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Abstract

Background: Gestational Hypertensive Disorders are major public health concern and affect
approximately 5 to 10% of pregnant women leading to an increased risk of maternal morbidity
and mortality. Previous studies have demonstrated that the physical activity is paramount
of benefit in improving the occurrence and development of gestational hypertension as well
as pre-eclampsia.
Objectives: The main objective of this study was to assess the relationship between physical
activity and gestational outcomes. Moreover, it was also aimed at finding the recommended
daily number of steps in lowering the risk of gestational hypertensive disorders.
Methods: The study was carried out under the PREMOM project over the period January
2015 to March 2018 at Ziekenhuis Oost-Limburg (Genk, Belgium). Pregnant women with
GHD were enrolled and wore activity tracker, which recorded the daily number of steps and
distance and later sent the data to a central dashboard. In addition, baseline characteristics
were also recorded at the entry of the study. Two stage model was used in assessing the
relationship between physical activity and gestational outcomes. Moreover, patients were
classified into groups based on their longitudinal profiles and the group index was used in
baseline logits model along with potential covariates in assessing the effect of the group index
on the outcome towards finding recommended number of steps.
Results: A total of 283 pregnant women were enrolled in the project. Among them, 163
pregnant women were included in the current study and their daily physical activity and
baseline characteristics were collected over the study period. The mean age of the patients
was 30.68 (sd=4.68), whereas approximately half had a normal gestational outcome. We
found that daily physical activity was not associated with gestational outcomes. However,
the body mass index, the admission over the study period and the gestational age at the
entry of the study were significantly associated with the outcome of interest. The patients
were classified into three physical activity level with respective average number of steps per
day of 2222, 3535 and 5890 for low, moderate and high physical activity levels. There was
no association between the physical activity level and the outcome of interest, suggesting
that no recommendation for daily number of steps was found with the data at hand.
Conclusion: The daily physical activity in the current study was not associated with the
gestational outcomes. Likewise, no recommended daily number of steps was found with the
data at hand. Therefore, further studies are needed in addressing this unmet need.

Keywords : PREMOM, Gestational Hypertensive Disorders, functional principal component
analysis, baseline logits model, steps
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1 Background

1.1 Introduction

Despite laudable efforts and commitment, Gestational Hypertensive Disorders (GHD) remain a
public health concern in obstetrics worldwide. It affects approximately 5-10% of pregnancies
and therefore, is associated with increased risk of both maternal and perinatal morbidity and
mortality [1, 2]. The prevalence of GHD in pregnancy was documented by the Flanders register
of prenatal outcome and was 4.6% and distributed as follows, 0.3% deliver before 34 weeks, 0.6%
deliver between 34 and 37 weeks, and 3.7% deliver after 37 weeks [1]. The GHD can be defined
as a new onset of hypertension after 20 weeks of gestation with elevated blood pressure (Systolic
≥ 140 and diastolic ≥90 mmHg; or diastolic ≥100 mmHg ) [3]. Pre-eclampsia is characterized
by the development of hypertension and proteinuria(0,3g/24hours) after 20 weeks of gestation
and affects approximately 3-5% of pregnancies and can threaten the life of the mother and the
fetus [4].
Therapeutic interventions are used in the management of women diagnosed with GHD through
conventional care or remote monitoring interventions in obstetrical care. Besides the therapeutic
interventions, several studies have proven the positive impact of physical activity on gestational
outcomes. A study carried out by [5] found that physical exercise only were effective at lowering
the odds of developing gestational hypertension and pre-eclampsia. In the same way, another
study has documented that the women who did not exercise were three times more likely to
develop gestational hypertensive disorders (OR=2.96, CI=1.29, 6.82) [6]. Similar findings were
reported by [7] and revealed that moderate exercise over a period of 10 weeks lowered the
diastolic blood pressure among pregnant women at risk of GHD.
Although previous studies have shown a positive effect of physical activity on the gestational
outcomes, the most often conventional method for activity data collection used was through the
questionnaire on the intensity [5, 6, 7]. However, in clinical trials as well as large observational
studies, recent advances of wearable technologies have allowed continuous health monitoring.
As an example, activity tracker, heart rate monitor and blood pressure monitor are the three
such devices which are widely used [8]. An activity tracker is used in objectively measures of
the level and timing of physical activity on a daily basis. Additionally, remote monitoring tools
have proven to be effective in the management of the women with GHD in obstetrical care [6, 9].
In addition, the majority of studies utilized single measurement or summary measures(mean,
median, maximum) of the exposure, i.e. the physical activity in assessing the association with
the outcome of interest [10]. Few studies have investigated the impact of physical activity on
gestational outcomes in women with GHD taking into account the longitudinal aspect of the
predictors as well as the use of the remote monitoring tools for the data collection [10, 11].
This study aimed at assessing the impact of daily physical activity in women with GHD on
gestational outcomes as well as finding the recommended cutoff in lowering the risk of GHD.
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1.2 Objectives

In the current study, the main objectives were:

• To study the effect of physical activity on gestational outcomes;

• To identify a cut-off value to be used as the recommended number of steps or distance per
day leading to a lower risk of GHD.

