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Abstract

Objective: To examine how different definitions of meals and snacks can affect the
associations of meal frequency (MF) and snack frequency (SF) with dietary intake
and adiposity measures.

Design: Based on 7 d weighed dietary record data, all eating occasions providing
>210k]J of energy were divided into meals or snacks based on contribution
to energy intake (>15% or <15%) or time (06.00-10.00, 12.00-15.00 and
18.00-21.00 hours; other). Diet quality was assessed using the Healthy Diet
Indicator (HDD) and Mediterranean Diet Score (MDS).

Seiting: Great Britain.

Subjects: British adults aged 19-64 years (n 1487).

Results: MF based on energy contribution was associated with higher intake of
dietary fibre, lower intakes of non-milk extrinsic sugars and alcohol, and higher
HDI (only men) and MDS. MF based on time was associated with higher HDI and
MDS in women only. Conversely, irrespective of the definition of snacks, SF was
associated with higher intakes of confectionery and alcohol, lower intakes of
cereals, protein, fat and dietary fibre, and lower HDI (except for SF based on
energy contribution in women) and MDS. After adjustment for potential
confounders, MF based on time, but not MF based on energy contribution, was
positively associated with BMI and waist circumference in men only. SF was
positively associated with BMI and waist circumference, irrespective of the
definition of snacks.

Conclusions: Higher SF was consistently associated with lower diet quality and
higher adiposity measures, while associations with MF varied depending on the
definition of meals and sex.
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In fact, a very limited number of studies 171920 Kyt

not allt30101213 " gugoest that EF is positively, rather
than inversely, associated with adiposity measures after
accounting for EI reporting bias. Third, interpreting the

Many epidemiological studies have investigated the
association between eating frequency (EF) and adiposity
measures, but the results are highly inconsistent
with a mixture of inverse"" ™, null®*'* and positive*2”

associations. The associations between EF and food and
nutrient intakes are equally inconclusive 71321729 Thjg
is an issue that is beset by substantial methodological
problems. First, while the assessment of EF has often
relied on a series of non-validated, self-report
questions®> 7 HAAISIBIN oy a4 few  studies  have
directly assessed EF on the basis of actual dietary habits
(using a dietary record or 24 h recal) 2192 Second,
the association of EF with adiposity measures (as well as
dietary intake) may be confounded by possible under-
reporting of EF concomitant with the under-reporting of
energy intake (EI) by obese or overweight subjects®"*?.

*Corresponding author: Email kenmrkm@m.u-tokyo.ac.jp
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literature on EF is complicated by the fact that there is no
consensus about what constitutes a snack, a meal or an
eating occasion. While some researchers have relied on
respondents’ self-identification of meals, snacks or eating
(25711508 - others have attempted to use more
(1,5,4,8710,16,17,19,20‘). As a consequence Of

occasions
objective criteria
these methodological limitations, the discrepant findings
are not surprising, and severely impede clarification of the
impact of EF on diet quality and adiposity status.

More importantly, potentially different effects of meal
frequency (MF) and snack frequency (SF) have not been
investigated simultaneously using different definitions of
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meals and snacks. An accurate distinction between meals
and snacks is important, because they are hypothesized to
have opposite effects on energy balance. A high MF may
prevent fat mass deposition, while snacking may con-
tribute to it'*?. This is also important for the development
of science-based recommendations (of snacking) for
consumers'?”. Moreover, in the absence of a universally
accepted definition of meals and snacks, an understanding
of the influence of different meal and snack definitions
on the associations with diet quality and adiposity may
facilitate the interpretation of the existing literature and
help establish consensus on the most appropriate research
definition for meals and snacks®®.

The aim of the present cross-sectional study in British
adults was to examine the relationship of MF and SF with
food and nutrient intakes, diet quality, BMI and waist
circumference (WC), by focusing on the confounding of EI
misreporting and the use of different definitions of meals
and snacks.

Methods

Survey design

The current cross-sectional study was based on the
National Diet and Nutrition Survey (NDNS): Adults Aged
19 to 64 Years. Details of the rationale, design and methods
of the survey have been described elsewhere®®. Briefly,
the sample was randomly selected from 152 randomly
selected postal sectors within mainland Great Britain.
Eligibility was defined as being aged 19-64 years and not
pregnant or breast-feeding. One eligible adult per private
household was selected at random. Data collection was
conducted from July 2000 to June 2001.

Anthbropometric measurements

All anthropometric measurements were performed in
duplicate by trained fieldworkers and the mean value of
two measurements was used in the analysis. Height (to the
nearest 0-1cm) and weight (to the nearest 0-1kg) were
measured while participants were barefoot and wearing
light clothes only. BMI (kg/m?) was calculated as weight
(in kilograms) divided by height (in metres) squared. WC
was measured at the midpoint between the iliac crest and
the lower rib (to the nearest 0-1 cm).

Dietary assessment

Dietary data were collected by a 7d weighed dietary
record. A detailed description of the procedure has been
published elsewhere®®?”. Briefly, each participant was
supplied with a set of digital food scales and recording
diaries. The participant was given by trained interviewers
both written and verbal instructions on how to weigh and
record items in the diary. When weighing was not possible
(e.g. eating out; 47 % of total food items recorded), the
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participant was asked to record as much information as
possible. Trained interviewers visited the household at
least twice during the recording period and checked the
completeness of food recording. All the collected diaries
were checked by trained nutritionists in terms of coding,
recorded weights and descriptions of items consumed.
Estimates of daily intakes of foods, energy and selected
nutrients were calculated based on the Food Standards
Agency nutrient databank® | which is based on McCance
& Widdowson’s The Composition of Foods series”® and
manufacturers’ data where applicable. For all dietary
variables, mean daily values over 7d were used in the
analysis. Values of food and nutrient intakes were energy-
adjusted using the density method (i.e. percentage of
energy for energy-providing nutrients and amount per
10 MJ of energy for foods and other nutrients).

