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Nutritional research and policies have been criticized for relying on observational evidence, using self-report diet assessment methods, and suppos-
edly being unable to present a consensus on what constitutes a healthy diet. In particular, it is often asserted that for progress to occur in nutrition
science, large, simple trials, which have worked well in evaluating the efficacy of drugs, need to replace most observational research and small
trials in nutrition. However, this idea is infeasible, and is unlikely to advance nutritional sciences or improve policies. This article addresses some
commonly held and unfounded “myths”surrounding dietary assessments, effect sizes, and confounding, demonstrating how carefully conducted
observational studies can provide reliable and reproducible evidence on diet and health. Also, there is a strong consensus among nutritional re-
searchers and practitioners about the basic elements of a healthy diet. To move forward, we should continue to improve study design and diet
assessment methodologies, reduce measurement errors, and leverage new technologies. Advances in the field lie in coalescing evidence from
multiple study designs, methodologies, and technologies, and translating what we already know into policy and practice, so we can improve diet

quality and enhance health in an equitable and sustainable manner across the world.  Adv Nutr 2018;9:378-387.
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Introduction

Nutritional science is often admonished for relying predom-
inantly on observational studies instead of randomized con-
trolled trials (RCTs) of disease endpoints, which are consid-
ered the highest standard of scientific evidence in medicine
(1, 2). Most recently, Trepanowski and Ioannidis (3) claimed
that overreliance on observational study designs in nutri-
tional epidemiology has led to “widespread confusion about
optimal nutrition” and a failure to “give reliable answers for
a century.” They concluded that “progress in nutrition sci-
ence may continue to be stunted until most observational
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research is replaced with randomized study designs.” Al-
though debate and critique are crucial aspects of the scientific
process, a blanket dismissal of the entire field of nutritional
epidemiology is counterproductive, especially when the
criticism is largely based on unfounded assumptions. Many
of these erroneous lines of reasoning stem from widely be-
lieved “myths” about nutritional science. In this article, we
address four such commonly held myths with the aim of clar-
ifying misconceptions about, and enabling a better under-
standing of, the scientific process of conducting epidemio-
logic studies on nutrition and health, and translating results
into policy.

Debunking myths about nutritional science

Myth 1: human diet cannot be measured reliably

Diet is a complex, multicomponent, interacting exposure that
changes over time, making its measurement in free-living
populations a challenging task. It is especially challenging
when the goal is to study the long-term effects of cumulative
dietary intake on the risk of developing chronic diseases over
decades; in this scenario, the use of relatively inexpensive but
carefully developed self-reported measures, such as validated
FFQs (sometimes in combination with objective biomarkers,
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which are available for only a few nutrients and foods), are
the only feasible option (4). A prevailing myth regarding
nutritional research is that the diet of free-living human
populations cannot be reliably measured using self-report
diet assessment methods (5). Several articles have previously
addressed this criticism in substantial detail (6-9), which we
briefly summarize here.

Self-report measures are often criticized as being unable
to accurately quantify absolute energy intake. For instance,
single 24-h recalls, the method used by NHANES to measure
diet until recently (10), have been critiqued as resulting in
energy intake assessments that are not compatible with life
(11). First, given the substantial degree of error in quanti-
fying energy intake (or energy expenditure), whether from
self-report or objective measures of diet (or physical activity)
(12, 13), epidemiologists rarely use these methods to assess
absolute energy intake (or expenditure). Instead, weight or
change in weight is used as an indicator of energy balance
or imbalance over time in free-living populations (7, 14).
Self-report measures of diet are used instead to assess food
and nutrient intake, with energy intake estimates from such
measures utilized only to adjust for potential confounding,
control for measurement error, or evaluate dietary composi-
tion (13, 15, 16). Second, while usual energy intake should be
within the physiologically plausible range, it is perfectly fea-
sible (and compatible with life) for an individual to consume
few or no calories on any given day (9). A single 24-h recall,
having high within-person variability, is likely to capture
extremes of individual intakes; thus, the average of several
24-h recalls is needed to arrive at a more accurate assessment
of an individual’s usual intake (17), which NHANES has
been doing since 2005 (18). Nevertheless, single 24-h recalls
can still provide us with useful information about mean
intakes at the population level, as well as average population
trends in intake over time (8).

