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Assessment of Activity Pacing in Relation 
to Physical Activity and Health-Related 

Quality of Life in Adults with  
Multiple Sclerosis

A Foundation for Further Intervention Development
Ulric S. Abonie, PhD; Bregje L. Seves, MSc; Femke Hoekstra, PhD; Trynke Hoekstra, PhD;  

Lucas H.V. van der Woude, PhD; Rienk Dekker, PhD; Florentina J. Hettinga, PhD

Background: Activity pacing is a behavioral strategy for coping with fatigue, optimizing physical 
activity (PA) levels, and achieving a paced approach to lifestyle and sustainable self-regulated exercise 
practice to optimize health and well-being. Yet little is known about how activity pacing affects 
PA and health-related quality of life (HRQOL) while controlling for fatigue and demographic 
characteristics over time in adults with multiple sclerosis (MS). This study examined the natural use 
of activity pacing and how it is associated with PA and HRQOL over time in adults with MS.

Methods: Sixty-eight adults with MS (mean ± SD age, 45.2 ± 10.9 years) completed questionnaires 
on their activity pacing, fatigue, PA, and HRQOL 14, 33, and 52 weeks after rehabilitation. 
Associations between the variables were examined using multilevel models.

Results: No associations were found between activity pacing and PA (ββ = –0.01, P = .89) or between 
activity pacing and HRQOL (ββ = –0.15, P = .09).

Conclusions: This study provides an initial understanding of how activity pacing relates to PA and 
HRQOL in people with MS over time and indicates that there is no clear strategy among adults with 
MS that is successful in improving PA and HRQOL in the short or long term. Persons with MS may 
benefit from goal-directed activity pacing interventions to improve longitudinal engagement in PA, 
and the present study provides a foundation for further intervention development. Int J MS Care. 
2021;23:207-212.

It is a well-known principle that regular physical 
activity (PA) can improve physiological perfor-
mance and psychological well-being1,2; however, 

although compelling evidence exists for its efficacy in 

healthy individuals, engaging in an active lifestyle is 
often challenging for people with chronic conditions.3 
Fatigue symptoms can significantly impede engagement 
in PA and, consequently, health-related quality of life 

Sanofi - 193263
Project: Why should Aubagio be a patients first oral DMT

Campaign:  Q3 2021

Creative:  MAT-US-2024204-V2.0

AE:  Frank Brusco

Publication:  International Journal of MS Care

IO #:  Havas Media

Issue:  July-August b2021

Ad Type:  Spreads + Single

 bleed = 8" X 11.25"

 trim = 7.75" X 10.75"

 safety = 7.25" X 10.25"

International Journal of MS Care

66 S. Maple Ave 

Ridgewood, NJ  07450

Attn: Joe D'Onofrio

t: 201.612.7676 f: None

Ship Info:

Contact Ad Production with any questions regarding these materials
ph: (973) 952-8273 email: teamdusk@earthcolor.com

