
Dear Editors, 

 

We appreciate the opportunity to revise and resubmit our manuscript. A point-by-point 

response to the Editors’ and Reviewers’ comments is below. We believe that the 

revisions prompted by these comments have strengthened our manuscript. 

 

On behalf of all co-authors, 

Andrew T. Chan, MD, MPH 

 

 

* Please clarify in the title that the study was not limited to people with gluten sensitivity 

or celiac disease. 

AUTHORS’ RESPONSE: We have changed the title to: 

Long-term Gluten Consumption in Adults without Celiac Disease and the Risk of 

Coronary Heart Disease 

 

* Please address the implications about lower whole grain intake among people who 

shun gluten in their diet, and the health implications of this. 

AUTHORS’ RESPONSE: As noted in our response to Reviewer 2, we have clarified our 

position regarding low whole grain intake among individuals who restrict gluten and the 

potential deleterious cardiovascular effects of reducing dietary whole grains. We have 

modified the paragraph on whole grains in the Discussion (page 16, first new paragraph) 

as follows: 

We did note a significant inverse relationship between estimated gluten intake and 

CHD when adjusting for refined grain intake.  Although the absolute risk 

difference was modest (75 CHD events per 100,000 person-years when 

comparing the highest quintile of gluten intake to the lowest quintile in the pooled 

analysis), this lower risk likely reflects the fact that adjustment for refined grains 

leaves the remainder of the variance of gluten intake correlated with whole grain 

intake. Whole grain intake has been found to be inversely associated with CHD 

risk 
45

 and cardiovascular mortality.
46

 These findings underscore the potential that 

individuals who severely restrict gluten intake may also significantly limit their 

intake of whole grains, which may actually be associated with adverse 

cardiovascular outcomes. 

We have also modified the conclusion of the Abstract (page 4) as follows: 

Long-term dietary intake of gluten was not associated with risk of CHD.  

However, the avoidance of gluten may result in reduced consumption of 

beneficial whole grains, which may affect cardiovascular risk.  The promotion of 

gluten-free diets among individuals without celiac disease should not be 

encouraged. 

 



* Please modify your patient involvement statement to include all these points: How was 

the development of the research question and outcome measures informed by patients’ 

priorities, experience, and preferences? How did you involve patients in the design of this 

study? Were patients involved in the recruitment to and conduct of the study? How will 

the results be disseminated to study participants? For randomised controlled trials, was 

the burden of the intervention assessed by patients themselves? Please clarify which 

items were done, and which were not. 

AUTHORS’ RESPONSE: We have modified the patient involvement statement (page 12, 

1
st
 new paragraph) as follows: 

Although this specific analysis concerning gluten and CHD was not conceived in 

direct collaboration with the research subjects, participants have been actively 

engaged in the broad research direction of the cohorts. For example, participants 

are mailed an annual newsletter that communicates results and highlights notable 

findings.  In response, participants return feedback, including suggestions for 

future studies. 

In addition, see our response to Reviewer 1 below for further details regarding patient 

involvement in the Nurses’ Health Study and the Health Professionals Follow-up Study. 

Reviewer: 1 

I think this is a very relevant study as there is a growing interest in the possible health 

benefits of low gluten or gluten exclusion diets, even in people who do not have coeliac 

disease or diagnosed sensitivity to gluten. I was diagnosed 2 years ago as having ‘gluten 

intolerance’ but not coeliac disease, and have found it a challenge to avoid gluten so was 

interested to see if this study revealed any CHD health benefits of a gluten free diet as 

well as the reduced gastrointestinal problems in my case. 

I would not have excluded anything from my diet without medical direction to relieve 

adverse symptoms and/or advance health benefits so I was curious to see if there were 

any CHD benefits and I expect other patients and carers would be too. 

The length, validation and consistent approach of this study give it credibility and thus 

enhance its potential relevance to people considering restricting gluten in their diets for 

health benefit. 

“Strengths of our study include its large sample size, long-term follow-up, prospective 

and repeated assessments of diet using validated questionnaires, and validated outcome 

measurement.” Page 16 

• Are there any areas that you find relevant as a patient or carer that are missing or 

should be highlighted? 

I was not surprised to find that eating food with gluten had some positive health benefits 

specifically related to whole grain intake, which I think could be highlighted for those 

people who, with no diagnosis, avoid or eliminate gluten from their diet.  



“Gluten correlated positively with whole grain intake (Spearman correlation 

coefficients: NHS=0.37; HPFS=0.42) and refined grain intake” Page 13 

What is missing is the acknowledgement that sourcing and buying gluten free products is 

a challenge and is usually more expensive than buying ordinary products containing 

gluten. In addition I have personal concerns about the additives that are contained in 

gluten free foods and their potential for adverse health effects but that would probably 

necessitate a whole new research study. 

AUTHORS’ RESPONSE: We have added the following passage (page 5, 3
rd
 paragraph) 

so as to comment on potential deleterious effects of gluten restriction: 

There are concerns that a gluten-free or gluten-restricted diet may be nutritionally 

suboptimal, 
17

 and gluten-free substitute foods cost considerably more than their 

gluten-containing counterparts. 
18

 
19

  

• Are the outcomes that are being measured in the study or described in the paper the 

same as the outcomes that are important to you as a patient? Are there others that should 

have been considered? 

The outcome, which observed no direct correlation of health benefit in relation to 

contracting CHD by avoiding gluten in the diet, is important to me and other patients, as 

it is one of the major causes of death in the UK as well as in the USA. (British Heart 

Foundation estimates at 1 in 4 currently in the UK). However it is not the only reason 

that some people choose to go gluten free.\ 

The study also found some evidence that- “.. the potential that individuals who severely 

restrict gluten intake may also significantly limit their intake of whole grains, which may 

actually be associated with adverse cardiovascular outcomes.” Page 15 -16 which would 

be an adverse health effect not desired by anyone. 

• Do you have any suggestions that might help the author(s) strengthen their paper to 

make it more useful for doctors to share and discuss with patients? 