Self-report diet assessment methods are also criticized for
their reliance on memory, which could lead to systematic er-
rors in reporting. It should be noted that self-report methods
have played a key role in public health and medicine, for ex-
ample, providing the basis for recommendations with regard
to smoking and physical activity, detecting adverse effects
of medications, and tracing infectious disease outbreaks. In
prospective study designs in which diet is assessed before the
diagnosis of disease, errors are not associated with disease
status, thus they typically lead to attenuation of true asso-
ciations. In addition, adjustment for energy intake, control
for potential determinants of the systematic errors, and vari-
ous methods to detect and correct for measurement error can
be used to further diminish the effects of such errors (8, 19—
24). Importantly, methods using self-reported intakes have
been extensively validated by comparison with detailed real-
time recording of intake and objective biomarkers of intake
(13, 25). Lastly, in most etiologic analyses we examine the
associations of ranked nutritional exposures, i.e., high com-
pared with low intake, which can provide valuable informa-
tion about the causal role of dietary factors despite imperfect
data on absolute levels of intake.

Memory-based methods are not alone in having
errors—objective diet assessment methods have their own
sources of random and systematic errors, which should be
appropriately accounted for (13). Methods such as direct
observation are also unlikely to capture usual intakes, as
participants may change their diet because they are being
observed. Such methods are also simply not practical in large
studies.

Lastly, blanket dismissals of self-report methods are of-
ten not accompanied by the offer of suitable alternatives. The
novel methods often suggested as replacements, such as cam-
era or mobile technologies, have not yet been validated, and
will certainly also have errors. Further, the recommendation
that interventions should only assess the effects of prescrib-
ing diets is not a viable strategy in nutritional research, not
only because it is necessary to measure usual diet outside of
intervention studies, but also because adherence can be par-
ticularly problematic in nutritional RCTs, as is discussed later
in this article.

In conclusion, all diet assessment methods (e.g., 24-h re-
calls, food records, FFQs, biomarkers, smart-phone apps)
have their own strengths and weaknesses, and when applied
in appropriate contexts, which leverage their strengths and
account for the weaknesses (8), they can yield useful data on
the diets of free-living human populations.

Myth 2: most nutritional exposures have tiny effect sizes
Another commonly held myth in nutrition research is that
nutritional risk factors typically have tiny effect sizes, rang-
ing from 0.95 to 1.05, making it difficult for observational
research to detect them with any certainty. However, the mag-
nitude of effect depends on the unit of analysis for the ex-
posure or the contrast between groups (26-29) (Figure 1).
For instance, in a recent meta-analysis of prospective co-
hort studies (26), each incremental serving per day of fruit
and vegetable consumption was associated with a 5% lower
hazard of all-cause mortality (HR: 0.95; 95% CI: 0.92, 0.98).
However, when the unit of consumption is increased to 5
servings/d, the amount usually recommended by dietary
guidelines (30, 31), the effect size increased to a 26% lower
hazard risk of all-cause mortality compared with <1 serv-
ing/d (HR: 0.74; 95% CI: 0.66, 0.82). The magnitude of ef-
fect also depends on the nutritional status of the underly-
ing study population. For instance, sugar-sweetened beverage
(SSB) intake is more strongly associated with weight change
in overweight or obese individuals (32). Thus, if the associa-
tion is measured in a population with a higher prevalence of
overweight and obesity, the effect size will be larger than if it
is measured in a lean population. Similarly, folate intake—
maternal deficiency of which is an established dietary risk
factor for neural tube defects in the offspring (33)—is un-
likely to be strongly associated with neural tube defect risk
in the United States, now that food products have been forti-
fied with folic acid to reduce this risk (33).

Additionally, it is essential not to confuse small but true
effect sizes with null findings, and null findings are just as
important to document as real effects. This is exemplified
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Passive smoking
CHD (exposed vs. unexposed)
Lung Cancer (ever vs. never)

Obesity
CVD (obese vs. normal weight, in women)
Colorectal Cancer (obese vs. normal weight)

Dietary exposure — Whole Grains
CVD Mortality (high vs. low intake)
Colorectal Cancer (high vs. low intake)

Unit of dietary exposure can change magnitude of association

Fruit & Vegetable intake with All-Cause Mortality
Per 1 serving/day
5 servings/day vs. <1 serving/day

