Bentley et al. Systematic Reviews (2018) 7:229

https://doi.org/10.1186/513643-018-0876-5 SyStematiC REVi ews

RESEARCH Open Access

Resting blood pressure reductions ® e
following handgrip exercise training and

the impact of age and sex: a systematic

review and narrative synthesis

Danielle C. Bentley''®, Cindy H. Nguyen? and Scott G. Thomas®

Abstract

Background: The risk of developing cardiovascular disease can be directly correlated to one’s resting blood
pressure (BP), age, and biological sex. Resting BP may be successfully reduced using handgrip exercise training,
although the impact of age and sex on training effectiveness has yet to be systematically evaluated. The objective
of this systematic review is to determine this impact of age and sex on handgrip-induced changes to resting BP.

Methods: Data sources included MEDLINE, Embase, Cochrane Reviews, CINAHL, SPORTDiscus, Web of Science,
AMED, PubMed, and Scopus through May 2018. Eligibility criteria were those with prospective handgrip exercise
training of =4 weeks with reported impact on resting systolic BP (SBP). Screening of articles, data extraction, and
quality appraisal were completed in duplicate. When necessary, the corresponding authors were contacted to provide
segregated data based on age (younger, 18-54 years; aged, > 55 years) and sex (men, women) categories. SBP was
primarily explored with numerous secondary outcomes of interest summarized as a narrative synthesis.

Results: After screening 1789 articles, 26 full texts were reviewed. Eight studies reported data in a way that
facilitated age and sex comparisons of primary outcomes, while 7 of 18 studies reporting pooled data (men and
women) provided segregated results. Research spans 1992-2018 and represents 466 participants; at least 43.1% of
whom are women. Although weighted mean differences reveal that handgrip training-induced SBP reductions are
similar when merely comparing sexes (women; — 5.6 mmHg, men; —4.4 mmHg) or ages (younger; — 5.7 mmHg,
aged; — 4.4 mmHq), when the impact of sex and age is simultaneously evaluated, aged women experience the
largest reduction in SBP (— 6.5 mmHg). Many factors were explored for their impact on resting BP reductions and
have been summarized in the corresponding narrative synthesis.

Conclusions: Handgrip exercise is an effective modality for resting BP reduction resulting in clinically significant
reductions for men and women of all ages.

Systematic review registration: PROSPERO CRD42015019792
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Introduction

Rationale

Cardiovascular diseases (CVD) are the leading cause of
death worldwide, responsible for approximately 17.7 mil-
lion (31%) of global deaths in 2015 [1]. There is a strong,
independent correlation between CVD morbidity and
mortality, and high blood pressure (BP) [2], with the
maintenance of resting BP at an optimal level critical in
order to reduce the global burden of CVD [3]. Emphasiz-
ing the importance of resting BP for CVD health, the
recent Global Non-communicable Diseases action plan
put forth by the World Health Organization calls for a
25% reduction in the global prevalence of raised BP
(defined as systolic BP/diastolic BP > 140/> 90 mmHg) by
2025 [3]. Recent prevalence rates of elevated resting BP in
adults have identified 24% of men and 20.1% of women [1,
3] over the age of 18 years, with this rate increasing to
63% of men and 67% of women over the age of 60 [4] .

The risk of developing CVD, most notably elevated
resting BP, is influenced by both an individual’s age and
their biological sex, with dissimilar patterns of incidence
between the sexes. Women typically present with CVD
10 years later than men, with an exponential rise in CVD
incidence rates aligning with the age of natural menopause
[5]. A recent review summarized several primary studies
that supported a direct relationship between the meno-
pause transition and elevated resting BP [4], highlighting
the impactful interaction of age and biological sex. Among
Canadian women, the relative risk of developing CVD in-
creases fourfold after the menopause transition [6]. En-
couraging lifestyle modifications is a well-documented
recommendation to combat the disproportionately low
optimization of blood pressure among women [7].

To diminish the risk of CVD, it is recommended that
individuals with above optimal BP engage in non-
pharmaceutical interventions, such as exercise training [3,
8]. Although regular aerobic exercise (ie., jogging, cycling)
consistently reduces resting BP (- 3.5/- 2.5 mmHg) [9],
barriers such as lack of exercise self-efficacy, physical limi-
tations, and financial obstacles can limit uptake and ad-
herence. An alternative to traditional aerobic exercise is
handgrip exercise (both isometric and rhythmic prescrip-
tions), which is easily accessible, requires little time, and
may serve to introduce exercise behaviors to reluctant
individuals. The American Heart Association’s (2013)
scientific statement on alternative, non-pharmaceutical,
approaches to lowering BP assigned isometric exercise
training a class IIB level of evidence C recommendation,
identifying a need for more research in the field with
broader populations [10]. A recent meta-analysis on the
topic of isometric resistive exercise literature identified six
isometric handgrip studies revealing significant reductions
in resting systolic BP (SBP) (mean; confidence interval: -
6.88; —8.31 to - 546 mmHg) [11]. However, the small
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number of eligible studies using handgrip exercise pre-
cluded statistical assessments for the potential impacts of
age and sex resting BP reduction outcomes. This limita-
tion has also been encountered among previous literature
reviews of isometric exercise which also concluded strong
overall effectiveness without conducting sub-analyses of
age or sex groups [2, 12—15]. Therefore, a systematic re-
view of handgrip exercise training and its impact on resting
BP reduction, with data segregated based on individual
participant’s age and sex, is required to more comprehen-
sively understand the training-induced impact on resting
BP. The inclusion of diverse handgrip exercise designs
(isometric and rhythmic) and the age- and sex-dependent
assessments of secondary variables of cardiovascular health
would further strengthen such a review.

