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Abstract 

 

Aims: Exercise is known to prevent the onset of comorbidities and complications in type 1 

diabetes mellitus (T1DM). Despite these benefits, people living with T1DM are often insufficiently 

physically active and this is mainly due to the fear of hypoglycaemia. Research using continuous 

glucose monitoring devices has shown that exercise affects glycaemic control in T1DM for over 24 

hours. The aim of this systematic review and meta-analysis is therefore to investigate the delayed 

effects of different exercise modalities on glycaemic control in adults with T1DM.  

Data Synthesis: The literature search of experimental studies was conducted on PubMed, 

SPORTDiscus and EMBASE from January 2009 to September 2019. Twelve studies were included 

in the review. Compared to endurance, intermittent exercise increased the time spent in 

hypoglycaemia (0.62, 0.07 to 1.18; standardised effect size, 95% CI) and reduced the mean 

interstitial glucose concentration (-0.88, -1.45 to -0.33). No clear differences emerged in the time 

spent in hyperglycaemia (-0.07, -0.58 to 0.45) or in the proportion of exercisers experiencing 

hypoglycaemic events (0.82, 0.45 to 1.49; proportion ratio, 95% CI) between conditions. The 

systematic review also found a reduced risk of hypoglycaemia if exercise is performed in the 

morning rather than in the afternoon, and with a 50% rapid-acting insulin reduction.  

Conclusions: For the first time, we systematically investigated the delayed effect of exercise 

in adults with T1DM, highlighting undetected effects and providing advice to future investigators to 

obtain more comparable results and improve exercise prescription in T1DM. 
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Highlights: 

 Exercise modalities influence the glycaemic response late after exercise 

 The glycaemic response to exercise is different in the early and late recovery 

 Aerobic exercise is recommended for glycaemic control late after exercise 

 Rapid-acting insulin reduction and diurnal variations affect glycaemic control 

 Criteria to standardise future research in this area are provided 



1. Introduction 1 

Type 1 diabetes mellitus (T1DM) is a chronic disease characterised by the progressive and 2 

-cells due to an autoimmune reaction against these cells 3 

responsible for producing insulin [1]. T1DM affects 425 million people worldwide [2], and data 4 

from extensive epidemiologic studies indicate that the incidence of T1DM has been increasing by 5 

2 5% in ten years [3]. 6 

The progressive damage -cells results in a reduction of insulin production 7 

up to its complete absence, and this requires individuals living with T1DM to monitor the blood 8 

glucose level and to normalise it by insulin supplementation [1]. Multiple external factors, such as 9 

dietary intake [4] and physical activity [5], can modify glycaemic levels and require people living 10 

with T1DM to modify the quantity and frequency of insulin injections as needed [6].  11 

Despite the exogenous insulin use, in prolonged exposure to the condition, T1DM increases 12 

the risk of developing comorbidities and complications [7] compared to subjects without diabetes. 13 

These comorbidities, of which the most common are in charge of the microvascular (retinopathy, 14 

neuropathy and nephropathy) and macrovascular system (coronary heart disease, cerebrovascular 15 

disease and peripheral vascular disease), can drastically reduce the quality of life [8] and will 16 

eventually lead to an increased mortality of adults with T1DM [9]. 17 

Exercise is a powerful prevention tool against the development of these comorbidities [10, 18 

11], and its ability to improve health and reduce mortality in the general population is maintained 19 

for T1DM. In fact, increasing evidence shows how physical activity in T1DM is inversely 20 

associated with cardiovascular risk factors (e.g., obesity, dyslipidemia and hypertension) and 21 

ketoacidosis; and how long-term complications, such as peripheral neuropathy and retinopathy, are 22 

reduced in more physically active people [12, 13]. Furthermore, exercise is associated with a lower 23 

risk of premature all-cause and cardiovascular mortality in individuals living with T1DM [14]. A 24 

final consideration of the possible health benefits of exercise in this population is due. The ability of 25 

exercise to reduce glycated haemoglobin (HbA1c) in T1DM has been investigated for a long time, 26 
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but always struggled between contradictory results [15, 16]. However, a recent extensive study 27 

identified an inverse relationship between both [12], adding further good reasons for the practice of 28 

exercise. 29 

In spite of all the benefits that exercise can have for this population, children with T1DM 30 

engage in less physical activity than their peers without diabetes. This trend is carried into 31 

adulthood, as adults with T1DM are less active than their healthy counterpart [17]. This low 32 

compliance to exercise prevents people with T1DM from obtaining benefits from physical activity 33 

and indirectly exposes them to higher risks and premature mortality [18]. 34 

To increase the level of physical activity in people living with T1DM, however, it is not 35 

enough to act as in the general population, but specific disease-related barriers must be considered. 36 

