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Abstract

Background: This study aimed to identify the blood pressure (BP) responses during different types of isometric exercises (IE) in adults
and to evaluate whether BP responses according to IE is influenced by the characteristics of participants and exercise protocols. Methods:
The search was conducted in PubMed, Cochrane Central, SPORTDiscus, and LILACS databases in June 2020. Random effects models
with a 95% confidence interval and p < 0.05 were used in the analyses. Results: Initially, 3201 articles were found and, finally, 102
studies were included in this systematic review, seven of which were included in the meta-analysis comparing handgrip to other IE. Two-
knee extension and deadlift promoted greater increases in systolic (+9.8 mmHg; p = 0.017; I = 74.5% and +26.8 mmHg; p < 0.001;
12 = 0%, respectively) and diastolic (+7.9 mmHg; p = 0.022; I? = 68.6% and +12.4 mmHg; p < 0.001; I? = 36.3%, respectively) BP
compared to handgrip. Men, middle-aged/elderly adults, hypertensive individuals, and protocols with higher intensities potentiate the
BP responses to handgrip exercise (p < 0.001). Conclusions: IE involving larger muscle groups elicit greater BP responses than those
involving smaller muscle masses, especially in men, middle-aged/elderly adults and hypertensive individuals. Future studies should

directly compare BP responses during various types of IE in different populations.
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1. Introduction

Handgrip strength has been considered a marker of
general strength due to positive association with lower limb
strength [1] and also has been associated with several health
outcomes as mortality [2] health-related quality of life [3]
and cognitive performance [4] in clinical populations. In
addition, it has been used as an indicator of muscle strength
in intervention studies in different populations [5,6].

Otherwise, the isometric handgrip training has been
used to improve cardiovascular health [7-9], given the re-
duction in blood pressure (BP) and improvement in en-
dothelial function after a few weeks of intervention. The
most commonly used handgrip protocol consists of four
two-minute sets of contractions at 30% of maximal vol-
untary contraction (MVC) with a recovery interval of one
to four minutes [9-11]. This modality of exercise appears
to be safe from a cardiovascular point of view [12,13], but
there is no clarity about the magnitude of BP increase iden-
tified during its performance.

In addition, lower limb isometric exercises, involving
larger muscle masses, have also been shown to be effec-
tive for chronic BP reduction [14—-16]. However, the BP
responses during these modalities of isometric exercise (IE)
are unclear. Therefore, there are no recommendations for
their adoption as a safe antihypertensive strategy.

Regarding the characteristics of the exercise protocol,
greater muscle mass [17,18], intensity [19,20], frequency,
and duration of contraction [21] seem to promote greater
increases on the BP response during dynamic strength ex-
ercise. However, the influence of these factors on BP re-
sponses to IE still needs to be confirmed.

Moreover, the influence of subjects’ personal charac-
teristics on acute BP responses to IE also needs to be inves-
tigated, trying to identify which groups of subjects would
be at increased risk of acute events. Some studies show that
men and older individuals present greater BP responses to
IE compared to their pairs [17,22,23] while others have ob-
served no difference [18].
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Although isometric handgrip has recently been in-
cluded as a complementary non-pharmacological strategy
for the prevention and treatment of hypertension [24-26],
there is still reluctance by international organizations to add
this exercise modality in exercise guidelines to the same ex-
tent as dynamic resistance exercise [13,27], since its cardio-
vascular safety is not yet well established, especially con-
sidering other exercises involving larger muscle mass.

In this context, to the best of our knowledge, there are
no review studies that evidence the BP responses during the
execution of different types of IE in adults. Thus, this sys-
tematic review with meta-analysis aimed to identify the BP
responses during different types of IE in isolation and com-
pared to handgrip in adults, and to identify such responses
according to the characteristics of participants and exercise
protocols.

2. Materials and Methods

This study protocol was previously registered with
PROSPERO (CRD42020190823) and followed PRISMA
guidelines [28].

2.1 Eligibility Criteria for Studies

Studies with any experimental design (randomized or
not and controlled or not) were included, respecting the eli-
gibility criteria established according to the acronym PICO
(Population, Intervention, Comparator, and Outcome) [28].
Inclusion criteria were: adult participants (>18 years), hy-
pertensive or normotensive of both sexes, trained and un-
trained; IE of any type, intensity, volume, and load control;
presence or absence of a comparator group with another
type of IE; relating systolic blood pressure (SBP) and/or di-
astolic blood pressure (DBP) values, assessed before and
during exercise or the difference between the two moments
(delta). Furthermore, studies in Portuguese, English, or
Spanish, available in full and published in any year were
included.

Exclusion criteria were: adults with any comorbidity
(except hypertension) or specific condition (e.g., pregnant
women); studies with other interventions associated with
IE; investigating the effects of medications; with IE per-
formed after or randomly with other exercise modalities;
that performed several stress tests on the same day before
IE (without randomization), and with incremental testing;
comparing IE with another exercise modality, without hav-
ing a separate group for IE; with SBP and/or DBP measure-
ments only after the exercise and only mean BP data.

2.2 Search Methods for Identification of Studies

The search for articles was conducted in the PubMed,
Cochrane Central, SPORTDiscus, and LILACS databases
in the month of June 2020. The search strategy, used for all
databases, is available in Supplementary Material 1.

2.3 Study Selection and Data Extraction

The EndNote® X9.3.3 software (Philadelphia, PA,
USA) was used to manage references and remove dupli-
cates. First, the selection of articles was based on title and
abstract reading by two independent researchers (GTB. and
JCC.). The next step consisted of reading the full texts and
selecting the studies according to eligibility criteria. In both
steps, if there were disagreements between researchers, a
third researcher (AMG) was consulted to reach a consen-
sus.

Data extraction was performed by the same re-
searchers, in a standardized and independent way. The
following information regarding the participants was ex-
tracted: number of participants, percentage of women in
the sample, age, ethnicity/race, training status, body mass,
body mass index (BMI), and BP level classification. For
the BP level classification, we considered the report of each
study and not the resting BP value. If the study did not
clearly report this information, we considered it as “not re-
ported”. For the exercise protocol, it was considered: num-
ber and duration of sets, interval between sets, and intensity
of effort. Regarding the outcome of the studies, the follow-
ing were considered: SBP and DBP before (rest measure-
ment) and during exercise or the difference between the two
moments (delta), with mean and dispersion measures.

2.4 Risk of Bias Assessment

The risk of bias analysis was feasible only for the stud-
ies that compared handgrip with other IE, due to the various
types of study designs included in this systematic review.
In this case, the risk of bias was assessed by the same re-
searchers who screened the studies and extracted the data,
according to the Cochrane Handbook for Systematic Re-
views of Interventions [29], considering random sequence
generation, allocation concealment, blinding of participants
and professionals, blinding of outcome assessors, incom-
plete outcomes, selective outcome reporting, and BP mea-
surement method (other bias). It was classified as high, un-
clear or low risk [30]. Also, the criteria were classified as
not applicable when it was not possible to be assessed due
to the study design.

