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Abstract

Objective: The present review aimed to examine the association of eating
frequency with body weight or body composition in adults of both sexes.
Design: PubMed, EMBASE and Scopus databases were searched. PRISMA and
MOOSE protocols were followed. Observational studies published up to August
2016 were included. The methodological quality of the studies was assessed with
the Downs and Black checklist.

Setting: A systematic review of the literature.

Subjects: Adults (12 136 052); the majority of studies were developed in the USA
and Europe.

Results: Thirty-one articles were included in the review: two prospective and
twenty-nine cross-sectional studies. Thirteen per cent of the studies received
quality scores above 80%. The assessment of eating frequency and body
composition or body weight varied widely across the studies. Potential
confounders were included in 73 % of the studies. Fourteen studies reported an
inverse association between eating frequency and body weight or body
composition, and seven studies found a positive association. The majority of
studies applied multiple analyses adjusted for potential confounders, such as sex,
age, education, income, smoking, physical activity and alcohol intake. Six studies

took into account under-reporting of eating frequency and/or energy intake in the Systemalic |iteru:(ut:zv:e‘:lrig\nsl
analysis, and one investigated the mediation effect of energy intake. Obesity
Conclusions: There is not sufficient evidence confirming the association between Fating frequency
eating frequency and body weight or body composition when misreporting bias is Body weight

taken into account. However, in men, a potential protective effect of high eating
frequency was observed on BMI and visceral obesity.

Meal pattern
Body composition

(€V]

Obesity is increasing at alarming rates worldwide ™.
The media, health professionals and guidelines for health
and weight management have postulated that higher
eating frequency may be good for weight management'®,
but such a recommendation lacks solid evidence to
justify it.

Since the 1960s, some scientists have suggested an
inverse association between the consumption of a greater
number of small meals per day and body weight main-

tenance”. According to them, the consumption of more
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meals per day might lead to greater thermogenesis, higher
insulin sensitivity and lower total energy intake™>.

Since then, studies that have attempted to determine
the effects of eating frequency on weight have reached dif-
ferent conclusions. Some experimental and observational
studies of eating patterns and body weight status conducted
in the 1960s and 1970s found an inverse relationship
between eating frequency and adiposity, supporting the
claim for an association between lower body weight and

higher eating frequenqze‘()). More recently, mainly in the
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Table 1 Search strategy for Pubmed, EMBASE and Scopus

R Canuto et al.

‘meal frequency’ OR ‘meal frequencies’ OR ‘meals’/exp OR ‘meals’ OR ‘meal time’/exp OR ‘meal time’ OR ‘mealtime’ OR

‘mealtimes’ OR ‘meal times’ OR ‘eating frequency’ OR ‘eating frequencies’ OR ‘eating episodes’ OR ‘meal pattern’ OR
‘meal patterns’ OR ‘eating pattern’ OR ‘eating patterns’ OR ‘eating behaviors’ OR ‘dietary pattern’ OR ‘dietary patterns’

‘meal frequency’ OR ‘meal frequencies’ OR ‘meals’ OR ‘meal time’ OR ‘mealtime’ OR ‘mealtimes’ OR ‘meal times’ OR

‘eating frequency’ OR ‘eating frequencies’ OR ‘eating episodes’ OR ‘meal pattern’ OR ‘meal patterns’ OR ‘eating
pattern’ OR ‘eating patterns’ OR ‘eating behaviors’ OR ‘dietary pattern’ OR ‘dietary patterns’ OR ‘dietary habits’ OR

‘weight’ [all fields] OR ‘overweight’ [all fields] OR ‘obesity’ [all fields] OR ‘adiposity’ [all fields] OR ‘waist circumference’ [all

fields] OR ‘BMI’ [all fields] OR ‘waist-to-hip ratio’ [all fields] OR ‘abdominal obesity ’[all fields] OR ‘change body weight’

‘weight’/exp OR ‘weight’ OR ‘overweight’/exp OR ‘overweight’ OR ‘obesity’/exp OR ‘obesity’ OR ‘adiposity’/exp OR

‘adiposity’ OR ‘waist circumference’/exp OR ‘waist circumference’ OR ‘BMI’/exp OR ‘BMI’ OR ‘waist-to-hip ratio’/exp

‘weight’ OR ‘overweight’ OR ‘obesity’ OR ‘adiposity’ OR ‘waist circumference’ OR ‘BMI’ OR ‘waist-to-hip ratio’ OR

Case-Control Study [all fields] OR Case Control Study [all fields] OR Epidemiological Studies [all fields] OR Retrospective

Studies [all fields] OR Cohort Study [all fields] OR Incidence Study [all fields] OR Cross-Sectional Study [all fields] OR
Cross Sectional Study [all fields] OR Prevalence Study [all fields] OR Longitudinal Study [all fields] OR Follow-Up Study

‘case control study’/de OR ‘cohort analysis’/de OR ‘cross-sectional study’/de OR ‘longitudinal study’/de OR ‘observational

case-control study OR case control study OR epidemiological studies OR retrospective studies OR cohort study OR

incidence study OR cross-sectional study OR cross sectional study OR prevalence study OR longitudinal study OR

Exposure
EMBASE
OR ‘dietary habits’ OR ‘diet habit’' OR’ diet habits’
Scopus
‘diet habit’ OR ‘diet habits’
Outcome
PubMed
[all fields]
EMBASE
OR ‘waist-to-hip ratio’ OR ‘abdominal obesity’/exp OR ‘abdominal obesity’ OR ‘change body weight’
Scopus
‘abdominal obesity’ OR ‘change body weight’
Design
PubMed
[all fields] OR Prospective Study [all fields]
EMBASE
study’/de OR ‘prospective study’/de OR ‘retrospective study’/de
Scopus
follow-up study OR prospective study
Limits
PubMed (‘adult’ [all fields] OR ‘adults’ [all fields]) AND (‘humans’ [MeSH terms] AND ‘adult’ [MeSH terms])
EMBASE ([article)/lim OR [article in press)/lim) AND [adult}/lim AND [humans}/lim AND [embase]/lim
Scopus

EXCLUDE (EXACTKEYWORD, ‘Child’))

(LIMIT-TO (DOCTYPE, ‘ar’)) AND (LIMIT-TO (SRCTYPE, §)) AND (EXCLUDE (EXACTKEYWORD, ‘Adolescent’) OR

MeSH, medical subject heading.

2000s, studies have shown mixed conclusions. A meta-
analysis on meal frequency with respect to changes in fat
and lean mass based on experimental research, published in
2015, found only a small potential benefit of increased
feeding frequency for fat mass and body fat percentage.
Two observational studies showed results in the same
direction®; while others have also reported a sex differ-
ence'®V. On the other hand, some studies found a positive
association between eating frequency and body weight sta-
s or did not find any relationship™**>.

