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Dear Dr Fišter, 

Thank you for accepting our appeal request on our manuscript (BMJ.2017.037346) entitled "Mortality 

from different causes associated with meat, heme iron, nitrates and nitrites in a cohort of over half a 

million Americans: The NIH-AARP Diet and Health Study". We would also like to thank the editors and 

reviewers for their comments, which have helped us improve the manuscript. Below please find the 

point by point response to the comments. In our responses, we have started with the most recent 

comments (including those of the manuscript meeting), and continued with those of the previous 

reviews. All the changes have been highlighted in the revised manuscript using track changes. 

Yours sincerely, 

Arash Etemadi, MD PhD 

Division of Cancer Epidemiology and Genetics, 

National Cancer Institute, NIH 

Bethesda, MD 20859 

Phone: 240-276-7197 

Fax: 240-276-7837 

Email: arash.etemadi@nih.gov 
 

MARCH 2017 REVIEWS (AFTER THE APPEAL) 

 

Comments from the meeting 

 

Comment: The distinction between red and white meat is interesting. It puts me in mind of the 

marketing slogan by the National Pork Board here in the US. Until 2011 it was "Pork: the other white 

meat." Now they've replaced it with "Pork: be inspired."  

 

Searching Google I found this comment from a self-identified food inspector (so caveat lector): "Pork is 

still classified as a red meat because it is a livestock product, like beef, lamb and veal, and all livestock 

are classed as red meat. The amount of myoglobin (an oxygen-carrying protein) in animal muscle 

determines the color of meat; pork contains less myoglobin than beef, but it contains more than chicken 

or fish, even though the meat considerably lightens in color when cooked. Chicken and turkey are 

classified as white meat, beef, lamb and pork are classified as red meat. Pork is identified in the food 

animal arena as a 'red meat'." 

 

Consistent with the above, in this paper pork is classified as a red meat. I think many consumers and US 

readers might not realize that because they will remember the "other white meat" campaign. The 

industry still will be promoting pork as a white meat. Could we have a list of red and white meats in the 

abstract so there is no confusion? Perhaps the authors could briefly discuss mixed messages about the 

categorization of pork.  

 

Response: This is a very good comment. We included a short list of main red (beef, lamb and 

pork) and white (poultry and fish) meat in the abstract. We also added the following sentences 

in the methods (on page 7, paragraph 1): 
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“We classified pork as red meat in line with the United States Department of Agriculture 

definition, as, similar to other livestock, it contains a high level of myoglobin.” 

 

Comment: I felt they could emphasize the public health implications in the discussion a bit more. 

 

Response: This is a great suggestion. We added the following to the discussion: 

On page 20, paragraph 2: 

“Meat consumption has been on the rise in the US and Europe in the past 40 years.[22]” 

On page 24, paragraph 2: 

“There have been increasing trends of meat consumption in most high-income countries. In 

2004, about 58% of the meat used in the US was red meat, and 22% was processed.[22] Recent 

studies also show increased popularity of poultry as a meat source, and an effect of consumer 

diet and health awareness on reducing the proportion of red vs. white meat consumption.[61]” 

 

Comment: Our statistical team prefer that, when plotting HRs (or equivalent) this should be done so on 

a log scale, not plotting the log HR on a linear scale.     

 

Response: Agreed. All the plots were revised to use the log scale. 

 

Reviewer: 1 (Dr. Potter) 

Response to the general comment: Thank you! We agree that these findings increase 

awareness about population risks and hope to stimulate further research into the potential 

mechanisms. 

 

Comment by reviewer: 1. Reviewer 2 #2 asked about: 

“….Any studies to evaluate the reproducibility and variability of the DHQ in assessing dietary intakes? 

How about the validity of DHQ in assessing meat intake in the calibration study”.  

The authors responded that they had: 

“… mentioned these results in our manuscript, and used the data from the calibration study to estimate 

how much the remaining measurement error can affect our results (Supplementary Table 5). Our 

findings show that correcting for the measurement error will lead to higher hazard ratios, again 

confirming the message and conclusion of the manuscript.” 

The authors are headed in the right direction but need to make their response clearer and add 

something to the text and perhaps the abstract. 

  

Response: Agreed. We added more explanation to the results and discussion section, trying to 

provide a clearer response to reviewer 2.  



