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VERSION 1 - REVIEW 

REVIEWER Sophie von Stumm 
Goldsmiths University of London, UK. 

REVIEW RETURNED 21-Oct-2015 

 

GENERAL COMMENTS I applaud the authors to this thorough and detailed protocol for a 
collaborative meta-analysis to study the moderating effect of a 
polymorphism on the association between intelligence and 
breastfeeding, which will make a very important contribution to the 
literature.  
 
I have 5 suggestions to the authors.  
 
First, why are only maternal cognition and education considered but 
paternal cognition and education are not mentioned? Surely, a child's 
IQ and his/ her likelihood of being breastfed are affect by both 
parents' cognition and educational status.  
 
Second and following on from the previous point, why did the authors 
decide not to collect data on socioeconomic status (SES) differences 
other than mother's education? SES is one of the core confounders 
of phenotypic associations between intelligence and breastfeeding, 
at least in European and US samples. It may moderate associations 
between FADS2 and the relationship of breastfeeding and IQ (i.e. 
moderated moderation model).  
 
Third, there are other potential confounders or moderators that the 
authors might want to consider, including number of siblings, 
gestational age, and age of parents.  
 
Fourth, why do the authors restrict the samples to be included to 
those assessing children's IQ at age 7 or above? If breastfeeding 
had positive effects on children's IQ, because it contains 
polyunsaturated fatty acids, these 'nutritional benefits' should be 
particularly evident in early childhood (see refs below on this).  
 
Finally, the protocol's introduction suggests that breastfeeding 
benefits on IQ are likely to exist. Not all of the empirical evidence 
points to this conclusion (in fact, a large portion of it reported no 
relation), even if many studies in this field suffer from the limitations 
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that the authors discuss later on. It might be worth stating though that 
null findings are a possible outcome of this collaborative meta-
analysis: in Europe breastfeeding may not be meaningfully 
associated with children's IQ differences.  
 
References:  
Huang J, Peters KE, Vaghn MG, Witko C. Breastfeeding and 
trajectories of children’s cognitive development. Dev Scie. 
2014;17:452–461.  
von Stumm & Plomin (2015). Breastfeeding and IQ Growth from 
Toddlerhood through Adolescence. PloS One: 
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0138
676   

 

REVIEWER Ulla Sovio, Senior Research Associate in Applied Medical Statistics 
Department of Obstetrics and Gynaecology, University of 
Cambridge, United Kingdom 

REVIEW RETURNED 18-Mar-2016 

 

GENERAL COMMENTS The study protocol by Hartwig and colleagues for a collaborative 
meta-analysis is well-written and detailed. I have some suggestions 
that might help the authors to strengthen the protocol.  
 
The first main hypothesis of the study is that the association 
between breastfeeding and IQ is different among GG individuals 
compared to non-G carriers of the FADS2 polymorphism (p. 6). 
However, the authors state on p. 9 and p. 10 that both additive and 
recessive genetic models will be evaluated. The analyses will be 
performed unadjusted (model 1) and with two levels of adjustments 
(models 2 and 3) (p. 11). Since there are two FADS2 
polymorphisms, each coded in additive or recessive model, and 
eight possible types of breastfeeding variables, the total number of 
regression analyses for models 1-3 is 96. The planned analyses 
could be clearly labelled as primary and secondary analyses in the 
protocol. The authors could also describe which statistics they will 
report from the meta-analysis.  
 
The authors state on p. 12 that they expect to have enough power to 
detect interaction effects. To support this statement, they could 
provide a calculation of the required sample size for their study, 
based on a range of plausible effect sizes and the type I and type II 
error rates they would be happy to accept. They could also discuss 
the feasibility of attaining the required sample size, based on their 
current knowledge about published and unpublished studies 
available for meta-analysis.  
  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Please leave your comments for the authors below  

I applaud the authors to this thorough and detailed protocol for a collaborative meta-analysis to study 

the moderating effect of a polymorphism on the association between intelligence and breastfeeding, 

which will make a very important contribution to the literature.  

