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Abstract

Purpose While the health benefits of a high fruit and
vegetable consumption are well known and considerable
work has attempted to improve intakes, increasing evidence
also recognises a distinction between fruit and vegetables,
both in their impacts on health and in consumption pat-
terns. Increasing work suggests health benefits from a high
consumption specifically of vegetables, yet intakes remain
low, and barriers to increasing intakes are prevalent making
intervention difficult. A systematic review was undertaken
to identify from the published literature all studies report-
ing an intervention to increase intakes of vegetables as a
distinct food group.

Methods Databases—PubMed, PsychInfo and Medline—
were searched over all years of records until April 2015
using pre-specified terms.

< Katherine M. Appleton
k.appleton@bournemouth.ac.uk

Research Centre for Behaviour Change, Department

of Psychology, Faculty of Science and Technology,
Bournemouth University, Poole House, Fern Barrow, Poole,
Dorset BH12 5BB, UK

Faculty of Health and Social Sciences, Bournemouth
University, Bournemouth, Dorset, UK

Centre for Food and Hospitality Research, Institut Paul
Bocuse, Ecully, France

Department of the Management of Agriculture, Forestry
and Food Systems, University of Firenze, Florence, Italy

Food and Behaviours Department, Corporate Research
and Communication, Bonduelle, Villeneuve D’ Ascq, France

Department of Food Science, University of Copenhagen,
Copenhagen, Denmark

Faculty of Management, Bournemouth University, Poole,
Dorset, UK

Published online: 11 January 2016

Results Our searches identified 77 studies, detailing 140
interventions, of which 133 (81 %) interventions were con-
ducted in children. Interventions aimed to use or change
hedonic factors, such as taste, liking and familiarity (n = 72),
use or change environmental factors (n = 39), use or change
cognitive factors (n = 19), or a combination of strategies
(n = 10). Increased vegetable acceptance, selection and/or con-
sumption were reported to some degree in 116 (83 %) interven-
tions, but the majority of effects seem small and inconsistent.
Conclusions Greater percent success is currently found
from environmental, educational and multi-component
interventions, but publication bias is likely, and long-term
effects and cost-effectiveness are rarely considered. A focus
on long-term benefits and sustained behaviour change is
required. Certain population groups are also noticeably
absent from the current list of tried interventions.
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Introduction

Health benefits of high fruit and vegetable intakes

The health benefits of a high consumption of fruits and
vegetables are well known [1]. Associations with all-cause
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mortality [2, 3] and mortality from cardiovascular disease
[2, 3], including coronary heart disease [4] and stroke [5,
6], are well evidenced. Associations also suggest a reduced
risk of hypertension [7], osteoporosis [8], body weight and
adiposity [9, 10], dementia and cognitive decline [11, 12],
and some cancers [13-15], although the evidence for can-
cers is less consistent [1, 3]. Intervention studies increasing
the consumption of fruits and vegetables also demonstrate
improved microvascular function [16], improved microvas-
cular function and inflammatory status [17], improved pro-
files in inflammatory and oxidative stress [18], improved
immune response [19], and improved weight maintenance
[20].

Consideration of fruits and vegetables as different food
groups

However, while fruits and vegetables share health benefits
as a result of the provision and interaction of a number of
bioactive compounds, including vitamins, minerals, anti-
oxidants, carotenoids and flavenoids [21, 22], the specific
bioactive compounds in fruits and in vegetables can vary
greatly [21-25]. Their contribution to other dietary fea-
tures also vary. Fruits typically contain greater dietary sug-
ars, with potential negative impacts on both health and on
public willingness to consume them [22, 26]. Vegetables,
by comparison, can contain more protein and fibre [22] and
are more often processed prior to consumption. This pro-
cessing can both increase and decrease micronutrient bio-
availability and activity, again impacting on health benefits
[22, 25, 27-31]. Many studies that separate fruits and veg-
etables find different effects of the different food classes on
health outcomes [2, 12, 32-35]. These differences between
fruits and vegetables argue for the consideration of fruits
and vegetables, in terms of health, as separate and different
food types.

While differing in their potential health benefits, fruits
and vegetables also taste very different, are generally of
a different texture and are typically consumed in differ-
ent manners [36-39]. Fruit is generally sweet, is typically
softer in texture, is more often consumed raw, is more fre-
quently consumed and is generally considered more accept-
able as a snack, as a drink or as dessert [36—39]. Vegetables,
by comparison, can taste bitter, are generally harder in tex-
ture, are more often cooked, are more typically consumed
and considered more acceptable as part of a meal [36-39],
and thus are also more often consumed with other foods as
opposed to alone [40]. These different consumption pat-
terns suggest that fruit and vegetable consumption may be
differentially determined. Glasson et al. [41] directly com-
pared the determinants of fruit consumption and vegetable
consumption in an Australian population, to find fruit con-
sumption to be largely prevented by cost, food preferences,
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quality, availability and wastage concerns, while vegetable
consumption was more frequently prevented by food pref-
erences, lack of time, cost and taste. Differential determi-
nants again argue for the consideration of fruits and veg-
etables, as separate and different food types, and suggest
the potential need for different intervention strategies for
increasing fruit and for increasing vegetable consumption.

Furthermore, while population levels of both fruit and
vegetable consumption remain below World Health Organi-
zation recommendations across the world [42, 43], inter-
ventions to increase fruit and vegetable intakes more often
target fruit, and typically report greater success for fruit
consumption compared to that for vegetables, for both chil-
dren and adults [44—46]. These findings suggest not only a
need for different intervention strategies for increasing fruit
and increasing vegetable consumption, but a real need for
strategies that achieve successful increases in vegetable-
specific consumption. This paper focuses specifically on
vegetable consumption.

Vegetable-specific consumption
Health benefits of high vegetable-specific intakes

Various studies demonstrate health benefits from a high
consumption specifically of vegetables (i.e. from vegeta-
bles alone, as opposed to in combination with fruits, as
occurs when considering fruits and vegetables together).
Observational studies demonstrate reduced risk of cardio-
vascular disease [2], type II diabetes [34], non-gallstone-
related acute pancreatitis [33], various cancers [2, 47-50]
and cognitive decline [32]. Meta-analyses of observational
studies demonstrate associations between a higher vegeta-
ble consumption and reduced risk of stroke [6], dementia
and cognitive decline [12], and from various cancers [14,
15, 35, 51, 52], although again the evidence for cancers is
inconsistent. Meta-analyses of prospective studies find no
benefits for breast cancer risk [53], gastric cancer risk [54],
pancreatic cancer risk [55] and bladder cancer risk [56].
Meta-analyses also report no benefits of overall vegetable
consumption for type II diabetes [57-59], although dose—
response meta-analyses also suggest benefit up to 2-3 serv-
ings/day and a threshold beyond this where type II diabetes
risk does not reduce further [60].

Specific vegetable groups or types of vegetables have
also been associated with improved health outcomes.
Intakes of dark green leafy vegetables have been associ-
ated with reduced risk for type II diabetes [57-59], reduced
risk for a number of cancers [48, 49, 61] and with reduced
depression [62]. High intakes of cruciferous vegetables
have been associated with reduced risk from various can-
cers [63-70]. Intakes of beta-carotene-rich vegetables,
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yellow- and red-pigmented vegetables, and fruiting vegeta-
bles have also been associated with reduced risk from vari-
ous cancers [48-50, 61], and root vegetable consumption
has been associated with reduced type II diabetes risk [60].

Much of this evidence, however, stems from limited
studies, and the body of evidence is far from conclusive
[64, 66]. Prospective and cross-sectional studies are eas-
ily criticised for potential confounding, case control com-
parisons may suffer from bias towards differences between
groups due to comparisons between cases and health con-
scious (and consequently) healthy controls [71], and study
designs do not allow determination of causality. Consid-
erable further work is required before conclusions can
be drawn. The majority of studies investigating effects of
vegetable consumption, furthermore, do not investigate
vegetable consumption independent of fruit consumption
or other aspects of the diet. While fruits and vegetables
are frequently consumed together, associations may reflect
not just associations with vegetables, but associations with
produce consumption in general, or with a healthier diet/
lifestyle [1, 72]. A recent systematic review by Fulton et al.
[72] reports impacts for fruit and vegetable interventions
not only from micronutrient intakes but also from changes
to the whole dietary profile. Lifestyle factors are frequently
included in studies as confounders, but it is often difficult
to control for all potential confounders, and adjustment
for other dietary aspects, particularly fruit consumption, is
less common. Associations will also depend on the defini-
tion of vegetables used, and the inclusion or not of certain
vegetables in certain categories. Potatoes, for example, are
sometimes included among vegetables, sometimes included
as ‘white’ vegetables, and sometimes not considered at all
[21, 22].

Thus, for improved health, increasing intakes of vegeta-
bles are required. For intakes of vegetables to be increased,
strategies and interventions are needed. These interventions
should be based on in-depth understanding of the underly-
ing determinants of low vegetable consumption.

Determinants of vegetable-specific consumption

Various research has been undertaken to understand the
associations with, and reasons for, vegetable consumption,
independent of fruit consumption. In young children, the
bitter and undesirable taste of vegetables is often provided
as a major barrier to vegetable consumption [73-75], and
food neophobia (the reluctance to eat, or the avoidance of,
novel foods [76]) particularly, can interfere with young
children’s acceptance of vegetables [76—78]. This neopho-
bia typically results in the rejection of bitter tasting foods
and foods that do not ‘“’look right” [76], of which vegeta-
bles are good examples.

As children age, taste, appearance and liking continue
to be important [79], but low vegetable consumption is
frequently also associated with various characteristics of
the family environment. These factors include low paren-
tal education and socio-economic status [80-82], low veg-
etable consumption by parents and caregivers [§3—-85], low
availability and negative perceptions of vegetables in the
home [86] and a family environment that is unsupportive
of vegetable consumption [83, 85, 87]. Vegetable consump-
tion is higher, for example, in families where vegetables
are disguised or sauces are used to mask undesirable tastes
and appearances [79, 83, 85], where vegetables are more
often incorporated into composite foods as opposed to con-
sumed alone to dilute negative tastes and appearances [79],
where meals are home cooked to accommodate individual
preferences [83], and where games are played to encourage
vegetable consumption [85]. The expression of neophobic
behaviour towards vegetables also appears to be mitigated
by high parental education and high socio-economic status
[77, 88] and again by a positive and supportive environ-
ment [89, 90].

Taste, appearance, liking and the surrounding environ-
ment continue to be important as children become adoles-
cents, but individual cognitions also gain increasing impor-
tance. Low vegetable consumption in adolescents has again
been associated with low parental education and socio-eco-
nomic status [91], low vegetable consumption by the par-
ents [92], low availability and a family environment that is
unsupportive of vegetable consumption [91, 93]. Vegetable
consumption in adolescents, however, has also been associ-
ated with an awareness of the importance of vegetables for
health, and a willingness and ability to ask for vegetables
from parents [93].

In adults, higher vegetable consumption has been associ-
ated with higher liking for the taste of vegetables [41, 94,
95], higher appreciation of health and the value of a healthy
diet [94], greater nutritional and culinary knowledge [96,
97], and with several related food habits and eating prac-
tices [98, 99], including usual consumption of meals as
opposed to snacks [94, 100], increased time and willing-
ness to prepare and cook home-cooked meals [41, 94, 95,
97], and a low consumption of fast food [94]. The transfer
of childhood eating habits and food preferences into adult-
hood is well known, and adult vegetable intake is often
related to childhood experiences [94]. Neophobic tenden-
cies also typically last well into adulthood, and typically
correlate negatively with liking for and frequency of veg-
etable consumption in adulthood [101-103]. The individual
preferences of one family member can also have impacts
on the rest of the family, with most family units opting to
cook only one meal of acceptability to all family members
[104, 105]. Given the importance of adult consumption for
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children, many of the determinants of adult consumption
will also impact on child consumption.

Alongside individual preferences, higher vegetable con-
sumption in adults is also related to increased availability
[98, 106, 107] and reduced cost [41, 95, 97, 108], and low
consumption is largely associated with lower socio-eco-
nomic status [109, 110], lower income [44, 107], living in
a more deprived area or lower income neighbourhood (an
indirect measure of socio-economic status) [44] and lower
education [109, 111].

Research thus, suggests a variety of reasons behind low
vegetable consumption, ranging from taste and pleasure,
to individual cognitions and health beliefs, and to aspects
beyond the individual including society and the envi-
ronment. Many of these reasons have been targeted by
interventions.

Strategies to increase vegetable-specific
consumption: systematic review

Various reports of strategies to increase vegetable-specific
consumption are available. A comprehensive collection of
these interventions, and an evaluation of success, however,
is currently lacking. The aim of this work was to system-
atically review the published literature to identify all pub-
lished interventions aiming to increase vegetable-specific
consumption.

