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Abstract 

Summary: Exercise is recommended for the treatment and prevention of type 2 diabetes. 
Also, to control and reduce glucose ϐluctuations in people with type 1 diabetes. However, the 
most appropriate time and the most effective intensity of exercise is still unknown, and various 
studies provide different results and different recommendations, and none of the studies provide a 
comprehensive and practical result. We conducted our studies to examine the results and determine 
the effect of time and intensity of exercise on blood sugar control and glucose ϐluctuations during 
the day. 

Methods: search in PubMed and Google Scholar with keywords morning, evening, type 1 and 
2 diabetes, exercise, interval, periodic, aerobic, and glucose and blood sugar ϐluctuations were 
performed. A total of 31 articles were reviewed and ϐinally, 10 articles that were most related to each 
other or had complementary information were selected. 

Conclusion: HIIT exercises are useful for type 2 diabetes, but they are recommended for type 1 
diabetes with less pressure. Morning exercise increases glucose and evening exercise is applicable 
for type 1 and 2 diabetes.

Introduction
Diabetes is known as one of the most widespread metabolic 

diseases, the prevalence of which does not depend on gender 
and age and is increasing in men, women, children, and 
adults [1,2]. Due to the beneϐicial effects of exercise on health 
and regulation of fuel Physiologists, experts, and doctors 
recommend exercise to improve homeostasis in the whole 
body [3] and treat type 2 diabetes [4].

It has also been shown that exercise has beneϐicial effects 
on regulating blood sugar and reducing glucose ϐluctuations in 
type 1 diabetics [5]. However, so far the recommendations for 
the best time and the most appropriate intensity of exercise to 
achieve the beneϐicial effects of exercise in people with type 1 
and 2 diabetes are encouraging.

In terms of time

The circadian clock is a key homeostatic regulator that is 
coordinated by photonic and nonphotic stimuli (food intake, 
temperature, and physical activity) and controls many 
genomic and physiological responses in almost all cells [6]. 
Morning exercises are exercises that are done in the early 
hours of the day (6 to 8). These exercises are done close to 
the time of waking up, and the exercises that are done in the 
later hours of the day (for example, 10 or 12) are not included 
in the category of morning exercises. In contrast, evening 
exercises are performed at the end of the day (usually from 
16:00 to 20:00) [7,8]. It has been proven that training time 
can produce different effects. In mice, the molecular circadian 
clock in peripheral tissues responds to the time of day of 
exercise, suggesting that skeletal muscle contraction relays 
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important information for the synchronization of circadian 
clocks throughout the body [9]. In human studies, these 
differences have been repeatedly reported [10]. Caiwei Tian, 
et al. (2023) conducted a study to clarify the effect of exercise 
time on the risk of diabetes in 9,3095 people in the United 
Kingdom. At the end of this research and after reviewing and 
evaluating the data, they reported their results as follows: 
Total metabolic equivalents of physical activity in the morning 
and afternoon had a protective effect on diabetes risk [11].

In terms of intensity: Exercise intensity is usually 
measured as a percentage of heart rate. Exercises up to 50% 
of the heart rate are called low-intensity exercises, 70% of the 
heart beats are called moderate exercises, and more than 90% 
are called intense and high-pressure exercises. The meaning 
of high-pressure intervals is the inclusion of high-intensity 
training for a short period between low-intensity or moderate, 
which is also called “intense interval training” [12].

There are conϐlicting data regarding the effect of exercise 
intensity. To the extent that some consider doing sports 
exercises such as intense intervals to be dangerous for patients 
[13] and some studies indicate the beneϐicial effects of adding 
high-pressure intervals to continuous aerobic exercises to 
prevent a rapid drop in blood sugar in type 1 diabetics [10]. 
Due to conducting research at different times and different 
exercise intensities, we conducted our study to investigate the 
effect of exercise time and intensity on controlling blood sugar 
and glucose ϐluctuations.

Material and methods
To investigate studies in the ϐield of recognizing the effects 

of exercise at different times in the morning and evening, 
as well as the difference between continuous low-intensity 
aerobic exercises or exercises with high-pressure intervals, 
from the search in PubMed and Google Scholar in the period 
from 2016 to 2022 and the words key (diabetes, morning 
exercise, evening exercise, interval exercise, blood glucose, 
glucose ϐluctuations) were used. The language of all studies 
was English. Studies that used drugs or herbal supplements 
at the same time, as well as studies that were conducted on 
professional athletes with diabetes, were excluded. In the end, 
ten related articles that were most similar in terms of training 
protocol and subjects or their results were complementary 
were selected. The results of the studies were examined in 
terms of the effect of independent variables (exercise type, 
exercise time) on dependent variables (blood glucose, glucose 
ϐluctuations).