Overall energy intake also has a relevant role in the causal
pathway that links meal frequency and weight maintenance,
although the results of studies evaluating the effect of eating
frequency on energy intake were inconclusive. Edelstein
et al™® and Howarth et al"” showed that total energy
intake increased with increasing frequency of meals or
snacks, in both men and women. Meanwhile, Westerterp-
Plantenga et al"® described that healthy young men with a
high habitual meal frequency had lower total energy intake.
Additionally, a study reported that meal frequency and a
period of fasting have no major impact on energy intake'”.

Considering the need to organize these divergent evi-
dences, the aim of the present systematic literature review
(SLR) was to examine the association between eating
frequency and body weight and body composition in
adults of both sexes.
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Methods

An SLR was conducted aiming to find original articles on the
association between eating frequency and body composi-
tion or body weight. The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)*” and
MOOSE (Guidelines for Meta-Analyses and Systematic
Reviews of Observational Studies)®” protocols were
followed. Thus, the research protocol was identified using
the PICO (patient, intervention, comparison, outcome)
strategy. The articles retrieved from the literature met the
following inclusion criteria: (i) the study design was obser-
vational; (ii) the article was derived from original research;
(iii) the measured outcome included at least one of weight,
change in body weight, overweight, obesity, BMI, adiposity,
waist circumference, waist-to-hip ratio or abdominal obe-
sity; (iv) the exposure measurement included eating fre-
quency as number of meals per day; and (v) the samples
comprised adults (aged >18 years).

PubMed, EMBASE and Scopus databases were searched.
Articles published from 1960 to August 2016 were included.
The search strategies are shown in Table 1. Terms relative to
eating frequency and body weight were used. Additional
papers were identified in the reference lists of selected
articles that met the inclusion criteria. All records identified
were uploaded or manually entered into EndNote X4.
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The searches were conducted by two independent investi-
gators (R.C. and A.S.G.) and their results were compared.

The articles that met all the established criteria were
included. Two reviewers (R.C. and A.S.G.) independently
read all titles and abstracts. At a second stage, the reviewers
read in full all manuscripts that had consensus about their
inclusion. If consensus between the two reviewers could not
be reached, a third reviewer (M.T.A.O.) was called upon to
make a final decision. In four instances the full text of the
article was not available. In theses cases we contacted the
authors by email up to three times.

The data were extracted and summarized according to
the following variables: first author, date of publication,
study design, sample size, subjects’ age, follow-up duration
(prospective studies), outcomes and exposure assessment,
statistical analysis including confounders and mediators used
in the adjusted analysis, and numerical results.

Guidelines for SLR and meta-analysis have drawn atten-
tion to the importance of evaluating the possible bias in the
key methodology domains of the primary studies®?. In the
present SLR, a validated checklist originally proposed by
Downs and Black was used in order to assess the quality of
the selected articles, especially regarding possible bias. This
checklist, originally proposed to rate the quality of clinical
trials, consists of twenty-seven items that evaluate the risk of
bias in five domains: reporting, external validity, internal
validity, confounding and power. Subsequently, this check-
list was adapted for observational studies®, and items 8, 13,
23 and 24 were eliminated for longitudinal studies, while
items 8, 9, 13, 17, 23 and 24 were excluded for the assess-
ment of cross-sectional studies. In the present SLR, items 14
and 15 were also eliminated for both designs because they
evaluate the blinding process and most observational studies
do not take blinding into consideration. The final scale
ranged from 0 (poorest quality) to 21 points (best quality) for
longitudinal studies and 19 points (best quality) for cross-
sectional studies. All items received scores of 0 or 1 (1 if the
item was contemplated in the study and 0 if the item was not
contemplated or was not able to be determined), with the
exception of item 5. Item 5 evaluates if a list of main con-
founders was provided, ranging from 0 to 2 (0=no;
1 =partially; 2 =yes). In item 27, the score (0 or 1) depended
on whether the statistical power of the survey was explicitly
stated in the article.

A score of quality was created as follows: the number
given by the total sum of the questions was then divided
by the number of total applicable items in the study and
finally multiplied by 100.

In the second stage of the quality assessment, in the
same way, a general assessment of the quality of the
articles was performed for each item of the evaluation
instrument. The studies with questions that had scores of
1 or 2 were classified as having a ‘low risk of bias’,
whereas scores of 0 reflected a ‘risk of bias’.

The two reviewers (R.C. and A.S.G.) independently
made use of the checklist to assess the quality of the
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retrieved articles. When a consensus could not be reached
between them, the third reviewer (M. T.A.O.) was called
upon to make a final decision.

Results

The search strategies resulted in 6357 articles (2503 from
PubMed; 2380 from EMBASE; 1474 from Scopus). After
excluding duplications, 5789 titles and abstracts were
examined; 209 full texts were selected for reading. One
hundred and eighty-two articles were excluded for the
following reasons: outcome and exposure measurements
did not meet the inclusion criteria (72172); the study
population was not adult (21); and the article did not
show the statistical results for the analysis of the relation-
ship between exposure and outcome (72 1). Twenty-seven
articles met all of the inclusion criteria. The references of
these articles were checked, resulting in four additional
articles. As a result, a total of thirty-one articles were
included in the present SLR (Fig. 1).

The studies had different sample characteristics. The
majority of the studies were conducted in the
USAG1213151724-28) 414 European countries®102429-39)
Two studies included only men?*, five included only
women®#33373%40  and  twenty-four included  both
sexes©8-12:14,1517.24-31.33,34,3738.41-43) The sample sizes of
the studies ranged between eighty-two®” and 34974
individuals®®, and the age of the participants was
between 18 and 90 years old. Two prospective*'> and
twenty-nine cross-sectional studies were retrieved. The
follow-up of prospective studies was 8 and 10 years">!>
(Table 2).

In the reporting items, most articles were classified as
having a ‘low risk of bias’. On the other hand, in the
external validity domain, several of the articles were not
clear about how their participants were selected (42 %) or/
and did not rely on representative samples (70%). As
regards internal validity, 34-8 % of the studies did not use
an accurate method (valid and reliable) to measure the
outcomes, using self-reported measures. In the con-
founding domain, 54-8% of the articles did not describe
characteristics of participants lost between the initial
selection process and the final sample, and 29-0% of the
studies did not perform any adjustment for confounding in
the analysis. Finally, almost all studies (96-7%) did not
report a power calculation for their sample size and were
classified as having a ‘risk of bias’ in the power domain
(Fig. 2).

Considering the fourteen studies that found inverse asso-
ciations between eating frequency and the outcomes, the
following was observed: all studies were cross-sectional;
eleven had scores of quality above 70 06 811:24.253033,3643.44,
and eight studies found an association between eating fre-
quency and outcomes measured as body weight, BMI,

. . 4.25 . .
overweight or obesity®'*##>3” five as waist circumference
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Fig. 1 The search and selection process in the present systematic literature review according to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) statement

or waist-to-hip ratio11:2>3649

and one as adiposity index®.

