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Observations that mistimed food intake may have adverse metabolic health effects have generated interest in personalizing food timing
recommendations in interventional studies and public health strategies for the purpose of disease prevention and improving overall health. Small,
controlled, and short-termed intervention studies suggest that food timing may be modified as it is presumed to be primarily regulated by choice.
Identifying and evaluating social and biological factors that explain variability in food timing may determine whether changes in food timing in
uncontrolled, free-living environments are sustainable in the long term, and may facilitate design of successful food timing-based interventions.
Based on a comprehensive literature search, we summarize 7) cultural and environmental factors; 2) behavioral and personal preference factors; and
3) physiological factors that influence the time when people consume foods. Furthermore, we 1) highlight vulnerable populations who have been
identified in experimental and epidemiological studies to be at risk of mistimed food intake and thus necessitating intervention; 2) identify currently
used food timing assessment tools and their limitations; and 3) indicate other important considerations for the design of food timing interventions
based on successful strategies that address timing of other lifestyle behaviors. Conclusions drawn from this overview may help design practical
food timing interventions, develop feasible public health programs, and establish guidelines for effective lifestyle recommendations for prevention
and treatment of adverse health outcomes attributed to mistimed food intake. Adv Nutr 2019;10:606-620.
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Introduction exposure increases body weight by shifting food timing
(4), and that shifting food intake to the active phase
prevents weight increase and reverts metabolic and rhythmic
disturbances induced by shift work (5), highlighting the
importance of appropriately timed food intake in animals.
Consistent with those findings, in humans, we observed
that the efficacy of a dietary weight-loss intervention was
greater among participants who ate an earlier (before 1500)
lunch, the main meal of the day in this Mediterranean
population, than in those who ate a late lunch (after 1500)
(6). These findings have been corroborated in bariatric

Food timing is an important aspect of nutrition causally
related to adverse metabolic outcomes

The timing of food intake is an emerging aspect of nutrition
with increasing interest because of its influence on metabolic
health (1, 2). Rodent studies have demonstrated that a high-
fat diet consumed during the rest phase (light phase in
nocturnal rodents) results in greater weight gain than when
consumed during the active phase (3), that nocturnal light
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surgery weight-loss interventions, whereby after 6 y of
follow-up, the proportion of poor weight-loss responders was
approximately double that of good weight-loss responders
among patients eating lunch late (7). Additional adverse
links between late eating and overall health including higher
obesity and glucose intolerance in humans were detected
in other observational studies (8, 9), highly controlled in-
laboratory experiments (10, 11), and interventional studies
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(12, 13). Collectively, these studies support the notion that
when we eat is relevant for energy balance (14), metabolism,
and overall health (1).

Several plausible biological mechanisms have been de-
scribed to explain the causal relations between late food tim-
ing and adverse cardiometabolic health, including changes
in basal energy expenditure, diet-induced thermogenesis,
glucose metabolism, wrist body temperature pattern, food
intake concurrent with elevated melatonin signaling, and
phase shifts of peripheral clocks including those in adipose
tissue (1, 10, 11, 15-18) In a randomized, crossover trial,
later food intake of the same meals was observed to induce
several metabolic alterations including decreased energy
expenditure, impaired glucose tolerance, and changes in the
daily rhythms of cortisol, body temperature, and microbiota
(19), similar to changes observed in obese and elderly women
(20). In addition, mistimed food intake leads to increased
peripheral inflammation in animals (21) and mistimed food
and sleep leads to changes in blood pressure, inflammatory
markers, and plasma proteins in humans (22-25). Food
intake is also an external synchronizer of the endogenous
biological clock, particularly peripheral clocks of tissues or
organs related to metabolism, such as liver, gut, or adipose
tissue (26). Accordingly, the timing of meals have been
observed to synchronize, that is, entrain, the peripheral
circadian rhythms in humans, but not the central clock
(16). These recent human findings extend animal findings
demonstrating that food can entrain peripheral tissues, such
as the liver, heart, and pancreas, independent of the central
clock (27-29). Conflicting timing between the central and
peripheral clocks can lead to internal desynchrony, a state
where clocks throughout the body are out of sync (30).

Although the described factors may explain the con-
nections between food timing and cardiometabolic health,
it remains unclear whether these metabolic alterations,
particularly those detected in uncontrolled observational
studies, are solely a result of changes in food timing or
may further be attributed to other changes in dietary
patterns including changes in total energy intake, energy
and macronutrients intake distribution across the day, fasting
duration, or food frequency, or to changes in timing of
sleep. It has been shown that a low-energy breakfast and
a high-energy dinner are associated with difficulties in
weight loss and impaired glucose metabolism, consistent
with those observed for late eating (9). Changes in meal
timing can also affect the frequency of meals and higher
meal frequency may lead to higher total energy intake
(31). On the other hand, food timing may also influence
sleep characteristics subsequently affecting metabolism (32).
Thus, highly controlled intervention studies that allow the
separation of these correlated factors are warranted to
delineate the factor of most importance.

Food timing varies within and between populations
and may be modified

The compelling literature indicating that mistimed food
intake causes adverse health effects has generated interest

in personalizing food timing as a novel avenue to prevent
diseases and improve health. Food timing recommendations
are particularly relevant considering that the timing of
food intake is a behavior that exhibits variation within and
between populations, and within and between individuals
(shown in Figure 1), and that current dietary guidelines
lack explicit guidance on food timing (33). For example, in
the United States, a large cluster analysis from NHANES
from 1999 to 2004 including 7565 participants with one
24-h dietary recall indicated distinct temporal dietary pat-
terns (34). The largest cluster reflected a 3-main-meal pat-
tern, whereas the remaining clusters reflected greater intake
either early or later in the day. Interestingly, the 3-main-meal
pattern exhibited a higher quality diet, meanwhile, the cluster
that reflected small, frequently peaked temporal dietary
pattern, including frequent consumption at midnight, was
associated with the lowest quality diet (35). The observed
variability in food timing demonstrates that even within
homogenous cultures, there may exist social and biological
factors that influence when people eat (36). Furthermore,
in a small cohort of young healthy volunteers, analysis of
food timing with mobile technology indicated some irregular
eating patterns across multiple days (37), indicating day-to-
day variability in eating patterns.

Food timing is suspected to be modifiable as it is presumed
to be regulated by an individual’s choice (20, 30). Small,
controlled, short-term intervention studies indicate that food
timing is indeed modifiable (15, 38). However, it is unknown
whether these changes are sustainable in uncontrolled,
free-living environments. Understanding both social and
biological factors that explain variability in food timing will
enable design of successful food timing-based interventions.
Thus, in the present review, we provide an overview of
currently known factors influencing at what time people
consume foods, and summarize barriers for modifying food
times. Conclusions drawn from this overview may help us
design practical food timing interventions, develop feasi-
ble public health programs, and propose effective lifestyle
recommendations for prevention and treatment of adverse
health outcomes attributed to mistimed food, including
obesity and metabolic diseases.

