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BACKGROUND/OBJECTIVES: The aim of this systematic review and meta-analysis was to assess the effect of season on food intake
from selected food groups and on energy intake in adults.

SUBJECTS/METHODS: The search process was based on selecting publications listed in the following: Medline, Scopus, Web of
Science, Embase and Agris. Food frequency questionnaires, 24-h dietary recalls and food records as methods for assessment

of dietary intake were used to assess changes in the consumption of 11 food groups and of energy intake across seasons.

A meta-analysis was performed.

RESULTS: Twenty-six studies were included. Articles were divided into those reporting data on four seasons (winter, spring,
summer and autumn) or on two seasons (pre-and post-harvest). Four of the studies could be utilized for meta-analysis describing
changes in food consumption across four season scheme: from winter to spring fruits decreased, whereas vegetables, eggs and
alcoholic beverages increased; from spring to summer vegetable consumption further increased and cereals decreased; from
summer to autumn fruits and cereals increased and vegetables, meat, eggs and alcoholic beverages decreased; from autumn to
winter cereals decreased. A significant association was also found between energy intake and season, for 13 studies reporting
energy intake across four seasons (favors winter) and for eight studies across pre- and post-harvest seasons (favors post-harvest).
CONCLUSIONS: The winter or the post-harvest season is associated with increased energy intake. The intake of fruits, vegetables,
eggs, meat, cereals and alcoholic beverages is following a seasonal consumption pattern and at least for these foods season is

determinant of intake.

INTRODUCTION

A seasonal food can be defined as ‘food that is outdoor grown or
produced during the natural growing/production period for the
country or region where it is produced. It needs not necessarily be
consumed locally to where it is grown”." A definition ‘that takes
the consumers’ perspective, by incorporating a local link between
production and consumption, produced and consumed in the
same climatic zone without high energy use for climate
modification or storage’.> With such definition of food seasonality
different climatic zones need to be considered. In West Africa,
there are two rainy seasons: the long rainy season from March to
May and the short rainy season from September to October,
in-between pre-harvest season from May to June and post-harvest
season from January to February. In Europe and US four seasons
can be recognized: spring (March to May), summer (June to
August), autumn (September to November) and winter (December
to February).® The equatorial parts of Southeast Asia, including
Malaysia, Brunei, Indonesia, Singapore and the Philippines, have
only two seasons—wet and dry.?

Food seasonality could therefore be a factor determining
dietary behavior and have an impact on food and energy intake.
For example, it has been shown that cold seasons are related to
higher consumption of hot non-alcoholic beverages and hot
seasons with higher consumption of fruits and dairy products.*

Studying and understanding the relationship between the
availability of food according to seasons and food intake will
help shaping dietary assessment instruments and help explaining
the association between diet and health. However, such an
investigation needs to take into account the differentiation
in seasons in different parts of the world. Seasonal fluctuations
in food availability are especially visible in developing countries
and in rural communities underlining the link between seasons
and food intake.”

The first pilot action of the European Joint Programming
Initiative * A Healthy Diet for a Healthy Life’ is the knowledge hub
on the DEDIPAC (DEterminants of Dlet and Physical ACtivity). The
DEDIPAC project focuses on the determinants, at both the
individual and group levels, of dietary, physical activity and
sedentary behaviors using a wide multidisciplinary approach.
Food seasonality was identified as a determinant of diet, thus
being a target for DEDIPAC.

The aim of this systematic literature review was therefore to
explore food seasonality as a determinant of dietary behavior
by summarizing the current knowledge on food seasonality and
assessing the seasonal variation of food intake of selected broader
food groups and energy intake in adults. Energy intake was
selected because it represents a measure of overall intake and is
less sensitive for substitution effects.
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METHODS

Search strategy

The protocol was registered in ‘PROSPERO International prospective
register of systematic reviews' PROSPERO 2014:CRD42014014007 and is
available from http://www.crd.york.ac.uk/PROSPERO/display_record.asp?
ID=CRD42014014007.° The manuscript followed the PRISMA Statement
how to conduct a systematic review.”

Between June and August 2015 we have systematically searched
the following databases, MEDLINE, SCOPUS, AGRIS, WEB OF SCIENCE and
EMBASE, to identify the experimental (intervention studies) and observa-
tional studies describing the seasonal variation in food group intake and
variation of energy intake. No restriction was made as for the date of
publication. The search strategy was restricted to human adults, English
language and included the following type of documents: article, review,
book and book chapter. The search was performed using the following
index terms in title or abstract:

#1 ‘Food’ OR ‘Food, Organic’ OR ‘Functional Food’ OR ‘Food and
Beverages' OR ‘Health Food’ OR ‘Water’ OR ‘Vegetables’ OR ‘Meat’ OR
‘Cereals’ OR ‘Fruit’ OR ‘Food groups’ OR ‘Food consumption’, #2 ‘Periodicity’
OR ‘Season’ OR ‘Season-**-s, -al, -ality, #3 ‘energy intake’. Search #1 AND
#2 AND #3.

