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Abstract
Background: Handgrip strength measurements are feasible 
with older adults and a reliable indicator for vitality, physical 
function, and several risk factors in the ageing process. Inter-
ventions with exercise training induce a variety of strength, 
balance, and endurance improvements. The pooled transfer 
effects of exercise training on handgrip strength has not 
been investigated to date. Thus, the objective of this meta-
analytical review is to examine the effects of different exer-
cise training on handgrip strength in healthy community-
dwelling older adults of 60 years or older. Methods: The lit-
erature search was conducted in three databases (PubMed, 
Web of Science, SPORTDiscus) using the following search 
terms with Boolean conjunctions: (hand grip* OR grip 
strength OR grip power) AND (sport* OR train* OR exercis* 
OR strength OR intervention OR endurance OR resistance OR 
balance OR aerob*) AND (old* OR elder* OR senior*). Non-
randomized and randomized controlled trials with an exer-
cise training and handgrip strength as the outcome param-

eter were screened. Study quality was independently as-
sessed by two researchers using the PEDro scale. Comparison 
of handgrip strength between the intervention and control 
groups was conducted by using the hedges g (including ad-
justment for small sample sizes), calculating standardized 
mean differences (SMDs). A random effects inverse-variance 
model was applied for statistical analysis. Results: Twenty-
four trials (mean PEDro score 5.8 ± 0.9) with a total of 3,018 
participants (mean age 73.3 ± 6.0 years) were included. Small 
but significant effects (p < 0.001) on handgrip strength were 
observed (SMD 0.28, 95% CI 0.13–0.44). Study heterogeneity 
(I2 56%) and the funnel shape for publication bias analyses 
were acceptable. Conclusions: Meaningful but small trans-
fer effects of a multitude of different training approaches on 
handgrip strength occurred in healthy community-dwelling 
older adults. Handgrip strength cannot clearly be recom-
mended to assess general functional performance for all 
kinds of exercise programs, whereas task-specific training 
and multimodal training modes seem to provide an appro-
priate stimulus to also improve handgrip strength.

© 2019 S. Karger AG, Basel
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Introduction

Handgrip strength testing evaluates static force that is 
squeezed around the dynamometer, given in kilograms, 
pounds, or Newtons [1]. Handgrip strength assessment 
serves as a feasible, quick, and reliable tool to examine vi-
tality and physical function in the elderly population. A 
standardized and calibrated equipment is required, espe-
cially when different assessors [2] or different brands of 
dynamometers are employed [3]. The test-retest reliabil-
ity is considered high: The ICC (intraclass correlation co-
efficient) ranges between 0.91 and 0.95 for healthy older 
adults [4]. According to recommendations of the Ameri-
can Society of Hand Therapists [5], participants should 
be seated, with the shoulder adducted and neutrally ro-
tated, the elbow flexed at 90°, and the forearm and the 
wrist in a neutral position. This society recommends 
three trials of grip strength and suggests using the best 
trial for further analysis [5].

Beside other declines of physical function (endurance, 
strength, balance capacity), aging people show a decrease 
in handgrip strength [6]. Women have weaker handgrip 
strength compared to men [6–8]. The handgrip strength 
reflects a variety of physical function indices and is there-
fore regarded as an important indicator of health-related 
quality of life of older adults [9]. Hence, handgrip strength 
predicts disability, morbidity, and mortality [10], acceler-
ated dependency in activities of daily living and cognitive 
decline in the most elderly (over 85 years of age) [11]. A 
weak handgrip strength is also associated with hyperten-
sion, coronary heart disease, peripheral arterial disease, 
heart failure, stroke, or chronic obstructive pulmonary 
disease [8]. Furthermore, handgrip strength is negatively 
associated with physical frailty even when the effects of 
body mass index and arm muscle circumference are con-
sidered [12].

Strength, endurance, and balance training have been 
shown to attenuate numerous adverse effects of biological 
aging [13]. The occurrence and magnitude of potential 
transfer effects of these interventions with exercise train-
ing on handgrip strength as a well-established and feasi-
ble surrogate parameter in community-dwelling older 
adults have not yet been addressed systematically. There-
fore, the objectives of the present systematic review and 
meta-analysis were: (1) to calculate the effects of numer-
ous interventions with exercise training on handgrip 
strength in healthy community dwellers, (2) to describe 
training characteristics for older adults, and (3) to pro-
vide recommendations for future studies.

