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Abstract
Few population-based, methodologically rigorous studies have evaluated the association between
mental health and health behaviours in MS. The goal of this dissertation is to contribute to the
broader understanding of these relationships and their potential impact on MS.
This dissertation was based on two main cohorts: 1) a multi-site clinic-based longitudinal cohort
from across Canada; 2) a population-based health administrative and clinical cohort in British
Columbia. A large (n=949) sample of MS patients were recruited from four Canadian MS
clinics. Participants completed a series of questionnaires at three visits over two years. The
prevalence of psychiatric comorbidities (depression [35%] and anxiety [54%]), and adverse
health behaviours (smoking [24%] and non-adherence to disease-modifying therapies (DMTs)
[22%]) was high. Alcohol dependence was associated with increased odds of anxiety (Odds
Ratio (OR):1.84;95% confidence interval (CI):1.32–2.58) and depression (OR:1.53;95%CI:1.05–
2.23), as was smoking (anxiety OR:1.29;95% CI:1.02–1.63; depression OR:1.37;95%CI:1.04–
1.78). Non-adherence (<80% of expected doses reported as taken in the previous 30 days) was
associated with alcohol dependence (OR:2.14;95% CI:1.23–3.75). When compared to adherence
rates estimated from prescription dispensation information in pharmacy records in the prior year,
self-reported non-adherence was found to be highly specific (0.96), but only moderately sensitive
(0.38). Those who self-reported non-adherence were at high risk of non-adherence over the
following year.
We identified cases of mood or anxiety disorders using a validated algorithm applied to health
administrative data. The presence of a mood or anxiety disorder was associated with significantly
increased neurologic disability, measured by the Expanded Disability Status Scale (βii

coefficient:0.45; p<0.0001) among 1250 incident cases of MS followed for an average of 9
years. Last, we identified incident cases of MS who did not access an MS clinic, using a
validated algorithm applied to administrative data. Sex and socioeconomic status distributions
were similar, but non-MS clinic users were older (46 vs 41 years, p<0.001), and had a higher
comorbidity burden than MS clinic-users (Rate ratio:1.08;95%CI:1.02-1.15).
MS is an unpredictable disease with considerable variability in health outcomes. This
dissertation provides evidence that psychiatric conditions and adverse health behaviours are
common, and may explain some of this heterogeneity.

iii

Lay Summary
Multiple sclerosis (MS) is a chronic disease that affects the brain and spinal cord. Though the
physical symptoms of the disease take precedence in defining its progression, there are also
important emotional changes. Using large samples of people with MS from across Canada, we
studied the impact of mental health and health behaviours on persons with MS. We found high
rates of both mental health disorders and adverse health behaviours (smoking, alcohol
dependence, and non-adherence to medication). Smoking and alcohol dependence were
associated with depression and anxiety. Alcohol dependence and perceived difficulties in
concentration and memory were associated with non-adherence to medication. Depression was
associated with a worse MS disease progression over time. There is no cure for MS, and the
course of the disease is highly unpredictable. The work from this dissertation provides evidence
that mental health and health behaviours may explain some of this variability.
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Chapter 1: Introduction
1.1
1.1.1

Multiple Sclerosis
Introduction

Multiple sclerosis (MS) is a disabling disease of the central nervous system, estimated to affect
over 2.3 million individuals worldwide (2013).1 It typically presents between the ages of 20 and
40 years, and affects twice as many women as men.1 It is the most common non-traumatic cause
of disability in young adults.2 The disease can affect virtually every facet of a person’s health
and wellbeing. Physical symptoms can include impairments to balance and vision, weakness,
ataxia, and pain; most persons with MS will eventually require the use of a walking aid.3 Though
the physical symptoms of the disease take precedence in defining its progression, there are also
detrimental cognitive and emotional changes. The relatively young onset age and the chronic
nature of MS translates into higher societal costs than either stroke or Alzheimer’s disease.4
1.1.2

Aetiology and disease activity

MS is widely believed to be an immune-mediated demyelinating disease of the central nervous
system (CNS).5 Pathologically, it is characterized by demyelination, axonal loss, and gliosis.6
Though the white matter of the brain is predominantly affected, there is increasing evidence for
grey matter involvement as well.7 The aetiology of MS is not fully understood, but is likely
multifactorial, combining both genetic and environmental factors. To lay the foundation for the
work in this dissertation, we systematically reviewed the literature on the possible risk factors
associated with MS disease onset, relapses and progression.8 Best evidence to date indicates that
1

a combination of genetic predisposition, exposure to Epstein-Barr virus (EBV), cigarette
smoking, and reduced sunlight exposure/vitamin D levels are involved.8–10 Disease activity is
similarly complex and multifaceted. It can be divided into two processes: clinical relapses and
longer-term disability progression. MS relapses are defined as acute worsening of function
followed by partial or complete recovery,11 while disability progression refers to the gradual
worsening of neurological symptoms over time.11 There are some commonalities between the
environmental factors associated with the risk of developing MS and those associated with the
subsequent disease activity in people with established MS. Low vitamin D serum levels or low
sunlight exposure appear to increase the risk of an MS relapse.8 The presence of infections is
also correlated with an increased relapse rate; however, other than EBV, the focus has been on
common infections, particularly upper respiratory tract infections.8 In terms of modifiable risk
factors for the longer-term progression of disability, only cigarette smoking has been consistently
implicated as a risk factor for a more rapid progression.8
1.1.3

Diagnosis and disease course

The diagnosis of MS remains primarily clinical, with evidence of neurological signs or
symptoms disseminated in time and space.12 The diagnosis can be supported by paraclinical
evidence (demyelinating lesions on magnetic resonance imaging or oligoclonal bands in the
cerebrospinal fluid for primary progressive MS),.12 The diagnosis of MS remains a challenge due
to the absence of any single definitive test and the need to exclude all other possible causes,13 but
the delay between onset and diagnosis has shortened over time.14 Approximately 85% of patients
present with a relapsing-remitting course (RRMS), which is defined by a dynamic course of
relapses and periods of remission.11 RRMS onset typically occurs in early adulthood, and, within
2

around two decades, approximately 50% of persons will go on to develop secondary progressive
MS (SPMS).15 SPMS is defined as a steady clinical deterioration, with or without occasional
relapses.11 Primary progressive MS (PPMS) affects only 10–15% of the MS population and is
associated with the worst prognosis of all MS subtypes.16 PPMS is also associated with an older
onset age, and a different sex ratio compared to the more common RRMS.16 In view of the
considerable differences in clinical presentation and prognosis, it is possible that these disease
courses have distinctive risk factors. During the development of this thesis, we systematically
reviewed the literature and found that few studies that explored risk factors for MS considered
disease course, such that our current knowledge is predominated by the more common,
relapsing-onset MS, and little is known about risk factors for PPMS.17
1.1.4

Disability progression

Progression of MS is highly heterogeneous and occurs gradually over many years; the median
time from MS onset to requiring a cane is nearly 30 years.3 Consequently, studying MS
progression and changes in disability requires large cohorts and long follow-up times. The most
widely used measure of MS disability progression is the Expanded Disability Status Scale
(EDSS), which is an ordinal scale ranging from 0 = normal to 10 = death due to MS, marked by
0.5 increments.18 It is an expansion of the Disability Status Scale (DSS), which applied the same
range, without the 0.5 increments.19 Please see Table A.1 (Appendix A) for a description of the
EDSS scale. The multiple sclerosis severity score20 is a related method of describing and
quantifying disability which applies an algorithm that relates EDSS scores to the distribution of
disability in patients with comparable disease durations.20 It is a linear scale from 1-10, with a
score of 5 representing the average disability for the specified disease duration, and can be
3

applied to cross-sectional data.20 The transition from RRMS to SPMS is also used as a measure
of progression. It is typically diagnosed retrospectively by a clinician based on a history of
gradual worsening independent of relapses, following a RRMS disease course.11
1.2
1.2.1

Mental health and health behaviours
Introduction

Physical and mental health are intricately linked in their causes, comorbidity, and
consequences.21 Mental disorders encompass a wide range of mental health conditions
characterized by alterations in mood, thinking, and behaviour. Similar to chronic physical
illnesses, they have a complex aetiology, resulting from a combination of genetic, environmental,
and psychosocial triggers.21 The presence of a chronic medical condition is often associated with
higher rates of mood and anxiety disorders.22 The World Health Organization’s ‘World Health
Survey’ suggested that depression co-existing with chronic disease leads to significantly greater
disease burden and disability compared to having only depression, or only a chronic disease.23
Adverse health behaviours, including cigarette smoking and alcohol misuse, contribute
substantially to disability burden and risk of chronic disease24 and commonly occur
concomitantly with mental disorders, 25 and chronic disease.26
1.2.2

Mental health and health behaviours in MS

The behavioural and psychological changes associated with MS were noted in its earliest
descriptions, but went largely overlooked by the research community in the following century.27
In recent years, there has been a resurgence of interest in mental health in MS and the literature
4

is rapidly expanding.28 The focus has predominantly been on depression, with less research
devoted to anxiety, alcohol abuse, bipolar disorder, and psychosis.29 Much research has been
dedicated to estimating the incidence and prevalence of psychiatric comorbidities in MS, which
introduces the challenge of identifying a psychiatric condition at a population-level and in the
context of a neurological disorder. There are four main approaches that have been utilized by
researchers who study mental health in MS: self-reported psychometric tests (e.g., the Beck
Depression Inventory,30 the Beck Fast Screen for Medically Ill Patients,31 and the Hospital
Anxiety and Depression Scale32 have been validated for use in MS populations); formal
structured clinical interviews; routinely-collected health administrative data; and medical
records. Each approach has strengths and limitations, but the gold standard remains the clinical
interview based on the diagnostic and statistical manual of mental disorders.33
Regardless of the definition used, depression, anxiety, alcohol abuse, bipolar disorder, and
schizophrenia have consistently been reported to occur at elevated frequencies in the MS
population, relative to the general population.29,34 A systematic review reported a populationbased point prevalence estimate of 24% for depression and 22% for anxiety.29 Both disorders
have been associated with numerous negative consequences in MS, including increased risk of
suicide, impaired cognition, and a worse quality of life.28 Depression predicts progression and
mortality in other chronic immune-mediated diseases, including cancer35 and HIV.36 It’s
plausible that a similar pattern may exist in MS. Several cross-sectional studies have examined
the correlation between depression and MS disability, with mixed findings.37–39
Both depression and anxiety have consistently been associated with smoking and alcohol use in
the general population.25 Tobacco and alcohol can lead to damage of the CNS40,41 which is
5

already compromised in people with MS. Cigarette smoking is an established risk factor for MS
onset and progression;42 recent estimates suggest that about half of people with MS identify as
ever-smokers, and approximately 1/5 identify as current smokers,.26,43 Alcohol use refers to the
consumption of alcohol without the sole purpose of becoming intoxicated. Alcohol use disorders
can be defined as abuse or dependence (also known as alcoholism). Alcohol abuse refers to the
habitual misuse of alcohol, while alcohol dependence goes beyond misuse to encompass an
addiction to alcohol, including tolerance, withdrawal, and loss of control.44 The relationship
between alcohol use and MS is less clear – studies have reported increased,45 decreased,46 and no
risk47 of MS associated with alcohol consumption.
1.3
1.3.1

Adherence to medication
Introduction

Similar to alcohol dependence and smoking, non-adherence to medication can be viewed as a
maladaptive health behaviour, potentially indicative of passive coping. Interestingly, adverse
behaviours like alcohol use and smoking have been associated with poor adherence in the
general population, as has depression.48,49 Adherence has been defined as ‘the extent to which
patients take medications as prescribed by their health care providers’.50 The term adherence
can refer to a measure of the percentage of doses taken as prescribed (often termed
‘compliance’), and/or the act of continuing treatment for a prescribed duration (often termed
‘persistence’).51 Maintaining adherence to long-term therapies is notoriously challenging; the
World Health Organization estimates that only 50% of persons with chronic disease are adherent
to their medication.49 Medication non-adherence in chronic conditions such as cardiovascular
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disease, asthma, and HIV has been associated with clinically significant increased mortality,
morbidity, hospitalization rates, and healthcare costs.49
1.3.2

Adherence to MS disease-modifying therapies

The first disease-modifying therapies (DMTs) for the treatment of relapsing-remitting multiple
sclerosis (MS) were approved in Canada in the 1990s,52 and initially included: the betainterferons (IFNβ), Betaseron® (IFNβ-1b subcutaneous), Rebif® (high and low dose IFNβ-1a
subcutaneous), and Avonex® (IFNβ-1a intramuscular); and glatiramer acetate subcutaneous
(Copaxone®). They showed modest efficacy through reductions in relapse rates and MRI lesions
in the pivotal clinical trials.53–56
Estimates of adherence in MS vary widely; a recent review suggested that rates of adherence
range between 41% and 88%.57 The reasons for poor adherence in MS are complex and
varied,58–60 but the outcome is likely universal: inadequate treatment reduces drug effectiveness.
Hospitalizations, relapses, and general medical costs have been reported as increased among
people with MS who do not adhere well to their prescribed DMT.61,62
1.4

Rationale

The broad goal of this doctoral thesis is to contribute to the wider understanding and impact of
mental health and health behaviours in persons with MS. The historical neglect of these areas has
left many important and complex issues unresolved or unexplored, with many unmet needs.
These include issues related to the potential relationships between factors, such as depression,
anxiety, alcohol dependence, smoking, adherence to medication, and disability progression.
These outcomes do not occur in isolation, but rather are influenced by one another and a range of
7

other clinical and demographic characteristics. Understanding the components that contribute to
the total burden of illness and how they relate would be useful in developing strategies to prevent
or reduce the severity of these effects. The goals of this dissertation were to bring these topics
together in, where possible, a population-based setting and involving a multi-disciplinary team of
researchers and clinicians. The objectives and questions had to be of direct relevance to the MS
community, clinicians and stakeholders.
1.5
1.5.1

Specific objectives, rationales, and hypotheses
Chapter Two: Adverse health behaviours are associated with depression and

anxiety in MS
Objective: To evaluate the association between adverse health behaviours and mental health
among people with MS in a prospective multi-site longitudinal study.
Rationale: Mental health disorders have been associated with adverse health behaviours, such as
smoking and alcohol dependence in the general population;63,64 however, these relationships
have not been established in MS.65 We aimed to evaluate the association between adverse health
behaviours (cigarette smoking and alcohol dependence) and mental health (depression and
anxiety) among people with MS.
Hypothesis: Adverse health behaviours will be associated with higher rates of depression and
anxiety in this population.
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1.5.2

Chapter Three: Determinants of non-adherence to disease-modifying therapies in

MS
Objective: To estimate adherence rates to the injectable disease modifying therapies in a
prospective multi-site longitudinal study and examine clinical and demographic characteristics
potentially associated with non-adherence.
Rationale: As recognized by the World Health Organization: ‘Adherence to therapies is a
primary determinant of treatment success. Poor adherence attenuates optimum clinical benefits
and therefore reduces the overall effectiveness of health systems.’49 In MS, non-adherence has
been associated with increases in MS-related hospitalizations and relapse rates.61,62 To maximize
adherence, an understanding of potentially modifiable factors that are associated with nonadherence is needed. Depression, anxiety, and cognitive difficulties have been associated with
poor adherence to the disease modifying therapies for MS; however, findings have been
inconsistent.57,60,66–68 Less is known about the effect of MS symptoms such as pain, fatigue and
other comorbidities on drug adherence. If we can establish a demographic pattern of nonadherence, we could potentially develop a more targeted approach to improving adherence.
Hypothesis: Depression, anxiety, and alcohol dependence will be associated with non-adherence
to the MS DMTs.
1.5.3

Chapter Four: Disease-modifying therapies and adherence in MS: comparing

patient self-report with pharmacy records
Objective: To compare self-reported DMT use and adherence against pharmacy records.
Specifically, we aimed to assess the level of agreement between a practical, self-report
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questionnaire and both short and longer-term pharmacy records of prescriptions filled with
respect to: a) DMT use (any DMT being currently used); b) specific DMT product (identified by
brand name); and c) adherence to a DMT.
Rationale: Understanding a patient’s adherence is necessary to facilitate appropriate treatment
decisions and disease management. However, non-adherence is challenging for healthcare
providers to measure and predict.50 There are multiple methods used to define adherence, but no
validated ‘gold standard.’49 Each approach has strengths and limitations;50 and in choosing a
method a balance is struck between practicality and precision. Health administrative data,
including pharmacy records, offer the opportunity to access ‘objective’ information (actual
prescriptions filled), and are being validated and used for research purposes with increasing
frequency.69,70 Such data are not always accessible to researchers or prescribing clinicians,
however. Patient self-report offers a pragmatic approach, providing results which can be
reviewed and used within the same clinical encounter to guide treatment options. Consequently,
it is the most widely used adherence measure in the clinical setting.71 Despite the regularity with
which self-report and pharmacy records are employed as medication adherence measures,
59,60,69,70

little is known about the agreement between the two.

Hypothesis: There will be high agreement between pharmacy records and self-report in terms of
being on a DMT at the time of the clinic visit, and specific DMT product (brand), but lower
agreement between sources in estimating adherence. Specifically, estimates of adherence will be
higher (more optimistic) based on self-report relative to pharmacy records.
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1.5.4

Chapter Five: Association between psychiatric comorbidity and disability

progression of MS
Objective: To investigate the relationship between psychiatric comorbidity and neurologic
disability progression in a large multi-site MS clinic population.
Rationale: Depression co-existing with chronic disease leads to significantly greater disease
burden and disability compared to having only depression, or only a chronic disease.23 In MS,
having a comorbid psychiatric condition has been shown to be correlated with a worse quality of
life;72,73 however, little is known about the extent of its impact on other facets of the disease.65
The course of MS is challenging to predict, and there are few recognized factors that have been
associated with progression or worsening of disability.74 Despite the obvious significance of
mental health and physical function to persons with MS, little is known about the associations
between the two.38,75
Hypothesis: The presence of a psychiatric condition will be associated with worsening in
disability progression.
1.5.5

Chapter Six: A population-based study comparing multiple sclerosis clinic users

and non-users in British Columbia, Canada
Objective: To characterize a clinical cohort in the context of the wider MS population by
comparing incident MS cases who were MS clinic users to non-users of the specialty MS clinics
in British Columbia, Canada.
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Rationale: All studies contained within this dissertation involve persons who attend an MS
specialty clinic. Further, much of the medical literature and related knowledge surrounding MS
is based on information gained from patients who attend MS specialty clinics affiliated with
academic centres or tertiary care facilities, whether through observational studies or enrolment in
clinical trials.52,74,76,77 A major advantage of studying these cohorts78–83 is the availability of MSspecific clinical information, such as disability scores and disease course as well as confidence in
the diagnosis of MS. Whether or not these clinic patients are representative of the wider
population of people with MS, however, is largely unknown.83,84 An understanding of the
differences and similarities between MS clinic and non-clinic users would be helpful and
relevant to clinicians and researchers who recruit from or study clinic-based cohorts as well as
healthcare planners and related stakeholders.
Hypothesis: MS clinic users and non-users will differ with respect to their demographic and
clinical features: specifically age, socioeconomic status, use of health services (hospitalizations
and physician visits), and comorbidities.
1.6
1.6.1

Data sources and cohorts
British Columbia MS Database

Established in 1980, the British Columbia Multiple Sclerosis (BCMS) database includes clinical
information from people who attended one of the four MS clinics in BC. These four clinics,
located in Vancouver, Victoria, Kelowna, and Prince George, were the only source of specialty
MS care in the province until January 1st 2005, when a fifth clinic opened in Burnaby, which did
not contribute to the database. The BCMS database contains largely prospectively-collected
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information generated by MS-specialist neurologists on approximately 10,000 patients (as of
2016). The diagnosis of clinically-definite MS, according to the prevailing diagnostic criteria of
the period,85–87 the date of MS symptom onset, relapse-specific information, EDSS scores, and
disease course (i.e. relapsing-remitting or primary-progressive onset), as well as demographic
information such as date of birth and sex are included in the database.
1.6.2

Cross-Canada longitudinal cohort

From July 2010 to March 2011, consecutive patients attending a routine visit at one of four
participating MS Clinics in British Columbia, Alberta, Manitoba and Nova Scotia were recruited.
This study was nested within a larger cross-Canada collaboration funded by a Canadian Institutes
of Health Research team grant (The Epidemiology & Impact of Comorbidity on MS in Canada)
led by Dr. Ruth Ann Marrie. Participants were approached by a trained research coordinator at
each site using a standardized script and invited to participate in a study involving the
completion of specific questionnaires relating to comorbidity and quality of life at three timepoints over two years. The three time-points (‘baseline’, year one, and year two) coincided with
the typical annual visits to the respective MS clinic. For individuals unable to attend their annual
clinic visit, follow-up questionnaires were offered via telephone, mail or email to minimize loss
to follow-up. Inclusion criteria were: a confirmed diagnosis of definite MS or clinically isolated
syndrome (CIS) according to the prevailing diagnostic criteria at the time the participant had
been diagnosed; 85–87 age ≥18 years; resident in the province where data collection was
occurring; ability and willingness to provide informed consent and to complete the study
questionnaires in English. Institutional ethics approval was obtained at all sites. The informed
consent form is provided in Appendix B.
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Clinical and demographic information were captured from medical records using a standardized
data abstraction form, including information on sex, date of birth, date of MS symptom onset,
clinical course (relapsing-remitting, secondary progressive, primary progressive, clinically
isolated syndrome),88 and EDSS (at baseline and years one and two). Questionnaires were
completed at each time point, including: The Hospital Anxiety and Depression Scale (HADS); 32
the Fatigue Impact Scale for Daily Use (D-FIS);89 the CAGE questionnaire (screen for alcohol
dependence);90 the Health Utilities Index (HUI, Mark III version); a validated comorbidity
questionnaire (capturing physical and psychiatric comorbidities);91 and smoking status (captured
as ‘current, past, or never’). The questionnaire is available in Appendix C, excluding the rating
scales that are under copyright (HADS, D-FIS, and HUI). Highest education level achieved and
race were recorded at baseline.
1.6.3