Inclusion and exclusion criteria

Only studies conducted in healthy, adult populations were included.
Studies reporting consumption of food groups or energy intake in different
seasons were eligible. Dietary data from food frequency questionnaires,
24-h dietary recalls and food records were analyzed. We considered studies
with the following designs: experimental (randomized controlled trials,
non-randomized controlled trials and pre-post intervention studies),
observational (cross-sectional studies, and longitudinal cohorts and case-
control studies) or ecological studies. We excluded publications that did

not meet the inclusion criteria (studies performed in specific groups of
patients or other age-specific groups, animal studies, other than
mentioned above type of documents, articles in any other language than
English).

Data extraction and analysis

The study selection process was subdivided into (1) titles and abstracts and
(2) full-text and was performed by two independent researchers in parallel
with each database. In the two steps of the process, all disagreements
between the researchers were solved after consultation with the review
coordinator. Only in the case of agreement, a document was passed to the
next step. Full-texts of all selected studies according to title and abstract
were obtained through libraries. In special cases, the corresponding or
leading author was contacted via e-mail. For each full-text paper,
information was extracted according to general information (study title,
authors, year and journal), study characteristics (study design, country,
inclusion and exclusion criteria and length of follow-up), characteristics of
studied population (nationality, age and gender of participants and
number of participants), assessment methods (food frequency question-
naire and 24-h dietary recalls), type of exposure (season and period) and
type of outcome (food groups and energy intake).

The relationships between season and food groups and energy intake
were described as ‘favors summer’ if higher food group consumption and
higher energy intake were observed in summer and ‘favors winter’ if intake
of food groups and energy intake were linked with higher energy intake
and food consumption in winter. The deviation of seasonal intake from
mean intake was expressed in absolute term. To assess the study quality, a
9-point scoring system according to the Newcastle-Ottawa Scale was
used.® The full score was 9, and a high-quality study was defined by a
threshold of > 7 points.
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Statistical approach

Where appropriate, the recorded energy intake levels were converted to
kilocalories (kcal) in order to homogenize the results. Meta-analyses of 4,
11 and 8 studies were performed separately to combine the available
results (presented in proper format) of individual studies concerning food
group consumption and energy intake across four seasons, and energy
intake across pre- and post-harvest seasons, respectively. Data were
analyzed using a random-effects model that allowed that the true effect
could vary from study to study. The effect size of a study was investigated
by calculating standardized mean difference with 95% confidence interval.
The heterogeneity of the sum of studies was tested for significance. As
measure for quantifying inconsistency, /> was selected.® The results of the
meta-analysis were visualized using a forest plot that illustrates the results
of the individual studies and the summary effect. Funnel plots were used
for identification of publication bias. The analysis was performed with
Comprehensive Meta-Analysis software (Biostat, Inc., Engelwood, CO, USA).

RESULTS

Search results

The search process is presented in Figure 1. We identified 146
potentially relevant publications in Medline, 172 in EMBASE, 240 in
Scopus, 331 in Web of Science, 122 in Agris and two in additional
source (book chapters); finally, we included 66 articles according
to title and 52 according to abstract into further steps of the
search process. These articles were retrieved for full-text review.
Finally, after removal of duplicates with multi publications of the
same study and sufficiency of data given in the publications, 26
studies met the inclusion criteria and were further analyzed.

Study and population characteristic

Baseline characteristics of the 26 studies and populations are
presented in Table 1. The majority of the studies were cross-
sectional (n=24) and only one was a randomized clinical
controlled trial.'”® The individual studies represented 21 different
nations (6 in Europe, 5 in America, 7 in Asia, 7 in Africa and
1 in Oceania). The age ranged from 14 (in only one study
where adulthood is recognized early) to 85 years and the BMI
value from 17.2 to 25.8 kg/m? however, in 10 studies BMI was
not reported.*'>14182224-27.29 Elayen studies were conducted in a
female population only®®'719222325.262931 gnd one study in a
male population only.3® Thirteen studies were performed in urban
communities*'®?" and 13 studies in rural populations.>**~3
The energy intake was noted in 25 studies*>'9283%733 and the
consumption of food groups in seven only*1%17:1821.2227 p]|
studies were of high quality (Newcastle-Ottawa Scale > 7).