Only one study used self-reported measurements'®. In most

studies (72 11) multiple recalls or meal pattern questionnaires

used in order to

were
(6,8-11,24-26,

assess the

eating fre-

quency 283330 Five studies classified the exposure
as a continuous variable®'?>239; seven according to the
three major meals (breakfast, lunch and dinner) and com-
pared the intake of three meals with a greater or lower
number of meals©@10243330484D Voot studies (2 10)
performed multiple analyses or other statistical methods
to adjust for possible confounding, including socio-

demographic variables such as Sex(&w'%’2"’50'55’56’45’44),
(10,11,24,33,36,44,45)

age®1124:253033.36.43.44) education ’
income ' and race/ethnicity®**; and behavioural vari-

ables such as smoking(24’25’30’35'56’45’44) ,
ity(9—l1,16,24,50,,’)3,36,43,44)7 alcohol  intake
dietary characteristics 1124230368340 - goyen
into account energy intake as a confounde
in three of them misreporters of energy were excluded1%24+3¢
(Table 3).

Eating frequency was positively associated with the out-
comes in seven studies and one of them presented a pro-

spective design'®. Five studies received quality scores

physical activ-
(0113033434 4

studies took
r(6,9,10,24,23,?)(),§6) and
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above 70%#1317323% The outcomes were measured as
weight, BMI, overweight/obesity in six studies!#1317:343:3%,
two studies used self-reported measurements>'”, including
the prospective study. In the majority of studies (72 5), eating
frequency was assessed through multiple recalls or meal
pattern questionnaires. In four studies, the exposure was
classified as a continuous variable®***%>3® and in two
according to the three major meals and compared with a
greater number of meals"#'”. Four studies that provided a
complete list of sociodemographic (age, race/ethnicity,
education and income) and behavioural (smoking, physical
activity and dietary characteristics) confounders were inclu-
ded in the analysis"*'*173® In five studies, energy intake
was investigated as a confounder®1732343% " and one
investigated the mediation effect of energy intake"”. In
three of them its measurement took into account mis-
reporting'#%% (Table 4).

Ten studies did not show associations between eating fre-
quency and outcomes, one being prospective™”. Seven
received quality scores above 70% ' 4!>231394042 " gi gy
dies used a simple question or meal pattern questionnaire to
access eating frequency#>3134192 4 three used multiple
recalls?”?**” Five studies provided a complete list of
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Table 2 Summary of population and design characteristics of the studies sorted according to quality scores

uonisodwod Apoq pue Aouonbaiy Suneq

Study Year(s) Population Sample size Age (years) Study design
Aljuraiban et al. (2015)@% 1996-1999 Women and men from INTERMAP 2696 40-59 Cross-sectional
Murakami & Livingstone (2015)(‘2) 2003-2012 Women and men from NHANES 2003-2012 18696 >60 Cross-sectional
Gigante et al. (19972‘42) 1994 Brazilian women and men 1035 20-69 Cross-sectional
Karatzi et al. (2015)%% NA Greek women and men 164 Mean 468  Cross-sectional
(sb 9-3)
Oliveira et al. (2009%(44) NA Brazilian women and men 570 19-59 Cross-sectional
Kant et al. (1995)'® 1971-1975 to Women and men from NHANES | and NHEFS 7147 25-74 Prospective: 8-10-
1982-1984 year follow-up
Holmback et al. (2010)('° 1991-1995 Women and men from Sweden Diet and Cancer 3009 47-68 Cross-sectional
cohort
Kim et al. (2014)"® 2005 Women and men from Third Korean National 4625 >19 Cross-sectional
Health and Nutrition Examination Survey
Mohindra et al. (20092(25) 1998-1991 US adults from Louisiana Bogalusa Heart Study 504 19-28 Cross-sectional
Howarth et al. (2005)"'" 1994—-1996 Women and men from US Continuing Survey of 2685 Younger: 20-59 Cross-sectional
Food Intake Older: 60—90
Ma et al. (2003)® NA American women and men 299 20-70 Cross-sectional
Mills et al. (2011)4“© 2008 American women 1099 40-60 Cross-sectional
Smith et al. (2012)"'" 2004-2006 Australian women and men 2775 26-36 Cross-sectional
Titan et al. (2011)53% 1993 and 1997 Women and men from Norfolk cohort of EPIC 14 666 45-75 Cross-sectional
Yannakoulia et al. (2007)©2 NA Greek women 64 pre- and 50 postmenopausal 24-74 Cross-sectional
Murakami and Livingstone (2014)®©®) 20002001 British women and men 1487 19-64 Cross-sectional
Berg et al. (2009)®' 2001-2004 Swiss women and men 3610 25-74 Cross-sectional
Drummond et al. (1998)® NA Women and men workers of Scotland 95 Mean 20 (sp 55) Cross-sectional
Marin-Guerrero et al. 1999 Spanish women and men 34974 25-64 Cross-sectional
Peixoto et al. (2007)“ 2001 Brazilian women and men 1252 20-64 Cross-sectional
Ruidavets et al. (2002)©® 1996-1997 French men 330 45-64 Cross-sectional
Teichmann et al. (2006)©® NA Brazilian women 981 20-60 Cross-sectional
van der Heijden et al. (2007)("® 1992-2002 Men from HPSF 20064 46-81 Prospective: 10-
year follow-up
Bachman et al. (2011)®®) 2006-2007 American women and men 257 18-65 Cross-sectional
Bertéus Forslund et al. (2005)©% Reference: 1994-1999 Swiss women and men Obese: 4470 Obese: 30-60 Cross-sectional
Obese: 1997-2001 Reference: 1092 Reference: 37-60
Bertéus-Forslund et al. (2002)©> Obese: 19941999 Swiss obese women Obese: 83 37-60 Cross-sectional
Reference: NA Reference: 94
Metzner et al. (1997)© 1967-1969 American women and men 2028 35-69 Cross-sectional
Pearcey and de Castro (2002)%7 NA Women and men from research pool at Georgia 19 weight-gaining men and NA Cross-sectional
State University women and 19 weight-stable
Reicks et al. (2014)©® 2013 American women and men 2702 18-80 Cross-sectional
Amosa et al. $2001)(37) 1994 Polynesian and European women 82 18-27 Cross-sectional
Al-lsa (1999)“" 1997-1998 Kuwait women and men university students 842 18-23 Cross-sectional

NA, not available; INTERMAP, International Study on Macro/Micronutrients and Blood Pressure; NHANES, National Health and Nutrition Examination Survey; NHEFS, NHANES Epidemiologic Follow-up Study; EPIC,
European Prospective Investigation into Cancer and Nutrition; HPSF, Health Professionals Follow-up Study.
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Reporting

Aims are clear

Main outcomes are clear
Characteristics of the patients are clear
Exposure definition is clear
Confounders in each group clear

Main findings are clear

Estimates of the random variability
Losses to follow-up*

P-values reported

External validity

R Canuto et al.

e, =
Representative sample

Internal validity

Data dredging

Different lengths of follow-up*
Statistical tests

Accurate main exposure measurement
Accurate outcome measurement
Confounding

All participants from the same population
Participants selected simultaneously
Adjustment for confounding

Losses

Power

Sample power calculation

0O 10 20 30 40 50 60 70 80 90 100

% of studies

Fig. 2 Summary of quality assessment (@, low risk of bias; W, risk of bias) of the studies (n 31) included in the present systematic
literature review. *ltems ‘different lengths of follow-up’ and ‘losses to follow-up’ were evaluated only in prospective studies

possible sociodemographic confounders (age, race/ethnicity,
education and income)™>*™? and four of behavioural
confounders (smoking, physical activity and alcohol
intake)">*#142 Tnvestigation of energy intake as confounder
was included in the analyses of only two studies>*
(Table 5).

