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Abstract
Objective To assess the effectiveness of an exercise intervention, in addition to standard care, in preventing or 
delaying insulin prescription in women with gestational diabetes mellitus (GDM).

Design Randomised controlled trial.

Setting University hospital.

Population Pregnant women at 25–35 weeks of gestation diagnosed with GDM.

Methods Women in the intervention group participated in weekly, supervised, 30–45 min exercise sessions and were 
encouraged to accumulate more than 5000 steps per day, tracked by a pedometer, in addition to receiving usual care. 
The control group received standard care only.

Main outcome measure Insulin prescription.

Results From February 2008 through April 2013, 109 women were randomized into the intervention group (n = 57) 
or the usual care group (n = 52). Two women in the intervention group were excluded from the analysis (one was 
randomised in error and one was lost to follow-up). Six women never attended the exercise sessions, and two 
attended fewer than two sessions. However, two-third of women were considered as compliant to the intervention 
(attended more than 50% of sessions and/or averaged more than 5000 steps/day). The incidence of insulin 
prescription did not differ between the groups: 31 women (56%) in the intervention group versus 24 women (46%) in 
the control group (RR 1.22, 95% CI 0.84 to 1.78). The median time from randomization to insulin prescription was also 
similar between groups (14 days in the intervention group and 13 days in the control group).

Conclusion This study did not demonstrate that an exercise program reduces or delays insulin prescription in 
women with GDM. Low adherence to the intervention, a small sample size, and the short duration of the program 
may explain the lack of observed benefit.
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Introduction
Gestational diabetes mellitus (GDM) is defined as dia-
betes diagnosed during the second or third trimester of 
pregnancy that was not clearly present prior to gesta-
tion [1]. Globally, GDM affects approximately 14% of 
pregnancies, though prevalence varies depending on the 
population and the diagnostic criteria used. In Geneva, 
Switzerland, 11% of pregnant women are diagnosed with 
GDM according to the IADPSG criteria [21].

The initial management of GDM typically involves 
dietary guidance, physical activity advice, and regular 
glucose monitoring. If euglycemia cannot be achieved by 
lifestyle interventions alone, insulin therapy is prescribed 
[12].

Exercise has been well-documented to improve insulin 
sensitivity in non-diabetic individuals [20], with the most 
pronounced benefits observed in milder forms of type 2 
diabetes [25], a condition closely related to GDM.

A systematic review of observational studies found that 
women who engage in regular physical activity before or 
during pregnancy have a lower risk of developing GDM 
[24]. Additionally, randomized trials evaluating early 
pregnancy exercise interventions have demonstrated that 
physical activity can help prevent the onset of GDM [15, 
23].

In women already diagnosed with GDM, increasing 
daily moderate physical activity may improve glycaemic 
control and decrease the need for insulin therapy [13]. 
For many women, the prospect of insulin therapy is a 
source of stress and anxiety [11], as it requires regular 
injections, glucose monitoring and dose adjustments, 
which are often perceived as an added burden [9]. More-
over, increasing physical activity in women with GDM 
has been linked to improved maternal health, a reduced 
risk of caesarean section, and decreased maternal and 
neonatal morbidity associated with GDM [8].

Previous research on exercise interventions for women 
with GDM included 11 trials with 638 participants, sum-
marized in a systematic review [4]. These trials reported 
reductions in fasting and post-prandial glycaemia follow-
ing exercise interventions, although there was little evi-
dence of improvement in clinically significant outcomes. 
One study that incorporated both supervised and home-
based exercise sessions suggested a reduction in insulin 
prescriptions [6], while others primarily demonstrated 
improvements in glycaemia control [4]. Recent reviews 
concluded that exercise may be beneficial for manag-
ing GDM, but more research is needed to confirm these 
effects [7].

