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The role of higher protein diets in weight control and
obesity-related comorbidities
A Astrup1, A Raben1 and N Geiker2

The importance of the relative dietary content of protein, carbohydrate and the type of carbohydrate (that is, glycemic index (GI))
for weight control under ad libitum conditions has been controversial owing to the lack of large scale studies with high diet
adherence. The Diet, Obesity and Genes (DioGenes) European multicentre trial examined the importance of a slight increase in
dietary protein content, reduction in carbohydrate and the importance of choosing low (LGI) vs high GI (HGI) carbohydrates for
weight control in 932 obese families. Only the adults underwent a diet of 800 kcal per day for 8 weeks, and after losing ~ 11kg they
were randomized to one of five energy ad libitum diets for 6 months. The diets differed in protein content and GI. The high-protein
(HP) diet groups consumed 5.4% points more energy from protein than the normal protein (NP) groups, and the LGI diet groups
achieved 5.1% lower GI than the HGI groups. The effect of HP and LGI was additive on weight loss and maintenance, and the
combination was successful in preventing weight regain and reducing drop-out rate among the adults after the 11 kg weight loss.
This diet also reduced body fatness and prevalence of overweight and obesity among their children and had consistent beneficial
effects on blood pressure, blood lipids and inflammation in both parents and children. After 1 year, mainly the HP effects were
maintained. Putative genes have been identified that suggest this diet to be particularly effective in 67% of the population. In
conclusion, the DioGenes diet has shown to be effective for prevention of weight regain and for weight reduction in overweight
children under ad libitum conditions. The less-restrictive dietary approach fits into a normal food culture, and has been translated
into popular diet and cook books in several languages.
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The level of protein in the diet normally recommended is
determined by the minimum daily intake required to maintain
nitrogen balance; that is, enough protein of a sufficiently high
quality to prevent the catabolism of own protein stores. This is a
major issue, particularly given the increased prevalence of
sarcopenia in the elderly population.1 However, prevention of
autodigestion might not be the same as optimal health, and the
concept that higher levels of dietary protein could help prevent and
treat disorders, such as obesity, metabolic syndrome, type 2
diabetes (T2D) and atherosclerotic cardiovascular disease, is gaining
increasing support. This narrative review with emphasis on the
DioGenes study aims to present the evidence supporting the
recommendation of higher protein diets for management of
obesity and T2D, and addresses the associated changes in
cardiovascular risk factors. Although focus will be on higher protein
diets providing 20–30% of the diet’s energy, diets with higher
protein contents, including so-called low-carb diets (30–50% of
energy), will be included, particularly in the reviewed meta-analyses.

ARE ALL CALORIES EQUAL?
The search for a diet that is more effective for weight control than
simple calorie counting and willpower rests on the assumption
that some nutrients and foods are more likely to produce a
negative energy balance than others. Many scientists believe that
a changed diet composition per se is an ineffective tool, that the

individual must simply exert willpower to prevent overeating, and
that we should be looking for alternative mechanisms for the
physiological background of obesity, such as sedentary lifestyle,
stress, shortened sleep, undesirable gut microbiota, genetics and
so on. Some scientists do claim that all calories are equal,
contradictory to the concept that some foods are more obesity
promoting than others and that dietary recommendations and
advice also aim to contribute to the prevention of weight gain and
obesity. Evidence from observational studies shows that some
dietary factors, such as sugar-rich soft drinks, refined high
glycemic index (HGI) carbohydrates, and energy-dense fat-rich
fast foods, are associated with increased risk of weight gain and
the development of overweight and obesity, whereas diet-sodas,
whole grain and low glycemic index (LGI) carbohydrates may
decrease risk.2 These observed associations have generally been
confirmed by randomized controlled trials (RCT). The mechanisms
responsible for an effect on energy balance are primarily
promotion of an increased food intake, second, differences in
effects on thermogenesis and resting energy expenditure and
finally influence on energy absorption. There are various ways in
which foods can increase caloric intake, including large portion
sizes or hedonic qualities such as palatability, and their effects on
hunger and satiety are very strong determinants and as such may
be important targets for weight management. We believe that
sugar-rich beverages, HGI foods and energy-dense foods consisting
of mixtures of fats and refined carbohydrates, drive energy intake
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up through their low effect on satiety for the given caloric content.
The question is, to what extent can changes in these factors
protect against overeating and weight gain in susceptible
individuals if they eat a diet of optimal composition?