Determinants of Food Timing

We conducted a comprehensive PubMed search for literature
on factors that influence timing of food intake. Our search
strategy combined terms for food timing (e.g., “food timing,”
“timing of food intake”). Because our strategy was focused
on determinants rather than health consequences of food
timing, manuscripts were included only if food timing was
an outcome. Both epidemiological studies in free-living
conditions and studies in controlled laboratory settings were
included. Studies in children (aged <18 y) were excluded. We
also cross-referenced recovered studies and relevant reviews
to identify additional studies. Identified published studies for
food timing determinants were categorized into 3 general
categories: 1) cultural and environmental, 2) behavioral
and personal preference, and 3) physiological (Figure 1).
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FIGURE 1 Determinants of food timing.

Studies included cross-sectional and longitudinal analyses of
population-based cohort studies and experimental human
studies.

Cultural and environmental

Tradition, religion, and history.

Tradition and religion have played a major role in shaping
when people eat. For example, over 2500 y of Traditional
Chinese Medicine practice has led to the belief that the opti-
mum time for carbohydrate-rich meals is between the hours
of 0700 and 1100, whereas smaller meals are best later in the
day as the body transitions from an active phase (“yang”)
to a resting phase (“yin”) (39). This practice stemmed from
the belief that energy-dense meals in the evening may be
disruptive to sleep and various body functions. During the
Islamic fasting month of Ramadan, food timing is restricted
to the hours between dawn and sunset as Muslims refrain
from drinking and eating during the daytime hours for a
1-mo period, and the fasting period may be as long as 18 h/d
in the summer of temperate regions (40).

Although certain beliefs and traditions have kept food
timing constant in certain parts of the world, food timing,
overall, has slowly shifted over the years as a result of
changing social classes, political and economic climate,
and because of technological advancements, particularly the
invention of artificial lighting (41). For example, dinner
in medieval England, the primary meal of the day, was
consumed in the middle of the day around noon or 1300
(41), whereas supper, a smaller meal, was consumed closer
to sunset (between 1600 and 1800). More widespread use of
artificial lighting (i.e., oil lamps) caused all human activities
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to shift towards later times, including dinner, which was
pushed towards 1600 and 1700 in the late 18th century. Lunch
was later introduced as a consequence of extended fasting
periods between breakfast and dinner. During the Industrial
Revolution, later dinner times were also necessary among
middle-class and lower-class men who were bounded by
work. For working men, lunch constituted a quick meal at
noon, splitting the work day in half (41). These shifts quickly
spread through mainland Europe, including France in the
1800s, and later the United States in the 1900s. Countries
that have been less impacted by the Industrial Revolution
continue to have large midday meals, that is, modern lunch,
including Spain and Italy. Other world events played a role in
establishing meal times, including World War I when Spain’s
General Francisco Franco decided in 1940 to advance Spain’s
clocks ahead by 1 h to align with Nazi Germany (42). Because
the timing of behaviors remained constant, Spain is notable
for its late lunches (~1500) and dinners (~2200).

Indeed, marked differences in meal timing, caloric
distribution, and snacking behaviors are observed across
Mediterranean and central/northern European countries
(43). An analysis of 36,020 respondents aged 35-74 y
spanning 10 European countries indicated a trend for
fewer eating occasions in Mediterranean countries than in
central/northern European countries (43). In addition, lunch
provided ~40% of daily energy intake in Mediterranean
countries, but only ~20% in central/northern European
countries. Furthermore, a general south-north gradient was
found for daily energy intake from snacks, with ~15% of
energy intake from snacks in Mediterranean countries but
~25-30% in central/northern European countries. Other
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studies including 2600 elderly participants from 12 European
countries assessed in 1988-1989 also corroborated the
negative relation found between energy intake at the midday
meal and geographical latitude in Europe (44). In addition, a
higher frequency of intake was observed in northern/central
Europe, with participants in the United Kingdom and the
Netherlands having a mean of 6-7 eating occasions/d, but 5
eating occasions in other European countries (43). Another
analysis including 559 men and women aged 44-65 y from
5 European countries extended the previously mentioned
snacking findings and further indicated that mean overnight
fasting was shortest in the Netherlands (9.2 h) and longest
in the Czech Republic (10.9 h) (45). Lastly, in the 10 y
from mid-1990 to 2007-2008, meal patterns did not change
substantially in France, Norway, and the Netherlands.

In the United States, analyses from NHANES indicated
that dinner and after-dinner snacks were the largest contrib-
utor of calories and provide nearly 45% of total energy (46).
Over a 40-y period from 1971-1974 to 2007-2010, the timing
of breakfast and lunch were generally delayed, whereas the
timing of dinner remained stable (46). In the most recent
analysis from NHANES including 15,341 adults from the
2009-2014 NHANES cycle, the average dinnertime was
1824, and the average time of the last eating episode was 2018.
Furthermore, duration of the ingestive period was estimated
at 12.6 h in men and 12.0 h in women, and main meals were
estimated to provide 77.7% of total energy intake with the rest
consumed as snacks (47).

Work schedule and day of the week.

Weekday-weekend variability in food timing is suspected to
be a result of the influence of the workplace and weekend
social obligations. An analysis of the Nationwide Food
Consumption Survey conducted by the USDA in 1977-
1978, including 13,215 adults aged 23-74 y observed that
the numbers of meals and snacks reported on weekends
were significantly lower than those reported on weekdays
(48). Whereas no differences were observed between week-
day and weekend morning meals among adults aged 23—
64 vy, the percentages eating midday or evening meals
were lower on weekends than on weekdays. More recently
from the NHANES 2003-2012 cycles, an analysis of 11,646
adults aged >18 y indicated that weekend consumption,
particularly Saturdays, was associated with overall increased
calorie intake and poorer diet quality (49). Furthermore, and
consistent with the earlier Nationwide Food Consumption
Survey, fewer meals and snacks were consumed on weekends
than on weekdays. However, total energy, fat, and protein
consumed was greater on weekends. In addition, there was
a general shift from evening main meals on weekdays to
earlier midday main meals on weekends in both adults and
younger adults. Indeed, fewer respondents reported their
most energy-dense meal in the evening on weekends than on
weekdays (49). Interestingly, weekend-weekday differences
in intakes are consistent between employed and unemployed
participants, suggesting that in addition to the workplace,
other cultural and social expectations influence intakes. This

is supported by a lack of weekday-weekend variation in
dietary intakes in a study of rural populations in Nepal, where
human activities did not vary by the day of the week (50).

