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A B S T R A C T   

Objective: This study aimed to compare the effects of moderate- and high-intensity resistance and impact training 
(MiRIT and HiRIT, respectively) on changes in bone mineral density (BMD) in postmenopausal women with 
osteoporosis. 
Methods: Randomized controlled trials that compared the intervention effects of MiRIT and HiRIT were used as 
selection criteria to assess study patients with osteoporosis or an osteoporotic condition. Database searches were 
conducted on August 25, 2022, using CENTRAL, PubMed, CINAHL Web of Science, EMBASE, and MEDLINE. A 
risk of bias assessment was performed using Revised Cochrane risk of bias tool for the assessment of randomized 
controlled trials. Point estimates and 95 % confidence intervals of change in BMD derived using dual-energy X- 
ray absorptiometry were collected as outcomes, and a meta-analysis was performed using the amount of change 
in BMD before and after the intervention. Adverse event data were also collected. 
Results: The search yielded six studies (391 patients, mean age 53–65 years) that met the inclusion criteria. The 
intervention duration ranged from 24 weeks to 13 months. Compared with the MiRIT group, the HiRIT group 
showed significantly improved BMD of the lumbar spine (standardized mean difference 2.37 [0.10–4.65]). 
However, a high degree of heterogeneity was observed for three studies (154 patients, I2 = 98 %). Almost all 
studies reported minimal adverse events. The certainty of evidence was extremely low because of the risk of bias, 
inconsistency among studies, and imprecision in terms of sample size. 
Conclusion: Postmenopausal women with osteoporosis may achieve more significantly improved lumbar spine 
BMD with HiRIT than with MiRIT.   

1. Introduction 

As life expectancy and the aging population continue to increase 
globally, age-related diseases are becoming a growing concern (Vos 
et al., 2017). Osteoporosis is associated with several factors, including 
aging and menopause (Khosla and Hofbauer, 2017). It is one of the most 
common chronic metabolic bone diseases and is characterized by 
decreased bone mineral density (BMD) and increased bone fragility 
(Sözen et al., 2017). In context of the postmenopausal decrease in es-
trogen levels, osteoporosis is highly prevalent in women (Tella and 
Gallagher, 2014), with a global prevalence rate of 23.1 % among 

women, according to a recent meta-analysis (Salari et al., 2021). Oste-
oporosis reduces BMD, thereby increasing the risk of fracture resulting 
from a fall (Johnell et al., 2005; Stone et al., 2003). Dual-energy X-ray 
absorptiometry is one of the most common methods for measuring areal 
BMD (aBMD) (Sözen et al., 2017). Furthermore, preventing aBMD 
decline is essential for controlling the surge in medical costs caused by 
osteoporosis-related falls and fractures as well as silent fractures, such as 
vertebral compression fractures (Hernlund et al., 2013). 

Exercise therapy is an important management strategy for main-
taining BMD (Sözen et al., 2017; Tella and Gallagher, 2014). Several 
systematic reviews have summarized intervention studies focused on the 

Abbreviations: aBMD, areal bone mineral density; BMD, bone mineral density;; CI, confidence interval; FN, femoral neck; HiRIT, high-intensity resistance and 
impact training; LS, lumbar spine; MiRIT, moderate-intensity resistance and impact training; RCT, randomized controlled trial; RM, repetition maximum; SMD, 
standardized mean difference. 

* Corresponding author. 
E-mail address: tkitagawa@shinshu-u.ac.jp (T. Kitagawa).  

Contents lists available at ScienceDirect 

Bone Reports 

journal homepage: www.elsevier.com/locate/bonr 

https://doi.org/10.1016/j.bonr.2022.101631 
Received 21 June 2022; Received in revised form 8 October 2022; Accepted 20 October 2022   

mailto:tkitagawa@shinshu-u.ac.jp
www.sciencedirect.com/science/journal/23521872
https://www.elsevier.com/locate/bonr
https://doi.org/10.1016/j.bonr.2022.101631
https://doi.org/10.1016/j.bonr.2022.101631
https://doi.org/10.1016/j.bonr.2022.101631
http://creativecommons.org/licenses/by-nc-nd/4.0/


Bone Reports 17 (2022) 101631

2

effects of exercise therapy on BMD, primarily in postmenopausal women 
(Howe et al., 2011; Anupama et al., 2020; Zitzmann et al., 2022). 
However, their findings were inconsistent, most likely due to how the 
activity mode was classified, in addition to intensity, participant inclu-
sion criteria, and other variables. In summary, more frequent exercise is 
beneficial for improving BMD, but the potential benefits of increased 
exercise intensity for improving BMD remain unclear. Recently, the ef-
ficacy and safety of moderate- to high-intensity exercise therapy have 
been studied more than the traditional low-intensity exercise therapy 
that prioritizes safety (Kistler-Fischbacher et al., 2021a; Kistler-Fisch-
bacher et al., 2021b). A review of these studies showed that high- 
intensity exercise therapy was more effective for improving BMD of 
the lumbar spine (LS) than moderate- or low-intensity exercise therapy 
(mean difference 0.031 g/cm2, 0.012 g/cm2, and 0.010 g/cm2, respec-
tively) (Kistler-Fischbacher et al., 2021b). Conversely, there was no ef-
fect of high-intensity exercise therapy on the femoral neck (FN) (Kistler- 
Fischbacher et al., 2021b). 