2
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2 Methodology

2.1 Study material

2.1.1 Study Design

The Pregnancy Remote Monitoring (PREMOM) study was a longitudinal study aimed at
assessing the added value of remote monitoring program of pregnant women diagnosed with
GHD [1, 12, 13]. The study population was, therefore, all women diagnosed with GHD and
also, who had their prenatal follow-up, and delivered at the outpatient clinic of Ziekenhuis
Oost-Limburg. In line with the regulation of ethics in medical research, the study protocol was
approved by the local ethics committee, responsible for the site [1]. Also, prior to the start of
the study, each participant signed a consent form and then was followed remotely intensively
from the study entry until delivery [1].
The participants were asked to wear an activity tracker day and night until delivery or hospital
admission. The activity tracker recorded the daily distance and number of the steps of each
participant. The data recorded were then transmitted to a web based dashboard developed by
the Mobile Health Unit of University of Hasselt [1]. In addition to the daily measurement data
collected throughout the study period, baseline characteristics were also recorded at the entry of
the study. The study data was unbalanced due to the fact that pregnant women were enrolled
at different gestational age i.e. first trimester, second trimester and third trimester, and then
was followed until delivery.

2.1.2 Data description

The data used in the current study was from the PREMOM study carried out in Ziekenhuis
Oost-Limburg (Genk, Belgium) over the period from January 2015 to March 2018 [13]. The
dataset contains baseline data as well as time varying covariates, namely the distance and the
number of steps measured on a daily basis using an activity tracker. A total of 283 women
completed the study, of which, 163 (57.6%) had physical activity data as well as the baseline
characteristics. The outcome of interest was the gestational outcomes, classified as no GHD,
gestational hypertension and pre-eclampsia. The gestational hypertension was diagnosed by
having a high blood pressure at delivery while the pre-eclampsia was evaluated by having both
high blood pressure and proteinuria at delivery [4]. The maternal age in years was assessed at
the study entry. In addition, the height (cm) and the weight (kg) were measured before the
pregnancy without shoes, and heavy clothing and the body mass index (kg/m2) was calculated
based on these two measures. The gestational age in weeks at enrolment was established by fetal
ultrasound examination. Information about Gravidity Parity Abortion (GPA) was obtained at
enrolment, whereas the medication intake and the admission were obtained during the follow up
of participants over the study period.

3
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The gravidity of the participant, expressed the number of time a woman has been pregnant
regardless of the pregnancy outcome. In addition, the number of pregnancies reaching viable
gestational age beyond 24 weeks, called the parity and abortion was the number of miscarriages
or abortion before 24 weeks of gestation experienced by each participant [14]. The information
related to whether the participants have been admitted or took drugs for medical reasons over
the study period was captured respectively by the variables admission and intake. The variables
used in the analysis are displayed in Table 1.

Table 1: Variables description

Variable Type Unit Description

Ntnumber Identification number of each participant
Age continuous years Age of the participant
Weight continuous kg Weight of the participant before pregnancy
Length continuous m Length of the participant
Body Mass Index continuous kg/m2 Body Mass Index before pregnancy
Gestational age weeks Gestational age at inclusion
Gravidity categorical 5 levels Number of pregnancies including the current
Parity categorical 4 levels Number of deliveries after 24 weeks of gestation
Abortion categorical 5 levels Number of abortions/miscarriages before 24 weeks of gestation
Distance continuous Daily distance performed by the participant
Steps continuous Number of daily steps
Intake categorical 2 levels Medication intake during pregnancy
Admission categorical 2 levels Admission

2.1.3 Data management

As before mentioned in the study design, the daily measurement of the distance and number of
steps were captured by the activity tracker and sent to the central dashboard [1]. However, there
were some duplicates record due to a connectivity issue to the central dashboard, or the data
were sent simultaneously with the blood pressure data which were sent twice a day. Therefore,
one record was kept daily per participant in the analysis set considering the maximum value of
distance and number of steps in case of duplicates record. Moreover, the Gravidity Parity and
Abortion (GPA) variable were recorded. The gravidity variable, initially with five levels, was
recoded into two levels, mainly Primigravidity (Gravidity = 1 ) and Multigravidity (Gravidity
> 1 ). In the same way, the parity variable was grouped into Nulliparous (Parity = 0 ) and
Multiparous (Parity ≥ 1). The Body Mass Index (BMI) was grouped into six levels, according
to the World Health Organization [15]. These categories were respectively underweight, normal
weight, overweight and obesity from grade 1 to grade 3. In addition, the gestational age at
inclusion was also categorized into first trimester (0 - 12 weeks ), second trimester (13 - 26
weeks) and third trimester (27 - 42 weeks) [16].

4
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Table 2 indicates the way the variables were recorded.

Table 2: Variables recoding description

Variables Recoding rule used

Gravidity
Primigravidity Gravidity = 1
Multigravidity Gravidity > 1

Parity
Nulliparous Parity = 0
Multiparous Parity ≥ 1

Abortion
Yes Abortion ≥ 1
No Abortion = 0

Body Mass Index
Underweight BMI < 18.5
Normal weight 18.5 ≤ BMI ≤25
Overweight 25 ≤ BMI ≤ 29.9
Obesity Grade 1 30 ≤ BMI ≤ 34.9
Obesity Grade 2 35 ≤ BMI ≤ 39.9
Obesity Grade 3 BMI ≥ 40

Gestational age
First trimester 0 - 12 weeks
Second trimester 13 - 26 weeks
Third trimester 27 - 42 weeks

2.2 Exploratory Data Analysis

Exploratory Data Analysis (EDA) was used in getting an insight in the study data structure in
making decisions for the subsequent steps of the analysis regarding the model selection. Graphical
techniques as well as summary measures, were used for the EDA. Means and proportions were used
as summary measures for quantitative and qualitative variables, respectively, while individual
profile was used as graphical techniques for repeated measures variables.