LIMITATIONS OF DIFFERENT STUDY DESIGNS
All types of studies and study designs in the evidence-based
hierarchy have limitations, and we must collect the evidence from
all lines of studies—animal studies, experimental and mechanistic
studies, observational studies and randomized, controlled trials, in
combination with genetic, epigenetic and omics technics—to
understand differences in individual responsiveness to diets.
Quality assessment of trials should not use a simplistic measure
such as participant retention as a marker of diet compliance and
adherence.2–3 The totality of evidence is required to form
recommendations, as all studies have limitations.
It is difficult to get a true picture of dietary intakes that is

representative for a diet varying over many years from longi-
tudinal, observational studies linking dietary factors to subsequent
weight gain.4 Few studies are designed to address this question,
as they lack repetitive measurements of biological markers for
nutrient and food intake, and do not have consecutive measure-
ments of body fat and lean body mass. This is particularly
important when addressing the role of protein in the diet for
changes in body fat over years, given the marked age-related
decline in lean body tissue and parallel increase in body fat that is
not revealed by the measurement of body weight alone.
The best evidence is thought to be gained from randomized,

double-blind, placebo controlled studies, but these cannot be fully
implemented in dietary studies for several reasons. First, dietary
manipulation of macronutrient composition and GI cannot be
made in blinded designs if real foods are used in a realistic setting
over months to years. Both the investigator and the subject are
aware of which diet has been allocated. Thus, the investigator’s
and environment’s preferences and beliefs potentially influence
the participant. Even if the investigator is open and unbiased,
commonly held public preconceptions may have a marked
influence.5 Second, it is impossible to achieve 100% adherence
to diet composition over 6–12 months. Even the supermarket
methodology that provides the subjects with all foods free of
charge for several months does not guarantee strict adherence.6–7

Subjects enroled in an RCT with the prospect of eating the same
diet every day for 6–12 months without any deviation cannot be
expected to maintain high adherence. It is also important to
realise that diet adherence cannot be assessed simply by looking
at participant retention in a trial.3–4,7 We believe the scientific
community has too readily ignored this. It is the rule rather than
the exception that dietary compliance is monitored by dietary
records made by the experimental subjects. Such records are
prone to severe misreporting, in that subjects may report what
they think the scientist would like to see. There is an obvious need
for objective markers of intake of nutrients and specific foods, and
rapid progress is fortunately being made in this area.

CALORIE RESTRICTED OR AD LIBITUM DIETS?
If the aim of a study is to examine whether calories from different
macronutrients exert different impacts on energy balance, then the
study design must allow for the influence of effects of appetite
sensations on caloric intake. Allowances for changes in energy
intake due to differences in effects on hunger, satiety and fullness,
must be made using the ad libitum design,8–9 which also provides a
much more pragmatic approach towards weight loss interventions.
This is a priori excluded if a hypocaloric intake is prescribed.
Moreover, no conclusions about any macronutrient-specific effects
can be drawn if the biological marker of intake shows no meaningful
difference between groups at the end of the intervention.

EFFECTS OF PROTEIN ON SATIETY AND THERMOGENESIS
The mechanisms by which higher protein intake may promote a
negative fat balance and reduction of body fat stores are well
established in short-term studies. The literature quite consistently
reports that the thermic effect of protein is greater than that of
carbohydrate or fat. Furthermore, there may be indications that
animal protein has a greater effect than that of vegetable protein
owing to differences in amino-acid composition,10 but this is still
to be confirmed. Moreover, protein generally exerts a greater
satiety effect than the other macronutrients,11–12 no matter
whether the protein is in drinks or in solid foods. There is
accumulating evidence that the satiety effect of protein is partly
mediated by a synergistic effect of the satiety hormones GLP-1
and PYY released from the small intestine.11–13

During weight loss higher protein diets preserve lean body
tissue, the major determinant of resting and 24-h energy
expenditure, which in turn prevents an excessive reduction in
energy expenditure.14 This is particularly significant when higher
protein diets are used in combination with physical training.

THE DIOGENES RANDOMIZED CONTROLLED TRIAL
The DioGenes study is a pan-European, randomized, controlled
multicenter trial that investigated dietary means of preventing
weight (re)gain following weight loss in free-living conditions.8–9,15

In this trial a 6-month dietary intervention tested the effect of ad
libitum diets, varying in dietary protein and GI, on weight
maintenance and obesity-related risk factors, after an initial
8-week low-calorie diet (LCD) using meal replacements to induce
a major weight loss before the ad libitum diets were introduced.

