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Postprandial interval walking—effect on blood
glucose in pregnant women with gestational diabetes
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BACKGROUND: During pregnancy, postprandial hyperglycemia may
increase the risk of complications such as fetal macrosomia. However,
evidence on beneficial effects of physical activity on postprandial hypergly-
cemia is sparse.
OBJECTIVE: This study aimed to investigate the effect of 20 minutes of
postprandial interval walking on glycemic control and glycemic variability in
pregnant women diagnosed as having gestational diabetes mellitus.
STUDY DESIGN: A crossover controlled trial including 14 pregnant
women (gestational age 31.8§1.3 weeks) diagnosed as having gesta-
tional diabetes mellitus (75 g oral glucose load with 2-hour venous plasma
glucose of ≥9.0 mmol/L) was conducted. Participants completed a 4-day
intervention period and a 4-day control period with 3 days in between. In
each study period, participants received a fixed and identical diet. In the
intervention period, participants engaged in 20 minutes of postprandial
interval walking after breakfast, lunch, and dinner. Interval walking com-
prised alternating 3 minutes of slow and fast intervals. Interstitial glucose
concentrations were determined during both study periods with a continu-
ous glucose monitor. The mixed effects model was used to compare dif-
ferences between exercise and no exercise.
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RESULTS: Of note, 20 minutes of postprandial interval walking sig-
nificantly reduced glycemic control during daytime hours relative to
the control period (4-day mean glucose, 5.31 [5.04−5.59] vs 5.53
[5.25−5.81] mmol/L [95.6 (90.7−100.6) vs 99.5 (94.5−104.6)
mg/dL]; P<.05). On each individual trial day, interval walking signifi-
cantly reduced glycemic control during daytime hours on day 1
(mean glucose, 5.19 [4.92−5.47] vs 5.55 [5.27−5.83] mmol/L
[93.4 (88.6−98.5) vs 99.9 (94.9−104.9) mg/dL]; P=.00), day 2
(mean glucose, 5.32 [5.05−5.60] vs 5.57 [5.29−5.84] mmol/L
[95.8 (90.9−100.8) vs 100.3 (95.2−105.1) mg/dL]; P=.00), and
day 3 (mean glucose, 5.27 [5.00−5.54] vs 5.46 [5.19−5.74]
mmol/L [94.9 (90.0−99.7) vs 98.3 (93.4−103.3) mg/dL]; P=.00),
but not on day 4.
CONCLUSION: A total of 20 minutes of postprandial interval walking
seems to be an effective way to control postprandial glucose excursions in
women with gestational diabetes mellitus.
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gestational diabetes, physical activity, postprandial glucose, pregnancy
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Introduction

G estational diabetes mellitus
(GDM) is a pregnancy complica-

tion characterized by hyperglycemia
during gestation.1 GDM develops as a
result of insufficient insulin production
to overcome insulin resistance associ-
ated with pregnancy.2 Consequences of
GDM include increased risk of pre-
eclampsia, cesarean delivery, fetal mac-
rosomia, and neonatal hypoglycemia.
Furthermore, GDM increases the risk of
future development of type 2 diabetes
mellitus in both the mother and the
infant.3−6
GDM affects approximately 17%
of pregnancies worldwide,7,8 and preva-
lence increases coincidently with the
prevalence of overweight and obesity in
women of childbearing age.9−11 There-
fore, appropriate management of GDM
is important to minimize maternal and
fetal morbidity.

Several studies have shown that
exercise is associated with a decrease
in GDM incidence12−14 and furthermore
that intervention can reduce maternal
and fetal morbidity caused by GDM.15,16

Evidence clearly indicates that a corre-
lation exists between increasing blood
glucose concentrations and complica-
tions.3 A systematic review and meta-
analysis by Davenport et al17 demon-
strated a reduction in blood glucose lev-
els in women with and without GDM
both during and after acute exercise and
after chronic exercise intervention
programs. In addition, exercise
interventions in women with GDM have
shown reduced fasting and postprandial
blood glucose concentrations,18,19 not to
mention improved insulin sensitivity
and blood glucose control in women at
risk for or with GDM.20,21