In the past, high-intensity resistance and impact training (HiRIT) was 
avoided and rarely reported owing to concerns that certain adverse 
events, such as exercise-related musculoskeletal symptoms, would occur 
(Uusi-Rasi et al., 2003). However, one study investigated the efficacy 
and safety of moderate-intensity exercise therapy over the past two 
decades (Kistler-Fischbacher et al., 2021b), and recently, an increasing 
number of randomized controlled trials (RCTs) have focused on the ef-
ficacy of HiRIT (Hettchen et al., 2021; Harding et al., 2020; Kistler- 
Fischbacher et al., 2021c). Although the effect of HiRIT on BMD has 
been extensively reviewed systematically, several concerns remain 
regarding the lack of reproducibility of screening (Kistler-Fischbacher 
et al., 2021a; Kistler-Fischbacher et al., 2021b) and the ambiguity of 
criteria for exercise prescription in the control group (Kitsuda et al., 
2021). When conducting a systematic review, it is generally highly 
recommended to present a complete search strategy and to predefine the 
details of the control group (Page et al., 2021; McKenzie et al., 2022). 
Moreover, because these meta-analyses did not include results from 
relatively new RCTs (Kistler-Fischbacher et al., 2021c; Hettchen et al., 
2021), a new meta-analysis that considers all such concerns may provide 
different results. 

This systematic review aimed to examine the effects of moderate- 
intensity resistance and impact training (MiRIT) and HiRIT on aBMD, 
particularly in postmenopausal women with low aBMD who are likely to 
experience a decline in activities of daily living and quality of life with 
the progression of osteoporosis. 

2. Materials and methods 

2.1. Inclusion/exclusion criteria and definitions 

This systematic review considered RCTs (published in English) that 
compared postmenopausal women treated with some form of HiRIT to 
those treated with MiRIT. The inclusion criteria were as follows: inter-
vention studies focusing on postmenopausal women; study participants 
with an osteoporotic condition or osteoporosis (an aBMD T-score of <1 
standard deviation or <80 % of the young adult mean); groups of study 
participants either treated or not treated with drug therapy for osteo-
porosis; MiRIT or HiRIT prescription in any study intervention group; 
and study outcomes that included aBMD of the LS and FN. Dual-energy 
X-ray absorptiometry was used as the assessment method for aBMD for 
all groups. Both vertebral and femoral aBMD are considered useful 
predictors of fracture and represent clinically relevant outcomes 
(Marshall et al., 1996). The exclusion criteria were as follows: any dis-
eases affecting bone metabolism (HIV infection, cancer, Gaucher dis-
ease, etc.); uncontrolled cardiovascular disease; cognitive disorder 
based on a Mini-Mental State Examination score of <24; treatment 
within 3 months after lower extremity surgery or injury; and treatment 
immediately after lower back injury or onset of localized pain. 

The intensities of resistance and impact training were defined as 

follows: HiRIT was a training load of 80 % of 1 repetition maximum 
(RM) for ≤6 repetitions; ground reaction force ≥4 times body weight; 
body weight jumps with stiff-legged landing; and aerobics performed 
with a load > 4 times body weight. MiRIT was considered the control 
intervention in this systematic review and defined as follows: a training 
load of 60 %–80 % of 1 RM 8–15 times; ground reaction force > 2 times 
to <4 times body weight; heel drop exercise (dorsiflexion ≥ 0◦, heel lift); 
and aerobics performed with a load < 4 times body weight (Kistler- 
Fischbacher et al., 2021a). If multiple exercise interventions were 
combined in each group, the exercise with the highest intensity was 
considered for inclusion in this review. Data on the change in aBMD of 
the LS or FN before and after the exercise intervention period were 
collected. Adverse event data were also collected. 

2.2. Database search methods 

To identify exercise trials, the following databases were searched on 
April 23, 2021, and updated on August 25, 2022: Cochrane Central 
Register of Controlled Trials (CENTRAL, via The Cochrane Library); 
PubMed; Cumulative Index to Nursing and Allied Health Literature 
(CINAHL); Web of Science; EMBASE (via ProQuest Dialog); and MED-
LINE (via ProQuest Dialog). Search keywords were “menopause”; “fe-
male”; “exercise”; “sports”; “randomized controlled trial”; and “physical 
fitness.” Appendices 1–6 show the search strategies. This study was 
registered in the https://www.protocols.io/ domain at https://www.pro 
tocols.io/view/the-effectiveness-of-high-intensity-exercise-the 
ra-6qpvrd7rpgmk/v1. In addition, we searched the citation lists of 
included studies and trial registries and then contacted the authors of the 
included studies who did not provide sufficient data for our review to 
obtain additional studies and data if needed. 