Objectives

Using a broad set of eligibility criteria and an inclusive
search strategy this systematic review sought to assess the
potential impacts of participants’ age and sex on the effect-
iveness of handgrip exercise training for resting SBP reduc-
tion. To further explore handgrip-induced SBP reductions
secondary outcomes of interest include proposed correlates
of handgrip-exercise-induced BP change.

Methods

Protocol and registration

Detailed eligibility criteria and methods of analysis were
specified in advance and documented in a published re-
view protocol [16]. This review conforms to the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines [17] and is registered with the Inter-
national Prospective Register of Systematic Reviews
(PROSPERO) (registration number CRD42015019792).
Ethical approval was not required.

Eligibility criteria

Studies were eligible if they employed a handgrip train-
ing intervention of >4 weeks, without limitation on
intervention design features (i.e., prescribed grip inten-
sities, lengths of each individual grip contraction, train-
ing frequencies). A broad range of study designs were
eligible, including randomized controlled trials (RCTs)
with both inactive control groups (designated as “RCT —
traditional”) and sham exercise control groups (desig-
nated as “RCT - sham”), and experimental exercise in-
terventions without a designated control group
(designated as “cohort”). Studies were excluded if they
were retrospective, case series, or case reports. Research
participants had to be adult humans of > 18 years of age,
although there were no limitations on participant co-
morbidities (i.e., hypertension, heart failure, diabetes) or
medication use. Studies had to report the effect of hand-
grip exercise training on resting SBP. Studies that did
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not report the pre- to post-intervention change score in
SBP or did not provide the necessary information for the
reviewers to extract such information (i.e., those report-
ing mean arterial pressure (MAP) only) were deemed in-
eligible. Included studies may have also assessed the
impact of handgrip training on a variety of additional
cardiovascular assessments, as a primary, secondary, or
tertiary outcome. Articles were included if they were
published in English, Portuguese, or French.

Information sources and search strategy

Based on the study eligibility criteria, a search strategy
was  developed  consisting of a  systematic,
computer-assisted, literature search of existing evidence
from several online databases: MEDLINE, Embase,
Cochrane Reviews, Cumulative Index to Nursing and Al-
lied Health Literature (CINAHL), SPORTDiscus, Web of
Science, the Allied and Contemporary Medicine
(AMED), PubMed, and Scopus. The search included ar-
ticles published up to May 15, 2018. To ensure literature
saturation, reference lists from relevant published re-
views as well as retrieved articles were hand-searched
and additional papers assessed for eligibility.

This review did not apply search limitations on study
design, date, or language. When available, search limits
were used on the variables of AGE (“adult < 18—-64” and
“aged <65+>") and TYPE (“human”). The search strat-
egy was designed in conjunction with a University of To-
ronto research librarian with expertise in systematic
reviews and was kept purposefully broad to increase the
opportunity to identify potentially relevant papers. A
representative OVID keyword search transcript is pre-
sented here which was applied to the databases of MED-
LINE, Embase, and AMED.

1. [handgrip] OR [isometric grip] OR [static grip] OR
[forearm grip]

2. [training] OR [intervention*] OR [exercise*] OR
[physical activity]

3. [blood pressure] OR [systolic] OR [cardiovascular]

4. [1] AND [2] AND [3]

Study selection

Following the removal of duplicates, two reviewers (DB
and CN) independently screened the titles and abstracts
of all papers identified through the search described
above. Eligibility was tracked using a customized and
standardized screening tool and EndNote (Version 5.0
Thompson Reuters, 2011). Papers that did not meet eli-
gibility criteria were excluded, with discrepancies be-
tween authors resolved by consensus and consultation
with a third reviewer (ST). Review authors were not
blinded to the names or institution of study authors or
to journal titles.
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Data collection process

Data extraction for all variables was independently com-
pleted by DB and CN using a customized data abstrac-
tion framework, with discrepancies assessed by ST.
When required, corresponding authors of studies report-
ing results of mixed-age and/or mixed-sex cohorts were
directly contacted to obtain segregated data for our de-
sired sub-analyses on age (young vs. aged) and sex
(women vs. men).

Data items

Full-data extraction occurred for study design details
(i.e., year of publication, country of research, exercise
prescription, bilateral or unilateral exercise, training
stimulus quantified as a total tension-time product
(TTP); a calculation of effort using tension (in percent
of maximal volitional contraction (MVC)) and time (in
seconds) such that TTP =Time (second) x Tension
(%MVCQC)), participant details (i.e., age (segregated for
younger (<55years) and aged (=55 years)), sex (segre-
gated for male and female), resting BP status (normoten-
sive (< 120/< 80 mmHg), above optimal (>121/>81
mmHg)), medication use, and comorbidities), primary
cardiovascular variables (i.e., impact of handgrip training
on BP, heart rate (HR), arterial health and function mea-
surements, venous health, and function measurements),
and any exercise training adherence information (i.e.,
number of dropouts, compliance to exercise protocol).
When appropriate, weighted mean differences were cal-
culated as weighted mean =% (n)(4)/X (n), where X =
sum of all, # =sample size, and A =change scores. In
addition, location of exercise (primarily at home, primar-
ily in the laboratory), level of supervision (digital grip
output/ in-laboratory supervision, grip device without
feedback/unsupervised), and method of BP assessment
(resting, ambulatory) were extracted.

The assumption was made that women in the “aged”
category (>55years) were post-menopausal. Although
natural menopause in women can be affected by a variety
of factors such as ethnicity, diet, physical activity, and gen-
etics [18], the National Institute of Aging states that the
most recent average age of menopause is 51 [19].

Our primary outcome of interest was change in SBP
associated with handgrip exercise training, measured as
either resting or ambulatory.

