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Introduction
Multiple sclerosis (MS) is a chronic disease of the 
central nervous system with protean manifestations. 
From a clinical perspective, initial presentation and 
outcomes such as relapse rates and disability progress 
are heterogeneous. Our understanding of the factors 
that contribute to that heterogeneity continues to 
grow, among them genetic factors, social determi-
nants of health, ethnicity, race, and health behaviors 
(Figure 1).1–3 Comorbidity has received increasing 
attention because it is common and potentially 
modifiable.

Herein, comorbidity refers to the total burden of ill-
ness other than the disease of interest. In the general 
population, chronic disease is common. The 2016–
2019 Medical Expenditure Panel Survey reported that 
52.6% of Americans had one or more chronic condi-
tions, 32.9% had two or more, and 20.7% had three or 
more.4 The prevalence rose with age such that 88.4% 
of those aged 65 years and older had multiple chronic 
conditions. The most common combination was 
hypertension and hyperlipidemia. In the general pop-
ulation, comorbidity is associated with a broad range 
of adverse health outcomes including increased phys-
ical impairment, reduced functional status, reduced 
quality of life, increased health care utilization, and 

increased mortality. A growing body of literature sug-
gests that comorbidity similarly affects people with 
MS.5–8 Multiple potential benefits may be derived 
from studying comorbidity including improved 
understanding of variability in outcomes and better 
prognostication, novel insights into the etiology and 
pathophysiology of MS, and identification of novel 
interventions targeting comorbidity.

Studying comorbidity requires a means of measuring 
it. Potential data sources include administrative (health 
claims) databases, medical records, and self-report. 
Notably, the validity of the data sources varies depend-
ing on the comorbidity being evaluated. For example, 
administrative data are often population-based in uni-
versal health systems, are accessible, and highly cost-
efficient as compared to primary data collection. 
However, they are not collected for research purposes, 
and data elements need to be validated. Several stud-
ies, particularly in Canada, have developed and tested 
case definitions for various comorbidities that perform 
well in the MS population, but there are comorbidities 
for which high-performing case definitions are not 
available.9,10 Although the optimal case definition for a 
condition may vary across health systems, these find-
ings demonstrate that it is feasible to use administra-
tive data to study comorbidity in MS. Medical records 
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data may provide more clinical information to support 
the accuracy of diagnosis of a comorbidity, as well as 
treatment information, but data extraction may be 
costly and labor-intensive. Self-report data are more 
accessible and less costly than medical records data, 
but the validity of self-reported comorbidities varies 
by comorbidity;11 well-defined chronic conditions that 
require ongoing care, such as diabetes, are accurately 
reported. In people with MS there is moderate to high 
agreement between self-report and medical records for 
hypertension, diabetes, hyperlipidemia, heart disease, 
thyroid disease, and chronic lung disease.12 Depending 
on the question being answered, the optimal measure-
ment approach for comorbidity will vary.

There are several key areas to consider related to 
comorbidity in people with MS, including which 
comorbidities occur, how often they occur, who is 
most at risk of those comorbidities (i.e., risk factors), 
and how those comorbidities affect outcomes in MS.

Which comorbidities affect people with MS 
and how often do they occur?
In 2015, a systematic review of the world literature 
concluded that the most prevalent comorbidities 
among people with MS were depression (23.7%), 
anxiety (21.9%), hypertension (18.6%), hyperlipi-
demia (10.9%), and chronic lung disease (10.0%), 
although wide variability in estimates between studies 
was observed.13 In a Canadian population-based 
study, hypertension, hyperlipidemia, chronic lung dis-
ease, depression, and anxiety were the most common 
comorbidities at the time of MS diagnosis (Figure 
2).14 Before the diagnosis of MS, people with MS are 

more likely to have uveitis, inflammatory bowel dis-
ease, bullous pemphigoid, as well as depression, anxi-
ety, bipolar disorder, schizophrenia, hypertension, 
hyperlipidemia, diabetes, ischemic heart disease, 
fibromyalgia, chronic lung disease, and epilepsy.14,15

Who is at risk?
Several factors are associated with an increased inci-
dence or prevalence of comorbidity among people 
with MS, including sociodemographic characteristics, 
adverse childhood experiences, and genetic factors, 
among others. For example, the incidence and preva-
lence of many comorbidities, including hypertension, 
hyperlipidemia, diabetes, heart disease, stroke, 
chronic lung disease, and psoriasis increase with 
age.16–18 In contrast, the incidence and prevalence of 
depression and anxiety disorders have less consistent 
associations with age.19 As compared to men, women 
with MS have an increased incidence of depression, 
anxiety and bipolar disorder.19 Women also have an 
increased incidence of cardiovascular disease, cere-
brovascular disease and psoriasis.8,16