Provincial health administrative data

Population-based, individual-level information was available within several province-wide
health administrative databases, covering health care and services, population and vital statistics.
Canada has a universal health-care programme, which is publicly funded and administered at the
provincial level. All citizens qualify for health coverage, regardless of medical history or
income.92
The Medical Service Plan (MSP)93 payment information file provided information on physician
visits across the province of British Columbia. The dataset covers all fee-for-service claims,
including the date of service and accompanying diagnostic code outlining the primary reason for
the visit. Beginning April 1st, 1991, the MSP file was coded per the International Classification
of Diseases, Ninth Revision (ICD-9) diagnostic codes. These codes were developed by the
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United Nations World Health Organization to systematically study disease, and are the global
diagnostic standard for clinical and research purposes.94
The Discharge Abstract Database (DAD)95 provided data on all hospital admissions in the
province. Visits to emergency rooms/departments are not recorded in the DAD. Similar to the
MSP database, the DAD is coded using the ICD Ninth or Tenth Revision diagnostic codes, but
with up to 25 distinct ICD codes included on the discharge report, along with the date of
admission and discharge.95
PharmaNet,96 BC’s province-wide prescription database, provided data on prescriptions
dispensed in the community, coded according to Health Canada’s Drug Identification Number
(DIN) classification system. Drugs used within the hospital setting (i.e., whilst a patient is
hospitalized) are not included in PharmaNet, although out-patient hospital prescriptions are.
Pharmacists are responsible for inputting information on the drug (using the DIN), date
dispensed, quantity dispensed and days supplied.96 We linked the DINs to the more globallyrelevant World Health Organization’s Anatomic Therapeutic Class (ATC) classification system.
The BC Ministry of Health’s Consolidation File,97 provided demographic information (birth date
and sex) as well as days registered in the province. Together with the BC Vital Statistics Agency
database 98 which provided mortality data, we were able to confirm that an individual was alive
and resident in BC.
Census Geodata provided an area-level measure of socio-economic status (SES), based on postal
code and aggregated neighbourhood-level income data from Statistics Canada, which enabled
SES to be categorized into quintiles (1= lowest SES; 5=highest SES).99
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All linkages were facilitated by Population Data BC, a pan-provincial comprehensive data
platform (http://www.popdata.bc.ca). Once the data were linked the personal-identifiers were
removed, such that these individuals could not be re-identified. . All data were linked and locked
prior to the initiation of this dissertation.All inferences, opinions, and conclusions drawn in this
dissertation are those of the authors, and do not reflect the opinions or policies of the Data
Steward(s). For a schematic outlining the multiple linkages between databases, please see Figure
A.1, Appendix A.
1.7

Approach to analysis

To evaluate the relationships between multiple predictor variables and a dependent variable, we
employed multivariable regression modelling techniques. Prior to building multivariable models,
we explored the characteristics of each variable independently through univariate analyses.
Categorical variables were reported as frequencies (percentages), and the distributions of
continuous variables were graphed and reported as means (standard deviation) if normally
distributed, or medians (interquartile range) if the distribution was skewed.
Second, bivariate analyses were used to analyze the relationship between two variables,
including the relationship between the independent variable of interest and the dependent
variable, as well as relationships between independent/dependent variables and potential
confounders. All studies outlined in the dissertation are observational, and therefore susceptible
to confounding. Confounding can be thought of as a ‘confusion of effects.’100 In other words, a
confounder is an extraneous variable that can mistakenly make it appear that an observed
exposure is associated with an outcome.100 The Chi-squared test or Fisher’s Exact test were used
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when both variables were categorical.101 The student’s t-test or the Wilcoxon rank sum test were
employed to compare continuous variables between groups.101
Third, to address the potential for confounding within the available data, we employed
multivariable statistical techniques. Multivariable regression models were built using forward
selection, in which a crude model containing only the independent variable of interest and the
outcome was evaluated first, and then covariates were added sequentially. Covariates were
included based on their established or potential association with the outcome, or because they
reached a threshold level of statistical significance (p<0.1). Interactions between predictor
variables were checked by creating a product term between the two variables and incorporating it
into the model. If an interaction term met significance, using a threshold of p<0.10, it was
considered for inclusion in the multivariate analysis. Only interaction terms which remained
statistically significant (p<0.05) in the final model were retained. Further, all analyses were
stratified by sex. If the risk estimates differed significantly (confidence intervals did not overlap)
between men and women, then the stratified analyses were described. If not, the risk estimate for
all persons was reported.
Logistic regression models were used for binary outcomes, poisson (or negative binomial if the
data were overdispersed) for count data, and linear regression for continuous outcomes.101 Each
of these methods requires that all data points are independent. This dissertation was developed
using longitudinal datasets of repeated measures for individuals. To account for the withinsubject correlations (or clustering) of the repeated measures for each person, we employed
generalized estimating equations (GEE). GEE is a semiparametric regression technique which
runs a two-step process in which the model is fitted without accounting for the correlations
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within subjects, and then subsequently ‘re-fitted’ by integrating a working correlation structure
to adjust for these correlations.102 The resulting risk estimate is an average of between and
within-subject effects, but tends to be dominated by between-subject effects.102
The working correlation structure is established a priori based on the data structure and some
conjecture regarding the possible association between repeated measures. In the cross-Canada
longitudinal cohort, only three time points were assessed for each individual. As such, the model
could process an unstructured correlation structure, in which all correlations are assumed to be
different. This is the least restrictive possible structure. An exchangeable structure assumes that
the correlations across different time periods are equal for an individual, regardless of the time
intervals. This method is analogous to a mixed model analysis, and must be used in instances
when there are many repeated measures for an individual, as in Chapter 5.
To test for model fit of the GEE we used the quasi-likelihood under the independence model
criterion (QIC) statistic. The QIC is comparable to the Akaike’s information criterion (AIC)
statistic, which compares models fitted with likelihood-based methods.102 GEE is not a
likelihood-based method, therefore AIC cannot be employed.103 A smaller QIC indicates a better
model fit when comparing nested models.103
Analyses unique to each study are outlined in detail in the subsequent chapters, but the general
approach is consistent with the process outlined in this subsection.
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Chapter 2: Adverse health behaviours are associated with depression and
anxiety in multiple sclerosis1
2.1

Background and objective

The co-occurrence of alcohol dependence and smoking with psychiatric disorders is wellestablished in the general population,25 as are the neurological consequences of such
behaviours.40,41 Smoking leads to deleterious effects on both the immune system and the CNS
through increases in nitric oxide levels which contribute to axonal degeneration,41 and
augmentation of pro-inflammatory cytokines.104 White matter is particularly vulnerable to
damage related to alcoholism, particularly in the corpus callosum, and frontal lobes.40
Despite the high prevalence of depression and anxiety in the MS population, few studies have
explored their relationships with smoking or alcohol use.
Objective: To evaluate the association between adverse health behaviours and mental health
among people with MS in a prospective multi-site longitudinal study.
2.2

Methods

Please refer to Chapter 1 (Subsection 1.6.2) for an outline of the study population. Details of the
methodology specific to this study are described below.

1

A version of this chapter has been published as McKay KA, Tremlett H, Fisk JD, Patten SB, Fiest K, Berrigan L,
Marrie RA. Adverse health behaviours are associated with depression and anxiety in multiple sclerosis: A
prospective multisite study. Mult Scler 2016; 22(5), 685-693.
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2.2.1

Study population

Briefly, from July 2010-March 2011 we recruited consecutive patients attending a routine visit at
one of four participating MS Clinics across Canada. Demographic and clinical information were
captured from each individual’s medical record.
2.2.2

Self-reported health behaviours and mental health
Each participant completed several questionnaires at the three time points (baseline, year

one, and year two). The Hospital Anxiety and Depression Scale (HADS) was the primary
measure of current mental health status. It is a valid and reliable 14-item questionnaire that
assesses symptoms of anxiety and depression separately, and was created for use in the setting of
hospital medical outpatient clinics.105 It is robust across different age groups, education levels,
and genders.106 Validated cut-off scores of ≥8 on the HADS scale were used to define depression
and anxiety.32 This cut-off was estimated to have a sensitivity of 90% and a specificity of 87.3%
for major depressive disorder, and a sensitivity of 88.5% and specificity of 80.7% for generalized
anxiety disorder, as defined by the Structured Clinical Interview (DSM-IV) among persons with
MS.32 To screen for alcohol dependence, we used the CAGE (Cutting down, Annoyance by
criticism, Guilty feeling, Eye-openers) questionnaire. A score of ≥ 2 out of a possible 4 suggests
alcohol dependence, which was found to be highly sensitive (93%) relative to careful inquiry on
alcohol dependence.90 Smoking was captured as ‘current’, ‘past’, or ‘never’ (less than 100
cigarettes smoked over a lifetime).107
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2.2.3

Statistical analysis

The presence of depression, anxiety, smoking, and alcohol dependence was described as
frequencies (percentages). The baseline clinical and demographic characteristics (sex, race, age,
EDSS, education level, and site) of patients were compared to the two mental health issues
(anxiety, depression) and two health behaviours (alcohol dependence, smoking) of interest;
initially using the Pearson χ2 test or Fisher’s exact test, then by logistic regression.
We aimed to explore the association between health behaviours and mental health. Given the
uncertainties regarding the direction of this relationship, and to maximally use the available data,
we initially conducted prevalence analyses, followed by more targeted incidence analyses. We
explored the relationship between prevalent health behaviours and prevalent depression and
anxiety using logistic generalized estimating (GEE) equations with an unstructured correlation
matrix. This method allows for the simultaneous analysis of data from all time points while
accounting for correlations between the repeated measures for individuals. Analyses of the odds
of having depression or anxiety were measured based on the presence of alcohol dependence or
current smoking status, the latter defined as non-smoker or current smoker. Second, to evaluate
the incidence of anxiety or depression during the course of the study, we excluded all
participants who met criteria for either condition at baseline and then evaluated the risk of
developing either condition at year one or two based on baseline health behaviours using logistic
regression. Given that the literature in the general population has reported an increased risk of
adverse health behaviours secondary to mental health conditions we also evaluated the risk of
incident alcohol dependence and smoking.25 Covariates that were considered included current
age, sex, concurrent disability status measured by the EDSS (categorized as mild [0-2.5],
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moderate [3.0-5.5], or severe [6.0+]), baseline education level (categorized as high school or
less, any post-secondary or more, and other), and site. Covariates were included either for
clinical relevance (e.g. age) or on the basis of their association with the outcome from the
baseline analysis (p<0.1). Findings from all regression analyses were expressed as odds ratios
(ORs) with corresponding 95% confidence intervals (CI). All analyses were performed using
SAS Statistical Software Package 9.4 (SAS Institute Inc., Cary, NC).
2.3

Results

Of 1632 patients who visited one of the four MS Clinics between July 2010 and March 2011,
1144 met the inclusion criteria (outlined in Chapter 1.6.2). Of these, 949 (82.6%) consented to
participate. Reasons for non-participation cannot be reported as these individuals did not sign
informed consent forms. Over the course of the two follow-up assessments, 58 patients missed
their year one assessment (and could not be contacted by phone, mail or email), and 64 missed
the year two assessment, for a total of 93.2% (885/949) with complete follow-up. In total, 65
patients had a follow-up assessment by telephone interview. The mean age at baseline was 48.6
years, 75.2% were women and most had a relapsing-remitting course (72.4%). Most participants
were white (94.6%), and had achieved a post-secondary education or higher (67.0%) (Table 2.1).
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Variable
Sex, N (%)
Female
Male
Race, N (%)
White
Non-White
Age, mean (SD)
Age (categorized), N (%)
18 – 29
30-39
40-49
50+
Age of onset, mean (SD)
Disease duration, mean (SD)
EDSS, median (IQR)
Clinical Course, N (%)
RRMS
SPMS
PPMS
CIS
Unknown
Current Disease Modifying
Therapy Use
Yes
No
Education
High School or Less
Any Post-Secondary or More
Other

Total Cohort

Cases of
incident
anxiety

Cases of
incident
depression

n= 949

n = 138

n= 128

Cases of
incident
alcohol
dependence
n= 42

714 (75.2)
235 (24.8)

99 (71.7)
39 (28.3)

96 (75.0)
32 (25.0)

25 (59.5)
17 (40.5)

810 (94.6)
46 (5.4)
48.6 (11.4)

121 (94.5)
7 (5.5)
48.5 (11.2)

101 (91.0)
10 (9.0)
48.8 (11.3)

33 (97.1)
1 (2.9)
47.0 (11.5)

58 (6.1)
149 (15.7)
305 (32.2)
436 (46.0)
33.2 (10.0)
15.4 (10.2)
2.5 (1.5-5.0)

11 (8.0)
20 (14.5)
42 (30.4)
65 (47.1)
33.5 (10.6)
14.9 (9.9)
3.0 (2.0 – 6.0)

9 (7.0)
17 (13.3)
47 (36.7)
55 (43.0)
32.2 (9.9)
16.1 (10.0)
3.0 (2.0 – 5.0)

4 (9.5)
7 (16.7)
13 (31.0)
18 (42.9)
32.7 (9.0)
14.3 (8.0)
2.5 (1.5 – 4.0)

687 (72.4)
193 (20.3)
60 (6.3)
5 (0.5)
4 (0.4)

91 (65.9)
37 (26.8)
8 (5.8)
2 (1.5)
0 (0.0)

92 (71.9)
29 (22.7)
7 (5.5)
0 (0.0)
0 (0.0)

34 (81.0)
7 (16.7)
1 (2.4)
0 (0.0)
0 (0.0)

477 (50.4)
470 (49.6)

64 (45.7)
76 (54.3)

75 (58.6)
53 (41.4)

21 (50.0)
21 (50.0)

258 (30.1)
574 (67.1)
24 (2.8)

36 (28.1)
91 (71.1)
1 (0.8)

36 (32.4)
72 (64.9)
3 (2.7)

7 (20.6)
26 (76.5)
1 (2.9)

Table 2.1 Demographic and clinical characteristics of study participants at baseline.
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The occurrence of mental health disorders (anxiety and depression) and adverse health
behaviours (alcohol and smoking) over the study period is summarized in Table 2.2. Over the
entire study, 53.8% of participants met the HADS-anxiety criterion and 35.1% met the HADSdepression criterion at some point (baseline, year 1, or year 2) (Table 2.2). The percentage of
patients who met criteria for alcohol dependence, as measured by a score of ≥2 on the CAGE
questionnaire, ranged from 6.0% to 6.6% over the three assessments (Table 2.2). At baseline,
56.7% of respondents had ever smoked (≥ 100 cigarettes in a lifetime), of whom 63.7% no
longer smoked. Of the total cohort, 20.6% self-identified as current smokers. Of the past
smokers, 52.6% quit after their MS onset and only 4.7% of ever smokers began smoking after
their MS onset.
Baseline

Year One

Year Two

‘Ever met
criteria’ (at
baseline or
year 1 or 2)

‘Met criteria at
all three time
points’ (at
baseline and
year 1 and 2)

Mental Health
366/932 (39.3)
320/907 (35.3) 309/882 (35.0)
511/949 (53.8) 170/868 (19.6)
Anxiety, N (%)
200/930 (21.5)
207/907(22.8) 197/882 (22.3)
333/949 (35.1) 89/868 (10.3)
Depression, N (%)
Adverse health
behaviours
60/946 (6.3)
60/906 (6.6)
53/882 (6.0)
102/949 (10.7) 18/868 (2.1)
Alcohol
Dependence, N (%)
411/947 (43.4)
398/911 (43.7) 382/885 (43.2)
384/949 (40.5) 358/732 (48.9)
Never Smoker, N
(%)
341/947 (36.0)
330/911 (36.2) 336/885 (37.9)
333/949 (35.1) 272/732 (37.2)
Past Smoker, N
(%)
180/911 (19.8) 165/885 (18.7)
232/949 (24.4) 102/732 (13.9)
Current Smoker, N 195/947 (20.6)
(%)
Table 2.2 Occurrence of mental health and adverse health behaviours over the study period.
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At baseline, anxiety was associated with female sex (OR: 1.55; 95%CI: 1.13-2.13), and reduced
odds of severe disability (OR: 0.64; 95%CI: 0.45–0.91), while depression was associated with
higher odds of severe disability (OR: 2.71; 95%CI: 1.85–3.99) when compared to mild disability.
Both alcohol dependence (1.83; 95%CI: 1.06–3.16) and smoking every day (OR: 1.73; 95%CI:
1.20–2.50) were reported more frequently by men (Table 2.3). Alcohol dependence also was
reported more frequently among non-white patients (OR: 3.19; 95%CI: 1.35–7.55) and those
with moderate disability (compared to mild, OR: 2.48; 95%CI; 1.39–4.44). Patients who
completed a post-secondary education or higher were less likely to currently smoke (OR: 0.50;
95%CI: 0.35–0.73). Age was not associated with any of the mental health or health behaviours of
interest (p>0.05). All baseline associations are outlined in Table 2.3.

25

Predictor Variable

Anxiety
(n= 366)

p-value

Depression
(n=200)

p-value

Alcohol
Dependence
(n=60)

p-value

Current Smoker
(n=195)

Sex
294/704 (41.8%) 0.006a
151/702 (21.5%)
0.995 a
38/711 (5.3%)
131/714 (18.4%)
Females
0.029 a
72/228 (31.6%)
49/228 (21.5%)
22/235 (9.4%)
64/235 (27.2%)
Males
Race
305/793 (38.5%) 0.331 a
165/791 (20.9%)
0.621 a
43/807 (5.3%)
170/810 (21.0%)
White
0.014b
21/46 (45.6%)
11/46 (23.9%)
7/46 (15.2%)
8/46 (17.4%)
Non-white
Age
20/56 (35.7%)
0.314 a
4/54 (7.4%)
0.061 a
7/58 (12.1%)
0.310 a
13/58 (22.4%)
18 – 29
65/144 (45.1%)
29/145 (20.0%)
10/149 (6.7%)
34/149 (15.7%)
30-39
123/304 (40.5%)
68/303 (22.4%)
18/305 (5.9%)
70/305 (23.0%)
40-49
158/428 (36.9%)
99/428 (23.1%)
25/434 (5.8%)
78/436 (17.9%)
50+
EDSS
199/475 (41.9%) 0.043 a
73/472 (15.5%)
25/487 (5.1%)
Mild [0-2.5]
< 0.0001a
0.0006a 99/487 (20.3%)
84/210 (40.0%)
51/210 (24.3%)
25/211 (11.9%)
49/211 (23.2%)
Moderate [3.0-5.5]
64/202
(31.7%)
67/202
(33.2%)
7/202
(3.5%)
39/204 (19.1%)
Severe [6.0 +]
Education Level
0.805a
61/253 (24.1%)
0.382a
16/256 (6.3%)
0.813a
73/258 (28.3%)
High School or Less 94/254 (37.0%)
111/560 (19.8%)
32/573 (5.6%)
98/573 (17.1%)
Any Post-Secondary 221/561 (39.4%)
9/24 (37.5%)
5/24 (20.8%)
2/24 (8.3%)
6/24 (25.0%)
or More
Other
Site
156/392 (39.8%) 0.745a
83/392 (21.2%)
0.441a
13/400 (3.3%)
Nova Scotia
0.0012a 93/401 (23.2%)
42/121 (34.7%)
26/119 (21.9%)
10/121 (8.3%)
26/121 (21.5%)
Manitoba
32/81 (39.5%)
23/81 (28.4%)
3/84 (3.6%)
17/86 (19.8%)
Alberta
136/338 (40.2%)
68/338 (20.1%)
34/341 (10.0%)
59/341 (17.3%)
British Columbia
Table 2.3 Frequencies of baseline clinical and demographic variables associated with the four variables of interest: anxiety,
depression, alcohol dependence, and current smoking status.
a
By Pearson’s chi-squared test. b By Fisher’s Exact Test

p-value

0.003 a

0.559a

0.314a

0.558a

0.0009a

0.260 a
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In the prevalence analyses, alcohol dependence was associated with increased odds of
anxiety (OR:1.88; 95%CI:1.37–2.57). The association persisted after adjusting for age, sex,
EDSS, and smoking status (OR:1.84; 95%CI:1.32–2.58, see Table 2.4). Alcohol dependence was
also associated with increased odds of depression (OR:1.51; 95%CI:1.07–2.15), which remained
statistically significant after adjusting for age, sex, EDSS, and smoking status (OR:1.53;
95%CI:1.05–2.23).
Smoking was assessed in a similar manner to alcohol, with current smokers compared to
non-smokers across the study period. Smoking was associated with increased odds of anxiety
(unadjusted OR:1.32; 95%CI:1.05–1.65). When adjusted for age, sex, EDSS, and alcohol
dependence, the relationship persisted (OR:1.29; 95%CI:1.02–1.63). There was also an
association between smoking and depression (unadjusted OR:1.42; 95%CI:1.10–1.83), which
was tempered slightly after adjusting for age, sex, EDSS, and alcohol dependence, but remained
statistically significant (OR:1.37; 95%CI:1.04–1.78) (see Table 2.4).