The highest barrier to regular physical activity is the fear of hypoglycaemia, followed by work 37 

schedule, loss of control over diabetes, and low levels of fitness. Otherwise, perceived well-being, 38 

knowledge of insulin pharmacokinetics, social support, and the knowledge of strategies to reduce 39 

the exercise-induced hypoglycaemia, are associated with fewer barriers [19, 20]. In light of this, it is 40 

essential to know exactly how exercise can modify glycaemia and which is the best strategy to 41 

decrease or avoid the occurrence of exercise-induced hypoglycaemia. Furthermore, this knowledge 42 

should be known by doctors and coaches and shared with persons with diabetes in order to increase 43 

their understanding and decrease the fear of exercise. 44 

Despite the importance and significance of the aforementioned, exercise prescription for 45 

T1DM is based on limited and conflicting evidence [21]. Upon examination of these studies, it is 46 

clear how, only recently, researchers focused their attention on the delayed effect that exercise can 47 

have on glycaemic control. This delayed effect is often masqueraded by proactive behaviours but 48 

during the night, the inability of patients to monitor glycaemia can expose them to severe 49 

hypoglycaemic events that could be harmful or life-threatening [22]. 50 

Based on the necessity of people living with T1DM to exercise and have a clear 51 

understanding of the impact that exercise can have on their long-term glycaemic control, the main 52 
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aim of this systematic review and meta-analysis is to investigate the effect of different exercise 53 

modalities on glycaemic control in adults with T1DM; with particular focus on the delayed 54 

responses and differences between exercise types. In-depth review of the studies will then be 55 

oriented in the investigation of the impact that exercise parameters, diurnal variations and rapid-56 

acting insulin reduction (RAIR) can have on glycaemic control. 57 

We addressed particular attention on exercise types, exercise parameters, diurnal variations 58 

and RAIR because these parameters can profoundly affect glycaemic control . At the same time, 59 

these parameter can be easily modified by a physician or exercise physiologist who prescribes and 60 

monitors exercise in order to obtain the best possible outcome. 61 

 62 

2. Methods 63 

This study is reported in accordance with the Preferred Reporting Items for Systematic 64 

Reviews and Meta-Analyses (PRISMA) [23] and follows the recommendations of the Cochrane 65 

Handbook for Systematic Reviews of Interventions [24]. The review protocol was written following 66 

the PRISMA-P recommendation [25].  67 

2.1 Identification of Studies 68 

A structured electronic literature search was conducted following the PRISMA statement. 69 

Three electronic databases (PubMed, SPORTDiscus and EMBASE) were searched from January 70 

2009 to September 2019 included.  71 

The following search strings were used on PubMed: (Type 1 diabetes OR Ketosis-Prone 72 

Diabetes Mellitus OR Autoimmune Diabetes OR Insulin-Dependent Diabetes OR IDDM) AND 73 

(exercise* OR High-Intensity Interval OR HIIT OR Motor activit* OR Sport* OR Gymnastic* OR 74 

Physical Activit*) AND (blood glucose OR blood sugar* OR Glucose fluctuation* OR Glucose 75 

variability OR Hyperglycemi* OR Hypoglycemi* OR Glycemic Control OR TIR OR time in 76 

range).  77 
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The search strings were 78 

Studies 79 

80 

studies were found screening the reference lists in sector-specific reviews [5, 21, 26]. After 81 

duplicates were removed, studies were initially assessed by screening titles and abstracts. If 82 

suitability could not be determined during this process, full-text studies were accessed and 83 

compared against inclusion criteria. 84 

2.2 Selection Criteria 85 

Two authors (GV and DM) independently assessed the eligibility of studies for inclusion 86 

using the criteria below, and they consulted with the other two authors (RDN and GT) in case of 87 

disagreement. The independent assessment was carried out using Rayyan QCRI [27], thereby 88 

blinding the individual work. Studies within a specific ten-year timeframe, from January 2009 to 89 

