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ABSTRACT

Background & Aims. High-protein energy-restricted diets have demaitestt efficacy

in promoting weight loss in overweight and obesitywever, the protein percentage
that achieves optimal efficacy and acceptabilipaers unknown. We sought to assess
the effects of three energy-reduced diets withedéfiit percentages of calories from
protein (20%, 27%, and 35%) on weight loss andi§ipSecondary outcomes included
diet acceptability and compliance.

Methods: Six-month, randomized study included women agedl8e&rs with BMI of
27.5-45 kg/m and who were not taking lipid-lowering drugs. Véedomly assigned 91
women to one of three calorie-reduced diets withtgin, 20%, 27%,o0r 35%(80% from
animal protein); carbohydrates, 50%, 43%,or 35%3@%. Dietary intervention
involved individual visits with a nutritionist ewe® weeks during the first 3months. We
performed a follow-up visit at 6 months.

Results: Eighty women aged 44.0+9.08 years with BMI of 3B 38 kg/nf completed
the study. At 3 months, weight loss was -8.16+4{.8-9.66+5.28 kg, and -10.7+4.28
kg in the 20%, 27%, and 35%-protein groups, respayt(P=0.16). These figures
slightly and homogeneously increased at 6 monthsud 65% of women following
35%-protein diet lost 10% of body weight vs. ~33% in 20%-protein groBp{.023).
Significant decreases occurred in fat mass, lipitb insulin resistance, especially in the
35%-protein groupR<0.05 vs. 20%protein). This improvement was ndi/fakplained
by weight loss. Triglyceride change was negatiwelgrelated with animal-protein
intake. All groups provided similar responses t@eaceptance, palatability, and
satisfaction questionnaire.

Conclusions: An energy-restricted diet with 35% protein, mosthyanimal origin, more
effectively impacts cardiometabolic profile thanearergy-restricted diet with lower

protein content although no clear benefit betwdetsdn terms of overall weight loss
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was observed. The high-protein diet displayed aeléent safety profile and
acceptability. This trial was registered in Clidib@als.gov as NCT02160496.

Keywords:. diets; energy restriction; protein; lipids; weldbss.
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INTRODUCTION

Lifestyle intervention, including a calorie-reducdiét and adequate physical activity, is
the first line of treatment for overweight and abegl). However, the optimal
macronutrient composition of energy-restrictedglteds caused intense debate in recent
years and remains an unsolved issue. In numerousatltrials high-protein (HP) diets
resulted in greater weight loss over 3-6 monthey@n longer) than more conventional
high-carbohydrate,low-fat diets (2-4). A recent aaahalysis of 24 high-quality
intervention trials including a total of 1063 paipiants compared energy-restricted,
isocaloric, HP (12-18% of energy), low-fat dietgwstandard-protein (25-35% of
energy) and low-fat diets with regard to weighsl¢s); HP isocaloric diets provided
some additional weight-loss benefits comparedwspootein isocaloric diets. Similar
results were obtained in previous meta-regressidmaeta-analysis investigations of
this topic (2,6). Further, energy-restricted HRgliacrease resting energy expenditure
due to the preservation of fat-free mass, increasiety, reduce total cholesterol and
triglyceride levels, improve insulin resistance7¢30), and lead to better long-term
maintenance of weight (7,11-13).

Recently published guidelines for the managemenvefweight and obesity
reinforce the importance of reducing dietary-enenggke (1), but the role of diet
composition was completely disregarded (1,14). BothWHO and the Food and
Nutrition Board of the Institute of Medicine (Natial Academy of Sciences, United
States), which issues the RDA, established thadi#tary reference intake of protein is
0.8 g/kg per day in adults (15,16).Guidelines fittve American Association of Clinical
Endocrinologists, the American College of Endodiagy, and the Obesity Society

recommend a HP diet for healthy eating. Nevertiselia® protein consumption advises
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for weight-loss intervention ranges from 15% to 36Pthe total daily calorie intake,
which is quite ambiguous and it has not been atelyr stated (17).

The protein content (as a percentage of total es@nd as a total amount of
protein per kg) required for optimal weight lossldong-term weight control with good
acceptability and compliance has not yet been ksitial. Although randomized
clinical trials have tested standard-protein dietsus HP diets (12-45% of calories
from protein) (12,18), to our knowledge, no cliditizal has randomized different HP
diets to identify the most-effective protein coriten

There is currently not much evidence regardinggfifects of energy-restricted
diets with high absolute amounts of protein on Wwelgss and maintenance. Thus, the
primary efficacy endpoint was to assess the effefctisree energy-restricted diets with
different moderate-to-high percentages of caldries protein (20%, 27% and 35%-
protein diets, mainly 20%- vs. 35%-protein dietis);ombination with exercise
promotion, on weight loss and lipid metabolism m&anonths intervention. We also
aimed to explore the proportion of patients aclmgvargets of percentage change in
body weight> 10% at 3-month visit. Secondary endpoints incluithedpercent change
in weight from baseline to follow-up week 24, thergent change in glucose, HOMA,
total cholesterol, triglycerides, HDL cholesteddDL cholesterol and apo B from from
baseline to month 3. Acceptability and complianssoaiated with each diet were also
explored.

MATERIALSAND METHODS

ubjects

Women were recruited by public advertisement oocalltelevision station and in local
newspapers. Respondents were screened with aajueste to establish compliance

with inclusion criteria. The questionnaire was adgistered during information sessions
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at the hospital where all research was conductedithl Universitario Miguel Servet,
Zaragoza, Spain). Of the 824 individuals who atéehithe information session, 603
completed the questionnaire. Body weight, heigleglizal history, current medications,
and geographic distance to our hospital were asde$se inclusion criteria included
age 18-80 years, body mass index (BMI) 27.5-45 kgamd steady weight (+3 kg) in
the previous 3 months. The exclusion criteria idelliuncontrolled hypothyroidism,
type-2 diabetes (glycated hemoglobin > 8%), angiotlisease that could interfere with
the ability to comply with the study protocol, atutrent lipid-lowering or anti-diabetic
drugs. Respondents taking supplements of phytdsienmega-3-fatty acids, or any
obesity drug were also excluded.

