CHAPTER 4.

How are components of dietary
intake, dietary composition,
foods, and nutrients related to
obesity and weight gain”

Current evidence and
recommendations

A report on diet, nutrition, and the
prevention of chronic diseases
was published after the joint World
Health Organization (WHO)/Food
and Agriculture Organization of
the United Nations (FAO) Expert
Consultation held in 2002 [1]. A
summary of the risk factors in rela-
tion to prevention of excess weight
gain and obesity is presented in
Table 4.1 [2]. Lifestyle factors list-
ed as obesity-promoting factors
(with the strength of evidence) in-
cluded high intake of energy-dense
foods (convincing) and high-sugar
drinks (probable). The review found
evidence that protective factors
against obesity were a high intake
of energy-dilute foods (non-starch
polysaccharides/fibre) (convincing)

and foods of low glycaemic index
(Gl) (possible). Correspondingly,
energy-dense foods (foods high in
fat and/or sugar) and sugary drinks
were considered to be probable de-
terminants of obesity by the World
Cancer Research Fund (WCRF)/
American Institute for Cancer Re-
search (AICR) in the second WCRF/
AICR expert report, published in
2007 (Table 4.2) [3]. Recent WHO
guidelines, from 2015, which focus
on reducing the risk of noncom-
municable diseases in adults and
children, including prevention and
control of unhealthy weight gain,
strongly recommend reducing the
intake of free sugars to less than
10% of total energy intake [4]. An-
other probable risk factor for weight
gain, overweight, and obesity,
which did not appear in the WHO/
FAO Expert Consultation report
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but was mentioned in the second
WCRF/AICR expert report, referred
to fast foods, defined as foods that
“are consumed often, in large por-
tions, and are energy-dense” [3].
The only dietary factor that was
considered by WCRF/AICR to de-
crease the risk of weight gain, over-
weight, and obesity, by promoting
appropriate energy intake, was
intake of low-energy-dense foods,
i.e. wholegrain cereals and cereal
products, non-starchy vegetables,
and dietary fibre.

Dietary scores and dietary
patterns

An analysis of three cohorts in the
USA indicated that better diet quali-
ty, i.e. higher Alternate Mediterranean
Diet (aMED), Alternate Healthy Eating
Index-2010 (AHEI-2010), and Dietary
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Table 4.1. Factors that might promote or protect against overweight and weight gain

Strength of evidence? Decreases risk No relationship Increases risk

Convincing Regular physical activity Sedentary lifestyles
High intake of dietary non-starch High intake of energy-dense foods®
polysaccharides/fibre
Probable Home and school environments Heavy marketing of energy-dense foods® and
that support healthy food choices fast-food outlets
for children Adverse social and economic conditions (in
Breastfeeding developed countries, especially for women)
High-sugar drinks
Possible Foods with low glycaemic index Protein content of the diet Large portion sizes
High proportion of food prepared outside the
home (developed countries)
“Rigid restraint/periodic disinhibition” eating
patterns
Insufficient Increased eating frequency Alcohol consumption

2 Strength of evidence: The totality of the evidence was taken into account. The World Cancer Research Fund schema was taken as the starting point but was modified in the
following manner: randomized controlled trials (RCTs) were given prominence as the highest ranking study design (RCTs not a major source of cancer evidence); associated
evidence was also taken into account in relation to environmental determinants (direct trials were usually not available or possible).

b Energy-dense foods are high in fat and/or sugar; energy-dilute foods are high in non-starch polysaccharides/fibre and water, such as fruits, legumes, vegetables, and wholegrain
cereals.

Source: Reproduced with permission from Swinburn et al. (2004) [2].

Table 4.2. Factors that modify the risk of weight gain, overweight, and obesity

Strength of evidence Decreases risk Increases risk

Convincing Physical activity Sedentary living®

Probable Energy-dense foods®®
Sugary drinks®
Fast foods'

Television viewing?

Low-energy-dense foods®
Being breastfed®

Limited — suggestive

Refined cereals (grains) and their products; starchy roots, tubers, and plantains; fruits; meat; fish; milk and
dairy products; fruit juices; coffee; alcoholic drinks; sweeteners

Limited — no conclusion

Substantial effect on risk unlikely None identified

2 Sedentary living comprises both high levels of physical inactivity and low levels of physical activity (in terms of intensity, frequency, and duration).

® The direct epidemiological evidence for low-energy-dense foods is from wholegrain cereals (grains) and cereal products, non-starchy vegetables, and dietary fibre. The
direct epidemiological evidence for energy-dense foods is from animal fat and fast foods. These are interpreted as markers of the energy density of diets, based on compelling
physiological and mechanistic evidence.

°© Some relatively unprocessed energy-dense foods (which tend to be eaten sparingly), such as nuts, seeds, and some vegetable oils, are valuable sources of nutrients.

4 The evidence relates principally to obesity in childhood, but overweight and obesity in children tend to track into adult life: overweight children are liable to become overweight
and obese adults.

© The evidence relates to all drinks containing added caloric sweeteners, notably sucrose and high-fructose corn syrup. Fruit juices are also sugary drinks and could have similar
effects, but the evidence is currently limited.

f Fast foods characteristically are consumed often, in large portions, and are energy-dense.

9 Television viewing is here identified as a sedentary activity. It is also associated with consumption of energy-dense foods. The evidence relates specifically to childhood and
adolescence, and is taken also to apply to adults.

Source: Reproduced with permission from WCRF/AICR (2007) [3].

ment, both the increased availability

Approaches to Stop Hypertension
(DASH) scores, was associated with
less weight gain during adult life [5].
This finding was in agreement with
the results obtained from European
cohorts using similar indices [6, 7].
A systematic review found that 13 of
21 epidemiological studies reported a

negative association between adher-
ence to the Mediterranean diet and
overweight/obesity or weight gain [8].
In turn, increased frequency of con-
sumption of fast-food products was
linearly associated with lower Med-
iterranean Diet and Healthy Eating
Index scores [9]. In today’s environ-

of and the portion sizes of fast-food
products may contribute to rising obe-
sity rates [10, 11].

Dietary patterns derived a pos-
teriori by using dimension-reduction
techniques such as factor or cluster
analysis also showed that adherence



to a healthy dietary pattern (high in-
take of whole grains, fruits and veg-
etables, and reduced-fat dairy prod-
ucts) was associated with smaller
gains in body mass index (BMI) and
waist circumference (WC), whereas
adoption of a dietary pattern typical
of developed countries (also called
the meat—sweet diet) may lead to
weight gain [12-17]. A diet charac-
terized by higher intakes of vegeta-
bles and wholemeal cereal products
resulted in a lower risk of becoming
overweight or obese (odds ratio
[OR], 0.69; 95% confidence interval
[CI], 0.54—0.88) in children followed
up for 2 years [18]. The first study to
prospectively investigate the associ-
ation between dietary patterns at the
nutrient level and weight change cor-
roborated the previous findings that a
healthy dietary pattern is associated
with less weight gain and also high-
lighted combinations of nutrients that
may be responsible for such associ-
ations at the food level [19].

The nutrition transition

The nutrition transition in developing
countries leads to dietary intakes of
micronutrient-poor,  energy-dense
foods, which may be important de-
terminants of overweight/obesity and
important for child development [20].
In low- and middle-income countries
(LMICs), consumption of fruits and
vegetables was observed to be low-
er in groups with low socioeconom-
ic status compared with those with
high socioeconomic status; this may
be due to a lack of knowledge of the
health benefits of fruits and vegeta-
bles, their high cost, and limited ac-
cess to fresh-food markets in groups
with lower socioeconomic status [21].
In addition, groups with high socio-
economic status were observed to
have a higher intake of protein (due to
increased intake of animal foods ac-
companying the nutrition transition),
a lower intake of carbohydrates and
fibre (attributable to a higher intake

of processed foods replacing tradi-
tional, carbohydrate-rich foods), and
a higher intake of fat (associated with
increased prosperity and supermar-
ket expansion) [21]. Nutrient-dense
foods are often more expensive than
the energy-dense alternatives [22].

Foods

One of the most consistent results
with regard to obesogenic dietary
factors pertains to the high energy
density of some foods, i.e. an ener-
gy content of more than about 225—
275 kcal per 100 g (941-1151 kJ per
100 g). Energy-dense foods have
been rated as probable [3], convinc-
ing [1], or suggestive [23] obesity-pro-
moting factors by three comprehen-
sive reports and reviews on nutrition
and obesity/weight gain. A study
based on a prospective cohort from
five European countries indicated an
increase in WC of 0.09 cm/year (95%
Cl, 0.01-0.18 cml/year) per 1 kcal/g
(4.2 kJ/g) dietary energy density, but
did not observe a significant associ-
ation of energy density with weight
gain [24].