Association between anxiety and:
Crude OR (95% CI)
Adjusted OR* (95%CI)
1
1
No Alcohol dependence (Reference)
1.88 (1.37 – 2.57)
1.84 (1.32 – 2.58)
Alcohol dependence
1
1
Non-Smoker (Reference)
1.32 (1.05 – 1.65)
1.29 (1.02 – 1.63)
Current Smoker
Association between depression and:
Crude OR (95% CI)
Adjusted OR+ (95%CI)
1
1
No Alcohol dependence (Reference)
1.51 (1.07 – 2.15)
1.53 (1.05 – 2.23)
Alcohol dependence
1
1
Non-Smoker (Reference)
1.42 (1.10 – 1.83)
1.37 (1.04 – 1.78)
Current Smoker
Table 2.4 Association between health behaviours and: i) anxiety; ii) depression across all three
visits using GEE analysis with an unstructured correlation matrix.
*Adjusted for age, sex, EDSS, and smoking status. +Adjusted for age, sex, EDSS, and alcohol
dependence.
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For the incidence analysis, those with baseline depression (n=200) and anxiety (n= 366)
were excluded. By study end there were 138 cases of incident anxiety and 128 cases of incident
depression. There was no increased risk of developing anxiety at year one or two related to
alcohol dependence at baseline (OR:0.46; 95%CI:0.14–1.59). However, there was an increased
risk of depression (OR:3.19; 95%CI:1.65–6.17). This relationship remained after adjusting for
age, sex, EDSS, and smoking status (see Table 2.5). Smoking at baseline was not associated with
an altered risk of subsequent anxiety (OR:1.22; 95%CI:0.73–2.05) or depression (OR:1.01; 95%
CI:0.60–1.72) during the follow-up period (see Table 2.5).
Because none of the participants began smoking during the study period, we could not
examine the risk of smoking. However, 42 patients developed alcohol dependence during the
study period. When adjusted for covariates, we found that baseline depression increased the risk
of developing alcohol dependence during follow-up (OR:2.12; 95%CI: 1.04–4.30). Anxiety was
not associated with an increased risk of alcohol dependence (Table 2.5).
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Association between incident anxiety at
Crude OR (95% CI)
Adjusted OR* (95%CI)
year one or two and baseline:
1
1
No Alcohol dependence (Reference)
0.46 (0.14 – 1.59)
0.43 (0.13 – 1.50)
Alcohol dependence
1
1
Never Smoker (Reference)
1.22 (0.73 – 2.05)
1.20 (0.71 – 2.04)
Current Smoker
Association between incident depression Crude OR (95% CI)
Adjusted OR* (95%CI)
at year one or two and baseline:
1
1
No Alcohol dependence (Reference)
3.19 (1.65 – 6.17)
2.97 (1.48 – 5.96)
Alcohol dependence
1
1
Non-Smoker (Reference)
1.01 (0.60 – 1.72)
0.94 (0.54 – 1.64)
Current Smoker
Association between incident alcohol
Crude OR (95% CI)
Adjusted OR* (95%CI)
dependence at year one or two and
baseline:
1
1
No Anxiety (Reference)
1.06 (0.56 – 2.02)
1.18 (0.60 – 2.33)
Anxiety
1
1
No Depression (Reference)
1.82 (0.92 – 3.59)
2.12 (1.04 – 4.30)
Depression
Table 2.5 Association between baseline health behaviours and incident mental health at year one
and two.
*Adjusted for age, sex, EDSS, and smoking status or alcohol dependence.

2.4

Discussion

We found that alcohol dependence and smoking were associated with both anxiety and
depression in this large, representative cohort of clinic-attending MS patients. Smoking at study
entry had no measurable influence on the risk of developing subsequent incident mental health
symptoms. However, alcohol dependence at study entry was associated with increased risk of
incident depression, and depression at baseline increased the risk for incident alcohol
dependence during two years of follow-up.
Surprisingly few studies have examined the relationships of health behaviors and mental health
symptoms in MS despite a general recognition of the importance of these issues and extensive
study in the general population.25 Similar to our own findings, the lone prior longitudinal study
29

that examined the association between cigarette smoking and mental health in MS patients also
found a higher risk of anxiety and depression in smokers, a link that is well-established in the
general population.25 We found three cross-sectional studies examining the relationship between
alcohol use and mental health in MS, with mixed findings.108–110 A study of 140 clinic patients in
the province of Ontario, Canada reported an association between anxiety, but not depression, and
problem drinking as measured using the Structured Clinical Interview for the Diagnostic and
Statistical Manual of Mental Disorders – Fourth Edition or weekly consumption of alcohol (14
drinks or more for males, 9 for females).108 A USA-based study of MS clinic-attending patients
(n=157) reported no associations between alcohol dependence (measured using the Alcohol Use
Disorders Identification Test Consumption and CAGE) and depression or anxiety.109 Last, a
study of a community sample from the USA (n = 739) that utilized a mail-out survey suggested
that depression and possible problem drinking were associated (anxiety was not examined).110
The lack of consistency amongst the findings of these studies and our own may be due to the
varied assessments of both mental health symptoms and alcohol dependence, as each study
employed different scales. The relatively small sample sizes of previous clinic-based studies may
also explain at least some of the disparity in results, especially given that the rates of problem
drinking were generally low. However, our finding that the odds of anxiety were nearly two-fold
in those with alcohol dependence is in concordance with two large surveys of the general
population, which reported odds ratios between 1.5 and 4.0.111
We were unable to find any other prior studies that had evaluated the risk of incident mental
health disorders associated with alcohol dependence in people with MS. While we found no
altered odds of anxiety associated with alcohol dependence this may have been related to the
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small number of individuals with alcohol dependence who were at risk for incident anxiety.
Studies from the general population that have attempted to elucidate the direction of the
relationship between anxiety and alcohol dependence, have had inconsistent results, suggesting
that the relationship may be cyclical.111 We found that the risk for incident depression at followup was increased among MS patients who met criteria for alcohol dependence at baseline.
Moreover, the risk for alcohol dependence was also increased in those who were depressed at
baseline, suggesting a bidirectional relationship.112 Given the consequences of depression and
alcohol dependence,28,40 this finding is particularly concerning and points to the importance of
monitoring of health behaviours and mental health as an integral part of MS care.
We found that smoking at baseline did not alter the risk of developing incident anxiety or
depression at follow-up. For some, smoking may be a means of coping with mental health
disorders, and therefore would not predict the onset of these disorders. There is evidence from
the general population that smoking can lead to both anxiety and depression, but is more likely
an indicator of risk than a true causal factor.113 None of the participants enrolled in this study
began smoking during the study period, and more than one-third identified as past smokers. The
increased prevalence of depression seen among smokers could be related to an inability to quit,
due to nicotine dependence, social habituation, or possibly depression itself.114 Despite the belief
among many smokers that quitting will lead to worsened mental health, smoking cessation is
associated with reduced anxiety and depression.115 Smoking cessation should be a major focus in
treating people with MS as it is the only modifiable lifestyle factor that has consistently been
associated with worsened long-term disease progression.42
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Our rates of smoking, alcohol dependence, anxiety, and depression were as expected, based on
previous studies in MS. In our cohort, approximately 1/5 were current smokers and most of those
who had ever been smokers were past smokers, similar to what has been shown in other MS
cohorts.43 Men and participants with less time spent in formal education were more likely to
identify themselves as smokers, similar to findings in the general population.116 Few participants
began smoking after their MS onset, and most of those who identified as past-smokers quit after
disease onset, suggesting that a diagnosis of MS may influence smoking patterns. Alcohol
dependence was reported in a minority of participants - approximately 6%, which is in
accordance with previous studies of alcohol dependence in MS that also employed the CAGE
questionnaire.109,110 Since a large Canadian general population-based survey reported similar
results (5.8%),117 people with MS do not appear at an increased risk of alcohol dependence
overall. Importantly however, the rates of alcohol dependence in our sample were correlated with
level of disability; those with moderate disability appeared to be at the highest risk of alcohol
dependence relative to mild or severe disability. Patients with severe disability have a greater
probability of experiencing bladder dysfunction,118 which may compel them to abstain. Mobility
limitations or the need for full-time care may also reduce their access to alcohol. A recent
systematic review reported a summary estimate of 23.7% (95%CI: 17.4 – 30.0%) for the
prevalence of depression in people with MS, though rates ranged widely between studies, likely
due to varied follow-up times and measures of depression.29 Anxiety has been studied less
frequently, but prevalence estimates range from 1.2 – 44.6%.29 It is not clear whether these
mental health disorders are caused by an endogenous mechanism related to the pathology of
MS,119 or a psychosocial response to a chronic illness,120 or, most likely, a combination of both.
We found higher rates of anxiety among women, while an equal proportion of men and women
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met criteria for depression. Sex differences in mental health are well-established, but the reasons
for this disparity are not. Social roles, coping style, and biological factors likely contribute to the
higher incidence of depression and anxiety among females in the general population.121 In MS,
men face a disproportionately higher rate of depression and anxiety than women, relative to the
general population.122 We found no evidence for the modification of an effect of health
behaviours on mental health by sex.
Strengths of this study included the large multi-site cohort, longitudinal design, high completion
rates (>90%) over the three assessments and the use of validated questionnaires that have
previously been employed in an MS population. The consecutive nature of recruitment and high
proportion of individuals who agreed to participate suggests that our cohort is representative of
individuals attending an MS clinic. Further, two of the clinics deliver the only MS care in their
province (Manitoba and Nova Scotia) which also suggests these findings are generalizable to the
wider MS population. A limitation of this study was the reliance on self-reported adverse health
behaviours, which are susceptible to reporting bias.123 Removing all persons with anxiety at
baseline (366/949; 38.6%) in the incidence analyses reduced the power to detect an association
and may have resulted in a Type II error. Although this is the most common approach used to
assess such behaviours and we used validated instruments, it remains possible that people have
varied perspectives on what constitutes problem drinking, and some people may have been
misclassified for this reason.
We examined the burden of comorbidity between adverse health behaviours and mental health,
and the risk for developing mental health symptoms, and alcohol dependence. Alcohol
dependence and smoking were associated with both anxiety and depression. Alcohol dependence
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was also associated with an increased risk of developing subsequent depression, and depression
was associated with incident alcohol dependence. Prevention or reduction of the severity of these
mental health problems is of considerable importance in MS care. Aside from the general
benefits associated with the promotion of healthy behaviours our findings suggest that promoting
cessation of smoking and alcohol use could potentially contribute to improving mental health in
MS. Physician advice to reduce alcohol use is effective,124 as are pharmacological treatments
aimed at smoking cessation.125 Increased awareness of the effects of adverse health behaviours
on mental health in MS might help target appropriate counselling and support for those ‘at risk’.
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Chapter 3: Determinants of non-adherence to disease-modifying therapies in
multiple sclerosis2
3.1

Background and objective

Perhaps similar to alcohol dependence and smoking, adherence to medication may be considered
a maladaptive behaviour, or reflect a process of passive coping.126 Therefore, it is conceivable
that alcohol use and smoking might be associated with a higher risk of non-adherence.
Depression and anxiety have also been associated with poor drug adherence in MS; however,
findings have been inconsistent.57,60,66–68 In MS, non-adherence leads to increased MS-related
hospitalizations and relapse rates.61,62 Identifying modifiable factors that are associated with nonadherence may be useful in order to target ‘at risk’ patients.
Objective: To estimate adherence rates to the injectable DMTs in a multi-site longitudinal study
and examine clinical and demographic characteristics associated with non-adherence.
3.2

Methods

Please refer to Chapter 1 (Subsection 1.6.2) for an outline of the study population. Details of the
methodology specific to this study are described below.

2

A version of this chapter has been published as McKay KA, Tremlett H, Patten SB, Fisk JD, Evans C, Fiest K,
Campbell T, Marrie RA. Determinants of non-adherence to disease-modifying therapies in multiple sclerosis: A
cross-Canada prospective study. Mult Scler 2017; 23(4), 588-596.

35

3.2.1

Study population

Briefly, consecutive patients attending a routine visit at one of four MS Clinics across Canada
were recruited and followed at three time-points. Specifically for this study, participants were
included if use of an injectable DMT (beta-interferon or glatiramer acetate) was reported at least
once during the study period (at baseline, year one, or year two). These injectable drugs were the
predominant DMT for MS at the time of data collection, and the questionnaire specifically asked
about the number of injections missed in the previous 30 days.
3.2.2

Self-reported information

Participants completed questionnaires at the baseline, one and two-year follow-up visits. The
questionnaire captured DMT use (by brand name) and number of missed injections in the
previous 30 days. Comorbidities were recorded via a validated questionnaire;91 the total number
of physical comorbidities for each participant was calculated and categorized as 0, 1, or ≥2. The
Hospital Anxiety and Depression Scale (HADS) measured current symptoms of depression and
anxiety.105 Validated cut-off scores of ≥8 on the HADS scale were used to define the presence of
both.32 The CAGE (Cutting down, Annoyance by criticism, Guilty feeling, Eye-openers)
questionnaire was used as a screening tool, with a score of ≥2 out of a possible 4 suggesting
alcohol dependence.90 Smoking status was captured as either ‘current’ or ‘non’ smoker. Fatigue
was measured using the Daily Fatigue Impact Scale, a 36-item scale, dichotomized as ‘no
fatigue’ (<5) and ‘any fatigue’ (≥5).127 Health-related quality of life (HRQOL) was measured
using the Health Utilities Index Mark III version (HUI-3),128,129 a 15-item measure that assesses
health state with respect to eight single-attribute scores: vision, hearing, speech, mobility,
dexterity, emotion, cognition, and pain. These single attribute scores were combined into an
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overall score which can range from 0 (equivalent to death) to 1 (perfect health), which was
categorized as “no to moderate disability” (>0.70) and “severe disability” (≤0.70).130 Individual
attribute scales for pain and cognition were also examined separately as both are associated with
MS, and with drug adherence in other patient populations.59,131 These were categorized as: pain
that disrupts normal activities (yes vs. no; ≤0.77 vs. >0.77) and moderate to severe cognitive
difficulties (yes vs. no; ≤0.70 vs. >0.70).
3.2.3

Quantifying adherence

The medication possession ratio (MPR)57 was used to estimate adherence, calculated as the
number of doses taken divided by the number of expected doses, expressed as a percentage at
each study visit. A MPR of ≥80% was considered adherent, and <80% as non-adherent66,132–134
(see Table A.2, Appendix A for details). This definition was chosen as it is a common binary
cutoff in MS DMT adherence literature,57 thereby lending itself to comparisons with prior
research. Further, non-adherence defined as <80% has been shown to be associated with
important clinical outcomes in MS, including increased relapse rates, inpatient visits, and overall
medical costs.61As a supplementary analysis, non-adherence was defined as any missed dose
during the 30-day period (yes vs. no).
3.2.4

Statistical analysis

MS-specific clinical features and demographic characteristics of the DMT users were described
as frequencies (percentages), mean and standard deviation (SD), or median and interquartile
range (IQR). We employed generalized estimating equations (GEE) with an unstructured
correlation matrix to examine characteristics associated with non-adherence at all three time
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points. This approach allowed for the simultaneous analysis of both patient characteristics and
adherence measures from all three time points, accounting for correlations between the repeated
measures for individuals. If a person was on a DMT at only one of the three visits, only this visit
would be included in the analysis; if they were on a DMT at all three visits, all three would be
included. Sex, race, and education were captured at baseline only and included as constant
variables, while the remaining predictor variables were included as time-varying covariates over
the three visits. We employed univariate logistic regression using GEE, followed by a
multivariable logistic regression based on the significance (p>0.1) of characteristics from the
univariate analysis. To estimate the predictive effect of baseline non-adherence on nonadherence at follow-up (year one and two) we used logistic regression modeling, adjusted for
confounders (all measured at baseline). Findings were reported as odds ratios (ORs) with 95%
confidence intervals (CI). Analyses were performed using the Statistical Analysis System (SAS)
Software Package 9.4 (SAS Institute Inc., Cary, NC).
3.3

Results

Of 1632 patients who visited one of the four MS clinics, 949 consented and participated in the
primary study,135 of which, 485 reported use of an injectable DMT during the study period and
were included in the analyses (Table 3.1). Nine participants missed their year one visit, and 21
missed the year two visit, for a retention rate of 95.7%. Females and those of younger age and
shorter disease duration were more likely to be on a DMT. The average age of DMT users was
45.5 years, average disease duration was 12.6 years, and most had RRMS (90%) (Table 3.1).
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Baseline characteristics

Exposed to an
injectable DMT
during study
period
n= 485

Unexposed to
an injectable
DMT during
study period
n=464

p-value

Sex, N (%)
Female
383 (79.0)
331 (71.3)
0.007a
Male
102 (21.0)
133 (38.7)
Race, N (%) (36 missing)
White
427 (94.3)
383 (95.0)
0.615a
Non-White
26 (5.7)
20 (5.0)
45.5 (10.2)
52.1 (11.4)
<0.0001b
Age, mean (SD)
19 – 71
19 – 80
Age Range (years)
32.9 (9.1)
33.7 (10.3)
0.240b
Age of symptom onset, mean (SD)
12.6 (8.7)
18.4 (9.0)
<0.0001b
Disease duration, mean (SD)
EDSS, median (IQR)
2.0 (1.5-3.5)
3.5 (2.0 – 6.0)
<0.0001c
Clinical Course, N (%)
RRMS
435 (89.7)
252 (54.4)
<0.0001d
SPMS
47 (9.7)
146 (31.5)
PPMS
0 (0.0)
60 (13.0)
CIS
0 (0.0)
5 (1.1)
RRMS at onset, but unknown if
3 (0.6)
0 (0.0)
reached SPMS
Education
High School or Less
135 (29.6)
123 (30.8)
0.453a
Any Post-Secondary or More
311 (68.2)
263 (65.8)
Other
10 (2.2)
14 (3.5)
Table 3.1 Baseline clinical and demographic characteristics.
Patients who reported taking a disease-modifying drug at some point during the study period
(baseline, year one, or year two) compared to participants who did not report taking an injectable
therapy during the study period. a Pearson’s chi-squared test; b Student’s t-test; c Wilcoxon rank
sum test; d Fisher’s exact test. RRMS = relapsing-remitting MS; SPMS = secondary progressive
MS; PPMS = primary progressive MS; CIS = clinically isolated syndrome.

At baseline, 46% (435/949) of the participants were on a first-line DMT, which remained
relatively steady over the follow-up period. The frequency of use for each DMT also remained
largely stable over the follow-up period, although use of the second-line DMTs, fingolimod and
natalizumab, increased with time (Table 3.2).
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Disease-modifying therapy
Baseline
Year One
Year Two
(route and frequency)
47 (9.7)
62 (13.1)
78 (17.0)
None‡
93 (19.2)
79 (16.6)
66 (14.4)
Interferon β-1a (intramuscular,
weekly)
63 (13.0)
52 (11.0)
43 (9.4)
Interferon β-1b (subcutaneous,
every other day)
146 (30.2)
132 (27.8)
111 (24.1)
Interferon β-1a (subcutaneous,
three times per week)
136 (28.6)
127 (27.6)
Glatiramer acetate (subcutaneous, 133 (27.5)
daily)
1 (0.2)
8 (1.7)
14 (3.0)
Natalizumab (intravenous, every
28 days)
0 (0.0)
2 (0.4)
14 (3.0)
Fingolimod (oral, daily)
2 (0.2)
4 (0.8)
7 (1.5)
Other
Table 3.2 Disease-modifying therapy (DMT) use at baseline, year one, and year two.
‘Other’ includes clinical trials participants, mitoxantrone users, or unknown.
‡all individuals were exposed to an injectable DMT at some point during follow-up, but not
necessarily at every time point.

At baseline, 11% (48/426) of participants reported non-adherence (MPR <80%), 13% (50/386) at
year one, and 14% (48/341) at year two. The denominators reflect the number of responders to
the question of missed doses. Non-responders at each time-point totaled 9, 13 and 6, respectively
(Table 3.3).
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Disease-modifying therapy
Baseline
Year One
Year Two
(route and frequency)
N (%)
8/131 (6.1)
11/130 (8.5)
7/126 (5.6)
Glatiramer acetate
(subcutaneous, daily)
Number (%)
10/90 (11.1)
14/76 (18.4)
12/65 (18.5)
Interferon β-1a (intramuscular,
weekly)
Number (%)
12/62 (19.4)
8/51 (15.7)
8/43 (18.6)
Interferon β-1b (subcutaneous,
every other day)
Number (%)
18/143 (12.6)
17/129 (13.2)
21/107 (19.6)
Interferon β-1a (subcutaneous,
three times per week)
Number (%)
Table 3.3 Frequency of non-adherence, defined as medication possession ratio < 80% at
baseline, year one, and year two by DMT product.
Denominator represents the total number of participants who were on the specified DMT at each
visit and who responded to the question “how many doses did you miss in the previous 30 days”.
Non-responders to this question at each time-point totaled 9, 13 and 6, respectively. Numerator
represents the number of people who were not adherent to that DMT. Percentages are shown in
brackets.