3 

 

The results (on page 17, paragraph 2): 

“For example, the overall mortality HR per 20 g/1000 Kcal increased from 1.09 (95%CI: 1.08-

1.10) to 1.14 (95%CI: 1.13-1.15) when corrected for measurement error. 

The discussion (on page 24, paragraph 1): 

“A previous validation study [17] has shown a correlation of 0.62 in men and 0.70 in women 

between the red meat intakes from DHQ and the 24-hour dietary recall, which were higher than 

most other intake items tested. We also performed calibration analyses, using two non-

consecutive 24-hour recalls, which showed that measurement error may have biased our results 

towards null. These findings show that correcting for the measurement error can lead to higher 

hazard ratios, again confirming the message of the study. Finally, we relied on a single dietary 

assessment at the beginning of the follow up, and were not able to evaluate the changes in diet 

over this time period. However, the fact that the estimates were still present with the longer 

follow-up durations shows the consistency of the findings despite the potential changes in diet 

over time.” 

Comment by reviewer: 2. Reviewer 2 #3 noted: 

The authors have included chicken, turkey, and fish in the same category of white meat, however, it 

might be better to do a sensitivity analysis to examine the associations separately. 

The authors responded that the: 

“… results are available and can be added to the manuscript, and compared with the literature in the 

discussion.” 

Both additions would be appropriate. 
 

Response: Agreed. We added this information to the results (on page 13, paragraph 1): 

“Fish intake constituted about one third of the white meat intake in this population (11 g/1000 

kcal daily average). When we separately analyzed the sources of white meat, the results were 

similar; the HR for all-cause mortality was 0.93 (95%CI: 0.92-0.94) for each 20 g/1000 Kcal 

increased daily intake of poultry, and 0.95 (95%CI: 0.94-0.96) for fish intake (data for cause-

specific mortality not shown).” 

And the discussion (on page 20, paragraph 2): 

“However, studies from Japan and other Asian countries have not shown such associations with 

red meat intake. [24 25] This difference is thought to exist mainly because of low red meat intake 

in many Asian countries, where seafood is a main source of animal protein (34%–85% of per 

capita total meat intake compared with 15% in the US). [24] We also showed a reduced risk of 

overall and most specific causes of death in our study, associated with both fish and poultry 

intake.” 

 

Comment by reviewer: 3. Reviewer 2 #4 noted that: 
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“Meat intake could be related to other dietary habits, and more fine adjustment of dietary habit could 

be considered…” 

The authors responded that: 

“…This is an interesting suggestion; however, adding more dietary variables may lead to bias in the 

estimates, as the error in these variables are likely to be correlated. We have tried to limit the number 

of dietary variables in the model, and restrict them to those likely to have an impact on mortality based 

on previous findings.” 

This response is plausible but it is also empirically testable. This should be done and reported on. 

 

Response: We agree. As a sensitivity analysis, we included the 2010 Healthy Eating Index (HEI 

2010) in the models. HEI did not substantially change the estimates when it was included in the 

models. We added this information to the manuscript. 

In the methods (on page 10, paragraph 1): 

“3. including the Healthy Eating Index [21] as an independent variable in the model (to adjust for 

the potentially confounding effect of the overall healthiness of the diet).” 

In results (on page 17, paragraph 1): 

“The Healthy Eating Index did not substantially change the effect estimates when added to the 

models (data not shown).” 

Comment by reviewer: 4. Reviewer 2 #6 noted that: 

Heme iron can also come from white meat 

The authors responded that: 

“… heme iron may also come from white meat. However, the amount of heme iron from white meat in 

our study was relatively small (10.3% and 16.0% of total heme iron in men and women, respectively), 

and models using heme iron from total meat were almost identical to those using only heme iron from 

red meat. We can add more details about the difference between these two analyses as supplementary 

material”. 

This addition would be appropriate. 

 

Response: Agreed. We added this information to the results (on page 14, paragraph 1), and 

since the results were only slightly stronger, skipped adding them to the tables: 

“The main source of heme iron in our study was red meat (89.7% in men, and 84% in women), 

and restricting the heme iron intake to red meat strengthened the associations slightly (data not 

shown).” 