September 2019, were considered for the review. The decision of limiting the review in this manner 90 

was based on the growth and widespread use of continuous glucose monitoring (CGM) devices 91 

during this period, which is known to have significantly increased the reliability of glycaemic 92 

detection [28, 29]. By default, studies monitoring glycaemia without CGM systems were excluded. 93 

Only studies involving adults were considered and whilst studies involving both males and females 94 

were preferred, studies with only gender profile were also included. The following additional 95 

inclusion criteria were applied during the selection of the studies: 96 

1. The follow-up period must be longer than 6h in order to evaluate the delayed effects of 97 

exercise. 98 

2. Studies need to assess at least one aspect of glycaemic control (e.g., the frequency of hypo- 99 

or hyperglycaemic events, their intensity, or any other measure of glycaemic control and/or 100 

variability). 101 

3. The exercising population must be free of any complication, disease, pregnancy and any 102 

health impairment different from T1DM. 103 
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4. Studies with other interventions (e.g., minor nutritional interventions) can be included in the 104 

study but must be reported in the table summarizing the outcomes and weighted during the 105 

analyses. Furthermore, any other intervention different from exercise must not cause a major 106 

risk of bias. 107 

5. Results must be reported with numerical values, studies with only qualitative results such as 108 

 109 

6. Studies must be peer-reviewed and the full text should be available in the English language. 110 

7. Studies different from randomised controlled trials (RCT) can be included if their results can 111 

strengthen the review, however, their quality must be assessed carefully together with their 112 

risk of bias. 113 

All the authors agreed on the systematic review protocol before the data extraction and 114 

analyses, and then strictly followed it in order to avoid any interference in the objective evaluation 115 

of the literature. 116 

2.3 Critical Appraisal 117 

The critical appraisal and the risk of bias assessment were conducted in agreement with the 118 

Cochrane guidelines [30]. Six items were evaluated to assess the quality of the outcomes (study 119 

design, risk of bias, inconsistency, indirectness, imprecision, publication bias) and all the results 120 

were provided after the individual assessment of each study reporting the specific outcome. Quality 121 

of the evidence is reported in the result section (Table 2) and affected the discussion of findings. For 122 

the evaluation of each outcome was followed the same protocol [30]: 123 

1. Identify whether the evidence for that outcome comes from RCTs (where the rating starts at 124 

HIGH quality) or non-RCTs (where the rating starts at LOW quality). 125 

2. Systematically work through each of the GRADE criteria, deciding whether to downgrade 126 

and/or upgrade the quality of the evidence and by how much.  127 

3. Keep a comprehensive and transparent record of the reasons for all the decisions about 128 

rating the quality of the evidence. 129 
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4. Come to an agreement about the overall quality of the evidence for that outcome. 130 

Data extraction and quality assessment were independently performed by two reviewers 131 

(GV and DM), and inconsistencies solved by consensus. 132 

2.4 Meta-Analyses 133 

A number of metrics were used to assess the four different outcomes. Differences in the 134 

number of exercisers experiencing hypoglycaemic events was evaluated as a risk ratio  i.e., as the 135 

difference in the proportions of individuals in the intermittent (INT) and endurance (END) 136 

exercising conditions experiencing hypoglycaemic events. The following scale was used to interpret 137 

the magnitude of this difference in proportions: >0.9, trivial; 0.7-0.9, small; 0.5-0.7, moderate; <0.5, 138 

large [31]. Differences in post-exercise interstitial glucose concentration and differences in time 139 

spent in hypoglycaemia and hyperglycaemia between exercise conditions were evaluated as 140 

standardised effects: i.e. as the difference in the mean values (for interstitial glucose concentration 141 

and in time spent in hypoglycaemia and hyperglycaemia) between groups divided by their 142 

respective between-groups standard deviation. Given the small sample sizes within studies, as well 143 

as the small total number of studies included in these latter two meta-analyses, we opted for 144 

-correction as our measurement of standardised effect size [32]. The following 145 

scale of magnitudes was used to evaluate the size of these standardised effects: <0.2, trivial; 0.2-0.6, 146 

small; 0.6-1.2, moderate; >1.2, large [31]. For each of the three meta-analyses, the point estimate 147 

and their respective 95% confidence intervals indicate the pooled effect. Between-study 148 

heterogeneity was assessed using the chi-squared-based Cochrane Q statistic, which represents the 149 

sum of the squared deviations of individual study effects from the pooled effect, the I2 statistic, 150 

which represents the proportion of variance in study effect sizes that is not attributable to sampling 151 

variation, and the Tau2 or T2, which represents the extent of variability in the pooled effects 152 

between studies [33-35]. Given the limited number of studies included in the individual meta-153 

analyses, no further exploratory subgroup analyses were conducted. Data were meta-analysed in R 154 