2.3 Statistical methods for repeated predictor and scalar response

The primary objective of the current study was to assess the relationship between the physical
activity measured repeatedly and the gestational outcomes adjusting for the baseline characteristics.
Therefore, an appropriate statistical method should be chosen while taking into account the
longitudinal features of the main predictor trajectory over the study period. The distance and
the number of steps parameters were measured daily and over time from enrolment until delivery.
The standard generalized linear mixed model cannot be used since it assumes correlated outcome
data while in the current study, the outcome was non time-varying, and the predictors were
time-varying [10].

5
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The single measurement using summary measures of the repeated predictors, the functional
principal component analysis as well as the two stage model are three statistical methods which
can be used in fitting such kind of data and will be described and discussed in the subsequent
sections.

2.3.1 Single measurement

The single measurement approach consists of computing at the first stage, the subject specific
summary measure of the time-varying covariate using either the mean, the median, the geometric
mean or the maximum [10]. Then, in the next step, a baseline logits model can be fitted using the
categorical outcome and the subject specific averages of the repeated predictors while adjusting
with the time invariant baseline characteristics of the pregnant women at the entry of the study.
The model based on the mean as summary measure can be formulated as follows:
Let J denotes the number of categories for the outcome Y
Let {π1, π2, π3, .....πj} denotes the response probabilities satisfying

∑J
j=1 πij = 1

The baseline category logit model is as follows:

log(
πij
πiJ

) = αj + βjXi + γjZi, j = 1, 2, 3, .....J − 1 (1)

Where Xi = 1
n

∑n
j=1Xij , the subject specific average number of steps, Zi = {Z1, Z2, Z3......Zp},

the baseline characteristics parameters. The model has J−1 equations with separate parameters
for each [17].
Although assessing the relationship between the physical activity and the gestational outcomes
for women with GHD is of paramount importance in the management of these patients, this
approach leads to biased results when the data are unbalanced and also a loss of information
since the longitudinal features of the repeated predictor was not taking into account [10, 11].

2.3.2 Functional principal component analysis

The functional principal component analysis (FPCA) can be considered as a major tool for
dimension reduction within the functional data analysis framework aimed at summarizing the
infinite dimensional random trajectories considered to be an element of infinite dimension space
to a finite number of functional principal component scores and is based on first and second
order moment [18].
Lets consider Xi(t) a realization of a time varying variable X(t) for the ith subject, 1 ≤ i ≤ n
at each time point ∈ T. Then, we assume also that the measurement between the different
subjects are independent and also that Xi(t) have smooth trajectories over time t. The FPCA
is applied in decomposing the pattern of temporal variation in the repeated predictor. The basis
features of the FPCA is that the time varying trait of the ith subject admit the Karhunen-Loeve
expansion [19]:

Xi = µt +
K∑
k=1

εikφk(t)

where µt = EX(t) and εik are uncorrelated random variable with mean zero and variance λk
satisfying λ1 ≥ λ2 ≥ λ3 ≥ ....λK . The εik are the kth functional principal component scores of
the ith subject associated with the eigenfunction φk for all k ≥ 1.
It can be noticed that after obtaining the individual scores, they can be entered as response or
predictors in further statistical analysis as well as using for clustering.

6
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The choice of the number of components to be used was based on the fraction of variance
explained through the use of the scree-plot.
However, the standard functional principal component analysis cannot be applied in our case
as we note that the set of time point ti1, ti2, ...tiN differ accross the study subject. Therefore,
a functional principal component analysis was performed, taking into account this features
of the data at hand, based on principal component analysis through conditional expectation
(PACE) [20]. The principal analysis of random trajectories algorithm is used as the basis method
in PACE for obtaining the Karhunen-Loeve representation of smooth functional data, where
measurements are contaminated with additional measurement error. Therefore, in a first step,
all available measurements are pooled into one scatter plot and used as a one dimensional
smooth to obtain the estimate of µ̂(t) of the overall mean function µ(t). Then, when the mean
function and the eigenfunctions have been obtained, the next steps is completing the empirical
Karhunen-Loeve representation, thus the dimension reduction is the estimate of the functional
principal component scores [21].
The model using the functional principal component scores as summary measures of repeated
predictors is similar to Equation 1 in Section 2.3.1, where Xi = {X1, X2, X3....Xs}, are the first
functional principal component scores with high fraction of variance explained of the data.
Although the functional principal components scores summarize both the overall measurement
level as well as the measurements changes over time, its interpretation remain difficult [10].