Nut intake with CVD Mortality
Per 1 serving/week
Per 1 serving/day

Mediterranean Diet with CVD
Per 2-point increase
Comparing extreme quintiles

FIGURE 1
disease; CVD, cardiovascular disease.

by the example of total fat; avoidance was recommended
in the 1980s owing to its presumed detrimental effects on
cancer and coronary heart disease (CHD) risk (34). It was
observational cohort studies that first documented null
associations of total fat intake with breast cancer and CHD,
questioning this recommendation (35, 36). Today, with evi-
dence from both observational and experimental studies, we
know that it is the type of fat consumed, not total fat intake,
that is most strongly predictive of cardiovascular risk (37, 38).
Similarly, meta-analyses of prospective cohorts have shown
that egg consumption (<1 egg/d) is not associated with in-
creased risk of CHD or stroke in the general population (39,
40). In light of these null findings, the most recent (2015-
2020) Dietary Guidelines for Americans (DGA) have re-
moved the previously recommended restrictions on total fat
intake (31).

It is often argued that observational studies are only use-
ful for ascertaining effects of high magnitude, such as those
of smoking on lung cancer (RR = 10), and that smaller ef-
fect sizes can only be validly assessed using randomized study
designs. However, some effects that are much lower in mag-
nitude, such as those of passive smoking in relation to heart
disease and lung cancer, as well as obesity in relation to car-
diovascular disease (CVD) and colorectal cancer, have pre-
viously been established as valid and conclusive using ob-
servational evidence (41-46) (Figure 1). These magnitudes
of effect are comparable to, or even weaker than, many diet-
disease associations that have also been documented through
observational research. They can, however, still be important,
and are similar in magnitude to those of widely used drugs
[e.g., a starting dose of statins (47)].

There is thus no justification to cite small effect sizes
as a basis to dismiss observational research, because the
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Examples of effect estimates from prospective cohort studies. Data from references 26-29 and 41-46. CHD, coronary heart

effect size depends on the exposure contrast, and null find-
ings are important for both etiologic and practical reasons.
It should also be noted that randomized trials can reliably
discern small effect sizes only if they are adequately powered
to do so given predetermined levels of drop out, interven-
tion group-specific adherence, and event rates, and provided
the etiologically relevant exposure contrast is being exam-
ined (48). Many of these factors can be compromised in nu-
tritional RCTs, as discussed below.

Myth 3: observational studies are so confounded that
any results cannot be trusted

Although RCTs of hard endpoints are considered the gold
standard of scientific evidence in medicine (1, 2), they are of-
ten infeasible to carry out for many nutritional questions ow-
ing to practical and ethical considerations (8, 48). Thus, de-
spite the shortcomings, observational research is often better
suited to answer nutritional questions in regard to long-term
health. In particular, when the outcome in question has a long
etiologic period with respect to dietary exposures (i.e., most
hard disease endpoints, such as cancer and heart disease),
and the nutritional comparison of interest would be practi-
cally or ethically infeasible in an interventional setting, ob-
servational studies can be an invaluable resource. Long-term
prospective cohort studies, in particular, are the strongest ob-
servational study design, as their prospective nature makes
them less amenable to several potential biases, such as reverse
causation, recall bias, and selection bias, commonly found in
retrospective or cross-sectional studies (8).

Potential confounding is a major challenge in all types of
observational research, and to account for this, researchers
use subject matter knowledge to identify, measure, and adjust
for all known relevant confounders (8, 49). It is often claimed



that confounding is even more problematic in nutritional epi-
demiology owing to the existence of an intricate network of
correlations between various nutritional exposures and other
lifestyle and environmental factors (3). Correlation, however,
does not necessarily imply confounding. Generally speaking,
in order for a variable to be considered a confounder, it must
be associated with the exposure of interest in the study pop-
ulation and with the outcome of interest among the non-
exposed, and not be caused by either exposure or outcome
(50). Thus, numerous correlations between nutritional expo-
sures and other factors do not automatically imply intractable
confounding of nutrition-disease associations. The magni-
tude of confounding by any variable is further limited by the
strength of the associations of the variable with both the out-
come and the exposure, as well as by the overall prevalence
of the confounding variable in the study population (50, 51).
Thus, although residual or unmeasured confounding cannot
be completely ruled out in observational research, sensitivity
analyses can examine the scenarios under which unknown
confounders might account for some or all of the observed as-
sociation between the nutritional exposure and the outcome
(52). The most complex source of confounding is often other
constituents of the same foods; sometimes we may have more
confidence in conclusions about specific foods or food groups
than in a specific constituent.

