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RESUMO

Obijetivo: Identificar os verdadeiros efeitos da restricdo calorica (RC) sobre o consumo
maximo de oxigénio (VO2max) relativo e absoluto e forca muscular. Métodos: Uma
revisdo sistematica foi conduzida em 5 bancos de dados, até novembro de 2019. Vinte e
oito ensaios controlados foram incluidos nas meta-analises comparando RC sozinho vs.
Dieta padrdo (RC vs. controle) ou comparando RC mais treinamento fisico vs.
treinamento de exercicio sozinho (RC + EX vs. EX) sobre 0 VO2méx e a forca muscular.
Resultados: RC + EX teve um efeito positivo para o VO.méax relativo (1,13 [0,49;
1,78]ml/kg/min, p <0,001), mas ndo teve nenhum efeito sobre a forca muscular relativa
(0,41 [-0,28; 1,09], p = 0,25 quando comparados ao EX. RC aumentou
significativamente o VO2.max relativo (2,08 [0,90; 3,27]ml/kg/min, p <0,001) e a forca
relativa (0,47 [0,35; 0,59)], p <0,001), em comparacdo com dieta padrdo. A anélise
complementar confirmou reducdes significativas na massa corporal total, massa gorda e
massa muscular entre todos os subgrupos, como esperado. O VO,max absoluto e a forca
ndo foram melhorados por RC + EX ou RC quando comparados a EX e controle,
respectivamente. Conclusdo: A RC sozinha melhora significativamente o VO2max
relativo e a forca muscular em individuos fisicamente néo ativos.

Palavras-Chave: Dieta de Baixa Caloria, Teste de Esfor¢o, Salde, Desempenho,
Aptiddo fisica.

ABSTRACT

Aim: To identify the true Caloric restriction (CR) effects on relative and absolute
maximum oxygen uptake (VO2max) and muscular strength. Methods: A systematic
review was conducted in 5 databases, up to November 2019. Twenty-eight controlled
trials were included in the meta-analyses comparing CR alone vs. standard diet (CR vs.
control) or comparing CR plus exercise training vs. exercise training alone (CR+EX vs.
EX) on VO2max and muscle strength. Results: CR+EX had a positive effect on relative
VO2max (1.13 [0.49; 1.78]ml/kg/min, p<0.001), but had no additional effect on relative
muscle strength (0.41 [-0.28; 1.09], p=0.25) when compared to EX. CR significantly
increased relative VO2max (2.08 [0.90; 3.27]ml/kg/min, p<0.001) and relative strength
(0.47 [0.35; 0.59)], p<0.001), compared with standard diet. Complementary analysis
confirmed significant reductions in total body mass, fat mass and muscle mass among all
subgroups, as expected. Absolute VO2max and strength were not improved by CR+EX
or CR when compared to EX and control, respectively. Conclusion: CR alone
significantly improve relative VO>max and muscle strength in non-physically active
individuals.

Keywords: Low-Calorie Diet, Exercise Test, Health, Performance, Physical Fitness.
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1 INTRODUCTION

Caloric restriction (CR), defined as a reduction in energy intake without nutrient

deficiency, has been shown to increase lifespans and attenuate the harmful effects of
aging across the evolutionary spectrum 2. In humans, CR has improved numerous
metabolic and hormonal factors that regulates the pathogenesis of type 2 diabetes,
cardiovascular diseases, cancer, being associated with increased health span 3°. The
exact mechanism underlying the benefits of CR remains unknown, but it involves changes
in nutrient-sensing pathways, metabolic homeostasis, and body composition 1.

Regarding physical fitness, CR effects has been shown to delay the aging changes
such as muscle weakness, poor endurance, slowness, low physical activity, and frailty in
primates’. However, in humans while a few studies show improvements of
cardiorespiratory fitness (VO2max) &° and muscle strength 1° with CR, other studies have
shown negative or null effects!t*?,
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Many factors might influence those different results such as different
characteristics of the individuals, interventions, and methods of physical fitness
assessments. For example, considering that CR leads to important reduction in body mass,
the increase in physical fitness absolute values may be considerably lower than the
increase in relative to body mass values®. Thus, both unit measurements (absolute and
relative) need to be analyzed separately. Another confounding factor is the common use
of adjuvant interventions such as exercise training. Exercise training per se is the most
powerful stimuli to increase VO2max and muscle strength and when combined with CR
should be carefully interpreted .

The aim of this study was to identify the effects of CR on relative/absolute values
of VO, max in a range of physically inactive individuals. This meta-analysis included

published human-controlled trials with and without exercise.

2 METHODS
This review was reported according to PRISMA (Preferred Reporting Items for

systematic Reviews and Meta-Analyses) Guidelines *°.

2.1 LITERATURE SEARCH

The search was conducted on studies published before November 16, 2019 on
PubMed, Web of Science, Embase, Scopus and Cochrane databases, combining CR,
physical fitness, and clinical trial terms. The PubMed search terms included were
("intermittent fasting"[tiab] OR ““fasting”[mh] OR "caloric restriction"[mh] OR “diet,
reducing”’[mh] OR "Low-Calorie Diet" [tiab] OR "time restricted feeding"[tiab]) AND
(("athletic performance" [mh] OR “Sports Performance” [tiab] OR "muscle strength"
[mh] OR "exercise test" [mh] OR “Fitness Testing” [tiab] OR “Cardiopulmonary Exercise
Test” [tiab] OR “Treadmill Test” [tiab] OR “Bicycle Ergometry Test” [tiab]) AND
((*“Clinical Trial” [Publication Type]) OR (“Clinical Trials as Topic”’[mh])). Equivalent

search terms were properly applied in each of the other databases.