As measures of diet quality, the Healthy Diet Indicator
(HDD and the Mediterranean Diet Score (MDS) were
calculated (see online supplementary material, Supplemental
Table 1). The HDI includes six nutrients and one food group
(saturated fat, polyunsaturated fat, cholesterol, protein,
dietary fibre, fruits and vegetables, and non-milk extrinsic
sugars)®** When intake was within the recommended
range according to WHO guidelines, a score of 1 was
assigned to that component; otherwise, a score of 0 was
assigned, with a total score ranging from 0 to 7. Hence, a
higher score reflected a healthier dietary pattern. The MDS
represents a Mediterranean-type diet and is based on the
consumption of nine different components (vegetables;
legumes; fruits, nuts and seeds; cereals; fish; ratio of
unsaturated to saturated fats; meat; dairy products; and
alcohoD)®'3?. A score of 1 was assigned to moderate
alcohol intake or, depending on the component, intake
above or below the sex-specific median. Scores for all nine
components were summed and resulted in a total range
from 0 to 9, whereby a higher score reflected better
adherence to a Mediterranean-type diet.

Definition of eating frequency, meal frequency and
snack frequency

Data from the 7d dietary record were also used to
calculate the average number of eating occasions per day;
that is, EF. Eating occasions were defined as any occasion
when any food or drink was consumed*'>729 If two
eating occasions occurred in <15min, both events
were counted as a single eating occasion; when >15 min
separated two eating occasions, these were considered
distinct eating occasions 101720 " EF was calculated
based on all eating occasions except for those providing
<210KkJ of energy. This calculation method has been used
in several previous studies!'#1317:29 and was chosen to
avoid giving undue weight to eating occasions that only
included water, low-calorie beverages or small quantities
of foods. In the present study, the mean contribution
of eating occasions providing <210KkJ to total EI was 2-0
(s 2:2) % in men and 3-1 (sp 3-0) % in women.
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All eating occasions were divided into either meals or
snacks with the use of two different published definitions:
on the basis of (i) contribution to total EI®* and (ii) clock
time®?®. For the first definition®®, a meal was defined as
any eating episode comprising >15 % of total EI, regardless
of the time of day or composition of foods or beverages
consumed. All other eating episodes were classified as a
snack. For each participant, MF and SF determined based
on energy contribution were calculated (hereafter referred
t0 as MF¢nergyos And SFenerayos, T€SPectively). For the second
definition®”, meals were defined as eating events reported
during selected times of the day; that is, 06.00-10.00,
12.00-15.00 and 18.00-21.00 hours. All other eating
occasions were considered snacks. For each participant,
MF and SF determined based on time were calculated
(hereafter referred to as MFye and SFiye, respectively).
It should be noted that no self-definition of eating occasions
was included in the NDNS dietary record.

Assessment of non-dietary variables

The socio-economic status of each participant (.e.
occupational social class) was self-reported and categorized
as manual or non-manual. Smoking status (never, former
or current) was also self-reported. A 7 d physical activity
diary was carried out concurrently with the dietary
record. A detailed description of the procedure has
been published elsewhere?*?7. Briefly, the participant
was shown by trained interviewers how to record the
information and was asked to record, to the nearest
10 min, how long they spent doing various activities on
that day. Trained interviewers checked the completeness
of records at least twice during the recording period.
Subsequently, time spent daily in sleep, light-, moderate-
and vigorous-intensity activities was computed for each
day of recording. The number of hours spent per day on
each activity was multiplied by the metabolic equivalent of
task (MET) value of that activity (derived from a published
table)®> and all MET-h products were summed to produce
a total MET-h score for the day. A mean daily value
over 7d was used in the analysis. We calculated each
participant’s estimated energy requirement (EER) with the
use of equations published from the US Dietary Reference
Intakes®®. Physical activity category was determined
for each participant based on the physical activity level
calculated as total MET-h/d (from the 7 d physical activity
diary) divided by 24. As a measure of dietary misreporting,
the ratio EL.EER was then calculated. Participants were
identified as acceptable reporters, under-reporters or
over-reporters of EI based on their EL:EER, according to
whether the individual’s ratio was within, below or above
the 95% confidence limits of the expected ratio of 1-0.
Based on a published equation'®, acceptable reporters
were defined as having EL:EER in the range 0-665 to 1-335,
under-reporters as ELEER <0-665 and over-reporters as
ELEER >1-335. A detailed description of the procedure has
been published elsewhere?*?”.
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Analytic sample

Of 3704 potentially eligible individuals identified for the
study, 2251 (61 % of eligible sample) participated in the
survey. For the present analysis, we excluded a total of
736 individuals with missing information on the variables
used. We further excluded twenty-eight underweight
individuals (BMI < 18-5kg/m»®”. The final analysis
sample comprised 1487 adults aged 19-064 years (678 men
and 809 women; 40% of the eligible sample). Further
exclusion of individuals who reported dieting or that
illness had affected their eating during the diet recording
period (n# 397) did not alter the findings of the present
study (data not shown); therefore, these participants were
included in the analysis.