Smaller studies in the United States further support a
trend towards later morning meals, earlier evening meals,
and less frequent but larger eating episodes on weekends
compared to weekdays (51, 52). For example, a study in
the United States, which used a smartphone application to
estimate food timing, observed that while breakfast was
generally delayed ~1 h on weekends (1026) compared with
weekdays (0921), the mean last caloric intake time was
more commonly advanced (37). Other weekday-weekend
differences were observed in Germany (53), with a lower
number of eating episodes on weekends (similar to the
United States) consisting of fewer mid-morning eating
episodes but more common afternoon eating episodes. Shifts
in food timing based on day of the week (i.e., work day
compared with nonwork day) contribute to nutritional jetlag
and may result in metabolic burden (54).

A growing working population relevant for food timing
is nightshift workers, who comprise 14% of the workforce
and eat during the biological night (55). A systematic
review and meta-analysis did not identify differences in total
energy intake between dayshift and nightshift schedules,
so other factors, particularly food timing, are suspected to
explain the higher prevalence of obesity and cardiometabolic
diseases among nightshift workers (56). The hypothesized
shift towards later food timing is supported by analyses
from NHANES, which indicated more prevalent late-night
eating (35) and breakfast skipping (57) among nightshift
workers. A small study comparing the eating patterns of
9 nightshift nurses to 8 dayshift nurses observed that on work
days, dayshift nurses consumed most of their calories during
the day (0900-2100), whereas nightshift nurses redistributed
their food intake to the nighttime (58). Eating patterns were
similar on nonwork days between these groups. In addition,
no differences were observed in total energy intake between
the 2 groups, and consistent with earlier findings, both groups
exhibited higher overall caloric intake on nonwork days
than on work days. Other studies have also observed that
nightshift workers tend to increase their meal frequencies
and snack intake at night, yet these findings appear to vary
by occupation [as reviewed in (59)].

Socioeconomic status.

Throughout history, social class has impacted the timing
of food intake. Middle-class tradesmen and merchants, for
example, had to eat meals later in the day as they were bound
by work (41). Americans with lower income, an indicator of
socioeconomic status (SES), were more likely to be breakfast
skippers (57) and in cycles of NHANES before the 2003-2008
cycle, have been consistently correlated with less frequent
eating occasions (60). It remains unclear whether breakfast
skipping and infrequent intake contribute to later eating,
and whether these links may be a consequence of work
obligations, so further studies should consider living farther
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away from home, or other time constraints, and any relation
between SES and food timing.

Behavioral and personal preference

Diurnal energy intake distribution.

It has long been suspected that there exists linkage across
meals, whereby the content and timing from 1 meal
influences the content and timing of subsequent meals
(61). Indeed, an analysis from NHANES indicated that
on days when breakfast was consumed, lunch, but not
dinner, was less commonly consumed (68% compared with
80% lunch consumed) and snacks provided less energy
(47). Furthermore, on days when breakfast was consumed,
lunch had a 30% lower energy content and was consumed
over 35 min later. In the Health Professionals Follow-Up
Study, compared to breakfast consumers, breakfast skippers
tended to eat before lunch and eat after dinner (62). These
findings suggest a general shift towards later food times
when breakfast is skipped, and provide further evidence
that food intake in the morning is particularly satiating
(63). In addition, an analysis in 1993 encompassing 8 towns
across Europe indicated that the percentage of energy intake
at the midday meal was negatively correlated with energy
intake from snacks (44), supporting that meals may attenuate
snacking habits or vice versa.

Sports, caffeine, alcohol, and weight-loss diets.

To optimize performance and recovery, the timing of nutrient
consumption relative to resistance and endurance training
has been an area of major focus. A position paper by the
International Society of Sports Nutrition has summarized
the importance of the timely delivery of nutrients pre-,
during-, and post-exercise (64). For example, consumption
of carbohydrate and protein 30 min before exercise has been
shown to stimulate muscle glycogen re-synthesis. In addition,
delivery of an hourly high-glycemic, high-carbohydrate diet,
is essential to extend endogenous glycogen stores to sustain
endurance exercise beyond the 90-min to 3-h limit. Lastly,
post-exercise intake of protein and carbohydrates within
the first 3 h of exercise may stimulate increases in muscle
protein synthesis. Trials continue to investigate the best
ways to optimize body composition and adaptations to
exercise through the timing of protein supplements closer to
bedtime during the body’s recovery phase (NCT01830946)
as proteins ingested before sleep are likely digested and
absorbed efliciently during nocturnal recovery (65).

In addition to the caloric contribution of sports drinks,
the caffeine content of sports drinks may influence food
timing. Upon consuming 1 mg/kg of caffeine in the morning,
participants in a controlled laboratory study had a 10%
transient reduction in caloric intake at breakfast, which was
compensated at a later time (66). Among overweight and
obese participants in another study, moderate coffee intake
resulted in lower energy intake in the subsequent meal as
well as daily intake (67). Caffeine’s effect on appetite may
thus exert, at a minimum, transient effects on timing and
composition of subsequent meals. The effects of caffeinated
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sports drinks and other caffeinated beverages on the timing
of meals over the course of the entire day remain unexplored.

Alcohol, on the other hand, may act as an appetite
stimulant acutely influencing the timing of subsequent eating
occasions (68). In a small study of 282 college students,
students who drank more frequently also reported being
more likely to eat later at night (69). In another study of
Japanese adults with diabetes, no difference was observed
in alcohol intake frequency between those who habitually
consumed early (before 2000) and late (after 2000) dinner
(70). Future investigations are warranted on the acute and
chronic influence of alcohol intake on food timing in both
younger and older adults.

Lastly, modern weight-loss diets promote intermittent
fasting, or time-restricted feeding, focusing on restricted
dietary intake during a specific time period (i.e., 1000-
1800) for the purpose of reducing overall energy intake
(71, 72). Because these diets influence food timing, they
are particularly important to recognize for successful food
timing interventions.

Light exposure at night.

In preindustrial societies, sleep onset generally occurs
3.3 h after sunset and sleep offset before sunrise, where
sleep timing is determined predominantly by environmental
and endogenous cues (73). However the introduction of
artificial lighting facilitated later human activities, including
delayed (73) and inconsistent (74) bedtimes and later food
consumption (41). Recent studies in nocturnal rodents
indicated that light at night (LAN) induces an increase in
relative daytime (rest phase) food intake (56% of nighttime
food intake with LAN compared with 37% without LAN) and
leads to excess weight gain (4). Thus, restricting prolonged
nighttime exposure to artificial light, computer use, and
television viewing, may prevent extended eating periods into
the night.