In studies in which teriflunomide (oral doses of 0.05, 0.1, 0.3, 0.6, or 1.0 mg/kg/day)
was administered to rats during gestation and lactation, decreased growth, eye and
skin abnormalities, and high incidences of malformation (limb defects) and postnatal
death were observed in the offspring at doses not associated with maternal toxicity.
Maternal plasma exposure at the no-effect dose for prenatal and postnatal
developmental toxicity in rats (0.10 mg/kg/day) was less than that in humans at the
MRHD.
In animal reproduction studies of leflunomide, embryolethality and teratogenic
effects were observed in pregnant rat and rabbit at or below clinically relevant
plasma teriflunomide exposures (AUC). In published reproduction studies in preg-
nant mice, leflunomide was embryolethal and increased the incidence of malfor-
mations (craniofacial, axial skeletal, heart and great vessel). Supplementation with
exogenous uridine reduced the teratogenic effects in pregnant mice, suggesting that
the mode of action (inhibition of mitochondrial enzyme dihydroorotate dehydroge-
nase) is the same for therapeutic efficacy and developmental toxicity.
At recommended doses in humans, teriflunomide and leflunomide result in a similar
range of plasma concentrations of teriflunomide.
8.2 Lactation
Risk Summary
There are no data on the presence of AUBAGIO in human milk, the effects on the
breastfed infant, or the effects on milk production. Teriflunomide was detected in rat
milk following a single oral dose.
Because of the potential for adverse reactions in a breastfed infant from AUBAGIO,
women should not breastfeed during treatment with AUBAGIO.
8.3 Females and Males of Reproductive Potential
Pregnancy Testing
Exclude pregnancy prior to initiation of treatment with AUBAGIO in females of
reproductive potential. Advise females to notify their healthcare provider immediately
if pregnancy occurs or is suspected during treatment [see Warnings and Precautions
(5.2, 5.3) and Use in Specific Populations (8.1)].
Contraception
Females
Females of reproductive potential should use effective contraception while taking
AUBAGIO. If AUBAGIO is discontinued, use of contraception should be continued
until it is verified that plasma concentrations of teriflunomide are less than 0.02 mg/L
(0.02 mcg/mL, the level expected to have minimal fetal risk, based on animal data).
Females of reproductive potential who wish to become pregnant should discontinue
AUBAGIO and undergo an accelerated elimination procedure. Effective contracep-
tion should be used until it is verified that plasma concentrations of teriflunomide are
less than 0.02 mg/L (0.02 mcg/mL) [see Warnings and Precautions (5.2, 5.3) and
Use in Specific Populations (8.1)].
Males
AUBAGIO is detected in human semen. Animal studies to specifically evaluate the
risk of male mediated fetal toxicity have not been conducted. To minimize any
possible risk, men not wishing to father a child and their female partners should use
effective contraception. Men wishing to father a child should discontinue use of
AUBAGIO and either undergo an accelerated elimination procedure or wait until
verification that the plasma teriflunomide concentration is less than 0.02 mg/L (0.02
mcg/mL) [see Warnings and Precautions (5.3)].
8.4 Pediatric Use
Safety and effectiveness in pediatric patients have not been established. Effective-
ness of AUBAGIO for the treatment of relapsing form of multiple sclerosis in pediatric
patients (10 to 17 years of age) was not established in an adequate and
well-controlled clinical study in 166 patients (109 patients received once-daily doses
of AUBAGIO and 57 patients received placebo) for up to 96 weeks.
Pancreatitis has been reported in adults in the postmarketing setting, but appears
to occur at higher frequency in the pediatric population. In this pediatric study, cases
of pancreatitis were reported in 1.8% (2/109) of patients who received AUBAGIO
compared to no patients in the placebo group. All patients in the pediatric trial
recovered or were recovering after treatment discontinuation and accelerated
elimination procedure [see Warnings and Precautions (5.11)].
Additionally, elevated or abnormal blood creatine phosphokinase was reported in
6.4% of pediatric patients who received AUBAGIO compared to no patients in the
placebo group.
Juvenile Animal Toxicity Data
Oral administration of teriflunomide (0, 0.3, 3, or 6 mg/kg/day) to young rats on
postnatal days 21 to 70 resulted in suppression of immune function (T-cell
dependent antibody response) at the mid and high doses, and adverse effects on
male reproductive organs (reduced sperm count) and altered neurobehavioral
function (increased locomotor activity) at the high dose. At the no-effect dose (0.3
mg/kg/day) for developmental toxicity in juvenile rats, plasma exposures were less
than those in pediatric patients at the doses of AUBAGIO tested in the clinical study.
8.5 Geriatric Use
Clinical studies of AUBAGIO did not include patients over 65 years old.
8.6 Hepatic Impairment
No dosage adjustment is necessary for patients with mild and moderate hepatic
impairment. The pharmacokinetics of teriflunomide in severe hepatic impairment has
not been evaluated. AUBAGIO is contraindicated in patients with severe hepatic
impairment [see Contraindications (4), Warnings and Precautions (5.1), and Clinical
Pharmacology (12.3) in the full prescribing information].
8.7 Renal Impairment
No dosage adjustment is necessary for patients with mild, moderate, and severe
renal impairment [see Clinical Pharmacology (12.3) in the full prescribing informa-
tion].

