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ABSTRACT

Background: Many studies have shown that food variety—the
presence of multiple foods and/or sensory characteristics within
and across meals—increases intake. However, studies report mixed
findings, and effect size remains unclear.

Objectives: A systematic review and meta-analysis were conducted
to 1) synthesize data across experimental studies that examined
effects of variety on total meal intake, relative to a control condition
with comparatively less variety; 2) quantify support for this effect;
and 3) assist in the identification of important moderating factors
(registration: CRD42019153585).

Methods: In November 2019, we searched the following databases
for relevant experimental studies, published in English from 1980,
with human participants: PubMed, Cochrane Library, Web of
Science, ClinicalTrials.gov, PsycINFO, and OpenGrey. This search
was updated in September 2020. Means, standard deviations, and
sample sizes were extracted from included articles, and Hedges’ g
was used to calculate effect sizes. Risk of bias was assessed using
the Cochrane Collaboration’s tool.

Results: Of 7259 references identified in an initial search, 34
articles consisting of 37 studies contained sufficient information for
review, and data from 30 studies (39 comparisons) were included
in the meta-analysis. Results from a random-effects model showed
a significant small to medium effect of variety on intake (in
weight and energy), with greater variety being associated with
increased consumption (Hedges” g = 0.405; 95% CI: 0.259, 0.552).
However, heterogeneity was considerable across studies (I = 84%),
and this was unexplained by subgroup analyses based on form
of variety, test foods, sensory characteristics, age, sex, and body
weight.

Conclusions: Our findings support the conclusion that variety is
a robust driver of food intake. However, risk of bias was high
across studies, and this review highlights methodologic limitations
of studies. It is recommended that further attention is given
to the development of preregistered, well-powered randomized
controlled studies in eating behavior research. ~ Am J Clin Nutr
2021;113:716-741.
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Introduction

Eating a variety of foods—in a single meal or across days—
is one factor that has been shown to increase food intake
(1-4), with seminal experimental research on this effect (in
human participants) being published by Barbara Rolls and
colleagues in 1981 (1). As “food variety” is generally considered
a good indicator of nutritional adequacy, this effect of variety
can be beneficial to diet quality (5). For example, studies have
explored how variety can be used to promote intake of fruit and
vegetables in children (6), as well as encourage greater intake in
older adults to combat undernutrition resulting from decreased
appetite (7). However, variety may also increase the risk of
overeating when foods are energy dense. Indeed, there is growing
evidence to suggest that, excluding fruits and vegetables, greater
dietary variety increases body weight and body fatness (8, 9).
Given that both obesity and undernutrition continue to be global
health concerns (10, 11), it is important to consider the influence
of variety on intake.

The effect of variety on intake is generally thought to operate
via the mechanism of sensory-specific satiety, the decline in the
palatability of a food as it is consumed relative to uneaten foods
that differ in sensory qualities (12). For example, Hetherington
et al. (13) interrupted a meal to ask participants to taste-test a
different, similar, or identical food (to that of the eaten meal);
participants rated the eaten food more favorably and intake
was greater when foods with a different or similar taste were
presented.

Funding: Supported by the Economic and Social Research Council (ESRC
Wales Doctoral Training Partnership) (Project Reference: ES/P00069X/1,
Studentship 197139). The funders had no direct role in the study design, data
collection, or analysis for this research.

Supplemental Methods 1 and 2 are available from the “Supplementary
data” link in the online posting of the article and from the same link in the
online table of contents at https://academic.oup.com/ajcn/.

Address correspondence to RE (e-mail: rochelle.embling@outlook.com).

Received August 5, 2020. Accepted for publication October 28, 2020.

First published online January 29, 2021; doi: https://doi.org/10.1093/ajcn/
nqaa3>52.

Am J Clin Nutr 2021;113:716-741. Printed in USA. © The Author(s)

2021. Published by Oxford University Press on behalf of the American Society for Nutrition. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any

medium, provided the original work is properly cited


https://academic.oup.com/ajcn/
mailto:825379@swansea.ac.uk
http://creativecommons.org/licenses/by/4.0/

Effect of variety on meal intake 717

In the current literature, most experimental studies have
focused on the presence of variety within meals (where foods
are presented in single or multiple courses at one sitting)
and across meals (where foods are presented in meals across
multiple sittings, in a single day, or several days) (14). These
studies typically vary the number of different foods or sensory
characteristics (i.e., appearance, tastes, textures, smells) present
in meals and examine effects on ad libitum food intake in the
laboratory.