In nutritional epidemiologic research, we rely on many
sources of evidence to arrive at informed conclusions about
diet-disease associations. When interpreted together with ex-
isting short-term experimental evidence (e.g., with changes
in blood lipids as the outcome), carefully conducted observa-
tional studies can provide valid and reliable effect estimates
for dietary exposures as they relate to major diseases. In par-
ticular, in scenarios where large-scale, long-term RCTs of in-
cident diseases are infeasible, we use the Bradford Hill crite-
ria (53), namely strength, consistency, temporality, biological
gradient (dose-response), plausibility, coherence, and exper-
imental evidence, to arrive at causal interpretations. When
satisfied, as has been the case for several diet-disease asso-
ciations (54-56), timely policy decisions can be made in the
absence of RCTs of hard endpoints.

Myth 4: findings from observational studies and RCTs
are extremely inconsistent

It is also claimed that there is widespread inconsistency be-
tween findings of observational studies and RCTs in nutri-
tional research (1, 2, 57). However, more often than not, when
RCTs are able to successfully examine diet-disease relations,
their results are remarkably in line with those of prospective
observational studies (28, 29, 32, 37, 38, 58-72) (Table 1).
Within the broader field of health research, several meta-
analyses have confirmed a high level of consistency between
the two categories of study design with respect to several clin-
ical and health care interventions (73-75).

Discrepancies between observational studies and RCTs,
when they exist, do not necessarily imply bias in the ob-
servational studies. Often, the two study designs are an-
swering very different research questions, in different study

populations, and hence cannot arrive at the same conclu-
sions. For instance, in studies of vitamin supplementation,
observational studies and RCTs may examine different doses,
formulations (e.g., natural diet compared with synthetic sup-
plements), durations of intake, timing of intake, and study
populations (e.g., general compared with high-risk popula-
tion), and may differ in focus (e.g., primary compared with
secondary prevention). This was exemplified with respect to
hormone replacement therapy (HRT) and CHD risk, which
has been widely cited as a classic example of discrepancy be-
tween observational and randomized designs (76). When ob-
servational evidence showing a potential beneficial effect of
HRT on CHD risk (77) was contradicted by RCT evidence
from the Women’s Health Initiative (WHI) indicating a po-
tential increase in CHD risk following HRT (78), a com-
mon conclusion was that the former was biased. However,
we now know that these discrepancies were likely because
of differences in the timing of HRT initiation relative to on-
set of menopause. The observational studies predominantly
included younger women who had initiated HRT within 2-
3 y after menopause, while the WHI included older women,
many of whom were started on HRT >10 y after menopause
(79). Thus, it is likely that HRT initiation at a younger age and
soon after menopause is protective of CHD, but initiation at
older ages long after menopause may have harmful effects.
This suggests that each study design reported valid findings,
but for different research questions (76, 80). In addition, ob-
servational studies and the WHI trial were highly consistent
on the relationships between HRT and risk of stroke, pul-
monary embolism, type 2 diabetes, fractures, colorectal can-
cer, and breast cancer (81).

Thus, inconsistencies between observational and ran-
domized study designs are not as widespread as is commonly
believed. When they do exist, it is important to carefully ex-
amine the studies for potential sources of discrepancies, in-
stead of castigating one line of evidence in favor of another.
As we saw in the case of HRT use, careful examination of
both types of studies can offer deep insights into important
research questions which may not otherwise be possible.

Are large RCTs the solution?

Trepanowski and Ioannidis (3) propose that “megatrials”
with long-term follow-up of many thousands of participants,
together with smaller, shorter-term trials answering more fo-
cused questions, should replace almost all observational re-
search to ensure progress in nutritional science. However, as
mentioned at several points earlier in this article, as well as
in several previously published articles (8, 48, 80), large, sim-
ple trials are often not the most appropriate or feasible study
design for nutritional studies. This is because the drug trial
paradigm of pharmaceutical research does not neatly apply to
nutritional research (4, 48). Drug trials usually examine the
effect of a singular chemical compound, often with known
interactions with other drug compounds, on clinical end-
points over short- to medium-term durations in a placebo-
controlled, blinded fashion, and often with high compliance
and retention. The control group in a drug trial typically has
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TABLE 1 Examples of effect estimates from prospective cohort studies and RCTs that examine similar diet-disease associations'

