-outcome association, and 1

used both the latter two approaches. The 80 studies using data frommultiple study popu-

lations used many different approaches to combine the data; 52 of these studies used

some form of IV analysis; 44% of studies discussed the plausibility of all three MR

assumptions in their study. Statistical methods used for IV analysis were insufficiently

described in 14% of studies.

Conclusions: Most MR studies either use the genotype as a proxy for exposure without

further estimation or perform an IV analysis. The discussion of underlying assumptions

and reporting of statistical methods for IV analysis are frequently insufficient. Studies

using data from multiple study populations are further complicated by the combination

of data or estimates. We provide a checklist for the reporting of MR studies.
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Introduction

Observational studies are limited in their ability to identify

whether exposures are causally related to disease occur-

rence or other outcomes. Adjustment for confounding is

only possible for those factors which are identified and

measured and will inevitably be incomplete: some degree

of residual confounding will always remain. Reverse caus-

ation, an effect of the outcome on the studied exposure,

may also explain associations found in an observational

study.1,2 An approach which can circumvent both reverse

causation (as first proposed in 1986)3 and residual con-

founding in order to establish the causal effect of the ex-

posure on the outcome is to investigate the effect of genetic

variation in levels of the exposure on the outcome. This ap-

proach has come to be known as Mendelian randomiza-

tion over the past decade.2 The random allocation of

genetic variants from parents to offspring means these vari-

ants will generally be unrelated to other factors which af-

fect the outcome.1 Furthermore, associations between the

genotype and the outcome will not be affected by reverse

causation because disease does not affect genotype.1

Mendelian randomization studies use genetic variation

as an instrumental variable (IV) and must fulfil instrumen-

tal variable assumptions. Applied to Mendelian random-

ization, these assumptions are that (i) the genotype is

associated with the exposure; (ii) the genotype is associated

with the outcome through the studied exposure only (ex-

clusion restriction assumption); and (iii) the genotype is in-

dependent of other factors which affect the outcome

(independence assumption).4 Potential threats to the valid-

ity of these assumptions, such as population stratification,

linkage disequilibrium and pleiotropic effects, are dis-

cussed in detail elsewhere.1,5

These general principles of Mendelian randomization

are increasingly used in aetiological research, but the spe-

cific methods used in these studies can vary widely. In this

study we review the methodology used in studies from the

past 10 years which were described by the authors as

Mendelian randomization studies. We provide an overview

of the use of the different approaches to Mendelian

randomization and, where applicable, the specific statis-

tical methods used for estimation. We evaluate whether

the plausibility of the Mendelian randomization assump-

tions is discussed. Further, we evaluate whether the statis-

tical methods used are sufficiently described (including

how the confidence interval was obtained) for those studies

which perform an instrumental variable analysis or

compare the observed and expected genotype-outcome

association.

Methods

Search strategy and inclusion criteria

We searched PubMed, Medline, Embase and Web of

Science for studies containing the term ‘Mendelian ran-

domization’ or ‘genetic instrumental variable’ or a related

term (e.g. ‘genetic instrument’)from 1 January 2003 to 31

December 2013. The full search strategies for each of the

databases are included in Supplementary Methods, avail-

able as Supplementary data at IJE online. We excluded

publications that; (i) were conference abstracts, letters,

commentaries, editorials, reviews, study proposals or the-

oretical papers; (ii) did not use Mendelian randomization

(i.e. did not state Mendelian randomization or a genetic in-

strumental variable was used in the text, abstract or title

and did not include ‘Mendelian randomization’ or ‘genetic

instrumental variable’ or a related term as a keyword); (iii)

identified potential genetic instruments for future

Mendelian randomization studies; (iv) were primarily

methodological, using an application of Mendelian ran-

domization as an example; or (v) were published in a

health economics journal (rather than a biomedical

journal).

Classification of Mendelian randomization

approach used

First we classified publications into studies which used

data from a single study population and studies which used

data from multiple study populations. We then classified

Key Messages

• The specific methods used in Mendelian randomization studies vary widely.

• These methods broadly fall into three categories: (i) using genetic information as a proxy for the exposure without

further estimation; (ii) performing an instrumental variable analysis; (iii) comparing the observed with the expected

genotype-outcome association.