Seasonality in food group consumption

The consumption of different food groups across seasons is
presented in Table 2. Seven studies quantified the consumption
of food groups.*'%'7182921 The available data allowed us to
investigate the consumption of 11 food groups (fruit, vegetables,
dairy products, cereals and cereal products, meat and meat
products, fish and seafood, eggs, oil and fat, legumes, alcoholic
beverages and non-alcoholic beverages); however, information on
all food groups was only available in four studies.'®?%*"?” In one
study, the intake of food was reported only in two seasons only
(winter and summer)'” and in another study in dry and rainy
seasons.”’ In five studies'®'®?°2'?7 data of food consumption

Table 1. Basic characteristics of selected studies (n=26) and population (n=104 777)
Study Number of Study design Ratio of Country ~ Region  BMI  Study quality
participants women (kg/m?)  (Newcastle-
and men Ottawa scale)
Capita and Alonso-Calleja'® 303 Cross-sectional Mean:25.6/24.7 N=142/161 Spain Urban 23.4/20.8 8
Fyfe et al."! 260 Cross-sectional Younger:21-44 N=169/91 Great Britain Urban 26.0 8
Older: 45-64
Behall et al."? 29 Cross-sectional 20-53 N=16/13 USA Urban  N/A 7
Arnaud et al."® 106 Cross-sectional 27-59 N/A Cuba Urban 239 7
Rossato et al.'* 162 Cross-sectional 20-69 N=114/48 Brazil Urban  N/A 7
Westerterp et al.'® 52 Cross-sectional ~ Mean: 29.0 N=42/10 Netherland Urban  21.8 7
Prasad et al. * 4880 Cross-sectional 25-44 Only women Finland ~ Urban  N/A 8
MaY et al.'® 593 Cross-sectional 20-70 N=277/316 USA Urban 272 8
Fowke et al."” 74 049 Cross-sectional 40-70 Mean: 52.1  Only women China Urban  24.0 7
Sasaki et al.'® 215 Cross-sectional N/A 113/102 Japan Urban  N/A 7
Amanatidis et al."® 123 RCT 18-54 Only women Australia  Urban 224 7
Adolf et al.*® 7831 Cross-sectional 18-34 N=4252/3579  Germany 8
6561 35-54 N=3330/3231
4310 55-74 N=2419/1891
Heseker et al.?' 1988 Cross-sectional I1>18 N=1138/856 Germany 8
Nyambose et al.?? 184 Cross-sectional 14-51 Pregnant women  Malawi Rural N/A 7
Rao et al.? 797 Cross-sectional ~ Mean:21.4 Only women India Rural 18.1-20.5 7
Nobmann et al.?* 351 Cross-sectional 21-60 N=186/165 USA Rural  N/A 7
Singh et al.>® 90 Cross-sectional 75% below 40y ~ Only women India Rural N/A 7
Huss-Ashmore et a 110 Cross-sectional N/A Only women Swaziland  Rural N/A 8
Oguntona et al.?’ 112 Cross-sectional 65-85 N=59/53 Nigeria  Rural  N/A 7
Tetens et al.?® 1361 (lean season) Cross-sectional 18-60 524/736 Bangladesh Rural 17.8-18.8 7
1281 (peak season)
Kigutha et al.’ 24 Cross-sectional Mean:28.7 Only women Kenya Rural 233 7
Bentley et al.?® 65 Cross-sectional 16-45 Only women Congo  Rural  N/A 7
Murayama and Ohtuska® 16 Cross-sectional N/A N=8/8 Thailand ~ Rural 19.8-25.6 7
Ategbo et al.* 45 Cross-sectional Mean:31 Only women  Rep. of Benin Rural 19.5 7
Schultink et a/3? 150 Cross-sectional ~ 31.6-41.3 Only women  Rep. of Benin Rural 17.2-25.8 7
Tin-May-Than and Ba-Aye*? 10 Cross-sectional 18-60 Mean: 38.4 Only men Burma Rural  19.74 7
Abbreviations: N/A, not available; RCT, randomized controlled trial.