Design, methodology and diets
Families with at least one overweight or obese (body mass index:
27–45 kgm−2) parent, aged 18–65 years and at least one child aged
between 5 and 18 years, were enroled from eight European cities in
2005–2007. Details of recruitment, inclusion and exclusion criteria,
design and study procedures have previously been described in
detail.8,9,15 In brief, eligible obese adults entered an 8-week 800 kcal
per day LCD period, with an aim to obtaining a minimum weight
loss of 8%. Families with at least one overweight/obese parent who
achieved the ⩾ 8% weight loss were subsequently randomized to
one of five energy ad libitum diets. In Maastricht and Copenhagen,
the families were provided with all foods free of charge from a
university supermarket for 6 months, whereas the other six centres
provided the families with careful instruction.
Trained dieticians gave detailed instructions on the ad libitum

diets, which differed in protein content and GI: normal-protein
(NP)/LGI; NP/HGI; high-protein (HP)/LGI; HP/HGI; and control diet
with medium protein content and no specific instructions on GI.8

All diets were moderate in fat (25–30% of energy). The target was
for 10–15% of energy intake to be comprised of protein in the
normal-protein (NP) and 23–28% in the HP groups (thus a
difference between the HP and NP groups of 12% of energy).
Participants in the LGI groups were advised to consume LGI foods
and those in the HGI groups HGI foods within a food group.8 The
aim was to achieve a 15-point GI difference between the HGI and
LGI groups (Table 1). During the 6-month intervention, partici-
pants were requested to attend six counselling sessions, during
which intensive guidance was provided. Participants were advised
to maintain their achieved weight loss during the intervention
period, but further weight loss was also allowed.

RESULTS
Diet compliance
A total of 932 adults started the 8-week LCD period and 773 adults
from 634 families started the 6-month intervention period.15
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The HP diet groups consumed 5.4% points more energy from
protein than the NP groups, and the HGI diet groups achieved 5.1
higher GI than the LGI groups.

Effects on body weight and body fat
The mean 8-week weight loss with the LCD was 11.0 kg. As a
reflection of differential success with the subsequent ad libitum
diets, fewer adults in the HP and the LGI groups than in the NP–
HGI group dropped out of the trial (25–26% vs 37.4%; Po0.02).15

Only the NP–HGI diet caused significant subsequent weight regain
(1.67 kg). Weight regain was 0.93 kg less in the HP groups than in
the NP group (P= 0.003), and 0.95 kg less in the LGI groups than in
the HGI groups (P= 0.003, see Figure 1). Different sensitivity
analyses provided similar and consistent results.15 The HP diets
were more likely to produce an additional 5% weight loss after
randomisation than were the NP diets (OR, 1.92; P= 0.03), and the
LGI diets were more likely to result in an additional 5% weight loss
than were the HGI diets (OR, 2.54; P= 0.003). In conclusion, a slight
increase in dietary protein and corresponding reduction in
carbohydrate, together with lowering the GI of the diet by
8 units, exerted an additive effect on body weight regulation,
so the combination was effective in preventing any weight regain

for 6 months following a 10 kg weight loss, and also in reducing
drop-out rate.

Long-term effects
In the two supermarket centres the intervention consisted of
2 month LCD, 6 months with free foods from the supermarket, and
an additional 6 months with dietetic instruction. The third part of
the study enabled us to assess the longer-term effects of the diets,
although in a smaller cohort.16 The 256 adults who completed the
2 month LCD lost 11.2 kg and the mean weight regain over the
12-month intervention period for entire group was 3.9 kg (95% CI
3.0 to 4.8). Subjects on the HP diets regained 2.0 kg less than the
NP group in completer analysis (P= 0.017), and 2.8 kg (Po0.001)
in the ITT analysis. No consistent effect of GI on weight regain was
found. For the entire 14-month intervention those on the higher
protein diets lost a total of 7.3 kg compared with 4.5 kg in the NP
groups.16

The higher protein groups also regained 1.6 kg less-fat mass
(P= 0.043) and 0.9 cm less in sagittal diameter compared with the
NP groups (P= 0.012). These effects were achieved by reported
differences in protein intake between the NP and HP groups of
only 7% of energy.