According to studies in pregnant
women with type 1 or type 2 diabetes
mellitus, postprandial glucose levels and
large variations in blood glucose impose
a great impact on potential complica-
tions, particularly macrosomia22−24;
however, only a few interventional stud-
ies exist on postprandial exercise in
pregnant women. In a pilot study, we
demonstrated a considerable lower peak
glucose level and considerable lower 1-
hour glucose level after a 75 g oral glu-
cose load when followed by 20 minutes
of moderate intensity exercise than
rest.25 In studies including individuals
with type 2 diabetes mellitus, interval
walking has been proposed superior
to continuous walking in reducing
glycemic variability.26,27 Treatment of
November 2021 AJOG MFM 1

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajogmf.2021.100440&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.ajogmf.2021.100440


AJOG MFM at a Glance

Why was this study conducted?
This study aimed to examine the effect of 20 minutes of postprandial interval walk-
ing on blood glucose in pregnant women with gestational diabetes mellitus (GDM).

Key findings
A total of 20 minutes of postprandial interval walking reduced whole-day
glucose profiles.

What does this add to what is known?
This study demonstrated that 20 minutes of moderate intensity postprandial
exercise can reduce glucose levels in women with GDM.

Original Research
GDM involves guidance on how and
how much to be physically active. How-
ever, studies on exercise intervention
among pregnant women include a great
variation in exercise programs, and the
most effective form and timing of exer-
cise remain undetermined.
This study aimed to investigate the

effect of 20 minutes of postprandial inter-
val walking compared with no exercise
on glycemic control and glycemic
FIGURE 1
Flowchart of the study population
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variability using continuous glucose mon-
itoring (CGM) in women with GDM.

We hypothesized that 20 minutes of
postprandial interval walking would
reduce glycemic control, glycemic vari-
ability or both compared with exercise.

Materials and Methods
Setting
A randomized crossover controlled
trial was performed from April 2018
abetes. Am J Obstet Gynecol MFM 2021.
to September 2020 at the Department
of Obstetrics and Gynecology, Aarhus
University Hospital, Aarhus, Denmark,
which is a tertiary public delivery
center with approximately 5000 deliver-
ies annually.
The Central Jutland Regional Com-

mittee on Health Research Ethics (jour-
nal number 1-10-72-274-16) approved
the study. The study was conducted
according to the Declaration of Hel-
sinki, and an informed consent was
obtained from all participants before
inclusion. The study was registered at
ClinicalTrials.gov (ClinicalTrials.gov
Identifier: NCT03641170).
Participants
Eligible participants were singleton
pregnant women diagnosed as having
GDM. For practical reasons, we used
the Danish diagnostic criteria for diag-
nosing GDM (75 g oral glucose load
with 2-hour venous plasma glucose



TABLE 1
Descriptive characteristics of the participants

Characteristic N=14

Age, y 32.4 (5.4)

Parity, n (%)

0 8 (57)

1 5 (36)

2 1 (7)

Pregestational weight, kg 78.5 (16.0)

Pregestational BMI, kg/m2 28.7 (5.0)

GA, wk 31.8 (1.3)

Weight, kg 87.2 (14.3)

GWG, kg 8.7 (5.2)

FBG, mmol/L 5.0 (0.5)

Insulin, pmol/L 82.4 (31.2)

C-peptide, pmol/L 914.5 (200)

HbA1c, mmol/mol 32.2 (4.6)

HOMA-IR 2.0 (0.5)

OGTT, mmol/L 9.5 (0.4)
Variables are expressed as mean (SD), except parity, which is number (percentage).

BMI, body mass index; FBG, fasting blood glucose; GA, gestational age; GWG, gestational weight gain; HbA1c, hemoglobin A1C;
HOMA-IR, homeostatic model assessment of insulin resistance; OGTT, oral glucose tolerance test; SD, standard deviation.
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of ≥9.0 mmol/L), which differs from
the International Association of Diabe-
tes and Pregnancy Study Groups criteria
(75 gram oral glucose load with 2-hour
venous plasma glucose of ≥8.5 mmol/
L).28−30 In Denmark, selective screening
with an oral glucose load is undertaken
at approximately gestational week
28. Participants were recruited when
referred to the Department of Obstet-
rics and Gynecology right after the diag-
nosis of GDM.
The exclusion criteria included insu-

lin treatment, any physical disability
that effected their movement to an
extent where they were not able to walk
for 20 minutes, being vegetarian or
intolerant or allergic to any of the foods
in the diet, inadequate knowledge of the
Danish language, and age of <18 years.
Data on maternal age, parity, pre-

pregnancy weight and body mass
index (BMI), gestational age at inclu-
sion, and diagnosis of GDM were col-
lected from the medical records of
the participants.