2.5 Data Analysis

All descriptive data are presented as mean and stan-
dard deviation (SD). Delta values for BP were calculated
(BP during exercise - baseline BP). The overall effect for
each type of exercise and the subgroup analyses were calcu-
lated from the mean difference between the pre-exercise BP
and the BP during exercise. The comparison of BP between
the IE types was performed using the mean values for each
exercise type. Also, the effect of the comparison between
the handgrip exercise and other exercise types was calcu-
lated from the mean difference in BP change between them.
The SD of change was calculated from the pre-exercise and
during-exercise SD values, adopting a correlation coeffi-
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Articles included in the meta-
analysis comparing exercise types
(n=7)

Fig. 1. Flowchart of the different steps of the systematic review.

cient of 0.5. Meta-analyses were calculated using random
effects models. Statistical heterogeneity between studies
was assessed by the 12 inconsistency test; considering that
values above 50% indicate high heterogeneity [29]. For-
est plots were generated to represent the combined effect
and standardized mean differences with 95% confidence in-
terval (CI), and p-values < 0.05 were considered statisti-
cally significant. The analyses were performed using Com-
prehensive Meta Analysis software version 2.2.064 (Engle-
wood, NJ, USA.).

3. Results
3.1 Search Results

Initially, 3201 articles were found (Pubmed = 2170,
Cochrane = 381, Lilacs = 237, and SPORTDiscus = 413)
and 102 studies were, finally, included in the systematic re-
view. Of these, seven were included in the meta-analysis
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comparing handgrip with others IE (Fig. 1).

3.2 Characteristics of the Studies

In summary, the studies of this systematic review in-
cluded 12 types of IE and some of them evaluated more
than one type of IE. Among these studies, the vast majority
(76.5%) performed the handgrip, followed by knee exten-
sion (13.7%) (Table 1, Ref. [8,13,18-20,22,23,31-125]).

The total number of participants was 2695, with a
mean age ranging from 19.2 to 73.0 years. Most of the
studies included only men (47.1%). More than half of the
studies (56.9%) did not report the trainability status of the
participants, and among the studies that reported this in-
formation, only 18.2% included trained participants and/or
athletes.

Regarding BP level classification, 76.5% included
only normotensive participants. In addition, only eight
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Table 1. Characteristics of the studies.
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Author and year Country of origin Modality Sample (Y%owomen) Age (years) Ethnicity/race Trainability status Body mass (kg) BMI (kg/m?) BP level classification
Almeida et al. (2021) [8] Brazil Handgrip 14.0 (79.0%) 245+ 3.7 NR Sedentary NR 228+22 Normotensive
14.0 (50.0%) 26.6 £ 5.6 242 +£3.7
Aoki et al. (1983) [31] Japan Handgrip 18.0 (0.0%) 38.7+3.2 Japanese NR 64.1 +£5.7 NR Normotensive
50.0 (0.0%) 40.5 £ 4.0 61.6 + 7.1 Hypertensive
Auerbach et al. (2000) [32] Israel Whole-body isometric exercise 18.0 (0.0%) 51.1 £4.0 NR NR 80.5+11.0 NR Normotensive
Bakke et al. (2007) [33] Norway Handgrip 11.0 (64.0%) 242 +5.1 NR NR 66.6 + 10.0 233420 Normotensive
11.0 (36.0%) 62.7 £33 77.4+9.9 250+22
Bakke ez al. (2009) [34] Norway Handgrip 9.0 (33.0%) 23.6 £2.1 NR NR 68.0 £ 10.2 225+ 1.8 Normotensive
Balmain et al. (2016) [35] Australia Handgrip 19.0 (0.0%) 23.0+2.0 NR NR 70.9 +5.0 NR Normotensive
Ben-Ari et al. (1992) [36] Israel Two-hand pulling 25.0 (0.0%) 47.0£4.0 NR Untrained NR NR Normotensive
Bentley and Thomas (2018) [37] Canada Handgrip 20.0 (100.0%) 57.7+52 NR Moderately active NR 269 +3.7 Normotensive
Borghi et al. (1988) [38] Italy Handgrip 16.0 (37.5%) NR NR NR NR NR Normotensive
Bosisio et al. (1980) [39] Italy Handgrip 8.0 (0.0%) NR NR Trained (non-athlete) NR NR Normotensive
Cottone et al. (1998) [40] Italy Handgrip 12.0 (42.0%) 38.0 £ 6.0 NR NR NR 257+ 1.7 Normotensive
15.0 (47.0%) 43.0£3.0 26.0 £ 3.9 Hypertensive
Davies and Starkie (1985) [41] England Elbow flexion 11.0 (0.0%) 21.5+73 NR NR NR NR Normotensive
Plantar flexion
Da Silva et al. (2013) [20] Brazil Leg press (45°) Al 8.0 (0.0%) 30.6 + 6.2 NR Physically active 744 + 8.6 247+2.6 Normotensive
MI: 8.0 (0.0%) 31.6 +£6.6 72.3 £ 13.9 242 4+2.7
BI: 8.0 (0.0%) 27.5+4.6 742 £15.8 255+3.1
Dias and Polito (2015) [42] Brazil Squat 19.0 (53.0%) 268 +£7.3 NR Sedentary 72.3 £ 149 247+34 Normotensive
Ehsani et al. (1981) [43] United States Handgrip 14.0 (14.0%) NR NR NR NR NR Normotensive
Ehsani et al. (1982) [44] United States Handgrip 12.0 (8.0%) NR NR NR NR NR Normotensive
Ferguson and Brown (1997) [45] England Handgrip 5.0 (0.0%) 220+ 1.8 NR Athlete NR NR NR
10.0 (0.0%) 20.0 4.7 Sedentary
Fuetal. (1981) [46] Japan Handgrip 20.0 (NR) 549 +6.3 NR NR NR NR Normotensive
35.0 (34.0%) 56.3+9.5 Hypertensive
Fu et al. (2002) [47] United States Handgrip 5.0 (0.0%) 41.0£2.2 NR NR 84.0 + 134 NR Normotensive
Fujisawa et al. (1996) [48] Japan One-knee extension 7.0 (0.0%) 24.0+3.0 NR NR 63.9+17.3 NR Normotensive
Gois et al. (2020) [49] Brazil Handgrip 15.0 (NR) 53.0+5.0 NR Insufficiently active ~ 75.0 + 15.0 25.0£3.0 Normotensive
Goldstein and Shapiro (1988) [S0]  United States Handgrip 20.0 (0.0%) 204+ 3.2 NR NR NR NR Normotensive
Goldstraw and Warren (1985) [51] England Handgrip 12.0 (NR) 30.0 £ NR NR NR NR NR NR
12.0 (NR) 73.0 £ NR
Goulopoulou et al. (2010) [52] United States Handgrip 23.0 (43.5%) 220+ 14 NR Physically active 76.9 £ 17.7 26.0 £ 4.8 Normotensive
Graafsma et al. (1989) [53] Netherlands Handgrip 10.0 (50.0%) 42.6 £9.1 NR NR NR 233+29 Normotensive
13.0 (46.0%)  39.1 £10.4 24.1 £3.0 Hypertensive
Greaney et al. (2013) [18] United States Handgrip 10.0 (0.0%) 24.0+3.2 NR NR 75.0 £9.5 232+19 Normotensive

9.0 (0.0%) 59.0+£6.0 87.0+£6.0 28.5+£39
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Table 1. Continued.