Secondary outcomes of interest were collected and an-
alyzed if sufficiently reported. Prospectively, they in-
cluded additional indictors of cardiovascular health as
well as proposed correlates of handgrip-induced BP
change:

— Change in resting diastolic blood pressure (DBP)
— Change in HR
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— Change in arterial health and function assessed via
pulse wave velocity, arterial distensibility, reactive
hyperamic forearm blood flow, or flow mediated
vasodilation

— Change in venous health and function assessed via
venous compliance

— Change in autonomic nervous system indicators,
assessed via muscle sympathetic nerve activity
(MSNA), heart rate variability (HRV), BP variability,
or cardiovascular (CV) reactivity

Risk of bias in individual studies

It was anticipated that included studies would have vari-
ous research designs, some with and some without a ran-
domized control group. Furthermore, exercise training
studies have unique research design limitations regarding
group allocation and blinding procedures. To ensure
quality criteria specific to exercise training studies were
appropriately evaluated the Tool for the assEssment of
Study qualiTy and reporting in EXercise (TESTEX) was
employed for quality assessment of the exercise interven-
tions [20]. Using the TESTEX rubric, 12 criteria were eval-
uated with a maximum point allotment of 15; 5 points for
study quality and 10 points for reporting.

Summary measures and additional analyses

A narrative summary of all study design features, partici-
pant details, descriptive cardiovascular variables, and ex-
ercise training adherence information are presented.
Changes to resting SBP have been calculated as weighted
mean (weighted by sample sizes) differences, segregated
by participants’ age and sex. Primary sub-analyses were
conducted to determine the impact of age (younger vs.
aged) and the impact of sex (women vs. men) on hand-
grip training-induced changes to resting SBP change.
Additional sub-analyses explored the impact of partici-
pant characteristics (i.e., resting BP status at commence-
ment of exercise training), exercise characteristics (i.e.,
handgrip force prescription, length of training, type of
tool used), and location of exercise training (i.e., at home
or in laboratory).

Results

Study selection

Following the removal of duplicates, 1789 studies were
screened (titles and abstracts) down to 41 potentially eli-
gible studies. Full-text review led to the removal of 15
articles for reasons of not reporting pre- to
post-intervention change in blood pressure [21-25], re-
search was an acute assessment of handgrip-induced
real-time fluctuations to BP [26, 27], research was a case
study [28], research was a synthesis of other articles [29],
publication was a commentary [30], and only MAP was
reported with no way of extracting SBP and diastolic BP

Page 4 of 17

(DBP) [31-35]. Therefore, 26 studies were included in
this review (Fig. 1).

Study characteristics
Characteristics of included studies are comprehensively
presented in Table 1.

Risk of bias within studies

TESTEX scores ranged from 3 [36, 37] to 13 [38] (out of a
total 15 marks) with median score of 7.5/15. When
sub-divided based on study design, RCT studies (both trad-
itional and sham) scored a median of 8.0 while cohort stud-
ies scored a median of 7.0. The lowest scored categories
were Blinding of Assessor [37, 39] and Intention-to-Treat
Analysis [40, 41] each of which only two studies scored posi-
tively for. Total TESTEX scores can be found in Table 1.

Synthesis of results

Heterogeneity across included literature was very high with
training-induced changes in resting SBP ranging from + 16
mmHg [42] to -19mmHg [43]. The large range of
training-induced reductions may reflect the diversity of par-
ticipants’ sex, age, and general health status or may reflect
the diversity of training stimulus as TTP scores ranged from
14,400(seconds)(%MVC) [44] to 1,680,000(seconds)(%MVC)
[39]. As per our original design [16], this review has there-
fore progressed with a narrative synthesis.

Participant details

In total, this review represents 466 participants, at least
43% (n=201) of which can be identified as women.
Within the reviewed literature at least 35% (n=9) of
studies recruited pre-hypertensive individuals with or
without concomitant health conditions [37, 41-43, 45—
51]. Although challenging to individually identify, as
many as 101 participants were taking various prescrip-
tion medications for BP control [41-43, 45-51]. A sam-
ple of recruited clinical populations includes those with
kidney disease [39], diabetes mellitus [49, 50], atrial fib-
rillation [50], and coronary artery disease [47, 50] and
those about to undergo coronary angiography [42].

Study design details including exercise intervention
information

Research spans from 1992 to 2018, with 65% of the reviewed
work (n =17) published from 2010 onwards. Eleven studies
employed an RCT design, with either a non-exercise control
(7 = 8) or a sham exercise control (# = 3), while fifteen (58%)
studies employed a cohort design. Nearly half of the re-
search (n = 11) was conducted in Canada.

The majority of researchers prescribed moderate in-
tensity handgrip training with four to five repetitions of
2 to 3-min handgrip contractions at 30% MVC either bilat-
erally with 1 min of rest between alternating hands [40, 43,
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45, 46, 48, 50, 52, 53] or unilaterally with 1-5 min of rest
between contractions [36, 38, 41, 46, 47, 54—57]. Other
handgrip training designs were more rhythmic (intermit-
tent) with grip durations of 1 to 10 s at either 20% MVC
[44], 30% MVC [58], 40% MVC [42, 58], 50%MVC [37, 58],
60%MVC [51, 59, 60], or maximum effort [39, 49]. Three
studies used “sham” exercise conditions consisting of 4 x 2
min at 5% MVC [41, 50, 61], which for the purpose of this
review have been included as a training condition.

Training was most commonly prescribed for 8 weeks,
with a range from 4 to 12 weeks. None of the studies re-
ported any adverse events from handgrip exercise, includ-
ing those researchers who enrolled clinical populations.

Total exercise training effort was calculated as TTP/
session multiplied by the total number of sessions partic-
ipants completed. Two studies had training methods
that did not allow for exact TTP calculation [24, 53].
TTP scores ranged from 14,400(seconds)(%MVC) [44]
to 1,680,000(seconds)(%MVC) [39] with an average of
689,600(seconds)(%MVC). The most common TTP was a
score of 345,600(seconds)(%MVC) calculated from 4 x 2 min
@ 30%MVC, 3/week for 8 weeks [38, 41, 46-48, 54, 55, 57].