Statistical analysis

All statistical analyses were performed for men and
women separately, using the statistical software package
SAS version 9-2. Associations between various measures of
MF and SF as well as those of MF and SF with EL:EER and
EI were investigated through Pearson correlation analyses.
Associations of MF and SF with food and nutrient intakes
and measures of diet quality were investigated by linear
regression analyses using the PROC REG procedure, with
adjustment for age, social class and ELEER. Linear
regression analyses were also performed to explore the
associations of MF and SF with BMI and WC. With the
use of the PROC REG procedure, we calculated the
crude (i.e. model 1) and adjusted (i.e. models 2 and 3)
regression coefficients (with se) of variation of BMI and
WC by one increase of MF and SF. Potential confounding
factors included in the multivariate models (model 2) were
age, social class, smoking status, physical activity, and
intakes of protein, fat, total sugar, alcohol and dietary
fibre. We further included ELEER as a potential
confounding factor (model 3). We decided to adjust for
ELEER in multivariate models, rather than excluding EI
under-reporters and over-reporters from the analysis,
because the differences in basic characteristics between
under-reporters and acceptable reporters observed in the
present population®?” suggested that data exclusion
may actually introduce a selection bias. This approach
has been used in several previous studies®**". MF and SF
were analysed continuously after confirming the linearity
of relationships using tertile, quartile and quintile
categories.

Data have not been weighted to take into account
known sociodemographic differences between respon-
ders and non-responders, not only because the impact
of this adjustment, applied as a weighting factor, for
nutritional variables was extremely small and not
significant®® but also because we were only interested in
relationships between variables, rather than estimates
of prevalence®®”?”. All reported P values are two-tailed
and P values of <0-05 were considered statistically
significant.


https://doi.org/10.1017/S1368980015002979

Meal and snack frequency, diet and adiposity 1627

Results Srwo N < 00 £
5] o P 0 0 QDO c
o |looo [eloloNo] o
. I S S od PP ° 3
The mean values of BMI and WC were, respectively, iﬁ QIR 8§RN 2 3
2 . 2 [efoRoNa] oooo c
27-3kg/m* and 96-0cm in men and 26-8kg/m® and 5|y i Lo =
. [0}
83-1 cm in women (Table 1). The percentage of acceptable 8| cS £ 8
2 ®mONO -0 £
reporters and under-reporters of EI were 63 % and 37 % 8 8% 282 Q922N 8 B
. - . . S ) ° =
in men and 55% and 45% in women, respectively Y eE [ S 8
. = 3 3z
(only three men (0-4 %) were classified as over-reporters). o N - = o
I} = 0
: — o £
In both men and women, compared with acceptable a 5| o288 R 23
- . loo loo S -
reporters, under-reporters had a lower mean value of age s 2| Gee Goa Z 85
. P o hi . . = 10 NN AN — w o3
and EI and a higher mean value of physical activity, BMI E| . 8 sy a5 5 282
and WC (data not shown). They were also more likely to Z | S ' ! ' ! £ 3%
: , 1At AR c = £3
be employed in manual occupations and be current g 5§ °33 oo 5 §°
smokers (data not shown). ko] 23 56 536 ER g
. . o = | | ==
The mean value of MFepergy, Was  significantly % ag £ B
; e =5
(P<0-0001) lower than that of MF,. in both men (2-29 v. S Qg 5o o o@
. . = — 2 O N o 3
3-64 times/d) and women (2:28 v. 3-28 times/d; Table 2). 3 S| oo oo g 28
. . Q S < 5O >
While there was no correlation between MFepergyo, and = o1 8% 38 8 apg
s : 'QB o) o oo oo o 9oOF
MFime in men, MFepergyy, Was weakly correlated with I E L | s °3
. . — L 85
MFime in women. The mean value of SFepergyo, Was S|3| cs 2 22
L . . = (SN 0o Q 5 0
significantly (P<0-0001) higher than that of SFype in g 3% N =5 § % =
) T O e
both men (3-32 v. 1-97 times/d) and women (256 v. g e5 [ ° 2%
g : o K= c35
1-57 times/d). There were strong correlations between § ~ E O 2
- £
both measures of SF in both men and women. While @ 5 e e g 88
. . . . | | ° =
MF¢nergyo, showed an inverse association with EF in men 3 2 . . T By
ot ; : & = re) 3 g L g8
and no association with EF in women, there were strong o Y S S > S2
. . . 2 2 o 55X
correlations of MFime, SFenerays and SFime with EF in both E u_§ L L § §8
sexes. All measures of MF and SF were significantly 2 sl s IS o ~ g § s
- . . T o ) =
positively correlated with both ELEER and EI in both men 2 23l S pie x£€52
= o & [ [ 82 >
and women (Table 3). o o g %884
P . = 50« @
Tables 4 and 5 show the associations of MF and SF with e ° {§5d
. I . . 9] > 5 -
dietary characteristics in men and women, respectively. 2 g | SWES
. o . S WS
Generally speaking, the associations for MF varied 2 LE.S’ ] §§ SI
depending on the definition of meals and sex. MFepergyo 2 wssg
howed positi iati ith | abl 5 | 85 BBIX | £33
showed positive .assocmuons with cereals, vegetables S S| S5Rbo 88dys |2£8<
(only women), fruits (only men), starch and dietary fibre, 2 - D: ° < TEsE
. L K K © < — -t ® | 5T B
and inverse associations with alcoholic beverages, meat P i BB aosmo|32Z 2
Sawms
3 < COONN OO *EL.U.EO
- - " 3| o| B| KYNWL KYo-®L | 5EEQ
Table 1 Characteristics of participants; British adults aged 19-64 | = ~ NTFTNO aooqw (8 g 2E
years (n 1487), National Diet and Nutrition Survey, 2000-2001 i S £ 28HLR 2222 | 232 ha
o o Sy mA W N A R £EXQ
8 & 0 ANONO—10 NN~ %8§8
Men (n 678) Women (n 809) c < cvot® omrow [ Soxg
0 st SO0+~ OFNO® o c b
= A| Qrdrd Ardro | 2525
Mean or Mean or e |l orcmo cw-o-|528E
9 9 @ £| ARSYS SO¥YNAN [T=F3S
% sD %o SD 2 ) rONO® rOor-od %Sgg
[0) [}
Age (years) 42.4 12.0 42.4 11.9 E B3| RIIIY 9I8I8 |5 8o%
Social class (%) ] T| ©o0r-oa oor-o- | 2582
Manual 46.2 - 32.4 - £ 5| 83228 8358%|E3ae
Non-manual 53-8 - 67-6 - 5 OdAr~r Oroo- g E o5
Smoking status (%) 9 = QAISE REILY 23‘_—’ = 3
’;‘e"er 44-3 - 467 - B Ll QAodew aanors |53°F
ormer 25.4 - 216 - I T =R
+— © O
Current 304 - 316 - » r. L. £% a0
Physical activity (MET-h/d)  46-1 102 423 41 Q So.,. %3, |3iss
BMI (kg/m?) 27-3 44 268 56 s £295 29237 | Ewges
WC (cm) 960 110 831 11.9 s ££8358=5885 | 3583
El (kJ/d) 9837 2523 6932 1769 g veeEEgR ccEEg|EEge
EI:EER 073 019 069 018 py 5 FELIET B8, LE | 2228
S £ EE S £ EX ©
2 it Tang TR Tont IS L8
MET, metabolic equivalent of task; WC, waist circumference; El, energy g SSnNSnwsSn=wnw u°® QE) £ %
intake; EER, estimated energy requirement. [ = = SESE

