
Gasana et al. BMC Public Health         (2023) 23:1697  
https://doi.org/10.1186/s12889-023-16541-7

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Public Health

A systematic review and meta-analysis 
of the long-term effects of physical activity 
interventions on objectively measured 
outcomes
J. Gasana1, T. O’Keeffe2, T. M. Withers2* and C. J. Greaves2 

Abstract 

Background  Although physical activity interventions are frequently reported to be effective, long-term changes 
are needed to generate meaningful health benefits. There are criticisms that evaluations of physical activity interven-
tions mostly report short-term outcomes and that these are often self-reported rather than measured objectively. This 
study therefore aimed to assess the long-term (at least 24 month) effectiveness of behavioural interventions on objec-
tively measured physical activity.

Methods  We conducted a systematic review with a meta-analysis of effects on objectively measured physical activ-
ity. We searched: Cochrane CENTRAL, EMBASE, PsychInfo, CINAHL and Pubmed up to 10th January 2022. Studies were 
included if they were in English and included a physical intervention that assessed physical activity in the long-term 
(defined as at least 24 months).

Results  Eight studies with 8480 participants were identified with data suitable for meta-analysis. There was a sig-
nificant effect of interventions on daily steps 24 months post baseline (four studies, SMD: 0.15, 95% CI: 0.02 to 0.28) 
with similar results at 36 to 48 months of follow up (four studies, SMD: 0.17, 95% CI: 0.07 to 0.27). There was a signifi-
cant effect of interventions on moderate-to-vigorous physical activity 24 months post baseline (four studies, SMD: 
0.18 95% CI: 0.07 to 0.29) and at 36 to 48 months (three studies, SMD: 0.16 95% CI: 0.09 to 0.23). The mean effect size 
was small. However, the changes in moderate-to-vigorous physical activity and steps per day were clinically meaning-
ful in the best-performing studies.

Conclusion  This review suggests that behavioural interventions can be effective in promoting small, but clini-
cally meaningful increases in objectively measured physical activity for up to 48 months. There is therefore a need 
to develop interventions that can achieve greater increases in long-term physical activity with greater efficiency.

Keywords  Physical activity intervention, Objective outcome measure, Systematic review, Adults, Randomised control 
trials

Background
Regular physical activity is essential for health and helps 
to prevent and treat non-communicable diseases such as 
hypertension and type 2 diabetes, as well as improving 
mental health and quality of life in all age groups [1, 2]. 
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Moreover, being active reduces falls and increases quality 
of life in older people [3].

However, despite national and international guideline 
recommendations to engage in at least 150 min per week 
of moderate to vigorous level of physical activity [3–6], 
at least 28% of adults worldwide do not achieve this tar-
get, with women (32%) being less active than men (23%). 
Time spent doing moderate to vigorous physical activity 
also declines dramatically with increased age, with 65% of 
older adults being less active than recommended [7].

Crucially, in most cases, long-term changes in physi-
cal activity are needed to generate meaningful health 
benefits. Short-term changes may be beneficial in some 
contexts (e.g. pre-habilitation exercise prior to surgery 
[8], exercise to help alleviate a bout of depression [9], or 
to help manage nicotine cravings when stopping smoking 
[10]. However, many of the most important health ben-
efits of physical activity, including reduced incidence of 
cardiovascular disease, cancers, type 2 diabetes and other 
chronic illnesses only accrue from extended engagement 
in physical activity over a number of years.

The effectiveness of interventions to increase physical 
activity has been reported in numerous studies involv-
ing a range of delivery modes, including face to face 
counselling, group based intervention, internet-based 
programmes and delivered in both primary care and the 
community [11, 12]. However, the existing evidence is 
limited mainly to changes in physical activity in the short 
to medium term (up to 12 months) [12].