Whilst this paper looked directly at people consuming gluten in varying degrees I would 

be interested to know about the statistics of the increasing number of people, using the 

time frame of the study, who have chosen to exclude gluten from their diet and their 

declared reason for choosing to do that.  

AUTHORS’ RESPONSE: Peer-reviewed epidemiologic data on the topic of gluten 

avoidance are sparse, and we have cited a recently published study of the National Health 

and Nutrition Examination Survey (Kim, et al. JAMA Int Med 2016;176:1716-1717). In 

our revised manuscript, we also cite a market research study that showed a rise in interest 

in gluten avoidance (page 5, 3
rd
 paragraph): 

One national survey showed a steep rise in interest in this diet in recent years, and 

by 2013 nearly 30% of adults in the United States reported that they were trying 

to minimize or avoid gluten. 
16

  



As the study indicated that there is an increasing number of people the outcome of study 

could be strengthened as regards the important message that excluding gluten could have 

an adverse effect of developing CHD due to the potential for reduced grains/roughage in 

the diet.  

• The level of patient involvement in the research described, and if and how it could have 

been improved. Authors are now required to state if and how they involved patients in 

setting the research agenda and the design and implementation of the study and include 

this information in a box within the manuscript. If there was no patient involvement we 

would welcome your ideas on how this could have been done. We hope this will help 

authors think of the best ways to include patients in their future research and further 

progressive patient involvement in the research enterprise. 

The statement on Page 12 clearly indicates that: 

“Subjects were not involved in the design and implementation of the study. There are no 

plans to involve subjects in dissemination”  

I find this disappointing as I think there would have been value in interviewing patients 

prior to the study as to their expectations and then comparing these with the outcome, 

which would potentially have made the message more powerful and engaging for patients.  

Also whilst appreciating that researchers are not necessarily the people who will take the 

dissemination and use it further I wonder why subjects weren’t given an option of even 

being sent the conclusion of the study for information which if I’d been asked to take part 

I would have wanted to know at the very least.  

AUTHORS’ RESPONSE: Though the specific study concerning gluten and coronary 

heart disease was not conceived in direct collaboration with the research subjects, these 

two cohorts are involved with the development of research topics and the dissemination 

of results in a number of ways. Subjects are mailed an annual newsletter, communicating 

results, highlighting notable findings and areas of future study, and soliciting feedback.  

Subjects also offer suggestions regarding areas to study via email which are reviewed 

individually by the cohort staff. Though the present study was not the result of a 

participant request to study gluten, we receive many requests concerning the study of diet 

in general and its effect on coronary heart disease. 

As noted above in the response to the Editors, we have now modified the patient 

involvement statement in our manuscript as follows (page 12, 1
st
 new paragraph): 

Although this specific analysis concerning gluten and CHD was not conceived in 

direct collaboration with the research subjects, participants have been actively 

engaged in the broad research direction of the cohorts. For example, participants 

are mailed an annual newsletter that communicates results and highlights notable 

findings.  In response, participants return feedback, including suggestions for 

future studies. 

Equally at the conclusion of the study or as part of the conclusion it would have been 

interesting to have a focus group of people who have chosen to go gluten free for a 



number of years and to record their reason why and see if any chose to do that for 

potential CHD benefits and discuss the findings with them. 

AUTHORS’ RESPONSE: In our future biennial questionnaires, we received approval to 

include the following question:  

“Are you on a gluten-free diet?” 

We intend to contact those participants who respond affirmatively to this question so as 

to query their reasons for doing so and ask follow-up questions concerning the health 

implications of this diet. In addition, after publication of this manuscript we intend to 

include these findings in a future newsletter, soliciting feedback from cohort participants. 

Reviewer: 2 

The authors investigated the prospective association between estimated gluten intake and 

incident CHD using data from two well known US cohorts of health professionals – the 

Nurses Health Study and the Health Physicians Follow up Study. The key primary finding 

was that of a null association. 

Strengths of the work include a clearly written manuscript, large sample size, prospective 

study design, comprehensive outcome ascertainment and verification, ability to analyse 

for total CHD as well as fatal and non-fatal CHD, use of repeated measures dietary data, 

and robust statistical approaches overall. For this the authors are to be congratulated, 

but this reviewer also has some concerns and suggestions.  

1. Hypothesis 

The study hypotheses should be clearly stated. It would then be clearer as to why they did 

not consider adjustment for grain intake in their primary analytical approach. It is 

unclear if the decision to run secondary analyses adjusting for refined and whole grain 

intake was a priori or post hoc. 

AUTHORS’ RESPONSE: In our revised manuscript (page 10, 3
rd
 paragraph) we now 

state the hypothesis in the Methods section: 

We tested the hypothesis that increasing amounts of energy-adjusted dietary 

gluten is associated with an increased risk of CHD. 

We also now clarify that the main models and sensitivity analyses were constructed a 

priori. We decided to adjust for grain intake in sensitivity analyses and not in the primary 

analyses because gluten is comprised nearly entirely of whole grains plus refined grains, 

and therefore including both whole grains and refined grains into one model would leave 

little variance related to residual gluten intake.  

2. Results and interpretation  

A. It is of note that accounting for refined grain intake (secondary analysis) unmasked an 

inverse association between estimated gluten intake and CHD incidence, which the 

authors interpreted as being due to one of two explanations – either not to be considered 



clinically relevant due to a small absolute risk difference and the possibility of residual 

confounding, or that the inverse association reflects a beneficial association of whole 

grains (WG) with CHD risk. Which do they favour and why? For the latter they cite (ref 

40) that they previously found an inverse association between WG and CHD risk, but that 

study reported on all-cause and CVD mortality, not CHD incidence or mortality. They 

may wish to cite the BMJ 2016 paper by Aune et al.  