Of the participants that met the study criteriay&re randomly selected for
randomization to one of three diets (Figure 1).sAlbjects provided written informed
consent to participate in the study. The studyquaitwas approved by the ethical
committee of our institution (Comité de Etica edstigacion Clinica de Aragon);all
procedures were in accordance with the ethicabstals of that committee. This
clinical trial was registered in ClinicalTrials.gowder identifier NCT02160496.

Ninety-one women were randomized to one of thrdaced-calorie diets in
April 2014. The groups did not differ in terms dihecal or biochemical characteristics
(P> 0.05 for all variables among diets groups). Pidicts were mostly middle-aged
women (43.7£9.74, 45.1+8.52 and 43.2+9.17 yeaPO¥, 27% and 35%-protein
groups respectively) with a mean BMI of 33 k§/f83.2+3.31, 33.0+3.51 and
32.4%2.96 kg/mhin 20%, 27% and 35%-protein groups respectiwehy) were
metabolically healthy, as expected given our inolugnd exclusion criteria. Baseline
characteristics are included in Table 2. Eleveigpants (12% of all participants; six,

two, and three women from the 20%-, 27%-, and 3%8tem groups, respectively)
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withdrew from the study during the first 3 monthise(dietary intervention phase;
Figure 1) due to personal issues (N=5), changdaicepof residence (N=2), long
distance from the hospital (N=1), and unknown raagdl=3). Subjects who withdrew
from the study did not differ from the remainingtpapants in terms of any clinical
characteristics according to sensitivity analysifieen participants were lost to follow-
up at the 6-month visit (nine, four, and two wonfiem the 20%-, 27%-, and 35%-
protein groups, respectively). The study flow chsughown in Figure 1.
Sudy design
This study consisted of a 3-month weight-loss wreation phase followed by a 3-
month follow-up period. A screening visit was penfi@d to assess inclusion/exclusion
criteria, and a randomization visit was scheduted/fdays later for subjects who met
the inclusion criteria. Clinical and anthropomeparameters were assessed at baseline
and after 3 and 6 months. Biochemical assessmeaartsperformed at baseline and after
3 months of dietary intervention, as described welthe study had a three-arm design
with subjects randomly assigned to one of threermteduced diets: 20% protein,
27% protein, or 35% protein. Once all screenings/iwere concluded, all subject data
were recorded in a data file. The first woman tonméuded in the study was allocated
to the 20%-protein diet, the second to the 27%sgpnadiet, the third to the 35%-protein
diet, and so on. Participants were blinded to thssigned macronutrient compaosition.
The dietician who formulated the diets and caroatthe individual consultations was
aware of each participant’s group assignment, mitést of the staff was blinded to
that information.

Each participant’s caloric prescription represergetkficit of 600 kcal/day as
calculated from energy intakes estimated by mufitngl the activity factor (energy

expenditure for various activities establishedhmsy/WHO) by the resting energy



149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

expenditure calculated with the Harris-Benedictatigun. In general, the prescribed
energy intake was 1200-1500 kcal/day. The threis tied the following distribution of
calories: protein, 20%, 27%,0r 35%; carbohydra&@%p, 43%,0r 35%:;fat,30% in all
diets. Thus, higher protein content was achieveredycing carbohydrate content.
Approximately 80% of protein came from animal s@s;anainly lean lamb meat,
which was partially provided to participants to e compliance. Diets included a
wide variety of foods typical of the Mediterranediat and participants were provided
with daily menus (Supplemental Table 1). The diatigrovided participants with
recipes and shopping counseling to improve intedrgarcompliance and to achieve
weight-loss goals. A single dietician performedividlal consultations every 2 weeks
to reinforce the intervention and to motivate weiglss. After the 3-month dietary
intervention, a 3-month follow-up phase was implated during which participants
were advised to follow the same regimen as duhegshort-term study. No individual
consultations with the dietician were performedimgithis phase.

All participants were provided with physical-activadvice that was in
accordance with their physical status. Patientgweunseled to increase exercise in
each monitoring visit based on the training regbnteeach visit to promote weight loss.
Physical activity advice was quite heterogeneowstdudifferent women fit condition
(i.e.: walk one hour a day or running 30 minutesditimes a week).

Dietary assessments were performed at baselinatéhtonths and 6 months
after randomization. Participants were asked topdete a 3-day weighed food record
before each visit to focus their dietary interventito monitor dietary changes, and to
check compliance with the diet during the studytal'energy and nutrient intakes were
calculated with EasyDiet® (Biocentury, S.L.U, Bdar®&, Spain), which is based on

Spanish food-composition tables (19). A brief vatetl exercise questionnaire was also



174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

administered at baseline and after 3 and 6 month®ohitor activity changes (20).
Participants completed a satisfaction questionrait®seline and after the 3-month
intervention phase to address issues regardingemusatisfaction, and health.
Body weight and composition
Anthropometric measurements (body weight and vadtistmference) were evaluated
at three time points: at baseline (randomizati@itlviat 3 months (after the weight-loss
phase), and at 6 months (after the follow-up phddajy weight was measured in
subjects without shoes to the nearest 0.1 kg withliarated scale. Height was assessed
to the nearest millimeter with a wall-mounted stewketer. BMI was calculated as
weight in kilograms divided by the square of heightneters. Waist circumference was
measured with anthropometric tape midway betweenaivest rib and the iliac crest.
Body composition was assessed via bioelectricakoapce through the bipolar
foot-to-foot technique (Tanita TBF 410 GS, Omrom@oatior?, Tokyo, Japan) (21).
Abdominal fat deposits were also measured via batetal impedance (Tanita ViScan
AB-140, Omron Corporatidh) by evaluating visceral fat (22). Measurementsewer
performed in the abdominal area with the patienhésupine position with her hands
on her chest. Abdominal-fat composition was alwdstermined at the navel, with an
area 10 cm around it clear. As established by theufacturer, abdominal visceral fat
was expressed on a scale of 0 to 35. All measuremaTe taken in accordance with
the recommended guidelines: no food or drink 3ibrgo measurements, no exhausting
exercise 12 h prior to measurements, and no alahwdffeine consumption 24 h prior
to measurements.
Clinical and laboratory parameters
Clinical parameters (medical history and physicamination) were evaluated at the

screening visit, after the weight-loss phase (@odths), and after the follow-up period
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(at 6 months). Blood pressure was measured indaijgl with a validated semiautomatic
oscillometer (Omron M3, Omron Corp., Hoofddorp, Netherlands). Blood samples
were drawn by venipuncture after 12 h fasting atrdndomization visit and at the 3-
month visit. The levels of total cholesterol, tyiggrides, and HDL cholesterol were
measured with standard enzymatic methods. LDL ciedel levels were estimated
with the Friedewald formula when serum triglycesdeere < 400 mg/dL. The levels of
non-HDL cholesterol were calculated as the levétstal cholesterol minus the levels
of HDL cholesterol. We used HOMA-IR as a markerifegulin resistance (23). Blood
glucose levels were measured with the glucose-sgidaethod. Insulin levels were
measured via radioimmunoassay. HOMA-IR was estichasefasting serum glucose
(mg/dL) x plasma insulinuU/mL)/405. Glycated hemoglobin levels were detewdi
via high-performance liquid chromatography.