Participant dropout was not reported in 62% of studies
(n =16) and, when reported, occurred specifically due to
non-compliance (n=6) [50, 57, 59], family circumstances
(n=3) [55, 61], voluntary withdrawal (n = 3) [52, 59], per-
sonal illness (n=2) [38, 55], work commitments (7 =2)
[41], extenuating circumstances (n=2) [46], time re-
straints (7 = 2) [48], unrelated hand injury [49], and preg-
nancy [52]. Participant dropout within at least one
research group was reported as zero in eight studies [38,
41, 43, 44, 53, 54, 57, 58].

There were 12 studies that collected data on partici-
pant adherence to handgrip training prescriptions, all of
which reported very high values of >90% [52, 58], = 95%
[40, 49, 50], and 100% [38, 41, 45, 47, 51, 54, 61].

While the majority of research designs required partic-
ipants to complete exercise primarily in the laboratory
under direct supervision of investigators, there were
eight studies which prescribed primarily at-home/un-
supervised training regimens [38, 42, 45, 49, 50, 52, 57],
representing half of the aforementioned reports of high
adherence [38, 40, 45, 49, 50, 52]. Location of exercise
training was unclear from the other research designs.
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Age and sex introduction
Just under half of the training groups studied younger
participants (< 55 years of age; 19/40).

In order to adequately segregate the data by sex, authors
reporting results of mixed men and women groups (n =
18) were contacted and segregated data was requested.
Appreciatively, seven (~39%) provided such information
and the data has been presented accordingly in Tables 1,
2, 3, and 4. The remaining studies with mixed data of
both men and women were combined to create a third
category for the inclusion of weighted mean calculations
looking at the impact of age. However, those studies
were excluded from the weighted mean calculation on
the impact of sex. For two studies, the sex of the partici-
pants was not reported and so it was assumed that the
cohort was of mixed men and women [56, 57].

Main outcome (SBP) and the impact of age and sex

Nearly all of the BP data presented and analyzed repre-
sents discrete readings taken in-lab, with only one re-
search group only ambulatory BP [48]. Summaries of
SBP change can be found in Table 2.

Weighted mean difference calculations reveal that
handgrip training-induced SBP reductions were similar
when comparing sexes (women, — 5.6 mmHg; men, - 4.4
mmHg) or ages (younger, -5.7mmHg; aged, -4.4
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mmHg). However, when the interaction effect of sex and
age is simultaneously evaluated, aged women experience
the largest handgrip training-induced reduction in SBP
(- 6.5 mmHg).

Planned sub-analyses and the impact on SBP
reduction The resting BP status of participants at com-
mencement of exercise training was explored as a correl-
ate of resting SBP change, using the average resting BP
reported within the original research. Interestingly, all
research which exclusively recruited hypertensive indi-
viduals utilized moderate intensity handgrip exercise
consisting of 4 x 2 min contractions at 30-40%MVC 3/
week for 6 to 10 weeks [37, 41, 43, 45-48, 50]. Hyperten-
sive participants were aged, men (# = 84) and women (n =
72) on a variety of BP medications. With all this in
mind, hypertensives appear to experience large SBP re-
ductions (weighted mean reduction of - 5.13 mmHg) fol-
lowing handgrip exercise training, further supporting the
utility of handgrip exercise even among those taking
pharmaceuticals. It should be noted that among all the
data points collected for this review (including stratified
data when available), the correlation between the
pre-intervention group means in resting SBP and SBP
reductions was not statistically significant, = - 0.30, p =
0.07, n=38.

Table 2 Calculated weighted mean differences for reported systolic blood pressure (mmHg)

Young (< 55 years)

Aged (> 55 years)

Men —2mmHg (n=11) [60] —7mmHg (n=6) [45] Weighted mean (young and aged men): —
n=139 —6mmHg (n=8) [55] —2mmHg (n=12) [51] 443 mmHg
0mmHg (n=11) [58] —22mmHg (n=10) [39]

—4mmHg (n=14) [59]
—9mmHg (n=9) [54]
—5mmHg (n=13) [40]

— 12mmHg (n=12) [46]
—2mmHg (n=11) [47]
—7mmHg (n=14) [53]
+ 1 mmHg (n=8) [42]

Weighted mean: —4.12 mmHg (n=66) Weighted mean: —4.71 mmHg (n=73)

Women —-6mmHg (n=12) [38] 0mmHg (n=13) [39] Weighted mean (young and aged women):
n=104 —6mmHg (n=11) [38] —-9mmHg (n=6) [4 ] - 559 mmHg

—3mmHg (n=3) [55] —13mmHg (n=4) [4

—6mmHg (n=11) [54] — 15mmHg (n:2)[ ]

+16 mmHg (n=1) [42] — 11 mmHg (n=11) [53]

—3mmHg (n=13) [40] —-52mmHg (n=17) [49]

Weighted mean: —4.63 mmHg (n=51)

—13mmHg (n=28) [57]

- 9.5mmHg (n=10) [57]

—4.04 mmHg (n=10, 4 women) [61]
*sham

—562mmHg (n=10, 4 women) [61]
—9.87mmHg (n =30, 14 women) [36]
—3mmHg (n=9) [56]

—49mmHg (n=12, 6 women) [44]
—55mmHg (n=18, 8 women) [52]

Weighted mean: —7.26 mmHg (n = 107)

Weighted mean: —6.52 mmHg (n=53)

Men + women
n=222 (at least 96
women)

—1.9mmHg (n=11, 4 women) [48]
—19mmHg (n=9, 4 women) [43]
—7mmHg (n=18, 11 women) [41]
—2mmHg (=20, 12 women) [41]
*sham

