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Abstract

Multiple sclerosis (MS) is an inflammatory disease in which the immune system attacks

the protective myelin that covers the nerves of the central nervous system. In this study,

42 adults MS patients with mild symptoms entry were divided into two groups, an inter-

vention group and control group. The intervention group performed a 12 week training

program preparing them for a 5km run, whereas the control group continued their reg-

ular therapy. This thesis focused on investigating the evolution of the total number of

steps per day and total active time per day during 12 weeks of the training periods in two

groups. The total number of steps and total active time per day were recorded repeatedly

across the training periods for each MS patient in the training. A linear mixed model

was used in the analysis as the method that provides a general, flexible approach in the

situations of the correlated data. The first autoregressive covariance structure was found

to be plausible for the model of total number of steps per day and total active time per

day outcomes. The training time and quadratic training time had a statistical significant

effect on to total number of steps per day at the baseline. It has shown that an increase

in training time increases the total number of steps per day at the baseline. The evolu-

tion of total number of steps per day over the training period in the intervention group

was found to be the same as in control group. There was no evidence for the difference

between the intervention group and the control group for any week of the training peri-

ods. For the total active time per day, the training time and quadratic training time had

no significant effect at the baseline on the total active time per day. As expected, the

participants in the intervention group were significantly more active per day compared

to the participants of the control group.

Key Words: Genaralized Linear Mixed Model (GLMM), Likelihood Ration Test(LRT), Linear

Mixed Model(LMM), Multiple Sclerosis (MS), Restricted Maximum Likelihood(REML)
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1 INTRODUCTION

1.1 Background of the Study

Multiple Sclerosis (MS) is a chronic, often disabling disease that affects the central nervous sys-

tem. When myelin is damaged or destroyed, the ability of nerves to conduct electrical impulses to

the brain and from the brain is disrupted, thereby producing the various symptoms of MS such as

sensory problems, difficulty walking and poor coordination (Janet and Johnston, 2008). Destruc-

tion of the nerve fibers themselves is believed to cause the permanent disability that many people

with MS experience (National MS, 2009). More than 2 million people are estimated for having MS

worldwide and the disease is among the most common causes of neurological disability in young

adults (World Health Organization, 2008). The World Health Organization, (2008) reports that

the proportion of new cases during a defined time period and the proportion of the population that

has the disease at or during a specified time vary considerably between regions and populations.

The median estimated prevalence of MS seemed to be the greatest in Europe (80 per 100 000),

followed by the Eastern Mediterranean (14.9 per 100 000), the Americas (8.3 per 100 000), the

Western Pacific (5 per 100 000), South-East Asia (2.8 per 100 000) and Africa (0.3 per 100 000)

(World Health Organization, 2008). Results of meta-analyses suggest that the incidence of MS has

increased over time and provide some evidence that this increase has occurred primarily in women

(Koch-Henriksen and Sørensen, 2010). In Belgium, the prevalence in southern Flanders was 88

per 100 000 in 1991, for the study done on 74 men and 101 for women (Van Ooteghem et al.,

1995). In the survey study, Van Ooteghem et al., (1995) and Pugliatti et al., (2006) had shown that

the highest total rates were estimated for the age groups of 35–49 and 50–64 years, with women

contributing mostly in the first and men in the second group. The distribution of prevalent cases by

disability was 54%, 23% and 23% for mild, moderate and severe MS, respectively (Carton, 1997,

Van Ooteghem et. al, 1995).

Individuals with the diagnosis of multiple sclerosis require a range of rehabilitation services due

to the chronic and progressive nature of the disease (Medical Disability Advisor, 2012). The fre-

quency and duration of rehabilitation is contingent upon the severity of the symptoms. Because

this disease is chronic and progressive, individuals generally require rehabilitation at regular in-

tervals throughout their lives. Physical activity has recently been considered as a rehabilitation
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task known as physical therapy (Medical Disability Advisor, 2012), as it seems to slow down the

progression of the MS among persons afflicted with this disease (Bennett, 2013).

Unfortunately people with MS have lower levels of physical activity than the general population

(National MS, 2009). Patients with MS who are involved in physical exercise program are reported

to experience an increased sense of well-being in addition to other benefits such as increased mus-

cle strength and endurance, maintained and improved joint range of motion and flexibility, im-

proved coordination, improved balance and reduced fatigue level (National MS, 2009 and Motl

and Gosney, 2008). Exercise training is thus a promising strategy for increasing quality of life in

the people with MS.

1.2 Withings Device

Withings Devices are useful in application for monitoring and tracking fitness-related metrics such

as walked distance, calorie consumption, heart rate and quality of sleep (Withings Health Institute,

2014). When wore at the wrist, it captures number of steps via the arm swing and movement by

knowing where you stand and how fast you are progressing, distance walked, elevation climbed

and calories burned. These data empower users to make informed choices and generally motivate

them to reach a target amount of physical activity per day.

1.3 Population Of the Study

In this study, 42 MS patients were tested for their walking capacity, physical fitness and cognitive

functions and brain imaging before and after the training program. The inclusion criteria for the

participants were being at least 18 years old at the beginning of the study, and being able to walk

five kilometers without any aid, but have not be able to run 5km in the previous six months.

Signed written informed consent was obtained prior to all tests. The current thesis focuses on

the measurements collected during the training period between the pre and post-measurements.