Multiple narrative reviews have reported on the effects of
variety on intake (14-16). These reviews conclude that the
effect of variety on intake appears to be robust and is relatively
consistent across studies. However, these reviews have also
identified potential moderating factors. For example, some
studies fail to find an effect when variety is manipulated for
low-energy foods (17, 18) and when only a single sensory
characteristic is varied (2, 19). The effect of variety also appears
to be smaller in older adults (20), and some studies have failed to
find an effect in males (21, 22). This means that the size of the
effect of variety on intake has remained unclear.

Therefore, in this systematic review and meta-analysis, we
examined the effect of variety within and across meals on intake
to formally synthesize data across experimental studies. We
report findings on the size of the effect of variety on total meal
intake (in weight and energy) and assess differences in this
effect when potential moderators are considered via subgroup
analyses. For this review, we view “food variety” as a continuous
metric, so that a “high-variety” condition has a comparatively
greater number of components and/or sensory characteristics
than a “low-variety” control condition (from our conceptual
viewpoint).

Methods

Search strategy

We searched 6 electronic databases during November and
December 2019: PubMed, Cochrane Library, Web of Science,
ClinicalTrials.gov, PsycINFO, and OpenGrey. Searches used
a combination of key terms relating to food variety and
intake (see Supplementary Methods 1), as well as the period
of consumption (i.e., specific mealtimes). All searches were
limited to include studies that were published in English, with
human participants, between January 1980 and the date of
the search, in line with when seminal research on this effect
was conducted (1). One author conducted the formal search of
electronic databases (RE). Two authors independently screened
and selected articles for review using titles and abstracts, as well
as independently assessed full texts for eligibility (RE and AEP).
Any disagreements were discussed and revised accordingly, and
if needed, a third author was available to resolve outstanding
discrepancies (LLW). Agreement rate was not recorded, as
conflicts were discussed at intervals.

To reduce risk of publication bias, an invitation to provide
any relevant published or unpublished work was shared with
corresponding authors of included articles, posted on social
media, and circulated via mailing lists of groups with relevant
research interests. The database search was updated to include
any potential new articles in September 2020, and a hand-search
was also conducted in June 2020; reference lists of included

articles were scanned for eligible studies, and relevant peer-
reviewed journals were searched for articles published after the
date of our initial search.

This systematic review and meta-analysis is reported in
line with Preferred Reporting Items for Systematic Reviews
and Meta-Analysis guidelines and was preregistered in the
PROSPERO database (International Prospective Register of
Systematic Reviews; registration number: CRD42019153585).
The web-based software “Covidence” was used to manage and
screen references (https://www.covidence.org).

Study eligibility criteria

Experimental, quasi-experimental, or intervention studies,
using either a within- or between-subjects design, were eligible.
There were no restrictions on the age of participants included
in studies or weight status. Studies were included if they
manipulated the level of variety within or across meals and if they
assessed how much food participants subsequently consumed
in weight, energy, or number of pieces. Studies were required
to have at least 2 experimental conditions consisting of a
high variety, a comparatively lower variety, and/or a no-variety
condition. This could include manipulations of the number of
different foods presented or the number of different sensory
characteristics included within a single food item or assortment.
Studies that involved participants with chronic diseases, illnesses,
or eating disorders; used only measures of food choice, food
ratings, portion size selection, perceived volume, or self-reported
intake (e.g., food diaries and questionnaires); and manipulated
only the perception of food variety (e.g., by changing the
presentation of foods but not the components present in the meal
or by using labels/vignettes) were excluded in order to focus on
effects on actual intake [pertaining to seminal research on the
variety effect (1)].

Studies that were designed to measure sensory-specific satiety
were included only if they had a comparator condition and
the measurement of food intake was not disrupted (e.g., by
asking participants to provide ratings of liking/satiation by tasting
samples midway through a meal). Studies that otherwise met our
inclusion criteria but asked participants to “earn” food servings as
part of a habituation task were excluded, because food intake was
disrupted by the need to gain points [e.g., (23)]. Relevant studies
that were designed to measure early food acceptance in young
children and infants were also excluded [e.g., (24, 25)], as foods
in both the variety and comparator conditions were repeatedly
presented to participants over a series of trials.

Data extraction

One author extracted information from all eligible studies for
review (RE), and a second author checked that the extracted data
were consistent with information reported in articles (JG). Two
authors also independently extracted information from 20% of
included studies (RE and JG); the initial agreement rate was
82%, all conflicts were resolved after discussion, and extracted
information from all articles was again checked for consistency.
Where necessary, we contacted corresponding authors to provide
missing data required for the meta-analysis (e.g., means, SDs,
sample size), and data were extracted from figures using the
online program “WebPlotDigitizer” (https://apps.automeris.io/
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TABLE 1 List of information extracted from included articles for each study.

