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Abstract:

Obijective: An earlier follow-up study from the CogEXx rehabilitation trial showed little change in
symptoms of depression, anxiety and psychological distress during the first COVID-19
lockdown compared to pre-pandemic measurements. Here we provide a second follow-up set of

behavioral data on the CogEx sample.

Methods: This was an ancillary, longitudinal follow-up study in CogEX, a randomized controlled
trial of exercise and cognitive rehabilitation in people with progressive MS involving 11 centres
in North America and Europe. Only individuals impaired on the Symbol Digit Modalities Test
(SDMT) were included. Participants repeated the COVID Impact survey administered
approximately a year later and completed self-report measures of depression, anxiety and MS
symptoms that had been obtained at the trial baseline and during the first COVID Impact survey.
Participants who completed the second COVID Impact follow up were included. To identify
predictors of the participants’ ratings of their mental and physical wellbeing, step-wise linear

regression was conducted.

Results: Of the 131 participants who completed the first COVID impact survey, 74 participants

completed the second follow-up survey (mean age 52 (SD=6.4) years, 62.2% female, mean disease
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duration 16.4 (SD=9.0) years, median EDSS 6.0). Pandemic restrictions prevented data collection
from sites in Denmark and England (n=57). The average time between measurements was 11.4
(SD=5.56) months. There were no significant differences in age, sex, EDSS, disease course and
duration between those who participated in the current follow-up study (n=74) and the group that
could not (n=57). One participant had COVID in the time between assessments. Participants now
took a more negative view of their mental/psychological wellbeing (p=.0001), physical
wellbeing (p=.0009) and disease course (p=.005) compared to their last assessment. Depression
scores increased on the HADS-depression scale (p = .01) and now exceeded the clinically
significant threshold of > 8.0 for the first time. Anxiety scores on the HADS remained
unchanged. Poorer mental wellbeing was predicted by HADS depression scores (p=.012) and a

secondary-progressive disease course (p=.0004).

Conclusions: A longer follow-up period revealed the later onset of clinically significant
depressive symptoms on the HADS and a decline in self-perceptions of mental and physical
wellbeing associated with the COVID-19 pandemic relative to the first follow-up data point.

Keywords: COVID-19, Progressive Multiple Sclerosis, mental wellbeing, longitudinal,

depression, anxiety

Introduction

Two years into the COVID-19 pandemic, over 407 million people have been infected world-
wide with 5,797,099 deaths attributed to the virus (1). Amongst those more vulnerable to severe
infection and potentially, a more compromised outcome, are people with multiple sclerosis who
are older, have a progressive disease course, more advanced physical disability and who are on
certain immunosuppressive medications (2,3). Data also show that early treatment and optimized
treatment with disease modifying therapies are being delayed by people with MS canceling visits
with neurologists and rehabilitation services, MRI appointments and laboratory tests because of
COVID related fears and restrictions (4,5).



Another potential source of vulnerability that could compromise the ability of people with MS to
manage pandemic-related challenges is their high rate of underlying emotional abnormalities (6).
A number of studies have addressed this concern. Cross sectional data have revealed elevated
rates of depression (2,7) and comorbid anxiety and depression (8—10) and some longitudinal
studies have noted increases in anxiety (11) and depression (12) in cohorts assessed before and
after the onset of the pandemic. These findings are, however, offset by at least four longitudinal

reports of no significant changes in emotion pre and post-pandemic onset (13-16).

One of these four studies comes from our CogEXx group (16), a multi-arm, randomized, blinded,
sham-controlled trial entailing an international collaboration of researchers in Europe and North
America investigating the effects of cognitive rehabilitation and aerobic exercise on primary
(processing speed) and secondary (depression, anxiety, motor function) outcome markers in
people with progressive MS. We have previously described the challenges of undertaking this
study in the midst of a pandemic (17), noting that other clinical trials have faced similar
obstacles that center on more difficult recruitment and keeping participants safe from infection
(18,19). While our initial CogEx findings showed that participants overall became neither more
anxious nor depressed once the pandemic started, these data were collected only during the first
lockdown period in 2020. CogEx has continued since then during a period of repeated
lockdowns thereby presenting an opportunity for us to revisit the question of how our cohort has
been faring psychologically after a more prolonged period of restrictions.