1.4 Data Description

The present study was conducted upon on 42 MS patient participated in the study, 21 participants in

the intervention group and 21 participants in control group. Among 42 participants in two groups,

2



26 participant received a withings device and had at least one measurement record. In this thesis,

the participants with no records were not considered in the data used in the analysis. 20 participants

in intervention group and 6 participants in the control group. Their level of physical activity were

monitored in 12 weeks of the training. The withings device was able to track the number of steps

taken each minute as well as per day and the total time that the user were active per day. Total active

time per day was determined by successive hours that the participant was physically active per day

and the total number of steps per day was determined by the overall steps that the participant

made per day. Puyau et al., (2004), and Colley, Janssen, and Tremblay, (2012) classified intensity

levels of physical activity based on cut points corresponding to each intensity level: sedentary

physical activity correspond to the observations that has at most 100 step counts per minute, light

physical activity correspond to the observations range from 100 to 1500 step counts per minute,

moderate physical activity correspond to the observations range from 1500 to 6500 step counts per

minute, and finally the vigorous physical activity correspond to the observations that have more

than 6500 counts per minute. While Puyau et al., (2004), and Colley, Janssen, and Tremblay,

(2012) classified intensity of physical activity based on minute, Tudor-Locke and Bassett, (2004)

proposed a classification of physical activity based on day in adults. Tudor-Locke and Bassett,

(2004) classified these intensities based cut point for each level < 5000 steps per day (sedentary),

5000-7499 steps per day as low active, 7500-9999 steps per day as somewhat active, 10000-12499

steps per day as active, and lastly ≤ 12500 steps per day as highly active.

On completion of the pre-measurements examination of the MS patients, eligible patients were

asked to wear a withings device over the right hand side for 12 consecutive weeks. The withings

device digitalized values are summed on a user-specified interval of 1 min, resulting in a counts

value per minute as well as per hour and finally summarized per day. This thesis consisted of ana-

lyzing and comparing the daily physical activities profiles over the training period of intervention

group and control group. Table 1 present proportion of group information by gender.
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Group
Gender

Female Male Total Percent

Contol
3 3 6 23.08

Intervention
19 1 20 76.92

Percent
84.62 15.38 26

Table 1: Frequency table for the intervention by gender

From Table 1 nearly 77% participants are in the intervention group and 23% in control group

respectively. 85% of participants were female and the male is about 15%. Table 2 present summary

of the variables of interest.

Variable Minimum Maximum Mean Median Std Dev
age 20 52 40.45 42 8.4
Time 1 140 54.59 53 25.07
Step 24 27228 7608.78 7024 4519.56
Activetime 60 29520 4945.57 4560 3069.42

Table 2: Summary variable of interest

The variable of interest were total number of steps per day which range from 24 to 27228 total

number of steps per day, total active time per day is ranging from 60 to 29520 seconds per day,

and age at the entry ranged from 20 to 52 years old. The measurement were recorded each day

in 12 weeks. There were a total of 1495 number of measurements records on 26 participants.

The number of measurements records per participants ranged between 7 and 96 with only one

participant having just 7 measurements records.

1.5 Objectives

Scientific research suggests that physical activity can be a useful rehabilitation tool for individuals

with MS. Therefore, the overall aim of this research project was to examine the effect of the 12

weeks of the training on physical cognitive and structural parameters in persons with MS. This was

achieved by investigating whether the evolution of total number of steps per day and total active

time over the training periods depends on the training group of the participant.
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This was also achieved by evaluating whether the probability of being intensively active depends

on the training group of specific participant. The research question was to investigate whether evo-

lution of physical activities per day over the training period for the participant in the intervention

group was equal as the control group.
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2 METHODOLOGY

2.1 Linear Mixed Model

In the current study, the measurements for each participant were recorded repeatedly through the

duration of the training. This was the source of the correlation among the measurements that

was recorded for one participant. This may be due to grouping of repeated measurements on

each participants over time. Mixed model analysis provides a general, flexible approach in these

situations, because it allows a wide variety of correlation patterns or covariance structures to be

explicitly modeled (Fitzmaurice et al., 2004). The mixed model fitted on the current data were

given by the equation 1

sqrtstepij = (β0+b0i)+β1∗Agei+β2∗gderi+β3∗grpi+(β4∗Agei+β5∗grpi+β6+b1i)timeij+εij
(1)

where i = 1, ..., 26 and j = 1, ..., ni where ni=total number of measurement records for the ith

participant. sqrtstepij is the square root of total number of steps per day for the ith participant

on jth occasion. Agei is the age of the participant at the entry and timeij is the time for the ith

participant on jth training day that measurement were recorded. β0 is the average intercept, β1 is

the age effect, β2 is the gender effect, β3 is the effect of the training, β4 is average slope describ-

ing the linear age time effect, and β5 is average slope describing the linear training time effect.

bi = (b0i, b1i) is a vector of participant-specific random effects (for intercept and slope respec-

tively). εij ∼ N(0, σ2In) and bi ∼ N(0,D) are both assumed to be independent. The total number

of steps per day for one participants are assumed to be independent to the total number of steps per

day of the other.