2.2 ELIGIBILITY CRITERIA

We selected controlled trials (CTs) testing CR interventions (at least 8 weeks)
with or without exercise training on cardiorespiratory fitness and muscle strength. To
assess the isolated effects of CR on physical fitness outcomes (VO2,max and muscle

strength), the comparison groups were: CR alone vs. control keeping usual dietary intake
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(CR vs. control), or testing CR in exercise interventions, CR plus exercise training vs.
Exercise training alone (CR+EX vs. EX). It is noteworthy that although we searched for
any type of CR (e.g., intermittent fasting and time restricted feeding), interventions
without confirm reduction on caloric restriction were not considered CR. No restriction
was applied for date of publication, characteristics of the population (i.e., age, sex or body
mass index), or language of the studies; and thus, the only study writing not English (in
French) was translated by a specialized translator 6. Regarding the outcomes, we just
included studies assessing absolute or relative to the body mass maximum oxygen
consumption, or absolute or relative to the body mass strength assessed by Ib, Kg, or Nm.
We only searched for original controlled trials. Reviews, conference papers, letters, and
commentaries were excluded. Inadequate controlled studies such as 1) studies comparing
CR versus exercise training interventions; 2) studies comparing different types of exercise
training interventions combined to CR without an only exercise training intervention; 3)
studies comparing exercise training with exercise training associated to increased calories
(instead of CR) were also excluded. The acute CR effects were excluded and only
interventions equal or longer than 8 weeks were included considering the aim was to
investigate the CR chronic effects. In this way, we could not include the three studies
carried out in highly trained individuals 8% (they tested only 7, 10- and 12-days
intervention), and unfortunately our analysis ended-up restricted to non-physically active
individuals. We did not exclude studies by age or body mass index (BMI), however,
regarding BMI most studies included overweight (BMI between 25kg/m? and 30 kg/m?)
and obese individuals (BMI > 31 kg/m?) due to the main purpose of CR (lose weight).
Physical activity level was not used as an exclusion criterion since included
studies may have not reported it or stated that participants were not physically active. °°.
The physical inactivity was reported in different ways such as sedentary lifestyle, not
engaged in a sport or fitness program, not engaged in vigorous physical activity for >30
min five or more times per week, or more than 4h of activity per week, or more than twice
per week of physical activity. Previous engagement in physical activity was assessed as

past 6 and 12 months or it was not reported.

2.3 STUDY SELECTION
Avrticles retrieved through the systematic search were exported into Mendeley, a
reference management software program, where the duplicates were removed. Two

reviewers independently screened all titles and abstracts for eligibility using a
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Spreadsheet. Any disagreements about inclusion of studies were resolved by discussion
and details of this process can be seen in Figure 1. Among the 20 studies, there was 28

different groups of interventions, and each one was treated as a separate study for

analysis.
Figure 1. Flowchart of the studies selection.
g Records identified through
b database searching (636): PubMed
b= (228), Web of science (32), Embase
E (62), Scopus (253), Cochrane (61). Duplicates
= excluded by automatic
filter (105).
én X
E Records selected after Records excluded
2 removing duplicates (531). (369): Acute exercise (9); did not
@ evaluated caloric restriction (293); did
\;> not have control group (1); non-
— original paper (17); not published in
journal (11); the caloric restriction was
) due to anorexia (8); Did not evaluated
performance (20); not available (10).
E Full-text articles included
= in qualitative synthesis
S (162). Full-text articles excluded (142):
e acute exercise (8); did not evaluated
- caloric restriction (6); did not control
diet intervention (106); non-original
) ! paper (6); did not assess VO,max or
muscle strength (7); assessed
T Studies included in VO2max relativized by fat mass (1);
S quantitative synthesis (meta- missing data to analysis (3); did not
2 analysis) restricted calories in the diet (2);
(20). shorter than 2 weeks CR intervention
— (3)'

2.4 DATA EXTRACTION

The necessary data for meta-analyzing the CR effects on body composition and
physical fitness were extracted from the eligible papers by two independent researchers.
Data were extracted from each study for the main variables, absolute/relative VO2max,
and muscle strength. Additional data were collected for secondary variables such as body

mass, lean mass, and fat mass. We did not convert absolute to relative values or vice-
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versa; we only used these two options when studies originally presented it. Furthermore,
the relative values were included only when they were relativized by body mass and not
lean body mass. We searched for average, standard deviation (SD), and sample size of all

these variables before and after CR and control interventions. Studies presenting mean

and 95% CIl values were converted to SD using the equation: (\/@ x (UL —
LL)/(2 x T.INV (0.05; n — 1)), where n is the sample size, UL is the upper limit, LL is
the lower limit and T.INV is the function that calculates the left-tailed inverse of the
Student’s T distribution. Studies presenting their variance as standard error (SE) were
converted according to the equation SD = SE x +/n.

Data about studies population (e.g., number of participants, age, sex and BMI),
interventions (e.g., CR doses, duration, combination with exercise interventions, type of
exercise added), and other outcomes such as changes in body mass, body fat and lean
mass were also collected to further subgroup analysis.