Fast foods are energy-dense,
micronutrient-poor foods that are of-
ten high in saturated and trans-fatty
acids, processed starches, and add-
ed sugars [25]. Several observational
studies have indicated an increased
risk of being obese, greater weight
gain, higher BMI, and higher rates of
overweight/obesity in those consum-
ing fast-food products compared with
non-consumers, in both developed
regions [9, 26—28] and developing
regions [29-31]. Consumption of a
fast-food product (including ham-
burgers, cheeseburgers, and French
fries) more than once per week by
adults in Spain increased the risk of
being obese by 129%, compared with
non-consumers, after controlling for
energy intake and several lifestyle
factors [9]. In a cohort of participants
aged 18-30 years in the USA, more
frequent consumers (more than twice

per week) gained an extra 4.5 kg of
body weight over a 15-year period
compared with less frequent consum-
ers (less than once per week) of fast-
food products [26]. Also, an increase
of 5 BMI units (kg/m?) was observed
in children and adolescents in Chi-
na who consumed processed foods
frequently [29]. A recent analysis of
the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC)
study using biomarkers of dietary
exposure to industrially processed
foods reported that a high blood lev-
el of industrial trans-fatty acids may
increase the risk of weight gain, par-
ticularly in women [32].

In contrast, the evidence is not
straightforward for beverages that
may be a significant source of addi-
tional energy intake, including sugary
drinks and alcoholic drinks.

Both the WHO/FAO report and
the WCRF/AICR report indicated the
probable role of sugary drinks (also
called sodas, soft drinks, high-sug-
ar drinks, or sugar-sweetened bev-
erages) in obesity development [1,
3]. Some [33-37] but not all later
meta-analyses and reviews [38—42]
concluded that there is a significant
positive association between intake
of this food group and risk of obesity.
Several factors are likely to contribute
to these discrepant findings, includ-
ing methodological differences be-
tween studies (different outcomes
[overweight, weight gain, obesity];
varying exposure [types of bever-
ages]; types of studies included [in-
terventional and/or observationall;
adjusted or not for energy intake
and physical activity; different popu-
lations considered [age groups, sex,
geographical regions that may vary
in the composition of sugary drinks
and the level of intake]), reporting
and publication bias, and conflict of
interest with the food industry [43].
Nevertheless, evidence support-
ing the obesogenic effect of sugary
drinks of poor nutritional quality is
growing, with increasing relevance
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in children, especially in low-income
socioeconomic groups [44] and in
LMICs [45]. A meta-analysis of 22
cohort studies showed that each
increment of one sugary drink per
day was associated with an increase
of 0.05-0.06 BMI units (kg/m?) in
children per year and an additional
weight gain of 0.12-0.22 kg in adults
per year [34]. A meta-analysis of five
cohort studies indicated a 55% (95%
Cl, 32-82%) higher risk of being
overweight in children who consume
sugary drinks daily [46].

In the above-mentioned studies,
the main methodological difference
that may cause the discrepancies
may be related to adjustment for en-
ergy intake. Because sugary drinks
are believed to be an additional
non-compensated energy source,
an ad libitum strategy (energy intake
not controlled or adjusted for) was
proposed to be a better measure of
the association of the intake of sugary
drinks with obesity and/or weight gain.
Indeed, an ad libitum strategy result-
ed in significant positive associations
in meta-analyses of both experimen-
tal and observational studies [33].
Other authors claim that adjustment
for energy intake should be taken into
consideration; these studies general-
ly observed no significant association
[37]. Moreover, more pronounced ge-
netic predisposition to obesity was
observed with higher consumption
of sugary drinks [47].

Discrepant results have been
found also for alcoholic drinks. A
recent review summarizing the met-
abolic effect of intake of energy-
containing beverages concluded that
observational studies have shown a
positive association, a negative as-
sociation, or no relationship between
intake of alcohol or sugary drinks
and body weight [48]. For alcohol
intake, both the WHO/FAO report
and the WCRF/AICR report ranked
the evidence as insufficient to draw
any conclusion in relation to body
weight gain or obesity. Longer inter-

vention studies and more detailed
assessment of energy balance and
other possible confounding lifestyle
factors are still warranted to ascer-
tain the obesogenic effect of these
beverages. Also, better exposure as-
sessment, with the possible use of
validated biomarkers of intake (dis-
cussed later in this chapter), would
be a valuable asset in judging the ev-
idence, especially from existing well-
powered epidemiological studies.

Sweets and desserts is another
food group that may be characterized
by high sugar content and high ener-
gy density. Suggestive evidence was
found that high intake of sweets and
desserts is a risk factor for weight gain
[23]. In an analysis in the EPIC-Pots-
dam cohort, each increment of 100 g
per day in intake of sweets was shown
to be associated with the likelihood of
a short-term weight gain in men (OR,
1.48; 95% ClI, 1.03-2.13) [49]. Also
in cohorts in the USA, each portion
of sweets and desserts was signifi-
cantly associated with an increase
of 0.19 kg (95% CI, 0.07-0.30 kg) in
weight per 4-year period [50].

Intake of meat in general, which
is a significant dietary source of
high-quality protein and specific fatty
acids, was ranked by Fogelholm et
al. as a probable risk factor for weight
gain [23]. Higher intake of red and
processed meat was positively asso-
ciated with both BMI (mean difference
between groups with high and low in-
take, 1.37 kg/m? [95% CI, 0.90-1.84
kg/m?] for red meat and 1.32 kg/m?
[95% CI, 0.64—-2.00 kg/m?] for pro-
cessed meat) and WC (mean differ-
ence between groups with high and
low intake, 2.79 cm [95% CI, 1.86—
3.70 cm] for red meat and 2.77 cm
[95% ClI, 1.87—-2.66 cm] for processed
meat), based on a meta-analysis of
18 observational studies [51]. How-
ever, as stated in the WCRF/AICR
report, the energy density of meat
depends on the amount of fat it con-
tains and how it is cooked, whereas
the fatty acid composition of meat de-

pends on its origin, processing, and
animal feed. The quality of meat may
differ according to the socioeconomic
status of the consumer [52].

Sufficient evidence does not
exist for establishing an association
between body weight and intake
of fish, a major source of omega-3
polyunsaturated fatty acids [3, 23].
No significant association was ob-
served between fish intake and 5-year
change in body weight in the EPIC
study [53]. Additional evidence from
a recent meta-analysis of randomized
controlled trials (RCTs) that studied
the effect of fish or fish oils on body
composition found that participants
in supplemented groups lost 0.59 kg
more body weight, 0.49% more body
fat, and 0.24 kg/m? more BMI com-
pared with the control group and that
their WC decreased by 0.81 cm more
than the control group [54].

Results from two independent
meta-analyses of RCTs suggested
a potential beneficial effect of intake
of total dairy products on weight loss
(mean difference between groups with
high and low intake, —0.61 kg [95% Cl,
-1.29 to 0.07 kg] [55] and -0.14 kg
[95% CI, -0.66 to 0.38 kg] [56]) and
improved body composition. However,
this effect was significant only when
dairy products were used as compo-
nents of energy-restricted weight-loss
diets or short-term interventions [56].
A systematic review of prospective co-
hort studies concluded that the pro-
tective effect of consumption of dairy
products on the risk of overweight and
obesity is suggestive but not consis-
tent [57]. Subsequent findings from the
Framingham Heart Study indicated a
0.10 = 0.04 kg smaller annual weight
gain in participants who consumed
dairy products more frequently, prob-
ably attributable to yogurt intake [58].
Three prospective cohorts in the USA
indicated a 0.82 Ib (~0.37 kg) lower
4-year weight associated with yogurt
consumption [50].

Legumes (i.e. beans, chickpeas,
lentils, lupins, soybeans) could be



consumed as a plant-based alter-
native to animal protein. They have
a lower energy density than animal
protein and are good sources of fi-
bre and microelements. Replacing
energy-dense foods with legumes
has been shown to have a favour-
able effect on obesity prevention [59]
and short-term weight loss [60—62]
in adults. Longer-term interventions
with specific legume sources did not
confirm these findings [63, 64]. The
effect of legume consumption on
weight control in children remains to
be evaluated.

For refined cereal products,
most reviews state that insufficient
evidence exists for an association be-
tween intake and obesity [3, 35, 36],
with a suggestion of an adverse effect
by Fogelholm et al. [23]. Wholegrain
cereals and foods, due to their low
energy density and high fibre content,
were indicated by several reports as
having a protective effect against obe-
sity and weight gain [3, 23, 35, 36]. A
meta-analysis of prospective cohorts
indicated a reduction of weight gain
in those who consumed whole grains
more frequently by 0.4—1.5 kg during
8—13 years of follow-up [65], where-
as RCTs found only a small effect of
wholegrain intake on the percentage
of body fat (weighted difference,
-0.48%; 95% ClI, -0.95% to -0.01%,
per g/day) [65a].