https://doi.org/10.1017/51368980015002979 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980015002979

1628 K Murakami and MBE Livingstone

Table 3 Correlation of meal frequency and snack frequency with EI:EER and El; British adults aged 19-64 years (n 1487), National Diet and
Nutrition Survey, 20002001

Men (n 678) Women (n 809)
EI:IEER El (kJ/d) EI.LEER El (kJ/d)
Pearson Pearson Pearson Pearson
correlation 95 % CI correlation 95 % ClI correlation 95 % ClI correlation 95 % ClI
MF ¢nergye (times/d)* 017 0-09, 0-24 015 0-08, 0-22 0-16 0-09, 0-22 0-18 012, 0-25
SFenergys (times/d)* 0-44 0-37, 0-50 045 0-39, 0-51 048 043, 0-53 0-46 0-40, 0-51
MFiime (times/d)t 0-45 0-38, 0-51 0-46 0-40, 0-51 0-50 0-44, 0-55 0-47 041, 0-52
SFime (times/d)t 0-40 0-33, 0-46 0-41 0-34, 0-47 0-41 0-35, 0-47 042 0-36, 0-47

El, energy intake; EER, estimated energy requirement; MF¢e.qy2,, Meal frequency (MF) determined based on percentage contribution to total El; MFyme, MF
determined based on the time consumed; SFenergye, Snack frequency (SF) determined based on percentage contribution to total El; SFyme, SF determined
based on the time consumed.

*A meal was defined as any eating episode comprising >15 % of total El, regardless of the time of day or composition of foods and beverages consumed; all
other eating episodes were classified as a snack.

1tMeals were defined as eating events reported during selected times of the day (06.00-10.00, 12.00-15.00 and 18.00-21.00 hours); all other eating occasions

were considered snacks.

(only men), confectionery (only men) and non-milk
extrinsic sugars. However, MF;,. was associated positively
with dairy products, confectionery, alcoholic beverages,
vegetables (only women), fruits (only women), soft drinks
(only women) and non-milk extrinsic sugars, and
inversely with cereals, legumes (only men), fish (only
men), meat (only women), total, saturated, mono-
unsaturated and polyunsaturated fats, and starch. Dietary
fibre was inversely associated with MF,,. in men but
showed a positive association in women. For measures
of diet quality, MFenergy0, Was positively associated with
MDS in both sexes and with HDI in only men, while
MF;n showed positive associations with both MDS
and HDI in only women. In contrast, both SFcnergyo
and SFy,. were generally associated with unfavourable
dietary intake patterns in both sexes, including higher
intakes of confectionery, alcoholic beverages, soft drinks
(only women) and non-milk extrinsic sugars, and lower
intakes of cereals, fish (except for SFepergye, in Wwomen),
vegetables (except for SFenergys, in Women), protein,
monounsaturated and polyunsaturated fats, starch and
dietary fibre. There were also inverse associations
between SFeperayo, and SFime and measures of diet quality
in both sexes, except for no association between SFcnergyos
and HDI in women.