703

(§'90S-€'L¥Y) 69y (SPEL-L'S6) L'SLL — (90z-781) 6L  (96T-9'92) L'8CT (€°TC-1'81) TOT 60¢€lL (€'60C-T'S61) TTOT (L'TSL-O'LEL) S'LpL €Ll 6'8€EL EREEEIN
(TYEr-9'6SE) 6'V6E  (CYEP-9'S5E) 6'V6E — (0'£2-1'€0) 0°'ST  (9°'6€-9'1€) 9°€€  (0°0€-T¥T) L'LT 9LLL (8°0£T-£8¥T) 8'6SC  ('99L-¥vEL) ¥'OSL 8Tsl L'yl N 491U
(9°6Lv-6'STY) LTSV (6'0£L-9'V0L) L'LLL - (8'61-£'£1) 88l (£'82-9'S0) L'LT (TlT-¥LL) €61 ceel (T’S1Z-€T07) £'80T (S9SL-6VEL) L'SPL 0esl 09¢L 4 uwniny
('Lry—10LE) £SOV (V' Lyb—L'0LE) LSOV - (S'sT-€T0) 6'€T  (Tee-€60) €lE  (1'ST-S07) 8'TT 6'SLL (6'997-9'6¥7) €85 (6'0SL-S¥Tl) L'LEL 'L 9LEL W uwniny
(S9Pv—-£'10Y) L'vey  (9EVL-9'SLL) 9'6CL — (S'1z-1'6l) €07 (L'LE-1'80) 96T  (S'LL-T¥L) 8L 6'GEL (rvlz-€107) 8207  (L'6SL-L'6EL) L'6VL LSLL £8T1L 4 Jswwing
(0'zzs-5'8¢€y) 08y  (0°TTS-S'8EY) TO8Y — (0£2-9'€0) €5 (6'9€-9TE) L¥E  (L'TT-¥'LL) L6 918l (657-0Tr7) S0ST  (F'6SL-L'EEL) 9oL 98l 616 W 13wwng
(8'v€S-0'65Y) 6'L6Y  (L'SEL-T'90L) 9°'0CL — (00z-+'£1) £'8L  (S'L€-0'8T) L'6T (S'lT-S'LL) S61 €9€L (8'SLT-¥'107) 980  (£'6SL-L'9€EL) 6'L¥L G'85l T80l 4 :buuds
(6°06¥—-£'00%) 8'Sky  (6°06—-L'001) 8'Sh - (092-6'17) 6'€T  (L'6€-0VE) 99€  (6'9T-L07) 8'€ET S'/6l (6'L£T-0°1S7) ¥'19T  (£'991-€'6T1) O'8YL 99l 8'/8 W “mc_imm
— ¥/-5S paby
(S'98Y-8'LbY) L'€9%  (0°0LL-SThL) T9SL - (r'81-£91) S'LL  (6'82-€'97) 94T  (L'8L-0'GL) 991 Leel (1'061-8'8L1) S¥8L  (9€EVL-T'STL) ¥'PEL (a4} 6'80L 4 9UIM
(6'€Sv—8'50v) 8'62F  (0VLS-0'LSY) 9T8Y - (S¥T-1'Te) €€ (Lve-9'Le) L'€Ee  (6'LT—+'8L) L'0T L'66l (TsSz-0'1vT) 18T (S'L¥L-0'9T1) 8'9€EL g8l 786 W H91UIp
(8'LEV-LL6E) ¥'LLY  (9'59L-0'9€L) 8'0SL - (§'81-£91) 941 (1'62-9'97) 84T (L'61-S'SL) €L 6vEL (9861-1°£81l) 6'T6L  (0'8TL-LTLL) €0TL 414" 80LL 4 uwniny
(9'LLY—-5'69€) S06€  (9'0VS—-S+9¥) 9°T0S — (L've-£'12) 67T (€7€-6'0€) 9°CE  (T'TT-9'8L) ¥'0T £00¢ (9292-0L¥T) 8¥ST  (8'9VL-6'STL) ¥'9OEL S8l 68 W :uwniny
(¢88v-T6€) L'€9%  (€0LT-0VLL) L'T6L — (6'£1-T91) L'LL  (F0€-S'£T7) 06T  ('SL-¥'TL) 6°€EL 7ivl (S¥61-9781) 88l  (€¥SL-L'SEL) O'SPL €YEL SELL 4 Jswwng
(L9Ly=¥6lY) L'Lvy  (V19-L'8ES) €945 — (9€c-T1e) vz (99€-8T€) L¥E  (8'8L-€GL) L'LL ¥'S0Z (5°952-8'6€7) L'8VT  (L'6SL-LVEL) TLYL L¥91 L'€6 W awwing
(roLy-T LEY) 8'€Sy  (1'881-6'851) S'E€LL - (9'81-£91) 9'LL (8'L€-8'87) €0  (V'LZL-¥¥L) 6'SL L'8EL (€'661-0£8L) TE6L (£'SYL-1'8TL) 6'9€L 8817l 998 4 :buuds
(€°LY-€1TY) 89vy  (8'¥8S—-9°0LS) L'LVS — (S¥T-tTe) vee (0LE-v'EE) TSE  (S€ET-¥6L) S'LT 8'20C (9°6SC-Sv¥T) 0CST  (L'6SL-L'8EL) 6'8¥L L'8G1 L'ZL W “mc_‘_amm
- ¥S-G€ ‘paby
(€'9€5-8T6Y) L'VLS  (9'L¥L-¥'0TL) O'LEL - (L'8L=£91) V'L  (8'62-5£T) 98T (¥'SL-L'EL) T¥L (74} (€'181-0TLL) £'941  (L'0LL-9°€SL) 6°L9L vl S'€6 4 J9uUIm
(€'£¥S-07109) L'¥CS  (€E€SP-TV6E) €Ty — (eve-1'ce) Ter  (1'6€-9'SE) €£8  (6'61-L91) €81 8981 (rvST-8'0v2) 9'LvT  (L'8lT-€'681) L'€0T €8l 8'€L W 491U