Diet effects on body fatness and health in children
The 827 children aged 5–18 years only participated in the
randomized part of the trial, and 465 children (58%) completed all
assessments, including measurements of body composition.17

Among these children only small changes in diet composition
were achieved; that is, the difference in GI was 2.3 GI units, and in
protein 4.9E% points. The NP/HGI diet increased body fat mass
more than the other diets, and the HP/LGI diet produced a
spontaneous decline in the prevalence of overweight and obesity
of 14.3% (P= 0.03).17 In a smaller cohort of the children (n= 253),
we obtained a complete set of anthropometry and dietary data
and blood variables, and here we found that after 6 months the
HP diets had significantly reduced waist circumference by 2.7 cm
and LDL-cholesterol by 0.25mmol l− 1 compared with the NP
diets.18 In the supermarket centres, with better diet adherence,
the HP diet produced a reduction in waist circumference of 3.1 cm
more than NP diets (P= 0.004), and reductions of 1.0 mmHg
(Po0.01) in diastolic blood pressure (BP), 6.5 mmHg (Po0.02) in
MAP, 6 pmol l− 1 (Po0.02) in serum insulin and 0.8 points
(Po0.02) in HOMA-IR.
There were no adverse effects of the HP diet on bone health in

the children.19

Effects on risk factors for cardiovascular disease (CVD) and
diabetes
The initial weight loss of around 11 kg obviously had beneficial
effects on diabetes and CVD risk factors, though the obese
participants were generally free of apparent diabetes and CVD.15

However, this initial weight loss clearly makes it more difficult to
detect further beneficial effects on blood lipids related to the
subsequent divergence in body weight and fat on the different
diets. The initial 11.2 kg weight loss had statistically and clinically
significant effects on important CVD risk factors. The weight loss
reduced high-sensitivity C-reactive protein by nearly 40%
(−1.15 mg/l; Po0.001), and also low- and high-density lipoprotein
cholesterol, triglycerides and BP.20 During the subsequent
6-month diet more marked decreases in high-sensitivity C-reactive
protein blood levels (0.46 mg/l) were found in the groups assigned
to low-glycemic-index diets than in those on HGI diets
(Po0.001).20 Groups on normal-protein diets had a 0.25mg/l
greater reduction in high-sensitivity C-reactive protein than those
on HP diets (Po0.001). Overall, the HP–LGI diet exerted a
beneficial effect on low-grade inflammatory status, and the

Table 1. Mean acceptability scores (confidence intervals) and P-values
for comparing different subsets of intervention diets (ITT analysis)

Normal protein
(n= 253)

Higher Protein
(n= 275)

P-value

Satisfied 62.7 (60.4, 65.1) 65.7 (63.4, 67.9) 0.09
Convenient 58.7 (56.4, 61.0) 63.3 (61.1, 65.5) 0.004
Easy 49.9 (47.4, 52.5) 55.4 (53.0, 57.8) 0.002
Motivated 69.6 (67.3, 71.8) 72.6 (70.5, 74.8) 0.05
Enjoyable 56.9 (54.5, 59.3) 62.0 (59.7, 64.3) 0.002

Figure 1. After an ~ 11 kg weight loss among the adult obese
parents achieved by a 8-week 800 kcal/day diet, the entire family
was randomized to different ad libitum diets with either low or high
glycemic index (LGI or HGI), in combination with either normal or
high protein (NP or HP). Both LGI and HP reduced weight regain
significantly, and the combination of LGI and HP exerted an additive
effect that completely prevented weight regain during the 6 months
following the initial weight loss. The overweight and obese children
in the LGI-HP group lost body fat spontaneously without adverse
effect of growth or risk factors.
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findings of the effect of the LGI diets confirm reports from
observational studies.
The effect on BP was studied by Enqberink et al.,21 and they

found that the protein component of the diet in particular exerted
an effect on this risk factor. Systolic BP during the 6-month dietary
intervention increased in both treatment groups, but it was
2.2 mmHg less (95% CI: − 4.6 to 0.2 mmHg, P= 0.08) in the HP
group than in the lower protein control group. In the 191 (pre)
hypertensive subjects, the HP diets exerted a greater effect
compared with the NP diets (−4.2 mmHg, P= 0.02).21 The effect
was attenuated after adjustment for initial BP (−3.4 mmHg,
P= 0.048) and after additional adjustment for weight change
(−2.7 mmHg, P= 0.11). Diastolic BP showed similar results. These
findings suggest that a BP reduction after weight loss is better
maintained when the intake of protein is increased at the expense
of carbohydrates. This effect is only partly mediated by body
weight.
The effect on diabetes risk was analysed by Goyenechea et al.22