A number of systematic reviews examining physical 
activity change have included studies that used subjective 
measures such as questionnaires and self-report diaries 
to measure physical activity [11, 13]. Although these are 
commonly used methods for measuring physical activ-
ity, their reliability has been questioned, as individuals’ 
recall of volume or intensity of physical activity tends 
to be imprecise [14]. In comparison, objective measure-
ments, such as steps and minutes of moderate to vigor-
ous physical activity assessed using electronic activity 
monitors (accelerometers or pedometers), may provide 
more precise measures of physical activity levels [15, 16]. 
A recent systematic review of interventions to increase 
physical activity in adults who were overweight or obese 
concluded that there was insufficient evidence on physi-
cal activity measured objectively beyond two years and 
that more studies reporting standardised objective meas-
ures for physical activity effectiveness at long term fol-
low-up were needed [17]. A previous systematic review 
has reported on objectively measured physical activity 
include step counting measures only [18]. However, the 
data was analysed across all time points, so it is not pos-
sible to draw conclusions on long term effectiveness. 
In addition to this, the systematic review was unable to 

identify what components resulted in a successful inter-
vention. A different systematic review [19] reported the 
effectiveness of maintenance interventions on device-
measured physical activity reporting an overall stand-
ardised effect size of 0.14, equivalent to a 45 min per 
week increase in moderate to vigorous physical activity. 
However, the minimum follow-up was three months so 
it is not possible to draw conclusion on long term effec-
tiveness. We therefore aimed to systematically review 
evidence on the long-term effects of physical activity in 
community-dwelling adults using objective measures. 
We also aimed to identify intervention characteristics 
associated with longer-term effectiveness.

Methods
This systematic review and meta-analysis followed guid-
ance from the Cochrane Collaboration [20]. The study 
was registered in the PROSPERO database of systematic 
reviews (CRD42019124377). As there is no universally 
agreed definition of long-term changes in physical activ-
ity [21], we defined long term as at least 24 months.

Search strategy
The following electronic databases were searched for 
studies published up to 10th January 2022: the Cochrane 
Library CENTRAL (the Cochrane Central Register of 
Controlled Trials), Medline, Embase, CINAHL (Cumu-
lative Index to Nursing & Allied Health Literature) and 
PsycINFO. The reference lists of included studies were 
also scanned for potentially relevant publications. An 
example search strategy is shown in Additional file  1. 
Only studies written in English are included in this 
study as there was no funding available for translation. 
Duplicates were removed using the duplicate removal 
function in EndNote (Clarivate Analytics, Philadelphia, 
Pennsylvania).

Eligibility criteria
Articles were included in the systematic review if they 
met the following inclusion and exclusion criteria.

Inclusion

•	 The study was an individual or cluster randomised 
controlled trial.

•	 Participants were aged ≥ 18 years and above. This was 
a deviation from the registered protocol to ensure 
that interventions that are delivered through schools 
were excluded (as these interventions warrant a sepa-
rate review).

•	 The intervention arm promoted lifestyle-based physi-
cal activity, including the promotion of physical 
activity to treat or prevent chronic diseases.
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•	 The control group received no treatment, minimal 
intervention, or usual care.

•	 Physical activity was measured objectively at least 24 
months post baseline. Credible metabolic indicators 
of the amount of physical activity undertaken, such 
as V̇O2peak (a measure of cardiorespiratory fitness) 
were also included [22].

Exclusion criteria

•	 Studies of structured exercise programmes designed 
to assess the effects of supervised exercise on meta-
bolic outcomes (as opposed to promoting ongoing 
lifestyle physical activity or exercise).

•	 Participants living in a care home or supported 
accommodation.

•	 Physical activity was only measured subjectively 
(e.g. through self-report questionnaires, or exercise 
diaries).

Data collection and analysis
Selection of studies
Two independent reviewers (JG, TOK or TW) screened 
the titles and abstracts to exclude studies that did not 
meet the inclusion criteria. The full texts of selected arti-
cles were also examined independently by reviewers (JG, 
TOK or TW) and in case of disagreement a fourth author 
(CG) was consulted to ensure agreement.

Data extraction and management
Two reviewers (JG, TOK or TW) independently 
extracted data from each included study using a data 
extraction tool. Data collected included study design, the 
country where the intervention took place, participants’ 
baseline characteristics including mean age, gender, 
BMI, ethnicity, setting, type and duration of the inter-
vention, comparators and follow-up time points, along 
with any health conditions the participants had. The data 
extracted on physical activity outcomes were means and 
standard deviations of steps per day or per week and 
time spent in moderate-vigorous physical activity. Where 
studies reported a physical activity outcome at more than 
one time point, data were collected at all time points.

