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Abstract 

Introduction: This literature review explores the role of physical activity (PA) in managing and preventing type 2 
diabetes mellitus (T2DM), synthesizing the latest guidelines for all T2DM patients. Following PRISMA guidelines, 
it identifies specific areas for further research. Methods: Indexing services (PubMed and Scopus) were used 
to identify relevant studies, emphasizing original research, review articles, and updated institutional guidelines 
spanning 2017-2023. The following keywords were used: diabetes, physical activity, type 2 diabetes mellitus, PA, 
and exercise. Proposal and opinion articles, non-English papers (or those lacking full-text translation), studies 
involving non-human subjects, pediatric populations or with skewed gender distribution were excluded. Results: 
PA improves quality of life, BMI, glycemic control and well-being. Effects vary by activity domain, such as work 
or leisure time. Recommendations suggest 60 daily minutes of exercise for children, 150 weekly minutes of mo-
derate intensity exercise for adults, and screening for adverse events. A “sit-less” approach is proposed for those 
unable to maintain regular activity, with glycemic monitoring for those with variability. Conclusion: PA is crucial 
in T2DM management. Conflicting findings regarding glycemic control warrant further investigation to ascertain 
causes, whether related to bias or other factors.
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Introduction

For quite some time it has been known that lifestyle 
changes have been the primary intervention in type 2 diabe-
tes mellitus (T2DM) [1]. The implementation of physical activ-
ity (PA) or exercise into daily life has been the preferred meth-
od of achieving adequate glycemic control, losing weight and 
lowering the body mass index (BMI) [1]. Although a lot of re-
search supports the fact that an exercise regimen in patients 
with diabetes helps to achieve more favourable outcomes, 
these results are vastly heterogeneous. Intriguingly, some re-
cent studies have shown the lack of a relationship between 
exercising and achieving adequate glycemic control (see the 
“Contradictory results” subsection) [2-5]. Nonetheless, an 
exercise regimen is still recommended in diabetes-related 
guidelines all around the world. The aim of this review was 
to condense the newest, most relevant studies and guidelines 
to guide clinicians in their formulation of individual manage-
ment plans for their patients. Further aim was to temper ex-
pectations and accurately define what exactly can be expect-
ed as a result of implementing PA in terms of glycemic control 
and overall morbidity. 

Methods

Indexing services PubMed and Scopus were used to find 
studies that were relevant, factually important and recent. 
The search was conducted using the following keywords: 
physical activity, diabetes, PA, T2DM, type 2 diabetes melli-
tus, exercise, graded regimen. Newer articles were prioritised 
and only those from 2017-2023 were included in the review. 
Articles not published in English (or without a full-text English 
version), research on a non-human population, research fo-
cusing entirely on a paediatric population, opinion pieces and 
proposals were excluded. Duplicate articles were removed. 
This literature review includes original research, review pa-
pers, meta analyses and institutional guidelines. The basis of 
this shortlisting was to not only provide the most detailed nar-
rative with the newest information but also to discuss some 
interesting contradictory results found as of late. No papers 
with significant biases were included in this review. However, 
articles with potential for bias were included in the “Contra-
dictory results” subsection, for the purpose of initiating a dis-
cussion regarding not only the direction for further research 
but also the initiation of similar studies to either prove or dis-
prove said results. This review was conducted in accordance 
with the PRISMA 2020 guidelines.

    Results

The initial search retreived a  total of 11733 abstracts. 
Upon implementation of the exclusion criteria and removal 
of duplicates, 1074 abstracts remained. After screening the 
full-texts, a total of 46 articles were chosen for analysis in this 
review (Figure 1). 

Figure 1. PRISMA flow diagram

    Discussion

It is well-known that regular exercise/PA is one of the 
foundations to a healthy lifestyle. It was found that patients 
with T2DM and low PA level had a  shorter life expectancy 
with higher risk of chronic diseases than their counterparts 
with moderate to high PA levels [1]. Additionally, it has been 
demonstrated that individuals with higher levels of week-
ly PA are at a significantly lower risk of developing diabetes 
than their counterparts with lower levels of weekly PA. It was 
shown that individuals who managed 150-300 minutes, 300- 
-600 minutes and > 600 minutes of weekly PA as compared 
to individuals with < 150 minutes, were respectively at a 49%, 
62% and 71% lower risk of developing diabetes [6].