Procedures
All participants received a fixed and
identical diet in 2 independent but
continuous periods of 4 days each
(Tuesday to Friday) with 3 days
of washout period in between. The
exercise treatment consisted of 20
minutes of walking after each main
meal or no exercise.
Participants reported to the clinic

2 times, at the first day of each trial
period. On both days, the participants
had been fasting overnight, and a base-
line blood sample was drawn. A CGM
was placed on the left arm and an accel-
erometer was placed on the right arm.
The diet for 4 days was handed out, fol-
lowed by careful instructions by the
investigator. Participants were random-
ized using computer generated random
numbers, balanced at 1:1, to the order
of treatment with exercise or no exercise
in the 2 trial periods.

Diet
The diet consisted of 3 main meals
and 3 snacks and was composed
on the dietary recommendations of
the Danish Health Authority31 and
followed the standard care of the
Department of Obstetrics and
Gynecology, Aarhus University Hospi-
tal. Moreover, 2 diets with different
calorie content were used; a 10,400 kJ
diet for participants with a BMI of
≤25 kg/m2 and an 8400 kJ diet for
participants with a BMI of >25 kg/m2.
Calorie needs were calculated based on
prepregnancy average age, height,
BMI, gestational weight gain, and
activity level. For the metabolic need
in the third trimester, an additional
1300 kJ was added. The estimated cal-
orie needs were reduced by 30% for
prepregnancy BMI of >25 kg/m2.
Energy percentages were distributed as
follows: protein, 20%; fat, 30%;
and carbohydrate, 50%. The amount
of carbohydrate was fixed for all meals.
A nutrition specialist did the calcula-
tions, and the food was delivered by
Aarhus University Hospital kitchen.
The participants were instructed not
to ingest or drink anything besides the
food components of the diet.
Exercise
The exercise intervention consisted of
20 minutes of interval walking after
breakfast, lunch, and dinner. Interval
walking was commenced between 30
and 40 minutes after the start of each
meal and completed no later than 60
minutes after the start of each meal.
Interval walking encompassed alternat-
ing 3 minutes slow and fast intervals.
Participants were instructed in the
intensity of the slow and fast intervals
using the Borg rating of perceived exer-
tion scale. Starting with a slow interval,
participants were instructed to aim at 7
to 8 on the Borg scale and increase to
13 to 14 during fast intervals.32 If the
participant voluntarily engaged in any
form of structured exercise, she was
instructed to repeat the exercise on the
same day of both trial periods.

Continuous glucose monitoring
A masked CGM (Medtronic iPro2,
MiniMed, Northridge, CA) was worn
by all participants for the entire study
November 2021 AJOG MFM 3



FIGURE 2
Mean glucose concentrations for the exercise and no exercise trial periods
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period. The CGM requires the inser-
tion of a subcutaneous small catheter
containing a glucose sensor and a
transmitter. The glucose sensor uses
interstitial glucose and records and
stores glucose measurements every
5 minutes for multiple days. The
Medtronic iPro2 has been validated
and used in pregnant women.33,34

Participants were instructed to
do preprandial self-monitoring of
blood glucose with a glucometer
(Accu-Chek Mobile, Roche Diagnos-
tics GmbH, Mannheim, Germany)
4 times a day (before breakfast, lunch,
dinner, and before bedtime) for cali-
brating the CGM.
On the first day of each trial period,

the sensor was inserted immediately
after admission and glucose was moni-
tored for at least 4 days in each trial
period. The women were instructed on
how to remove the sensor at the end of
the trial period and to return it to the
clinic.
Whole-day glucose profiles were

collected over 4 days in each trial
period for each participant. In each
trial period, the time interval from
the first CGM reading at approxi-
mately 10:00 AM at the first trial day
and until 6:00 AM on the day after
the last trial day was used for analy-
sis, with a total of 92 hours.
FIGURE 3
Differences in mean glucose between the exercise and no exercise trial
period