Chronotype.

A handful of cross-sectional studies have examined chrono-
type in relation to the timing of dietary intake. Chronotype
is the behavioral manifestation of the timing of the circadian
system and its entrainment by the light-dark cycle, although
it is also influenced by sleep homeostatic, other environ-
mental, social, and personal influences. It is a continuum of
morningness to eveningness preference, and allows people
to be classified as early, intermediate, and late chronotypes
(75). In alignment with their chronotype, not surprisingly,
a general trend is observed across studies indicating that
foods are temporally shifted later in the day among later
chronotypes (more evening types), whereby individuals eat
later in the day, and consume more calories towards the
end of the day. This relation was first investigated in a
small study of 52 adult participants in the United States,
which observed that later chronotypes as estimated with
use of 7 d of wrist actigraphy, had later breakfast, lunch,
dinner, and greater caloric intake at dinner and after 2000,
which persisted even after 2300 (76). Similar patterns were



consistently observed in larger studies and on both work
days (i.e., weekdays) and nonwork days (i.e., weekends), the
latter of which may be less influenced by societal pressures
such as work and school. For example, an analysis of 119
obese, sleep-deprived participants from the Sleep Extension
Study observed that on work days, later chronotypes ate
breakfast ~1 h and 20 min later than early chronotypes, and
consumed twice as many calories after 2000 (51). A larger
population-based investigation including 1845 participants
from the National FINRISK 2007 and FINDIET 2007 studies
consistently observed that late chronotypes had lower caloric
intake by 1000 and higher caloric intake after 2000, and
also intakes of breakfast, lunch, and dinner about an hour
later than early chronotypes (52). Similar patterns are evident
on nonwork days (51, 52). Interestingly, on nonwork days,
later chronotypes also had more frequent intakes than did
earlier chronotypes, with the largest intake during a meal at
1900 (as opposed to ~2100 on work days), whereas calories
were more evenly distributed among 3 meals for earlier
chronotypes (52). Despite these differences, and regardless
of chronotype, intakes before 1000 and after 2000 are lower
across all chronotypes (52). Also, these trends may not hold
true for individuals across all BMI groups (77).

Collectively, these results point to chronotype being an
important determinant of food timing. Subgroup analyses
from these studies further highlight the complexity of this
relation, particularly on weekends and varying BMI. A recent
analysis of the American Time Use Survey, with data from
53,689 participants in the United States revealed a near-
normal distribution for chronotype in the overall population
with a wide range of up to 10 h (78). In addition, chronotype
is observed to become later in both sexes throughout
adolescence, with a peak in later chronotype at 18 y and
19 y for females and males, respectively, followed by a
steady advance thereafter (78). It is therefore possible that
people of all age groups may be driven to eat around the
clock, particularly adolescents given their later chronotype.
Assessing chronotype may help identify those at risk of later
dietary intake.

Sleep.

Being awake at night because of social obligations may
provide additional opportunities to eat. Indeed, epidemio-
logical and experimental studies have indicated that sleep
influences dietary choices and hunger (79-81), and suggest
that shorter sleep leading to longer awake times may facilitate
later eating times and frequent intake by providing more
opportunities to eat. A longer sleep duration was observed
to be correlated with earlier last meals in observational
analysis of healthy adults (14). In addition, another study of
middle-aged, obese Japanese men indicated that short sleep
duration was associated with late dinner time (after 2100)
(82). In a partial sleep restriction trial including 44 healthy
adults, during a 5-d 4-h per night sleep restriction protocol,
participants consumed a mean of 533 (standard deviation
= 296 calories) during late-night hours (2200-0359), and
consumed fewer calories from 2000 to 1459 than during

baseline (83). Similarly, in a study of 16 lean adults, a 5-
d partial sleep restriction of 5 h/night led to 0.8 kg weight
gain, partly attributed to a smaller breakfast intake and an
increase in nighttime food intake, predominantly a 42%
increase in post dinner calories from carbohydrate, protein,
and fiber (84). Whereas sleep extension trials have observed
that prolonging sleep duration reduces the consumption of
free sugar (80), whether extending sleep may cause earlier
timing of food intake is plausible and needs to be examined
systematically in future studies.

Physiological

Circadian system.

The endogenous circadian system may play a key role
in determining timing of food intake, partially through
chronotype, as described above, and more directly through
a circadian rhythm of hunger. During a 13-d labora-
tory study, 12 healthy, nonobese adults lived on a fixed
20-h sleep/wake, fasting/feeding, and rest/activity cycle
under dim light conditions for 12 cycles (forced desynchrony
protocol), a protocol designed to uncover the influence of
the endogenous circadian system from those of the behav-
ioral and environmental cycles. During this protocol, the
participants rated their hunger, appetite, and food preference
through use of visual analog scales (85). A circadian rhythm
was observed for hunger, whereby a trough in hunger was
observed during the biological morning (0800) and a peak
during the biological evening (2000). These hunger rhythms
are stable and remained the same even upon changing meal
timing (16) and under conditions of chronic insufficient sleep
(86). These rhythms in hunger and appetite relate to the
rhythms of the appetite hormone ghrelin. Acylated ghrelin
(the active form) has higher concentrations in the biological
evening than in the biological morning, both in the fasted
and postprandial states, consistent with hunger (86, 87). The
hunger peak at 2000 also coincides with the average timing of
the last eating episodes in the United States at 2018, and the
hunger trough at 0800 may also partly explain variability in
breakfast preference (47). The endogenous circadian rhythm
in hunger and appetite, with a peak in the biological evening
and a trough in the biological morning, has been proposed to
potentially act as a counter regulatory mechanism to support
a positive energy balance towards the end of the waking and
eating phase, thereby facilitating the extended overnight fast.
Furthermore, this circadian rhythm in hunger may decrease
the chance of arousal from sleep because of hunger towards
the end of the sleep episode (85).

In addition, energy expenditure is observed to be under
endogenous circadian control (88, 89). For example, resting
energy expenditure is determined to be lowest during the late
biological night and highest during the biological afternoon
and evening (89). The relation between food timing and
energy expenditure, however, has not been extensively
studied. In a weight-loss trial, no significant differences
were observed in estimates of energy expenditure from self-
reported physical activity between early and late lunch eaters
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despite apparent differences in weight loss (6). Understand-
ing the likely complex link between energy expenditure and
food timing is an aim of the ongoing Big Breakfast Study (88).
Of interest, for the reversed effect, that is, the effect of food
timing on energy expenditure, the endogenous circadian
system causes diet-induced thermogenesis to be substantially
lower in the evening than in the morning in response to
identical test meals.

