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Abstract

Normal-weight obesity (NWO) syndrome is associated with metabolic diseases. The present study aimed to investigate the effects of 12 weeks of
a high-protein (HP) v. a standard protein (SP) diet on appetite, anthropometry and body composition in NWO women. In this clinical trial, fifty
NWO women were randomly allocated to HP (72 25) or SP (2 25) diet groups. Women in the HP and SP groups consumed 25 and 15 % of their
total energy intake from protein for 12 weeks. Weight, fat mass (FM), lean body mass (LBM), waist circumference (WC) and appetite were
evaluated at baseline and following their 3-month intervention. After 12 weeks, the LBM was higher in HP compared with no significant changes
in the SP group (mean between-group difference =1-5kg; 95% CI 3-1, 0-01; effect size (d) =0-4). Furthermore, the HP group had lower
FM (mean between-group difference —1-1kg; 95% CI 1, -3-3; d =-0-2), body fat percentage (BFP) (mean between-group difference —2 %;
95 % CI 0-7, -5-2; d =-0-3) and WC (mean between-group difference —1-4 cm; 95 % CI 0-6, —3-6; d = —0-2) at the end of the study in comparison
with the SP group. In both groups, weight and appetite were unchanged over time without significant differences between groups.
Twelve weeks of euenergetic diets with different dietary protein contents resulted in no significant weight loss in women with NWO.
However, an HP diet significantly improved body composition (LBM, FM, BFP and WC) in this population.

Key words: Diet: Body composition: Obesity: Normal-weight obesity: Weight loss: High-protein diet

Overweight and obesity are well-established risk factors for
cardiovascular morbidity and mortality™”. Based on the reports
of the WHO, 39 % of adults aged 18 years and older (38 % of
men and 40% of women) were overweight and obese®@.
Although the ‘gold standard’ for obesity designation is a high
amount of fat mass (FM)<5>, physicians and epidemiologists
typically rely on BMI to define the presence of this condition.
BMI as a substitute for body fat percentage (BFP) has some

benefits, such as an easy estimation and high generalisability;
furthermore, similar to BFP, many epidemiological studies
have shown a positive correlation between high BMI and
mortality™®. However, an important limitation of using BMI is
the failure to differentiate between fat content and muscle mass.
This inherent limitation of BMI in the accurate diagnosis of
obesity is observed to a greater extent among elderly Asians
who commonly have lower lean body mass (LBM)7,

Abbreviations: BFP, body fat percentage; BW, body weight; FM, fat mass; HP, high protein; LBM, lean body mass; NWO, normal-weight obesity; PA, physical

activity; SP, standard protein; WC, waist circumference.
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Consequently, the concept of normal-weight obesity (NWO) has
been proposed.

NWO in women is defined as having normal body weight
(BW) and BMI, but with a BFP higher than 30%®. Given the rapid
epidemic and the importance of NWO in the development of
diseases® 'V various strategies should be proposed for the
prevention and treatment of this condition. Traditionally, the
use of dietary interventions has been shown as a priority method
for losing BFP"'?, However, evidence has shown that energy
restriction may decrease resting and total energy expenditure
due to a reduction in LBM, which in turn stops BW decre-
ments"'3'%_ Indeed, Renzo et al."> reported that women with
NWO display lower RMR compared with lean, overweight and
obese individuals due to the significant differences in LBM. It
is well established that following dietary weight loss, LBM
contributes approximately 20-30% to total weight loss"'®7.
Because of the lower LBM and RMR in women with NWO, pre-
serving muscle mass is critical for optimal weight and/or fat loss
interventions in this population®.

The manipulation of dietary macronutrient composition,
especially elevating protein intake, is shown to be more effective
at reducing BW because dietary protein increases thermogen-
esis, satiation and prevents declines in LBM"52?. Previous
studies in men have shown that high-protein (HP) diets help
maintain LBM following weight loss®?!??_ Since individuals with
NWO have normal BW based on BMI classification, it is more
important to improve body composition by reducing FM and
increasing LBM rather than weight loss. One of these solutions
is to increase protein intake®*?¥. Despite the potential benefits
of HP diets for fat loss, studies evaluating the effects of HP diet in
women with NWO have not yet been extensively studied. This
represents a gap in knowledge with important implications as
there is not enough data about the management and therapy
of NWO®?. Thus, the aim of this study was to evaluate the
effect of 12 weeks of a euenergetic HP diet on body composition
characteristics and appetite in women with NWO. We hypothes-
ised that a euenergetic HP diet would improve our primary out-
come of LBM and the secondary outcome measures of FM, BFP
and appetite.