It is also for interest to evaluate whether the total number of steps per day has increased or de-

creased in first two weeks and second two weeks of the training compared to the last weeks of

training, means 1st − 2nd week of the training, and 3rd − 4th week of the training compared to 5th

week towards the last week. To achieve this, the model that include the weeks that the measurement

was recorded as covariate was fitted. This model was presented in equation 2.
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sqrtstepij =(β0 + b0i) + β1 ∗ Agei + β2 ∗ gderi + β3 ∗ grpi + β4 ∗ week1i + β5 ∗ week2i

+ (β6 ∗ week1i + β7 ∗ week2i + β8 ∗ Agei) ∗ grpi + εij

(2)

where sqrtstepij is the square root of total number of steps per day for the ith participant on jth

training occasion. β4 is the average effect of the first 2 weeks periods for control group, β5 is the

average of the 3rd to the 4th weeks effect for control group, β6 and β7 are the average effects of the

training effect for the first 2 weeks periods and 3rd, and 4th training weeks effect respectively. The

reference is the 5th week to the other weeks and the control was considered as the reference group.

The model 2 was fitted under the same assumptions as model 1.

The same model as model 1 with the same assumptions and the same variable description was

fitted for the total active time per day where the sqrtstepij were replaced by sqrtactivetimeij .

sqrtactivetimeij is the square root of total active time per day for the ith participant on jth occa-

sion.

The maximum likelihood was used for likelihood ratio test and restricted maximum likelihood was

used for estimation to get unbiased estimates (Molenberghs and Verbeke, 2009). The mixture of

chi square was used as the distribution for the likelihood ratio test for the random effect, since

hypothesized values of random effects are on the boundary of the parameter space. The square

root of total number of steps and total active time per day were used to transform the residual near

to the normality. The training time was transformed to log scale because the original scale have a

harder time converging on estimates.

2.2 Generalized Linear Mixed Model (GLMM)

The total number of steps per day was dichotomized based on the cut point of the total number of

steps higher that 9500 considered as physically active and less than 9500 steps per day considered

as physically inactive (Tudor-Locke and Bassett, 2004). A random effects model as an approach

for handling participant specific parameters bi in longitudinal data analysis was fitted. The model

conditions on both the predictor variables and participant specific effects (Verbeke and Molen-

berghs, 2005). GLMM as an extension of the linear mixed models for non-gaussian responses was
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used due to the interest lies in describing the evolution of each participants separately. The random

effects bi reflect how much the subject-specific profile deviates from the overall average profile

and can be used to detect profiles of individuals evolving differently over time (Agresti, 2007).

The choice of the main effects and the random effects used, follow from the Linear Mixed Model

in equation 1. Equation 3 presents random intercept model fitted.

logit[(π̂ij)] = (β0+b0i)+β1∗Agei+β2∗gderi+β3∗grpi+(β4∗Agei+β5∗grpi+β6+b1i)timeij (3)

Where:

π̂ij is the probability for ith participants for being intensively active (total number of steps per day

>9500) at training time period j.

2.3 Blocked Case Re-sampling Analysis

Later on, the investigation for the efficacy and utility of the linear mixed model, theoretically

and empirically will be carried on for this data using, blocked case re-sampling to generate the

replicated data. Blocked case re-sampling is used in several longitudinal studies with a small

sample size and a reasonable number of repeated measurements for each participant (Hyunsu,

2015). Due to the dependence in current data, generating replicated data will be done by blocked

case re-sampling process where the block taken as the participant measurements records (Hyunsu,

2015). The blocked case re-sampling should be carried out in such a way that the dependence

structure should be captured.
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3 RESULTS

3.1 Exploratory Data Analysis (EDA)

For getting the insight on the data the exploratory data analysis was performed using simple de-

scriptive statistics as well as graphical techniques for exploring the association between the out-

comes and covariates of interest. This was intended to provide the data structure and the plausible

implications that should be considered in modeling approach.

3.1.1 Boxplot of the Outcomes across the Training Groups

Figure 1 present the boxplot for the total number of steps per day and total active time per day

across the training groups.

(a) (b)

Figure 1: Boxplot of the total number of steps and total active time per day by the training group
(a) and (b) the Red point indicate the mean in each group

From Figure 1a and Figure 1b it can be observed that the outliers seem to be present on the total

number of steps per day and the total active time per day respectively. The mean total number

of steps per day and total active time for the intervention group are more or less the same as the

control group.

3.1.2 Individual Profile

The individual profiles is a scatter plot of the response connecting the repeated measurements for

each participant over time. It shows whether there is a discernable pattern common to most sub-

jects. These individual profiles can also provide some information on between-subject variability.
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Figure 2 present individual profile with smoothed average curve for the total number of steps per

day Figure 2a and Total active time per day Figure 2b respectively.

(a) (b)

Figure 2: Individual profile with smoothed average curve of total number of steps per day for
control (solid line) and intervention group (dashed line) (a) and for total active time per day for
control (solid line) and intervention group (dashed line) (b)

From Figure 2, it can be observed that the evolution of total number of steps per day for the specific

participant and total active time per day seemed to be different for participant to participant. The

participants started with different level of physical activity and evolve differently. There seems to

be a higher within-participant variability on the total number of steps per day. Figure 2a suggested

that the average total number of steps per day for the participants in intervention group seemed

to be higher compared to the control group and this average stayed high over time. Figure 2b

suggested that the average total time of physical activity per day seems to be high in control group

compared to the intervention group for early time, and at later time the average total active time per

day seemed to be high in the intervention group compared to the control group. For total number

of steps and total time in activity per day, the quadratic linear time effect can be assumed.

3.1.3 Variance Function

The covariance structure that is appropriate for the model is directly related to the component

of variability which is dominant. After a candidate mean model is selected, fitting the model

using ordinary least squares regression and examining the residuals may help to determine the

appropriate covariance structure (Fitzmaurice et al., 2004 and Molenberghs and Verbeke, 2009).