Assessment of risk of bias in included studies
Two reviewers (JG, TOK or TW) independently assessed 
risk of bias of the included studies using the revised 
Cochrane risk of bias tool for randomised trial RoB 2 
[23]. The following domains were assessed: bias that 
could arise from the randomisation process (domain 1), 
bias due to deviations from the intended interventions 

(domain 2), bias due to missing outcome data (domain 3), 
bias due to outcome measurement (domain 4) and bias 
due to selective reporting of results (domain 5). How-
ever, due to the nature of the interventions studied (and 
the impossibility of blinding participants to group alloca-
tion), questions regarding double-blinding (specifically, 
questions 2.a and 2.b of domain 2) were not incorporated 
in the quality assessment process.

Synthesis of results /statistical analyses
Meta-analyses were performed using Review Manager 
software version 5.3 (RevMan 5.3). Since different meas-
ures were used to assess physical activity and interven-
tions varied substantially, standardised mean difference 
(SMD) and random effects were used. Heterogeneity 
was assessed using the I2 statistic. Separate meta-analy-
ses were conducted for minutes of moderate to vigorous 
physical activity per week and steps per day. For each 
analysis, studies were grouped into two time-points: 24 
months from baseline and > 24 months (longer-term fol-
low-up ranged from 36 to 48 months). Where the study 
involved more than one intervention arm, we extracted 
data for each arm of the study and the intervention arms 
were compared to the same control group separately. The 
results of studies that did not provide data suitable for 
meta-analysis were described narratively.

Results
Study selection
Figure  1 provides an overview of the study selection 
process. A total of 8277 studies were identified by the 
searches after duplicate removal, 44 full-text articles were 
screened, 12 studies [24–35] met the inclusion criteria 
and eight provided data that were suitable for meta-anal-
ysis. The search returned one study [36] which presented 
follow-up data from two separate trials [25, 34] which 
were considered separately in the meta-analysis.

Study characteristics
The characteristics of the included studies are detailed in 
Table 1 and are described briefly below. The 12 included 
studies were published from 2010 to 2018. The majority 
of studies were conducted in the USA (N = 6), followed 
by the United Kingdom (N = 3), Australia (N = 1), Finland 
(N = 1) and Spain (N = 1). Physical activity was objec-
tively measured in all studies, using an accelerometer (9 
studies), a step-activity monitor (1 study), or cardiores-
piratory fitness testing (2 studies). Two studies had a 
mean participant age of 70 years or more, a further nine 
involved participants with a mean age from 50 to 69 years 
and one study involved younger adults with a mean age 
of 28 years. The interventions studied either promoted 
walking or general physical activity and were delivered at 
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participants’ homes or in community centres. The con-
trol groups received either minimal physical activity pro-
motion (e.g. an informational booklet), generic healthy 
living advice, or usual care.

Risk of Bias
 The Risk of Bias results are summarised in Table 2 for the 
eight studies included in the two meta-analyses. Across 
all domains there were potential concerns about risk of 
bias in six studies. In four studies [27, 31–33], the con-
cern arose from a lack of information provided on devia-
tions from /adherence to the intended intervention. Two 
studies [24, 29] also provided insufficient information 
on blinding of outcome assessors. Two studies [26, 34] 
were classified as having a low risk of bias in all domains 
assessed. The studies not included in the meta-analysis 
[25, 28, 30, 35] had moderate to high risk of bias.

Synthesis of results
Of the twelve studies that met our inclusion criteria, four 
were not included in the meta-analyses, as they did not 
use comparable objective measures of physical activity or 
were cluster randomised control trials. These four stud-
ies are summarised as follows: Two [28, 30] used cardi-
orespiratory fitness ( ̇VO2peak) as a surrogate measure for 
physical activity. One of these studies [30] randomised 
1335 participants into six groups with a continuous (four 
year) intervention promoting combinations of diet, aero-
bic or resistance exercise. This showed no difference in V̇
O2peak, calculated by maximal exercise testing, between 
the control and any of the four exercise intervention 
arms; aerobic exercise, resistance exercise, aerobic exer-
cise and diet, and resistance exercise and diet, after the 
first 2 years. A cluster randomised trial of exercise pre-
scription in 4317 participants who did not meet mini-
mal physical activity standards showed no significant 