Experimental methods
Participants and study design

A double-blind, parallel design randomised clinical trial
(allocation ratio: 1:1) was conducted to determine the effects
of euenergetic HP and standard protein (SP) diets on appetite
and body composition of women with NWO for 12 weeks.
Individuals were invited to participate in posters and social
network advertising. The study was conducted, and data were
collected at the Nutrition Clinic of Golestan hospital in Ahvaz,
Iran. Inclusion criteria were non-smoker, having a BMI
(in kg/m? of >18-5 and <25, BFP > 30, between the age of
30 and 60 years and being healthy (no chronic diseases or medi-
cation treatment; this was verified via a health history records, a
physical examination and basic laboratory screening (complete
blood count, serum chemistries, liver panel and lipid paneD).
Exclusion criteria were the use of birth control in the last

6 months, pregnancy or lactating, history or presence of kidney,
gastrointestinal, liver or thyroid disease, gout, certain cancers,
type 2 diabetes, bariatric surgery, psychiatric disorders, drug
abuse, severe weight changes within the last 12 weeks; following
a HP diet or using anti-obesity medications or supplements; and
consuming protein supplement and high amounts of caffeine
(>250-300 mg/d). Women consuming more than 300 mg of
caffeine daily, described as caffeine users®, were also excluded
from the study. In addition, the participants who did not adhere
(<90%) to their dietary intervention and/or changed their
physical activity (PA) significantly (this was assessed weekly)
were excluded from the study. The consort flow chart of the
study is shown in Fig. 1.

Women who met the selection criteria were randomly
assigned to either an HP or an SP diet group, using a conven-
ience allocation. Four visits were conducted: one prior to the
study to screen and collect baseline data and one at the end
of week 12 to complete questionnaires for 24-h dietary recalls,
appetite, anthropometry and body composition measurements.
Moreover, two visits were conducted at the end of week 4 and
week 8 to complete dietary intake (by 24-h dietary recall) and
remind participants to maintain their diets and usual PA levels,
and not to consume any supplements or change their lifestyle.
Moreover, participants were reminded to maintain dietary
intake by phone every 2 weeks. Prior to the contribution, each
volunteer provided written informed consent. The study was
approved by the Ethics Committee of Ahvaz University of
medical sciences (IR.AJUMS.REC.1395.55) and was retrospec-
tively registered at the Iranian Registry of Clinical Trials
(IRCT20170412033393N2).

Randomisation and blinding

Participants  were into two groups.
Randomisation was carried out by utilising a random number

randomly divided

table; for this, an independent coordinator, not otherwise
involved in the study, created the allocation sequence assigning
participants to the HP or SP diet groups. A dietitian assigned par-
ticipants to their group (the allocation sequence was concealed
by the independent coordinator until the moment of assign-
ment), provided verbal and written dietary instruction on their
regimens, facilitated group and one-on-one interventions and,
therefore, could not be blinded. However, the dietitian did not
participate in data collection and/or analysis. Both the partici-
pants and other research team members (except the mentioned
dietitian) were blinded to the treatment allocation until the data-
base was unlocked and data analysis was completed.

Dietary interventions

Following randomisation, participants in the SP and HP groups
received a dietary regimen of typical (recommended) and
HP content, respectively®2?. The SP diet contained the RDA
of 0-8-1g of protein/kg of BW, while the HP diet contained
1-8 g of protein/kg of BW, which equalled 15 and 25% of
total energy from protein, respectively, at the beginning of the
intervention. The diet regimens had an equal amount of energy
content in both groups according to the RMR based on the
Harris-Benedict predictive formula®?”. Participants were
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Assessed for eligibility (n 91)

Excluded (n 41)

o Lack of interest (n 20)

O Not meeting inclusion criteria (n 16)
o Regular high-intensity exercise (7 5)

[ Enrolment ]

Underwent baseline evaluation
(n 50)

Randomised (n 50)

(
l Allocation

Allocated to intervention group (n 25)
O Received HP diet (n 25)

