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Summary
The prevalence of obesity is increasing world-wide. Obesity
is associated with a plethora of metabolic and clinical constraints, which result in a higher risk for the development of
cardiovascular complications and metabolic disease, particularly insulin resistance and type 2 diabetes. Obesity is an
acknowledged determinant of glycemic control in patients
with type 1 diabetes and accounts for the majority of premature death due to cardiovascular events. Physical exercise is
generally recommended in patients with diabetes in order to
prevent the development of or reduce existing obesity, as
adopted by every international treatment guideline so far.
Regular physical exercise has a beneficial impact on body
composition, cardiovascular integrity, insulin sensitivity and
quality of life. However, only a minority of patients participates in regular physical exercise, due to individual or
disease-related barriers. In type 2 diabetes, there is robust
evidence for beneficial effects of physical exercise on glycemic control, cardiovascular health and the development of
diabetes-related long-term complications. In type 1 diabetes
and patients treated with insulin, a higher risk for exercise-
related hypoglycemia has to be considered, which requires
certain prerequisites and adequate adaptions of insulin
dosing. Current treatment guidelines do only incompletely
address the development of exercise-related hypoglycemia.
However, every patient with diabetes should participate in
regular physical exercise in order to support and enable
sufficient treatment and optimal glycemic control.
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Zusammenfassung
Die Prävalenz der Adipositas nimmt weltweit zu und erhöht
das Risiko, an Diabetes zu erkranken. Sport gilt als bewährte Methode in der Behandlung von Adipositas und wird insbesondere für eine erfolgreiche Diabetes-Therapie empfohlen. Sport wirkt sich positiv auf die Körperkomposition, das
kardiovaskuläre System und die Lebensqualität aus. Aller
dings schaffen es nur wenige Menschen mit Diabetes, Sport
regelmässig und dauerhaft durchzuführen. Der Nutzen für

die glykämische Kontrolle und kardiovaskuläre Risikofaktoren ist klar belegt für Menschen mit Typ-2-Diabetes. Bei
Behandlung mit Insulin muss besonderes Augenmerk auf
eine adäquate Dosisanpassung der Insulintherapie gelegt
werden, um mitunter schwere Hypoglykämien zu vermeiden.
Sport sollte von jedem Menschen mit Diabetes regelmässig
ausgeübt werden, um die bestehende Therapie zu unterstützen und zu ergänzen.
Schlüsselwörter:
Adipositas, Sport, Diabetes, Hypoglykämie

Résumé
La prévalence de l’obésité augmente dans le monde entier
et, avec elle, le nombre de facteurs de risque cardiovasculaire. L’obésité est associée à une variété de troubles métaboliques et cliniques qui se traduisent par un risque plus
élevé de souffrir de maladies cardiovasculaires ou méta
boliques. En particulier, le développement de la résistance
à l’insuline et du diabète sucré de type 2 est étroitement lié
à l’obésité. Mais les personnes atteintes de diabète de type
1 développent également des facteurs de risque cardiovasculaire beaucoup plus fréquemment et bénéficient d’une
réduction de poids dans leur contrôle glycémique. Pour
prévenir le surpoids ou pour réduire le surpoids existant,
le sport est considéré comme la méthode la plus largement
acceptée et éprouvée. Le sport est considéré dans toutes les
directives de traitement comme une condition de base pour
une thérapie du diabète réussie. L’exercice régulier a un
effet positif sur la composition corporelle, le système cardiovasculaire, la sensibilité à l’insuline et la qualité de vie.
Cependant, peu de personnes atteintes de diabète parviennent à intégrer le sport dans leur vie de façon régulière
et permanente. Les avantages de l’exercice pour la qualité
du contrôle glycémique, la réduction des facteurs de risque
cardiovasculaire et la prévention des complications associées au diabète sont clairement documentés pour les
personnes atteintes de diabète de type 2. Chez les personnes atteintes de diabète de type 1 (et les personnes
atteintes de diabète de type 2 traitées à l’insuline), une
attention particulière doit être accordée à l’adaptation adéquate de l’insulinothérapie. Le sport en combinaison avec
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une insulinothérapie existante peut augmenter de manière
significative le risque d’hypoglycémie parfois sévère, et les
directives thérapeutiques actuelles ne peuvent que partiel
lement réduire ce risque. Néanmoins, un programme sportif régulier et individualisé devrait être suivi par chaque
personne atteinte de diabète afin de soutenir et de compléter de manière optimale la thérapie antidiabétique existante.
Mots-clés:
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Introduction
Obesity is defined as a body mass index (BMI) ≥30 kg/m2.
World-wide prevalence is continuously rising and assumed
to reach 18% in men and surpass 21% in women by the year
2025 [1]. Obesity is associated with a striking reduction in
life expectancy due to metabolic, cardiovascular and psychologic constraints, which promote the development of cardiovascular disease, diabetes, depression and certain kinds of
cancer. It has been suggested that the steady rise in life
expectancy during the past two centuries may come to an end
because of the increasing prevalence of obesity [2].
In particular, obesity-associated co-morbidities include
impaired glucose tolerance, type 2 diabetes (T2DM).
Successful treatment of diabetes is a complex and challenging task requiring multiple contemporaneous strategies
including lifestyle optimization, adequate antidiabetic medication and individual education. Weight loss and physical
exercise represent the fundamental basis of obesity prevention, and its regular implementation is recommended in
every international treatment guideline for patients with diabetes [3]. Additionally, exercise can also have important
impacts on wellbeing and Quality of Life, especially in
young people [5]. Although generally recommended, the
majority of p atients fail to reach the weekly goals of physical
activity [4].
Even though its benefits are indisputable, there are some
challenges that have to be addressed in order to enable and
motivate patients with diabetes to participate in regular,
structured physical exercise.

