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Abstract

Background Excessive gestational weight gain, especially among women with gestational diabetes, is associated
with several adverse perinatal outcomes. Our study aimed to analyse the impact of the use of pedometers to
supervise physical activity on maternal health and the obstetric outcomes of pregnant women with obesity and early
gestational diabetes.

Methods 124 pregnant patients were enrolled in the presented research. Inclusion criteria: singleton pregnancy,

age > 18 years, gestational diabetes diagnosed in the first half of pregnancy (< 20th week of pregnancy), obesity
according to the American Endocrine Society criteria. Each patient was advised to take at least 5000 steps daily.
Patients were randomly assigned to pedometers (N=62), and were recommended to monitor daily the number of
steps. The group without pedometers (N=62) was not observed. Visit (V1) was scheduled between the 28th and 32nd
gestational week (GW), and visit (V2) occurred between the 37th and 39th GW. Anthropometric measurements and
blood samples were collected from all patients at each appointment. Foetal and maternal outcomes were analysed at
the end of the study.

Results In the group supervised by pedometers, there were significantly fewer newborns with macrosomia (p=0,03).
Only 45% of patients satisfied the recommended physical activity guidelines. Patients who walked more than 5000
steps per day had significantly higher body weight at baseline (p=0,005), but weight gain was significantly lower
than in the group that did not exceed 5000 steps per day (p<0,001). The perinatal outcome in the group of patients
performing more than 5000 steps did not demonstrate significant differences with when compared to less active
group. ROC curve for weight gain above the guidelines indicated a statistically substantial cut-off point for this group
at the level of 4210 steps/day (p=0.00001).
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Conclusions Monitoring the activity of pregnant patients with gestational diabetes and obesity by pedometers
did not have a significantly impact on their metabolic control and weight gain. However, it contributed to less
macrosomia. Furthermore, physical activity over 5,000 steps per day positively affects weight loss, as well as

contributes to improved obstetric and neonatal outcomes.
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Introduction

Maternal obesity constitutes a significant risk factor for
gestational diabetes mellitus (GDM), as well as other
maternal and foetal complications. The risk of develop-
ing GDM in women with obesity or severe obesity is 4—8
times higher than in normal-weight women [1].

In the study by Pirkola et al., involving mothers with
normal glucose tolerance, the prevalence of overweight
offspring was 27.9% among overweight mothers, as com-
pared to 13.5% among normal-weight mothers [2]. The
abovementioned study shows that although hyperglycae-
mia increases the risk of offspring obesity, it is essential
to address maternal weight, particularly if the mother
suffers from overweight.

As the obesity among women of reproductive age
grows, the primary goal of healthcare provider policy
should be to reduce patients’ weight in these women
before pregnancy and to strictly control gestational
weight gain, because its impact on perinatal outcome is
confirmed [3-6].

Physical activity and modification of dietary habits are
considered the simplest steps towards weight control
[7, 8], representing the key factors which allow to curb
weight gain during pregnancy. The diet should be well-
balanced and based on the healthy food pyramid [9]. In
addition to commencing pregnancy at a healthy weight,
women should also gain weight according to their BMI
status during gestation. Notably, it was observed that the
offspring of women with obesity, who had gained more
weight than recommended during pregnancy, were at an
increased risk of developing childhood obesity [10]. Thus,
the introduction of programmes focusing on appropriate
weight gain may positively affect the current and future
pre—pregnancy maternal BMI. In fact, a meta—analy-
sis of gestational weight gain programmes revealed that
interventions promoting physical activity and providing
dietary counselling, particularly when combined with
weight monitoring, successfully reduced maternal gesta-
tional weight gain [11, 12].

Moreover, since 2009, when the Institute of Medicine
(IOM) released the updated recommendations for gesta-
tional weight gain [13], several studies investigating the
recommendations, in particular for women with obesity,
have been conducted [14].

Excessive gestational weight gain, especially among
women with gestational diabetes, is associated with sev-
eral adverse perinatal outcomes, including impaired

foetal growth, preterm deliveries, caesarean section, and
hypertensive disorders of pregnancy, as well as newborn
mortality and long—term metabolic disorders in the off-
spring [15, 16].

Multiple randomised controlled trials have evaluated
the efficiency of lifestyle interventions on gestational
weight gain. Although lifestyle interventions may alter
gestational weight gain, they have not been found to
improve perinatal outcomes. However, regular physical
activity has been shown to reduce the percentage of preg-
nant women with gestational diabetes [17-19].

With the development of technology, programs, smart-
phone applications, and other devices, e.g. pedometers,
have become increasingly employed to promote physical
activity and encourage pregnant women to become more
physically active [20, 21]. McCurdy showed in his study
that weight loss during pregnancy in women with obesity
has been found to be associated with decreased risks of
macrosomia and caesarean delivery. However, a potential
association with low foetal birth weight remains consid-
ered [22].