As compared to long-term residents, immigrants to 
Ontario, Canada have an increased prevalence of 
comorbidity at the time MS is diagnosed, including 
mood/anxiety disorders, schizophrenia, diabetes, 
hypertension, ischemic heart disease, chronic lung 
disease, migraine, epilepsy, inflammatory bowel dis-
ease, and rheumatoid arthritis.20

Lower socioeconomic status is associated with an 
increased incidence and prevalence of psychiatric 
comorbidities including depression, anxiety, bipolar 
disorder, and schizophrenia.21 It is also associated with 
an increased incidence and prevalence of physical 
comorbidities. Similarly, urban rather than rural resi-
dence is associated with an increased incidence of psy-
chiatric and physical comorbidities.21 Childhood 
maltreatment, specifically emotional abuse, is associ-
ated with increased odds of having a comorbid psychi-
atric disorder as identified based on structured 
psychiatric interview (odds ratio (OR) 2.24; 1.58–
3.16).22 Health behaviors, such as smoking, are associ-
ated with increased odds of depression and anxiety.23

Findings regarding the association of genetic factors 
and comorbidity are also emerging. A Mendelian ran-
domization study reported that obesity is a causal risk 
factor for depression in MS; obesity also confers an 
increased risk of MS.24 In a cohort of individuals with 
MS, inflammatory bowel disease and rheumatoid 
arthritis, a polygenic score for obesity was associated 
with increased odds of having persistently elevated 

Figure 1.  Factors that may account for heterogeneity of 
clinical presentation and outcomes in multiple sclerosis.
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symptoms of depression for 3 years.25 Understanding 
who is at risk for depression and other comorbidities 
provides the opportunity to target specific individuals 
for preventive interventions.26

Notably, bidirectional relationships exist between 
psychiatric and physical comorbidities. In the North 
American Research Committee on Multiple Sclerosis 
(NARCOMS) registry after accounting for age, sex, 
race, income, region, and marital status, reporting any 
physical comorbidity was associated with a two-fold 
increased risk of being diagnosed with depression 
(hazard ratio (HR) 2.20; 2.04–2.38) after MS onset.27 
Using population-based administrative (health 
claims) data, an increasing number of physical comor-
bidities is associated with an increased incidence of 
depression, anxiety disorder, and bipolar disorder in a 
dose-response relationship.28

How do comorbidities affect outcomes in MS?
The adverse effects of comorbidity on MS are broad 
and include effects on relapse rates, progression of 
physical and cognitive impairments, imaging find-
ings, health care utilization, health-related quality of 
life and mortality.3,8,29–31 The presence of multiple 
comorbidities is associated with an increased relapse 
rate.29 Hyperlipidemia, in particular, has been associ-
ated with increased relapse rates.29 In an analysis of 
the CombiRx clinical trial, dyslipidemia was associ-
ated with a 32% increase in relapse rate.29 In that 
analysis, anxiety was also associated with an increased 
relapse rate of 25%.

In a cross-sectional study of 111 participants with MS, 
diabetes was associated with lower performance on 

tests of visual member and verbal fluency, while anxi-
ety was associated with lower performance on tests of 
processing speed.30 Similarly, a retrospective study 
found that having two or more vascular comorbidities 
(any of hypertension, diabetes, hyperlipidemia) was 
associated with lower performance on an IPAD-based 
test of processing speed.6 In a 3-year longitudinal 
study, elevations of depressive symptoms within an 
individual participant over time were associated with 
declines in performance on a measure of processing 
speed, the Symbol Digit Modalities Test.32 It remains 
uncertain whether the effects of comorbidities on cog-
nition in MS differ from those observed in the general 
population, or whether effectively managing comor-
bidities could improve cognitive performance in MS.

A dose–response relationship exists between the 
number of physical comorbidities and the rate of dis-
ability progression.31 In a Canadian study using 
linked clinical and administrative data for 3166 indi-
viduals with MS, each additional physical comorbid-
ity was associated with a 0.18 increase in the 
Expanded Disability Status Scale (EDSS) score 
annually.31 A similarly designed study using data for 
2312 individuals with MS, found that having a mood/
anxiety disorder was associated with a 0.28 increase 
in the EDSS score annually, after accounting for 
physical comorbidity.7 Studies in other regions have 
also found that comorbidities are associated with 
greater disability progression.33

Comorbidity is associated with higher rates of hospitali-
zation, annual physician visits, and prescription drug 
use.34,35 For example, having a mood or anxiety disor-
der is associated with an increased prevalence of opioid 
use (prevalence ratio 1.22; 1.17–1.27) and longer 

Figure 2.  Percentage of people with MS who have comorbidity at the time of diagnosis and 5 years earlier*.
*Adapted from Ref.14

HTN = hypertension; MS = multiple sclerosis.
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duration of use,36 than not having a mood or anxiety 
disorder. The presence of comorbidity is also associ-
ated with a lower likelihood of initiating disease-mod-
ifying therapy, and lower persistence on therapy.37,38 
The influence of comorbidity on the effectiveness of 
disease-modifying therapy is not well-understood.