Dietary exposure (refs)

Health outcome

Prospective cohort
effect estimate (95% Cl)

RCT effect estimate (95% Cl)

Total fat (58, 59)

Total fat (60, 61)

Saturated fat (mostly in place of
carbohydrate intake) (62, 63)

Replacing saturated fat with
polyunsaturated fat (37, 38)

Mediterranean diet (28, 29)

Mediterranean diet (64, 65)

Potassium (66, 67)

Dietary Fiber (68-70)

Breast cancer
CHD
CHD
CHD
CvD
T2D

Hypertension

SBP, mm Hg
DBP, mm Hg
Hypertension
SBP. mm Hg

DBP, mm Hg

0.97 (0.92,1.03)%3

(bottom vs. top categories)
0.96 (0.91,1.02)%3

(bottom vs. top categories)

0.93 (0.84, 1.04)23 (bottom vs. top

categories)

0.87 (0.77,0.97)* (per 5% of energy

replacement)
061 (049, 0.76)*

(top vs. bottom categories)
0.80 (0.68,0.93)

(top vs. bottom categories)
0.83(0.73,0.95)>4

(top vs. bottom categories of

urinary K excretion)

0.68 (0.51,0.92)>4

(top vs. bottom categories)
—1.09 (—1.66, —0.52)*

(>25g/d vs. <10 g/d)
—1.11 (=150, —=0.72)*

(>25g/d vs. <10 g/d)
0.22 (0.09, 0.34)2

(per serving per day increase)
0.06 (0.02,0.10)%

(per serving per day increase)

0.91(0.83,1.01)*

(low fat vs. control diet)
0.97 (0.90, 1.06)*

(low fat vs. control diet)
0.87 (0.74,1.03)

(low fat vs. control diet)
0.81(0.70,0.95)% (PUFA replacing SFA

vs. control diet)
0.64(0.53,0.79)

(Mediterranean vs. control diet)
0.70 (0.54, 0.92)*

(Mediterranean vs. control diet)

—6.22 (—8.82, —3.93)?
(potassium vs. control)

—347(=5.22,—1.73)?
(potassium vs. control)

—1.13 (=249, 023)

(fiber supplementation vs. control)
—1.26 (—2.04, —0.48)°

(fiber supplementation vs. control)
0.85 (0.50, 1.20)?

(increasing SSB vs. control)
—0.17 (=039, 0.05)°

(reducing SSB vs. control)

0.85 (0.73-0.98)* —

(top vs. bottom categories)

SSBs (32) Weight (adults), kg
BMI (children), kg/m?
DASH (71,72) Hypertension
SBP, mm Hg
DBP, mm Hg

— —6.74 (—8.25, —5.23)?
(DASH vs. control diet)

— —3.54 (—4.29, —2.79)°
(DASH vs. control diet)

'CHD, coronary heart disease; CVD, cardiovascular disease; DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic blood pressure; RCT, randomized controlled trial; refs,
references; SBP, systolic blood pressure; SSB, sugar-sweetened beverage; T2D, type 2 diabetes.

2 Meta-analysis.
3 RRinverted for ease of interpretation.
4Single study.

zero exposure, whereas this would not be true in nutrition
trials. Nutritional research examines the effect of a complex,
dynamic, interacting set of exposures—the human diet—on
disease endpoints over several years and even decades. Di-
etary intervention studies thus often contend with consider-
able noncompliance and drop out (8, 48, 80). Although unbi-
ased at baseline, bias can be introduced in RCTs after baseline
through differential drop-out or extreme crossover of partici-
pants across intervention and control groups (8, 48, 80). Non-
compliance can be especially problematic, given that blind-
ing of study participants to study arms is usually impossi-
ble in nutritional RCTs (except in nutrient supplementation
trials) (8, 48, 80). Deciding on the appropriate comparison
group is also difficult, as a placebo arm is rarely relevant,
diet-disease associations are frequently nonlinear, and ethi-
cal considerations often make most control arms infeasible
(8, 48, 80).
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Ceasing observational nutritional research ignores all of
the groundwork laid by such studies based on which well-
designed trials have been conducted to answer key ques-
tions. Discerning the most important nutritional questions
to do trials on requires strong observational evidence, high-
lighting the etiologically relevant periods during which spec-
ified ranges of exposure contrasts might influence disease
pathology. Without this information, large RCTs might end
up wasting valuable resources and decades of research to ef-
fectively answer the “wrong” question (48). Further, slight
changes in these aspects of the research question can mean-
ingfully change conclusions, as was exemplified in the case of
HRT use and CHD risk discussed above.