Allocated to SP group (» 25)
0 Received SP diet (n 25)

[ Follow-up

)

l

Lost to follow-up (n 1)
o Starting fitness regimen (1 1)

l

Lost to follow-up (1 2)
o Inability to maintain diet (n 2)

[ Analysis

)

}

Analysed (n 24)
o0 Excluded from analysis (1 0)

Fig. 1. Participant flow diagram. HP, high protein; SP, standard protein.

provided with a 12-week euenergetic diet based on their RMR
and adjusted for their activity level. The composition of the diet
regimen was estimated in order to ensure adequate intakes of
carbohydrates and fat recommended by the US Institute of
Medicine according to age and sex®®. The meal macronutrient
composition in the HP diet group was approximately 25 %
protein, 30 % fat and 45 % carbohydrate®. The macronutrient
composition in the SP diet group was approximately 15 % pro-
tein, 30 % fat and 55 % carbohydrate®. In addition, the protein
intake consisted of at least 50 % high biological value proteins in
both groups. A dietitian designed the energy requirements and
macronutrient distribution of the diets and gave specific dietary
instructions to participants. Each month, printed sample
menus were provided that contained fifteen different meal
options (a 6-d cycle of three meal options and three snacks
per d). Participants purchased their own food items; none was
supplied by the research team.

Anthropometry and body composition

The primary outcomes were the changes in body composition
characteristics following 12 weeks of intervention. Body compo-
sition characteristics were measured by bioelectrical impedance

}

Analysed (n 23)
0 Excluded from analysis (n 0)

analysis (310e Bioimpedance analyzer; Biodynamics), which
has been previously reported to have high validity and reliability
(R 0-95-0-99) compared with other established methods@3%.
BMI was calculated as BW/height (m?). Waist circumference
(WC) was measured at the midpoint between the iliac crest
and the lower rib while standing®”. A senior researcher
performed these measurements before and after the interven-
tion. We instructed the participants to fast for 12 h (an overnight
fast, with at least 8 h of sleep) and refrain from PA for the
previous 36h before the test. The participants were also
instructed to avoid exercising consuming alcohol for 48 h before
the test. Moreover, 30 min before, the test participants were
asked to urinate (void) completely and avoid consuming water.

Appetite levels

The secondary outcome included the change in appetite level.
Each participant’s appetite level was evaluated before and at
the end of the intervention, by means of visual analogue
scales®, Visual analogue scales was completed 5 min prior to
lunch (approximately 3 h following a morning snack and ad
libitum water intake), traditionally the largest Iranian meal®”.
The visual analogue scales questionnaire contained three
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Table 1. Energy and macronutrients at baseline and after 12 weeks
(Mean values and standard deviations)

Baseline Week 4 Week 8 Week 12
SP HP SP HP SP HP SP HP

Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Protein (g) 65 23 67 31 67 22 118*t 35 70 28  118*t 42 69 25  115%t 39
Carbohydrate (g) 263 115 276 103 271 81 203"t 52 268 76 201*t 44 274 66  199*t 38
Fat (g) 67 23 65 31 65 21 66 23 64 25 63 20 61-9 23 63 20
Energy (kcal)f 1902 631 1956 558 1931 524 1875 402 1925 502 1843 382 1955 401 1827 341

SP, standard protein; HP, high protein.

*P < 0-05 different from baseline.

1 P <0-05 between-group difference at post-intervention.

1 To convert energy values from kcal to kd, multiply by 4-184.

questions on separate 100 mm scales: How hungry do you feel?
How full do you feel? How much would you like to eat? To
express their sensations of hunger and satiety, participants drew
avertical mark across the 100-mm marked line of each scale with
‘no appetite’ at one end and ‘uncontrollable appetite’ at the
other, with low, average, high and very high points in
between®®. After the participants marked the questionnaires,
these qualitative values converted to quantitative values from
1 to 100 mm®®.