— 13mmHg (n=10, 2 women) [37]
0 mmHg (n =24, 15 women) [50]

+ 14 mmHg (n =23, 12 women) [50]
*sham

Weighted mean: —3.96 mmHg (n=115)

Weighted mean (young men and
women): —5.73 mmHg

Weighted mean (aged men and women):
—4.75 mmHg

Italicized values represent statistically significant reductions, as per either the original published results or the data provided directly by authors. Decimal places as
per the original published results or the data provided directly by authors
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Table 3 Calculated weighted mean differences for reported diastolic blood pressure (mmHg)

Young (< 55 years)

Aged (> 55 years)

Men
n=139

Women
n=104

Men + women
n=222 (at least 96
women)

—0.2mmHg (n=11) [60]
— 1 mmHg (n=8) [55]
+ 1 mmHg (n=11) [58]
0mmHg (n=14) [59]
—2mmHg (n=9) [54]
0mmHg (n=13) [40]

Weighted mean: — 0.26 mmHg (n = 66)

—3mmHg (h=12) [38]
0mmHg (n=11) [38]
0 mmHg (n=3) [55]
—3mmHg (n=11) [54]
+8mmHg (n=1) [42]
— 1 mmHg (n=13) [40]

Weighted mean: — 1.45 mmHg (n=51)

— 149 mmHg (n=8) [57]

—88mmHg (n=10) [57]

—0.97 mmHg (n =10, 4 women) [61]
+ 1.8 mmHg (n=10, 4 women) [61]
— 526 mmHg (n =30, 14 women) [36]
—5mmHg (n=9) [56]

—1.8mmHg (n =18, 8 women) [52]
—24mmHg (n=12, 6 women) [44]

Weighted mean: —4.33 mmHg (n = 107)

Weighted mean (young men and women):

— 247 mmHg

—4mmHg (n=6) [45]
— 1 mmHg (n=12) [51]
— 09 mmHg (n=10) [39]
—4mmHg (n=12) [46]
0OmmHg (n=11) [47]
—3mmHg (n=14) [53]
—2mmHg (n=8) [42]

Weighted mean: —2.07 mmHg (n=73)

—08mmHg (n=13) [39]
—4mmHg (n=06) [45]
—5mmHg (n=4) [46]

— 11 mmHg (n=2) [47]
—-2mmHg (n=11) [53]
—1.7mmHg (n=17) [49]

Weighted mean (young and aged men):
—1.21 mmHg

Weighted mean (young and aged
women): — 1.94 mmHg

Weighted mean: — 2.40 mmHg
(n=753)

— 1.6 mmHg (n=1, 4 women) [48]
—7mmHg (n=9, 4 women) [43]
—2mmHg (n=18, 11 women) [41]
—3mmHg (n=20, 12 women) [41]
— 0.7 mmHg (n =24, 15 women) [50]
28 mmHg (n =23, 12 women) [50]
—2mmHg (n=10, 2 women) [37]

Weighted mean: — 1.30 mmHg (n=115)

Weighted mean (aged men and women):
—1.77 mmHg

Italicized values represent statistically significant reductions, as per either the original published results or the data provided directly by authors. Decimal places as
per the original published results or the data provided directly by authors

Table 4 Calculated weighted mean differences for reported heart rate (bpm)

Young (< 55 years)

Aged (> 55 years)

Men
n=283

Women
n==65

Men + Women
n=130 (at least 47
women)

+0.1 bpm (n=11) [60]
0bpm (n=11) [58]
—4bpm (n=14) [59]
+ 1 bpm (n=13) [40]

Weighted mean: —0.86 bpm (n =49)

—1bpm (n=12) [38]
0bpm (n=11) [38]

+14bpm (n=1) [42]
—3bpm (n=13) [40]

Weighted mean: — 1.0 bpm (n=37)

—2bpm (n=8) [57]
0bpm (n=10) [57]
0bpm (n=10, 4 women) [61]
0bpm (n=10, 4 women) [61]
—1bpm (n=9) [56]

Weighted mean: —0.53 bpm (n=47)

Weighted mean (young men and
women): —0.59 bpm

—2bpm (n=12) [51]
+2bpm (n=8) [42]
+1bpm (n=14) [53]

Weighted mean (young and aged men):
—0.59 bpm

Weighted mean: —0.18 bpm (n =34)

—1.1bpm (n=17) [49]
Obpm (n=11) [53]

Weighted mean (young and aged
women).— 0.86 bpm

Weighted mean: — 0.67 bpm (n = 28)

—0.7bpm (n=11, 4 women) [48]
—2bpm (n=9, 4 women) [43]
—2bpm (n=13, 2 women) [47]
0bpm (n=12, 6 women) [45]
+2bpm (n=18, 11 women) [41]
— 1 bpm (n=20, 12 women) [41]

Weighted mean: — 043 bpm (n = 83)

Weighted mean (aged men and women):
—0.33bpm

Italicized values represent statistically significant reductions, as per either the original published results or the data provided directly by authors. Decimal places as
per the original published results or the data provided directly by authors
If the authors published the phrase “non-significant changes” in their reported [57, 36] then a value of “0” was entered and analyzed
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Location of training also impacted training-induced
resting SBP reductions such that research which re-
quired participants to complete exercise primarily
in-laboratory under direct supervision of investigators
[37, 38, 40, 41, 43, 44, 46, 48, 51, 53, 55-58, 61] (total
participants, n=230) reported greater SBP reductions
(weighted mean, -6.4mmHg) than those which
employed primarily at-home/unsupervised training regi-
mens [38, 42, 45, 49, 50, 52] (total participants, n = 115)
(weighted mean, — 2.6 mmHg). However, clinically rele-
vant reductions of at least 2 mmHg [62] occurred re-
gardless of exercise location, an impactful consideration
when designing exercise programs with the fewest num-
ber of barriers to participation.