Materials and Methods

Search Strategy and Study Selection
The PRISMA guidelines were used for reporting this meta-an-

alytical review [14]. A literature search was independently conduct-
ed by two researchers (B.K.L. and H.B.) in three health- and sport-
related databases (PubMed, Web of Science, SPORTDiscus). The 
search was conducted from November 25, 2018 until December 1, 
2018. The relevant search terms were divided into three search lev-
els and were combined with Boolean conjunctions (AND/OR). On 
the first search level “hand grip* OR grip strength OR grip power,” 
on the second level “AND (sport* OR train* OR exercis* OR 
strength OR intervention OR endurance OR resistance OR balance 
OR aerob*)” and on the third level “AND (old* OR elder* OR se-
niors*)” were used as search terms. The screening process consist-
ed of title, abstract, and full-text screening. First, all resulting titles 
of the search were screened manually by the two researchers (B.K.L. 
and H.B.) and discussed for eligibility. All chosen articles were then 
transferred to a reference management software (Citavi 6.3, Swiss 
Academic Software GmbH, Waedenswil, Switzerland). Both re-
searchers screened abstracts separately and their inclusion was dis-
cussed afterwards. Consent has been found upon the independent 
search procedure and through discussion. Irrelevant articles were 
excluded and the full texts were screened for the final inclusion/
exclusion of the studies. The inclusion and exclusion criteria were 
defined based on the PICOS approach [population (P), interven-
tion (I), comparators (C), main outcome (O) and study design (S)].

Only full-text articles published in English and with a target group 
of healthy, community-dwelling older adults of 60 years and older (P) 
were included in the meta-analysis. Further inclusion criteria were 
that studies had to be intervention studies (I) with an exercise inter-
vention in the form of a controlled trial (C). There had to be at least 
one control group per study. Handgrip strength (O) had to be the 
main outcome and pre- and post-testing had to be performed (S).

The exclusion criteria were additional diet changes or nutrition 
supplements as part of the intervention. Furthermore, the authors 
aimed at investigating community-dwelling, healthy older adults, 
so that older adults living in a nursing home or receiving long-term 
care as well as older adults with mental decline, chronic diseases of 
the heart or vascular system, orthopaedic conditions, diabetes, sar-
copenia, frailty, or obesity were excluded from the analysis.

Methodological Quality
To evaluate the methodological quality of the included studies, 

a scale by the Physiotherapy Evidence Database (PEDro scale) with 
11 dichotomous items was used [15]. The two researchers inde-
pendently rated all included studies and came to a consensus on 
every item after completing the individual rating (online suppl. 
table 1; see www.karger.com/doi/10.1159/000501203 for all online 
suppl. material). Researchers were not blinded to authors, place of 
publication, or results of the studies.

Data Extraction
Handgrip strength outcomes (in kilograms, pounds, or New-

tons) were extracted and transferred to a separate excel sheet that 
contained the equations for all relevant calculations that are de-
scribed in the statistical analysis section. Furthermore, other rele-
vant study information (author, year, number of participants, in-
tervention groups, and details about the intervention) were ex-
tracted and compiled in Table 1.
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Statistical Analysis 
Standardized mean differences (SMD, with 95% confidence in-

tervals [CIs]) were calculated for each study according to Hedges’ 
(adjusted) g, which can be used for diverged and small sample siz-
es [16]. Negative values (–) reflect negative effects. The Cochrane 
Review Manager Software (RevMan 5.3.5, Cochrane Collabora-
tion, Oxford, UK) was used to conduct the inverse-variance meth-
od [17]. Analyses were conducted using the random effects model 
[18]. The forest plot was generated for the respective outcome 
measure. The following scale was used to evaluate the standardized 
mean differences (SMDs) [19]: 0–0.19 = negligible effect, 0.20–
0.49 = small effect, 0.50–0.79 = moderate effect, and 0.80 and high-
er = large effect. Study heterogeneity was assessed using I2. A fun-
nel plot was created to examine potential publication bias by com-
paring the effect sizes direction with the standardized mean 
differences. All statistical analyses were performed within the Co-
chrane Review Manager Software.