Comment by reviewer: 5. Reviewer 2 #6 [8] asked: 

“…why stronger associations were the mortality from chronic liver diseases and respiratory diseases, 

rather than cardiovascular disease or cancer. “ 

The authors’ response is weak and needs further thought. They could explore a little more widely. For 

instance, pig meat can be a source of Hepatitis E virus. There are also well described hepatotoxins in 

some meats. For instance, indospicine is an analogue of arginine and found in meat of animals 

consuming plants of the genus Indigofera, including beef, although, at present, there are more data on 
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horse and camel meat1,2 They do not consider that protein and lipids may be important as well as 

having explanatory power over and above that provided by heme and nitrates/nitrites. Anyway, it is 

probably worthwhile thinking a bit more broadly than just the usual suspects, which, as Reviewer 2 

notes, may not allow explanatory distinctions among outcomes. Finally, it might be reasonable to ask 

whether the differences in strength of association with different outcomes is actually informative or 

related to some aspects of the precision of various diagnostic categories. 

 

Response: Thank you for the suggestion. We added more mechanistic explanations as you 

suggested, and also mentioned the diagnostic precision in the discussion (on page 22, paragraph 

3): 

“Meat intake has also been associated with insulin resistance [54] and non-alcoholic fatty liver 

disease. [55] Viral or chemical hepatotoxicity are among other contributing factors to chronic 

liver disease, and some of these agents have also been identified in the livestock meat.[56 57]” 

 On page 24, paragraph 1: 

“Finally, when comparing effect sizes for different causes of death, one should consider 

variations in reporting accuracy among them, with heart disease being more prone to inaccurate 

reporting. [59]” 

Comment by reviewer: 6. Yes, add the data on the proportions mediated by heme iron for total red 

meat and unprocessed red meat. 

Response: The mediation for unprocessed and processed red meat has already been mentioned 

separately in the results (on page 14, paragraph 3). Since the figures are relatively close for 

these two types of red meat, and the total red meat is the mixture of these two, we feel that the 

addition of percent mediation for total red meat will not be very informative, and will 

unnecessarily lengthen this section. 

Comment by reviewer: 7. Yes, improve the discussion of the meaning of the interactions. 

Response: We added more discussion about the source of interactions we observed (on page 

23, paragraph 2): 

“Many of these effect modifications can be explained by what is commonly known as “statistical 

interaction”.[60] For example, most of our risk estimates were weaker among current smokers, 

since these people already have a higher baseline risk, and the relative contribution of red meat 

to this “already higher risk” appears smaller. For others, a biological interaction is likely to exist, 

for instance both nitrate and nitrite showed a significantly higher risk among people using more 

vegetables, which are important sources of nitrates and antioxidants.” 

Comment by reviewer: 8. Reviewer 3’s first two comments are odd and politely treated. 

Response: Thank you. 
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Comment by reviewer: 9. Yes, fix the final comments that, at present, sound as though meat 

consumption is being encouraged. 

 

Response: We have changed the sentences in the abstract and discussion, which might seem to 

encourage meat consumption. In the abstract: 

“They also show reduced risks associated with substituting white meat, particularly unprocessed 

white meat.” instead of “They also suggest that it is possible to modify these increased risks by 

substituting white meat, particularly unprocessed white meat, without a change in total meat 

intake.”  

In the discussion (on page 24, paragraph 2): 

“Our findings also show reduced risks associated with substituting white meat (poultry and fish), 

particularly unprocessed white meat.”  instead of “Our findings suggest that it is possible to 

modify these increased risks without a change in total meat intake, and show a need for more 

studies focusing the differences in the health effects of processed white and red meat.” 

 

Comment by reviewer: 10. It is odd that, in discussing their finding that meat intake is related to 

mortality from multiple and diverse diseases, the authors do not advance an argument from what we 

know about vegetarians: both secular and religious vegetarians generally have better mortality and 

longer life expectancy than non-vegetarians. 

 

Response: Thank you for bringing this to our attention. We added the following in the 

discussion: 

On page 20, paragraph 2: 

“…. and evidence for greater longevity among adults with very low meat intake…” 

On page 22, paragraph 2: 

“Compared to non-vegetarians, a 24% lower risk of death due to ischemic heart disease has been 

reported among vegetarians, ranging from 20% in occasional meat eaters to 34% among 

lactovegetarians and those who eat fish but no other forms of meat. [49]” 

 

Comment by reviewer: 11. It is perhaps even odder that the authors do not explore the vegetarians in 

their own cohort. There are likely to be somewhere between 10,000 and 20,000 vegetarians in the 

study. In the 1990s, about 2% of the US population were vegetarians and now the proportion of 

vegetarians/vegans is probably closer to 4%. Given the age of the cohort, the lower proportion seems 

more likely. Although this may be too small a sub-population to act as the (truly unexposed) comparison 

group, they are certainly worthy of being included as a separate group to be compared with the quintile 

analysis as currently constructed. 
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Response: This is a very interesting suggestion, however, it cannot be done in the AARP study. 