Studio using the meta package. The metacont and metabin functions were used for continuous 155 
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(interstitial glucose concentration and in time spent in hypoglycaemia and hyperglycaemia) and 156 

categorical (number of exercisers experiencing a hypoglycaemic event) outcomes, respectively [36]. 157 

 158 

3. Results 159 

3.1 Overview of Studies 160 

In total, 355 records were identified through database searching and twelve studies met the 161 

inclusion criteria. Figure 1 provides an overview of how studies were identified and screened for 162 

inclusion. Six studies compared INT and END [37-42], two resistance (RES) and END [43, 44], 163 

one END with different percentages of RAIR [45], one END performed in the morning or in the 164 

afternoon [46], one combined (COMB) performing END before or after RES [47], and one 165 

investigated the effect of END with 50% RAIR [48]. We classified as INT exercise all exercise 166 

protocols alternating continuous moderate-intensity periods with other periods of different intensity. 167 

All the characteristics of the included studies are shown in Table 1.  168 

Studies were conducted across eight different nations. The number of participants enrolled 169 

in each trial varied from six to twelve with only one study recruiting 32 patients and for a total of 170 

145 exercisers. Study participants were adults with T1DM, but without complications or other 171 

diseases. Seven out of twelve studies included both males and females. Furthermore, all the 172 

participants were physically active (except for one study where it is not reported) and in good 173 

glycaemic control. 174 

Eleven studies were RCTs and one is a non-RCT. Each of the studies monitored post-175 

exercise glycaemic control with a continuous glucose monitoring (CGM) for at least 10 hour and all 176 

of the studies clearly reported how insulin and nutrition were standardised. Six studies adopted a 177 

strategy of RAIR from 20 to 75% of the usual dose. Four studies also included a control session 178 

while others compared the outcomes between different treatments or pre and post-exercise. 179 

The threshold at which hypoglycaemia was defined was different between studies and varied 180 

in a range from 3.3 to 4 mmol/L. Five studies defined hypoglycaemia as blood glucose equal to or 181 
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lower than 3.9 mmol/L, four equal or lower than 3.5, two below 3.3 and one below 4 (Electronic 182 

Supplementary Material Table S1). 183 

 184 

[INSERT FIGURE 1 AND TABLE 1 ABOUT HERE] 185 

 186 

3.2 Quality of the Outcomes 187 

The average quality of the outcomes was moderate to low and the most common reason to 188 

downgrade quality was the risk of bias (Table 2). The quality assessment is reported separately for 189 

the meta-analysed or systematically reviewed outcomes. 190 

 191 

[INSERT TABLE 2 ABOUT HERE] 192 

 193 

3.3 Outcomes 194 

An extended presentation of the extracted data can be found in the Electronic Supplementary 195 

Material Table S1. The type of data that authors investigated and reported is varied and few 196 

outcomes are comparable between studies. Except for Moser et al. [38], each of the other studies 197 

reported the occurrence of hypoglycaemia during the post-exercise period. Of these studies, Reddy 198 

et al. [44] also reported patients experiencing severe hypoglycaemia. The majority of studies 199 

reported the number of patients experiencing hypoglycaemia, the number of hypoglycaemic events, 200 

or both. The third most commonly reported outcome is the mean interstitial glucose level found in 201 

five studies. All the other outcomes were found in no more than three studies. 202 

 203 

3.4 Meta-Analysis of patients who experienced hypoglycaemia 204 

Of the 12 studies included in the systematic review, two were eligible for the meta-analysis 205 

to assess the difference in the proportions of individuals experiencing hypoglycaemic events in the 206 