PA has also been shown to improve the common comor-
bidities that are expected in a majority of patients with T2DM. 
Exercise improves endurance, provides a  therapeutic effect 
in musculoskeletal and cardiovascular comorbidities as well 
as reduces weight and BMI [7-8]. Exercise also improves en-
dothelial dysfunction in patients independent of their glyce-
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mic state [9]. This cardiovascular benefit of a 3-month exercise 
regimen is shown to reduce adverse events up to 24 months 
later, even despite cessation of exercise after 3 months [9].

PA has also been shown to improve glycosylated hemo-
globin (HbA1c) levels, BMI, quality of life and waist circum-
ference in patients on long-term regimina [10]. It was in fact 
found that “improve activity” was by far the most effective 
lifestyle intervention in the prevention of T2DM, even ahead 
of “promote healthy diet” or “control smoking” [11].

In addition to lowering weight and BMI in those as re-
quired, PA (both short-term and long-term) has also been 
shown to improve the 24-hour glycemic control in patients 
with T2DM [12]. It has also been shown that PA can reduce the 
time spent in hyperglycemia in these patients [12]. That being 
said, there was a high amount of heterogeneity observed in 
the results, as reported in a meta-analysis from 2020 [13]. 

Demographics

It was shown that sex can not be considered separate from 
the discussion of PA in diabetes and might be a confounding 
factor in studies that have heterogeneous results [14]. Studies 
that included primarily men showed much different results 
than those that featured a diverse group of participants from 
both sexes. Similarly, sex, not BMI or age was found to have 
the most significant changes to 24-hour glycemic control [13].

Additionally, it has also been shown that women might 
experience a  more dynamic set of barriers (including per-
ceived barriers) to exercise as compared to men [15]. This was 
primarily found to be the case due to a perceived lack of time, 
societal or personal opinions about the benefits or reasons for 
exercise or family discouragement [16]. It was in fact shown 
that there is a strong correlation between a barrier to PA and 
the presence of children at home, however the number of 
children did not seem to increase this perceived barrier [17].  
This is further affirmation that this perceived barrier is in 
line with the perceived lack of available time. It was also 
found that working women faced the same perceived barri-
ers whether they were from higher or lower socioeconomic 
backgrounds with the primary ones being a  lack of energy 
and a lack of time [18]. This is an important finding as it could 
imply that these barriers are perceptual and not necessarily 
a  negative driving force as there is a  homogeneity in expe-
rience between working and non-working women. Clinicians 
must therefore tailor their approaches to a holistic psychoso-
cial model for each patient and understand their perceptions 
of own health as well as their attitudes towards the suggested 
treatment plan.

It was also shown that exercise carried out during leisure 
time was inversely related with the development of diabe- 
tes [19]. On the contrary, PA carried out domestically or at 
work was shown to have an astonishing additive effect to 

the risk for developing diabetes [20]. This is an immensely 
important finding with more research warranted as it may 
require clinicians to be more precise with their weekly exer-
cise recommendations since equivalent amounts of exercise 
have a seemingly opposite effect depending on the context 
and setting in which they are performed [20]. Additionally, 
it has been shown that although leisure-time PA shows an 
inverse relationship with the development of diabetes, so 
called “transport physical activity” (the PA involved in going 
from one place to another) only shows this inverse relation-
ship in men and not in women [21]. This study was carried out 
in a Korean cohort. As has been shown in previous studies, 
there is something to be said for the heterogeneity in the re-
sponse of cohorts of different ethnicities and their respective 
glycemic responses to glucose loads implying a potential fun-
damental processing difference [22].

There is therefore an evident need for clinical recom-
mendations made with domain-specific PA in mind, tailored 
to each individual. Clinicians must also keep this in mind 
whilst inquiring about patients’ average weekly mobility and 
amount of exercise, and must strive to organize the respective 
times into domain-specific categories. 