Comorbidity is also associated with increased mortal-
ity. Notably, the effects of depression and MS are syn-
ergistic, such that 14% of deaths may be attributed to 
the joint effects of these conditions.8

Collectively, these findings indicate that comorbidity 
has a clinically meaningful adverse impact on multi-
ple outcomes in MS. The question that follows this 
observation is whether preventing or treating comor-
bidity more effectively can improve outcomes.

“Would you tell me, please, which way I ought to go 
from here?”
“That depends a good deal on where you want to get to”
Lewis Caroll, Alice in Wonderland

Realizing comorbidity as a viable treatment 
target
Several steps will be needed to realize comorbidity as 
a viable treatment target to improve outcomes in MS 
(Figure 3). First, we need appropriate tools to detect 
or risk-stratify comorbidity. Second, we need to 
understand how MS may influence the diagnosis and 
management of comorbidity so that we know where 
to start. Third, we need to identify appropriate inter-
mediate and clinically meaningful outcomes for clini-
cal trials. Fourth, we need to consider delivery of the 
comorbidity interventions—who, how, where—will 
they be delivered? Finally, we need to determine what 
the interventions should be.

Tools
Identifying easy to use, valid, and reliable screening 
tools is needed to support the implementation of 
screening depression and anxiety in appropriate at-
risk groups. Theoretically, screening tools developed 
in the general population may not perform well in 
people with MS due to overlap between somatic 
symptoms of depression such as fatigue, which is a 
common symptom of MS; the situation is similar for 
anxiety. However, as compared to a semi-structured 
psychiatric interview, multiple scales have good psy-
chometric properties in MS, and these properties do 
not differ substantially between scales (Table 1).39 For 
the busy clinician, single items “I felt depressed,” and 
“I felt like I needed help for my anxiety” perform 
nearly as well as scales with multiple items.40

Some tools that guide clinical decision-making and 
initiation of interventions may need to be modified 
for use in people with MS. For example, the Fracture 
Risk Assessment Tool estimates 10-year risk of osteo-
porotic fracture. It underestimates the risk in people 
with MS,41 potentially leading to underuse of inter-
ventions for osteoporosis. However, it can be readily 
recalibrated by treating MS as a secondary cause of 
osteoporosis, as is done for rheumatoid arthritis.41 
These issues may apply to other commonly used clin-
ical tools for comorbidity.

Comorbidity management
In the general population, comorbidity has inconsist-
ent effects on the management of other chronic con-
ditions.42 The presence of concordant (related) 
conditions can lead to better management of the 
comorbidity, whereas the presence of discordant 
(unrelated) conditions can have the opposite effect. 

Figure 3.  Realizing comorbidity-related interventions as viable targets for multiple sclerosis.
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Although the problem of underdiagnosis of depres-
sion appears to be improving, undertreatment 
remains an ongoing concern.43 The evidence regard-
ing the management of comorbidity, other than 
depression and anxiety, in people with MS is rela-
tively limited. One study using electronic medical 
records data from the Canadian Primary Care 
Sentinel Surveillance Network found that people 
with MS had a similar likelihood of achieving guide-
line-indicated treatment targets for hypertension and 
diabetes as people without MS.44 However, findings 
have differed for other comorbidities. Acute myo-
cardial infarction (AMI) is an acute condition for 
which most affected individuals will present to hos-
pital for care, and for which there are specific, 
detailed guidelines regarding investigations and 
management. A matched retrospective cohort study 
conducted in two Canadian provinces compared 
management of incident AMI in people with and 
without MS of the same, age, region and with onset 
of the AMI in the same calendar year. Notably, peo-
ple with MS were less likely to undergo cardiac 
catheterization within 30 days of hospitalization (OR 

0.61; 0.49–0.77) and had a longer time to revascu-
larization (HR 0.78; 0.69–0.88). They were less 
likely to fill a prescription for beta-blockers, high 
dose statins, an ace inhibitor/angiotensin receptor 
blocker, or dual anti-platelet therapy,45 although per-
sistence to therapy at 1 year and adherence among 
treated individuals were similar in people with and 
without MS. Unfortunately, people with MS were 
more likely to die 30 days after myocardial infarc-
tion (OR 1.46; 1.01–2.08). Similarly, mortality rates 
after breast and colorectal cancer are higher in peo-
ple with MS than without MS.46,47 The differences in 
the association between MS and the care and out-
comes of diabetes, hypertension, AMI, and two can-
cers highlight the need to examine this association in 
every comorbidity of interest.