First off, we did not explicitly ask the respondents whether or not they were vegetarian, and 

arguably, not reporting any meat intake in the FFQ does not necessarily indicate a vegetarian 

diet. Second, we did explore the possibility of using these individuals as a separate group, but 

there were only 230 individuals (0.04%) who reported no meat intake in the FFQ.  

 

Comment by reviewer: Minor Comments: 

 

As already noted by a reviewer, there is a typo in title of Table 1: should be quintiles. 

 

 Response: Corrected! 

 

The MS is generally very well written but, in common with many others, the authors frequently fail to 

place the adverbial modifier “only” in the appropriate place in a sentence: 

 

page 9, line 53: “…we only tested the mediation of these two compounds for processed red meat.” 

should be “…we tested the mediation of only these two compounds for processed red meat.” 

 

page 13, line 20: “… which were only significant for death due to cancer…” should be “… which were 

significant only for death due to cancer…” 

 

page 16, line 35: “…but they still remained significant even when we only considered the follow-up 

beyond 10 years.” should be 35 “…but they still remained significant even when we considered only the 

follow-up beyond 10 years.” 

 

page 19, line 43: “… others have shown only an association with processed red meat…” should be “… 

others have shown an association only with processed red meat…” 

 

Response: Thank you! All instances revised. 

 

Reviewer: 2 (Dr. Willett) 

Response to the general comment: Thank you for the positive feedback. We also believe these 

data are important, and contribute to the on-going scientific discourse. 

 

Comment by reviewer: The results of the “mediation” analyses should probably not be described as 

“mediated by….” because this implies causality of the “mediating” factors.  It would be better to say 

something like “statistically accounted for by ….”.   It is possible that heme iron and nitrate could be true 

mediation factors, but they could still be correlates of other factors in red meat. 

 

Response:  This is a great point! We changed the phrase. 
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Comment by reviewer: One possible reason for a lack of association between processed poultry and 

mortality is that many of these products are relatively new and consumption may have increased fairly 

recently.   It might be worth adding this as a potential explanation for this specific findings. 

 

Response: We agree, and updated the discussion about this accordingly (on page21, paragraph 

1): 

“However, processed white meat has not been in use for a long time, and constituted only a very 

small proportion of white meat intake in our population.” 

__________________ 

 

OCT 2016 REVIEWS  

 

Reviewer: 2 (Dr. Pan) 

 

We would like to thank you for the general comment about the manuscript and its novelty. 

Comment by reviewer: 1.  The authors have used energy density method as the exposures. Maybe 

some other methods could also be tried, e.g., residual method. 

 

Response: We did try using the residual method as well, and the results were identical to those 

presented. We added this sensitivity analysis to the methods and results section: 

 

Methods (on page 10, paragraph 1): 

“4. using the residual method for calorie adjustment instead of the nutritional density.” 

 

Results (on page 17, paragraph 1): 

 

“Finally, using the residual method for calorie adjustment instead of nutritional density had little 

effect on the results (data not shown).” 

 

Comment by reviewer: 2.   The exposures have been measured only once at baseline, thus whether the 

exposures could represent the long-term intake levels remains unclear, particularly if the meat products 

and intake patterns have changed in the past several decades. Any studies to evaluate the 

reproducibility and variability of the DHQ in assessing dietary intakes? How about the validity of DHQ in 

assessing meat intake in the calibration study? 
 

Response: We agree that the lack of a repeated assessment of diet is a limitation in the NIH-

AARP Diet and Health Study, and as we have discussed, this might have biased some of our 

estimates towards null. We have elaborated more on this issue in the discussion (on page 24, 

paragraph 1):  
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“Finally, we relied on a single dietary assessment at the beginning of the follow up, and were not 

able to evaluate the changes in diet over this time period. However, the fact that the estimates 

were still present with the longer follow-up durations shows the consistency of the findings 

despite the potential changes in diet over time. Interestingly, the results for heme iron and 

nitrate/nitrite were more stable across time periods than those for meat intake.” 