2.3.3 Two stage model

An alternative way of modelling the data at hand is to use the two stage model approach by
summarizing the measurements from an individual and then use the summary statistics through
standard statistical methods while accounting for the between subject variability. The variability
of the estimates at the first stage need to be take into account in the second stage i.e. the
measurement error in providing valid inference for the second stage model parameter estimates
[22]. In others words, it is assumed at the first stage, that a parametric curve, i.e. linear and
quadratic trend fit the observations for each subject [23].
At stage 1, it is assumed that Yi satisfies the polynomial regression:

Yij = β0i + β1itimeij + β2itime
2
ij + εij

where Yij is the number of steps of ith pregnant women measured at time timej , β0i is the
subject specific intercept whereas β1i and β2i were the linear and quadratic subject specific
slopes, εij is the error term assumed to be independent and normally distributed. In the second
stage, the individual specific intercept and slopes obtained from the first stage are used as
predictors along with the relevant baseline characteristics collected at the entry of the study
through a baseline logits model with gestational outcomes as response of interest. The second
stage model formulation is similar to Equation 1 in Section 2.3.1,where Xi = {X1, X2, X3},
individual specific slopes (linear and quadratic trend) and intercept.
Out of the three methods described above, the two stage model was chosen in assessing the
relationship between the physical activity and the gestational outcomes. This can be justified
by the fact that the two stage model takes into account the longitudinal nature of the physical
activity parameters measured on daily basis over the study period and the interpretation of the
parameters estimates is straightforward [10, 23]. Additionally, the study data was unbalanced
and therefore, using single measurement such as the mean of the repeated predictor was not
appropriate because it leads to loss of information and even biased results [21].

7
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Although the functional principal analysis methods account for the longitudinal nature of the
physical activity measures, its interpretation of the effect of functional principal scores on the
outcome is not straightforward [10].
The baseline characteristics as well as the predicted intercept and slopes of the number of steps
were included in the model as predictors. In addition, the participants’ weight were measured
weekly over the study period, and we planned also to include it in the model in capturing the
association between the weight gain during the pregnancy and the outcome. Therefore, the
subject specific intercept and slopes were also obtained from an ordinary regression, and only
the slope was only included in the model. Moreover, an interaction between the body mass
index and the daily steps slope was also considered. The likelihood ratio test was used for the
statistical inference and the deviance and the Pearson statistics were used as goodness-of-fit
statistics that provide a global model check [17]

2.4 Recommended number of steps

The second objective of the current study was to find a cut-off point as recommended daily
number of steps in lowering the risk of GHD at delivery for enrolled patients. As aforementioned
in Section 2.3.1, that the data at hand was unbalanced, using the subject specific average of
the daily number of steps and then categorized using a cut-off point leads to bias and should
be avoided in case of unbalanced data [24]. Previous studies have shown that the majority of
guidelines of physical activity during pregnancy suggests moderate intensity. Additionally, the
World Health Organization (WHO) guidelines on physical activity recommends that adult age
between 18 to 64 years should engage in at least 150 minutes of moderate intensity aerobic
activity throughout the week. In addition, the frequency of activity per week reported by
different countries guidelines of physical activity during pregnancy ranged from 3 to 5 days
per week and from 15 to 30 min as duration [25]. Also, the number of steps per minutes
have been estimated by previous studies reported by Catrine [26], found that 100 steps per
minutes was acceptable heuristic cadence threshold for moderate activity walking in 21 to 40
years olds. Another alternative naive method of clustering the patients was to consider these
findings of previous studies, and try to classify patients into active or inactive based on their
rate of achieving the chosen cut-off point. However, this will lead to severe bias, since at the
later stage of the pregnancy, the number of daily steps tends to decrease as compared to early
pregnancy. An appropriate method that take into account the longitudinal features of the daily
measurement of the number of steps is the clustering method. Therefore hierarchical clustering
method using agglomerative algorithm was used, in which objects are initially assigned to their
own cluster and then pair of the cluster repeatedly merged until the whole tree is formed [27].
The clustering is performed in two stage. In the first stage, a polynomial regression was fitted
in order to obtain the subject-specific intercept and slopes (linear and quadratic trend). Then,
in the second stage, these estimates obtained from the first stage are used for the clustering and
the cluster index obtained will be used for the second part, in modelling the association between
the cluster index and the outcome of interest while adjusting for the baseline characteristics
using a baseline logits model as described in Equation 1 of Section 2.3.1, where Xi is the cluster
index.

2.5 Software

The SAS version 9.4 and R Studio version 3.6.1 were used for the data analysis. A pvalue of
less than 5% was considered statistically significant.

8
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3 Result

3.1 Exploratory Data Analysis

3.1.1 Baseline characteristics

A total of 283 patients completed the study until delivery. Among these, 163 (57.59%) subjects
had baseline characteristics and time-varying covariates, mainly the distance and the number
of steps measured on a daily basis and was used for the final analyses. Table 1 presents the
baseline characteristics of the enrolled patients. It can be observed from the table, that the
mean age was 30.68 (4.26) and half of the patients had a normal gestational outcome. There
were no underweight patients in the current study, but the number of patients with normal
weight was 71 (43.56%). In addition, the majority of participants were enrolled in the current
study during their second and third trimester of pregnancy with 88 (53.99%) and 55 (33.71%)
patients respectively in the second and third trimester. Moreover, over the study period, 46
(28.22%) patients were admitted to the hospital whereas 54 (33.13%) have taken medication.
Looking at the gravidity, 39.26 % were primigravidae whereas just above half (50.42%) were
nulliparous.