The group of non-starchy veg-
etables has similar characteristics
in terms of fibre content and energy
density. High-fibre/low-energy-density
foods as a group were evaluated by
WCRF/AICR as a probable obesi-
ty-preventive factor [3]. A meta-anal-
ysis of eight RCTs indicated that the
change in body weight was 0.68 kg
lower in the group with high intake of
fruits and vegetables compared with
the group with low intake [66]; how-
ever, not all studies [67] supported
this inverse association, particularly
in children [68]. When fruits and veg-
etables were considered separately,
a meta-analysis of prospective cohort

studies indicated that intake of fruits
and intake of vegetables were each
associated with a 17% reduced risk
of adiposity, whereas intake of com-
bined fruits and vegetables was asso-
ciated with a 9% reduced risk of adi-
posity (OR, 0.91; 95% Cl, 0.84-0.99),
but only intake of fruits was inversely
associated with weight change [69].
Anegative association with long-term
weight change was also observed for
higher consumption of nuts in three
prospective cohorts (-0.26 kg 4-year
weight change per one-serving incre-
ment per day in the intake of nuts)
[70]. A protective effect of nuts against
weight gain has been also supported
by several intervention studies [71].
In a meta-analysis of three pro-
spective cohorts, a 4-year weight
loss was observed for consumption
of vegetables (-0.22 Ib, or —0.10 kg),
whole grains (-0.37 Ib, or -0.17 kg),
fruits (-0.49 Ib, or -0.22 kg), and nuts
(=0.57 Ib, or —0.26 kg) [50]. Howev-
er, it should be kept in mind that Gl
differs for different types of fruits and
vegetables. For example, potatoes
— similarly to refined carbohydrates
characterized by high Gl — could
be positively associated with higher
weight; however, sufficient evidence
is still lacking [3, 23] to discourage in-
take of starchy vegetables in relation
to obesity prevention. Nevertheless,
the above-mentioned meta-analysis
of cohorts in the USA [50], as well as
an observational study from Denmark
[72], indicated a 4-year weight gain
of 1.28 Ib (0.58 kg) and a 5-year in-
crease in WC in women of 0.1 cm (per
60 kcal/day, or 250 kJ/day) in relation
to higher intake of potatoes. These
results require confirmation based on
well-established cohorts.

Macronutrients

Fat is characterized by the highest
energy density of all macronutrients
(37 kJ/g, or 8.8 kcallg). However, at
the macronutrient level, according to
the WHO/FAO report and a system-

atic review [1, 23], no sufficient or
consistent evidence exists for fat or
specific fatty acids and their ratios to
be listed as determinants of obesity
[73]. Long-term supplementation of
the Mediterranean diet with unsaturat-
ed fat from olive oil or nuts improved
cardiovascular health and was asso-
ciated with a lower risk of obesity, as
shown in the Prevencion con Dieta
Mediterranea (PREDIMED) trial [74,
75]. Arecent systematic review eval-
uated four RCTs and two meta-analy-
ses that investigated intake of fat and
fatty acids in relation to body weight
and composition [76]. The study
concluded that there was probable
evidence for a moderate positive as-
sociation between total fat intake and
body weight. A subsequent compre-
hensive meta-analysis of RCTs with
a follow-up of 6-96 months showed
that reduction of dietary fat intake
(£ 30% of energy from fat) led to
greater weight loss (-1.5 kg; 95%
Cl, =2.0 to -1.1 kg) and reductions
in BMI (-0.5 kg/m?; 95% CI, —0.7 to
-0.3 kg/m?) and WC (-0.3 cm; 95%
Cl, -0.6 to -0.02 cm) than in the con-
trol group with usual fat intake [77],
but no significant association be-
tween total fat intake and measures
of body fatness was found based on
the evidence from 25 cohort studies
[77]. This meta-analysis included
only RCTs that compared a lower fat
intake versus usual or moderate fat
intake in subjects from the general
population without any intention to
reduce body weight. However, anoth-
er meta-analysis based on 53 studies
that compared the long-term effect
(= 1 year) of low-fat and higher-fat
dietary interventions on weight loss
found no effect of lowering fat intake
on long-term weight loss [78].
Nevertheless, at the level of the
overall dietary composition, interac-
tion of macronutrients is more likely
to have an impact on obesity control.
In their meta-analysis of 23 RCTs, Hu
et al. [79] compared the effects of
low-fat diets (< 30% of energy from
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fat) versus low-carbohydrate diets
(<45% of energy from carbohydrates)
and found that the two types of diets
resulted in comparable reduction in
weight and WC. However, compared
with participants following low-fat di-
ets, those following low-carbohydrate
diets experienced a slightly but sta-
tistically significantly lower reduction
in total cholesterol and low-density
lipoprotein cholesterol but a greater
increase in high-density lipoprotein
cholesterol and a greater decrease
in triglycerides. Following a low-
carbohydrate diet for at least
6 months reduced body weight by
2.1-14.3 kg and WC by 2.2-9.5 cm
and led to similar or greater abdom-
inal fat loss compared with an isoen-
ergetic low-fat intervention [80].
With respect to the type of
carbohydrate, increased intake of
dietary sugars may be associated
with an increase in body weight by
0.75 kg (95% ClI, 0.30-1.19 kg) and
decreased intake with a comparable
weight decrease, by 0.80 kg (95%
Cl, 0.39-1.21 kg), as suggested by
a meta-analysis of 30 trials of adults
with ad libitum diets. Isoenergetic
exchange of free sugars (from a
diet high in fructose or sucrose)
with other carbohydrates (i.e. starch
or fibre) did not result in a change
in body weight, suggesting that
energy intake rather than the type
of carbohydrate is a determinant of
weight change [46]. On the basis of
these outcomes, WHO concluded
that the strength of evidence is
moderate for the association between
added sugar (including in the form of
sugary drinks) and body weight gain/
obesity, and suggested that longer
trials (> 8 weeks) with increasing or
decreasing intake of sugars should
be conducted in free-living individuals
to confirm this association and set
the threshold of intake [4]. Special
attention should be paid to fructose
and fructose-containing sugars, for
which mechanistic data suggest
their potential effect on increased

energy intake and reduced energy
expenditure (failure to stimulate
leptin production) and their effect on
lipid and carbohydrate metabolism
(stimulation of de novo lipogenesis)
[81], but also on inducing signalling
and inflammatory pathways [82].

A probable obesity-protective ef-
fect of fibre (in both adults and children)
and of low Gl (in women only) has been
advocated by two reviews [23, 35].
The WHO/FAOQ report also suggested
a possible anti-obesogenic effect of
low-GlI foods [1]. As shown by a Eu-
ropean trial, lowering the Gl of a diet
and increasing its protein content in
an ad libitum setting led to a weight
regain that was 0.95 kg lower (95%
Cl, 0.33-1.57 kg) compared with a
high-Gl diet in obese individuals after
the loss of more than 8% of their initial
weight. That study found an additive
effect of a high-protein and low-Gl diet
on body weight maintenance during
the 6 months after the weight loss [83,
84]. In a meta-analysis of six RCTs, a
greater decrease in fat mass and BMI
was observed in participants assigned
to a low-Gl diet compared with controls
[85]. Arecently published study inves-
tigated the effect of changes in intake
of protein foods and glycaemic load
on long-term weight gain [86]. The
study, based on three prospective
cohorts in the USA, showed that pro-
tein foods were not interchanged with
each other but rather replaced with
carbohydrate-rich foods and that an
interaction between changes in in-
take of protein foods and glycaemic
load and long-term weight gain was
present. The study found that an in-
crease in intake of protein foods that
were positively associated with weight
gain (i.e. unprocessed red meat and
processed meat) together with a con-
comitant increase in glycaemic load
augmented the weight gain, whereas
a higher intake of protein foods as-
sociated with weight loss (i.e. nuts,
seafood, and plain yogurt) generally
reduced the amount of weight loss
when there was a concurrent increase

in glycaemic load and increased the
amount of weight loss when there was
a concurrent decrease in glycaemic
load.

However, the existing epidemio-
logical evidence in relation to protein
intake in terms of obesity prevention
is not clear. In 2004, WHO concluded
that there is no relationship between
obesity and the protein content of the
diet [1]. Later studies suggested an
inverse association between protein
intake and BMI (-4.54 kg/m? per g/kg
body weight) and WC (-2.45 cm per g/
kg body weight) [87] or no association
for total protein intake, increased body
weight for animal protein intake, and
decreased body weight for plant
protein intake (per ~38 g/day) [88]. This
was confirmed by Freisling et al., who
investigated nutrient patterns based
on the EPIC cohort [19]. The study
indicated that a pattern characterized
by higher intakes of plant food sources
(characterized by higher intakes of
folate, vitamin C, and [-carotene)
was negatively associated with weight
gain (-22 g/year for men and -18 g/
year for women), whereas a pattern
characterized by higher intakes of
total protein, vitamin B,, phosphorus,
and calcium was associated with a
weight gain of +41 glyear (95% CI,
+2 to +80 g/year) in men and +88 g/
year (95% ClI, +36 to +140 g/year) in
women. However, another study based
on the EPIC cohort concluded that a
diet with the highest consumption of
protein (> 22% of energy from protein)
was associated with a 23-24% higher
risk of overweight or obesity in models
adjusted for energy intake, and that
isoenergetic replacement of 5% of
energy from carbohydrate (especially
fibre) or fat by 5% of energy from
protein was positively associated with
weight gain after 5 years, regardless
of the type of protein (animal protein
or plant protein) [89].

Given the possible mechanisms of
the effect of proteins on body weight
related to satiety control, studies in
an ad libitum setting are more likely



to observe their potential anti-obesity
effect. Proteins, similarly to fibre, are
believed to induce greater satiety
signals by affecting gastric kinetics
and release of gut hormones [90,
91]. However, this effect may depend
on the type (casein vs whey) and
form (liquid or solid) of macronutrient
ingested, and it still needs to
be elucidated whether this effect is
maintained in the long term [92]. More
consensus exists in the literature for
the effect of protein intake on weight
loss and/or maintenance. Based on two
meta-analyses of experimental studies,
high-protein diets resulted in greater
reduction of weight/WC/fat mass
and preservation of lean body mass
compared with low-protein diets with
similar dietary fat content [93, 94]. This
effect, in turn, is believed to be attrib-
utable to greater diet-induced thermo-
genesis, affecting energy balance and
alterations in protein turnover. Adverse
health outcomes may be observed with
excessive protein intakes [95].