The asterisk indicates P<.05.
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Sense Wear
To validate compliance, physical activ-
ity was monitored by the SenseWear
Armband Pro3 (BodyMedia, Pittsburgh,
PA) during both trial periods. The
SenseWear Armband Pro3 is a multi-
sensor body monitor designed to be
worn over the triceps of the right arm.
Internal sensors continuously measure
heat flux, galvanic skin response, skin
temperature, near body ambient tem-
perature, and biaxial accelerations. Col-
lected data combined with sex, age,
body weight, and height were analyzed
using the SenseWear Professional soft-
ware (version 6.1) producing estimates
of energy expenditure expressed as met-
abolic equivalent of task (MET) and
number of steps.
4 AJOG MFM November 2021
Blood sampling
A biomedical laboratory scientist drew
fasting blood samples from the antecu-
bital vein and immediately processed
and analyzed the blood in the central
laboratory of Aarhus University Hospi-
tal. Glucose level in the plasma, insulin
and C-peptide in the serum, and gly-
cated hemoglobin (HbA1c) in the whole
blood were determined.

Efficacy assessments
The primary outcome was measures
of glucose control and the secondary
outcome was measures of glycemic
variability. We measured glucose con-
trol as determined by the mean 24-
hour glucose, mean daytime glucose
(from 6:00 AM to 10:00 PM), mean
2-hour postprandial glucose, and
mean 2-hour postprandial peak glu-
cose after each meal, as assessed by
CGM. We evaluated glycemic vari-
ability comprising coefficient of varia-
tion (CV), standard deviation (SD),
and mean amplitude of glycemic
excursions (MAGE) per 24-hour glu-
cose readings.
Statistical analyses
The baseline characteristics of the par-
ticipants are presented by descriptive
statistics. Continuous data are expressed



TABLE 2
Glucose measures of individual trial days.

Mean glucose (mmol/L) of 24-h periods
Day Exercise No exercise P value

1 5.21 (4.94−5.49) 5.56 (5.29−5.84) .00

2 5.32 (5.05−5.59) 5.50 (5.22−5.78) .01

3 5.27 (4.99−5.54) 5.48 (5.20−5.75) .00

4 5.47 (5.20−5.74) 5.58 (5.30−5.86) .11

Mean glucose (mmol/L) of daytime h (6:00 AM to 10:00 PM)
Day Exercise No exercise P value

1 5.19 (4.92−5.47) 5.55 (5.27−5.83) .00

2 5.32 (5.05−5.60) 5.57 (5.29−5.84) .00

3 5.27 (5.00−5.54) 5.46 (5.19−5.74) .00

4 5.42 (5.15−5.69) 5.53 (5.25−5.80) .11
Values are expressed as mean (95% confidence interval). Estimated means computed using mixed effects model.
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as mean with SD and categorical varia-
bles as number and percentage. To test
for an eventual effect of increasing ges-
tational age during the trial, baseline
blood test analyses from the 2 experi-
mental periods were compared using
the paired t test.
The efficacy of the intervention was

assessed on the basis of within-subject
difference between exercise and no
exercise. The mixed effects model was
used to compare differences between
exercise and no exercise. Parameters are
expressed as estimated means with 95%
confidence intervals.
Sample size was calculated (85%

power, 5% significance, 2-tailed
alpha). To detect a blood glucose dif-
ference of 0.4 mmol/L, we would need
15 participants.
Analyses were performed using

STATA 14.1 (StataNordic, Metrika
Consulting AB, Stockholm, Sweden).
MAGE was calculated using EasyGV
software (Nathan R. Hill, University of
Oxford).35 Homeostatic model assess-
ment of insulin resistance was calcu-
lated based on plasma glucose and C-
peptide using the HOMA Calculator
v2.2.3 (The University of Oxford,
Oxford, United Kingdom).36 Results
were considered significant at the P<.05
level.

Results
Participants
A total of 19 pregnant women diag-
nosed as having GDM were enrolled
in the study and randomized to the
order of intervention. Of note, 31% of
the eligible women consented to par-
ticipate in the study; 3 women
dropped out—1 because of knee pain
during the intervention and 2 because
they found participating too demand-
ing. Moreover, 2 women were
excluded from analysis because they
reported to have only partly com-
pleted the intervention because of pel-
vic girdle pain; 14 women were left
for analysis. One woman had to can-
cel the second trial period because of
illness. Data from the first trial period
were included in the analyses; 13
women completed both trial periods
and were used for analysis. Of these,
1 CGM was lost in returning and 2
monitors had errors. Valid CGM data
from a total of 13 intervention trial peri-
ods (93%) and 11 control trial periods
(79%) were used for analysis. A flow-
chart of the participants is presented in
Figure 1.

