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Nutritional epidemiology today is characterized by “big data.” The last 50 years have seen 

an accumulation of numerous large scale prospective studies, as well as countless smaller 

epidemiologic studies of varying quality, providing us with a wealth of information on the 

dietary underpinnings of a wide range of health outcomes, in particular chronic diseases.

Such a profusion of data necessitates the ability to summarize it into a cohesive body of 

evidence. Systematic reviews, carried out by following a pre-defined, systematic, 

reproducible methodology, constitute the preferred method of summarizing literature in 

nutritional epidemiology. These are usually divided into two categories, based on how data 

from individual studies are summarized. If the review provides a qualitative summary of 

evidence, it is simply called a systematic review (SR). If on the other hand a review 

quantitatively summarizes individual study results into one effect estimate, it is called a 

meta-analysis (MA). Several such summaries of evidence have shown us that diets 

characterized by a high intake of plant-source foods such as whole grains, fruits, vegetables, 

nuts, and tea & coffee, as well as of fish & low-fat dairy, along with low intakes of certain 

animal-source foods such as red and processed meats, as well as sugar-sweetened beverages 

and refined grains, are associated with reduced risk of several chronic diseases, including 

cardiovascular disease (CVD), diabetes, obesity, and certain cancers.(1-4)

While the concept of systematically reviewing & summarizing scientific evidence dates 

back to the early 20th century, it was introduced into the field of epidemiology relatively 

recently.(5) Despite this, developments in this methodology within the field of epidemiology 

have advanced rapidly, with the number of systematic reviews and meta-analyses published 

increasing at an astronomical rate; a PubMed search with the search strategy [“meta-

analysis” or “systematic reviews”] results in 12,403 citations in 2013 alone, compared with 

just 1 citation in 1971. Narrowing this search further and looking for meta-analyses and 

systematic reviews within the field of nutritional epidemiology shows a similar rising trend, 

with 523 citations showing up in 2013 relative to just 1 in 1985. Keeping pace with this 

trajectory, overviews of systematic reviews and meta-analyses are becoming increasingly 

common in epidemiology – reviews of literature with systematic reviews and/or meta-

analyses as their units of inclusion, as opposed to individual studies. Analogously to 

systematic reviews of studies, overviews of SRs and MAs can be classified as either 

‘qualitative overviews’, which qualitatively summarize key findings of included reviews 
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using text, tables and/or figures, or as ‘quantitative overviews’, which summarize the effect 

estimates of included reviews into a single summary effect estimate. In the social sciences, 

specifically education and psychology, conducting quantitative overviews of meta-analyses, 

called “meta-meta-analyses”, is a fairly common practice.(6, 7) In the field of epidemiology 

however, summarizing systematic reviews is a relatively new development, and has most 

commonly been done using the qualitative approach.(8-13)

In this issue of Nutrition Reviews, Fardet and Boirie(14) present a qualitative overview of 

pooled/meta-analyses and systematic reviews (PMASR) examining the dietary determinants 

of chronic diseases. Specifically, they systematically searched for and qualitatively 

summarized pooled/meta-analyses and systematic reviews published since 1950, that had 

examined the association between any one of 17 food/beverage groups, and any one of 10 

chronic diseases, including overweight/obesity, type 2 diabetes, cardiovascular disease 

(CVD), cancers, mental and neurological disorders, musculoskeletal diseases, digestive tract 

diseases, liver diseases, and kidney diseases. What they found was not unexpected; plant-

source foods, especially whole grains, are more convincingly associated with reduced risk of 

most diseases relative to animal-source foods, and red meat consumption is consistently 

associated with increased risk of various diseases, as is sugar-sweetened beverage intake. 

This study provides a holistic, comprehensive overview of the relationship between several 

dietary factors and key chronic diseases. An overarching study such as this one is also useful 

in identifying important gaps in knowledge. For instance, the review found that a majority of 

the PMASRs so identified had studied obesity, type 2 diabetes, CVD and cancers as 

outcomes, but relatively few had examined the dietary determinants of mental/neurological, 

musculoskeletal, digestive, liver and kidney diseases. Given that these diseases together 

account for 8% of deaths and 20% of DALYs,(15) and have certain biological pathways in 

common with the other more commonly studied diet related chronic diseases,(16) more 

research is needed to identify their dietary determinants.