Method

The full CogEXx protocol and the methodology in our first CogEx-COVID study has been
published previously (20). To summarize, CogEx (“Improving cognition in people with
progressive MS: a multi-arm, randomized, blinded, sham-controlled trial of cognitive
rehabilitation and aerobic exercise study”) is an international, 11-centre MS dual-intervention
trial funded by the MS Society of Canada. The countries involved are Canada, United States of
America, United Kingdom, Italy, Denmark and Belgium. People with primary or secondary MS
are randomized to one of four groups: Cognitive Rehabilitation (CR) and Aerobic Exercise (AE),
CR and sham AE, sham CR and AE and sham CR and sham AE. The interventions are twice a

week for 12 weeks, with three assessments undertaken at baseline, 12 weeks and 6 months. The



primary outcome measure in the CogEx study is processing speed as measured by the Symbol

Digit Modalities Test (SDMT) and the study has been powered accordingly.

When we first began the CogEXx trial, we could not have anticipated that a pandemic would occur
and affect our trial. However, the unexpected onset of the pandemic afforded our group the
opportunity to assess the effects of the restrictions and lockdowns on the emotional and physical
wellbeing of our sample. As such, we have conducted two add on studies as it were, unrelated to
processing speed and the SDMT, utilizing those participants already enrolled in CogEX, for this

purpose.

Our first COVID follow-up study collected emotional and behavioral data by telephone or email
during the first pandemic lockdown period in 2020 (February to September). Our second follow-
up study, presented here, entails collecting the same data by telephone or email 11.4 (SD=5.6)
months later between June and November 2021.

Participants

The participants who completed our first follow-up study from 11 study sites in six countries
(n=131) were invited by email and/or telephone call to complete a second follow-up COVID
survey. Pandemic restrictions prevented further follow-up data collection from sites in Denmark

and the United Kingdom, reducing our sample size to a maximum of 74 participants.

Assessments

The COVID Impact Interview was developed by the study team specifically for use in this study
in an effort to evaluate the impact of the COVID-19 pandemic and lockdown orders on
individuals with progressive MS across the participating centers. It consists of 22 questions
related to self and family exposure to COVID-19, length of time under lockdown orders,
activities during lockdown, disease symptomatology and interactions with healthcare providers.
A set of questions assessing the impact of the pandemic on psychological, financial and physical
well-being were included with responses recorded on an integer scale (0-10, with 0 being no
impact and 10 being maximal impact). The survey was administered in the individual’s native

language. Results were examined in response to each specific question.



The Hospital Anxiety Depression Scale (HADS) is widely used to assess psychological distress
in non-psychiatric patients. It consists of two subscales, measured via 14 items, seven items for
the anxiety subscale (HADS-Anxiety) and seven for the Depression (HADS-Depression)
subscale (21). Overall, it has demonstrated satisfactory psychometric properties in several
different populations, including MS (22,23). Each item is scored on a response-scale with four
alternatives ranging between 0 and 3 and a higher score indicates greater anxiety or depression.

The HADS-depression cutoff for clinical depression was defined as scores > 8.0 (24).

The Beck Depression Inventory -11 (BDI-11)(25) is an easily administered, 21-item scale that
assesses various aspects of depression, useful in determining the presence and severity of
depressive symptoms. Each item is concerned with a specific aspect of depression (mood,
motivation, appetite) and contains four statements of graded severity expressing how a person
might think or feel about that particular aspect of depression. The total score is the sum of all

statements endorsed by the participant. A higher score indicates greater depression.

The Multiple Sclerosis Impact Scale (MSIS-29) is a disease specific measure of the impact of
MS. It consists of 29-items, 20 associated with a physical scale and 9 associated with a
psychological scale where the sum of each scale is transformed to a scale of 0-100 and higher
scores indicating worse health (26). Items ask about the impact of MS on day-to-day life in the
past two weeks rated on a 5-point Likert scale. The MSIS-29 has strong reliability and validity in
MS samples (26), with existing evidence supporting its responsiveness in rehabilitation trials
(27).