Method

The objective of the review was to identify from the pub-
lished literature all studies reporting an intervention to
increase vegetable intakes, where vegetables were consid-
ered as a separate and distinct food group, and the interven-
tion focused specifically on increasing intakes of this food
group. Three databases: PubMed, PsychlInfo, and Medline,
were searched over all years of records for all studies with
the terms ‘vegetable’ and ‘vegetables’ in the ‘title’. These
search criteria were used to limit the search results to stud-
ies with a focus on vegetables. No other search criteria and
no limits were used. All titles were screened for relevance
and then all abstracts. Two review authors independently
conducted all searches, screened all titles and screened all
abstracts (KMA, AH or HH). Studies were included in the
review if they involved an intervention designed primarily
to increase vegetable intakes as a specific and distinct food
group, and if they intended to change behaviour—vegeta-
ble selection, purchasing or vegetable consumption. Stud-
ies were not included if they did not include an interven-
tion, if the intervention targeted fruit and vegetable intakes
[112], if the intervention targeted vegetables and other
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foods, e.g. vegetables and wholegrains [113, 114]; if the
intervention involved changing consumption as opposed to
increasing consumption [115], or if they did not include
a measure of behaviour, but instead only measured corre-
lates of behaviour such as intentions, attitudes, and knowl-
edge [116, 117]. Studies measuring tasting were included
where tasting was voluntary, where amount tasted was
voluntary and where tasting/amount was measured, but
studies where tasting was compulsory and/or prespecified,
e.g. to make hedonic judgements, were not included [118,
119]. Studies were included regardless of the use or not
of a comparison for an intervention, or the type of com-
parison used. A study using a vegetable-specific interven-
tion that is compared with a fruit-specific intervention,
for example, is included [120] (all other criteria were
also met). Relevant articles were also searched for other
suitable studies. Searches of conference abstracts, book
chapters, etc., were not undertaken, thus studies are only
included if reported in full articles. Details from all studies
were subsequently tabulated by one review author (KMA)
and checked by an additional review author (AH or HH).
All tables are provided in the “Results” section. No other
data were extracted. Due to the early nature of the research
area, the limited number of studies available per interven-
tion type, and high heterogeneity between study method-
ologies, risk of bias was not assessed, and no attempt was
made to combine studies, e.g. through meta-analysis. The
review was undertaken using PRISMA guidelines and a
PRISMA diagram illustrating the outcomes of the review
process is given in Fig. 1.

Results

Searches were most recently conducted on 28 April 2015.
The results of the searches are given in the PRISMA dia-
gram in Fig. 1. A total of 77 studies were identified, report-
ing the impacts of 140 interventions. Details of all studies
are presented by intervention type in Tables 1, 2, 3, 4, 5
and 6. Interventions have been broadly classified as those
focussing on hedonic determinants of vegetable intake,
such as taste, familiarity and liking—Tables 1, 2 and 3,
those focussing on environmental determinants of veg-
etable intake—Table 4, those focussing on cognitive
determinants—Table 5, and those using a combination of
approaches—Table 6. Studies reporting two or more differ-
ent interventions are included separately in separate tables,
where appropriate. Within each table, studies are ordered
by age of target audience. Of the interventions identified,
113 (81 %) interventions focus on improving intakes in
children. Early intervention will maximize health benefits
[45], and eating habits in childhood are likely to extend
into adulthood [75, 94].
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Fig. 1 PRISMA diagram showing the results of the search process

Interventions aiming to change or use hedonic factors

Eleven interventions focus on changing or using the taste
or familiarity of a vegetable/vegetable product on a sin-
gle occasion (Table 1). Six of these interventions suggest
that the addition of a liked taste or flavour in the form of
salt [121, 123] and in the form of a flavoured dip [122] or
condiments [125] can increase vegetable consumption on
a single occasion. Guidelines regarding salt intake and the
possible impact of increasing preferences for salty flavours
must also be considered, but these studies demonstrate a
potentially useful strategy. The addition of fat to a vegeta-
ble product did not result in increased intakes [121], but
increased intakes were found following the use of familiar
as opposed to novel vegetables products [124].

behaviour

Fifty-two interventions focus on increasing liking and
familiarity with repeated experience. These interven-
tions use learning techniques, including repeated exposure
(n = 23), ensuring that exposure is positive via pairing with
liked flavours (n = 14), pairing with beneficial nutrients
(n = 6), pairing with external reinforcement (n = 7), the use
of positive models (n = 1) and the use of reinforcement plus
models (n = 1) (Table 2). Many of these interventions dem-
onstrate success by improving liking and/or consumption:
16 of 23 (70 %) using repeated exposure; 12 of 14 (86 %)
using pairing with liked flavours; four of six (67 %) using
pairing with nutrients; all seven (100 %) using pairing with
reinforcement; and the one (100 %) using reinforcement
plus modelling. Effects, however, are far from robust or con-
sistent (i.e. effects are often found in one measure, but not in

@ Springer



Eur J Nutr

others), are often small, and tend to be limited to the specific
vegetable used during exposure. Conditions within studies,
furthermore, are often confounded, making mechanisms dif-
ficult to elucidate. In many studies that purport to investigate
exposure, the exposure is in combination with other food
components [129], modelling [75] or rewards in the form of
praise or other positive interactions [139], thus effects may
in fact occur partly due to conditioning. In many studies that
purport to measure conditioning, exposure is not controlled
for [136, 151]. Many of these interventions furthermore also
involve children’s parents, and so may have benefits not just
by allowing tasting and experience for the child, but also
by improving parental perceptions of vegetables, improv-
ing attitudes towards vegetables in the home, and improving
parental education and knowledge [75]. Interestingly, some
of the interventions included in Table 2 report parental opin-
ions of the intervention [75, 129], but as far as we can tell,
none specifically tested parental knowledge or education as
a result of the intervention for their children.

While largely successful, particularly over considerable
exposures, exposure, however, is a relatively time-consum-
ing practice that results in small changes, and typically only
for the vegetable to which children have been exposed.
Nine interventions have extended the use of exposure to
consider exposure to vegetables via picture books and sto-
ries (Table 3). These procedures appear beneficial, although
few studies have currently tested these ideas, and effects
again appear small or unreliable, and typically only apply
to the vegetable to which the child has been exposed. Lit-
tle evidence suggests that effects generalise to other vegeta-
bles, so neither taste or visual exposure appears to encour-
age consumption of a variety of vegetables. Repeated
exposure to many vegetables may result in increased con-
sumption of many vegetables, and some studies are begin-
ning to demonstrate these effects [156, 157], but generali-
sation of exposure to non-exposed vegetables has not yet
been demonstrated reliably either through the use of taste
or visual stimuli. The potential for exposure to multiple as
opposed to single vegetables at one time point, however,
may be greater using visual as opposed to taste stimuli.

Interventions based on changing the environment

An alternative approach to encourage vegetable consump-
tion focuses on changing the environment and increasing
consumption through increasing the provision of vegetables,
or improving the manner in which provision is implemented
(Table 4). Thirty-nine interventions were found using these
strategies. All of these, with the exception of three interven-
tions (one increasing variety [158] and two improving pres-
entation [141, 164]) resulted in increased selection and/or
consumption of vegetables in children and adults, through
the increased provision of vegetables (n = 20), through
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the increased provision of a variety of vegetables (n = 7),
through improved presentation (n = 5), through changing
the location of vegetables (n = 1), through changing the
order in which vegetables and other foods are served (n = 1)
and through changing the serving order, while also increas-
ing availability (n = 2). Increased consumption as a result of
increased provision is unsurprising, but concerns have been
raised regarding increased energy intakes as a result, and
increased potential for food wastage. An absence of effects
on overall energy intakes is reported in some studies [161],
and concerns are mitigated if vegetables are substituted for
other foods in the meal as opposed to simply added [161].
Suggestions to reduce potential food wastage include the
use of family style serving dishes for individual meals [159,
161] or allowing differential selection, but again the cost-
effectiveness of interventions that can increase waste will be
questioned. Strategies that improve the presentation of veg-
etables may offer a valuable alternative. These interventions
typically change the salience or likely appeal of vegetables
[141, 164, 166], and have again demonstrated success, but
relatively few studies are currently available. Exact mecha-
nisms are again unclear—attractive labels may rely partly
on modelling, effects due to serving order may rely partly
on hunger and exposure, but the relative ease and low cost
of these interventions add to their value.

Interventions based on changing or using cognitive
factors

Nineteen interventions were found that used information,
education or other cognitive techniques (Table 5). These
interventions are largely aimed at older audiences (those
where cognitive factors have a greater impact on vegetable
consumption and non-consumption), and used a range of
techniques from providing information and education on
nutrition (n = 6) or nutrition-related skills (n = 2), provid-
ing education plus a demonstration (n = 1) or gardening
experience (n = 2), providing tailored information (n = 2),
providing information on social norms (n = 1), invoking
choice (n = 4) and invoking a memory (n = 1). With the
exception of one intervention that aimed to educate [75],
and two interventions that utilised choice [174], all of the
studies using these types of strategy reported success to
some degree, but multiple measures of impact were often
taken, and success is not necessarily reported for all meas-
ures. The cost-effectiveness of these types of interventions
is, however, also often questioned. Educational interven-
tions can be costly, particularly those involving classes or
courses to be delivered by a professional, but the long-term
benefit of these interventions can also be difficult to assess.
Knowledge accumulates over time and experience, and it
can be difficult for individuals to pinpoint the exact source/
sources of beneficial education.



Eur J Nutr

SNSIQA Sa ‘9[qe1aSaA A ‘UOTIUAAIUI 7 ‘UosLIedwod )

QoudIpNE Jo31e) Jo 9Fe Aq PAISPIO SUOTIUIAIAIU]

Swal Pooy
9011} $S0I0E 90uLIdoode pooy
PISBAIOUI SJUSWIPUOD SUIPPY
pawnsuods aq 03 A[1|
QI0UI ASIMIIYIO T8 A JRI[TWE]
"QUO JRI[TWE] € JO Pea)Sul YsIp
A [9AOU B J09[2S 0} SSouSuI[Im
S, UQIP[IYO 9SBAIOUT UBD WU
A 9 YIIM [oqe] & SUIppY

AYeIUI UO 1991J2 dy19ads-pooy
pue aAnIsod e sey Jusjuood J[es
PAYIISIP 10 pajoafor
Arsnoraaxd A Surpnjour ‘A jo
uondwnsuod pue aouejdodoe
‘Funyrp 9jowoxd Aqaiayy pue
Sunse) oseaIoUl UBD SINOAR]
Terprurey Sururejuod sdip
Jej-paonpal YIm A SUuLRgO
POYIISIp Jo pajoafor
Arsnotaaxd A Surpnjout ‘A jo
uondwnsuod pue aoueydodoe
‘Funyrp 9jowoxd Aqaaoyy pue
Sunse) 9seIOUI UBD SINOAR]
Terprurey Suturejuod sdip
Jej-paonpal PIm A SuLRgO
Amqe
-jered uo joedwr ue Juraey
INOYIIM UIP[IYD I0J SPOO] Ul
POPIOAE 9q P[NOD UOTIIPPE 18]
Asnonned
PAIOPISUOD q P[NOYS ‘PAjoW
-o1d 2q 03 ST 9yRIUT ASOYM
‘A ur uorssaxddns st Inq
‘PANWI] 9q P[nOYS UOKIPPE J[Bg

soyeul
pasearour Aueoyrugis |

I SA D 10J UOT}O[AS PASBAIOU]

71 10J $1991J0 ON
"D SA [] UI paWINSUOD A SST

D SA ] UI SOYeIUT PaseaIou]

71 PUB [] U9am)aq
SOOUAIAYIIP ON "D SA [ UL
Q)s®} 0] SSEUSUI[[IM PASLIOU]

SuOnIpuOd
UQ9M)Aq SOOUIIIP ON

21 10 $109JJ9 ON
‘D SA ] UI pPOWNSUOD A SSO

[onuod ON

19qe]
OU IM SAUSIP A JeI[IUIE]

(9% 9°0) uorstaoad jpes Tens)

dip ou ym
A ¥281e) 7 03 2a1nsodxe 9[3urg

dip ou ym parred
A 1981e) ¢ 0) a1nsodxe 9[3urg

(9 G'7) uorstaoid jey [ens

(% 9°0) uorstaoid jfes [ensny

SIUSWIPUOD PONI] UMM A €

Apms ase)
‘wsine y)m £oq plo 1eok 41

Jo uonejuasald snosue)nuIg & ur uondwnsuod A 9SeAIOUT O,

(c9=u
1[09001q ‘09 = U S}O1IED)
[9qe] OU HIM SIAYSIP A [OAON
(%TD

uorstaoxd J[es ur aseaIdu] g
(% 0)

uorstaoxd 3[es ur uononpay ‘|

drp jej-paonpar pamoaey

painoaej e yam (ysenbs ‘K10

-[99) A PMI[SIP 10 Jel[rurejun
1a81e) 7 03 2amsodxa o[3urg

drp yey
-paonpal PAINOARY PAINOAR] ‘T
drp yej-paonpar ured ‘|
1im parred
A 1981e) ¢ 03 arnsodxe 9[3urg
(% 9)
uortstaoid Jej ur asearouy ‘g
(% 0)
uorstao1d Jej ur uononpay ‘|

BT

uorsiaoid jJes ur asgaIouy '
(% 0)

uo1s1A01d J[es ur uononpay ‘|

UOTUQAISIUT

Paseq-[ooyos 'Splo Jedk |[-8
UT UOTJO9[S YSIP A 9SBIOUI O,

(SL=u
SIBQA [1—8 pasde udIp[Iyo
Ur SOYBIUL A SBIOUI O,

(LT =u)
SIBQA G—¢ Page uaIp[Iyd Ul A
Jo uondwnsuos pue SuryIy

‘91Se) 0 SSOUIUI[IM SLIOUI O],

(e =u)
SIBQA G—¢ Page uaIp[Iyd Ul A
Jo uondwnsuod pue Juryi

‘q)se) 0) SSAUSUI[[IM ISBAIOUT O],

(rL=1)
syluow /¢—8| pade uaIp[Iyo
Ur SOYBIUL A 9SBIOUI O,

(L =u)
syjuout / ¢—§ pade UIp[IYo
ur SayeIUI A 9SBAIOUI O],

qse],
[ST1] ureayy

Aureryrure

[¥21] ‘Te 10 30z10Iy

qse],
[€TT] T8 1 TeTynog

RINA
T Apmg [¢T1] Te 10 oFeArg

qse],
1 Apmg [T1] v 10 oBearg

qse],
[121] Te 10 TeTynog

Jse],
[121] Te 39 Tepynog

SuoISN[OU0D)

STUREN

uosLredwo))

