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Anti-inflamatórios não esteroides afetam as respostas ao treinamento 
resistido em indivíduos idosos e de meia-idade?

Do nonsteroidal anti-inflammatory drugs affect 
responses to resistance training in elderly and middle-
aged individuals?
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ABSTRACT
Introduction: Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most popular drugs in 
the world for treating pain and inflammation. Although the long-term use of NSAIDs is associated with 
adverse renal, cardiovascular, hepatic, and other effects, it has also been suggested that may cause impai-
ring neuromuscular adaptations promoted by exercise. Objective: The objective of this systematic review 
was to compare the effects of NSAIDs use in neuromuscular adaptations, such as hypertrophy and muscle 
strength in middle-aged and elderly practitioners of resistance training. Methods: The databases included 
Bireme, Pubmed e Science Direct. Meta-analyses were conducted using the robust variance estimation of 
correlated effects with small-sample adjustments. Results: Six studies were included for meta-analytical 
analysis. No statistical differences were found for hypertrophy (ES: 0.000531 ± 0.0424, 95%CI: -0.123 – 0.124; 
P = 0.991) and muscle strength (ES: 0.323 ± 0.213, 95% CI: -0.417 – 1.06; P = 0.258). Conclusion: The findings 
of this review do not support the hypothesis that the use of NSAIDs combined with resistance exercise 
negatively influences the hypertrophy and muscle strength.

Key-words: Non-steroidal anti-inflammatory agents, Resistance training, Hypertrophy, Muscle strength, Aged. 

RESUMO
Introdução: Os anti-inflamatórios não esteroides (AINEs) estão entre os medicamentos mais populares 
do mundo para o tratamento da dor e inflamação. Embora o uso a longo prazo de AINEs esteja associado 
a efeitos adversos renais, cardiovasculares, hepáticos e outros, também foi sugerido que ele pode causar 
comprometimento nas adaptações neuromuscular promovida pelo exercício. Objetivo: O objetivo desta 
revisão sistemática foi comparar os efeitos do uso de AINEs nas adaptações neuromusculares, como hi-
pertrofia e força muscular em pessoas de meia-idade e idosos praticantes de treinamento resistido. Méto-
dos: As bases de dados pesquisadas incluíram Bireme, Pubmed e Science Direct. As meta-análises foram 
conduzidas usando o método de estimativa de variância robusta de efeitos correlacionados com ajustes 
de pequenas amostras. Resultados: Seis estudos foram incluídos para análise meta-analítica, nenhuma 
diferença estatística foi encontrada para hipertrofia (ES: 0,000531 ± 0,0424, IC 95%: -0,123 - 0,124; P = 0,991) 
e força muscular (ES: 0,323 ± 0,213, 95% CI: -0,417 - 1,06; P = 0,258). Conclusão: Os achados desta revisão 
não sustentam a hipótese de que o uso de AINEs combinado com exercícios resistidos, influencie negati-
vamente a hipertrofia e a força muscular. 

Palavras-chave: Anti-inflamatórios não esteroides, Treinamento de resistência, Hipertrofia, Força muscular, En-
velhecimento. 
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most popu-
lar drugs in the world for treating pain and inflammation [1]. Because of the ease of 
obtaining these substances, since they are sold without a prescription, consumption 
of high prevalence in different populations are found, but more used in the elderly 
[2].

Although the long-term use of NSAIDs is associated with adverse renal, car-
diovascular, hepatic, and other effects [1], it has also been suggested that is capable 
of impairing neuromuscular adaptations promoted by exercise [3]. The negative in-
fluence of the drugs in adaptive responses to training may be linked to its mechanism 
of action since it is proposed to inhibit the activity of cyclooxygenase (COX), thereby 
decreasing the production of prostanoids pro-inflammatory, such as prostaglandins 
these pathways, which have been documented as necessary for the development of 
maximum muscle hypertrophy in response to the overload imposed on training [5,6]. 
It is of utmost importance to understand the actions of NSAIDs during exercise since 
resistance training is effective and widely applicable to reverse or control changes in 
the neuromuscular system, such as loss of muscle mass and strength, associated with 
aging [7-10]. These changes result in annual reductions of 1% in muscle mass and 
between 2-4% in strength [11-13], leading to increased morbidities, disability, loss of 
autonomy, decreased quality of life, and mortality [14].

Regarding scientific literature, the use of NSAIDs in neuromuscular respon-
ses appears to be conflicting. Studies conducted in rodents induced to mechanical 
overload by synergic ablation [5,15] demonstrated a reduced hypertrophic response 
when supplemented with NSAIDs, however, a positive effect was found after a proto-
col of 450 eccentric repetitions, in the recovery of muscle strength for a single dose of 
NSAIDs  [16]. In humans, Lilja et al. [3] observed a decrease in responses when used 
in high doses of anti-inflammatory drugs. However, studies are showing no signifi-
cant difference [17,18], or the use of NSAIDs potentiates hypertrophic responses [19]. 

Thus, the objective of this systematic review was to summarize the effects of 
NSAID use in neuromuscular adaptations, such as hypertrophy and muscle strength 
in middle-aged and elderly individuals practicing resistance training.

Methods

This systematic review with meta-analysis was performed according to the 
declaration of preferential reports for protocols of systematic review and meta-a-
nalysis (PRISMA-P) [20], under the prospective international registry of systematic 
reviews PROSPERO (CRD42018110375).