Recommendations

As mentioned, patients face a variety of perceived barri-
ers to PA. Therefore, patients should feel like an active mem-
ber of the decision-making team so that they are invested in 
the management plan and are more likely to follow it. Addi-
tionally, the exercise regimen that unanimously chosen by the 
patient and clinician should be specifically tailored to suit indi-
vidual needs so as to not overwhelm the patient physically or 
psychologically. It is shown that this is a key factor especially 
in the first 6 weeks of starting a training regimen and is the 
most likely cause behind the subsequent discontinuation [23].
Additionally, elderly patients may especially benefit from a PA 
regimen that places an emphasis on not just exercise but also 
flexibility and stretching due to their reduced age-related or 
comorbidity-related functional capacities [24].

It has been shown in multiple studies that patients using 
insulin to manage their diabetes may benefit from rigorous 
monitoring of their glycemia before, during and after exercise in 
order to prevent adverse events related to hypoglycemia [24].  
Continuous glucose monitoring systems (CGMS) may be an 
appropriate intervention for patients with diabetes who wish 
to pursue an exercise regimen, as they have been shown to 
not only lead to lesser hypoglycemic events but also increase 
a  patients’ time-in-range (TIR) or the time that a  patient 
spends in a euglycemic state [25]. The use of such devices can 
further help individual patients by allowing them to monitor 
the variations in their glycemia and use this data to appropri-
ately modify their daily diet. 
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It has been shown that PA has been an effective interven-
tion in improving the severity of depression symptoms [26]. 
Intriguingly, it was found that on the contrary, in patients who 
have both T2DM and depression, exercise was not an ade-
quate intervention in providing significant or even sufficient 
glycemic control [27]. Interestingly, exercise was still found to 
be an appropriate lifestyle intervention to reduce the severity 
of depression in patients with coexisting depression and dia-
betes. Unfortunately there is a severe lack of literature on this 
particular topic and more research is needed. 

Sitting

It was noted that there was an increased risk of cardio-
vascular disorders as well as diabetes in individuals who spent 
longer periods during the day sitting [28]. Interestingly, the 
risk for the development of diabetes was not diminished even 
after correcting for time spent daily engaging in PA, however 
the risk for cardiovascular disorders was diminished all the 
same [29]. This is important because it is essential for the cli-
nician to understand that there are certain factors that not 
even exercise can mitigate and these must be discussed and 
kept in mind whilst making recommendations to patients. 

It was also found in a cohort of Europeans that there was 
a causal relationship between television viewership, a seden-
tary lifestyle and the development of T2DM. Conversely, there 
was no causal relationship between computer usage and the 
development of diabetes. It was also shown that being seat-
ed whilst driving was in fact not associated with an increased 
risk for developing diabetes [30]. This might be explained by 
various mechanisms including the observed differences in the 
health ramifications between the sedentary activities that are 
mentally passive versus mentally active [31]. 

It was also noted that interrupting sitting time with 
light-intensity exercise may attenuate postprandial hypergly-
cemia even more effectively than a continuous bout of mod-
erate exercise, particularly in patients with insulin resistance 
and a higher BMI [32]. This is important as it may be an alter-
native regimen for patients that are unable or not motivated 
enough to partake in continuous exercise. 

Contradictory results

Intriguingly, a  meta-analysis of 28 studies showed that 
although PA improved 24-hour glucose concentrations in 
short-term studies, this effect was not statistically significant 
in long-term studies [2]. Although 24-hour glucose levels were 
not significantly improved compared to the control cohort, 
they were improved compared to the pre-exercise levels of 
the same cohort. That being said, there was a high degree of 
heterogeneity in these results. Although the limitations of that 
analysis are not completely understood, it must be stated that 

there is a high possibility of bias in the trial methodologies 
(when accounting for sex, intensity of exercise and time of day 
when exercise is performed), as well as the methodology used 
to analyse these trials [3]. A follow-up study showed that 50 
minutes of walking at 3 different times of day in fact did not 
improve 24-hour glucose profiles in patients with T2DM [2].