Given the need for further evidence, we designed a 
randomized clinical trial (RCT) to assess the impact of 

an exercise intervention on insulin prescription rates in 
women with GDM in our university hospital outpatient 
clinic. We selected insulin prescription as the primary 
outcome, as it reflects the threshold at which lifestyle 
interventions fail to control glycaemia. Since many 
women in our clinic face time and travel constraints that 
make intensive exercise schedules difficult, we designed 
a flexible, low-cost, once-weekly exercise program that 
could be incorporated into their routine. Our objective 
was to determine whether this program could reduce the 
need for insulin therapy in women with GDM.

Methods
Study design and participants
We conducted a randomized controlled trial in the 
Geneva University Hospitals (Switzerland) from Febru-
ary 2008 through April 2013. Women recently diagnosed 
with gestational diabetes using standard criteria [5] and 
referred to a multidisciplinary team of diabetologists, 
specialised nurses, dieticians, obstetricians and midwives 
were invited to participate. From 2008 until 2010, GDM 
was diagnosed with a 50 g OGTT (O’Sullivan test: [19], 
where a 50 g OGTT ≥ 11 mmol/L was considered as ges-
tational diabetes. If the result was between 7.8 mmol/L 
and 11 mmol/L, a 100  g OGTT was performed, with 
results interpreted using the Carpenter and Coustan cri-
teria [5]. From 2011 onward, GDM was diagnosed with a 
75 g OGTT with IADPSG criteria [14] following the rec-
ommendations from the Swiss Society of Obstetricians 
and Gynecologists. Consenting women with a singleton 
pregnancy, a positive GDM test, and no insulin or oral 
antidiabetic treatment were eligible to participate. Exclu-
sion criteria included age below 18 years, insulin treat-
ment prescribed before or at the first visit, pre-existing 
diabetes, and any contraindication for physical activity 
[2].

Randomisation and masking
Women were randomized to the intervention or usual 
care group using a list of randomly permuted blocks 
(block size of four to eight), distributed in opaque, con-
secutively numbered, sealed envelopes. Clinicians and 
participants had no access to the randomisation list but 
were not blinded to group allocation, which was dis-
closed after inclusion. The diabetologists responsible for 
insulin prescription during follow-up were, to the extent 
possible, blinded to group assignment.

Procedures
The research team approached pregnant women during 
their first prenatal consultation after the GDM diagnosis. 
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These women either followed up their pregnancy at the 
hospital or were referred by their private practitioner. 
Eligible women were informed of the trial during this 
visit, in addition to receiving standard GDM manage-
ment information. After consenting, participants were 
randomly allocated to one of the two groups. Women in 
both groups received usual care, which included dietary 
advice, exercise recommendations, and capillary blood 
glucose self-monitoring four times daily [10]. In the 
intervention group, an exercise program was added to 
usual care. This program involved weekly, supervised, 
in-hospital exercise sessions, coinciding with their clinic 
appointments for GDM management. Each session 
lasted 30–45 min and included a combination of endur-
ance exercise (stationary cycling, arm-cranking) and 
light resistance training (elastic bands and free weights), 
tailored to individual preferences and tolerance. The ses-
sions started with a light load arm-cranking, followed by 
10 min of arm-cranking targeting a heart rate > 130 bpm, 
which was chosen as it reflects the lower boundary of 
recommended intensity for unfit women [17]. After a 
5-minute rest, participants engaged in 20 min of recum-
bent cycling, also targeting a heart rate > 130  bpm. If 
cycling was uncomfortable, stepping exercise was used 
as a substitute. A heart rate monitor (Suunto Smartbelt, 
Vantaa, Finland) was worn during sessions, and intensity 
was measured by the average heart rate.

The physical therapist used motivational interview-
ing techniques [22] to encourage participants to increase 
daily physical activity. The physical therapist, trained 
by a motivational interviewing technique instructor, 
emphasized open-ended questions, affirmations, reflec-
tions, and summaries to facilitate change. Participants 
were encouraged to accumulate 5000 or more steps daily, 
monitored by a pedometer (HJ 112, Omron, Hoofddorp, 
Netherlands), as 5000 steps per day is the threshold for a 
sedentary lifestyle [26]. Participants recorded their physi-
cal activities, daily step counts, and blood glucose levels 
in a diary. The intervention continued until the end of the 
pregnancy.