The authors of studies with missing data were contacted via e-mail and
unfortunately due to the lack of response, these studies were not included in this meta-

analysis®t 2,

2.5 RISK-OF-BIAS ASSESSMENT
The quality of studies was assessed using the PEDro scale 2 removing questions
5 and 6, since it is not possible to the participant and the researcher offering the treatment

to be blinded during CR, and the scores ranged from zero to nine.

2.6 STATISTICAL ANALYSIS

Considering the hypothesis that the divergence in the literature was firstly
explained by relative and absolute measurements and secondly by the adjuvant exercise
interventions added to CR, these factors were isolated within 8 meta-analyses: four
outcomes (relative and absolute VO2>max and relative and absolute muscle strength) with
two comparisons each (CR vs. Control and CR + EX vs. EX).

We calculated raw mean difference (RMD) for relative cardiorespiratory fitness
(ml/kg/min) and absolute cardiorespiratory fitness (L/min), based on the difference in
changes of CR and CR+EX against Control and EX, respectively. Nevertheless, muscle
strength was assessed in different ways, by different unit measures and therefore

standardized mean difference (SMD) was applied for its relative and absolute meta-
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analyses. Fixed effects models were used for almost all the 8 meta-analyses because they
were significantly homogeneous (Q-test); and random effects models were applied for
the two heterogeneous meta-analyses (CR vs. Control on relative VO2max and CR+EX
vs. EX on relative muscle strength).

The other confounding factors selected for subgroup analysis were sex, age, BMI,
level of physical activity, CR protocols, type of exercise intervention, duration of
intervention and characteristics of VOmax and strength tests. Nevertheless, considering
the meta-analyses were homogeneous and did not presented considerable inconsistency
(12 = 75% to 100%) these tests were not done. Only the meta-analysis of CR+EX vs. EX
on relative muscle strength were considerably inconsistent (12 = 84.19%), but since it had
only 3 studies no subgroup analysis was performed.

The inclusion of different muscle groups strength assessments in the same studies
lead to sample overlapping and thus we run further exploratory sensitivity analyses to re-
isolate these effects even though the meta-analysis comparing CR and Control on absolute
muscle strength had very low inconsistency (12 = 17.63%).

To confirm the CR effectiveness between the studies included in the review, we
ran three complementary meta-analyses for total body mass (kilograms), fat mass (SMD)
and lean mass (SMD), including all the CTs presenting this information.

All analyses were performed using the comprehensive meta-analysis software
version 3.3.070, assuming 95% confidence. At last, the risk of publication bias was

assessed by Egger’s test for each of the 8 meta-analyses.

3 RESULTS
3.1 RISK OF BIAS

The controlled trials ranged from 3 to 8 on the PEDro scale, suggesting a diversity
of quality levels. The p-value for Egger’s test above 0.1 for the four main meta-analyses
suggests no risk of publication bias (relative VO2max = 0.17, absolute VO2max = 0.76,

relative strength = 0.70 and absolute strength = 0.47).

Table 1. Quality of the studies included (PEDro scale)

first author, year 112 (3 (4|7|8]9 |10 (11 |Sum
Amati, 2008 3¢ 1112(0(1(0|12]1]| 1 1 6
Armamento-Villareal, 2014 37 11101211 |1]1]1 7
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Bouchard, 2009 3® 1/j1|0j1(0|2j0 |11 5
Cox, 2003 % 1j1|0j12(0j2fj0 |11 5
Davis, 2009 4° 11|01 f1j2j0|1 1 6
Dengel, 1996 ** 11|02 1j1j0(1]1 6
Elloumi, 2011 # 1j1|0j12(0j2fj0 |11 5
Figueroa, 2013 4 1j1{0f1f0j1j0|1]|1 5
Garcia-Hermoso, 2018 4 1(0{0fj1(0(2|0|1]1 4
Ghroubi, 2008 1/1|0(12(0|0j0| 0|1 3
Larson-Meyer, 2010 ® (1111|1111 8
Melanson, 2004 4 1j1f1(1f1f1|0| 1|1 7
Nicklas, 2015 ° 1j1|1j1(0{2fj0|1]1 6
Nicklas, 2019 & 1121|1102 0|1]1 6
Nordby, 2012 6 111|102 0|1]1 6
Racette, 2017 13 1j1(of1f0f1|1|1|1 6
Rosenkilde, 2018 4 1j1{1)1f(0j2j0 |11 6
Ross, 20044 1j1|j1j1(0(2j0|1]1 6
Villareal, 2011 4 1{1{0f1f0j1|1|1]|1 6
Wierik, 1994 11 111|010 }2 1|11 6

Legend: 1: yes; 0: no; N/A: not applicable. Questions:1) Eligibility criteria specified;
2) Random allocation; 3) Concealed allocation; 4) Groups similar at baseline; 5)
Subject blinding; 6) Therapist blinding; 7) Assessor blinding; 8) Less than 15%
dropouts;  9) Intention-to-treat  analysis;10)  Between-group statistical
comparisons;11) Point measures and variability data. Sum excluding question 1 (0-
10).