 

The reviewer has also suggested using the calibration study to evaluate the DHQ. Such 

evaluation has already been published (Schatzkin A, et al. Am. J. Epidemiol. (2001) 154 (12): 

1119-1125.) showing a correlation of 0.62 in men and 0.70 in women between the red meat 

intakes from the food frequency questionnaire and the 24-hour dietary recall, which were 

higher than most other intake items tested. We have mentioned these results in our 

manuscript, and used the data from the calibration study to estimate how much the remaining 

measurement error can affect our results (Supplementary Table 5). Our findings show that 

correcting for the measurement error will lead to higher hazard ratios, again confirming the 

message and conclusion of the manuscript. We have added the following to the manuscript to 

clarify these points:  

The results (on page 17, paragraph 2): 

“For example, the overall mortality HR increased from 1.09 (95%CI: 1.08-1.10) to 1.14 (95%CI: 

1.13-1.15) when corrected for measurement error. 

The discussion (on page 24, paragraph 1): 

“A previous validation study [17] has shown a correlation of 0.62 in men and 0.70 in women 

between the red meat intakes from DHQ and the 24-hour dietary recall, which were higher than 

most other intake items tested. We also performed calibration analyses, using two non-

consecutive 24-hour recalls, which showed that measurement error may have biased our results 

towards null. These findings show that correcting for the measurement error can lead to higher 

hazard ratios, again confirming the message of the study.” 

Comment by reviewer: 3.    The authors have included chicken, turkey, and fish in the same category of 

white meat, however, it might be better to do a sensitivity analysis to examine the associations 

separately. Fish and chicken may have different impact on the mortality risk. Some previous literature 

should also be discussed and compared in the Discussion section. 

 

Response: Thank you! We have done separate analyses of fish and poultry intake, and added 

the following information:  

In the results (on page 13, paragraph 1): 

“Fish intake constituted about one third of white meat intake in this population (11 g/1000 kcal 

daily average). When we separately analyzed the sources of white meat, the results were similar; 

the HR for all-cause mortality was 0.93 (95%CI: 0.92-0.94) for each 20 g/1000 Kcal increased 
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daily intake of poultry, and 0.95 (95%CI: 0.94-0.96) for fish intake (data for cause-specific 

mortality not shown).” 

And the discussion (on page 20, paragraph 2): 

“However, studies from Japan and other Asian countries have not shown such associations with 

red meat intake. [24 25] This difference is thought to exist mainly because of low red meat intake 

in many Asian countries, where seafood is a main source of animal protein (34%–85% of per 

capita total meat intake compared with 15% in the US). [24] We also showed a reduced risk of 

overall and most specific causes of death in our study, associated with both fish and poultry 

intake.” 

Comment by reviewer: 4.    In the final model, the authors only included fruit and vegetables intake. 

Meat intake could be related to other dietary habits, and more fine adjustment of dietary habit could be 

considered, such as certain dietary patterns (without meat component). 

 

Response: We agree. As a sensitivity analysis, we included the 2010 Healthy Eating Index (HEI 

2010) in the models. HEI 2010 itself did not show any association with the outcomes, and did 

not substantially change the estimates when it was included in the models. We added this 

information to the manuscript. 

In the methods (on page 10, paragraph 1): 

“3. including the Healthy Eating Index [21] as an independent variable in the model (to adjust for 

the potentially confounding effect of the overall healthiness of the diet).” 

In results (on page 17, paragraph 1): 

“The Healthy Eating Index did not substantially change the effect estimates when added to the 

models (data not shown).” 

Comment by reviewer: 5.    In the substitution model, if total meat and red meat were both included in 

the model, the meaning of red meat was the change in mortality risk by substituting red meat with 

white meat, while the meaning of total meat in this model was the change in mortality risk by increase 

of white meat holding red meat constant. Therefore, for white meat, this is the addition model and the 

results should be comparable to the “addition model” the authors have used. Furthermore, in the 

substitution model, the increased mortality risk of replacing red meat by white meat should be the 

reciprocal of the decreased mortality risk of replacing white meat by red meat. Theoretically, this should 

be the case, and the authors could examine their data and make sure they have used the correct 

method. 

 

Response: This is a correct conclusion, and one we have found to be true in our models. 

Comment by reviewer: 6.    Heme iron can also come from white meat, and the authors can test the 

relations of heme iron from red meat and heme iron from white meat with the mortality risk. Or the 

authors can test whether the risk related to red meat was mediated by total heme iron or heme iron 
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from red meat. 