Author and year Country of origin Modality Sample (%owomen) Age (years) Ethnicity/race Trainability status Body mass (kg) BMI (kg/m?) BP level classification
Greaney et al. (2014) [54] United States Handgrip 11.0 (45.5%) 23.0£33 NR Physically active 71.0 £ 10.0 23.0+2.7 Normotensive
12.0 (41.7%) 60.0 £ 6.9 81.0+ 139 262424
Greaney et al. (2015) [55] United States Handgrip 23.0 (NR) 60.0 + 4.8 NR NR NR 26.7 £ 3.8 Normotensive
15.0 (NR) 63.0 +3.9 27.6 £2.7 Hypertensive
Grossman et al. (1989) [56] United States Handgrip 18.0 (33.0%)  53.0 £ 12.0 NR NR NR NR Hypertensive
Hallman et al. (2011) [57] Sweden Handgrip 21.0 (90.5%) 408+ 7.0 NR NR NR 243 +£3.7 Normotensive
Heftfernan et al. (2005) [58] United States Handgrip 10.0 (50.0%) 27.5+8.5 NR Sedentary/moderately 753 £ 14.6  26.6 3.5 Normotensive
active
Heng et al. (1988) [59] United States Handgrip 12.0 (0.0%) 29.0 £5.0 NR NR 67.0 £ 5.0 NR Normotensive
Hickey et al. (1993) [60] United States Two-knee extension 8.0 (0.0%) 240+ 0.5 NR Trained 77.6 +£3.4 NR Normotensive
Hirasawa et al. (2016) [61] Japan One-knee extension 12.0 (67.0%) 21.0£2.0 NR NR 58.0 £ 8.0 NR Normotensive
Huikuri et al. (1986) [62] Finland Handgrip 13.0 (54.0%) 250+ 6.0 NR NR NR NR Normotensive
Ichinose et al. (2006) [63] Japan Handgrip 13.0 (23.0%) 23.0+£3.6 NR NR 624+ 11.2 NR Normotensive
Iellamo et al. (1993) [64] Italy Handgrip 10.0 (0.0%) NR NR NR NR NR Normotensive
Iellamo ef al. (1999) [65] Italy One-knee extension 11.0 (0.0%) 26.0+24 NR Untrained NR NR Normotensive
Incognito et al. (2018) [66] Canada Handgrip 29.0 (0.0%) 240+5.0 NR NR NR 240+ 3.0 Normotensive
Kadetoff and Kosek (2007) [67] Sweden One-knee extension 17.0 (100.0%) 37.4 = NR NR NR NR NR Normotensive
Kadetoff and Kosek (2010) [68] Sweden Two-knee extension 16.0 (100.0%)  38.3 + NR NR NR NR NR Normotensive
Kagaya and Homma (1997) [69] Japan Handgrip 7.0 (100.0%) 223+£29 NR Physically active 544+75 NR Normotensive
Kahn et al. (1997) [70] France Handgrip 12.0 (0.0%) 23.6+14 NR NR 73.0+9.4 NR Normotensive
Kalfon et al. (2015) [71] United States Handgrip 16.0 (0.0%) 23.7+6.8 NR Sedentary 86.8 +14.8 293+44 Normotensive
Kamiya et al. (2001) [72] Japan Handgrip 22.0 (0.0%) 220+94 NR NR 65.0 +9.4 NR Normotensive
Koletsos et al. (2019) [73] Greece Handgrip 28.0 (42.9%) 43.8 £13.0 NR Minimally and NR 26.6 £ 4.1 Normotensive
27.0 (40.7%) 475+ 11.6 moderately active 27.6 £4.7 Hypertensive (masked)
31.0 (48.4%) 47.6 £7.0 26.8 £3.9 Hypertensive (true)
Kordi ez al. (2012) [74] Iran Handgrip 20.0 (60.0%) 19.3 £2.0 NR NR NR NR NR
Koutnik et al. (2014) [75] United States Handgrip 20.0 (0.0%) 22.1+£9.0 NR Not regularly active 84.7+14.0 27.1+45 Normotensive
Kramer et al. (1983) [76] Germany Handgrip (unilateral e (bilateral)) 4.0 (0.0%) NR NR NR NR NR NR
Lewis et al. (1985) [77] United States Handgrip 6.0 (0.0%) 27.0£3.0 NR NR 74.60 £ 8.7 NR Normotensive
Two-knee extension
Lindquist ef al. (1973) [78] United States Handgrip 21.0 (0.0%) 32.0 £ NR NR NR NR NR Normotensive
Lykidis et al. (2008) [79] England Handgrip 9.0 (44.4%) 21.8+6.7 NR Physically active NR NR NR
Maiorano et al. (1989) [80] Italy Handgrip 50.0 (0.0%) 193+1.2 NR Trained and 68.88 £11.0 2292 +32 Normotensive
50.0 (0.0%) 192 +1.2 untrained 68.66 £10.2 2299 + 3.8
Majahalme et al. (1997) [81] Finland Handgrip 28.0 (0.0%) 39.5+42 NR NR 81.7 + 8.7 254+2.6 Normotensive
14.0 (0.0%) 40.7 £43 87.6 £10.6 269 4+ 3.5 Hypertensive (borderline)
24.0 (0.0%) 40.0 £ 3.9 819+ 8.6 26.5+2.6 Hypertensive (mild)
Makinen et al. (2008) [82] Finland Handgrip 10.0 (0.0%) 225+1.6 NR NR 724 +£73 223+ 1.6 Normotensive
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Table 1. Continued.