For longitudinal data plotting the residuals by subject over time may indicate whether random
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intercepts and random slopes are needed (Molenberghs and Verbeke, 2009).

(a) (b)

Figure 3: Smoothed average trend of squared ordinal least square residual for the total number of
steps per day (a) and for total active time per day (b). The squared residual larger than 1.00E8
are not shown

Figure 3 present the smoothed average trend for squared ordinal least square residual to explore

variance function over time for total number of steps and total active time per day. From Figure 3a

and Figure 3b it can be observed that the variance function for the total number of steps and total

active time per day seem to be less stationary. This suggest that the variability change over time

and there are still some remaining systematic structure of variability that were not explained by the

residual profile hence the inclusion of random effects for both outcomes should be reasonable to

capture the remained unexplained variability.

Figure 6 in appendix present the smoothed average trend over the training period for the two out-

comes by age quantiles. From Figure 6a it can be observed that at baseline, different age categories

seems to be physically active in different way, it can be observed that the older participants at the

baseline are more physically active per day compared to the younger participants but during the

training periods the younger participants evolve so quickly while the slower evolution of physical

activity for the older participants was observed.

3.2 Implication From EDA

In the current project, the information on participants in the study were collected for each partic-

ipants across training periods. The distribution of the two outcomes was found to present some

outliers. Since the repeated measurements within a participant are dependent, the data are cor-

related this was observed from the individual profile. The correlation among the measurement
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within participant violates the usual independence assumption. The mean structure of total num-

ber of steps per day over training time indicated that the evolution of the total number of steps per

day for the participant in the intervention group is more or less the same as for the control group.

The quadratic association between training time and physical activity per day was observed. We

could assume that a line as well as quadratic curve are needed to characterize the mean response

relation between training periods and the total number of steps per day. With regards to the be-

tween and within subjects variability, the individual profiles implied a need for random intercept

and random slope. These findings imply that statistical models that takes into account the between

and within patient variability seems to be more plausible.

3.3 Linear Mixed Model for the total number of steps per day

The random effects were tested before fitting the model to see if it is necessary in the model with

total number of steps and total active time per day outcome. Verbeke and Molenberghs, (2000)

emphasized that the need for random effect can not be tested by using likelihood ratio test, due to

the fact that the null hypothesis are on the boundary of the parameter space which implies that the

likelihood ratio test are not asymptotically a chi-square distribution. Stram and Lee, (1994) showed

that the asymptotic null distribution for the likelihood ratio test of the random effect hypothesis is

a mixture of chi-square distribution.

Table 3 present the likelihood ratio test for the random effect using the mixture of chi-square

distribution for the model of total number of steps per day outcome.

Random Effect Parameter −2` G2 Distribution P-value
No random effect 10 13996.41
Random Int 11 13748.8 247.61 χ2

0,1 < .0001

Table 3: Likelihood Ratio Test for Random Effects For Total Number of Steps per day

From Table 3 it can be seen that the random intercept is more likely to be present in the model.

The Hessian matrix was not positive definite when the random slope included in the model of total

number of steps per day outcome hence we considered that there was a minor important of random

slope in this case. Evidently the random intercept is sufficient to capture all the variability between

participant in the model of total number of steps per day outcome.
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Table 4 presents likelihood ratio test for covariance structure of the model for total number of steps

per day outcome.

Variance Structure Parameter −2` G2 P-value
Random Int and Simple Structure 11 13748.8
Random Int and AR(1) Structure 12 13746.6 2.2 0.1293

Table 4: Likelihood Ratio Test for variance structure of the model with total number of steps per
day

The simple covariance structure assume the independent measurements within-participant, where

the within-subject error correlation is zero and the first-order autoregressive covariance structure

takes into account a common trend in measurements recorded over time where the correlation

between observations is a function of the number of time points apart (Littell et al., 1996). In

first-order autoregressive structure, the correlation between adjacent measurements records is ρ.

From Table 4 it can be observed that the first-order autoregressive (AR(1)) covariance structure

seems to be likely compared to the simple covariance structure. Hence the model for only random

intercept with AR(1) covariance structure was considered in this case. After selecting the covari-

ance structure and the random component of the model it should be of interest to investigate the

main effect that explain much on the variability of physical activity per day. This was done by

using the likelihood ratio test for testing the main effect.

Table 13 in Appendix present the main effect selection using likelihood ratio test. Age, age*training

group interaction, and quadratic log time*training group interaction were shown less contribution

in explaining the variability of the total number of steps per day hence removed in the model. The

time, quadratic time, training group and the log time*training group interaction were shown to

have much contribution in explaining the variability of the total number of steps per day hence

selected using likelihood ratio test.