Information Description

Sample characteristics
Study design

Study setting

Study intervention

Including the country where the study was conducted, sample size, age, sex, and BMI

Between-subjects or within-subjects

Laboratory or field

The form of variety manipulated, the number of sensory characteristics manipulated,
and the comparator condition(s) used

Procedure to measure food intake, test foods eaten, and unit of measurement reported

Results reported for main effect of variety on total food intake and, if available,
individual components of a meal

Interactive effects of identified moderators on food intake

Including assignment to conditions, control procedures prior to manipulation,
measurement and control of appetite and food ratings, additional variables
controlled in data analyses

Study outcome
Main findings

Moderating variables
Quality assessment

wpd/). If standard errors and means were reported, standard
deviations were calculated [SEM * sqrt(N)]. In order to allow
for comparisons across studies, we focused on effects on total
meal intake (all components of a meal), as analyses of individual
components (e.g., single food within a course consisting of
multiple foods) differed greatly between articles. See Table 1 for
a list of extracted information.

Meta-analysis

All analyses were calculated using the software “Com-
prehensive Meta-Analysis v3” (Biostat). We used a random-
effects model for all analyses, as the design, quality, measures,
and samples used differed across studies. For each identified
comparison in the main analysis, we inputted data for effects
on total meal intake and used sample sizes, means, and standard
deviations to calculate effect size. Hedges’ g is reported, as it uses
the standardized mean difference to account for the reporting of
different units of intake across studies, corrects bias associated
with very small samples (26), and has been used in a similar
meta-analysis in which food intake was the outcome (27). Where
studies reported intake in both energy and weight, we extracted
information on weight consumed only. For all studies, a positive
effect size indicates that food intake was greater in the high-
variety condition relative to the control condition, whereas a
negative effect size indicates that food intake was greater in the
control condition relative to the high-variety condition. Effect
sizes were interpreted as <0.2 is trivial, 0.2 is small, 0.5 is
medium, and 0.8 is large (28). Heterogeneity was assessed using
the I? statistic and, as an approximate guide, was interpreted as
<30% is low heterogeneity, 30-50% is moderate heterogeneity,
50-75% is substantial heterogeneity, and >75% is considerable
heterogeneity across studies (29).

Exploratory sensitivity analyses were conducted to check
for potential issues with study inclusion; we conducted a
“1 study removed” analysis and reran analyses with adjusted
imputed values for missing data. Planned subgroup analyses were
conducted to investigate potential moderating effects of the form
of variety manipulated, the number of sensory characteristics
varied, the test foods used, and participant demographics (age,
sex, and body weight). To account for multiple comparisons,
Bonferroni-corrected P values are also reported.

To calculate effect sizes in which multiple datapoints within
a study referred to the same participant, we contacted authors to
provide the correlation between conditions for each comparison.

Authors of 8 studies were able to provide this information,
and we imputed the mean for all other studies after conducting
relevant sensitivity analyses (r = 0.67) (see exploratory analyses
described above for details of method of imputation). Where
necessary, we computed a single summary effect for each study
reporting multiple comparisons for the same participants by
calculating the mean effect size and variance of the mean
effect size (30). In this case, this meant that for studies
reporting separate comparisons for single-food control conditions
(e.g., variety compared with apple, variety compared with
pear) and where effects for more than 2 levels of variety
were reported, control conditions were combined to form a
single comparison group (i.e., high variety compared with
single foods; high variety compared with medium and low
variety).

Risk of bias

Two authors assessed risk of bias using the Cochrane
Collaboration’s tool (RE and AEP) (31), and disagreements
were resolved in discussions. Following Buckland et al. (27),
we considered risks associated with the following: participant
and experimenter awareness of the study aim and assignment
to conditions, the control of confounding variables that could
influence food intake, the use of procedures to control for
baseline differences in appetite, the use of procedures to
measure food intake, and the order of tasks in study protocols
(see Supplementary Methods 2 for details on assessment
criteria).

Results

Unless otherwise stated, mean + SD is reported. See Table 2
for a description of each study eligible for review.