Author and year Country of origin Modality Sample (Y%owomen) Age (years) Ethnicity/race Trainability status  Body mass (kg) BMI (kg/m?)  BP level classification
Matthews et al. (2017) [83] United States Handgrip 16.0 (100.0%)  22.0+3.0 NR - NR 22.0+£3.0 Normotensive
16.0 (100.0%)  22.0 £2.0 - 22.0 £3.0
McCoy et al. (1991) [84] United States Handgrip 9.0 (0.0%) NR NR NR 71.5+6.6 NR NR
McDermott et al. (1974) [85] United States Handgrip 10.0 (0.0%) 253 +4.1 NR Untrained 784+ 7.6 NR Normotensive
12.0 (0.0%) 46.8 £2.8 80.9 +£12.5
Metelitsina ef al. (2010) [86]  United States Handgrip 19.0 (63.2%) 64.7 £ 8.3 White - 18 (94.7%) NR NR NR Normotensive/Hypertensive
Mizushige et al. (1997) [87] Japan Handgrip 14.0 (42.9%) 59.0 £ NR NR NR NR NR Normotensive
Momen et al. (2010) [88] United States Handgrip 11.0 (0.0%) NR NR NR NR 23.0+£ 1.0 Normotensive
11.0 (100.0%) 22.0+1.0
Mortensen et al. (2016) [89] England Elbow flexion (unilateral) ~ 75.0 (49.3%)  38.8 £ 10.9 NR NR NR 25.1+44 Normotensive
Muller et al. (2011) [90] United States Handgrip 10.0 (50.0%) 25.0+3.2 NR NR 73.0 £ 12.7 NR Normotensive
Nagle et al. (1988) [91] United States Handgrip 10.0 (0.0%) 24.0+ 3.0 NR Untrained 71.0 = 10.0 NR Normotensive
Two-knee extension
Deadlift
Nakamura et al. (2005) [92] Japan Elbow flexion (unilateral) 8.0 (0.0%) 63.0 + 3.7 NR NR NR 23.1 £ 1.4 Normotensive/Hypertensive
Notay et al. (2018) [93] Canada Handgrip 200.0 (54.5%) 22.0+3.0 Caucasian Recreationally active  69.0 £ 13.0  23.0 + 3.0 Normotensive
(non-Hispanic) = 192
Hispanic =5
Black =3
Notay et al. (2018b) [94] Canada Handgrip 66.0 (0.0%) 22.0+3.0 NR Recreationally active  77.0 £13.0  24.0+3.0 Normotensive
66.0 (100.0%) 21.0+2.0 63.0£9.0 23.0 £3.0
Nyberg (1976) [95] Australia Handgrip 10.0 (0.0%) 30.6 + NR NR NR NR NR Normotensive
9.0 (100.0%)  30.4 £ NR Hypertensive (untreated)
9.0 (0.0%) 453 £ NR Hypertensive (treated)
12.0 (100.0%) 46.8 £ NR
12.0 (0.0%) 46.9 £ NR
5.0(100.0%)  48.4 +£NR
Park et al. (2012) [96] United States Handgrip 12.0 (33.3%) 289 +49 Caucasia= 6 NR 62.8 + 8.0 217+ 1.7 Normotensive
12.0 (41.7%) 323+£7.6 Hispanic=3 829+11.1 274+14
Asian=3
Caucasian= 7
Hispanic = 4
Asian= 1
Parmar et al. (2018) [23] Canada Handgrip 11.0 (0.0%) 240+33 NR Physically active 75.0 £ 6.6 237+ 1.7 Normotensive
9.0 (100.0%)  22.0 £3.0 61.0+£3.0 220+ 1.5
10.0 (100.0%)  22.0 + 6.3 61.0 £12.7 223 +4.1
Pepin et al. (1996) [97] United States Handgrip 25.0 (64.0%) 343 £55 NR NR NR NR NR
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Table 1. Continued.

Author and year Country of origin Modality Sample (%owomen)  Age (years) Ethnicity/race Trainability status Body mass (kg) BMI (kg/m?) BP level classification
Petrosfsky and Laymon United States Handgrip 20-30 years = 15.0 (NR) NR NR Untrained 81.8 = NR NR NR
(2002) [98] Two-knee extension 3140 years = 10.0 (NR) 83.4 + NR
41-50 years = 12.0 (NR) 83.5+ NR
51-65 years = 13.0 (NR) 85.1 £ NR
Piccolino et al. (2018) [99] Italy Handgrip 25.0 (8.0%) 432 £ 8.3 Caucasian NR NR NR Normotensive
Plotnikov et al. (2002) [100] Russia Handgrip 48.0 (100.0%) NR NR NR NR NR Normotensive
Torso effort
Quarry and Spodick (1974) United States Handgrip 10.0 (0.0%) NR NR Physically active NR NR Normotensive
[101]
Riendl et al. (1977) [102] United States Finger adduction 10.0 (0.0%) 251+£22 NR Untrained NR NR Normotensive
Plantar flexion
Sagiv et al. (1985) [103] United States Handgrip 10.0 (0.0%) 52.0+2.0 NR NR NR NR Normotensive
Deadlift
Sagiv et al. (1988) [104] Israel Deadlift 10.0 (0.0%) 28.0 £ 3.0 NR Physically active 82.0+3.0 NR Normotensive
10.0 (0.0%) 67.0 £ 4.0 80.0 £ 2.0
Sagiv et al. (1988b) [105] Israel Deadlift 25.0 (0.0%) 274 +£23 NR Physically active 82.3 +10.9 NR Normotensive
25.0 (0.0%) 51.0+£32 79.5£7.6
25.0 (0.0%) 67.8 £3.8 80.0 £ 10.2
Sagiv et al. (1988c¢) [106] Israel Handgrip 10.0 (0.0%) 28.0 £ 3.0 NR Physically active 81.7 £ 3.1 NR Normotensive
Deadlift 10.0 (0.0%) 67.0 £4.0 79.5+24
Sagiv et al. (1995) [107] United States Handgrip 5.0 (0.0%) 33.0+5.0 NR Physically active NR NR Normotensive
Deadlift
Sagiv et al. (2008) [108] Israel Deadlift 15.0 (0.0%) 40.0 £ 13.0 NR NR 80.5+9.2 NR Normotensive
Samora et al. (2019) [109] Brazil Handgrip 20.0 (0.0%) 21.0+£2.7 NR Physically active 78.0 £ 9.8 249+ 2.7 Normotensive
20.0 (100.0%) 23.0 £2.7 61.4+£9.38 23.0+2.7
Seals (1989) [110] United States Handgrip (unilateral 9.0 (33.0%) NR NR NR NR NR Normotensive
and bilateral)
Seals et al. (1983) [111] United States Elbow extension 6.0 (0.0%) NR NR Untrained and trained Untrained NR Normotensive
One-knee extension (untrained and trained members 72.7 + 13.1 Trained
after a training period) 71.7+13.9
Seals et al. (1985) [112] United States Handgrip 10.0 (40.0%) 62.0+ 1.0 NR Untrained and trained Before: 74.0 £ 12.0 NR Normotensive
After: 73.0 £ 11.0
Somani et al. (2018) [22] Canada and Handgrip 26.0 (50.0%) 25.0 +4.0 NR Recreationally 72.0 £ 15.0 24.0 £ 4.0 Prehypertensive/
England Two-knee extension 20.0 (50.0%) 22.0+4.0 NR active/non-active 73.0 £ 14.0 25.0+4.0 Normotensive
Stewart et al. (2007) [113] United States Handgrip 16.0 (56.3%) 24.5 £ NR NR NR 70.0 £+ 14.0 24.0+4.0 Normotensive
Tan et al. (2013) [114] United States Handgrip 11.0 (45.5%) 25.0 £ 3.0 NR NR NR NR Normotensive
Taylor et al. (2017) [115] England Wall squat 25.0 (0.0%) 446 £ 1.7 NR Physically inactive 89.1+24 NR Prehypertensive
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Table 1. Continued.