The associations of MF and SF with adiposity measures
are presented in Table 6. In the univariate analyses
(model 1), all measures of MF and SF showed inverse or
null associations with BMI and WC in both men and
women. Adjustment for age, social class, smoking status,
physical activity and intakes of protein, fat, total sugar,
alcohol and dietary fibre (model 2) revealed no associa-
tions for all measures of MF and SF, except for inverse
associations for MFy,. in women. Further adjustment
for ELEER (model 3) resulted in positive associations of
SFenergyss and SFime with BMI and WC in both men
and women. MFy,. was also positively associated with
BMI and WC in men only, while MFcpergy0, sShowed no
associations in both sexes.
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Discussion

To our knowledge, the present study is the first to examine
associations of different measures of MF and SF with
dietary intakes and adiposity indices, after taking into
account the confounding of energy misreporting. MFecpergyo
was associated with favourable dietary intake patterns in
both sexes, while MF;,. showed positive associations
with measures of diet quality in women only. In contrast,
SFenergyss and  SFyn. were generally associated with
unfavourable dietary intake patterns in both sexes. For
adiposity measures, in the multivariate analyses without
taking into account EL:EER, all measures of MF and SF
showed null associations with BMI and WC in both sexes,
with the exception of inverse associations for MFyy. in
women. However, after full adjustment including EI:EER,
we found positive associations of SFepergyo, and SFyme with
BMI and WC in both sexes. MF,,. was also positively
associated with BMI and WC in men. Thus in these
analyses, adjustment for ELEER had a greater impact on
the outcomes obtained than did the method of defining
meals and snacks. In any case, the present results suggest
the different effects of MF and SF on dietary intakes and
adiposity measures.

While many epidemiological studies investigating the
association between EF (i.e. sum of MF and SF) and
dietary intakes and adiposity measures have vyielded
inconsistent outcomes(z’6'7’5'21723), there have been few
attempts to investigate the effects of MF and SF separately.
For dietary intakes, SF calculated based on self-report was
associated with higher intakes of vitamins A, C and E,
B-carotene, Mg and K in US elderly people®”. SF calculated
based on self-report was also associated with a higher
score for the Healthy Eating Index in US adults®?.
Conversely, in Swedish adults, SF assessed by a ques-
tionnaire showed positive associations with intakes
of confectionery, fat, sugar and alcohol, and inverse
associations with intakes of protein and dietary fibre*> .
This is consistent with our observation in British adults that
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Table 4 Associations of meal frequency and snack frequency with dietary characteristics*; British men aged 19-64 years (n 678), National Diet and Nutrition Survey, 2000-2001

MFenergy% (ﬁmeS/d)T

SFenergy% (times/d)-l-

MFiime (times/d)t

SFiime (times/d)t

Mean SD B§ SE§ P B§ SE§ P B§ SE§ P B§ Se§ P
Food intake (g/10 MJ)
Vegetables 111.2 96-4 11.77 643 0-07 —-5-31 1.91 0-006 -4.24 328 0-20 —-8-96 340 0-009
Legumes 385 40-0 —-224 279 0-42 -1.14 0-83 017 —4.32 1-41 0-002 0-43 1.48 077
Fruits 96-2 117-4 20-10 7-90 0-01 —-359 236 013 0-24 4.04 0-95 —-6-01 420 0-15
Nuts and seeds 27 95 1.08 0-68 0-11 -027 0-20 0-18 -0-24 0-34 0-48 -0-30 0-36 0-40
Cereals 242. 106-2 36-87 7-34 <0-0001 -15-86 2114 <0-0001 -16-57 375 <0-0001 —22-01 387 <0-0001
Fish 348 418 0-66 2.89 0-82 -2.96 0-85 0-0005 -2.92 1-46 0-046 —-6-05 1.51 <0-0001
Meat 2047 974 -13.98 6-70 004 -1-11 2.00 0-58 -6-13 341 0-07 -0-79 356 0-83
Dairy products 283.0 186-2 315 1311 0-81 11.45 3.87 0-003 22.41 6-61 0-0007 12-91 6-93 0-06
Soft drinks 1281 206-1 11.74 13-89 0-40 5.28 413 0-20 8-11 7-06 0-25 11.26 7-35 013
Confectionery 331 341 -875 2.38 0-0003 6-66 0-67 <0-0001 8-01 118 <0-0001 9-98 121 <0-0001
Alcoholic beverages 504-7 595. —2941 40-5 <0-0001 1137 11.7 <0-0001 109- 21 <0-0001 160-1 21 <0-0001
Nutrient intake
Protein (% of energy) 15-3 29 0-20 0-19 0-31 -027 0-06 <0-0001 -0-33 0-10 0-0007 —-0-44 010 <0-0001
Fat (% of energy) 334 59 1.20 0-41 0-004 -1.03 0-12 <0-0001 -1.30 021 <0-0001 -1.52 021 <0-0001
Saturated fat (% of energy) 12.5 30 0-38 0-21 0-07 -025 0-06 <0-0001 -0-29 0-11 0-006 -0-38 0-11 0-0006
Monounsaturated fat (% of energy) 11.2 23 0-39 0-16 0-02 -0:37 0-05 <0-0001 —0-49 0-08 <0-0001 —-0-52 0-08 <0-0001
Polyunsaturated fat (% of energy) 5.9 1.7 0-26 012 0-03 -028 0-03 <0-0001 -035 0-06 <0-0001 -045 0-06 <0-0001
Carbohydrate (% of energy) 44.7 71 1-81 0-50 0-0003 —0-01 0-15 0-95 0-14 0-26 0-58 0-33 0-27 0-22
Starch (% of energy) 25.6 58 273 040 <0-0001 -1.37 011 <0-0001 -1.60 020 <0-0001 -1.84 021  <0-0001
Total sugar (% of energy) 191 63 -092 0-44 0.04 1-36 0-12 <0-0001 1.74 022 <0-0001 217 022 <0-0001
Non-milk extrinsic sugars (% of energy) 126 6-0 -1.69 041  <0-0001 145 011 <0-0001 1-68 020 <0-0001 231 020 <0-0001
Alcohol (% of energy) 67 73 -323 0-50 <0-0001 1.32 0-14  <0-0001 1-50 026 <0-0001 1-65 027 <0-0001
Dietary fibre (/10 MJ) 16-0 55 239 0-37 <0-0001 -0-82 011 <0-0001 -0-63 0-19 0-001 -1.25 019  <0-0001
Cholesterol (mg/10 MJ) 312.7 115. 2:69 8.05 074 -5.19 2.39 0.03 —-6-50 4.09 0-11 —-865 4.25 0.04
Diet quality score
Healthy Diet Indicatorll 227 1-36 0-26 0-09 0-005 —-0-09 0-03 0-0008 —-0-05 0-05 0-31 -0-17 0-05 0-0005
Mediterranean Diet Scoreq 443 1.68 027 0-12 0-02 -0-12 0-03 0-0004 —-0-11 0-06 0-06 -0-19 0-06 0-002