Findings

Continuous aerobic exercise with moderate intensity has 
a high conϐidence level to recommend to people with type 1
diabetes [14]. However, adding high-pressure intervals 
to continuous aerobic exercise can prevent premature 
hypoglycemia [15]. A study on 54 people with type 1 diabetes 

and the implementation of continuous moderate-intensity 
aerobic exercise by adding high-pressure intervals based on 
heart rate at three levels of 70, 80, and 90% of the maximum 
heart rate showed that adding high-pressure intervals to 
high-intensity exercise Moderate may increase the risk of 
hypoglycemia at higher intensities. However, another study 
showed that performing high-intensity interval training 
both in the morning and in the evening can be effective in 
controlling blood sugar in type 1 diabetics and reduce the 
frequency of hypoglycemic events after exercise [16].

Regarding the effect of time, it has been reported that 
morning exercises increase glucose in people with type 1 
diabetes [17]. However, it should be noted that people with 
type 1 diabetes often experience a period of high blood glucose 
levels in the early morning, commonly referred to as the 
“dawn phenomenon”, which may be secondary to the effects 
of exercise. to affect [18]. On the other hand, people who did 
Trinate with high-pressure intervals (intervals) in the evening 
had less hyperglycemia than people who did these exercises 
in the morning (at 7 o’clock), and increased blood sugar peaks 
that were detected using a 24-hour glucose monitoring device. 
(CGM) recorded was lower than the morning exercise group 
and also the control group [16]. However, type 1 diabetics 
who underwent interval training with high-pressure intervals 
in the morning (7 o’clock) experienced fewer hypoglycemia 
events than the control group and the evening exercise group. 
Moholdt et al. conducted a study on overweight men on a high-
fat diet. They compared the differences between morning and 
evening exercise. In the results of this study, it has been reported 
that fasting blood glucose, insulin, cholesterol, triacylglycerol, 
and LDL-cholesterol concentrations were reduced only in the 
participants who were assigned to exercise at night [7]. It is 
interesting to note that according to the information obtained 
from the CGM device, the highest drop in blood sugar in type 
1 diabetics who participated in the evening exercise occurred 
in the early morning of the next day. However, people who 
exercise in the morning, have experienced less hypoglycemia, 
but most of these incidents occurred in the middle of the night 
[16], which seems to have more risks for the individual [19].

The current studies showed that adding high-pressure 
intervals to endurance training and performing interval 
training is more effective in improving the blood sugar status 
of diabetics, however, intense intervals “close to 90% of 
the heart rate” are not recommended for people with type 
1 diabetes. It was also shown that doing interval training 
in the morning increases blood sugar, so evening exercises 
seem better for people with type 2 diabetes because they will 
experience fewer blood sugar ϐluctuations. However, people 
with type 1 diabetes had more hypoglycemia incidents in the 
evening exercises than in the morning exercises, which seems 
to be more suitable for these people to choose interval training 
in the morning than in the evening. It can be emphasized that 
doing exercises in the morning has caused hypoglycemia 
incidents at night, which should be taken into consideration. 
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Of course, in the case of prior knowledge, this issue can be 
prevented for people.

These results emphasize the importance of choosing the 
right time and intensity to achieve the beneϐicial effects of 
exercise in diabetic people. However, due to the limitations 
of human research in the ϐield of diabetes, most studies have 
been conducted in short periods and with a small number of 
subjects. Considering the existence of individual differences as 
well as the difference between people in terms of the progress 
of the disease and also the existence of different responses 
to exercise, it seems that there is a need for more extensive 
research in this ϐield with more subjects and in a longer period.

Conclusion
According to the studies conducted in this study, it is 

possible to recommend intermittent exercises with intense 
intervals to control blood sugar and reduce glucose ϐluctuations 
for type 2 diabetes. However, in the case of type 1 diabetes, 
doing intense exercises does not seem appropriate. Evidence 
also shows that insulin sensitivity is lower in the morning 
than in the afternoon in people with diabetes [20] and there 
is less suppression of endogenous glucose production [21]. In 
general, morning exercises should be done with caution even 
for people with type 2 diabetes, but evening exercises are 
useful for people with type 1 and type 2 diabetes. However, 
it seems that more studies on larger samples are needed to 
be able to recommend the best program in terms of training 
intensity and training time.
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