Author and year Country of origin Modality Sample (Y%owomen) Age (years) Ethnicity/race Trainability status Body mass (kg) BMI (kg/m?) BP level classification
Turley (2005) [116] United States Handgrip 35.0 (0.0%) 202 £2.1 NR Untrained 78.1+£10.1 246+29 Normotensive
35.0(100.0%) 199+1.8 62.8 £8.5 23.0 £ 2.6
Umeda et al. (2009) [117] United States Handgrip 23.0(100.0%)  20.0 +2.0 NR Physically active NR NR Normotensive
Umeda et al. (2015) [118] United States Handgrip 14.0 (36.0%) 22.1 +£2.9 African-Americans Recreationally active NR 26.02 £3.1 Normotensive
14.0 (36.0%) 21.9 + 3.0 White (non-Hispanic) 24.06 +£3.4
Van Huysduynen et al. (2004) [119]  Netherlands Handgrip 41.0 (0.0%) 326 £11.2 NR Untrained/Trained NR NR Normotensive
Vaz et al. (1993) [120] India Handgrip 8.0 (NR) NR NR NR NR NR Normotensive
Vianna et al. (2012) [121] Brazil Handgrip 8.0 (0.0%) 25.0+£2.0 NR NR 78.0 £ 11.0 NR Normotensive
Vitcenda et al. (1990) [122] United States Deadlift 16.0 (0.0%) 27.0 £ 6.0 NR Untrained 75.0 + 8.0 NR NR
Weippert et al. (2013) [123] Germany Leg press 23.0 (0.0%) 255+2.6 NR Physically active 84.0 + 7.7 243+ 1.5 Normotensive
Wiles et al. (2018) [13] England Wall squat 26.0 (0.0%) 45.0 £ 8.0 NR Physically inactive ~ 89.7 £+ 12.3 NR Hypertensive
Williams (1991) [124] United States Handgrip 6.0 (0.0%) 26.0 £3.0 NR NR NR NR NR
Two-knee extension
Wright et al. (1999) [125] United States  One-knee extension 15.0 (0.0%) 21.6 + 1.2 African-American NR 82.5+19.8 NR Normotensive
15.0 (100.0%) 27.7+6.2  Asian American 62.1 +7.4
15.0 (0.0%) 27.8 £ 7.4 Caucasian American 69.0 + 7.4
15.0(100.0%) 27.0 +6.2 547 +54
15.0 (0.0%) 264 +7.0 832+ 85
15 (100%) 252+ 6.6 60.0 + 10.5
Yamaji et al. (1983) [19] Japan Elbow flexion 20.0 (0.0%) 204+ 1.5 NR NR/Trained 64.8 + 8.2 NR Normotensive

One-knee extension

Note: Data presented as mean + standard deviation. BMI, body mass index; NR, not reported.
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Table 2. Overall effects of different types of isometric exercise on blood pressure response.

Type of exercise N Mean difference  Standard error ~ Variance 95% CI Z-value  p* 12 ¥
SBP (mmHg)

Handgrip 127 +33.4 1.8 32 29.9-36.9 18.6 0.0 992 0.0
Elbow flexion 8 +47.3 12.8 163.7 22.2-72.4 3.7 0.0 99.1 0.0
One-knee extension 17 +34.3 2.1 43 30.2-38.3 16.4 0.0 847 0.0
Two-knee extension 11 +64.5 5.9 35.2 52.8-76.1 10.9 0.0 9e6.1 0.0
Leg press +51.5 11.0 121.1 29.9-73.0 4.7 0.0 947 0.0
Squat 3 +46.3 10.9 117.8 25.0-67.5 43 00 971 0.0
Plantar flexion 2 +23.3 4.0 15.9 15.5-31.1 5.8 00 534 0.1
Deadlift 13 +61.6 2.7 7.2 56.4-66.9 229 0.0 66.4 0.0
Torso effort 3 +20.8 6.9 47.8 7.2-34.3 3.0 0.0 999 0.0
DBP (mmHg)

Handgrip 112 +25.1 1.0 1.1 23.0-27.1 24.0 0.0 984 0.0
Elbow flexion 8 +22.4 2.7 7.6 17.0-27.7 8.1 0.0 83.8 0.0
One-knee extension 17 +26.4 1.9 3.6 22.7-30.1 14.0 0.0 873 0.0
Two-knee extension 11 +52.2 5.4 29.5 41.5-62.8 9.6 0.0 973 0.0
Leg press 4 +34.4 8.1 66.1 18.4-50.3 42 0.0 922 0.0
Squat 2 +43.4 6.5 422 30.7-56.2 6.7 0.0 945 0.0
Plantar flexion 2 +22.4 1.9 3.6 18.7-26.2 11.8 0.0 0.0 0.4
Deadlift 13 +34.4 1.9 3.7 30.6-38.1 17.8 0.0 79.0 0.0
Torso effort 3 +23.8 32 10.4 17.5-30.1 7.4 0.0 99.6 0.0

Note: Analyses performed with the random effects model. N, number of studies and subgroups per study analyzed; CI, confidence

interval; 12, heterogeneity of studies. For the plantar flexion and torso effort exercises only one study was included in the analysis.

*p concerns the main analysis (mean difference). ¥p concerns the heterogeneity analysis (I12).

studies reported information regarding the number of users
of antihypertensive medications. Regarding BP measure-
ment protocols during exercise, the auscultatory, auto-
matic, and finger photoplethysmography (Finometer) meth-
ods presented similar frequencies in the studies (30%).
Concerning the moment of BP measurement, 66 studies
(64.7%) performed it at the end of the exercise contrac-
tion, with 21 studies reporting that this measurement was
performed in the final minute or final seconds of exercise,
but it is not clear at what exact time this was done. In the
other studies, the BP measurement was taken at different
moments during exercise.

3.3 Characteristics of Exercise Protocols

Most studies used a single set (72.6%) and performed
sets lasting up to 180 seconds (74%). Regarding exercise
intensity, 61.9% of the studies performed sets with low in-
tensities (i.e., <30% MVC) (Supplementary Material 2).