UOT)UIAIIU]

wry

UOTJUSAISIUI/A0URIRJOY

YeIuT 9[qLIASAA 9SEAIOUT 0) UOISLII0 J[SUIS © U0 AJLIRI[TUIR) IO 2)sk) SUISINN SUONUSAIIUI paysi[qnd T I[qEL

pringer

a's



Eur J Nutr

UQIP[IYO Ul d0UuB
-)doooe A gjowoad Aew ‘syrny

IIM Jou Inq A M Suruedapy

os A[renba pue ‘coue
-)daooe A Sursearout 10j oAn

oyonIe Joj $)091J9
ou Inq ‘) SA Ul UONUIAID
-junsod ‘A [oAOU JO ayeIuT
19)82I3 puUB ‘suBaq U
JO 9yejul pue Jumy| Iojealn)

dn-mo[[oy m-¢
Je 7 SA ] Ul sayelur JoySIy
‘uonuoAIayunIsod suonuaA

-I9JUI U29M)2q SIOUAIJJIP ON
*dn-MO[[0] M-G pUE UOTIUSAII)

-09JJ0 a1om TN pue T4 ‘A -unsod ‘D SA [ Ul ayejul 19)eaIn)

s[eaw juonbasqns
8 15e9] Ik J0J (Insodxa) Jur
-po9y ut Funsrtsiad yliom ST T

PINISIP A[[EDIUL ST A © USYAM

SYeIUL A

QouRYUR 0} souropIng Surpasy
Areyuowridwos ur papnjout aq
pInos poylowr days-£q-dais

ur s9[qe1adaa 03 arnsodxe Ajreg

(31w 9sed SIY) UT) JUIRd[ I
K9y 1x91u09 a3 03 dy1oads

A[rentur are saouarajoxd Jjse],

A 189 0] Ssau
-Surim sjowoad Aew spooy
Jo Kjorrea e 10 rernonred e

J1se) 0) sanrunzoddo pareadoy

Surpa9y Arejuowro[dwod

je 2oueydadoe A Sursearour 10J
"IN UBY) 9A1IO9JJ0 QI0W pue
144 uey) yuawadwr 03 1opd

-WIS PUB SB 9AIIOJJD Se ST gy

(310da1-J[0s) sypuowt 6
10J paurelsns s394 ‘]
JI0J soseaIour 107ea1s ‘7]

pue ] Ul PaseaIour sayeju]
dn-mofoy

w-87 10 9 18 SOUAIIP ON
UOTIUQAIONT JO PUD

18 D SA ] I0J A Iel[rwiejun jou

nq A 1981e) 10J 191813 AToM
Qoed Funes pue JuryI] ‘oyeIu]

JsAl
£Qq pawnsuod sem (A Joylo
01 9ATJE[QI pUB) A 10STe) SS9

910J2q SA UOTIUIAIIUL

I9)je 7] pue [] UI SUBQq UQI3

JO SOYBIUT POSLAIOUT SPIEMO)

puai], *21039q 03 paredwod ¢|

ur yoeurds pue sjolred ‘sueaq
U213 JO SOyBIUI PIseaIdu]

dn-mofjoJ w-9 1e 530913

ON "T] UI AJUO paseaIout

Sunyry 1s9%e1d sa g1 jou

nq ‘[ pue [T ur dn-mofjoy

w-¢ Je pue uonueAajunsod

pasearour 9aind A 193183 JOo

ayeu] "uonuaAsunsod D sa

(0s=w

Iy Jo31e) 03 sainsodxa ¢

‘sKep g 10J JINIJ JAISN[OX
9y s Sutueom Junie)g

sansodxa [e}

-uowradXa pajwI[—A [0NU0D)

(ATuo uos
-redwod 3sod-a1d) [onuod oN

Q1 =1u
sAep g1 10j 2011 ured
uot) ‘sAep g1 10§ [T ute[d

(0§ = u) (a1ser
91esATOIPAY Oou) B[NULIO} I

(ATuo uos
-redwos 3sod-axd) [onuod oN

sarnsodxa [e}

] Ul )[BIUT UI SQOUSISHIP ON -UdwLIddXd pojiui[—A [01U0D)

(1S = u) A 193181 03 samsodxa

6 ‘SAep 8] I0J A QAISN[OXQ
‘(axoyonue/sueaq uaI3) A
1o31e) )M Jurueam pajIe)S

(Sc=u)
A310ua yim parred oand A

1931e) 01 saxnsodxa O —INA '€

(6 = u) U2
-Joams yim parred saind A

10318 03 sarnsodxe 01— ¢

(gg =u)oamd A
Jo31e) 03 samnsodxa 01—y °1

A P 01 samsodxa A[rep § ‘¢

A
paY1sIp 03 saxnsodxa Afrep § °[

(81 = u) ou
Aqeq 03 poppe 9aind A 10518}

0] sarnsodxa AJrep 901m] X [

Uy} “Y[Iw o3 pappe aind A
ja31e) 0) saxnsodxa A[rep 7|

(¥ = u) (A 1081

0) J)sB) Jeqruuls) )esA[0IpAY
)M PAINOABY B[NULIOY Y[TA

(Z1 = u) seaw dwes Ay} ur
A [819A9s 0] ainsodxa Aep-§ ‘¢

(T1 = u) syesw yua1oyIp Ut
A [8I2A3s 0} axnsodxa Aep-§ '

(Ir=w
A 9[3urs 03 amsodxa Aep-g |
(1e=w

A310ua yyim parred oaind A

12318} 0) saxnsodxa O ]—INA ‘€

(7€ = u) U2
-Joams yyim parred somnd A

3a31e) 03 sansodxe O] —T14d ‘T

(zg = u)oamd A
1a31e) 03 samsodxe 01—y ‘1

syluowl €7—¢ | pade uaip
-[TYD UI SAYBIUT A 9SLIOUI O,

syjuow §¢—6 paSe uaIpIyd
ur 9oueydoooe A osearour of,

(6v =u)
syjuow /, paSe uaIp[Iyd ur
doue)dadoe A asearour of,

(sqpuowr -9

PpaSe uaIp[Iyo) Surueom

SuLnp A Jeruejun pue

A 193181 Jo Qoueydoooe
pue SunyI| aseaIoul of,

syuow | [—9 page sjuejur
ur ooue)doooe A dsearour 0,

syjuow g— page sjuejul
ur 9oueidosoe A osearour of,

(syruowr §— page UAIP[IYd)
Surpasy Arejuowrardwod
Je ouejdodoe A asearour of,

amsodxg
[0Z1] T8 10 spuareq

Suruonipuo)
amsodxg
[1€1] T8 30 uore)

amsodxg
[o€1] T8 30 IOy

amsodxg

[621] '8 30 uoyBuLayIey

amsodxyg
[821] T8 10 e[[oUUSY

amsodxg
¢ Apmg
[LT1] T8 12 e[[Quua]

Suruonipuo)
amsodxyg
[91] Te 10 Awoy

suoIsn[ou0))

SINS9Y

uostredwo))

UOTJUQATIIU]

wry

UOTJUSAIIIUI/AOUIRJOY

YeIUI 9[qRIIZIA I5BAIOUI 0] (SUI[[POW JO SUTUONIPUOD [BIUSWNISUI ‘FUTUONTPUOD JANRIJOSSE ‘QInsodxa) Surures] JuIsinn SUONUAAINUI paysIqnd g IqeL

pringer

Qs



Eur J Nutr

amsodxa aA0qe oFejueApE OU

UONUIAID)

-unsod 0) -o1d woij A [[e 10§

soouardyard ayelur ur asearou] “dn-moj[oy

ur punoj aIe JUroNIpuod YIUOW-Q PUB 7 I8 $JO9JJ3 ON
JO 30934 "SuruonIpuod "O)eIUI UO S}OIYQ OU ‘Uon)
jou Jnq ‘oyejur uo aInsodxd  -UAISIUI JaYJe A[QJerpaunl O

JO 109JJ0 UB MOUS SNSAY  SA [ J0J S9ouarojaid pasearouy

papraoxd T yytm

uostredwoo [eonsne)s ou nq

‘D ut a8ueyd ON "I pue []

ur ose Sumy{I[ ur saseaIou] ‘€|

SIO[PPO}  pue ZJ SA ] UI S109JJ0 Iojealn)

ur we) Suof pue JIoys ) ur ‘dn-mofr|oy w-g pue -¢ ‘-|
YIUT A ISBAIOUT 0] DI0YD ‘uonuaarounsod je ysojord
ysorduuts ay) oq 03 sxeadde gy

D pim
EINIRE) 1 6] uostreduwos oN "¢T ur s)0ap9

jou sem TN 0s A[renbe pue oN "dn-mo[[oj w-9 pue w-¢

‘ooueydadoe A Jursearour 10§ ‘uonuaardjunsod je ‘1s9joxd

ANOSYJ0 d1om I PUB Y  SA Z[ PUB [] UI SYeIUT J9)BalD)

SUOTIPUOD USIMIOq
S19Ju0d (3urures] 4J) Inoa SOOUAIOYIP ON "UONUIAIY)
-B[J JRI[TWE] © JO UONIppe Ay, -unsod 0 -o1d woiy ayejur

amsodxa Jo $109Jj0 ON

ym paared (aarpua/yorurds)
dnos A 39581e) Jo suondwns
-U0D A99M 0IM] UIAIS

JaATpu9) dnos A 1931e) JO suon
-dwnsuod Aeom 901M) UIAS

SA T [[B UI 9YBIUT JJBaID)

-uowadXa pajIuI— A [0U0D)

A UI S9SBQIOUT JUBDYIUSIS sarsodxa ()—A [0NU0D

A310u0 (gg=u)
Y31y ym parred (yoeurds sIeak {—g pasde uaIp[Iyo
ur A 1081e) Joy oyejul pue
soouaIejaId asearour oJ,
(05 = u)
9o1ds yym parred oaind A

10318 03 sarnsodxe §—TJd '€

(rs = u)
jres yim pared oaind A

19318 01 sansodxe §—T4d T

(Ly = u) 9and s1eak ¢—g pasde uaIpqIyo

samsodxa ou—A [0NU0D) A 1931e) 03 sansodxd g—aY [ ur ooue)doode A dseaIoul Of,

(6€ =u)
AS15ua yym parred saind A

3a31e) 0) saxnsodxo O T—INA '€

(€€ = u) U
-32ams yim parred samd A

3a381e) 0) saxnsodxe O ]—T14d ‘T

(zg =u)oomd A syuowr g¢—7 g paSe UAIP[IYO

1a31e) 03 samnsodxo 01—y 1 ur ooueydoode A osearour o,

ssaujoams 10J doind
ordde yym parred oornd A

10318 01 saInsodxe §—T4d T (67 =1u)

samd A syjuow )9—[ paSe uaIpIyd
ja31e) 0) sainsodxo §—qY ' ur ooue)doode A dseaIoul Of,

Suruonipuo)
[9€1] T8 10 PIIM 2d

Suruonipuo)
amsodxg
[ceT] Te 10 [eIynOg

Suruonipuo)
amsodxyg
[¥€1] e 10 1ousney

Suruonipuo)
amsodxg
[e€1] T8 10 udyyY

[z€1] T8 10 spuateg

jutod owry

IOU)IQ J& OYe)Ul PAINSBAW Ul

95e Jo sypuowr 7| SQOUQIOJIP ON "SYIUOW €T 18

jse9] Je [nun uondwnsuod SOOUQIOJIP Ou Inq D) SA J Ul

A A[rep 1oySiy e ur synsal  SYUOW [ 1B A JO AUl A[Iep
A s A[oATsSn[oXe Sutueopy pue Sunyr paytodar 1ayea1n)
SUOISN[OU0)) Synsay

lozT1]
A0QE SY ‘[e 19 spuareq jo dn-mo[jog
UOTJUIAIIU] wry

UOTJUSAIOIUI/QOUINJOY

ponunuod g dqel,

pringer

a's



Eur J Nutr

s3umoes [ooyosaxd ur sayejur
A 9seaiout 0 21nsodxa 10§
AIessa00U SUOTIPUOD A}

a10[dxa p[noys yoIeasay

A

asot Jo eyl pue SunyI uo
joedwr Sunsey e oaey ued ‘dip
MOYIIM pUB YIIM 30q ‘PN
10U A[[enIur 918 JeT) A JO

suon
-IPUOD UM} SIOUIIP ON

WAY) U9M]q SOOUIIJIP Ou

SQ)SE) [[BWIS MIJ SULIISIUTWPY INQ D) PUB | UI PISLAIOUT FUMI']

A

3501y Jo eIl pue SunyI| uo
joedur Sunsey € oaey ued ‘dip
jnoyyIM pue Yim [oq payy
jou A[[eniul aIe ey} A Jo

S9JSB) [[eWS M) SULI)SIUTPY

J[qe1edoa

POYISIP A[enIuT Ue jo oue
-)doooe s, uaIpyo Sursearout
Ul 9AT)OQJJQ 1om 2Insodxo

9)sk) J10J SUOTIONI)SUT PITEIA

A PHAISIp

Arsnoraaixd e 10y SunyI] Sur
-seaJour pue Jo doueydoooe
s, uaIp[Iyd uraoxdwir 1oy
asrwroxd spjoy A ® Jo Sunsey
A[1ep SUTAJOAUT UOTJUIAIUL

paseq-ainsodxa ‘po[-juared y

uondwinsuod A s,UIp[Iyd
9SBAIOUT 0} SABM JUSIOYJO-1S0D
juasald Aewr saanuadur Sur
-12JJ0 pue Sulf[opoul punore

Paseq SUOTIUAAIUI PI[-JudIed

7l pue ] usamiaq
SQOURISJJIP OUu INqg ‘D SA ‘7
puE [] Ul PaseaIour SUDI]

sjuared | Suowre Y3y A1oA

os[e sem [020301d o) Jo A)qIq

-23doooy ")) SA [ UI paseaIdul
A Jo Buny1 pue oy

D SA ] ur uon

-uoArdyunsod o3 -oxd woxy A

Jjo uondwnsuods pue Furyuer
‘UD{I] UT S3SLAIOUT IJBID)