During the entire study, 22.1% (107/485) of participants were estimated to be non-adherent at
least once. Over half (51%; 255/485) of participants reported missing at least one dose of their
DMT in the previous thirty days over the study period.
Findings from the longitudinal, uni- and multivariable analysis are shown in Table 3.4. After
adjusting for potential confounders, alcohol dependence, EDSS, disease duration, DMT product,
and perceived functional cognitive difficulties were associated with non-adherence (Table 3.4).
Those who met criteria for alcohol dependence had more than twice the odds of non-adherence
compared to those who did not. Relative to participants with moderate disability (EDSS 3.0-5.5),
those with mild disability (EDSS 0-2.5) were more likely to be non-adherent. Longer disease
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duration (≥ 5 years vs < 5 years) was associated with increased odds of non-adherence.
Glatiramer acetate users were more likely to be adherent relative to all three types of betainterferon (Table 3.4).
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Variables
Age (continuous)
Sex
Female (reference)
Male
Race
White (reference)
Non-White
Education
High school or less
Post-secondary or
higher
Site
British Columbia
(reference)
Alberta
Manitoba
Nova Scotia
EDSS
EDSS mild (0-2.5)

Univariate odds ratio Multivariable odds
(95% CI)
ratio (95%CI)
0.98 (0.96 – 1.00)
0.98 (0.96 – 1.01)
1.00
1.33 (0.84 – 2.10)

1.00
1.32 (0.84 – 2.08)

1.00
1.36 (0.54 – 3.40)

N/A

1.00
1.05 (0.64 – 1.73)

N/A

1.00

N/A

0.67 (0.31 – 1.47)
0.64 (0.31 – 1.31)
0.66 (0.41 – 1.07)
1.76 (1.06 –2.92)

1.00
EDSS moderate (3.05.5) (reference)
1.27 (0.64 – 2.55)
EDSS severe (6.0+)
Disease Course
1.00
Relapsing-remitting
(reference)
0.83 (0.43– 1.62)
Secondary Progressive
Disease Duration
1.00
< 5 years (reference)
1.78 (0.91 – 3.38)
≥ 5 years
Disease-modifying therapy (route and frequency)
1.00
Glatiramer acetate
(subcutaneous, daily)
(reference)
Interferon β-1a
3.21 (1.65 – 6.24)
(intramuscular, weekly)
Interferon β-1b
3.49 (1.60 – 7.60)
(subcutaneous, every
other day)
Interferon β-1a
2.85 (1.51 – 5.37)
(subcutaneous, three
times per week)

1.08 (1.06 –3.04)
1.00
1.30 (0.63 – 2.66)
N/A

1.00
2.23 (1.10 – 4.52)
1.00
2.83 (1.43 – 5.62)
3.23 (1.49 – 6.98)
2.74 (1.48 – 5.12)
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Number of physical comorbidities
1.00
N/A
0 (reference)
1.07
(0.72
–
1.60)
1
1.10 (0.71 – 1.70)
≥2
Health Utilities Index (health-related quality of life)
1.00
N/A
None to moderate
disability (HUI score >
0.70) [reference])
0.79 (0.55 - 1.15)
Severe disability (HUI
score ≤ 0.70)
Health behaviours, mental health, and symptoms of MS
1.00
1.00
No alcohol dependence
(reference)
Alcohol dependence
2.28 (1.29 – 4.05)
2.14 (1.23 – 3.75)
1.00
N/A
Non-smoker (reference)
1.21
(0.70
–
2.09)
Current Smoker
No depression (reference) 1.00
1.42 (0.93 – 2.17)
Depression
1.00
No anxiety (reference)
1.10 (0.76 – 1.59)
Anxiety
1.00
No fatigue (reference)
0.93 (0.63 – 1.38)
Fatigue
1.00
No pain (reference)
1.00 (0.68 – 1.46)
Pain
1.00
1.00
None to mild perceived
functional cognitive
difficulties (reference)
1.32 (0.94 – 1.86)
Moderate to severe
1.55 (1.08 – 2.22)
perceived functional
cognitive difficulties
Table 3.4 Univariate and multivariable longitudinal analyses of clinical and demographic
variables and their association with non-adherence (medication possession ratio < 80% in
previous 30 days).
Variables were measured at baseline, year one, and year two and included in the analysis as timevarying, with the exception of sex, race, education, and site which were collected at baseline
only. Odds ratio of > 1 indicates a higher odds of non-adherence. Multivariable model was
adjusted for age, sex, EDSS, disease duration, DMT product, alcohol dependence, and perceived
functional cognitive difficulties. Bold indicates a significant association. N/A = Not applicable.

The odds of missing any doses were assessed in the supplementary analysis (Tables 3.5). When
adjusting for potential confounders in the multivariable model (Table 3.5), similar factors
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emerged as significant as in the primary adjusted analysis, including: alcohol dependence,
cognition and DMT product. However, with this alternative method of assessing adherence, the
odds of non-adherence were greater for the glatiramer acetate users (subcutaneous, daily) relative
to the IFNβ-1a users (weekly intramuscular or subcutaneous three times per week). In addition,
younger age, and the presence of multiple physical comorbidities (≥ 2 relative to none) were
associated with higher odds of non-adherence.
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Variable
Age (continuous)
Sex
Female (reference)
Male
Race
White (reference)
Non-White
Education
High school or less
Post-secondary or higher
Site
British Columbia
(reference)
Alberta
Manitoba
Nova Scotia
EDSS
EDSS mild (0-2.5)
EDSS moderate (3.0-5.5)
(reference)
EDSS severe (6.0+)

Univariate odds
ratio (95%CI)
0.99 (0.98 – 1.01)

Multivariable odds
ratio (95 % CI)
0.98 (0.96 – 0.99)

1.00
1.53 (1.06 – 2.21)

1.00
1.31 (0.89 – 1.92)

1.00
1.01(0.49 – 2.10)

N/A

1.00
1.09 (0.76 – 1.54)

N/A

1.00

N/A

0.78 (0.46 – 1.32)
0.98 (0.58 – 1.67)
0.73 (0.52 – 1.04)
1.04 (0.78 – 1.39)

N/A

1.00
0.82 (0.53 – 1.29)

Disease Course
1.00
N/A
Relapsing-remitting
(reference)
0.76 (0.49 – 1.17)
Secondary Progressive
Disease Duration
1.00
N/A
< 5 years (reference)
1.35 (0.92 – 1.98)
≥ 5 years
Disease-modifying therapy (route and frequency)
1.00
1.00
Glatiramer acetate
(subcutaneous, daily)
(reference)
Interferon β-1a
0.23 (0.14 – 0.39) 0.22 (0.13 – 0.37)
(intramuscular, weekly)
1.21 (0.75 – 1.95) 1.26 (0.78 – 2.03)
Interferon β-1b
(subcutaneous, every
other day)
Interferon β-1a
0.59 (0.75 – 0.85) 0.60 (0.41 – 0.86)
(subcutaneous, three
times per week)
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Number of physical comorbidities
1.00
1.00
0 (reference)
1.14
(0.83
–
1.57)
1.33 (0.96 – 1.84)
1
≥2
1.39 (1.00 – 1.94) 1.54 (1.07 – 2.21)
Health Utilities Index (health-related quality of life)
1.00
N/A
None to moderate
disability (HUI score >
0.70) [reference])
Severe disability (HUI
1.32 (1.02 – 1.72)
score ≤ 0.70)
Health behaviours, mental health, and symptoms of MS
1.00
1.00
No alcohol dependence
(reference)
Alcohol dependence
2.39 (1.51 – 3.78) 2.61 (1.57 – 4.34)
N/A
Non-smoker (reference) 1.00
1.13
(0.77
–
1.66)
Current Smoker
1.00
No depression
(reference)
1.09 (0.81 – 1.48)
Depression
1.00
No anxiety (reference)
1.14 (0.88 – 1.46)
Anxiety
1.00
No fatigue (reference)
1.23 (0.93 – 1.64)
Fatigue
1.00
No pain (reference)
1.13 (0.88 – 1.44)
Pain
1.00
1.00
None to mild perceived
functional cognitive
difficulties (reference)
Moderate to severe
1.44 (1.13 – 1.84) 1.38 (1.05 – 1.80)
perceived functional
cognitive difficulties
Table 3.5 Univariate and multivariable longitudinal analyses of clinical and demographic
variables and their association with non-adherence (missed ≥ 1 dose in the previous 30 days;
‘yes’ vs ‘no’)
Variables were measured at baseline, year one, and year two and included in the analysis as timevarying, with the exception of sex, race, education, and site which were collected at baseline
only. Odds ratio of > 1 indicates a higher odds of non-adherence. Multivariable model was
adjusted for age, sex, DMT product, physical comorbidity count, alcohol dependence, and
perceived functional cognitive difficulties. Bold indicates a significant association. N/A = Not
applicable.
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Finally, previous non-adherence (determined at baseline using the MPR) was associated with
over 4 times the odds of future non-adherence at year one or two (OR: 4.42; 95%CI: 2.23 –
8.75), adjusting for sex, and baseline age, disease duration, EDSS, and alcohol dependence.
3.4

Discussion

Over one in five participants in this large, cross-Canada cohort reported missing more than 20%
of their doses and less than half were fully adherent in the last 30 days. Our study identified
specific characteristics that influenced the likelihood of adherence, including some modifiable
attributes. These characteristics may put an individual at risk of non-adherence or be useful
markers of future non-adherence for the treating health professional. Of the patient-related
characteristics explored, previous non-adherence, alcohol dependence, perceived functional
cognitive difficulties, longer disease duration, and mild disability (EDSS), emerged as factors
associated with non-adherence.
Rates of adherence were stable over time, and within the range of estimates from previous
studies;57 however, variability in the definition of adherence makes direct comparisons between
studies challenging.57 Authors that also employed a MPR cut-off of 80% reported estimates
between 70 and 85%132,133, consistent with our overall adherence rate of 78%. Baseline nonadherence was the most significant predictor of future non-adherence in our study, with over 4
times the odds, suggesting that poor adherence is an enduring pattern of behaviour for some
individuals. This may also serve as a useful early marker of poor future adherence. These results
are in concordance with another MS study60 and in chronic diseases in general,131 and may
provide an opportunity for early identification of individuals who may benefit from additional
support.
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Alcohol dependence was associated with twice the risk of non-adherence. We are aware of only
one prior study examining this risk factor in MS, which found that alcohol was the strongest
predictor of missed doses among people with MS living in Tasmania, Australia.60 These findings
may be of particular concern given the broader negative effects of alcohol dependence,135 and
given that individuals with MS have been reported as having high rates of alcohol dependence.29
Smoking has not been extensively studied in relation to adherence; a single study that had
examined the association in MS found no relationship, similar to our findings.60
There was no association between mental health (anxiety or depression, measured by the HADS)
and missed drug doses. This is consistent with another study using similar methods.60 However,
other studies that used different measures for both mental health (e.g. Beck’s Depression
Inventory), and adherence have shown an association between depression and missed doses in
MS.66,136 Neither of these studies considered the effect of alcohol use on adherence. In fact, one
study excluded patients who abused alcohol,66 which could account for the conflicting results, as
there is a complex and bidirectional relationship between alcohol dependence and depression.135
Depression can increase the likelihood of treatment discontinuation in MS.137 Thus, further study
of this issue is warranted; particularly given the high prevalence of mental health disorders in
those with MS.34
The risk of poor adherence increased with increasing disease duration, consistent with a previous
study.59 However, the odds of non-adherence modestly decreased with age, as observed in other
disease states.49 Interestingly, persons with mild disability (EDSS) were less likely to be
adherent. These individuals may perceive themselves as having less serious disease and hence,
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are less motivated to take their medication. They may benefit from an open dialogue as to the
rationale for taking drug and expectations related to drug treatment.
Overall health-related quality of life and pain, as measured by the HUI-3, were not associated
with adherence. However, self-reported cognitive difficulties as reported on the HUI-3 were
consistently an important determinant of non-adherence in our study and in some other chronic
diseases.131 We found one other MS study in which the relationship between cognition and
adherence was assessed.11 Using an extensive battery of cognitive tests in 55 MS individuals,
who were primarily taking glatiramer acetate, associations with adherence were found.11 The
HUI cognition scale, as used in our study, provides a more pragmatic option, being of lower
burden to patients and feasible to implement in routine clinical practice. It specifically addresses
forgetfulness, which might be the key element related to missed doses or poor adherence.59
In previous studies, persons with multiple comorbid diseases have expressed challenges with
adhering to their medication regimens, especially when on multiple medications. ,138 Our
findings suggested that MS patients with multiple physical comorbidities had increased odds of
missing at least one dose of DMT; however, no relationship was found between the total number
of physical comorbidities as categorized by 0, 1, or ≥2 and adherence, when adherence was
defined by the MPR.
Interestingly, the relationship between the different DMT products and adherence varied
considerably, depending on the definition of adherence. Glatiramer acetate had the most frequent
(daily) dosing schedule of the injectable DMTs. It was associated with better adherence relative
to beta-interferon, when adherence was defined as ≥80% of expected doses taken, but not when
using ‘any missed dose.’ Previous research has suggested that people do not adhere well to
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glatiramer acetate relative to the beta-interferons.57 Together, these highlight the substantial
impact that the definition and method for measuring adherence may have on findings. Clarity on
this issue is important for future studies examining the clinical implications of poor adherence
and to consider when comparing study findings.
Our study included a large multi-site sample, had a high retention, and recruited from at least two
sites which served as the only source of MS care in their regions, all suggesting that this was a
representative sample of clinic-attending MS patients. A potential limitation was the use of selfreport, such that our non-adherence rates might be considered conservative. However this study
used a specific recall period of 30 days, and collected the information via survey to reduce
desirability bias as recommended elsewhere.139 Reporting bias is a possibility; those that are
more likely to report adverse health behaviours, such as alcohol dependence, may also be more
likely to report their missed doses. There is also a possibility of recall bias, in that some
participants, especially those with cognitive difficulties, may not remember how many doses
they missed in the last 30 days.
Since the implementation of this study, several oral and other parenterally-administered therapies
have become available. A single study has reported better adherence among fingolimod users
relative to users of the injectable therapies,140 but determinants of non-adherence to the oral
therapies have not been established. It is conceivable the characteristics that were recognized in
this study may also contribute to missed doses of oral therapies. Future studies should address
this important question.
Adherence to medication is central in the treatment of chronic disease to help derive the
maximum possible clinical benefit. In the wider medical literature, poor adherence has been
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linked to worsening morbidity, death, and increased health care costs.50 In MS, poor adherence
has been associated with an increased risk of MS relapse, and MS-related hospitalization.61 In
this study, nearly one-quarter of participants reported poor adherence to their DMT at least once
during the study period, and over half were not fully adherent. Healthcare professionals should
be aware of the greater potential for poor adherence among patients with low levels of disability,
longer disease duration, and a history of poor adherence. Alcohol dependence and perceived
functional cognitive difficulties were also important markers of non-adherence. Improving
adherence is an ongoing process that involves patients, health care providers, and health systems.
Enhancing communication between health professionals (including neurologists, general
practitioners, nurses and pharmacists), patients, and their families; implementing educational
interventions for those at risk; and addressing modifiable risk factors such as alcohol dependence
could effectively improve health outcomes in individuals with MS and ultimately reduce costs to
health systems.50
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Chapter 4: Disease-modifying therapies and adherence in multiple sclerosis:
comparing patient self-report with pharmacy records3
4.1

Background and objectives

The study outlined in Chapter 3 measured medication adherence based on self-reported missed
doses. This is the most commonly employed method in the clinical setting, but its precision and
validity have been questioned.50 Health administrative data, or pharmacy records, are being
validated and used for research purposes with increasing frequency;70,141,142 however, little is
known about how these two sources compare.
Objectives: To compare self-reported DMT use and adherence against pharmacy records.
Specifically, we aimed to assess the level of agreement between a practical, self-report
questionnaire and both short and longer-term pharmacy records of prescriptions filled with
respect to: a) DMT use (any DMT being currently used); b) specific DMT product (identified by
brand name); and c) adherence to a DMT.
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4.2
4.2.1

Methods
Study population

Consecutive MS patients were recruited from the University of British Columbia MS Clinic,
Vancouver, Canada, between 2010 and 2011 and followed up until 2013. Details of the inclusion
criteria and data collection are described in Chapter 1, Subsection 1.6.2.
4.2.2

Self-reported information

A questionnaire captured the current DMT used by asking each participant, “If you are currently
taking a disease-modifying therapy please mark which therapy you are taking with a√”, followed
by the choices: Avonex, Betaseron, Rebif, Copaxone, or Tysabri. These represented the only
available (approved) DMTs for MS in Canada when the questionnaire was administered. To
measure adherence to the injectable DMTs (ie, a beta-interferon [Avonex®, Betaseron®,
Rebif®] or glatiramer acetate [Copaxone®]), participants were then asked: “If you are currently
taking a disease-modifying therapy please indicate how many injections you missed in the last 30
days.” The self-report questionnaire was completed at the time of the MS clinic visit. As our
focus was on adherence to the first-line, injectable DMTs, participants who reported use of the
second-line and intravenously administered natalizumab [Tysabri®] at baseline or who switched
to this therapy at a later point in the study period were excluded from the analyses.
4.2.3

Health administrative (pharmacy records) information

Clinical and questionnaire data were linked to the province-wide prescription database
(PharmaNet)96 via each participant’s unique personal health number (PHN). PharmaNet provides
54

data on all prescriptions filled (dispensed) in the out-patient setting for the province of British
Columbia. Information included the drug dispensed, date of dispensation, quantity dispensed,
and days supply provided. Availability of an injectable DMT in the 30 days prior to a clinic visit
was determined by combining the date dispensed and days supply. The DIN at this most recent
dispensation was used to identify the DMT product.
Data were linked to the BC Ministry of Health's Registration and Premium Billing Files97 to
ensure that all participants resided in the province. Pregnancy-related physician and hospital
encounters were obtained by linkage with the Medical Service Plan (MSP)93 and the Discharge
Abstract Database (DAD);95 these data were used to ensure that any women who became
pregnant during the study period were not misclassified as being DMT ‘non-adherent.’
4.2.4

Definitions of adherence

Adherence was estimated for self-report and pharmacy records using the medication possession
ratio (MPR). A MPR of ≥80% was considered adherent, and <80% as non-adherent. This
definition has been frequently used in assessing MS DMT adherence,57 with non-adherence
(MPR<80%) associated with higher relapse rates and increased medical costs.61,70 Based on the
30 day self-report, the MPR was calculated as the number of doses taken divided by the number
of expected doses, per the product monograph. This practical, short-term estimate of adherence
was compared to longer-term adherence, assessed using pharmacy records over two distinct and
clinically meaningful time periods: one year pre- and post-clinic visit. From pharmacy records,
the MPR was calculated using the total number of days supplied over the one-year period
divided by 365 days. Only individuals who initiated drug at least one year prior to the clinic visit
were included in the pre-year analysis. For the post-year analysis, only individuals on a DMT at
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the time of the clinic visit and with ≥1 dispensation over the subsequent year were included. This
method allows comparisons between studies61,62,143 and makes best use of the prescription refill
process (which can be on an-up-to 90 days cycle). Participants who switched to a second-line
therapy (natalizumab or fingolimod) were excluded from the analyses. As a supplementary
analysis, adherence over 6 months (183 days) pre- and post-clinic visit was estimated from
pharmacy records and compared with the 30-day self-report using the same approach.
To determine if participant characteristics influenced agreement between sources, we stratified
the analyses by demographic and clinical characteristics. Age, sex, disease course, and disability
status were collected from the MS Clinic charts. Participants self-reported their highest education
level achieved and completed a series of questionnaires including the Hospital Anxiety and
Depression Scale (HADS) and the Health Utilities Index Mark III version (HUI-3). Validated
cut-off scores of ⩾8 on the HADS scale were used to define depression and anxiety. Perceived
functional cognitive impairment was measured using the individual attribute scale for cognition
on the HUI-3, categorized as none-to-mild versus moderate-to-severe cognitive difficulties
(⩽0.70 vs >0.70).
4.2.5

Statistical analysis

Categorical variables were described as frequency (percent), and continuous variables as mean
(standard deviation) or median (interquartile range), as appropriate.
Self-report and pharmacy records were compared and the sensitivity, specificity, positive and
negative predictive value (PPV, NPV) of each component (i.e., DMT use, product and
adherence) were estimated with pharmacy data as the reference standard. We also calculated
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kappa statistics to measure agreement between the two data sources, where neither was
considered the reference standard. Kappas of 0–0.20 indicated slight, 0.21–0.40 fair, 0.41–0.60
moderate, 0.61–0.80 substantial, and 0.81–<1.0 indicated almost perfect agreement.144 We
calculated Cohen’s kappa as well as prevalence and bias adjusted kappa (PABAK) scores.145
All linkages were facilitated by Population Data BC. BC Ministry of Health and Data
Stewardship Committee approved access to administrative health data. A requirement of data
access necessitated suppression of cell sizes <5 to protect patient confidentiality.
4.3

Results

Of 340 participants in British Columbia who agreed to participate and were linked to their health
administrative data, 326 were eligible for the present study. The majority of the participants were
female (74.5% [243/326]) and 73.6% (240/326) had a relapsing-remitting course. The mean age
at assessment was 48.7 years and the mean disease duration was 15 years (Table 4.1). A total of
135 participants reported use of an injectable DMT at their clinic visit. Of these, 128/135
(94.8%) had drug available according to pharmacy records in the 30 days before their clinic visit.
Of those who reported no DMT use, 99.5% (190/191) had no supply of an injectable DMT
available during this period according to the pharmacy records. There was near perfect
agreement between self-report and pharmacy records in determining current use of injectable
DMTs (κ = 0.95; 95%CI:0.91-0.98; Table 4.2).
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Characteristics
Sex, N (%)

n = 326
Female
Male

243 (74.5)
83 (25.5)

Race, N (%) (86 missing)
White
Non-White
Age, mean (SD)
Age Range (years)
Age of symptom onset, mean (SD)
Disease duration, mean (SD)
EDSS, median (IQR)
Clinical Course, N (%)
RRMS
SPMS
PPMS

208 (86.6)
32 (13.4)
48.7 (11.9)
19-80
33.4 (10.3)
15.3 (9.9)
2.5 (2.0 – 4.0)
243 (74.5)
64(19.6)
19 (5.8)

Education (83 missing)
High School or Less
72 (29.7)
Post-Secondary or higher
165 (67.8)
Other
6 (2.5)
Self-reported DMT Product, N (%)
None
191 (58.5)
Interferon-β-1a (intramuscular)
19 (5.8)
Interferon- β-1b (subcutaneous)
25 (7.7)
Interferon- β-1a (subcutaneous)
60 (18.4)
Glatiramer acetate (subcutaneous)
31 (9.5)
Table 4.1 Demographic and clinical characteristics of the cohort.