AUTHORS’ RESPONSE: Our interpretation is that the modest inverse association of 

gluten with CHD risk when adjusting for refined grain intake is likely driven by whole 

grains. We also now cite the paper by Aune, et al. We have modified the section of the 

Discussion as follows (page 16, 1
st
 new paragraph): 

We did note a significant inverse relationship between estimated gluten intake and 

CHD when adjusting for refined grain intake.  Although the absolute risk 

difference was modest (75 CHD events per 100,000 person-years when 

comparing the highest quintile of gluten intake to the lowest quintile in the pooled 

analysis), this decreased risk likely reflects the fact that adjustment for refined 

grains leaves the remainder of the variance of gluten intake correlated with whole 

grain intake. Whole grain intake has been found to be inversely associated with 

CHD risk 
45

 and cardiovascular mortality.
46

 These findings underscore the 

potential that individuals who severely restrict gluten intake may also 

significantly limit their intake of whole grains, which may actually be associated 

with adverse cardiovascular outcomes. 

B. The authors argue that those who restrict gluten intake may also limit their intake of 

whole grain, which would be related with adverse CVD outcomes. Their table 2 results 

show that lower estimated gluten intake was related with lower intakes of WG, cereal 

fiber, and bran, but also with lower intakes of refined grains, and with lower GI and GL. 

They should discuss the implications of this more clearly, and they should consider 

extending their analysis to more systematically adjust for each of the other indicators of 

carbohydrate quality and total carbohydrate intake (in addition to their current inclusion 

of refined and WG). It is unclear if the low gluten consumers in this work are largely 

those consuming overall low carbohydrate diets. It may be helpful to examine the % 

energy contribution from macronutrients. Also, it is not clear how they estimated intakes 

of refined grains and WG – this should be clear in the manuscript. 

AUTHORS’ RESPONSE: We have now included percentage of total energy derived 

from carbohydrates, protein, and from total fat in our descriptions of the baseline 

characteristics of the cohort according to quintiles of gluten intake (Table 2). As expected, 

those in higher gluten quintiles had a greater percentage of caloric intake from 

carbohydrates. Gluten intake correlated inversely with total fat intake, which we now 

point out in the Results section of our revised manuscript (page 12, 3
rd
 paragraph): 

Gluten intake correlated inversely with alcohol intake, smoking, total fat intake, 

and unprocessed red meat intake. 

In this analysis we also considered refined grains and whole grains (Table 4) which 

account for most of carbohydrate intake. We agree that adding fat intake and protein 



intake to the model would help examine whether either of these macronutrients serve as a 

confounder.  

We have now repeated the analysis, now inserting into our full model the percentage of 

total energy derived from fat and protein. The results of these models are shown below: 

 

Pooled cohorts 

Gluten Quintile 1 (lowest) 2 3 4 5 (highest) p for 

trend 

Original full model HR 

(shown in Table 3) 

1.0 

(reference) 

0.88 

(0.82, 

0.95) 

0.96 

(0.89, 

1.04) 

0.88 

(0.82, 

0.95) 

0.95 (0.88, 

1.02) 

0.29  

Full model HR, now 

additionally including 

percentage protein 

intake 

1.0 

(reference) 

0.89 

(0.82, 

0.96) 

0.97 

(0.90, 

1.04) 

0.89 

(0.83, 

0.96) 

0.96 (0.89, 

1.04) 

0.45 

Full model HR, now 

additionally including 

percentage total fat 

intake 

1.0 

(reference) 

0.88 

(0.81, 

0.95) 

0.95 

(0.88, 

1.03) 

0.88 

(0.81, 

0.95) 

 

0.94 (0.86, 

1.01) 

 

0.17 

 

With regard to carbohydrate intake, in addition to our adjustments for whole grains and 

refined grains, we now also test whether the association of gluten with CHD is consistent 

among individuals stratified according to median percentage fat intake: 

Pooled cohorts 

Gluten Quintile 1 (lowest) 2 3 4 5 (highest) p for 

trend 

Original full model HR 

(shown in Table 3) 

1.0 

(reference) 

0.88 

(0.82, 

0.95) 

0.96 

(0.89, 

1.04) 

0.88 

(0.82, 

0.95) 

0.95 (0.88, 

1.02) 

0.29  

Full model HR, among 

those with low fat 

intake  

1.0 

(reference) 

0.84 

(0.74, 

0.94) 

0.97 

(0.86, 

1.08) 

0.83 

(0.74, 

0.93) 

 

0.90 (0.81, 

1.00) 

0.15 

Full model HR, among 

those with high fat 

intake 

1.0 

(reference) 

0.93 

(0.84, 

1.03) 

 

0.97 

(0.88, 

1.07) 

0.95 

(0.85, 

1.06) 

1.05 (0.93, 

1.18) 

0.45 

 

Given the fact that the inclusion of these variables in our model did not materially change 

our results, we have not included intake of these macronutrients in our models, nor have 

we reported this additional stratified analysis, as per our a priori study design. In the 

Results section we now mention that when we included macronutrients in our model (as 



well as additional dietary covariates suggested below) our results were essentially 

unchanged (page 13, 2
nd

 paragraph): 

 

In sensitivity analyses, our results were essentially unchanged when we added 

alternative dietary variables, including Alternate Healthy Eating Index score, 

percentage protein in the diet, percentage total fat in the diet, and intake of dairy, 

saturated fatty acids, monounsaturated fatty acids, sodium, or dietary fiber to the 

model. 

C. Table 5 shows a significant positive association between estimated gluten intake and 

CHD incidence among smokers. One is left wondering if there is a potential interaction 

with smoking status. This should be investigated. The authors reported attenuation of the 

positive association after adjustment for refined carbohydrates but this was a secondary 

analysis in a secondary sub-group analysis, and was not prespecified. It remains 

unconvincing that there was not a relevant/meaningful positive association among 

smokers. In the discussion the authors suggest that results should be viewed in the 

context of multiple testing. Did they consider applying a multiple test correction?  