Results

Trial Flow
In the three databases, 5,752 relevant articles were ini-

tially detected (Fig. 1). After removing all irrelevant stud-
ies based on the title and removing duplicates, 137 arti-
cles remained for abstract screening. Ninety-eight stud-
ies did not meet the inclusion criteria. Thirty-nine articles 
were left for full-text screening. Three of them were ex-
cluded during data extraction because of lacking post-
values for handgrip measurements. The authors were 
contacted in order to get the data for post-measurements 
which were not reported in the published version of the 
article. However, only one of the respective authors [20] 
reacted to the request and sent the missing post-values. 

Records identified via 
databases (n = 5,752)
− SPORTDiscus (n = 460)
− PubMed (n = 2,329)
− Web of Science (n = 2,963) 

Id
en

tif
ic

at
io

n
Studies after title screening

(n = 200)

Irrelevant titles removed in 
databases (n = 5,552)
- SPORTDiscus (n = 411)
- PubMed (n = 2,264)
- Web of Science (n = 2,877) 

Sc
re
en
in
g

El
ig
ib
ili
ty

In
cl
us
io
n

Abstracts screened (n = 137)

Removed because did not meet inclusion criteria (n = 98)
- Not community dwelling (n = 20)
- Irrelevant (n = 20)
- Frail (n = 10)
- No intervention (n = 7)
- Orthopedic diseases (n = 7)
- Sarcopenic (n = 7)
- Cardiac dieseases (n = 6)
- Obese and diabetes (n = 6)
- No HGS measurements  (n = 5)
- Mental disorder (n = 4)
- Stroke (n = 3)
- Cancer (n = 2)
- Dizziness (n = 1)

Full-text articles screened for
eligibility (n = 39)

Articles included in
meta-analysis (n = 24)

Removed because did not meet inclusion criteria (n = 15)
- No control group (n = 7)
- Age of subjects <60 years (n = 2)
- No accessibility for full-text (n = 1)
- Not community dwelling or healthy (n = 2)
- Invalid outcome or measurements (n = 1)
- No post-data (n = 2)

Duplicated titles removed (n = 63)

Fig. 1. Flow of study screening and selection.
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Finally, 15 studies were excluded based on the defined 
exclusion criteria. For the final meta-analysis, 24 studies 
were included. All studies were published between 1995 
and 2018.

Study Population
In the 24 trials, 3,018 healthy community-dwelling 

older adults with a mean age of 73.3 ± 6.0 years were en-
rolled. The mean sample size was 81 ± 263, with a range 
from 22 [21] to 1,635 [22] participants.

Study Quality
Seventeen studies used a two-armed design [21–37], 

six studies used a three-armed design [38–43], and one 
study [20] used a four-armed design. The mean study 
quality was 5.8 (±0.9), ranging from 4 [37, 40] to 7 [23–25, 
29, 39, 43]. None of the included studies blinded partici-
pants or instructors.

Scope of the Studies
Training types of all 24 studies included aquatic exer-

cise, walking, flexibility, TRX-training, home-trainer ex-
ercise, strength training in different forms, training on a 
vibration platform, dance, Tai Chi, exergames balance 
training, calisthenics, and multi-dimensional training re-
gimes. Intervention durations ranged from 4 weeks [30] 
to 36 months (mean 22 ± 30 weeks) [22], whereas the ma-
jority of the interventions lasted for 8–15 weeks. Session 
duration varied between 15 [29, 43] and 72 [20] min per 
session (mean 51 ± 15 min per session) with most of the 
sessions lasting 60 min. Training frequency varied be-
tween one session per week [34] and two sessions per day 
[29, 43] (mean 3 ± 2 sessions per week) with mostly 2–3 
sessions per week. The training intensity was measured 
differently with the Borg scale, 1 repetition maximum  
(1 RM), or maximum heart frequency (Hf max). Using the 
Borg rating of perceived exertion (RPE) scale the intensity 
ranged from 11 to 16 [22, 41, 42], and using the RPE ratio 
scale the intensity varied from 5 to 8 [30, 39]. Five studies 
[20, 27, 31, 40, 41] measured the training intensity with  
1 RM ranging from 45 to 80%. The intensity measured 
with heart frequency varied from 60 to 80% of the maxi-
mum heart frequency [20, 21, 27, 34, 36, 37, 41]. Two stud-
ies did not report the intensity level [28, 35] and one study 
[23] used the Borg scale and heart rate monitor for assess-
ing intensity but did not report values. One study reported 
not to have monitored training intensity [29]. Wolf et al. 
[43] reported modest training intensity in Tai Chi, and 
Campa et al. [24] encouraged the participants to increase 
intensity individually by changing position towards the 