Table 5 present the parameter estimates of the selected model for the total number of steps per day

outcome.
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Effect Estimate( Standard Error) P-value
intercept 19.217(19.779) 0.3317
time 35.510(9.875) 0.0004
grp1 -5.792(12.539) 0.6446
time2 -5.089(1.323) 0.0001
time*grp1 2.046(2.785) 0.4628
σb0i 188.780(58.893)
ρ -0.032(0.028)
σ2 567.120(20.953)

Table 5: Parameter estimate of the model for the total number of steps per day

From Table 5 it can be seen that there is no significant effect of the training group for increasing

or decreasing the total number of steps per day at the baseline. The evolution of the total number

of steps per day was found to be the same in the intervention group as for the control group over

the training period. The log training time and quadratic log training time effects were statistically

significant on the total number of steps per day. The higher the number of days in the training

the more the number of steps per day. One day increase in log training time for the participant in

control group, there is an increase of about 1261 total number of steps per day known that other

factors are kept constant. For investigating whether the total number of steps per day was increased

during the first two weeks of the training or the second two weeks or the fifth and followed weeks,

the model that include the week that the observation were recorded was fitted. The parameter

estimate for this model can be found in Table 6

Effect Estimate(Standard Error) P-value
Intercept 75.565(6.049) <.0001
grp1 6.357(6.896) 0.3648
week1−2 4.341(3.213) 0.1773
week3−4 2.662(3.249) 0.413
grp1*week 1−2 -5.838(3.668) 0.1121
grp1*week 3−4 -2.641(3.697) 0.4753
σb0i 188.780(58.893)
ρ -0.034(0.028)
σ2 562.650(20.953)

Table 6: Parameter estimate for the model that included weeks training effect for the total number
of steps per day

From Table 6 it can be observed that average effects of the training for the first 2 weeks training
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periods and 3rd, and 4th weeks effect were statistically the same as the one for the 5th week to

the other weeks. There is no evidence for the difference of total number of steps per day for

intervention group compared to the control group for any week training periods.

3.4 Linear Mixed Model for total active time per day

Table 7 present the likelihood ratio test of the random effects for the model of the total active time

per day.

Random Effect Parameter −2` G2 Distribution P-value
No random effect 10 13383.5
Random Int 11 13101.4 282.1 χ2

0,1 < .0001
Random Int + Slope 13 13100.1 1.3 χ2

1,2 0.3881

Table 7: Likelihood Ratio Test of random effects for total active time per day

From Table 7 it can be observed that the random intercept are more likely to be present in the

model. There is no evidence for the presence of the random slope in the model.

Table 8 present likelihood ratio test for covariance structure of the model for total active time per

day.

Variance Structure Parameter −2` G2 P-value
Random Int and Simple Structure 11 13136.1
Random Int and AR(1) Structure 12 13127.1 9 0.0027

Table 8: Likelihood Ratio Test for covariance structure of the model for total number of steps per
day

From Table 8 it can be seen that the model with random intercept and AR(1) covariance structure

is fitting the data well compared to the model with simple structure hence the AR(1) structure were

considered in the analysis for the model of total active time per day outcome.

Table 14 in Appendix present the main effects selection using likelihood ratio test. Age, age*training

group interaction, gender, and gender*training group interaction had shown to have less contribu-

tion in explaining the variability of the total active time per day for the data considered in this thesis,

hence removed in the model. The linear log time, training group and the linear log time*training
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group and quadratic log time*training group interactions were found to contribute much in ex-

plaining the variability for the total active time per day hence selected using likelihood ratio test.

The parameter estimates for the selected model of total active time per day was presented in the

Table 9.

Effect Estimate(Standard Error) P-value
intercept 134.640(34.538) 0.0005
grp1 -119.120(31.572) 0.0003
time -23.599(13.319) 0.0770
time2 1.779(1.818) 0.3281
grp1*time 50.061(17.306) 0.0040
grp1*time2 -5.327(2.383) 0.0258
var(b0i) 123.970(38.832)
ρ 0.087(0.028)
σ2 368.480(13.786)

Table 9: Parameter estimate of model for the total active time per day

Table 9 present the parameter estimate for the model of total active time per day outcome. From Ta-

ble 9 it can be seen that there was no significant effect of log training time and quadratic log training

time at the baseline on total active time per day. The increase in log training time decrease the total

active time per day for the participant in control group. However this decrement is not statistically

significant. At the baseline the participants in the control group were more active compared to the

participants in the intervention group which is in line to what observed for the smoothed average

trend in Figure 2b. There is a significant difference between the intervention group compared to

the control group. For one day increase in log training time, there is approximately 2510 seconds

higher in physical activities for the participant in the intervention group compared to the control

group known that other factors are kept fixed. There was a significant quadratic log time training

trend difference between the two groups. Evidently, this suggest initially large evolution difference

in intervention group compared to control group were observed, followed by a leveling off of this

effect over the training period.
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3.5 The Generalized Linear Mixed Model

The generalized linear mixed effect model which reflect how much the subject-specific profile

probability deviates from the overall average probability profile over time was fitted to the di-

chotomized outcome for being physical active or physical inactive. The covariates selected in

linear mixed model for the total number of steps per day were adopted in generalized linear mixed

model. Table 10 present the parameter estimate and the standard error for GLMM.

Effect Estimate(Standard Error) P-value
Intercept -3.949 (2.171) 0.0814
time 2.058(1.087) 0.0586
time2 -0.346(0.145) 0.0175
grp1 -1.376(1.338) 0.304
time*grp1 0.436(0.326) 0.1808
var(b0i) 1.015(0.358)

Table 10: The parameter estimate for the model of binary outcomes

From Table 10 it can be observed that there is no much evidence of the training group effect on

the probability of being physically active. At the baseline the odds ratio of the participants in

the intervention group is about 75% less compared to the participants in the control group known

that other factors are kept constant and with zero random intercept. There is no significant effect

of the linear log training time effect for the probability of being active but for the quadratic log

training time effect there is significant effect. This suggest initially a large effect on probability of

being physically active is present, followed by a leveling off of this probability over the training

period. The evolution of the probability of being physically active is the same for two groups for

the participants with zero random intercepts.