SasA[eue
AIepuodas u1 ) sA 4] pue
€1 ur SuTyI| pue oxejur A ur

sasea1our JueoyrusIs 10yje5o)

pasAfeue sdnois [[e uoym D
pUR [ U39M)Aq SOIUIILIP ON

(0S = u) (semsodxa
0€) s&ep Q¢ 19A0 younj Je

(0S = u) amsodxa oN A JURISHIP € Jo sasodxa O]

S)o9Mm InoJ
I0J A pedI[-Jou K[fentur o)
sarnsodxa Apjeam 201m}I—aYy

syoom 1noj 1og dip payI|

© (M A POYI[-IOu A[[eniur o)
sarnsodxa A{eam 0IMI—IV

syjoom Inoy Joj dip payI|

€ [IIM A POYI[-JOU A[[entur o)
samsodxa Ajeam 0IMI—IV 7

S)o9Mm Inoj

10J A pedI[-Jou K[fentur o)
amsodxa oN sainsodxa Ajeom 01mI—ay ‘I

(961 =u)

PIeMII IONS pUe A PIYI[SIP

© JO s9)se) A[rep 4] UIp[Iyd
I9JJO 0] SUONONNSUI P[IRIA

(91c = u) (9on
-oe1d [ensn) UOTJUIAIUI ON

(05 =
SAep {1 I0J A JO 9Ise) A[rep
© UQAIS plIyo—ainsodxyg
(Lg=1)
sAep {1 10J so1391ens
A0qe [[e—splemal + Sur|
-[opow ‘aInsodxyq ‘§
(6T = u) skep ¢
10J A 12318) 3UI)SB) JOJ PIRMAX
pooj-uou pue asterd uAI3
PIIYO—spremar + amsodxd ‘¢
(Lt = u) skep 1 10}
juowrod 2AnIsod aae3 pue
A 19818) pOWINSUOD OS[E JUd
-red—3uropow + amsodxy ‘g
uon (67 = u) sKep 4] 10} A 1951e)
-UQAIQIUT JOYJO Jo amsodxa oN 0} ainsodxe A[rep—ainsodxq *|

(y=u)
(3811 JTRM) UOTJUIAIIIUL ON

PIO S1BA 9—¢ paSe uaIp
-[1YD UI SAYBIUT A 9SBAIOUI O,

(€p = u) s1eak 9—¢
PoSe uQIp[IYO Ul sayejul
pue SunyI| A 9seaIour o,

(1t = u) s1eak 9—¢
PagSe UQIP[IYO UT SayeIuL
pue JunyI| A 9seaIdoul of,

UOTJUQAIOIUT PI[TRIA
's1eaK ¢ paSe uQIp[IYO Ul
douedadoe A asearour of,

UONIUSAINUI PISBq-OWOH
'S1e9A 9—7 pade UAIp[IYd Ut
A PISIp A[snotadxd e 10y
AYeIuI puE Uyl 9seaIoul of,

SIBIA $—C
poSe UaIP[IYd Ul A PANISIP
& Jo 2ouejdoooe asearour o,

amsodxyg
[0¥1] Te 39 [[ouu0)D, 0

Sutuonipuo)

7 Apms [6€1]
.ﬁm 19 BOSeIJ-urWIZUY/

Suruonipuo)
amsodxg

1 Apmg [6€1]
‘Te 19 BOSeI-URWZUY

SpIemMay
amsodxg
[8€T] 'Te 19 sap[id

amsodxg
[SL] T8 12 S[pTepm

SulfepoN
Suruonpuo)
amsodxg

[L€T1] T8 10 KarioH

SUOISN[OUO))

SINSY

uostredwo)) UOTUAIU]

wry

UOTJUQAISIUI/A0URIRJOY

panunuod g I[qeL

pringer

Qs



Eur J Nutr

Suny

a3ueyd 0) ATeSSE09U S3umnse)
AU} IB)I[I0B] UBD SpIeMmdI
yons ‘rernonaed uy "A39jens
amsodxa pajeadar e Yyim
pIemal e SUuIsn JO SSOUQAT)

-09p39 ay) woddns sFurpuy ayJ,

SumyI[ UO S109JJ0

QATEZQU Oou IIm ‘Oour)dodoe
Ul S9SBAIOUT PAUTRISNS paonp
-oxd A payI[SIp Af[eniur ue

3umnse) J0J UAIP[IYD JuIpremy

oueydoooe A

(pue 3Iniy) S, UdIP[IYO ISLIAIOUL
0] POYJoUL 9AIIIRJJS pue
orduurs e se astwoxd smoys
urureigoxd 90107 SPry|

Q) UI SE SPIBMAI JO 9N dY L,

S9[qe1o3aA Jo Qoue
-)doooe pue Jury s, UAIPIIYO
SurseaIour ur [eIoyauUaq 2q

Aew 3uTUIEY[ INOAR-INOAR[]

RINARE]
0} QATISUQS dIe OYM UQIP[IYD
QuwIos uowre AYeIul 9[qeIAZaA

Jjowod ued sdip SuLRpO

SpOOJ pAI] PIM S3[q
-e3a390A Junred jo A391enS o)

a10[dxo P[NOYS YOIeasar IoyIn,g

w ¢ e

D Jloj pue ‘wI ¢ pue my e 7|
IO 9SE2IOUL 0) PANUNIUOD pue
‘sdnoi3 [[e ur uonuoaraunsod
pasearoul uondwnsuod A
ja8re], "sdn-mo[[oj w-¢ pue
M- JOAO 93URYD JOylINy ou
puE ‘D) SA 7] PUB [ UI UONUIA

-19)unysod Je Jun{Ip pasearouy

Auo

dn-mo[[0} W-] pue UOTIUIAID
-unsod D sA €] ur pasearour
uonduwmnsuo) ‘dn-mofjoj w-¢
pue -] pue uonuasrunsod
D SA ] PuU® [] UI pIsearour
uonduwnsuo)) ‘suonuIAIIUI
U9M)2q SIOUAIIJIP ON
“dn-morjoj w-¢ pue -1 pue
uonuaArdunsod ¢ sa ¢]

pue [ ‘I] ut paseatour Suryry

910J9q SA UOTIUSAIIUT
I10)Je ([eurSIew) A I0oj S90UQ
-19501d pasearouy ") sA I Jur

-MO[[O] A JO SaeUr pasearou]

D SA ] 10J 90U

-19501d pue JuryI[ ur aseaIoU]

9ones 1o dip e se papraoid
sem urssaIp JYSI] Jo Je[nIaI
I9YI9YM UO paseq ATea
S102F "D SA T [[e Ul USIp[IYd
QATIISUSS-IONIq UT SAYBIUT pue
SunyI[ 10YSIH "UAIP[IYD AT

-ISUQSUT UT 3YIUT UO SI0AJJS ON

D SA T ur A[peurdrewr

PoseaIdul A1) 03 SSQUIUI[[IAN
"SOYBIUL UI SOOUIIJIP ON

(99 = u) aansodxa ON

(09 = u)
SYooM T 10 ‘PIemaI JNONS
snid ‘amsodxe A[req—yd ¢
(T9=u) syoam ¢
10y amsodxe A[re—OQd 'T

(o1 =u)
(ATuo amnsodxa) p1emal ou *¢
(901 = u) pIemal [BIO0S 7
(66 = u) premor a[qrsue) |
WM A (PYI[SIP) 1081e)

(Z11 = u) amsodxa oN 031 sarnsodxa 2)se) A[Tep dAToM],

(96 = )
s[eaut ¢ [ Je 3Inij Jo uon

(96 = u) s[pauwr g1 18 A Jo

-dwnsuod 10J USAIS spremoy uondwinsuod 10 UIAIT SPIemay

9158) 199Mms im patred
jou 2ol A JURIRJIP—S[ELN 9

(6§ = u) Surssaip ou
IIM SYOOM [ IOAO A P
AoreIapowt 03 samsodxa ¢

POOJ payI-[[oMm Tet

-[rurej yim paired jou A jo3Ie],

youn

Q)s®) JooMmS YIIM parred

o[ A—syern JuruonIpuod 9
8c=u)

Jones se SurssaIp re[n3ar "¢
(9 =1u)

dip se 3urssaip pefes Y31 ‘g
(6€ = u)

dip se 3urssaip pefes Jen3a1 ‘|
YIM SYOIM £ JIOAO A PV

A7oreapowr 03 samsodxa ¢
(€y = u) pooJ PNI-[[oM

Jerprure) yim paired A joSIe],

youn|

s1eak 9—f pagde uaIp[Iyo
ur A paYIsIp e jo uondwns
-Uu0d pue JUII] 9SLaIOUl O,

s1eak 9—
PoSe UQIp[IYO Ul sayejul
pue sSunyI| A 9seaIoul of,

UOTIUIAIIUIL
paseq-[00yos s1opeid Yyl
pue pug IS ur sayejur
A (pue Iniy) asearour o,
(€1=u
SIBIA 9—f paSe uaIp[Iyd
ur 9Jse) A 1931e) ® 10J 90U
-19Jo1d pue JuryI 9seAIOUI O],

s19[00y0sa1d QATIS

-USSUI PUB JANISUSS-INIQ Ul
Soyejul pue JUDI] 9SLAIOUI O],

(s189K G—¢) UAIPTIYD [00YDS

-o1d ur A1 03 ssouur[Im
puUE SayBIUL A 9SBAIOUI O],

SpIemy
amsodxqg
[9%1] T8 10 tuis1on

SpIemay
amsodxg
[S¥1] T8 19 900D

SpIemay
[¥¥1] T8 30 ApuoH

Suruonipuo)

[ev1]
UISUR[ PUR SUBWLIDARH

Suruonipuo)
[cy1] e 10 1oysig

Suruonipuo)
[1#1] 'Te 10 BrOLIOD

SUOISN[OU0))

synsay

uosLredwo)

uonuaAIduy

wry

UOTIUIAIOIUL/QOUIRJOY

ponunuod g dqex,

pringer

a's



Eur J Nutr

SYIUOW 1/ ‘SYO9M M ‘SNSIOA Sd ‘9[qeIaSeA A ‘UonuaAIUI J ‘uostedwod )

QouaIpne Ja31e) Jo 9k AQ PAIOPIO SUOTIUIAINU]

soyejur Sursearour

10§ Tenuajod sey Jouuew SIY)

Ul paxIW aIe 1ey) A SUIAIOS

‘uondwnsuod A [ennou
PaseaIour A payI| & yim Sutired

1ndo0 03 Jur

-UONIPUOd JUALINU-INOARY I0J

uondunsuod ajenbope moyre

0} y3nous 9[qeidoooe jou st
s9[qe1agaa Jo 9sey aind ay,

uondwnsuoos ursearout
107 onbruyo9) 9A1)0J0 UL

9q Aewt 9)se) parojaid e

M SI[qeIa39A Jo Furred

syuedronred

) Jo Jrey Aewrxoidde ur

QATIORIJQ ST JBY) ‘SUWIAN ASAY)

Jo Supyi] oword 0) A39)eNS

© SI SUn)9s paseq-elIdefed

® UT UIPTIYO Aq S9[qeIaZan
PYI[-Ss9] Jo Sumse) pajeaday

ualIpryd

ur A payIsIp Ajsnoradid jo

Sunyr Sunowoid 10y AS9rens

Surstwoad e ST A Ierrurejun jo
9158} 9y} 03 dInsodxa pajeadoy

USIPIIYd

Suowre A jo uondwnsuod

aseaour 0} A39ens e oq
PInod A 03 sarnsodxa afdnny

SunyI| ur
SUONIPUOD UM SAIUAIJ
-JIp ON "SQOURISJJIP 1910 ON

*€] SA 1] PUB 7] SA ] U9am)aq

BIUT A [EIINSU UT SISBAIOU]

MO[
A19A sem uondwnsuod nq O
PUE ] U29M)2q SIOUAIIJIP ON

D SA T UI U9)ed sa[qe3oSoa Jo
Kyarrea pue ‘uondwnsuod 9[q
-BJ239A UT SOSBAIOUT JUBOYIUSIS

punoj a1om sagueyo
ou ‘A 1o31e) o) SunyI] Apmys
oy} ueSaq oym UIP[IYD JO]
-a3ueyo jou pip siaddad
[1°q 103 3uny1] ‘sead pue
S90JBWO) ‘S)0LIED JOJ SAI0IS
Sunyi] paaoxdut | ‘A 1051e)
o unyrsip swwrerdord
oY) ueSaq oym UIP[IYD JOg

910J9q SA UOTIUSAIIUT
191ye sdnoi3 [[e ur soyeIul
PaseaIou] ‘g Ul $}09JJ0 a1
-IpawIoIU] *D) SA ] UI UOT)
-dwinsuod pue JunyI] pasearou]
paseaIoul os[e
A 30 SumyI[ pryd pariodar
juared ‘¢ 0} | Aep wolj |
ur A Jo sayejul pasearou]

(EL=w A€
0 sainsodxa 9 Aq pamo[[oJ
somsodxo g 10 A PI[SIP
yim pated A [ennaN ‘¢
(4L = u) A ¢ 01 saansodxa
9 Aq pamof[oj ‘sarnsodxo
9 J0J QUOJE A [BNNAN T
(7L = u) A € 01 saansodxa 9
£q pamof[oj ‘sarnsodxa g 10J
Insodxa ON A PaYI[ s pared A [ennaN ‘|

SIBQA [ [—6 pade uaIp
-[1Y9 UI SOYBIUT A 9SBIOUI O,

(61 = u) s1eak g—/ page
A310ua Y31y yyim paared domn( uIp[Iyo ur uondwnsuod
A 01 sainsodxa AJIep uoadg  pue saduarajard A osearour o,