Satistical analyses

A total sample size of 30 subjects per group wésutated to have 80% power to detect
a between treatment-group difference in mean peatemnge in weight of 20% with a
5% 2-sided significance level and assuming a comstemdard deviation of 10%, and a
5% non-evaluable primary endpoint. The primaryceifly analysis was conducted in all
randomized patients with an evaluable primary emdgd the 3 months visit. All
subjects who completed the study were includetiendata analysis, independent of
reported dietary compliance, as indicated by faambrds, or weight loss according to
intention-to-treat analysis. Continuous variablesexpressed as mean+SD when
normally distributed or as median [3%ercentile-78percentile] otherwise. Categorical
variables are reported as percentages. ANOVA angkal-Wallis tests were
performed for the comparison of multiple indeperidamiables. Weight loss variation

after 3 months by comparing 20% and 35%-proteitsdi@s performed thoughtest.
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When applicablepost hoc adjusted comparisons were performed with the Boorfie
correction. Categorical variables were comparedgugie chi-squared test by including
inter-group comparison. Pearson’s and Spearmast's ¢ correlation were applied as
appropriate. Differences in paired clinical anddhiemical variables were calculated
with the dependent t-test for paired samples dn Wie Wilcoxon test. Approximately
15% of patients had missing weight values at theths visit. Multiple imputation
with 5 imputations was used, achieving 95% to 98%tive efficiency and ensuring in-
range values. Repeated measures analysis of ANOF@dman were used to assess
the differences in dietary parameters among basedimonths after weight loss
intervention and 6 months follow-up visits by aisoluding inter-groups comparison.
To identify variables associated with changespidland glucose metabolism after
dietary intervention, we applied multiple lineagression with weight loss, dietary
parameters, and physical activity as independeamias. We explored those variables
associated te 10% of weight loss after 3-months of dietary ia&tion thought binary
logistic regression by including baseline weiglge gohysical activity and type of diet.
All statistical analyses were performed with SP8&wn 15.0 (SPSS Inc., Chicago, IL,

USA) and significance was setRk 0.05.

RESULTS

Dietary intake

Dietary assessments at baseline and at 3 montigsesented in Table 1. There were no
significant between-group differences at basekreergy restriction at the 3-month visit
was approximately 650 kcal, as calculated from gnexpenditure, and was
homogeneous across the groups(.68); participants achieved a mean energy intake

of approximately1200 kcal/day. Protein consumptigported at the 3-month visit was
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23.3£3.21%, 27.4+3.04%, and 31+4.94% of total epantake for participants assigned
to the 20%-, 27%-, and 35%-protein diets, respebti{P<0.001). Consumption was
thus very close to the goal for each group. Absofubtein consumption at the
beginning of the study did not differ among groupg, significant differences occurred
at the end of the study (68.9+10.1 g/day, 83.0+glday, and 95.8+16.9 g/day in the
20%-, 27%-, and 35%-protein groups, respectivies.0001). These differences were
exclusively due to significant increases in the anms of animal-source protein
consumed by the 27%- and 35%-protein groups; tivere no differences in the
amount of protein of vegetable origin consumed (@ &.

Fat consumption (monounsaturated, polyunsaturatetisaturated fat)
decreased homogeneously across the three groufmh@drate intake increased in the
20%- and 27%-protein groups (7.46+10.2% vs. basghn0.002 and 4.82+8.30% vs.
baselineP=0.006, respectively). However, carbohydrate corgion slightly
decreased with respect to baseline in the 35%-prgteup to 33.6+4.43% of total
energy. As expected, changes were heterogeneousggagnaups mainly due to
different protein consumption that was achieveddunucing carbohydrate® & 0.001
among three diets). Alcohol consumption was vew (median nearly O g per day) at
the beginning of the study in all groug®=0.77); this consumption slightly decreased
even further in all groups at 3 montlis=0.75).

Dietary assessment at 6-months follow-up visexposed in Supplemental
Table 2. Diet was quite similar to that reporte@a8 months of weight loss
intervention in the three groups.

Weight and body composition
Three months of dietary intervention led to weigdductions of-8.16+4.18%, -

9.6615.28%, and -10.7+4.28% in the 20%-, 27%-, 36b-protein diet groups,
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respectively (Table 2). Although weight loss tentlechcrease with higher protein
consumption, no statistically significant differesan inter-groups analysis were
detected among groups. Nevertheless, participaritei35%-protein group achieved
the greatest weight loss. The goal of 10% weigsd lwas met by 33.3%, 41.5%, and
65.4% of participants in the 20%-, 27%-, and 35%tqin groups, respectivelP£
0.023 by comparing 20%-protein vs. 35%-proteingji@tigure 2)Post hoc analysis
showed statistically significances between 20 &fb-protein diet weight loss
variation after 3 month$>(= 0.041). Type of diet showed significantly infhoee on>
10% weight loss target achievement adjusting bglbesweight and physical activity
by determining a 27.9% of variance (Table 3). legréints homogeneously lost
approximately 1% more weight at the 6-month follopvvisit than at the 3-month visit,
without significant differences between the twadstphases or among groups<
0.374 comparing three time-points among groupspiifumental Table 3 and Figure 3).

The most total fat mass and visceral fat washgshe 35%-protein group; total
fat-mass loss in this group significantly differiedm loss in the other two groups
(P<0.0001 among groups) (Table 2). Participantslidiat groups also experienced a
slight loss of fat-free mas®*0.05 among groups). Fat mass and visceral fat mass
change strongly and positively correlated with vi¢igss (R=0.68P=0.009 and
R=0.56,P<0.0001, respectively) in all diet groups.