Women with gestational diabetes mellitus are
instructed to monitor blood sugar and to adjust their
dietary habits. In cases where, despite the efforts, hyper-
glycaemia is observed, insulin treatment needs to be
introduced to maintain target glycaemic levels, which
in turn may reduce the impact of hyperglycaemia on
the subsequent adiposity in the offspring [23]. Children
of women with untreated gestational diabetes mellitus
show an increased risk of foetal macrosomia and other
metabolic complications compared to both children of
women with treated gestational diabetes mellitus and
non-diabetic women. Furthermore, overweight and
obese women with poorly controlled gestational diabe-
tes mellitus, regardless of the treatment modality, pres-
ent significantly higher rates of the composite outcome
of metabolic complications, macrosomia, and large for
gestational age (LGA), compared to women in all weight
groups with well-controlled gestational diabetes mellitus
[24]. Therefore, intensive insulin treatment and achieving
reasonable glycaemic control in women with obesity and
gestational diabetes mellitus may play a role in prevent-
ing adverse outcomes in the offspring.

Our study aimed to analyse the impact of the use of
pedometers to supervise physical activity on maternal
health and the obstetric outcomes of pregnant women
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with obesity and early gestational diabetes. Primary and
secondary endpoints were determined and analysed.

In addition, it was also assessed whether the number of
steps taken had an impact on maternal weight gain, met-
abolic results and neonatal outcomes evaluated to.

Materials and methods

The study was conducted between 2018 and 2021 at the
Department of Reproduction, Poznan University of Med-
ical Sciences, Poland. From a total of 478 patients with
GDM receiving care at our clinic, 124 pregnant patients
were enrolled in the presented research. The study
involved patients in a singleton pregnancy, age> 18 years,
who had been diagnosed with gestational diabetes in the
first half of pregnancy (<20th week of pregnancy) and
who satisfied the obesity criteria according to the Ameri-
can Endocrine Society [25]:

1. Grade 0 obesity: BMI > 30 kg/m?, pre—pregnancy
obesity, no history of: hypertension (HT),
prediabetes, type 2 diabetes lipid disorders, non—
alcoholic fatty liver, polycystic ovary syndrome,
fertility disorders, sleep apnoea syndrome, asthma
and gastroesophageal reflux;

2. Grade I obesity: BMI>25 kg/m? and at least one mild
or moderate abovementioned complication,

3. Grade II obesity: BMI of 25 kg/m? and at least one
severe complication listed above.

All pregnant women were diagnosed with gestational
diabetes, if they satisfied one of the diagnostic criteria:
fasting glycaemia=92 mg/dl (=5.1mmol/l), glycaemia
at 60 min oral glucose tolerance test (OGTT)=>180 mg/
dl (=z10mmol/l), glycaemia in 120, one minute
OGTT=153 mg/dl (=8.5mmol/L). Pregnancy hypergly-
caemia was diagnosed according to the 2017 Polish Dia-
betes Association criteria, as well as to the IADPSG and
WHO criteria [26, 27]. Of the 354 pregnant patients who
were not included in the study: 276 had gestational dia-
betes diagnosed after the 20th week of pregnancy, 52 did
not meet the obesity criteria according to the American
Endocrine Society and 26 patients had multiple pregnan-
cies. These patients did not fulfil the recruitment criteria
of this study.

Study design

During the first appointment, a diabetic diet was out-
lined to each patient, as well as the recommended caloric
content of meals and weight gain during pregnancy, the
conversion of carbohydrate exchangers, and the guided
physical activity during pregnancy. According to the
recommendations, each patient was advised to take
at least 5000 steps daily. The lifestyle of this value [28].
The caloric demand was calculated individually for each
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patient following the guidelines of the Polish Diabetes
Association and the American College of Obstetrics and
Gynaecology, depending on initial body weight and BMI
[26, 29]. Each patient was recommended to gain weight
according to the guidelines of the International Federa-
tion of Gynaecology and Obstetrics, depending on the
BMI before pregnancy, in order to achieve a weight gain
of 5-7 kg [26].

The midwife responsible for education prepared and
distributed sealed opaque envelopes containing the allo-
cation, based on which the patients were assigned to the
groups. She then informed the participants of the results
of allocation. Pregnant women with odd study numbers
received only the first diet and physical activity training
(NP) (N=62). In turn, pregnant women with even num-
bers received pedometers and the recommendation to
supervise their physical activity by counting steps (P)
(N=62).

The primary endpoint was gestational weight gain
(GWG) and changes in, maternal anthropometric param-
eters and HbA1C between the onset of observation and
the V2 appointment (37 to 39 weeks). GWG was defined
as the change in objectively measured weight from the
baseline to the V2 visit, due to the fact that some women
could not accurately provide their pre—pregnancy weight.

The secondary endpoint included neonatal birth
weight, gestational age, as well as small-for—gestational—
age (SGA) or large—for—gestational-age (LGA), and
macrosomia.

The medical records data comprised comorbidities,
obstetric and perinatal outcomes. In the course of the
study, the authors analysed the incidence of neonatal
complications, such as hyperbilirubinemia, hypogly-
caemia, respiratory distress syndrome, and congenital
malformations.