Genetic predisposition.

Eating behavior has long been recognized as a complex
trait with underlying genetic and environmental factors (90).
Indeed, genetics have been estimated to account for variation
in food timing (91), meal frequency, and average meal
size (90). Two twin studies have investigated the genetic
attribution to variation in meal timing (91, 92). A study of
265 identical and fraternal adult twin pairs who maintained
7-d food diaries, estimated 24% heritability for the timing
of breakfast, and lower heritability estimates for lunch and
dinner timing ranging from 18% to 22% (91). Similarly, in
a Spanish twin study of 52 twin pairs with 7-d food and
sleep diaries, we observed that the estimated heritability
of food timing varied by meal, and ranged from 56% for
breakfast, 38% for lunch, to being undetectable for dinner
(92). In addition, bivariate analyses from the same studies
suggested shared genetic architecture between food timing
and chronotype, offering preliminary insight into specific
genetic variants that may influence food timing. Indeed,
analysis of the Circadian Locomotor Output Cycles Kaput
(CLOCK) gene rs4580704 variant indicated that carrying
the minor G allele was associated with significantly later
lunch than carrying major alleles (1444 compared with 1436)
among obese participants (6). In addition, the obesity-related
Perilipin 1 (PLINI) gene was also observed to influence
the relation between food timing and weight loss, whereby
among rs1052700 AA carriers, eating late was associated with
less weight loss, whereas time of eating did not influence
weight loss among TT carriers (93, 94). The first genome-
wide association study for breakfast skipping, a phenotype
related to food timing, with modest sample size (n = 2006)
and incomplete genetic coverage (283,744 genotyped vari-
ants) in the TwinUK study did not identify any variants
that surpassed the genome-wide significance threshold (95).
Elucidating specific genes that alter food timing may reveal
biological processes regulating food timing, enable testing
of causal relations between food timing and other traits
and diseases through Mendelian randomization approaches
(96), identify participants at risk of mistimed food intake or
more resistant to food timing interventions, and also inform
the development of personalized nutrition recommendations
based on genetic preferences for food timing.

Sex.

Historically, sex differences in food timing have been
attributed to gender differences in daily activity patterns,
resulting in women eating a midday meal, that is lunch,
while men were at work (41). This trend continues to be
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observed in rural communities in Nepal (50). An analysis of
321 rural Nepalese adults who have maintained traditional
cultural norms, aged >20 y, suggested that men frequently
skipped lunch and consumed a daytime snack instead (50).
Sex differences in the timing of meals also continue to be
observed in the United States. Indeed, in the United States,
the mean reported times of the first eating episode and of
breakfast were approximately 10 min earlier in men than
in women, but the last eating episode of the day occurred
later in men than in women (47). These differences may also
be related to sex differences in chronotypes, as men tend
to be more evening than morning chronotypes (78), which
may be caused by the longer endogenous circadian period
(cycle length) observed in men compared to women (97),
or continue to be related to work schedules. However, the
differences between the 2 sexes tend to be minor (all <10
min) overall.

Weight and obesity status.

Weight and obesity status further associate with the timing
and frequency of eating episodes. In a small study of
52 participants with 7-d actigraphy and food logs, higher
BMI was observed to be associated with higher caloric
consumption after 2000 (76). Using a newly developed meal
pattern questionnaire to describe meal frequency, type, and
time, an analysis of 83 obese and 94 nonobese women aged
37-60 y from a southwest region of Sweden observed a
trend towards later eating among obese women (98). Obese
women consumed a smaller fraction of their total meals
during the morning period between 0600 and 0959, and more
meals during nontraditional meal times in the afternoon,
1400 and 1559, and in the evening and night, 2000 and
2159 and 2200 and 2359. In addition, obese women had
more frequent eating episodes than did nonobese women
(6.1 compared to 5.2 eating episodes). Population-based
cohort analyses have observed that overweight individuals
were also more likely to skip breakfast (57) and eat more in
the evening (53). However, other studies have identified no
correlations between BMI and the timing of the last meal or
eating frequency (14). Inconsistencies in observations across
studies may be related to different assessment tools. Using
picture-based technology to assess food timing, an analysis
of 110 participants identified a positive association of BMI
and adiposity with later times relative to the onset of the
biological night (through use of dim light melatonin onset).
Importantly, no significant relation was found through use
of clock hours (99), suggesting that the time of food intake
relative to the central circadian system may be more relevant
than the “time on the wall.”

Aging.

Studies have generally observed earlier and more structured
eating patterns with older age. In population-based studies
in the United States, breakfast skippers tended to be younger
(i.e,, 20-39y) (57), and young adults also tend to have higher
variability in energy intake with later meal times relative to
older adults (53). These relations may be mediated, at least in



part, by earlier chronotype resulting from older age (78), or
other changes in school/work commitments, retirement, and
social obligations. It is also possible that regular meal times
may provide daily structure for older adults.

Disease conditions and medication use.

A handful of disease conditions may impact the timing
of food intake or have specific dietary recommendations
related to food timing for adequate management of the
disease. In the case of 2 eating disorders, night-eating
syndrome and sleep-related eating disorder, patients exhibit
morning anorexia and evening hyperphagia, resulting in
nocturnal food ingestion (100). Thus, upon manifestation
of the disorder, patients tend to have severe shifts in their
food intake towards later times. In the case of patients with
various glycogen storage diseases, such as liver cirrhosis,
patients are recommended to consume small and frequent
snacks and to supplement their diets with a carbohydrate-
based late-evening snack necessary to spare hepatic glycogen
depletion and early-onset breakdown of endogenous protein
(101). Prolonged fasting duration among those patients is not
recommended. Other diseases may not have specific guide-
lines pertaining to food timing; however, medications and
supplements for those diseases may influence food timing
choices as food intake relative to medication or supplement
may influence the tolerability, absorption, pharmacokinetics,
and systematic bioavailability (102), whereas others may lead
to increased or decreased appetite, resulting in shifts in
food timing. In addition, patient populations suffering from
various disease conditions necessitating nutrition support,
either enteral and parenteral feeding, are customarily fed, or
recommended to be fed, for 12-h periods overnight (typically
2000-0800) for presumed convenience purposes, such as
complete freedom of physical activity (103). Lastly, it is also
possible that psychiatric and mental disorders that influence
other aspects of dietary intake, such as appetite, composition,
or impulsivity, may further influence food timing.