Eligibility criteria
For inclusion of studies on the qualitative assessment were required: 1) ran-

domized clinical trials, 2) assess subjects aged ≥ 50 years, 3) were performed resis-
tance exercises, 4) there was a group making use of NSAIDs compared to a placebo 
group, 5) had a minimum duration of 4 weeks, 6) measured hypertrophy and muscle 
strength as a primary or secondary outcome. For meta-analytical evaluation, the stu-
dies should present the effect size for the outcomes of interest or provide the infor-
mation for the calculation manually. Studies that were in progress were excluded.
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Search strategy
The databases included Bireme, Pubmed e Science Direct, the first searches 

were carried out until October 10, 2020. The search strategy employed the use of Me-
dical Subject Headings (MeSH) descriptors associated with free terms as shown in 
the supplementary files. Searches through the references of each article were also 
used as secondary searches for retrieval of appropriate studies. After the final selec-
tion of the included studies, the general search precision was calculated, dividing the 
number of articles included by the number of relevant articles found, in addition to 
the number needed for reading (number needed to read, “NNR”), calculated by the 
inverse of precision [21].

Data collection
Independently, two researchers (C.P and M.T) selected articles by titles and 

subsequently by abstracts, thus identifying possible studies for full reading, exclu-
ding manuscripts that did not deal with the proposed content. In case of divergence, 
a third evaluator was asked (C.S).

The extraction of data on characteristics of participants, interventions and 
outcome measures were obtained independently by two reviewers (C.P and M.T). The 
percentage of pre- and post-training change was adopted. Studies that did not pre-
sent the data in % are manually calculated using the following formula: pre = average 
of the pre-intervention moment and post = average of the post-training moment: 
%▲ = (post - pre / pre) X 100.

Risk of bias
To assess the risk of bias, the Cochrane Collaboration tool, the Risk of Bias 

Tool 1.0 (RoB 1.0) was adopted [22]. The RoB 1.0 instrument, consists of seven evalua-
tion domains and was applied by two evaluators independently (C.P and N.C), in 
cases of divergence, a third evaluator (M.T) was consulted.

The seven domains of Rob 1.0 were: a) selection bias due to the generation of 
random sequence, b) selection bias due to concealment of allocation, c) performance 
bias, d) detection bias, e) attrition bias, f) reporting bias, and g) other bias.

Statistical analysis
The effect size (ES) was calculated for each outcome of hypertrophy and mus-

cle strength, such as the difference between the posttest - pretest, divided by the 
standard deviation of the pretest, with adjustments for small sample bias [23]. The 
variance of each ES was calculated using the sample of each study [24]. Meta-analy-
ses were conducted using the robust variance estimation of correlated effects with 
small-sample adjustments [25,26], using the robot package in software R version 3.5.2 
(The R Foundation for Statistical Computing). Heterogeneity was assessed using I² 
statistics, with I² <50% low, ≥50% substantial, and> 75% high heterogeneity [27].

Results

Study selection
After searching the databases and eliminating duplicates, 831 studies were 

identified for selection by titles and abstracts, of which only 21 (3%) articles were 
selected for reading the full text. Six studies were included for the qualitative and 
quantitative assessment [18,19,28-31], as shown in figure 1. All studies included for 
qualitative analysis were quantitatively incorporated for the hypertrophy outcome 
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and only four articles for muscle strength. The overall accuracy of the survey was 
0.007, while the NNR was 139.

Among the studies excluded for not satisfactorily meeting the inclusion cri-
teria are: Three studies due to inadequate design; two studies by the studied popula-
tion; four studies by intervention; three studies for the measured outcome and four 
studies for evaluating the same sample.

Figure 1- Flowchart.

Assessment of risk of bias
According to the RoB 1.0 tool, most studies were classified as unclear risk of 

bias (figure 2).
Regarding the selection bias, three studies [18,29,31] were considered as low 

risk and the rest were classified as an unclear risk for generating a random sequence. 
However, none of them were clear whether the allocation concealment was properly 
performed, thus indicating an unclear risk.

For performance bias, all included studies reported adequate methods to 
blind participants and staff and were considered as low risk of bias. In the assessment 
of the detection bias, the risk was classified as unclear in all included studies, since 
no study clearly detailed the blinding of the outcomes.

Attrition bias was considered at high risk by four studies [18,28,29,31]. Only 
two studies were classified as low risk for reporting bias. All articles included were 
classified as an unclear risk for other biases.
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Figure 2 - Graph of risk of bias.

Study characteristics
The general characteristics of each study are described in Table I. The included 

studies were published between 2011 and 2016, all in English, in journals reporting 
the impact factor between 3.077 to 12.511. All studies reported sources of funding.

Regarding endpoints hypertrophy and / or muscle strength, five studies as-
sessed as primary objective and only one secondary [29]. The methods for evaluating 
the outcomes of interest were magnetic resonance imaging (MRI), dual energy x-ray 
absorptiometry (DXA) and ultrasound. Interventions lCSAed from 6 to 36 weeks. The 
number of groups in the included studies ranged from 2 to 4 groups under investi-
gation.

Subjects characteristics
Regarding the demographics of the samples, two studies evaluated North 

Americans [19,29], two in Danes [18,30], and two in Canadians [28, 31]. The age ran-
ged from 50 to 80 years. Presented age, weight, height, body mass index means of 64.8 
± 2.3 years, 78.4 ± 14.1 kg 167.7 ± 6 cm, 27.2 ± 4.7 kg/m2, respectively.