9
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Table 3: Baseline characteristics

Parameters Value

n=163
Age in years, mean (SD) 30.68 (4.26)

Gestational outcomes, n (%)
Normal 83 (50.92)
Gestational hypertension 54 (33.13)
Pre-eclamsia 26 (15.95)

Body mass index , n (%)
Underweight 0 (0)
Normal weight 71 (43.56)
Overweight 43 (26.33)
Obesity grade 1 24 (14.72)
Obesity grade 2 15 (9.20)
Obesity grade 3 10 (6.13)

Gestational age in weeks, n (%)
First trimester 20 (12.27)
Second trimester 88 (53.99)
Third trimester 55 (33.74)

Medication intake, n (%)
Yes 54 (33.13)
No 109 (66.87)

Admission since monitoring, n (%)
Yes 46 (28.22)
No 117 (71.78)

Gravidity, n (%)
Primigravidae 64 (39.26)
Multigravidae 99 (60.74)

Parity, n (%)
Nulliparous 83 (50.92)
Multiparous 80 (49.08)

3.1.2 Individual profiles

The individual profiles on the daily measurement of the number of steps were used in identifying
the general pattern of each patient throughout the study period. Figure 1 illustrates the
individual profiles of the patients over the study period. It can be noticed from the graph that
there were much variability between and within individuals. In addition, it shows fluctuations
in terms of the overtime evolution of the number of steps over the study period suggesting that
the daily number of steps was not constant or decreasing as time increases. The data is highly
unbalanced and should be taken into account in the model choice and the daily fluctuations also
suggests that only a linear time effect might not be sufficient and an adjustment with quadratic
time effect is needed.

10
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Figure 1 illustrates the individual profiles of the daily number of steps of randomly selected
patients, of which the time indicates the day in the study.

Figure 1: Individual profile of the number of steps over time

3.2 Two stage model

3.2.1 First stage

In the first stage, we have checked whether the linear time effect is sufficient to capture the
variability of the daily number of steps in the current study. This first attempt shows that the
linear time effect only does not capture very well the variability of the daily number of steps.
Therefore, an adjustment was performed by adding a quadratic time effect and we obtained
the fit plot of all the patients except the patients with only one measurement ( 5 in total).
The majority of the fit plots checked and were like Figure 2. Therefore, we can conclude that
adjusting the linear trend by a quadratic trend is more suitable because it capture most of
variability in the data. The subject specific intercept as well as the linear and quadratic time
effect were extracted in order to be used as covariates of interest in the second stage.

11
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Figure 2: First stage fit plot of daily number of steps

3.2.2 Second stage

The parameter estimates from the first stage were used as well as the baseline characteristics of
the enrolled patients. Also, it was adjusted by the measurement error obtained from the first
stage in order to provide valid inference for the second stage model parameter estimates. Prior
to the parameter estimates interpretation, the deviance and the pearson statistics tests was
used to test the overall goodness of fit of the model. The p-value for the deviance and pearson
statistics were respectively 0.980 and 0.924, suggesting that the model fits well the data. The
results of the second stage are shown in Table 4. Holding the other variables constant, the log
odds of obesity grade 1 patients relative to normal weight was 1.315 higher for having gestational
hypertension to normal gestational outcome. In others words, obesity grade 1 patients were
more likely to have gestational hypertension outcome as compared to normal weight patients
(p=0.0458). Likewise, the multiparous patients, were more likely to have normal gestational
outcome as compared to nulliparous (coef =-0.9495, p=0.0271). The pregnant women enrolled
during the second and third trimester were more likely to have normal gestational outcome as
compared to the reference group, i.e. the patients enrolled during the first trimester holding
other variables fixed. As expected the patients who were admitted over the study period were
more likely to have gestational outcome to gestational hypertension as compared to not admitted
patients (p=0.0463).
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Holding other variables constant, the obesity grade 3 patients were more likely to have
pre-eclampsia to normal gestational outcome as compared to normal weight patients (coef=1.948,
p=0.0469). In addition, as expected the log odds of the patients who were admitted over
the study period was 1.94 higher for having pre-eclampsia to normal gestational outcome as
compared to not admitted patients.
Table 5 displays the Type 3 analyses of effect based on the Wald test. It can be seen that the
variables intercept and slopes of the daily number of steps, the patient age, and the parity
are not statistically significant. However, the BMI, the gestational age at enrolment and the
admission over the study period were associated with the gestational outcomes. Therefore,
using the data at hand, there was no evidence that the physical activity was associated with
gestational outcones.
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Table 4: Parameters estimates two stage model

Parameter DF Estimate SE Wald ChiSq Pvalue

Gestational hypertension
Intercept 1 1.7087 0.9414 3.2943 0.0695
Number of steps
Intercept steps 1 -0.6296 0.5878 1.1469 0.2842
slope linear trend steps 1 -0.3176 1.6663 0.0363 0.8488
slope quadratic trend steps 1 -0.3192 1.3029 0.06 0.8065
BMI
Normal Reference
Overweight 1 0.3916 0.4878 0.6445 0.4221
Obesity grade 1 1 1.3218 0.6715 3.8747 0.049
Obesity grade 2 1 -1.4071 0.8746 2.588 0.1077
Obesity grade 3 1 -1.9511 1.2607 2.3953 0.1217
Gestational age at enrolment
First trimester Reference
Second trimester 1 -1.6277 0.6641 6.007 0.0142
Third trimester 1 -2.0755 0.7805 7.0716 0.0078
Admission over study period
No Reference
Yes 1 -1.5746 0.6549 5.7812 0.0162
Age 1 0.0886 0.2131 0.1728 0.6776
Parity
Nulliparous Reference
Multiparous 1 -0.8923 0.4478 3.9701 0.0463