• Mendelian randomization studies frequently insufficiently discuss underlying assumptions or report statistical meth-

ods for IV analysis.

• A checklist for the reporting of Mendelian randomization studies is provided.
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included studies according to their general Mendelian ran-

domization approach: i.e. how they utilized the genetically

determined variation in exposure.

A. For studies performed in a single study population we

identified the following three main approaches:

i. Use of genetic variation as a proxy for the expos-

ure, without further estimation.

These studies investigate the association between a

genotype (which affects the exposure) and the out-

come. No comparison is made with the expected

association between this genotype and the outcome,

and no IV estimate of the effect of the exposure on

the outcome is obtained.

ii. Comparison of the observed and expected geno-

type-outcome associations.

These studies compare the observed association be-

tween the genotype and the outcome with the asso-

ciation which would be expected if the observed

exposure-outcome association were causal. This ex-

pected association is calculated by multiplying the

observed genotype-exposure association with the

observed exposure-outcome association (sometimes

termed the ‘triangulation’ approach, although this

is not a specific term); see Figure 1 for an illustra-

tion and further explanation. The confidence inter-

val of the expected genotype-outcome association

can be estimated analytically or using bootstrap

techniques.

iii. Formal instrumental variable analysis using genetic

variation as the instrument.

These studies perform a formal IV analysis to ob-

tain a causal estimate of the effect of genetically

determined variation in the exposure on the out-

come. Different statistical techniques can be used

for this purpose, as we will further explain below.

B. We classified the studies including more than one study

population into the following pre-specified main

categories:

i. Pooling of the data, followed by any of the

approaches Ai-iii listed above.

ii. IV analysis in each of the study populations, fol-

lowed by a meta-analysis.

iii. Meta-analysis using the genotype as a proxy for the

exposure, without further estimation.

iv. Meta-analyses of the genotype-exposure, exposure-

outcome and genotype-outcome associations,

followed by comparison of observed and ex-

pected genotype-outcome associations (as in

approach Aii).

v. Meta-analyses of the genotype-exposure and

genotype-outcome associations, followed by a

Wald-type/ratio estimate (see Didelez et al. for a

description of Wald-type estimators).6

vi. Data analysed separately for more than one popu-

lation, followed by any of the approaches Ai-iii.

Further categories were added for those studies which did

not fall into any of the above categories.

Assessment of discussion of Mendelian

randomization assumptions

Regardless of the approach used, Mendelian randomiza-

tion studies rely on three main assumptions, as briefly men-

tioned in the introduction.

i. The genotype is associated with the exposure.

This assumption can and should be verified in the

data. Reporting guidelines for IV analyses recommend

the use of the partial F-statistic as a measure of the

strength of the association between the IV and the ex-

posure.7,8 It encompasses information on the strength

of the instrument and on the number of observations

in the analysis.9 We assessed whether studies reported

the strength of the genotype-exposure association in

the data using a partial F-statistic or using another

measure (e.g. mean difference in exposure by geno-

type). If not, we assessed whether they reported the

strength of this association from literature.

ii. The genotype is associated with the outcome through

the studied exposure only (exclusion restriction

assumption).

This assumption is violated if the genotype has mul-

tiple (pleiotropic) effects, if a nearby variant with

which it is in linkage disequilibrium affects the out-

come in other ways than through the exposure of

interest, or if developmental canalization occurs.1 For

all studies we evaluated whether the plausibility of

this assumption was discussed. Mentioning the as-

sumption in general terms was not deemed sufficient:

a specific discussion of its plausibility in the particular

study was required.

iii. The genotype is independent of other factors which af-

fect the outcome (independence assumption).

This assumption is violated if subgroups in the study

population have both different genotype frequencies

and different distributions of the outcome (population

stratification).1 It is also violated if there is an associ-

ation between the genotype used as an instrument and

confounders. For all studies we assessed whether the

association between the genetic instrument and meas-

ured confounders was reported, as recommended in

IV reporting guidelines.7 Furthermore, we assessed

whether potential associations of the genotype with
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unmeasured confounders were discussed and/or popu-

lation stratification was discussed. Again, a specific

discussion of the plausibility of the assumption in the

particular study was required.