3.2 PARTICIPANTS

From 531 studies found in the highly sensitive search, 20 met the inclusion criteria
comprising a total of 1270 participants. Within these 20 studies, 28 controlled trials were
treated as separate studies for analyses. Despite we expected the diverse of the
individual’s characteristics in the studies included would influence the results, there was
significant homogeneity in our findings including in the same analysis men, women, from
10 to 70 years, normal weight, overweight and/or obese subjects, non-physically active
(Table 2).
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It is necessary to highlight those studies with four intervention groups (CR+EX,
EX, CR and Control), for example, Ghroubi et al. ¢, were analyzed in the CR+EX vs. EX
and in the CR vs. Control meta-analysis. Detailed characteristics about the studies

included are described in Table 2.

Table 2. Characteristics of the studies included.

First Age . ABM kg
Author Subgroups| (Years Sex BMI CR or BM |Duration| Type of | (SMD: A
Year ' (n%) Mean * (kg/m2) | Reduction | (Weeks) |training| FM/A
SD) ALM)
CR+EX
- 66.2+0.9 32.240.8 |_ -7.3kg
Amat;é 2008 (17) both 500 to 1000 16 AT |(-2.066/ -
kcal/day
EX (36) | 67+0.6 29.7+0.6 0,696)
CR+EX
Armamento- 70+4 37.2454 | _ -6.8kg
Villareal, | (28) both 5&%}%230 52 cT | (NR/-
20143 | EX (26) 70+4 36.9+5.4 1.174)
.| CR(26 704 37.2445 .
Armamento (26) 500 t0 750 8.8kg
Villareal, Control both keal/da 52 - (NR/ -
2014 37 27) 69+4 37.3+4.7 y 1.274)
CR+EX _
Bouchard, | (1) | 844%45 317426 | (5101 1.9kg
28 F 12 RT {(-0.607/ -
2009 kag/week
EX (12) | 62.8+3.7 30.8+2.2 0.138)
CR(12) | 60.7+4.6 31.9+2.7 .
Bouchard, (12 = 05to1 12 i -0 ilé%/ i
2009 * C‘(’{‘g"' 62.543.1 32.3+2.4 | kolweek 0.092)
CR+EX -
CO()I(i,gzh(:OS (14) 42455 | M 309443 | 418610 16 AT |10-296kg
exercise) ® | Ex (17 297434 6,279 ki/day (-2.088/ -
(17) T3, 1.798)
CR+EX -
Cox, 2003 33.3+3.6
(vigorous |—(19) 42445 | M 418610 | g AT |10-068kg
exercise) ® | Ex (13 20543.9 6,279 ki/day (-1.754/ -
(13) 53, 0.586)
_ CR(10) | 15.31.1 33.845.7 | -10%of 0.6kg
DaV|s4,02009 | = toéglléjraitély 16 i (-0.274 -
Control (7)| 15.1%1.1 34.67.4
(7 ke 0.07)
CR+EX
57.6+1.6 i -8.4kg
Dengel, (14) M| NR 30010500 |, AT |(-1.152/-
1996 kcal/day
EX (10) | 60.3+2.4 0.094)
Dengel, | CR(14) | 59.6+2.4 2300 to 500 -8.3kg
1996 41 M NR wcalld 40 - |(-0.899/ -
Control (9)| 62.8+2.5 cal/day 0.3
)
Elloumi, | | 131%1 30.3+45 | _gqp -4.3kg
s @) M 8 AT | (-0.695/
2011 kcal/day
EX (7) 13.1+1 30.3%4.6 0.095)
CR(6) | 13.3+0.6 | M | 30.3+2.9 8 - -6.1kg
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Elloumi, -500 (-0.879/
o011 % | Control (8)| 13.2+0.2 302422 | | day 0.016)
CR+EX
. -3.3kg
Figueroa, ||  (14) 5446 | F | 338+05 | 1220 12 RT |(-0.295/-
2013 kcal/day
EX (14) 0.149)
Garcia- CR+EX 27.943.9 1500 0.44kg
Hermoso, (10) | 10.7+0.9 | M coaliday | 144 AT | (-0.709/
2018% | EX(8) 27.7+2.95 NR)
| CRFEXCT 0 s1a3 9 37.45+3 68| 22 10 30% -3.83kg
Ghroubi, (15) of total daily
6 NR ; 8 CT | (-0.621/
2008 calorie
EX (13) |39.77+13.1 37.14%5.7 | intake 0.562)
CR (14) | 415117 38.74+6.15| 2510 30% -2.42kg
Ghroubi, | NR of total daily 8 ( O 361/
2008 16 Contro calorie i s
42.3629.8 39.2+3.7
(14) intake 0.022)
CR (12) 3945 -25% CR
Larson- from -7.594kg
Meyer, 2010| control both| 27.8+0.3 baseline 24 - (0.373/
9 3848 NR
(12) energy )
requirements
Melanson, |  (22) 4266 |both| 315:28 | | 20 24 AT | (-0.025/
2004 kcal/day
EX (19) 0.023)
CR+EX
. -4.8kg
Nicklas, (55) | 69.5+3.7 |both| 30.6+2.3 -600 20 RT [(-1.339/ -
2015 kcal/day
EX (56) 0.961)
N'Z%kl'gs' C?;SEX U743 | oo -6.5kg
69.2+3.5 |both 20 AT |(-0.667/ -
(moderate kcal/day
CR)® EX (44) 34.643.1 0.199)
N'Z%"l'gs’ CE’;X 344437 | oo -7.5kg
(intense CR) 69.2+3.5 |both keal/day 20 AT |(-0.803/ -
8 EX (44) 34.63.1 0.233)
CR (12 3242 28+0.4 .
Nordby, - — : |) M 600 12 - (jggg/
CR (120) -2|5% CR 7.9kg
Racette, relative to :
2017 13 Control 37.9+05 | F NR daily energy 96 - (]I-\IORS;)-
(71) expenditure :
. CR(12) -5.1kg
Rosenkilde, -600
2018 | Control [ NR M NRcoygey | 12 - R
(12) 782)
CR (15) | 43.9+4.9 500 -7kg
Ross, 2004 F | 31.3#2 § 14 - (-0.73/ -
Control | 43 7164 keal/day 0.189)
(10) '
Villareal, CR+EX -500 to 750
2011 8 (28) 704 |both| 37.2£5.4 | " day 52 CT | -8.1kg
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(-1.868/ -
EX (26) | 704 36.9+5.4 1876)
CR(26) | 704 37.2+45 ]
Villareal, G ot 50010750 | (Lo
2011 % C‘()g%o' 694 37.3+4,7 | keallday 1.058)
) CR (16) 43+4 -ZOI"{;) 0;‘ -4.7Kg
Wierik, total daily '
1994 | sontrol ®) 43£5 M NR calorie 10 (-2.329/ -
: 0.322)
intake