Pre-eclampsia
Intercept 1 -6.4756 2.1683 8.919 0.0028
Number of steps
Intercept steps 1 1.2374 0.9543 1.681 0.1948
Slope linear trend steps 1 3.1399 2.7572 1.2968 0.2548
Slope quadratic trend steps 1 2.1264 2.3139 0.8444 0.3581
BMI
Normal Reference
Overweight 1 1.0271 0.8468 1.4711 0.2252
Obesity grade 1 1 1.7571 0.944 3.4641 0.0627
Obesity grade 2 1 0.2449 1.3172 0.0346 0.8525
Obesity grade 3 1 3.1551 1.182 7.1253 0.0076
Gestational age at enrolment
First trimester Reference
Second trimester 1 1.9398 1.5127 1.6445 0.1997
Third trimester 1 1.5086 1.6299 0.8567 0.3547
Admission
No Reference
Yes 1 3.2405 0.795 16.6134 <.0001
Age 1 -0.0468 0.3325 0.0198 0.8881
Parity
Nulliparous Reference
Multiparous 1 0.0898 0.6886 0.017 0.8963
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Table 5: Type 3 Effect two stage model

Effect DF Wald Chisq Pvalue

Intercept steps 2 3.2978 0.1923
Slope linear trend steps 2 1.4965 0.4732
Slope quadratic trend steps 2 1.0926 0.5791
Body Mass Index 8 19.4561 0.0126
Gestational age at enrolment 4 10.7455 0.0296
Admission 2 25.5269 <.0001
Age 2 0.2181 0.8967
Parity 2 4.1026 0.1286

3.3 Recommended number of steps

3.3.1 Clustering of patients

The longitudinal profiles of the study patients were used through hierarchical clustering techniques
in grouping patients based on the similarities of their over time evolution. Then, the cluster
index obtained was included as covariates in a baseline logits model in assessing the association
between the cluster index and the gestational outcomes adjusting with the potential covariates
collected at the entry of the study. Table 6 displays the distribution of the cluster analysis. It
can be seen that three clusters were identified and classified as high, moderate and low physical
activity levels. The number of patients was respectively 19 (12.34%), 109 (70.78 %) and 26
(16.88 %) for low, moderate and high physical activity level. In terms of the average number of
steps per day, it was respectively 2222, 3535 and 5890.

Table 6: Distribution average daily number of steps per physical activity level

Parameters n (%) Average number of steps per day

Low level 19 (12.34) 2222
Moderate level 109 (70.78) 3535
High level 26 (16.88) 5890

3.3.2 Modeling recommended number of steps

The cluster index obtained from the clustering method was used as well as the potential covariates
collected at the entry in the study in assessing the relationship between the cluster index and
outcome of interest. The deviance and the pearson statistic tests were used in checking the
overall goodness-of-fit of the fitted model. The p-value for the deviance and pearson statistics
were respectively 0.989 and 0.1125, suggesting that the model fits well the data. The results of
the fitted model are shown in Table 7. It can be seen that there was no association between
the gestational outcome and the physical activity levels of the enrolled patients, keeping other
variables constant. Also, the patients enrolled during their second and third trimester were likely
to have normal gestational outcome to gestational hypertension as compared to the reference
group enrolled during their first trimester (p=0.0105, p=0.0039 respectively). Moreover, obesity
grade 1 patients were more likely to have gestational hypertension outcome as compared to
normal weight patients (p=0.0351), holding the other covariates fixed. Also, the multiparous
patients were more likely to have normal gestational outcome to gestational hypertension as
compared to the nulliparous patients, keeping the others predictors constant (p=0.0386).
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In addition, the log odds of obesity grade 3 was 2.81 (p=0.016) higher of having pre-eclampsia to
normal gestational outcome as compared to normal weight patients, holding the others variables
fixed. Also, as expected the patients who were admitted were likely to have pre-eclampsia as
compared to the reference group i.e. the patients who were not admitted over the study period
(coef=3.51, p< 0.0001).
Table 8 displays the Type 3 analyses of effect based on the Wald test. It can be observed
that the BMI, the gestational age at the entry of the study as well as the admission over the
study period were significantly associated with the outcome of interest in the current study. In
contrast, the physical activity level, the patient age and the parity are not associated with the
gestational outcomes.
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Table 7: Parameters estimates recommended number of steps