AUTHORS’ RESPONSE: We had chosen to perform the adjustment for refined grains 

given the correlation between gluten intake and refined grain intake among current 

smokers. Though that was a post-hoc analysis, we have retained this in the manuscript 

rather than emphasize the significance of a positive association in one subgroup. 

Applying the Bonferroni correction to smoking categories (which contained three strata), 

the cutoff for statistical significance is 0.05/3 = 0.017. Using that more stringent cutoff, 

our findings regarding gluten intake among current smokers is no longer statistically 

significant. In our revised manuscript, we have added the following (page 18, first 

paragraph): 

Indeed, when applying the Bonferroni correction to smoking categories (which 

contained three strata), our finding regarding gluten intake and CHD among 

current smokers was no longer statistically significant. 

In their analysis strategy, authors provided a list of covariates for the primary analysis, 

but the rationale for inclusion or exclusion of variables is not clear. For instance, among 

non-dietary factors, why did they include both BMI and height, and why BMI in 

quintiles? Why was NSAID use included? multivitamins? Why was history of 

hypertension and hypercholesterolemia included but not their levels (eg BP) and 

treatment (for hypertension)? (noted that statins were included). Race was entered as 

white and non-white, but they have data on other ethnic groups and it would be of 

interest to check (at least in secondary analysis) results among different ethnic groups. It 

is not clear how their list of dietary covariates was compiled. For instance, PUFA and 

trans-fats are included but not SFA (or MUFA). Red and processed meat intake is 

included but not dairy intake. Beverages are not included. Though energy-adjusted 

gluten intake was used, did the authors consider including energy intake in the model, 

considering pros and cons of its exclusion?  

AUTHORS’ RESPONSE: We chose our dietary and non-dietary covariates a priori, 

primarily based on their associations with CHD in prior outcomes. For example, in two 



prior analyses of these cohorts investigating CHD and cardiovascular mortality (Hu, et al. 

JAMA Intern Med, 2015; 175;373-84 and Li, et al. J Am Coll Cardiol, 2015;66:1538-48), 

BMI (in categories) and multivitamin use were among the covariates included. Other 

variables were included or omitted due to practical considerations. For example, we 

included hypertension and hyperlipidemia but not levels of blood pressure and lipids 

because reported diagnoses were available in each questionnaire but repeated 

measurements of these parameters were not. Similarly, we did have enough individual 

ethnic groups to be able to categorize beyond white versus nonwhite in our models.  

As for energy-adjustment, in addition to energy-adjusted gluten intake, our dietary 

covariates in the full model were energy-adjusted as well. We now clarify this in the 

Methods section (page 11, 1
st
 paragraph): 

Dietary covariates were energy-adjusted and consisted of daily consumption of 

alcohol (grams), trans fats (grams), red meats (servings), processed meats 

(servings), polyunsaturated fats (grams), fruits (servings), and vegetables 

(servings).  

With regards to additional dietary considerations, in response to the Reviewer’s 

suggestions we have repeated the analysis, now adding intake of saturated fatty acids, 

monounsaturated fatty acids, and dairy to the model: 

Pooled cohorts 

Gluten Quintile 1 (lowest) 2 3 4 5 (highest) p for 

trend 

Original full model HR 

(shown in Table 3) 

1.0 

(reference) 

0.88 

(0.82, 

0.95) 

0.96 

(0.89, 

1.04) 

0.88 

(0.82, 

0.95) 

0.95 (0.88, 

1.02) 

0.29  

Full model HR, now 

additionally including 

saturated fatty acids 

1.0 

(reference) 

0.91 

(0.84, 

0.99) 

1.01 

(0.94, 

1.09) 

0.95 

(0.88, 

1.03) 

1.05 (0.97, 

1.14) 

0.10 

Full model HR, now 

additionally including 

monounsaturated fatty 

acids 

1.0 

(reference) 

0.90 

(0.84, 

0.97) 

0.99 

(0.92, 

1.07) 

0.93 

(0.86, 

1.00) 

1.02 (0.94, 

1.11) 

0.38 

Full model HR, now 

additionally including 

dairy 

1.0 

(reference 

0.88 

(0.82, 

0.95) 

0.96 

(0.89, 

1.03) 

0.88 

(0.82, 

0.95) 

0.95 (0.88, 

1.02) 

0.26 

 

Though we recognize that the choice of covariates to include in our models can be 

subject to debate, the lack of substantial change in our risk estimates when including each 

of these additional dietary variables into the model suggests that our findings are robust. 

In the revised manuscript, we now mention that addition of these additional dietary 

covariates to the model did not substantially alter our findings (page 13, 2
nd

 paragraph): 

In sensitivity analyses, our results were essentially unchanged when we added 

alternative dietary variables, including Alternate Healthy Eating Index score, 



percentage protein in the diet, percentage total fat in the diet, and intake of dairy, 

saturated fatty acids, monounsaturated fatty acids, sodium, or dietary fiber to the 

model. 

Authors have appropriately described the assumptions for estimation of gluten intake 

from the protein content of wheat, rye and barley, and have also presented the prior 

validation studies in their cohorts for gluten containing foods and separately for 

vegetable protein intake (was this plant-based generally or specific to vegetables only?). 

However, a limitation remains that they were unable to estimate both adherence to a 

gluten-free or low-gluten diet, or the intake of gluten-free products. This might have been 

more relevant particularly over the latter part of follow-up as gluten free products have 

emerged and been promoted in the popular press. The potential for misclassification is 

unclear.  

AUTHORS’ RESPONSE: In our manuscript the term “vegetable protein” can be used 

interchangeably with “plant-based protein” intake, and both of these terms include cereal 

protein. We now clarify this point in the Methods section. As for the potential for 

misclassification, we agree that this is a limitation, particularly at the low-end of gluten 

intake, and in the Discussion section we have added the following (page 16, 3
rd
 

paragraph): 

We likewise were unable to determine whether gluten was present in trace 

amounts in certain foods, such as soy sauce or oats that were not harvested on 

separate fields; therefore, there is potential for misclassification at the low end of 

gluten intake. 