A310u9 mo[ yym pared 2omf
A 01 samnsodxa A[rep uaaag

(0r = u) syyuow §,
10} Apjoom (191Inq Jnuead)
q1se) paxrayaxd v yyim parred A

uaIpIyo
9peI3 19 ur AJOLIBA A pUR
uonduwinsuod A asearour of,

(8¢ = u) syuows
10} Apjoom amsodxa A

SyoaMm (] UOTJUIAIOIUI PASEQ-[O0YDS
JIOJ YoM & 90UO J)se} 0) sead Iopim e Jo 1ed "(09€ = U)
joy pue ‘s1oddad [[oq pue  uaIp[IYd 9pRIS Y)Jy/Y)Inoj ur
S90JBWO] ‘S)0LIED P[OD PAIJJO A 1951e) 10J SUII] ISBAIOUI O],
Or=u
A DIYIISIp 10518} J0J IoYO1S
plemar ured pue Jed ‘9Jse)
0) SI19JJ0 A[Iep §—pIemay ‘g
Sr=u
A PYIISIP 1951e) Jed pue 9)se)
0] s1opjo A[rep g—aansodxq |

103U03 ON

Q1 =1u)
plemal Io amsodxa ON

SIBQA /—G page uaIp[Iyo
ur 2oueydosoe A asearour of,

(¢y = u) s1eak 9—¢ page
UQIP[IYO UL A POI[SIP Jo51e)
® Jo 2ouejdodoe 9seaIoul 0,

SAep QATINDASUOD

[0TU0D ON € UO Younj J& paAlas A joSIe],

Suruonipuo)
amsodxg
[2ST] Te 19 Uas|O

Suruonipuo)
[151] T8 30 ensurez

Suruonipuo)
[0ST] "T& 30 uojsuyor

amsodxg
[6¥1] Te 30 e[nyexe]

SpIemMay
amsodxg
[8¥1] T8 19 s[prepy

amsodxyg
[L¥1] T8 13 ye[ipeIOoN

SUOISN[OU0))

synsay

uostredwo) UOTIUAIIU] wry

UOTIUIAIIUI/QOUIRJOY

penunuod g J[qeL,

pringer

Qs



Eur J Nutr

SNSIOA SA ‘9[qe1aSaA 4 ‘UONIUAAIIUI | ‘UoSLIedwod )

QouaIpneE Jo31e) Jo 9Fe Aq PAIOPIO SUOTIUIAIAIU]

yooq oy ur pajoword

pooj a3 Jo uondwnsuod pue

SumyI[ S, USIPIYO 9SLAIOUI T8}

s3urfeey aAnisod Furra3sin

‘SuIpeal pareys SANIBIAUI SIY)
Kofua 0) wraas uaIpIYd SUNOK

J)se} 0 ssousur

-[[12 9SLAIOUT UBD SoSessoul
aanisod yim s)00q s, UAIP[IYD

USIPIIYd

SunoA ur Sunes Ayesy Sur

-3eanoous ur 9[o1 danIsod

e Aerd 01 syyooq axmord 10§
Tenuajod oy} WIYUOD SINSIY

Surpear aarssed A 9ATIOR [PIM
uondwnsuos 191ea1n) "D SA |
[T UI pAWNSUOD S}OITED QIOTA

Jsansod puooas ay) Sur
-Inp D) SA [ UI SI19)SB) A QIO
d)sB) 03 ssauulf[Im
ur $309JJ2 ON "D SA ¢ Ajre[
-nonaed pue ‘[ [[e ur A Jeru
-eJun A1} 0} JUSUIAFRINOJUD
PadNPaI pue ‘SayeIUl PAseaIU]

(96 = u) jooq 0} a1nsodxa ON

y0oq ON

A (pesodxa
-uou) [01JUOd pue A 19318}
uo pajonpuod saInpadold sa,

9z =u)

SuIpeaI AnOL “9[1IN) pue $joI
-Ted SUTuIRIUOd Y00q AIMdIJ “§

(9T = u) Surpear

oa1ssed “Q[)n) pue sjoLIed
Sururejuods Jooq 2amd1d ‘¢

(9g = u) Surpea

QAIOE ‘YIqQR] PUB SJOLIed
Sururejuos yooq 2ad1d g

(97 = u) Surpear

aarssed 91qqel pue sjo1red
Sururejuods yooq a1mo1g ‘|
0} arsodxa sAep G

(811 = u) (1qearyoy)

A Inoqe sagessouw aAne3au
PIM J00q SUaIp[IYD T

(1qearyo)

A Inoqe sagessouwr aanIsod
PIM J00q SUSIP[IYD “[
(61 = u) A Teriuejun ue “¢
(61 =u) APMISIP® T
(61 =u) AP E']

:Surpnjout syeom ¢ 10J Aep
K19A9 jooq axo1d € Surpeay]

sIeak 9—f Page uaIp[IYO Ut
uondwnsuod J011ed 9seaIoUT O,

SIBIA G—¢
PaSe UIP[IYD Ul A Ier[iuuejun
Ue SpIeMO) SINOIABYQQ

pue sopnime aaoxdwr o,

URIP[IYD P[o
-YIuow-g 03 -0 ut A 10§ Sut
-Y[I] pue AJLIRI[TWE) 9SBAIOUT O],

SONIAIOR [B100S
syjooq an3o1d era axnsodxyg
[ss1] 1810 Bo0iq o

syjooq a1n3oid eia amsodxg
[#ST] 9ZNN pue sukig

syjooq an3o1d era axnsodxyg
[€ST] T8 10 reoH

suoIsn[ouo))

SISy

uostredwo))

UOTJUSAINU]

wry

UOTJUDAIIUI/QOUINJOY

YeIUI 9[qRIIZIA ISBAIOUL 0] SA[qeIAZaA SulureIuod sy00q 1nyoid 03 arnsodxs SuISIIIN SUOTIUIAIUI PAYSIqnd € J[qeL

pringer

a's



Eur J Nutr

yeIul A3I10U9 [810)

10 31y Surouenyur JnoYIIm

A JO 9Bl s, uIp[Iyd JunoA

owoid 0] pasn 2q ued s[eAW
je suoniod A 103Ie] SUIATOS

souereadde jo syoopy0

OU ‘SPO0J PaYI] YIIM SI[qeId

-3oa Suured jo A391enS o)
a10[dxa p[NOYs YoIeasal IoylIng

URIPIIYd
3unoX ur oxejur A310uU0
9SBAIOAP pue eIUI A A[1Ep
asearour 0} A391ens 2ANOIF
ue s1 A pooind jo sjunowre
[enueisqns jo uoneiodioour oy,
[eaw oy Je uondwnsuod
A 9seaoul 0) A391e1s 9A1I0JJo
ue SI 98IN09 )81y € se dnos
A 2SuUdp-A310U9-MO][ SUIAIOS

uaIp[Iyo [ooyosaid

ur sayeIur A Suisearour 10y

£391B1)S QATIOQJJO UR 9q UBD

9SIN0D ISIY B SB PIAIIS A ©
Jo az1s uoniod oy ursearouy

UQIP[IYO Ul ayeIul A Sur

-SBAIOUT UO JO9JJ9 ISNQOI B Jou
nq ‘owos sey SuLI}Jo-010y)

AYeJUI POOJ MU
3s9yea13 paonpoid Kjorrea Y3ty

SJSE) JO AJOLIBA B OJUO PIUBIM
Jureq woIy Jyeuaq Aew w 9
J& pauBIM 9JB OUM SJUBJU]

AP
oym 2soy) 0} pAIWI SIPH
"D SA T UI 9YBJUI A PASBaIOU]

1 JO $199JJ@ ON

uonduns
-U0D YSIP 9PIS A UO $}09Jo
A1oyesuadwod oN "D SA 7]
PUE [] UI PISBIOUT AYBIUT A

yeur A pue dnos
pasearout az1s uoniod dnos
9y Sursearou] ") SA ¢J pue
TI ‘11 UL A JO SIYBIUI I9)RaIn)

ayeur ASI10U9 [B)0} UT SOUD

~IJJIP ON "I sA €] pue gf ut

pue ‘J sa [ [[e ur uondwnsuod
A [€10) pue A 10518 10J8010)

os Apjueoyrugis

jou Inq D uey) eIUT JYIIY
M pajeroosse Aroanrsod |

71 0] SOSBaIOUT 19)BaI3

‘D SA 7] pue [] Ul pasearoul

7 oseyd pue | oseyd 1ayye
A [oAOU JO SUIyI[ pue sayeju[

(W e—p)

IQI[IBY pouBIM SOU) Ul

$1091J0 ON D SA A [9AOU 210U

ApuedyIusIs pawnsuod | ut
(W 9—G) J9JR[ PaUBIM ISOY],

[eowr

J[3urs e Je A 3 G/ Jo Suraleg

Jouuew Sureadde
ur paguelre jJou A 1931e],

joeug

% 001—Ausuap A3roug

paa1as dnos oN

I9)18)S Youny oN

(9¢ = u) A1931E)
1 01 s[eawt ] I9A0 aInsodxyg

A T 01 sainsodxa djeurae ¢
¢ oseyd
(Is=u)
A T 01 samsodxa Arep ¢
I aseyd

skep g IoA0 A [ 0} aansodxyg

[eow
J[3urs e je A 3 0GT Jo SuraIeg

(7 = u) J_uuew
Surreadde ur paSueire A jo31e],
porus
% SL &q Kisuop
A319u2 20npa1 03 Aep |
SSOIOE SPO0J 0} PIppe (Juo)
-uoo 9dnipenb) A paaing ‘g
% S8
Kq Aysuop AS1ou0 9onpa1 0y
Kep | $SOIdB SPOOJ 0] pappe
(uoyuod o[din) A paaing |
dnos ojew0} 3 Q¢ "¢
dnos ojewio} S 677 "¢
dnos ojewo) 3 (OGT '
:Jo papraoid 19)1eIs youn|

sjoxred 3 06 '€
sjoued 3 (09 '
sjoured 3 O¢ ' [
:Jo papraoid 10)re3s youn|
(re =u)
A[snoauejnuiis A 1931e) ¢
01 s[eaul 7| IoAo aasodxq

A 7 01 saansodxa

reurd)fe ¢ uaald sdnoid [y

¢ 9oseyd
(Js=u)A €0

samsodxa A[rep pajeuIdle ¢ g
(or =u)

A € 03 saxnsodxa A[rep ¢ '1

I aseyd

skep ¢
I9A0 A JO AjaLrea e 0) aansodxyg

SIeK 9—
PoSe UQIp[IYO Ul SayeIul
A 9SBaIOUI 0) UOTIUIAIAIUL

(s1e94 G—¢) uaIPIIYd
[ooyosaxd ur A1y 03 sseugur
-[[12 pUE SOYEIUI A ISBAIOUT O,

(0 = u) s1eak G—¢ pase
UQIP[IYO Ul sayejul (A310U9
90NpaI puR) A ASBAIDUI O,

(gL = u) sreak G—¢ page uaip
-[1UO Ul SOYBIUI A 9SLAIOUI O,

(as=u

SIBQA G—¢ Page uaIp[Iyo ul

(ayeyur A310U9 3SLAIOAP puUR)
uondunsuod A asearour of,

UOTJUQAIONUT Paseq
-QWOH "SIBA G—C paSe uaIp
-[1UO Ul SOYBIUI A 9SLIOUI O,

sypuow / paSe uaIpyIyo ur
ooue)dodoe A [9AOU 9SBAIOUT O,

syjuouwr 9g— page uaIp
-[1YO Ul SOYBIUI A 9SBAIOUI O,

Aniqerreay
[291] Te 10 sepey

uoneIuIsaIg
[1+1] 'Te 39 erom10D

Aniqereay
[191] &30 I1dS

Aniqepreay
[091] Te 32 [1idS

Apiqe[reay
[6ST] 'Te 12 mds

Kyorrep
[8ST1] Te 10 PIIM °d

Kyarrep
[LST] T8 10 ToTRIN

Kyorrep

[9ST] Te 30 preyimo)

SUOISN[OUO))

SISy

uostredwo))

UOTIUOAISIUT

wry

UOTJUQAISIUI/A0URIRJOY

sayeIur 9[qeraSaA asearour o) sa[qerasoa Jo uonejuasaid pasorduwr pue ‘sajqeraSea papraoid jo K1orreA pue A)Iqe[TEAR PaseaIoul SUISN SUOTJURAISIUI PAYSI[qng § J[qRL

pringer

Qs



Eur J Nutr

SUOTJUSAIIUL
aA1suadxa 210U Ul punojy
9soy} Jo 9FueI Y UIYIIM UON)
-dwnsuod A ur esearour ue
)IM PIIBIOOSSE SBM INq ‘SIS0D
[ewIIUIW SINOUT SABT) youn|

eL1)ayed Ur syder3ojoyd Suroe[d

uondwnsuod A I9YI0 ASLAINIP
jou pIp pue ‘uondwnsuod A
1931) PasLaIOUl UOTJUSAIIIU]

uondwnsuod
A 19818} POseaIour UOTUSAIAU]

LIREIEN
asearour ued sa3ueyo Jdurg

soyejul poaoxduwir UoOS[As
Pa010J UTYIIM 010YD SUIPIAOI]
[HTLEIEN
asearour ued sagueyd ordurg
s[ooyos K1ey
-uowale ur uondwinsuod pooy
Ayreay pasearour Apua)srsiad
pue A[9ATIO9JJ9 SSWRU SANORINY
s[ooyos K1ey
-uowde ur uondwnsuod pooy
Ayyreay pasearour Apuajsrsiad
pue A[oAII09JJ0 SOWERU dANORINY