Assessment of reporting of statistical analysis

This section only applies to the studies which used the IV

approach or the observed-expected approach, because

using genetic variation as a proxy for the exposure without

further estimation does not involve any special statistical

methods.

i. For studies which obtained an IV estimate of the effect

of the exposure on the outcome, we determined which

statistical method was used and assessed whether it was

described sufficiently and whether a confidence interval

was reported. A frequently used IV method is two-stage

least squares analysis. This involves two stages of linear

regression. The first stage is a linear regression with the

exposure as the dependent variable and the instrument

(genotype) as the independent variable, which is then

used to obtain predicted exposure levels based on the

instrument. The second stage is a regression with the

outcome as the dependent variable and these genetic-

ally predicted exposure levels as the independent vari-

able. Software for two-stage least squares regression

takes into account the errors in both stages of the ana-

lysis to give a correct confidence interval. Additionally,

we determined the type of outcome investigated (con-

tinuous, binary, time-to-event) and for binary outcomes

what kind of target parameter was estimated (risk

difference, odds ratio, relative risk, probit coefficient).

We also determined whether a statistical test was used

to compare the IV estimate with the ‘conventional’ esti-

mate of the effect of the exposure on the outcome,

what type of genetic instrument was used [one single

nucleotide polymorphism (SNP) or allele, multiple

SNPs in separate analyses, multiple SNPs in a single

analysis, combinations of SNPs e.g. haplotypes or a

genetic risk score] and for those studies which used

multiple SNPs in a single analysis, whether weak instru-

ment bias was discussed. In the IV studies within one

study population, we also determined whether the gen-

etic variant used as an instrument was identified or

selected in the same population or if the weights for a

weighted genetic risk score were derived in the same

population.

ii. For studies comparing the observed and expected geno-

type-outcome association, we assessed whether the

method used to obtain a point estimate of the expected

genotype-outcome association was described. If the de-

scription was such that calculation of this point esti-

mate should be possible using the data provided, we

assessed whether the point estimate corresponded to

our calculations (only in those studies within one popu-

lation). Further, we assessed whether a confidence

interval for the expected genotype-outcome association

was reported, whether the method used to obtain this

confidence interval was described, and whether the con-

fidence interval incorporated the variance of both the

genotype-exposure association and the exposure-

outcome association.

Results

Our search returned 1911 hits, of which 594 hits remained

after exclusion of conference abstracts and duplications.

After reviewing the title and abstract and if necessary the

full-text article, a further 415 records were excluded for

reasons listed in the flowchart in Figure 2, resulting in

179 eligible Mendelian randomization studies. Of these

179 studies, 99 studies used data from a single study

population for their main analyses,10–108 and 80 studies

used data from more than one study population

(Table 1).109–188 The included studies were published

between May 2005 and December 2013. An overview

of the exposures studied and the genetic instruments used

is presented in Supplementary Table 1 (available as

Supplementary data at IJE online). The most frequently

studied exposures were C-reactive protein (29 studies) and

adiposity measures such as body mass index, fat mass and

percentage body fat (25 studies).

Of the 99 studies which used data from a single study

population, 38 studies (38%) used the genetic information

Figure 1. Diagram of the approach used by Mendelian randomization

studies which compare the observed genotype-outcome association

with the expected genotype-outcome association. b1, regression coeffi-

cient of the genetic variant-exposure association. b2, regression coeffi-

cient of the exposure-outcome association. b3OBS, observed regression

coefficient of the genetic variant-outcome association. b3EXP, expected

regression coefficient of the genetic variant-outcome association. The

point estimate of b3EXP is calculated as follows: b3EXP¼ b1 � b2. The confi-

dence interval of the expected genotype-outcome association can be

estimated analytically or using bootstrap techniques.

International Journal of Epidemiology, 2015, Vol. 44, No. 2 499
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as a proxy for the exposure by investigating the genotype-

outcome association without further estimation of either

the causal effect of the exposure on the outcome or of the

expected genotype-outcome association (Table 1); 48 stud-

ies (48%) used IV analysis to estimate the effect of genetic-

ally determined variation in exposure levels on the

outcome. Ten studies compared the observed association

between the genotype and the outcome with the expected

association based on the genotype-exposure association

and the exposure-outcome association. One study used

both these latter two approaches. For two studies we could

not categorize the methods used into any of the aforemen-

tioned approaches.

