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ABSTRACT
Background: Regular activity breaks improve postprandial glycemia, but the effects across different population groups and 
modes of breaks remain unclear. This systematic review and meta-analysis examined the impact of activity breaks on postpran-
dial glucose and insulin response in adult populations.
Methods: Studies were identified from five databases until October 9, 2024. Eligible studies were acute (< 24-h duration) 
laboratory-based randomized crossover trials comparing postprandial glucose and/or insulin response between prolonged sit-
ting and activity breaks (< 10 min, ≥ 3 breaks over 3 h). Risk of bias was assessed using the Downs and Black quality assessment 
tool. Random-effects meta-analysis was conducted including subgroup analyses by activity mode, frequency, and participant 
health/weight status.
Results: Overall 53 studies met the eligibility criteria; 39 were included in the meta-analysis. Compared with prolonged sitting, 
activity breaks lowered postprandial glucose incremental area under the curve (iAUC) (SMD −0.30, 95% CI −0.43 to −0.13) and 
insulin iAUC (SMD −0.30, 95% CI −0.46 to −0.14). Walking breaks had the greatest effect on glucose iAUC (SMD −0.33, 95% CI 
−0.48 to −0.17) and insulin iAUC (SMD −0.44, 95% CI −0.62 to −0.27), compared with other modes. Interrupting sitting every 
15–20 min produced the largest reductions in glucose (SMD −0.51, 95% CI −0.83 to −0.19) and insulin iAUC (SMD −0.41, 95% 
CI −0.77 to −0.06). The largest reduction in glucose iAUC was observed in those living with obesity (SMD −0.52, 95% CI −1.07 
to 0.03).
Conclusion: Frequent short walking breaks, performed every 20 min, provide the most improvement in postprandial glucose 
and insulin response in adults.

1   |   Introduction

1.1   |   Rationale

It is well established that sitting, particularly when accumu-
lated in longer, uninterrupted bouts, is associated with poorer 
cardiometabolic risk profiles [1, 2] and increased risk of disease 

incidence [3, 4] and mortality [5, 6]. A proposed mechanism to ex-
plain these associations is that frequently interrupting prolonged 
periods of sitting improves postprandial metabolism [7] due to 
activity-induced attenuations in postprandial hyperglycemia [8] 
and stimulation of glucose uptake via both insulin-dependent 
and insulin-independent pathways [9]. Postprandial hypergly-
caemia itself is an independent risk factor for cardiometabolic 

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2026 The Author(s). Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation.

https://doi.org/10.1111/obr.70152
https://doi.org/10.1111/obr.70152
mailto:
mailto:jen.gale@aut.ac.nz
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fobr.70152&domain=pdf&date_stamp=2026-05-03


2 of 14 Obesity Reviews, 2026

disease [10–12] and is sensitive to acute changes in response 
to meals and physical activity  [13, 14]. Indeed, over the past 
13 years, there has been exponential growth in the experimen-
tal evidence assessing the impact of interrupting prolonged sit-
ting, with regular activity breaks, on postprandial metabolism. 
However, the lack of a consensus for the optimal frequency, du-
ration, and mode of interruptions to sedentary time has been ac-
knowledged by the World Health Organization [15], indicating a 
need for a comprehensive review of the evidence.

In this context, a ‘regular activity break’ refers to frequent inter-
ruptions to prolonged sitting (approximately every 20–60 min) 
with short bouts (< 10 min) of standing or physical activity. Several 
previous systematic reviews have pooled the evidence from such 
experimental studies with early reviews providing seminal evi-
dence for the benefits of interrupted prolonged sitting time with 
activity [16, 17]. However, these reviews were limited due to the 
small number of experimental studies published prior to 2015. 
More recent reviews have extended our understanding of the col-
lective impact of regularly interrupting sitting time but have been 
limited by inclusion criteria. For example, studies have included 
breaks longer than 10 min in duration [18], did not include stand-
ing breaks [19], only included standing or light intensity walking 
activity breaks [20] or only included studies in healthy [18] or over-
weight/obese participants [21]. A comprehensive review is, there-
fore, needed to provide the overall picture of the effects of activity 
breaks that may vary by mode and frequency across a variety of 
population groups. This understanding is vital to help inform 
the development of longer intervention studies and public health 
guidelines about the optimal frequency, duration, and mode of in-
terruptions to prolonged sitting time.