_ Key points

Biomarkers of exposure

Despite the fact that the field of me-
tabolomics is growing, to date few
validated biomarkers of dietary ex-
posure have been used to validate
dietary intakes. Some examples are
urinary nitrogen (biomarker of protein
intake), urinary sucrose and fructose
(intake of sugars), fatty acid profiles
of plasma phospholipids, erythro-
cytes, and adipose tissue (intake of
dietary fats/fatty acids), plasma vita-
mins (surrogate of intake of fruits and
vegetables), plasma alkylresorcinols
(intake of whole grains), urine meth-
ylhistidine (meat intake), trimethyl-
amine N-oxide (fish intake), and urine
polyphenols (intakes of red wine, cit-
rus, tea, soy, and olive oil), which are
discussed in reviews [96—-99]. More
recently, the application of stable car-
bon isotope (**C) analysis of alanine
in red blood cells was suggested as a
validation marker of intake of sugary
drinks and sugars [100], and a spe-

cific plasma fatty acid (elaidic acid)
was suggested as a biomarker of in-
dustrial trans-fatty acids [101].

Conclusions

Taken together, the evidence indicates
that adherence to a healthy diet
characterized by increased intake of
low-GlI foods and/or fibre (wholegrain
products, non-starchy vegetables,
and nuts) and avoidance of energy-
dense foods (fast foods, sweets,
and desserts), simple carbohydrates
(including sugary drinks), low-quality
processed meats, and refined cereal
products should be implemented for
obesity prevention. More studies
are required to ascertain the effect
of intake of legumes, fish, different
types of dairy products, and specific
fatty acids on weight and in relation to
obesity prevention. To ensure better
estimation of true dietary intakes,
the use of exposure biomarkers is
warranted.

signalling.

» Energy intake as part of energy balance plays a major role in weight gain and obesity management.
* In an ad libitum free-living setting, specific macronutrients may reduce energy intake by affecting satiety

« As part of a healthy diet, foods that are micronutrient-dense, are high in fibre, have a low Gl, and/or have
a low energy density (fruits and non-starchy vegetables, wholegrain products, nuts, and seeds) help to
maintain a healthy body weight.

* The following may be obesity-promoting factors: energy-dense, micronutrient-poor fast foods that are high
in saturated and industrial fatty acids and/or refined starches and sugars, low-quality processed meats,
sweets and desserts, and sugary drinks.
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_ Research needs

» Well-designed longer observational and intervention studies, especially in children and adolescents, are
needed to establish the link between intake of fish, different types of dairy products, fruits, vegetables,
legumes, specific fatty acids, energy density, and interaction between nutrients as a part of diet and obesity

and weight gain.

« Detailed, appropriate, and standardized assessment of potential confounders (including baseline BMI,
weight gain during follow-up, energy intake from different dietary sources, and socioeconomic status) and
outcomes (obesity and adiposity measures) should be considered.

» Measurement of validated biomarkers of dietary exposure should be used in order to better control for
measurement error and reporting bias in dietary intake assessment.

References

1. WHO (2003). Diet, nutriton and the
prevention of chronic diseases: report of a
joint WHO/FAO Expert Consultation. Geneva,
Switzerland: World Health Organization (WHO
Technical Report Series, No. 916). Available
from: http://www.who.int/dietphysicalactivity/
publications/trs916/en/.

2. Swinburn BA, Caterson |, Seidell JC, James
WP (2004). Diet, nutrition and the prevention of
excess weight gain and obesity. Public Health
Nutr. 7(1A):123-46. PMID:14972057

3. WCRF/AICR (2007). Food, nutrition, physical
activity, and the prevention of cancer: a global
perspective. Washington (DC), USA: World
Cancer Research Fund/American Institute for
Cancer Research. Available from: www.aicr.
org/assets/docs/pdf/reports/Second_Expert,

Report.pdf.

4.WHO (2015). Guideline: sugars intake for adults
and children. Geneva, Switzerland: World Health
Organization. Available from: apps.who.int/iris/
bitstream/10665/149782/1/9789241549028
eng.pdf?ua=1.

5. Fung TT, Pan A, Hou T, Chiuve SE, Tobias DK,
Mozaffarian D, et al. (2015). Long-term change
in diet quality is associated with body weight
change in men and women. J Nutr. 145(8):

1850-6. http://dx.doi.org/10.3945/jn.114.208785
PMID:26084363

6. Romaguera D, Norat T, Vergnaud A-C,
Mouw T, May AM, Agudo A, et al. (2010).
Mediterranean dietary patterns and prospective
weight change in participants of the EPIC-
PANACEA project. Am J Clin Nutr. 92(4):912—

21. http://dx.doi.org/10.3945/ajcn.2010.29482
PMID:20810975

7. Funtikova AN, Benitez-Arciniega AA,
Gomez SF, Fit6 M, Elosua R, Schroder H
(2014). Mediterranean diet impact on changes
in abdominal fat and 10-year incidence of
abdominal obesity in a Spanish population. Br J

Nutr. 111(8):1481-7. http://dx.doi.org/10.1017/
$0007114513003966 PMID:24382017

8. Buckland G, Bach A, Serra-Majem L
(2008). Obesity and the Mediterranean
diet: a systematic review of observational
and intervention studies. Obes Rev. 9(6):
582-93.  http://dx.doi.org/10.1111/j.1467-

14. Newby PK, Muller D, Hallfrisch J, Andres
R, Tucker KL (2004). Food patterns measured
by factor analysis and anthropometric changes
in adults. Am J Clin Nutr. 80(2):504-13.
PMID:15277177

789X.2008.00503.x PMID:18547378

9. Schréder H, Fito M, Covas MI; REGICOR
investigators (2007). Association of fast food
consumption with energy intake, diet quality,
body mass index and the risk of obesity in a
representative Mediterranean population. Br J

Nutr. 98(6):1274-80. http://dx.doi.org/10.1017/
S0007114507781436 PMID: 17625027

10. Vandevijvere S, Chow CC, Hall KD,
Umali E, Swinburn BA (2015). Increased
food energy supply as a major driver of the
obesity epidemic: a global analysis. Bull World
Health Organ. 93(7):446-56. http://dx.doi.
0rg/10.2471/BLT.14.150565 PMID:26170502

11. Piernas C, Popkin BM (2011). Increased
portion sizes from energy-dense foods affect
total energy intake at eating occasions in
US children and adolescents: patterns and
trends by age group and sociodemographic
characteristics, 1977-2006. Am J Clin Nutr.
94(5):1324-32. http://dx.doi.org/10.3945/
ajcn.110.008466 PMID:21918222

12. Newby PK, Muller D, Hallfrisch J, Qiao N,
Andres R, Tucker KL (2003). Dietary patterns
and changes in body mass index and waist
circumference in adults. Am J Clin Nutr.
77(6):1417-25. PMID:12791618

13. Schulz M, Néthlings U, Hoffmann K,
Bergmann MM, Boeing H (2005). Identification
of a food pattern characterized by high-fiber
and low-fat food choices associated with
low prospective weight change in the EPIC-
Potsdam cohort. J Nutr. 135(5):1183-9.
PMID:15867301

15. Schulze MB, Fung TT, Manson JE, Willett
WC, Hu FB (2006). Dietary patterns and
changes in body weight in women. Obesity
(Silver Spring). 14(8):1444-53. http://dx.doi.
0rg/10.1038/0oby.2006.164 PMID:16988088

16. Shi Z, Yuan B, Hu G, Dai Y, Zuo H,
Holmboe-Ottesen G (2011). Dietary pattern
and weight change in a 5-year follow-up among
Chinese adults: results from the Jiangsu
Nutrition Study. Br J Nutr. 105(7):1047-54.

http://dx.doi.org/10.1017/S0007114510004630
PMID:21106132

17.Yu C, Shi Z, Lv J, Du H, Qi L, Guo Y, et
al. (2015). Major dietary patterns in relation to
general and central obesity among Chinese
adults. Nutrients. 7(7):5834-49. http://dx.doi.
0rg/10.3390/nu7075253 PMID:26184308

18. Pala V, Lissner L, Hebestreit A, Lanfer A, Sieri
S, Siani A, et al. (2013). Dietary patterns and
longitudinal change in body mass in European
children: a follow-up study on the IDEFICS
multicenter cohort. Eur J Clin Nutr. 67(10):1042—

9. http://dx.doi.org/10.1038/ejcn.2013.145
PMID:23942180

19. Freisling H, Pisa PT, Ferrari P, Byrnes G,
Moskal A, Dahm CC, et al. (2016). Main nutrient
patterns are associated with prospective
weight change in adults from 10 European
countries. Eur J Nutr. 55(6):2093—104. http://

dx.doi.org/10.1007/s00394-015-1023-x
PMID:26303194

20. Troesch B, Biesalski HK, Bos R, Buskens E,
Calder PC, Saris WH, et al. (2015). Increased
intake of foods with high nutrient density can
help to break the intergenerational cycle of
malnutrition and obesity. Nutrients. 7(7):6016—