The descriptive characteristics of the
participants are given in Table 1. All
women completed trials during the
gestational age of 30+0 to 35+6 weeks.
Mean prepregnancy BMI was 28.7 kg/
m2 (5) and was distributed with 3
women (21%) having a BMI of <25 kg/
m2, 6 women (43%) with a BMI of 25
to 29.9 kg/m2, and 5 women (36%)
with a BMI of >30 kg/m2; 6 women
(43%) were parous. No differences
were seen comparing baseline blood
analyses between the 2 experimental
periods.
Glucose measures of the 4-day trial
period—comparison between
exercise and no exercise
Continuous mean glucose concentra-
tions from the CGM readings are pre-
sented in Figure 2. We estimated mean
glucose for the 4-day trial periods, that
is, 92 hours. In the exercise trial
period, the mean glucose was 5.13
(4.87−5.39) mmol/L (92.3 [87.7−97.0]
mg/dL) and 5.26 (5.00−5.53) mmol/L
(94.7 [90.0−99.5] mg/dL) in the no
exercise trial period. However, the dif-
ference was not statistically significant
(P=.083).
Furthermore, we estimated the mean

glucose of daytime hours only (6:00 AM
to 10:00 PM) and found a significant
difference with mean glucose in the
exercise period being 0.22 (�0.36 to
�0.07) mmol/L (94.7 [90.0−99.5] mg/
dL) lower than in the no exercise period
(5.31 [5.04−5.59] mmol/L [95.6 (90.7
−100.6) mg/dL] and 5.53 [5.25−5.81]
mmol/L [99.5 (94.5−104.6) mg/dL],
respectively; P=.009).
The differences in mean glucose

concentrations between the exercise
and no exercise trial periods according
to 24-hours and daytime readings are
presented in Figure 3.
Estimating parameters of glycemic

variability, CV, SD, and MAGE,
we found no significant differences
between exercise and no exercise.
Glucose measures of each individual
trial day—comparison between
exercise and no exercise
Mean glucose for each trial day was
compared between exercise and no
exercise (Table 2). On all 4 trial days,
November 2021 AJOG MFM 5



FIGURE 4
Mean glucose for daytime hours of each day of the exercise and no exer-
cise trial period

Estimated means computed using mixed effects model. Bars indicate 95% confidence intervals.
Andersen. Postprandial exercise for women with gestational diabetes. Am J Obstet Gynecol MFM 2021.

FIGURE 5
Mean peak glucose levels in the 2-hour postprandial periods of each meal in the

Estimated means computed using mixed effects model. Bars indicate 95% confidence intervals.
Andersen. Postprandial exercise for women with gestational diabetes. Am J Obstet Gynecol MFM 2021.
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estimated mean glucose was lower on
the exercise day than the no exercise
day. Differences were statistically sig-
nificant on trial days 1, 2, and 3
(P<.05). Restricting to the mean glu-
cose of daytime hours for each trial
day, we found more pronounced dif-
ferences for each day between exercise
and no exercise. Differences were sta-
tistically significant on days 1, 2, and 3
only (P<.005). Estimated mean glu-
cose for each day is presented in
Figure 4.
We observed that CV, SD, and

MAGE were lower each day in
the exercise period than the no exer-
cise period. Differences reached statis-
tical significance on some days, but
not all.
exercise and no exercise trial period



TABLE 3
Glucose measures of 2-hour postprandial periods.

Mean glucose (mmol/L) of 2-h postprandial periods
Day Meal Exercise No exercise P value

1 Breakfast 5.77 (5.44−6.10) 5.77 (5.43−6.10) .97

Lunch 5.32 (4.95−5.66) 5.26 (4.91−5.61) .15

Dinner 5.77 (5.52−6.01) 5.81 (5.57−6.05) .20

2 Breakfast 6.48 (6.15−6.81) 6.51 (6.18−6.84) .36

Lunch 5.53 (5.17−5.88) 5.55 (5.20−5.91) .38

Dinner 5.85 (5.61−6.09) 5.84 (5.60−6.09) .84

3 Breakfast 6.14 (5.81−6.46) 6.12 (5.79−6.45) .56

Lunch 5.53 (5.17−5.88) 5.59 (5.24−5.94) .04

Dinner 5.78 (5.54−6.03) 5.70 (5.45−5.94) .01

4 Breakfast 6.15 (5.82−6.48) 6.20 (5.87−6.53) .14

Lunch 5.53 (5.17−5.88) 5.48 (5.13−5.83) .13

Dinner 5.87 (5.63−6.12) 5.93 (5.69−6.17) .10

Mean peak glucose levels (mmol/L) of 2-h postprandial periods
Day Meal Exercise No exercise P value