(9'£6v-T09%) 6'8LF  (8'SYL-STTL) TYEL — (8'81-T'£1) 08l  (9°'£T-€'ST) S9T (6'EL-9'LL) £TL '8zl (8'68L-¥'6L1) 9¥8L  (8'L9L-¥'SPL) 9°€SL S'8TL L'T6 4 uwniny
(T'LTs v'vLy) 816V (€€6€-1°0VE) L'99€ - (9VT-TT0) V'€ (F'EE-€0E) 8'LE  (9£1-9FL) L'9L €761 (9'997-9'057) 9'85C  (8'£0T-€081) 0'V61 6°LEL 0'8L W uwniny
(8'9SS-6'TLS) ¥'vES  (6'£SL-LTEL) O°SPL — (06L-5"£1) T8L (FO€-€£2) 6'8T (€°€L-L0L) OTL €/21 (6¥8L-€vL1) 9641 (LT8L-L191) TTLL 144" g'LoL 4 Uswiwng
(8'€85-7'87S) 0°9SS  (0'L8Y—€ELY) L'Lby — (9°6T-0'€0) €¥T  (6'SE-TTE) OvE  (E9L-0°EL) OFL 861 (0'0SZ-8'v€T) LT (T91T-8'L8L) 0661 9oL 89, W Hswwing
8'8€G-T°00S) S'61S  (9°09L-€TEL) SOPL - (€'8-6'91) 9'L1L  (T0€-9'£7) 68T (0¥L-9'LL) 8°TL 08CL (TTel-€T8l) €481 ('6L1-1T9L) L'0LL oveL 618 4 :bunds
(£'TLS-€129) O°LVS  (6'T8V-S'LTY) TTSY - (et-2'12) LT (TLe-8'€E) S°SE (0°ZL-LvL) 9'GL Sv6l (LvST-€6€2) 0°LVT  (6°01T-S¥8L) L'£61 8TrL €0L W nm:_amm
7€-8Ll:paby
ooz 1P 32 40PV
- - - - - L'1S L'6S - - 1 4%33 T'/[8¢€ JUIM
- - - - - €LL 5§99 - - 6vLE oy Jawwing
LD 12 Mo
€ELF8LT ESFET v+8 SLFEE Ly +9lLL CEFTS 0S F0TT €6 F 0Pl 0oLl F¥6T €6+ 091 4 U3
€51 F /8T S6CF 08T — v¥6 9L FOr 65 F LSL 9€ 99 6 F e 90L F LEL £6 FT0€E ¥8F6LL W HSIUIM
0TL+€9¢ LSFST — v+8 LLF9€ Ly F €Tl LZF0S 99 F €€C vOLF0vlL 86 8T 001 ¥60¢ 4 Juwnny
SLF LT €LTF YT — SF6 6LF Ty 8y FSL LEF99 ¥6 F 8EE EELFPEL 86 F 66T 6CLF /91 W :uwmny
SSLF/8T 9§ F €€ - s¥ol 0Z FS€ oFFELL YT FTS 99 F 87T OLLF8LL YELF L6E €ELFE6L 4 Jswwing
9/1 F00€ YEEF £8E - vFLL 6l FTh 0SFEvL €EFL9 €LLFCee Sl F9SL LSl F88€ oL FF991L W swwing
8L+ 08T 8v +8C - v+8 LLFSE LyFLLL T Fs 65 FET 0L F991 ¥6 F 86T 96 F Lyl 4 :bunds
LSL+/8C SPEF L9 - S¥ol 6LF LY SFEPL LTFT9 L6F LEE STLF LpL w6FolE S6F60L W :bunds
11D 13 1YDSDS
vy F €08 - - - - LTF €T TLF6SL 19F L1 Sty F7S8 6CLF 12T 791 F8TT J2IUIM
LS F S€8 — — — — LZFve LLF/SL 19F8/1 80V F 198 L9L FovT 961 F6TC uwmny
0Lv ¥ /T8 - - - - LZ¥st 99 F8S1L 9F LLL [44 4 14°] vyl F 9T vELF88L Jswwing
£9% F 808 - - - - 0CFC 69FLSL 9FVLL SOv +9¢€8 6EL FSYT Lyl F0LT Bunds
1D 19 ppspid
9VTTF S'E6T V'8EF L'9T €SLFESL LCLF¥ve S'SLFOEE 00 ¥ 867 SorFeeCt 969 F LT6L £'961 FOV6€E 8TLFLVPSL  6'99F€L0L EREEI
8¥0T F'99€ L18F0'88 69FL6L 0ELFIVE 8'SLF 9T 66CF0°LS SL8FLELL 885 F LTIE ¥SLLFGELE 68SFSVIT  O0TULFVVLL W 91U
6'€LLFS68T 1'9S F €8T 96F€LL LyLF LT 7'ZLF8'6C TYTFLOY ETWFELLL 8Y9F9S6L T60T F 8'96€ 679F 6891 0S6F0€ELL 4 “lswuwng
L'9zT F €€€T S'6SF89¢ LOLF¥'LT TTLFLST L'8F 10T 8TCFTLE 697 FGESL 6'€6F L8l '8CL F0°08€ LY F69L 6'8CF L'8CL W swuing
oL DlRip>-0suoyy pup pidpd
sabpianaq sabpianaq spnpoud paw spnpoud [p2iad
21j0y03[D-UON Jljoyod)y sawnbay D) pup sjI0 sbbg PpO0JD3s/Ysi pup 103 pup s[paia>) s1onpoid Aiipg sajqpiabap uni4
sdnoib poo Apnis
(Aep 1ad wb) suoseas ssosde sdnoib pooy JuaJayip jo uondwnsuod uesyy g d|qel