10 OVERDOSAGE
There is no experience regarding teriflunomide overdose or intoxication in humans.
Teriflunomide 70 mg daily up to 14 days was well tolerated by healthy subjects.
In the event of clinically significant overdose or toxicity, cholestyramine or activated
charcoal is recommended to accelerate elimination [see Warnings and Precautions
(5.3)].
17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
A Medication Guide is required for distribution with AUBAGIO.
Hepatotoxicity
Inform patients that AUBAGIO may cause liver injury, which can be life-threatening,
and that their liver enzymes will be checked before starting AUBAGIO and at least
monthly for 6 months after starting AUBAGIO [see Dosage and Administration (2)
and Warnings and Precautions (5.1)]. Advise patients that they should contact their
physician if they have any unexplained nausea, vomiting, abdominal pain, fatigue,
anorexia, or jaundice and/or dark urine.
Embryofetal Toxicity

• Advise females of reproductive potential
„ of the potential for fetal harm if AUBAGIO is taken during pregnancy
„ to notify their healthcare provider immediately if a pregnancy occurs or is

suspected
„ to use effective contraception during treatment with AUBAGIO and until the

teriflunomide plasma concentration is verified to be less than 0.02 mg/L
[see Warnings and Precautions (5.2, 5.3), Use in Specific Populations (8.1,
8.3), Clinical Pharmacology (12.3) in the full prescribing information].

• Instruct men taking AUBAGIO and not wishing to father a child to use effective
contraception to minimize any possible risk to the fetus; their female partners
should also use effective contraception.

• Advise men wishing to father a child to discontinue use of AUBAGIO and
undergo an accelerated elimination procedure.

Pregnancy Exposure Registry
There is a pregnancy exposure registry that monitors pregnancy outcomes in
women exposed to AUBAGIO during pregnancy [see Use in Specific Populations
(8.1)].
Availability of an Accelerated Elimination Procedure
Advise patients that AUBAGIO may stay in the blood for up to 2 years after the last
dose and that an accelerated elimination procedure may be used if needed [see
Warnings and Precautions (5.3)].
Risk of Infections
Inform patients that they may develop a lowering of their white blood cell counts and
that their blood counts will be checked before starting AUBAGIO.
Inform patients that they may be more likely to get infections when taking AUBAGIO
and that they should contact their physician if they develop symptoms of infection,
particularly in case of fever [see Warnings and Precautions (5.4)].
Advise patients that the use of some vaccines should be avoided during treatment
with AUBAGIO and for at least 6 months after discontinuation.
Hypersensitivity Reactions
Advise patients to discontinue AUBAGIO and seek immediate medical attention if
any signs or symptoms of a hypersensitivity reaction occur [see Contraindications
(4) and Warnings and Precautions (5.5)]. Signs and symptoms can include dyspnea,
urticaria, angioedema involving the lips, eyes, throat, or tongue, or skin rash.
Serious Skin Reactions
Advise patients to discontinue AUBAGIO and seek immediate medical attention if
any signs of a serious skin reaction, such as SJS or TEN, occur [see Warnings and
Precautions (5.6)]. Signs and symptoms can include rash, mouth sores, blisters, or
peeling skin.
DRESS/Multi-organ Hypersensitivity
Instruct patients and caregivers that a fever or rash associated with signs of other
organ system involvement (e.g., lymphadenopathy, hepatic dysfunction) may be
drug-related and should be reported to their healthcare provider immediately.
AUBAGIO should be discontinued immediately if a serious hypersensitivity reaction
is suspected [see Warnings and Precautions (5.7)].
Peripheral Neuropathy
Inform patients that they may develop peripheral neuropathy. Advise patients that
they should contact their physician if they develop symptoms of peripheral neu-
ropathy, such as numbness or tingling of hands or feet [see Warnings and
Precautions (5.8)].
Increased Blood Pressure
Inform patients that AUBAGIO may increase blood pressure [see Warnings and
Precautions (5.9)].
Lactation
Advise females not to breastfeed during treatment with AUBAGIO [see Use in
Specific Populations (8.2)].