2.3. Data collection 

For the study selection, at least two authors (KH and TD) indepen-
dently reviewed the eligibility criteria for abstracts for inclusion by 
following an a priori registered protocol. 

The titles and abstracts of all potentially relevant studies generated 
by the search were screened based on the types of study, participants, 
interventions, and outcome measurements. The full-text articles selected 
by title and abstract screening were assessed for eligibility. Any dis-
agreements were resolved through consensus by the two authors (KH 
and TD) or by the third author (TK). 

Two authors (KH and TD) independently extracted data using a 
customized data extraction form for data extraction and management. 
The form contained information on participant characteristics, 
including initial sample size, dropout rate, mean participant age, mean 
body mass index, BMD outcomes, medication-related information, and 
adverse events. Another form contained information about exercise 
characteristics, including the number of recruited/analyzed partici-
pants, duration (supervision) of exercise, types of exercise, frequency of 
exercise, intensity of exercise, other details of exercise in the interven-
tion group, and detailed exercise information in the control group. The 
two authors (KH and TD) also extracted the details required to assess the 
risk of bias. Again, any disagreements were discussed by the two authors 
to reach a consensus, with the arbiter (TK), if required. The authors of 
studies in which data were inadequately reported were contacted for 
further clarification. 

2.4. Assessment of risk of bias and quality of evidence 

To assess the risk of bias in the included studies, two reviewers (KH 
and TK) independently evaluated the risk of bias using Revised Cochrane 
risk of bias tool for randomized trials (Sterne et al., 2019). Each study 
was reviewed according to the following domains: (1) bias resulting 
from the randomization process; (2) bias caused by deviations from 
intended interventions; (3) bias caused by missing outcome data; (4) 
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bias in outcome measurement; and (5) bias in selecting the reported 
result. Each study was evaluated as low risk of bias, some concerns of 
bias, or a high risk of bias. Two authors (KH and TK) discussed any 
disagreements with a third author (SY) as arbiter, if necessary. 

A table summarizing the findings for aBMD was generated (Table 1). 
Grading was used to evaluate the quality of evidence using the Grading 
of Recommendations Assessment, Development, and Evaluation 
approach for the summary of findings (Table 1) (G. Guyatt et al., 2011). 
The quality of evidence was determined by one author (TK) and then 
confirmed and finalized by another author (SY). 

2.5. Data analysis 

For measures of the treatment effect, we pooled the mean differences 
and 95 % confidence intervals (CIs) for the continuous variables 
(reporting mean and standard deviation or standard error of the mean) 
for each trial. We also summarized the adverse event data. 

Meta-analyses were conducted on those outcomes for which the 
amount of change in the outcome before and after the intervention could 
be extracted. For cases in which the units of outcome were different, we 
attempted to integrate the data by calculating the standardized mean 
difference (SMD). For cases in which substantial heterogeneity was 

present (I2 > 50 %), we assessed the reason for such heterogeneity. The 
Cochrane chi-squared test (Q test) was used for the I2 statistic, and a p 
value of <0.10 was considered statistically significant (Higgins et al., 
2022). 

To assess reporting biases, we intended to assess the possibility of 
publication bias using funnel plots if there were >10 studies (Sterne 
et al., 2011). Meta-analysis was performed using Review Manager 
software (RevMan 5.4, Cochrane). Because the size of intervention ef-
fects varied owing to differences in settings across studies, we decided to 
use a random-effects model. If the mean difference and 95 % CI were not 
reported, the study was excluded from the meta-analysis. 

To explain the influence that effect modifiers can have on results, we 
conducted subgroup analyses of the aBMD. On collecting sufficient data, 
we planned to divide the study participants into two groups based on an 
age of either <60 years or ≥60 years to examine the difference in effect 
by age. To confirm the robustness of the results, we conducted a meta- 
analysis of studies by omitting the high risk of bias and changing the 
model from a random-effects model to a fixed-effects model in sensi-
tivity analysis. 

3. Results 

3.1. Description of studies 

The initial search result identified 3774 studies, which were screened 
for eligibility after removing duplicates. A total of 115 full-text articles 
were screened for eligibility based on their title and abstract, of which 
109 were excluded and 6 were included (Hettchen et al., 2021; Kistler- 
Fischbacher et al., 2021c; Brentano et al., 2008; Murtezani et al., 2014; 
Watson et al., 2018; Sen et al., 2020). Fig. 1 illustrates an overview of the 
study selection process. 