The levels of physical activity level did not sifyicantly differ at baseline
among groupsH=0.91). These levels increased by 108+240%, 148%] &hd
146+141% in the 20%-, 27%-, and 35%-protein grovpspectively, at 3 months.
Participants reported decreased physical activitijga6-month visit versus the 3-month
assessment:-91.5% [-100%-(-58.0%)], -67.4% [-10042-4%)], and -60.6% [-77.6%-

(27.4%)] in the 20%-, 27%-, and 35%-protein groupspectively P=0.034 among the
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three groups anB=0.011 for 20% protein vs. 35% protein). Weightiaion was
negatively correlated with physical-activity char{&s=-0.39, P=0.0001) in all groups
by involving higher weight loss with higher phydieativity with respect to baseline.
Blood pressure

Systolic blood pressure diminished at 3 months visisus baseline in the 27%- and
35%-protein groupsR=0.008 andP=0.021, respectively); no significant differences
occurred in the 20%-protein group=0.30) (Table 2). However, systolic blood-
pressure changes at 3 months and at 6 months dgiigmificantly differ among groups
(P>0.05 among groups) (Tables 2 and 3). Diastolic dipressure changes were
homogeneous among groups, with no significant diffees at 3 months or at 6 months.
Lipids

Changes in lipid profile between baseline and 3ttmomarkedly differed among
groups. The 20%-protein group experienced no saamif changes relative to baseline
(P>0.05). The 27%-protein diet was associated withld raduction in the levels of
total cholesterol, triglycerides, LDL cholesterahd non-HDL cholesterol at 3 months
(P>0.05 for all lipid parameters with respect to bemg| while the 35%-protein group
displayed significant reductions in the levels lbblesterol, triglycerides, LDL
cholesterol, and non-HDL cholesterol at 3 mon#s0(0001 for all lipid parameters
except LDL cholesterol with respect to baselinehl&&). The levels of total
cholesterol, triglycerides, and non-HDL cholestevelte significantly lower in the
35%-protein group than in the 20%-protein groBp=(0.013,P = 0.016 and® = 0.044
respectively). Change in triglyceride levels wagate/ely correlated with consumption
of animal protein (R=-0.24=0.036) by involving a greater triglycerides corication
reduction with a higher animal protein consumptidnear regression indicated that

animal-protein intake was associated with changdggtyceride levels across all groups
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regardless of weight loss and changes in physatality (B=-0.67; 95% CI: -1.25, -
0.10;P=0.020), determining 5.6% of variance. An inversgogiation between vegetal-
protein intake and decrease in triglyceride lewads also detected(R=0.2350. 047).
Glucose metabolism and other biochemical parameters

Glucose metabolism changed over the course oftitly,sespecially in the 35%-protein
group. Blood glucose levels were significantly lowaée 3 months than at baseline only
in participants following the 35%-protein di€10.035; Table 2). Although a clear
trend in blood glucose levels was observed, theagld did not significantly differ
among diets (Table 2). HOMA-IR index decreasedii@antly with respect to baseline
only in the 27%- and 35%-protein groups0.010 and®=0.001, respectively). We
uncovered a weak and non-significant correlatiamben glucose levels and weight
loss when all women were included in the analfRi0.21,P=0.059). Linear
regression demonstrated that changes in HOMA-IRassociated with allocated diet
independent of weight loss and changes in phyaality at 3months (B=-33.7; 95%
Cl: -62.6, -4.72P=0.023), determining 4.7% of variance.

Satisfaction questionnaire and adver se events during the study

All groups provided similar responses to all quastion the questionnaire administered
at the 3-month visit (Supplemental Table 4). Veighlscores revealed general
satisfaction with diet, health status, and williega to comply with study directions.
Intention to withdraw from the study scored neasyo for the 80 patients in all diets
that completed the study. There were no differentése incidence of adverse events

among groups (Supplemental Table 5).

DISCUSSION
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The main findings of this randomized, single-blstddy are that a HP diet with >30%
of calories from protein (mainly of animal origirf)) produced no clear benefit between
diets in terms of overall weight loss, although5%6of participants achieving 10%
weight reduction after 3 months of interventiéh=0.023); 2) had excellent
acceptability and compliance by participants; 8uiced marked improvements in the
levels of atherogenic lipoproteins and insulinsesice during the study; and 4) led to
higher fat mass loss and associated improvemetifgdrand glucose metabolism that
were higher than those obtained with a 20%-pradedty 5) obtained clinical benefits by
associating physical activity promotion which wasrtogeneous across diet groups.
This could have an essential role in the cardiobwia profile improvement observed.
Weight loss slightly improved during the 3 monthi$adow-up without further
assistance from a nutritionist; this effect wasaappt across the three diets groups.
Dietary changes achieved after 3 months of weigg Intervention were maintained at
6-months follow up visit. Other studies reportedjéx weight reductions with diets up
to 30-35% in protein content by comparing with festrom standard amounts of
protein (5,6). However, the current investigatisihe first comparison of the effects of
three moderate-HP diets, enabling us to identiéyrtiost effective and well-tolerated
diet and to demonstrate that a calorie-restrictetvdth 30-35% of total calories from
protein may be preferable to other moderate -HE dvith lower protein content.

While 35% protein consumption was prescribed tontieenbers of one group,
they reported a consumption of 31.0+4.94% (95.82béday), which implies an intake
of approximately 1.25 g of protein/kg/day. This mé&tch is common in dietary-
intervention studies, and most pertinent studie® moted this issue (5); a diet with

>31-32% protein may therefore be quite difficultaichieve. Thus, a diet with >30-32%
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protein content would be the most effective recomaagion for energy-restricted diets,
even strongly restricted diets such as those inmojuti200 kcal/day.

The key mechanisms underlying protein-induced wdigs are not fully
understood. Decreases in caloric intake due t@asad satiety despite energy-intake
restriction have been described with HP diets;dltescreases were attributed to
reduced secretion of gastric ghrelin and increaskeése of intestinal satiety hormones
such as GLP-1 and peptide tyrosine tyrosine (2128)e, we did not detect any
differences in satiety or caloric intake among digups. Participants reported very low
amounts of hunger on the questionnaire despitp@texl mean consumption of ~1200
kcal/day, which probably indicates a threshold @ftbat can be obtained even with
moderate-protein diets.