anchor point of TRX. Englund et al. [26] increased the 
training intensity by using heavier dumbbells and by do-
ing more complex and faster movements. Dondzila et al. 
[25] increased the walking intensity by 10% of baseline 
steps each week and the resistance training by increasing 
repetition and sets of exercises. Alexander et al. [38] used 
water exercise equipment for the aquatics exercise group 
to increase the intensity while the walking group exercised 
at a comfortable pace. Exercises increased progressively in 
the vibration platform training of Santin-Medeiros et al. 
[32]. The focus of the majority of the 24 included studies 
was on multimodal training, including aerobic and resis-
tance exercises [20, 22, 23, 27, 28, 30, 36, 41].

Risk of Bias
The funnel plot (see online suppl. Fig. 1) shows a tri-

angular funnel-shape with few outliers. The number of 
studies on the left and right side of the dashed SMD line 
seems equally distributed. Normally, studies with small 
sample sizes build the basis of the triangle. There is only 
one study [21] with a small sample size at the right bottom 
of the funnel plot. This two-armed controlled trial includ-
ed 22 participants, 12 in the intervention group, and ana-
lysed the effects of a 24-week aquatic aerobic training. 
There are more studies with a bigger sample size of 30–70 
participants, located in the middle of the funnel shape. 
The study with the biggest sample size [22] is clearly iden-
tified to the top left, outside of the funnel shape. This two-
armed controlled trial included 1,635 participants, with 
818 in the intervention group, and analysed the effects of 
a combined walking training the intervention group per-
formed twice a week over 36 months.

Data Analysis
Small effects were observed for handgrip strength out-

come (p < 0.001, SMD 0.28, 95% CI 0.13–0.44, I2 = 56%; 
Fig. 2) in favour of exercise training groups compared to 
control groups.

Discussion

To the best of the authors’ knowledge, no previous sys-
tematic review with meta-analysis has addressed poten-
tial transfer effects of interventions with exercise training 
on handgrip strength serving as a well-established surro-
gate parameter of vitality and physical function in healthy 
community-dwelling older adults. Measuring handgrip 
strength is an inexpensive, quick, and objective means to 
evaluate physical frailty [44] or change in performance 
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[45] in small and large samples. Furthermore, handgrip 
strength measurements can be used to identify older 
adults who are sarcopenic, frail, and malnourished [46]. 
This meta-analytical review provides a solid estimate of 
exercise-induced transfer effects of various interventions 
with exercise training on handgrip strength. The results 
of this review displayed small effects of a variety of inter-
ventions on handgrip strength measures.

In order to evaluate the effects of interventions with a 
measurement tool, i.e. handgrip strength dynamometer, 
besides reliability and validity, the standard error of mea-
surement (SEM) and minimal detectable change (MDC) 
have to be known. In a recent systematic review, Bohan-
non [46] included 17 studies about the reliability and 
MDC of handgrip strength measurements in different 
older target groups. Four of the included studies included 
older community-dwelling adults without any disease. 
The review demonstrated a relative reliability with ICC > 

0.91 in these four studies with 211 participants with a 
mean age of 75.2 years [46]. Regarding absolute reliabil-
ity, these four studies used the variables SEM, technical 
error of measurement (TEM) and least significant change 
(LSC). The SEM was 3.9 and 1.9 kg, TEM was 1.6 (left 
hand) and 2.2 (right hand), and LSC was 6.0 kg. These 
four relevant studies were evaluated by Bohannon [46] 
regarding their study quality with scores between 9 and 
13 on a 14-point scale. If one takes the best results for ab-
solute reliability for older community-dwelling older 
adults from Bohannon’s review [46], a change (for ex-
ample via an intervention) above 1.6 kg can be interpret-
ed as a real change. 