Included studies for review

An overview of the selection process is presented in
Figure 1. Database searching identified 7259 articles, of which
29 articles (32 studies) were eligible for the systematic review.
No new articles were identified for review in an updated database
search. A hand-search identified 5 additional articles for review,
consisting of 5 studies.
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Study designs and samples used

Of the 37 studies included for review, 9 were field studies (6,
32, 34, 37-39, 41, 53, 54), and all others were conducted in the
laboratory. Twelve studies included variety as a between-subjects
factor (4, 19, 21, 22, 39-43, 48, 52, 54), and the remainder were
within-subjects. Twelve studies were conducted in the United
States (4,6, 17, 18,21, 22, 36, 40, 44, 49, 50, 52), 12 in the United
Kingdom (1, 2, 20, 32, 33, 35, 37, 46, 51), 5 in the Netherlands
(7,19,41,42, 54), 3 in France (38, 47, 53), and a single study was
conducted in Denmark (34), Spain (39), Australia (43), Canada
(48), and Singapore (45).

Participant age varied across studies; as reported and defined
in included articles, 9 studies included children (6, 34, 36, 37,
39-41, 49, 54), 6 included older adults (7, 32, 33, 35, 38, 53), 1
included both children and adults (43), and 1 included both young
and older adults (20). All other studies included adults from a
community-based (1, 4, 17, 18, 47, 51, 52) or university-based
sample (1, 2, 19, 21, 22, 42, 4446, 48). Seven studies included
only females (1, 7, 19, 42, 45, 50), 3 included only males (22,
48, 49), and all others included mixed samples, consisting of an
average of 53% females. Studies differed in terms of reporting
weight status of participants; although the majority of studies
reported participants’ BMI (1, 2, 6, 7, 17-20, 22, 33-35, 37, 41—
43,45-47,51,52,54), 4 studies reported z scores (36, 40, 43, 49),
2 studies reported separate height and weight measurements (4,
48), a single study reported percentage ideal body weight (50),
and 6 studies included no information on weight status (21, 32,
38, 39, 44, 53). Of those reporting means and variance for BMI,
samples had a combined mean of 24.1 kg/m?, with a combined
SD of 6.8.

Intervention and outcome measures

Four studies examined the short-term effects of variety across
meals on food intake (4, 22, 40, 51). Of these studies, 2
manipulated variety for a main meal dish across 5 d (4, 40), 1
manipulated variety for snacks across 4 d (22), and 1 manipulated
variety for breakfast, lunch, evening meals, and snacks across
3 d in a residential trial (51). Three of these studies used a
similar design; across conditions, they presented all participants
with the same meal or snack on the first and last day of the
study, manipulated variety on interval days, and measured pre-
post intervention differences in intake (4, 22, 40). The remaining
study (51) manipulated variety within each meal session for each
day (e.g., foods served for breakfast differed on days 1, 2, and 3)
and reported differences in average daily intake across conditions.
All 4 studies used a combination of test foods in meals that
varied multiple sensory characteristics (i.e., foods differed in
appearance, texture, and flavor) across conditions.

The majority of studies examined the short-term effects of
variety within meals on food intake. Nine studies manipulated
variety across multiple courses of a meal (1, 2, 18, 20, 45, 50).
In these studies, the same or a different food was presented
for each successive course, intake for each individual course
was measured, and cumulative food intake was calculated. One
study manipulated variety within a hot lunch meal (2), and
another offered participants an assortment of fruit (18). All
others presented participants with snack foods: sandwiches with
different fillings (1, 2, 20, 50), an assortment of chocolates (45),

and an assortment of yogurts (1). In 3 studies, foods varied in
a single sensory characteristic (1, 2). All others presented foods
that varied in appearance, texture, and flavor.

Similarly, 24 studies manipulated variety within a single
course of a meal (6, 7, 17, 19, 21, 32-39, 41-44, 46-49,
52-54). In these studies, the number of different components
and/or sensory characteristics present within a single course
was manipulated across conditions, and intake was measured.
One study manipulated variety for every component in a
multicomponent meal and offered 3 different meats (or fish), 3
different vegetables, and 3 different starch foods in the variety
condition (7). Nine studies manipulated variety for a single
component within a multicomponent meal; 4 studies offered a
selection of different vegetables (17, 37, 47, 54), 2 offered a
selection of different vegetables/sides and condiments (38, 53), 3
offered additional condiments for a set main meal (32, 33, 35), 1
offered 3 components instead of 2 components within a meal (44),
and another offered a single vegetable with different seasonings
(36). Four studies manipulated variety within a selection of
fruit and/or vegetables that were served alone and without any
other components in the meal (6, 34, 39, 52). All other studies
manipulated variety within snack foods: savory hors d’oeuvres
(48), sandwich fillings (46), ice cream (21), colored candies (19),
marshmallows (41), and cookies (42). This includes 2 studies that
presented participants with an assortment of sweet and savory
snacks (43, 49). In 3 studies, foods varied in a single sensory
characteristic (19, 21, 36). All others presented foods that varied
in appearance, texture, and flavor.