INT and END exercise conditions. Figure 2A provides a summary of the proportions included in the 207 
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meta-analysis alongside the individual study and pooled risk ratios. The forest plot shows that there 208 

was a small and non-statistically significant difference between the proportions of participants 209 

experiencing hypoglycaemic events across conditions (0.82, 0.45 to 1.49; risk ratio, 95% 210 

confidence interval) (p = .512). In other words, fewer participants in the INT exercising condition 211 

experienced post-exercise hypoglycaemic events. Moreover, the forest plot shows that there was a 212 

limited between-study heterogeneity (Tau = 0.17, I2 = 0%). However, given the limited number of 213 

studies included in the meta-analysis, and given the resulting width of the confidence interval, the 214 

relative effect of INT and END 215 

events ought to be interpreted as unclear. 216 

 217 

 3.5 Meta-Analysis of mean interstitial glucose level 218 

 A further three studies were eligible for the meta-analysis to assess the difference in post-219 

exercise interstitial glucose concentration between subjects completing INT and END.  Figure 2B 220 

provides a summary of the descriptive statistics included in the meta-analysis (left) alongside their 221 

respective standardised effects (right). The forest plot shows a moderate-sized difference in post-222 

exercise interstitial glucose between INT and END (-0.88, -1.45 to -0.33; standardised effect size, 223 

95% confidence interval) (p = .003). In other words, post-exercise interstitial glucose was 224 

substantially lower (i.e., ~0.9 units of a standard deviation lower) for the INT exercising condition. 225 

The -study 226 

heterogeneity in the overall direction of the effect. The Tau also reflects the limited effect of 227 

magnitude of between-study heterogeneity. Finally, the I2 suggests that a trivial proportion (i.e. 228 

<25%) of the variability in study effects were due to sampling variation 229 

 230 

3.6 Meta-Analysis of time spent in hypoglycaemia and hyperglycaemia 231 

A final three studies were eligible for the meta-analyses regarding the difference in the total 232 

study time spent by subjects in hypoglycaemia and hyperglycaemia (again, comparing the INT and 233 
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END conditions).  Figures 2C and 2D provide descriptive statistics (left) and standardised effects 234 

(right) for time spent in hypoglycaemia and hyperglycaemia, respectively. The forest plot in Figure 235 

2C shows a moderate and statistically significant difference in the time spent in hypoglycaemia 236 

between exercise conditions  (0.62, 0.07 to 1.18; standardised effect size, 95% confidence interval) 237 

(p = .028. However, the accompanying data reveal that there was a substantial between-study 238 

heterogeneity (Tau = 0.947, I2 = 79%), likely due to the contrasting findings of Zaharieva et al [41]. 239 

On average, across studies, exercisers in the INT condition spent longer in hypoglycaemia. 240 

The forest plot in Figure 2D shows a non-statistically significant difference in the time spent in 241 

hyperglycaemia between exerciser conditions (-0.07, -0.58 to 0.45; standardised effect size, 95% 242 

confidence interval) (p = .794). Furthermore, the Q, Tau, and I2 show a trivial between-study 243 

heterogeneity in relation to the time spent in hyperglycaemia by subjects in the INT and END 244 

groups.  245 

 246 

[INSERT FIGURE 2 ABOUT HERE] 247 

 248 

4. Discussion 249 

This systematic review and meta-analysis provided a comprehensive overview of the 250 

delayed effects that different exercise modalities have on glycaemic control in people living with 251 

T1DM. Considering the increasing awareness of risks and benefits of exercise in this population, 252 

there was a particular need to gather and systematically investigate current knowledge on this topic 253 

to inform both real life exercise prescription and future research studies. 254 

With the primary purpose of meta-analysing the information regarding glycaemic control 255 

during late recovery, we immediately identified the scarcity and variability of the reported data as a 256 

major limitation. Notwithstanding restrictive inclusion criteria and the homogeneous study design 257 

of the included studies, the selective reporting of the outcomes have limited the possible 258 

comparisons. Furthermore, due to different exercise protocols, intervention strategies and different 259 
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comparisons within studies, the majority of outcomes could not be included in the meta-analysis. Of 260 

the different types of exercise, END is the most commonly investigated both to compare different 261 

treatments or in comparison to other protocols. Therefore, we used INT as a reference condition 262 

during the meta-analyses. 263 

Early investigations of the short-term effect of END on T1DM glycaemic control [49, 50] 264 

found a reduction in the post-exercise glucose levels and an increased risk of experiencing 265 

hypoglycaemia. Hereafter, other research appeared to focus attention towards establishing exercise 266 

protocols to prevent hypoglycaemia and identified INT as the best approach [51-53]. Since then, the 267 

comparison between END and INT became predominantly and neglected other exercise protocols 268 

like RES and COMB limiting our knowledge. This trend is reflected in the available literature and 269 

in fact, it was only possible to meta-analyse the comparison between END and INT. 270 