MFenergye, meal frequency (MF) determined based on percentage contribution to total El; SFenergye, SNack frequency (SF) determined based on percentage contribution to total El; MFyme, MF determined based on the
time consumed; SFye, SF determined based on the time consumed; El, energy intake; EER, estimated energy requirement.

*Adjustment was made for age (years, continuous), social class (manual or non-manual) and EI:EER (continuous). Statistically significant P values are presented in bold.

1A meal was defined as any eating episode comprising >15 % of total El, regardless of the time of day or composition of foods and beverages consumed; all other eating episodes were classified as a snack.
iMeals were defined as eating events reported during selected times of the day (06.00-10.00, 12.00-15.00 and 18.00-21.00 hours); all other eating occasions were considered snacks.
§Regression coefficients mean the change of dietary variables with one additional eating occasion per day.

IIPossible score ranging from 0 to 7.
f[Possible score ranging from 0 to 9.
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Table 5 Associations of meal frequency and snack frequency with dietary characteristics*; British women aged 19-64 years (n 809), National Diet and Nutrition Survey, 2000-2001

MF¢nergyes (times/d)t

SFenergy% (timeS/d)T

MFiime (times/d)f

SFime (times/d)t

Mean sD B§ Se§ P B§ SE§ P B§ SE§ P B§ SE§ P
Food intake (g/10 MJ)
Vegetables 1620 123.0 15-63 7-44 0.04 -388 313 0-22 1260 5-00 0-01 -1828 542 0-0008
Legumes 35.9 40-0 238 248 0-34 -212 1.04 0-04 - 049 1-67 077 —4.58 1-81 0-01
Fruits 1556.7 1719 1416 10-12 0-16 550 425 0-20 33-51 672 <0-0001 -1529 7-39 0-04
Nuts and seeds 27 99 0-53 0-62 0-39 -016 026 0-52 -0-11 0-41 0-80 —-0-09 045 0-84
Cereals 241.7 103- 2770 6-34 <00001 -16-04 263 <0-0001 —947 4-30 0.03 —22:69 462 <0-0001
Fish 44.9 58.7 391 3-55 0-27 -2.00 149 0-18 1.65 239 0-49 -5.94 2.59 0-02
Meat 188- 113 —4-81 6-83 048 -6:03 286 0-04 -9.72 4.59 0.03 -940 4.98 0-06
Dairy products 365-6 221-8 -1327 1354 0-33 1919 565 0-0007 2672 9.07 0-003 19-60 988 0-048
Soft drinks 1275 216-2 -22.07 1291 0-09 2323 536 <0-0001 17-81 8-68 0.04 37-66 936 <0-0001
Confectionery 31-3 344 -2.07 2.09 0-32 6-84 084 <0-0001 7-27 1.38  <0-0001 11.07 148 <0-0001
Alcoholic beverages 2057 358-3 -126-9 215 <0-0001 785 88 <0-0001 446 14.7 0-003 117.7 155 <0-0001
Nutrient intake
Protein (% of energy) 159 33 0-40 0-18 0-025 -041 007 <00001 -0-15 0-12 0-23 -0-85 013  <0-0001
Fat (% of energy) 336 6-6 0-54 0-40 0-18 -143 016 <0-0001 —-2.05 0-26  <0-0001 -1.63 029 <0-0001
Saturated fat (% of energy) 12.7 33 0-26 0-20 0-20 -041 008 <00001 -0-54 0-13  <0-0001 -0-47 015 0-001
Monounsaturated fat (% of energy) 11.0 25 0-08 0-16 0-60 -053 006 <00001 -082 010  <0-0001 —0-58 011 <0-0001
Polyunsaturated fat (% of energy) 6-1 1.7 0-08 0-11 0-46 -032 004 <0.0001 -045 0-07 <0-0001 —-040 0-08 <0-0001
Carbohydrate (% of energy) 46-5 71 0-58 0-44 019 070 018 0-0002 1.22 0-30 <0-0001 0-99 0-32 0-002
Starch (% of energy) 265 5.8 1.22 0-35 0-0005 -1.33 014 <00001 —1.55 0-23 <0-0001 —1.56 025 <0-0001
Total sugar (% of energy) 200 6-6 -0-64 0-40 0-11 203 015 <0-0001 277 0-25 <0-0001 2.55 028 <0-0001
Non-milk extrinsic sugars (% of energy) 114 6-1 -1-09 0-36 0-003 1.88 0-14 <0-0001 1.96 023 <0-0001 2.82 024 <0-0001
Alcohol (% of energy) 4.0 5.5 —1.56 0-34  <0-0001 115 014 <0-0001 097 0-23 <0-0001 1.50 024  <0-0001
Dietary fibre (g/10 MJ) 187 71 1-69 042 <0-0001 -061 018 0-0005 0-49 0-28 0-09 -1.52 030 <0-0001
Cholesterol (mg/10 MJ) 3149 125.6 21.99 7.57 0-004 -1243 316 <0.0001 -5-80 5-11 0-26 -1913 5.52 0-0006
Diet quality score
Healthy Diet Indicatorll 2.51 1.34 012 0-08 013 -002 003 0-52 0-12 0-06 0.03 —-0-15 0-06 0-02
Mediterranean Diet Scoref 4.39 1-67 027 0-10 0-008 -011 004 0-008 0-14 0-07 0-047 —-0-36 0-07 <0-0001

MF¢nergye, meal frequency (MF) determined based on percentage contribution to total El; SFenergye., SNack frequency (SF) determined based on percentage contribution to total El; MF;ine, MF determined based on the

time consumed; SF;me, SF determined based on the time consumed; El, energy intake; EER, estimated energy requirement.