Measuring handgrip strength with a dynamometer 
can be a useful assessment tool for determining the effi-
cacy of different treatments and for an overall fitness as-
sessment [45]. The studies included in this meta-analysis 
measured handgrip strength as a general parameter of the 

Study or subgroup SMD SE Weight 

Alexander et al. [38], 2000 0.28 0.32 3.8% 
Borges et al. [23], 2018 0.43 0.24 5.1% 
Campa et al. [24], 2018 0.52 0.37 3.1% 
Cancela Carral et al. [39], 2017 –0.08 0.4 2.8% 
Dondzila et al. [25], 2016 –0.08 0.33 3.6% 
Englund et al. [26], 2005 0.65 0.33 3.6% 
Gudlaugsson et al. [27], 2012 0.84 0.2 6.0% 
Kamegaya et al. [28], 2014 –0.19 0.28 4.4% 
Niemelä et al. [29], 2011 0.04 0.28 4.4% 
Ponce-Bravo et al. [30], 2015 0.5 0.28 4.4% 
Ramírez-Campillo et al. [40], 2014 0.47 0.37 3.1% 
Rhodes et al. [31], 2000 0.49 0.31 3.9% 
Santanasto et al. [22], 2017 –0.05 0.05 9.2% 
Santin-Medeiros et al. [32], 2015 0.05 0.33 3.6% 
Shigematsu et al. [33], 2002 –0.29 0.33 3.6% 
Shiotsu et al. [41], 2018 0.3 0.41 2.7% 
Skelton et al. [34], 1995 0.27 0.32 3.8% 
Song et al. [42], 2013 0.91 0.31 3.9% 
Sun et al. [35], 2015 0.19 0.17 6.6% 
Taunton et al. [36], 1996 0.14 0.37 3.1% 
Timmons et al. [20], 2018 0.28 0.31 3.9% 
Tsourlou et al. [21], 2006 1.37 0.48 2.1% 
Wolf et al. [43], 1996 0.15 0.19 6.2% 
Zisi et al. [37], 2001 0.27 0.37 3.1% 

Total [95% Cl] 100.0%
Heterogeneity: τ2 = 0.07; χ2 = 51.88, df = 23 (p = 0.0005) I2 = 56% 
Test for overall effect: Z = 3.53 (p = 0.0004) 

SMD
IV, Random, 95% Cl 

SMD
IV, Random, 95% Cl

0.28 [–0.35, 0.91]
0.43 [–0.04, 0.90]
0.52 [–0.21, 1.25]

–0.08 [–0.86, 0.70]
–0.08 [–0.73, 0.57]

0.65 [0.00, 1.30]
0.84 [0.45, 1.23]

–0.19 [–0.74, 0.36]
0.04 [–0.51, 0.59]
0.50 [–0.05, 1.05]
0.47 [–0.26, 1.20]
0.49 [–0.12, 1.10]

–0.05 [–0.15, 0.05] 
0.05 [–0.60, 0.70]

–0.29 [–0.94, 0.36] 
0.30 [–0.50, 1.10]
0.27 [–0.36, 0.90]
0.91 [0.30, 1.52]

0.19 [–0.14, 0.52]
0.14 [–0.59, 0.87]

0.15 [–0.22, 0.52]
0.27 [–0.46, 1.00]

0.28 [0.13, 0.44]

0.28 [–0.33, 0.89]
1.37 [0.43, 2.31]

–2 –1 0 1
Favours (con) Favours (int)