Minor points 

• The authors should use the term ‘estimated gluten intake’ throughout. 

 

AUTHORS’ RESPONSE: Throughout the manuscript we have added the term “estimated” 

to “gluten intake” where appropriate. 

• Abstract: it is stated that “low-gluten or gluten-free diets have been promoted 

broadly for the prevention of coronary heart disease”, but surely this is in the popular 

press (and among athletes/celebrities who get all sorts of diverse nutritional advice from 

so-called experts, including on fad diets), as no evidence-based nutritional guidelines 

recommend them. 

AUTHORS’ RESPONSE: We agree that describing gluten-free or low-gluten diets as 

being “promoted broadly” might be misinterpreted as having been derived from 

mainstream nutritional guidelines. We have therefore edited this sentence as follows 

(page 3, 1
st
 paragraph):    

Although the health consequences of gluten intake in the absence of celiac disease 

are uncertain, low-gluten or gluten-free diets have been promoted in the popular 

press for the prevention of coronary heart disease (CHD).   



• Introduction: page 5, line 33, please provide specific references for each 

condition(s) you mention as it is not clear where some of them are covered over citations 

6-9. 

AUTHORS’ RESPONSE: We have now provided references for each of the putative 

health effects of gluten mentioned. 

• Methods: (i) first mention of covariates of dietary sodium, fiber, and aHEI is in 

results (Page 13). This should be described appropriately in methods (primary or 

secondary analysis?). 

AUTHORS’ RESPONSE: In our revised manuscript, we now note the following in the 

Methods section (page 11, 2
nd

 paragraph): 

Finally, in addition to these a priori analyses, we performed post-hoc analyses, 

including each of the following additional dietary variables in our full model: the 

Alternate Healthy Eating Index score, percentage protein, percentage total fat, 

intake of dairy, saturated fatty acids, monounsaturated fatty acids, sodium, and 

dietary fiber. 

 

 (ii) Were any food composition tables used for the ingredient level foods (Page 8, lines 

14-20)? 

AUTHORS’ RESPONSE: We used year-specific nutrient tables for the ingredient level 

foods to derive protein values. We now note this in the Methods section of the revised 

manuscript (page 8, first paragraph): 

We used year-specific nutrient tables for ingredient-level foods. 

 (iii) Do the authors mean plant-based protein, rather than vegetable protein (page 8, 

line 53, and elsewhere)?  

AUTHORS’ RESPONSE: As noted above, we use the term “vegetable protein” 

interchangeably with “plant-based protein” intake, and both of these terms include cereal 

protein. We now clarify this point in the Methods section. 

• Additional consideration: Participants with undiagnosed celiac disease might 

additionally avoid lactose/milk, since the symptoms of lactose intolerance or celiac often 

occur together or are not easily distinguishable. Thought the authors comment that the 

likely proportion with undiagnosed celiac is likely to be under 1%, it may still be worth 

considering the influence of milk/dairy intake 

AUTHORS' RESPOSNE: As noted above, in response to this suggestion we have 

performed a post-hoc analysis, now including dairy intake in our full model; the results 

were essentially unchanged, and we now report this in the Methods and Results section of 

our revised manuscript. 

 



 

Reviewer: 3 

This is, to the best of my knowledge, the first prospective cohort study to examine the 

relation between consumption of gluten and cardiovascular disease in the general 

population. Other studies have shown that persons with celiac disease have a higher risk 

of ischemic heart disease (Ludvigsson et al., Circulation 2011; 123:483-90) but so far 

there has been no studies examining whether, in people without celiac disease, the 

consumption of gluten is related to CHD. This is an important question - an increasing 

proportion of people in Western countries are limiting or avoiding gluten even though 

they do not have celiac disease, in the belief that avoidance of gluten will bring health 

benefits. Wheat is the main source of gluten in the US and the UK, and limiting 

consumption of gluten may therefore lead to a reduction in consumption of whole grains. 

The results of this study indicate that there is no association between gluten intake and 

myocardial infarction in the general population. Thus, this article has implications for 

the readers of BMJ, the findings indicate that there is no need to recommend a gluten-

free or low gluten diet to persons without celiac disease for cardiovascular prevention. 

For the most part, the article is clear and reads well. There are a few errors where I 

think the text is ambiguous (I have detailed these below). In addition, I think a general 

readership may have difficulty understanding the implications of further adjusting the 

main model for refined or unrefined grains, an accurate but brief and slightly technical 

explanation is given in the abstract, methods, and results section of the paper. This is 

explained in greater detail in the discussion, but I think it would also be good to 

elaborate on the meaning of this earlier in the paper.  

AUTHORS’ REPSONSE: As noted in the response to the Editors above, we have now 

clarified the implications regarding whole grains in the Abstract and Discussion. We also 

further elaborate on this in the Results section, as noted below. 

Scientific reliability 

The research question is clear and the study design is appropriate to answer it. It is 

important to consider, as the authors have done in the discussion section, the adequacy of 

the food frequency questionnaire (FFQ) to assess gluten intake. The FFQ did not 

specifically ask about the intake of gluten-free substitute foods, and for people who use 

such substitute foods it is unknown how they would answer the FFQ. For example, if they 

usually ate 2 slices of gluten-free bread a day, would they tick that they are 2 slices of 

bread a day on the FFQ or tick none? This is a potential source of measurement error 

(that would bias the association toward the null). The authors have excluded people who 

self-report a diagnosis of celiac disease, so this issue would largely apply to participants 

without celiac disease, who avoid or limit gluten, and choose gluten-free substitute 

products.  The authors state that the observation period (1986-2012) was largely before 

the gluten-free trend. I agree that at least the first half of the observation period would 

have been before the gluten-free trend. Can the authors access any sales data in the US 

to look at sales trends in gluten-free products? I think in the latter years of the 

observation period there would have been gluten-free products fairly readily available – 

but it would be good to have a look at sales data to check the timing. 