Dietary intake and physical activity assessment

All 24-h dietary recalls were completed (one weekday and one
weekend day) at baseline and at the 4, 8 and 12 weeks’ time
points®. Participants were asked to recall the foods consumed
over the previous 24 h. A 24-h period was defined as the time
between when the participants woke up the previous day until
the time they woke up the day of the interview”. A dietitian
informed participants about the recall procedure at the begin-
ning of each interview and recorded the answers in specially
designed paper-based forms“?. The validity and reliability of
this method have been previously described“'=*®. Energy and
nutrient compositions were calculated using the Nutritionist IV
for Windows software program (The Hearst Corporation). The
programme contains more than 12 000 food codes, obtained
from The United States Department of Agriculture and from
food manufacturers“*?. Diets were analysed for total energy,
carbohydrate, protein and fat. Dietary adherence was calculated
by dividing the consumed energy content by the expected
number of energy content. This was completed for each nutrient
(carbohydrates, fats and protein) and total energy. Those partic-
ipants with <90 % dietary compliance for a specific nutrient and/
or total energetic amount prescribed were excluded from the
study. PA was recorded by an international PA questionnaire
and recorded as metabolic equivalents/week“” . Metabolic
equivalent values of 3-3, 4-0 and 8-0 were considered for walk-
ing, moderate- and vigorous-intensity physical activities,
respectively>.

Statistical analyses

Justification of sample size. All participants who completed
the study were included in the data analysis. Statistical analysis
was conducted using SPSS 24 for Windows (SPSS, Inc.).

Estimation of an appropriate sample size was conducted using
the G*Power analysis software“®. Our rationale for sample size
was based on a previous study evaluating LBM in obese individ-
uals receiving HP or SP diet™”. This study revealed an effect size
for LBM of 0-3 =(mean difference of 1-4 kg/pooled standard
deviation of 0-8) after the HP diet. A sample size of twenty
patients per group was determined with an effect size of
0-3, and 80 % power at the predetermined level of a=0-05.
To account for potential subject attrition, we planned to recruit
an extra five participants per group, which increased the final
sample size to twenty-five participants per group.

Main statistical analysis. The normality of data was confirmed
using the Shapiro-Wilk test. Possible group differences at
baseline were examined using a Student’s ¢ test. A 2X2
ANOVA with repeated measures (time (baseline v. 12 weeks) X
group (HP v. SP)) was used to determine the effects of the dietary
interventions over time. This was followed by the Bonferroni
post hoc test when a significant treatment and treatment-by-time
interaction was revealed. Values are presented as means and
standard deviations, and statistical significance was considered
at P<0-05.

Results

Between May 2018 and June 2019, we screened ninety-one
women with NWO. Of these, only fifty qualified for baseline
evaluation and were subsequently randomised to either the
HP or the SP groups. After randomisation, one participant in
the HP group was dropped out of the study for starting an exer-
cise regimen. In the SP group, two participants were dropped out
for being unable to maintain their diets. No harms or unintended
effects were reported by participants. Data are presented for
the forty-seven participants who successfully completed our
12-week intervention; twenty-four and twenty-three participants
were in the HP and SP groups, respectively.

Dietary analysis

Among fifty participants who were randomised, forty-seven
(94 %) completed the 12-week study. Adherence to the dietary
intervention was >90 % in both groups. Baseline values between
the two groups were not significantly different (7> 0-05). The
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Table 2. Physiological characteristics of participants
(Mean values and standard deviations; numbers and percentages)

Sp HP
Baseline 12 weeks Baseline 12 weeks
Mean SD Mean SD P Mean SD Mean sD P
Age (years) 33 4.2 - - 35 5.6 - -
Height (cm) 1611 54 - - 1614 6-8 - -
Weight (kg) 63-2 51 62-2 51 64-1 58 62-9 5.3
BMI (kg/m?) 24.3 21 24.0 22 246 1.8 241 2.0
Physical activity
n % n % n % n %
Low 6 26-08 6 26-08 7 29-16 7 29-16
Moderate 14 60-86 14 60-86 12 50-00 12 50-00
High 3 23-04 3 23-04 5 20-83 5 20-83
SP, standard protein; HP, high protein.
Table 3. Body composition and appetite at baseline and after 12 weeks
(Mean values and standard deviations)
SP HP
Baseline 12 weeks Baseline 12 weeks
Variables Mean SD Mean SD Mean SD Mean SD
LBM (kg) 338 2:0 335 2:5 335 2.0 34.8*t 1.7
FM (kg) 214 23 216 1.5 21.2 23 20-3*t 24
BFP (%) 341 4.4 347 4.0 332 36 31.8*t 4.4
WC (cm) 787 31 775 2.7 78-0 32 75-3*t 30
Appetite (mm) 483 8.7 451 107 485 113 44.3 9.0

SP, standard protein; HP, high protein; LBM, lean body mass; FM, fat mass; BFP, body fat percentage; WC, waist circumference.