The focus on food groups is also a key strength. This focus represents a shift in nutritional 

epidemiology away from the study of single nutrients towards the study of foods and food 

groups. Overviews of evidence such as the one performed by Fardet and Boirie form the 

basis of dietary recommendations, which would be easier to follow when framed in terms of 

food groups such as nuts and vegetable oils, than in terms of nutrients such as individual 

vitamins and minerals. A more recent development in nutritional epidemiology however, 

goes further beyond the study of isolated nutrients and foods towards the study of 

comprehensive dietary patterns – combinations of foods and beverages consumed together.

(17) Such an approach overcomes several methodological shortcomings inherent in the 

single nutrient/food approach, and also has the above mentioned advantage of ease of 

translatability into dietary recommendations. The dietary pattern approach is not without its 

limitations, and hence cannot replace the single nutrient/food approach. Nevertheless, it 

serves to compliment the latter, and hence deserves its own summary of evidence.

The vastly accumulating body of literature in nutritional epidemiology makes apparent the 

need for overviews of meta-analyses and systematic reviews, like the one undertaken by 

Fardet and Boirie. However, such an undertaking comes with numerous challenges, 

especially when the literature is so expansive; hence it is important to understand the 
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potential methodological limitations of such overviews. A key drawback of a qualitative 

overview, such as the present one, is that it makes it difficult to compare effect estimates 

across multiple exposures, in this case food/beverage groups. A qualitative overview also 

has the disadvantage of requiring the use of methods of summarizing data which are 

potentially problematic. An example of such a method is ‘vote counting’, in which the 

number of positive studies is tallied up against the number of negative studies. This could 

lead to biased conclusions as there could be a larger number of positive studies merely due 

to publication bias – the tendency of statistically significant results to get published more 

often than non-significant findings. Another method of summarizing data is reporting the 

range of effect estimates (e.g. Odds Ratios) found for a given exposure-disease association, 

which the authors did in this overview. While this is a slight improvement on the vote 

counting method, it shares other limitations with it. Specifically, both methods do not give 

consideration to confidence intervals. Confidence intervals give us an idea of the extent of 

uncertainty surrounding effect estimates, which tend to be wider in smaller studies, and 

narrower in larger studies. Thus, these methods don’t account for the varying sample sizes 

of individual studies included in the constituent reviews. Both methods also fail to give 

adequate consideration to the underlying heterogeneity in effect estimates, which might have 

systematic mechanisms driving it. A quantitative overview could resolve these issues, by 

providing a single effect estimate summarizing all included reviews, along with a confidence 

interval surrounding it. In a quantitative approach, formal statistical tools could also be used 

to gauge the extent of heterogeneity and publication bias in the included reviews.

Given the clear advantages of a quantitative approach, why haven’t more overviews of 

reviews in epidemiology adopted this approach? Nutritional epidemiologic studies are 

usually characterized by a diversity of exposures, outcomes, analytic methods, and study 

populations. This heterogeneity across studies and perhaps meta-analyses makes the pooling 

of effect estimates difficult. Thus, while statistical tools for evaluating heterogeneity can be 

considered an advantage of quantitative overviews, such an overview would be 

inappropriate when there is considerable heterogeneity in individual reviews and their 

constituent studies. Heterogeneity can also be caused by varying study quality and differing 

magnitudes of biases such as confounding and selection bias. While the draw of a 

quantitative overview is the ability to summarize a vast range of literature into one single 

effect estimate, this estimate can be very misleading if the individual reviews included in the 

overview, and their constituent studies, are of low methodological quality. Conducting a 

meta-analysis of nutritional epidemiologic studies requires a clear understanding of 

methodological considerations unique to the field, deep content knowledge of the research 

question at hand, and a commitment to not let preconceived notions influence one’s 

approach. Without these, the pooled effect estimate so obtained can be very misleading, as is 

evident from the contrary findings of recent meta-analyses of hitherto well characterized 

associations.(18, 19) Clearly, pooling together the effect estimates of such methodologically 

compromised meta-analyses in a quantitative overview can lead to erroneous conclusions 

that have the false credibility of ‘big data’ backing them. The perils of not considering study 

quality while formulating one’s conclusions applies to qualitative overviews as well. In their 

review, Fardet and Boirie, erroneously concluded that coffee intake is positively associated 

with body mass index (BMI). This direction of association is usually observed in cross-
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sectional studies, with well carried out prospective studies showing coffee to be inversely 

associated with weight gain.(20) Similarly, their conclusion that coffee is positively 

associated with CVD and certain cancers could be attributable to inadequate control for 

confounding by smoking, which is a strong, and often imperfectly measured confounder of 

this relationship.