Outcomes
Compliance with the exercise program was defined as 
attending at least 50% of scheduled weekly exercise ses-
sions between randomization and delivery and/or averag-
ing more than 5000 steps per day. The primary outcome 
was the incidence of insulin prescription. Women who 
did not achieve glycaemic targets (≤ 5.3 mmol/l fasting, 
≤ 8.0 mmol/l one hour postprandially) were treated with 
basal and/or prandial insulin, in according with the Swiss 
Society for Endocrinology and Diabetes, adapted from 
the American Diabetes Association recommendations 
[1]. Insulin treatment included intermediate-acting NPH 
insulin, typically initiated at bedtime (0.1 U/kg/day), and 

short-acting insulin (aspart or lispro) at mealtime. Oral 
antidiabetic agents were not used. Secondary outcomes 
included time to insulin, maximum dose of insulin, mode 
of delivery, birthweight and neonatal morbidity.

Statistical analysis
Analyses were conduction on an intention-to-treat basis. 
We report baseline characteristics and outcomes as 
means (SD), medians (IQR), or percentages. The effects 
of the intervention were assessed using relative risks (RR) 
with 95% confidence intervals (CI). Statistical significance 
was determined using Fisher’s exact test for categorical 
variables and Student’s T-test for continuous variables. 
We used SPSS (versions 18 and 20, IBM, Chicago, USA) 
and Stata (version 15, StataCorp, College Station, USA) 
for statistical analysis. Based on clinic data, we antici-
pated an 40% incidence of insulin prescription in the 
control group. To detect a clinically relevant reduction to 
20% in the intervention group (number-needed-to-treat 
of 5), we calculated a required sample size of 91 patients 
per group (α = 0.05, 80% power). However, the trial was 
stopped prematurely due to low recruitment, poor com-
pliance with the exercise sessions, and a lack of funding.

Results
From February 2008 through April 2013, 109 consenting 
women were randomized, with 57 allocated to the exer-
cise group and 52 to the usual care group (Fig.  1). One 
woman was excluded because of diabetes type 1, and 
another was lost to follow-up (delivered at another hospi-
tal), leaving 107 women for analysis.

Baseline characteristics are summarised in Table  1. 
There were more obese women (BMI 30 kg/m2 or more) 
in the intervention group, and more nulliparous women 
in the usual care group.

In the intervention group, six women (11%) never 
attended the exercise sessions and two women (4%) par-
ticipated minimally (one session). Thirty-five women 
(64%) were considered compliant with the intervention: 
32 attended more than 50% of sessions, and three did not 
but averaged more than 5000 steps per day. The average 
session duration was 43 (SD 5) minutes, with an average 
heart rate of 114 (SD 12) bpm and a peak heart rate of 
142 (SD 17) bpm. No adverse events occurred during the 
exercise sessions.

The incidence of insulin prescription did not differ 
between groups: 31 women (56%) in the exercise group 
versus 24 (46%) in the control group (RR 1.22, 95% CI 
0.84 to 1.78; P = 0.39) (Table 2).

The time between randomization and insulin initiation 
was also similar: 16 (SD 13) days in the exercise group 
versus 17 (SD 15) days in the usual care group (P = 0.62). 
Maximal insulin doses were comparable between the two 
groups. Between 26 and 32 weeks, mean postprandial 



Page 4 of 7Boulvain et al. Diabetology & Metabolic Syndrome          (2024) 16:238 

glucose was 9.4 (SD 1.8) mmol/L in the exercise group 
compared to 8.9 (SD 2.0) mmol/L in the usual care group 
(P = 0.22). The number of postprandial glucose readings 
above 8.0 mmol/L was similar between groups (4.1, SD 
3.4 and 3.8, SD 3.1; P = 0.77). From 32 to 36 weeks, mean 
postprandial glucose was 9.0 (SD 2.1) mmol/L in the 
exercise group compared to 8.9 (SD 1.8) mmol/L in the 
usual care group, (P = 0.75), and the number of postpran-
dial glucose readings above 8.0 mmol/L remained similar 
(3.9, SD 3.4 and 4.1, SD 3.4; P = 0.84).