In the qualitative analysis, the studies recruited 348 participants in 17 groups, 
with 67% of the sample consisting of women, distributed in seven groups for ibupro-
fen plus exercises, six for the placebo group, and four for other interventions. Howe-
ver, according to the inclusion criteria, meta-analytical analysis of hypertrophy and 
muscle strength were measured in 299 participants, 177 in 7 groups of NSAIDs and 
112 in 6 placebo groups. 

All studies evaluated sedentary individuals, including three with menopausal 
women [28,29,31], one study included people with osteoarthritis [18].

Characteristics of interventions
Interventions are reported in table II. Five included studies reported general 

warm-up and the activity was based on cycling lCSAing between 5 and 10 minutes, 
describing them as low intensity. A study performed specific warm-up [19], descri-
bed as 2 sets of 10 repetitions, however, the authors did not report the quantification 
of the intensity used in the warm-up period. Only one study used intensities self-su-
ggested by the participants [28].



Table I – General demographic characteristics of the sample of included studies.

Study Year Country Age Weight Height % Woman Status of sample Clinical condition
Assessment of

Hypertrophy Strength

Trappe et al. [19] 2011 USA 65 ± 1.9 84 ± 7.7 172.5 ± 3.9 33.4 N.R Healthy MRI 1RM

Petersen et al. [18] 2011 DNK 62.3 ± 4.3 80.9 ± 15.4 169.6 ± 9.5 55.5 N.R Osteoarthritis MRI 5RM

ID

Candow et al. [28] 2013 CAN 57.2 ± 4.7 74.5 ± 9.6 164.6 ± 6.1 100 Sed Menopause DEXA

UTS

1RM

Jankowski et al. [29] 2015 USA 64.6 ± 4 78.6 ± 16 170 ± 0.09 63 Sed Healthy DEXA N.R

Duff et al. [31] 2016 CAN 64.8 ± 4.3 75.68 ± 13.5 161.3 ± 5.9 100 Sed Menopause DEXA 1RMpred

Dideriksen et al. [30] 2016 DNK 69 ± 7 80.4 ± 3.7 N.R 0 N.R Healthy MRI

DEXA

MIVC

1RM = One-repetition maximum; 1RMpred = Submaximal prediction of one-repetition maximum; 5RM = five-repetition maximum; CAN =  Canada; MIVC = Maximum isometric 
voluntary contraction; DEXA = Dual emission x-ray densitometry; ID = Isokinetic dynamometer; DNK = Denmark; MRI = Magnetic resonance image; N.R = Not reported; Sed = 
Sedentary; USA = United States of American; UTS = Ultrasound.



Table II - Characteristics of the interventions of the studies.

Study Goups sample 
(M/F)

%      
Dropout

Dosage 
(mg/day)

Volume x Repetitions Intensity        
(% or RM)

Recovery 
interval          

(seconds)

Weekly     
Frequency

Outcome

Hypertrophy Strength

Trappe et al. 
[19]

IBU: 13 (9/4) N.R 1200 3 X 10 % 1RM

(73 ± 1; 74 ± 1 
for IBU and 

PLC) 

120 3 CSA: ↑↑ (10.9%) 1RM: ↑↑ (27.9%)

PLC: 12 (8/4) N.R 1200 CSA: ↑ (8.6%) 1RM: ↑ (21%)

ACT: 11 (7/4) N.R 4000 CSA: ↑↑ (12.8%) 1RM: ↑↑ (26.7%)

Petersen et 
al. [18]

IBU: 11 (4/7) 8.3 1200 Wk: 1-7:

4 X 12 a 15; 

Wk: 8-12:

4-5 X 8

% 1RM

(70 to 80%)

N.R 3 CSA10cm: ↔(4.4%)

CSA20cm: ↑ (5.7%)

IDiso: ↑↑ (18%)

IDcon: ↑↑ (12.7%)

IDexc: ↑↑ (18.8%)

5RMlg: ↑ (49.2%)

5RMKe: ↑ (36.9%)

PLC: 12 (5/7) 26 1200 CSA10cm: ↔(6.1%)

CSA20cm: ↑ (4.3%)

DISiso: ↔ 

(18%)

DIScon: ↔ (12.7%)

DISexc: ↔ (18.8%)

5RMlg: ↑ (53%)

5RMke: ↑ (58.5%)

GLC: 12 (5/7) 0 1500 CSA10cm: ↔(6,3%)

CSA20cm: ↑ (4,8%)

IDiso: ↑ (13.6%)

IDcon: ↑ (11.6%)

IDexc: ↔ (2.4%)

5RMlp: ↑ (33.8%)

5RMke: ↑ (37.3%)

Candow et al. 
[28]

FFM: ↓ (2.8%)

MTke: ↑ (9.1%)

MTkf: ↔ (2%)

MTee: ↔ (5.6%)

MTef: ↔ (-3.2%)

MTapf: ↑ (8.7%)

MTad: ↑ (12.1%)

1RMlp: ↑ (21.7%)

1RMbp: ↑ (13%)

PLC: 13 (0/13) N.R 400 FFM: ↓ (1.8%)

MTke: ↑ (5.7%)

MTkf: ↔ (-1.9%)

MTee: ↔ (5.4%)

MTapf: ↔ (24%)

MTapf: ↑ (11.9%)

MTad: ↑ (3%)

1RMlp: ↑ (21.1%)

1RMsp: ↑ (24.5%)

Jankowski et 
al. [29]

IBUb: 51 
(19/32)

7.2 400 3 X 5 to 12 % 1RM

(60 to 80%)

N.R ≥3 FMM: ↔ (0.8%) N.R

IBUa: 42 
(15/27)