*P < 0-05 different from baseline.
1 P < 0-05 between-group difference at post-intervention.

carbohydrate intake significantly decreased (27 %), while the
protein intake significantly increased (72 %) in the HP group
(P <0-001) compared with no changes after SP (Table 1).

Body composition and appetite

Participant’s physiological and body composition characteristics
are presented in Tables 2 and 3. At 12 weeks, the HP group had a
significantly (P < 0-05) greater increase in LBM than did the SP
group (mean between-group difference 1-5kg; 95 % CI 3-1, 0-01;
d 0-4). There were significantly (P <0-05) greater declines
in FM in the HP than in the SP group (mean between-group
difference -1-1kg; 95% CI 1, —3-3; d —0-2). The change from
baseline to 12weeks in BFP also differed significantly
between the two groups (mean between-group difference
-2%; 95% CI 0-7, =5-2; d —=0-3; P < 0-05). In addition, the HP
group had significantly larger declines in WC than the SP group
(mean between-group difference -1-4 cm; 95% CI 0-6, —-3-06;
d-0-2; P<0-05).

No statistically significant (P> 0-05) differences in
appetite levels were detected between groups after 12 weeks
(mean between-group difference —1-3 mm; 95% CI 5-5, -8:3;
d -0-08). Similarly, at 12 weeks, the BW remains unchanged in
both groups (mean between-group difference —0-2 kg; 95 % CI

1-8,-2-2; d—0-03; P> 0-05). BMI also did not change significantly
in either group (mean between-group difference —0-2 kg/m?;
95 % CI 0-6, —0-9; d —0-08; P> 0-05).

Discussion

This study evaluated the effects of 12 weeks of a euenergetic HP
diet on body composition characteristics and appetite in women
with NWO. The main findings of this study were that women
with NWO improved LBM along with a concurrent decrease
in FM and BFP following an HP compared with an SP diet. In
addition, the HP diet leads to a decrease in WC indicating a
decline in central obesity, an effect not shown after the SP inter-
vention. To the best of our knowledge, this is the first study to
compare euenergetic HP and SP diets in women with NWO.
Our findings showed that an HP diet produced a significant
increase in LBM. In agreement with our results, a recent
meta-analysis demonstrated that older adults could preserve
LBM during the weight-loss phase more effectively when they
undergo an HP diet“®. The meta-analytic work demonstrated
that older overweight and obese adults, who consumed
>1-0 g/kg per d of protein, preserved LBM as part of a successful
weight-loss intervention. In addition, a recent clinical trial
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evaluated the influence of HP intake on LBM maintenance dur-
ing hypoenergetic weight loss in athletes, showing improve-
ments in FM (decreased) and LBM (increased) in the HP group
compared with the control group“?”. Moreover, other previous
studies reported that an HP intake significantly preserves LBM
compared with an SP®® or higher carbohydrate intake®V.
A recent meta-analysis of eighty-seven short-term diet studies
found that a protein intake >1-05 g/kg of actual BW was associ-
ated with 0-6 kg additional LBM gains compared with diets with
protein intake of 1-05g/kg or lower®. Although it is well
established that HP diets preserved LBM during weight-loss
phases, we provide the first evidence that a euenergetic HP diet
in women with NWO enhances LBM. This finding may have
relevant clinical implications as individuals with NWO com-
monly have lower LBM, which further declines overtime™.
The mechanism for this purported LBM-improving effect might
be related to dietary protein-induced alterations in protein
turnover, particularly muscle protein synthesis®?. It is widely
indicated that the mechanistic target of rapamycin complex 1
signalling regulates muscle protein synthesis in response to
anabolic stimuli such as essential amino acid intake®*>%. In
the present study, we used 75 % high biological value proteins,
which contains abundant essential amino acids, which may have
led to an enhanced muscle protein synthesis.