1.2   |   Objective

Our aim was to conduct a systematic review and meta-analysis of 
the results of experimentally controlled studies to determine the 
overall effect of performing regular activity breaks, when com-
pared with prolonged sitting on postprandial glucose and insulin 
response. An additional aim was to investigate whether the effects 
of regular activity breaks vary based on the mode or intensity of 
the activity or whether the effect differs across participants of dif-
fering weight or health status using subgroup analysis.

2   |   Methods

We followed the approach outlined in the Cochrane Handbook 
for Systematic Reviews of Interventions in conducting this sys-
tematic review and meta-analysis [22] and were guided by the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement in preparing this manuscript 
[23, 24]. This review was not registered with a database such as 
PROSPERO and no protocol was prepared.

2.1   |   Data Sources and Search Strategy

A systematic literature search was conducted using Medline 
OVID, Scopus, Web of Science, Embase OVID, and PubMed, 
prior to December 20, 2022, and updated on October 9, 2024. The 

search strategy was developed to include peer-reviewed articles 
containing research relevant to “sedentary behavior,” “physical 
activity,” “activity break,” and “postprandial metabolism.” The 
full search strategy is outlined in Table S1. Searches were also 
restricted to only include articles published in the English lan-
guage and in adults at least 18 years of age.

2.2   |   Eligibility Criteria

Eligible studies were randomized crossover trials.

2.2.1   |   Population

Study populations include adults at least 18 years of age who 
were healthy, living with overweight or obesity, or those with 
pre-existing conditions such as T2DM.

2.2.2   |   Intervention

Eligible studies included interventions commencing at any time 
of the day, that were of at least 3 h but less than 24 h in duration, 
and were conducted in a laboratory (i.e., not free-living studies). 
Interventions had to involve the utilization of regular interrup-
tions (at least one per hour, on average) of sitting with activity 
breaks lasting no longer than 10 min in duration. The activity 
breaks could be performed using any mode or intensity of ac-
tivity (including standing). The 10-min threshold for an activity 
break was used to align with the general consensus of what an 
“activity break” is within the literature, as bouts of 10 min or 
longer are considered continuous exercise [25].

2.2.3   |   Comparison

A prolonged sitting control of the same duration as the regular 
activity breaks intervention.

2.2.4   |   Outcome

Serial measures of postprandial glucose and/or insulin con-
centrations taken at baseline and over at least 3 h, measured in 
plasma, serum, interstitial fluid, or whole blood, and used to cal-
culate average, AUC, or iAUC as summary measures.

2.2.5   |   Exclusions

Studies were excluded if (1) they did not involve the crossover of 
all participants across all intervention and control conditions; 
(2) they were conducted in a free-living setting; (3) the interven-
tion was 24 h or longer; (4) each activity break was longer than 
10 min in duration; (5) there was no prolonged sitting control; 
and (6) no serial measures of postprandial glucose or insulin re-
sponse were reported.

Using Rayyan software (Rayyan.ai, Massachusetts, USA), at 
least two reviewers (Gale, J.T., Martin, H., and Peddie, M.C.) 

 1467789x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/obr.70152 by A

uckland U
niversity O

f, W
iley O

nline L
ibrary on [26/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



3 of 14Obesity Reviews, 2026

independently screened each title and abstract, decided the eligi-
bility of full-text papers for inclusion and extracted data from all 
papers included in this review. Conflicts regarding study selection 
or data extraction between the two reviewers that screened or ex-
tracted data from each paper were resolved via consensus. The 
flow of information through the review is presented in Figure 1.

2.3   |   Data Extraction

We extracted data on author, year of publication, characteris-
tics of participants, mode, duration, frequency, and intensity of 
activity breaks, duration of prolonged sitting, duration of the 
measurement period, and sample collection. We also extracted 