Recognizing Determinants of Food Timing and
Other Recommendations for Future
Interventions

Pilot studies to investigate food timing-based interven-
tions have recently been described (15, 38, 104) and are
currently ongoing, including food timing interventions
for successful weight loss (NCT02204735), observational
studies in meal timing, genetics and weight loss (ONTIME)
(NCT02829619), and time-restricted feeding studies in
overweight (NCT03365544) or obese adults (NCT03527290;
NCTO02633722). Here, we provide recommendations for
future food timing intervention studies.

Personalized approach

Through personalization, previous pilot studies suggested
that lifestyle habits could be modified successfully, at least in
the short term (80, 81). To tailor food timing interventions,
it is important to recognize an individual’s ability, situational
context, and other factors to determine modifiable factors

TABLE1 Recommendations for likely modifiable behavioral and
personal preference determinants to achieve earlier food timing

Determinant Recommendations

Recommend breakfast and
limiting late-night eating

Diurnal energy intake distribution
and weight-loss diets

Sports Recommend earlier times
for sports

Alcohol Avoid late-night alcohol
intake

Light exposure Avoid nighttime bright light
exposure

Chronotype Adopt earlier chronotype, if
possible

Sleep Attain adequate sleep

durations 7-9 h

and potential barriers to adopting food timing changes in
free-living conditions. Based on the nature of the food
timing determinants (see Figure 1) we identified from the
literature, we predict that extrinsic (cultural and environ-
mental factors) and intrinsic (physiological) factors may
impede adherence to food timing interventions as they are,
at least for the most part, not modifiable by an individual.
For example, physiological factors that impact food timing
such as 1) genetic predisposition to eating at certain times;
2) aging; 3) extreme early or extreme late chronotype;
4) health status and medication use that influence food
timing; and 5) sleep disorders, to a large extent cannot be
changed and may limit adherence to certain food timing
recommendations. Likewise, cultural and environmental
factors, such as tradition and work hours, may also be less
conducive to food timing changes at an individual level
as these are determined at an organizational level. Instead,
factors that stem from an individual’s choice and here are
termed "behavioral and personal preference" (see Figure
1) are more likely to be targeted to modify food timing.
As an example, considering the link across meal times,
recognizing an individual’s breakfast intake preference can
help predict the timing of lunch intake as breakfast skipping
leads to earlier lunch intake (57). We provide additional
recommendations on likely modifiable food timing factors
in Table 1. Thus, upon starting an intervention, participants
should receive counseling on potential modifiable factors and
recognize barriers in their lifestyle that may limit food timing
changes. Understanding these factors may also explain lack
of adherence. Future research delineating whether changes
to these factors truly affect food timing is warranted.

Vulnerable populations

Planned food timing intervention studies are warranted
in vulnerable populations recognized to be prone to the
detrimental effects of mistimed food intake and related
diseases. Intervention trials in these vulnerable populations
may identify countermeasures for the adverse effects of
mistimed food intake, and provide data to develop evidence-
based dietary guidelines based on food timing.

Food timing contributing factors 613



Among the most vulnerable are nightshift workers, who
are prone to mistimed food intake possibly resulting from
routine nighttime eating during their work hours (58).
Because nightshift workers tend to have diets similar in
composition to day workers (56), associations with elevated
cardiometabolic diseases and mortality risk among nightshift
workers may be attributed to their nighttime food intake
(34, 57, 58). The ongoing “Shifting the Risk” crossover
trial is examining the impact of changing food timing in a
group of nightshift workers with abdominal obesity (38). The
4-wk intervention aims to restrict energy intake overnight
(5 h between 0100 and 0600) during 8 nightshifts for the
purpose of improving cardiometabolic health. Additional
interventions targeting a range of nightshift schedules
across different fields of work are warranted, particularly
as nighttime eating is suspected to be only evident among
night workers with work environments that are conducive to
nighttime eating (59).

Individuals self-identifying as being “evening” types have
been associated with higher cardiometabolic disease and
have been consistently observed to have later times of food
intake (51, 52, 76). However, a possibly delayed circadian
phase among those individuals may be protective against the
effect of night eating, as has been observed for cardiovascular
disease risk (105). Evaluating whether or not earlier eating
among those individuals is beneficial is important. Similarly,
as very early eating may also coincide with the biological
night among individuals with later chronotype (106), evalu-
ating the biological consequences of breakfast intake among
this population is important. In addition, drastic shifts in
food timing based on day of the week (i.e., work day com-
pared with nonwork day) resulting in social and nutritional
jetlag may incur a metabolic burden (54). Investigating the
effects of limiting shifts in food timing during the weekends,
as has been conducted in sleep interventions (107), for
the purpose of attaining regular and consistent food times
is important. Also, as genetic background may exacerbate
the detrimental effects of nighttime eating, food timing
intervention focused on genetically vulnerable populations
is important. This is the case for carriers of the common
type 2 diabetes Melatonin Receptor 1B (MTNRIB) gene
rs10830963 risk allele. Compared to noncarriers of the risk
alleles, carriers of the common G risk allele, which constitute
over 50% of the population of European or Asian ancestry,
have previously displayed exacerbated glucose intolerance
resulting from nighttime eating and greater intolerance when
administered exogenous melatonin pills (12, 108). A similar
case has been observed for carriers of the PLINI in terms of
lunch timing (93).

Additional vulnerable populations to consider include: 1)
populations, or even ethnic groups and cultures, in which
late dinner is a societal norm, such as Spain, to provide
robust data to guide public health strategies; 2) children,
adolescents, younger adults, and adults who tend to skip
breakfast and thus may be susceptible to late-night eating;
3) obese adults, to identify whether obesity is a cause or
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consequence of eating late; and 4) participants in weight-
loss trials, to establish the causal relation between earlier
food intake and greater success at weight loss previously
observed in secondary analyses of weight-loss trials. In
addition, understanding whether advancing the timing of
nutrition in patients on nighttime cycled enteral or parental
nutrition support improves cardiovascular health profile is
important, and further examining the feasibility of food
timing intervention in patients with night eating syndrome
to delay rapid obesity onset resulting from disease.

Food timing assessment tools

A major limitation in the area of dietary pattern research is
the lack of standard methodologies devised for the purpose
of ascertaining food timing patterns. Earlier studies have
relied on questionnaires, modifications of traditional dietary
assessment tools, or picture-based smartphone applications
(Table 2). Identifying appropriate tools to assess food timing
pre, post, and during an intervention is necessary to evaluate
compliance and intervention feasibility.

Single questionnaire items.