3.6 Model Assessment

3.6.1 Residual Assessment

The residual in linear mixed model is assumed to follow the normal distribution. Using the his-

togram and quantile normality probability plot from Figure 7 and Figure 8 in appendix this as-

sumption was not satisfied for the total number of steps per day and total active time per day.
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The alternative was to transform the response for getting the residual near to normal. The optimal

transformation found was the square root of the total number of steps per day and total active time

per day respectively.

3.6.2 Sensitivity Analysis

It is of interest to explore the model-data agreement. The sensitivity of the model is studied through

measures that express its stability under perturbations, changes in the data or model components

that should produce commensurate changes in the model output (Schabenberger, 2004). However

Schabenberger, (2004) has discussed that the difficulty is to determine when the changes are sub-

stantive enough to warrant further investigation, possibly leading to a reformulation of the model

or changes in the data, such as dropping outliers. In our case the influential analysis was used to

determine which cases are influence and the manner in which they are important to the analysis.

Influence Analysis

Figure 4 present an overall influence statistics which measure the change in the restricted log

likelihood being minimized for the total number of steps per day and total active time per day

respectively. As the linear mixed model was fitted by restricted maximum likelihood (REML),

an overall influence measure is the restricted likelihood distance referred to as restricted likelihood

displacement which gives the amount by which the log-restricted likelihood of the full data changes

if one were to evaluate it at the reduced-data estimates (Schabenberger, 2004).

(a) (b)

Figure 4: Overall influence statistics for measuring the change in restricted maximum likelihood
for Total Number of Steps per day by leave-out subject (a) for Total Active Time per day (b).
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Figure 4 give the index plots of the overall influence measures on physical activities. Participant

with ID 8, 11, and 19 stand out as the most overall influential compared to the others on the total

number of steps per day outcome. The participant of ID 1, 8, and 21 were also seemed to be the

overall influential on the total active time per day outcome.

Influence on Fixed Parameters

In investigating the influential case on fixed parameters, the more focus is in assessing the influence

of the ith participant on the obtained parameter estimates, more generally, the combination of lin-

early independent of the parameters. Using restricted maximum likelihood estimates by omitting

the ith observation, the REML estimate of β̂ is β̂(i). For assessing the influential observation, the

generalized Cook’s statistic as a measure of the influence of the ith observation on β̂ by leave-out

observation was used. For more details about generalized cook’s distance we referred to Zewotir

and Galpin, (2005) and Schabenberger, (2004). Figure 5 present index plot of the influential anal-

ysis resulted on the fixed and covariance parameters in leave-out participants analysis.
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(a) (b)

(c) (d)

Figure 5: Generalized Cooks’s distance for measuring the change in fixed parameter for total
number of steps per day by leave-out subject (a) and variance-covariance for total number of
steps per day (b) Fixed parameter for total active time per day (c) and variance-covariance for
total active time per day (d).

From Figure 5a it can be observed that participant of ID 20 is the most influential observation

on the fixed effects, and participant with ID 3, 19, and 21 regarded as somewhat less influential

on the total number of steps per day outcome. Form Figure 5b, for the total number of steps per

day covariance, the participant with ID 8 was observed to be the most influential and participant

of ID 11 and 19 are seemed to be less influential. From Figure 5c it can be observed that the

most influential on total active time per day for fixed effect parameters is participant of ID 21

and participants of ID 1 seems to be less influential. For covariance parameter of total active

time per day, the only most influential case is the participant with ID 9. For the overall analyses,

participant with ID 8 and 20 seems to have a large influence for the total number of steps per day.

For the total active time per day, the participant with ID 21 have a large influence. For dealing

with the observed influential cases on the restricted log likelihood function, the fixed parameters
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and covariance parameters the influential cases were left out in the data and then the same model

was refitted on the reduced data. Overall, for the total number of steps per day, the influences were

not found to have a potential effect on fixed and the covariance parameters. For the total active

time per day the same process was done but for this outcome the participant of ID 21 was found

to have a potential influence on the model parameters due to the model fitted on the reduced data,

the quadratic log time and the quadratic log time*training group interaction were not found to be

significant hence further investigation are needed to infer the findings on the fitted model. The

parameter estimate for the model fitted on the reduced data can be found in Table 15 in Appendix

3.6.3 Blocked Case Re-sampling Study

The blocked case re-sampling study was conducted based upon 1000 replicates of data within each

block. The original model were fitted for each sample and parameter estimate were estimated,

and then look at the collection of values as the estimate of the overall sampling distribution of

the real estimator. The underlying idea is to compare the results obtained from model fitted on

the real data against the possible results if we re-label the data points, then see how extreme the

results from the real data are, when compared against this alternatives arrangements of the data.

We did it by re-sampling 1000 datasets (simple random sampling with replacement within subject

repeated measurements) from the original sample. Typically for case re-sampling, we wanted to

estimate the unbiased estimates and the standard error for the parameter. This case re-sampling

was a non-parametric method, since we are not making specific assumptions about the distribution

from which the data arise.

The case re-sampling results from 1000 data were analyzed separately and combined together to

have common value based on the large dataset for the two outcomes. The parameter estimate were

presented in Table 11 for the total number of steps per day and Table 12 for total active time per day.