QUO JeI[IWE} © JO peajsul

USIP A MU B J09[3S 0} ssausur

-[[14 S,USIP[IYD 9SBAIOUI UBD
aweu A 9y} Yiim [9qe[ & SuIppy

uonLINU S, UdIP[IYO

anoxdwr 0y 39181 9ATIORJJ

pue odwrs & oq JyIrur serr

-9JoJed [00YDS UI A JO Juawt

-110SSe e SUIAISS "USIP[IYD

pase-[0oyods Jo 9010Ud A Y}
SuIseaIour ur 9AO9JJ9 St AJoLIeA

D SA T UI 9IOW PWNSU0d OS[e
sjo11ed SUnO9es SHUIPMIS Inq
D pUe [ UI QWES 3} pawns
-u0d sueaq Surod[es SJUIPMS
‘uondwnsuos pasearour os )
SA T UI A JO UOIIOQ[AS PaseaIou]

skep ¢

I0AO $109JJ0 paure)sng ‘uon

-dwnsuod A [onuods ur a3ueyd

ON "D SA ] UI 9ejul [B)O) pUE
oyeIut A padI[ A[p[ru pasearouy

Jsaqur
uondwnsuos A [810) paseaIou]
9SBAIOUT 0} PONUNIUOD)
"D SA [ SUIMO[[OJ pefes Jo
SO[BS Ul 9SBIOUT AJRIPIWUI]

D SA T UL A JO SOYEIUI POseaIou]

D SA ] ul pefes Surunsuod
UQIP[IYD JO JOqUINU UT 9SBAIOU]

DsA
] Ul A JO UOIIOQ[AS PaseaIou]

uonI9[as
Uo $31091J9 ON "D PUe 7 SA
[1 Ul A JO SOYejul pasealouf

€I Pue 7J Uoamioq
SOOULIQJIP ou pue ‘[(] 9[qeL
99 ‘T]) [oqe[ OU IOJ UOT}O[IS
PooNpal $asI9AI [ D SA €]

pUE 7] UI Sayeul Pasearou]

A310u9

[eoW [€10} UI SOOUAIILIP ON

"D SA [ Ul A woj A310u9 a10W
SOA[ISWIAY) PIAIDS UIP[IYD

PoAIdS
youny swes ‘syder3ojoyd oN

(865—6TS = u) youny 1o0j
pop1aoid A[uo A [01U0d pue A

(089 =u)
youny 10j papraoid A[uo A

apIs
a3 03 ‘pauonisod Jeq peres

AT eI 0}
sjuapnys Jurrnbar—adtoyd oN

Ieq pefes oN

(018 = u) yuow | 1oy Aep
KIoAD OUWIBU OU YIIM PIAIIS A

(Sy=u
[9qe[ OU YIIM Youn[ Je POAIdS A

[oqe] OU Yi1s SAYSIP A [AON

((re=u)
sueaq 1o (7§ = u) S)01Ied)
A T pue uayoryo ‘eysed Jur

-UTeIUOD J9JJnq WIOIJ UOTIOJ[AS

youny
quo Je sAen youny ur paderd
Q1oM (SUuBdq UQI3 ‘S)OLIBD)
A 1981 Jo sydeiSojoyq

ﬂoﬁﬂ; HO,% UDUT/OHQ Owﬁw A
[01U0d pue A “(0£S—981 = U)
younj I0J mcﬁﬂma Jym uone|
-ost ut papraoid A payi[ A[P[IA

youny I0j

papraoid osfe A *(§5L = u)

youny Joj Sunrem J[Iym uone|
-ost ut papraoid A payi[ A[P[IA

J1 pUNOI Y[BA }SOUI USIP[IYD
ey os ‘pauonisod Jeq pefes

ATJO
1 JO 9010y © SjuUdpmIs SUIALD

Ieq pe[es € Jo uononponuj

(L =u

qjuowr | 10J Aep A19Ad
QWBU JATIORINIE YIIM PIAIIS A

(8¢ = u) [oqe[ o11oUd3
M [OUn[ 18 POAIdS A '

(7€ = u) 12qe] 2AnORIE
M [youn[ Je poAIds A ']

(06 = u 1100001q ‘[ = U
$10118D) [9qe[ PAJR[AI-[OPOW “¢

(gL = u100001q
‘b = U S10118D) [9qR] JIseq "7
-[PIM SIYSIP A [9AON

(b = u) (sueaq *s101180) A T
pue uayIyd ‘eysed Jo (spooy
ey) 12J3Nq WOIJ UOTIOA[AS

(008 “xoxdde = u)

(opei3 yyg—uayreropury)

UQIP[IYO [00YOS ATeJuaa[d
ur Sayeul A 9SBAIOUI O],

UQIP[IYD opeId
YIS UI SOYBIUL A 9SLIOUL O,

UQIp[IYO opeI3
)G UL SOBIUL A ISBAIOUI O],

u93}UBD [00YDS
B UT UOTIOJ[IS A 9SLIOUL O,

U3I)UBD [00YIS
B UI SOYBIUT A 9SBAIOUI O,

UI3JUBD [00YDIS
B UI UOIOA[AS A dSBAIOUI O,

UOT)USAISIUT PASEq-[00YdS

‘plO sIedk -8 page uaIp[yo

Ul UOT}OR[AS A 9SBRIOUI O,

UOT)USAISIUT PASEq-[00YdS

‘PO S1B3A T1—8 pasde uaIpyo

Ul UOTIOR[AS A 9SBAIOUI O,

uon
-UQAIQ)UI PAseq-[ooydS "Sp[o
-IBQA-1] 0) -§ UI UONII[AS
USIp 9[qel230A 2seaIoul O],

SIBQK ()]—L Pa3e uaIp
-[1YO Ul SAYBIUI A 9SLAIOUI O,

uonRIuasAIg
[L91] 'Te 39 S0y

I9pIo SUTAIRS
Aniqereay

T Apmg

[991] 'Te 32 uoppay
I9pI0 SUTAIRS
Anpiqereay

I Apmg

[991] 'Te 32 uoppay

uonedso]
[S9T] Sursuepy pue isng
INEIR TN

[$9T1] Sursuepy pue isng
Aniqerreay

[$91] Nutsuey pue isnf

Eoﬁumucomoum
7 Apmg
[$91] e 30 yursuep

Eoﬁumuﬁomotﬂm
1 Apms
[$91] e 30 yursuep

uoneRIUAsAIg
[¥T1] T8 19 19zZLI0 N

Kyorrep
[€91] Te 30 Toyong

NI Niiplite}

SnsaY

uostredwo)

UOTIUIATINU]

wry

UOTIUSAIIUI/AOUIJY

peanunuod § JqeY,

pringer

A's



Eur J Nutr

SNSIOA S4 ‘9[qeIaTA A ‘UONUAAINUI ] ‘uostredwiod )

douarpne Ja31e) Jo 958 AQ POIOPIO SUONUIAIIU]

A dIouw
wnsuod 0} synpe Ayjreay
10J Aem 9[qeidadoe pue 9A1}
-09Jj0 ue sem Aqrep oomf
9[qe1a3aa jo sdno g—1 Jurpnjoug
A 210w
Qwnsuod 0} synpe Ayieay
10J Aem 91qeidoooe pue ATy
-09Jjo ue sem A[rep aoml
9[qe1a3aa jo sdno g—1 Jurpnjouy

[eows e Je
AyeIUT A 9SBAIOUT 0) A391eNS
QAT}OQJJQ UE ST ‘SPO0J ISYI0 IOF
woy) Sunnirsqns Jo d1ow Jur

-ppe £q 19UIIR ‘A 210W SUIAIOS
S[enplAIpur Jjo
a3uer opim e ur uondwnsuod
A Surseaiour 10j [nyasn dao1d

Kew UOTIRIOST UT }SIY A Suneg

AYBIUL A 9SLIOUT 0}
Pasn 9q UBD [BAW € J& PIAIIS
A Jo Kyarrea ayy Sursearouy

sayejur A310U9

90NPAI PUE SOYLIUT A SBAIOUT

0) spooj ojul pajerodiodur oq
ued A pooind jo syunowre 318

uonisodwod

[eowr oaoxdwr pue sayejur

A 9SBAIOUI 0] A33181S A}

-09330 pue o[duurs € 9q WYSTw
A JO juauiosse ue SuIAIdS

(saimseow

dAD UO $1091J9 oN "aanssaid

POO[q PaseaIdap pue) D) SA
SAYBIUI A PISLAIdUI 7] pue ||

(Lg = u) Kuo
19Ip HSVA /4y uo uonesnpy
(synpe dQAISU)
-10dAya1d ur amssaid pooiq
paseardap pue) D sa (seygoxd
juaLnnuoIdIW pasoxdwl pue)
SOYBIUL A PASLAIOUI ] PUB []

(0§ = u) K[uo
191p HSV( Y} U0 uoneonpg

paAIas syueuodurod [eat 10yI0

Apmis uonmnsqns PaAIas A 3 081

Q) UI OS[E 9BIUI ATIQUR pue Apmi§ uonmnsqng
Ky1suop ASI10Ud [BOW UO S)0JJ  PAAIes sjuauoduwrod [eawr 1030
SOIPMS JOq Ul POWNSUOD A paaIds A S 081
1018213 0] PI[ PAAIIS A I9JeaID) Apmg uonippy

(6§ = u) A[snoaueynuus ‘g
(€y = u) A Jo dueApE UL ']
:papraoid spooj 1y

¢O pue
1D SA T UI pAWNSUOD A IO\
D pairoyaxd jsowr
SA ] Je YeJUl A PaseaIdu] (A Q21y) dwes) A [
D SA T 1B BIUL A PIseaIou] Jo 3 ()09 SUIA[OAUT S[BIW 1Y,

Jsag
puE [] UI Pasea1dap KJIsuop

A319U3 pue paseaIouT IYBIUT A 9% 00T—Asuap A31oug

Pa309[es A310ud 1810} UT

SOOUAIAYIP ON "D SA A WOIJ

A310u9 9, o10W puE AJIOUD
Q10w 9soy | ur syuedronred

((se=u)
sueq 1o (7 = u) S)01IBD)
A T pue uayoryo ‘eysed

3O (PO0y xey) [esu 1oHNg

(Lg = u) Arep 2dml A 20 91 °C

(Lg =u) K[rep 2ol A zo § ']
‘pue
191p HSVQ 9y uo uonednpy

(0g = u) Arep 2oml A 20 91 °Z

(0g = u) Arep 2oml A 20 § '
:pue

19Ip HSVA 243 uo uoheonpyg
A[reuonzodoid paonpaz

syuouoduwod [eawr 1OYI0

pasIas A 809¢ T

POAIOS A B 0LT T

(8 = u) Apmg uonmusqng
paSueyoun

syuauodurod [eawr 1030

paatas A S 09¢ T

PoAIS AT LT 1

(6¥ = u) Aprg uonippy

(9¢ = u) spooy
PYI[ 2I0W IAYI0 JO DIUBAPE

ur papraoxd A payi] A[PIIA

A€o
[oea 3 ()07 SUIA[OAUT [BOW |

% SL
Kq Aysuap AS1oue 9onpa1 0y
Kep [ SSoIde Spooj 0} pappe

(JuRIUOd SoWM G'§) A padIng g

% S8
Kq Kysuap A31oue 9onpa1 0y

Aep 1 ssOIOB SPOOJ 0] pappe
(yuoyuoo o[dm) A poemd ‘|

($€ = u) (sueaq ‘sjor
-Ied) A 7 pue uayoryo ‘eised

Jo (pooy axey) [eaur 19yng

QwioIp

-UAS JT[0qEIoW YIM SI[npe
ur (yireay A saoxdur
pue) sayeIul A 9SLaIoul OJ,

synpe Ayesy
ur (yireay A saoxdur
pUE) SoYeIUI A ASBAIOUI O],

s)npe ur (Juaw
-oSeuew JYIrom BII[IOR]
pue) SOYLIUT A ISBAIOUI O,

S)[Npe Ul SOYBIUI A ASBIIOUI O,

(99 =u)
sympe ur sayeur A djowoid of,

(v =u)
sjnpe ur saejur (A31ou
90Npal pue) A 9SBIAIOUI O,

sjuopn)s 939[[09
ur uonrsodwod [eawr aaoxduwt
PUE SIDI0YD A OUBYUD O,

Aniqepreay
[€L1] 'Te 12 Koudyg

Anpiqereay
[cL1] 'Te 30 Aoudyg

Anpiqereay
[1L1] e 9 s[i0y

I9pI0 FUIAIOS
¢ Apms
[991] 'Te 10 uoppay

Kyorrep
[0L1] "Te 30 SSudN

Anpqerresy

[691] Te 10 nelg

Kyorrep
[891] "Te 30 Joyong

SUOISN[OUO))

sy sy uostredwo))

UONUIAIANUL

wry

UOTJUQAISIUI/A0URIRJOY

panunuod § IqeL

pringer

Qs



Eur J Nutr

pringer

SYBIUL A
asearour o) parmbar are sor3
-arexs aAIsuoyaIdwod arow

nq ‘sSunel A pue A dse}
0] ssougur[im uo Aeanrsod
joedwr ued suopIes [0oydS

SOYBIUT A UI SOUD

~IOPIP ON "D SA ] PUe [

10J s3une1 9)se) 10)eaIs pue
A 91SB) 0] SSQUIUI[[IM IO)JBAID)

A Qi1se)

0] SSQUSUI[IM UT SIOUIJJIP

ON "Syjuow g je pue uon

-uaAardunsod ¢Q pue [1 sA 7]

ur pasearour A (pajuerd-uou)

sqouarajard A pue aSpojmouy

reuoniynu 3uraoxduwr 10§

[00} 9ATIOJJ2 UE ST UOTIBINDS
UoONIIINU PAOUBYUI-UIPILD)

s19)ySnep Joy)