To measure food intake, the majority of studies weighed
servings and leftovers; 10 studies reported weight consumed in
grams (1, 4, 7, 19-21, 36, 39, 54), 1 study reported weight
consumed in ounces (52), 3 studies reported energy consumed
in calories (22, 41, 42), 3 studies reported energy consumed
in kilojoules (2, 45), 15 studies reported weight and energy
consumed (17, 18, 32, 33, 35, 37, 38, 40, 43, 44, 46, 47,
49, 51, 53), and 1 study reported intake as a percentage (34).
Six studies used a piece count to measure intake; 5 studies
reported the number of units consumed (6, 38, 48, 50, 53),
and 1 study converted number of pieces to grams consumed
using average unit weight (1). In 2 studies, all or some foods
were eaten outside of a monitored test session, and leftovers
were returned to or collected by experimenters the following day
(22, 51).

Other data analyses

In addition to reporting main effects of variety on total food
intake, some studies also reported effects on single or multiple
components within a meal, interaction effects with other factors
that may influence food intake, and subgroup analyses (see
Table 2). Additional variables in analyses included impulsivity
(19), response inhibition (41), reward sensitivity (41, 42), trait
reactance (54), multiple eating behavior traits (2, 45, 46), choice
(39, 47), priming effects (52), portion size (37), dishware size
(43), consumption of a preload (46), food liking (2, 54), hunger
(42), neophobia (54), and propylthiouracil taster status (36). As
these variables were included in only 1 or 2 studies and different
measures were used, we did not investigate subgroup effects for
these variables in the meta-analysis.
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis diagram of the study selection process (55).
Risk of bias for test foods (19, 21, 41-44). Sample sizes were often small, with

Risk of bias was found to be low for the majority of studies
when outcome reporting and control of confounding variables
were assessed; 30 studies specified their exclusion criteria and
justified data exclusions (1, 2, 6, 7, 17, 18, 20, 22, 32, 33, 35—
38, 40-47, 49-53), 25 studies fully reported all prespecified
outcomes of interest in line with their reported data analysis plan
(2,6,7,17,18, 20,22, 32,33, 35-38, 40, 43, 45-47, 49-54), and
no confounding variables were identified in 17 studies (1, 2, 7,
17-20,22, 33, 36,40-42, 46, 47). However, for remaining criteria
relating to the awareness of study outcomes and assignment to
conditions, risk was found to be high or unclear for most studies.
Only 4 studies reported the use of arandom component to allocate
participants to conditions or counterbalance condition order
(studies were deemed to be “high risk” if they counterbalanced
condition order but reported a method that relied on alternation
or “unclear” if no method was reported) (6, 41, 43, 52), 2 studies
reported a method that adequately concealed condition allocation
before and during enrollment (6, 43), 9 studies used a cover story
and assessed participant beliefs accordingly (1, 2,41-43,49), and
1 study reported that the experimenter who assessed food intake
was blind to the study aims or conditions (43). See Figure 2 for
an overview of results for each criterion.

In addition, we found that 3 studies reported no procedures
to control appetite before the test session (39, 41, 52), 10 studies
reported no assessment of appetite on the test day (4, 6, 19,21, 34,
37,39, 44,52, 54), and 6 studies reported no assessment of liking

17 studies including <30 participants per condition (1, 2, 4, 7,
18,20-22, 32, 35, 40, 44, 45, 50, 51). Six studies estimated their
required sample size prior to data collection (7, 37, 46, 52-54),
but only 4 met their target sample (7, 46, 53, 54).

Overview of main results of studies

Of 37 studies included in the review, 16 reported a significant
effect where variety increased food intake (1, 2, 4, 6, 7, 20, 39, 40,
44,46, 48,49, 51, 53). No significant effect was found in 6 studies
(1,19, 22,36,47, 54), and findings were mixed in 15 studies (e.g.,
significance and/or direction of effect differed depending on the
unit of measurement reported for intake, individual components
for which intake was assessed, or the inclusion of moderating
factors in models) (17, 18, 21, 32-35, 37, 38, 41-43, 45, 50, 52).