Research protocol

Patients after GDM diagnosis (screening) were trans-
ferred to our department, where a research protocol con-
sisting of three appointments was designed.

The whole GDM group treated in that period of time in
our Department consisted of 478 GDM pregnant women.
124 pregnant women with obesity were recruited who
met the inclusion criteria and consented to participate in
the research were recruited (Fig. 1).

The enrolment visit (V0) occurred when the patient
was first admitted to the department, immediately after
diagnosing hyperglycaemia. During this appointment,
patients were randomly assigned pedometers, and were
recommended to monitor on a daily basis the number of
steps. In contrast, the group without pedometers was not
monitored for step count.

The first study visit (V1) was scheduled between the
28th and 32nd gestational week (GW), whereas the
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Assessed for eligibility,

REENIN
SC G n=478
Ineligible — not meeting inclusion criteria
or presenting exclusion criteria,
n=354
Included,
VISIT
=ITe l n=124
‘ RANDOMIZATION ’
Allocated to control group, Allocated to group with pedometers,
n=62 n=62
‘ VISIT 1-2 ’ Excluded - poor compliance,
n=9
‘ INTERVENTION ’ Intervention group <5000 steps, Intervention group >5000 steps,

n=29

n=24

Fig. 1 The course of the study

second study visit (V2) occurred between the 37th and
39th GW. Anthropometric measurements and blood
samples were collected in all patients at each appoint-
ment. Foetal and maternal outcomes were analysed at
the end of the study once the data regarding pregnancy,
as well as obstetric and neonatal outcomes had been col-
lected. Anthropometric measurements of newborns were
estimated on the first day after birth (Fig. 2.).
Macrosomia was defined as a neonatal weight>4200 g
in term pregnancy. Foetal weight was described as large
for gestational age (LGA), or small for gestational age
(SGA) according to the Foetal Medicine Foundation
criteria [30]. All the anthropometric measurements
included in the study were performed by {Pone per-
son trained in the EU project “Vitamin D and lifestyle

intervention in the prevention of gestational diabetes
(GDM) (in Poland)”; Project ID: 242,187.

Every 2-3 weeks, all patients were scheduled for fol-
low—up appointments at the outpatient clinic. At each
visit, the authors of the study re—educated the patients
regarding the recommended diet and proper treatment,
based on the data obtained from the patients’ glucome-
ters, as well as those collected at every appointment.

If confirmed glycaemic levels were above the target
concentrations, either the diet was modified, or insulin
treatment was initiated.

In the pedometer group, composite outcomes were
analysed, including at least 1 of the following complica-
tions: gestational hypertension, pre—eclampsia, cholesta-
sis, SGA, LGA, and preterm delivery.
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+ medical interview

VO
<22 GW

+ blood collection
+ randomization

V1
28-32 GW

Fig. 2 The study protocol

The study was part of the MOCART Study Group reg-
istered on clinicaltrials.gov under no NCT04924738,
14/06/2021.

Blood analysis

Fasting blood was collected at each appointment and
immediately transported for analysis. Tina—quant Hae-
moglobin Alc II test in the Cobas ¢311 analyser (Roche
Diagnostics, Basel, Switzerland) was used to analyse the
HbAlc level in the whole blood. The normal range for
this test is determined as 4.8-6.0% (29—42mmol/mol)
for the non—pregnant population. Triglyceride (TG) and
C-reactive protein (CRP) levels were measured with
Roche Diagnostics reagents in the Cobas ¢501 analy-
ser. The reference values for women fluctuate between
0.46-1.71mmol/l. Insulin level was measured dur-
ing VO appointment sing enzyme immunoassay (DRG
Insulin ELISA Kit, DRG Instruments GmbH, Marburg,
Germany).

Statistical analyses

Statistical analyses were performed using the Statistica
software, version 13.3 (TIBCO Software, Palo Alto, CA),
with installed Medical Bundle, version 4.0.67 (StatSoft
Polska Sp. z 0.0, Cracow, Poland) and PQStat software,
PQStat version 1.8.2.230 (Poznan, Poland). The Shapiro—
Wilk test was applied to check the normality of data dis-
tribution. Normally distributed variables were assessed
using the parametric Student’s t—test, whereas Welch’s
t—test was employed for groups with unequal variances.
The non—parametric Mann—Whitney U test was applied
for non—normally distributed data. Differences between
nominal variables were tested using the chi-square test,
or the Fisher’s exact test, which was employed when the
observed sample size was small (n<5). The authors used
Yates’ chi-square test for 3x2 contingency tables, and
ANOVA with Fisher’s post—-hoc tests were applied to
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compare multiple groups of normally distributed data.
In contrast, non—normally distributed data were tested
using the non—parametric Kruskal-Wallis ANOVA with
a Bonferroni post—hoc test. The authors used the receiver
operating characteristic (ROC) curves to establish the
analysed variables’ discrimination thresholds P-values
were considered statistically significant if P<0.05.