Another study found that only exercise interventions in 
the evening had a positive impact on 24-hour glucose levels as 
opposed to no exercise or exercise interventions in the morn-
ing [4]. Even more interestingly, a recent study had contradic-
tory results to the aforementioned: in a cohort of 73 patients 
who took part in short term PA in the form of 50 minutes of 
walking before dinner, it was found that there was no signif-
icant improvement in 24 hours glucose concentrations [5]. 
Once again, there was a high degree of heterogeneity in the 
results. The reasons for this contradictory finding are not un-
derstood clearly. 

Guidelines

It has been shown that lack of PA negatively affects the 
lives of patients, particularly those with T2DM [33]. Patients 
need to therefore be educated and made aware about this 
fact so that they are more likely to actively engage with pro-
posed therapies. PA has additionally also been shown to 
decrease HbA1c levels, blood pressure and lipid levels in pa-
tients [34-35]. Therefore guidelines suggest adopting a holis-
tic, multi-factorial therapeutic approach to diabetic patients. 

The International Society for Pediatric and Adolescent Di-
abetes suggests that children and adolescents with diabetes 
must be encouraged to obtain at least 60 minutes of moderate 
to intense aerobic PA daily [36]. Moderate PA entails activities 
such as walking, cycling, running, hiking etc. Moderate to in-
tense activity may involve sports such as football, basketball, 
cricket and so on. Conversely, very high intensity and anaero-
bic exercises may cause unwanted spikes in blood glucose as 
seen with activities such as weightlifting and sprinting [37]. 
This is important because patients on insulin therapy that par-
take in very high intensity or anaerobic exercises might not 
benefit from a  therapeutic pre-exercise dose reduction and 
may instead require a post-exercise hyperglycemic correction. 
Patients on insulin therapy that partake in aerobic exercise 
however may benefit from a pre-exercise dose reduction and 
this may be evaluated on a case-by-case basis. High-intensity 
exercise is also contraindicated in patients with recurrent ad-
verse sequelae of diabetes or with advanced retinopathy [36]. 
Additionally, an episode of severe hypoglycemia in the past 24 
hours or recurrent episodes of hyperglycemia may be seen as 
contraindications to exercise until the underlying basal meta-
bolic status is rectified. 

Further,  combined nutrition, PA and behavioral therapy 
is recommended to patients with diabetes [38-40]. This is 
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particularly true for patients who are overweight or obese. 
This regimen is to be accompanied by frequent counseling 
sessions (as many as 16+ sessions in 6 months) to ensure ad-
herence and eventual accomplishment of a caloric deficit of 
more than 500 kcal per day [41].

The American College of Sports Medicine also recom-
mends that individuals with diabetes that wish to or are rec-
ommended to incorporate an exercise regimen into their daily 
life may benefit from medical screening, particularly individu-
als with macrovascular disorders, cardiac dysfunction etc. The 
screening would take into account their current level of PA, as 
well as any cardiovascular, metabolic or renal pathologies [42]. 
Although the results of such a screening may not necessarily 
disqualify an individual from a PA regimen, it may guide cli-
nicians in modifying their recommendations with respect to 
total time spent and intensity of said regimen. 

A consensus report by the American Diabetes Association 
(ADA) and the European Association for the Study of Diabetes 
(EASD) recommends that adults obtain a weekly minimum of 
150 minutes of moderate intensity anaerobic exercise [43] 
(classified as any activity that can be carried out whilst main-
taining an uninterrupted conversation) and reduce sedentary 
time and break-up prolonged sitting time. Additionally, those 
individuals that opt to partake in aerobic activity should sup-
plement this with 2-3 weekly sessions of resistance, flexibility 
or balance training (the last of which is particularly beneficial 
for the elderly with limited mobility) [43].