22.20 400 FMM: ↔ (1.2%) N.R

PLC: 37 (14/23) N.R 440 FMM: ↔ (1.2%) N.R

Duff et al. 
[31]

IBU: 23 (0/23) 21.70 400 2 X 8 to 12 N.R N.R 3 FMM: ↔ (0%) 1RMb: ↑ (22%)

1RMs: ↑ (129%)

PLC: 22 (0/22) 13.60 400 FMM: ↔ (2,3%) 1RMb: ↑ (25%)

1RMs: ↑ (88%)

IBS: 23 (0/23) 26.09 400 FMM: ↔ (0%) 1RMb: ↔ (0%)

1RMs: ↔ (13%)

CON: 22 (0/22) 31.82 0 Did not perform training FMM: ↔ (0%) 1RMb: ↔ (13%)

1RMs: ↔ (15%)

Dideriksen et 
al. [30]

IBU: 8 (8/0) N.R 1200 Wk 1: 3-4 X 12

Wk 2-4: 3-4 X 10;

Wk 5-6: 3-4 X 8

RM

wk1: 15RM

wk2-4:12RM;

wk5-6: 10RM

N.R 3 CSA: ↑ (5%) MVIC: ↑ (11.8%)

N.R 1200 CSA: ↑ (1.4%) MVIC: ↑ (5.2%)

1RMb = One repetition maximum in the biceps; 1RMbp = One repetition maximum in the bench press; 1RMle = One repetition maximum in the leg extension; 
1RMlp = One repetition maximum in the leg press; 1RMs = One repetition maximum in the squat; 5RMke = Five repetition maximum in the leg extension; 
5RMlp =  Five repetition maximum in the leg press; 10 RM = Ten repetition maximum; 12RM = Twelve repetition maximum; 15RM = Fifteen repetition maxi-
mum; ACT = Acetaminophen; CSA = Cross-sectional area; CSA10cm = Cross-sectional area measured at 10 cm; CSA20cm = Cross-sectional area measured at 
20 cm; FFM = Fat-free mass; GLC = Glucosamine; IBS = Ibuprofen and stretching; IBU = Ibuprofen; IBUa = Ibuprofen after training; IBUb = Ibuprofen before 
training; IDcon = Concentric evaluation on the isokinetic dynamometer; IDexc = Eccentric evaluation on the isokinetic dynamometer; IDiso = Isometric 
evaluation on the isokinetic dynamometer; MIVC = Maximum isometric voluntary contraction; MTad = Muscle thickness of the ankle dorsiflexors; MTapf = 
Muscle thickness of the ankle plantar-flexors; MTee = Muscle thickness of the elbow extensors; MTef = Muscle thickness of the elbow flexors; MTke = Muscle 
thickness of the knee extensors; MTkf = Muscle thickness of the knee flexors; N.R = Not reported; PLC = Placebo; RM = Repetition maximum; WK = Week; ↑ 
= Significant increase p > 0.05 in relation to the pre-moment; ↑↑ = Significant increase p > 0.05 in relation to the placebo group; ↓ = Significant reduction p > 
0.05 in relation to the pre-moment; ↔ = No significant difference.
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Regarding the choice of resistance training, they were composed of 64.3% of 
single-joint. The number of machines and / or free weights used in the studies ran-
ged from 1 to 12, with knee extension, leg press and elbow flexion being the most 
prescribed, corresponding to 71, 57 and 57%, respectively. Complementary jumping 
jacks exercises, climbing and descending stairs, as well as medicine ball exercises 
were used.

The reported sets numbers were 2 to 4 between studies, with 6 to 15 maximum 
repetitions or 60 to 80% of 1RM. Only two studies reported conducting training until 
concentric muscle failure [28,31]. The interval between sets ranged from 1 minute 
and 30 seconds to 2 minutes. The reported weekly frequency was 2-3 days. The NSAIDs 
doses used were 400 mg to 1200 mg / day, single or divided into 2 to 3 times per day.

NSAIDs in the muscle hypertrophy
Qualitatively, six studies evaluated muscle hypertrophy. They involved 270 in-

dividuals, of which 163 (71.6%) were women, allocated to the NSAIDs group and 107 
participants (64.4%) women in the placebo group. The findings for changes in muscle 
hypertrophy ranged from -2.8% to 10.9%.

In the meta-analytical analysis were assessed 14 ES for 6 studies. By analy-
zing the overall effect was observed a low heterogeneity (I² = 0%), but did not show 
significant difference between hypertrophy NSAIDs group and placebo group (ES: 
0.000531 ± 0.0424, 95%CI: -0.123, 0.124; P = 0,991).

NSAIDs in muscle strength
In the qualitative analysis, five studies assessed muscle strength. Involving 

163 subjects, 93 (77.4% women), allocated in the NSAIDs group. The placebo group 
consisted of 70 participants, 65.7% were women. Gains ranged from 5% to 128,9%.

Ten ES of four studies, evaluating 121 participants (78.5% women) were in-
cluded in the meta-analysis for the outcome of muscle strength. By analyzing the 
overall effect, it was reported substantial heterogeneity (I² = 67.8%). However, there 
was no statistical difference between the groups (ES: 0.323 ± 0.213, 95%CI: -0.417, 1.06; 
P = 0.258).

Discussion

Based on current evidence, after a qualitative and meta-analytical assessment, 
the findings do not allow to state that the use of NSAID ibuprofen, combined with RT 
negatively results in the outcomes of hypertrophy and muscle strength.