The following sample size calculations were performed.
In order to achieve 80% power at a two—sided 5% signifi-
cance level, the authors planned to include at least 120
(60 per arm) individuals in the study cohort. This, in turn,
would allow for detecting a between—group difference
in weight gain of 4 kg during pregnancy with a standard
deviation of 7 kg in the analysis of differences between
the group with pedometers and the control group. The
authors assumed a 20% dropout rate.

All patients participating in the study gave written con-
sent to participate. The study was approved by the local
bioethics committee of the Poznan University of Medical
Sciences.

Results

Table 1 presents the characteristics of the study group.
Notably, the entire group of pregnancies with an aver-
age BMI of 37.0 kg/m? (33.0-42.2 kg/m?) did not exceed
the recommended weight gain, which amounted to 3.0
(-1.0-8.0) kilograms on average. The group achieved the
recommended metabolic status represented by the fol-
lowing HbAI1C levels in subsequent trimesters: 5.28%,
5.08% and 5.40%, respectively.

The characteristics of the pedometer group and the
control group are presented in Table 2. Significant statis-
tical differences in both groups were found with respect
to the patients’ age and history of miscarriage. Despite
the lack of statistical significance, a smaller increase in
body weight and BMI was observed in patients whose
activity was monitored with the use of pedometers. It is
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Table 1 Characteristics of the entire study group Table 3 Obstetric outcomes
Parameter N=115 Parameter Control Group whit p
Age [years] 33.1(5.5) group pedometers
Gestational age at entry to the study [GW] 16 (12-22) N=62 N=53
Body weight before pregnancy [kg] 100 (90-115) Week of completion of delivery 38 (37-38) 38 (37-38) 0.39*
Body weight at the end of pregnancy [kg] 107 (94-119) [weekd
. . ) Term births [N; %] 54 (87) 46 (87) 0.961
Body weight gain during pregnancy [kg] 3.0(-1.0-8.0) o births [N: o 8013 2013 096
BMI before pregnancy [kg/cm?] 37.0(33.0-42.2) Preterm b?rths [33’ _:]6 W IN: % ; (1 1) 6 (1 1) 1lOOA
BMI at the end of pregnancy [kg/cm?] 37.9(34.0-42.7) reterm ?rt > [N; 9o} (an (I '
HbATCVO [%, mmol/mol] 528 (4.92-5.60) Preterm births 28-32 GW [N; %] 1(1.6) 101.9 1.00#
' 3807 ('36'30’_ 4133) Neonate birthweight [kg] 3325 3540 0.19%
HbATC V1 [%, mmol/mol] 5.08 (4.90-5.48) (3065-3680)  (3160-3820)
3750 (36.16-40.44) LGA>90 pc. [N; %] 23 (37) 22 (41) 0.63A7
HbA1c V2 [%, mmol/mol] 5.40 (5.13-5.80) Marcosomia > 4200 g [N%] 6(10) 00 0.03#
39.85 (37.86-42.80) SGA< 10 pc. [N; %]& 3 1 0.624#
Data presented as Mean (SD) or Median (IQR) Placental weight [g] 600 633 0.81*
(540-760) (575-680)
of note that family history was positive for obesity, diabe- Apgar score 1st minute <8 [N%] - 6(10) 36) 0.50#
tes and hypertension in both groups. Apgar score 5th minute <8 [N,%] 7 (11) 24 0.17#
Following the measurement of skinfolds durin Umbilical artery pH /.30 727 0277
g g (7.24-7.33) (7.23-7.32)

appointments in both study groups, it was observed that
although BMI did not/did differ between these groups,
a significant difference was found between the thickness
of the skinfolds at the scapula obtained at VO, which was
lower in patients with monitored physical activity.

In the course of pregnancy, a decrease in the delta of all
skinfold measurements was found in patients who used
pedometers, although it was not significant (Data in sup-
plementary Table 1a).

A comparison of biochemical parameters revealed no
significant differences in the percentage of glycated hae-
moglobin and triglyceride concentrations between the
studied groups during the entire pregnancy (Supplement;
Table 2a). Both groups presented with an increased level
of the HOMA-IR index at the time of inclusion to the
study, thus satisfying the criteria of insulin resistance.
Supervised physical activity did not significantly affect
the concentration of C-reactive protein (CRP). However,

Table 2 Characteristics of the analysed groups

* Mann-Whitney test; ** Student’s t-test; A chi’>~test; # Fisher’s exact test;

& full-term pregnancies after 37 weeks of gestation were included

it is of note that a decrease in CRP concentration in
both groups was observed in the subsequent trimesters,
despite the increased insulin resistance during pregnancy
(Supplement; Table 2a).

No significant effect of physical activity monitoring
was found with regard to the delivery time and the neo-
nate condition. However, the authors observed a crucial
impact of controlled activity on macrosomia frequency,
which was manifested by its significantly higher fre-
quency in the group of patients who did not use pedom-
eters (Table 3).