*Adjustment was made for age (years, continuous), social class (manual or non-manual) and El:EER (continuous). Statistically significant P values are presented in bold.
1A meal was defined as any eating episode comprising >15 % of total El, regardless of the time of day or composition of foods and beverages consumed; all other eating episodes were classified as a snack.
tMeals were defined as eating events reported during selected times of the day (06.00-10.00, 12.00-15.00 and 18.00-21.00 hours); all other eating occasions were considered snacks.
§Regression coefficients mean the change of dietary variables with one additional eating occasion per day.

IIPossible score ranging from 0 to 7.
{[Possible score ranging from 0 to 9.
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Table 6 Associations of meal frequency and snack frequency with adiposity measures*; British adults aged 19-64 years (n 1487), National
Diet and Nutrition Survey, 2000-2001

Model 1t Model 2% Model 3§
Bl sell P Bl sell P Bl SEll P
Men (n 678)

MFenergye (times/d)q]

BMI (kg/m?) -018 0-30 0-54 -0-58 0-31 0-06 -0-28 0-31 0-36

WC (cm) -0-02 0.77 0-98 -1.14 0.77 014 -0-51 077 0-51
SFenergyo (times/d)q

BMI (kg/m?) -0-22 0-08 0-0006 —-0-01 010 0-94 0-32 0-11 0-003

WC (cm) -0-48 0-21 0.02 0-06 0-24 0-81 0.77 0-27 0.004
MFime (times/d)**

BMI (kg/m?) -0-32 014 0.02 —-0-09 015 0-57 0-33 0-16 0.04

WC (cm) -0-55 0-36 012 -0-06 0.37 0-86 0-85 0-40 0.03
SFiime (times/d)**

BMI (kg/m?) -042 015 0-005 -0-08 017 0-63 0-36 018 0.04

WC (cm) -0-96 0-37 001 -0-08 0-41 0-85 0.87 044 0.047

Women (n 809)

MFenergye (times/d)|]

BMI (kg/m?) 0-03 0-34 0.92 -0-22 0-35 0-53 0-18 0-34 0-59

WC (cm) -0-41 073 0-58 -048 073 0-51 0-25 0-71 073
SFenergyes (times/d)q|

BMI (kg/m?) -0.37 0-13 0.004 -0-20 0-15 0-21 0-40 017 0.02

WC (cm) —-0-61 0.27 0.03 —-0-38 0-32 0-23 0-69 0-35 0-048
MFiime (times/d)**

BMI (kg/m?) -0-63 0-20 0-002 -057 0-23 0-01 0-23 0-24 0-34

WC (cm) -1.54 043 0-0003 -1.46 047 0-002 -010 0-52 0-85
SFiime (times/d)**

BMI (kg/m?) -0-37 0-23 0-11 0-07 0-26 0-80 0-88 0-27 0-001

WC (cm) -017 0-49 073 0-55 0-55 0-32 2:09 0-56 0.0002

MFenergy+, meal frequency (MF) determined based on percentage contribution to total EI; WC, waist circumference; MFyme, MF determined based on the time
consumed; SFenergye, SNack frequency (SF) determined based on percentage contribution to total El; SFyme, SF determined based on the time consumed; El,
energy intake; MET, metabolic equivalents of task; ERR, estimated energy requirement.

*Statistically significant P values are presented in bold.

1Crude model.

}Adjusted for age (years, continuous), social class (manual or non-manual), smoking status (never, former, or current), physical activity (MET-h/d, continuous),
protein intake (% of energy, continuous), fat intake (% of energy, continuous), total sugar intake (% of energy, continuous), alcohol intake (% of energy,
continuous) and dietary fibre intake (g/10 MJ, continuous).

§Adjusted for variables used in model 2 and EI:EER (continuous).

IIRegression coefficients mean the change of adiposity measures with one additional eating occasion per day.

{/A meal was defined as any eating episode comprising >15 % of total El, regardless of the time of day or composition of foods and beverages consumed; all
other eating episodes were classified as a snack.

**Meals were defined as eating events reported during selected times of the day (06.00-10.00, 12.00—15.00 and 18.00-21.00 hours); all other eating occasions
were considered snacks.