Meta-analysis

Of 37 studies reviewed, data from 30 studies (consisting of
39 comparisons) were used in the meta-analysis for the main
effect of variety on total meal intake. This included 3 studies
reporting pre-post data for variety and control conditions (4,
22, 40). Data from 2 studies were excluded from the meta-
analysis, as articles did not provide sufficient information to
calculate effect size (42, 48). Four studies were excluded as
they did not report effects on total meal intake; 1 study reported
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FIGURE 2 Risk of bias assessment for each criterion across studies (N = 37).

average daily food intake but did not report intake for individual
meals or meal sessions across days (51), and 3 studies reported
intake for only single components within a multicomponent meal
(and thus did not report effects on total meal intake) (18, 37,
54). One study was identified as an outlier and excluded from
analyses; it was the only study to report separate comparisons for
restrained (Hedges’ g = —19.500, P < 0.001) and unrestrained
eaters (Hedges’ ¢ = 28.292, P < 0.001), and effect sizes
were noticeably different from all other studies included in the
meta-analysis.

The meta-analysis reported a significant small to medium
effect size of variety on total meal intake (in weight and
energy) (Hedges’ g = 0.405; 95% CI: 0.259, 0.552; z = 5.413;
P < 0.001). Sensitivity analyses using the “1 study removed”
procedure revealed no change in results, and the overall effect
size remained within the confidence interval and was significant
after adjusting the imputed correlation value (r = 0.2, Hedges’
g =0.398, P < 0.001; » = 0.9, Hedges’ g = 0.402, P < 0.001).
This strengthens evidence that the overall effect size is within
the specified range, irrespective of imputed values, and favors
increased intake in the presence of variety. However, there was
considerable heterogeneity between comparisons (> = 84%).
See Figure 3 for a forest plot.

Planned subgroup analyses

Table 3 displays effect sizes and P values for planned
subgroup analyses, including effects at each subgroup level.

To identify sources of heterogeneity across studies and explore
effects of potential moderators, we assessed differences in
study manipulations and sample characteristics. There were
no significant between-subgroup effects when studies were
categorized by the form of variety manipulated (across meals
compared with between courses compared with within a single
course), the test foods used (fruit and vegetables compared with
other food groups), or the number of sensory characteristics
varied in the experimental condition (single compared with
multiple). When investigating differences in effects for test
foods, comparisons were excluded from the analysis if studies
manipulated variety for both food categories (4, 7, 53). Notably,
when examining subgroup effects for test foods and the number of
sensory characteristics manipulated, removing studies in which
a combination of different foods was presented within a single
course (17, 32, 33, 35, 36, 38, 47) did not affect results.
There were also no significant between-subgroup effects when
studies were categorized by participant age (children compared
with adults compared with older adults), sex (male compared
with female), or body weight (underweight compared with lean
compared with overweight). No heterogeneity was observed
within the subgroup for males or underweight, and heterogeneity
was low within the subgroup for lean (> = 23%), moderate for
studies manipulating a single sensory characteristic (> = 38%),
and substantial for older adults (/> = 52%), females (I> = 51%),
and studies manipulating variety between courses (I> = 73%).
Heterogeneity within all other subgroups was considerable
(P > 75%).
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Study name Statistic for each study Hedges g and 95% Cl
Hedges

g p-Value
Meiselman 2000 (4) 1125 <0.001 e
Kerr 2019; Small box, adults (44) -0.180 0.022 +
Vadiveloo 2018; Color and combination vs. control (41) -0.042 0.835 ——
Carney 2018 (47) -0.011 0.919 -+
Epstein 2013; Study 1 (42) 0.014 0.974 e m
Guerrieri 2008 (39) 0.028 0.901 ——
Beatty 1982; Males (21) 0.029 0.960 e
Rolls 1981; Study 3 (1) 0.089 0.751
Parizel 2017 (53) 0.093 0.623
Guerrieri 2007 (19) 0.120 0.576
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Raynor 2006 (22) 0.144 0.732
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Appleton 2009 (37) 0.190 0.219 H=-
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Dominguez 2013 (35) 0.246 0.212 +H=
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Rolls 1982; Study 3 (2) 0.290 0.085 ==
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Spiegel 1990; Underweight (45) 0.459 0.296
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Wijnhoven 2015 (7) 0.704 0.002 ——
Rolls 1981; Study 1 (1) 0.749 0.000 -t
Best 2011; Combined sauce and seasoning variety (52) 0.831 0.017 ——
Appleton 2018 (51) 0.832 0.000 —f—
Spiegel 1990; Lean weight (45) 0.877 0.064
Beatty 1982, Females (21) 1.606 0.010 B ]
Spiegel 1990; Overweight (45) 1.690 0.004 D
Hollis 2007; Young adults (20) 2.105 <0.001 ——
Roe 2013 (6) 3419 <0.001 -:1
Levitsky 2012 (46) 3974 <0.001
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FIGURE 3 Forest plot displaying effect sizes for comparisons from each study included in the meta-analysis (N = 30).