Treatment of obesity and diabetes – role of
physical exercise in type 1 diabetes (T1DM)
Patients with T1DM frequently develop cardiovascular risk
factors such as hypertension or dyslipidemia, resulting in a
higher risk for cardiovascular disease. Moreover, obesity
prevalence increases at a faster rate as compared to the general population [6,7]. Currently, around 50% of patients with
T1DM are either overweight or obese.
In order to understand the role of exercise in obesity and
diabetes it is helpful to take a glance at the physiological
adaptations during exercise first.
Briefly, exercise can be divided into aerobic and anaerobic
exercise, depending on the type of energy supply. Aerobic
exercise is endurance exercise (“cardio”) such as running,
biking or swimming, typically with repeated strain of large
muscle groups over a long time period.
Higher performance over a short period can be accomplished during anaerobic exercise. Anaerobic energy supply
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relies mainly on glycolysis without oxygen supply, leading to
the accumulation of lactate. Examples for exclusively anaerobic physical activity include resistance exercise like weightlifting or sprint training [8]. The hormonal and metabolic
response differs substantially in regard to the type of exercise. In healthy subjects, blood glucose stays in the range of
4–6 mmol/l during exercise despite the 4–6 times increased
demand for energy by the used muscles. Initially, this
increased demand is covered by local glycogen stores in the
muscle tissue. Already shortly afterwards, external energy
supplies are needed. In healthy subjects, suppression of insulin secretion and increasing glucagon levels are responsible
for increased glucose production and subsequently fat oxidation. Muscle contractions lead to increased insulin-indepen
dent glucose uptake via glucose transporter 4 (GLUT4) [9].
Glucose uptake stays increased for up to 24–48 hours after
the exercise is finished [4].

Continuous insulin treatment – a necessity
increasing the risk for obesity
Unintentional body weight gain may appear with intensive
insulin treatment [10]. Insulin inhibits protein catabolism,
stimulates lipogenesis and decreases basal metabolic rate
[7,11,12]. Moreover, exogenous insulin administration
often supersedes physiologic requirements, thereby altering body composition in favor of increased body fat deposits [11–14].
The Diabetes Control and Complications Trial (DCCT)
reported an average body mass gain of 4.6 kg following intensive insulin therapy over five years. Weight gain appeared
regardless of administration via multiple daily injections or
an insulin pump [15]. A recent meta-analysis reported that
weight gain was determined by the absolute dose of daily
insulin [16]. In newly diagnosed T1DM, the initiation of
intensive insulin therapy is often accompanied by significant
weight gains due to corrections in glycosuria, diuresis, and
catabolism [7]. However, moderate weight gain did not
negatively affect cardiovascular risk profile when associated
with improved glycemic control [17].