Diverging from the results found in this research, a recent systematic review 
evaluated 28 articles, including randomized and nonrandomized clinical trials, cross-
-over, cohort, and cross-sectional studies that evaluated the effects of anti-inflamma-
tory drugs in humans and animals. The authors concluded that the use of NSAIDs 
had a protective effect on age-related muscle mass [32]. However, it is worth noting 
that these findings should be evaluated with caution, since the inclusion of observa-
tional studies may lead to a potential risk of bias compared to randomized trials [33].

By observing the individual statistical of the studies regarding the chan-
ges from baseline for muscle hypertrophy, only three showed significant increases. 
However, only the study of Trappe et al. [19] demonstrated statistical superiority of 
NSAIDs group of 26.7% compared to the placebo.
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Figure 3 - Forest plot of the effect of NSAIDs on muscle hypertrophy.

Figure 4 - Forest plot of the effect of NSAIDs on muscle strength.
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The promising findings in hypertrophy and muscle strength, found by Trappe 
et al. [19], are not entirely clear in the literature. However, they appear to be partially 
explained by an increase in prostaglandin F2α receptors (PGF2αR), and suppression of 
production of prostaglandin E2 (PGE2), thereby controlling the production of inter-
leukin-6 (IL-6) and the activation of muscle RING-finger protein-1 (MURF1) [34,35]. 
It is worth noting that this hypothesis has a priori the actions of PGF2a and PGE2, as 
an important regulator of protein turnover of musculoskeletal [36-39].

The regulation of IL-6 by suppressing PGE2 should be observed with caution, 
since this cytokine is suggested as an important triggering the hypertrophic process 
through induction of satellite cells [40]. The role of satellite cells in the myogenic 
process is well documented as in the key process of the myonuclear domain [40,41]. 
However, the role of NSAIDs on satellite cells is not clear, studies have reported a 
decrease [42,43], increase [44] or no difference in the number of cells after the use 
of drugs [45]. In addition, a recent review of myogenic regulation brings emerging 
evidence in studies with rodents pointing out that the contribution of satellite cells 
to the regulatory process of muscle mass can change with aging [41].

Despite this, Lilja et al. [3] found decreased responses in muscle hypertrophy 
after eight weeks of training in young people using ibuprofen in higher doses com-
pared to low doses of aspirin. These findings may suggest that the dose of NSAIDs is 
influenced by the individual’s age, since aging is associated with chronic inflamma-
tion [46,47] and a higher production of PGE2 than in young people [48]. However, it 
is noteworthy that the lack of a control group only with resistance exercises make 
impossible to claim that the NSAIDs are harmful to hypertrophy, since the study 
compared with another group using NSAIDs.

Krentz et al. [17] evaluated 18 individuals young people (12 men and 6 wo-
men)  with a mean age of 24 years in a crossover, double-blind study, randomizing 
their arms for use of ibuprofen (400mg/day)  or placebo after the training. They per-
formed exercises for the left and right biceps on alternate days, performing six sets 
of four to ten repetitions, with a frequency of five days a week for six weeks. The au-
thors found no differences in gains in strength and muscle hypertrophy compared to 
placebo side. Suggesting that the use of anti-inflammatory does not cause damage to 
neuromuscular adaptations.

Only the study by Candow et al. [28] demonstrated a reduction in the free fat 
mass in both groups evaluated (NSAID x Placebo). Importantly, the decrease in mus-
cle mass in this study may have masked, if any, real influence of the anti-inflamma-
tory since both groups had reduced. These findings may be associated with lack of 
food control, even after the authors suggest participants to refrain from feeding at 
1pm after training during the study. This orientation may have influenced the par-
ticipants to keep the restriction of caloric intake for longer, thus creating a negative 
energy balance and enabling moderate weight loss found in the study.

Regarding muscle strength, it is worth highlighting its prominence in the 
literature as a strong predictor of mortality [49-51], since older people with low mus-
cle strength levels have 2.34 times more likely to die from any cause [52]. By obser-
ving the magnitude of the reported earnings by the studies included, one can notice 
a great heterogeneity in the results, ranging from 5-129%. About statistical signifi-
cance, only two included studies reported increases higher than the placebo group. 
These differences in the findings may be associated with the inflammatory state of 
the evaluated, since they were not evaluated in individual studies, since high levels of 
IL-6 are correlated with greater decline and attenuation in gains in muscle strength 
[53,54]. However, in the meta-analytical evaluation, although we found an increase 
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(TE: 0.323), no statistical superiority was found for the NSAIDs group.
There are limitations present in this review that need to be evaluated with 

caution. First, studies have low sample size, this may entail an increased risk that the 
results being influenced by a type II error. Second, the small number of studies found 
made it impossible to investigate a possible influence of publication bias. 

Conclusion

Based on current evidence, after qualitative and meta-analytical assessment, 
the findings do not confirm the hypothesis that the use of NSAID ibuprofen combi-
ned with resistance exercise negatively influences muscle strength and hypertrophy. 
Due to the discrepancies in the quality of the articles included, further studies with 
greater methodological rigor are needed to elucidate whether there is a negative in-
fluence on the use of NSAIDs on neuromuscular adaptations promoted by exercise.

Potential conflict of interest
No conflicts of interest have been reported for this article.

Financing source
There were no external sources of funding for this study.