FIGURE 1    |    PRISMA flow diagram.
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whether insulin or glucose was measured in whole blood, 
serum, plasma, or interstitial fluid. Postprandial responses 
were reported in a variety of ways in the different studies so all 
available data on outcomes were extracted. Effect sizes (i.e., 
mean differences between conditions) and 95% confidence in-
tervals (CI) were prioritized as the main outcome from each 
study as they should have been estimated using appropriate 
methods for the cross-over design. In addition, a standard de-
viation (SD) of the effect was required to standardize all re-
sults. However, if these statistics were not reported, they were 
calculated from available data (e.g., effect SD calculated from 
95% CI of the effect, or effect SE estimated from a reported p 
value and then used to calculate CI and effect SD). If results 
were only reported by condition, then the effect was estimated 
as the difference of the means of the two outcomes, and the 
effect SD was estimated as the mean of the SD from both con-
ditions. It was suspected that one study reported SE as SD, 
and this was amended [26]. Some studies reported 95% CI for 
each condition, and these statistics were used to calculate the 
SD for each condition and then treated as outlined previously. 
The main outcomes included in the meta-analyses were the 
mean difference and 95% CI between conditions. These were 
all standardized by the effect SD.

2.4   |   Risk of Bias Assessment

Study bias was assessed using a modified version of Downs 
and Black Checklist [20, 27] by at least two reviewers (Gale, 
J.T., Martin, H., and Peddie, M.C.) independently. Question 
27, which involves scoring studies based on whether they are 
sufficiently powered, was modified for the context of this re-
view. Based on the subject knowledge of the authors (which 
includes a biostatistician), we chose to assign the scoring as 
follows: n ≥ 30 = 5; n = 25 to 29 = 4; n = 20 to 24 = 3 n = 15 to 
19 = 2; n = 10 to 14 = 1; n ≤ 10 = 0. This assumed, considering 
the possible variation of postprandial responses in different 
populations, that it was unlikely that a sample size of 30 or 
greater would result in a study being underpowered, whereas 
a study with a sample size of 9 or less was a high risk of being 
underpowered. Thus, the maximum score of the modified ver-
sion of Downs and Black was 31, where a score of 27–31 was 
considered excellent, 22 to 26 good, 17 to 21 fair, and a score 
< 17 poor.

2.5   |   Statistical Analysis

All statistical analysis was undertaken in Stata 18.5 
(StataCorp). Restricted maximum likelihood random-effects 
meta-analyses were undertaken for each outcome using the 
standardized mean effects from each study and the “meta” 
suite of commands in Stata. Forest plots were generated for 
all glucose and insulin outcomes, including all eligible stud-
ies or arms of studies. Standardized mean differences and 95% 
CI between regular activity breaks and prolonged sitting were 
plotted for each study arm and heterogeneity statistics, I2, τ2, 
and H2 were calculated and reported on the forest plots. The 
overall effect and 95% CI were determined using a multilevel 
meta-analysis (“meta multilevel” command in Stata) with 
random intercepts for same-study clusters. Heterogeneity was 

further explored with a series of subgroup analyses. Subgroup 
analyses were only conducted for the two main outcomes of 
glucose and insulin iAUC. Subgroups were split by mode of 
activity (standing, walking, etc.), frequency of activity breaks 
(every 15–20 min, every 30 min, or every 45–60 min), health 
status (healthy, type 2 diabetes, impaired glucose tolerance/
increased cardiometabolic risk, or other), and body mass 
index (healthy weight, overweight, obese, or mixed). Forest 
plots were generated by each subgroup, including all eligi-
ble study arms. Overall effects and 95% CI and I2 were also 
estimated for each subgroup using a multilevel meta-analysis 
with random effects of same-study clusters and reported in 
a table.

2.6   |   Equity, Diversity, and Inclusion Statement

Our research and author team consist of female, junior, 
mid-career and senior researchers from different disciplines 
(Human Nutrition & Dietetics, Biostatistics Sleep and Exercise 
Sciences); however, all members are based at one University. 
Our inclusion criteria did not purposefully include or exclude 
marginalized communities or organizations; rather, we aimed 
to identify all of the studies available regardless of the popu-
lations studied.