Manufactured for:
Genzyme Corporation
Cambridge, MA 02142
A SANOFI COMPANY

TER-BPLR-SL-MAY21 Revised: April 2021

AUBAGIO®

(teriflunomide)

S:7.25"

S:10.25"

T:7.75"

T:10.75"

B:8"

B:11.25"

D
ow

nloaded from
 http://m

eridian.allenpress.com
/ijm

sc/article-pdf/23/5/207/2941787/i1537-2073-23-5-207.pdf by guest on 28 January 2022



International Journal of MS Care
208

Abonie et al

between fatigue and PA and between fatigue and 
HRQOL over time—specifically, over time people who 
engage in activity pacing would display weaker associa-
tions between fatigue and PA, to reflect independence of 
PA and fatigue, compared with people who engage in 
overactive behavior.

Methods
Design

This is an analysis of data from a larger longitudinal mul-
ticenter study in the Netherlands (Rehabilitation, Sports, and 
Active lifestyle [ReSpAct]) to evaluate the nationwide imple-
mentation of an active lifestyle program—Rehabilitation, 
Sports, and Exercise—among persons with a wide range of 
chronic diseases and/or physical disabilities in Dutch reha-
bilitation.16 Data from 14-, 33-, and 52-week follow-up assess-
ments of persons with MS selected from the ReSpAct data set 
were used for these analyses. Ethical approval for this study 
was obtained from the Center for Human Movement Sciences 
of the University Medical Center Groningen and at participat-
ing institutions.

Participants
Participants were recruited from 18 rehabilitation centers 

and hospitals in the Netherlands. Participant recruitment was 
from May 2013 to August 2015. Participants were recruited 
on referral to the participating rehabilitation institutions across 
the Netherlands. Potential participants received information 
on study rationale and procedures, had questions answered, 
and were checked for the inclusion criteria. Participants were 
included if they were 18 years or older, had a diagnosis of 
MS and received inpatient or outpatient rehabilitation care or 
treatment based on medicine consultation at one of the partic-
ipating rehabilitation centers or hospitals, and participated in 
the Rehabilitation, Sports, and Exercise program. Participants 
were excluded from the study if they were not able to com-
plete the questionnaires, even with help, or participated in 
another PA stimulation program. Written informed consent 
was obtained from eligible and willing participants.

Procedure
Enrolled participants were assessed through standardized 

measurements after rehabilitation. At each assessment point 
(14, 33, and 52 weeks), the measurement consisted of filling 
out a set of questionnaires on paper or digitally. Participants 
filled out an adapted version of the Short Questionnaire to 
Assess Health-Enhancing Physical Activity (SQUASH).17 
Participants also completed the Activity Pacing and Risk of 
Overactivity Questionnaire,16 the Fatigue Severity Scale,18 and 
the RAND 12-item Health Survey (RAND-12)19 to assess 
their engagement in activity pacing and risk of overactivity, 
fatigue, and HRQOL, respectively.

Measures
Background demographic characteristics included age, sex, 

and body mass index (BMI; calculated as weight in kilograms 
divided by height in meters squared).
Engagement in Activity Pacing

The engagement in pacing decisions subscale of the 
newly developed Activity Pacing and Risk of Overactivity 

(HRQOL) in people with multiple sclerosis (MS).4-6 
The experience of fatigue symptoms can lead to cycles 
of overactivity followed by prolonged periods of fatigue-
induced inactivity.6 Consequently, adequate manage-
ment of fatigue is most important when organizing PA 
for people with heightened fatigue sensation.4,5

Instruction in activity pacing is believed to help man-
age symptoms and has been widely used in pain man-
agement.7,8 Activity pacing involves splitting one’s daily 
activities into small, manageable pieces to minimize the 
influence of fatigue-related symptoms, and allow steady 
progressive upturns in activity.7 The activity pacing aims 
to disentangle fatigue experience from PA behavior and 
to offset the overactivity-underactivity pattern where 
excessive activity can result in symptom worsening that 
necessitates a prolonged period of inactivity or rest as 
a means to recover.7,8 The concept of activity pacing 
hypothesizes that by perceiving an increase in PA with-
out worsening of fatigue symptoms, persons are more 
likely to feel in control and focus less on their fatigue 
sensation, which can in turn result in beneficial effects 
on fatigue symptoms and activity participation.9

The few studies on natural use of activity pacing (the 
activity pacing persons enact in their daily routine with-
out undergoing an explicitly taught activity pacing pro-
gram) has produced varying outcomes. In some studies, 
pacing was associated with low PA levels and other poor 
health indicators,10,11 and in other studies the opposite or 
no association was found.12,13 The cross-sectional nature 
of these studies limits us to exploring what happens to 
fatigue symptoms, PA, and HRQOL when a person 
engages in activity pacing over time. For example, do 
persons engage in more pacing to reduce the influence of 
fatigue symptoms on activity and thereby optimize their 
PA and HRQOL?7,14 Studies that examine how activ-
ity pacing relates to PA and well-being in the context 
of fatigue experience and perceived risk of overactivity 
over time are thus needed to inform and guide treatment 
efforts (establish the need for and influence the design of 
activity pacing interventions).