Among the ten studies that showed analyses in men
separately, five found inverse associations between high
eating frequency and waist circumference” "% or waist-
to-hip ratio®*3® and seven found inverse associations for
body weight®10:11:30:33.364340) " A1 of these studies adjus-
ted for physical activity and dietary characteristics in
multiple analyses, but only two of them took into account

https://doi.org/10.1017/51368980017000994 Published online by Cambridge University Press

dietary intake misreponing(10’36). On the other hand, when
the results were analysed only in women, no pattern was
observed in the results.

Finally, when the results were analysed according to
exposure and outcomes, no association pattern was observed.

Discussion

Our SLR focused on the association of eating frequency
with body composition or body weight. We concluded
that, to date, there is not sufficient evidence for estab-
lishing a clear association between eating frequency and
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Table 3 Summary of the main results of studies that found an inverse association between eating frequency and body weight or body composition (n 14)

Quality Exposure
Study score (%) Outcomes Exposure assessment classification Statistical analysis Results
Aljuraiban et al. 94.7 BMI: continuous variable  No. of meals: main meals <4v.4v.5v.>6 BMI: generalized linear model Men and women
(2015)®% and snacks meals and adjusted for sex, age, population  BMI (kg/m°), mean (95 % Cl):
Assessment: 4 x 24 h recall continuous sample, educational level, PA, >4 meals: 29-0 (28-8, 29.5)
variable smoking, diet, dietary supplement 4 meals: 284 (28.0, 28.5)
and El 5 meals: 28-1 (27-7, 28-4)
BMI difference: multiple linear >6 meals: 27-3 (26-8, 27-8)
regression model adjusted for P<0-01
sex, age, population sample and  BMI difference (kg/m°):
El B=-11(95% Cl -1.6, -0-7)
Energy misreporting was defined P <0-0001
based on EI:EER and <2092 kJ/
24 h (<500kcal/24 h) or
>20 920 kJ/24 h (>5000 kcal/24 h)
for women and >33472kJ/24h
(>8000 kcal/24 h) for men
Oliveira et al. 89-5 Overweight: Total no. of meals: main <8 v. >4 meals Logistic regression model adjusted Men Women
(2009)“4 BMI > 25.0kg/m® meals and snacks for sex, age, race, marital status, WC, OR (95 % Cl): WC and BMI: NS
WOC risk category: Assessment: simple question education, income, occupational >4 v. <3 meals:
men >94cm, status, self-rated health, PA, 3-5(1-3, 9-3)
women >80cm smoking, alcohol intake, parity, BMI: NS
morbidities, dietary practices,
frequency of fruits, vegetables,
meats, sausages and derivatives
intake
Holmback et al. 84.2 Underweight: No. of meals: main meals <3 v. >6 meals Logistic regression model adjusted Men Women
(2010)(1® BMI < 18-5 kg/m? and snacks 4-5 v. >6 meals for age, education, SES, smoking,  Obese, OR (95% Cl): Obese:
Normal weight: Assessment: meal pattern alcohol intake, PA activity and EI >6 v. <3 meals: P=0-12
BMI=18-5-25.0 kg/m2 questionnaire Energy misreporting was defined 2.4 (1.02, 5.7) WC greatly increased
Overweight: based on EI:.BMR >6 v. 4-5 meals: risk:
BMI = 25.0-29-9 kg/m? 1-1 (06, 2-2) P=0-07
Obesity: BMI > 30 kg/m? WC greatly increased
WC increased risk: 80cm risk, OR (95 % ClI):
(women), 94 cm (men) >6 v. <3 meals
WC greatly increased risk: 2.1 (1.0, 4-3)
88cm (women), 102cm >6 v. 4-5 meals
(men) 1.6 (09, 2-8)
Mohindra et al. 84.2 Overweight: Total no. of meals: main Continuous Logistic regression model adjusted Men and women
(2009)@® BMI = >25.0-29.0 kg/m? meals and snacks variable for sex, age, ethnicity and EI Normal v. overweight, OR (95 % CI):
Obesity: BMI>30-0kg/m®  Assessment: 1x24h dietary 0-9 (0-8,1-1)
recall Normal v. obese, OR (95 % ClI):
0-8 (0-7,1-0)
Titan et al. 789 BMI (kg/m?) and WHR: Total no. of meals: main Continuous Multiple linear regression adjusted Men Women
(2001)©® continuous variables meals, snacks, biscuits variable for age, obesity, smoking, PA, BMI (kg/m?): BMI (kg/m°):

with coffee breaks
Assessment: simple question

intakes of alcohol, fat, protein and
carbohydrate, and EI

B=- 008 (st 0-03)
P=0.02

WHR:
B=-001 (se 0:01)
P=042

B=0-05 (st 0-04)
P=027

WHR:
B=—0.01 (se 0.01)
P=0.02

uonisodwod Apoq pue Aouonbaiy Suneq
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Table 3 Continued

Study

Quality

score (%)  Outcomes

Exposure assessment

Exposure
classification

Statistical analysis

Results

Ma et al. (2003)©®

Smith et al.
(2012)1

Drummond et al.
(1998)®

Marin-Guerrero
et al. (2008)©

Peixoto et al.
(2007)“¥

Ruidavets et al.
(2002)©®

789 Obesity: BMI>30-0 kg/m?

789 BMI (kg/m?) and WC
(cm): continuous
variables

737 Body weight (kg), BMI
(kg/m?) and body
fat %: continuous
variables

737 Obesity: BMI >30-0 kg/m?

737 BMI (kg/m?): continuous
variables
737 BMI (kg/m?) and WHR:

continuous variables

Total no. of meals: main
meals and snacks

Assessment: 10-15x24h
dietary recall

Total no. of meals: main
meals and snacks

Assessment: meal pattern
questionnaire

Total no. of meals: any
occasion when food was
taken

Assessment: 7d food record

3-4 meals: 3 main meals and
afternoon tea

2 meals: 2 main meals

1 meal: 1 main meal

Snack: small amounts of
food many times over the
course of the day

Assessment: meal pattern
questionnaire

No. of meals
Assessment: simple question

Total no. of meals: any food
or drink intake providing
energy

Assessment: 3d food record

<3 v. >4 meals

Continuous
variable

Continuous
variable

1 v. >3-4 meals
<2 v. >3-4 meals
3-4 v. >5 meals

<3 v. >4 meals

1-2 v. >5 meals
3 v. >5 meals
3 v. >5 meals

Logistic regression model adjusted
for sex, age, PA and El

Multiple linear regression adjusted
for age, education, PA, alcohol
intake, diet quality and overall
dietary quality