AUTHORS’ RESPONSE: While reliable sales data for gluten-free products are not 

available, as noted above we now cite a market research study that showed a rise in 

interest in gluten avoidance (page 5, 3
rd
 paragraph): 

One national survey showed a steep rise in interest in this diet in recent years, and 

by 2013 nearly 30% of adults in the United States reported that they were trying 

to minimize or avoid gluten. 
16

  

The results in Supplementary Table 4A, show a borderline inverse association in the 

pooled analysis in the period 1986-1997 (full model), HR: 0.89 (0.79-0.99), p=0.05, and 

a null association in the period 1998-2012, HR:0.99 (0.89-1.10), p=0.84, although I’m 

not sure if there was significant heterogeneity by time period. 

AUTHORS’ RESPONSE:  When we performed a test for heterogeneity we found no 

significant difference between the two time periods for NHS (p=0.38) or for HPFS 

(p=0.46). We have not included these tests for heterogeneity in the Results section of the 

revised manuscript given 1) there was no significant heterogeneity; 2) these sensitivity 

analysis data were shown in supplementary tables; and 3) the two time periods are shown 

on two separate tables (Supplementary Tables 4A and 4B), posing a practical difficulty 

regarding where to place these two p values. However, if the Editors would prefer that we 

include them, we will follow your suggestion on where to report them. 

The participants are adequately described, the inclusion and exclusion criteria are given 

in the paper. Participants with a self-report of celiac disease were excluded from the 

analysis. This was only a small number of participants (360 in total), but have the 

authors done any work with medical records to check whether you can confirm a 

diagnosis of celiac disease? 

AUTHORS’ RESPONSE: We have developed a supplementary questionnaire to 

distribute to those respondents who indicated a diagnosis of celiac disease, asking their 

permission to examine their medical records. We have distributed this questionnaire to 

the HPFS participants, an effort which will be expanded to NHS in the near future. While 

the medical records review will fall beyond the scope of the present analysis, we hope to 

perform additional studies focusing on cohort participants with a confirmed diagnosis of 

celiac disease. 

The methods are well described, and the main outcome measure is clear. The study 

covers all the items in the STROBE checklist, except I think for Item b) under Results: 

descriptive data: Indicate number of participants with missing data for each variable of 

interest. I can’t find this information in the paper, perhaps it could be included in a 

footnote in Table 1. The study received ethical approval and I have no ethical issues with 

this study. 

AUTHORS’ RESPONSE: Given the large number of covariates, and the collection of 

these variables every 2 years from 1986-2010, we chose to note missing data when 

summarizing the exclusion criteria in the Methods section (page 7, 1
st
 paragraph): 

Among the 73,666 women in NHS and 49,934 men in HPFS who completed a 

food frequency questionnaire (FFQ) in 1986, we excluded individuals if they 



reported implausible daily energy intake (<600 or >3500 kcal/d for women and 

<800 or >4200 kcal/d for men) or missing gluten data (NHS=48; HPFS=39); a 

diagnosis of myocardial infarction, angina, stroke, or underwent coronary artery 

bypass graft surgery (NHS=4,015; HPFS=2,647); or cancer (NHS=4,689; 

HPFS=1,785). Participants were specifically asked about a history of celiac 

disease in 2014; we excluded from this analysis any individuals who reported a 

prior diagnosis of celiac disease (NHS=200; HPFS=160).   After these exclusions, 

there were 64,714 women and 45,303 men available for analysis. 

As for subjects with baseline data but subsequent missing data (or upon the development 

of diabetes, cardiovascular disease or cancer) we used the last observation carried 

forward, as noted in the Methods section. Given the uncertainty regarding the optimal 

treatment of missing data, we also conducted our analysis using multiple imputation, 

using 5 imputed copies and including all covariates to account for missing dietary and 

covariate data. Our results were not materially changed and are shown below: 

NHS 

Gluten Quintile 1 (lowest) 2 3 4 5 (highest) p for 

trend 

Original full model HR 

(shown in Table 3) 

1.0 

(reference) 

0.96 

(0.85, 

1.10) 

1.02 

(0.90, 

1.16) 

0.96 

(0.84, 

1.09) 

1.01 (0.89, 

1.15) 

0.92   

Full model HR, now 

using multiple 

imputation 

1.0 

(reference) 

0.95 

(0.83, 

1.10) 

0.96 

(0.84, 

1.09) 

0.97 

(0.85, 

1.11) 

0.95 (0.82, 

1.09) 

0.50 

HPFS 

Original full model HR 

(shown in Table 3) 

1.0 

(reference) 

0.86 

(0.78, 

0.94) 

0.95 

(0.87, 

1.05) 

0.87 

(0.79, 

0.96) 

0.96 (0.87, 

1.05) 

0.49 

Full model HR, now 

using multiple 

imputation 

1.0 

(reference) 

0.97 

(0.87, 

1.07) 

0.97 

(0.85, 

1.09) 

0.96 

(0.86, 

1.06) 

1.02 (0.90, 

1.16) 

0.92 

Pooled cohorts 

Original full model HR 

(shown in Table 3) 

1.0 

(reference) 

0.88 

(0.82, 

0.95) 

0.96 

(0.89, 

1.04) 

0.88 

(0.82, 

0.95) 

0.95 (0.88, 

1.02) 

0.29  

Full model HR, now 

using multiple 

imputation 

1.0 

(reference) 

0.96 

(0.89, 

1.04)  

0.96 

(0.88, 

1.05)  

0.96 

(0.89, 

1.04)   

0.99 (0.90, 

1.08) 

0.78 

 

 

Given the rationale for our approach regarding last observation carried forward, we have 

not included this additional analysis in the revised manuscript. If the Editors would prefer 

that we include it, we would be happy to comply. 

 

The results answer the research question and are well presented, and the sensitivity 

analyses presented in the supplementary tables are appropriate. 



AUTHORS’ RESPONSE: We appreciate this assessment. 