37. http://dx.doi.org/10.3390/nu7075266
PMID:26197337


http://www.who.int/dietphysicalactivity/publications/trs916/en/
http://www.who.int/dietphysicalactivity/publications/trs916/en/
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14972057&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26303194&dopt=Abstract 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26303194&dopt=Abstract 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26303194&dopt=Abstract 
http://apps.who.int/iris/bitstream/10665/149782/1/9789241549028_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/149782/1/9789241549028_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/149782/1/9789241549028_eng.pdf?ua=1
http://dx.doi.org/10.3945/jn.114.208785
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26084363&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.2010.29482
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20810975&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20810975&dopt=Abstract
http://dx.doi.org/10.1017/S0007114513003966
http://dx.doi.org/10.1017/S0007114513003966
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24382017&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2008.00503.x
http://dx.doi.org/10.1111/j.1467-789X.2008.00503.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18547378&dopt=Abstract
http://dx.doi.org/10.1017/S0007114507781436
http://dx.doi.org/10.1017/S0007114507781436
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17625027&dopt=Abstract
http://dx.doi.org/10.2471/BLT.14.150565
http://dx.doi.org/10.2471/BLT.14.150565
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26170502&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.110.008466
http://dx.doi.org/10.3945/ajcn.110.008466
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21918222&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12791618&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15867301&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15867301&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15277177&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15277177&dopt=Abstract
http://dx.doi.org/10.1038/oby.2006.164
http://dx.doi.org/10.1038/oby.2006.164
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16988088&dopt=Abstract
http://dx.doi.org/10.1017/S0007114510004630
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21106132&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21106132&dopt=Abstract
http://dx.doi.org/10.3390/nu7075253
http://dx.doi.org/10.3390/nu7075253
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26184308&dopt=Abstract
http://dx.doi.org/10.1038/ejcn.2013.145
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23942180&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23942180&dopt=Abstract
http://dx.doi.org/10.1007/s00394-015-1023-x PMID:26303194
http://dx.doi.org/10.3390/nu7075266
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26197337&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26197337&dopt=Abstract

21. Mayén AL, Marques-Vidal P, Paccaud F,
Bovet P, Stringhini S (2014). Socioeconomic
determinants of dietary patterns in low- and
middle-income countries: a systematic review.
Am J Clin Nutr. 100(6):1520-31. http://dx.doi.
0rg/10.3945/ajcn.114.089029 PMID:25411287

22. Rao M, Afshin A, Singh G, Mozaffarian D
(2013). Do healthier foods and diet patterns
cost more than less healthy options? A
systematic review and meta-analysis. BMJ

Open. 3(12):e004277. http://dx.doi.org/10.1136/
bmjopen-2013-004277 PMID:24309174

23. Fogelholm M, Anderssen S, Gunnarsdottir
I, Lahti-Koski M (2012). Dietary macronutrients
and food consumption as determinants of
long-term weight change in adult populations:
a systematic literature review. Food Nutr

Res. 56:19103. http://dx.doi.org/10.3402/fnr.
v56i0.19103 PMID:22893781

24. Du H, van der A DL, Ginder V, Jebb SA,
Forouhi NG, Wareham NJ, et al. (2009). Dietary
energy density in relation to subsequent
changes of weight and waist circumference
in European men and women. PLoS One.
4(4):e5339. http://dx.doi.org/10.1371/journal.
pone.0005339 PMID:19396357

25. Jaworowska A, Blackham T, Davies IG,
Stevenson L (2013). Nutritional challenges and
health implications of takeaway and fast food.
Nutr Rev. 71(5):310-8. http://dx.doi.org/10.1111/
nure.12031 PMID:23590707

26. Pereira MA, Kartashov Al, Ebbeling CB,
Van Horn L, Slattery ML, Jacobs DR Jr, et
al. (2005). Fast-food habits, weight gain,
and insulin resistance (the CARDIA study):
15-year prospective analysis. Lancet. 365
(9453):36-42. http://dx.doi.org/10.1016/
S0140-6736(04)17663-0 PMID:15639678

27. Alkerwi A, Crichton GE, Hébert JR (2014).
Consumption of ready-made meals and
increased risk of obesity: findings from the
Observation of Cardiovascular Risk Factors in
Luxembourg (ORISCAV-LUX) study. Br J Nutr.
9:1-8. PMID:25488071

28. Kant AK, Whitley MI, Graubard Bl (2015).
Away from home meals: associations with
biomarkers of chronic disease and dietary intake in
American adults, NHANES 2005-2010. Int J Obes

(Lond). 39(5):820—7. http://dx.doi.org/10.1038/
ij0.2014.183 PMID:25319744

29.ZhouY, DuS, Su C, Zhang B, Wang H, Popkin
BM (2015). The food retail revolution in China
and its association with diet and health. Food
Policy. 55:92—100. http://dx.doi.org/10.1016/j.
foodpol.2015.07.001 PMID:26217068

30. Rouhani MH, Mirseifinezhad M, Omrani N,
Esmaillzadeh A, Azadbakht L (2012). Fast food
consumption, quality of diet, and obesity among
Isfahanian adolescent girls. J Obes. 2012:

597924. http:/dx.doi.org/10.1155/2012/597924
PMID:22619703

31. ALFaris NA, Al-Tamimi JZ, Al-Jobair MO,
Al-Shwaiyat NM (2015). Trends of fast food
consumption among adolescent and young
adult Saudi girls living in Riyadh. Food Nutr

Res. 59:26488. http://dx.doi.org/10.3402/fnr.
v59.26488 PMID:25792229

32. Chajés V, Biessy C, Ferrari P, Romieu I,
Freisling H, Huybrechts I, et al. (2015). Plasma
elaidic acid level as biomarker of industrial
trans fatty acids and risk of weight change:
report from the EPIC study. PLoS One.
10(2):e0118206. http://dx.doi.org/10.1371/
journal.pone.0118206 PMID:25675445

33. Hu FB, Malik VS (2010). Sugar-
sweetened beverages and risk of obesity
and type 2 diabetes: epidemiologic
evidence. Physiol Behav. 100(1):47-54. http://

dx.doi.org/10.1016/j.physbeh.2010.01.036
PMID:20138901

34. Malik VS, Pan A, Willett WC, Hu FB (2013).
Sugar-sweetened beverages and weight gain
in children and adults: a systematic review and
meta-analysis. Am J Clin Nutr. 98(4):1084—102.

http://dx.doi.org/10.3945/ajcn.113.058362
PMID:23966427

35. Hauner H, Bechthold A, Boeing H, Bronstrup
A, Buyken A, Leschik-Bonnet E, et al.; German
Nutrition Society (2012). Evidence-based
guideline of the German Nutrition Society:
carbohydrate intake and prevention of nutrition-
related diseases. Ann Nutr Metab. 60(Suppl

1):1-58. http://dx.doi.org/10.1159/000335326
PMID:22286913

36. Fardet A, Boirie Y (2014). Associations
between food and beverage groups and major
diet-related chronic diseases: an exhaustive
review of pooled/meta-analyses and systematic
reviews. Nutr Rev. 72(12):741-62. http://dx.doi.
org/10.1111/nure.12153 PMID:25406801

37. Trumbo PR, Rivers CR (2014). Systematic
review of the evidence foran association between
sugar-sweetened beverage consumption and
risk of obesity. Nutr Rev. 72(9):566—74. http://
dx.doi.org/10.1111/nure. 12128 PMID:25091794

38. Kaiser KA, Shikany JM, Keating KD, Allison
DB (2013). Will reducing sugar-sweetened
beverage consumption reduce obesity?
Evidence supporting conjecture is strong, but
evidence when testing effect is weak. Obes

Rev. 14(8):620-33. http://dx.doi.org/10.1111/
0br.12048 PMID:23742715

39. Keller A, Bucher Della Torre S (2015). Sugar-
sweetened beverages and obesity among
children and adolescents: a review of systematic
literature reviews. Child Obes. 11(4):338—

46. http://dx.doi.org/10.1089/chi.2014.0117
PMID:26258560

40.van Baak MA, Astrup A (2009). Consumption
of sugars and body weight. Obes Rev.

10(Suppl 1):9-23. http://dx.doi.org/10.1111/.1467-
789X.2008.00561.x PMID:19207532

41. Forshee RA, Anderson PA, Storey ML
(2008). Sugar-sweetened beverages and body
mass index in children and adolescents: a
meta-analysis. Am J Clin Nutr. 87(6):1662-71.
PMID:18541554

42. Gibson S (2008). Sugar-sweetened soft
drinks and obesity: a systematic review of
the evidence from observational studies and
interventions. Nutr Res Rev. 21(2):134-47.

http://dx.doi.org/10.1017/S0954422408110976
PMID:19087367

43. Bes-Rastrollo M, Schulze MB, Ruiz-Canela
M, Martinez-Gonzalez MA (2013). Financial
conflicts of interest and reporting bias regarding
the association between sugar-sweetened
beverages and weight gain: a systematic
review of systematic reviews. PLoS Med.
10(12):e1001578. http://dx.doi.org/10.1371/
journal.pmed.1001578 PMID:24391479

44. Han E, Powell LM (2013). Consumption
patterns of sugar-sweetened beverages in the
United States. J Acad Nutr Diet. 113(1):43-53.

http://dx.doi.org/10.1016/j.jand.2012.09.016
PMID:23260723

45. Basu S, McKee M, Galea G, Stuckler D
(2013). Relationship of soft drink consumption to
global overweight, obesity, and diabetes: a cross-
national analysis of 75 countries. Am J Public
Health. 103(11):2071-7. http:/dx.doi.org/10.2105/
AJPH.2012.300974 PMID:23488503

46. Te Morenga L, Mallard S, Mann J (2012).
Dietary sugars and body weight: systematic
review and meta-analyses of randomised
controlled trials and cohort studies. BMJ.