3.4 Overall Effect of Different Types of Isometric Exercise
on Blood Pressure Response

All the details regarding the BP responses to the hand-
grip or other IE are shown in the Supplementary Material
3,4,5and 6.

Table 2 shows the overall effects for each type of IE
on the BP response. The greater increases in SBP were
+64.5 mmHg (p < 0.001) for the two-knee extension, +61.6
mmHg (p < 0.001) for the deadlift, and +51.5 mmHg (p
< 0.001) for the leg press. These increases were higher
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than those for one-knee extension, plantar flexion, and torso
effort exercises. The mean increases identified for the
two-knee extension and deadlift exercises were statistically
greater than those identified for the handgrip. For DBP,
the greater increases were +52.2 mmHg (p < 0.001) for
the two-knee extension, and +43.4 mmHg; (p < 0.001) for
the squat. Differences were identified when the handgrip
is compared to the two-knee extension, squat, and deadlift
exercises. Moreover, statistical differences were also ob-
served between the two-knee extension and deadlift exer-
cises.

For SBP, the largest differences were found between
two-knee extension and torso effort (—48.6 mmHg; p <
0.001), two-knee extension and plantar flexion (—46.4
mmHg; p < 0.001). For the handgrip, the greatest differ-
ences were against two-knee extension (+36.1 mmHg; p <
0.001) and deadlift (+26.6 mmHg; p < 0.001). Regard-
ing DBP, the largest differences were observed between
two-knee extension and plantar flexion (—34.2 mmHg; p
< 0.001), elbow flexion and two-knee extension (+33.0
mmHg; p < 0.001). For the handgrip, the greatest differ-
ences were against two-knee extension (+31.4 mmHg; p <
0.001) (Supplementary Material 7).

3.5 Effect of Comparing Handgrip and Two-Knee
Extension Exercises

Two-knee extension promoted greater increases in
SBP (+9.8 mmHg; p = 0.017; 12 = 74.5%, p < 0.001) and
DBP (+7.9 mmHg; p = 0.022; I? = 68.6%, p = 0.002) com-
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Study name Statistics for each study

Difference  Standard Lower Upper

in means emor  Vaiance limit limit Z-Value
Lewis et d. (1985) 43,000 8001 &40 27,318 58682 5374
Nege et d. (1988) 14,000 4572 20900 5040 2%0 3082
Petrofsky and Laymon (2002) a 4,500 3608 13015 -2571 11,571 1,247
Petrofsky and Laymon (2002) b 1,500 3% 15878 6310 9310 0376
Petrofsky and Laymon (2002) ¢ 2250 444 19719 6453 1093 0507
Petrofsky and Laymon (2002) d 2240 4903 2499 -756 1206 049
Wiliams (1991) a 9000 20977 440028 -2114 50114 049
Williams (1991) b 25,000 26513 706131 27,082 7702 0941

9,845 4142 17160 1726 17,94 2377
B

Study name Statistics for each study

Difference  Standard Lower Upper
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Lewis et d. (1985) 20,000 4473 20008 11,238 28767 44N
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Petrofsky and Laymon (2002) a 2200 4691 2006 694 1144 0480
Petrofsky and Laymon (2002) b 0,750 4733 239 856 1006 0158
Petrofsky and Laymon (2002) ¢ 0,750 4664 21790 8301 9891 0161
Petrofsky and Laymon (2002) d 3,000 5130 26314 704 1304 05%
Williams (1991) a 8000 23347 546012 -377H 8370 0343
Wiliams (1991) b 21,000 2024 485063 -2167 64,167 093
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Fig. 2. Comparison between isometric handgrip and two-knee extension exercises. Mean difference in systolic (A) and diastolic (B)

BP between isometric handgrip and two-knee extension exercises. Estimation per study (black square). Overall estimate from random

effects analyses (blue diamond). 95% CI indicates confidence interval. I? indicates the heterogeneity of the studies.

pared to handgrip (Fig. 2). When performing sensitivity
analysis, removing the study by Lewis ef al. [77] from the
meta-analysis, there was a reduction of the effect for SBP
(+4.9 mmHg; p = 0.01; 12 = 0%, p = 0.429) and DBP (+7.9
mmHg; p < 0.001; 12 = 62.5%, p = 0.014).

3.6 Effect of Comparing Handgrip and Deadlift Exercises

Comparing handgrip and deadlift, greater increases
were observed in SBP (+26.8 mmHg; p < 0.001; IZ = 0%,
p=0.995) and DBP (+12.4 mmHg; p < 0.001; I? = 36.3%,
p =0.165) for the deadlift (Fig. 3).

3.7 Effect of Handgrip Exercise on Blood Pressure
Response according to Participants Characteristics

For SBP, men (+34.5 mmHg; p < 0.001), middle-
aged/elderly adults (+41.3 mmHg; p < 0.001), and hy-
pertensive individuals (+39.6 mmHg; p < 0.001) showed
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greater increases than their peers. For DBP, men (+26.6
mmHg; p < 0.001) and middle-aged/elderly adults (+29.6
mmHg; p < 0.001) presented higher increases than their
peers. Analyzing only the studies that directly compared
men and women for handgrip [23,95,109] it was observed
greater increases for men only in DBP (+4.2 mmHg; p =
0.017, 12 =9.5%, p = 0.356) (Table 3).

3.8 Effect of Handgrip Exercise on Blood Pressure
Response according to the Characteristics of Exercise
Protocols

Higher intensities (>60% MVC) demonstrated the
largest absolute increases in SBP (+55.8 mmHg; p < 0.001)
and DBP (+52.4 mmHg; p < 0.001) compared to lower
intensities (>30% MVC) and similar increases compared
to >30 and <60% of MVC. Intensities between >30 and
<60% promoted greater increases for SBP (+40.7 mmHg;
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Statistics for each study

Difference Standard Lower Upper
inmeans error  Variance limit  limit ZValue
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Sagivet al. (1985) 27,000 8654 74,900 10,038 43962 3,120
Sagivetal. (1988c)a 29,800 6,792 46,126 16,489 43111 4,388
Sagivetal. (1988¢c)b 24,100 7253 52600 988538315 3323
Sagivetal. (1995)a 28,000 13,161 173,200 220653794 2,128
Sagivetal. (1995)b 28,000 12434 154,600 3,63052370 2,252
26,759 3420 11,699 20,055 33463 7,824
B
Study name Statistics for each study
Difference  Standard Lower Upper

inmeans  error Variance limit limt ZValue
Negle et al. (1988) 20,000 3742 14000 12,666 27,334 5345
Sagivet al. (1985) 8,000 4472 20000 0,765 16,765 1,789
Sagivetal. (1988c)a 12,900 395% 15650 514620654 3,261
Sagivetal. (1988c)b 5,000 4827 23303 446114461 1,036
Sagivetal. (1995)a 15,000 7950 63200 -058130581 1,887
Sagivetal. (1995) b 9,000 6,356 40400 -3458 21458 1416
11,977 249% 6232 708416870 4,797