Finally, the impact of the exercise training stimulus
(TTP) on SBP reduction was explored. In general, TTP
mildly impacts the training response of SBP, as training
prescriptions below the average of 473,540(sec-
onds)(%MVC) resulted in a weighted mean reduction of
-6.2mmHg (total participants, 7 =299) while those
above the average TTP resulted in a weighted mean re-
duction of -3.6 mmHg (total participants, n=167). It
should be noted that there was no statistical correlation
between TTP and SBP reduction, r=0.22, p = 0.18.

Secondary outcomes and the impact of age and sex
Similar to SBP, weighted mean difference calculations
for DBP reveal that handgrip training-induced DBP re-
ductions are similar when merely comparing sexes
(women, - 1.9 mmHg; men, - 1.2 mmHg) or ages (youn-
ger, — 2.5 mmHg; aged, - 1.8 mmHg) of diverse partici-
pants, with a potential advantage to the planned
subcategory of aged women (- 2.4 mmHg). A summary
of results can be found in Table 3.

Change in resting heart rate (HR (bpm)) as a result of
handgrip exercise training was quantitatively reported in
only 62% (1 =16) of the included literature, representing
278 total participants (women; at least 112). Of those, only
nine had results that could be stratified for age and sex
[38, 40, 42, 49, 51, 53, 58—60]. Results reveal that handgrip
exercise training results in similarly small HR reductions
when comparing sexes (women; — 0.9 bpm, men; - 0.6
bpm) or ages (younger, — 0.6 bpm; aged, — 0.3 bpm) of par-
ticipants. A summary of results can be found in Table 4.

Arterial health and function There were 13 studies
(50%) that assessed the impact of handgrip training on
arterial health and function by looking at wall-to-lumen
ratio [58], brachial flow-mediated dilation (FMD) [42,
46, 51, 54, 55, 59], resting arterial diameter [39], pulse
wave velocity [49, 50], and reactive hyperemic forearm
blood flow [38, 51, 60]. This combined data represents
53 young men [54, 55, 59, 60], 38 young women [38, 42,
54, 55], 62 aged men [39, 42, 46, 50, 51], and 61 aged
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women [39, 46, 49, 50]. Handgrip training protocols
were diverse with prescriptions of high intensity [39, 49,
51, 58—-60], moderate intensity [42, 46, 50, 54, 55], rhyth-
mic grips [39, 42, 49, 51, 58-60], and sustained grips
[38, 46, 50, 54, 55]. Summary of results indicate that
handgrip training generally improves arterial health and
function, regardless of assessment variable. However, the
results are not consistent with insignificant training effects
on brachial FMD following a moderate intensity (40%
MVC) intermittent training program among clinical pa-
tients requiring coronary angiography [42], insignificant
training effects on measures of pulse wave velocity follow-
ing low [50], moderate [50], and high intensity [49] hand-
grip training among aged participants, as well as
insignificant training effects on brachial FMD following a
moderate intensity handgrip training program among
young otherwise healthy men and women [55].

Venous health and function None of the collected lit-
erature assessed the impact of handgrip training on ven-
ous health and function.

Autonomic nervous function There were nine studies
(35%) that assessed the impact of handgrip training on
autonomic nervous function by looking at MSNA [56],
HRV [24, 38, 43, 47-49, 59], and/or cardiovascular re-
activity [40, 45, 49]. It should be noted that some of the
research represents data from mixed cohorts of both men
and women which have not been stratified for sex analysis.
Therefore, the data represents 92 young men and women
[38, 40, 54, 56, 59] and 62 aged men and women [24, 43,
45, 47-49]. The vast majority of handgrip training proto-
cols were moderate intensity with sustained grips with
only two high intensity rhythmic grip protocols [24, 59].
All research evaluating young participants revealed insig-
nificant effects of training on HRV [38, 59], MSNA [56],
and cardiovascular reactivity [40]. Among aged partici-
pants there were mixed results with handgrip training
causing either improvements to autonomic nervous func-
tion [24, 45, 47, 49] or no change to autonomic nervous
function [43, 48]. Worth noting is that all six studies
among aged participants included men and women taking
various cardiovascular medications, which may account
for the inconsistent results. Improvements to resting HRV
were reported for the clinical population of coronary ar-
tery [47].

Discussion

The purpose of this review was to systematically explore
the impact of age and sex on the utility of handgrip ex-
ercise for resting SBP reduction. Using broad inclusion
criteria and data provided by original researchers, this
review is the first to segregate and evaluate the potential
influence of participants’ age and sex, revealing that aged
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women may benefit the most from handgrip training
protocols regardless of exercise prescription details.
Moreover, it appears that clinically meaningful reduc-
tions in resting BP can be achieved regardless of the age
or the sex of included participants.

Deviations from the original review design

It was not possible to extract information on the timing of
final assessment compared to final exercise bout due to lim-
ited reporting. Ideally, measures of resting BP should be at
least 24h to avoid overlapping results with post-exercise
hypotension, yet less than 72 h to avoid effects of detraining.

The original research design proposed the deletion of
all studies where sex of participants could not be segre-
gated [16]. Due to the high volume of research con-
ducted with mixed samples of men and women,
combined with an inability to obtain segregated data
from the original researchers, the decision was made to
maintain the data of these studies in a third, “mixed
men and women” category for data presentation. This
data was included in the main calculations regarding the
impact of age yet removed from the calculations regard-
ing the impact of participant sex.