Fig. 1  Prisma flow diagram of included studies
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difference in V̇O2max at 6, 12 and 24 months, when cal-
culated by the YMCA cycle ergometer submaximal exer-
cise test [37], between the control arm receiving normal 
care and the intervention arm [28]. A further three arm 
cluster randomised study [35] comparing increasing 
police foot patrols with marketing, without marketing 
and no intervention with the aim of increasing walking 
and physical activity in the African-America commu-
nity found no significant difference across communities 
at 24 months for moderate-to-vigorous physical activity 
assessed using accelerometers. The final study [25] was 
also a cluster randomised control trial with 20 clusters 

(433 participants) in the intervention arm and 23 con-
trol clusters (447 participants), with the intervention arm 
receiving a six-hour education programme with annual 
refresher. A significant effect on step count was observed 
at 6, 12 and 36 but not 24 months. The remaining 8 stud-
ies, including 8480 participants, provided data that were 
suitable for meta-analysis.

Physical activity outcomes
The Figures below (2, 3, 4 and 5)  show the pooled and 
individual study results for physical activity measured 
in steps per day and minutes of moderate to vigorous 

Table 2  The risk of bias assessment for included studies

Green=Low, Amber=unclear. Red=high

Fig. 2  Meta-analysis of daily steps; control compared to intervention at 24 months

Fig. 3  Meta-analysis of minutes per week of moderate to vigorous activity; control compared to intervention at 24 months follow up
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physical activity per week at 24 months and beyond 24 
months (range 36 to 48 months) of follow up.

Figure  2 shows the meta-analysis for four trials (six 
intervention arms) with 2410 participants, illustrating 
the effects of physical activity intervention on daily steps 
at 24 months post baseline. The pooled results indicate 
a significant difference between intervention and control 
arms (SMD = 0.15, 95%CI; 0.02 to 0.28; I2 = 45%). Figure 3 
shows the meta-analysis for four trials (five intervention 
arms) with 2,347 participants, illustrating the effects of 
physical activity intervention on moderate to vigorous 
physical activity (minutes per week) at 24 months post 
baseline (SMD = 0.18, 95%CI: 0.07 to 0.29; I2 = 41%).

Figure  4 shows the meta-analysis for two trials (four 
intervention arms) with 1671 participants, illustrating 
the effect of physical activity intervention on physical 
activity outcomes at 36 to 48 months (1672 participants, 
SMD = 0.17; 95%CI: 0.07 to 0.27; I2 = 0%). Figure 5 shows 
the meta-analysis for three trials (five intervention arms) 
with 3435 participants, illustrating the effect of physical 
activity interventions on moderate to vigorous physical 
activity at 36 to 48 months (SMD = 0.16; 95%CI: 0.09 to 
0.23; I2 = 0%). All meta-analyses showed that the inter-
vention group undertook significantly more physical 
activity than the control group.

There were two common research design components 
associated with statistical significance intervention suc-
cess: large sample size (effective interventions at 36–48 
months had 214 to 887 per group), and the use of accel-
erometery to measure physical activity. There were no 

intervention components that were clearly associated 
with success across the included studies.

Discussion
This systematic review shows that physical activity inter-
ventions can deliver a small but significant increase in 
physical activity at 24 months and for up to 48 months of 
follow up. This should be interpreted with caution due to 
the relatively low effect sizes in all of the meta-analyses.

The low effect size may simply reflect the fact the stand-
ard deviations are generally high for measures of physi-
cal activity and it is more relevant to assess whether the 
effects observed are clinically meaningful. Assuming a 
standard deviation at 24 months of 118–140 min [34], the 
pooled mean SMD of 0.18 in our meta-analysis equates 
to a difference of 21–25 min per week of moderate to vig-
orous physical activity at 24 months, with the most effec-
tive intervention in our review delivering 35–42 min per 
week [29]. Researchers identify 30–60 min of moderate 
to vigorous physical activity as being a clinically mean-
ingful change [5]. In terms of walking outcomes, assum-
ing a standard deviation of 2123–8215 steps per day 
[34], the pooled mean SMD of 0.15 in our meta-analysis 
equates to 318–1232 steps per day, with the most effec-
tive intervention delivering 998–3861 steps per day. Pre-
vious research has identified 1000 steps per day as being 
clinically meaningful [5, 38]. However, it is important to 
note that evidence and clinical guidance now recognise 
that any increase in physical activity in previously inac-
tive adults is important for health [5, 39, 40].