Legend: #: n = participants that completed the entire study; AT: aerobic training; BM: body mass;
CR+EX: CR plus exercise training group; CR: caloric restriction group without exercise training; CT:
combined training (AT plus RT, and in some cases balance and flexibility exercises too); CR+EX vs.
EX: CR controlled trial comparisons with exercise in both groups; EX: only exercise training group;
F: female; FM: fat mass; LM: lean mass; M: male; CR vs. Control: CR controlled trial comparisons
without exercise in any group; CONTROL: no diet group; NR: not reported; RT: resistance training;
A: (change); SMD: standardized mean difference; *SMD of body composition changes were described
for each study (and subgroup), taking to account differences between CR and C, and the significant
reductions (p<0.05) were highlighted in bold.

3.3 INTERVENTIONS

The lack of inconsistency also suggested no influence of the different intervention
protocols in the results. In general, the CR varied from ~250 kcal/day to more than 1000
kcal/day, however some studies just reported the caloric consumption without show the
previous habits and thus, limiting the comparison between protocols. CR interventions
last from 8 weeks to 3 years, combining or not exercise protocols (e.g., aerobic, combined
or resistance training). The aerobic training (AT) incorporated walking, cycling, jogging,
multi-sports games, stair climbing and rowing that varied between intensity (moderate to
high) and duration. The resistance training (RT) was based in large muscles groups like
leg and chest. The intensity in RT was predominantly moderate. The combined training
(CT) was a combination of AT and RT with flexibility and balance exercises, in this type
of training, the intensity was of moderate to high. The CR interventions were based in the

reduction of total daily calorie intake or body mass weekly reduction in a safe design.

3.4 STUDY OUTCOMES

Significant reduction of body mass, fat mass and lean mass were confirmed
following CR compared to non-CR groups (i.e., Control and EX) among the studies
included (Table 4), and the body composition effects of each study were reported in table
2.

The addition of CR+EX increased significantly relative VO>max compared to EX;

However, CR+EX did not increase relative strength significantly, compared to EX.
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Without EX, CR alone significantly increased both relative VO, max and strength (Figure
2). On the other hand, no significant effects were found for any absolute values (Figure
3).

Exploratory sensitivity analyses (data not shown) comparing CR vs. Control on
absolute strength for each muscle group showed non-significant improvements for neither
knee extension (p=0.16), knee flexion (p=0.08), leg press (p=0.10), other quadriceps
exercises (p=0.99), handgrip (p=0.05), bench press (p= 0.05), and total strength (p=0.88).

Relative muscle strength was not tested, due to the low number of studies.

Table 3. CR effects on physical fitness.

Outcomes k Studies ES (LL; UL) p-value p-diff
Absolute VOzmax (L/min)

CR+EX vs. EX (R) 8 8,30,414245 0.05 (-0.04; 0.14) 0.25 0.21
CR vs. Control (F) 7 9.11,1341424749 -0.02 (-0.08; -0.05) 0.60

Overall (F) 15 | 8911133941424547.49 0.01 (-0.05; 0.06) 0.82

Relative VO2max (ml/kg/min)

CR+EX vs. EX (F) 7 8,36,4245,48 1.13 (0.49; 1.78) p<0.001 0.17
CR vs. Control (R) 6 91113424748 2.08 (0.90; 3.27) p<0.001

Overall (R) 13 | 891113,36424547.48 1.58 (0.83; 2.35) p<0.001
Absolute Strength (SMD)

CR+EX vs. EX (F) 10 | 101637.38434448 -0.05 (-0.23; 0.12) 0.56 0.79
CR vs. Control (F) 16 | 9131637384048 -0.08 (-0.19; 0.03) 0.14

Overall (F) 26 | 9101316373840434448 -0.07 (-0.16; 0.02) 0.12

Relative Strength (SMD)

CR+EX vs. EX (R) 10.43 0.41 (-0.28; 1.09) 0.25 0.86
CR vs. Control (F) 13 0.47 (0.35; 0.59) p<0.001

Overall (F) 10.13,43 0.47 (0.36; 0.58) p<0.001

Legend: ES: effect size; CR+EX vs. EX: CR controlled trial comparisons with exercise in both groups; k: number
of controlled groups; LL: Lower limit; CR vs. control: CR controlled trial comparisons without exercise in any
group; p: p-value of hypothesis test for differences between CR and control groups; F: fixed effects; R: random
effects; SMD: standardized mean difference; UL: Upper limit. *Significant p-values were highlighted in bold

(p<0.05).
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Table 4. CR effects on body composition.