Parameter DF Estimate SE Wald ChiSq Pvalue

Gestational hypertension
Intercept 1 1.6495 0.9108 3.2798 0.0701
Physical activity level
Low Reference
Moderate 1 -0.5465 0.7989 0.4679 0.494
High 1 -0.0078 0.6572 0.0001 0.9905
BMI
Normal Reference
Overweight 1 0.4314 0.4769 0.8181 0.3657
Obesity grade 1 1 1.3776 0.6538 4.4392 0.0351
Obesity grade 2 1 -1.3088 0.846 2.3934 0.1218
Obesity grade 3 1 -1.9316 1.2416 2.4204 0.1198
Gestational age
First trimester Reference
Second trimester 1 -1.6105 0.6293 6.5487 0.0105
Third trimester 1 -2.0079 0.6948 8.3506 0.0039
Admission
No Reference
Yes 1 -1.4744 0.6309 5.4613 0.0194
Age 1 0.0908 0.2127 0.1823 0.6694
Parity
Nulliparous Reference
Multiparous 1 -0.9007 0.4355 4.2774 0.0386

Pre-eclampsia
Intercept 1 -3.8438 1.6166 5.6537 0.0174
Physical activity level
Low Reference
Moderate 1 0.894 1.1036 0.6562 0.4179
High 1 -1.0852 0.9125 1.4143 0.2343
BMI
Normal Reference
Overweight 1 0.5305 0.839 0.3999 0.5272
Obesity grade 1 1 1.4601 0.8735 2.794 0.0946
Obesity grade 2 1 0.4432 1.2823 0.1195 0.7296
Obesity grade 3 1 2.8113 1.1136 6.3731 0.0116
Gestational age
First trimester Reference
Second trimester 1 0.9973 1.2455 0.6411 0.4233
Third trimester 1 -0.0934 1.2985 0.0052 0.9426
Admission
No Reference
Yes 1 3.5169 0.8607 16.6978 <.0001
Age 1 -0.0777 0.3176 0.0598 0.8068
Parity
Nulliparous Reference
Multiparous 1 -0.1767 0.642 0.0758 0.7831
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Table 8: Type 3 Effect recommended number of steps

Effect DF Wald ChiSq Pvalue

Physical activity level 4 5.7827 0.216
BMI 8 18.9388 0.0152
Gestational age 4 12.4311 0.0144
Admission 2 25.0895 <.0001
Age 2 0.2861 0.8667
Parity 2 4.2776 0.1178
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4 Discussion

This study examined the association between the physical activity throughout the pregnancy
and the gestational outcomes. The result revealed that, there was no association between the
physical activity and the outcome of interest whereas significant effect were found between
the response and potential covariates such as the BMI, the gestational age at enrolment and
admission status. In addition, no association was found between the cluster index and the
gestational outcomes, indicating that no recommended daily number of steps leading to lower
risk of GHD was found with the data at hand.

Daily walking of the study patients throughout the study period was not associated with the
gestational outcomes. In the contrast, a study carried out by [28] has found that regular maternal
walking over the pregnancy period may be a preventive tool for pre-eclampsia as well as reduces
the incidence of gestational hypertension. Our findings were not in line with the results of
this previous study because the study design, the study population as well as the potential
covariates of interest collected were different. In the current study, the design was observational
whereas, it was interventional in the study carried out by [28], in which patients were allocated
to either control group (usual care) and study group (adherence program of regular walking
for 5 days per week, for 30 min). Also, women with different gravidity levels as well as from
different gestational age were enrolled in the current study while only women in first trimester
and overweight primigravidae were enrolled in the study carried out by [28]. In terms of the
potential covariates collected throughout the study period, the physical activity parameters were
collected daily in our study whereas in the comparative study, only the group index was used to
assess the effect of the walking on the outcome of interest. Likewise, pregnant women engaged in
any regular physical activity as compared to inactive women, experienced a 35% reduced risk of
pre-eclampsia [29]. Also, the difference in the conclusion between this study and our study may
be attributed to the fact that activity tracker was used in our study to measure accurately the
physical activity parameters whereas in the study carried out by [29], a questionnaire was used
and the participant were asked to report the frequency as well as the type of physical activity,
they are performing during the pregnancy such that walking, bicycling or swimming.

Looking at the variable BMI, as expected, it was found to be significantly associated with the
gestational outcomes and this was in line with the results of previous studies. To illustrates, a
study carried out by [30] found that obese women have a two-fold to three fold higher risk of
developing gestational hypertensive disorders. Likewise, an increased incidence of pre-eclampsia
as well as gestational hypertension was documented by [31]. In the same way, the results of a
study carried out by [32], revealed that there is a signficant relationship between BMI and the
risk of pre-eclampsia. Therefore, there is a need for women of normal prepregnancy BMI to
follow advice of prenatal care providers in preventing excessive gestational weight gain that can
caused adverse gestational outcomes.

It was also found that the gestational age at enrolment was also associated with the outcome
of interest. However, the finding was counter-intuitive, because the patients enrolled in their
second or third trimester were more likely to have normal gestational outcome to gestational
hypertension as compared to the reference group, i.e. the first trimester patients. This may be
attributed to the fact that, although, these patients were enrolled during their second and third
trimester, they had performed daily physical activity prior to their enrolment.
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Also, only few number of patients were enrolled during the first trimester of pregnancy in
the current study.

Admission over the study period was significantly associated with the gestational outcomes.
As expected, the patient who were admitted over the study period were more likely to have
pre-eclampsia to normal gestational outcome as compared to not admitted patients. This can
be explained by the fact that, they were admitted because they have shown some signs of
pre-eclampsia. There is an urgent need to provide useful information about GHD that enables
women to spot signs and symptoms of these diseases. As a result, this leads to earlier diagnoses
and timely management of GHD in reducing the risk of adverse gestational outcomes [13].