Authors’ contributions
Conception and design of the research: Paz CLSL, Tenório MCC. Data collection: Paz CLSL, Tenório 
MCC. Analysis and interpretation of data: Paz CLSL, Tenório MCC. Statistical analysis: Paz CLSL, Júnior 
NC, Tenório MCC. Obtaining financing: None. Writing of the manuscript: Paz CLSL. Critical revision 
of the manuscript for important intellectual content: Sá CKC, Tenório MCC.

References

1.	 Bindu S, Mazumder S, Bandyopadhyay U. Non-steroidal anti-inflammatory drugs (NSAIDs) and 
organ damage: A current perspective. Biochem Pharmacol 2020;180:114147. https://doi.org/10.1016/j.
bcp.2020.114147

2.	 Huang Y-L, Tsay W-I, Her S-H, Ho C-H, Tsai K-T, Hsu C-C et al. Chronic pain and use of analgesics 
in the elderly: a nationwide population-based study. AMS 2020;16(3):627-34.https://doi.org/10.5114/
aoms.2020.92894

3.	 Lilja M, Mandic M, Apro W, Melin M, Olsson K, Rosenborg S et al. High doses of anti-inflamma-
tory drugs compromise muscle strength and hypertrophic adaptations to resistance training in young 
adults. Acta Physiol (Oxf). 2018;222(2). https://doi.org/10.1111/alpha.12948

4.	 Vane JR, Botting RM. Anti-inflammatory drugs and their mechanism of action. Inflamm Res 1998;47 
Suppl 2:S78-87. https://doi.org/10.1007/s000110050284

5.	 Soltow QA, Betters JL, Sellman JE, Lira VA, Long JH, Criswell DS. Ibuprofen inhibits skeletal 
muscle hypertrophy in rats. Med Sci Sports Exerc 2006;38(5):840-6. https://doi.org/10.1249/01.
mss.0000218142.98704.66

6.	 Horsley V, Pavlath GK. Prostaglandin F2(alpha) stimulates growth of skeletal muscle cells via an 
NFATC2-dependent pathway. J Cell Biol 2003;161(1):111-8. https://doi.org/10.1083/jcb.200208085

7.	 Häkkinen K, Kallinen M, Izquierdo M, Jokelainen K, Lassila H, Mälkiä E et al. Changes in agonist-
-antagonist EMG, muscle CSA, and force during strength training in middle-aged and older people. J 
App Physiol 1998;84(4):1341-9. https://doi.org/10.1152/jappl.1998.84.4.1341

8.	 Reeves ND, Narici MV, Maganaris CN. Effect of resistance training on skeletal muscle-specific force 
in elderly humans. J App Physiol 2004;96(3):885-92. https://doi.org/10.1152/jappphysiol.00688.2003

9.	 Morse CI, Thom JM, Mian OS, Muirhead A, Birch KM, Narici MV. Muscle strength, volume and 
activation following 12-month resistance training in 70-year-old males. Eur J App Physiol 2005;95(2-



447

Rev Bras Fisiol Exerc 2020;19(6):436-449

3):197-204. https://doi.org/10.1007/s00421-005-1342-3

10.	Narici MV, Maganaris CN. PlCSAicity of the muscle-tendon complex with disuse and aging. Exerc 
Sport Sci Rev 2007;35(3):126-34. https://doi.org/10.1097/jes.0b013e3180a030ec

11.	McGregor RA, Cameron-Smith D, Poppitt SD. It is not just muscle mass: a review of muscle quality, 
composition and metabolism during ageing as determinants of muscle function and mobility in later 
life. Longev Healthspan 2014;3(1):9. https://doi.org/10.1186/2046-2395-3-9

12.	Frontera WR, Hughes VA, Fielding RA, Fiatarone MA, Evans WJ, Roubenoff R. Aging of skele-
tal muscle: a 12-yr longitudinal study. J App Physiol 2000;88(4):1321-6. https://doi.org/10.1152/ja-
ppl.2000.88.4.1321

13.	Frontera WR, Reid KF, Phillips EM, Krivickas LS, Hughes VA, Roubenoff R et al. Muscle fiber size 
and function in elderly humans: a longitudinal study. J App Physiol 2008;105(2):637-42. https://doi.
org/10.1152/japplphysiol.90332.2008

14.	Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F et al. Sarcopenia: European 
consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia in Ol-
der People. Age Ageing 2010;39(4):412-23. https://doi.org/10.1093/ageing/afq034

15.	Novak ML, Billich W, Smith SM, Sukhija KB, McLoughlin TJ, Hornberger TA et al. COX-2 inhibitor re-
duces skeletal muscle hypertrophy in mice. Am J Physiol Regul Integr Comp Physiol 2009;296(4):R1132-
9. https://doi.org/10.1152/ajpregu.90874.2008

16.	Lapointe BM, Frémont P, Côté CH. Influence of nonsteroidal anti-inflammatory drug treatment 
duration and time of onset on recovery from exercise-induced muscle damage in rats. Arch Phys Med 
Rehabil 2003;84(5):651-5. https://doi.org/10.1016/s0003-9993(02)04899-2

17.	Krentz JR, Quest B, Farthing JP, Quest DW, Chilibeck PD. The effects of ibuprofen on muscle hyper-
trophy, strength, and soreness during resistance training. Appl Physiol Nutr Metab 2008;33(3):470-5. 
https://doi.org/10.1139/H08-019

18.	Petersen SG, Beyer N, Hansen M, Holm L, Aagaard P, Mackey AL et al. Nonsteroidal anti-inflamma-
tory drug or glucosamine reduced pain and improved muscle strength with resistance training in a 
randomized controlled trial of knee osteoarthritis patients. Arch Phys Med Rehabil 2011;92(8):1185-93. 
https://doi.org/10.1016/j.apmr.2011.03.009