1 Breakfast 6.36 (5.85−6.86) 6.96 (6.42−7.49) .06

Lunch 5.56 (5.12−6.00) 6.62 (6.17−7.07) .00

Dinner 6.42 (6.10−6.74) 6.51 (6.12−6.85) .64

2 Breakfast 7.31 (6.81−7.81) 8.05 (7.52−8.58) .02

Lunch 6.10 (5.66−6.54) 6.47 (6.02−6.93) .04

Dinner 6.40 (6.08−6.71) 6.81 (6.47−7.15) .05

3 Breakfast 7.06 (6.56−7.56) 7.39 (6.85−7.92) .27

Lunch 5.94 (5.51−6.38) 6.38 (5.93−6.83) .02

Dinner 6.21 (5.90−6.53) 6.89 (6.55−7.23) .00

4 Breakfast 6.75 (6.25−7.25) 7.27 (6.74−7.80) .09

Lunch 5.96 (5.52−6.40) 6.03 (5.58−6.48) .69

Dinner 6.52 (6.20−6.84) 6.82 (6.48−7.16) .15
Values are expressed as mean (95% confidence interval). Estimated means computed using mixed effects model.
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Glucose measures of 2-hour
postprandial periods of each meal—
comparison between exercise and
no exercise
We estimated mean glucose of post-
prandial periods, that is, from the
start of the meal and until 2 hours
after the start of the meal. Means
of the postprandial periods were
compared for each meal on each indi-
vidual trial day; that is, breakfast
followed by exercise day 1 was com-
pared with breakfast followed by no
exercise day 1. We found no differen-
ces between exercise and no exercise
in the postprandial periods.

Furthermore, we estimated mean
peak glucose levels in the 2-hour post-
prandial periods for each meal and each
day. On all trial days and for all meals,
mean peak glucose level was lower after
exercise than no exercise. Some of the
differences were statistically significant,
but not all. Mean glucose peaks in the
postprandial periods are presented
in Figure 5. All values of 2-hour
postprandial glucose measures are given
in Table 3.

Physical activity
The mean number of steps per day and
mean MET per day were both signifi-
cantly higher during the exercise trial
period than the no exercise trial period.
Participants on average walked 5320
(3853−6786) steps per day more during
the exercise trial period than the no
exercise trial period (P<.001). The esti-
mated number of steps per day is pre-
sented in Figure 6.

Discussion
Principal findings
In this randomized crossover con-
trolled trial including women diag-
nosed as having GDM, we observed
that 20 minutes of postprandial inter-
val walking reduced mean daytime
glucose profiles as assessed by CGM.
In the 2-hour postprandial periods of
each meal, we found no differences in
mean glucose levels between interval
walking and no interval walking.
However, interval walking seemed to
reduce peak glucose levels in the 2-
hour postprandial periods.

Results
The fact that the effect of postprandial
interval walking on blood glucose was
more pronounced during daytime
hours may indicate that the effect of 20
minutes of moderate intensity exercise
is short lasting and no prolonged
effects are seen. This is in line with
the few other studies investigating
postprandial exercise in pregnant
women.37,38 García-Patterson37 found a
reduced 1-hour postprandial blood glu-
cose after 1 hour of self-paced walking,
but no effect on 2-hour postprandial
blood glucose. An American study
evaluated 30 minutes of postprandial
walking and found a reduced 1-hour
and 2-hour level.38

We noted that exercise seemed to halt
an increase in glucose levels, resulting in
blunted glucose excursions (Figure 2).
This is consistent with the observation
of lower postprandial glucose peak lev-
els. The blunting effect of postprandial
exercise on blood glucose elevations has
November 2021 AJOG MFM 7



FIGURE 6
Mean number of steps per day in the exercise and no exercise trial period