Also, there was no association between the physical activity level identified through the clustering
method towards findings recommended number of steps and the gestational outcomes, suggesting
that no recommended daily number of steps leading to a lower risk of GHD was found with
the data at hand. The study patients were divided into three physical activity levels over the
study period, based on their longitudinal profiles using appropriate statistical method with
respectively average daily number of steps of 2222, 3535 and 5890 for low, moderate and high
physical activity level. In the litterature, a study carried out by [33], recommended 6000 steps a
day in lowering the risk of gestational diabetes mellitus. However, in the current study, out of
the 163 enrolled patients, only 26 (16.88 %) of the patients were in the high physical activity
level group with 5890 as average daily number of steps, suggesting further studies are needed.

The physical activity data were measured throughout the study period using the activity tracker,
and this can be considered as a strength as compared to self-reported questionnaires which are
subject to large measurement errors and also uncontrollable bias [8]. However, since the design
of the study was observational and no causal inference can be made [34]. Therefore, further
studies are needed, of which potential eligible women will be randomized either in usual care or
intervention group. In the usual care, daily measurement would be captured from the entry
until delivery whereas the intervention group will involved in a walking adherence. This regular
walking adherence can use the recommendations of the WHO, i.e. 5 days per week , for 30
minutes [25]. Also, in the current study, few patients were enrolled during their first trimester of
pregnancy, there is a need for further studies to enrol the patients during their first trimester in
order to study the effect of early pregnancy physical activity on the gestational outcomes. Also,
the two stage model used as statistical method in the analysis of the data may be limited in
case of elevated number of few measurements for the patient such as patients enrolled at their
last week of pregnancy.
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5 Conclusion

In this current study, we found that taking into account the longitudinal features of the physical
activity, there was no significant effect between the physical activity and the gestational outcomes.
In the contrast, significant effect were found between the body mass index, the gestational age
at enrolment and the admission status over the study period. Moreover, the cluster analysis
identified three physical activity levels and revealed also that there was no association between
the physical activity level over the study period and gestational outcome. Therefore, the
recommended number of daily steps that leading to lower risk of GHD at delivery was not found
with the data at hand. Therefore, further research is needed in addressing this important unmet
need towards improvement of the management of GHD patients during pregnancy.
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R and SAS Codes

######## Important codes only #######

######### Plotting individual profiles for randomly selected patients#########

dataset<-read.table(’C:/Uhasselt/MscThesis/predictor.csv’, sep=’,’, header=TRUE)

attach(dataset)

library(tidyverse)

######### Order observations per ID and measurement date#########

dataset<-dataset[order(ID, measured_at),]

dataset1<-dataset %>%

group_by(ID) %>%

mutate(Days = 1:n())

######### Select randomly 12 patients and then plot their profiles #########

dataset2<-dataset1[dataset1$ID %in%sample(unique(dataset1$ID), 12, replace = FALSE),]

xyplot(steps~Days,data =dataset2,groups=ID,type=’l’)

/***********************************************************************************/

/*SAS Code first objective: Relationship physical activity and gestational outcomes*/

/*import the dataset*/

proc import datafile = ’C:\Uhasselt\MscThesis\predictors.csv’

out = predictors

dbms = CSV

;

run;

/*sorting the dataset*/

proc sort data=dataquad;

by id days;

run;

/* obtain fits plots for first stage, two stage model*/

ods graphics on;

proc glm data=predictors ;

model steps = days days*days;

by id;

run;

ods graphics off;

/*get the predicted intercept, slopes for teh daily number of steps per subject*/

data predict;

set predict;

days2=days*days;

run;

proc reg data=predict outest=stage1 edf noprint ;

model steps=days days2;

by id;
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run;

quit;

/*fit the baseline logits model for the first objective*/

proc import datafile = ’C:\Uhasselt\MscThesis\dataset1.csv’

out = dataset1

dbms = CSV

;

run;

proc logistic data = dataset1;

class catbmi(ref = "2") catga(ref = "1") admission (ref = "0")

catparity (ref = "0") / param = ref;

model outcome(ref = "0") = interstep daystep days2step mestep catbmi

catga admission age catparity / link = glogit aggregate scale=none;

run;

/********************************************************/

/*SAS Code second objective: Recommende number of steps*/

/* hierarchical clustering*/

ods graphics on;

proc cluster data=dataset1 method=ward ccc pseudo out=tree

plots=den(height=rsq);

var interstep daystep days2step mestep;

id id;

run;

ods graphics off;

proc tree data=tree out=New nclusters=3 noprint;

height _rsq_;

copy interstep daystep days2step mestep ;

id id;

run;

proc import datafile = ’C:\Uhasselt\MscThesis\dataset2.csv’

out = dataset2

dbms = CSV

;

run;

proc logistic data = dataset2;

class catbmi(ref = "2") catga(ref = "1") admission (ref = "0") catparity (ref = "0")

catabort(ref = "0") cluster(ref = "3")/ param = ref;

model outcome(ref = "0") = cluster catbmi catga admission age

catparity/ link = glogit aggregate scale=none;

run;
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