Outcomes k ref ES (LL; UL) p-value p-
diff

Body mass (kg)

CR+EX vs.EX | 16 | 810.16:36-39,41-4548 -6.59 (-8.03; -5.15) p<0.001 | 0.63

(R)

CRvs. Control | 13 | 911:13.16:37,38,40-42,46-49 -5.95 (-8.15; -3.74) p<0.001

(R)

Overall (R) 29 | 811131636-49 -6.23 (-7.51; -4.94) p<0.001

Fat mass (SMD)

CR+EX vs.EX | 15 | 810.16363839,41,42,44,4548 -1 (-1.32; -0.69) p<0.001 | 0.79

(R)

CRvs. Control | 10 | 911:16:38:40-42,46,48,49 -0.92 (-1.45; -0.39) p<0.001

(R)

Overall (R) 25 | 8111636,38-46:4849 -0.97 (-1.24; -0.70) p<0.001

Lean mass (SMD)

CR+EX vs.EX | 15 | 810.16:36-39,41-434548 -0.50 (-0.82; -0.18) p<0.001 | 0.92

(R)

CRvs. Control | 12 | 11.13.16:37,38,40-42,46-49 -0.48 (-0.81; -0.14) p<0.001

(R)

Overall (R) 27 | 810.11.13,16,36-43,45-49 -0.49 (-0.72; -0.26) p<0.001

Legend: ES: effect size; CR+EX vs. EX: CR controlled trial comparisons with exercise in both groups; k: number
of controlled groups; LL: Lower limit; CR vs. Control: CR controlled trial comparisons without exercise in any
group; ref: reference; p: p-value of hypothesis test for differences between CR and control groups; R: random
effects; SMD: standardized mean difference; UL: Upper limit. *Significant p-values were highlighted in bold

(p<0.05).

Brazilian Journal of Health Review, Curitiba, v.4, n.4, p.15928-15951 jul./aug. 2021



Brazilian Journal of Health Review | 15942

ISSN: 2595-6825

Figure 2. Forest plots of CR effects on Relative Physical fitness. Positive values favor CR+EX or CR, while
negative values favor EX or Control.

First author, year (Subgroup) MD LL UL p-Value Weight Relative VO,max (ml/kg/min) and 95% CI
CR+EX vs. EX
Amati, 2008 -6.100 -13.477 1277  0.105 0.76
Elloumi, 2011 0.600 -0.499 1.699 0.285 34,08
Melanson, 2004 (Home based) 0.300 -3.876 4476 0.888 2.36
Melanson, 2004 (Instruction) 1.100 -2.619 4.819 0.562 2.98
Nicklas, 2019 (Intense CR) 1.400 -0676 3476 0.186 9.55
Nicklas, 2019 (Moderate CR) 1.100 -1.075 3.275 0.322 8.70
Villareal, 2011 1700 0705 2.695 0.001  41.59 =
Summarized effects 1.134 0493 1776 0.001 100 ’
-14.00 -7.00 0.00 7.00 14.00
Overall: p=0.00; I>=1.04% CR CR+EX
First author, year MD LL UL p-Value Weight Relative VO,max (ml/kg/min) and 95% CI
CR vs. Control
Elloumi, 2011 1.400 0.212 2.588 0.021 21.54 _._ |
Larson-Meyer, 2010 3.800 2.008 5.592 0.000 16.39
Nordby, 2012 1.600 -3.586 6.786  0.545 3.96 L
Racette, 2017 3.000 1325 4675 0000  17.32 —
Rosenkilde, 2018 1.700 -0.821 4.221 0.186 11.56 ]
Villareal, 2011 2.600 1.558 3.642 0.000 22.84 _.-
Wierik, 1994 -3.360 -7.233 0.513  0.089 6.39 |
Summarized effects 2083 0972 3.194  0.000 100 >
-8.00 -4.00 0.00 4.00 8.00
Overall: p<0.001; I>=65% Control CR
First author, year (Subgroup) SMD LL UL p-Value Weight Relative Strength (SMD) and 95% CI
CR+EX vs. EX
Figueroa, 2013 0.097 -0.644 0.838 0.798 27.65
Nicklas, 2015 (Handgrip) 1.000 0.605 1.395 0.000 3594
Nicklas, 2015 (KE) 0.055 -0.317 0428 0.771 36.42
Summarized effects 0.406 -0.280 1.093 0.246 100
-2.00 -1.00 0.00 1.00 2.00
Overall: p=0.25; >=84.19% EX CR +EX
First author, year (Subgroup) SMD LL UL p-Value Weight Relative Strength (SMD) and 95% CI
CR vs. Control
Racette, 2017 (Isometric KE 45) 0395 0.097 0.692 0.009 16.80
Racette, 2017 (Isometric KF 45) 0.563 0263 0864 0.000 1649
Racette, 2017 (KE 180) 0.520 0.221 0.820 0.001 16.58
Racette, 2017 (KE 60) 0516 0217 0.816 0.001 16.59
Racette, 2017 (KF 180) 0.373  0.076 0.670 0.014 16.83
Racette, 2017 (KF 60) 0451 0.152 0.749  0.003 16.71
Siiiinarized effécts 0469 0347 0591  0.000 100
-1.00 -0.50 0.00 0.50 1.00
Overall: p<0.001; >=0% Control CR
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Figure 3. Forest plots of CR effects on Absolute Physical fitness. Positive values favor CR+EX or CR,
while negative values favor EX or Control.