Glycemic control in T1DM
The association between increased physical exercise and
improvement of glycemic control is not as clear as in patients
with T2DM. Former studies even demonstrated a deterioration of glycemic control due to significantly higher glycemic
variability during and after exercise in patients with T1DM
[5,6,18].
Fear of hypoglycemia is frequently mentioned by patients
with T1DM. However, with adequate instruction and planning, almost all activities can be performed safely. The impact of exercise on glycemic control in T1DM is complex and
depends on the type of exercise, current insulin concentrations, carbohydrate ingestion, and others [4].
Different types of carbohydrate, for example defined by
the glycemic index, may lead to different and occasionally
unexpected glycemic responses. Typically, complex carbohydrates can be used as continuous energy supply during
longer activities whereas rapidly metabolized carbohydrates
such as glucose are suitable for the correction of decreasing
blood sugar readouts [4,19].
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Insulin and the risk for hypoglycemia –
practical aspects
Plasma concentrations of (long-acting) insulin analogues
cannot be decreased during exercise, leading to inadequately higher concentrations of insulin during and after exercise.
This might increase glycemic variability and the risk for
hypoglycemia [4,20]. Moreover, hyperinsulinemia inhibits
lipolysis, making glucose the main source of fuel supply during exercise. Two main strategies have been developed in
order to compensate for higher insulin sensitivity and
increased glucose requirements. An obvious approach for
prevention of hypoglycemia during exercise is the ingestion
of additional carbohydrates, based on the pre-exercise blood
glucose concentration, time of the last meal and circulating
insulin levels. Therefore, estimating the optimal dose of additional carbohydrates ingested prior to exercise may be a
challenging task and requires experience from both, patients
and medical experts. An approximate approach can be reviewed in table 1.
Adding carbohydrates means additional calories, which
might reduce the efficacy of intended weight loss. Therefore,
reductions of insulin dose may be the preferred strategy. In
general, reductions in basal insulin and/or prandial insulin
are useful if duration and intensity of exercise can be predicted. However, reduction of insulin doses may not be enough
to compensate for unexpected increases in physical activity.
Therefore, ingestion of additional carbohydrates may still be
necessary. An overview of insulin dose reduction can be reviewed in table 2.
In the last few years, the use of continuous glucose monitoring (CGM) devices has become increasingly important in
diabetes. It was demonstrated that CGM is as accurate during
exercise with the same delay of 15–20 as in non-exercising
conditions [21]. CGM may reduce hypoglycemia frequency,

and knowing the current glucose trend can be of high value
for exercising subjects with T1DM [22].
Similar results were found for patients with T2DM. Even
a single session of high-intensity interval training (HIT, 10 ×
60 seconds of cycling at 90% of maximal heart rate, interspersed with 60 seconds rest) was capable to reduce the time
in hyperglycemia (defined as CGM glucose >10 mmol/l; HIT:
4.5 ± 4.4 vs. control: 15.2 ± 12.3%, p = 0.04) and postprandial glycemic excursions (postprandial area under the curve
fpr CGM glucose; HIT:728 ± 331 vs. control: 1142 ±
556 mmol/l × 9 h, p = 0.01) [23].
A systematic review and meta-analysis illustrated beneficial effects on glycemic excursions following physical exercise
in patients with T2DM using CGM. Physical exercise significantly decreased average daily CGM glucose concentrations
(−0.8 mmol/l; p = 0.01) and time spent in hyperglycemia (defined as CGM glucose >10 mmol/l: −129 min, p< 0.01) without
promoting hypoglycemia (time spent in hypoglycemia, defined
as CGM glucose <4.0 mmol/l: −3 min, p = 0.47) [24].

The role of physical exercise in T2DM
Glycemic control in T2DM
In a meta-analysis of 47 randomized controlled clinical trials
(RCTs), patients participating in structured, supervised
aerobic exercise (−0.73%), resistance training (RT) (−0.57%),
or combined training modalities (−0.51%) achieved significant reductions in HbA1c as compared to control participants, who were only given oral advice to perform physical
activity [25]. Reductions in HbA1c were higher if the duration of physical activity exceeded 150 minutes per week,
compared to shorter training schedules (0.89% vs. 0.36%).

Capillary blood glucose prior to exercise
(mmol/l)

Recommended action

<5.0

15–30 grams (g) of fast-acting carbohydrates
Additional carbohydrates during exercise as needed

5.0–8.0

~0.5–1.0 g/kg body mass/hour of exercise, depending on exercise
intensity and circulating insulin levels

8.1–14.0

Start with exercise
Consumption of additional carbohydates when capillary blood glucose
drops to <8.0

14.1–19.0

Blood test for ketone bodies
Initiate mild- to moderate-intensity exercise
Intense exercise should be avoided until glucose levels drop to
<14 mmol/l

>19.0

Blood test for ketone bodies
Avoid any exercise if moderate to large amounts of ketones are
present
If ketones are negative (or trace), insulin correction
(e.g., 50% correction) before exercise might be useful
Initiate mild to moderate exercise
Intense exercise should be avoided until glucose levels drop to
<14 mmol/l

Table 1: Additional carbohydrates based on pre-exercise capillary blood glucose
38

Helmer et al.