In the original research design, it was proposed that two
assessment tools be used to assess study quality, the Qual-
ity Assessment Framework developed by the Cochrane
Collaboration for randomized controlled trials and the
Newcastle-Ottawa Scale for experimental exercise inter-
ventions without a designated control group. However,
since this original research plan a new quality scale was
developed specifically for exercise training: TESTEX. The
TESTEX was designed to address the shortcomings of
other quality assessment scales which include criteria
which are not appropriate in exercise training studies [20].
Our TESTEX-based ratings (RCTs median, 8.0/15) are
slightly less than those reported by Inder et.al. (median,
10/15) in their meta-analysis on the subject of isometric
exercise for blood pressure reduction [11]. The original re-
search design specified the removal of studies below a
minimum threshold of quality. Upon further examination
of the limited breadth of included literature it was decided
that all identified studies would be included in this sys-
tematic review. For interest, there were three studies
which scored less than 5/15, representing a total of 65
aged [37, 53] and young [36] men and women with a
weighted mean SBP reduction of — 9.92 mmHg. Although
in isolation, these three lower quality studies reflect a po-
tential impact of study quality on SBP reduction, when the
entire data set is examined there was an statistically insig-
nificant correlation between study quality on resting SBP
change scores, r=0.02, p > 0.05.

Finally, the original review protocol outlined an assess-
ment of bias across studies using the Grading of Recom-
mendations Assessments, Development and Evaluation
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(GRADE) approach and heterogeneity calculations of I*
and its confidence interval. Unfortunately, only 2 studies
reported the variance of the response score. As a result,
we completed our planned back up approach which was
to report change scores (Table 1) and complete a narrative
synthesis of the presented data.

Study quality assessment

Although a majority of studies had good study quality and
study reporting (= 5 TESTEX scale; 23/26) consistent short-
comings among reporting were apparent. There were only
two studies which reported blinding the research personal
responsible for collecting physiological variables of interest
[37, 39]. Furthermore, of the 12 RCT studies, only five
(42%) reported the method of randomization [38, 41, 48,
52, 61] and only five (42%) attempted to monitor activity
level of control group participants [38, 45, 48, 50, 55]. All of
these factors are possible sources of bias that may have in-
fluenced study results. It is strongly recommended that fu-
ture research consider such design characteristics when
planning handgrip exercise interventions.

Furthermore, of the 11 studies reporting at least one par-
ticipant drop-out, only two conducted an intention-to-treat
analysis [40, 41]. Of note, there were an additional five stud-
ies that reported a dropout of zero removing the need to
conduct such an analysis. Intention-to-treat analyses help to
establish patterns of consistency between particular patient
demographics, potentially identifying cohorts which are
more likely to withdraw from exercise training studies [20].

Primary variable of interest

The disparity in presentation of CVD between aged men
and women is recognized worldwide, with the American
Heart Association publishing separate guidelines for CVD
prevention for men and women [63] and the European So-
ciety of Cardiology formally publishing sex-specific public
policy on CVD [64]. With this growing recognition, it is
imperative that research explore the influence of biological
sex on the management of CVD risk, such as exercise inter-
ventions to reduce elevated BP. For this reason, our pri-
mary research aim was to compare the magnitude of
resting SBP reduction between men and women following
at least 4 weeks of handgrip exercise training. The results of
this review found that on average women had a slightly
greater reductions in resting SBP (- 5.6 mmHg) in compari-
son to men (-4.4mmHg). This impact is further pro-
nounced with age, such that aged women (- 6.5 mmHg
SBP reduction) appear to benefit more than aged men (-
4.7 mmHg SBP reduction).

Based on these findings, it appears that the magnitude of
SBP reduction is dependent on biological sex, with greater
reductions in women, with a potential interactive influence
of age, leading to greater reductions with increasing age.
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Given the increased risk of CVD among aged women [4,
65], our findings provide support for the utilization of
handgrip exercise to manage resting BP among
post-menopausal women. Since handgrip can be done in
any setting and is easy to complete, this type of training can
overcome environmental and knowledge barriers to exer-
cise that have been cited by older adults [66].

A clinically significant change in SBP, which corre-
sponds to significant reductions in the incidence of car-
diovascular disease among normotensive and hypertensive
individuals, has been defined as a reduction by at least 2
mmHg [62]. Of the 26 studies included in this review, 16
studies had both statistically and clinically significant
changes in SBP following the handgrip intervention [36—
41, 43, 45-47, 49, 52-55, 57]. An additional six studies re-
ported changes in SBP that were not statistically signifi-
cant, but can be considered clinically significant [44, 51,
56, 59-61]. Clinically meaningful changes without statis-
tical significance may reflect inadequate statistical power.
Worth noting is that the sample size for the six statisti-
cally non-significant studies averaged 13 participants com-
pared to 19.4 participants in studies demonstrating both
statistical and clinical significance. Understanding the
threshold for clinically significant results is critical when
evaluating interventions for implementation into clinical
practice. Considering that 85% of studies in this review re-
ported clinically significant reductions in SBP, handgrip
training appears to be an effective non-pharmaceutical strat-
egy to manage BP for men and women, regardless of age.

Previous reviews on handgrip training have found vari-
ous magnitudes of reduction in SBP. In a meta-analysis
of randomized controlled trials by Kelley and Kelley
[14], a large reduction of - 13.4 mmHg (95% bootstrap
percentile CI: - 15.3 to —11.0) was observed following
handgrip training for at least 4 weeks. This reduction in
SBP is over two times greater than the weighted mean
differences calculated for men, women, young, and old
participants collectively in this systematic review. The
greater reduction in SBP may be due to the selective in-
clusion criteria resulting in the analysis of only three
randomized controlled trials, whereas this systematic re-
view had broad inclusion criteria with various study de-
signs. In a more recent review by Inder et al. which
included randomized controlled trials and cross-over
studies, six studies with handgrip interventions were
identified with a calculated SBP reduction of -6.88
mmHg (95% CI - 8.31 to - 5.46) [11]. Our findings pro-
vide further support of handgrip exercise for resting BP
reduction, with results that fall within this previously
published range for both the cohort of women (young
and old) (- 5.6 mmHg) and the young (men and women)
(- 5.7 mmHg). Although our calculated results for men
(young and old) (-4.4mmHg) and aged (men and
women) (—4.8 mmHg) are slightly below Inder et al’s
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results, this slight variation in SBP reduction is likely
due to the mixed-sex and mixed-age samples in the
Inder et al. (2016) review. To our knowledge, our review
is the first to segregate handgrip-induced reductions in BP
based on both sex and age. As a result, this review pro-
vides some insight into determining age- and sex-specific
advantages to handgrip training.