Pearson’s correlation without
adjustments

Logistic regression model adjusted
for age, education, size of town of
residence, marital status, PA,
smoking, alcohol intake and
health status

Multiple linear regression adjusted
for age, income, smoking, alcohol
intake, PA, frequency of meat and
vegetable intake

Multiple linear regression adjusted
for age, education, PA, smoking,
habits of dieting and EI
Energy misreporting was defined
based on EI:BMR

Men and women

<3v. >4 meals, OR (95 % ClI):

0-5 (0-3, 09)

Men Women

WC (cm): WC (cm):

B=-07 (95% CI B=-01(95% CI
-11, _%'3) -0-5, O‘g)

BMI (kg/m®): BMI (kg/m©):
B=-0-3 (95% CI B=-01(95% CI
-0-4, -0-1) -0-2, 0:9)

Men Women

Body weight: Body weight:
r=-0-34 P=041
P=0-03 BMI:

BMI: P=0-35
P=0-09 Body fat %:

Body fat %: P=0-43
P=017

Men Women

3-4 v. 2 meals, OR 3-4 v. 2 meals, OR
(95% CI): (95% ClI):

1.6 (Cl 1-4,1.9) 1.3 (1-0, 1-6)

3—4 v. 1 meals, OR 3—4 v. 1 meals, OR
(95 % CI): (95% Cl):

1.4 (0.9, 2-1) 1.1 (0-7, 1-8)

3—4 v. >5 meals, OR  3-4 v. >5 meals, OR
(95% CI): (95% Cl):

1-4 (1-0, 2-0) 1-5(1-2, 1-9)
en Women

<3 v. >4 meals: NS
B=-0-8 (95% CI
-1.5, =2-1)

Men

BMI (kg/m°):

>5 meals: reference

4 meals: B=1-7 (st 0-7)
3 meals: B=1-7 (se 0-7)
1-2 meals: B=3-7 (st 1-1)

P=0-05
WHR:

>5 meals: reference

4 meals: $=0-01 (se 0-01)

3 meals: B=0-01 (se 0-01)
1-2 meals: f=0-04 (se 0-02)
P<0-01
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Table 3 Continued

Quality Exposure
Study score (%)  Outcomes Exposure assessment classification Statistical analysis Results
Bachman et al. 68-4 Overweight/obese (OW):  Main meals: breakfast, lunch  Continuous Covariance analyses adjusted for Men and women
(2011)@® BMI =27.0-45.0 kg/m? and dinner variable sex, age, PA and Pearson Snacks, mean (sp):
Weight-loss maintainers Snack: any food eaten correlation without adjustment. WLM: 19 (1-1)
(WLM): BMI > 25.0 kg/m? outside habitual meal NW: 2.3 (1-1)
at some point in life, times OW: 1.5 (1-3)
lost>10% of Assessment: 3 x24 h dietary P<0-05
maximum body weight recalls Meals, mean (sp):
and maintained that for WLM: 2-7 (0-4)
at least 5 years, and NW: 2.7 (0-4)
were weight-stable OW: 2.7 (0-5)
within the previous P>0-05
2 years All participants
Normal weight (NW): BMI v. snacks:
BMI =19-0-24-9 kg/m? r=-0-20
at entry into the trial, P<0-01
never overweight or
obese and were
weight-stable within
the previous 2 years
Metzner et al. 68-4 Adiposity index: Total no. of meals: main 2 v. 6 meals ANCOVA with energy (calories) per Men and women
(1977)® continuous variable meals and snacks kilogram of ideal weight as the Mean adiposity index gets smaller as the
Assessment: 1 x 24 h dietary covariate number of meals increases from 2 to 6
recall (numerical results not shown)
Reicks et al. 63-2 BMI (kg/m?): continuous No. of meals: main meals 1-5 v. 6-10 v. Quantile regression of the median Men and women
(2014)@® variable and snacks >11 meals without adjustment BMI (kg/m?), median:

Self-reported

Assessment: self-
administered meal pattern
questionnaire and meal
pattern history

1-5 meals: 27-0

6—10 meals: 26-5
>11 meals: 26-2
P=0-008

WC, waist circumference; WHR, waist-to-hip ratio; PA, physical activity; El, energy intake; EER, estimated energy requirement; SES, socio-economic status; 3, linear regression coefficient; NS, not statistically significant

and P value not available; r, correlation coefficient.
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Table 4 Summary of the main results of studies that found a positive association between eating frequency and body weight or body composition (n 6)

Quality
score

Study (%)  Outcome

Exposure
Exposure assessment classification

Statistical methods and confounders

Results

Murakami and  94-7  Overweight: BMI > EFall: all eating

Livingstone 25.0 kg/m? occasions
(2015)(12 Central obesity: EFenergy: all eating
Men, WC occasions except
>102 cm; women, for those providing
WC>88cm no energy
EF >50kcal: all eating
occasions providing
>50kcal (>209 kJ)
Assessment: 2x24h
dietary recalls
Howarth etal. 789 BMI (kg/m?): No. of meals:
(2007)"" continuous breakfast, brunch,
variable lunch, dinner,

Self-reported supper or snack

Assessment: self-
administered meal
pattern

questionnaire

EFall and
EFenergy:
<35v.4v.

45v.5 v

Logistic regression model adjusted for age, race/

ethnicity, education, income, smoking, PA, intakes
of alcohol, protein, fat, sugar and dietary fibre, El:
EER

>5.5 meals Energy misreporting was defined based on EI:EER

EF > 50kcal:
<3v.35 v
5v.45 v

>5 meals

<3 v.35-6
meals

<3 v.>6
meals

Multiple linear regression adjusted for sex, age,
ethnicity, education, income urbanity, geographic
region, smoking, self-reported chronic disease,
TV viewing, fibre and fat

Overweight, Men

EFall, OR (95 % ClI):
<3-5 meals: 1-0 (ref.
4 meals: 1-2 (0-9, 1-6)
4.5 meals: 1-1 (0.9, 1-3)
5 meals: 1-2 (0-9, 1.5)
>5-5: 14 (1.2, 1.7)
P=0-0006

EFenergy, OR (95 % CI):
<3-5meals: 1-0 (ref.)
4 meals: 1-3 (1-0, 1-6)
4.5 meals: 1-1 (0-8, 1-3)
5 meals: 1-1 (0-9, 1.5)
>5-5 meals: 1-4 (1-2, 1.7)
P=0-002

EF >50kcal, OR (95 % ClI):
<3 meals: 1-0 (ref.)
3-5 meals: 1-4 (1-1, 1.7)
4 meals: 1-3 (1-0, 1.7)
4.5 meals: 1-4 (1-15, 1-8)
>5meals: 1-5 (1-2, 1-9)