I have 5 suggestions to the authors.  
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-----------------------------------------RESPONSE-----------------------------------------  

We would like to provide a general response to the first three comments and then address the 

peculiar aspects of each, as well as comments four and five.  

There were four main reasons why we limited the number of covariates:  

a) Avoiding ending up with unstable models due to estimating too many parameters.  

To properly adjust for confounding on the gene-environment interaction term, it is necessary to 

include not only the “main effects” of the confounder in the model, but also gene-confounder and 

environment-confounder interaction terms (PubMed ID: 24135711). In our study, a model involving 

binary gene (eg, FADS2 in the recessive model), environment (eg, breastfeeding categorized in 

“never” or “ever”) and confounding (eg, sex) predictors would have 6 degrees of freedom: three of 

them associated with FADS2 and breastfeeding (one for each “main effect” and one for the interaction 

term) and the remaining 3 with the confounder (one for the “main effect” and two for the interaction 

terms with FADS2 and breastfeeding).  

In our adjusted model 1 involving binary breastfeeding and FADS2, adjusting for sex, age, age² and a 

single ancestry-informative principal component would correspond to a model with 15 degrees of 

freedom. Importantly, this is a conservative estimate, because in some analysis breastfeeding will be 

analysed as a categorical variable with 5 levels, which will substantially increase the number of 

additional parameters estimated for each additional confounder included in the model. Moreover, it is 

likely that some studies will include more than one principal component or a study centre indicator.  

In our adjusted model 2, again involving binary breastfeeding and FADS2, additionally adjusting for 

maternal cognition, (maternal cognition)², maternal education and (maternal education)² will increase 

the model degrees of freedom to 27 (due to the reasons exposed above, this number underestimates 

the actual number of parameters estimated in some situations). If we want to have, for example, 10 or 

20 individuals for each parameter, such analysis would require 360 or 540 (respectively) individuals. 

Some eligible studies that we have already identified are in this sample size range.  

b) Data availability and harmonisation.  

Another justification for limiting the number of covariates was the notion that, if we considered many 

covariates, fewer studies will have data for all covariates, so the number of studies included in “fully-

adjusted” models would decrease. This would likely reduce power (which is especially relevant in this 

study because detecting gene-environment interaction often requires large samples) and make 

comparing results across models more difficult. Using fewer key covariates also facilitates data 

harmonisation, which is commonly a trade-off between information gains vs. between-study 

comparability in collaborative studies.  

c) Confounders of the breastfeeding-intelligence association are not necessarily confounders of the 

FADS2-breastfeeding interaction.  

Although it is possible to think about many confounders of the breastfeeding-intelligence association, 

our main focus is on FADS2-breastfeeding interaction. According to Keller et al. (PubMed ID: 

24135711), a covariate can bias the gene-environment term if “(a) the covariate is related to the 

genetic variable and the covariate-by-environment interaction coefficient is nonzero or (b) the 

covariate is related to environmental variable and the covariate-by-gene interaction coefficient is 

nonzero.” There is both theoretical and empirical motivation to think that, in general, germline genetic 

variants are not associated with common confounders such as socioeconomic and lifestyle factors 

(PubMed ID: 12689998 and 18076282). Therefore, most of the potential confounders would fall into 

the situation (b). However, given that b) requires that the covariate is associated with breastfeeding 

and the FADS2-covariate interaction coefficient to be non-zero, it is unlikely that all breastfeeding-IQ 

confounders would also confound the breastfeeding-FADS2 interaction term. Therefore, the FADS2-

breastfeeding interaction on intelligence is likely more robust against confounding than the 

breastfeeding-intelligence association.  

d) Sensitivity analysis with maternal cognition and education as the dependent variable will be 

performed.  

Our analysis plan includes sensitivity analyses involving maternal cognition and education as 

dependent variables. This will allow exploring (at least partially) the role of gene-environment 
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correlation in our results.  

--------------------------------------------------------------------------------------------  

 

1) First, why are only maternal cognition and education considered but paternal cognition and 

education are not mentioned? Surely, a child's IQ and his/ her likelihood of being breastfed are affect 

by both parents' cognition and educational status.  