346:e7492. http://dx.doi.org/10.1136/bmj.
7492 PMID:23321486

47. Qi Q, Chu AY, Kang JH, Jensen MK, Curhan
GC, Pasquale LR, et al. (2012). Sugar-sweetened
beverages and genetic risk of obesity. N Engl J Med.

367(15):1387-96.  http://dx.doi.org/10.1056/
NEJMoa1203039 PMID:22998338

48. Poppitt SD (2015). Beverage consumption:
are alcoholic and sugary drinks tipping the
balance towards overweight and obesity?
Nutrients. 7(8):6700—18. http:/dx.doi.org/10.3390/
nu7085304 PMID:26270675

49. Schulz M, Kroke A, Liese AD, Hoffmann K,
Bergmann MM, Boeing H (2002). Food groups
as predictors for short-term weight changes in
men and women of the EPIC-Potsdam cohort.
J Nutr. 132(6):1335-40. PMID:12042455

50. Mozaffarian D, Hao T, Rimm EB, Willett
WC, Hu FB (2011). Changes in diet and
lifestyle and long-term weight gain in women
and men. N Engl J Med. 364(25):2392—-404.

http://dx.doi.org/10.1056/NEJMo0a1014296
PMID:21696306

51. Rouhani MH, Salehi-Abargouei A, Surkan
PJ, Azadbakht L (2014). Is there a relationship
between red or processed meat intake and
obesity? A systematic review and meta-analysis
of observational studies. Obes Rev. 15(9):

740-8. http://dx.doi.org/10.1111/0br.12172
PMID:24815945

52. Webb EC, O’Neill HA (2008). The
animal fat paradox and meat quality. Meat

Sci. 80(1):28-36. http://dx.doi.org/10.1016/
j.-meatsci.2008.05.029 PMID:22063167

53. Jakobsen MU, Dethlefsen C, Due KM, May
AM, Romaguera D, Vergnaud A-C, et al. (2013).
Fish consumption and subsequent change in
body weight in European women and men. BrJ
Nutr. 109(2):353-62. http://dx.doi.org/10.1017/
S0007114512001079 PMID:22716915

Chapter 4. How are components of dietary intake, dietary composition, foods, and nutrients related to obesity and weight gain? n

<
14
w
=
o
<
X
o



http://dx.doi.org/10.3945/ajcn.114.089029
http://dx.doi.org/10.3945/ajcn.114.089029
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25411287&dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2013-004277
http://dx.doi.org/10.1136/bmjopen-2013-004277
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24309174&dopt=Abstract
http://dx.doi.org/10.3402/fnr.v56i0.19103
http://dx.doi.org/10.3402/fnr.v56i0.19103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22893781&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0005339
http://dx.doi.org/10.1371/journal.pone.0005339
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19396357&dopt=Abstract
http://dx.doi.org/10.1111/nure.12031
http://dx.doi.org/10.1111/nure.12031
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23590707&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(04)17663-0
http://dx.doi.org/10.1016/S0140-6736(04)17663-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15639678&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25488071&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2014.183
http://dx.doi.org/10.1038/ijo.2014.183
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25319744&dopt=Abstract
http://dx.doi.org/10.1016/j.foodpol.2015.07.001
http://dx.doi.org/10.1016/j.foodpol.2015.07.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26217068&dopt=Abstract
http://dx.doi.org/10.1155/2012/597924
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22619703&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22619703&dopt=Abstract
http://dx.doi.org/10.3402/fnr.v59.26488
http://dx.doi.org/10.3402/fnr.v59.26488
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25792229&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0118206
http://dx.doi.org/10.1371/journal.pone.0118206
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25675445&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2010.01.036
http://dx.doi.org/10.1016/j.physbeh.2010.01.036
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20138901&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20138901&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.113.058362
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23966427&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23966427&dopt=Abstract
http://dx.doi.org/10.1159/000335326
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22286913&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22286913&dopt=Abstract
http://dx.doi.org/10.1111/nure.12153
http://dx.doi.org/10.1111/nure.12153
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25406801&dopt=Abstract
http://dx.doi.org/10.1111/nure.12128
http://dx.doi.org/10.1111/nure.12128
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25091794&dopt=Abstract
http://dx.doi.org/10.1111/obr.12048
http://dx.doi.org/10.1111/obr.12048
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23742715&dopt=Abstract
http://dx.doi.org/10.1089/chi.2014.0117
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26258560&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26258560&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2008.00561.x
http://dx.doi.org/10.1111/j.1467-789X.2008.00561.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19207532&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18541554&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18541554&dopt=Abstract
http://dx.doi.org/10.1017/S0954422408110976
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19087367&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19087367&dopt=Abstract
http://dx.doi.org/10.1371/journal.pmed.1001578
http://dx.doi.org/10.1371/journal.pmed.1001578
https://www.ncbi.nlm.nih.gov/pubmed/24391479?dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2012.09.016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23260723&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23260723&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2012.300974
http://dx.doi.org/10.2105/AJPH.2012.300974
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23488503&dopt=Abstract
http://dx.doi.org/10.1136/bmj.e7492
http://dx.doi.org/10.1136/bmj.e7492
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23321486&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1203039
http://dx.doi.org/10.1056/NEJMoa1203039
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22998338&dopt=Abstract
http://dx.doi.org/10.3390/nu7085304
http://dx.doi.org/10.3390/nu7085304
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26270675&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12042455&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1014296
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21696306&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21696306&dopt=Abstract
http://dx.doi.org/10.1111/obr.12172
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24815945&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24815945&dopt=Abstract
http://dx.doi.org/10.1016/j.meatsci.2008.05.029
http://dx.doi.org/10.1016/j.meatsci.2008.05.029
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22063167&dopt=Abstract
http://dx.doi.org/10.1017/S0007114512001079
http://dx.doi.org/10.1017/S0007114512001079
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22716915&dopt=Abstract

54. Bender N, Portmann M, Heg Z, Hofmann
K, Zwahlen M, Egger M (2014). Fish or
n3-PUFA intake and body composition: a
systematic review and meta-analysis. Obes
Rev. 15(8):657-65. http://dx.doi.org/10.1111/
obr.12189 PMID:24891155

55. Abargouei AS, Janghorbani M, Salehi-
Marzijarani M, Esmaillzadeh A (2012). Effect
of dairy consumption on weight and body
composition in adults: a systematic review
and meta-analysis of randomized controlled
clinical trials. Int J Obes (Lond). 36(12):1485—

93. http://dx.doi.org/10.1038/ijo.2011.269
PMID:22249225

56. Chen M, Pan A, Malik VS, Hu FB (2012).
Effects of dairy intake on body weight and fat:
a meta-analysis of randomized controlled trials.
Am J Clin Nutr. 96(4):735-47. http:/dx.doi.
0rg/10.3945/ajcn.112.037119 PMID:22932282

57. Louie JC, Flood VM, Hector DJ, Rangan
AM, Gill TP (2011). Dairy consumption and
overweight and obesity: a systematic review
of prospective cohort studies. Obes Rev.
12(7):e582-92. http://dx.doi.org/10.1111/
j.1467-789X.2011.00881.x PMID:21521450

58. Wang H, Troy LM, Rogers GT, Fox CS,
McKeown NM, Meigs JB, et al. (2014).
Longitudinal  association  between  dairy
consumption and changes of body weight
and waist circumference: the Framingham
Heart Study. Int J Obes (Lond). 38(2):299—

305. http://dx.doi.org/10.1038/ijo.2013.78
PMID:23736371

59. Rebello CJ, Greenway FL, Finley JW
(2014). A review of the nutritional value of
legumes and their effects on obesity and its
related co-morbidities. Obes Rev. 15(5):392—
407. http://dx.doi.org/10.1111/0br.12144
PMID:24433379

60. Papanikolaou Y, Fulgoni VL 3rd (2008).
Bean consumption is associated with greater
nutrient intake, reduced systolic blood
pressure, lower body weight, and a smaller
waist circumference in adults: results from
the National Health and Nutrition Examination
Survey 1999-2002. J Am Coll Nutr. 27(5):569—

76. http://dx.doi.org/10.1080/07315724.2008.1
0719740 PMID:18845707

61. Abete |, Parra D, Martinez JA (2009).
Legume-, fish-, or high-protein-based hypo-
caloric diets: effects on weight loss and mi-
tochondrial oxidation in obese men. J Med

Food. 12(1):100-8. http://dx.doi.org/10.1089/
jmf.2007.0700 PMID:19298202

62. Hermsdorff HH, Zulet MA, Abete |, Martinez
JA (2011). A legume-based hypocaloric
diet reduces proinflammatory status and
improves metabolic features in overweight/
obese subjects. Eur J Nutr. 50(1):61-9.

http://dx.doi.org/10.1007/s00394-010-0115-x
PMID:20499072

63. Belski R, Mori TA, Puddey IB, Sipsas S,
Woodman RJ, Ackland TR, et al. (2011). Effects
of lupin-enriched foods on body composition and
cardiovascular disease risk factors: a 12-month
randomized controlled weight loss trial. Int J Obes

(Lond). 35(6):810-9. http://dx.doi.org/10.1038/
ij0.2010.213 PMID:20938438

64. Hodgson JM, Lee YP, Puddey IB, Sipsas
S, Ackland TR, Beilin LJ, et al. (2010). Effects
of increasing dietary protein and fibre intake
with lupin on body weight and composition and
blood lipids in overweight men and women. Int
J Obes (Lond). 34(6):1086-94. http:/dx.doi.
org/10.1038/ij0.2010.26 PMID:20157326

65. Ye EQ, Chacko SA, Chou EL, Kugizaki
M, Liu S (2012). Greater whole-grain intake is
associated with lower risk of type 2 diabetes,
cardiovascular disease, and weight gain. J Nutr.