Physical activity is known to enhance the effedtsreergy-restricted diets.
Layman et al. demonstrated that subjects folloveirdiet of 1.6 g/kg/day of protein plus
exercise training lost more weight that those cariag 0.8 g/kg/day plus exercise
training (-8 kg vs. -6 kg, respectively) (24). larstudy, women only received a general
exercise increase counseling so physical activiBnge was quite heterogeneous. We
observed a good correlation between physical agtand weight loss; higher levels of
physical activity were achieved by members of th&2and 35%-protein groups
versus members of the 20%-protein although there wet significant differences
among diets. Despite this enhanced weight losszdtBumption in an energy-
restricted diet seems to be an independent detantnof weight-loss success.

The effects of various sources of protein in HPrgpeestricted diets on weight
loss have not been exhaustively explored. Obsemnaltistudies usually report that
higher intakes of animal protein, especially red processed meat, are associated with

weight gain, mainly in women, as well as elevaiskisrof coronary heart disease and
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diabetes (25,26). However, higher intakes of anipnadein from other origins, such as
milk or fish, are associated with significantly lekwisks of coronary heart disease and
obesity, suggesting that saturated fat and digtattgrns associated with red and
processed meat, rather than animal protein its&lf; underlie such deleterious effects
(24,27).

Protein consumption has been said to favor thestiner of ketone bodies and
satiety, an effect that would be strongly influethty the amino-acid composition of
protein (18,28). Leucine and lysine are the onlyg amnino acids that are ketogenic, and
lean meat contains large amounts of them. Furgetein quality is essential to diet-
induced thermogenesis. Animal protein induces rpooéein oxidation than vegetable
protein by increasing energy expenditure (18,2)tdth from lean lamb is of higher
quality than protein from pork meat, and therefamencrease in energy expenditure at
the expense of diet-induced thermogenesis may biengortant mechanism of weight
loss-enhance ability of high protein diets withighhamount of animal sources as
observed in our study. This issue requires furiinegstigation.

Our results confirm substantial improvements itifagstriglyceride levels,
blood glucose levels, and insulin resistance witlieasing amounts of protein in the
diet that were not fully explained by weight los&lghysical activity. These findings
are supported by a recent meta-analysis of randmhdantrolled trials in overweight
and obese adults (30). The pooled meta-analysid sfudies (1623 participants)
identified a statistically significant decreaseriglyceride levels (standardized mean
difference-0.51P=0.002) and a non-significant reduction in LDL asdkrol levels
(30). Analysis of 10 studies that included 718 ipgrants uncovered a significant
reduction in fasting insulin concentration (stamtized mean difference -0.20,

P=0.020) and a non-significant reduction in bloodoglse levels with HP diets
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compared with standard protein diets (30). The fisnaf HP diets have been explained
by reductions in dietary carbohydrate intake andhieygreater preservation of fat-free
mass (31,32).

Our study shows some limitations that involve #eklof using a dual-energy
X-ray absorptiometry scan or computed tomograplasgess body composition. The
relatively small sample size could have limited significance of weight loss-enhance
ability of the highest protein diet. Diet compli@nassessment would be more precise
by determining the urine microalbumin and nitrogencentration. Futhermore, this
study involved counseling to increase physicahagtivhich could have an additional
role in the cardiometabolic profile improvement ebved.

In conclusion, this randomized study with a follow-visit at 6 months indicates
that an energy-restricted diet with 35%yprotein, thyasf animal origin, leads to better
cardiometabolic profiles than HP energy-restricteds with lower protein content.
Although there was no clear benefit between dieterims of overall weight loss, a
higher fat mass loss was observed in those wonikenwiag the highest protein diet.
The 35% diet implemented here was associated wdeéllent safety and acceptability.
Lipid profiles and insulin resistance particulairtyproved in members of the 35%-
proteingroupand did not directly correlate with gfgiloss. A high percentage of animal
protein, especially protein from lean lamb meatldancrease diet-induced
thermogenesis or the maintenance of satiety. Furdsearch will be required to

confirm these effects.
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Figure 1. Schematic representation of randomization andlystoursé

'BMI denotes body mass index.
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587 Figure2. Weight loss achievement after 3-months of dietiatgrvention according to
588 randomized diét

589 P refers to differences between 20% and 35%-pratieits calculated by chi-squared
590 test.

591
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Figure 3. Body weight evolution across study to type ot'die
'p refers to inter-groups differences among 3 timeMsccalculated by repeated

measures of ANOVA
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Table 1. Dietary characteristics of participants accordimgandomized diet at baseline and after 3 montthigetary interventioh