For secondary analyses of cohort studies, the particular
approach chosen is often guided by the dietary assessment
method (109). Thus, a variety of approaches to define meal
patterns have been used in the literature based on various
responses from the participant. These data may be limited
to specific meals, that is, breakfast, lunch, or dinner, or may
be related to any eating occasion, that is, any instance of
ingestion of food or drink. For example, in the US Health
Professionals Follow-up study, the authors used a question
on “eating after going to bed” to determine late-night eating
and assess relations between late-night eating and diet quality
(110).

Modified traditional dietary assessment tools.

Few studies have melded traditional dietary assessment tools,
such as 24-h recalls of food records, with other areas of
nutrition science, such as dietary pattern and food timing.
For example, in NHANES, during 24-h dietary recalls,
participants were further asked to report clock times of each
eating occasion reported (47). Other studies have used two
24-h recalls and for each eating occasion, questions on time
(1-hintervals) and place of consumption were further probed
(45). This approach enables the continued use of familiar
and validated dietary assessment tools supplemented with
information for other aspects of nutrition. In an ongoing
food timing intervention, weekly 24-h recalls are conducted
during an intervention and control period via a phone call
(38). Participants in that intervention will be asked to recall
foods consumed over a 24-h period from 0600 to 0600.

Food timing questionnaires.

Thus far, only 1 questionnaire has been developed specifically
for food timing. The Meal Pattern Questionnaire (98) asks
respondents to: “Describe how you eat during a 24-h period.”



TABLE2 Emerging tools for assessing food timing

Assessment method

Description/examples

Strength

Limitation

Single questionnaire items

Modified traditional dietary
assessment tools

Food Timing Questionnaire

Picture-based smartphone
applications

Accelerometer-based
detection

“The timing of breakfast, lunch, or dinner” or
“Time-of-day wherein majority of daily
energy intake is consumed (morning,
midday, evening/late)”

Modified 24-h dietary recalls

Modified food records

Meal Pattern Questionnaire (98)

Night Eating Syndrome questionnaire (111):
“Do you have cravings or urges to eat snacks
after supper, but before bedtime?”and "How
much of your daily food intake do you
consume after suppertime?”and “When you
get up in the middle of the night, how often
do you snack?”

Using a camera phone, participants are
instructed to record every item consumed
(food, drink, water). If foods are not entirely
consumed, then leftovers are recorded.
Pictures are assessed for content and
analyzed for time stamp and geolocation.
Nonwater items are further annotated by
research team by looking up Food and
Nutrient Databases, such as NDSR!

An automated approach to detect food timing
from 3-dimensional wrist-worn
accelerometers

Single-question
Can be customized to meal of
interest

Uses commonly used and
recognized dietary
assessment tools and
modifies those by assessing
for food timing

Allows for multiple day
assessment (work days and
nonwork days)

Developed and recognized
assessment tools
Short

Prospective design

Metadata such as time and
location

Allows for multiple-day
recording

Passive data collection

Metadata such as motion and
light exposure

Allows for multiple-day
recording

Scalability

Recall bias

Typically does not assess for
inter-meal intake

May be interpreted differently
by people, particularly across
cultures

Difficult to apply to nightshift
workers

High participant burden

High analytical burden

Scalability

Likely same limitations of 24-h
dietary recalls and food
records apply, i.e. recall bias

Does not assess weekly
variability

Not validated

High participant burden
High analytical burden
Scalability

Privacy issues

High analytical burden
Validity

TNDSR, Nutrition Data System for Research.

Respondents list usual times of food intake and for each
time, indicate the corresponding meal type, that is “main
meal,” “light meal/breakfast,” “snack meal,” or “drink, only.”
The questionnaire has been tested in a Swedish population,
and when readministered to the same population, resulted in
largely consistent responses (correlation > = 0.70). Although
an excellent questionnaire for its simplicity, it has yet to be
validated against prospectively collected food timing data.
Another questionnaire is the Night Eating Questionnaire
that has been developed to measure the severity of Night
Eating Syndrome (111). Although specifically developed as
a diagnosis tool, 3 questions from that questionnaire may
be useful to probe nighttime eating in a general population
(Table 2).

Picture-based smartphone applications and accelerome-
try.

With widespread use of smartphones and the modern food-
picture culture, picture-based technologies are being used
for dietary assessment (37, 99, 112). Many of these systems
require active participation beyond picture taking, as users
often must document the names and quantities of food
items for the content of the images to be evaluated by
trained nutritionists and nutrient values estimated. The time-
stamped photos may further be used to analyze the temporal
aspect of dietary intake. For example, the “myCircadian-
Clock” phone application asks participants to take pictures
of all foods and beverages with a smartphone (37). Picture
and text entries are tagged with time-stamps and geolocation
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data. A major advantage of such technology is the metadata
that can be acquired with a picture, allowing examination
of various aspects of dietary constructs including timing,
format, and context. In addition to smartphones, wrist-worn
accelerometers can be used to passively determine food
timing based on detecting motion features of eating and
drinking activities (113, 114).

Considerations for future tools.

To advance the area of dietary pattern research, existing
methods used to collect dietary pattern data need to be
further examined, validated, and refined, and newer methods
need further development. These newer tools will likely
provide the necessary platform to advance future food timing
research. In addition, existing methods need to be further
examined for various limitations that are well recognized
for dietary assessment tools and refined. First, it remains
unclear whether food timing is prone to misreporting or
meal frequency prone to underreporting, which is possible
considering that more frequent eating is positively related
to energy intake (14, 98) and later food times tend to be
stigmatized (109). Second, current methods do not differ-
entiate between work day and nonwork day food patterns,
such as the Meal Pattern Questionnaire, and this may be
particularly relevant for night workers. Interrogating work
days and nonwork days separately may also be necessary
to effectively capture “nutritional jetlag.” Third, single 24-h
recalls do not provide sufficient information on food timing
regularity, and instead, multiple assessments are necessary
to capture inter-daily variability. Fourth, although valuable,
findings from older data sets need to be confirmed in more
recent data whenever possible, as 15-20-y-old data may not
reflect current temporal habits as food timing is continuously
evolving (46).

Newer questionnaires and survey methods must also
acknowledge other limitations. First, although theoretically
simple to ascertain, the accuracy of recalled food timing
has not been validated against prospectively collected data,
such as multiple days of food logs. Second, early studies
have relied on self-reported clock times for main meals (i.e.,
breakfast, lunch, and dinner), and in dealing with modern
grazing behavior, few studies have further interrogated the
times of inter-meal eating episodes. Understanding meal
patterns, that is, distribution of calories across 24 h, of specific
populations is necessary to determine ideal tools for food
timing assessment. For some populations, such as French and
Spanish, the ascertainment of timing for breakfast, lunch,
and dinner may be sufficient as those populations continue
to be dominated by a 3 meals/d meal pattern structure (53).
However, other populations need to interrogate the timing of
inter-meal eating occasions.