704

were presented stratified by gender. General eating habits were
9 reflected in the overall amounts of food consumption. In Spanish
E g §§é§§§£§ o © o men, fruits and dairy products were more often eat.en in summer
SE| Hpad HAAr  BEJKR time, in contrast to Finnish and German populations, whq ate
i . . .
g§ E § § E “rSQ higher amounts of fruit and dairy products in the autumn-winter
= o ime.*'%2%2" |n general, cereals and cereals products and non-
time. g , :
alcoholic beverages wege more frequently consum(:‘d in- the
i ime*1%" i in the spring-
autumn-winter time and alcoholic beverages in
vg| SumoeIRy summer time.?>2" Similar observations were also made for the
S S N . . .
S BRSNS + % fooo rainy/dry seasons. Higher amougts were eaten in the rainy season
£3 SRmMEBa e compared with the dry season.
<3 BERBZASE : f : ,10,17,18,20,21
“8| BERESRIE In the meta-analysis of six studles,“.101 we found
significant associations between seasons in the consumption of
the following food groups: spring-winter—fruits (P < 0.0001)
g EEEEEN nooo (higher in winter), vegetables (I.J=0.0.06), gggs (P=0.03) .and
g | nens alcoholic beverages (P=0.0005) (higher in spring); autl_Jmn—wmter
h —cereals and cereals products (P < 0.00001) (hl.gher in autumn);
summer-spring—vegetable (P=0.02) (higher in summer) .and
§ Shnennod cereals and cereals products (P=0.0006) (higher in spring);
E HHH MR R RNefe summer—autumn—fruits (P=0.006) and cereals and cereals
3 ARREINGS products (P < 0.0001) (higher in autumn), vegetables (P=0.02),
° oo meat and meat products (P=0.04), eggs (P=0.07) and alcoholic
beverages (P < 0.0001) (higher in summer) (Figures 2a-d); and
NN —ONN spring—autumn—fruits (P=0.0002), cereals and cereals products
& ANTARNRARN T| N tonNo (P=0.03) and alcoholic beverages (P < 0.0001) (Supplementary
o SRR G m e Figure 4—Supplementary information).
INBCRAEAEN g Pp )
RRRRRAAR Limited data from the studies precluded a formal meta-analysis
on the association between legumes intake and season, as well as
£ 3 on the association between food group consumption and pre-
S
S é ma Sr'l EI %I E*I % E oo e harvest, harvest and post-harvest seasons.
3| ¢ 't.lielrt.qomgr';. yann
Sl g SEREEESE Seasonality in relation to energy intake
Energy intake across the seasons was reported in ?5 studies, and
T § the results are given in Table 3. In most of the studies, 24-h recalls
S3 SRS aad +onY were used to assess energy intake with the 10e1x1cg|c:'§|’c1>9r?32lc3)3f
§c| PREREERR seven studies, which used 7-day food reggrds, s _
= § one study, which used 4-day food records, ar}gléggg]studles,
which used an fgog frequency questionnaire.’”"™ d . In t|111
g studies,>?2232°72830-33 the energy intake was reported for the
§§ §g § o ; a E 3 pre-, post- and harvest season. In these studies, ths1§_r;1ergy
K 5 Tomam ot.l o 82 ﬁﬁ intake was the highest in the post-harvest season.™ In
5%| £9g852%85 10 studies,'®'#16718:2021 the energy intake was reported for the
8 noommmn f sons (spring, summer, autumn and winter) and in three
~ our sea , ) |
studies'®'*>" for two seasons (winter and summer or spring and
i summer), with the spring period being more strongly associated
3 gERaNEaN with higher energy intake. .
E AR N itati -analysis of 10-13 studies across
g e-ng In the quantitative meta-analys
S HoH A H A H A = e = -ta- c
S i'g;ggszz N seasons, significant associations between energy intake and
8 =omERsze following seasons were observed: spring—summer .(P= O..03),
winter-spring (P=0.006) (favors higher energy intake in _sprlng)
(Figure 3) and summer-winter (P=0.03) (Supplementary Flgu.re 5
3 NOQ QRN N m o —Supplementary information). In the meta-analysis of f:clelght
g REIRIRAN NR¥9 i - a significant
S SIIEI2RC NS S studies across pre- and post-harvest seasons, g
g T o N
= association between season and energy intake (favors higher
o] energy intake in post-harvest season) was observed (P < 0.00001)
N (Figure 3).
g y 2 . . . . . _ .
2 P S 22 2RI Significant heterogeneity was evident in the meta-analysis of
R " T 5 food group analysis (P < 0.001). Visual inspection of the funnel
5 ® group y Jal i C
g S plot revealed some degree of publication bias (.Su'ppleme.nta?ry
E nsuSue| g Figures 6 and 5—Supplementary information). Similarly, s.lgnlﬁ-
§ 5\ Susu s ce § § 8 cant heterogeneity was observed in the modelst of energy intake
< §? 28 § E%t S $83¢8|3 in four seasons (summer, spring, autumn and winter) (P < 0.0001)
=)} goaal |
~N E'g'g E E §§§ ‘E é 11 and across pre- and post-har\{est seasons. The funne.l plots did
2|3 goaARIIZE zocad| g reveal some publication bias (Supplementary Figure 7—
=17 - ° s Supplementary file).
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Forest plot for mean food intake change between (a) winter-spring, (b) spring-summer, (c) summer-autumn and (d) autumn-
82021 #For each study, the square represents the point estimate of the effect. Horizontal lines join lower and upper limits of the