Table 2 outlines the participant characteristics for each of the 
included studies. The initial sample size per group varied between 19 
(Brentano et al., 2008) and 115 (Kistler-Fischbacher et al., 2021c) par-
ticipants. The highest dropout rate was 24.1 % (Hettchen et al., 2021). 
The average age of participants was 60 years (mean age 53.1–65.0 
years). All six studies measured the aBMD of the LS. Some studies used 
pharmacotherapy. To ensure that no differences in the effects of exercise 
therapy between the HiRIT and MiRIT groups would arise during the 
randomization process, the authors of the six studies used stratified 
randomization. Almost all studies reported minimal adverse events, 
such as mild muscle strain or falls (Hettchen et al., 2021; Kistler-Fisch-
bacher et al., 2021c; Murtezani et al., 2014; Watson et al., 2018; Sen 
et al., 2020). A meta-analysis of adverse events could not be performed 
because the types of outcomes and measurement methods varied widely 
among the studies. Of the six studies, four reported adverse events, 
including falls, injury, fracture, and pain. The studies were conducted in 
Brazil (Brentano et al., 2008), Serbia (Murtezani et al., 2014), Australia 
(Kistler-Fischbacher et al., 2021c; Watson et al., 2018), Turkey (Sen 
et al., 2020), and Germany (Hettchen et al., 2021). 

3.2. Exercise interventions 

The exercise intervention lasted from 24 weeks (Brentano et al., 
2008; Sen et al., 2020) to 13 months (Hettchen et al., 2021). HiRIT 
consisted of resistance and muscle-strengthening exercises as well as 
jumping movements. The frequency of exercise in all included studies 
was twice or thrice weekly. Before a high-intensity exercise, warm-up 
exercise was generally performed to prevent injuries and other 
adverse events. In the intervention group, exercise therapy primarily 
consisted of high-intensity muscle-strengthening exercises and vertical 
jumping, whereas in the control group, exercise therapy included not 
only moderate-intensity muscle-strengthening exercises but also aquatic 
exercise (Murtezani et al., 2014) and exercise with vibrations (Sen et al., 
2020) (Table 3). 

Table 1 
Summary of findings for HiRIT versus MiRIT in postmenopausal women with 
osteoporosis.  

Study population: Postmenopausal women with osteoporosis or an osteoporotic 
condition 
Setting: Community dwelling 
Intervention: High-intensity resistance and impact training 
Control: Moderate-intensity resistance and impact training 

Outcomes Anticipated absolute 
effects* (95 % CI) 

No of 
participants 
(studies) 

Certainty 
of 
evidence 
(GRADE) 

Comments 

MiRIT HiRIT 

aBMD 
change: 
lumbar 
spine 
assessed 
with 
DEXA 
scan 

SMD 
ranged 
across 
the 
control 
group 
from 
− 1.2 to 
0 SD 

SMD 
2.37 SD 
higher 
(0.1 
higher 
to 4.65 
higher) 

240 (3 
RCTs) 

⨁◯◯◯ 
Very lowa, 

b,c 

HiRIT 
increases 
the bone 
mineral 
density of 
the lumbar 
spine 

aBMD 
change: 
femoral 
neck 
assessed 
with 
DEXA 
scan 

SMD 
ranged 
across 
the 
control 
group 
from − 2 
to 
− 0.006 
SD 

SMD 
1.38 SD 
higher 
(0.08 
lower 
to 2.85 
higher) 

242 (3 
RCTs) 

⨁◯◯◯ 
Very lowa, 

b,c 

HiRIT 
likely 
increases 
bone 
mineral 
density of 
the femoral 
neck 

aBMD: areal bone mineral density; DEXA: dual-energy X-ray absorptiometry; GRADE: 
Grading of Recommendations, Assessment, Development and Evaluations; HiRIT: 
high-intensity resistance and impact training; MiRIT: moderate-intensity resistance 
and impact training; RCTs: randomized controlled trials; SD: standard deviation; 
SMD: standardized mean difference 

Grades of evidence as defined by GRADE Working Group  

High certainty: We are very confident that the true effect lies close to that of the 
estimate of the effect. 
Moderate certainty: We are moderately confident in the effect estimate: the true effect 
is likely to be close to the estimate of the effect, but there is a possibility that it is 
substantially different. 
Low certainty: Our confidence in the effect estimate is limited: the true effect may be 
substantially different from the estimate of the effect. 
Very low certainty: We have very little confidence in the effect estimate: the true effect 
is likely to be substantially different from the estimate of the effect.  

* Each outcome was downgraded for (a) serious risk of bias, (b) serious 
inconsistency, and (c) serious imprecision. 
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3.3. Risk of bias 

Fig. 2 shows the risk of bias assessment for each study according to 
the domain. 

Of the six studies reviewed, two had a high risk of bias owing to the 
risk of deviations from the intended interventions. The remaining four 
studies were believed to have some concerns for the risk of bias because 
of inadequacies in the randomization process, deviations from the 
intended interventions, and selection of the reported results. 

3.4. Effects of HiRIT 

Of the six RCTs that met the inclusion criteria, aBMD of the LS and FN 
was reported in three RCTs with 118 participants (Hettchen et al., 2021; 
Kistler-Fischbacher et al., 2021c; Watson et al., 2018). Of these three 
studies, two reported aBMD as absolute densities (Hettchen et al., 2021; 
Kistler-Fischbacher et al., 2021c), whereas one reported aBMD as a 
percentage change from baseline aBMD (Watson et al., 2018). Because 
of these differences in the units of measurement, SMD was calculated 
during the meta-analysis. Compared with the control group, the HiRIT 
group showed significantly improved aBMD of the LS (SMD 2.37; 95 % 
CI, 0.10–4.65); however, heterogeneity was high (Fig. 3). 