The group of patients who recorded physical activity
was retrospectively divided into two subgroups in terms
of the patients’ level of physical activity: individuals

Parameter Control group Group whit pedometers p
N=62 N=53
Age [years] 34.2 (5.6) 31.7(5.1) 0.01*
Gestational age at study entry [GW] 17.1 (5.0) 16.9 (6.0) 0.62*
Primipara [N; %] 35(56,5) 23 (434) 0.161
Multipara [N; %] 27 (43.4) 30 (56.6) 0.16M
Patients with a history of miscarriage [N; %) 23(37) 7(13) <0.01A
Body weight before pregnancy [kg] 98 (89-113) 103 (95-118) 0.25*%
Weight gain during pregnancy [kg] 4.6 (0.5-8.0) 1.5 (-2.5-6.5) 0.13*
BMI before pregnancy [kg/m?] 37.1(33.1-42.5) 36.8 (33.0-41.1) 0.75*
BMI gain during pregnancy [kg/ m?] 1.13(1.82) 1.07 (1.89) 0.87**
Family history of obesity [N;%] 45(72) 38 (72) 0.92/
Family history of diabetes [N;%] 36 (58) 37 (70) 0.191
Family history of HT [N;%] 37 (60) 38(72) 0.181

* Mann-Whitney test; ** Student’s t-test; A chi? —test;
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Table 4 Characteristics of the subgroups monitoring physical activity with pedometers
Tested parameter Intervention group <5000 steps Intervention group > 5000 steps P
N=29 N=24

Age [years] 31.8(5.1) 31.7(5.1) 0.93**
Gestational age at study entry [GW] 18 (6.0) 16 (6.0) 0.19**
Primipara [N; %] 10 (34.5) 13 (54) 0.15A
Multipara [N; %] 19 (65.5) 11 (56) 0.151
Body weight before pregnancy [kg] 99 (17) 113(17) 0.005**
Weight gain during pregnancy [kg] 6.0 (3.0-12.0) -2.7 (-74-0.75) <0.001*
Weight gain from VO to V1 [kq] 1.0 (-3.0-8.0) -4.0 (-5.7--0.6) <0.001*
BMI before pregnancy [kg/mz] 36.0(4.7) 38.7 (5.3) 0.05**
BMI gain during pregnancy [kg/ m?] 140 (0.96-2.31) 014 (-1.10-1.2) <0.001*
Family history of obesity [N;%] 18 (62) 15 (62.5) 0.97A
Family history of diabetes [N;%] 21(72) 15 (62.5) 044N
Family history of HT [N;%] 2(7) 521) 0.22#
* Mann-Whitney test; ** Student’s t-test; A chi>~test; # Fisher’s exact test;
Table 5 A comparison of biochemical parameters in patients with supervised physical activity
Tested parameter Intervention group <5000 steps Intervention group >5000 steps p

N=29 N=24
HbA1c VO [%, mmol/mol] 5.12(046),32(5) 5.33(0.59),35(7) 0.15%*
HbA1c V1 [%,mmol/mol] 5.18(0.43),33 (5) 5.08(0.41),32(5) 0.39**
HbA1c V2 [%,mmol/mol] 547 (0.39), 36 (4) 5.32(0.52), 35 (6) 0.26%*
TG VO [mg/dl] 169 (59) 170 (58) 0.95**
TG VO [mg/dl] 222 (164-292) 223 (183-310) 0.80%
TG VO [mg/dl] 274 (223-391) 288 (230-357) 0.57*
CRP VO [mg/] 7.15(3.24-14.13) 6.85 (5.36-12.20) 0.39%
CRP V1 [mg/l] 7.29 (3.84-12.30) 8.37 (4.59-15.06) 0.62*
CRPV2 [mg/l] 6.79 (3.10-10.68) 6.32 (3.57-8.65) 0.80*
FBG VO [mg/dl, mmol/I] 102 (96-112), 5.66 (5.33-6.22) 101 (96-105), 561 (5.33-5.83) 0.59%
Insulin VO [uU/ml] 18.03 (12.56-23.84) 36.38 (16.35-48.50) 0.048*
HOMA IRVO 4.29(2.76-6.19) 9.04 (414-13.73) 0.09*

* Mann-Whitney test; ** Student’s t-test;

whose step counts remained below the guidelines despite
supervision, and those who implemented the recom-
mended activity. It is worth bearing in mind that only
45% of patients satisfied the recommended physical
activity guidelines (Table 4). The subgroups did not differ
with regard to age at the beginning of lifestyle interven-
tions, although a significant difference was observed in
the initial body weight and BMI. Both parameters were
higher in patients who performed more than 5000 steps
daily. Despite higher body weight at the onset of preg-
nancy, patients who were more active achieved a signifi-
cantly lower weight gain during pregnancy.

The analysis of skinfold measurements in both sub-
groups revealed that at VO the subgroup, achieving the
goal of 5000 steps during pregnancy, demonstrated
higher scores in all the evaluated areas. Despite greater
thickness of the skinfolds at the beginning of the study,
the group of more active patients presented a decrease in
the thickness of the skinfolds in each area, and the reduc-
tion was significantly lower in the area of the triceps and
the scapulae (Supplement; Table 3a).