Of the 80 studies which used data from multiple study

populations, 26 (33%) studies pooled the data from the

different studies and subsequently analysed the pooled

data (Table 1). Ten studies performed an IV analysis in the

different studies followed by a meta-analysis; 41 studies

(51%) first performed a meta-analysis of one or more of

the genotype-exposure, exposure-outcome and genotype-

outcome associations, 26 of which subsequently used these

meta-analysed associations for further estimation of either

the causal effect of the exposure on the outcome or of the

expected genotype-outcome association. In total, 52 stud-

ies (65%) used some form of IV analysis to obtain a causal

effect of the exposure on the outcome. A further 23 studies

PubMed 468 search hits

Medline 540 search hits

Embase 644 search hits

Web of Science 259 search hits

1126 duplicates removed

594 unique hits

179 eligible studies

records excluded:

153 reviews/educa�onal/theore�cal papers

111 studies not claiming to use Mendelian randomisa�on

103 le�ers/commentaries/editorials

23 primarily methodological studies

9 studies inves�ga�ng a poten�al gene�c instrument

8 conference abstracts/papers/reports

4 studies in health economics journals

3 study proposals

1 erratum

conference abstracts removed:

113 Embase

78 Web of Science

Figure 2. Summary of literature search.
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compared the observed and expected genotype-outcome

associations.

Table 2 summarizes the reporting of the Mendelian ran-

domization assumptions. Reporting of assumptions was

assessed in 178 studies, because the design of one study

was so different from the general Mendelian randomiza-

tion design that the assumptions could not be assessed.

A total of 37 out of 98 studies (38%) which used a single

study population and 42 out of 80 studies (53%) which

used multiple study populations explicitly discussed the

plausibility of all three Mendelian randomization assump-

tions in the context of their study.

Among the studies which performed an IV analysis,

those using a single study population most frequently

studied a continuous outcome, whereas those using mul-

tiple study populations most frequently studied a binary

outcome and estimated an odds ratio (Table 3). The statis-

tical methods used in these formal IV studies are shown in

Table 4. Two-stage least squares (2-SLS) regression was

the most common method used in studies within one study

population (n¼ 26, 53%). Ten studies within multiple

study populations also used this method. One study used

2-SLS with a binary outcome, but it did not mention

whether heteroskedasticity robust standard errors were

used.69 Among the studies which used multiple study

populations, a Wald-type or ratio estimator was most fre-

quently used (n¼ 16, 31%). The method used to obtain

the confidence interval for the ratio estimate was a Taylor

series expansion (termed the delta method138,141,168,169,186

or Taylor expansion170), Fieller method,120,176–178 or was

not described. Three studies in a single study population

also used a Wald-type/ratio estimator, but two of these

studies did not report a confidence interval. Other methods

used were control functions (n¼ 8 in total), IV probit re-

gression (n¼ 4), generalized method of moments (n¼ 8),

generalized least squares regression (n¼ 5), quasi-

likelihood and variance function (n¼ 4) and a two-stage

approach with a linear first stage and a logistic second

Table 1. Approaches used in Mendelian randomization studies

Data from 1 study population (n¼99) Refs

1. Genotype used as a proxy for exposure, without further estimationa 38 10–47

2. Comparison of observed and expected genotype-outcome association 10 48–57

3. IV analysisb 48 58–105

4. Comparison of observed and expected genotype-outcome association and IV analysis 1 106

5. Unclear 2 107,108

Data from more than 1 study population (n¼80)

1. Data pooled, then analysed

a. Genotype used as a proxy for exposure, without further estimation 2 109,110

b. Comparison of observed and expected genotype-outcome associationa 3 111–113

c. IV analysisb 14 114–127

d. Comparison of observed and expected genotype-outcome association and IV analysis 7 128–134