Results of the intervention and control groups are shown as a pooled 
SMD with a 95 % CI. Conversely, aBMD of the FN did not differ signif-
icantly between the HiRIT and MiRIT groups (SMD 1.38; 95 % CI, 
− 0.08–2.85) (Fig. 4). 

Results of the intervention and control groups are shown as a pooled 
SMD with a 95 % CI. 

In a subgroup analysis of two studies in which the mean participant 
age was ≥60 years (Kistler-Fischbacher et al., 2021c; Watson et al., 
2018), the change in aBMD of the LS did not differ significantly between 
the HiRIT and MiRIT groups. Similarly, the change in aBMD of the FN 
showed no significant differences between the two groups. For partici-
pants with a mean age of <60 years, a subgroup meta-analysis could not 
be performed because only one study was found with this age group. A 
sensitivity analysis comparing aBMD changes in the two studies 
(Hettchen et al., 2021; Kistler-Fischbacher et al., 2021c), excluding 
those with a high risk of bias, showed that the effect of LS/FN on aBMD 
was not significantly different between the HiRIT and MiRIT groups. 
According to the results of a fixed-effects model analysis of differences in 
the effect sizes of the interventions in the three studies, HiRIT was found 
to be beneficial for the aBMD of both LS and FN. 

3.5. Grading of evidence 

Table 1 summarizes the certainty of evidence. Of the three studies 
included in the meta-analysis, one had a high risk of bias, whereas two 
had some concerns for risk of bias, which thus downgraded the certainty 
of evidence. As shown in Figs. 3 and 4, statistical heterogeneity was 
observed in the integrated results of the two meta-analyses, which were 
found to be inconsistent, and the certainty of evidence was downgraded 
based on this finding. Further downgrading because of imprecision was 

Fig. 1. Overview of the study selection process.  
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also considered based on the small total sample size. Finally, the cer-
tainty of evidence of the efficacy of HiRIT compared with that of MiRIT 
for aBMD was found to be very low. Because fewer than 10 studies were 
included in aBMD comparisons, a funnel plot was not graphed. 

4. Discussion 

4.1. Summary of main results 

Based on data from six RCTs involving 391 participants, we 
compared the efficacy of HiRIT with that of MiRIT for aBMD in post-
menopausal women with osteoporosis. We also examined the effect of 
age separately. Our results showed that HiRIT tended to be more 
effective than MiRIT; however, the certainty of evidence was low, pri-
marily because of a high degree of heterogeneity. Comparison of the 
effects of HiRIT and MiRIT on aBMD showed that HiRIT was signifi-
cantly more effective than MiRIT for LS (SMD 2.37; 95 % CI, 0.10–4.65), 
but their effects did not significantly differ for FN (SMD 1.38; 95 % CI, 
− 0.08–2.85). This inference was also weakened because these inte-
grated results were accompanied by heterogeneity, as evidenced by the 
large change in 95 % CI in the sensitivity analysis, the slightly different 
ages of the participants across the studies, and the differences in inter-
vention details. Subgroup analyses based on participant age allowed us 
to perform a meta-analysis with two studies that were restricted to older 
participants (Kistler-Fischbacher et al., 2021c; Watson et al., 2018). No 
significant differences were observed between groups based on the 

subgroup analyses, and a high degree of statistical heterogeneity 
remained. Because the two studies were also relatively similar in terms 
of baseline participant characteristics and the exercise prescription for 
the intervention group, the unexplained heterogeneity remained. 

4.2. Overall completeness and applicability of evidence 

One review recommended a regular weight-bearing exercise regimen 
(Sözen et al., 2017), and recent guidelines from the United Kingdom 
targeting individuals aged >50 years (Compston et al., 2017) recom-
mended weight-bearing exercise, regular weight-bearing exercise, 
muscle strengthening, and balance training exercise interventions, 
among other approaches. However, the specific load intensity was not 
clearly defined. To integrate data on efficacy, our review focused on 
HiRIT, which has been increasingly reported in recent years. The results 
of the primary meta-analysis suggest that HiRIT is more effective than 
MiRIT for improving the aBMD of LS. However, the interpretation of 
these results and application of HiRIT require caution because concerns 
remain regarding heterogeneity, insufficient robustness of the results, 
and low certainty of evidence. We did not find statistically significant 
differences for FN aBMD; therefore, it is unlikely that HiRIT is more 
effective than MiRIT for improving the aBMD of FN. In addition, the 
final sample sizes included for each outcome were also insufficient, 
resulting in low certainty of evidence (G.H. Guyatt et al., 2011). Further 
RCTs are warranted to address these issues. Finally, based on the results 
of this review, it is impossible to make specific recommendations 

Table 2 
Participant characteristics across the six randomized controlled trials.  