~

P=0-003

Central obesity, Men

EFall, OR (95 % CI):
<3:5 meals: 1.0 (ref.)
4 meals: 14 (0.9, 1-4)
4.5 meals: 1-1 (0-9, 1-4)
5 meals: 1-4 (1-1, 1.7)
>5-5 meals: 1-4 (1-2, 1-7)
P=0-0001

EFenergy, OR (95 % ClI):
<3:5 meals: 1-0 (ref.)
4 meals: 1-1 (0-9, 1-4)
4.5 meals: 1-1 (0-9, 1-4)
5 meals: 1-4 (1-1, 1.7)
>5.5 meals: 14 (1-1, 1.7)
P=0-0001

EF >50kcal, OR (95 % ClI):
<3 meals: 1-0 (ref.)
3-5 meals: 1-0 (0.9, 1
4 meals: 1-3 (1-0, 1-6)
4.5 meals: 1-4 (1-1, 1+
>5 meals: 1-4 (11, 1-
P=0-002

Younger men and women

Overweight, Women
EFall:

P=0-40
EFenergy:

P=0-56

EF >50kcal, OR (95 % CI):

<3 meals: 1.0 (ref.)
3-5 meals: 1-2 (0-9, 1-5)

4 meals: 1-3 (1-0, 1.7)
4.5 meals: 1-3 (1-0, 1-6)
>5 meals: 1-4(1-2, 1-8)

P=0.001

Central obesity, Women

EFall:
P=0-31
EFenergy:
P=0-52
EF >50kcal, OR
<3 meals: 1-0
11
-4
1

9
ref.)
9

>

3-5 meals: 0
4 meals: 14 (1-1,
4.5 meals: 1-3 (1-0
>5 meals: 1-3

P=0-03

)

(10,

(
(
(
(1.0, 1-6)

14
7)
16

1-6)

Older men and women

<3 v. 3:-5-6 meals:
B=0-37
P=0-19

<3 v. >6 meals:

<3 v. 3:-5-6 meals:
B=0-87
P=0-022

<3 v. >6 meals:
B=2.32
P=0-004

5% Cl):
f
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Table 4 Continued

Quality
score Exposure
Study (%)  Outcome Exposure assessment classification  Statistical methods and confounders Results
Yannakoulia 789 BMI (kg/m?), WC Total no. of meals: any Continuous Multiple linear regression adjusted for age, Postmenopausal Premenopausal
et al. (cm), WHR and eating occasion variable PA and El Body fat %: Body fat %, BMI, WC, WHR:
(2007)®2 body fat %: when food or drink Energy misreporting was defined based on E:BMR ~ B=0-41 P<0.05
continuous was taken P=0-01
variables Assessment: 3d food BMI, WC, WHR:
record P<0-05
Murakami & 737 BMI (kg/m?) and EFall: all eating Continuous Multiple linear regression adjusted for age, social ~ Men Women
Livingstone WC (cm): occasions variable class, smoking, PA, intakes of protein, fat, total  EFall EFall
(2014)® continuous EFenergy: all eating sugar, alcohol, dietary fibre and EI:EER BMI (kg/m°): BMI (kg/m°):
variables occasions except Energy misreporting was defined based on B=0-19 (se 0-08) B=0-05 (se 0-11)
for those providing EI:EER P=0.-03 P=0-67
no energy WC (cm): WC (cm):
EF >210kJ: all eating B=0-35 (se 0-23) B=0-12 (se 0-25)
occasions providing P=0.12 P=0-63
>210kJ EFenergy EFenergy
Assessment: 7d BMI (kg/m): BMI (kg/m°):
weighed food B=0-23 (se 0-09) B=0-06 (se 0-:13)
record P<0-01 P=0-63
WC (cm): WC (cm):
B=0-47 (se 0-25) B=0-14 (se 0-29)
P=0-07 P=0-63
EF>210kJ , EF>210kJ ,
BMI (kg/m®): BMI (kg/m®):
B=0-37 (se 0-13) B=0-61 (se 0-21)
P=0-004 P=0-004
WC (cm): WC (cm):
B=0-80 (se 0-35) B=1-22 (se 0-47)
P=0-02 P=0-01
Bertéus 68-4 Reference: Total no. of meals: Continuous Logistic regression model adjusted for age and EI Men and women
Forslund BMI < 30-0 kg/m? main meal, light variable Reference v. obesity, OR (95 % CI):
et al. Obesity: meal/breakfast, 1.2 (1-1, 1-3)
(2005)@4 BMI > 30-0 kg/m? snacks or drink- '
only
Assessment: self-
administered meal
pattern
questionnaire
Bertéus 68-4  Obesity: Total no. of meals: Continuous Two-sample t test without adjustment Women
Forslund BMI > 30-0 kg/m? main meals, light variable Obese v. Reference, meals (mean):
et al. meal/breakfast, 61 v. 52
(2002)©® snacks or drink- P <0-0001
only