|

20% Protein diet 27% Protein diet 35% Protein diet p
Baseline | 3 month Baseline | 3 month Baseline | 3 month Sl
aseline montns 2 aseline montns 2 aseline montns 2 3 diet§
N=30 | N= 24 A% P N=31 | N=29 A% P N=30 | N=27 A% P
1896 1143 1800 1169 1856 1202
Energy, keal | 11620 5151] [1006.1250] “34-4£14-6| <0.000L:) 47 on011 11139-1036] “28-5£202| <0.000L 1) 10 ol 11361 004] 31-4£32.1] <0.0001 0675
Protein, % 21.1#5.04 233%32] 2.22+524 0054 £284 | 27.4+#3.04| 5.36+6.40 <0.00p120.1#5.76 | 31.0#4.94 10.9¢7.15  <0.00040.0001
Animal protein, % 16.3#5.45 | 16.9+3.58 0544578 0.658 17.4%#6.05 248 | 4.48+6.58| 0002 15.2¢+6.54 25.8+5.08  10.6+7/870.0001 < 0.0001
Vegetal protein, % 4.74+153 | 6.424¢1.13 1.68+1.70 <0.0004.58+1.63 | 550+1.27| 0093+2.18 0035 4.84+138 5019% | 0.33+1.65| 0.333| 0.05/
Total Fat, % 44.9+6.73 352453} -9.66+8.25 <0.0p045.1#591 | 35.3+6.19 -9.78+8.94 <0.00043.5+5.07 | 35.4:4.92 -8.13+7.60 <0.00010.742
gf'lg””sat“rated 21.0+3.30| 17.74.3.73 -3.38+5.00 0.004 20.2+361 4BA2 | -2.16+4.60 0022 19.6:3.30 17.4+229 -2.2684. 0.013 | 0.591
;‘t"{znsat”rated 6.76+2.02 | 4.90£0.86 -1.86+1.90 <0.0006.93+3.63 | 4.71+0.87| -2.21+3.47 0.003 6.662.16 £I086 | -1.67+2.81] 0.008|  0.78¢
Saturated fat,% | 13.3+3.65 9.37+1.78 -3.94:3/59 G@I0 14.0+2.65 | 9.13+2.76 -4.90+3.50 <0.00013.8+2.56 | 9.81+2.07 -3.95+3.68 <0.00D10.546
Carbohydrates, % 33.7+7.61 | 41.2¢7.55 7.46+10.2 0002 324465 35.2% | 4.82+8.30| 0006 359672 33.6+4.43 -2.28+6.9D.123 | 0.001
Sugar, g 703219 71.7¢208 . 80 | 0805 | 67.6:200 6372131 7102 | 0208 | 781:27.0| 64.0:17.1, ,72%% | 0068 | 0.268
: SEeL 2205109 6-31.9] O%eL. ES T 21.1-18.4] el VT 46.1-17.0] '
Fiber, g 18.5:8.07| 2431500 . 20 | 0006 | 16.3:551| 10.3:6.2¢ . 421 | 0070 | 186+6.11| 204525 177 0.305 | 0.087
! OFS. 2290 16.99-78.5] | D SE0-291.21.0-61.6] 0% AE291.23.7-36.1] '

30



values are mean + standard deviation or mediarc@pgite 25-percentile 75] as applicatfie refers to differences between baseline and after
3-months dietary intervention in each diet. Itagcalated by paired two-sample t-tests or WilcoxamappropriatéP refers to differences in 3-

months variation among diets. It is calculated WOVA or Kruskal-Wallis tests, as appropriate.
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Table 2. Changes in clinical and biochemical charactessticcording to diet group after 3 months of dietatgrventior.

32

20% Protein diet 27% Protein diet 35% Protein diet ps
Baseline 3 months | A% 3- months ~ P? Baseline | 3 months A% 3-monthy P2 Baseline| 3 months | A% 3- months P2
N = 3( N = 2/ from haselin N =31 N =2¢ [from baselin N = 3( N =27 from baselin
\Weight, kg 86.418.35 78.818.94 -8.16+4.18 |< 0.0001 87.9+9.33| 79.449.41 -9.66+5.28 [<0.000185.1+8.39 76.6+8.44 -10.7+4.28 |<0.0001 0.164
Waist circumference, cm 99.6+7.06 89.5+7.48 _9 30+5.83 |<0.0001] 99.4+9.41| 90.4+8.37 _g 2g+5.21 |<0.000] 101+11.6| 88.7+9.97 -11.6+7.83 [<0.0001 ¢ 306
Systolic blood pressure, mmHg 122+12.1 117+236 64:817.2 0.303| 124+19.7 115#16)7 -7.54+13.5 0.008 9+12.6| 113+14.4 -4.54+10.9 0.021 0.582
Diastolic blood pressure, mmHg 77.3+9.03 75.0+8.Y0-1.10+£12.4 0.443| 82.1+11.5 80.7+11}9 -2.62+12.7 840.179.3+9.58 78.9+8.97 0.44+12.9 0.733 0.745
Total cholesterol, mg/dL 210+40.7 202+41.2 0.16+10.7 0.954 | 225+28.1| 215+31.8 -3.49+10.0 | 0.061 | 217+37.4§ 195+37.0 -8.10+9.26 |< 0.0001 0.016
HDL cholesterol, mg/d 56.3+£13. 52.6£12.¢ -4.77+13.: 0.07% | 56.4+9.5¢ | 53.4+9.7. | -4.26+13.: | 0.08¢ [59.9+14.!| 50.3+9.7: -12.4+10.®  |<0.000:| 0.031
Triglycerides, mg/dL 120+41.6 117741 13.2+55.8 0.861 | 135+76.7| 121+60.7 .4.17+30.4| 0.073 | 124+49.§ 94.1+26.2 -17.7424.6 | 0.0001| 0.02¢
LDL cholesterol, mg/dL 129+41.6 127432.4 1.18+14.6 | 0.905 | 142+23.6| 132+28.4 5 gr+13.6| 0.198 | 132+29.9 126+31.0 -3.52+12.5 0.144 | 0.436
Non-HDL cholesterol, mg/dL 153+34.8 150+35.4 2.44+14.0 0.532 | 166+24.3| 158+24.9 -3.39+11)8 0.098 157+30.045+31.9 -6.29+11.6 0.006 0.04p
Glucose, mg/dL 91.7+12.5 87.5£9.99 _1.95+10.3 0.231 | 88.8+16.00 85.6+9.4b5 _» 37+17.3| 0.134 | 85.9+8.2¢ 81.2+9.17 -4.87+12.4 0.035 | 0.713
HOMA-IR 2.56 1.85 -17.8 0.316 2.16 1.99 -19.4 0.010 | 2.27 1.33 -39.4 0.001 | 199
[1.50-3.58] | [1.49-3.18] | [-45.4-55.5] [1.64-4.39]| [1.40-2.68]| [-41.7-4.57] [1.47-2.92] [0.89-2.09] | [-54.9- (-10.2)] :
HbAlc, % 5.5040.29 5.4340.23 0.64+2.88 1.000 5.43%0 5.41+0.36] -0.33+4.03 0.578 5.42+0(2&.42+0.28 -0.02+2.73 0.901 0.990
GGT, U/L 18.5 16.5 -3.85 0.267 21.0 18.0 -8.33 0.065 21.0 15.0 -14.3 0.001 0.186
[13.8-27.2] | [12.3-23.0] | [-20.8-7.92] [16.0-34.0]| [13.0-35.0]| [26.8-6.51] [14.5-30.5] [12.0-24.0] | [-36.4- (-4.55)] :
ALT, U/L 16.5 15.0 -7.74 0.321 16.0 14.0 -7.69 0.115| 15.0 14.0 -8.33 0.143 | 4 965
[12.8-22.3] | [11.3-21.8] | [-29.7-17.5] [12.0-26.3]| [12.0-22.5]| [-25.7-13.3] [13.5-23.0] [12.0-23.0] [-29.4-12.1] :
Uric acid, mg/dL 5.10+1.38 5.10#1.17 (.93+185 | 0.711 | 5.36+1.25 5.39+1.14 066+15.3 | 0.795 | 4.98+1.02 5.09+0.96 2 84+14.4 0.627 | 0.862
Fat mass, kg 34.8+6.33 30.846.3L -10.5+12.0 |<0.0001 36.0+6.89| 30.7+7.06 -15.2+9.13 [<0.000135.6+7.01] 28.8+6.04 -18.3+12.2 [<0.0001 g.047
Fat free mass, kg 46.9+5.12 45.4+2.97 -3.90 0.074 | 47.6+4.60 45.0£3.20 -4.71 <0.000146.4+2.94 43.8+3.23 -5.13 < 0.0001 0.420
[-6.65-(-2.68)] [-7.88-(-2.78) [-7.13-(-2.68)] ’
Visceral fat, level 9.20+1.94 7.92+2.13 _12.0+12.5 |<0.0001 10.2+3.04| 8.24+2.08 _15.8+17.3| 0.0001| 9.21+2.26 7.41+2.12 -19.2+14.8 |<0.0001 g.246