Authors 
(year) 

Initial 
sample 
size (n) 

Dropout 
(%) 

Mean age of 
participants 
(years) 

Mean body 
mass index of 
participants 

Bone mineral density 
outcomes 

Medication Adverse events 

Brentano 
et al. 
(2008)  

19  0 Not 
mentioned 

Not 
mentioned 

LS, trochanter of 
femur, 
intertrochanter, FN, 
and Ward's triangle 

14 participants were taking hormone 
therapy. (Each group assumed hormone 
therapy as a covariant.) 

Not mentioned 

Murtezani 
et al. 
(2014)  

64  4.7 HiRIT: 
59.778 ±
5.996 
MiRIT: 60.68 
± 7.62 

HiRIT: 41.41 
± 3.58 
MiRIT: 
41.104 ±
3.46 

LS Not mentioned HiRIT group: 1 participant 
withdrew spontaneously 
because of injury post- 
randomization 

Watson et al. 
(2018)  

101  14.85 HiRIT: 65 ± 5 
MiRIT: 65 ±
5 

HiRIT: 23.7 
± 3.2 
MiRIT: 24.5 
± 4.6 

LS and FN HiRIT and MiRIT groups: 10 participants 
in each group took any of the following 
medications—bisphosphonate, 
denosumab, and hormone therapy. 
(Stratified randomization was conducted 
based on osteoporosis medication.) 

HiRIT group: 1 participant 
experienced a mild low- 
back muscle strain 
HiRIT and MiRIT groups: 7 
participants (5 HiRIT; 2 
MiRIT) fell during the trial; 
none of these falls resulted 
in injury to the participant; 
all falls occurred outside of 
the exercise sessions. 

Sen et al. 
(2020)  

38  18.4 HiRIT: 53.1 
± 4.4 
MiRIT: 55.0 
± 4.6 

HiRIT: 26.5 
± 3.9 
MiRIT: 26.6 
± 2.7 

LS, FN, and total hip Not mentioned No severe adverse events, 
such as fall-related 
fractures or new onset local 
spine pain, were observed 
during the study period. 

Hettchen 
et al. 
(2021)  

54  24.1 HiRIT: 53.6 
± 2.0 
MiRIT: 54.5 
± 1.6 

HiRIT: 23.7 
± 3.4 
MiRIT: 24.9 
± 4.8 

LS and total hip No between-group differences in 
pharmacologic therapy that could have 
affected results were observed. 

There were no changes in 
disease affecting this study 
outcome or absences >2 
weeks from exercise. 

Kistler- 
Fischbacher 
et al., 
2021c  

115  9.6 HiRIT: 63.3 
± 6.4 
MiRIT: 63.6 
± 4.9 

HiRIT: 26.2 
± 4.6 
MiRIT: 25.5 
± 4.5 

LS; FN; trochanter of 
femur; total hip; ultra- 
distal; one-third, mid, 
and total radius; and 
whole body 

Participants taking bisphosphonates 
(alendronate, risedronate, and zoledronic 
acid) or denosumab for ≥12 months before 
enrollment were targeted for recruitment. 
(A block randomization procedure was 
used to assign groups based on whether 
bone medications were taken at baseline.) 

HiRIT group: 15 
participants (14 fell once, 1 
fell twice) 
MiRIT group: 12 
participants (10 fell once, 2 
fell twice) fell during the 
trial. 
HiRIT and MiRIT groups: 1 
participant in each group 
sustained fractures during 
the intervention. 

LS: lumbar spine; FN: femoral neck; HiRIT: high-intensity resistance and impact training; MiRIT: moderate-intensity resistance and impact training. 
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Table 3 
Characteristics of the exercises included in the six randomized controlled trials.  

Authors (year) Number of 
recruited/ 
analyzed 
participants 

(Supervision) 
duration 

Types of exercise Frequency 
of exercise 

Intensity of exercise Other exercise details for the 
intervention group 

Exercise details for the control 
group   

Brentano et al. 
(2008) 

HiRIT: 10/10 
MiRIT: 9/9 

24 weeks Muscle strength exercises: leg 
press, hip abduction, hip 
adduction, knee extension, chest 
fly, reverse fly, arm curl, triceps 
push-down, sit-ups, and back 
extension 

HiRIT: 3 
sessions/ 
week 
MiRIT: 3 
sessions/ 
week 

Each exercise was performed 2–4 
times with 6–20 repetitions and 45 %– 
80 % of 1 RM 

1 RM test performed every 8 weeks 
to verify muscular strength changes 

2–3 sets and 20–10 repetitions with 
45 %–60 % of 1 RM   

Murtezani 
et al. (2014) 

HiRIT: 33/31 
MiRIT: 31/30 

10 months Core exercise set: aerobic weight- 
bearing exercises and progressive, 
resistive exercises 

HiRIT: 3 
sessions/ 
week 
MiRIT: 3 
sessions/ 
week 

In the prone position, a backpack 
containing weights equivalent to 30 % 
of the maximum strength of the back 
extensors was used (2 sets of 6–8 
repetitions at 70 % or 80 % of 1 RM) 