For the total number of steps per day outcome, it can be observed that the estimated parameters

for the original data and the estimates obtained in case re-sampled data are more or less the same

this suggest the stability of the results. For the total active time per day outcome there is slight

difference to the estimated parameter for the original data compared to the case re-sampled data.

The quadratic time and the quadratic log time-training group interaction which were significant

in the original data were found to be not significant in the replicated data. This was not surprise
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because these parameters were also found to be non significant in leave out influential analysis.

Due to the original parameter estimate were based on the small sample size and one participant

can have an effect on the parameter estimates. These show how certain target parameter estimates

are improved by upgrading the sample size in the re-sampling random samples within participant

measurements.

Effect Estimate( Standard Error)
intercept 18.816(24.855)
grp1 -6.184(22.329)
time 35.497(12.613)*
time2 -5.062(1.690)*
time*grp1 2.055(3.529)
σb0i 187.505(60.794)
ρ -0.034(0.046)
σ2 567.555(26.492)
*:P-value < 0.05

Table 11: Parameter estimate obtained for the combination of the blocked case re-sampled param-
eters for the total number of steps per day

Effect Estimate( Standard Error)
intercept 135.627(34.021)*
grp1 -118.506(39.497)*
time -24.123(16.474)
time2 1.848(2.362)
time*grp1 49.244(20.239)*
time2*grp1 -5.238(2.628)
σb0i 124.707(40.518)
ρ 0.091(0.042)
σ2 368.542(17.399)
*:P-value < 0.05

Table 12: Parameter estimate obtained for the combination of the blocked case re-sampled param-
eters for the total active time per day
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4 DISCUSSION AND CONCLUSION

This study aimed to evaluate change in total number of steps and total active time per day of the MS

participants over the training period. In this study, 42 participants with mild MS symptoms received

personal training program to be performed at home. Before and after this training program, 42 MS

patients performed tests to measure the walking capacity, physical fitness and cognitive functions,

as well as brain imaging scans to determine the effect of physical training. This thesis focused on

the data records taken during the training periods by the withings device. Withings devices were

able to monitor and track fitness-related metrics such as total number of steps per minute, and

the total time that the user was physically active per day. The outcomes of interest thus were the

total number of steps per day which ranged from 24 to 27228 steps per day and total active time

per day ranging from 60 to 29520 seconds per day. The records for the participants in the study

were collected repeatedly across different training periods, this was induced correlation among the

repeated measurements within participant. There was a total of 1495 measurements records from

26 participants. The number of measurements per participants ranged between 7 and 96 with only

one participant having just 7 measurements records. The linear average trend of the total number of

steps per day over training period suggested equal evolution for the intervention and control group.

There seemed to be a quadratic relation between time and total physical activity per day. The linear

as well as quadratic trend were needed to characterize the mean response relation between training

periods and the total physical activity per day. The individual profiles curve suggested the higher

between and within participant variability.

Linear mixed model approach was used in the analysis as the method that allows a wide variety of

correlation patterns to be explicitly modeled (Fitzmaurice et al., 2004). Due to the high between

and within participant variability, a random intercept and slope were was suggested in the model

for the total number of steps per day and the total time of physical activity per day. The random

intercept for the linear mixed models for both total number of steps and total time of physical

activities per day was evidently present. The first autoregressive covariance structure was plausible

for both models of total number of steps and total active time per day.

By using likelihood ratio test, Age, age*training group interaction, and quadratic log time*training

interaction were shown to explain only a little part of the variability of the total number of steps
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per day. The log training time, quadratic log training time, training group and the log time*training

group interaction were found to explain more on the variability of the total number of steps per day

outcome and for the total time in physical activities per day added with quadratic log time*training

interaction. There was no statistical evidence for showing an effect of the training group on the

total number of steps per day at baseline. Interestingly the evolution of the total number of steps

per day was found to be the same in the intervention group as in control group over the 12 weeks

training period. The time and quadratic time was found to have a statistical significant effect on the

total number of steps per day. It has shown that an increase in training periods increases the total

number of steps per day. One day increase in log training period there was an increase of about

1261 total number of steps per day for the participant in the control known that other factors are

kept constant. It was of interest to see if the total number of steps per day was high during the first

2 weeks of the training or the second 2 weeks or the fifth and followed weeks. It has observed that

average effects of the training for the first 2 weeks periods and 3rd, and the 4th weeks effect were

statistically the same as the one for the 5th week to the followed weeks. There is no evidence for

the difference in intervention group compared to control group for any week training periods. For

the total active time per day outcome there were no significant effect of log training time, quadratic

log training time on total active time per day at the baseline. The increase in log training time

decrease the total active time per day for the participant in control group however this decrement

was not statistically significant. There was a significant difference in total active time per day

between the intervention group compared to the control group. The total active time per day for

the participant in intervention group is about 2500 seconds higher compared to control group for

one day increased in log training periods known that other factors are kept fixed. Quadratically

there was a significant difference between the two groups.

The generalized linear mixed effect model which was fitted to the binary outcome for being physi-

cal intensively active or physical inactive. The participant training group had the significant effect

on the probability of being physically active at the baseline. At the baseline the log odds ratio

of the participants in intervention group is about 75% less compared to the participants in control

group with zero random intercept. There is no significant effect of the linear log training time

effect for the probability of being physically active, the same for the quadratic log training time

effect. The evolution of the probability of being physically active is the same for two groups for
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the participants with zero random intercepts.