Difference in means and 95% Cl
Relative

p-Value weight
0,001 —— 245
0,002 —a— 15,62
0,000 —r 25,36
0,001 —— 224
0,033 —_— 675
0,024 — 7,57
0,000 <
80,00  -40,00 0,00 40,00 80,00
Handgrip Deadlift
Difference in means and 95% Cl
Relative
pValue weight
0,000 . 3 287
0,074 -l 1874
0,001 : 3 2157
0,300 L 17,05
0,059 —— 815
0,157 +— 11,62
0,000 2
-80,00 40,00 0,00 40,00 80,00
Handgrip Deadlift

Fig. 3. Comparison between isometric handgrip and deadlift exercises. Mean difference in systolic (A) and diastolic (B) BP between

isometric handgrip and land lift exercises. Estimation per study (black square). Overall estimate from fixed effects analyses (blue

diamond). 95% CI indicates confidence interval. I? indicates the heterogeneity of the studies.

p <0.001) and DBP (+31.9 mmHg; p < 0.001) compared
to lower intensities. Acute BP responses to [E were similar
when compared the different contraction durations (< 120
> 120 ¢ < 180 e >180 seconds) (Table 4).

3.9 Risk of bias

Fig. 4 describes the risk of bias for the seven stud-
ies included in the meta-analyses comparing BP response
to handgrip and other IE.

4. Discussion

This study showed that exercises involving large mus-
cle groups promoted the highest increases in BP among all
IE types. These findings support the hypothesis that mus-
cle mass interferes with the BP response to IE [27,110,126]
possibly because of the greater activation of the central
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command, intramuscular pressure, and vascular occlusion
generated [111,127]. However, this relationship is still
controversial since some studies suggest that the size of
the muscle is not a determining factor for BP responses
[42,124], which are mainly influenced by the magnitude of
the force exerted during contraction, especially when high
percentages are reached [128].

Although the overall results of the present study for
each IE alone showed higher increases for the exercises in-
volving larger muscle groups, important characteristics of
the exercise protocols, such as intensity, were not consid-
ered in the analyses. Thus, some studies adopting higher in-
tensities may have accentuated these overall BP responses,
since few studies were included in the analyses and the
heterogeneity among them was high. Otherwise, in the
analyses comparing handgrip and two-knee extension and
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Table 3. Effect of isometric handgrip exercise on blood pressure response according to participants’ characteristics.

Subgroup N Mean difference  Standard error ~ Variance 95% CI Z-value  p* 12 p*
SBP (mmHg)
Sex
Men 59 +34.5 2.1 4.5 30.3-38.6 16.2 0.0 94.6 0.0
Women 14 +26.1 3.9 15.2 18.4-33.7 6.7 0.0 99.6 0.0
Age
Young 62 +31.3 2.1 4.5 27.2-35.5 14.7 0.0 959 0.0
Middle-aged/elderly 37 +41.3 2.1 44 37.1-45.4 19.6 0.0 95.0 0.0
BP level classification
Non-hypertensive 95 +30.7 2.1 43 26.7-34.8 14.9 0.0 993 0.0
Hypertensive 13 +39.6 22 4.7 35.3-43.8 18.2 0.0 718 0.0
DBP (mmHg)
Sex
Men 50 +26.6 3.1 9.5 20.5-32.6 8.6 0.0 984 0.0
Women 14 +20.4 2.9 8.4 14.7-26.0 7.0 0.0 993 0.0
Age
Young 55 +23.4 1.5 2.3 20.4-26.3 154 0.0 947 0.0
Middle-aged/elderly 36 +29.6 2.6 6.6 24.6-34.6 11.5 0.0 988 0.0
BP level classification
Non-hypertensive 80 +22.1 1.0 1.0 20.2-24.1 22.6 0.0 979 0.0
Hypertensive 13 +30.8 8.9 78.4 13.5-48.2 3.5 0.0 995 0.0

Note: Analyses performed with the random effects model. N, number of studies and subgroups per study analyzed; Young,

studies that included adults with mean age up to 40 years; Middle-aged/elderly, studies that included adults with a mean 40 years;

Non-Hypertension, studies that classified participants into normotensives and/or prehypertensive; CI, confidence interval; 12,

heterogeneity of studies. *p concerns the main analysis (mean difference). ¥p concerns the heterogeneity analysis (I2).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and professionals (performance bias)
Blinding of outcome assessors (detection bias)

Incomplete outcomes (attrition bias)

Selective outcome reporting (reporting bias)

BP measurement method (other biases)

0%

B Low risk of bias O Unclear risk of bias

10% 20% 30% 40%

B High risk of bias

50% 60% 70% 80% 90% 100%

[l Not applicable

Fig. 4. Risk of bias analysis of studies that compared the BP response to handgrip exercise and other types of isometric exercise

(n="7).

deadlift exercises, the exercise protocols used were similar,
which reduces the possible effect of the intensity and rein-
forces the role of muscle mass on the BP response.

Although the exercises with larger muscle groups
showed greater increases than those with smaller muscle
masses, when analyzing the studies individually, only the
study by Williams [124] promoted an average increase in
SBP above 250 mmHg, which is the cutoff point consid-
ered safe. However, this study performed an intensity
of 100% MVC, had a small sample size and measured
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BP with the intra-arterial method, which affect the BP re-
sponse identified. Moreover, adopting 120 mmHg as the
safety value for DBP [129], some studies that showed val-
ues higher than this limit included hypertensive participants
[31,81,95], high intensity exercise [44,101,124], long dura-
tion of contraction (above 120 seconds) [60,98], very small
sample sizes (6 and 7 participants), and sedentary individ-
uals performing six sets of the exercise [42]

In the subgroup analyses, men showed higher in-
creases for SBP and DBP in response to handgrip than
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Table 4. Effect of isometric handgrip exercise on blood pressure response according to the characteristics of the exercise

protocols.
Subgroup N Mean difference  Standard error ~ Variance 95% CI Z-value  p* 12 Vi
SBP (mmHg)
Intensity
<30% 76 +27.5 1.7 2.9 24.2-30.9 16.3 0.0 98.6 0.0
>30e<60% 44 +40.7 1.9 35 37.0-44.3 21.8 0.0 927 0.0
>60% 7 +55.8 9.1 83.3 37.9-73.7 6.1 0.0 929 0.0
Duration
<120 45 +35.5 2.6 6.8 30.4-40.7 13.6 0.0 96.6 0.0
>120e <180 48 +32.6 2.0 39 28.7-36.5 16.5 0.0 945 0.0
>180 27 +33.6 3.1 9.3 27.6-39.6 11.0 0.0 994 0.0
DBP (mmHg)
Intensity
<30% 69 +20.1 1.6 2.5 17.0-23.2 12.6 0.0 987 0.0
>30e<60% 39 +31.9 1.5 22 29.0-34.8 214 0.0 938 0.0
>60% 4 +52.4 11.9 141.0 29.1-75.6 44 0.0 94.1 0.0
Duration
<120 42 +24.5 1.4 1.9 21.8-27.2 17.9 0.0 942 0.0
>120e <180 42 +26.8 3.1 9.6 20.8-32.9 8.6 0.0 98.6 0.0
>180 21 +24.5 2.5 6.1 19.6-29.3 9.9 0.0 99.1 0.0