 

-----------------------------------------RESPONSE-----------------------------------------  

Note: The response provided here addresses only the specifics of this question; additional comments 

related to this question were provided above.  

This is a good point. We think that it is reasonable to assume that maternal cognition and education 

are either more important than or at least as important as the correspondent paternal variables 

regarding their potential confounding effects on the breastfeeding-intelligence association. Moreover, 

maternal and paternal education are often correlated, as well as maternal and paternal cognition. 

Therefore, even though paternal education and cognition may confound the associations 

independently of the corresponding maternal variables, adjusting for the maternal variables should be 

sufficient to identify whether education and cognition confound the interaction. In such situation, we 

will not rule out the possibility of residual confounding.  

Another motivation for focusing on maternal variables only relates to the fact that information for 

maternal education or cognition measures are more frequently available than the correspondent 

information for the fathers.  

--------------------------------------------------------------------------------------------  

 

2) Second and following on from the previous point, why did the authors decide not to collect data on 

socioeconomic status (SES) differences other than mother's education? SES is one of the core 

confounders of phenotypic associations between intelligence and breastfeeding, at least in European 

and US samples. It may moderate associations between FADS2 and the relationship of breastfeeding 

and IQ (i.e. moderated moderation model).  

 

-----------------------------------------RESPONSE-----------------------------------------  

Note: The response provided here addresses only the specifics of this question; additional comments 

related to this question were provided above.  

This is a relevant issue. Although we have decided not to collect data such as income, we did include 

maternal education, which is an important socioeconomic indicator (as the reviewer mentioned) and is 

often highly associated with variables such as assets or family income. It is possible that maternal 

education will be insufficient to account for the entire confounding effect of SES on the FADS2-

breastfeeding interaction coefficient. However, it is likely that it will suffice to detect a substantial 

attenuation in the coefficient. In such situation, we will not rule out the possibility of residual 

confounding. Moreover, in recognition of the importance of SES, we will also conduct sensitivity 

analysis having maternal education as the dependent variable in order to evaluate (at least partially) 

the potential role of gene-environment correlation in our results.  

An additional justification for using maternal education as the single SES variable relates to data 

harmonisation. Education can be easily standardised across countries using the 1997 International 

Standard Classification of Education (ISCED) of the United Nations Educational, Scientific and 

Cultural Organization. Harmonisation of other SES measures such as classification systems of 

professions or asset indices would likely be challenging.  

--------------------------------------------------------------------------------------------   

 

3) Third, there are other potential confounders or moderators that the authors might want to consider, 

including number of siblings, gestational age, and age of parents.  

 

-----------------------------------------RESPONSE-----------------------------------------  
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Note: The response provided here addresses only the specifics of this question; additional comments 

related to this question were provided above.  

This is true. However, it is important to note that key breastfeeding-IQ confounders were considered. 

Given that gene-environment interactions are likely less prone to confounding than environment-

outcome analysis in general (as discussed above), considering a smaller set of key potential 

confounders might suffice to identify a substantial attenuation of the interaction coefficient in case it is 

biased due to confounding. In such situation, we will not rule out the possibility of residual 

confounding.  

It is also important to consider that, currently, it is not known if the FADS2-breastfeeding interaction is 

replicable across different studies in a directionally-consistent manner (regardless of the association 

being due to a biological interaction or to confounding) (PubMed IDs: 17984066 and 20644632). Our 

study will be able to properly investigate this point, as well as to rigorously investigate the role of a 

limited but key set of potential confounders.  

--------------------------------------------------------------------------------------------  

 

4) Fourth, why do the authors restrict the samples to be included to those assessing children's IQ at 

age 7 or above? If breastfeeding had positive effects on children's IQ, because it contains 

polyunsaturated fatty acids, these 'nutritional benefits' should be particularly evident in early childhood 

(see refs below on this).  

 

-----------------------------------------RESPONSE-----------------------------------------  

This is a great comment. We agree with the reviewer that we should not apply an inclusion criterion 

based on age at outcome measurement. Therefore, this was removed from the revised version of the 

manuscript.  