The interpretation and conclusions are warranted based on the results of the study. The 

results are discussed in light of previous evidence in persons with celiac disease. I think 

the message is clear. 

AUTHORS’ RESPONSE: We appreciate this assessment. 

The references are up to date and relevant, although as I said previously, I don’t feel the 

reference on popularity of gluten-free diets in athletes is necessary. 

AUTHORS’ RESPONSE: We have now removed the reference to the popularity of the 

gluten-free diet in athletes. 

I think the abstract and what this paper adds accurately reflects the results. However, I 

do have some suggestions for re-wording some of the text in these sections to avoid 

ambiguity. I also have concerns about how a general readership will understand fully the 

implications of further adjustment for refined and whole grains, with the brief 

explanation given in the abstract (see comment below). 

AUTHORS’ RESPONSE: We have revised the Abstract accordingly (see below) 

Abstract, page 3, line 29. If you are not over the word limit, you could mention that the 

exposure, consumption of gluten, is estimated from a food frequency questionnaire. 

AUTHORS’ RESPONSE: We have now added this to the Abstract (page 3): 

 Exposure: Consumption of gluten, estimated from food frequency questionnaires. 

Abstract, page 3, lines 44-54. I am concerned that the readership of the BMJ will not 

immediately understand the further adjustment for refined grains or whole grains, it is a 

difficult concept to grasp, especially from the abstract where space is limited. I think 

either a better explanation is needed in the results and conclusion section of the abstract 

about how when you adjust for refined grain intake the remainder of the variance of 

gluten intake is basically explained by whole grain intake, and therefore the resulting 

significant inverse association indicates that whole grain intake is associated with a 

reduced risk of CHD. Alternatively, you could remove the results for additional 

adjustment for refined grains and whole grains from the results section of the abstract. 

This would be simpler, and the conclusion could stay the same, particularly as you have 

previously published from this cohort that whole grain intake is associated with a 

reduced risk of CHD. 

AUTHORS’ RESPONSE: In light of the Editors’ comments above, we have retained the 

statement regarding whole grains in the Abstract. We have now revised the Results and 

Conclusion section of the Abstract so as to more clearly describe the implications of 

adjusting for whole grains and refined grains. In the Results section of the Abstract (page 

3) we write: 

 



After adjustment for known risk factors, participants in the highest quintile of 

estimated gluten intake had a multivariable hazard ratio (HR) for CHD of 0.95 (95% 

CI, 0.88-1.02, ptrend=0.29). After additionally adjusting for intake of whole grains 

(leaving the remaining variance of gluten corresponding to refined grains), the 

multivariate HR was 1.00 (95% CI, 0.92-1.09, ptrend=0.77).  In contrast, after 

additionally adjusting for intake of refined grains (leaving the variance of gluten 

intake correlating with whole grain intake), estimated gluten consumption was 

associated with a lower risk of CHD (multivariate HR, 0.85; 95% CI, 0.77-0.93, 

ptrend=0.002).   

 

In the Conclusion of the Abstract (page 4) we write: 

However, the avoidance of gluten may result in reduced consumption of 

beneficial whole grains, which may affect cardiovascular risk.  The promotion of 

gluten-free diets among individuals without celiac disease should not be 

encouraged. 

Abstract, page 4, lines 5-7. I think this sentence is ambiguous and needs to be re-worded: 

“However, the avoidance of gluten may result in reduced consumption of whole grains 

that is associated with lower cardiovascular risk.”. I think the authors mean that whole 

grains are associated with lower CHD risk, but the way it is currently written makes it 

sound as if a lower consumption of whole grains reduces your risk of CHD. 

AUTHORS’ RESPONSE: As noted above, we have changed this sentence to clear up the 

ambiguity. 

‘What this paper adds’ box, page 4, lines 23-25. Again I think this text is ambiguous: 

“Avoidance of gluten among people without celiac disease has increased in recent years, 

in part due to the belief that this can have harmful health effects.” . It is not clear 

whether it is avoidance of gluten, or gluten itself that is perceived to have harmful effects. 

I suggest changing ‘this’ to ‘gluten’, i.e. “...in part due to the belief that gluten can have 

harmful health effects.” 

AUTHORS’ RESPONSE: We have revised this sentence as follows (page 4): 

Avoidance of gluten among people without celiac disease has increased in recent 

years, in part due to the belief that gluten can have harmful health effects. 

Introduction, page 5, line 39-43. It would be helpful to include the actual numbers here, 

rather than just stating the proportion following a gluten-free diet in the absence of 

celiac disease increased 3 fold. I think it is 0.52% in 2009-2010 up to 1.69% in 2013-

2014. It is still a relatively small proportion of the general population, but it does 

correspond to about 4 million people in 2013-2014. 

AUTHORS’ RESPONSE: We have revised this sentence as follows: 



Moreover, in a follow-up analysis of NHANES, the adoption of the gluten-free 

diet by individuals without celiac disease rose more than three-fold from 2009-

2010 (prevalence 0.52%) compared with 2013-2014 (prevalence 1.69%). 
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Introduction, page 5, lines 54-57. I don’t see the study of Australian athletes as being 

directly relevant to the current study. A high proportion of athletes studied followed a 

gluten-free diet (for part of the time), but that may well be due to perceived improvements 

in performance or training capacity (i.e. reduction of fatigue), and not because of more 

general perceived health or cardiovascular benefits. I think the trends in NHANES that 

you already have described are more relevant as the sample is more representative of the 

general population. 

AUTHORS’ RESPONSE: As noted above, we have removed the reference to gluten 

avoidance among athletes. 

Methods, page 8, lines 51-58 and page 17, lines8-10. I didn’t understand the reference to 

the study #25, in the methods or the discussion. I could not find this article (in the 

reference list it says it is in press). Is this a separate validation study? It seems as if you 

are saying gluten is the major contributor to vegetable protein intake? 