Each session: 10-min warm-up, 35- 
min exercise training, and 10-min 
cool down 

10-min warm-up, 15-min weight- 
resistance training (aquatic 
exercise), and 10-min cool down   

Watson et al. 
(2018) 

HiRIT: 49/43 
MiRIT: 52/43 

8 months Exercises in the first intervention 
month: body weight and low 
intensity 
Exercises in the subsequent 
months: resistance exercises 
(deadlift, overhead press, and 
back squat) performed at high 
intensity 

HiRIT: 2 
sessions/ 
week 
MiRIT: 3 
sessions/ 
week 

5 sets of 5 repetitions, maintaining an 
intensity of 80 %–85 % of 1 RM 

30-min exercise with supervision 30-min, 2 sessions/week program of 
moderate-intensity workouts 
(10–15 repetitions at 60 % of 1 RM) 
performed at home for 8 months 
Exercise program improved balance 
and mobility but provided minimal 
bone stimulation   

Sen et al. 
(2020) 

HiRIT: 19/16 
MiRIT: 19/15 

24 weeks After the initial training program, 
vertical jumps with a jump rope on 
2 legs were performed 

HiRIT: 3 
sessions/ 
week 
MiRIT: 3 
sessions/ 
week 

From a minimum of 10 jumps/session 
to a maximum of 60 jumps/set over 
12 weeks, the total number of jumps 
was increased by 5 jumps/week 

Initial training program: warm-up 
(cycling and stepping), stretching, 
and exercises for hip, knee, and 
back extensor 

After the initial training program, 
participants received vibrations 
under supervision while squatting, 
deep squatting, wide-step squatting, 
lunging, and hands-front lunging   

Hettchen et al. 
(2021) 

HiRIT: 27/21 
MiRIT: 27/20 

13 months Weight-bearing exercise: aerobic 
dancing, jump training, and 
resistance training 

HiRIT: 3 
sessions/ 
week 
MiRIT: not 
mentioned 

In 1 session/week, high-intensity 
phases (80 %–85 % of HRmax) were 
interspersed with 60 s of lower 
intensity (65 %–70 %) exercise 
Second session employed a 
corresponding 30-s/30-s protocol 

First 4 weeks of exercise: briefing, 
familiarization, correct movements 
and lifting techniques, body 
sensation, and using rate-of- 
perceived-exertion approach 

Program of 2 rounds of 12 weeks of 
supervised group exercises, 
followed by 12–14 weeks of non- 
supervised, video-guided home 
exercises 
Supervised group exercise session 
began with walking or marching for 
15 min, followed by stretching and 
floor exercises for 20 min, and 10- 
min cool down   

Kistler- 
Fischbacher 
et al., 2021c 

HiRIT: 57/52 
MiRIT: 58/52 

8 months Modules of three free-weight- 
resistance training exercises 
(deadlift, back squat, and 
overhead press), one high-impact 
exercise (jump drop), and two 
balance exercises that were 
changed per session 

HiRIT: 2 
sessions/ 
week 
MiRIT: 2 
sessions/ 
week 

A total of 5 sets of 5 repetitions were 
performed after a familiarization 
period 
Resistance training load was increased 
continuously to achieve and maintain 
a training intensity of 80 %–85 % of 1 
RM or a rating of ≥16 (i.e., “very 
hard”) on a 6- to 20-point Borg scale of 
perceived exertion 

Jump drop loading began with 2 
weeks of heel drops and then 
progressed to a jump drop with 
stiff-legged landing and fully 
extended knees and hips. 
After 2 weeks, jump and drop 
landing heights were increased, 
and participants were instructed to 
use their arms to pull themselves up 
to a pull-up bar, to assist and 
control the jump 

Exercises and movement principles 
from Pilates and functional 
movement combined with balance 
and therapeutic exercises to 
improve whole-body strength, 
balance, mobility, and posture 
throughout the program   

RM: repetition maximum; HRmax: heart rate maximum; HiRIT: high-intensity resistance and impact training; MiRIT: moderate-intensity resistance and impact training. 
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regarding the optimal intensity of exercise therapy. 

4.3. Quality of the evidence 

There were some concerns about the overall quality of the included 
studies; therefore, the results of this review must be interpreted with 
caution. Particularly in the domain of deviations from the intended in-
terventions, two studies were found to have high risk of bias (Watson 
et al., 2018; Sen et al., 2020). In some cases, blinding the patients and 
care providers to the intervention type may be difficult in exercise 
therapy. However, this bias may not affect aBMD outcomes. Some 
concerns in the randomization process were found in three studies 
(Brentano et al., 2008; Murtezani et al., 2014; Sen et al., 2020). In 
general, randomization is a task that should be approached with caution. 
This should be addressed in future RCTs. Some concerns about the se-
lection of the reported results were also found in three studies (Kistler- 
Fischbacher et al., 2021c; Brentano et al., 2008; Murtezani et al., 2014). 
The spin problem—hiding potentially negative results or selectively 
“cherry-picking” specific results—has been recently reported (Boutron 
and Ravaud, 2018). In conducting new RCTs related to this review 
question, researchers should develop protocols in advance and avoid 
selective outcome reporting biases, such as “p value hacking” (Head 
et al., 2015). 