--------------------------------------------------------------------------------------------   

 

5) Finally, the protocol's introduction suggests that breastfeeding benefits on IQ are likely to exist. Not 

all of the empirical evidence points to this conclusion (in fact, a large portion of it reported no relation), 

even if many studies in this field suffer from the limitations that the authors discuss later on. It might 

be worth stating though that null findings are a possible outcome of this collaborative meta-analysis: 

in Europe breastfeeding may not be meaningfully associated with children's IQ differences.  

 

-----------------------------------------RESPONSE-----------------------------------------  

We agree that null findings are a possible finding of our study. The revised version of the manuscript 

includes this statement.  

--------------------------------------------------------------------------------------------  

 

References:  

Huang J, Peters KE, Vaghn MG, Witko C. Breastfeeding and trajectories of children’s cognitive 

development. Dev Scie. 2014;17:452–461.  

von Stumm & Plomin (2015). Breastfeeding and IQ Growth from Toddlerhood through Adolescence. 

PloS One: http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0138676  

 

Reviewer: 2  

Please leave your comments for the authors below.  

The study protocol by Hartwig and colleagues for a collaborative meta-analysis is well-written and 

detailed. I have some suggestions that might help the authors to strengthen the protocol.  

1) The first main hypothesis of the study is that the association between breastfeeding and IQ is 

different among GG individuals compared to non-G carriers of the FADS2 polymorphism (p. 6). 

However, the authors state on p. 9 and p. 10 that both additive and recessive genetic models will be 

evaluated. The analyses will be performed unadjusted (model 1) and with two levels of adjustments 

(models 2 and 3) (p. 11). Since there are two FADS2 polymorphisms, each coded in additive or 
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recessive model, and eight possible types of breastfeeding variables, the total number of regression 

analyses for models 1-3 is 96. The planned analyses could be clearly labelled as primary and 

secondary analyses in the protocol. The authors could also describe which statistics they will report 

from the meta-analysis.  

 

-----------------------------------------RESPONSE-----------------------------------------  

This is a great suggestion that will improve clarity of our analyses and hypotheses. Our primary 

analysis involves any breastfeeding in binary form (ie, never vs. ever breastfed) and FADS2 SNPs in 

the recessive model, including unadjusted and adjusted models. The additional analyses are aimed at 

further exploring FADS2 genetic effects and whether or not there are dose-response breastfeeding 

effects. We have clarified this in the revised version of the manuscript.  

--------------------------------------------------------------------------------------------  

 

2) The authors state on p. 12 that they expect to have enough power to detect interaction effects. To 

support this statement, they could provide a calculation of the required sample size for their study, 

based on a range of plausible effect sizes and the type I and type II error rates they would be happy 

to accept. They could also discuss the feasibility of attaining the required sample size, based on their 

current knowledge about published and unpublished studies available for meta-analysis.  

 

-----------------------------------------RESPONSE-----------------------------------------  

This is also a great suggestion. In the revised version of the manuscript, we included power 

calculations for our main analysis (described above) based on simulations for different sample sizes, 

and discussed the feasibility of attaining the required sample size.  

--------------------------------------------------------------------------  

VERSION 2 – REVIEW 

REVIEWER Sophie von Stumm 
Goldsmiths University of London, UK 

REVIEW RETURNED 03-May-2016 

 

GENERAL COMMENTS The authors have addressed all my previous concerns.  
 
I look forward to learning about their findings.  

 

REVIEWER Ulla Sovio 
University of Cambridge, UK 

REVIEW RETURNED 15-Apr-2016 

 

GENERAL COMMENTS The authors have addressed all the comments I gave in my 
statistical review. The addition of sample size calculation has 
markedly improved the protocol.    
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Correction: Effect modification of FADS2 polymorphisms on
the association between breastfeeding and intelligence:
protocol for a collaborative meta-analysis

Hartwig FP, Davies NM, Horta BL, et al. Effect modification of FADS2 polymorphisms
on the association between breastfeeding and intelligence: protocol for a collabora-
tive meta-analysis. BMJ Open 2016;6:e010067. This paper has been resupplied with the
correct license statement.
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