Note: Analyses performed with the random effects model. N, number of studies and subgroups per study analyzed; Intensity,

percentage of MVC or MR; Duration, contraction time in seconds; CI, confidence interval; 12, heterogeneity of studies. *p concerns

the main analysis (mean difference). ¥p concerns the heterogeneity analysis (12).

women. It could be explained by the fact that the major-
ity of studies included young men and women, since pre-
menopausal women seem to present attenuation of sympa-
thetic nervous activity, catecholamine release, mechanore-
flex, and the degree of vasoconstriction during exercise
compared to men of the same age [130,131]. Otherwise, an-
alyzing the studies that directly compared men and women,
greater increases were observed for men only for DBP.

Furthermore, middle-aged/elderly adults showed
higher mean increases for SBP and DBP than younger
adults for the handgrip exercise. The elevated pressure re-
sponse with age is still not a consensus, since some studies
suggest that there is no exacerbation of this mechanism
during healthy aging. However, it is known that the aging
process is associated with several structural, hormonal, and
functional changes, including increased arterial stiffness,
peripheral vascular resistance, and sympathetic activity,
as well as deterioration of endothelial function [132],
which increases the risk of developing hypertension with
advancing age [133]. Thus, in studies that included older
participants, the prevalence of hypertension was also
higher, which would help to explain, in part, these findings.

Higher increase in SBP was observed for hypertensive
compared to non-hypertensive individuals during handgrip
exercise, but not for DBP. Such response was expected
since hypertensive individuals present autonomic imbal-
ance, with sympathetic hyperactivation [134]. Neverthe-
less, it must be emphasized that we included in this review
studies with medicated and non-medicated hypertensive in-
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dividuals. The use of different classes of antihypertensive
medications, at different times of the day, may have influ-
enced the BP responses to IE. However, it was not possible
to perform an analysis considering this variable due to the
lack of information available in the studies.

Regarding the characteristics of the exercise protocol,
only intensity influenced SBP and DBP during handgrip.
These findings support the hypothesis that higher intensities
promote BP responses to exercise [20,128]. Although the
studies with high intensities (>60% MVC) showed higher
increases for SBP and DBP than those with moderate in-
tensities (>30 and <60% MVC), these were not signifi-
cantly different. However, it is believed that this result is
explained, in part, by the small number of studies included
in the analyses with high intensities and also by the high
heterogeneity among them.

Concerning the practical application of the present
study, it should be considered that even those IE that in-
volve greater muscle mass do not seem to bring great car-
diovascular risks to the practitioner. Such findings contra-
dict our initial hypothesis that exercise involving large mus-
cle groups would cause exaggerated responses in BP. On
the other hand, those exercises with smaller muscle masses
promoted lower BP responses, proving to be even safer
from the cardiovascular point of view. Furthermore, dur-
ing handgrip exercise, it is relevant to have a special atten-
tion for men, hypertensive and elderly population, and for
the exercise performed at higher intensities (>60% MVC).
Although subgroup analyses have not been performed for
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the other types of exercises, it is believed that this attention
is also applicable to them, especially those involving larger
muscle masses. However, further investigations are needed
to confirm.

Therefore, when using IE as a strategy for the treat-
ment of hypertension, it is necessary to considerer some
characteristics of the patient. For those hypertensive indi-
viduals controlled by medication and/or who do not have
other comorbidity, the choice of the type of IE is more
flexible, and exercises with different muscle masses can be
adopted, as long as the general precautions regarding the
prescription of exercises for hypertensive individuals are
taken (i.e., avoid the Valsalva maneuver during the effort).
However, if the hypertensive individual is not controlled
and/or presents complications or comorbidities, it seems
more cautious to choose exercises involving smaller muscle
masses.

Considering this, IE can be considered as a comple-
mentary non-pharmacological strategy for the prevention
and treatment of hypertension in public health recommen-
dations. However, more studies are needed to ensure the
cardiovascular safety of different types of this exercise and,
thus, to add it in exercise guidelines to the same extent as
dynamic resistance exercise [35].

This systematic review has some limitations. The
studies included in this review were conducted at different
time periods and considered different guidelines for clas-
sifying subjects as hypertensive, which may result in dif-
ferent criteria for classifying hypertension. This, however,
cannot be corrected considering BP means, since these must
be influenced by antihypertensive medications. The hetero-
geneity among the majority of studies was high (12 >75%),
which reduces the validity of combining the individual re-
sults of the studies. Indirect comparisons were made be-
tween different exercise types. However, there is a need for
direct randomized controlled trials. Moreover, few studies
were included for the analysis of the comparison between
handgrip exercise and other types of exercise, and it is nec-
essary to include more studies with greater homogeneity in
order to obtain more consistent results. A lack of standard-
ization regarding when BP was acutely measured is a limi-
tation of this work, since the studies took this measurement
at different moments. Furthermore, there is a lack of explo-
ration of study-level moderators that may influence hetero-
geneity, such as MVC for handgrip. The subgroup analyses
were performed only for the handgrip exercise, due to the
small number of studies with other exercise types. It is also
important to note that the analyses were performed consid-
ering sex and age separately, therefore, it was not possible
to describe the results for men and women stratified by age
due to the small number of studies that included participants
with these characteristics.

The strength of the present study is its originality,
since this is the first systematic review with meta-analysis
that sought to investigate the BP responses during the per-
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formance of different types of IE and to compare them with
handgrip. Considering this, it was not possible to compare
the findings of this review with those of other systematic
reviews.

5. Conclusions

In conclusion, IE involving larger muscle groups elicit
greater BP responses than those involving smaller muscle
masses, especially in men, middle-aged/elderly adults and
hypertensive individuals. The present study supports the lit-
erature regarding the cardiovascular safety of [E involving
small muscle groups, especially at low intensities, and shed
light on the investigation regarding cardiovascular safety
during the performance of other types of IE in adults. How-
ever, due to the high heterogeneity of the studies, the results
of'this systematic review should be interpreted with caution,
and further investigations are needed. Prospective studies
should directly compare BP responses during various types
of IE in different populations and different exercise proto-
col.
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