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Kappa
(95% CI)

0.99

0.96

0.95

0.99

0.95

(0.96 – 1.00)
(0.93 – 0.99)
(0.90 – 0.98)
(0.97 – 1.00)
(0.91 – 0.98)
Table 4.2 Agreement between self-reported use of a DMT compared to pharmacy records in the
30 days prior to a MS clinic visit.
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We found perfect agreement between pharmacy records and self-report in identifying the DMT
product among the 128 participants who reported use of an injectable DMT and who had drug
available in the 30 days prior according to their pharmacy records (κ = 1.00; 95%CI: 1.00-1.00).
From the self-report data, 13.2% (17/128) of participants were non-adherent (MPR <80%) in the
previous 30 days. According to pharmacy records, 113 participants were receiving DMT one
year prior to the clinic visit; 34 (30.0%) of these individuals were non-adherent. In the year after
the clinic visit, 43.1% (53/123) of the included participants were non-adherent. The proportion of
non-adherent participants in the 6-month period before the clinic visit was 26.1% (31/119), and
37.9% (47/124) in the 6 months after the clinic visit.
Agreement between the MPR based on self-reported missed doses in 30 days and pharmacy
records in the one year (κ = 0.41; 95% CI: 0.22-0.59) or 6 months (κ=0.46; 95% CI: 0.27-0.64)
prior to the clinic visit was moderate. Fair agreement was found between the one year (κ = 0.22;
95%CI: 0.09-0.36) and 6 months (κ = 0.23; 95%CI: 0.08-0.38) following the clinic visit, and the
MPR based on self-reported missed doses (Table 4.3). The prevalence and bias-adjusted kappa
(PABAK) scores did not change interpretation of findings; while the actual scores increased
marginally, the level or category of agreement remained the same. In the year prior and post the
clinic visit, agreement was moderate (PABAK =0.57) and fair (PABAK =0.30), respectively.
Sensitivity estimates were modest, ranging from 0.25 – 0.42, while the specificity was high
(0.95-0.97).

59

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Kappa
(95% CI)

One year prior to
0.38
0.96
0.81
0.78
0.41
clinic visit
(0.22 – 0.56)
(0.89 – 0.99)
(0.54 – 0.96) (0.69 – 0.86) (0.22 – 0.59)
(n=113)a
One-year post0.25
0.96
0.81
0.63
0.22
clinic visit
(0.14 – 0.38)
(0.88 – 0.99)
(0.54 – 0.96) (0.53 – 0.72) (0.09 – 0.36)
(n=123)b
Six Months prior
0.42
0.97
0.81
0.83
0.46
to clinic visit
(0.25 – 0.61)
(0.90 – 0.99)
(0.54 – 0.96) (0.74 – 0.89) (0.27 – 0.64)
(n=119)a
Six Months Post0.26
0.95
0.75
0.68
0.23
clinic visit
(0.14– 0.40)
(0.87 – 0.99)
(0.48 – 0.93) (0.58 – 0.76) (0.08 – 0.38)
(n=124) b
Table 4.3 Agreement between self-reported missed doses in 30 days and pharmacy records
across four time periods in determining rates of non-adherence.
Non-adherence was defined as a medication possession ratio of <80%. a The total number of
participants in the pre-clinic visit periods reflects the number of participants who had DMT
available at the beginning of that period. b The total number of participants in the post-clinic visit
periods reflect those that had at least 1 prescription dispensed following their clinic visit and who
did not switch to a second-line therapy in that period.

None of the clinical and demographic characteristics that were examined influenced the
agreement between self-report and administrative definitions of adherence (Table 4.4). Kappa
scores were notably higher among men (vs women), relapsing-remitting (vs secondary
progressive), and non-depressed (vs depressed) individuals, but none of these differences met
statistical significance.
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Characteristic (N)

Kappa 95%
(κ)
Confidence
Interval

Sex
Male (28)
0.59
0.30 – 0.89
Female (85)
0.31
0.09 – 0.53
Age
<45 years (63)
0.47
0.24 – 0.69
≥45 years (50)
0.31
0.01 – 0.60
Education (21 missing)
≤ High School (25)
0.25
-0.26 – 0.76
> High School (67)
0.37
0.14 – 0.60
Disease Course
RRMS (102)
0.44
0.25 – 0.63
SPMS (11)
0.12
-0.43 – 0.67
Disability Status (10 missing)
Mild (EDSS 0-2.5) (69)
0.44
0.22 – 0.67
Moderate – Severe (EDSS 3.0+) (34)
0.27
-0.10 – 0.64
Depression – HADS-D score ≥ 8
Yes (16)
0.21
-0.26 – 0.68
No (97)
0.44
0.24 – 0.64
Anxiety – HADS-A score ≥ 8
Yes (44)
0.43
0.08 – 0.60
No (69)
0.44
0.18 – 0.70
Perceived functional cognitive impairment
– HUI-3 cognition score ≤0.70
Yes (50)
0.34
0.07 – 0.60
No (63)
0.47
0.22 – 0.72
Table 4.4 Stratified analyses showing the effect of demographic and clinical characteristics on
the level of agreement (κ) between self-reported missed doses in 30 days and pharmacy records
in the year prior to clinic visit.

4.4

Discussion
We evaluated agreement between self-report and pharmacy records in estimating current

DMT use, product, and adherence in MS. We found near-perfect to perfect agreement for current
DMT use and product, and fair to moderate agreement for DMT adherence between sources.
These findings have practical implications, potentially informing clinical care and the design of
future studies. Regardless of source, adherence to the injectable DMTs for MS was suboptimal;
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more than 1 in 10 (13%) participants were non-adherent based on the 30-days self-report and
over 4 in 10 (43%) were non-adherent over the subsequent year based on pharmacy records.
To our knowledge, this is the first study to compare DMT use, product, and adherence
between self-report and pharmacy records in MS. Previous research on antidepressant146 and
general medication use147 found substantial agreement (kappa of 0.69 and 0.64, respectively)
between self-report and claims records in terms of drug use. We found near-perfect agreement
between sources, suggesting that self-report truly reflects the actual DMT received. It also
suggests that self-report may be a pragmatic means of collating this information when other
sources are not readily accessible.
When short-term self-report was compared to longer-term pharmacy records in the
assessment of adherence, the level of agreement was more modest, ranging from moderate to
fair. Eight of ten original studies outlined in a review on concordance between adherence sources
(MS not included) also reported lower rates of adherence measured by objective methods relative
to self-report.148 We found no significant differences in agreement between subgroups of our
population, suggesting that our findings were not unduly influenced by a particular characteristic.
Thus, this self-report question seems appropriate for most persons with MS. Other groups have
also failed to find clinical or demographic characteristics associated with inaccurate reporting of
adherence. 149,150
Both patient self-report and pharmacy records suggested suboptimal rates of adherence to
the injectable DMTs for MS. Two studies employed similar definitions of self-reported
adherence and their estimates of non-adherence ranged from 12 to 15% for the injectable DMTs,
comparable to our finding of 13% .132,134 Two additional studies were found using pharmacy
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records. Their estimates were similar to ours, ranging from 40% over one year to 32% over two
years in insured USA-based MS populations.61,151
We observed high specificity between self-reported non-adherence and pharmacy
records, indicating that patients who reported non-adherence over 30 days were very likely to
also exhibit non-adherence over the longer time periods. Specificity refers to the proportion of
negatives correctly identified as such. This implies that self-reported missed doses recalled over
a recent and limited period could be a useful surrogate in estimating non-adherence over a
longer, more clinically meaningful period.
The sensitivity of self-reported missed doses was low, meaning that individuals who
reported high adherence (i.e., few missed doses) may still be ‘at risk’ for non-adherence.
Sensitivity measures the proportion of positives correctly identified as such. None of the
demographic or clinical characteristics which we explored could explain this disparity. Nonadherence should be considered as a possible explanation for suboptimal clinical outcomes in
these individuals.
This low sensitivity of self-reported non-adherence may reflect several factors. First,
assuming both sources are ‘true,’ it is possible that a high rate of adherence as found by selfreport in the 30 days before a MS clinic visit coexists with a poorer adherence rate over the fullyear (from pharmacy records). This ‘white-coat compliance’ reflects a recognized improvement
in health behaviours exhibited immediately before a physician visit.152 Second, the different time
periods explored in self-report and pharmacy records (30 days versus 1 year) likely contributed
to the fair to moderate agreement between the two sources. Rates of non-adherence in MS
increase with greater follow-up time.69 Last, we assessed adherence using a fixed medication
possession ratio, which takes into account not only compliance, but also persistence (continuing
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treatment for the prescribed duration). Combining these two principles can be important because
if a person stops taking their medication they can no longer derive any clinical benefit from it.
Self-reported missed doses only captures compliance, as persons who were not persistent (ie not
on drug) were not included in the analysis. These different approaches may contribute to the low
estimated sensitivity in the year following the clinic visit in which some patients stopped having
their DMT prescriptions dispensed entirely.
Direct methods of measuring adherence, such as a third party observing the
administration of a medication, offer increased accuracy, but are burdensome to patients and
clinicians and impractical to implement in a clinical setting.50 Pharmacy records and self-report
represent pragmatic options, but they cannot directly assess if a person administered the
medication, as prescribed. Pharmacy records do not capture the reasons for starting or stopping a
prescription. True non-adherence remains a challenge to measure in the absence of a readily
available biomarker which captures drug levels. Self-report is susceptible to social desirability
bias, in which persons under-report ‘undesirable’ behaviours,148 such as missed doses. The use of
a questionnaire provided by a research coordinator, as opposed to interview by the prescriber,
should minimize this effect.139 Recall bias may also affect self-report estimates, although limiting
the time period to 30 days should minimize this issue.139 Finally, we do not know whether
findings are applicable to the newer oral or infusion-administered DMTs for MS. Future studies
could explore the utility of third party observations of adherence, which may be less susceptible
to bias.
Our study has practical implications relevant to the clinic setting. The high PPV indicated
that participants reporting missed doses in the last 30 days were at high risk for future long-term
non-adherence. This implies that asking an individual about recent missed doses may help
64

identify those patients who could benefit most from educational interventions, communication
regarding medication tolerance, or medication changes in order to prevent future chronic nonadherence.50
In summary, we found high agreement between pharmacy records and self-report in
determining current DMT use and product, and fair to moderate agreement in estimating prior
and future DMT adherence. In the absence of a gold standard for measuring adherence, our
findings may help guide study design, facilitating selection of the most appropriate and
pragmatic method which best suits the research question and resources.
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Chapter 5: Association between psychiatric comorbidity and disability
progression of multiple sclerosis
5.1

Background and objective

As findings from the previous Chapters have shown, psychiatric symptoms are very common in
MS. Over two years of follow-up more than half of our cohort met criteria for anxiety, and 36%
met criteria for depression. The effect of psychiatric comorbidity on disability progression is not
understood, despite the fact that ambulation and mental health have both been cited as important
utilities to persons with MS.153,154
Objective: To investigate the relationship between psychiatric comorbidity and neurologic
disability, and potential sex differences in these relationships, in a longitudinal multi-site MS
clinic study using linked health administrative data in British Columbia, Canada.
5.2
5.2.1

Methods
Design and setting

This long-term cohort study employed patient information collated prospectively from the
BCMS database and population-based health administrative databases, details of which are
outlined in Chapter 1.6. These patients were linked via their unique personal health number to
their individual-level information from the BC Registration and Premium Billing Files
(residency in the province);97 BC Vital Statistics Agency (mortality data);98 Census Geodata
(neighbourhood-level socioeconomic status - median value for each individual was calculated
using all available values over the study);99Medical Service Plan payment information file
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(physician visits);93 Discharge Abstract Database (hospital visits); 95 and PharmaNet
(prescriptions dispensed).96 Data were available from all sources until December 31st, 2008.
5.2.2

Study population

The study cohort included adults (≥18 years at MS onset) with clinically definite MS, as
determined by the patient’s neurologist according to the prevailing diagnostic criteria of the
time.85–87 Date of MS onset and registration with a BCMS clinic must have occurred between
April 1st, 1993 (allowing two full years of both hospital and physician health administrative data)
and December 31st, 2004 (the last year in which the participating clinics were the only MS
clinics in BC, and to allow sufficient time to elapse before the study end of December 31st 2008).
The cohort entry (baseline) was the date of MS symptom onset. MS symptom onset is collected
based on an interview with the patient by their neurologist to determine the first date of clinical
signs of MS. Residency in the province for each of the two years (≥270 days in each year) prior
to baseline was required to determine psychiatric comorbidity status. Patients were followed
until their last recorded EDSS prior to study end, emigration (>90 consecutive days not
registered in the province), or death, whichever came first. Individuals with less than 2 EDSS
measurements during the study period were excluded.
5.2.3

Defining psychiatric comorbidities

Psychiatric comorbidities were identified using validated algorithms combining hospital and
physician diagnostic codes (coded according to the International Classificiation of Disease [ICD]
9/10), and prescription information (coding according to the World Health Organization
Anatomic Therapeutic Chemical (WHO-ATC)155 classification system).156 First, an omnibus
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approach was employed in which all ‘mood or anxiety disorders’ were considered, including
depression, anxiety, and bipolar disorder. To meet the omnibus definition a person had to have ≥
1 hospitalization or ≥ 5 physician visits or (≥ 1 physician visit and ≥4 filled prescriptions) for a
mood or anxiety disorder within a two-year period (see Appendix A; Table A.3 for specific ICD
and ATC codes). This allowed us to capture comorbidity present in the two years prior to the
onset of MS, as well as developing thereafter. The individual effects of depression, anxiety, and
bipolar disorder were also explored as for the omnibus definition.
For all definitions, the first relevant ICD code (or prescription filled) for a psychiatric
comorbidity was considered the date of diagnosis. This date was used to determine whether the
comorbidity was present or absent. Due to the recurrent or chronic nature of these disorders,
once the definition was reached, it was considered present for the remainder of follow-up in all
models.
5.2.4

Measuring disability worsening

To maximize use of available EDSS assessments, we included all scores for each patient, treated
as continuous values to determine the association between the presence of psychiatric
comorbidity and disability status. EDSS scores were collected prospectively and measured by
the neurologist at a patient’s clinic visit. Complementary approaches to assessing disability
included: the change in EDSS score between visits and use of the Multiple Sclerosis Severity
Score (MSSS).20 The MSSS is a continuous variable created using an algorithm that relates
EDSS scores to the distribution of disability in patients with comparable disease durations
(possible range: 1-10).20
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5.2.5

Statistical analysis

The association between psychiatric comorbidity status and disability was examined using
multivariable linear regression techniques, fitted using an identity link with generalized
estimating equations (GEE) with an exchangeable working correlation structure. Findings were
reported as beta-coefficients with 95% confidence intervals (CIs). The GEE model generates risk
estimates that are population averages of within- and between-subject effects, but are generally
dominated by between-subject effects. To better estimate within-person effects over time and the
effect of incident comorbidity on disability, we modeled change in EDSS relative to change in
status of the covariates, using similar GEE methodology.102
Covariates were included in the model based on their established or potential association with
disability progression or because they reached a threshold level of statistical significance
(p<0.1); those considered were: age at MS symptom onset, sex, year of MS onset, disease course
[relapsing-onset versus primary progressive], socioeconomic status, physical comorbidities, and
disease-modifying therapy [DMT] use. Time-varying covariates were estimated at the time of
each EDSS assessment date, and included: disease duration, current DMT use (yes versus no),
and a count of physical comorbidities. Current DMT exposure was estimated using the
dispensation date and days supply from the prescription database (PharmaNet). The physical
comorbidities including in the count included diabetes, epilepsy, heart disease, hyperlipidemia,
hypertension, and chronic lung disease. These were chosen based on their potential impact on
disability progression157 combined with availability of a validated algorithm to identify them
using administrative data.141,158,159 Individuals were categorized as having 0, 1, 2, or 3+
comorbidities based on the presence of these comorbidities at the time of each EDSS assessment.
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The remaining covariates, sex, MS disease course, and median SES, were considered constant
throughout the study period. Analyses were stratified by sex.
All analyses were performed using SAS Statistical Software Package 9.4 (SAS Institute Inc.,
Cary, NC, USA).
All linkages were facilitated by Population Data BC. BC Ministry of Health and Data
Stewardship Committee approved access to administrative health data. Cell sizes <5 were
suppressed to protect the confidentiality of the participants.
5.3

Results

There were 1250 incident cases of MS identified between 1993 and 2004 who met criteria for
inclusion (Figure 5.1). The majority were women (75.0%), with a relapsing-onset disease course
(94.0%), and an average age of MS symptom onset of 36.9 years (Table 5.1). The median first
EDSS score was 2.0 (interquartile range: 1.5-3.0), and the average follow-up time, from two
years pre-MS onset until the last available EDSS, was 9.1 years (range 2.1 – 17.0).
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1973 individuals registered with a BCMS clinic
with MS onset between April 1, 1993 and Dec
31, 2004
245 excluded
151 became resident in BC after MS symptom onset
94 did not have ≥ 270 days of registration in the
province in each of the 2 years prior to their onset

1728 individuals resident in BC between April 1,
1993 and December 31, 2004

33 excluded as aged < 18 years at their MS onset

1695 individuals remained in the study cohort

445 excluded as they had <2 EDSS scores available

1250 individuals included in the analysis
Figure 5.1 Selection of incidence-onset MS patients residing in British Columbia, Canada
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Characteristics
Total cohort n= 1250
Sex, N (%)
Women
938 (75.0)
Men
312 (25.0)
Age at MS symptom onset
(categorized), N (%)
18 – 29
346 (27.7)
30-39
444 (35.5)
40-49
341 (27.3)
50+
119 (9.5)
36.9 (9.7)
Age at MS symptom onset, mean
(SD)
Disease Course
Relapsing-onset
1176 (94.0)
Primary Progressive
74 (6.0)
2.6 (2.2)
Disease duration at first EDSS in
years, mean (SD)
9.1 (3.3)
Follow-up time in years, mean (SD)
2.0 (1.5 – 3.0)
First EDSS score (median,
interquartile range)
Ever exposed to disease-modifying
therapy during follow-up
Yes
649 (51.9)
No
601 (48.1)
Median socioeconomic status over
follow-up
1 (Low)
156 (12.5)
2
263 (21.0)
3
299 (24.0)
4
313 (25.0)
5 (High)
218 (17.5)
Table 5.1 Clinical and demographic characteristics of the study cohort.

Over the follow-up period, 597 (47.8%) individuals met the omnibus case definition for a mood
or anxiety disorder. When stratified by sex, 51.8% (486/938) of women and 35.6% (111/312) of
men met criteria. While many individuals had a prevalent mood or anxiety disorder, meeting the
case definition prior to their MS onset (276/597; 46.2%), the majority were incident, occurring
after MS onset (321/597; 53.8%). Depression was by far the most common disorder, with 35.8%
of the cohort ever affected, followed by anxiety (23.4%) and bipolar disorder (4.9%). Significant
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differences in sex were noted in depression (39.8% of women vs 23.7% of men, p<0.0001) and
anxiety (26.8% of women vs 13.5% of men, p <0.0001), but not bipolar disorder (5.1% of
women vs 4.2% of men, p = 0.500).
Using the omnibus definition, the prior presence of a mood or anxiety disorder was associated
with a higher EDSS score (β-coefficient = 0.45, p<0.0001, adjusted for disease duration). This
remained statistically significant after adjustment for age at MS onset, sex, disease course and
socioeconomic status (β-coefficient = 0.47, p<0.0001). Including a count of physical
comorbidities and DMT exposure in the model did not affect findings (β-coefficient = 0.45,
p<0.0001) (Table 2). In this full model, the average EDSS was 0.40 points higher among men
compared to women (p=0.0002). Following stratification by sex, the relationship between mood
and anxiety disorders and EDSS remained statistically significant among women (β-coefficient
0.52, p<0.0001), but not men (β-coefficient 0.22, p=0.219), Table 5.2.
Examining mood or anxiety disorders independently suggested that the association was driven
predominantly by the effect of depression, (β-coefficient=0.44, p <0.0001). Following
adjustment for confounders, there was no significant relationship between anxiety (βcoefficient=0.19, p=0.091, nor bipolar disorder (β-coefficient= 0.22, p=0.358) and disability
score (Table 5.3).
The complementary approaches showed similar results. Using the omnibus definition of a mood
or anxiety disorder and EDSS modeled as the change in score between assessments or the MSSS
as the disability outcome did not change the direction of findings. However, the former did not
reach statistical significance (β-coefficient= 0.19, p=0.124, Table 5.4), while the latter did (e.g.,
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the presence of a mood or anxiety disorder was associated with a higher MSSS, by 0.82 points,
p<0.0001, Table 5.5).
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Crude*
β
SE
1.73 0.07

Adjusted**
β
SE
0.05
0.22

Adjusted***
β
SE
0.06
0.22

Variable
p-value
p-value
p-value
Intercept
<0.0001
0.8373
0.7873
No mood or anxiety disorder
(reference category)
Mood or anxiety disorder
0.45 0.09
<0.0001
0.47
0.09
<0.0001
0.45
0.09
<0.0001
Women
Intercept
1.61 0.08
<0.0001
0.27
0.25
0.2939
0.29
0.25
0.2490
No mood or anxiety disorder
(reference category)
Mood or anxiety disorder
0.54 0.10
<0.0001
0.52
0.10
<0.0001
0.52
0.10
<0.0001
Men
Intercept
2.03 0.11
<0.0001
-0.11
0.42
0.7835
-0.15
0.43
0.7311
No mood or anxiety disorder
(reference category)
Mood or anxiety disorder
0.26 0.18
0.1442
0.23
0.17
0.1902
0.22
0.17
0.2187
Table 5.2 Association between all mood or anxiety disorders combined and neurologic disability, as measured by the EDSS.
*Disease duration (time) included in model; **Adjusted for disease duration, age at MS onset, sex, socioeconomic status, disease
course; ***Adjusted for disease duration, age at MS onset, sex, socioeconomic status, disease course, disease-modifying therapy use,
and physical comorbidity count.
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Variable
Depression