 

Response: We agree that heme iron may also come from white meat. However, the amount of 

heme iron from white meat in our study was relatively small, and models using heme iron from 

total meat were almost identical to those using only heme iron from red meat. We have added 

this information (on page 14, paragraph 1): 

“The main source of heme iron in our study was red meat (89.7% in men, and 84% in women), 

and restricting the heme iron intake to red meat strengthened the associations slightly (data not 

shown).” 

Comment by reviewer: 7.   Table 1, it is better to show the total number of participants in each quintile 

of red meat intake. The current table 1 shows the number of deaths in each quintile, and is somewhat 

confusing. 

 

Response: We agree and added this information to Table 1. 

Comment by reviewer: 8.   Some of the results are unexpected and deserves more discussions. For 

example, why stronger associations were the mortality from chronic liver diseases and respiratory 

diseases, rather than cardiovascular disease or cancer? The authors have talked about oxidative stress 

and other pathways, but those mechanisms are not specific for liver or respiratory system. 

 

Response: COPD is the main reason for death due to respiratory disease, and might be linked to 

the formation of reactive nitrogen species, as explained in the discussion. We also added more 

mechanistic explanations as you suggested, and mentioned the diagnostic precision as a 

potential contributor in the discussion (on page 22, paragraph 3): 

“Meat intake has also been associated with insulin resistance [54] and non-alcoholic fatty liver 

disease. [55] Viral or chemical hepatotoxicity are among other contributing factors to chronic 

liver disease, and some of these agents have also been identified in the livestock meat.[56 57]” 

 On page 23, paragraph 1: 

“Finally, when comparing effect sizes for different causes of death, one should consider 

variations in reporting accuracy among them, with heart disease being more prone to inaccurate 

reporting. [59]” 

Comment by reviewer: 9.    For the mediation analysis, could you examine the proportion of the 

increased mortality risk associated with processed red meat mediated by nitrate/nitrite and heme iron 

together? 

 

Response: This is an interesting idea, however, to the best of our knowledge, there is little 

consensus about the methods to estimate a “combined mediation effect”, and these are still 

being developed and discussed in the statistical literature.  

Comment by reviewer: 10.   In table 2, it will also be better to show the proportions mediated by heme 

iron for total red meat and unprocessed red meat. 
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Response: The mediation for unprocessed and processed red meat has already been mentioned 

separately in the results (on page 14, paragraph 3). Since the figures are relatively close for 

these two types of red meat, and the total red meat is the mixture of these two, we feel that the 

addition of percent mediation for total red meat will not be very informative, and will 

unnecessarily lengthen this section. 

Comment by reviewer: 11.  The interaction results were not comprehensively discussed in the 

Discussion section. Are the significant interactions by chance or there are biological rationales for the 

interactions? How to explain the results? 

 

 

Response: As mentioned in the manuscript, we observed lower associations between red meat 

intake and mortality in the presence of another (maybe stronger) risk factor, such as smoking or 

obesity. We also added more discussion about the source of interactions we observed (on page 

23, paragraph 2): 

“Many of these effect modifications can be explained by what is commonly known as “statistical 

interaction”.[60] For example, most of our risk estimates were weaker among current smokers, 

since these people already have a higher baseline risk, and the relative contribution of red meat 

to this “already higher risk” appears smaller. For others, a biological interaction is likely to exist, 

for instance both nitrate and nitrate showed a significantly higher risk among people using more 

vegetables, which are important sources of nitrates and antioxidants.” 

 

Reviewer: 3 (Dr Brunner) 

 

Comment by reviewer: The response rate at baseline was rather low (~16%) and there is a question of 

generalizability of the findings. There are two parts to this question. First, estimating incidence or 

mortality rates is not the focus of the study, therefore the low response rate is not a problem per se. 

Second, because the research hypotheses concern the causal relationships of meat and associated 

dietary intakes with mortality, distortion of the results due to selection bias will occur if the probability 

of study participation is associated with the exposure-outcome relationship. The logic is that non-

participation at a particular level of meat intake will distort the diet-mortality effect estimate if mortality 

risk differs between those present in the study and those not present, and further that the probability of 

participation differs across quintiles of meat intake. This situation may arise despite the prospective 

study design, as a consequence of the differing propensities of individuals to participate in health 

research according to their pattern of health behaviour. Although subjects were recruited (and thus diet 

was measured) many years before disease onset and death, we would need to know something about 

the life styles and health of those who refused to participate in the study (or at least a subset) before we 

could exclude selection bias as a partial explanation of the findings. 