Secondary outcomes, including gestational weight gain, 
caesarean section rate, maternal complications, did not 

differ significantly between groups. Neonatal outcomes 
were also similar (Table 2).

Discussion
We aimed to test whether a voluntary, lightweight, once-
weekly supervised exercise intervention, combined with 
advice to increase physical activity at home could prevent 
or delay the need for insulin in women diagnosed with 
gestational diabetes (GDM). Unfortunately, our findings 
did not demonstrate that this program improved glycae-
mic control sufficiently to prevent or delay insulin pre-
scription. Additionally, none of the secondary outcomes, 

Fig. 1 Flow diagram
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such as time to insulin initiation, maximum insulin dose, 
mode of delivery, birthweight, or neonatal morbidity, 
were significantly affected by the intervention.

One possible explanation for the lack of efficacy is poor 
compliance. Due to travel and time constraints, women 
attending our university clinic struggled to participate in 
even one weekly supervised exercise session, which led to 
low overall adherence in the intervention group. More-
over, an imbalance in baseline characteristics between 
the groups–likely due to chance–could have influenced 
the results. The fact that the diabetologists responsible 
for insulin prescriptions were not fully blinded to the 
group assignments may have also affected the outcomes.

Our negative results are in line with other studies and 
recent reviews and meta-analyses that similarly found no 
significant impact of an exercise intervention on the pre-
vention of insulin use in women with GDM [23].

Exercise before, during, and after pregnancy pro-
vides numerous health benefits for mothers, includ-
ing improved cardiovascular function and prevention 
of conditions like preeclampsia, GDM, varicose veins, 
deep vein thrombosis, lower back pain, and enhanced 
psychological wellbeing [18]. It also limits weight gain 
during pregnancy and reduces post-partum fat reten-
tion [3]. Furthermore, regular physical activity decreases 
the risk of preterm delivery, shortens labour duration, 
and reduces perinatal complications [18]. Offspring of 

physically active mothers tend to have lower birth weight, 
reduced foetal body fat, and improved early childhood 
health [16]. Women who are physically active prior to 
pregnancy have a lower risk of GDM, and starting regu-
lar exercise early in pregnancy can help prevent its onset 
[16].

While some studies that implemented 3 exercise ses-
sions per week reported clinically relevant effects [4], 
women in our setting face limitations to time and travel, 
preventing more frequent attendance. Therefore, we 
assessed whether a lightweight intervention, combined 
with a recommendation to accumulate at least 5000 steps 
per day, could achieve a meaningful clinical outcome. The 
lack of benefit in our study may be due to the insufficient 
frequency and intensity of exercise.

Although some centres use oral medications to man-
age GDM, our centre relies on insulin therapy, which 
is considered safe for the foetus as it does not cross the 
placenta. However, insulin treatment carries risks such 
as hypoglycaemia, is costly, and requires specialized 

Table 1 Maternal characteristics at randomization
Exercise Control
n = 55 n = 52

Maternal age (years): mean (SD) 33.0 (5.3) 33.8 (6.5)
Nulliparous women: n (%) 28 (50.9%) 35 (67.3%)
Smoker: n (%) 8/53 (15.1%) 7/49 

(14.3%)
Ethnic group: n (%)
 Caucasian 43 (78.2%) 36 (69.2%)
 Black 11 (20.0%) 10 (19.2%)
 Other 1 (1.8%) 6 (11.5%)
Weight before pregnancy (kg): mean (SD) 68.9 (18.3) 65.8 (12.6)
Weight at randomisation (kg): mean (SD) 79.7 (16.4) 75.6 (11.7)
Weight gain at randomisation (kg): mean 
(SD)

10.8 (5.3) 9.8 (4.2)