19.	Trappe TA, Carroll CC, Dickinson JM, LeMoine JK, Haus JM, Sullivan BE et al. Influence of aceta-
minophen and ibuprofen on skeletal muscle adaptations to resistance exercise in older adults. Am 
J Physiol Regul Integr Comp Physiol. 2011;300(3):R655-62. http://doi.org/10.1152/ajpregu.00611.2010

20.	Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M et al. Preferred reporting items for 
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015;4:1.https://
doi.org/10.1136/bmj.g7657

21.	Lee E, Dobbins M, Decorby K, McRae L, Tirilis D, Husson H. An optimal search filter for retrieving sys-
tematic reviews and meta-analyses. BMC Med Res Methodol 2012;12:51. https://doi.org/10.1186/1471-
2288-12-51

22.	Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD et al. The Cochrane Collabora-
tion’s tool for assessing risk of bias in randomised trials. BMJ 2011;343:d5928. https://doi.org/10.1136/
bmj.d5928

23.	Morris SB. Estimating effect sizes from pretest-posttest-control group designs. Organizational Re-
search Methods 2007;11(2):364-86. https://doi.org/10.1177/1094428106291059

24.	Borenstein M, Hedges LV, Higgins JP, Rothstein HR. Chapter 4 : Effect sizes based on means. In: John 
Wiley & Sons. Introduction to meta-analysis; 2009. p. 21-32. https://doi.org/10.1002/9780470743386.
ch4

25.	Hedges LV, Tipton E, Johnson MC. Robust variance estimation in meta-regression with dependent 
effect size estimates. Res Synth Methods 2010;1(1):39-65. https://doi.org/10.1002/jrsm.5

26.	Tipton E. Small sample adjustments for robust variance estimation with meta-regression. Psychol 
Methods 2015;20(3):375-93. https://doi.org/10.1037/met0000011

27.	Higgins JPT, Green S. 16.1.3.2 Imputing standard deviations for changes from baseline. 2011. In: 
Cochrane Handbook for Systematic Reviews of Interventions. Available from: http://handbook.co-
chrane.org/

28.	Candow DG, Chilibeck PD, Weisgarber K, Vogt E, Baxter-Jones AD. Ingestion of low-dose ibuprofen 
following resistance exercise in postmenopausal women. J Cachexia Sarcopenia Muscle 2013;4(1):41-6. 
https://doi.org/10.1007/s13539-012-0077-3



448Paz CLSL et al.
Effect of NSAIDs in strength and muscle mass

29.	Jankowski CM, Shea K, Barry DW, Linnebur SA, Wolfe P, Kittelson J et al. Timing of ibuprofen use 
and musculoskeletal adaptations to exercise training in older adults. Bone Rep 2015;1:1-8. https://doi.
org/10.1016/j.bonr.2014.10.003

30.	Dideriksen K, Boesen AP, Kristiansen JF, Magnusson SP, Schjerling P, Holm L et al. Skeletal muscle 
adaptation to immobilization and subsequent retraining in elderly men: No effect of anti-inflamma-
tory medication. Exp Gerontol 2016;82:8-18. https://doi.org/10.1016/j.exger.2016.05.009

31.	Duff WR, Kontulainen SA, Candow DG, Gordon JJ, Mason RS, Taylor-Gjevre R, et al. Effects of low-
-dose ibuprofen supplementation and resistance training on bone and muscle in postmenopausal wo-
men: A randomized controlled trial. Bone Rep 2016;5:96-103. https://doi.org/10.1016/j.bonr.2016.04.004

32.	Alturki M, Beyer I, Mets T, Bautmans I. Impact of drugs with anti-inflammatory effects on skeletal 
muscle and inflammation: A systematic literature review. Exp Gerontol 2018;114:33-49. https://doi.
org/10.1016/j.exger.2018.10.011 

33.	Reeves B, Deeks J, Higgins J, Wells G. Chapter 13: Including non-randomized studies. In: Higgins J, 
Green S, eds. Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1.02011.

34.	Trappe TA, Standley RA, Jemiolo B, Carroll CC, Trappe SW. Prostaglandin and myokine involvement 
in the cyclooxygenase-inhibiting drug enhancement of skeletal muscle adaptations to resistance exer-
cise in older adults. Am J Physiol Regul Integr Comp Physiol 2013;304(3):R198-R205. https://doi.org/ 
10.1152/ajpregu.00245.2012

35.	Trappe TA, Liu SZ. Effects of prostaglandins and COX-inhibiting drugs on skeletal muscle adap-
tations to exercise. J Appl Physiol (1985) 2013;115(6):909-19. https://doi.org/10.1152/japplphy-
siol.00061.2013

36.	Rodemann HP, Goldberg AL. Arachidonic acid, prostaglandin E2 and F2 alpha influence rates of 
protein turnover in skeletal and cardiac muscle. J Biol Chem 1982;257(4):1632-8

37.	Trappe TA, Fluckey JD, White F, Lambert CP, Evans WJ. Skeletal muscle PGF(2)(alpha) and PGE(2) 
in response to eccentric resistance exercise: influence of ibuprofen acetaminophen. J Clin Endocrinol 
Metab 2001;86(10):5067-70. https://doi.org/10.1210/jcem.86.10.7928