 

Response: Non-participation is a major concern in different epidemiologic studies, and as the 

reviewer has pointed out, it does not always lead to biased estimates. We agree that 
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participants might be more health-oriented than the non-participants, a fact that is true about 

most similar studies, but there seems no reason to infer that it would hurt the internal validity 

of the estimates from our study.  To impair external validity, however, one would have to 

assume that the non-participants in a study have different exposure-outcome associations than 

those who did return the questionnaire. Although we do not have detailed information about 

the non-participants’ behaviors or their outcomes, we know that the intake distributions of 

participants differed from those observed in national surveys (Schatzkin A, et al. Am. J. 

Epidemiol. (2001) 154 (12): 1119-1125.). They consumed less fat and red meat and more fiber 

and fruits and vegetables than the general US population in the same age group. But, at the 

same time, the intake distributions were wider than those in the national surveys. This widening 

of the intake distributions can somewhat overcome the shift to the left, by including more 

people in the extreme intake values. The results of our analysis also showed that the 

associations we observed were fairly comparable between subgroups. Finally, since its initiation, 

there have been more than 300 published reports based on the data from the NIH-AARP Diet 

and Health Study, and many of these findings have been replicated in other cohort studies, and 

accepted by the scientific community, so we feel it is unlikely that there should be a 

fundamental bias in all these findings. We added the non-participation rate as one of the 

limitations of the study, and discussed its potential impact on the findings and conclusions (on 

page 23, paragraph 3): 

“The response rate in the NIH-AARP Diet and Health Study was 17.6% which is lower than what 

was originally anticipated [17], but there were enough people in the extreme intake values to 

produce robust estimates. The results of our analysis also showed that the associations we 

observed were fairly comparable across different subgroups. So, we believe that although low 

participation rate can be considered as a limitation in this study, it is unlikely to have impacted 

the internal validity of our findings.” 

 

Comment by reviewer: Separately, there is a question about the lack of specificity of the observed 

health effects of meat intake (see Fig 1). The pattern of risks is remarkably constant across all 10 cause 

groups, such that red meat intake appears to increase the hazard of death from any cause except 

Alzheimer’s, including infectious causes. This finding suggests that there is some common method error 

linked with the use of a food frequency questionnaire. For example, the apparently adverse effects of 

higher red meat intake (and generally protective effects of higher white meat intake) could be the result 

of reporting bias or what can be called ‘behaviour bias’. In other words, it is difficult to distinguish 

between causal explanation, bias and confounding. Health conscious people have lower mortality risk 

because they behave well in general, and they may have reported falsely low red meat intake. Other 

people may genuinely have had lower red meat intake because they were health conscious and believed 

low intake would be salutogenic. Both explanations undermine the claims of causality made in the 

study, and they should be discussed along with high quality null findings which suggest that a higher red 

meat diet is not a risk factor for colorectal cancer, one of the health outcomes most firmly linked with 

red meat intake in popular science. Thus, Spencer et al Cancer Causes and Control 2010 used a 

prospective case-control design based on food diaries. Ananthakrishnan et al Cancer Epidemiol 

Biomarkers Prev 2015 in a pooled analysis of 11 studies showed the same association was seen only in 
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retrospective studies, again pointing to the challenges of nutritional epidemiology which are barely 

mentioned in the manuscript. 

 

Response: The ‘behaviour bias’ is indeed among the different explanations for many 

associations observed in epidemiology, and for a lot of important exposures including smoking 

and obesity. As such, we have tried to avoid direct causality inferences, as most of the evidence 

in observational epidemiology does not necessarily imply causation by itself. However, 

independent organizations (WHO International Agency for Research on Cancer (IARC), World 