This study examined longitudinal associations among 
activity pacing, PA, and HRQOL in adults with MS 1 
year after rehabilitation, with fatigue and perceived risk 
of overactivity as confounders. Because activity pacing 
could be a successful strategy to lessen the influence of 
symptoms on activity and progressively increase activity 
without worsening of symptoms,15 we hypothesized that 
pacing engagement would be associated with high levels 
of PA and HRQOL over time. We also hypothesized 
that pacing engagement would moderate the associations 
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and HRQOL, with engagement in pacing as the independent 
variable. A two-level model was used in which repeated mea-
sures within individuals (level 1) were clustered within indi-
viduals (level 2). The models included sex, age, and BMI as 
covariates and perceived risk of overactivity and fatigue as con-
founders. These variables were included in the models based 
on them being general demographic variables of interest in 
studies on PA behavior and fatigue and on known associations 
with perceived fatigability and PA behavior.28,29 All variables 
in the multilevel model were standardized. Random intercepts 
were considered, thus allowing a unique intercept for each 
individual. Because we expect variation in PA and HRQOL 
between individuals, random slopes were entered into the 
model to properly account for correlations among repeated 
measures within individuals. The variables were entered sepa-
rately into the initial model. In model 1, age, sex, BMI, and 
fatigue were entered. In model 2, perceived risk of overactivity 
and engagement in activity pacing were entered. In the final 
model, age, sex, BMI, fatigue, perceived risk of overactivity, 
engagement in activity pacing, and interaction terms of fatigue 
with engagement in activity pacing and perceived risk of over-
activity were included. During each step, goodness of fit was 
evaluated by comparing the –2*Log Likelihood (IGLS devi-
ance) of the previous model with the most recent model. A P 
< .05 was regarded as statistically significant.

Results
A total of 68 adults with MS were included in this 

study. Descriptive statistics of the study sample and 
outcome measures at each assessment point after reha-
bilitation are presented in Tables 1 and 2, respectively. 
Results indicate that the sample was on average over-
weight according to BMI scores (BMI ≥ 25), had a 
mean ± SD age of 45.2 ± 10.9 years, and was 22% male.
Engagement in Activity Pacing and PA

Results of the multilevel analysis of activity pacing 
association with PA while controlling for demographic 
variables (age, sex, and BMI) and perceived risk of 
overactivity and fatigue as confounders are presented in 
Table S1, which is published in the online version of this 
article at ijmsc.org. Engagement in activity pacing was 
not associated with long-term PA (β = –0.01, P = .89).

Testing of interaction effects showed that perceived 
risk of overactivity moderated the association between 
fatigue and PA (β = –0.19, P = .02). In other words, 
perceived risk of overactivity predicted the association 

Questionnaire was used to assess engagement in pacing, as 
done in the study by Abonie et al.16 The questionnaire was 
used to evaluate how and based on which aspects participants 
modify their activity pacing behavior over the day, and it pro-
vided insight into engagement in activity pacing and perceived 
risk of overactivity in daily life.16 The participants scored the 
seven items of the questionnaire on a scale from 1 to 5 (1, 
never; 2, rarely; 3, sometimes; 4, often; 5, very often). This 
generated two subscale scores (engagement in pacing score and 
perceived risk of overactivity score) that ranged from 1 to 5.
Physical Activity