2. IV analyses, then meta-analysis 10 135–144

3. Meta-analysis using genotype as a proxy for exposure, without further estimation 15 134–136,145–157

4. Meta-analyses* followed by comparison of observed and expected genotype-outcome associationc 13 139,144,157–167

5. Meta-analyses* followed by a Wald-type/ratio estimate 9 168–176

6. Data analysed and reported separately for more than 1 population

a. Genotype used as a proxy for exposure, without further estimationc 3 177,179,180

b. IV analysis 3 178,181,182

7. Multivariate meta-analysis 2 155,183

8. Bayesian meta-analysis 1 184

9. Separate study IV-analysis 1 185

10. Meta-analysis of gene-exposure association, then ratio estimate, then meta-analysis 1 186

11. Other/unclear** 2 187,188

Some studies used multiple approaches in non-identical sets of study populations.
aTwo studies also performed an IV analysis for which it was unclear how the data were combined.112,113

bOne study performed some of the analyses in a single study population.118

cTwo studies also performed an IV analysis in a single study population.158,177

*Meta-analyses of genotype-exposure, exposure-outcome and/or genotype-outcome associations.

**One study first investigated the genotype-outcome association and then performed further analyses for which the approach was unclear.187 One study used a

‘likelihood-based method for combining summarised genetic association estimates’.188
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stage (n¼5). Four of the studies which used this last ap-

proach did not report how the correct confidence interval

was obtained,125,133,135,158 and the fifth used a sandwich

estimator.114 The IV method was insufficiently described

in 14 studies. In six of these studies there was a discrepancy

between the statistical method reportedly used (2-SLS) and

the effect estimate reported (OR).100,128,129,130,131,134

Another study seemingly did not take into account the

variance of the genotype-exposure association in the vari-

ance of the IV estimate, which would result in too narrow

a confidence interval.101

Of the101 studies which used one of the approaches

which yields an IV estimate, 48 reported tests of the

difference between the IV estimate and the conventional es-

timate: the most commonly used were (a variant of) the

Durbin-Wu-Hausman test (29 studies),58–60,62,64–66,68,

70–72,74,75–77,79–87,94,98,105,116,139 and (a variant of) the

Bland-Altman test(10 studies).112,113,117,119,128–132,134 The

types of genetic instrument used (e.g. a single SNP or a gen-

etic risk score) in the IV analysis studies are listed in

Supplementary Table 2 (available as Supplementary data

at IJE online). Of the 25 studies which used multiple SNPs

in a single analysis, 13 mentioned weak instrument bias,

with two studies very specifically discussing it in relation

to using multiple instruments.117,185 Of the 49 studies

which used IV methods and were performed in one study

Table 3. Types of outcome and parameters estimated in IV Mendelian randomization studies

Type of outcome 1 Study

population

(n¼49)

Refs >1 Study

population

(n¼52)

Refs

Continuous 37 58–68,70–89,94,98,103–106 14 114–116,118,126,135–139,168,170,182,185

Binary

Risk difference 3 69,93,99 0 –

Relative risk 2 81,102 2 118,124

Odds ratio 7 67,82,88,90–92,100 37 112–114,117,119–121,123,125,128–135,139–144,155,158,168,169,

171–176,178,181,183,184,186

Probit coefficient 1 83 1 122

Time-to-event 4 95–97,101 5 124,138,168,177,178

Unclear 0 – 1 127

The total number of types of outcome and parameters estimated exceeds the total number of studies because some studies included multiple types of outcomes.

Table 2. Reporting of Mendelian randomization assumptions

Criteria 1 Study

population

(n¼98)*

>1 Study

population

(n¼80)

Strength of genetic instrument-exposure association (assumption 1)

Verified in data using F-statistic 33 26

Otherwise verified in data (e.g. using risk difference or odds ratio) 53 45

Reported from literature 4 4

Not reported 8 5‡

Plausibility of exclusion restriction assumption discussed (assumption 2) 56 55

Independence assumption (assumption 3)

Instrument-confounder associations shown & assumption further discussed theoreticallya 20 16

Instrument-confounder associations shown, assumption not further discussed 30 21

Investigation of instrument-confounder associations mentioned, not shown & assumption further

discussed theoretically

4 0

Investigation of instrument-confounder associations mentioned, not shown & assumption not further

discussed

8 0

Plausibility of assumption theoretically discussed only 7 18

Plausibility of assumption not discussed 29 25

*Reporting of assumptions was not assessed in one study, because its design was vastly different from the general design of a Mendelian randomization study.