3   |   Results

3.1   |   Study Selection

A total of 1606 records were identified through database 
searches. Fifty-five reports from 53 studies met the inclusion 
criteria (Figure 1). Four of the included reports were separate 
publications of the same study samples [28–31]. For the meta-
analysis, the venous blood glucose [29, 31] and continuous 
glucose monitoring results [28, 30] from these studies were 
reported separately. Twenty studies included more than one 
activity breaks condition compared with the prolonged sitting 
control condition. Three of these compared activity breaks of 
different durations [26, 32, 33], six compared different dura-
tions and frequencies [28, 29, 32, 34–36], two compared differ-
ent intensities [37, 38], one compared different intensities and 
frequencies [39], and eight compared different modes of activ-
ity breaks [30, 31, 40–45]. Two studies included comparisons 
of different diet compositions within the same study [46, 47], 
a further two studies compared different BMI groups [48, 49], 
and one study included two separate samples of differing na-
tionality [45]. For the meta-analysis, each of these compari-
sons were plotted separately in the forest plots but not treated 
as individual comparisons in the estimation of overall effect. 
A total of 39 studies had sufficient data to be included in the 
meta-analysis.

3.2   |   Study Characteristics

Descriptions of the 53 included studies are summarized in 
Table S2. The included studies were conducted across five conti-
nents with most studies being conducted in Europe (n = 24), fol-
lowed by Oceania (n = 11 [Australia and New Zealand]), North 
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America (n = 8), Asia (n = 8), and South America (n = 2). Most 
studies included a combination of male and female participants 
(n = 39), seven studies included only female participants, while 
seven studies included only male participants. Most studies re-
cruited samples of generally healthy adults (n = 44), whereas 
smaller numbers of studies recited participants with impaired 
glucose tolerance (n = 3), type 2 diabetes (n = 2), type 1 diabetes 
(n = 1), rheumatoid arthritis (n = 1), previous stroke (n = 1), and 
mid- to low-level paraplegia (n = 1). Samples sizes ranged from 8 
to 70 participants; however, the median sample size was 14 par-
ticipants. The minimum mean age was 19.2 years (SD 0.2), and 
the maximum mean age was 76.2 years (SD 5.6). Application 
of the Downs and Black checklist resulted in all but one study 
(which was categorized as excellent), being categorized as good 
(n = 33) or fair (n = 22). The mean score was 22 out of 31, with a 
range of 18 to 27.

3.2.1   |   Study Protocols

By design, all included studies were randomized crossover tri-
als, which included a prolonged sitting control arm and at least 
one activity breaks arm. The activity breaks protocols differed 
in terms of (1) frequency, ranging from every 15 to 60 min (me-
dian 30 min); (2) duration, ranging from 0.5 to 10 min (median 
2.5 min); (3) mode of activity break: standing (n = 6), walking 
(n = 35), cycling (n = 4), resistance exercises (n = 13), stair climb-
ing (n = 2), and arm ergometry (n = 2); and (4) the duration of 
the intervention, ranging from 3 to 12 h (median 6.5 h). Some 
studies prescribed activity breaks so that all participants did the 
same amount of work, whereas others prescribed or described 
intensity using a variety of methods including Borg Ratings 
of Perceived Exertion scale (RPE), heart rate, and percent of 
VO2max. Of the 53 studies included, 32 collected venous blood 
samples, 9 collected capillary blood samples, and 10 measured 
postprandial response in interstitial fluid using a continuous 
glucose monitor. The remaining two studies used a combination 
of venous and interstitial samples.

3.3   |   Activity Breaks Versus Sitting

Overall, when compared with sitting, interrupting sitting with 
activity breaks resulted in a small, but statistically significant 
reduction in glucose iAUC (SMD −0.30, 95% CI −0.43 to −0.16) 
and insulin iAUC (SMD −0.30 95% CI −0.46 to −0.14) (Figures 2 
and 3). Effects were similar when glucose AUC or mean glucose 
was used as the outcome (SMD −0.32, 95% CI −0.50 to −0.15 
and SMD −0.29, 95% CI −0.54 to −0.04, respectively [Figures S1 
and 3]), but smaller when insulin AUC or mean insulin was the 
outcome (SMD −0.21, 95% CI −0.39 to −0.03 and SMD −0.13, 
95% CI −0.31 to 0.05, respectively [Figures S2 and S4]). There 
was evidence of high heterogeneity (I2 > 75%) across all these es-
timates (except for mean insulin).

3.4   |   Subgroup Analysis

A summary of the standardized mean differences for all sub-
group analyses, accounting for study clusters, is described in 
Table 1.