Referring to a nutritional example, the inverse asso-
ciations of antioxidants (e.g., carotenoids and vitamin E)
with cancer risk found in observational studies (82, 83)
were supposedly later contradicted by RCT evidence that



showed a trend toward increased risk for certain cancers with
antioxidant supplementation, especially in high-risk popula-
tions (84, 85). However, a key difference between these stud-
ies might explain these results—in the observational studies,
the exposure contrast was within the normal range of intake,
while in the RCTs, much higher doses were compared with
placebos. Thus, it is possible that, compared with deficient
intake, normal levels of antioxidants prevent development of
cancer, but excessively high intakes are actually detrimental
relative to normal intake, especially in populations already at
high risk of developing cancer.

Folate supplementation and CVD provides yet an-
other informative example. Observational (and physio-
logic) studies showed a link between low folate and
risk of CVD (86). Randomized trials in folate-replete
populations were null, leading some observers to claim
that observational studies were wrong again (87). How-
ever, a recent trial in a folate-deficient population in
China demonstrated reductions in stroke incidence (88),
reconciling the apparent discrepancies and underscor-
ing the need to scrutinize the population characteristics.
Additionally, it would be difficult for a large trial to exam-
ine associations with mortality in the general population be-
cause, if there is evidence of benefit with respect to intermedi-
ate disease incidence, the trial would have to be stopped early,
before sufficient numbers of deaths may have occurred.

A related problem stemming from large RCTs is obsoles-
cence. It is proposed that major questions to be tested us-
ing RCTs should be evaluated for potential for obsolescence.
However, this would be difficult to do given that informa-
tion pertaining to this would, more often than not, only be
available after the trial had been initiated; it would be nearly
impossible to do without observational research. RCTs, with
their intervention groups set at baseline, do not have the kind
of flexibility that observational studies have built into their
design (48). Long-term prospective cohorts can easily adapt
to new information in repeated diet assessments, thereby re-
maining relevant. This is particularly true of a dynamic ex-
posure such as the human diet, which is constantly evolving
over time and across populations.

Another problem is that in long-term dietary interven-
tion trials, compliance usually diminishes over time, ulti-
mately resulting in little or no exposure contrast. This is
exemplified by the WHI Trial (61, 89) and Multiple Risk Fac-
tor Intervention Trial (90), large RCTs with long follow-up,
both of which were largely uninformative regarding the ques-
tions they set out to examine owing to inadequate compliance
to complex lifestyle interventions (91). In fact, because of
these limitations, RCTs were also unable to confirm the long-
term deleterious effects of smoking on mortality (92), one of
the strongest and most consistent findings in observational
epidemiology, and on which both the 1964 Surgeon Gen-
eral’s Report on Smoking and Health (93) and many decades
of anti-tobacco legislation are based. Lastly, even for phar-
maceutical exposures, which tend to be more amenable to
randomization than to nutritional exposures, observational
designs are often needed where RCTs are not feasible, for

instance, to detect adverse events following post-marketing
drug use (94, 95).

Contributions of nutritional epidemiology to policies
and recommendations

Nutritional research is criticized for an overreliance on ob-
servational research, which has supposedly contributed to
profound confusion and controversy in nutritional research,
with little progress in understanding what constitutes a
healthy diet or in stemming disease burden. On the con-
trary, prospective studies of diet and health outcomes have
been remarkably consistent (6, 96-98). Further, calibrating
evidence from across observational and short-term experi-
mental studies, there is actually considerable scientific con-
sensus today among nutritional researchers and practition-
ers about basic elements of a healthy diet (99). These in-
clude higher consumption of fruits, vegetables, whole grains,
legumes, nuts, low- or nonfat dairy, and seafood; moderate
consumption of alcohol; and lower consumption of red and
processed meat, sugar-sweetened foods and drinks, and re-
fined grains. These dietary patterns were recently included in
the recommendations of the 2015-2020 DGA (31), and this
conclusion was also supported by the consensus statement
released by a group of nutrition and food systems experts at
the Oldways Finding Common Ground conference in 2015
(100).