The total number of studies within 1 study population is therefore 98.
aPotential association with unmeasured confounders discussed and/or population stratification discussed.
‡Two studies reported a P-value only.
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population, 14 evidently identified or selected the genetic

variant used as an instrument in the same population or

derived weights for a weighted genetic risk score in the

same population.61,62,65,66,70,71,82,85,87,91,93,102,104,105

In 3 of the 11 studies comparing the observed gene-

outcome association with the expected gene-outcome

association in one study population we could not recon-

struct the point estimate of the expected association

from the data.48,50,57 Four studies did not report a confi-

dence interval for the expected genotype-outcome associ-

ation.52,54,56,106 In a further five studies, the methods

used to calculate this confidence interval were un-

clear,48–50,53,57 and in one study only the error in the

exposure-outcome association seemed to have been taken

into account in the calculation of this confidence inter-

val.55 Only one study adequately described the methods

used to obtain the point estimate and confidence interval

(bootstrapping) of the expected genotype-outcome associ-

ation.51 In the 23 studies which employed this approach

using more than one study population, three only took

into account the error in the exposure-outcome associ-

ation and not the error in the genotype-exposure associ-

ation,159,164,165 and 16 studies did not describe how the

confidence interval was obtained.

Discussion

Most Mendelian randomization studies either performed

some form of IV analysis (49% of studies within one study

population and 65% of studies within multiple study

populations) or used the genotype as a proxy for the expos-

ure without further estimation. A third approach used less

frequently was to compare the observed genotype-outcome

association with the expected genotype-outcome associ-

ation. Although validity of the three main Mendelian ran-

domization assumptions is required regardless of the

approach used, only 44% of studies adequately discussed

the plausibility of these assumptions. The methods used

to obtain an IV estimate were not always adequately

described. For those studies which were performed using

multiple study populations, the range of approaches used

was very broad, because of further differentiation accord-

ing to the way the data from the different studies were

combined. Here we will discuss our findings and propose

recommendations for the reporting of Mendelian random-

ization studies.

To our knowledge there is one paper which previously

reviewed MR studies, which included a much smaller

number of studies. Its main focus was on whether the

Mendelian randomization studies reported results that

were compatible with a causal association, which was the

case for over half of their reviewed studies.189 In contrast,

our review focused on the approach used and on the dis-

cussion of the assumptions and the reporting of the statis-

tical methods used. The previous review also noted that

many studies applied IV analysis to a binary outcome,

using methods which had not quite been validated,189

which is an issue which we will also discuss later.

Our meta-epidemiological study has several limitations.

With respect to study selection, we investigated what

Table 4. Statistical methods used in the instrumental variable studies

Method 1 Study

population

(n¼49)

Refs >1 Study

population*

(n¼52)

Refs

Two-stage least squares 26 58–83 10 114–116,118,135–139,182

Instrumental variable regression in Stata, not further specified

(2-SLS, GMM or LIML)

5 84–88 0 –

Control function 6 81,82,89–92 2 139,143

Instrumental variable probit regression 3 67,83,93 1 122

GMM 2 94,98 0 –

Multiplicative GMM 0 – 6 117–121,124

Generalized least squares regression 1 95 4 112,113,123,132

Two-stage: linear first stage, logistic second stage 0 – 5 114,125,133,135,158

Quasi-likelihood and variance function 1 88 3 140,144,181

Ratio/Wald-type estimator 1 99 17 120,124,138,141,142,168–178,186

Ratio/Wald-type estimator without confidence interval 2 96,97 0 –

Insufficiently described/unclear 7 100–106 7 126–131,134

Otherb 0 – 4 155,183–185

The total number of statistical methods exceeds the total number of studies because some studies investigated multiple statistical methods.

2-SLS, two-stage least squares; GMM, generalized method of moments; LIML, limited-information maximum likelihood.