3.4.1   |   Mode of Activity Breaks

Compared with prolonged sitting, the effect of regular activ-
ity breaks on glucose iAUC appeared to differ by mode, with 
standing resulting in smaller reductions than walking (stand-
ing SMD −0.08, 95% CI −0.48 to 0.32, I2 5.5; walking SMD 
−0.33, 95% CI −0.48 to −0.17, I2 61.7), resistance (SMD −0.28, 
95% CI −0.65 to 0.09, I2 81.8), and other activities (SMD −0.36, 
95% CI −0.83 to 0.11, I2 63.1 [Figure  S5]). Similarly, for in-
sulin, the largest effect was seen with walking breaks (SMD 
−0.44, 95% CI −0.62 to −0.27, I2 43.6), while standing, resis-
tance, and other activities resulted in reductions of a similar 
magnitude (Figure S6).

3.4.2   |   Frequency of Activity Breaks

For both glucose and insulin iAUC, more frequent breaks ap-
peared to result in larger reductions in postprandial response 
(Figures  S7 and S8). Interrupting sitting every 15–20 min 
resulted in a moderate improvement in glucose iAUC (SMD 
−0.51, 95% CI −0.83 to −0.19, I2 75.0) and a small mean im-
provement in insulin iAUC (SMD −0.41, 95% CI −0.77 to 
−0.06, I2 56.9), compared with sitting. Smaller improvements 
were observed for glucose iAUC (SMD −0.30, 95% CI −0.47 to 
−0.14, I2 80.0) and insulin iAUC (SMD −0.28, 95% CI −0.49 
to −0.07, I2 91.4) for studies on interrupting prolonged sitting 
every 30 min, and improvements were smaller again (and not 
statistically significant) when breaks were performed every 
45–60 min.

3.4.3   |   Health Status

The largest activity-breaks–induced reductions in both glucose 
and insulin responses were observed in participants with type 2 
diabetes, where moderate reductions were observed for both glu-
cose (SMD −0.45, 95% CI −1.46 to 0.56, I2 89.9) and insulin (SMD 
−0.66, 95% CI −1.63 to 0.31, I2 75.5); although in both cases there 
was a large amount of variation associated with these estimates, 
which were not statistically significant (Figures S9 and S10). A 
small, but more consistent reduction was observed in healthy 
participants, with smaller, non-significant reductions observed 
in both those with impaired glucose tolerance and other health 
conditions. Heterogeneity remained high among the healthy 
subgroup (I2 > 78% for both glucose and insulin iAUC).

3.4.4   |   Body Mass Index

Activity-breaks–induced reductions in glucose appear to in-
crease in magnitude across the weight categories, with a moder-
ate reduction observed in those with obesity (SMD −0.52, 95% CI 
−1.07 to 0.03, I2 41.0), with the effect of decreasing in magnitude 
as you move down the weight categories (Figure S11). However, 
the observed reductions were only statistically significant in the 
overweight and mixed groups. There was less variation in insu-
lin response with small reductions observed across all weight 
classes, with only the estimate in the mixed category reaching 
statistical significance (SMD −0.32, 95% CI −0.46 to −0.18, I2 
31.2 [Figure S12]).
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FIGURE 2    |     Legend on next page.
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4   |   Discussion

This systematic review and meta-analysis provides important 
insights into the effects of performing regular activity breaks 
on postprandial metabolism. The results reinforce the positive 
impact that interrupting sedentary time with regular, short 
bouts of activity can have on postprandial glucose and insulin 
response. Overall, regular activity breaks produce small to mod-
erate reductions in postprandial glucose and insulin response. 
However, there is high heterogeneity associated with these es-
timates, most of which remains unexplained by the individual 
subgroup analysis that was performed.

This is the largest systematic review and meta-analysis per-
formed to date to assess the effects of different frequencies 
of activities breaks on postprandial glucose and insulin re-
sponse. Overall, there appears to be more consistent reduc-
tions in postprandial glucose with more frequent (every 20 to 
30 min) regular activity breaks. A recent meta-analysis of nine 
studies indicated a significantly greater reduction in glucose 
response (SMD of −0.30 95% CI −0.57 to −0.03) when pro-
longed sitting is interrupted at least every 30 min, compared 
with less frequently [50]. Our findings extend these results by 
indicating a greater magnitude reduction in postprandial glu-
cose, but also for insulin response when sitting is interrupted 
even more frequently (i.e., every 15–20 min). Data from a large 
observational study indicated a reduced risk of all-cause mor-
tality when a larger percentage of objectively measured sed-
entary time was accumulated in bouts of less than 30 min [5]. 
Furthermore, Bellettiere et al. [51] indicated an increased risk 
of CVD with sedentary bouts exceeding 8.5 min (HR 1.53, 95% 
CI 1.09 to 2.14). Taken together, these results build an argu-
ment to suggest that interrupting sitting time at least every 
30 min (if not more frequently) may provide the most benefit, 
which should be considered by the World Health Organization 
guidelines at the next review of current sedentary behavior 
guidelines [15].