In turn, biochemical parameters analysis showed no
significant differences between the studied subgroups in
terms of glycated haemoglobin, triglycerides and CRP
(Table 5.). In the subgroup of patients who exceeded 5000
steps per day, only insulin concentrations were signifi-
cantly higher at the beginning of pregnancy.

The perinatal outcome in the group of patients per-
forming more than 5000 steps did not demonstrate sig-
nificant differences compared to the less active group
(Table 6). However, in children of patients leading an
active lifestyle, a lower rate of both hypoglycaemic and
hyperbilirubinemia events was demonstrated. Moreover,
no cases of congenital anomalies or respiratory distress
syndrome were found in either group.

A pooled analysis indicated that the patients without
pedometers were significantly older than both subgroups
with pedometers. It was clearly demonstrated that
although the patients from the intervention subgroup
with over 5000 steps were characterized by a higher pre-
pregnancy body weight and BMI, they showed signifi-
cant differences in weight gain during pregnancy and in
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Table 6 Perinatal outcome in patients in relation to physical activity
Tested parameter Intervention group <5000 steps Intervention group > 5000 steps p
N=29 N=24
Week of completion of delivery [week] 38(37-38) 37 (37-38) 0.22%
Term births [N; %] 26 (90) 20 (83) 0.69#
Preterm births [N; %] 3(10) 4(17) 0.69#
Preterm births 33-36 GW [N; %] 3(10) 3(10) 1.004#
Preterm births 28-32 GW [N; %] 0(0.0) 1(4) 0.45#
Neonate birthweight [kg] 3560 (3280-3880) 3425 (2963-3740) 0.28*
LGA>90 pc. [N; %] 13 (45) 9(37.5) 0.597
SGA< 10 pc. [N; %)& 0(0) 14 0454#
Placental weight [g] 649 (109) 611 (130) 0.27%*
Apgar score 1st minute <8 [N, %] 2(7) 1(4) 1.004#
Apgar score 5th minute <8 [N,%] 2(7) 0(0) 0.494
Umbilical artery pH 7.27 (7.22-7.33) 7.28 (7.23-7.31) 0.77%
Hyperbilirubinemia 16 (55) 9(37.5) 0.20N
Hypoglycaemia 4(14) 14) 0.36#

* Mann-Whitney test; ** Student’s t-test; A chi’-test; # Fisher's exact test;

& full-term pregnancies after 37 weeks of gestation were included

Table 7 The analysis of the pedometer—supervised group — a
comparison of the group with a composite outcome of obstetric
complications and the group without complications

Tested parameter Poor composite P
outcome
NO YES
N=21 N=32

Age [years] 323 (5.1) 314 (5.1) 0.93**

Gestational age at study 17 (7) 17 (6) 0.69**
entry [GW]
Body weight before preg- 98 (18) 110 (15) 0.02%*
nancy [kg]
Body weight VO [kg] 97 (15) 110(15) 0.003**
Body weight V1 [kg] 97 (15) 112(14)  0.001%*
Body weight V2 [kg] 100 (15) 114 (15) 0.001%*
BMIVO [kg/mz] 345 (4.5) 39.0(4.8) 0.001**
BMIV1 [kg/mz] 34.6 (4.6) 39.5 (4.6) <0.001**
BMIV2 [kg/m?] 354(42) 402(49) <0.001**
Neonate birthweight [kg] 3340 3740 0.002*
(3045- (3350-
3520) 3905)
Placental weight [g] 584 (75) 663 (130) <0.01$

* Mann-Whitney test ** Student’s t-test $ Welch’s t-test

weight gain between VO and V1 appointments, compared
to the control group and the subgroup under 5000 steps.
This association is presented in Supplement; Table 4a.
The subgroup of patients with pedometer—supervised
physical activity was divided according to the complica-
tions observed in pregnant women and their offspring:
gestational hypertension, pre—eclampsia, cholestasis,
SGA, LGA, preterm delivery (poor composite outcome).
Among patients without poor composite outcome, a
significant difference was demonstrated in body weight
before pregnancy and in each trimester and in their
BMIs, which were significantly lower. Additionally, both

the neonate and placental weight was significantly lower
in this group (Table 7).

Due to a relatively small number of complications that
occurred in the group using pedometers, it was possible
to model the ROC curves only for LGA, hyperbilirubine-
mia, negative perinatal composite outcome and weight
gain above the recommended level at the beginning of
pregnancy (Fig. 3.). No statistical significance was shown
for the first three variables. However, the obtained ROC
curve for weight gain above the guidelines indicated a
statistically significant cut—off point for this group at the
level of 4210 steps/day (p—0.00001). Data are presented
in Table 8.