Crude*
β
SE

p-value

Adjusted**
β
SE

p-value

Adjusted***
β
SE

p-value

Intercept
1.80 0.06
<0.0001
0.08
0.22
0.7044
0.10
0.22
0.6643
No depression (reference category)
Depression
0.41 0.09
<0.0001
0.45
0.09
<0.0001 0.44
0.09
<0.0001
Anxiety
Intercept
1.86 0.06
<0.0001
0.15
0.22
0.4802
0.17
0.22
0.4507
Anxiety disorder (reference category)
Anxiety disorder
0.14 0.11
0.2281
0.20
0.11
0.0764
0.19
0.11
0.0909
Bipolar Disorder
Intercept
1.88 0.06
<0.0001
0.19
0.22
0.3870
0.20
0.23
0.3620
No bipolar disorder (reference
category)
Bipolar disorder
0.33 0.25
0.1875
0.26
0.24
0.2893
0.22
0.24
0.3577
Table 5.3 Association between depression, anxiety, and bipolar disorder and neurologic disability, as measured by the EDSS.
*Disease duration (time) included in model; **Adjusted for disease duration, age at MS onset, sex, socioeconomic status, disease
course; ***Adjusted for disease duration, age at MS onset, sex, socioeconomic status, disease course, disease-modifying therapy use,
and physical comorbidity count.
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Crude*
Β
SE
0.05
0.03

Adjusted**
β
SE
0.05
0.06

Adjusted***
β
SE
0.04
0.06

Variable
p-value
p-value
p-value
Intercept
0.0680
0.4068
0.5189
No mood or anxiety
disorder (ref)
Mood or anxiety disorder 0.21
0.12
0.1019
0.19
0.12
0.1179
0.19
0.12
0.1237
Women
Intercept
0.06
0.04
0.1379
0.12
0.08
0.1339
0.11
0.08
0.1417
No mood or anxiety
disorder (ref)
Mood or anxiety disorder 0.26
0.15
0.0822
0.25
0.15
0.0969
0.25
0.15
0.0971
Men
Intercept
0.05
0.04
0.2339
0.07
0.12
0.5214
0.03
0.11
0.7923
No mood or anxiety
disorder (ref)
Mood or anxiety disorder 0.07
0.21
0.7224
0.07
0.21
0.7255
0.05
0.21
0.8133
Table 5.4 Association between change in mood or anxiety disorders and neurologic disability, as measured by the EDSS.
*Time difference between EDSS assessments included in model; **Adjusted for time difference between EDSS assessment, baseline
EDSS score, age at MS onset, sex, socioeconomic status, disease course; *** Adjusted for time difference between EDSS
assessments, baseline EDSS score, age at MS onset, sex, socioeconomic status, disease course, change in disease-modifying therapy
use between EDSS assessments, change in physical comorbidity count.
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Crude*
β
SE
4.37
0.12

Adjusted**
β
SE
1.77
0.34

Adjusted***
β
SE
1.79
0.34

Variable
p-value
p-value
p-value
Intercept
<0.0001
<0.0001
<0.0001
No mood or anxiety
disorder (ref)
Mood or anxiety disorder 0.81
0.15
<0.0001
0.85
0.15
<0.0001
0.82
0.15
<0.0001
Women
Intercept
4.09
0.14
<0.0001
2.00
0.39
<0.0001
2.05
0.40
<0.0001
No mood or anxiety
disorder (ref)
Mood or anxiety disorder 0.99
0.18
<0.0001
0.97
0.17
<0.0001
0.95
0.17
<0.0001
Men
Intercept
5.09
0.20
<0.0001
1.89
0.63
0.0025
1.80
0.63
0.0042
No mood or anxiety
disorder (ref)
Mood or anxiety disorder 0.31
0.24
0.2052
0.34
0.24
0.1573
0.31
0.24
0.1932
Table 5.5 Association between mood or anxiety disorders and neurologic disability, as measured by the MSSS.
* Disease duration (time) included in model; **Adjusted for disease duration, age at MS onset, sex, socioeconomic status, disease
course; ***Adjusted for disease duration, age at MS onset, sex, socioeconomic status, disease course, disease-modifying therapy use,
and physical comorbidity count.
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5.4

Discussion

Psychiatric comorbidities were common in our new (incident) onset MS cohort. Presence of
these comorbid conditions significantly increased the subsequent disability over a nine year
period. Overall, nearly half of the 1250 incident MS cases were found to have a mood or anxiety
disorder. The association between these disorders and disability remained even after accounting
for sex, age at MS onset, disease course, socioeconomic status, disease-modifying therapy use,
and physical comorbidities. The effect was significant among women, but not men (though the
direction of the relationship was the same for both). When exploring the individual effect of each
mood or anxiety disorder, depression arose as the only significant moderator of disability. Both
anxiety and bipolar disorder were associated with a higher EDSS score, but neither met statistical
significance.
Despite the high proportion of individuals who have comorbid psychiatric disorders and MS, the
literature exploring the longer-term effects of these conditions is limited. As such, the
consequences of having a comorbid psychiatric disorder are not well-understood. The vast
majority of previous work has focused on depression in MS, and has shown that it is associated
with a worse quality of life,72,73 impaired cognition,160,161 and adverse lifestyle factors, including
smoking, and obesity.135,162
Depression is associated with increased progression and risk of mortality in other chronic
diseases, including cancer35 and HIV.36 A similar relationship has been suggested in MS
mortality risk;163 however, the current knowledge regarding mental health and MS disability has
largely been derived from cross-sectional studies. We found nine studies in total exploring this
relationship; six reported a positive correlation between mental health and disability status,
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75,161,164–167

while three found no association.38,39,168 Five of the positive findings were cross-

sectional, all relied on self-reported psychiatric conditions or psychometric scales.161,164–167 Two
cross-sectional studies reported no relationship.38,39 Conflicting results were found among the
two longitudinal studies, one of which used a patient reported disability outcome,75 the other the
onset of SPMS.168 The study of 269 RRMS patients who completed the Hospital and Anxiety
Depression Scale and the Multiple Sclerosis Walking Scale-12 at three time points over two
years reported a significant reciprocal relationship between depressive symptoms and walking
impairment.75 Baseline score on the Center for Epidemiological Studies Depression Scale did not
predict risk of SPMS among 149 patients who were followed for ten years.168
Our study was the first to attempt to elucidate a temporal relationship between psychiatric
disorders and MS. While our findings were highly suggestive that the presence of a psychiatric
disorder contributed to a subsequent increase in EDSS, we cannot fully rule out the possibility of
a bidirectional relationship. It remains possible that for some individuals, a psychiatric condition
may either develop in response to worsening disability or be more readily recognized (and
diagnosed) in these individuals. Further, when we assessed the change in psychiatric comorbidity
status and the subsequent change in EDSS, findings did not reach significance, suggesting that
the results were largely driven by between-person effects, as opposed to within-person effects.
The high prevalence of psychiatric disorders in MS and their association with disability may be
explained by both biological and psychosocial factors. First, it may reflect a shared underlying
pathophysiologic process. For instance, MS patients with major depression had more T2weighted lesions, a proxy for disease burden, than patients without.169 Inflammatory
dysregulation has been implicated in depressive disorders,170 and bipolar disorder171 and is a
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central component of MS disease pathology. The presence of depression could be a direct
(biological) reaction to increased inflammation,170 which in turn leads to increased
neurodegeneration and disability progression.172 Second, psychiatric comorbidities may
contribute to maladaptive coping strategies, and poor health behaviours, which could alter the
course of MS. For instance, depressed and anxious individuals are more likely to smoke,135 a
known risk factor for MS disability worsening.42
Depression and anxiety were more common in women, and the relationship between mood or
anxiety disorders and disability was only statistically significant among women. It is possible
that because a mental health condition had to be medically recognized, that our findings are, in
part, driven by sex differences either in mental health help-seeking behaviours or readiness of
practitioners to diagnose mental health in women.173 Second, because on average, men progress
faster in their disease than women (as shown in our study and others)74, it is possible that
combined with the lower number of men, the effect size was diminished among men.
Strengths of this study include the large, representative cohort of clinic-attending MS patients.
All data were prospectively collected, thereby eliminating the potential for recall bias. Selection
bias is minimized by the broad criteria for inclusion, and the lack of an a priori research question
when the data were collected. We used a highly specific case definition for mood or anxiety
disorders, but the trade-off was lower sensitivity, meaning we may have underestimated the
number of affected persons, such that the true risk of disability with a psychiatric condition could
be even larger. Another limitation of this study is the operationalization of the ordinal EDSS as a
linear scale. A 0.5 change on the scale can have clinically different meanings depending on
where on the scale it occurs, and the probability of progression is not necessarily evenly
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distributed along the scale.174 For these reasons we conducted supplementary analyses, using the
linear MSSS scale, with the interpretation of findings remaining the same. This provides
additional confidence in the results. The EDSS has other limitations, including imperfect intraand inter-rater reliability.174 Future studies could examine the impact of psychiatric comorbidity
on alternative clinical outcome measures, such as the Multiple Sclerosis Functional Composite or
the Timed 25-Foot Walk (T25-FW) alone.
Psychiatric comorbidities were very common in this cohort and adversely associated with
disability progression. Women with comorbid mood or anxiety disorders, in particular, were at a
significantly increased risk of worsened disability. Future research should try to clarify if there
are differences in progression between those with treated psychiatric conditions
(pharmacological or non-pharmacological) and untreated individuals. MS disease progression is
highly variable, and these results suggest that psychiatric comorbidities may explain some of the
heterogeneity between individuals. Last, these findings pose the intriguing possibility of whether
a well-designed, sufficiently powered randomized controlled trial could show whether effective
treatment of a psychiatric disorders could reduce disability worsening.
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Chapter 6: A population-based study comparing multiple sclerosis clinic users
and non-users in British Columbia, Canada4
6.1

Background and objective

The previous Chapters of this dissertation all focus on individuals with MS who attended an MS
specialty clinic. Outside of this work, much of what we know about MS comes from patients who
access MS clinics.52,74,76,77 However, not all persons with MS visit an MS clinic.84 Using a validated
algorithm to identify persons with MS outside of the clinic setting, we can investigate whether
measurable differences existed between individuals attending an MS clinic to persons with MS who
do not, which would be of interest to researchers and clinicians who study and treat these cohorts.
Objective: To characterize the clinical cohort in the context of the wider MS population by
comparing incident MS cases who were MS clinic users to non-users of the specialty MS clinics in
British Columbia, Canada.
6.2
6.2.1

Methods
Study design

This was a record-linkage cohort study based on prospectively-collected patient data from the
BCMS database and province-wide health administrative databases, details of which are outlined in
Chapter 1, Subsection 1.6. Data for all patients who first visited a BC MS clinic by the end of 2004
were linked via their personal health number to their individual-level information contained within

4

A version of this chapter has been published as McKay, KA, Tremlett H, Zhu F, Kastrukoff L, Marrie RA, Kingwell
E. A population‐based study comparing multiple sclerosis clinic users and non‐users in British Columbia, Canada. Eur J
Neurol 2016; 23(6), 1093-1100.
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several province-wide health administrative databases. The Medical Service Plan93 payment
information file provided information on physician visits and the Discharge Abstract Database95
provided data on hospital visits, PharmaNet, provided data on prescriptions dispensed. The BC Vital
Statistics Agency database98 provided mortality data, and together with the BC Ministry of Health’s
Registration and Premium Billing Files97, enabled confirmation that an individual was alive and
resident in BC. Finally, Census Geodata provided an area-level measure of socio-economic status
(SES).99
6.2.2

Study population

Incident cases of MS in the BC general population were identified using a validated algorithm of
hospital and physician diagnostic codes.175,176 The MS case definition was >7 hospital or physician
claims specifically for MS (ICD 9 code 340 or ICD 10 code G35) for people who were resident in
BC for more than 3 years following their first demyelinating disease claim [See Appendix A; Table
A.5 for the relevant ICD codes]), and >3 MS claims for those with 3 years of residency or less.176
To meet the incident case definition, each case had to be resident in BC for at least 5 years before
their first demyelinating disease claim; this first claim date was considered the index date for both
the non-BCMS clinic and the BCMS clinic cases. Incident cases between 1996 and 2004 (the last
year of registration as a confirmed MS case in the BCMS cohort for this study) were examined.
6.2.3

Comparisons between clinic and non-clinic cases

The incident MS cases that were seen at a BCMS clinic (‘clinic’) were compared with incident
cases that had never attended a BCMS clinic (‘non-clinic’) during the study period. Demographic
comparisons were made by sex, year, age and quintile of neighbourhood SES at the index date.
Dispensation of at least one prescription for a DMT, including IFNβ-1b (Betaseron®), IFNβ-1a
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(Avonex® and Rebif®), glatiramer acetate (Copaxone®), or natalizumab (Tysabri®), at any time
during follow-up was compared, as was the average time to reach the case definition (3rd claim for
patients with < 3 years of follow-up, or 7th claim for those with > 3 years of follow-up), the number
of distinct all-cause hospitalizations and the number of physician visits during follow-up. We
performed an additional analysis in which pregnancy-related hospitalization claims were excluded
on the basis that they are not representative of a medical illness, unlike other hospitalizations.
Hospitalizations specifically for MS (as the primary diagnosis, or listed anywhere on the discharge
report) were also compared. We examined the presence of specific comorbidities in the 8 years
surrounding the index date (4 years prior and 4 years post). Comorbidities were selected based on
their high prevalence among people with MS and the availability of validated algorithms to identify
them using health administrative data in MS populations.141,156,159 The following comorbidities were
identified by validated algorithms141,156,159 based on ICD-9/10 diagnostic codes from physician
billings and hospital admissions (see Appendix A; Table A.4) and compared between the clinic and
non-clinic cases: hypertension, hyperlipidemia, diabetes, chronic lung disease, migraine, and mood
or anxiety disorders. Finally, the total number of distinct prescription medication classes dispensed
in the year following the index date was compared between the clinic and non-clinic cases as a
complementary and more global measure of comorbidity. A similar measure was shown to be the
best predictor of future physician visits, and health care expenditures relative to 5 other measures of
comorbidity in a cohort of older adults in BC.177 The DINs were used to group medications
according to the World Health Organization Anatomic Therapeutic Chemical (WHO-ATC)155
classification system; the second level (main therapeutic group) was used to define unique drug
classes.
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6.2.4

Statistical analysis

Comparisons between clinic cases and the non-clinic cases were assessed using the Pearson’s chisquared test for categorical variables, and the Student’s t-test or Wilcoxon rank sum test for
continuous variables. The number of hospitalizations and physician visits during follow-up were
analyzed using negative binomial regression with findings reported as incidence rate ratios with
95% confidence intervals. To account for the differences in follow-up time, the logarithm of the
follow-up time was included as an offset. The presence of each of the comorbidities of interest
during the 8 years surrounding the index date (4 years before and 4 years after) was compared
between clinic and non-clinic cases using logistic regression. All cases had full data for the four
years prior to the index date, but those with less than 4 years of follow-up after the index date were
excluded from the comorbidity comparisons. As a sensitivity analysis, the potential influence of
excluding these cases with insufficient follow-up was assessed by restricting the comparison of
comorbidities to the 4 year time period prior to the index date. Findings were reported as odds
ratios (ORs) with 95% confidence intervals. The count of distinct medication classes dispensed in
the year following the index date was compared between the two groups using Poisson regression,
with findings reported as rate ratios. All models were adjusted for age (continuous), sex, and index
year (continuous). Analyses were performed using SAS Statistical Software Package 9.4 (SAS
Institute Inc., Cary, NC).
All linkages were facilitated by Population Data BC. BC Ministry of Health and Data Stewardship
Committee approved access to administrative health data. Cell sizes <5 were suppressed to protect
the confidentiality of the participants.
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6.3

Results

There were 2,841 incident MS cases in British Columbia between 1996 and 2004; these included
1,648 clinic cases (58%) and 1,193 non-clinic cases (42%). The clinic cases represented 58% to
66% of the total for each year between 1996 and 2003, dropping to 38% in the final year (2004).
The proportion of men and women, and distribution across the SES quintiles did not differ between
the clinic and non-clinic groups. Although the clinic incident cases reached the administrative case
criterion within a similar time period compared with the non-clinic incident cases, the clinic cases
were approximately 5 years younger at the time of their incident claim (41 v. 46 years old). Nearly
half of the clinic cases had received a prescription for a DMT (51%) at some point during followup; not unexpectedly, this proportion was significantly greater than that seen with the non-clinic
cases (1%). The characteristics of the clinic and non-clinic cases are shown in Table 6.1.
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Incident cases (1996-2004)
Sex

Females
Males
Prescription filled for an MS
disease-modifying drug at any
time during follow-up
SES quintilec
1 (Low)
2
3
4
5 (High)
Age at incident claim in years
Median (1st, 3rd quartile)
Index year

1996
1997
1998
1999
2000
2001
2002
2003
2004

MS cases (n = 2,841)
Clinic cases
Non-clinic
n=1,648
cases
p-value
n=1,193
a
1,242 (75%)
878 (74%)
0.31
406 (25%)
315 (26%)
a
847 (51%)
13 (1%)
<0.001

277 (17%)
286 (18%)
347 (22%)
342 (21%)
359 (22%)

209 (18%)
226 (20%)
257 (22%)
236 (20%)
226 (20%)

a

41.1
(33.4, 47.9)
169 (10%)
212 (13%)
184 (11%)
196 (12%)
205 (13%)
207 (12%)
191 (12%)
175 (11%)
109 (7%)
1.55
(0.73; 2.99)

45.8
(37.7, 54.9)
116 (10%)
111 (9%)
131 (11%)
147 (12%)
126 (11%)
134 (11%)
122 (10%)
121 (10%)
185 (16%)
1.65
(0.62; 3.75)

b

a

0.38

<0.001

<0.001

b
0.28
Time to meet case definition
(yrs)d
Median (1st quartile; 3rd quartile)
Available follow-up time from
b
8.3 (6.3; 8.4)
7.3 (4.7; 9.9)
<0.001
index date
st
rd
Median (1 quartile; 3 quartile)
Table 6.1 Characteristics of the MS clinic and the non-clinic cases.
a
Pearson’s Chi-squared test; bWilcoxon rank sum test; c SES quintile; as measured at the index
date; missing for 78 cases;d Beginning of time period to meet case definition measured at index
date.

The non-clinic cases had higher rates of hospitalizations (all-cause, either with or without
pregnancy-related admissions); however, when the analysis was limited to hospitalizations in which
the primary diagnosis was specifically for MS, the non-clinic group had lower rates (see Table 6.2).
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The same pattern emerged for physician visits, in which non-clinic cases had higher rates of
physician services use in general, but significantly lower rates specifically coded as MS (see Table
6.2).

Incidence Rate Ratio
(95%CI)
2.05 (1.85 – 2.28)

a

Adjusted Incidence
Rate Ratio (95%CI)
1.73 (1.55 – 1.92)

Hospitalizations (all cause; excluding
pregnancy)
Hospitalizations (all-cause; including 1.97 (1.78 – 2.17)
1.72 (1.56– 1.90)
pregnancy)
Hospitalizations (MS- as primary
0.67 (0.52 – 0.89)
0.65 (0.49 – 0.86)
diagnosis)
Hospitalizations (MS-reported
0.90 (0.76 – 1.08)
0.83 (0.67 – 0.96)
anywhere on the discharge report)
Physician Visits (all cause)
1.24 (1.18 – 1.30)
1.14 (1.08 – 1.20)
Physician Visits (MS-specific)
0.49 (0.46 – 0.52)
0.43 (0.41 – 0.46)
Table 6.2 Comparison of health services utilization between MS clinic and non-clinic cases.
Reference group is the MS clinic group; rate ratios > 1 indicate a higher rate for non-clinic cases
relative to clinic cases. aAdjusted for sex, age and index year.

We also found differences in comorbidities among the 2,650 patients (1,600 clinic cases and 1,050
non-clinic cases) with sufficient follow-up for this comparison (i.e. four years prior to and four
years following their index date). After adjustment for age, sex, and index year, the non-clinic cases
had higher odds for meeting each of the definitions of hypertension, chronic lung disease, diabetes,
and mood or anxiety disorder at some point during the 8 years surrounding the index date (see Table
6.3), but the odds of hyperlipidemia did not differ significantly between the two groups (see Table
6.3). These findings were no different when the period for comorbidity measurement was restricted
to the 4 years prior to the index date, with inclusion of all cases (data not shown). The non-clinic
group had higher rates of comorbidity in general, as measured by the number of distinct prescription
medication classes dispensed in the year following the index date (see Table 6.3).
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Specific Comorbidity

Odds Ratio (95% CI)

Chronic Lung Disease
Hyperlipidemia
Hypertension
Diabetes
Migraine
Mood or Anxiety Disorder
General Comorbidity

1.70 (1.30 – 2.21)
1.45 (1.03– 2.03)
1.95 (1.57 – 2.44)
1.82 (1.39 – 2.39)
1.21 (0.99 – 1.50)
1.24 (1.06 – 1.45)
Rate Ratio (95% CI)

a

Adjusted Odds Ratio
(95% CI)
1.66 (1.27 – 2.19)
0.98 (0.68 – 1.40)
1.41 (1.11 - 1.78)
1.58 (1.19 – 2.10)
1.34 (1.08 – 1.67)
1.25 (1.06 – 1.48)
a
Adjusted Rate Ratio
(95% CI)
1.08 (1.02– 1.15)

Number of prescription
1.17 (1.10 – 1.24)
classes dispensed in year
following index date
Table 6.3 Comparison of comorbidity between MS clinic and non-clinic cases.
Reference group is the MS clinic group; odds ratio or rate ratio > 1 indicate higher odds for the nonclinic cases relative to the clinic cases. aAdjusted for sex, age and index year.