First author, year (subgroup) MD LL UL p-Value Weight Absolute VO,max (L/min) and 95% CI
CR+EX vs. EX

Cox, 2003 (Light) -0.130 -0.414 0.154 0370 9.84

Cox, 2003 (Vigorous) 0.090 -0.218 0.398 0.566 8.40

Dengel, 1996 0.040 -0.426 0.506  0.866 3.67

Elloumi, 2011 0.130 -0.001 0.261 0.052 46.13

Melanson, 2004 (Home based) -0.039 -0.629 0.551  0.897 2.28
Melanson, 2004 (Instruction) 0.136 -0.299 0.571  0.540 4.19 -
Nicklas, 2019 (Intense CR) -0.030 -0.276 0.216 0.811 13.15
Nicklas, 2019 (Moderate CR)  -0.039 -0.293 0215 0.763 12.33

Summarized effects 0.052 -0.037 0.141 0.251 100
-1.00 -0.50 0.00 0.50 1.00
o . 12=()9,
Overall: p=0.25; ’=0% EX CR+EX
First author, year MD LL UL  p-Value Weight Abselute VO,max (L/min) and 95% CI
CR vs. Control
Dengel, 1996 0.020 -0.391 0431 0924 2.25
Elloumi, 2011 0.050 -0.102 0202 0518 16.56
Larson-Meyer, 2010 -0.010 -0.190 0.170 0913 11.73
Nordby, 2012 -0.040 -0.461 0381 0.852 2.15 i
Racette, 2017 0.070 -0.169 0029 0165 39.00 —
Rosenkilde, 2018 0122 -0.025 0269 0105 17.53 —8—
Ross, 2004 -0.100 -0.403 0203 0517 4.16
Wierik, 1994 -0.210 -0.450 0.030 0.087 6.61 ]
Summarized effects -0.017 -0.079 0.044 0.584 100 <l
-0.50 -0.25 0.00 0.25 0.50
 n=0.60: [2= 0
Overall: p=0.60; I’=25.66% Control CR
First author, year (Subgroup) SMD LL UL  p-Value Weight Absolute Strength (SMD) and 95% CI
CR+EX vs. EX
Armamento-Villareal, 2014 (KE) -0.157 -0.692 0377 0.564 10.72
Armamento-Villareal, 2014 (KF) ~ -0.193 -0.728 0.342  0.480 10.70
Bouchard, 2009 -0.983 -1.849 -0.117  0.026 408 | ————
Figueroa, 2013 b -0.132 -0.873 0.610 0.728 5.57
Garcia-Hermoso, 2019 -0.261 -1.194 0.673 0.584 351 =
Ghroubi, 2008 (Quadriceps) -0.013 -0.756 0.729 0972 5.55
Ghroubi, 2008 (KF) 0.017 -0.726 0.760 0.964 5.55
Nicklas, 2015b (KE) -0.219 -0.592 0.154 0.250 21.99
Nicklas, 2015b (Handgrip) 0452 0076 0829 0019  21.57 ——
Villareal, 2011 -0.069 -0.603 0.465 0.801 10.74
Summarized effects -0.052 -0.227 0.123  0.561 100
-2.00 -1.00 0.00 1.00 2.00
Overall: p=0.56; 1>=29.64% EX CR +EX
First author, year (Subgroup) SMD LL UL p-Value Weight Absolute Strength (SMD) and 95% CI
CR vs. Control
Armamento-Villareal, 2014 (KE) 0429 -0.116 0974 0123 3.78
Armamento-Villareal, 2014 (KF)  -0212 -0.752 0328 0442 3.85
Bouchard, 2009 -0.159  -0.979 0.660 0.703 1.67
Davis, 2009 (Leg press) 0.838 -0.168 1.844 0.103 1.11 I
Davis, 2009 (Bench press) -1.018 -2.043 0,006 0.051 1.07 |
Ghroubi, 2008 (Quadriceps) 0.019 -0.722 0.759 0961 2.04
Ghroubi, 2008 (KF) 0.143  -0.599 0.885 0.706 2.04
Larson-Meyer, 2010 (KE) 0.811 -0.021 1.643 0.056 1.62 -
Larson-Meyer, 2010 (KF) 0322 -0.484 1.127 0434 1.73
Racette, 2017 (Isometric KE 45) -0.171 -0.467 0.124 0.256 12.86
Racette, 2017 (Isometric KF 45)  -0,082 -0.377 0213  0.587 12.90
Racette, 2017 (KE 180) -0.067 -0.362 0.228 0.654 12.90
Racette, 2017 (KE 60) -0.129 -0.424 0.167 0.393 12.88
Racette, 2017 (KF 180) -0.265 -0.561 0.031 0.079 12.80
Racette, 2017 (KF 60) -0.128 -0.423 0168 0397 12.88
Villareal, 2011 0075 -0.464 0614 0.785 3.87
Summarized effects -0.079 -0.185 0026 0.141 100
-3.00 -1.50 0.00 1.50 3.00
Overall: p=0.14; >=17.63% Control CR
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4 DISCUSSION

The main results of these meta-analyses demonstrated that CR alone improved
relative VO,max and relative strength compared to control. These findings suggest that
CR may reduce all-cause mortality risks and contributes to the maintenance of daily life
activities in older individuals. Previous studies demonstrated that improvements in
VO.max are associated with reduced risk of mortality 2. An increase in VOzmax of ~2.5-
2.8 mL/kg/min may benefit high-risk populations (VO2max < 18.4 mL/kg/min) by
reductions in fatigue and disability 8.