There is also a need for measures that are objective,
inexpensive to administer, have low participant burden,
and are scalable. These technologies could reliably capture
various aspects of modern eating patterns. For example,
future picture-based dietary assessments need an interface
that is user-friendly and intuitive for nontechnical users, yet
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that meets the requirements imposed by the image anal-
ysis process. These technologies ideally would collect data
passively, and therefore have very low participant burden.
Various technologies are currently being developed for this
purpose and need to be tested for scalability considering
the volume of data collected. Data safety of picture-based
methods must also be ensured. Lastly, assessment of food
timing should be complemented with assessment of the
onset of biological night. Recent findings have indicated
that rather than clock time, circadian misalignment, that is,
food timing relative to the central circadian pacemaker, is
associated with body composition (99). Central circadian
timing can be established by measuring melatonin rhythms
(30). Serial sampling of melatonin measured in blood or
saliva can be used to determine the time at which levels
rise above baseline, termed the dim light melatonin onset.
Although less accurate, this may also be made possible by
attaining self-reported chronotype (105). Other methods to
assess circadian timing but requiring fewer blood draws are
also being developed (e.g., (115, 116)).

Other considerations

Other important considerations for food timing interven-
tions can be learned from interventions to change other
complex human behaviors. Assessing compliance during
the intervention is important for intervention success. Brief
follow-up visits have been incorporated in the past to
improve compliance during an intervention (81). In addition,
automated reminders via short mobile messages to remind
participants may improve compliance. In addition, food
timing interventions should be implemented gradually and
incrementally to maximize compliance and durability. In a
sleep extension trail, prolonging time in bed by introducing
earlier bedtimes for the purpose of extending sleep duration
had an unintended negative consequence on sleep quality
(80), whereas gradual and personalized sleep extension (i.e.
5-min advancements per day) had beneficial effects on sleep
(107). In a recent time-restricted feeding pilot, participants
reported that the intervention affected social eating/drinking
opportunities in the evening, which may limit long-term
compliance (104). Thus, to limit the chances of unintended
consequences of earlier food times, such as time scarcity
resulting in decrease in food preparation timing leading
to the intake of lower quality diets and fast food intake,
interventions should be gradual for sustained and positive
behavior changes. Combining food timing interventions with
healthy diets may also be useful, as was done for sleep
hygiene, which focused on optimizing the sleep environment
such as TV at night and caffeine intake close to bedtime,
combined with sleep extension (107). It is therefore possible
for food timing interventions to incorporate healthy food
counseling.

It remains unclear as to the timing of which eating episode
or meal of the day should be ascertained and modified.
Studies have provided evidence for assessing the following
eating episodes: 1) the last eating episode of the day [i.e., the
timing of the last meal or snack, which may coincide with



the biological night that has been observed to range from as
early as 1700 to as late as 0200 (14)]; 2) any eating episode
that coincides with the biological night (i.e., time between
melatonin onset and bedtime, time between wake time and
melatonin offset, and time between bedtime and wake time);
3) the most energy-dense meal of the day (ie., dinner in
the United States [providing 36% of 24-h energy (47)], but
in some cases may be lunch); or, 4) the most commonly
consumed meal of the day {i.e., dinner in the United States
[consumed by 93% of Americans (47)], lunch in Spain, and
breakfast and dinner in Germany (53)}. Deciding what eating
occasion to target may also partly be determined by what
timing of the day is more feasible and physiologically easier to
manipulate, especially when considering the different genetic
contributions across meals (92).

Alternatively, food timing interventions may focus on
promoting fasting, by restricting intake during the biological
night or delaying timing of intake of first meal of the day
(1000) and earlier last meal of the day. In addition, food
timing interventions may combat snacking behavior, which
tends to prolong the ingestion period, increase the number
of eating episodes per day, and contribute to positive energy
balance (14, 98), or focus on healthy snack alternatives.
Lastly, the duration and chronicity of an intervention remains
unclear. Ongoing food timing interventions are 4 wk (38).
Pilot interventions may provide the framework on the
necessary duration of future interventions, which may also
shine light on the importance of meal timing regularity and
restricting day-to-day variability.

Conclusion

Here, we provided a comprehensive overview of deter-
minants that may need to be considered for tailoring
food timing recommendations. These factors may also be
important to consider analytically, as they may be con-
founders and/or modifiers of relations between food timing
and health outcomes. However, considering variability in
assessing food timing across these investigations and overall
few available studies in this field thus far, the relative
contribution and importance of each determinant on food
timing cannot be determined at this point. Furthermore, we:
I) highlight vulnerable populations who have been identified
in experimental and epidemiological studies to be at risk of
mistimed food intake and thus necessitating intervention; 2)
list currently used food timing assessment tools and indicate
limitations; and 3) indicate other important considerations
based on successful interventions addressing timing of other
behaviors. Furthermore, controlling the diurnal distribution
of food can affect the rhythmicity and regularity of parts of
the circadian system and of other behaviors.

There exists a great opportunity to develop the evidence
base for necessary food timing guidelines for vulnerable
populations and public health initiatives to shift societal
norms across cultures with very late eating habits (e.g.,
Spain’s return to the correct time zone), frequent and erratic
eating habits (e.g., United States and Netherlands), or simply
lunch hours at the workplace or educational setting to be

conducive to healthier eating times. In addition to guidelines
related to timing, these studies may provide data advocating
for the importance of providing access to healthy foods
around the clock, particularly for nightshift workers and
later chronotypes, who tend to have greater consumption of
convenience foods or unhealthy foods, and lower intakes of
fruits and vegetables (76) as their meals are unmatched with
those of their family and friends (117). Furthermore, these
findings will help dissect the role of breakfast and whether
it should be re-introduced in future dietary guidelines.
Finally, these studies may provide critical insight into the
fundamental mechanisms related to circadian coordination
with the feeding/fasting cycle, energy balance, and metabolic
control.

Feasibility studies are required, and pilot trials are cur-
rently being implemented. However, to address the univer-
sality of food timing findings, intervention studies should
be extended to populations across diverse geographical
regions, cultures, health status, work schedules (e.g., shift-
workers), and age groups. Limitations and controversies
should be addressed, including consensus on a standard,
robust method for food timing research and identifying the
critical eating episode or meal of the day that should be
targeted. In addition, monitoring of food timing, currently
and longitudinally over time, and across various cultures
and populations, including isolated societies, such as hunter-
gatherer societies, could provide critical context to research
efforts to characterize relations between dietary intake and
health.
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