4.4. Agreements and disagreements with other studies or reviews 

Exercise therapy is beneficial for BMD in postmenopausal women 
with osteoporosis (Sözen et al., 2017; Howe et al., 2011; Anupama et al., 
2020; Compston et al., 2017). High-intensity exercise is more effective 
than low-intensity exercise, regardless of bone density status (Kistler- 
Fischbacher et al., 2021a). In addition, results from a meta-analysis 
demonstrated that the effect was large (Chittaranjan Andrade, 2015). 
A meta-analysis that examined the effect of high-intensity exercise 
therapy on BMD in LS and FN found that this type of exercise was 

effective for LS but not for FN, which supported our findings (Kistler- 
Fischbacher et al., 2021b). In women, BMD generally peaks around the 
age of 18 years, after which it gradually declines (Orito et al., 2009). The 
rate of BMD decrease is particularly significant after menopause. 
Moreover, a study found that bone loss nearly tripled during the first 10 
years after menopause (Warming et al., 2002). Future reviews with finer 
stratification of postmenopausal age may yield new findings. In this 
review, we included two RCTs that were not considered in previous 
meta-analyses (Hettchen et al., 2021; Kistler-Fischbacher et al., 2021c), 
and the results were similar to those of previous reviews, even if focused 
on women with reduced BMD. According to the findings of a meta- 
analysis that examined the effect of exercising more than once a week 
on individuals taking pharmacological agents to treat osteoporosis, 
exercising more than twice a week is more beneficial for improving 
aBMD than exercising once a week (Zitzmann et al., 2022). In the studies 
included in this review, exercise therapy was implemented twice or 
thrice weekly, and this level of frequency was considered desirable to 
prevent dropout/overwork resulting from excessive frequency of exer-
cise (Hettchen et al., 2021; Kistler-Fischbacher et al., 2021c; Brentano 
et al., 2008; Murtezani et al., 2014; Watson et al., 2018; Sen et al., 2020). 
Based on the findings of the present review, performing HiRIT more than 
twice weekly is relatively effective for improving the aBMD of the LS, 
considering that the possible adverse events are few. 

4.5. Limitations 

This systematic review has several limitations. First, although the 
frequency of interventions was generally similar across studies, the 
duration of interventions varied greatly, ranging 6–13 months. The lack 
of a clear prior restriction on the duration of interventions may have 
contributed to the heterogeneity of results. We used the BMD at the final 
follow-up of each trial for data integration because the follow-up period 
was not specified in our protocol. However, specific follow-up time 
points should have been specified in advance. Second, >50 % of the 

Fig. 2. Risk of bias assessment for each study according to the domain.  

Fig. 3. Forest plots of meta-analyses of the effects of an exercise intervention on the bone mineral density of the lumbar spine.  

Fig. 4. Forest plots of meta-analyses of the effects of an exercise intervention on the bone mineral density of the femoral neck.  
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studies included in this review were conducted in Europe. Further in-
ternational validation is required to make the findings more generaliz-
able to a wider range of countries and regions. Third, we collected data 
from articles published only in the English language because of the 
limited resources for this study; thus, other evidence may have been 
excluded. Moreover, because only a few studies were included, we did 
not use predefined statistical tests to determine whether publication bias 
existed. Given that we did not search unpublished studies or gray 
literature, publication bias is likely. A more comprehensive search 
strategy should be developed for future reviews. Nevertheless, another 
meta-analysis similarly demonstrated the efficacy of high-load resis-
tance training, mainly in BMD of the LS, similar to our results (Kitsuda 
et al., 2021). 

5. Conclusions 

In conclusion, our findings indicate that HiRIT is more effective for 
improving the aBMD of LS than MiRIT in postmenopausal women with 
osteoporosis. Future research should collect data from RCTs with a 
sufficiently large sample size to allow for an analysis of specific partic-
ipant types and a more standardized HiRIT intervention. 
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Antonio, C.A.T., Anwari, P., Ärnlöv, J., Artaman, A., Aryal, K.K., Asayesh, H., 
Asgedom, S.W., Assadi, R., Atey, T.M., Atnafu, N.T., Atre, S.R., Avila-Burgos, L., 
Avokpaho, E.F.G.A., Awasthi, A., Ayala Quintanilla, B.P., Ba Saleem, H.O., 
Bacha, U., Badawi, A., Balakrishnan, K., Banerjee, A., Bannick, M.S., Barac, A., 
Barber, R.M., Barker-Collo, S.L., Bärnighausen, T., Barquera, S., Barregard, L., 
Barrero, L.H., Basu, S., Battista, B., Battle, K.E., Baune, B.T., Bazargan-Hejazi, S., 
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