Discussion

Physical activity is a widely recognised method to
improve the quality of life and reduce factors negatively
affecting health, mainly aiming to reduce the complica-
tions of metabolic diseases, obesity and diabetes [31].
Our study attempted to evaluate the impact of physi-
cal activity on the metabolic status of pregnant women
with early gestational diabetes, as well as on obesity and
neonatal outcomes. Previous studies have demonstrated
that exercise during pregnancy decreases the risk of ges-
tational diabetes and reduces weight gain during preg-
nancy [18, 32, 33]. Moreover, various types of activities
have also been the subject of research with regard to their
impact on metabolic control in pregnant women suffer-
ing from gestational diabetes. Our research focused on
walking and the step count. Coe et al. found that a half-
hour walk may reduce glucose concentrations for up to
two hours after the activity and provide better glucose
control than that displayed by pregnant women lead-
ing a sedentary lifestyle [34]. In our study, the authors
instructed the patients with regard to the suggested level
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Fig. 3 The association between the recorded physical activity (the mean number of steps per day) and the risk of abnormal gestational weight gain

(gestational weight gain > 7 kg) — the ROC analysis

Table 8 The mean number of steps and the risk of perinatal complications — the ROC analysis

Tested parameter AUC Cut-off Sensitivity Specificity p-value
value (steps)

LGA 0.57 5433 091 0.39 0.36

Hyperbilirubinemia 0.53 4340 0.39 0.72 0.67

Negative perinatal composite outcome 0.55 5833 0.88 033 0.52

Gestational weight gain>7 kg 0.92 4210 0.92 0.88 0.00001

Negative perinatal composite outcome: gestational hypertension, pre-eclampsia, cholestasis, SGA, LGA, preterm delivery

of physical activity and recommended taking a minimum
of 5000 steps daily. Nevertheless, only 45% of the moni-
tored group performed the recommended number of
steps. According to the Indian Wings study, only 16.8%
of patients achieved the recommended level of physical
activity, although this percentage increased to 26.5% fol-
lowing the intervention. It was also observed that preg-
nant women with GDM led a sedentary lifestyle more
frequently than healthy pregnant women [35]. Therefore,
our results appear promising in comparison to these
data.

It is of note that not all guidelines regarding physi-
cal activity during pregnancy precisely indicate the

recommended number of steps during the day. The stan-
dards of the Polish Society of Gynecologists and Obste-
tricians in managing women with diabetes recommend
150 min of physical activity per week, divided into 30—
minute sessions [26]. However, they do not refer to the
number of the recommended steps per day. Our study
determined a limit of 5000 steps as the recommended
daily physical activity. In fact, according to the conducted
research, activity under 5000 steps daily is considered
a sedentary lifestyle [28]. The study of Hayashi demon-
strated that 6000 steps a day allowed for the maintenance
of lower glycaemic concentrations in patients with ges-
tational diabetes than in the group performing fewer



Adamczak et al. BMC Pregnancy and Childbirth (2024) 24:104

steps [36]. The analysis of the ROC curves in our study
indicated that activity at the level of 4210 steps per day
resulted in achieving the expected weight gain goal dur-
ing pregnancy in women with obesity. Furthermore, the
majority of patients who were physically active at this
level gained less than 7 kg during pregnancy.

Patients with obesity and gestational diabetes partici-
pating in our study achieved outstanding results in terms
of metabolic parameters. The mean glycated haemoglo-
bin levels in the group were within the recommended
ranges. Similarly, the average weight gain during preg-
nancy among pregnant women from the study group
did not exceed the recommended level [26]. Complex
education regarding optimal diet and physical activ-
ity promotion among the studied group contributed to
obtaining favourable results. This, in turn, is in line with
the results published by the DALI group, which showed
that promoting healthy eating and physical activity was
the preferred strategy for limiting gestational weight gain
[37]. Proper metabolic compensation was also reflected
in positive neonatal outcomes. In the studied group, only
six newborns had a birth weight of more than 4200 g,
which was defined as macrosomia. In the subgroup
of patients who performed more than 5000 steps per
day (High-PE), a significantly smaller weight gain was
observed from VO to V1 and during the entire pregnancy
compared to patients in the subgroup with fewer steps
(Low—PE). Additionally, a total reduction in body weight
during pregnancy was observed in the High- PE sub-
group of patients. Researchers from the Atkinson’s group
set a similar aim for their research. The average number
of steps taken in their study group amounted to 7043 at
the assumed 10,000 steps. In the group of patients with
obesity, despite taking more than 7000 steps a day, the
recommended weight gain was not achieved [38]. Our
study proved that adhering to dietary recommendations
with appropriate physical activity allowed the patients to
achieve the recommended weight gain and even weight
reduction during pregnancy, which did not adversely
affect foetal development and neonatal outcomes.