Suowre oayeIuI 9[qeIAZIA 2I0W

qrejqioey Aewr sowruregord

uonowod yireay A1oye[n3or
-J[os ur s1aypow Surdeduyg

UQIP[IYO JunoA ur

SOYEBIUI A SBAIOUT 0} AJIOYD

Surpraoid Jo 309339 Suroueyua
9} JeNSUOWIAP SINSAY

S9[qeIadoa

189 0] UOIIEATIOW IO “SumyI|

‘YeIUL 10948 J0U PIp Jnq

uaIp[IYd 2y} £q pjeroardde
sem 010D Teaw-axd & Juraey

A[uo uonewIOJUT

10J 159139 ON "A PaA1SIP

Arsnoraaxd e 10y Sunyy Sur

-seaIour 0} Jo aouedoooe

s, uaIp[1yo Juraoxdwr 1oy

asrwoad spjoy A ® Jo unse)

A[rep SUTAJOAUT UOT)UQAIIUT
paseq-ainsodxa ‘par-juared y

[BUONIPPE | pue A [ 10}
S90URIRJRId “SyIuouW g Je |
1od A T J0J paurewaI pue
‘uonuaaraunsod ) sA [
PUE [T UI ‘pASBAIIUI ‘A T 10
souarajaid pue oFpajmouyy

uonuaaunsod

SYIUOW ¢ QOUAIRIP ON

‘uonuaalounsod syeam
O SA UL 9YBJUI A PISBAIOU]

D SATIpUe []
ur 19y31Y 919M SALIUL A [BIOL,

SQOUQIOJIP
[ENPIAIPUI JO S}O9JJQ QWOS
"SUOIIPUOD USAMI2q YEIUT
10 SumyI| A UI SQOUQIILIP ON

D pue

1 U92M}3q SIOUAIRJJIP ON

(Ls =u)
(3ST] J1TBM) UOTIUDAIIUI ON

(€ 100yds
ur [9 = u) uoneonpe Jurudp
-Te3 1O uonINNU [BUWIO] ON

(eonoead
[ensn) UONUIAIIUL ON

by = u)
A T JO uoIsiaoxd—od1oyo oN

96=uU AT
Jo [ Jo uors1a01d—aotoyo oN

Sy =u

(3S1[-11BM ) UOTIUSAIIUT ON

(g =u)

uopJes pue uoreINpPa uoI
-Lnu YoM 0]—DHN ¢

(G¢ = u) uoneonpa
uontonu yaam O[—dN I

(z 100y2s

ur [g = u) (paruerd A 9)

saniAnoe Suruepied snjd
UoIEONPS UONLINU—ON ‘7

(1 Tooyos ut 1/ = u)
uoneonpe uonINU—N' |

UQIP[IYS J0J uonLnnu Ayjjeay

Surpraoid 103 s[Irs A1038]

-n3a1-jjes ojowoid 0) s}ogeI|
[euononnsur paseq 103y [,

9S=w AT

JO 910U JO [BaW Y} N0
-y3noay) sed1oyd pajeaday ¢

(0s =u)

A T JO 92100 JO [edw 2y JO
11e3S Q) T 201070 J[SUIS |

(Le=u) ATJO

[eaw 3y} InoYSnoIY) SAOI0YD
pareadoy—oo1oyod [eeW-1Y 7

(011 =u) ATJO 1 Jo [eow

A1} JO 1IeIS I} JB 221070
9[SuIS—o010YD [BoW-a1] ‘|

(8% = u) 19peI[ pue AIAPE

[eUONLIINU—UOTBULIOJU]

UOT)USAIIUT PISEQ-[O0YIS

'Sp[O-189K-7] 0) -] ] ur 93po

-[mouy A, pue seouarojard
A ‘SOYBIUL A 9SBAIOUI O,

UOT)USAIIUT PISEQ-[O0YIS

“(3peI3 Ypy) SP[o JeL 016
UL SOYBIUT A SBAIOUI O,

UaIp[Iys pio
1ea£ 11—9 ur uondwnsuod
pue uoisiaold A 9searour o,

sIeok 90—
PasSe uQIp[IYd U soyeIul
A 9SBAIOUI 0) UOIIUAAIIU]

UOTIUQAIOIUT [BOUX
JuBINE)ISAI J[IUIS "SIBIA 9—
Page UAIP[IYO Ul SANBIUL

A 9SBAIOUI 0} UOTIUDAIOIU]

UOTUQAISIUT PISEq-OWOH
*SIBK 9—7 pagde uaIp[Iyo ur
A PISIp Arsnoraaxd e 10y
ayejur pue Uyl 9seaIour of,

a's

Jouarradxyg
uoneonpyg
[8L1] Te 10 ueSION

douorradxyg
amsodxg
uoneonpyg

[LL1]
1194)-310qUapIZ pue SLLIOJA!

UonEONPA Paseq-SI[IyS
[9L1] 'Te 10 rre[oyD

Qo10y)
[sL1] T 10 zonSurwoq

104D
[pL1] e 10 enSuLaZ

uoneonpyg
[SL] ‘e 10 S[prem

SUOISN[OUOD)

STUREN

uostedwo))

UOT)UIAIIU]

wry

UOTJUSAISIUI/A0URIRJOY

SOYBIUI 9[qBIOTOA ISBAIOUL 0] SAITILNS ANIUT0D Y0 pue uoneonp? ‘uoisiroid uonewIojur JuIsn SUOTIUIAINUI pAyYsIiqnd § d[qeL,



Eur J Nutr

SNSIOA S ‘9]qeIZA A ‘uonuoalaiul 7 ‘uostredwod H

QoudIpne Jo31e) Jo oFe pue 2d£) Aq paIOpIO SUOUIAIAU]

SUOTIPUOD [OIJUOD PUE
OLI2UA3 Yjoq J9A0 JULIO[IE} JO
SIJoUaq PAJLNSUOUWIIP SINSAY

[njosn are uoren[eAd adroar
OJUI SIOqUIdW A[IWE} MEID
1aredaxd poojy a3 djoy 03 s[oof,

uaIpjIyo ur

aeIur A Sulsearour spremoy

djoy Aewr juswuoIIAUD

qwoy oy} pue seonoeld

Surpa9y rejuared 19e 0)
SUOTUQAISIUT PISEq-OUIOH

UQIP[IYO UI SAyBIUT
ADIJ Surseaour Je 9A1)O0[J0
Sem SIOYIOW JOJ uonesnpyg

A 9seyoand

0] SI9WOISND IFLINOOUD UBD

syosrewIodns ur A 10j uon
-ewIojul JOd pAe[I-yiresy

InorABYq uo joedwr ueo

dnois eroos juares e Jo ot
-ARYQq 9y} SUIQLIOSIP ULIOU Y

SQ0107D

pooj Juridfe 10j £33N

Tenuajod © 9q p[nod saduAL
-adxo 3umnes snoraaid jo [[eooy

D pue
TI SA ] UIasn A Paseardu]
D sA T £q asn adroax
QI0JA "dn-mo[[oJ Yiuow
-931Y) 10 UOTJUAIIUI JO PUD
8 ‘D SA ] U9aM)Aq SoeIul
10 SSUTAISS UI SQOUAISLJIP ON

SOYEIUT UT SOOUSISIP
ON "D SA T UI A jo Sutajjo
pue AJI[Iqe[TeAR PIsBAIOU]
10J P2[[01UOD JWOOUT
A[rurej pue AoBI0)I] [RUIIRIA
D SA 7 pue JJ ul 19|
syeam g reawr mydwoxdur
ue je AN payuasaid
SIQUIOW JO JOqUINU PASeAIdU]
SIQWO)SND JO
IoqUINU PUB S}O9JJ9 [BUOSEBOS
I0j opew syuousnipy
"D SA [ J& So[es pasealou]
D sA
1 UI SaYBIUT A UT 9SBIOUT
JuedyIu3Is A[[eUISIRIA

D SA ] Ul BIUL A PASLaIou]

(9¢7 = u) sedroar 1o sdny oN

synopuey
pue sadroar refruirs papnjour
jey) sSurrew Apjoom §

(17 = u) (puou/T) syooq
S UIPIIYD  JUSS sjudIeq

(08 = u) (o1
-oe1d [ensn) UOTIUAIIUT ON

uon
-euIojur ou—(ureyo joyIew

-1odns sures) 2103s [0)UOD)

wIou AjLouru
—uIou [B100S 2AndLosa

SOLIOWIAW JAYJO JO [[BOY

(9cz =)
sadroar pue sdn ououan g
e =u

sadroar pue sdn paiofre], |

sjnopuey pue sadroax
Surpnpour ‘s1aredard pooy 10§
SUOISSAS QATIORIAUI AP[oam §

(77 = u) syIuowW 4 J9A0

s[reo auoyd [euonEAIOW

T UQAIS pUE SIONI[SMAU
PaIO[Ie] 7 JUSS SjudIed

(9g = u)
A[uo uoneonps yieay ‘g

(7 = u) uoryensuowap Jur
-pa9y snid ‘uoneonpa yieay |

SAep ()9 10J 210s

josrewzadns ur pojuasaxd

A 10J UOTJBULIOJUT UI[BaY
(dOd) @seyoand jo jutod

wrou Ajrolewr
—uriou [e100s 2AndLosaq

Krowowr A aAnIsod [[eoay

sammued Ajrunwwod Jo sjud
-1[0 UT SaYBIUI A 9SBAIOUI O],

Solfiurey
ur A IO Pue SnOIJIONId
“aue10-doap jo uonduns

-U0D pue SUIAISS 9SLAIOUI O],

s1eak G—g pasde uaIp[Iyo
Ul sayeIul A puUe ‘s1oyjowr Aq
A Jo uonejuasaid asearour o,

s1oylow £q SYIUOW GE—9
PpaSe UaIP[IYO 0] UOTIBIUD

-sa1d (ADTQ) d1qe1edoa
U213 AJea[ JIep 9seaIoul of,

S)[npe ur IorALYaq
Surseyoind A asearour o,

syuapmys AJISIOA
-IUN UI SOYBIUI A SBIOUI O,

sjuopns AJIsIoA
-1un Ul SAYBIUI A ASLAIOUI O],

uoneonpg
[¥81] Te 10 S¥rRID

uoneINpa paseq-s[Irys
[S01] T8 10 yoruapm

uoneonpg
[€81] T8 19 YeqeL

uoneonpg
[281] Te 10 uetIyRY

uoneonpyg
[181] & 30 emESO

uoneonpyg
I Apmis [081] ‘T8 30 YOIS

AIowaN
€ Apmg
[6L1] ‘Te 10 uosuIqoy

SUOISN[OU0))

SInsoy

uostredwo))

UOTJUQAIIU]

wry

UOTJUSAISIUI/A0UAIRJY

ponunuod ¢ Aqel,

pringer

Qs



Eur J Nutr

sdiysuonefox

Aurey aaoxdwt pue £)nd

-9sul PO0J 20NPal ‘sayeIul

A osearout ued awwergord
Suruapres Ayunwwod

syuapnjs 239[[00 Juowe
uondwinsuoo A 9seaIout o}
ssaurpeal pue uonjeredard A
Jo AoeoyJe-J[os Jursearour
JI0J UOTJUSAIUI JUSIOYJS-)S0D
pUB 9A1}09JJ9 UB 9q AeW
SO9PIA UOTBNSUOWIP A UIUQ

udjed A Jo AjoLIeA pue d)se)

0) ssauSuI[[Im ‘10§ saouarajaxd

‘SpIesmo) sopninje ‘Jjo uon
-1u30031 paroidwr Surudpren

soyeul
A U0 pajoedull SAMIANOE pue
SUOSSQ] UOTIUSAISIUT SUTUAPIED)

A[uo 1000301

[ooyos ur
AYeIur 9[qeIaSeA QouINPuI 0}
apme aanisod e pajerouad
suwrer3ord uoneadr33oA YL,
BOLIJY YINOS Ul 93e[[IA [eInI
© UT UdIP[IYO P[o-4-G 01 -T JO
SnJe)s y UIweA ay) pasoidur
ATO pue mof[af Jo uon
-onpoid oy} uo pasnooj pue
‘UonNBONP UONHINNU O} PAYUI]
‘K31anoe axed ey Arewrd
' 1M pAjeISojur sem Jey)
Jwwrer3oid Juruopres owoy v

uonuaA
-19junsod 0 -o1d woiy (sdiys
-uone[ar Afrurey paaoxdur
pue £)1nodasur pooy

PaoNpaI) SAYEIUL A PaseaIoul |

AI[B 10 A Ioyj0o

10J $109JJ9 Ou Inq ‘paseaIout

A QUO I0J SaYeIU] "UOTIUIAID
-junsod pasearour Aoeoyjo
-JI9S A pue a3ueyd jo a5e1s

159) 9JSE] UL SOUAIPIP
ON "D SA ] UI POWINSUOD
K191IBA A PUE ‘9)SE] 0 SSAU
-Surim ‘10§ seouarajoxd
‘SpIemo) sapmie ‘Jo uon
-1u30931 110da1-J19s pasearou]

JUSIXQ JISSI[ € 0)
13sod 9s11 0} panunuod pue
I SuLIp PaseaIOUI UOTOJ[AS A

Aquo 1000301g
so[goid 1opuag pue aoer 10§
payorew S[oOYdS D ur uon
-dwnsuod pajorpaid swrou
[e100s 1 ur uondwnsuod
pajorpaid seapmmy D SA [
ur 1oy3ry sayejur A jodaI-Jos

1 ut paaoxduir osfe
93pomouy| [eUIANRIA D SA
U)Jo 10w ATO PUB MO[
-[oA pawInsuod | Woij uaIp

-[1yo “dn-mo[[oJ Yiuow-(g 1Y

[01U0d ON

[01U0 ON

(0S1 = u) K[uo
UoneINPI JOUAIDS pue [I[eaHy

[01U0d ON

(or=u
syoom 9 Joj oonoeld [ensn)