Regarding the mode of activity break, standing breaks appear 
to result in much smaller reductions in postprandial glucose 
and insulin iAUC than walking or resistance exercise, which is 
consistent with previous meta-analyses [18–20]. Several mech-
anisms have been proposed to explain the regular activity-
breaks–induced reductions in postprandial glucose and insulin 
responses. Compared with sitting, continuous standing has 
been shown to increase energy expenditure by 0.07 kcal/min 
[52]. Although Buffey et al. [20] indicated a small, statistically 
significant improvement in postprandial glucose response 
when sitting was interrupted with standing, this finding was 
likely driven by a single study [53] that was excluded from the 
current analysis as it did not involve a complete crossover of 
participants between interventions. Finds from the current re-
view and others affirm that standing regular activity breaks fail 
to produce meaningful reductions in postprandial glucose and 
insulin, indicating that standing is not a sufficient stimulus. 
Júdice et al. [52] also found that sit to stand (and returning to 
sit) transitions increase energy expenditure (EE) by 0.32 kcal/

min. This is supported by findings from a pooled analysis of 
three studies (matched for meal standardization, population, 
and activity breaks duration and frequency), which found that 
EE increased in a dose–response manner with increasing in-
tensity of activity breaks from standing, through light-intensity 
walking, to moderate-intensity walking [54]. Fenemor et al. [55] 
reported that compared with 7 h of prolonged sitting, EE was 
863 kJ greater when sitting was interrupted every 28 min, with 
2 min of walking activity breaks and that the increase in EE 
was driven in part, by the fact that energy utilization remained 
elevated for up to 4 min following each activity break. This sug-
gests that total EE may play a role in activity break induced re-
ductions in glucose and insulin concentration and that repeated 
skeletal muscle contraction (initiated in sit-to-stand and stand-
to-sit transitions) may be part of the equation. Another potential 
pathway is increased glucose uptake via contraction stimulated 
pathways independent of insulin [56, 57]. Indeed, experimen-
tal evidence has indicated that interrupting prolonged sitting 
every 20 min with 2 min of physical activity, stimulated glucose 
uptake via the contraction-mediated pathway, in preference to 
the insulin-mediated pathway in skeletal muscle, collected via 
muscle biopsy [58]. This proposed mechanism is strengthened 
by the fact that in some studies there was an activity break in-
duced reduction in insulin, without a reduction in glucose (i.e., 
the same amount of glucose is being cleared with less insu-
lin present) [45, 49, 59–62]. This process occurs in addition to 
insulin-mediated glucose uptake induced by acute activity. Both 
mechanisms increase GLUT4 translocation and expression, in-
creasing glucose uptake, thereby reducing blood glucose level 
[57]. Regular activity breaks are likely to increase energy expen-
diture if displacing sedentary time with additional activity, but 
this increase alone does not explain the benefits. Our current 
understanding suggests that the primary mechanisms that ex-
plain the beneficial effect of interrupting sitting on glucose me-
tabolism is a result of glucose uptake by skeletal muscle via both 
insulin- and contraction-mediated pathways.

Most studies to date, have investigated activity breaks that re-
quire equipment (e.g., treadmill, standing bike, or arm ergom-
eter) or necessitate relocation (e.g., walking or stair climbing), 
which may limit feasibility in real-world settings. Resistance 
exercises, that can be performed on the spot without equip-
ment may represent a more practical and effective alternative to 
walking activity breaks. Although the estimates generated here 
indicate that the effect of resistance activity breaks on postpran-
dial glucose and insulin response not statistically significant, 
the magnitude of the estimates should not be ignored, partic-
ularly given the small number of studies (n = 7) compared with 
walking (n = 23). Furthermore, postprandial glucose results 
from English et al. [40] may have been influenced by changes in 
muscle physiology that can occur after a stroke [63, 64]. Future 
research may be needed to assess the efficacy of regular activity 
breaks in clinical populations.