The influence analysis was performed to check how much the fitted mixed models were sensitive

to peculiar observations for one participant that can have an unusually large influence on the results

of the analysis.

Participant with ID 8,11, and 19 had the most overall influential on the restricted likelihood com-

pared to the others on the total number of steps per day outcome. The participants of ID 1,8, and

21 ware also standed out to be the overall influential on the total active time per day outcome.

Overall influential analyses has shown that the participant with ID 8 and 20 seems to have a large

influence for the total number of steps per day. For the total active time per day outcome, the

participant with ID 21 had a large influence.

For dealing with the observed influential cases, the influence participant has left out in the data

and the same model was refitted on the reduced data. Overall, for the total number of steps per

day, the influences was not found to have a potential effect on fixed and the covariance parameters

because the conclusion did not change. For the total active time per day the same process was done

but for this case, the participant of ID 21 was found to have a potential influence on the model

parameters due to for the model fitted on the reduced data, the quadratic log time and the quadratic

log time*training interaction were not found to be significant see in Table 15 in Appendix.

For comparing the results obtained from linear mixed model fitted on the real data against the

possible results if we re-label the data points, then see how extreme the results form the real

data are, when compared against this alternatives arrangements of the data. The blocked case re-

sampling study was conducted based upon 1000 replicates of data within each block. The original

model were fitted for each sample and parameter estimate were estimated for each replicate then

combined together to have common value based on the large dataset for the two outcomes.

For the total number of steps per day outcome, the estimated parameters for the original data

and the estimates obtained in case re-sampled data were more or less the same this suggested the

stability of the results. For the total active time per day outcome there were slight difference to

the estimated parameter for the original data compared to the case re-sample data. The quadratic

time and the quadratic log time-training group interaction which were significant in the original

data were found to be not significant in the replicated data. This was not surprise because these

parameters were also found to be non significant in leave out influential analysis. Due to the
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original parameter estimate were based on the small sample size and one participant can have an

effect on the parameter estimates. So we based on the model fitted on the reduced data due to

for being in line with the one based on larger sample size. These results led to the conclusion

that there were no evidence for the difference between the intervention and control group for the

evolution of the total number of steps per day across the training time periods. The participants in

intervention group have shown to be daily active more than the participants in control group during

the 12 weeks of the training.

4.1 Recommendation for future study

In the current study the data are slightly imbalanced and the sample size was rather small. We

recommend for the future studies focusing on MS patients to gather considerable preliminary evi-

dence on related participants before conducting the study in order to define the sample size needed

for determining the critical effect. Thus, testing of a null hypothesis might be particularly chal-

lenging when confronted with limited sample size. Due to this small sample size the power and

the effectiveness of the study may be diminished. However these limitations can be tackled by cal-

culating the accurate sample size base on predefined level of power. Also we recommend for the

future studies to control for factors that can confound the relation between intervention and phys-

ical activity patterns and to assure balance between groups in order to make a valid and accurate

comparison.
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Appendix

Evolution of the responses by age quantiles

(a) (b)

Figure 6: Smoothed average trend by age quantiles for total number of steps per day (a) and for
total active time per day (b)

Main effect selectio for the model of the total number of steps per day

Model # Param −2` G2 P-value
Full Model 11 13786.0
Time,age,grp,gend,time2,gend*grp,time*grp,time2*grp 10 13786.6 0.6 0.4385
time,age,grp,gend,gend*grp,time2,time*grp 9 13786.1 0.5 0.4795
time,age,grp,gender,time2,time*grp 8 13788.1 2 0.1572
time,grp,age,time2,time*grp 7 13789.4 1.3 0.2542
time,grp,time2,time*grp 6 13792.0 2.6 0.1068
time,grp,time*grp 5 13806.8 14.8 0.0001

Table 13: Likelihood Ratio Test for fixed effects for total number of steps per day

Main effect selection for the model of the total active time per day

Model # Parameter −2` G2 Pvalue
Full Model 11 13127.1
time,age,grp,time2,gend,time*grp,time2*grp,age*grp 10 13128.6 1.5 0.2206
time,age,gend,grp,time2,time*grp,time2*grp 9 13128.7 0.1 0.7518
time,age,grp,time2,time*grp,time2*grp 8 13129.4 1.3 0.5220
time,grp,time2,time*grp,time2*grp 7 13131.7 2.3 0.1293
time,grp,time2,time*grp 6 13136.7 5 0.0253

Table 14: Likelihood Ratio Test for fixed effects for total active time per day

32



Parameter estimate for total active time per day obtained leaving out the in-

fluential ID

Effect Estimate Standard Error p-value
Intercept 130.63 26.792 <.0001
time -22.399 14.211 0.1196
time2 1.760 1.916 0.3604
grp1 -106.76 37.882 0.0087
time*grp1 44.672 20.344 0.0328
time2*grp1 -4.815 2.754 0.0849
σb0i 126.391 40.355
ρ 0.0417 0.047
σ2 359.461 16.758

Table 15: Parameter estimate for total active time per day obtained using the reduced data after
leaving out the influential participant with ID 21

33



Residual Analysis for the total number of steps per day

(a) (b)

(c) (d)

Figure 7: The histogram and normal probability plot for the residual of the total number of steps
per day and its square root transformation
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Residual Analysis for total active time per day

(a) (b)

(c) (d)

Figure 8: The histogram and normal probability plot for the residual of the total active time per
day and its square root transformation
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