The study group displayed a high rate of caesarean sec-
tion, amounting to 63%. The high number of C-section
procedures in overweight and gendered patients cor-
responds to the increased risk of C-section due to a
previously performed caesarean section, difficult/non—
progressive delivery, failed labour induction, and foetal
distress in pregnant women with overweight and obesity
[39]. The number of surgical deliveries conducted due to
intrapartum indications was only 14%, which represented
a smaller proportion than that obtained by Athukoral et
al., who reported 24.9% and 29.8% in patients with over-
weight and obesity, respectively. It is interesting to note
that, in the same study, a 16.9% increase in the number
of caesarean sections was observed in comparison to
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women with normal and elevated BMI [40]. Addition-
ally, our research analysed the number of preterm births
in the study group, and the authors found no differences
between the studied groups in gestational weeks and the
percentage of preterm births. Nevertheless, an increase
in preterm birth rates was recorded, i.e. in the control
and pedometer—monitored groups by 13%, in the <5000
steps subgroup by 10%, and in the >5000 steps subgroup
by 17%. The overall increase in preterm births in our
groups was higher than the results obtained by Sun et
al. (6.0% in patients with overweight, 6.8% in individuals
with obesity). However, the pregnancies of all patients in
our study comprised pregnant women with early GDM
[41]. The majority of preterm births in the group of preg-
nant women in the presented study occurred between
33rd and 36th+6 weeks of gestation. Only two deliveries
between 28th and 32nd+6 weeks were reported, hence, it
may be concluded that the recommended physical activ-
ity did not affect the occurrence of a preterm delivery.

Although the results of other conducted studies are
inconsistent, they indicate that mothers with pre-preg-
nancy diabetes show abnormal pro—inflammatory pro-
tein/cytokine concentrations, such as IL-8, [L-6, CRP,
TNF-a and IFN—y. Studies suggest that the presence of
inflammation may affect the growing foetus by limiting
various circulatory functions [42]. In our studied group,
an increase in C-reactive protein (CRP) levels through-
out pregnancy was not observed, and the supervised
physical activity did not trigger inflammatory processes.

Various authors emphasise that maternal obesity is
associated with excessive neonatal obesity, which con-
stitutes a risk factor for developing obesity and type 2
diabetes (T2DM) in childhood and adulthood [43, 44].
Additionally, the placenta may mediate adverse effects of
maternal obesity on both foetal development and neo-
natal obesity. Anika et al. showed that elevated mater-
nal insulin and placental insulin receptor abundance
affected placental lipid metabolism, even in normogly-
caemic conditions. The authors of the presented study
measured the fasting insulin concentration at the first
appointment at the beginning of pregnancy. As a result,
significantly increased fasting insulin levels were found in
those patients who subsequently achieved their physical
activity goals. Thus, it is possible to hypothesize that they
achieved outstanding perinatal results due to increased
physical activity despite presenting hyperinsulinemia at
the beginning of pregnancy.

Although fatty acids are an efficient substrate for tri-
glycerides (TG) synthesis and storage in foetal adipose
tissue [45, 46], according to the results observed in our
study, triglyceride levels did not differ significantly
between the subgroups.

In our group, the percentage of LGA newborns
amounted to 39%. Notably, the subgroup performing
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more than 5000 steps per day presented a higher body
weight and BMI at VO, as well as showed higher insulin
concentrations and HOMA-IR index values. In spite of
poorer baseline parameters, the authors did not find a
case of macrosomia in this group. Interestingly, all mac-
rosomic newborns were delivered in the group of patients
without pedometers, which constituted a significant dif-
ferentiating factor between the groups. According to our
observations, activity exceeding 5000 steps did not result
in a higher percentage of SGA newborns, which is simi-
lar to the results obtained by Neal et al. [47]. Although
obesity is generally recognised as a risk factor for SGA,
our study showed that obesity affected LGA, yet had no
significant effect on the incidence of SGA.

A combined abnormal obstetric outcome analysis con-
firmed that a higher body weight and BMI in the course
of pregnancy resulted in a statistically significantly higher
incidence of such abnormal outcomes.

Pre-pregnancy symptoms of overweight and obesity
constitute a more and more frequent challenge for thera-
peutic teams who face the need to manage pregnancies,
presenting with high—risks both for the mother and for
the child. Postponing conception until the recommended
maternal BMI is achieved was shown to improve obstet-
ric and neonatal outcomes [48]. However, if pregnancy
occurs in a patient with overweight or obesity, a bal-
anced diet and regular physical activity may contribute to
achieving a positive obstetric outcome.

Conclusions

Monitoring the activity of pregnant patients with gesta-
tional diabetes and obesity by pedometers did not have a
significant impact on their metabolic control and weight
gain. Supervision of pregnant women helps to reduce the
number of macrosomic newborns. Furthermore, physical
activity positively affects weight loss in pregnant women
with obesity diseases, as well as contributes to improved
obstetric and neonatal outcomes. A very valuable result
is the analysis which shows that taking less than 4210
steps a day promotes weight gain during pregnancy of
more than 7 kg. Therefore, taking more steps than this
cut-off point should help maintain the recommended
weight gain.

The strength of our study is analysing the impact of
physical activity on patients’ health, the development
of pregnancy and on the condition of newborns. It may
serve as the basis for establishing recommendations for
pregnant women regarding the suggested number of
walking steps. In contrast, the limitation of the study are
the small size of the study group and the lack of a con-
trol group in which the patients would not perform any
physical activity at all. However, establishing such a con-
trol group would be unethical, due to the strong evidence
for the beneficial effects that physical activity exerts on
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human health. Another limitation of the study was the
lack of clear criteria for the diagnosis of GDM in the first
half of pregnancy.
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