38.	Trappe TA, White F, Lambert CP, Cesar D, Hellerstein M, Evans WJ. Effect of ibuprofen and acetami-
nophen on postexercise muscle protein synthesis. Am J Physiol Endocrinol Metab 2002;282(3):E551-6. 
https://doi.org/10.1152/ajpendo.00352.2001

39.	Markworth JF, Cameron-Smith D. Prostaglandin F2α stimulates PI3K/ERK/mTOR signaling and 
skeletal myotube hypertrophy. Am J Physiol Cell Physiol 2011;300(3):C671-82. https://doi.org/10.1152/
ajpcell.00549.2009

40.	Serrano AL, Baeza-Raja B, Perdiguero E, Jardí M, Muñoz-Cánoves P. Interleukin-6 is an essential 
regulator of satellite cell-mediated skeletal muscle hypertrophy. Cell Metabolism 2008;7(1):33-44. ht-
tps://doi.org/10.1016/j.cmet.2007.11.011

41.	Murach KA, Fry CS, Kirby TJ, Jackson JR, Lee JD, White SH et al. Starring or supporting role? satellite 
cells and skeletal muscle fiber size regulation. Physiol 2018;33(1):26-38. https://doi.org/10.1152/phy-
siol.00019.2017

42.	Mikkelsen UR, Langberg H, Helmark IC, Skovgaard D, Andersen LL, Kjaer M et al. Local NSAID 
infusion inhibits satellite cell proliferation in human skeletal muscle after eccentric exercise. J Appl 
Physiol (1985) 2009;107(5):1600-11.https://doi.org/10.1152/japplphysiol.00707.2009

43.	Mackey AL, Kjaer M, Dandanell S, Mikkelsen KH, Holm L, Døssing S et al. The influence of anti-
-inflammatory medication on exercise-induced myogenic precursor cell responses in humans. J Appl 
Physiol (1985) 2007;103(2):425-31. https://doi.org/10.1152/japplphysiol.00157.2007

44.	Mackey AL, Rasmussen LK, Kadi F, Schjerling P, Helmark IC, Ponsot E et al. Activation of satellite 
cells and the regeneration of human skeletal muscle are expedited by ingestion of nonsteroidal anti-
-inflammatory medication. FASEB J 2016;30(6):2266-81. https://doi.org/10.1096/fj.201500198R

45.	Paulsen G, Egner IM, Drange M, Langberg H, Benestad HB, Fjeld JG et al. A COX-2 inhibitor reduces 
muscle soreness, but does not influence recovery and adaptation after eccentric exercise. Scand J Med 
Sci Sports 2010;20(1):e195-207. https://doi.org/10.1111/j.1600-0838.2009.00947.x

46.	Elisia I, Lam V, Hofs E, Li MY, Hay M, Cho B et al. Effect of age on chronic inflammation and respon-
siveness to bacterial and viral challenges. PloS One 2017;12(11):e0188881-e. https://doi.org/10.1371/
journal.pone.0188881

47.	Ferrucci L, Corsi A, Lauretani F, Bandinelli S, Bartali B, Taub DD et al. The origins of age-related 
proinflammatory state. Blood 2005;105(6):2294-9. https://doi.org/10.1182/blood-2004-07-2599



449

Rev Bras Fisiol Exerc 2020;19(6):436-449

48.	Liu SZ, Jemiolo B, Lavin KM, Lester BE, Trappe SW, Trappe TA. Prostaglandin E2/cyclooxygenase 
pathway in human skeletal muscle: influence of muscle fiber type and age. J Appl Physiol (1985) 
2016;120(5):546-51. https://doi.org/10.1152/japplphysiol.00396.2015

49.	Volaklis KA, Halle M, Meisinger C. Muscular strength as a strong predictor of mortality: A narrative 
review. Eur J Intern Med 2015;26(5):303-10. https://doi.org/10.1016/j.ejim.2015.04.013

50.	Garcia-Hermoso A, Cavero-Redondo I, Ramirez-Velez R, Ruiz JR, Ortega FB, Lee DC et al. Muscular 
strength as a predictor of all-cause mortality in an apparently healthy population: a systematic review 
and meta-analysis of data from approximately 2 million men and women. Arch Phys Med Rehabil 
2018;99(10):2100-13.e5. https://doi.org/10.1016/j.apmr.2018.01.008

51.	Guadalupe-Grau A, Carnicero JA, Gomez-Cabello A, Gutierrez Avila G, Humanes S, Alegre LM et 
al. Association of regional muscle strength with mortality and hospitalisation in older people. Age 
Ageing 2015;44(5):790-5. https://doi.org/10.1093/ageing/afv080

52.	Li R, Xia J, Zhang XI, Gathirua-Mwangi WG, Guo J, Li Y et al. Associations of muscle mass and stren-
gth with all-cause mortality among US older adults. Med Sci Sports Exerc 2018;50(3):458-67. https://
doi.org/10.1249/MSS.0000000000001448

53.	Hangelbroek RWJ, Knuiman P, Tieland M, de Groot L. Attenuated strength gains during prolonged 
resistance exercise training in older adults with high inflammatory status. Exp Gerontol 2018;106:154-
8. https://doi.org/ 10.1016/j.exger.2018.02.008

54.	Ferrucci L, Penninx BW, Volpato S, Harris TB, Bandeen-Roche K, Balfour J et al. Change in muscle 
strength explains accelerated decline of physical function in older women with high interleukin-6 
serum levels. J Am Geriatr Soc 2002;50(12):1947-54. https://doi.org/10.1046/j.1532-5415.2002.50605.x


	_GoBack