Physical activity level, METs/min

693
[384-1386]

1340
[433-1868]

108+240

0.022

693
[462-1386]

1575

[594-3804]

148+170

<0.0001

693
[429-1386

1422
[1172-2517]

146+141

< 0.0001

0.073

! Values are mean+standard deviation (SD) or mefgiarcentile 25-percentile 75] as applicaRerefers to differences calculated by dependent

t-test for paired samples or Wilcoxon test, as appate.’P refers to differences calculated by ANOVA or KrakkVallis tests, as appropriate;

adjusted by Bonferroni correction for multiple tegtif applicable. “a” denoteB< 0.05 by comparing 20% vs. 35%-protein diets. Bidhotes

body mass index; HOMA-IR, homeostasis model assessastimated insulin resistance; HbAlc, glycateehdiglobin; GGT, gamma glutamil

transferase; ALT, alanine aminotransferase.
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Table 3. Binary logistic regression analysis forl0% weight loss achievement after 3
months of dietary intervention*.

B
Odds Corrected
>10% Weight loss | Standarized| P Confidence interval (95%
ratio R?
coefficient
Physical activityat 3| 557 | 0004  1.001 1.000 1.001
months
Type of diet 0.632 0.046 1.882 1.012 3.500
20%-protein diet** - - - - - 21.9
27%-protein diet -0.082 0.899 0.921 0.260 3.260
35%-protein diet 1.214 0.054 3.368 0.980 11.57

* Linear regression model adjusted by baseline ateitf 20%-protein was considered

as reference category.
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Supplemental Table 1. Examples of 1200 kcal-menus of three prescribets.d

20%-Protein diet

27%-Protein diet

35%-Protein die

[

Skimmed milk
(200 ml)

Skimmed milk
(250 ml)

Coffee or tea
Whole cereal (409)

Breakfast Coffee or tea Coffee or tea Walnut (59)
Whole bread (459) Whole bread (30g) 2 Skimmed
Butter (59) Olive oil (59) yoghurts
Orange juice
- _ . (125 ml)
Mid-morning Banana (1609) St_rawbernes (1759) Whole cereal (15 g)
snhack Light cheese (359) SN
Tuna fish in brine
(40)
Salad: tomato, lettuce,
Salad: tomato, lettuce, | onion, carrot (1009) Salad: tomato. lettuce
onion, carrot (100g) Pasta (115g) with o '
. onion, carrot (100g)
Green bean (150g) with|  vegetables (50 g) .
Boiled lamb (1359)
potato (100g9) natural tomato sauce .
. . with red / green
Lunch Chicken (white meat, (500) eppers (100g) and
boneless skinless) (100g) Grilled turkey cooked P pgtatoes (5% )
Whole bread (30g) (130g) with red / potatoes (599
; . Olive oil (109)
Olive oil (159) green peppers (509) Pear (160g)
Skimmed yoghurt Olive oil (109) 9
Skimmed yoghurt
Afternoon : Skimmed yoghurt
snhack Apple (1309) Pineapple ( 1209) Strawberries (175g)
Salad: tomato, lettuce, Vege_tables (pumpkin Vegetables (pumpkin
; onion and carrot) :
onion, carrot (100g) < onion and carrot)
: : purée .
Broccoli (150g) with (200 g) with potatoes purée
Dinner potato (100g) (500) (200 g) with potatoes|

Cooked ham (409)
Whole bread (309)
Olive oil (10g)
Skimmed yoghurt

Baked sardines (130g

Whole bread (309)
Olive oil (109)

Skimmed yoghurt

) Baked salmon (200g

(509)

Olive oil (10g)
Skimmed yoghurt

*Food amount refers to raw weight.
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Supplemental Table 2. Dietary characteristics of participants accordimgandomized diet at 6 months-follow-up Visit