*Including the two studies which used multiple study populations, but performed the IV analysis in a single study population.
bSee Table 1.
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methods were used in studies stating that they used

Mendelian randomization or that they used a genetic

IV. Importantly, we were unable to include studies

which apply the same principles without using the term

Mendelian randomization or genetic IV because these

could not feasibly be found using a systematic search strat-

egy. We do not know to what extent our results apply to

these studies, but suspect the discussion of Mendelian ran-

domization assumptions in particular is likely to be insuffi-

cient in many of these studies. Importantly, the focus of

our review was on the quality of reporting of methods used

in Mendelian randomization studies. We did not assess

whether the statistical method used to obtain an IV esti-

mate was actually appropriate. We investigated whether

the statistical method used was adequately described,

whether it was consistent with the estimates reported and

if any evident mistakes were made. Similarly, we focused

on whether plausibility of MR assumptions was discussed,

not on whether we considered them likely to hold.

With regard to the Mendelian randomization approach

used, we found that a majority of studies performed some

form of IV analysis, but a substantial proportion of studies

used the genotype as a proxy for the exposure without per-

forming a formal IV analysis. This raises the question

whether either of these approaches, or the third option of

comparing the observed and expected genotype-outcome

association, should be preferred. This depends on the aim

of the study: for a test of causality, testing the presence of a

genotype-outcome association is sufficient.1,190 Often the

aim will be a quantification of the causal effect of the ex-

posure on the outcome. We note that IV analysis is more

suited to this aim than a comparison of the observed and

the expected effect of the genotype on the outcome, al-

though some may find the latter approach more intuitive.

Showing the association between the genotype (or genetic

score) and the outcome is always advisable as it increases

the transparency of the study by showing the data as they

are. Further analyses can subsequently be undertaken.191

When considering whether a formal IV analysis is appro-

priate, further aspects of the underlying biology of the

genotype-phenotype association need to be taken into ac-

count to avoid misleading inferences.192 A recent paper

discusses a number of situations in which a formal IV ana-

lysis may give biased results, but a Mendelian randomiza-

tion approach looking only at the genotype-outcome

association can validly be used as a test of causality.190

Another recent paper specifically discusses smoking as an

example of an exposure for which the measurement does

not fully capture the underlying exposure, which gives a

biased estimate of the effect of the measured exposure on

the outcome if an IV analysis is performed in a Mendelian

randomization study.4

With regard to the discussion of the Mendelian random-

ization assumptions, we found that fewer than half of stud-

ies adequately discussed all three assumptions. Some

studies did mention what the assumptions are and how

they can be violated in general terms, but did not discuss

how plausible the assumptions were for the specific setting

of their study. An aspect of the assumptions which can be

evaluated using the data is whether there is an association

between the genetic instrument and measured confounders.

This may be more difficult for studies which use mul-

tiple study populations, but an effort to obtain this infor-

mation from those studies in which it is available is

warranted. Among the studies which performed an IV ana-

lysis in a single study population, we identified 14 studies

in which SNPs were detected or selected, or genetic

risk score weights were derived in that same study popula-

tion. This can bias Mendelian randomization esti-

mates.116,193 The number of studies in which we found this

to have occurred may be an underestimation, because

some study populations are used for multiple Mendelian

randomization studies and the later studies may not report

the detection of SNPs in a previous study in the same

population.

With regard to the IV methods used, we found that

two-stage least squares regression and a Wald-type/ratio

estimator were the most commonly used methods. We also

found that a considerable number of the Mendelian ran-

domization studies which used IV methods estimated an

odds ratio or risk ratio, especially in those studies which

used data from multiple study populations. However,

which methods are appropriate for IV estimation of causal

odds ratios or risk ratios is a methodological challenge of

IV analysis that has not yet been fully resolved. Several

methodological studies have investigated this issue in

recent years.194,194–198 One of the reviewed MR studies

mentioned that the Wald-type estimator used to estimate

an odds ratio was an approximate method.169 The proper-

ties and limitations of these IV methods used to estimate a

causal odds ratio deserve more attention in the Mendelian

randomization studies in which they are used.

Overall, we conclude from our review the standard of

reporting of Mendelian randomization studies should be

improved. Existing guidelines and recommendations for

the reporting of IV analyses largely apply to Mendelian

randomization studies (the extent depending on the

Mendelian randomization approach used).7,8 In addition

to these recommendations, we have formulated a checklist

of Mendelian randomization-specific reporting recommen-

dations in Box 1.