The invasive glycaemic monitoring techniques used in these pioneering studies (e.g., venous 271 

catheter) often limited the follow-up period [54] to a few hours post-exercise. Due to the ease of use 272 

and affordability of CGM devices in the last 10 years [55], it has been possible to monitor the 273 

glycaemic response up to 24 hour or more after exercise and, as identified by this systematic review 274 

and meta-analysis, the effects obtained are very different from those that may be expected. 275 

We found that, after INT, T1DM participants spent significantly more time in 276 

hypoglycaemia (Figure 2C) and presented lower mean interstitial glucose levels (Figure 2B) 277 

compared to END, while time spent in hyperglycaemia (Figure 2D) or the risk of experiencing it 278 

(Figure 2A) did not differ between the two interventions. Therefore, we can suggest that T1DM 279 

participants are more prone to experience lower glucose levels late after INT exercise and, in case 280 

of hypoglycaemia, it may last longer. However, INT neither increased the risk of hypoglycaemia 281 

nor accentuated glycaemic fluctuations (i.e., no differences in time spent in hyperglycaemia). 282 

One consideration is necessary while discussing the meta-analysis: Zaharieva et al. [41] was 283 

included in the INT group as their protocol alternated continuous exercise with other exercises at 284 

different intensities. However, their exercise was based on a circuit training protocol and, therefore, 285 
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requiring a different muscular activation (e.g., isometric contractions). The main difference 286 

emerged with the studies of Campbell et al. [39] and Bally et al. [40] in the meta-287 

288 

T2 statistic. This different protocol may produce slightly different outcomes and for the reported 289 

results, a better glycaemic control compared to END may be expected. 290 

Separate to the meta-analysis, two studies [37, 40] reported the glucose variability measures 291 

(i.e., glucose standard deviation (SD), coefficient of variation (CV) and the mean amplitude of 292 

glucose excursion (MAGE)) but also in this case, there was no difference between INT and END. 293 

One study [39] reported the average maximum glucose levels but, as in the maximum and minimum 294 

CGM values overnight reported by Iscoe et al. [37], no statistical significance was found. 295 

In contrast to what has been observed during the early recovery [53, 56], INT is not able to 296 

improve glycaemic control late after exercise and instead exacerbates hypoglycaemia as it occurs. 297 

The implications of these findings are crucial as they upset the misconception of INT as the best 298 

approach to reduce the risks related to exercise-induced hypoglycaemia. In fact, the beneficial effect 299 

of high-intensity bouts during END (i.e., COMB) is true only for the early recovery, while later the 300 

situation is inverted. Thus, we suggest caution in prescribing INT and advise against proposing it as 301 

an alternative to END if this is commonly performed. 302 

The comparison between END and RES was proposed only in two studies. Furthermore, the 303 

reported outcomes are different and this makes it difficult to report on the findings. Yardley et al. 304 

[43] reported an increased number of participants experiencing hypoglycaemia and increased 305 

occurrence of hypoglycaemic events after RES compared to END. Furthermore, Reddy et al. [44] 306 

investigated END and RES but glycaemic control was a secondary outcome. They did not find 307 

differences in the two exercise types; however, they omitted to report the number of hypoglycaemic 308 

events or the number of patients experiencing hypoglycaemia. The limited evidence behind RES 309 

and the inability to compare the outcomes does not allow us to see more or fewer benefits in 310 

practising RES instead of END. 311 



13 
 

Yardley et al. [47] proposed the combination of RES ad END during the same session and 312 

investigated if performing RES before (RE) or after END (ER) may induce a different glycaemic 313 

response. They did not report differences in the frequency of post-exercise hypoglycaemia but there 314 

was a small trend for increased duration of hypoglycaemia after ER than after RE. Considering the 315 

variability of this outcome and no other studies supporting these findings, it is difficult to clarify 316 

whether the order of exercise affects glycaemic control during the late recovery from COMB 317 

exercise. 318 

Gomez et al. [46] investigated the effect of diurnal variations on delayed glycaemic control 319 

performing END in the morning or in the afternoon. They reported about half of all the 320 

hypoglycaemic events for the group who exercised in the morning compared to afternoon and 321 