SFenergyos and SFin. were associated with unfavourable measures, a cross-sectional study in US adults"” has
dietary intake patterns, including higher intakes of soft shown that after excluding implausible energy reporters,
drinks, confectionery and alcohol, lower intakes of SE, but not MF, as defined mainly based on self-report and
cereals, protein, fat, and dietary fibre, and lower scores of energy content, was positively associated with BMI.
HDI (except for SFcpergy, in women) and MDS. These Despite the use of different definitions of meals and
discrepant findings may be, at least partly, explained by snacks, this is generally consistent with our observation
differences in the characteristics and lifestyles of the that SFenergy%, SFime and MFjy. (men only), but not
populations, definitions of SF, dietary assessment methods MFcnergyo, Was associated with higher BMI and WC. This

and potential confounding factors considered. While we seems plausible given the modest positive association of
are unaware of previous studies where the association SFenergy9s SFime and MFy,e with EI. On the other hand,
between MF and dietary intake was examined, we found MFcpergyn, Was only weakly (but significantly) associated
that in both sexes MF¢pergyo, Was associated with favour- with EI, showing no association with BMI and WC. In any
able dietary intake patterns, including higher intakes of case, the positive association of MF and SF with EI
vegetables, fruits and dietary fibre, lower intakes of non- suggests that participants in the present study did not
milk extrinsic sugars and alcohol, and higher scores of compensate for more frequent eating episodes by reducing
HDI (only men) and MDS, while MF,,,c was associated the quantity of energy consumed per eating occasion.

with higher scores of HDI and MDS in women only. These In the present study, (the direction of) the association of
results highlight how the use of different definitions of =~ MF and SF with BMI and WC changed radically after
meals and snacks can impact the outcomes. For adiposity adjustment for ELEER. Given the positive association
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of MF and SF with ELEER and the inverse association of
BMI and WC with ELEER, this may be due to the under-
reporting of MF and SF concomitant with the under-
reporting of EI by individuals with higher BMI and WC“”.
Thus, the present study highlights the key importance of
adjusting for EI misreporting in studies of MF and SF in
relation to adiposity measures.

The strengths of our study include the use of objective
and published definitions of MF and SF based on detailed
dietary information obtained from a 7 d weighed dietary
record, measured anthropometric data and the use of an
individualized measure of EER to identify EI misreporters.
However, there are also several limitations. First, the
cross-sectional nature of the study does not permit the
assessment of causality owing to the uncertain temporality
of the association. Many health organizations, diet books
and Internet sites recommend eating small, frequent meals
for weight loss. Because of this, overweight and obese
individuals may increase their MF, although it is unlikely in
the present study that they eat small meals given
the positive correlation between MF and EI observed.
Alternatively, overweight and obese individuals may
simply have reduced their MF and SF in an attempt to lose
weight. If so the strength of the positive association
between MF and SF and adiposity measures would be
underestimated. In any case, only a prospective study
taking into account dietary misreporting would provide
better understanding of the relationship between MF and
SF and adiposity measures.

At present, the only way to obtain unbiased information
on energy requirements in free-living settings is to use
doubly labelled water as a biomarker*?. This technique is
expensive and impractical for application to large-scale
epidemiological studies. Instead, we calculated EER with
the use of published equations®®. In the absence of
measured total energy expenditure, these equations with
high & values (0-82 for men and 0-79 for women)>®
should serve as the best proxy, although the selection of
physical activity category was based on self-report (i.e. 7 d
physical activity diary), which may be susceptible to
reporting bias.

Another limitation of the present study is the relatively
low response rate (61 %), and only 40 % of the eligible
sample was included in the present study. The participants
included in the present analysis (n2 1487) differed somewhat
from those excluded from the analysis (7 705-758
depending on variables). Those excluded were more likely
to be younger, be in manual occupations and be current
smokers (all P<0-05). However, a previous analysis
concluded that there was no evidence to suggest serious
non-response bias in NDNS“®. Further, although we
adjusted for a variety of potential confounding variables,
residual confounding could not be ruled out.

Finally, because only EF of meals contributing >15 %
of total EI (i.e. MFepergyo,) showed null associations with
BMI and WC (as well as positive associations of MFe,
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SFenergyss and SFype with BMI and WC), the present
findings should not be interpreted as conclusive evidence
that eating less frequently (e.g. one or two large meals
per day) is an effective way to prevent obesity but that higher
SF or EF of additional small meals may be a contributing
factor to obesity. Nevertheless, oversimplification should
be avoided because there is no consensus about what
constitutes a snack or a meal. As mentioned above,
we could not conduct the present analysis based on
self-identification of eating occasions, the most common
definition of meals and snacks, because of a lack of
information in NDNS. Additionally, MF and SF based on
time may be problematic, because eating patterns vary
according to lifestyle (e.g. shift workers, individuals who
consistently eat their meals at non-traditional times of day)
as well as the cultural environment®”. Furthermore, MF
and SF based on energy contribution (>15% or <15 %)
was made on the basis of the US national averages of the
distribution of energy from (self-defined) meals compared
with (self-defined) snacks (breakfast, ~16 %; lunch, ~25 %,
dinner, ~37 %; snacks, ~22 % from two occasions)™; but
this may not be suitable in the present British population.
Thus, results may possibly differ on the basis of other
definitions. In any case, as research explicitly examining
the impact of these different definitions is limited, further
research using different definitions of meals and snacks is
warranted.

Conclusion

In the current cross-sectional study in British adults, after
taking into account the confounding of EI misreporting,
MFepergyo, Was associated with favourable dietary intake
patterns in both sexes, while MF;,. showed positive
associations with measures of diet quality in women only.
Conversely, SFenergy, and SFme were generally associated
with unfavourable dietary intake patterns in both sexes.
For adiposity measures, we found positive associations of
SFenerayos and SFne with BMI and WC in both sexes, which
was not observed when EL:EER was not entered in the
model. MFy,. was also positively associated with BMI and
WC in men. The present results thus suggest the different
effects of MF and SF on dietary intake and adiposity
measures, as well as the importance of adjustment for EI:
EER. Further research, particularly with a prospective
design, is needed, taking into account dietary misreporting
so that firm conclusions can be drawn with regard to the
effect of MF and SF on dietary intakes and adiposity
measures.
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