6.4

Discussion

We compared the characteristics of individuals with definite MS who registered at an MS Clinic and
individuals who met an administrative definition of MS and had not registered at an MS Clinic in
British Columbia, Canada and identified several differences. People with MS who did not register at
an MS clinic were older, accessed health services more frequently, and had a higher risk of
comorbidity than those registered with an MS clinic. In addition, while the groups were comparable
in their sex distribution and socioeconomic status, only 1% of the non-clinic patients had filled a
prescription for an MS-specific DMT.
Our findings have several important implications: i) even within a publicly funded healthcare
system, a high number of individuals with MS may not access an MS specialty clinic and may be
managed in the community; ii) the needs of MS patients managed in the community may differ
from those referred to an MS clinic, including management of comorbidity; iii) depending on the
research question, studies that use clinic-based MS cohorts may not be generalizable to those that do
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not seek MS specialist care; iv) access to total population-based health administrative data offers the
opportunity to gain a broader understanding of MS.
Using the validated administrative algorithm we estimate that approximately 60% of people who
were newly diagnosed with MS (i.e. incident cases) and living in BC between 1996 and 2004 were
registered at one of the four specialty MS clinics in the province. In BC, MS clinics are part of the
universal health program, and offer comprehensive care to people living with MS, including MS
specialist neurologists and nurses, neuro-ophthalmologists, physiotherapists, psychiatrists, and
social workers. To attend a specialty MS clinic one must be referred by a physician. Importantly,
these clinics are the only resource for DMT prescriptions under the BC government’s
reimbursement scheme; consequently, only 1% of the non-clinic cases were prescribed a DMT
during the study period. While prescribing patterns and drug reimbursement policies vary between
jurisdictions, our findings may indicate that the population-based rates of DMT use, as reported in
other studies (i.e. outside of BC), might be lower than previously thought.1,178,179
The only other study, to our knowledge, that has compared a group of MS cases that had attended
an MS clinic to a group that had not, was based in Lorraine, France and focused on demographic
and disease characteristics.84 Similar to our findings, they found no differences in the sex
distribution, but an older age at onset in the non-clinic cases. We could not capture age at MS
symptom onset from the administrative data, but the age at first demyelinating claim was 5 years
older on average in the non-clinic group. It is possible that the non-clinic cases were older at MS
symptom onset, but it is also possible that the findings indicate a delay in the medical recognition of
MS.14,166,175,180 As the non-clinic cases were more likely to have comorbidity, it is conceivable that
their early MS symptoms were not noticed or misattributed to a comorbid condition, thereby
contributing to a delayed diagnosis.166 It is not possible to tell whether these individuals were less
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likely to be referred to an MS clinic or if they actively chose not to attend, however it may represent
a missed opportunity to offer treatment (pharmacological or non-pharmacological). It is also
conceivable that having benign disease which did not require treatment, or progressive disease for
which there were no treatments, may have precluded one from attending an MS clinic.
This is the first study that we are aware of to compare comorbidities and health services utilization
between clinic and non-clinic MS cases. The non-clinic MS cases were burdened with more
comorbidities than the MS clinic cases, even after accounting for the age difference. They were
more likely to have hypertension, diabetes, chronic lung disease, migraine, or a mood or anxiety
disorder around the index date as well as a higher burden of global comorbidity, based on
prescriptions filled. The importance of comorbidities in chronic diseases, such as MS, has been
recently highlighted.141,159,181 Emerging work indicates that comorbidity is associated with a
delayed MS diagnosis, and a higher level of disability at diagnosis.166 Our results suggest that
patients who accessed a specialty MS clinic had less comorbidity; thus, estimates from a clinicbased sample may underestimate the true burden of comorbidity in MS. This emphasizes the
importance of broader population-based estimates141 that are derived from both MS clinic and nonclinic users.
Health services utilizations in the non-clinic group for all-cause hospitalizations and physician visits
were higher than in the clinic group, and these were independent of age. In contrast to this, we
observed that the clinic patients had a higher rate of physician visits and hospitalizations specifically
for MS. While the former is not unexpected in a group of patients accessing an MS clinic, the
reason for their higher rate of hospitalizations for MS is less obvious. It is possible that the MS
clinic cases generally have more active disease (e.g. more frequent relapses)11 for which they were
more likely to seek care and perhaps require hospitalization.
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Study limitations included an inability to access and compare MS-specific clinical features across
the MS clinic and non-clinic patients, such as disease course (i.e. relapsing-onset or primaryprogressive) or relapse frequency. We did not have sufficient information on a person’s place of
residence in order to estimate how far they reside from an MS clinic, which likely influences
whether they attend. Study strengths included a large cohort of 2,841 cases, comprising all incident
MS patients in the province of British Columbia over a 9 year incidence period. Our study also
captured longitudinal data, with 18 years of follow-up, and access to extensive population-based
administrative health data linked to a province-wide MS clinical database. Furthermore, the incident
MS cases and the specific comorbidities were identified using algorithms that were tested and
validated in Canadian MS cohorts.175,176
The MS algorithm was estimated to have a sensitivity of 88% and a specificity of 68% (with a
confirmed diagnosis of MS by a MS specialist neurologist as the gold standard) among all
individuals in Nova Scotia, Canada with at least one demyelinating disease claim.176 Specificity (or
avoidance of false positives) would naturally increase considerably among the general population,
for whom the vast majority have never had a demyelinating claim. For example, using a similar 7
claim definition in the Canadian province of Ontario yielded an estimated specificity of 100%.182
Nonetheless, it is possible, that inclusion of a small number of false positive cases in the non-clinic
group may have contributed to some of the differences observed, although this would unlikely be
high enough to influence interpretation of findings. No false positive MS cases would have been
included in the MS clinic group because all included cases had been diagnosed with definite MS by
a specialist MS neurologist using the most current internationally recognised criteria; 1,648 of 1,735
clinically confirmed MS cases were correctly identified by the algorithm which indicates that the
algorithm has very high sensitivity in the BC MS population. The 87 cases that were not identified
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by the algorithm were more likely to have had their incident claim in 2004, and therefore had less
follow-up time, or opportunity to meet the administrative case definition, and, not unexpectedly, had
fewer claims within the 4 years after their index date compared with people that met the definition.
The BC clinical database was broadly representative of new cases of MS in the province of BC, in
that it captured the majority of incident MS cases, and the sex distribution and socioeconomic status
were comparable to the wider MS population. Importantly, nearly all of the patients that received a
DMT were captured by the BCMS database, which allows for comprehensive monitoring of the
long-term safety and effectiveness of these drugs. Our results indicate that people who attended MS
clinics were younger at their first MS-related claim, suggesting an earlier age at first medical
recognition of their MS. Studies of clinic populations have been enormously valuable in developing
therapies, understanding the natural history of MS, and generally advancing our knowledge of this
complex disease; however, the MS community should remain mindful that a broader MS population
exists and may differ in both subtle and important ways to those assessed in MS specialty clinics.
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Chapter 7: Conclusions
7.1

Summary of findings

The long-term goal of this dissertation is to contribute to the broader understanding of the impact of
mental health and health behaviours in MS. Much of the previous research in this area has focused
on estimating the rates of depression in the MS population, with less dedicated to the study of other
psychiatric conditions or health behaviours.28 Even fewer studies have examined the relationships
between mental health, health behaviors, and MS. Those that did tended to focus on single factors,
and were typically cross-sectional in design, creating challenges when attempting to establish a
broader understanding of these relationships.39,108,167,183 This dissertation represents one of the first
multifactorial, longitudinal assessments of these associations.
Studies presented in Chapters 2, 3, and 5 support previous findings of a high prevalence of
psychiatric disorders in MS. Using a self-reported psychometric scale, more than half of the
longitudinal cross-Canada cohort of prevalent MS patients met criteria for anxiety, while over a
third met criteria for depression over two years (Chapters 2 & 3).135,184 Nearly half of incident MS
cases (followed for an average of nine years) met the case definition for depression, and nearly a
quarter met the definition for anxiety using administrative data (Chapter 5). Individuals seen outside
of the MS clinic setting had even higher odds of having a mood or anxiety disorder, relative to clinic
users (Chapter 6).185
Alcohol dependence and smoking were associated with both anxiety and depression (Chapter 2);
however, smoking had no measurable association with the subsequent risk of incident depression or
anxiety. A history of alcohol dependence was associated with a higher risk of developing
depression, and pre-existing depression increased the risk for incident alcohol dependence,
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suggesting a bidirectional relationship (Chapter 2).135 Nearly one-quarter of participants in this
cohort were not adherent to their injectable DMT (defined as taking less than 80% of their expected
doses) and over half missed at least one dose during the study period (Chapter 3). Contrary to our
hypothesis, we found no altered risk of non-adherence among persons with depression or anxiety.
Alcohol dependence, perceived functional cognitive difficulties, longer disease duration, and mild
disability status were associated with non-adherence.184 To estimate the validity of the self-reported
adherence measure used in Chapter 3, we compared these reports to pharmacy records of
prescriptions dispensed in British Columbia. Patients were able to accurately report whether they
were on a DMT, and which brand of medication they were taking, as expected (Chapter 4). Those
who identified as non-adherent were highly likely to also exhibit non-adherence over the previous
year, and be at risk of future non-adherence (Chapter 4). The sensitivity of self-reported missed
doses was lower than hypothesized. Assuming that the pharmacy records are a more precise
measure than self-report, this suggests that individuals who reported high adherence, may still be ‘at
risk’ for non-adherence. Based on both definitions, adherence rates were suboptimal; more than 1 in
10 (13%) participants were non-adherent based on the 30-days self-report and over 4 in 10 (43%)
were non-adherent over the subsequent year based on pharmacy records.
Using linked clinical and province-wide health administrative data, we found that the presence of a
mood or anxiety disorder significantly increased subsequent neurologic disability over an average of
nine years (Chapter 5). Depression was the strongest predictor of a worsened progression, and the
association was stronger in women than men.
Last, we estimated how clinic patients, who were the focus of this dissertation, compared to the
wider population of persons with MS, who do not attend clinic. We found that over 40% of incident
onset individuals with MS in British Columbia did not attend an MS clinic. Sex and socioeconomic
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status distributions were similar, but non-users of the MS clinics were older and had higher rates of
comorbidity than the clinic population (Chapter 6).185
7.2

Integration of findings

The relationships between MS, mental health, health behaviours, adherence to medications, and
disability are represented in Figure 7.1. This framework characterizes the potential roles of mental
health and health behaviours in MS based on evidence contained in this dissertation, and findings
from previous observational research.
The rate of disability worsening varies substantially from person to person, but it is considered a
persistent, inevitable process for most persons with MS. Few factors have been established as
mediators of long-term disability progression.8 The study reported in Chapter 5 suggested that
mental health may lead to disability worsening, but we cannot rule out the possibility of a
bidirectional relationship (3↔1, Figure 7.1). While psychosocial factors which lead to maladaptive
coping strategies may be responsible, in part, for this relationship,186 a biological connection is also
possible. Patterns of CNS lesions and cerebral atrophy have been associated with depression in MS
patients.187,188 The relationship between smoking and disability worsening has been systematically
reviewed outside of this dissertation with best evidence suggesting that one leads to the other in MS
(2→1, Figure 7.1).42 A number of biological mechanisms have been postulated to explain how
smoking increases MS risk and disability, most of which have focused on the detrimental effects of
smoking on the immune response104 and the CNS.41 Alcohol may have a protective effect against
long-term disability, but this cross-sectional study requires replication.183
The influence of adherence to MS DMTs on disability has typically focused on relapses or
hospitalizations, both of which are increased following non-adherence.62 We found that persons
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with mild disability were more likely to be non-adherent than those with moderate disability, but
cannot be certain of the direction of this relationship (1↔4, Figure 7.1). It’s conceivable that people
who are experiencing less serious disease might feel less motivated to take their medication.
Findings outlined in Chapter 3 did not support the relationship between mental health and adherence
to DMTs; however, previous research has suggested an association between depression and missed
doses in MS (3→4, Figure 7.1).66,136 Depression appears to increase the likelihood of treatment
discontinuation,137 which could, in part, explain our null findings. Depressed patients may have
discontinued therapy prior to our study start date, and therefore have been excluded from the
analysis. Similar to previous research,60 we found that alcohol dependence, but not smoking, was
associated with a significantly increased risk of non-adherence to MS DMTs (2→4, Figure 7.1). To
the best of my knowledge, specific mechanisms that explain this link have not been identified. A
potential pathway is that each of these behaviours reflects a general process of maladaptive coping.
Mental health and health behaviours were found to influence one another in a bidirectional fashion.
Depression increased the risk of alcohol dependence, and alcohol dependence increased the risk of
depression (2↔3, Figure 7.1). While smoking was associated with both depression and anxiety, it
did not increase the risk of incident mental health conditions (2↔3, Figure 7.1). Smoking and
alcohol use may be a means of self-medication, which produce a short-term alleviation of
psychiatric symptoms, but then induce longer-term increases in depression and anxiety in a cyclical
fashion.
These relationships were based on an MS clinic population. Chapter 6 suggested that the wider MS
population has a similar sex and socioeconomic status distribution, but that these patients were older
at first medical recognition of MS, and may have even higher rates of mood and anxiety disorders
than the MS clinic population. Whether the relationships revealed in Chapters 2 and 5, which
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focused on mood and anxiety disorders, would be applicable to the wider MS population is
challenging to estimate without detailed information from these individuals. Chapters 3 and 4
focused exclusively on DMT users, virtually all of whom (98%) were in the BCMS database, so we
expect that these relationships are applicable to DMT users in general.

Figure 7.1 Schematic depiction of the potential relationships between MS, mental health, and health
behaviours.
Red arrows represent relationships inferred from the studies in this dissertation. Black arrows
represent associations that were based on evidence from the wider literature. The dotted arrow
indicates areas of uncertainty, with study findings differing across available publications. Numbers
are used to reference this diagram within the text of section 7.2.

7.3

Strengths and limitations

Methodological strengths of this dissertation include the longitudinal design, large samples, use of
comprehensive, population-based data sources, and the focus on clinically-relevant issues.
Advantages of using linked health administrative databases include: the minimal burden on patients;
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confidentiality of patient information; and the longitudinal, population-based nature of the data.189
Further, the definitions used to ascertain cases of MS and comorbid conditions were validated for
use in Canada.156,159,175,176
Three major sources of bias in epidemiological studies, broadly categorized as selection bias,
information bias, and confounding, have been mitigated where possible. Selection bias can be
thought of as a misrepresentation of effects resulting from a biased selection of study subjects.100
The outcomes were not established during data collection in the studies included in Chapters 5 and
6, thereby minimizing this potential bias. Consecutive sampling was employed in the cross-Canada
longitudinal cohort study (Chapters 2 – 4), which is considered to have the best validity of the nonrandom sampling techniques.190 The response rate was high: of all eligible participants, 83% agreed
to participate. Multiple outcomes were collected through this study, and participants were informed
that they would be asked to complete a series of questionnaires related to comorbidity and quality of
life. It is therefore unlikely that participation status would be influenced by the outcomes contained
in this dissertation. Selection bias can occur during the implementation of a study as well, in terms
of attrition (withdrawal or loss to follow-up) rates which disproportionately affect one group of
participants. By the end of two years, 93% of this cohort had complete follow-up. A threshold of
60% has been reported as an acceptable rate of follow-up to minimize bias.191
Information bias arises due to measurement error, or misclassification. All participants included in
Chapters 2 through 5 had a neurologist-confirmed diagnosis of MS, thereby eliminating the
possibility of misclassification of MS. Cases of MS were identified in Chapter 6 by a validated
algorithm of hospital and physician diagnostic codes specific for MS.175,176 The MS algorithm was
estimated to have a sensitivity of 88% and a specificity of 68% (with a confirmed diagnosis of MS
by a MS specialist neurologist as the gold standard) among all individuals in Nova Scotia, Canada
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with at least one demyelinating disease claim.176 Within our cohort, 95% of clinically confirmed MS
cases were correctly identified by the algorithm, which indicates that it has a high sensitivity in the
BC MS population. Nevertheless, it is possible that false positive cases may have been included in
the non-clinic group, which may have contributed to some of the differences observed. We do not
expect that this number would have been high enough to influence interpretation of findings.
The algorithms used to identify comorbidities were also validated in the MS population, and tended
to have modest sensitivity and high specificity. The imperfect sensitivity may have led to the
misclassification of comorbidity in Chapters 5 and 6. Clinic and non-clinic users would have been
equally affected by this misclassification in Chapter 6, thus creating a non-differential
misclassification. This form of misclassification typically results in a bias toward the null.100 The
algorithm used to define the presence of a mood or anxiety disorder was estimated to have a
sensitivity of 63% and a specificity of 87%, when compared to medical chart review in Manitoba,
Canada.156 This suboptimal sensitivity suggests that we likely misclassified some individuals who
had a mood or anxiety disorder as being free of such disorders. As such, we may have
underestimated the true number of affected persons, and our estimate of the relationship between
psychiatric comorbidity and disability progression may have been diluted. Further, we only
identified medically-recognized psychiatric comorbidities. Not all persons with MS and comorbid
psychiatric conditions receive medical attention for these conditions. In fact, in the longitudinal
cross-Canada cohort, one-third of individuals with symptoms of depression and two-thirds with
symptoms of anxiety had not received a diagnosis for these conditions.192
We minimized misclassification by using validated questionnaires when possible. The thresholds
used in the Hospital and Anxiety Depression Scale had a sensitivity of 90% and a specificity of
87.3% as compared to major depression defined by the Structured Clinical Interview in the DSM-IV
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in a Canadian clinic setting.32 The CAGE questionnaire is a validated screening tool for alcohol
dependence,193 as were the questions regarding smoking status in the self-reported questionnaires
completed by the cross-Canada longitudinal cohort.107
Data gathered from clinical and administrative sources was done so prospectively, and without
specific knowledge of our a priori research question, so were not susceptible to recall or reporting
bias. There is a potential for both of these forms of bias in the questionnaire-based studies (Chapters
2 and 3). Questions regarding smoking history, alcohol dependence, and adherence to medication all
rely on a patient’s accurate recollection of these behaviours. Smoking status has been studied over
time in MS and found to be reliable, especially in terms of identifying as a current, ever- or neversmoker, as we did in our study.194 The CAGE questionnaire addresses alcohol dependence, as
opposed to the amount of alcohol consumed over a specific timeframe. Considering the severity of
the syndrome, it is unlikely that a person would not recall experiencing alcohol dependence. Finally,
when assessing self-reported missed doses, the recall period of 30 days used has been shown to
reduce the ceiling effects relative to shorter time periods, and minimize recall bias relative to longer
periods.139
Reporting bias refers to the selective revealing or suppression of information by research
participants. Self-reported alcohol use123 and adherence to medication148 are particularly susceptible
to this form of bias. To mitigate this, participants were approached by a research assistant, as
opposed to their treating neurologist (i.e., the primary prescriber of MS DMTs). It is possible that
people have differing perspectives on what constitutes problem drinking, and some people may
have been misclassified for this reason. Self-reported medication adherence is particularly
vulnerable to social desirability bias. Our findings in Chapter 4 suggest that people were optimistic
and potentially over-reported their ability to adhere to medication, relative to the more object
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estimates from pharmacy records. We found that persons who reported alcohol dependence were
more likely to be non-adherent. This finding may relate, in part, to a reporting bias in which
individuals that are more likely to ‘honestly’ report alcohol dependence, may also be more likely to
report missing doses of their medication. Self-reported smoking status is potentially less susceptible
to these biases; previous work has shown a high agreement between self-reported smoking and
serum cotinine levels, an objective measure of smoking exposure.195 A similar biomarker is not
readily suitable for alcohol use.
Confounding occurs when a non-causal association between two variables arises as a result of a
third variable. We controlled for known confounders when possible, but residual confounding may
have biased our results. This could have resulted from the unavailability of information on potential
confounders in our dataset (for instance, we did not have information on smoking status for
Chapters 5 and 6), or imprecise measures of potential confounding factors, such as socioeconomic
status, which was measured as neighbourhood-level income.
Findings from Chapter 6 emphasized that studies which include MS clinic-based patients may not
be generalizable to individuals that do not seek MS specialist care. An important finding was that
the odds of having a mood or anxiety disorder were 25% higher among non-users of the MS clinics.
At a population-level, our estimates may have underestimated the true burden of this comorbidity,
based on clinic samples (Chapters 2 through 5).
7.4

Clinical significance and implications

Our findings have several important clinical implications. First, the proportion of MS patients who
experience depression and anxiety was high, even at early stages in the disease. Neurologists and
primary care providers should be aware of the high risk of depression and anxiety among MS
103

patients. Having a psychiatric comorbidity was associated with alcohol dependence, smoking, and
worsening in MS disability outcomes.
A high proportion of patients were not adherent to their MS disease-modifying therapy. The first
step toward improving adherence involves identifying whether patients are adherent to their
medication or not. We found that a simple question regarding missed doses over 30 days was highly
specific when compared to a more objective measure of longer-term adherence. The sensitivity of
this question was suboptimal, such that persons who self-reported ‘good’ adherence, may still be at
risk of longer-term non-adherence (based on the more objective measure of dispensed
prescriptions).
No single intervention can improve adherence for all patients. Healthcare professionals may wish to
work closely with patients to tailor an individualized approach which addresses specific barriers to
adherence. Based on our findings, clinicians should be particularly aware of the possibility of nonadherence among patients with a longer disease duration, mild MS disability, alcohol dependence,
and cognitive difficulties. Non-adherence was a persistent pattern in our cohort – the strongest risk
factor for future non-adherence was a history of non-adherence, which highlights the importance of
continually assessing prior ability to adhere to a drug.
Instead of advocating for a paternalistic approach, I would argue that the healthcare provider should
endeavour to provide education and open communication, allowing for patient engagement in their
own health strategies.50 Patients have better health outcomes when they are actively involved in
their own healthcare.196
The high proportion of persons affected by and consequences of psychiatric comorbidity noted in
this dissertation support the use of a screening tool for such conditions, which could be incorporated
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into routine care within the MS clinic, which has been recommended by the Goldman Consensus
Group.65 A simple two-question screen has been validated in the MS population, with a sensitivity
of 99% and specificity of 87%, when compared to major depressive disorder defined by the
Structured Clinical Interview for the DSM-IV.31 The utility of screening for depression or anxiety
depends on the availability and effectiveness of appropriate treatment for such disorders. Until
clinics can support persons with comorbid psychiatric disorders in an effective manner, then
screening for such disorders would be impractical. It is perhaps in part for this reason, that empirical
studies of the efficacy of screening for depression (in primary care) have not convincingly shown
that it improves health outcomes.197
A systematic review reported that pharmacological and psychological treatments for depression are
effective in the MS population.198 In the absence of treatment, symptoms of depression are likely to
worsen in MS,199 suggesting that proactive treatment is an appropriate strategy.
7.5