In conclusion, studies stating that they perform a

Mendelian randomization study within one study popula-

tion broadly fall into three categories: studies using a
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genotype as a proxy for exposure without further estima-

tion; studies performing IV analysis using a genotype as an

instrument; and studies comparing observed and expected

genotype-outcome associations. Plausibility of underlying

Mendelian randomization assumptions is not always dis-

cussed, but as these assumptions are crucial for validity of

MR studies, they should always be discussed in the specific

context of the study. If IV methods are used to estimate a

causal effect of the exposure, the statistical methods used

should be clearly explained. Studies using data from mul-

tiple populations should also clearly report how data or es-

timates are combined.
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25. Kröger J, Zietemann V, Enzenbach C et al. Erythrocyte mem-

brane phospholipid fatty acids, desaturase activity, and dietary

fatty acids in relation to risk of type 2 diabetes in the European

Prospective Investigation into Cancer and Nutrition (EPIC)-

Potsdam Study.Am J Clin Nutr 2011;93:127–42.

26. Welsh P, Polisecki E, Robertson M et al. Unraveling the direc-

tional link between adiposity and inflammation: a bidirectional

Mendelian randomization approach. J Clin Endocrinol Metab

2010;95:93–99.

27. Trompet S, Jukema JW, Katan MB et al. Apolipoprotein e

genotype, plasma cholesterol, and cancer: a Mendelian ran-

domization study. Am J Epidemiol 2009;170:1415–21.
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169. Pichler I, Del Greco MF, Gögele M et al. Serum iron levels and

the risk of Parkinson disease: a Mendelian randomization

study. PLoSMed 2013;10:e1001462.

170. Vimaleswaran KS, Berry DJ, Lu C et al. Causal relationship be-

tween obesity and vitamin D status: bi-directional Mendelian

randomization analysis of multiple cohorts. PLoS Med 2013;

10:e1001383.

171. Ference BA, Yoo W, Alesh I et al. Effect of long-term exposure

to lower low-density lipoprotein cholesterol beginning early in

life on the risk of coronary heart disease: a Mendelian random-

ization analysis. J Am Coll Cardiol 2012;60:2631–39.

172. Niu W, Liu Y, Qi Y, Wu Z, Zhu D, Jin W. Association of inter-

leukin-6 circulating levels with coronary artery disease: a meta-

analysis implementing mendelian randomization approach. Int

J Cardiol 2012;157:243–52.

173. Niu W, Zhang X, Qi Y. Association of an apolipoprotein E

polymorphism with circulating cholesterols and hypertension:

a meta-based Mendelian randomization analysis. Hypertens

Res 2012;35:434–40.

174. Huang T, Ren J, Huang J, Li D. Association of homocysteine

with type 2 diabetes: a meta-analysis implementing Mendelian

randomization approach. BMCGenomics 2013;14:867.

175. Davey Smith G, Harbord R, Milton J, Ebrahim S, Sterne JAC.

Does elevated plasma fibrinogen increase the risk of coronary

heart disease? Evidence from a meta-analysis of genetic associ-

ation studies.Arterioscler Thromb Vasc Biol 2005;25:2228–33.

176. Lawlor DA, Harbord RM, Timpson NJ et al. The association

of C-reactive protein and CRP genotype with coronary heart

disease: findings from five studies with 4 610 cases amongst

18 637 participants. PLoSOne 2008;3:e3011.

177. Kamstrup PR, Tybjærg-Hansen A, Steffensen R, Nordestgaard

BG. Genetically elevated lipoprotein(a) and increased risk of

myocardial infarction. JAMA 2009;301:2331–39.

178. Kamstrup PR, Tybjærg-Hansen A, Nordestgaard BG. Genetic

evidence that lipoprotein(a) associates with atherosclerotic

stenosis rather than venous thrombosis. Arterioscler Thromb

Vasc Biol 2012;32:1732–41.

179. Stegeman BH, Helmerhorst FM, Vos HL, Rosendaal FR, Van

Hylckama Vlieg A. Sex hormone-binding globulin levels are not

causally related to venous thrombosis risk inwomen not using hor-

monal contraceptives. J ThrombHaemostat 2012;10:2061–67.
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