95% Cl of this effect. The area of shaded squares reflects the relative weight of the study in the meta-analysis. Diamonds represent
the subgroup mean difference and pooled mean differences. Cl indicates confidence interval (upper and lower limit),

DISCUSSION

This is the first systematic literature review and meta-analysis on
the impact of seasons on food intake. Our results support the
assumption that there is higher consumption of vegetables, eggs,
alcoholic beverages, meat and cereals during spring-summer time
and higher consumption of fruits and cereals in autumn-winter
time. This is the first quantitative assessment to examine
different food group’s consumption as well as energy intake in
relation to seasons across different studies via a quantitative
meta-analysis.

In the systematic review, we have collected data from
21 different Nations. Nevertheless, a significant finding in our
meta-analysis regarding an association between season and
consumption of different food groups was reflected in the results
of the single studies.*'®'” For example, Sasaki et al.'® found a
significant seasonal difference in the mean intake of vegetables,
fruits and alcoholic beverages as well as Capita and Alonso-
Calleja’ and Prasad et al* with the exception of alcoholic
beverages. However, the observed differences in the consumption
of selected food groups across the seasons in a study were
probably related to local cultural habits and not consistent in
respect to food groups involved and direction of differences
across studies conducted in different dietary contexts. Thus, a
higher consumption of hot non-alcoholic beverages in the
autumn and winter in one study could be a likely reflection of
the adjustment to the cold season not existing in each country

and the consumption of fruits and dairy products to the hot
season also not existing in each country.” In this context, it seems
to be not surprising that we have observed a higher intake of
alcoholic beverages in the spring-summer time, at which the
intake of alcohol-rich drinks also increases.*®*' Moreover, the
broad availability of fruits across the year with higher intake of
citrus fruits in cold seasons could strongly influence the results of
our meta-analysis. However, we only considered larger food
groups and not single foods that usually represent better seasonal
production and thus also seasonal consumption due to amount
and price reasons. Within the single food level there could be
therefore even more detailed seasonal associations with food
consumption. Moreover, the consumption of cereals and cereals
products was statistically more pronounced in autumn and eg%s
in spring. The single results of Adolf et al.>° and Heseker et al.
also confirmed this observation.