Fig. 4  Meta-analysis of daily steps; control compared to intervention at 36–48 months

Fig. 5  Meta-analysis of minutes per week of moderate to vigorous activity; control compared to intervention at 36–48 months
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It is unclear what intervention components or behav-
iour change techniques were associated with significant 
long-term changes in physical activity. Previous research 
has shown that the behaviour change techniques “prompt 
self-monitoring of behavioural outcomes” and “use of 
follow up prompts” significantly predict the success rate 
of physical activity interventions at up to 15 months of 
follow-up in young and middle-aged adults [41]. It is 
unclear if this is replicable in studies over 24 months and 
with adults of all ages. However, the two studies [29, 31] 
that showed a significant difference at 36–48 months 
both used the aforementioned behaviour change tech-
niques, suggesting that they may be associated with 
longer-term effectiveness.

The findings of this systematic review support the finding 
of similar reviews. Madigan et al.’s review of the effective-
ness of interventions on device-measured physical activity 
[19] reported a significant difference in steps per day at fol-
low up between the control and intervention group (MD: 
94.46, 95% CI: 65.12, 123.79). However, they did not set a 
minimum follow up time with two studies only following 
up participants for three months. Therefore they concluded 
that physical activity is maintained for at least 3 months 
in successful programmes. Our findings are partially sup-
ported by the findings of Chaudhry et al. [18] who found 
that step counter (step monitoring) interventions signifi-
cantly improved steps at 3–4 years (MD: 494 95% CI: 251, 
738) but not at 2 years (MD: 66 95% CI: -92, 224).

Strengths and limitations
This is the first systematic review of physical activity 
interventions to exclusively focus on objective measures 
of physical activity. Hence it is likely that the results are 
more representative of actual physical activity which 
has been undertaken than reviews which also include 
self-reported physical activity [15, 16]. The methodo-
logical quality of the included papers was moderate to 
high. However, there are several limitations that need to 
be acknowledged. The low number of included studies, 
along with heterogeneous interventions and populations 
and a lack of information on interventions in many cases 
[42] makes it difficult to identify intervention characteris-
tics that were associated with effectiveness.

In addition, one study [37] required participants to 
complete a two week period of self-monitoring of physi-
cal activity and diet before randomisation which resulted 
in 116 potential participants dropping out of the study. It 
is unclear what affect this had on the study results how-
ever this may have artificially inflated intervention adher-
ence and the intervention effect for this study. Despite 
this, any such effect is likely to be minimal as the study 
recruited 2400 participants in total.

Due to the cost of objective physical activity meas-
urement, there may also be selection bias, as studies 
that are already established are more likely to receive 
funding for longer-term follow-up. Accelerometers and 
pedometers also do not accurately measure some activ-
ities e.g. cycling and swimming.

Future research
Further high-quality research using objective measures 
is needed to identify the long-term effects of a wider 
range of interventions for promoting physical activity 
and to identify intervention content and delivery strate-
gies that are associated with effectiveness.

In particular more research is needed to develop 
interventions with larger effect sizes, to identify effec-
tive lower intensity /lower cost approaches and to 
explore the cost-effectiveness of different approaches. 
The single existing example of an effective lower inten-
sity intervention [29] needs to be replicated, perhaps in 
the context of an implementation trial [43]. The long-
term effectiveness and cost-effectiveness of digital 
interventions to promote physical activity also needs to 
be assessed, as no studies of digital interventions with 
objective outcomes at 24 months or more were identi-
fied by our searches.

Conclusion
This review shows that behavioural interventions can 
be effective for promoting objectively measured physi-
cal activity in the long-term. Although, the standard-
ised mean differences observed were small, the changes 
in moderate-to-vigorous physical activity and steps 
were clinically meaningful in the better-performing 
interventions.
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