Height (cm): mean (SD) 162.3 (5.8) 161.8 (7.0)
BMI (kg/m2): mean (SD) 26.1 (6.5) 25.1 (4.4)
BMI categories: n (%)
 Normal (< 25 kg/m2) 32 (58.2%) 27 (51.9%)
 Overweight (25 to < 30 kg/m2) 10 (18.2%) 20 (38.5%)
 Obese (30 to < 35 kg/m2) 8 (14.6%) 4 (7.7%)
 Morbidly obese (35 or more kg/m2) 5 (9.1%) 1 (1.9%)
Gestational age at randomization (weeks): 
mean (SD)

29.7 (2.1) 29.8 (2.4)

Type of screening: n (%)
 O’Sullivan, followed by OGTT 100 gr 26 (47.3%) 23 (44.2%)
 OGTT 75 gr 29 (52.7%) 29 (55.8%)

Table 2 Maternal and neonatal outcomes. Results are presented 
as n (%), except when stated otherwise

Exercise Control RR 
(95%CI)
or 
P-value

n = 55 n = 52
Insulin prescription 31 (56.4%) 24 (46.2%) 1.22 

(0.84–1.78)
Delay before insulin prescrip-
tion (days): mean (SD)

16 (13) 17 (15) 0.62

Maximum dose of insulin 
(Units/day): mean (SD)
 Short acting 7.3 (9.6) 5.0 (4.8) 0.26
 Intermediate acting 9.4 (11.2) 8.5 (4.4) 0.67
Weight gain from randomiza-
tion to delivery (kg): mean 
(SD)

3.4 (4.1) 3.5 (2.8) 0.93

Preterm delivery 5 (9.1%) 5 (9.6%) 0.95 
(0.29–3.08)

Induction of labour 31 (56.4%) 35 (67.3%) 0.84 
(0.62–1.13)

Caesarean section 22 (40.0%) 13 (25.0%) 1.60 
(0.90–2.83)

Vaginal delivery 33 (60.0%) 39 (75.0%)
 Spontaneous 25 31
 Instrumental 8 8
Birthweight (grams): mean 
(SD)

3337 (559) 3245 (459) 0.35

Macrosomia (4000 gr or more) 11 (20.0%) 6 (11.5%) 0.29
Apgar score less than 7 at 5’ 1 0
Neonatal resuscitation 2 2
Neonatal complications 5 6
 Jaundice 1 2
 Respiratory distress 2 2
 Others 2 2
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instruction from nurses. Moreover, many women are 
hesitant to self-administer insulin injections [9]. Thus, if 
physical activity could prevent the need for insulin, this 
would simplify GDM management and reduce associated 
healthcare costs.

The limitations of our study could account for absence 
of significant effects. In many cases, insulin was pre-
scribed just a few weeks after the start of the exercise 
program, limiting the potential for the intervention to 
show its full impact. We also had to halt recruitment 
before reaching the calculated sample size, reducing the 
statistical power to detect a difference. Additionally, the 
exercise program was relatively light, with short duration, 
and the cut-off for compliance of 50% was set too low. We 
did not monitor physical activity changes in the control 
group, which limits our ability to assess a potential Haw-
thorne effect–where participants may have improved 
simply due the their awareness of being observed. Future 
studies should include physical activity questionnaires for 
both groups to evaluate differences attributable solely to 
the intervention.

Moreover, a formal assessment of the quality assess-
ment of the motivational interviewing techniques used 
by the physical therapist could enhance future interven-
tions, as this approach was shown to be effective when 
properly employed [22].

Conclusion
Our light-weight intervention, designed for large-scale 
applicability with minimal resources, did not significantly 
reduce the need for insulin prescription or improve 
secondary outcomes. This study was underpowered to 
detect the potential effects of such a modest exercise 
intervention. Starting regular physical activity earlier in 
pregnancy has shown success in preventing GDM, but 
whether initiating an exercise program after a GDM 
diagnosis is too late to make a difference remains to be 
determined by larger, more robust studies. We recom-
mend future trials explore more frequent and intense 
exercise regimens and assess adherence to physical activ-
ity guidelines more comprehensively.
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