Discussion

To our knowledge, this is the first systematic review and meta-
analysis to formally synthesize experimental studies and quantify
the size of the effect of variety on total food intake within
and across meals. In line with past narrative reviews (14-16),
we found evidence of an overall effect of variety that favored
increased meal intake. Of 37 studies included in the review, 16
reported a significant effect in which variety increased food intake
(1,2,4,6,7, 20, 39, 40, 44, 46, 48, 49, 51, 53), 6 reported no
significant effect (1, 19, 22, 36, 47, 54), and 15 reported mixed
findings (17, 18, 21, 32-35, 37, 38, 41-43, 45, 50, 52). A meta-
analysis of data from 30 studies showed that variety had a small
to medium effect on meal intake. This overall effect appears to be
robust, as sensitivity analyses showed no change in results.

It is generally believed that sensory-specific satiety is the
mechanism by which variety influences food intake (12, 13,
56). Sensory-specific satiety has been shown to occur across age
groups (20, 57), although it appears to be less pronounced in older
adults (20, 58). It also occurs irrespective of sex (16) and weight
status (48, 50, 59, 60), thus mirroring the effects of variety on
food intake between subgroups in this meta-analysis.

It is clear that variety is a key driver of food intake across
the life span and may be of interest to the development of cost-
effective, public health interventions to improve population well-
being, as variety can be related to better nutrition and diet quality
(5). For instance, studies included in this review that focused on
children tended to explore how variety can be used to increase
intake of fruit and vegetables (6, 34, 36, 37, 39, 54). Several
studies also aimed to increase food intake in older adults in the
presence of variety (7, 32, 33, 35, 38, 53), as this age group
is known to be at greater risk of undernutrition due to poor
appetite (61, 62). However, results of this review suggest that
interventions may be premature; only 2 studies exploring effects
in children reported a significant increase in intake for fruit and
vegetables in the presence of variety (6, 39), while remaining
studies reported mixed (34, 37) or nonsignificant results (36, 54).
For older adults, 2 studies reported a significant increase in food
intake in the presence of variety (7, 53), while remaining studies
reported mixed results (32, 33, 35, 38). Further evidence is needed
to identify a consistent effect of variety in these contexts.

Results also suggest that dietary strategies focused on variety
could have important implications for the management of energy
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TABLE 3 Effect sizes and P values for planned subgroup analyses

P for total
Subgroup level Effect size, Hedges’ g between-subgroup

Variable (N comparisons) (95% CI)! heterogeneity? (0]

Form of variety Across meals (N = 3) -0.363 (-1.224, 0.498) 0.062 (0.372) 5.575
Between courses (N = 10) 0.651 (0.342, 0.960)***
Within a course (N = 26) 0.377 (0.215, 0.539)***

Test foods Fruits & vegetables (N = 8) 0.516 (0.069, 0.963)* 0.689 (4.134) 0.160
Other food groups (N = 27) 0.419 (0.260, 0.578)***

No. sensory components Multiple (N = 32) 0.447 (0.277, 0.618)*** 0.059 (0.354) 3.562
Single (N =7) 0.192 (-0.012, 0.395)

Age Children (N = 10) 0.364 (0.090, 0.639)** 0.715 (4.290) 0.672
Adults (N = 22) 0.407 (0.182, 0.632)***
Older adults (N =7) 0.501 (0.285, 0.718)***

Sex Male (N = 5) 0.291 (0.074, 0.507)** 0.101 (0.606) 2.691
Female (N =9) 0.584 (0.308, 0.860)***

Body weight Overweight (N = 2) 0.861 (-0.540, 2.263) 0.845 (5.070) 0.337
Lean (N =2) 0.424 (-0.049, 0.896)

Underweight (N = 1)

0.459 (-0.402, 1.320)

IEffect size reported for each subgroup level; asterisk indicates statistical significance (*P < 0.05, **P < 0.01, ***P < 0.001).
2P value reported for mixed-effects analysis; Bonferroni-corrected P included in brackets.