improved metabolic control (more time spent in euglycaemia) on the subsequent day. They also 322 

found that the majority of the hypoglycaemic events occurred 15-24 hour post-exercise suggesting a 323 

timeframe of increased risk. In light of this, exercise in the morning is encouraged while more 324 

attention will be necessary if END is performed in the afternoon. This conclusion has double utility 325 

as if people with diabetes know that a certain behaviour will increase the risk of experiencing 326 

hypoglycaemia, together with the timeframe in which it is more likely to happen, they could adopt 327 

strategies to prevent it [6]. 328 

Campbell et al [45] directly investigated the effect of RAIR on the post-exercise glycaemic 329 

control. They found that large pre and post-exercise RAIR preserved glycaemia and protected 330 

patients against hypoglycaemia up to 8 hours after END; however, the protective effect was not 331 

maintained later in the recovery. Other researchers adopted different magnitudes of RAIR (Table 1); 332 

usually reducing insulin from 20 to 75% of the usual dose before or after exercise. Even if this data 333 

cannot be meta-analysed, it seems that reducing rapid-acting insulin at 50% of the usual dose  334 

results in a better glycaemic control. 335 

The lack of literature in this area did not allow us to perform other analyses or to identify 336 

sex-related differences in glycaemic response to exercise. The intensity proposed by the authors 337 
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varied from moderate to high and was in line with the ACSM recommendations [57] as was the 338 

duration; usually 45 minutes. 339 

Following these findings, it is evident that exercise can significantly affect glycaemic 340 

control of people living with T1DM late after exercise. However, the heterogeneity of the studies 341 

and the selective reporting of the outcomes did not allow us to identify an approach to be preferred.  342 

Therefore, we suggest points to address in future studies and advocate authors to follow them in 343 

order to obtain comparable results and improve the quality and accuracy of exercise prescription in 344 

this population: 345 

1. Use a common threshold to define hypoglycaemia (we suggest glucose levels equal to, or 346 

lower than 3.5 mmol/L). 347 

2. Compare at least two exercise protocols and possibly include END as reference. Also 348 

including a no-exercise control may be helpful to evaluate the impact of exercise through 349 

network meta-analysis [58]. 350 

3. Do not include other interventions or, if other interventions like RAIR or nutrition are used, 351 

include a control group exercising only. 352 

4. The exercise duration should be around 45 minutes to be in line with the majority of studies 353 

(unless the scope is to investigate different durations) and the intensity from moderate to 354 

high. 355 

5. Report the number of patients experiencing hypoglycaemia and the number of 356 

hypoglycaemic episodes. Include also any other data collected with CGM or flash glucose 357 

monitoring (FGM) devices, even if there is no significant difference [59]. 358 

6. Report if exercise was executed in the morning or in the afternoon. 359 

7. Investigate if glycaemic control differs between males and females [60]. 360 

  361 

In conclusion, from this systematic review and meta-analysis emerged that performing END at a 362 

moderate to high intensity for 45 minutes is the best exercise protocol for people living with T1DM 363 
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and that INT exposes people with T1DM to longer hypoglycaemic events. On the other hand, the 364 

poor evidence behind RES and COMB did not allow any satisfactory conclusion and indicates the 365 

necessity of further investigations. Preliminary results suggest that circuit-training protocols may 366 

provide a better outcome than END and that performing exercise in the morning rather than in the 367 

afternoon, together with a 50% RAIR, can reduce the risk of hypoglycaemia late after exercise. 368 

Furthermore, as adequate exercise prescription is crucial to reduce risks and maximise benefits for 369 

T1DM, in the final part of this review we provide advice to parties interested in analysing this topic 370 

in future studies, with the aim to obtain comparable results and to improve the quality of exercise 371 

prescription in T1DM. 372 
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Figure Legends 

 

Figure 1. Literature search and study selection process. 

Figure 2. Forest plots of the Meta-analysed outcomes. Meta-analysis of the hypoglycaemic 

events experienced among participants in the INT versus END (control) groups (2A), of 

standardised mean difference of the mean post-exercise interstitial glucose level (mmol/L) (2B), of 

standardised mean difference of the time spent in hypoglycaemia (percentage) (2C), of standardised 

mean difference of the time spent in hyperglycaemia (percentage) (2D). The vertical line represents 

no difference between the compared exercise conditions.CI confidence interval. 
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