There are other considerations which might make a quantitative overview difficult to 

undertake. A formal statistical method of pooling summary estimates from meta-analyses 

hasn’t been developed as yet in epidemiology. Overviews of epidemiologic studies that have 

adopted a quantitative approach have extracted and pooled individual study data from each 

included meta-analysis.(21, 22) While this is a reasonable approach when there are a small 

number of meta-analyses with few studies included in each, it can become a time-consuming 

task as the scope of the literature expands. For the goal set out by Fardet and Boirie, it is 

nearly impossible. Even if a statistical method of directly pooling summary estimates did 

exist, there would still be the problem of double-counting – using data from individual 

studies more than once, for instance when one study contributes to the respective summary 

estimates of two or more meta-analyses. This would lead to an overly precise, and hence 

misleading summary effect estimate. It should be noted that double-counting could be an 

issue in qualitative overviews as well. However, the reliance on a single summary effect 

estimate makes this especially problematic for quantitative overviews. The only solution for 

this problem would be to comb through the included studies in each meta-analysis to assess 

the extent of double-counting, and then to extract and pool study-specific data. This brings 

us back to the original practical constraint with the existing methodology for conducting 

quantitative overviews.

Whether qualitative or quantitative, however, an overview of reviews should go beyond just 

a descriptive summary of evidence, especially in the face of significant heterogeneity. In 

fact, it is when the conclusions of several systematic reviews and meta-analyses differ, that 

an overview of reviews can be most meaningful. Such overviews can provide an insight into 

factors driving the heterogeneity in reviews.(23) These factors could be study-specific. For 

instance, ‘meta-epidemiological’ studies of meta-analyses have shown that unpublished 

trials tend to show a less beneficial treatment effect than published trials, while trials 

published in other languages relative to in English, trials not indexed in MEDLINE relative 

to those indexed in MEDLINE, and trials of poor quality (e.g. not double blinded versus 

double blinded) tend to show more beneficial treatment effects.(5) Factors driving 

heterogeneity could be review-specific as well. For instance, Katerndahl and Lawler (1999)

(24) found that among meta-analyses summarizing the benefits of cholesterol reduction 

interventions, those that were methodologically better tended to report more beneficial 

effects of cholesterol reduction than methodologically inferior meta-analyses. Knowledge of 

the determinants of inconsistent findings can advance the field by providing a deeper 

understanding of the totality of evidence, and highlighting areas that need further study.

Given this background, what is the role of overviews of reviews, whether qualitative or 

quantitative, in nutritional epidemiology? The field of nutritional epidemiology has seen a 

substantial increase in systematic reviews and meta-analyses over the past 50 decades, in 

part due to the growing accumulation of nutritional epidemiologic studies during this time. 
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And the amount of data on the dietary determinants of chronic diseases will continue to 

increase at a very rapid pace due to existing and future large cohorts and modern 

technologies that will be increasingly used in collecting diet and nutrition data. A method of 

summarizing this vastly accumulating pool of data is crucially needed, so that clinicians, 

policy makers, and the academic community can better access an expanding evidence base. 

The overview of reviews by Fardet and Boirie represents an important contribution to the 

field. However, in order for nutritional epidemiology to progress with respect to overviews 

of reviews, formal guidelines detailing the steps needed to create a methodologically sound 

overview are needed. Some important steps in this direction include the Cochrane overview 

of reviews protocol,(25) and the guidelines set forth by Smith et al (2011).(26) These 

represent the beginnings of what will hopefully become a standardized methodology for 

summarizing reviews of evidence in nutritional epidemiology, and a step towards resolving 

the challenges faced by the discipline in managing big data.
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