142(7):1304-13. http://dx.doi.org/10.3945/
jn.111.155325 PMID:22649266

65a. Pol K, Christensen R, Bartels EM, Raben
A, Tetens |, Kristensen M (2013). Whole grain
and body weight changes in apparently healthy
adults: a systematic review and meta-analysis
of randomized controlled studies. Am J Clin
Nutr. 98(4):872—84. http://dx.doi.org/10.3945/
ajcn.113.064659 PMID:23945718

66. Mytton OT, Nnoaham K, Eyles H, Scarbor-
ough P, Ni Mhurchu C (2014). Systematic review
and meta-analysis of the effect of increased
vegetable and fruit consumption on body
weight and energy intake. BMC Public Health.
14(1):886. http://dx.doi.org/10.1186/1471-
2458-14-886 PMID:25168465

67. Kaiser KA, Brown AW, Bohan Brown MM,
Shikany JM, Mattes RD, Allison DB (2014).
Increased fruit and vegetable intake has no
discernible effect on weight loss: a systematic
review and meta-analysis. Am J Clin Nutr.

100(2):567-76. http://dx.doi.org/10.3945/
ajcn.114.090548 PMID:24965308

68. Ledoux TA, Hingle MD, Baranowski T
(2011). Relationship of fruit and vegetable
intake with adiposity: a systematic review. Obes

Rev. 12(5):e143-50. http://dx.doi.org/10.1111/
j.1467-789X.2010.00786.x PMID:20633234

69. Schwingshackl L, Hoffmann G, Kalle-
Uhlmann T, Arregui M, Buijsse B, Boeing
H (2015). Fruit and vegetable consumption
and changes in anthropometric variables
in adult populations: a systematic review
and meta-analysis of prospective cohort
studies. PLoS One. 10(10):e0140846. http:/
dx.doi.org/10.1371/journal.pone.0140846
PMID:26474158

70. Jackson CL, Hu FB (2014). Long-term
associations of nut consumption with body
weight and obesity. Am J Clin Nutr. 100

(Suppl 1): 408S-11S. http://dx.doi.org/10.3945/
2jcn.113.071332 PMID:24898229

71. Vadivel V, Kunyanga CN, Biesalski HK
(2012). Health benefits of nut consumption
with special reference to body weight
control. Nutrition. 28(11-12):1089-97.
http://dx.doi.org/10.1016/j.nut.2012.01.004
PMID:23044160

72. Halkjaer J, Tjenneland A, Overvad K,
Serensen TIA (2009). Dietary predictors of 5-year
changes in waist circumference. J Am Diet Assoc.

109(8):1356-66. http://dx.doi.org/10.1016/].
jada.2009.05.015 PMID: 19631041

73. van Baak MA (2013). Nutrition as a link
between obesity and cardiovascular disease:
how can we stop the obesity epidemic?
Thromb Haemost. 110(4):689-96. http://dx.doi.
0rg/10.1160/TH13-01-0045 PMID:23945609

74. Martinez-Gonzalez MA, Salas-Salvado
J, Estruch R, Corella D, Fit6 M, Ros E;
PREDIMED INVESTIGATORS (2015).
Benefits of the Mediterranean diet: insights
from the PREDIMED study. Prog Cardiovasc

Dis. 58(1):50-60. http://dx.doi.org/10.1016/.
pcad.2015.04.003 PMID:25940230

75. Ibarrola-Jurado N, Bullé M, Guasch-Ferré
M, Ros E, Martinez-Gonzalez MA, Corella
D, et al; PREDIMED Study Investigators
(2013).  Cross-sectional assessment  of
nut consumption and obesity, metabolic
syndrome and other cardiometabolic risk
factors: the PREDIMED study. PLoS One.

8(2):e57367. http://dx.doi.org/10.1371/journal.
pone.0057367 PMID:23460844

76. Schwab U, Lauritzen L, Tholstrup T,
Haldorssoni T, Riserus U, Uusitupa M, et al.
(2014). Effect of the amount and type of dietary
fat on cardiometabolic risk factors and risk of
developing type 2 diabetes, cardiovascular
diseases, and cancer: a systematic review. Food
Nutr Res. 58:25145. http://dx.doi.org/10.3402/
fnr.v58.25145 PMID:25045347

77. Hooper L, Abdelhamid A, Bunn D, Brown
T, Summerbell CD, Skeaff CM (2015).
Effects of total fat intake on body weight.
Cochrane Database Syst Rev. 8:CD011834.
PMID:26250104

78. Tobias DK, Chen M, Manson JE, Ludwig
DS, Willett W, Hu FB (2015). Effect of low-fat
dietinterventions versus other diet interventions
on long-term weight change in adults: a
systematic review and meta-analysis. Lancet
Diabetes Endocrinol. 3(12):968-79. http:/
dx.doi.org/10.1016/S2213-8587(15)00367-8
PMID:26527511

79. Hu T, Mills KT, Yao L, Demanelis K,
Eloustaz M, Yancy WS Jr, et al. (2012).
Effects of low-carbohydrate diets versus low-
fat diets on metabolic risk factors: a meta-
analysis of randomized controlled clinical
trials. Am J Epidemiol. 176(Suppl 7):S44—

54. http://dx.doi.org/10.1093/aje/kws264
PMID:23035144

80. Hu T, Bazzano LA (2014). The low-
carbohydrate  diet and  cardiovascular
risk factors: evidence from epidemiologic
studies. Nutr Metab Cardiovasc Dis.

24(4):337-43. http://dx.doi.org/10.1016/j.
numecd.2013.12.008 PMID:24613757

81. Stanhope KL, Schwarz JM, Havel PJ (2013).
Adverse metabolic effects of dietary fructose:
results from the recent epidemiological, clinical,
and mechanistic studies. Curr Opin Lipidol.
24(3):198-206. http://dx.doi.org/10.1097/
MOL.0b013e3283613bca PMID:23594708

82. Sanders FW, Griffin JL (2016). De novo
lipogenesis in the liver in health and disease:
more than just a shunting yard for glucose. Biol
Rev Camb Philos Soc. 91(2):452-68. http:/
dx.doi.org/10.1111/brv.12178 PMID:25740151


http://dx.doi.org/10.1111/obr.12189
http://dx.doi.org/10.1111/obr.12189
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24891155&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2011.269
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22249225&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22249225&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.112.037119
http://dx.doi.org/10.3945/ajcn.112.037119
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22932282&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2011.00881.x
http://dx.doi.org/10.1111/j.1467-789X.2011.00881.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21521450&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2013.78
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23736371&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23736371&dopt=Abstract
http://dx.doi.org/10.1111/obr.12144
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24433379&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24433379&dopt=Abstract
http://dx.doi.org/10.1080/07315724.2008.10719740
http://dx.doi.org/10.1080/07315724.2008.10719740
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18845707&dopt=Abstract
http://dx.doi.org/10.1089/jmf.2007.0700
http://dx.doi.org/10.1089/jmf.2007.0700
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19298202&dopt=Abstract
http://dx.doi.org/10.1007/s00394-010-0115-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20499072&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20499072&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2010.213
http://dx.doi.org/10.1038/ijo.2010.213
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20938438&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2010.26
http://dx.doi.org/10.1038/ijo.2010.26
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20157326&dopt=Abstract
http://dx.doi.org/10.3945/jn.111.155325
http://dx.doi.org/10.3945/jn.111.155325
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22649266&dopt=Abstract
http://dx.doi.org/10.1186/1471-2458-14-886
http://dx.doi.org/10.1186/1471-2458-14-886
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25168465&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.114.090548
http://dx.doi.org/10.3945/ajcn.114.090548
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24965308&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2010.00786.x
http://dx.doi.org/10.1111/j.1467-789X.2010.00786.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20633234&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0140846
http://dx.doi.org/10.1371/journal.pone.0140846
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26474158&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26474158&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.113.071332
http://dx.doi.org/10.3945/ajcn.113.071332
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24898229&dopt=Abstract
http://dx.doi.org/10.1016/j.nut.2012.01.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23044160&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23044160&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2009.05.015
http://dx.doi.org/10.1016/j.jada.2009.05.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19631041&dopt=Abstract
http://dx.doi.org/10.1160/TH13-01-0045
http://dx.doi.org/10.1160/TH13-01-0045
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23945609&dopt=Abstract
http://dx.doi.org/10.1016/j.pcad.2015.04.003
http://dx.doi.org/10.1016/j.pcad.2015.04.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25940230&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0057367
http://dx.doi.org/10.1371/journal.pone.0057367
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23460844&dopt=Abstract
http://dx.doi.org/10.3402/fnr.v58.25145
http://dx.doi.org/10.3402/fnr.v58.25145
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25045347&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26250104&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26250104&dopt=Abstract
http://dx.doi.org/10.1016/S2213-8587(15)00367-8
http://dx.doi.org/10.1016/S2213-8587(15)00367-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26527511&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26527511&dopt=Abstract
http://dx.doi.org/10.1093/aje/kws264
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23035144&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23035144&dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2013.12.008
http://dx.doi.org/10.1016/j.numecd.2013.12.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24613757&dopt=Abstract
http://dx.doi.org/10.1097/MOL.0b013e3283613bca
http://dx.doi.org/10.1097/MOL.0b013e3283613bca
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23594708&dopt=Abstract
http://dx.doi.org/10.1111/brv.12178
http://dx.doi.org/10.1111/brv.12178
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25740151&dopt=Abstract