Knowledge translation

The theme of this dissertation arose from observations I made as a research coordinator for the
University of British Columbia MS Clinical Trials group (2009-2011). I noted the pervasive nature
of psychiatric disorders; the significant gaps in our understanding of the wider impact of these
disorders; and the limited mental health services available to patients seen both in the MS clinic and
wider community.
Through a series of quantitative epidemiological studies, I have provided empirical evidence of the
impact of mental health and health behaviours. I felt that in order to effect change, this work should
be disseminated beyond the traditional reporting in scientific journals. As such, I have composed a
briefing note to be distributed to policymakers and key stakeholders within the British Columbia,
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Manitoba, and Nova Scotia Ministries of Health, and the MS Society of Canada. This note
summarizes findings from this dissertation, as well as broader findings related to mental health and
health behaviours from the cross-Canada collaboration, the Epidemiology and Impact of
Comorbidities in MS, led by Dr. Ruth Ann Marrie (Appendix D). It underscores the consequences
of psychiatric comorbidity in MS, which include reduced quality of life, increased pain and fatigue,
disability worsening, and mortality. Ultimately, we hope that it will be used to support the case for
improved mental health services for persons living with MS in Canada and for more resources to be
dedicated to research into this important area.
7.6

Conclusions and future directions

This dissertation contributes to the wider discourse on the potential consequences of mental health
and health behaviours in persons with MS. MS is an unpredictable and complex disease with
considerable variability in outcomes. Through a series of province and nation-wide studies, we
found that psychiatric conditions and adverse health behaviours were common in MS, and may
explain some of the heterogeneity in health outcomes. Psychiatric comorbidities were associated
with alcohol dependence, smoking, and worsening in MS disability. Adherence rates to medication
were suboptimal, and associated with alcohol dependence and a history of poor adherence. A
substantial portion of persons with MS do not access MS specialty clinics; these patients were older
and had more comorbidities than the MS clinic users.
This dissertation has laid the foundation for further research into these areas. Firstly, confirmation
of these associations using alternative data sources or definitions should be attempted. For instance,
future studies should confirm and expand the findings surrounding the association between
psychiatric comorbidities and disability worsening. Improvements could include a more sensitive
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definition of psychiatric comorbidity. Second, we focused predominantly on disability worsening,
but there are other important outcomes to persons with MS, including cognition, educational
achievements, and employment. The influence of mental health on these areas could be explored.
Third, future studies should determine whether interventions which effectively treat or prevent
psychiatric comorbidities could positively impact other health outcomes in MS. Ideally, effective
prevention or treatment of psychiatric conditions and reduction of adverse health behaviours should
be integrated into standard MS care.
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Appendices
Appendix A Supplementary Figures and Tables
Expanded Disability
Status Scale (EDSS)
Score
0
1.0
1.5
2.0
2.5
3.0

Definition

Normal Neurological Exam
No disability, minimal signs on 1 FS
No disability, minimal signs on 2 of 7 FS
Minimal disability in 1 of 7 FS
Minimal disability in 2 FS
Moderate disability in 1 FS; or mild disability in 3 - 4 FS, though fully
ambulatory
3.5 Fully ambulatory but with moderate disability in 1 FS and mild disability in
1 or 2 FS; or moderate disability in 2 FS; or mild disability in 5 FS
4.0 Fully ambulatory without aid, up and about 12hrs a day despite relatively
severe disability. Able to walk without aid 500 meters
4.5 Fully ambulatory without aid, up and about much of day, able to work a full
day, may otherwise have some limitations of full activity or require minimal
assistance. Relatively severe disability. Able to walk without aid 300 meters
5.0 Ambulatory without aid for about 200 meters. Disability impairs full daily
activities
5.5 Ambulatory for 100 meters, disability precludes full daily activities
6.0 Intermittent or unilateral constant assistance (cane, crutch or brace) required
to walk 100 meters with or without resting
6.5 Constant bilateral support (cane, crutch or braces) required to walk 20 meters
without resting
7.0 Unable to walk beyond 5 meters even with aid, essentially restricted to
wheelchair, wheels self, transfers alone; active in wheelchair about 12 hours
a day
7.5 Unable to take more than a few steps, restricted to wheelchair, may need aid
to transfer; wheels self, but may require motorized chair for full day's
activities
8.0 Essentially restricted to bed, chair, or wheelchair, but may be out of bed
much of day; retains self care functions, generally effective use of arms
8.5 Essentially restricted to bed much of day, some effective use of arms, retains
some self care functions
9.0 Helpless bed patient, can communicate and eat
9.5 Unable to communicate effectively or eat/swallow
10.0 Death due to MS
Table A.1 Definitions of Expanded Disability Status Scale scores.18
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Figure A.1 Schematic of data linkages including health administrative and clinical databases.
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Disease-modifying therapy (route
and frequency)

Expected
number of
doses in 30
days
4

Number of doses required in order to
fulfill the definition of:
‘Adherent’
‘Non-adherent’
(i.e, ≥ 80% of
(i.e, < 80% of
expected doses
expected doses
taken)
taken)
4
<4

Interferon β-1a (intramuscular,
weekly)
15
≥ 12
< 12
Interferon β-1b
(subcutaneous, every other day)
12
≥ 10
< 10
Interferon β-1a (subcutaneous,
three times per week)
30
≥ 24
< 24
Glatiramer acetate
(subcutaneous, daily)
Table A.2 Definitions of adherent and non-adherent based on the medication possession ratio of
80% for the four disease-modifying therapy (DMT) types.
Key: Each number shown in the table represents the number of doses of injectable DMTs during a
30-day period. The ‘expected number’ for each DMT were derived from the relevant product
monograph and represent the full, licensed dosing schedule for each drug.
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Psychiatric
Comorbidity
Mood or anxiety
disorder
(omnibus
definition)

ICD -9 codes

Depression

296.2, 296.3,
F32, F33,
298.0, 300.4, 311 F34

Anxiety
disorders

300.0, 300.2

Bipolar disorder

300.0, 300.2,
296.0, 296.1,
296.04, 296.14,
296.4, 296.44,
296.5, 296.54,
296.6, 296.7,
296.8, 296.2,
296.3, 298.0,
300.4, 50B

ICD-10
codes
F40, F41,
F31, F32,
F33, F34

F40, F41

ATC system
classification codes
N06AA01, N06AA02,
N06AA04, N06AA11,
N06AA12, N06AA17,
N06AA21, N06AB03,
N06AB04, N06AB05,
N06AB06, N06AB08,
N06AB10, N06AF03,
N06AF04, N06AG02,
N06AX06, N06AX11,
N06AX16, N06AX21,
N06AX23, N05BA12,
N05BA06, N05AN01,
N03AF01, N03AG01,
N03AX09
N06AA01, N06AA02,
N06AA04, N06AA11,
N06AA12, N06AA17,
N06AA21, N06AB03,
N06AB04, N06AB05,
N06AB06, N06AB08,
N06AB10, N06AF03,
N06AF04, N06AG02,
N06AX06, N06AX11,
N06AX16, N06AX21,
N06AX23
N05BA12
N05BA06

Algorithm156
≥1 Hospitalization or ≥5
Physician visits or (≥ 1
physician visit and ≥4
prescriptions dispensed)
in 2 years

≥1 Hospitalization or ≥5
Physician visits or (≥ 1
physician visit and ≥7
prescriptions dispensed)
in 2 years

≥1 Hospitalization or ≥2
Physician visits or (≥1
physician visit and ≥2
prescriptions dispensed)
in 2 years
≥1 Hospitalization or ≥3
Physician visits or (≥1
physician visit and ≥3
prescriptions dispensed)
in 2 years

296.0, 296.1,
F31
N05AN01, N03AF01,
296.04, 296.14,
N03AG01, N03AX09
296.4, 296.44,
296.5, 296.54,
296.6, 296.7,
296.8
Table A.3 Diagnosis (ICD-9 and ICD-10) codes and algorithms used to identify psychiatric
comorbidities.

125

Comorbidity
Chronic Lung Disease
Diabetes
Epilepsy
Heart Disease

ICD-9 Code
ICD-10 Code
493, 491, 492, 496 J40, J42, J43, J44,
J45, J46
250
E10, E11, E12,
E13, E14
345
G40, G41
410, 411, 412,
413, 414
272

Algorithm 141,156,159
≥ 1 H or ≥ 2 P in 5 years
≥ 1 H or ≥ 1 P in 3 years
≥ 1 Hospitalization or ≥ 1
Physician visits in 3 years
≥ 1 Hospitalization or ≥ 2
Physician visits in 5 years
≥ 1 H or ≥ 2 P in 4 years

I20, I21, I22, I23,
I24, I25
Hyperlipidemia
E780, E782,
E784, E785
Hypertension
401, 402, 403,
I10, I11, I12, I13, ≥ 1 H or ≥ 2 P in 2 years
404, 405
I15
Migraine
345, 625.4
G43
≥ 1 H or ≥ 2 P in 4 years
Mood or Anxiety
296, 298, 300,
F40, F41, F31,
≥ 1 H or ≥ 5 P in 5 years
Disorder*
311, 50B
F25, F32, F33,
F34
Table A.4 Diagnosis (ICD-9 and ICD-10) codes and algorithms used to identify comorbidities from
administrative data.
* Definition used for Chapter 6 only. Algorithm used in Chapter 5 is outlined in Table A.3.

Demyelinating disease
ICD-9 Code
ICD-10 Code
of the CNS
Multiple Sclerosis
340
G35
Optic Neuritis
377.3
H46
Acute transverse myelitis 341.2
G37
Acute disseminated
323
G36.9
encephalomyelitis
Demyelinating disease of 341.9
G37.8
the CNS, unspecified
Other acute disseminated NA
G36.8
demyelination
Neuromyelitis optica
341.0
G36.0
Table A.5 Diagnosis (ICD-9 and ICD-10) codes used to identify MS and demyelinating diseases of
the CNS from administrative data.
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Appendix B Informed Consent Form
SUBJECT INFORMATION AND CONSENT FORM
The Epidemiology and Impact of Comorbidity on MS in Canada (ECoMS):
Characterization of Comorbidities in MS
Principal Investigator:

Dr. Helen Tremlett, PhD
Department of Medicine (Neurology)
Rm S178 – 2211 Wesbrook Mall
University of British Columbia
Vancouver, BC V6T 2B5 Canada
Email: Tremlett@interchange.ubc.ca
Telephone: 604-822-0759 Fax: 604-822-7131

INTRODUCTION

You are being invited to take part in this research study because you have been identified as a
patient with multiple sclerosis attending the UBC MS Clinic.
YOUR PARTICIPATION IS VOLUNTARY
Your participation is entirely voluntary. Before you decide whether or not to take part in this
study, it is important for you to understand what the research involves. This consent form will
tell you about the study, why the research is being done, what will happen to you during the
study and the possible benefits, risks and discomforts.
If you wish to participate, you will be asked to sign this form. If you do decide to take part in
this study, you are still free to withdraw at any time and without giving any reasons for your
decision.
If you do not wish to participate, you do not have to provide any reason for your decision not to
participate nor will you lose the benefit of any medical care to which you are entitled or are
presently receiving.
WHO IS CONDUCTING THE STUDY?
This study is being conducted by members of the University of British Columbia, Division of
Neurology who are affiliated with the UBC MS Clinic, as part of a larger national multicentre study initiative funded by the Canadian Institutes of Health Research (CIHR).
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BACKGROUND
Multiple Sclerosis (MS) is a chronic neurological disease affecting the nervous system. MS
exemplifies many chronic neurological diseases; it is incurable, affects the brain and spinal cord
and causes substantial morbidity and mortality. Canada has among the highest prevalence of MS
in the world. MS is a physically and mentally disabling disease with vast unexplained variability
in outcomes and adversely affects employment, social relationships and quality of life.
Health related quality of life (HRQoL) refers to the functional impact of a health condition on
physical and mental well being from the perspective of the affected individual. Persons with
MS report lower HRQoL as compared to general and other chronic disease populations with
factors such as age, sex, socioeconomic status, and disability status know to exert effects on
HRQoL in MS. While the presence of a co-existing health condition (i.e. comorbidity) is known
to be associated with reduced HRQoL in other chronic disease, little is known about its impact
in MS. Identifying potentially modifiable comorbidities which affect HRQoL can create an
avenue for improving HRQoL as many of the comorbidities we will evaluate can be managed
successfully.
WHAT IS THE PURPOSE OF THE STUDY?
The purpose of this study is to determine how comorbidity affects health-related quality of life
(HRQoL) in MS.
WHO CAN PARTICIPATE IN THE STUDY?
BC-resident patients identified to have definite MS and are 18 years or older will be invited to
participate. Patients must be able to provide informed consent, as well as have adequate
knowledge of the English language so as to complete the questionnaires administered for this
study.
WHO SHOULD NOT PARTICIPATE IN THE STUDY?
Patients unable or unwilling to commit to completing questionnaires at yearly intervals over
three years will be ineligible to participate in this study.
WHAT DOES THE STUDY INVOLVE?
This study is a national multi-centre study taking place in various MS Clinics in Canada. The
University of British Columbia site will conduct the study at the UBC MS Clinic located at the
UBC Hospital in Vancouver. If you agree to participate, you will be asked to fill out a
questionnaire. You will fill out the questionnaire at the UBC MS Clinic during your usual clinic
visit. It will take about 15-20 minutes to complete and will include questions about your quality
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of life, fatigue, medical history, use of alcohol and mood. You will be asked to fill out the
questionnaire again in 12 months, and again in 24 months when you are here for your usual
clinic visits. If you cannot attend those clinic visits we will mail you the questionnaire to
complete at home. Participation in the study will end when you finish the third
questionnaire.
We will review your medical records to learn more about your MS, MS-related treatment
and your other health conditions.
We are also seeking your permission to combine (link) the information collected from your
questionnaires to information collected by BC Ministry of Health (administrative data) at a
later date. Administrative data includes information on such things as hospitalizations,
hospital visits, physician visits and medication use related to MS and co-existing health
conditions.

WHAT ARE MY RESPONSIBILITIES?
If you choose to participate in this study, you will be asked to complete an initial
questionnaire at the time of your annual clinic visit as a baseline. After 12 months, you will
be asked to fill out the questionnaire again, as well as after 24 months. For your convenience,
the questionnaire can be completed at each of your annual clinic visits; however, if you are
unable to attend your clinic visit, we will mail you the questionnaires to complete at home.

WHAT ARE THE POSSIBLE HARMS AND SIDE EFFECTS OF PARTICIPATING?
There are no physical risks associated with this study. There is, however, the potential risk of
loss of confidentiality. Every possible effort will be made to keep your information
confidential, however, absolute confidentiality cannot be guaranteed. Some of the questions
we ask you as part of this study may make you feel uncomfortable. You may refuse to answer
any of the questions and you may take a break at any time during the study. You may stop
your participation in this study at any time.
WHAT ARE THE BENEFITS OF PARTICIPATING IN THIS STUDY?
There are no direct benefits to you from participating in this study. We hope the information
learned from this study will benefit other people with multiple sclerosis in the future.

WHAT HAPPENS IF I DECIDE TO WITHDRAW MY CONSENT TO PARTICIPATE?
Your participation in this research is entirely voluntary. You may withdraw at any time. If
you decide to enter the study and to withdraw at any time in the future, there will be no
penalty or loss of benefits to which you are otherwise entitled, and your future medical care
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will not be affected.
If you choose to enter the study and then decide to withdraw at a later time, all data collected
about you during your enrolment in the study will be retained for analysis. By law, this data
cannot be destroyed.

WHAT HAPPENS IF SOMETHING GOES WRONG?
Signing this consent form in no way limits your legal rights against investigators or anyone
else.
WHAT WILL THE STUDY COST ME?
There is no cost to participating in this study. If you agree to participate in this study, you
will not be paid for participating.
WILL MY TAKING PART IN THIS STUDY BE KEPT CONFIDENTIAL?
Your confidentiality will be respect. No information that discloses your identity will be
released or published without your specific consent to the disclosure. However, research
records identifying you may be inspected in the presence of the investigator or his or her
designate by representatives of Health Canada and the UBC Research Ethics Board for the
purpose of monitoring the research. However, no records which identify you by name or
initials will be allowed to leave the Investigator’s offices. Your records will be stored for at
least five years prior to being destroyed.
WHO DO I CONTACT IF I HAVE QUESTIONS ABOUT THE STUDY DURING MY
PARTICIPATION?
If you have any questions or desire further information about this study before or during
participation, you can contact the Study Investigator, Dr. Helen Tremlett, at 604-822-0759
(or tremlett@interchange.ubc.ca) or the Study Coordinator, Anna-Marie Bueno at 604-8227880 (or abueno@interchange.ubc.ca).
WHO DO I CONTACT IF I HAVE ANY QUESTIONS OR CONCERNS ABOUT MY
RIGHTS AS A SUBJECT DURING THE STUDY?
If you have any concerns about your rights as a research subject and/or your experiences
while participating in this study, contact the Research Subject Information Line in the
University of British Columbia, Office of Research Services at 604-822-8598 (or
RSIL@ors.ubc.ca).
SUBJECT CONSENT TO PARTICIPATE
By signing below, I acknowledge that the following is true:
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I have read and understood the subject information and consent form.
I understand that all of the information collected will be kept confidential and that
the result will only be used for scientific objectives.
I understand that my participation in this study is voluntary and that I am
completely free to refuse to participate or to withdraw from this study at any
time without changing in any way the quality of care that I receive.
I understand that I am not waiving any of my legal rights as a result of
signing this consent form.
I have read this form and I freely consent to participate in this study.
I have been told that I will receive a dated and signed copy of this form.

Signatures

Printed name of subject

Signature

Date

Printed name of witness

Signature

Date

Printed name of Principal
Investigator/
Designated Representative

Signature

Date
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Appendix C Self-report questionnaire

The Influence of Comorbidity on Health Related Quality of Life in Multiple
Sclerosis
The following questions relate to your treatments for multiple sclerosis.
1. If you are currently taking a disease-modifying therapy please mark which therapy you
are taking with a √.






i. Avonex
ii. Betaseron
iii. Rebif
iv. Copaxone
v. Tysabri

If you are not taking a disease-modifying therapy, please place a √ in this box and then
skip to question # 3:

□

2. If you are currently taking a disease-modifying therapy please indicate how many
injections you missed in last 30 days: _____________
The following questions are about your other health conditions
Here is an example of how to complete the table on the next page. Imagine that you are a
50 year old with MS. You have high blood pressure (hypertension) that was diagnosed in
2002. You are taking medication for your high blood pressure and it is under good
control. You do not have diabetes or high cholesterol. You would fill this portion of the
table out like this:

Condition
High cholesterol
(hyperlipidemia)
High blood pressure
(hypertension)
Diabetes

NO

YES


Year
diagnosed



Currently
treated?
NO YES

X
X

2002

X

X
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3. Has a doctor ever told you that you have any of the following conditions?
For each condition please mark NO or YES.
If you do NOT have the problem, skip to the next problem.
If you do have the problem, please write the year you were diagnosed in the second
column. In the third column please indicate if you take medication or some other
treatment for the problem.

Condition

NO

YES


Year
diagnosed



Currently
treated?
NO YES

High cholesterol (hyperlipidemia)
High blood pressure (hypertension)
Heart trouble (such as angina,
congestive heart failure, or coronary
artery disease)
Disease of arteries in the legs
(peripheral vascular disease)
Lung trouble (asthma, emphysema,
chronic bronchitis, or COPD)
Diabetes mellitus
Glaucoma
Cataracts
Migraine
Thyroid disease (such as Graves’
disease, Hashimoto’s thyroiditis;
not thyroid cancer)
Lupus (systemic lupus
erythematosus, SLE)
Inflammatory bowel disease
(Crohn’s disease, ulcerative colitis)
Rheumatoid arthritis
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Osteoporosis (bone disease causing
thinning of the bones)
Fibromyalgia
Irritable bowel syndrome
Depression
Anxiety disorder
Bipolar disorder (manic depression)
Schizophrenia

The following questions are about behaviours that can affect your health.
4. Have you smoked at least 100 cigarettes in your ENTIRE LIFE?
1. Yes
2. No (SKIP TO # 11)
5. How old were you when you FIRST started to smoke fairly regularly? ____ years
6. Do you NOW smoke:

1. not at all
2. every day (SKIP to #8)
3. some days (SKIP to #8)

7. How old were you when you quit smoking cigarettes?

_____ years (SKIP to #10)

8. On the average, how many cigarettes do you now smoke a day?

_____ cigarettes

9. On how many of the PAST 30 DAYS did you smoke a cigarette? _____ days
10. On the average, during the years that you have smoked, about how many cigarettes
did you smoke a day? _____ cigarettes
11. For each question please circle NO or YES as appropriate.
A. Have you ever felt you should Cut down on your drinking?

NO

YES
134

B. Have people Annoyed you by criticizing your drinking?

NO

YES

C. Have you ever felt bad or Guilty about your drinking?

NO

YES

D. Have you ever had a drink first thing in the morning to steady
your nerves or to get rid of a hangover (Eye opener)?
NO

YES
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Appendix D Briefing Note
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