The NP-HGI diet induced a higher insulin resistance (HOMA-IR)
during the 6 months period as compared with the control.
By contrast, the insulin response was lower in the HP–LGI diet after
60 and 90min of an Oral Glucose Tolerance test conducted
after the 6-month intervention. The two LGI diets (either with HP
or NP content) also led to a decrease in fructosamine levels during
the trial.22

Finally, the effect of the diets on the metabolic syndrome (MS)
was assessed by Papadaki et al.23 As expected, the initial 8-week
weight loss reduced the prevalence of MS (33.9% vs 15.9%;
Po0.001) and MS score (−1.48 vs − 4.45; Po0.001). The
subsequent 6-month diets had significant effects on MS score,
with the highest increase detected in the NP–HGI group.

Importance of genetic make-up
The DioGenes trial has also been used to look for obesity genes,
and it has been found that SNP-diet interactions on weight, waist
and fat mass regain suggest that genetic variation in nutrient
sensitive genes can modify the response to diet.24 More
importantly, we found that a genetic variant in the rs987237
gene was strongly associated with the effectiveness of the higher
protein diet. The higher protein diets were beneficial for weight
maintenance in the AA genotype group (67% of participants), but
in the AG and GG groups (33%) no differences between the effect
on weight gain of the normal and higher protein diets were
found.25 On the HP diet carriers of the obesity risk allele (G allele)
regained 1.84 kg (95% CI: 0.02; 3.67, P= 0.047) more body weight
per risk allele than individuals on a NP diet.
TFAP2B rs987237 and dietary protein/carbohydrate interacted

to modify weight maintenance. Considering the carbohydrate
proportion of the diet, the interaction was different from the
previously reported rs987237-fat-to-carbohydrate ratio interaction
for weight loss. Thus, TFAP2B–macronutrient interactions might
diverge depending on the nutritional state.25 The findings need
replication, but if confirmed in other trials they will be important
for personalised nutrition advice. It is obvious that there might be
individual differences that determine whether a diet is ineffective
for weight control in all individuals.
The macronutrient composition of the diet may also interact

with genes to determine the effect on blood lipids. In the
DioGenes trial we found that after adjusting for multiple testing,
an SNP dietary protein interaction effect on TAG was identified for
lipin 1 (LPIN1) rs4315495, with a decrease in TAG of 0.26 mmol l− 1

per A-allele per protein unit (Po0.00004).26

DISCUSSION
The most significant outcome of the DioGenes study was that very
subtle changes in diet composition with respect to protein and

carbohydrates seem to have a major impact on spontaneous
caloric intake during ab libitum conditions that mimic real life, and
hence improve obese subjects’ ability to maintain a rapid 10-kg
weight loss. The changes in protein to carbohydrate ratio and the
reduction in GI had additive effects on weight control, but exerted
differential effects of various risk factors of CVD and diabetes. The
impact of the diet was remarkable among the children: the
overweight and obese children started to lose weight sponta-
neously; and also experienced improvements in various risk
factors very consistent with the improvements observed in their
parents.
It was also evident that the acceptability of the diet was very

high and that it was easily incorporated into a normal food
culture.27 This was supported by the findings that the higher
protein diets were more acceptable than the normal protein diets,
whereas no differences between the HGI vs LGI diets were found
concerning acceptability and tolerability24 (Table 1). The observa-
tion that the drop-out rate was significantly lower in the higher
protein and LGI diet groups would normally be attributed to the
greater weight loss and maintenance of success, but it also
indicates that the diets were easily incorporated into a normal
food culture, and that availability, cost and taste were not barriers
for adopting the changed food habits. The lower efficacy of the
LGI diets after 1 year is very probably owing to the poor
availability of GI-labelled foods, and lack of information and
emphasis on GI, in most European countries.
Although the studies and analyses based on the DioGenes