Assessment: self-
administered meal
pattern
questionnaire

WG, waist circumference; WHR, waist-to-hip ratio; PA, physical activity; El, energy intake; EER, estimated energy requirement; TV, television; ref., reference category; B, linear regression coefficient.
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Table 5 Summary of the main results of studies that did not find an association between eating frequency and body weight or body composition (n 10)
Quality Exposure
Study score (%) Outcome Exposure assessment classification Confounders Results
Gigante et al. 89-5 Obesity: BMI >30-0 kg/m? No. of meals: breakfast, lunch, <3 v. 4-6 meals Logistic regression model adjusted for Men and women
(1997)“? dinner and snacks. sex, age, race, marital status, <3 v. 4-6 meals, OR (95 % CI):
Assessment: meal pattern education, income, occupational 0-8 (04, 1-7)
questionnaire status, self-rated health, PA, smoking,
alcohol intake, parental overweight
status, parity and morbidities
Karatzi et al. (2015)@°) 89-5 BMI (kg/m?) and WC (cm): No. of meals: food or drink Continuous Multiple linear regression model BMI (kg/m?), one-meal increase:
continuous variables Assessment: 3d food record variable adjusted for age, intakes of B=-0-01 (95% CI —0-01, +0-01)
carbohydrates and fat, and El WC (cm), one-meal increase:
B=-0:01 (95% CI —0-01, +0-01)
Kant et al. (1995)("® 85.7 Weight (kg): continuous variable Total no. of meals: main meals  Continuous Multiple linear regression model Men Women
and snacks variable adjusted for age, education, race, ~ =008 B=0-2299
Assessment: baseline BMI, length of follow-up, (sE 0-13) (sE 0-15)
1971: 1x 24 h dietary recall smoking, alcohol intake, PA, parity, P=0.52 P=0-13
1982: simple question morbidity and El
Kim et al. (2014)" 84.2 BMI (kg/m?) and WC (cm): No. of meals <2v.3v.4v.>5 General linear model without WC (cm), mean (sp):
continuous variables Assessment: simple question meals adjustments <2 meals: 79-9 (0-6)
3 meals: 81-2 (0-3)
4 meals: 80-7 (0-3)
>5 meals: 79-5 (0-4)
P=0007
BMI (kg/m?), mean (sp):
<2 meals: 234 (0-2)
3 meals: 23-6 (0-1)
4 meals: 236 (0-1)
>5 meals 23-3 (0-1)
P=0-212
Mills et al. (2011)“° 78-9 Overweight: Total no. of meals: breakfast, Continuous Logistic regression model adjusted for Men and women
BMI > 25.0-29- 9kg/m lunch, dinner and snack variable age, income, marital status, race, Meals
Obesity: BMI > 30- Okg/m Assessment: 1d food record education, menopausal status and El Normal v. overweight/obesity, OR
Self-reported Energy misreporting was defined based  (95% ClI):
on EI:BMR 09 (07, 1-2)
Snacking
Normal v. overweight/obesity, OR
(95 % CI):
1.0 (07, 1-2)
Berg et al. (2009)‘31) 737 Reference: BMI < 30- Okg/m2 Total no. of meals (1-8): morning Continuous Logistic regression model adjusted for Men and women
Obesity: BMI > 30-0 kg/m? coffee, breakfast, between- variable sex, age, smoking and PA Reference v. obesity, OR (95 % CI):
meal snack, lunch, between- 0-9 (0-9, 1-0)
meal snack, dinner, supper
and night meal
Assessment: self-administered
meal pattern questionnaire
Teichmann et al. 737 Obesity: BMI >30-0 kg/m? Total no. of meals: main meals 1-2 v. 3 meals  Poisson regression model adjusted for Women
(2006)©9 and snacks 1-2v.4meals sex, age, race, marital status, Obesity, PR (95 % Cl):
Assessment: simple question 1-2v. <5 education, income, occupational 1-2 meals: 1-0 (ref.)
meals status, self-rated health, PA, smoking, 3 meals: 1.7 (0-9, 3-2)
alcohol intake, parental overweight 4 meals: 1-3 (Cl 0-7, 2.5)
status, parity and morbidities <5 meals: 0-9 (05, 1-8)
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Table 5 Continued

Quality Exposure
Study score (%) Outcome Exposure assessment classification Confounders Results
Pearcey and de Castro 632 Weight-gaining: a weight gain of Total no. of meals: main meals  Continuous Student’s t test without adjustments Men and women
(2002)@" >5% during the previous and snacks variable Weight-stable group, mean (sE):
6 months Assessment: 7d food record 3-30 (0-14)
Weight-stable: a weight gain of P<0-05
<5 % during the previous Weight-gaining group, mean (sE):
6 months 3-52 (0-13)
P<0-05
Amosa et al. (2001)©” 579 Obesity: BMI >30-0 kg/m? Total no. of meals in the seven  Continuous Mann—Whitney test without adjustments European women Polynesian
records: breakfast, lunch, variable Meals, median women
dinner and snacks (range): Meals, median
Assessment: 7 d food record Non-obese: 31 (range):
(20-40) Non-obese: 31
Obese: 29 (17-58)
(13-39) Obese: 28
P>0-05 (17-53)
P>0-05
Al-Isa et al. (1999)“" 421 Non-obesity: BMI <25.0kg/m®  No. of the main meals: 1,2 0r 3 1 v. 2 v. 3 meals Logistic regression model adjusted for ~ Men and women

Obesity I: BMI =25.0-30-0 kg/m?
Obesity II: BMI > 30-0 kg/m?

Assessment: simple question

sex, age, marital status, obesity among
parents, parents’ education, parents’
occupation, dieting, last dental or
physical check-up, education, number
of male, female and total siblings,
college major, number of obese
relatives, number of people residing at
home, number of servants, birth order,
countries prefer visiting, family income,
chronic disease, PA and eating
between meals

P>0-05

WC, waist circumference; PA, physical activity; El, energy intake; B, linear regression coefficient; PR: prevalence ratio; ref., reference category.
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body composition or body weight. However, among men,
a potential protective effect of high eating frequency on
these outcomes was observed.

The findings should be interpreted in light of the
methodological characteristics of the articles included.
First, the outcome and exposure measurement might not
be accurate in some studies. Moreover, the outcome
measurement varied among the studies, thereby limiting
the comparability among them. For example, the role of
eating frequency on body weight might be different from
the one it has on central adiposity. With respect to expo-
sure, different methods were used for data collection.
Some studies used methods such as multiple recalls or
food diaries and meal pattern questionnaires, and may be
more accurate than others, such as simple questions, for
eating frequency assessment. Although dietary records
and 24 h dietary recalls are subject to misreporting, parti-
cularly under-reporting™®” there is no information about
the validity of most of the meal pattern questionnaires and
simple questions used in these studies. Furthermore, dif-
ferent cut-offs were used to determine high or low eating
frequency. Only six authors classified eating frequency
according to the three major meals (breakfast, lunch and
dinner) and compared intake of three meals with intake of
a greater number of meals. Other studies assessed the
exposure as a continuous variable or compared the
extremes of eating frequency (e.g. two w». six meals
per day).

Second, the results are based mostly on cross-sectional
studies, with only two studies selected having a long-
itudinal design, which should be considered a limitation in
the current available literature. Longitudinal studies are
well known for being a better study design to investigate
the temporal relationship between the exposure and
change in outcome status. The issue of reverse causality is
especially important in this case, because people skip
meals, thus reducing eating frequency, when they become
overweight in an attempt to lose weight or to prevent
further gain®”.

Finally, obesity is a multifactorial disorder arising from
genetic, environmental, socio-economic and behavioural
factors. These differ in their respective contributions to the
obesity epidemic®. In this sense, another methodological
issue that is very important in this type of epidemiological
investigation is the inclusion of main confounders and
mediators in the analysis. A confounding variable is an
extraneous variable in a statistical model that correlates
(positively or negatively) with both the exposure and the
outcome variable; meanwhile, a mediator factor is a variable
that occurs in the causal pathway between the exposure and
the outcome™. The majority of studies compiled in the
present SLR applied multiple analyses adjusted for potential
confounders, such as sex, age, education, income, smoking,
physical activity and alcohol intake.

The effect of dietary characteristics (energy intake and
quality of diet) in the causal pathway linking eating

https://doi.org/10.1017/51368980017000994 Published online by Cambridge University Press
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frequency to body weight and body composition was
adjusted for in the multiple analyses of most studies.
However, in order to understand the role of a variable in a
causal chain, sometimes it is more informative to stratify
the analyses according to this variable, rather than
adjusting for it in multiple analyses. In this sense, only one
study investigated the mediation effect of energy intake by
stratifying the analysis according to it"”. However, several
studies included in the present SLR showed that higher
eating frequency is positively associated with energy
intake 117303449 15 Holmback et al!?, eating fre-
quency and carbohydrate energy percentage, as well as
relative fibre intake, increased with higher eating fre-
quency; while the energy percentage from fat, protein and
alcohol decreased. Bertéus Forslund et al*® found that
sweet and fatty food groups were associated with snack-
ing and contributed considerably to energy intake.
Regarding quality of diet, Mills er al“” showed that
intakes of fruit and vegetables, whole grains, dietary fibre,
dairy and added sugars also increased as eating frequency
increased. Other aspects of diet, such as meal timing, are
also important in the control and reduction of body
weight, total body fat and visceral fat®® .