intake and, in turn, weight control. Although they did not meet
inclusion criteria to be eligible for this review, some intervention
trials have shown that assigning individuals to a long-term diet
that limits variety for high energy-dense foods can reduce energy
derived from these foods (63-65), decrease hedonic ratings
for these foods (64, 65), and encourage greater weight loss to
occur (63). A previous commentary has highlighted that such
dietary treatments should simultaneously encourage an increase
in variety for more nutritious foods in order to promote consistent
effects on weight loss and weight maintenance (66). Again, we
note that results appear to differ across studies measuring effects
of variety for fruits and vegetables on meal intake in both children
and adults, as wide confidence intervals indicate instability in
the effect size estimate. As such, in line with Vadiveloo and
Parekh’s recommendation (66), we emphasize a need for future
research to examine long-term effects, as the influence of variety
for fruits and vegetables may be more apparent when a need
to “compensate” for reduced energy derived from high energy-
dense foods is considered in a treatment setting.

Considerable heterogeneity present across studies was not
explained by subgroup analyses; there were no significant
differences in effect size when studies were categorized by the
form of variety manipulated, the test foods used, the number of
sensory characteristics varied, or key demographics of samples.
However, clear methodologic differences between studies were
identified in the review (see Table 2). For instance, the difference
in variety between experimental and control conditions was
smaller within some studies compared with others, particularly
when the control condition consisted of multiple foods and
sensory characteristics in and of itself. It may be that the effects of
variety were undermined in such comparisons, and the question
of whether there is a ceiling effect at which point further increases
in variety no longer result in increased intake warrants further
exploration in future research. Studies were also often designed
to manipulate multiple factors in addition to variety, and different
variables were controlled in models across studies. Given that
studies often reported the use of small samples, it is likely that

more than half of studies were at risk of being underpowered.
Risk of bias was also deemed to be high or unclear for most
studies when procedures for sequence generation, allocation
concealment, and blinding were assessed. In order to confirm
our results, there is a clear need to conduct well-powered,
blinded, randomized control studies that are specifically focused
on variety.

Considering the limitations of studies included in this system-
atic review and meta-analysis, we put forward 4 methodologic
recommendations for future research as they apply to the topic
of food variety, although we acknowledge applications to the
wider literature of human appetite research (67). First, it would
be useful for studies to report a priori sample size calculations
to distinguish between planned and exploratory analyses and to
consider the impact of exploring effects of multiple factors and
comparisons on study power. Second, we emphasize a need to
develop a consistent definition of variety that also considers the
number of components that constitute variety, the possibility of a
point of saturation for variety within a meal, and possible effects
of variety in a control condition that may affect effect size [for
further discussion on defining variety, see (14)]. Third, it would
be useful to develop clear guidelines for best practice regarding
the design of future studies and better reporting of methods and
results. Finally, we encourage researchers to adopt open science
practices in order to facilitate in the future synthesis of studies in
this field, such as preregistration and open access data sets (68).

Limitations of this systematic review and meta-analysis should
also be acknowledged. Although efforts were made to ensure that
data extraction was accurate and consistent across articles, the
use of single data extraction can have a higher error rate than
double data extraction (69). In order to synthesize studies, we
focused on the short-term main effect of variety on total meal
intake at the exclusion of analyses within studies that explored
additional effects of variety on food intake. For instance, it should
be highlighted that some studies reported significant effects of
variety on intake for individual components of a meal (7, 33, 35,
37, 38, 44, 53), conflicting results depending on whether intake



740 Embling et al.

was reported in energy or weight (17, 32, 43), and significant
interaction or subgroup effects for variety (17, 20, 33, 36, 41-43,
45, 50-54). It should also be acknowledged that only 4 studies
eligible for review manipulated variety across meals, meaning
effects on intake for variety when meals are repeated and eaten
over a longer period remain unclear.

This systematic review and meta-analysis was also limited
by the data available. Some studies were excluded from data
analyses due to missing information required for inclusion in
the meta-analysis. Missing data for the correlation between
conditions were estimated for most studies that used a within-
subjects design, and a summary effect size was computed
for studies reporting multiple comparisons using the same
participants to avoid issues associated with multiplicity, although
sensitivity analyses suggest that this had a limited influence on
results. However, as heterogeneity was high, publication bias
could not be reliably assessed. Considering the high number of
studies reporting significant results, some evidence of publication
bias is likely, and findings of the meta-analysis should be
interpreted with caution.

Therefore, although we found evidence to support that food
intake is increased in the presence of variety, risk of bias
and methods used to measure effects on food intake were a
concern, particularly as subgroup analyses could not account
for heterogeneity. It is recommended that further attention
is given to the development of preregistered, well-powered
randomized controlled studies in eating behavior research and
to the consideration of variety as a key driver of food intake in
dietary interventions.
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