Although tangential to the primary objective of this
systematic review, it was observed that in-lab/supervised
training programs produced somewhat larger reductions
in SBP (-6.4mmHg) compared to at-home/unsuper-
vised training programs (- 2.6 mmHg). Interesting, this
difference in training response may not be the result of
training adherence, a commonly noted concern of un-
supervised programs, as six of the eight at-home/un-
supervised studies specifically reported adherence was >
90%. Given the pragmatic importance of at-home train-
ing options for wide-spread promotion of healthy behav-
iors, further investigation is required in order to
determine the reason for this location-specific difference
in training response.

Secondary variables of interest

DBP followed a similar trend to SBP with similar reduc-
tions for women (- 1.9 mmHg) and men (- 1.2 mmHg)
along with comparable reductions among younger (- 2.5
mmHg) and aged (- 1.7 mmHg) study participants. Con-
sistent with the SBP results, DBP reduction reveals that
handgrip exercise training may be the most impactful
for the sub-cohort of aged women that benefits the most
from handgrip exercise training (- 2.4 mmHg reduction).

In the past, clinical attention was directed towards
resting DBP values, as evidenced by the first JNC report
which defined DBP as the basis for the detection and
treatment of hypertension [67]. Given that there is little
evidence to suggest significant risk of isolated diastolic
hypertension [68], some clinicians have gone so far as to
suggest that it not even be measured [69, 70]. The im-
portance of DBP reduction for the maintenance of car-
diovascular health remains an active conversation within
the literature, with recent research showing clinical sig-
nificance for DBP reduction for populations post-stroke
[71]. Researchers employing handgrip exercise strategies
are encouraged to continue to use DBP as a measured
outcome variable so that we may continue to understand
its clinical relevance.

The decision was made to include indicators of arterial
and venous health and function in this systematic review
as they have been previously proposed as potential medi-
ating handgrip-induced reductions to systolic blood
pressure. Surprisingly though, this review found that var-
iables of vascular health and function were inconsist-
ently measured within handgrip training studies. Of the
research evaluating this variable, nearly all research
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which prescribed high intensity rhythmic handgrip
reported significant improvements to vascular health
including wall-to-lumen ratio [58], brachial and radial
resting diameters [39], reactive hyperemic forearm blood
flow [51, 60], brachial flow-mediated dilation [51, 59],
vascular resistance [60], and peak shear rate [51]. These
results are consistent with previous research showing
that rhythmic handgrip exercise increased brachial arter-
ial responses and peak reactive hyperemic blood flow
among young men [72]. The basis for such improve-
ments in vascular health may be linked to the repeated
cyclical deviations to forearm blood flow characteristic
of high-intensity intermittent handgrip exercise resulting
in a shear stimulus large enough to mediate changes in
vascular function and structure.

Strengths and limitations

A noted strength of this review is the transparent ap-
proach, drawing on recommended and validated
methods [17] with an accompanying review protocol
[16]. In addition, the breadth of the study inclusion cri-
teria has ensured that a comprehensive representation of
handgrip training interventions has been presented. Fi-
nally, the use of two separate reviewers for the screening
process, data abstraction, and quality appraisal increases
the strength of conclusions.

A potential limitation of this review is the volume of
included literature. Although handgrip exercise has been
used for decades as a short-term stressor, the prescrip-
tion of handgrip as a training modality to reduce BP is
more recent. As researchers continue to use handgrip
exercise as a training option for cardiovascular health,
the breadth of literature for inclusion in future system-
atic reviews will increase.

Considering the various handgrip training prescrip-
tions and devices used in the literature as well as the dif-
ferent participant samples, this review has a great deal of
clinical heterogeneity. Variation in response to the inter-
vention was infrequently reported. Consequently, we
were unable to complete statistical analysis and quantita-
tive integration of the data. A previous review calculated
indices of heterogeneity based on a more restrictive set
of studies (n =10) and by assuming p values for studies
that only reported above or below a critical p value [11].

Recommendations for future research

Future handgrip training studies recruiting a mixed sam-
ple should consider reporting results separately for men
and women as training responses may differ. In addition,
since handgrip training is safe, effective, and
time-efficient, it will be important to determine optimal
handgrip training prescriptions prior to clinical implemen-
tation. Finally, further research exploring the potential
mechanisms mediating the reduction in BP is warranted
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to better understand the physiological adaptations that
occur with handgrip training. Such mechanisms include,
but are not limited to, vascular indices of health and func-
tion as well as indices of autonomic nervous control. It
may be worthwhile to determine if these adaptations are
dependent on participants’ age and/or sex.

Conclusion

In conclusion, this systematic review found that hand-
grip exercise training at least 4 weeks in duration was ef-
fective in reducing resting BP among men and women
with various health statuses. Furthermore, it appears that
on average the greatest reduction in resting BP occurs
among aged women. Reductions in BP were comparable
between younger (< 55 years) and aged (> 55 years) study
participants. The findings of this review may be relevant
for clinicians and individuals looking to manage BP
through non-pharmaceutical interventions and may be
helpful in informing future studies that seek to refine
and implement handgrip training programs designed to
best meet the needs of specific cohorts.
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