2

Fig. 2. Forest plot of the analysis on handgrip strength between the intervention groups (int) and the control 
groups (con). SE, standard error; IV, independent variable; CI, confidence interval; SMD, standardized mean 
difference.
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state of physical function but they did not include hand-
grip-specific exercises. In fact, the variety in exercise 
mode, duration, and intensity was large. For most of the 
studies, the “task-specificity principle” of neuromuscular 
adaptation, which was manifested for balance training, 
seems to apply: if the positions that are tested in pre- and 
post-testing are not trained during the intervention, no 
improvement compared to the control group is revealed 
[47, 48]. The outcome of this meta-analytical review sup-
ports the transfer of this idea of task specificity on hand-
grip strength training and measurements. Effects are 
more likely to appear when the tested tasks are closely 
related to the training contents [47–49]. Only small ef-
fects in favour of the exercise training groups, which were 
training with different training modes not specifically ad-
dressing handgrip strength, were found. In one of the in-
cluded studies with the largest effect sizes in favour of the 
intervention group, participants trained with dumbbells, 
which included gripping of the weights [26]. Corrobora-
tively, in another study with large effects, participants did 
Nordic walking [42], which included a repetitive move-
ment similar to a gripping task by holding the pole and 
executing the correct Nordic walking technique. In con-
trast to handgrip strength assessment, Nordic walking 
improves the muscular endurance component and capac-
ity instead of maximum strength, necessary for handgrip 
measurements. In most of the other studies, showing pos-
itive effect without task-specific training, transfer effects 
might account for positive changes. Additionally, it has to 
be taken into account that measurements of handgrip 
strength are usually performed isometrically, whereas ex-
ercises were mostly performed dynamically. To sum-
marise, handgrip strength would benefit from training 
that mainly targets upper extremity exercises in which 
handgrip movements are performed.

As was mentioned, exercise mode, duration, and in-
tensity varied among the studies included in this meta-
analysis, and so did the changes in handgrip strength. As 
for training mode, improvements in handgrip strength 
indices were not only seen in interventions with pure 
strength/resistance training, but also in multimodal in-
terventions as well as in a Nordic walking intervention. 
Interestingly, the majority of the studies that featured 
large effects in favour of the intervention group followed 
a multimodal approach to exercise training. It is assumed 
that handgrip strength capacity benefits more from in-
corporating different training focuses (strength, balance, 
flexibility, endurance). This finding should be taken into 
consideration when evaluating the efficacy of interven-
tions with exercise training [48].

Almost all studies in this review met the recommenda-
tions of more than 12 weeks of intervention, except two 
studies that lasted less than 12 weeks [29, 30]. No clear 
relationship is apparent between the duration of the in-
tervention and the changes in handgrip strength. One 
study with only 6 weeks of daily rocking chair exercise 
found a slightly significant change in handgrip strength 
in favour of the intervention group [29]. Greater changes 
in handgrip strength were measured after a 9-week calis-
thenics intervention [37]. On the other hand, the study 
with the longest intervention duration (36 month) did 
not show any effects in favour of the intervention group 
[22]. This finding can be attributed to the control condi-
tions that were requested to complete home exercises. 
Additionally, the training frequency differed a lot be-
tween the studies, so that a statement on the effect of the 
study duration is hardly possible. A further factor poten-
tially influencing effects on handgrip strength might be 
training intensity. When the intensity of the intervention 
was reported as between 60 and 80% of 1 RM, handgrip 
strength increased. Of those measuring intensity with  
1 RM as reference, the intervention of Gudlaugsson et al. 
[27], where the participants trained with 6 RM, had the 
greatest changes in favour of the intervention group. In 
the studies using the Borg scale as the reference, handgrip 
strength increased when the perceived exertion was re-
ported as “somewhat hard” or “hard” (12–16) [41, 42] 
with the exception of the study by Santanasto et al. [22]. 
Regarding Hf max, interventions with a variation of 15–
20% between minimum and maximum heart frequency 
in training seem to be the most effective [21, 27]. Con-
tinuous training with 80% Hf max [20] is not more effec-
tive than training with 60% Hf max [41].