Physical activity was assessed with an adapted version 
of the SQUASH.17 The SQUASH is a self-reported recall 
questionnaire used to assess the daily PA of healthy adults 
based on an average week in the past month. The SQUASH 
was adapted to make it applicable for people with a chronic 
disease or physical disability. Within the domains commut-
ing activities, leisure-time activities, and sports activities, 
the items wheelchair riding and hand cycling were added. 
In addition, the item tennis was modified to (wheelchair) 
tennis. Last, self-reported intensity was categorized as light, 
moderate, and vigorous instead of as slow, moderate, and fast. 
Total minutes of PA per week was calculated by multiplying 
frequency (days per week) and duration (minutes per day) for 
each activity.17 The original SQUASH has demonstrated good 
test-retest reliability and internal consistency and moderate 
concurrent validity in ordering participants according to their 
level of PA.20,21 The adapted SQUASH has good test-retest 
reliability.17

Health-Related Quality of Life
Health-related quality of life was assessed using the 

RAND-12 (version 1.0),19 a validated and reliable question-
naire.22 The RAND-12 assesses seven health domains: general 
health, physical functioning, role limitations due to physical 
health problems, bodily pain, role limitations due to emo-
tional problems, vitality/mental health, and social functioning. 
The RAND-12 was scored using the recommended scoring 
algorithm for calculating global health,23 which represents all 
domains of HRQOL. The score ranged from 18 to 62, with a 
higher score indicating better HRQOL.
Fatigue

Fatigue was measured using the Fatigue Severity Scale.18 
The scale has been proved to be a valid and reliable measure 
to determine the impact of fatigue and to detect change over 
time in persons with MS.24 The scale includes nine questions, 
scored on a scale from 1 to 7 (1, completely disagree; 7, com-
pletely agree). The items were averaged to calculate the fatigue 
severity total mean score, ranging from 1 (no fatigue) to 7 
(very severe fatigue), with a score of 4 or greater indicating 
severe fatigue.18,25

Statistical Analysis
Descriptive statistics were calculated for participants’ age, 

sex, BMI, engagement in activity pacing, perceived risk of 
overactivity, fatigue, PA, and HRQOL using SPSS Statistics, 
version 24 (IBM Corp).26 Multilevel analyses were performed 
to determine how engagement in activity pacing was related to 
PA and HRQOL after rehabilitation by using MLwiN statisti-
cal software.27 The multilevel analyses created models of PA 

Table 1. Descriptive statistics of the 68 study 
participants

Variable Value

Age, y 45.2 ± 10.9
Body mass indexa 26.8 ± 6.3
Male sex 22 (32.4)

Note: Values are given as mean ± SD or number (percentage).
aCalculated as weight in kilograms divided by height in meters 
squared.
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sustainable self-regulated exercise, and to help dissociate 
PA behavior from fatigue symptoms.

Despite activity pacing being a greatly recommended 
adaptation strategy in chronic pain,8 it is underre-
searched, with very few works on it in fatigue manage-
ment in the MS population.15 Studies that examined 
associations between activity pacing, PA, and HRQOL 
in people with MS are scarce. Activity pacing could be a 
valuable approach in fatigue management,15,32 and exam-
ining how people with MS naturally pace their activities 
in daily life is essential to better understand how to guide 
and improve treatment efforts for this population.

Testing of interaction effects in this study allows us 
to examine some key assumptions about activity pacing 
effects on a momentary basis. For instance, there is an 
assumption that when people experience instants of high 
fatigue sensations, their PA behavior will be affected.28 
However, activity pacing is a potential adaptive strategy 
to modify the expected association between fatigue and 
PA behavior.15,32 In other words, activity pacing could 
help dissociate PA behavior from fatigue symptoms. 
To our knowledge, this is the first known study test-
ing whether activity pacing moderates the association 
between PA and fatigue in adults with MS. We hypoth-
esized that people who most frequently report activity 
pacing engagement would demonstrate the weakest asso-
ciations between fatigue symptoms and PA, and people 
who most frequently report overactive behavior would 
have the strongest associations between symptoms and 
activity. We found that activity pacing did not signifi-
cantly moderate the association between fatigue and PA. 
Also, it thus seems that without interventions targeting 
activity pacing behavior, the natural use of activity pac-
ing does not result in a positive effect on fatigue, PA, or 
quality of life. This finding was contrary to that reported 
by Murphy et al28 in their study evaluating how pacing 
related to fatigue and PA in people with symptomatic 
knee and hip osteoarthritis.