Exercise intensity

Bolus reduction for
30 minutes of exercise
(%)

Bolus reduction for
30 minutes of exercise
(%)

Basal insulin reduction
for 60 minutes of
exercise (%)

Mild (walking, gardening)

25

50

30

Moderate (jogging, light cycling)

50

75

50

Intense (intense cycling, running,
dancing)

75

100

90–100

Table 2: Reductions in bolus and basal insulin doses for 30 or 60 minutes of aerobic exercise performed within 2–3 hours
after a meal
Supervision was an important determinant of treatment
success, as was illustrated by meta-analysis of 27 RCTs.
Supervised exercise training was capable to improve glycemic control and insulin sensitivity as measured by total d aily
insulin dose. However, when supervision was removed from
participants both, compliance and glycemic control d ecreased
significantly [26,27].
Improvements in both, body composition and glycemic
control were observed in older patients (60 to 80 years of age)
with T2DM, as was illustrated by a recent RCT. After six
months, the decrease in HbA1c was most pronounced in
those patients allocated to a combined resistance training and
a diet program as compared with resistance training or diet
alone (HbA1c reduced by 1.2 ± 1.0 vs. 0.4 ± 0.8%, p <0.003
after six months), while lean mass increased likewise (mean
increase in lean mass was 0.5 ± 1.1 kg for combined intervention and −0.4 ± 1.0 in diet intervention only) [28].
Moreover, structured physical exercise training reduced
requirements in prescribed antidiabetic medication. After 16
weeks of resistance training, daily doses of anti-diabetic
medication decreased by 72% in the exercise group as
compared with the control group [29].

Cardiovascular risk factors in T2DM
A meta-analysis of 12 RCTs of structured physical exercise
in patients with T2DM reported significant reductions in
low-density lipoprotein cholesterol (LDL-C, reductions
approximated 5% after eight weeks or more of physical
exercise) [30]. Another meta-analysis of 14 RCTs showed
significant improvements in glycemic control, reductions in
visceral obesity and plasma triglycerides, whereas LDL-C
and overall body weight remained stable [31]. In the
meta-analysis of 42 RCTs, structured exercise decreased
systolic and diastolic blood pressure (−2.42 mm Hg for
systolic and −2.23 mm Hg for diastolic blood pressure,
respectively). Concentrations of high-density lipoprotein
cholesterol increased (HDL-C; +0.04 mmol/l) in parallel to
a favorable decrease in LDLC (−0.16 mmol/l) [32].

Cardiovascular morbidity and mortality in T2DM
As the most fundamental effect, physical exercise increases
cardiorespiratory fitness (CRF) [33]. A meta-analysis of
epidemiological studies in healthy participants illustrated an
inverse association of CRF with cardiovascular morbidity.
Another meta-analysis confirmed and extended these results,
indicating that higher fitness levels as measured by aerobic
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capacity offered cardiovascular protection (risk ratio for allcause cardiovascular mortality 0.87 (confidence interval (CI)
0.84–0.90) [34].
Even walking as the very basis of physical activation offered cardiovascular protection. A prospective cohort study
recruited 2896 adult patients with T2DM and calculated their
cardiovascular mortality depending on the mean walking
duration per week. Patients walking at least 2 hours per week
had a 39% lower all-cause mortality rate and a 34% lower
cardiovascular mortality rate [35]. Cardiovascular mortality
decreased further in patients walking 3–4 hours per week
(all-cause mortality hazard ratio (HR), 0.46; 95% confidence
interval (CI), 0.29–0.71; cardiovascular mortality HR, 0.47;
95% CI, 0.24–0.91) and was highest in those patients reporting moderate increases in heart rate and breathing (all-cause
mortality HR, 0.57; 95% CI, 0.41–0.80; cardiovascular mortality HR, 0.69; 95% CI, 0.43–1.09) [35]. Dose-responsiveness was confirmed in another meta-analysis of 17 studies
evaluating cardiovascular risk reductions related to physical
exercise [36]. Higher extents of physical exercise were
associated with lower risk for all-cause cardiovascular
mortality (0.61 [0.52–0.70]) and cardiovascular disease (0.71
[0.60–0.84]).
There have been some inconclusive results obtained from
the LookAhead trial, a RCT comparing an intensive lifestyle
intervention (ILI) to diabetes support and education in overweight and obese patients with T2DM. The primary endpoint
was the development of cardiovascular disease. After a
median follow-up time of 9.6 years, LookAhead was stopped
due to futility, questioning the efficacy of physical activity in
cardiovascular protection in T2DM. Even though being
negative in terms of cardiovascular protection, Look Ahead
reported numerous beneficial effects on diabetes-related
morbidity. As a possible explanation, the event rate in LookAhead was over-estimated (0.7% compared to estimated
3.125% cardiovascular events per year). Moreover, participants and primary caretakers were unblinded and free to
choose additional lifestyle programs besides the intervention
of study protocol, which might have further decreased the
cardiovascular event rate [37].