83. Larsen TM, Dalskov S-M, van Baak M,
Jebb SA, Papadaki A, Pfeiffer AFH, et al.; Diet,
Obesity, and Genes (Diogenes) Project (2010).
Diets with high or low protein content and
glycemic index for weight-loss maintenance.
N Engl J Med. 363(22):2102-13. http://dx.doi.
org/10.1056/NEJMoa1007137 PMID:21105792

84. Astrup A, Raben A, Geiker N (2015). The
role of higher protein diets in weight control
and obesity-related comorbidities. Int J Obes

(Lond). 39(5):721-6. http://dx.doi.org/10.1038/
ij0.2014.216 PMID:25540980

85. Thomas DE, Elliott EJ, Baur L (2007). Low
glycaemic index or low glycaemic load diets for
overweight and obesity. Cochrane Database
Syst Rev. (3):CD005105. PMID:17636786

86. Smith JD, Hou T, Ludwig DS, Rimm EB, Wil-
lett W, Hu FB, et al. (2015). Changes in intake
of protein foods, carbohydrate amount and qual-
ity, and long-term weight change: results from 3
prospective cohorts. Am J Clin Nutr. 101(6):1216—
24. http://dx.doi.org/10.3945/ajcn.114.100867
PMID:25854882

87. Pasiakos SM, Lieberman HR, Fulgoni VL
3rd (2015). Higher-protein diets are associated
with higher HDL cholesterol and lower BMI
and waist circumference in US adults. J Nutr.

145(3):605—14. http://dx.doi.org/10.3945/
jn.114.205203 PMID:25733478

88. Halkjeer J, Olsen A, Overvad K, Jakobsen
MU, Boeing H, Buijsse B, et al. (2011). Intake of
total, animal and plant protein and subsequent
changes in weight or waist circumference in
European men and women: the Diogenes proj-
ect. Int J Obes (Lond). 35(8):1104—13. http:/
dx.doi.org/10.1038/ij0.2010.254 PMID:21139559

89. Vergnaud AC, Norat T, Mouw T, Romaguera
D, May AM, Bueno-de-Mesquita HB, et al.
(2013). Macronutrient composition of the diet
and prospective weight change in participants
of the EPIC-PANACEA study. PLoS One.

8(3):e57300. http://dx.doi.org/10.1371/journal.
pone.0057300 PMID:23472080

90. Rebello C, Greenway FL, Dhurandhar NV
(2014). Functional foods to promote weight loss
and satiety. Curr Opin Clin Nutr Metab Care.
17(6):596-604. http://dx.doi.org/10.1097/
MC0.0000000000000110 PMID:25159561

91. Chambers L, McCrickerd K, Yeomans MR
(2015). Optimising foods for satiety. Trends
Food Sci Technol. 41(2):149-60. http://dx.doi.
org/10.1016/j.tifs.2014.10.007

92. Bendtsen LQ, Lorenzen JK, Bendsen
NT, Rasmussen C, Astrup A (2013). Effect of
dairy proteins on appetite, energy expenditure,
body weight, and composition: a review of the
evidence from controlled clinical trials. Adv

Nutr. 4(4):418-38. http://dx.doi.org/10.3945/
an.113.003723 PMID:23858091

93. Santesso N, Akl EA, Bianchi M, Mente
A, Mustafa R, Heels-Ansdell D, et al. (2012).
Effects of higher- versus lower-protein diets
on health outcomes: a systematic review
and meta-analysis. Eur J Clin Nutr. 66(7):
780-8. http://dx.doi.org/10.1038/ejcn.2012.37
PMID:22510792

94. Wycherley TP, Moran LJ, Clifton PM,
Noakes M, Brinkworth GD (2012). Effects
of energy-restricted high-protein, low-fat
compared with standard-protein, low-fat diets:
a meta-analysis of randomized controlled trials.
Am J Clin Nutr. 96(6):1281-98. http://dx.doi.
0rg/10.3945/ajcn.112.044321 PMID:23097268

95. Pesta DH, Samuel VT (2014). A high-
protein diet for reducing body fat: mechanisms
and possible caveats. Nutr Metab (Lond).

11(1):53. http://dx.doi.org/10.1186/1743-7075-
11-53 PMID:25489333

96. Jenab M, Slimani N, Bictash M, Ferrari P,
Bingham SA (2009). Biomarkers in nutritional
epidemiology: applications, needs and new
horizons. Hum Genet. 125(5-6):507-25.

http://dx.doi.org/10.1007/s00439-009-0662-5
PMID:19357868

97. Pérez-Jiménez J, Hubert J, Hooper L,
Cassidy A, Manach C, Wiliamson G, et al.
(2010). Urinary metabolites as biomarkers of
polyphenol intake in humans: a systematic
review. Am J Clin Nutr. 92(4):801-9. http://dx.doi.
0rg/10.3945/ajcn.2010.29924 PMID:20810980

98. Hedrick VE, Dietrich AM, Estabrooks
PA, Savla J, Serrano E, Davy BM (2012).
Dietary biomarkers: advances, limitations
and future directions. Nutr J. 11(1):109.

http://dx.doi.org/10.1186/1475-2891-11-109
PMID:23237668

99. Scalbert A, Brennan L, Manach C, Andres-
Lacueva C, Dragsted LO, Draper J, et al.
(2014). The food metabolome: a window over
dietary exposure. Am J Clin Nutr. 99(6):1286—

308. http://dx.doi.org/10.3945/ajcn.113.076133
PMID:24760973

100. Nash SH, Kristal AR, Bersamin A, Choy
K, Hopkins SE, Stanhope KL, et al. (2014).
Isotopic estimates of sugar intake are related
to chronic disease risk factors but not obesity
in an Alaska native (Yup’ik) study population.
Eur J Clin Nutr. 68(1):91-6. http://dx.doi.
org/10.1038/ejcn.2013.230 PMID:24219893

101. Chajés V, Biessy C, Byrnes G, Deharveng
G, Saadatian-Elahi M, Jenab M, et al. (2011).
Ecological-level associations between
highly processed food intakes and plasma
phospholipid elaidic acid concentrations:
results from a cross-sectional study within
the European Prospective Investigation into
Cancer and Nutrition (EPIC). Nutr Cancer.

63(8):1235-50. http://dx.doi.org/10.1080/0163
5581.2011.617530 PMID:22043987

Chapter 4. How are components of dietary intake, dietary composition, foods, and nutrients related to obesity and weight gain? H

<
14
w
=
o
<
X
o



http://dx.doi.org/10.1056/NEJMoa1007137
http://dx.doi.org/10.1056/NEJMoa1007137
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21105792&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2014.216
http://dx.doi.org/10.1038/ijo.2014.216
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25540980&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17636786&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.114.100867
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25854882&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25854882&dopt=Abstract
http://dx.doi.org/10.3945/jn.114.205203
http://dx.doi.org/10.3945/jn.114.205203
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25733478&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2010.254
http://dx.doi.org/10.1038/ijo.2010.254
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21139559&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0057300
http://dx.doi.org/10.1371/journal.pone.0057300
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23472080&dopt=Abstract
http://dx.doi.org/10.1097/MCO.0000000000000110
http://dx.doi.org/10.1097/MCO.0000000000000110
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25159561&dopt=Abstract
http://dx.doi.org/10.1016/j.tifs.2014.10.007
http://dx.doi.org/10.1016/j.tifs.2014.10.007
http://dx.doi.org/10.3945/an.113.003723
http://dx.doi.org/10.3945/an.113.003723
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23858091&dopt=Abstract
http://dx.doi.org/10.1038/ejcn.2012.37
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22510792&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22510792&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.112.044321
http://dx.doi.org/10.3945/ajcn.112.044321
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23097268&dopt=Abstract
http://dx.doi.org/10.1186/1743-7075-11-53
http://dx.doi.org/10.1186/1743-7075-11-53
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25489333&dopt=Abstract
http://dx.doi.org/10.1007/s00439-009-0662-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19357868&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19357868&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.2010.29924
http://dx.doi.org/10.3945/ajcn.2010.29924
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20810980&dopt=Abstract
http://dx.doi.org/10.1186/1475-2891-11-109
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23237668&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23237668&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.113.076133
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24760973&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24760973&dopt=Abstract
http://dx.doi.org/10.1038/ejcn.2013.230
http://dx.doi.org/10.1038/ejcn.2013.230
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24219893&dopt=Abstract
http://dx.doi.org/10.1080/01635581.2011.617530
http://dx.doi.org/10.1080/01635581.2011.617530
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22043987&dopt=Abstract