Analyses

Descriptive statistics were used to summarize the participant demographic and clinical
characteristics using means (SD) for continuous variables, median (25%, 75%) for ordinal
variables, and frequencies (%) for categorical variables. Associations between mental health and
physical health and disease duration were examined using Spearman correlations. Differences
over time in the assessments available at baseline, the first COVID lockdown and follow-up
(BDI, HADS, MSIS-29) were evaluated using a mixed model to account for the repeated

measures over time. Effect sizes were calculated using the mean difference between two time



points from a paired t-test. Differences between the first and second COVID impact survey
questions were evaluated using paired t-test, McNemar’s test or Wilcoxon signed rank test, as
appropriate. Analyses were conducted in SAS v9.4. Given that the study was an ad on to the
original CogEx protocol, there was no a priori power calculation to determine optimum sample

size for the Covid-related data. The significance level was set at 0.05.

To identify predictors of the participants’ ratings of their mental and physical wellbeing, step-
wise linear regression using both forward and backward elimination, to validate the selected
model predictors, was conducted. The predictor variables entered were baseline age, sex, marital
status, living alone, employment, EDSS and type of MS. Additional predictors were HADS
depression and anxiety scores and change in employment status during the follow-up period.

Consent

Informed consent was obtained from all participants. Ethics permission for the study was obtained by
each research centre. Data collection was performed in accordance with the ethical standards laid

down in the 1964 Declaration of Helsinki and its later amendments.

Results

Demographic and disease related data

The mean age of the current sample was 52 years (SD=6.4) with a mean disease duration of 16.4
(SD=9.0) years and a median EDSS of 6.0. Forty six (62.2%) participants were female. Disease
course comprised 21 (28.4%) people with primary and 53 (71.6) people with secondary
progressive MS. The majority of participants were from Italy (68.9%) followed by Canada
(17.6%), England (6.8%), USA (5.4%) and Belgium (1.4%).

Demographic and disease related comparisons were undertaken between the group that
participated in the current follow-up study (n=74) and the group who could not (n=57). There
were no differences between these groups in age (p=0.71), sex (p=0.6), disease course (p=0.98)
duration of MS (p=0.44), and EDSS (p=0.6).



Longitudinal changes on the patient reported outcomes (PROSs)

Mean scores for the outcome measures are shown in Table 1. There was no significant change in
depression scores on the BDI-II, but depression scores increased on the HADS from lockdown to
follow-up (p = .017). The mean HADS depression score at follow up now exceeded the clinically
significant threshold of > 8.0 for the first time. The HADS depression score at follow up was
also higher than the baseline score for this cohort that predated the pandemic (p=.001; n=74).
Anxiety scores on the HADS remained unchanged as did scores of the MSIS-29, both for the
physical and mental subscales, when compared to the first follow up period and at baseline.
There were no sex differences in terms of changes in HADS depression scores over time (p =
11).

COVID Impact Questionnaire.

One additional participant acquired COVID during the follow-up period bringing the overall
total of participants infected to 4. There was a nominal increase in relatives of participants to
have acquired COVID in the intervening period between studies (9(12.5%) vs 13(17.6%), p =
.058). Participants (n=74) now took a more negative view of their mental/psychological
wellbeing (p=.0001), physical wellbeing (p=.0009) and disease course (p=.005) compared to
their first assessment (see Figure 1). They also reported an increase in worry that they might
become infected by COVID (p=.007, see Figure 1).

Interactions with friends and family declined, but not significantly (8[5, 10] vs. 6 [4, 10], p =
0.17) while online social interactions remained unchanged (8[5, 10] vs 8[6, 10], p=0.27). There
was a significant increase a sense of solitude (13.9% vs. 25.7%, p = 0.049). Participants did not
report any significant changes in their level of physical activities. When it came to cognitive
activities, there was an increase in participants engaging in jigsaw puzzles (p=.04), but not in

other activities (see Table 2).

There was a significant correlation in follow up scores between people reporting a declines in
mental health and a subjective worsening in physical health (r=.367, p=.002) and disease course
(r=.572, p =.0001).



Predictors of mental and physical decline

Two significant variables predicted negative subjective perceptions of mental wellbeing, namely
HADS depression scores (p=.012) and secondary progressive disease course (p=.0004). In
relation to the latter, there were no differences in EDSS (p=0.25) or HADS depression scores

(p=0.11) between those with primary and secondary MS.
No predictors were identified for subjective physical wellbeing.
Discussion

Our data are notable for revealing a worsening in depression on the HADS in people with
progressive MS during the Covid-19 pandemic. With an extended period of follow-up,
approximately one year on from our first follow-up point, we observed a statistically significant
decline in psychological wellbeing in our sample. In addition, participants reported a subjective
deterioration in physical wellbeing, a heightened concern about their disease course and

increased worry about acquiring the SARS-CoV-2 virus.