Conversely, perceived risk of overactivity moderated 
the associations between fatigue and PA and between 
fatigue and HRQOL. For those who frequently report-
ed perceived risk of overactivity, there were negative 

between fatigue and PA. This finding suggests that for 
those who are at risk of overactivity, there is a negative 
association between fatigue and PA. Age, sex, and BMI 
were not significantly related to PA (P > .05).
Engagement in Activity Pacing and HRQOL

Results of the multilevel analysis of activity pac-
ing association with HRQOL while controlling for 
demographic variables and perceived risk of overactivity 
and fatigue as confounders are presented in Table S2. 
Engagement in activity pacing was not associated with 
HRQOL (β = –0.15, P = .09). However, fatigue was 
negatively related to HRQOL (β = –0.33, P < .001). 
In addition, age was significantly related to higher 
HRQOL (β = 0.27, P = .004) and BMI was significant-
ly related to lower HRQOL (β = –0.32, P < .001).

Testing of interaction effects showed that per-
ceived risk of overactivity moderated the association 
between fatigue and HRQOL (β = –0.13, P = .04). 
This finding suggests that for those who are at risk of 
overactivity, there is a negative association between 
fatigue and HRQOL.

Discussion
In this study we investigated how self-reported 

activity pacing relates to PA and HRQOL over time 
(52 weeks after rehabilitation) while controlling for 
demographic characteristics, fatigue, and perceived risk 
of overactivity in adults with MS. The study sample 
reported severe fatigue complaints similar to in stud-
ies evaluating fatigue in MS populations.30 We found 
no associations between engagement in activity pac-
ing and self-reported PA or between activity pacing 
and HRQOL. Conversely, we found that fatigue was 
significantly associated with HRQOL. Specifically, 
fatigue was significantly associated with low HRQOL. 
This finding was in accordance with the literature that 
fatigue contributes to low HRQOL.31 It thus seems that 
without targeted activity pacing interventions, engage-
ment in activity pacing does not result in improvement 
in PA behavior and HRQOL. The study outcome thus 
suggests that people with MS may benefit from an inter-
vention in the form of guidance on optimal use of activ-
ity pacing to achieve a paced approach to lifestyle and 

Table 2. Outcome measures 14, 33, and 52 weeks after rehabilitation

Variable

14 weeks 33 weeks 52 weeks

Mean ± SD Missing, No. Mean ± SD Missing, No. Mean ± SD Missing, No.

Physical activity, min/wk 1990.32 ± 1395.06 25 2029.47 ± 1311.07 27 1650.53 ± 702.6 40
Health-related quality of life 36.00 ± 8.61 30 37.31 ± 8.30 40 38.47 ± 7.29 46
Fatigue 5.22 ± 0.96 29 5.09 ± 1.21 37 5.09 ± 0.96 44
Engagement in activity pacing 3.86 ± 0.64 29 3.82 ± 0.64 38 3.84 ± 0.59 45
Perceived risk of overactivity 3.63 ± 0.80 29 3.56 ± 0.74 38 3.42 ± 0.88 45
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To help do this, more research that focuses on 
moment-to-moment dynamic associations among activ-
ity pacing, changes in fatigue, and actual PA behavior 
is needed. This research would help provide a better 
understanding of the associations between natural use 
of activity pacing and PA behavior and would help 
guide treatment efforts for persons with MS. Despite 
the feasibility and easy use of questionnaires to assess 
PA, self-reported measures are susceptible to bias. The 
use of a self-report measure to assess activity level in this 
study is a limitation. Therefore, additional real-time PA 
measures are recommended in future studies. In addi-
tion, the lack of information on participants’ MS type, 
MS-specific fatigue, and disease severity in this study 
limits the ability to draw firm conclusions. Note that 
participants received rehabilitation treatment as part of 
the larger multicenter study, and we cannot exclude that 
centers incorporated advice on activity pacing separately. 
However, a structured PA management (eg, activity pac-
ing) program was not included in the multicenter study, 
and we believe this has not had an effect on the findings 
of the present study.