study clearly show that the higher protein, LGI diet is superior to
the conventional low-fat high-carb diet, the genetic analyses also
suggest that the effect is particularly marked and robust among
2/3 of the population with a certain genetic make-up, whereas the
protein to carbohydrate ratio is immaterial for weight control in
the last 1/3 of the population. The genetic variant in the rs987237
gene seems to determine the effectiveness of the higher protein
diet, that is, the higher protein diets were beneficial for weight
maintenance in the AA genotype group (67% of participants). If
replicated in other studies, this finding opens up for a more
personalised nutrition based on gene-nutrient interactions. How-
ever, no adverse effects have been found so these findings do not
preclude recommending this diet composition for all individuals
with overweight problems.
There are many ongoing studies designed to elucidate the

mechanisms by which protein and LGI carbohydrates exert their
effects on appetite regulation, and studies point at enhanced
satiety mediated by GLP-1, PYY and perhaps CCK.11 Differential
effects of various protein sources have also been studied in
DioGenes.9–28 Various omics techniques have been applied in
the29 DioGenes study to search for predictors of weight loss and
weight regain30–34 and these analyses may lead to a better
understanding of the inter-individual responsiveness to diets.

Meta-analyses of efficacy of higher protein diets
A number of other studies demonstrating the importance of
higher protein, lower carbohydrate load and lower GI of
carbohydrates, for weight control and comorbid conditions
support the generalisability of the DioGenes diet.35–36 It is beyond
the scope of this paper to review these studies, but a number of
meta-analyses have clearly shown the value of higher protein,
reduced carbohydrate diets and recent long-term evidence also
supports that even a small change in protein to carbohydrate
makes a difference for weight control.37

Dissemination of results to the overweight population
It is evident that even the publication of the all the results of the
DioGenes trial in New England Journal of Medicine does not
communicate the usefulness of the diet to the overweight
population, which is in fact one of the goals of the EU funding
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of research. We therefore conducted a translational project to
explain the dietary principles of the DioGenes diet in popular diet
and cook books. To date the books have been published in
Danish, Norwegian, Dutch, Spanish and English (Figure 2).

ONGOING AND FUTURE RESEARCH
The role of the DioGenes diet for disease prevention
Prevention of type 2 diabetes (T2D). The DioGenes diet showed
beneficial effects on body weight regulation, glucose metabolism
and inflammatory markers. However, previous large diabetes
prevention studies have found that weight loss produced by the
traditional recommended diet, with normal protein and without
emphasis on GI, prevents T2D in prediabetic individuals. In neither
of these studies, however, was the quality of the recommended
dietary intake of macronutrients (for example, protein or carbohy-
drate) in focus. In continuation of the DioGenes study, we decided
to investigate if a HP, LGI diet would be more beneficial with
regards to preventing T2D in prediabetic individuals compared with
the currently recommended diet (less protein, slightly higher GI).
The project ‘PREVIEW’38 (PREVention of diabetes through lifestyle
Intervention and population studies in Europe and around the
World) (www.previewstudy.com) involves two lines of evidence: (1)
a 3-year RCT in up to 2500 individuals; and (2) data analyses from
large cohort studies. The overall goal of the PREVIEW project is to
identify the most successful combination of both diet and physical
activity to prevent the incidence of T2D in a large sample of

prediabetic, overweight or obese people around the world. It
includes 15 partners from a total of 11 countries, 8 in Europe (FIN,
DK, BG, ES, NL, UK, DE and Switzerland) and 3 in non-European
countries (Canada, New Zealand and Australia).

Programming of the foetus to a healthy body weight and
composition. There is increasing circumstantial evidence from
observational studies that suggests that a too low protein content
and too high carbohydrate content of the diet is responsible for
excessive weight gain among pregnant women. This excessive
weight gain has per se adverse effects on mothers’ health and it is
also seen to adversely affect the foetus, but the diet composition
may also determine body composition of the foetus and exert a
programming effect that permanently makes the offspring prone
to overweight and obesity, and related disorders. A high maternal
dietary protein to carbohydrate ratio is associated with a larger
lean body mass and lower fat mass of the foetus and child. This
suggests that a maternal diet with a lower protein and higher
carbohydrate content is increasing the risk of excessive gesta-
tional weight gain and risk of (sarcopenic) obesity in the offspring.
Most of the evidence, however, is derived from observational
studies and there is a risk that these associations are not causal,
but owing to confounding. APPROACH is a randomized dietary
trial that investigates how the DioGenes diet during pregnancy
influences the programming of the offspring. This study will
improve our understanding of how the DioGenes diet can
influence body weight during pregnancy and impact on growth
and development of the offspring, both during the foetal stage
and until 9 years of age, including risk markers for later
development of metabolic diseases, especially diabetes and MS.
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