It has been proposed that an HP diet may be an effective
strategy to reduce BFP®7. Shirali et al. showed that an HP and
low-fat diet greatly reduced BW and WC compared
with a standard HP diet among women with overweight and
obesity®. Our results suggest that the euenergetic HP diet is
more effective in reducing FM and BFP compared with the SP
diet in women with NWO. There are some potential mechanisms
that contribute to BFP decrements associated with HP diets,
which may involve the increased thermic effect of food and pro-
tein-induced alterations in gluconeogenesis to improve glucose
homoeostasis. The thermic effect of food values are highest for
protein (approximately 15-30 %), followed by carbohydrate
(approximately 5-10%) and fat (approximately 0-3 %)%,
Based on a previous meta-analysis study, thermic effect of food
increases approximately 29 kJ per 4184 kJ of ingested food for
each 10 percentage points elevation in the energy from protein
sources®. Moreover, it is known that LBM represents a key
factor for the magnitude of RMR; thus, the preservation of
LBM may be due to the declined FM®Y, HP diets may decrease
appetite by increased secretion of satiety hormones (gastric
inhibitory polypeptide and glucagon-like peptide 1), reduced
orexigenic hormone secretion (ghrelin)(m . However, our results
failed to show any significant alterations in appetite. Therefore,
this type of diet may increase fat oxidation in overweight and
obese participants.

A decreased WC was observed in the HP group following the
12-week intervention. Our observation is consistent with the
results reported by previous studies©%%, A study showed that,
in a SPan of 16 weeks, the more abdominal fat loss occurred with
an HP diet that contained 27 % of total energy from dietary
protein than with a diet that contained 16% protein®©®,
Moreover, Farnsworth et al. showed that higher protein intake
(2-:2 g protein/kg per d) significantly decreased the waist:hip
ratio than the control group, suggesting that this reduction might

be contributed to a decline in abdominal fat“”. The loss of
abdominal fat may be predominantly loss of liver fat as these
participants are more likely to have elevated TAG synthesis
and enhanced fat in the liver*”. Consuming lower amounts of
carbohydrates would result in a lower synthesis of VLDL and
markedly lower stores of TAG in the liver™®?,

A key strength of the present study is its randomised
double-blinded controlled design, in which both the SP and HP
dietary interventions were based on previous research® %7,
Additionally, the evaluation of PA and dietary intake at baseline
and the end of study helped us ruling out PA and dietary intake
changes (other than the assigned intervention) as the con-
founding factors for our results. Our study has some limitations.
Firstly, appetite analysis in our study was only based on a visual
analogue scales that contains relatively new anchors not widely
used in the nutrition/dietetics field®, even though it is a valid
and reliable method®®%”. Moreover, subjective sensations do
not provide the full picture of appetite control and energy
intake and other variables are contributing to satiety and
satiation. Besides visual inspection of appetite, there is a
need to determine the strength of satiety through ad libitum
intake”®. Another limitation of the current study is the lack
of urine samples collection and analysis, which would have
been useful to assess dietary adherence. In addition, our trial
involved women with NWO, and therefore we were not able
to generalise the results to other cohorts. Although the diets
were designed to be weight maintenance, women with NWO
lost some weight across both arms of the study. On average, this
weight change was small (-1 v. -1-2kg in SP and HP diet,
respectively) and not statistically significant. Thus, it was
unlikely to have influenced the results”V. Moreover, this
non-significant weight alternation may have been partially
influenced by the monthly assessment of dietary intake; and
hence, it is plausible that performing 24-h dietary recall more
often would have resulted in less weight variability 7. A further
limitation of our investigation is the use of bioelectrical imped-
ance, which is not the ‘gold standard’ for body composition
measurement; however, previous studies have shown that it
is a valid and reliable method®’3". Lastly, we performed a
per-protocol analysis, which may have biased results due to
the exclusion of loss-to-follow-up participants. Although this
type of analysis better reflects the effects of intervention when
performed in an optimal manner, the clinical applicability of
this per-protocol effect is limited if the effect in the intervention
compliers differs substantially from the effect in other
cohorts7?,

In conclusion, consuming an HP diet may significantly
improve LBM in women with NWO, a population with lower
muscle mass">. In addition, this type of diet decreases FM,
BFP and WC. Therefore, euenergetic HP diets might be impor-
tant for ameliorating detrimental complications attributed to
poor body composition in women with NWO.
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