A strength of this study is the novel and long-term 
approach to explore the longitudinal associations 
between engagement in activity pacing and PA and 
quality of life using multilevel modeling. This could 
provide important input for the development of future 
interventions that will affect the PA behavior of persons 
with MS. Examination of the influence of engagement 
in activity pacing on the associations between fatigue 
and PA and between fatigue and quality of life pro-
vide novel insights into the complex interplay between 
fatigue and activity behavior. This is the first known 
study to explore long-term associations between activity 
pacing and PA and quality of life in persons with MS. 

associations between fatigue and PA and between fatigue 
and HRQOL. These findings suggest that those who 
experience decreases in PA and HRQOL with increased 
fatigue are more likely to be engaging in overactive 
behavior (too many or prolonged periods of activities, 
resulting in high fatigue sensation and subsequent pro-
longed inactive periods) than those who either do not 
experience a relationship between fatigue and HRQOL 
or experience increases in HRQOL in the context of 
higher fatigue. However, note that we cannot determine 
from these data whether perceived risk of overactiv-
ity causes a stronger association between fatigue and 
PA or whether the strong association between fatigue 
and PA evokes overactive behavior. Equally, we cannot 
determine from these data whether perceived risk of 
overactivity causes a stronger association between fatigue 
and HRQOL or whether the strong association between 
fatigue and HRQOL evokes overactive behavior.

Taken together, the findings for the moderating effect 
of activity pacing and perceived risk of overactivity on 
the fatigue-PA relationship indicate that the natural use 
of activity pacing may be impelled by complex coping 
strategies. It is likely that persons with MS engage in 
more complex behavioral strategies in the context of 
the fatigue-activity association. In other words, people 
with MS may not be only a “pacer,” an “overactive,” or 
an “avoider,” and the choice of a coping strategy may 
be contingent on the exact state one may be in. For 
example, people may be overactive when their fatigue 
sensation is low and may pace their activities when their 
fatigue sensation is high. Similarly, people may be pac-
ing their activities when fatigue sensations are low and 
avoiding activities when fatigue sensations are high. This 
points to an important idea that activity pacing may pos-
sibly be seen as an adaptive or maladaptive behavior con-
tingent on whether people are using it to optimize their 
daily activities or to avoid activities.

The findings of the present study as well as the lack of 
associations between activity pacing and PA and fatigue 
found in our previous cross-sectional exploratory study12 
indicate that when no interventions are introduced there 
is no distinct approach that is effective in improving 
PA and HRQOL in both the short and long term in 
persons with MS. Thus, persons with MS might benefit 
from guidance or advice in the form of optimal use of 
activity pacing to promote longitudinal engagement 
in PA. This highlights the need for the development 
and design of goal-directed interventions incorporating 
activity pacing to stimulate a physically active lifestyle in 
people with MS.

PRACTICE POINTS
• There is no clear behavioral strategy to improve 

physical activity (PA) while managing fatigue 
in persons with MS when no interventions are 
offered. This study underscores the need to 
develop and design interventions to help improve 
engagement in PA and manage fatigue symptoms 
in persons with MS.

• Persons with MS could benefit from guidance on 
the optimal use of activity pacing strategies to 
manage MS symptoms and improve PA levels. The 
present study provides the foundation for further 
intervention development.
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The unique data set spanning three measurement points 
of activity pacing behavior, PA, HRQOL, and fatigue 
in persons with MS over a 1-year period is a strength 
of the study.
Conclusions

This study examined the associations between activ-
ity pacing and PA and HRQOL while controlling for 
demographic characteristics, fatigue, and perceived risk 
of overactivity 1 year after rehabilitation in a sample of 
adults with MS. The results provide an initial under-
standing of how activity pacing relates to PA and 
HRQOL in people with MS over time. Activity pacing 
seems not be used successfully by persons with MS when 
no interventions are offered. There is, thus, a need to 
explore activity pacing interventions for persons with 
MS. We found that high fatigue was related to low 
HRQOL. Furthermore, we found that perceived risk of 
overactivity moderated the associations between fatigue 
and PA and between fatigue and HRQOL. Persons 
with MS exhibiting a high perceived risk of overactiv-
ity and reduced PA and HRQOL in the context of high 
fatigue could benefit from an intervention in the form 
of instruction in activity pacing to adequately man-
age their fatigue and improve their PA. The present 
study provides the foundation for further intervention 
development. o
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