Cancer Research Fund, and American Heart Association among them) have found the evidence 

for the association between red meat and many diseases convincing enough to suggest 

causality. Our findings show important additional associations that may or may not prove to be 

causal given the evidence from other reports, or external data from animal or mechanistic 

studies. But we believe we have an obligation to report these findings, along with different 

possible explanations and potential limitations. We have tried to explore possible mechanisms 

by looking at evidence linking the exposures we have studied to oxidative stress, and the role of 

meat compounds in the process. We think that our result can both provide more evidence as to 

the nature of meat-disease associations reported previously, and generate new hypotheses to 

be tested in future studies. Besides, as the reviewer has also pointed out, there are variations 

across causes of death which are difficult to explain by some big shared confounder alone. We 

consistently saw no association between meat intake (both red and white meat, along with 

meat compounds) and Alzheimer’s disease; the associations with stroke were much weaker 

than those with cardiac death (two diseases with many similar risk factors); and finally the 

associations between both red and white meat intakes with liver disease were consistently 

stronger than those with other diseases. Death due to infectious diseases, which was the main 

concern of the reviewer, was among the weakest associations we observed, and is probably 

affected by changes in the immune system, although we agree that acquiring the infectious 

agent itself is unlikely to be affected by the amount of meat in the diet. 

Finally, not only the associations were universally present among people with different lifestyles 

and health behaviours, but also they were stronger among “health conscious” people (e.g. 

normal BMI, non-smokers, etc.). 

On the issue of null results regarding colorectal cancer, we have tried to include different views 

and important previous literature in the discussion, whether or not they support our findings, 

and revised the discussion to include the studies mentioned by you (on page 22, paragraph 1): 

“A pooled analysis of the UK dietary cohort consortium did not show an association between 

meat intake and colorectal cancers. [46] However, the highest category of red meat intake in this 

pooled analysis was much lower than similar studies with a positive finding, and the authors 

believed the study was underpowered to detect small effect sizes. In another pooled analysis of 

red meat intake and colorectal cancer, although there was an overall association between high 

red meat intake and colorectal cancer, the association was not significant among prospective 

case-control studies. [47]” 
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Comment by reviewer: A related question: was there life before the BMJ? It seems likely this US 

manuscript has been rejected by JAMA or NEJM or both, for reasons related to the points above. Yet the 

discussion in the paper still does not build in the reflections on causal interpretation that are needed. 

Despite the fact that it would be ‘cool’ to show that red meat is bad for health, and to strengthen the 

case that the ecological disaster of intensive beef production is not justified on human health grounds, 

the findings of this study are too open to alternative interpretation to provide that evidence. 

 

Response:   As described above, we don’t believe that any one observational study should make 

strong causal inference on its own and will require summarizing the full scope of the world’s 

literature.  Regarding the comments on beef production, here we are focused on testing the 

associations under study. 

 

Comment by reviewer: The results of the “addition models” (Supplementary Table 2) are adjusted for 

total energy intake while total meat intake is not held constant. This effect size from these models can 

be interpreted as a substitution of the meat source in question with non-meat food sources. To estimate 

the effect of increased intake of meat the model should adjust for the sum of energy intake from all 

other sources rather than the total energy intake (energy partition method). 

 

Response: The main objective of the study was to use the substitution models for meat. The 

energy partitioning method for the addition model is indeed interesting, but offers a very 

different emphasis and can be the subject of a future paper. So, we respectfully disagree with 

including more data on the addition models using the energy partition model, as it may be a 

distraction from the main idea of the present manuscript.  

 

Comment by reviewer: Subgroup analysis (Figure 2) mentions the association is stronger for never 

smokers and never/mild alcohol drinkers. This is true for red meat but not white meat. 

 

Response: Thank you! We corrected the sentence. 

 

Comment by reviewer: Typo in title of Table 1: should be quintiles. 

 

Response: This is true, and we corrected the title. 

 

Comment by reviewer: The idea that white meat should be substituted for red is promoted (e.g. see 

Abstract conclusion), perhaps accidentally, in the manuscript. There is no need to eat meat for health 

reasons, and this substitution idea needs no encouragement. 

 

Response: We agree. It was not our intention to encourage eating meat, but only to show that if 

(and only if) people find it difficult to reduce meat intake in general, even a change in the meat 

composition was associated with lower risk. We have now changed the sentences in the 

abstract and discussion, which might seem to encourage meat consumption. In the abstract: 
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“They also show reduced risks associated with substituting white meat, particularly unprocessed 

white meat.” instead of “They also suggest that it is possible to modify these increased risks by 

substituting white meat, particularly unprocessed white meat, without a change in total meat 

intake.”  

In the discussion (on page 24, paragraph 2): 

“Our findings also show reduced risks associated with substituting white meat (poultry and fish), 

particularly unprocessed white meat.”  instead of “Our findings suggest that it is possible to 

modify these increased risks without a change in total meat intake, and show a need for more 

studies focusing the differences in the health effects of processed white and red meat.” 

 