Previous research has suggested that individuals who are less 
metabolically healthy (i.e., with impaired glucose tolerance 
or overweight/obesity) may experience greater benefits from 

FIGURE 2    |    Forest plot for the effect of regular activity breaks (RAB) on glucose iAUC in the full sample (58 projects from n = 38 studies); 
SIT = prolonged sitting.

 1467789x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/obr.70152 by A

uckland U
niversity O

f, W
iley O

nline L
ibrary on [26/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8 of 14 Obesity Reviews, 2026

FIGURE 3    |     Legend on next page.
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regular activity breaks [19, 20]. Regarding weight status, the 
findings of this review align with this hypothesis, with greater 
reductions in postprandial glucose observed with increasing 
weight status. Statistically significant effects were limited to the 
mixed-weight group and postprandial glucose response in over-
weight samples, results which may be influenced by the small 
number of studies targeting individuals with normal weight or 
obesity. Furthermore, the categorization of weight status, which 
does not account for factors such as insulin sensitivity or habit-
ual physical activity levels, limits the ability to determine who 
may benefit the most from activity breaks. Additionally, the 

mean BMI from different studies in the mixed-weight subgroup 
ranged from 21.5 to 30.9 kg/m2 (median 25 kg/m2), and for many 
of these studies, the participant inclusion criteria was based 
around participants not having obesity (i.e., a BMI of < 30), em-
phasizing the need for further research with well-defined met-
abolic subgroups. Although subgroup analysis by health status 
indicated statistically significant improvements for the healthy 
group only, the magnitude of the regular activity-breaks–in-
duced reductions in glucose and insulin observed in those with 
type 2 diabetes were larger, and likely to be more clinically 
meaningful. It is possible that the smaller number of studies and 

FIGURE 3    |    Forest plot for the effect of regular activity breaks (RAB) on insulin iAUC in the full sample (42 projects from n = 29 studies); SIT = pro-
longed sitting.

TABLE 1    |    Overall results for meta-analyses of subgroups accounting for study clusters.

Glucose iAUC Insulin iAUC

Number 
of projects 
(number of 

studies) I2
Standardized mean 
difference (95% CI)

Number 
of projects 
(number of 

studies) I2
Standardized mean 
difference (95% CI)

Full sample 58 (38) 80.1 −0.30 (−0.43, −0.16) 42 (29) 87.2 −0.30 (−0.46, −0.14)

Health status

Healthy 43 (29) 78.8 −0.32 (−0.48, −0.17) 34 (24) 88.7 −0.30 (−0.49, −0.12)

Type 2 diabetes 4 (2) 89.9 −0.45 (−1.46, 0.56) 4 (2) 75.5 −0.66 (−1.63, 0.31)

Impaired glucose 
tolerance/
increased 
cardiometabolic 
risk

2 (2) — −0.25 (−0.67, 0.17) 0 — —

Other 4 (3) 0 −0.06 (−0.29, 0.17) 4 (3) 41.1 −0.10 (−0.40, 0.20)

Mode of activity

Standing 3 (2) 5.5 −0.08 (−0.48, 0.32) 2 (1) — −0.21 (−3.94, 3.51)

Walking 32 (23) 61.5 −0.33 (−0.48, −0.17) 22 (17) 43.6 −0.44 (−0.62, −0.27)

Resistance 8 (7) 81.8 −0.28 (−0.65, 0.09) 8 (7) 94.3 −0.21 (−0.68, 0.27)

Other 7 (6) 63.1 −0.36 (−0.83, 0.11) 7 (6) 38.0 −0.21 (−0.38, −0.04)

Break frequency

15–20 min 15 (12) 75.0 −0.51 (−0.83, −0.19) 11 (8) 56.9 −0.41 (−0.77, −0.06)

30 min 30 (21) 80.0 −0.30 (−0.47, −0.14) 24 (18) 91.4 −0.28 (−0.49, −0.07)

45–60 min 12 (10) 65.1 −0.20 (−0.41, 0.02) 7 (6) 37.9 −0.17 (−0.40, 0.06)