AUTHORS’ RESPONSE: In the Methods section we point out that gluten is the major 

contributor to vegetable (i.e. plant-based) protein. This manuscript was published by the 

American Journal of Epidemiology online on February 25, 2017, and we anticipate that it 

will be indexed in Pubmed shortly. The article can be found on the website of the 

American Journal of Epidemiology at this URL: 

https://academic.oup.com/aje/article-abstract/doi/10.1093/aje/kww104/3052759/Validity-

of-a-Dietary-Questionnaire 

Results, page 12, line 28. It might be useful to also look at partial correlations between 

refined grains and gluten, holding whole grain consumption constant, and whole grains 

and gluten, holding refined grain consumption constant. This would help clarify that 

when refined grain is included in the model, the remaining variance in gluten 

consumption is highly correlated with whole grains. 

AUTHORS’ RESPONSE: We have considered additional ways to examine gluten 

consumption as it relates to whole and refined grains consumption. In the table below we 

present the full multivariate model, now stratified by tertiles of whole grains intake, and 

again by tertiles of refined grains intake. When stratifying by whole grains, the 

association between gluten intake and coronary heart disease remained null. In contrast, 

when stratifying by refined grains, those in the lowest stratum of refined grain intake 

exhibited an inverse association between gluten intake and coronary heart disease: 

 

Gluten Quintile 
NHS (mean, median, range) 

 

HPFS (mean, median, range) 

1 (lowest) 

2.6, 2.8, 0-3.4 

3.3, 3.5, 0-4.3 

2 

3.8, 3.8, 3.4-4.3 

4.9, 4.9, 4.3-5.5 

3 

4.7, 4.7 4.3-5.1 

6.0, 6.0, 5.5-6.6 

4 

5.6, 5.6, 5.1-6.2 

7.3, 7.3, 6.6-8.1 

5 (highest) 

7.5, 7.1, 6.2-26.7 

10.0, 9.4, 8.1-38.4 

p value 

Whole Grains 

Lowest tertile 1.0 (reference) 0.94 (0.84, 1.05) 0.99 (0.88, 1.12) 0.94 (0.82, 1.07) 1.04 (0.89, 1.21) 0.92 



 

This finding supports our interpretation of the results when adjusting for refined grains 

(shown in Table 4), as noted in the Abstract and Discussion. Specifically, when the 

remaining variability of gluten intake is driven by intake of whole grains (as shown above 

in a population restricted to those with low refined grains intake), a protective association 

of gluten with coronary heart disease appears. We have not included this additional 

analysis in the revised manuscript due to space considerations and the fact that the same 

point has been made in the model adjusting for refined grains (Table 4).  However, if the 

Editors would prefer that we include these stratified analyses, we would be happy to 

comply. 

 

Results, page 12, line 43. For the sentence starting “Compared to those in the lowest 

quintile of gluten intake who had a CHD incidence rate of 352 per 100,000 person-

years…” It would be helpful to specify that this result is from the pooled analysis. 

AUTHORS’ RESPONSE: We have done so (page 16, 1
st
 new paragraph): 

Although the absolute risk difference was modest (75 CHD events per 100,000 

person-years when comparing the highest quintile of gluten intake to the lowest 

quintile in the pooled analysis) this decreased risk likely reflects the fact that 

adjustment for refined grain leaves the remainder of the variance of gluten intake 

correlated with whole grain intake. 

Results, page 13, lines 3-6. I think history of hypertension, and also menopausal status 

and menopausal hormone use (in NHS only) are missing from the list of covariates in the 

text. 

AUTHORS’ RESPONSE: We appreciate the Reviewer’s catching that oversight. We 

have corrected this sentence as follows (page 13, 1
st
 new paragraph): 

However, after adjustment for race, BMI, height, diabetes, regular aspirin or 

NSAID use, statin use, multivitamin use, alcohol, smoking, parental history of 

CHD, hypertension, hypercholesterolemia, physical activity, menopausal status, 

and menopausal hormone use, the association was no longer significant (HR 0.98; 

95%CI 0.91-1.06) in the pooled cohorts.   

 

Results, page 13, lines 25-27. Although interpretation of the results should be left to the 

discussion section, I think that the reader would benefit here from a fuller explanation of 

what it means to add refined grains into the model. 

Middle tertile 1.0 (reference) 0.87 (0.76, 1.00) 0.92 (0.80, 1.06) 0.85 (0.74, 0.99) 0.97 (0.83, 1.13) 0.86 

Highest tertile 1.0 (reference) 0.84 (0.70, 1.00) 1.05 (0.90, 1.24) 0.97 (0.83, 1.13) 1.03 (0.89, 1.20) 0.19 

Refined grains 

Lowest tertile 1.0 (reference) 0.81 (0.73, 0.90) 0.91 (0.80, 1.04) 0.78 (0.66, 0.93) 0.78 (0.64, 0.95) 0.0007 

Middle tertile 1.0 (reference) 0.93 (0.80, 1.08) 0.97 (0.83, 1.13) 0.80 (0.68, 0.95) 0.96 (0.80, 1.15) 0.34 

Highest tertile 1.0 (reference) 1.03 (0.80, 1.33) 1.06 (0.84, 1.34) 1.01 (0.80, 1.27) 1.00 (0.80, 1.25) 0.41 



AUTHORS’ RESPONSE: In the Results section we now provide further context for the 

rationale for and implications of adding whole grains and refined grains to the model 

(page 14, 1
st
 new paragraph): 

Since gluten is obtained primarily from whole grains and refined grains, we 

repeated the primary analysis (Table 4), adding each of these components to the 

full model. 

Discussion, page 15, lines 5-8. Although it is fine to point out that gluten-free diets are 

popular among athletes, I don’t think the results of your study are directly relevant to 

athletes. If they feel that a gluten-free diet has performance benefits, or increases their 

training capacity, i.e. through reducing fatigue, the lack of association between gluten 

consumption and CHD found in the current study may not influence their decisions 

around consuming gluten. 

AUTHORS’ RESPONSE: As noted above, we have removed the reference to gluten 

avoidance among athletes. 

 

 