Nutritional research has also influenced policy applica-
tions in the real world, resulting in improved dietary qual-
ity and lowered disease burden in the US population. For
instance, based on observational and experimental evidence
from nutritional studies which showed detrimental effects
of trans fats on lipids and CHD risk (56, 101), countries all
over the world have banned or indirectly limited trans fats
in their food supply systems (102, 103). Similarly, follow-
ing from strong observational and RCT evidence confirm-
ing an increased risk of obesity, diabetes, and CVD associ-
ated with higher SSB consumption (17, 32, 104), several parts
of the United States removed SSBs from schools and banned
their sale in public buildings (105, 106). Mexico instituted a
1 peso/L excise tax on SSBs, which resulted in decreased SSB
purchases (107). The extensive review by the 2015 Dietary
Guidelines Advisory Committee supported the conclusion
that consumption of SSBs and other sweetened foods is as-
sociated with increased risk of several diseases (99), resulting
in the concomitant 2015-2020 DGA (31), including a new
recommendation suggesting limiting added sugar consump-
tion to <10% of the calories consumed per day. This recom-
mendation has bolstered the proposed change to the nutri-
tion facts panel by the FDA to display the total amount of
added sugar in food products (108).

Dietary quality has improved as a result of these policy
initiatives. In an analysis of repeated cross-sectional dietary
data from the nationally representative NHANES, we found
steady improvement in dietary quality since 2000, primarily
because of reductions in SSB consumption, and almost com-
plete elimination of trans fats in the US diet (109). These
improvements are estimated to have prevented >1 million
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premature deaths and reduced the number of incident cases
of diabetes by 12.6% and of CVD by 8.6% (110). This is in
line with the reduction in incident diabetes cases recently
reported by the CDC (111), as well as a recent investigation
which found significant reductions in hospital admissions for
myocardial infarction and stroke in New York counties which
had introduced trans fat bans relative to those that had not
(112).

Thus, there has been a confluence of evidence, both obser-
vational and experimental, on the key attributes of a healthy
diet, resulting in tangible policy applications and a quantifi-
able public health impact in the direction of improved health
and well-being.

Discussion

Human diet is a multidimensional and time-varying ex-
posure that has behavioral, psychological, social, and cul-
tural components and is set within the larger food envi-
ronment, which is influenced by macro-level sociopolitical
and economic factors. We need to be cognizant of this
complexity, and appreciate the inadequacy of a single type
of study design or diet assessment technique in captur-
ing dietary effects in their entirety. Observational stud-
ies and self-report diet assessment methods do have lim-
itations, and it is crucial that we remain aware of them
while continuing to improve study and diet assessment
methodologies, reduce measurement errors and minimize
their effects, and leverage new technologies. However, these
limitations are not a justification for dismissing an entire
body of research as inherently and insurmountably flawed.
RCTs and objective diet assessment methods come with their
own limitations, and if these are downplayed as being of
no serious concern, it can lead to misleading conclusions.
More funding for well-designed RCTs will indeed bolster the
field, but RCTs are not a panacea in nutrition research (48).
We need multiple lines of evidence, including carefully con-
ducted prospective cohort studies with repeated measures,
to further progress nutritional research. Additionally, while
there have been tremendous advances in omics technologies,
which have the potential to answer important nutritional
questions, we need to manage the unrealistically high expec-
tations from precision nutrition, and integrate it with public
health nutrition and global nutrition to have maximum pub-
lic health impact (113).

By adopting a multitude of designs, approaches, and mea-
surement techniques with complementary sets of strengths
and weaknesses, we have been able to triangulate what consti-
tutes a healthy diet, influence policy changes, and reduce dis-
ease burden. However, we still face important public health
challenges, including an inequitable distribution of the bur-
den of chronic diseases (114, 115), a wide and ever-increasing
socioeconomic gap in diet quality (109), a double burden
of overnutrition and undernutrition that is still common in
many parts of the world (116), and a large and unsustainable
impact of the food system on the environment (117). Nu-
trition research needs to continue playing a leading role in
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addressing these challenges, with the goal of ensuring a
healthful and sustainable future for all.
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