Weight status

Mixed 26 (19) 65.9 −0.29 (−0.47, −0.11) 20 (16) 31.2 −0.32 (−0.46, −0.18)

Healthy weight 2 (2) — 0.12 (−0.25, 0.49) 2 (2) — 0.23 (−0.15, 0.61)

Overweight 21 (13) 78.5 −0.34 (−0.59, −0.09) 19 (11) 92.2 −0.37 (−0.75, 0.01)

Obese 4 (3) 41.0 −0.52 (−1.07, 0.03) 1 (1) — −0.26 (−0.57, 0.04)

Note: Study clusters included as random intercepts in a multilevel meta-analysis for each subgroup. Heterogeneity statistics with less than 2° of freedom were not 
calculated.
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higher variability in responses in these populations groups has 
precluded us from detecting an effect that is both statistically 
and clinically meaningful.

4.1   |   Unexplained Heterogeneity

Despite the strict inclusion criteria applied to this review, many 
of the generated estimates still had high levels of heterogene-
ity associated with them, even after subgroup analysis was per-
formed. There are a number of variables including nationality, 
sample age and sex, intervention duration, intervention meal 
standardization, timing of sample collection relative to meals 
and activity, and pre-intervention standardization protocols 
(such as avoidance of exercise or caffeine), which differ between 
studies and may have contributed to the high levels of heteroge-
neity observed. Differences in venous versus interstitial glucose 
responses (venous sampling may miss peaks and nadirs in blood 
glucose response, while interstitial glucose responses lag behind 
venous responses) may have also contributed to heterogeneity. 
Future studies should consider following more standardized 
protocols in terms of preintervention standardization, interven-
tion duration, meal provision, and sample timing to hopefully 
allow for more consistent results to be generated across studies 
(and thus improve the confidence of estimates generated by fu-
ture meta-analyses).

4.2   |   Risk of Bias

Overall, the vast majority of studies scored good or fair. As a field, 
studies in this area are limited in the ability to score in the excel-
lent range as blinding of participants is not possible, and recruit-
ment of samples that are truly representative of the populations 
from which they are drawn is unlikely. Most of the variation be-
tween studies included in this review was due to a lack of clarity 
in the reporting around participants lost to follow up and whether 
or not the researchers who were assessing outcomes were blinded. 
Additionally, the range in sample sizes also contributed to the 
variability in bias scores. All future studies in this area are en-
couraged to carefully consider the CONSORT statement when de-
signing and reporting the results of their studies and to consider 
conducting sample size calculations using variances in outcomes 
from similar populations and careful consideration of differences 
that might be considered clinically meaningful.

4.3   |   Strengths and Limitations

All studies included in this review were randomized crossover 
trials which provide causal evidence of the relationship between 
interruptions to prolonged sitting and postprandial glucose and 
insulin response in a range of adult populations. The results 
indicate that performing regular activity breaks can reduce 
postprandial glucose and insulin responses, and that the mag-
nitude of these responses is likely small to moderate in terms 
of their clinical effect [65]. However, this review has some lim-
itations that should be considered. By limiting the review to 
studies published in English and in peer-reviewed journals, the 
possibility that some studies may have been missed cannot be 
excluded. Regarding the included studies, the prolonged sitting 

interventions, particularly in longer duration studies, are un-
likely to reflect habitual sitting behavior. Furthermore, given 
the acute nature of these studies, results cannot be extrapolated 
to suggest longer term benefits of interrupting sitting with reg-
ular activity breaks. Two studies that interrupted sitting with 
regular activity breaks, that were not true randomized crossover 
trials, were excluded [53, 66]; however, their inclusion would not 
have altered the key results.

5   |   Conclusion

Interrupting prolonged sitting with regular activity breaks 
consistently improves acute postprandial glucose and insulin 
response, particularly with walking activity breaks and those 
performed frequently (every 20–30 min). Furthermore, while the 
largest magnitude reductions are observed for those living with 
obesity, regular activity breaks appear to produce meaningful 
reductions in postprandial metabolism in a range of population 
groups, suggesting a large portion of the adult population could 
benefit from this behavior. Future studies could benefit from uti-
lizing standardized study protocols and sample sizes to improve 
the confidence of estimates generated by future meta-analyses.
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