20% Protein diet

27% Protein diet

35% Protein diet

D1

A% 6- A% 6- A% 6-
6 months months p2 6 months months P2 6 months months p?
N=16 from N =25 from N =25 from
baseline baseline baseline
1179 1240 1172
Energy kcal (1151.1241] 3485209 | 0.005 )\ L0 | -3L1x15.4] <0008, 7" o) -310£21.8|  0.030
Protein % 23.4+1.76| 4.83+357| 0.007 27.0+3.15 524+601 1D.0230.4+6.58 | 10.047.02  0.001
Animal protein%| 15.8+2.39| 3.09+1.86| 0.017 20.9+3.96  3.65+8.11  0.1824.9+7.28 | 9.92+6.96  0.002
(\)fgeta' protein, | 7 5e+082| 1.75¢2.49| 013| 6.13+1.85 0584283 0.13 .3580.96 | 0.16+1.87] 021
Total Fat % 31.745.46| -10.74#8.19| 0.22| 31.3+3.71 -12.645/19 02. 31.845.19| -12.3+9.07 0.37
f'\gfﬂ/‘zunsat“rated 15.142.46 | -5.36+3.44| 042 15.1+1.79 -5.3242/98 0.0814.6+1.83 | -6.46+2.92  0.36
polyunsaturated | 5.05:0.74| -1.41:2.45 006 4.74:086 113185 ©.014.70:082 | -204:2.89 0.58
Saturated fa% | 8.59+3.63| -3.13+3.85| 020| 8.37+2.40 -5.58+2/71 G001 9.28+3.61 | -3.60+5.24  0.11
Carbohydrate®o | 44.6+¢5.37 | 6.21+5.92| <0.000141.6+4.96 | 7.71%7.04 <0.000137.9+5.38 | 2.69+5.73 <0.00
17.2 -0.91 233
Sugarg 708+15.0| 13 Ty qy 021 | 704£120| 5T o 077 | 67.2¢166| o S0 o 077
. 116 16.4 5.69
Fiber,g 2774376 | 100405 | OBl | 2088871 150 ne o 032 | 225:7.22| a0’ off 0.96
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values are mean + standard deviation or mediarc@pgite 25-percentile 75] as applicatfie refers to differences between baseline, 3 and 6

months visits calculated by repeated measures sinaiyANOVA or Friedman, as appropriate.
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Supplemental Table 3. Percentage changes in anthropometric characterestimording to diet group by comparing 6-monthisaseline and 3-

months assessmehts

20% Protein diet 27% Protein diet 35% Protein diet p2
N =16 N =25 N = 25
A% A% 6- A%
A% 6-months A% 3to 6 A% 6- months A% 3to 6 A% 6- months A% 3to 6 months 3 t006
from baseline months from baseline months from baseline months from h
baseline months
Weight -9.44+4.98 -0.62+2.28 -11.2+47.42 0.52+4.48 -11.4+7.98 -1.23+5.39 0.653 0.974
Waist -10.045.53 0.80+3.37 -9.2147.17 0.52+4.79 -10.329.2| 2.12+7.25 0.872 0.589
circumference
g}’:;gﬂfeb'“d -4.10+9.50 1.93+16.4 -6.18+13.7 3.08+10.0 -1.63210  2.85+7.02 0.413 0.953
gr'g:;‘jfe blood 6.99+11.6 6.08+11.8 2.22412.3 4.29+8.86 0.10+13.0 0.11+10.6 0.097 0.204
Fat mass -9.64+14.8 -0.98+4.93 -16.4+13 .4 0.55+11|6 -20.0+18.6 -3.37+16.6 0.149 0.571
-5.32 -0.33 -5.98 0.24 -4.64 -0.34
Fat free mass [-8.40-(-2.61)] | [-3.55-4.23] | [-8.52-(-3.40)]| [-1.55-2.50] | [-8.41-(-2.02)] | [-2.86-1.86] | ©°:°37 | 0630
. 12,7 0 -11.8 0 22,6 0

Visceral fat [-21.2- (-10.0)] | [-6.67-0.00] | [-30.0--9.32)]| [11.9-7.50] | [33.3-(-12.5)] | [-13.8-0.00] | O1%4 | 0778

values are mean+standard deviation (SD) or megiarcgntile 25-percentile 75] as applicaBRerefers to differences calculated by ANOVA

or Kruskal-Wallis tests, as appropriate.
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Supplemental Table 4. Satisfaction questionnaire performed to participatfter 3-

months of dietary intervention

20% 27% 35%
Scale, 0-10 Protein diet| Protein diet| Protein diet =2
N= 24 N =29 N =27
Health status 7.79+1.96 7.63+x1.78 8.31+1.03 0.4
Hunger during study 2.14+2.09 2.54+2.14 2.39+£1.69 .840
General satisfaction with 9.78 9.25 9.25 0.61
diet [8.38-10.0] | [8.63-10.0] | [8.38-9.63] '
Intention to withdraw 0 0 0 0.31
from the study [0-0] [0-0.5] [0-1.63] '
Willingness to unlimited 9.50 9.25 9.00 0.62
follow-up the diet [7.63-10.0] | [8.00-10.0] | [8.00-9.63] '
Compliance acceptability 9.00+0.88 8.44+1.17 8.2881| 0.16

! Values are mean+standard deviation (SD) standarigtion or median [percentile 25-

percentile 75] as applicabf& refers to differences calculated by ANOVA or Krabkk

Walllis tests, as appropriate.
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Supplemental Table 5. Adverse events reported by participants acrossttiay

according to randomized diet group.

Severity

Adverse event

Number of
participants
who reported

Randomized diet

description the adverse 0% o >
event Protein 21% | protein
: Protein diet :
diet N = 31 diet
N =30 N =30
Motorcycle
Serious | accident 1 1 ) 0
adverse
events | Appendicitis 1 0 1 0
Constipation/
Constipation 7 2 3 2
worsening
Renal colic 2 1 1 0
Anxiety 3 1 1 1
Gastroenteritis 1 1 0 0
Adverse _
events | Hypotension 2 0 1 1
Sprained ankle 2 0 1 1
Lower back pain 2 0 0 2
Otitis 1 1 0 0
Flu 2 0 1 1
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824 women attended to informative meetings

A 4

603 completed the questionnaire

\ 4

91 randomly selected for Screening visit

v

267 excluded by not meeting
inclusion/exclusion criteria

» 77- BMI < 27.5 or > 45 kg/n??

« 155- not steady weight in previous
3 months

» 35- taking not allowed drugs or

91 selected for Randomization visit

not under stable dose

A 4

v

\ 4

30 women randomized to
20%-Protein diet

31 women randomized to
27%-Protein diet

30 women randomized to
35%-Protein diet

6 women withdrew
from the study

* 3- personal reasons
» 1- change of residence
* 2- unknown reasons

2 women withdrew
from the study

* 1- personal reasons
¢ 1- unknown reasons

3 women withdrew
from the study

* 1- personal reasons
¢ 1- unknown reasons

A 4

y

\ 4

24 women randomized to
20%-Protein diet

29 women randomized to
27%-Protein diet

27 women randomized to
35%-Protein diet

8 lost to follow-up

4 |ost to follow-up

2 lost to follow-up

A

A

A

16 women randomized to
20%-Protein diet

25 women randomized to
27%-Protein diet

25 women randomized to
35%-Protein diet
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