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he high prevalence and severe consequences of overweight and obesity are now well established. The less wellunderstood issue is what is driving this energy imbalance. Though some have argued decreased physical activity
is largely responsible, findings from the gold standard method to measure energy expenditure—doubly-labeled
water—clearly indicate this is not the case. There has been no substantive change of energy expenditure over the past
forty years, and absolute expenditure matches predictions based on cross-species analyses.1 The decreased expenditure
due to lower physical activity is offset by the increased energy required to support the increasing fat mass. Thus,
attention is focused on energy intake. Intake is determined by how much energy is consumed in each eating event
and how frequently eating occurs. Theoretically, there is reciprocity between the two actions so that it is possible
to eat large portions infrequently or small portions frequently, and maintain body weight equally well under each
scenario. However, the rising prevalence of overweight/obesity documents that such reciprocity is not precise. Much
attention has centered on increasing portion sizes and insensitivity and/or disregard for physiological cues to moderate
intake. Considerable evidence supports this view. However, the role of increased eating frequency has not received
comparable consideration and may be the larger problem.2 Snacking is not synonymous with eating frequency as meals
may be skipped, but it is a very close proxy. This review will focus on the health effects of snacking.
The first issue related to the study of snacking is to define the term. This has proven to be highly problematic.
Common definitions are based on when an eating event occurs (eg, mid-morning, mid-afternoon, evening), type of
food consumed (eg, salty and sweet single-serve convenience items), energy content (eg, researcher defined-fixed
amount, less than a meal), some combination of these, or consumer defined (eg, consumer identifies an eating event
as a “snack”). The latter is used most commonly in epidemiological studies. No definition is both tightly defined and
ecologically valid. Snacks can provide more energy than meals (also not well defined), occur at any time of day and at
any interval relative to “meals,” and may be comprised of any type of food. So, clinical interventionists tend to define
snacks by energy content and timing of consumption with known questionable ecological validity while epidemiologists
base decisions on consumer self-report, with poor precision as a consequence. Nevertheless, there is unequivocal
evidence that by any definition, the prevalence of snack and eating frequency has been increasing. It is now estimated
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Given this high contribution of energy, it would be expected that snacking would be clearly associated with weight
gain and overweight/obesity. There are data demonstrating this,4 but NHANES data are equivocal. How can this be
reconciled? Under-reporting is a well-known shortcoming of collecting dietary intake data in free-living individuals.
In NHANES data, the lack of association between snacking and body weight reported with the full sample shifts to a
strong positive association when implausible reporters are excluded.5 This holds for males and females across the life
cycle. The clinical trials are similarly not straight-forward. However, in a recent narrative review, it was noted that in
16 of the 18 published clinical trials, the study duration was less than or equal to only 8 weeks.6 This is an inadequate
timeframe to measure body weight as an outcome. Additionally, in randomized clinical trials exploring the association
between eating frequency and appetite, none had a sample size greater than 20 and for 9/12 trials, the duration
was less than one day.6 For an outcome of known high variability (appetite), this again is an inadequate basis to draw
conclusions. So, in summary, the epidemiologic evidence supports an association between eating frequency and
body weight when plausible reports are assessed and the clinical literature is not sufficiently robust to evaluate this
association.
A full understanding of the contribution of snacking to health requires identification of mechanisms that could account
for such a relationship. A large number of options have been tested. First, it is uncontested that the food industry has
made the food supply highly palatable, convenient, reasonably priced and readily available. Moreover, social norms
have shifted making it acceptable to eat in diverse locations and at almost any time of day. Thus, snacking has been
enabled. Second, snacks may paradoxically augment hunger. Eating small amounts in the absence of hunger can
increase the conscious desire to eat for any number of reasons (eg, boredom, sensory stimulation) and the generally
smaller energy load of snacks fails to exert a strong effect on hunger. Third, the timing of snacks leads to short-term
shifts in appetite that are no longer relevant when planned eating events occur.7 Thus, snacks tend to add to the
energy content of the diet rather than displace other energy sources (eg, smaller meals). Fourth, it is possible that
by increasing eating frequency through snacking, the normal endocrine signaling systems that modulate intake are
desensitized.8 That is, they fail to show clear increases and decreases and this flux may be the functional dimension of
the signaling system. Some have argued that snacking later in the evening is especially problematic for weight gain,
but this has not proven robust. If this were the case, one might expect European nations with a cuisine that entails
late night eating (eg, Spain) should have the highest prevalence of overweight/obesity, but this is not the case.9 Fifth,
though the literature is mixed, multiple trials have demonstrated that eating fewer times per day is associated with
reduced postprandial thermogenesis (energy dissipation as heat). Thus, more energy is available for storage. This is
especially true with irregular eating patterns.10
Snacks do not necessarily result in positive energy balance and weight gain. Some are energy neutral. Nuts are a good
example. Because they are highly satiating, their energy is not efficiently extracted and they may lead to elevated
energy expenditure when consumed chronically. The literature shows nuts can be incorporated in a healthful diet
without posing a risk for weight gain.11 Other foods may behave similarly, but this must be documented.
Having argued snacks pose a threat for weight gain and increased health risk, it should be acknowledged that subgroups of the population (eg, patients with cancer, some elderly) would benefit from this outcome. For these
individuals, snacks comprised largely of beverages are likely to be the most effective and they lead to the weakest
compensatory response. High protein foods may hold some greater satiety value than the other macronutrients, but
the differences between them are small and of short duration.
The issue of snacking and energy balance aside, snacks may present opportunities to improve nutrient intake and
overall health. The nutrient density and effects on other outcomes such as postprandial glycemia or lipemia should be
evaluated before judging the impact of snacks on health.
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