Estimated means computed using mixed effects model. Bars indicate 95% confidence intervals.
Andersen. Postprandial exercise for women with gestational diabetes. Am J Obstet Gynecol MFM 2021.
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been demonstrated in several studies in
nonpregnant individuals.39−42 Thus, in
the present study, blunting glucose
excursions may be the effect resulting in
a lower daytime mean for exercise than
no exercise.
Surprisingly, we did not observe any

differences in the mean glucose of the
2-hour postprandial periods between
exercise and no exercise. Thus, 20
minutes of postprandial interval walk-
ing may blunt the postprandial glucose
excursion, albeit not enough to affect
the mean glucose level significantly.
Comparing glucose levels between

exercise and no exercise for each individ-
ual trial day, the difference seemed to
decrease across the trial period and the
difference became insignificant on day 4.
This could be a coincidence or because of
the small sample size. However, the diet
given in itself, may affect blood glucose,
and we may see a potential increasing
effect of the diet across the trial period.
Considering compliance to the interven-
tion, there was no difference in glucose
levels among the days of the trial.

Clinical implications
The demonstration that 20 minutes of
moderate intensity postprandial exercise
can reduce glucose levels in women with
GDM provides useful information for
the prescription of physical activity. The
observations of lowered postprandial
8 AJOG MFM November 2021
peak glucose levels are particularly of
clinical relevance because of the associa-
tions between postprandial glucose lev-
els and complications such as fetal
macrosomia. The findings could trans-
late into improved and specific recom-
mendations for physical activity during
pregnancy, eventually targeting women
with GDM.

The short duration and relatively low
intensity of exercise in this study may
have contributed to a less pronounced
effect on blood glucose. A dosage-
response relationship has been sug-
gested between exercise and its effect on
glycemia,17,43 and it is possible that a
longer duration or higher intensity
would have entailed a larger effect.

Research implications
To get closer to an optimal exercise pre-
scription, we suggest future studies on
exercise interventions to include both
lean and obese women, women with
normal and impaired glucose tolerance,
and to explore potential differences in
the effect of exercise on blood glucose.
In this study, we included women diag-
nosed as having GDM but without the
need for insulin. We observed an effect
of exercise on blood glucose levels even
though blood glucose levels virtually
did not rise abnormally without the
exercise. Thus, in women with a higher
degree of glucose intolerance, the effect
may be even more pronounced. Further-
more, we used short duration interval
walking of moderate intensity; however,
other feasible interventions should be
explored. Finally, when studying the
effects of physical activity on maternal
blood glucose, the associations between
glucose excursions and fetal growth
should be further elucidated.
Strengths and limitations
A major strength of this study was the
randomized crossover design. Both the
randomization and the crossover
designs reduce the influence of con-
founding covariates and selection bias.
We measured compliance to the exer-

cise intervention and found that compli-
ance was high, probably close to 100%.
In this study, we evaluated the effect of a
20-minute exercise intervention. Previ-
ous studies in pregnant women have
concentrated on exercise of 30 minutes
or more. A shorter duration of exercise
might compromise the effect on blood
glucose; however, a shorter duration may
also increase compliance. Of note, 20
minutes of exercise may be feasible and
directly usable in recommendations for
exercise in pregnant women.
The study may be limited by the

small sample size. Unfortunately, we
could only include 14 women. In addi-
tion, with a study power of 85%, there is
still a 15% risk of a type 2 error.
Women agreeing to participate in

a study involving physical activity
might represent women who are more
motivated or used to physical activity.
Thus, a possible selection bias cannot be
ruled out.
Owing to the multiple day trial

period and a setting mimicking every-
day life, we could not control for the
diet actually consumed. A few partici-
pants reported difficulty in finishing
some of the meals; however, this was
consistent in both trial periods.
Another possible limitation of this

study is a possible treatment effect of the
diet given. The diet followed recommen-
dations for women with GDM and may
itself have imposed an individual effect
on glycemic control. Blood glucose levels
did not elevate abnormally without the
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exercise, making it difficult to assess a
potential effect of the exercise.
Conclusions
We observed that 20 minutes of post-
prandial interval walking reduced
daytime blood glucose level, possibly by
reducing postprandial glucose excur-
sions as an immediate effect of exercise.
Of note, 20 minutes of interval walking
may be a feasible intervention for preg-
nant women and could be used in phys-
ical activity recommendations for
pregnant women with GDM. &
Supplementary materials
Supplementary material associated
with this article can be found in the
online version at doi:10.1016/j.ajogmf.
2021.100440.
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