In our SLR, fourteen studies reported an inverse asso-
ciation between eating frequency and body weight or
body composition. Murakami and Livingstone and Bellisle
et al'"*>V have called attention to this apparent inverse
relationship between eating frequency and adiposity
measures, suggesting it is an artifact that in part can be
attributed to the under-reporting of eating frequency
concomitant with the under-reporting of energy intake by
overweight or obese subjects. In this regard, Murakami
and Livingstone’s"'? study showed the importance of
evaluating energy intake misreporting when examining
the association between eating frequency and overweight/
obesity and central obesity. In their study, energy intake
misreporting was evaluated based on ratio of energy
intake to estimated energy requirement (EL:EER). In the
multiple analyses, without taking into account energy
intake or EL:EER, eating frequency showed an inverse or
null association with the outcomes. However, after full
adjustment including ELEER, a completely different pic-
ture emerged: eating frequency was positively associated
with overweight/obesity and central obesity. Only three
studies that reported an inverse association between eat-
ing frequency and body weight or body composition in
the present SLR took into account under-reporting of
energy intake and/or eating frequency; and three of the six
studies that found a positive association between eating
frequency and outcomes took into account misreporting
of energy intake.

Physical activity also plays a role in the association that
links eating frequency with body weight and body
composition®®. Physical activity might be a potential
confounder in this association, since physical activity

practice may improve diet quality®*>®; although physical
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Eating frequency and body composition

activity has been well described in the literature as an
independent factor in the control and reduction of body
weight, total body fat and visceral fat®>>®,

Even though it was not the objective of our SLR to
investigate differences between sexes, when analysing the
results of the articles included, a potential protective effect of
high eating frequency on the outcomes was observed
among men. In general, increased eating frequency has
been postulated to increase metabolism™®, appetite control
and food intake“*>”, and to improve glucose and insulin
control®®>. However, this difference could be due to the
fact that men who have high eating frequency also have a
healthier lifestyle, including practice of physical activity and
healthier eating habits, which results in reduced body fat and
waist circumference. In Holmback et al'”, a high fibre
intake was the clearest diet-quality indicator associated with
a high eating frequency among men. In two other studies,
men were more physically active than women, which may
help to explain the protective effect found only in men™*%,
However, only in Smith ef al’s study™" was physical activity
measured by a direct method (pedometer). In the other two
studies’%*? | self-reported measurements were used, which
can be inaccurate. In addition, there is evidence that energy
intake compensation is poor in women, a factor normally
associated with obesity®”. Drummond et al® showed that
men compensated for extra eating occasions by reducing the
mean energy per eating episode. Although all studies
adjusted for physical activity and dietary characteristics in the
multiple analyses, it is possible that residual confounding of
both lifestyle factors could contribute to the results.

The present review is the first SLR of observational
studies that examines specifically the association of eating
frequency with body weight and body composition in
adults with a systematic approach. Several narrative
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reviews have been conducted®?>°% and these con-

cluded that the evidence available to suggest the presence
of an association between eating frequency and weight,
BMI and body fatness is limited. In addition, a meta-
analysis evaluating experimental research suggested that
eating frequency is positively associated with reductions in
fat mass and body fat percentage, as well as an increase in
fat-free mass; however, the positive findings were the
product of a single study and need to be interpreted with
circumspectionm .

Considering there is contradictory evidence about the
association between eating frequency and body weight, it
is important to assess the whole body of evidence about
this topic and in particular to do so systematically.
In addition, researchers have suggested that nutrition
policy decisions will have to be made using the totality of
the available evidence®?. It is almost inevitable that causal
chains in nutrition outcomes involve long periods of
latency, complex individual variability in the biological
response, and cultural, economic and geographic
influences; aspects that observational studies may help
to understand, since observational studies for food
habits indicate what happens over a lifetime of
Constlmption(45’64’65).

In this respect, at the same time as we encourage the
conduct of more clinical trials to help to examine and
potentially determine this causal relationship, future high-
quality observational studies are needed to understand the
role of eating frequency on loss and maintenance of weight
and body composition and to guide clinical recommenda-
tions. However, evaluating eating behaviour is also a com-
plex task and we demonstrated substantial heterogeneity in
the methodological quality of studies. Thus, in Table 6, we
call attention to some important methodological issues that

Table 6 Methodological recommendations for future observational studies

Design Long-term longitudinal studies

Sample characteristics Population-based studies with representative samples and sample size to perform analysis by sex
Exposure assessment Accurate methods should be used for data collection, such as recalls and food diaries, or standardized pattern
of meal questionnaires, which can measure food habits; and misreporting should be taken into account in the

analyses

It is necessary to standardize the method of classifying the eating occasion (main meal and snacks) in order to use

a reproducible method between studies

The analysis should compare the intake of the three major meals (breakfast, lunch and dinner) with a greater

number of meals, in order to propose health recommendations based on results

Anthropometric measurements of weight, height to determine BMI, as well as abdominal adiposity measurements
(waist, abdominal and hip circumferences), should be obtained using standard techniques, avoiding using self-
reported measures, especially in cross-sectional studies

In addition to BMI and abdominal adiposity, measures of body composition should be included, such as fat mass
and fat-free mass, in order to understand the role of eating frequency on body composition. Body composition
should be evaluated by objective measurements, such as dual-energy X-ray absorptiometry, impedance or
densitometry, when it is possible

The analyses should be stratified by sex, if the sample size allows for this, in order to explore whether there are
differences in the association between eating frequency and adiposity according to sex

Should apply multivariate analyses or other statistical methods to control for possible confounding, such as by age,
education, race/ethnicity, marital status, income, physical activity, smoking and sleep duration

When associations between eating frequency and body weight or body composition are found, it is very important to
investigate the role of food habits, with special attention to energy intake, quality of diet, meal composition
(macro- and micronutrients) and meal timing as mediator factors. Furthermore, they should be appropriately
measured and under-reporting bias should be taken in account

Outcome assessment

Confounders and
mediators
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should be considered in future observational studies. It is
necessary to conduct studies with long-term longitudinal
design and representative samples. Outcome and exposure
should be measured with accurate methods and classified
based on clinically relevant aspects. Moreover, it is important
that statistical analyses should be stratified by sex, if the
sample size allows, and to include the potentially relevant
confounders and mediators, with special attention to nutri-
ents and energy intake, and these should be appropriately
measured.
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