This study should be seen alongside a small literature describing the effects of Covid-19 on
clinical trials that were overtaken by the pandemic (18,19). Facility closures, reluctance on the
part of participants to volunteers, the introduction of, and challenges posed by, protective
equipment and the ethical considerations of balancing the importance of keeping a trail running
versus the attendant risks in doing so (28), are factors that were common to CogEx as well, and

which we have described previously (17).

One of the factors that set our results apart from most other longitudinal MS studies reporting
wellbeing is that our findings come from a third time point. Data were collected on average
almost one year after our last follow-up study which compared psychological and physical
symptoms during the first lockdown in 2020 to baseline data collected before the pandemic’s
onset. These earlier follow-up data showed little, if any symptom deterioration. Now, with a third
time point added, a fundamentally different picture emerges, characterized by a widespread
perception on the part of people with progressive MS that their emotional and physical health

have deteriorated. By way of comparison, we were only able to find one other study, albeit in a

10



heterogeneous sample of people with neuroinflammatory disease, with three data points too.
However, data collection only began following the onset of the pandemic and the duration of
overall follow up was relatively short, i.e. nine months compared to our 20 month timespan. No
significant change in depression over time was reported (29). A recent meta-analysis of studies
examining the psychological impact of the Covid-19 pandemic on people with MS reached the
same conclusion (30). Our findings therefore place in perspective those MS studies, both
longitudinal and cross-sectional, that found no increase in depression and emotional distress
during the pandemic (16). This suggests that results from the studies undertaken thus far should
be considered provisional given the demonstrated potential for the later onset of deterioration in

wellbeing with the passage of time.

An increase in depression in our study was detected on the Hospital Anxiety and Depression
Scale (HADS), but not the Beck Depression Inventory (BDI-11). One reason for this might be
found in the difference in phenomenology between these two measures. The HADS has been
developed specifically for detecting depression in people with a physical illness and has been
validated for use in people with MS (24). The same is not true for the BDI-II. Potential somatic
confounders of depression such as disturbances in sleep, appetite, weight and interest in sex that
may arise directly as a consequence of a medical illness have been removed in the HADS, but
not the BDI. This leaves the focus of the HADS on the core features of mood disturbance with
questions pertaining to enjoyment, laughter, cheerfulness, and looking forward to things. Our
data show that it is in relation to these symptoms that people with progressive MS were faring
more poorly as the pandemic progressed. Furthermore, the deterioration in depression seen on
the HADS was notable for a mean score that now exceeds the threshold of equal or greater to 8.0
indicating clinically significant depression. At the same time, the mean BDI-11 score fell below
the threshold of 13 indicative of mild depression. A concomitant increase in anxiety did not

accompany the change in depression on the HADS.

Our data also revealed people with a secondary progressive disease course rated their

psychological wellbeing lower than individuals with primary progressive MS. Non-Covid related
data support this observation. A study comparing behavioral symptoms in 40 people with SPMS
and 30 with PPMS showed that the former had significantly more depression in addition to more

emotional distress in general as elicited on certain indices of the Symptom Checklist-90 (31).

11



Allied to these findings are longitudinal data from a study limited to people with PPMS showing
that depression scores never changed over a 12-month period, even in the 25% of participants
with evidence of disease activity (32). This relative stability in mentation in people with PPMS,
at least over the short term, contrasts with worsening depression and a decline in quality of life in
people with people who transition from RRMS to SPMS (33). In addition, data from over 4000
people in the UK MS Registry show that the highest rates of depression are in people with
SPMS, irrespective of gender (34).

Another notable finding to emerge from our data was that participants reported a significantly
greater sense of solitude/loneliness as the pandemic lingered. Somewhat surprisingly, this
variable did not predict subjective mental wellbeing, unlike in another MS-Covid study where it
emerged as the most robust predictor of depression (29). The reasons for these discrepant

findings are unclear, but may relate to differences in sample composition and sample size.