In our meta-analysis, we could observe that seasons are
characterized by different energy intakes.*''"22?* Significant
winter/summer decreases in energy intake among Spanish men
was mostly due to changes in food energy density.”” In a US
population, the highest energy intake was observed in autumn/
winter time,""'#'¢ which confirmed that cold temperatures may
be a stimulant of appetite associated with an increase in the basal
metabolic rate. Nevertheless, the thermogenic effect of feeding is
different depending on whether carbohydrates, proteins or lipids
are consumed being small for fat when comparable caloric intake
is considered.* Spring is the season that favors higher energy
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Table 3. Mean energy intake across four seasons (spring, summer, autumn and winter; kcal per day)
Study Energy intake (mean % s.d.)
Spring Summer Autumn Winter Method
Capita and Alonso-Calleja’®
Males — 2032.6 +508.7 — 2913.7 +£433.3 7-day food records
Females — 2080 +433.9 — 2186.6 + 536.3 7-day food records
Fyfe et al."!
Males 2225.8+344.2 2488.8+175.8 2505.5+248.6 2174.2 +359.5 7-day food records
Females 21324 +233.8 1938.7 +145.7 1896.7 + 166.9 1942.3 +248.6 7-day food records
Behall et al.?
Males 2783 +194 2806 + 209 2779 + 200 2775 +196 24-h dietary recalls
Females 1863+ 110 1791 +90 1879 + 87 1861 +96 24-h dietary recalls
Arnaud et al.”®
All 1676 +473 1628 +473 1615 +437 1580 + 442 7-day food records
Rao et al.*
All 1665 +551.83 1863 +524.17 24-h dietary recalls
Rossato et al."*
Males 2475 2450 2350 2550 24-h dietary recalls
Females 1890 2050 1950 1900 24-h dietary recalls
Nobmann et al.**
Males 2500 2800 2600 2700 24-h dietary recalls
Females 1800 2000 2010 1975 24-h dietary recalls
Westerterp et al."
All — 2031.55+286.8 — 2246.65 +334.61 7-day food records
Prasad et al.*
All 2722.8+816.8 2722.8+795.3 2770.6+785.8 2722.8+809.7 24-h dietary recalls
Y Ma et al.'®
All 1958 +22.9 1956 +23.5 1987 +23.4 1958 +22.9 Three 24-h dietary recalls
Fowke et al."”
All 1692.8 1648 1665.1 1547.9 FFQ
Sasaki et al.'®
All 2447 + 457 2466 +497 2491 + 449 2415+413 7-day food records
Amanatidis et al."®
All — 1949 — 1958.5 FFQ
Adolf et al**
Males 2724 (1529-4448) 2730 (1386-4520) 2713 (1487-4320) 2670 (1490-4489) FFQ
Femles 2047 (1034-3411) 2048 (998-3263) 2040 (1028-3270) 2015 (962-3315)
Heseker et al.*'
Males 2621 (1366-4255) 2518 (1242-4324) 2551 (1365-4044) 2540 (1349-4162) FFQ
Femles 1968 (974-3234) 1958 (850-3388) 1911 (922-3236) 1964 (990-3073)
Abbreviation: FFQ, food frequency questionnaire. *Expressed as mean and 95% Cl.

intake in comparison with summer or winter. Probably during the
summer time, energy density of food is lower than in spring,
and observed higher physical activity within spring could be
related to higher energy intake in comparison with winter.”%*'
Nevertheless, no differences of energy intake across seasons in
Japanese and Finnish population can be recognized as a sign of
high sustainability of diet in these populations.*'® The observed
differences in energy intake in developing countries were not
surprising even in view of improved food preservation techniques
and increased exchange of foods through exports and
imports.*112%25-33 Especially, if we take into account that changes
in energy intake across pre- and post-harvest seasons are strongly

associated with food availability.?” It was interesting for us that
our conclusion regarding energy intake can be also valid
for populations living in the four-seasonal climatic zones
(spring-summer-autumn-winter), specific for European and North
American populations, as these populations are not characterized
by limitations in the access to food.

Usually, when economic resources are limited, the link between
energy intake and income is strong, and even small differences in
income can lead to high inter-individual variation and potentially
also seasonal effects.** This finding is seen in the nutritional data
obtained from populations of Indonesia, Bangladesh, Mexico,
Kenya and Egypt.**’ Subjects with low socioeconomic status
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Figure 3. Forest plot for mean energy intake change across (a) winter—
sprmg, sprlng summer, (c) summer-autumn, (d) autumn-
winter® °‘12 141618202123 and (@)  pre- and  post-harvest

seasons.>?226-28303233 xEor each study, the square represents the point
estimate of the effect. Horizontal lines join lower and upper limits of the
95% Cl of this effect. The area of shaded squares reflects the relative
weight of the study in the meta-analysis. Diamonds represent the
subgroup mean difference and pooled mean differences. Cl indicates
confidence interval (upper and lower limit).

may have an irregular food access—for example to animal
products being consumed infrequently and result in higher or
lower protein and/or fat intake in some of the days during
the year. In European countries, seasonal intake of food could be
incorporated in commonly used dietary counseling based on
lifestyle modification in, for example, obese subjects to decrease
the cost of diet modification.3®3°

Limitations

There are few limitations of the systematic review. The difficulty in
the conduction of presented meta-analysis was due to the existing
different seasons across the world and heterogeneity in living
conditions. The studies published in the gray literature (articles
published in electronic or print format that are not controlled by
commercial publishers, such as technical reports and similar
sources) could be omitted. We have to take further under
consideration that studies with statistically significant results are
more likely to be cited by others and therefore easier to identify.
Similarly, the restriction due to the English language might have
affected the search process. Moreover, because of the limited
published data some studies were not included into the meta-
analysis. Visual inspection of funnel plot raised some concerns
regarding a publication bias, indicating that there could be more
information on seasonality than we could reveal.

CONCLUSIONS

In this meta-analysis, we observed a significant association
between season and energy intake. In general, associations were
found for different seasons: consumption of vegetables, eggs,
alcoholic beverages and cereals was higher in spring and summer
time and consumption of fruits and cereals was higher in autumn
and winter time. Our study confirms the hypothesis that season
is determinant of energy intake in adults. Although seasonal
variation of food intake across seasons was observed, still
methodological researches regarding a development of novel
dietary assessment tools are needed to carefully investigate
whether season should be taken into account in the design of
nutritional assessment in the epidemiological studies.
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