In the same way, a decrease in strength affects the daily life activities function and
mortality in old adults ‘2. During aging there is a progressive muscle atrophy and a decline
in muscle contractile function, negatively influencing quality of life and predisposing
elderly individuals to increased risk of falls, morbidity, and mortality 2”8, CR by itself
has proved to delay the sarcopenia onset in Rhesus monkeys besides the attenuation of
other age-declines?®. CR might improve muscle cell function by reduction in oxidative
stress and inflammation, which occurs during aging or with increased body fat.
Additionally, CR may benefit cell function by repairing other mechanisms such as
autophagy 3032,

Oxidative stress is thought to play an important role in skeletal muscle dysfunction
and atrophy seen in aging, disuse, and many skeletal muscle pathologies . Considering
that exercise training is associated with reduced oxidative stress and higher muscle
strength, it makes sense that CR had no additional benefits on muscle strength compared
to exercise intervention (CR+EX vs. EX), but was effective in non-exercise interventions
(CR vs. Control). Furthermore, we expected exercise training intervention to prevent
muscle loss at some extent, that could also blunt the CR effects in the exercise trials.
Contradictorily, in the present study, CR led to the same lean mass reduction in the
exercise (CR+EX vs. EX: -0.48 [-0.81; -0.14], p<0.001) and non-exercise trials (CR vs.
Control: -0.50 [-0.82; -0.18], p<0.001). Likely it could be explained by the diverse type
of exercise training in these trials. Only three studies prescribed RT alone, which could
be the safest option to prevent muscle loss. The other three studies prescribed CT and one
of them AT, and these types of training could further exacerbate caloric expenditure
without prevent muscle loss.

Regarding the endurance capacity, CR also led to additional benefits in exercise
trials (CR+EX vs. EX), suggesting CR effects on VOmax could be complementary to

exercise effects concomitantly with muscle loss. The improvement in mitochondrial
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function, efficient mitophagy, and other metabolic pathways could also favor VO,max to
a higher extent than just exercise training would do %,

This study revealed substantial weight loss after CR intervention (-6.23[-7.51; -
4.94]kg, p<0.001), large fat reduction (SMD: -0.97 [-1.24; -0.70], p<0.001), and moderate
muscle mass reduction (SMD: -0.49 [-0.72; -0.26], p<0.001) within the studies included.
Although CR improved relative VO2max, there was no statistically significant changes in
absolute values. This result suggests that changes in VO.max were dependent on weight
loss, which may reduce the workload caused on the cardiorespiratory system and causes
improvements in oxygen delivery to the muscles. The effects of CR on relative VO2max
raises a new question: How long the physical fitness benefits can be maintained in the
new “lighter” body weight? Future studies following up individuals after the end of
interventions would clarify this issue.

Although muscle mass loss could be considered a negative side effect of CR,
previous studies in animals support an increase in muscle quality with CR 7. In fact, the
increase in relative VO2max and strength with CR vs. Control also indicates that the
moderate muscle mass reduction did not impair the physical fitness. Since we know the
muscle mass maintenance has its own benefits on health, it is noteworthy that adding RT
intervention to CR completely prevent CR-induced muscle loss %,

It is necessary to highlight that although we did not exclude studies by age, BMI
or baseline level of physical activity most studies included overweight, obese and non-
physically active individuals. Therefore, this meta-analysis included only non-physically
active individuals and the outcomes cannot be extended to athletes and healthy physically
active individuals. The few previous studies analyzing the effects of CR on athletes or
highly physically active individuals are controversial, presenting null, beneficial and
malefic effects on performance 8%, Moreover, there are some confounding factors
influencing the performance of these highly physically active individuals such as the type
of nutrition intake *° or the intervention duration. Thus, based on the benefits we found,
we strongly recommend other researchers to investigate the potential benefits of CR in
highly training individuals, especially the benefits on endurance.

Some limitations should be considered. Firstly, such findings refer to a non-
physically active, overweight or obese population, as it was the population included in
most studies. Thus, it is not possible to extrapolate our findings to athletes and healthy
physically active individuals for example. Secondly, muscle strength results should be

interpreted carefully since the meta-analysis of relative muscle strength included only 3
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studies, while absolute strength included 10 studies with considerable overlapping of the

same samples.

5 CONCLUSION

In addition to improvements in many health aspects, this meta-analysis confirms
that CR also improves cardiorespiratory fitness (VO2max) and muscle strength in non-
physically active individuals, even when compared to exercise training alone.
Additionally, increases in VO,max are dependent on weight loss magnitude.

The practical application of this study suggests that non-active or obese
individuals may benefit their overall health and relative physical fitness by reducing

energy intake without nutrient deficiency.
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