Similarly, the 2023 guidelines published by the ADA rec-
ommend that adult patients with diabetes partake in a mini-
mum of 150 minutes of weekly moderate to vigorous intensity 
anaerobic exercise whilst also focusing on reducing sedentary 
time and breaking up prolonged seated time [44]. This weekly 
activity target may be spread over 3 days [45-46]. Resistance 
exercises in conjunction with moderate aerobic activity, par-
ticularly in the same session, were found to have an additive 
effect in the lowering of glycemic levels and may therefore 
be safely recommended to patients. It is recommended that 
resistance exercises be carried out at least 2 days a week [45]. 
Exercises that aid in increased flexibility may help older pa-
tients with diabetes that are experiencing varying forms of 
functional disability. Exercise-related recommendations to 
patients ought to be as specific as possible, mentioning the 
type, duration and intensity of recommended weekly activi-
ties. Such recommendations must be customized to each indi-
vidual patient on the basis of their comorbidities and physical 
ability.

Discussion

It is therefore evident that PA is an essential intervention 
in the clinicians’ tool chest for patients with T2DM. An appro-

priate amount of weekly aerobic exercise may not only allow 
for better glycemic control, but may even reduce time spent 
in hyperglycemia [8]. Additionally, patients show improved 
BMI, a better quality of life and lower waist circumference, 
all further improving glycemic control as well as their overall 
health [10]. 

Recent studies have shown that there is some variability 
in the performance of exercise in different domains of life. No-
tably, leisure-time PA was found to have the expected directly 
proportional relationship to glycemic control whereas work-
time PA or even transportation PA were either not shown to 
exhibit this same effect or even had an inversely proportional 
relationship [21]. Therefore, clinicians must be specific in their 
recommendations as well as questioning of patients whilst 
trying to determine current and potential future weekly ac-
tivity levels. 

According to the American Diabetes Association, adoles-
cents and children would benefit from at least 60 minutes 
of moderate aerobic exercise daily whereas adult patients 
should look to striving for closer to a minimum of 150 min-
utes of weekly aerobic exercise interspersed with resistance 
training [43-46]. All individuals who are to be prescribed an 
exercise or activity regimen would benefit from a screening 
to ensure that there is minimal risk for adverse events [42]. 
Additionally, patients who frequently experience variability in 
glycemic levels may benefit from CGMS and potential dose 
adjustments [25]. Elderly patients may benefit from the ad-
dition of exercises that enhance flexibility thereby increasing 
functional mobility. 

Patients who are unable to stick to an exercise regimen 
due to functionality or motivational issues may benefit from 
a “sit-less” intervention that has been shown to reduce insulin 
resistance in patients significantly [32].

Patients with diabetes, particularly those treated with 
insulin and sulfonylurea, face a  heightened risk of hypo-
glycemia during and after exercise [24]. Engaging in PA can 
enhance the glucose-lowering effects of these medications, 
potentially leading to hypoglycemia. It is therefore impera-
tive for individuals taking these medications to monitor their 
glucose levels closely before and during exercise. CGMS offer 
a valuable tool for real-time glucose monitoring, facilitating 
timely adjustments to insulin doses as needed [25]. Although 
some intriguing and contradicting results have been noted in 
recent studies, there is a lack of understanding as to whether 
these are a result of bias or an occult underlying phenome-
non. These heterogenic results ranged from meta analyses 
unable to reciprocate the beneficial effects of PA in diabe-
tes over a long period of time [2], to a lack of improvement  
in 24 hour glucose concentrations after implementation of 
a PA regimen [4-5]. Further investigation is warranted to bet-
ter understand the pathophysiological mechanisms governing 
these findings.
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Conclusion

PA has been shown to improve quality of life, BMI, overall 
morbidity and glycemic control. Adults with T2DM must aim 
to achieve at least 150 minutes of moderately intense aero-
bic exercise per week, interspersed with resistance training 
sessions. Children and adolescents with T2DM must aim to 
achieve at least 60 minutes of moderately intense aerobic ex-
ercise daily. All patients may benefit from a medical screening 
before prescription of an exercise regimen. The domain in 
which PA is conducted (ie. in the workplace, at leisure, dur-
ing transportation, etc.) has shown a variability in results with 
respect to glycemic control. Patients must be advised to un-
dertake leisure-time PA and not count work-time PA towards 
their weekly activity goals. Conflicting findings regarding gly-
cemic control warrant further investigation, whether related 
to bias or other factors.
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