Due to the high variability of the training designs of all 
studies, it is not possible to tell the influence of specific 
training modalities (training mode, duration, or intensi-
ty) on changes in handgrip strength. The confidence in-
tervals of four studies that did not touch the zero-effect 
line indicate a large effect in favour of the intervention 
groups [21, 26, 27, 42]. These studies included weight-
bearing training over 12 months [26], endurance training 
combined with strength training over 6 months [27], 
aquatic aerobic training over 3 months [21], and Nordic 
walking over 3 months [42], and therefore obviously dif-
fered in terms of exercise mode, duration, and intensity 
despite comparable effects. Only five of the included 
studies trended towards a favourable effect for the control 
group [22, 25, 28, 33, 39]. These studies consisted of seat-
ed strength training [25], resistance and aerobic exercises 
[28] and dance-based aerobic exercises [33]. Additional-
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ly, the participants of one study did either low-loaded 
pedalling or unspecific exercises using elastic bands [39], 
and the remaining comprised workshops, strength, or 
balance training [22]. Again, no prototype for mode, du-
ration, or intensity of the training can be found. The rea-
sons for unchanged handgrip strength might be attrib-
uted to the age of the participants [39], a short interven-
tion period [25], the lack of weekly training sessions [28], 
or short duration of single training sessions [22, 33].

Older adults who do not train beside the normal ac-
tivities of daily living lose their body strength and arm 
strength [50]. Therefore, based on the present meta-ana-
lytical review, the authors recommend exercise training 
for community-dwelling older adults in order to improve 
or maintain functions of activities of daily living and to 
remain independent. The overall effect of the studies an-
alysed in this meta-analysis and the overlapping intervals 
indicate that there is neither a clear effect in favour of the 
control nor the intervention group after an unspecific 
training intervention. Thus, if the aim is to increase hand-
grip strength, the authors recommend at least 9 weeks of 
task-specific training with variable heart frequency, 75% 
1 RM, and perceived “somewhat hard” or “hard” exer-
tion. Whether the same is true for frail older adults or for 
older adults living in care facilities remains unclear and 
needs to be addressed in future analyses. Illness and frail-
ty could have a strong impact on the results so that these 
target groups need to be investigated separately. This me-
ta-analysis therefore focused on the effects of training on 
handgrip strength of a healthy population only. Accord-
ing to the results, handgrip strength cannot clearly be rec-
ommended as an alternative outcome to assess general 
functional performance for all kinds of exercise pro-
grams. It can be assumed though that handgrip strength 
changes after multimodal interventions and thus can be 
used as an outcome measure for this training modality. 
However, it is questionable whether pure lower extremity 
exercise or endurance exercise programs, for example, 
substantially alter handgrip performance, even if they 
cause other performance changes.

Strengths and Limitations
This meta-analytical review was performed in accor-

dance with the PRISMA statement [14]. Despite notable 
but acceptable heterogeneity of the included studies (in-
tervention programmes, number of study arms, sample 
sizes), our findings provide a structured view on the 
transfer effects of interventions with exercise training on 
handgrip strength, independent of the underlying exer-
cise regimen. It needs to be kept in mind that although 

handgrip strength is a feasible and easily applicable tool 
of vitality and functioning assessment in older adults, few 
interventions with exercise training include this outcome 
even if muscle strength has been targeted. In most of the 
included studies the training procedure and performed 
exercises were clearly described. The different interven-
tions might bias the effects as none primarily promoted 
handgrip strength explicitly. The relative reliability of 
handgrip strength measurements is very good; however, 
the measurement tool showed weakness in absolute reli-
ability. Furthermore, the achieved intervention effects 
have to be interpreted allowing for SEM and MDC.

Conclusion

The present meta-analysis focused on healthy, non-
institutionalized older adults and revealed evidence that 
several interventions provide an appropriate training for 
improving handgrip strength, especially those with mul-
timodal training. Small transfer effects can be explained 
due to the lack of task-specific exercises, the lack of week-
ly training sessions, or short duration of single training 
sessions. For meaningful conclusions, substantial chang-
es in handgrip strength may be required to confidently 
conclude that real changes have occurred over time. Still, 
the effectiveness of exercise training is not to be underes-
timated. Beyond that, handgrip strength cannot clearly be 
recommended as an alternative outcome to assess gen-
eral functional performance for all kinds of exercise pro-
grams, possibly apart from multimodal training modes. 
Furthermore, the effects of interventions with exercise 
training on handgrip strength in specific target groups, 
such as institutionalized or frail older adults, must be in-
vestigated in the future.
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