(s¢ = u) (o1
-oe1d [ensn) UOTJUSAIUI ON

Quiwrer3old Juruepred owoy
ou 1m 3e[[1A SuLnoqysIaN

(S[enpraiput €97 ‘sorjiuey
T = U) SONIANOE [BID0S pue
‘soouarradxe JuruapIes ‘uomn

-eonpa uipnpour ‘ouuelsd

-o1d Suruapres Ayunwwo))

(981 =1u)

syyuowt 10§ yyuowr 1od

Quo ‘A § Jo Sunse) pue
soap1a uoneredaid suruQ

(S100Y2s T ‘LT = U)
uoneonpa paseq uopren)
"UONBONPI JOUIIOS PuE YI[eoH
8pomoury
SurseaIour pue ‘SUTINSUOD
pue Sunse) ‘Suimoid A
Surpnour ‘syom 221}
1oy surwrer3oxd Suruopien)
(9 = u)
SyoaMm g JOJ sa1Sorens
SOIUIOU0ID [BINOIARY]
6 UO Paseq UOTIUSAISIU]
(8¢ =u)
(suoneredaid ) Sunse)
A A1tep pue ‘(syiuow g
JIOJ YIUOW/T) UIUED
ur A painjesj ‘skerdsip
19150d ‘uoneoNpa UONLINN

(sproyesnoy

€/1 ‘suapIes owoy 97| = u)

Kyanoe ared Arewrtad e jo

jred se ‘oFe[[1A [eIn1 € ul
swweidoxd Suruopres owoH

soljrurey

ur (sdrysuonerar Afrurey

aaoxdwir pue A31no9s pooy
20NpaI) SAYEIUL A ISBAIIUI O],

(98] = u) uonuUAAINUI
paseq 239[[0)) "syudpnIs
9391100 uT sayeIUT A pue

Koeoyja-J[os A ‘o3ueyo

0] SSQUIPEAI 9SLAIOUT O,

UOTIUQAIIUT PASLq-[00YOS
's1e9A ¢1—11 pagde uaIpIyo
Ul SayeIUL A SBAIOUI O],

UOTJUAIIUI Paseq
-[00YOS "URIP[IYd 9peIs yig
—uojeSIopury ul Ieq pefes

B JB UOIJOJ[AS A 9SBIOUI O],
SIOATFOIRD
10} UOTIUQAIU] "SIBIA TT—6
Pade uaIp[Iyo ur KjoLreA pue
SunyI[ ‘eyeIur A SBIIOUI OF,

OpeIs pIIY) §() UT USIP[IYO
UT UOTJUIAIDIUI PASE(-[00YDS

‘uondwinsuod A pue suon

-UQ)UI ‘SIPMITJE ISBAIOUT OF,

uonuaAIduI Juruopied
QuIoy [eInI Y ‘SIedk G—¢
page uaIp[IYd Ut (ATOA)
A AJeo] udai3 yrep pue
MO[[A Jo sayeur aaoxdwr of,

SONIANOR [BIO0S
Qouarradxyg
uoneonpg

[061] 'Te 10 Koure)

Jouarradxyg
amsodxg
uoneonpyg

[L6] 'Te 19 umorg

Qouarradxyg
uoneonpg
[681] 'Te 10 SggrIRy

Qouarradxyg
amsodxg
uoneonpyg

(8811 T8 10 1yStim

(A[uo
[0o0j01d) [£8T] 'Te 10 o]

Qouonradxyg
spremay
amsodxg
uoneonpyg
[981] e 10 g

Qouonadxyg
amsodxyg
Anqerreay
uonesonpg

[S8T1] 'Te 10 1oqed

SUOISN[OUOD SIOYINY

Synsay

uostredwo))

UOTIUSAINUT

wry

UOTJUIAIIUI/AIUIRJIY

SOYBIUL 9[qBIOTA 9SBAIOUT 0] SAIFYenS Jo AJoLrea v Sulsn suonuaAIolul Jusuodwod-ninuwt paysiqnd 9 IqeL,

pringer

a's



Eur J Nutr

SNSIAA S4 “9[qeIdSAA A ‘UOTUAAIONI ] ‘UoSLIEdWOd )

QouaIpneE Jo31e) Jo 9Fe Aq POIOPIO SUOTIUIAIAU]

s1adjoy 100junjoA pue

S}[npe punoqawoy Ioj ‘sygo

-uoq Auew sey swweidord
uopIeS A pasLIQUIBIuOd AT,

uonduwnsuod

A INOQE UOTJeULIOJUT UONLINU
0) ssa2oe 3uipraoid Jo 109530

[e1o1yauaq © 3s933ns sSurpury
A1moas
uonmnu o) SunnqrIuod oS
pue ‘spjoyosnoy 1ood ur A
Jo a3uer e Jo uondwnsuod
pue A1ddns Sursearour 10y
UOTJUIAIIUL QATORJJO UR

316 SuapIeS SWOY S, USWOA

uondwnsuod A 10J papia
-o1d sjpnsar ou nq ‘@onpoid
[sa1j paaredar syuedronreq
"YIOM-J[3S PUE UOIIOB
-1o)ut paaoxdwr jo syroday]

(310da1-j10s) ABp o) SSOIOR
pUE ‘BLI2JOJD AU} UI D) SA |
ur uondwnsuod A pasearouf

D SA Ajarrea Arejarp
pue uondunsuod ‘uononp
-o1d A poseoIoul UI PojNSaI |

[01U0d ON

(891 = u) syuedonred
1I¥ 10§ Yorqpasy Aot
[BUOSIOG ‘UOTIUDAIIUT ON

(6Ly =u)
(3S1[-11EM ) UOTIUDAIIUT ON

uopIes A Iourejuo))
(181 = u) syuedonred
[Te 10J orqpeaj AIeIaIp
[eUOSIo ‘NUAW BLIDIAJLI UL
papnjour A umoisd A[[eso[
pue s1a150d ‘so[qe) e110)oyed
[T uo sy2om g A19A2 paoerd
SJUQ) 9[qe) [RUOTIEULIOJUT 7]

(€01 = u) Juowdmbo
uopIed pue ‘Suryoood ‘spaas
‘uoneonpa ‘Jururen) udpIen)

Qouandxyg

sjnpe punoq uoneonpg

-owoy Ul (Y1IoMm-J[os pue Anmiqereay
UOTIOBIIUI PISBAIOUI PUR) [co1]

uondwnsuoo A asearour o, K[Ioyreap) pue A[1oyIeop

SBLI19)oJe0 doe[dyIom
Ul S)[NPe Ul SINOIABYSQ
uondwnsuoo A asearour o,

uoneonpy
Annqerresy
[z61] eureAeInjy pue eprysny]

Qouarradxyg
sar[iuwrey ur A)SIOAIP uoneonpg
Areyarp pue uondwnsuod Anpiqerreay

‘uononpoid A osearour o],  [161] ‘T8 10 SIOUOBWAUIAIYDS

SUOISN[OUOD SIOYNY

Snsoy

uostredwo))

UOTIUAINUT

wry UONUIAIIUI/QOUIJIY

ponunuod 9 Aqey,

pringer

Qs



Eur J Nutr

Multi-component interventions

Multi-component interventions involve a combination of
strategies (Table 6). Ten of these interventions were found.
Again all the published reports evaluating these interven-
tions report success, but again multiple measures are often
taken, which demonstrate varying degrees of benefit.
These types of intervention can also be time-consuming
and costly to implement. Success is furthermore not eas-
ily attributable to the combination of many strategies as
opposed to the use of any single one.

Discussion

While a variety of successful strategies for increasing veg-
etable intakes have been tried, evaluated and published,
evaluation periods are typically short, effect sizes can be
small, and those studies that use longer follow-up periods
often report reductions in effect size as follow-up periods
are extended. These findings are unsurprising and have
persuaded many researchers to recommend repeated inter-
ventions or a combination of interventions with the hope
of improving long-term benefits. However, cost-effective-
ness is rarely considered, yet cost-effectiveness becomes
an increasing concern in long-lasting and multi-compo-
nent interventions. Further work is clearly still required.
A greater number and variety of intervention evaluations
would increase the evidence base, and more reliably inform
future policies. Longer-term follow-ups for interventions
are imperative, and consideration of more sustainable
behaviours or the more sustainable elements of behav-
iour, such as habit formation or behavioural norm changes,
would be of value.

While the review highlights strategies of benefit further-
more, the review also identified noticeable absences. Based
on the search strategies and current literature, very few
interventions were identified specifically for adolescents
or older individuals. The eating attitudes, practices and
intakes of these groups are known to differ from those of
other members of the population, and the simple generali-
sation of successful strategies from other population groups
may not occur. Adolescence is a period of rapid develop-
ment, from physical, cognitive and social perspectives, and
changes to eating practices and dietary intake during this
period are well reported [194]. Studies in this group on bar-
riers to consumption identify constraints largely similar to
those in younger children, but also identify an increased
recognition of cognitive factors. Strategies then that involve
education may be particularly beneficial. Older individuals
similarly will experience changes in physical and cogni-
tive abilities, many of which will have an impact on eating
practices and food intake [195-197]. Barriers specifically

to vegetable consumption in this group have not been iden-
tified as far as we are aware, but barriers to fruit and veg-
etable consumption are similar to those for other adults
[195, 196], although the impact of demographic charac-
teristics and environmental factors tend to be exacerbated.
Changes to living circumstances for example, will impact
negatively on existing impacts as a result of availability,
cost and cooking abilities [195-197].

Vegetable consumption is also known to be low in indi-
viduals of low education and of low socio-economic status
[198], and these factors are specifically highlighted as barri-
ers to increasing consumption, yet few of the interventions
published to date focus on or even include individuals with
these demographics. There are some exceptions—the inter-
vention by Clarke et al. [184] focuses specifically on indi-
viduals using community pantries, and many of the studies
in the developing world focus not only on increasing veg-
etable intakes but also on sustainable vegetable provision
and improved food security [185, 191], but more work is
clearly needed in relation to socio-economic disparities.
Interventions that improve fruit and vegetable intakes are
available [199]. Increased efforts to reduce socio-economic
disparities, however, are often requested [200-203], and
concerns that intervention success is most easily achieved
in those of little need of benefit are difficult to allay.

Consideration of the barriers to vegetable consumption
suggests that many of the strategies that have shown suc-
cess so far in certain groups may be beneficial for other
groups. Almost all individuals will arguably benefit from
increasing vegetable intakes, and the strategies found to
be successful in one population group may easily transfer
to another. Exposure type strategies to increase liking, for
example, have shown effects for fruit consumption in older
adults as well as children [204], although vegetables were
not specifically investigated here. We recommend care-
ful consideration of barriers however, and caution against
a ‘one size fits all’ approach. While interventions may be
successful across individual and population groups, testing
is clearly required. At present, there is a real lack of com-
parisons between interventions—i.e. interventions have not
been compared, e.g. in the same age group or population,
with the exception of comparisons of differing exposure
and conditioning strategies in young children. This lack
of comparison may reflect the early nature of the field, but
even where multi-component interventions have been suc-
cessful, identification of the successful component/compo-
nents is rarely undertaken. With a view to lasting impact
and cost-effectiveness, comparison of interventions, or the
identification of more effective intervention components
would clearly be of value.

Several types of broader population-based interven-
tions have also not yet been considered specifically for
vegetable consumption. Strategies such as pricing and
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marketing interventions, improved product provision,
government subsidies, and population-wide awareness
and education campaigns [205-207] specifically for veg-
etables do not yet exist or have not yet been evaluated
as far as we are aware. In some countries, WHO recom-
mendations have been separated for fruit and vegetables.
Dutch consumers are asked to consume 2 + 2 (2 portions
of fruit and 2 portions of vegetables per day), and Austral-
ian consumers are asked to aim for 2 4+ 5 (2 portions of
fruit and 5 portion of vegetables per day), but these types
of recommendations rely heavily on an individual’s abil-
ity to identify and categorise fruits and vegetables, and
limited work suggests that consumers find this difficult
[41, 104].

Limitations of the review

While our review has identified a number and variety of inter-
ventions, we have only considered the published literature,
and our search strategy is likely to be biased towards articles
published in English and away from related grey literature,
such as lay publications and conference proceedings. Due to
the early nature of the research area, publication bias is also
highly likely. There is a noticeable absence of publications
that report failures, or that demonstrate cost-inefficiency or
other negative impacts of interventions. We also chose not
to attempt to combine interventions. Due to the early nature
of the research area, the limited number of studies avail-
able per intervention type, and high heterogeneity between
study methodologies, we considered combination to be
inappropriate.

Future directions

There is an urgent need for the development and evaluation
of interventions to target all population groups. Interven-
tions are particularly required for certain population groups,
including adolescents, older adults and those of low socio-
economic status. Interventions for groups ‘at risk’ of disease
may also be beneficial, given the often increased success of
interventions in these individuals [1]. Assessments of the
long-term benefits, sustainability and cost-effectiveness of
interventions are also clearly required. While many inter-
ventions report success, effect sizes are typically small,
long-term follow-up is rarely undertaken and studies that do
report follow-up often fail to find sustained benefits. Inter-
ventions with a focus on long-term benefits and sustained
behaviour change are required, as is increased work under-
standing the principles underlying behaviour change and
behaviour change maintenance. Comparisons between inter-
ventions, to identify those of greatest likely benefit, would
also be of interest.

@ Springer

Conclusion

In conclusion, increasing evidence suggests health benefits
from the increased consumption specifically of vegetables,
yet barriers to increasing intakes are prevalent, and while
successful interventions have been published, the true value
of these, both in cost-efficiency and sustainability are yet
to be determined. Considerable further work is needed in
developing new and adapting existing interventions for all
population groups, and in evaluating benefit and cost-effi-
ciency over the longer term.
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