Barriers and facilitators of physical exercise
in diabetes
A focus-group discussion investigated determinants of participation in a supervised exercise program and willingness
to follow-up with physical exercise after completion in
patients with T2DM. Motivation was the most critical factor
in exercising, both during and following the program.
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 articipants reported the need for better transition to the
P
post-program period, where supervision and support is rarely available. Co-morbidities were independent determinants
of compliance, and participants suggested that the “optimal”
exercise program offered time-wise flexibility and geographical proximity. After completion of the program, walking
was the most frequently conducted type of physical activity
[38]. A recent study investigated barriers to physical activity
in general in patients with T2DM. The most commonly
reported barriers were time constrains, fear of provoking
additional disorders, exercise venue and weather [39].

Conclusion
Obesity is among the most important determinants of a higher risk for the development of T2DM and may significantly
reduce glycemic control in T1DM. The implementation of
regular physical exercise is recommended by all international treatment guidelines for diabetes. Whereas the long-term
benefits for glycemic control, body composition, and quality

Key messages
• Patients with diabetes mellitus profit from physical
exercise in a way similar to healthy individuals.
• Physical exercise may increase the risk for hypoglycemic
events, especially in patients treated with insulin.
• Patients should be encouraged to participate in regular,
consequent physical exercise, which should address
patient-specific risk factors.
• Additional carbohydrates and insulin dose reductions may
be necessary prior to exercise and have to be individual
ized, depending on body mass, current capillary blood
glucose, circulating insulin concentrations, duration of
exercise and exercise intensity.

of life are indisputable for both types of diabetes, some aspects of physical exercise remain elusive. Patients treated
with insulin have a higher risk for exercise-associated hypoglycemic events, and international guidelines cannot provide
sufficient strategies fully addressing this important complication. Moreover, different types of physical exercise are associated with higher glycemic variability, thereby prohibiting
its conduct in certain metabolic situations. Further barriers
to regular physical activity exist that may exclude diabetic
patients from its various benefits. Patients with diabetes
should nevertheless be encouraged to participate in regular,
consequent physical exercise, which should be supported by
proper education, individualized treatment strategies and
modern technologies of glucose monitoring.
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Lernfragen
1.	Welche dieser Antworten ist falsch? (Mehrfachantwort)
a) Sport kann allen Patienten mit Diabetes helfen kardiovaskuläre Risikofaktoren zu minimieren.
b) S
 port verbessert die glykämische Kontrolle bei allen
Patienten mit Diabetes.
c) Bei Patienten, die mit Insulin behandelt werden, findet
optimaler Weise vor dem Sport eine Anpassung der
Insulinmenge statt.
d) S
 pontaner Sport ist bei insulinbehandelten Patienten
unmöglich.
e) S
 port hilft immer dabei, Ketonkörper im Blut zu reduzieren und gilt daher als geeignete Therapie im Fall
einer Ketonämie.
2.	Welche dieser Antworten ist falsch? (Einfachantwort)
a) Sport verbessert die Lebensqualität bei Menschen mit
Diabetes.
a) Sport minimiert kardiovaskuläre Risikofaktoren bei
Menschen mit Typ-1-Diabetes.
a) Sport verbessert die kardiopulmonale Leistungsfähigkeit bei Menschen mit Typ-2-Diabetes.
a) Sport verbessert die glykämische Variabilität bei
Menschen mit Typ-1-Diabetes.
a) Sport kann abhängig von der Art und Intensität zu
Blutzuckeranstiegen führen.
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