The CogEXx protocol requires participants to attend interventions twice a week for 12 weeks, thus
bringing them into frequent contact with the research assistants. This interaction did not seem to
prevent a deterioration in their emotional wellbeing over time. At the time of writing, our study-
blinding is still in effect so we do not know which participants were assigned to the exercise
protocol. Exercise is, however thought to ameliorate depression (35) and enhance wellbeing (36)
in people with MS during the pandemic. A corollary to this is that depression and perceptions of
poorer mental and physical health in pwMS during the pandemic have been linked to a reduced
physical level in general (37). While these collective findings are concordant, the cross-sectional

nature of all these studies demands a note of caution when it comes to drawing firm conclusions.

Our study has certain limitations. COVID restrictions in certain centres, namely Denmark and
England, meant a reduced sample size compared to our first follow-up assessment. While this
could have introduced an element of bias into our current data, this was offset by the absence of
demographic and disease related differences between participants who took part in this second
follow-up study and those who did not. We also did not have in-person physical examinations
because of virtual patient care and as such could not corroborate whether subjective perceptions
of physical decline were confirmed by objective neurological assessments. Finally, the add on

nature of the study, as described in the method section, meant that there was no a priori sample

12



size calculation for the Covid-related subjective emotional and physical wellbeing data reported

here.

In summary, the results of a second follow-up assessment undertaken on average 20 months into
the pandemic revealed people with progressive MS becoming more depressed, feeling more
distressed emotionally and rating their physical health more poorly with the passage of time. The
subjective decline in emotional and physical health, not apparent at an earlier follow-up
assessment, highlights the deleterious effects of pandemic longevity on the health of people with
MS and speaks to the need for health care professionals to remain vigilant in detecting and

managing the delayed onset of mental health difficulties.
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Table 1: Longitu dinal changes on the Patient Reported Outcome measures

Baseline Initial Follow-Up | Effect Size* P value**
n=74 (June to (June to
Sept 2020) | Nov 2021)
n=74 n=74
BDI 11.1(7.5) 12.3(9.3) 10.9(6.7) 0.137 0.19
0.195 0.12
HADS-depression 6.2 (3.9) 6.9(4.8) 8.2(5.0) 0.167 0.186
0.312 0.017
HADS-anxiety 5.7(4.4) 6.1(4.2) 6.2(4.1) 0.08 0.44
0.03 0.79
MSIS-29 physical 46.7 (21.4) | 48.0(22.5) | 49.2(26.2) 0.101 0.37
0.013 0.79
MSIS-29 Mental 32.6(21.8) | 34.1(22.4) | 33.4(25.3) 0.045 0.72
0.022 0.98

*The first effect size refers to the mean difference between baseline and the initial lockdown and

the second effect size to the mean difference between the initial lockdown and the follow-up.

**The first p values refers to mean difference between baseline and the initial lockdown and the

second p value to the mean difference between the initial lockdown and the follow-up.
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Figure 1: Longitudinal change in perception of psychological and physical wellbeing impacted by
the pandemic

p
Mental/ psychological well-being 0 |1 <2 ) 3 |4 @ 6 7 |8 9 |10 0.0001
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Table 2: Longitdinal changes on COVID Impact Questionnaire

Lockdown Follow Up P value
n=74 n=74

Scale: 1-10: 1 being the least and 10 being the most markedly negative impact
of COVID.

Interaction with family 8 [5,10] 6[4,10]
and friends 0.17
Virtual interaction with 8[5,10] 8[6,10]
family and friends 0.27

Percentage % of YES responses
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Sense of solitude 10(13.9%) 19(25.7%) 0.049
Cognitively active 9(12.5%) 12(16.2%) 0.79
Online courses 6(8.3%) 3(4.1%) 0.51
Reading books 25(34.7%) 27(36.5%) 0.83
Jigsaw puzzles 8(11.1%) 17(23.0%) 0.04
Reading news 34(47.2%) 36(48.6%) 1.00
Word games 27(37.5%) 19(25.7%) 0.17
Other activities 22(30.6%) 14(18.9%) 0.17
Physical activity 0.82
Not atall | 25(35.7%) | 3(44.3%)
Non-aerobic activities | 21(30.0%) 15(21.4%)
(e.9., yoga)
Aerobic activities less | 13(18.6%) 6(8.6%)

than 30 minutes per day

Aerobic activities at

least 30 minutes per day

11(15.7%)

18(25.7%)
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