Outcomes
Identification of appropriate intermediate outcomes 
has the potential to facilitate shorter, smaller trials of 
interventions for comorbidity. One recent study sug-
gested that approximately one-third of the effect of 

Table 1.  Test characteristics for previously defined cut-points for depression and anxiety screening measures.

Instrument Cutpoint⩾ Sens Spec PPV NPV Internal consistency 
(Cronbach’s alpha)

Test–retest
Intraclass correlation 
coefficient

Depression

PHQ-2 3 0.68 0.86 0.35 0.96 0.80 0.86

PHQ-9 10 0.84 0.76 0.29 0.97 0.87 0.85

PHQ-9 12 0.80 0.84 0.36 0.97 – –

PHQ-9 7 0.76 0.76 0.27 0.96 – –

HADS-D 8 0.69 0.81 0.30 0.96 0.82 0.83

HADS-D 11 0.31 0.95 0.40 0.92 – –

PROMIS-D T score 57.7 0.85 0.78 0.31 0.98 0.95 0.85

PROMIS-D D T score 60 0.69 0.85 0.35 0.96 – –

Kessler-6 15 0.81 0.80 0.32 0.97  

Kessler-6 19 0.31 0.94 0.36 0.92 0.87 0.87

Anxiety

GAD-7 7 0.91 0.72 0.13 0.99  

GAD-7 10 0.54 0.83 0.13 0.97 0.92 0.76

OASIS 8 0.73 0.81 0.15 0.98 0.90 0.73

HADS-A 8 0.82 0.68 0.10 0.99 0.86 0.83

HADS-A 9 0.82 0.59 0.08 0.99 – –

HADS-A 11 0.64 0.86 0.18 0.98 – –

PROMIS Anxiety T score 60 0.73 0.83 0.16 0.98 0.95 0.79
PROMIS Anxiety T score 54.3 0.82 0.62 0.09 0.99 – –

Sens: sensitivity; spec: specificity; PPV: positive predictive value; NPV: negative predictive value; PHQ-2: Patient Health Questionnaire-2; PHQ-9: Patient 
Health Questionnaire-9; GAD-7: Generalized Anxiety Disorder-7; OASIS: Overall Anxiety and Severity Impairment Scale; HADS-D: Hospital Anxiety and 
Depression Scale—depression score; HADS-A: Hospital Anxiety and Depression Scale—anxiety score; PROMIS-D: Patient Reported Outcomes Measurement 
Information System- Depression 8a; PROMIS-A: PROMIS-Anxiety 8a.
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vascular comorbidity on cognitive function in MS 
was mediated by changes in brain structure (thalamic 
and hippocampal volume, mean diffusivity of normal 
appearing white matter, and of gray matter).48 Further 
work regarding intermediate outcomes is needed. As 
discussed earlier, comorbidity adversely affects 
relapse rates, as well as progression of physical and 
cognitive impairment. These are the typical outcomes 
used in clinical trials of disease-modifying therapies 
for MS. However, outcomes that are related to activi-
ties and participation may be more meaningful from 
the perspectives of people with MS and society. 
Quality of life can be conceptualized as encompass-
ing abnormalities in body function (such as physical 
impairment) as well as activities and participation. 
Among people with MS, those with elevated symp-
toms of depression and anxiety, along with pain and 
fatigue, have greater presenteeism and absenteeism, 
as well as greater impairments in overall activity than 
those without elevated symptoms.49 Physical and psy-
chiatric comorbidities are associated with lower 
health-related quality of life (HRQoL). In one study, 
the magnitude of effect of depression on HRQoL was 
similar in magnitude to the effect of disability as 
measured by the EDSS.5 Thus inclusion of a broader 
range of outcomes may be useful.

Models of care
A key question is what the optimal models are for 
managing comorbidity in people with MS. Most 
health care systems have a single disease focus that 
can lead to inefficient and fragmented care.42 
Treatment guidelines are not tailored to comorbidity. 
Initial steps may include examining the current state 
of MS teams and how comorbidity is currently 
addressed. For example, Canadian health care provid-
ers within MS Clinics indicate they lack insufficient 
personnel to address mental health issues.50 This is 
concordant with the perspectives of people with MS, 
who report that they have insufficient access to such 
care.51 Although mental health is recognized as an 
important comorbidity for the MS care team to 
address, management of other comorbidities is not. 
Novel approaches may better integrate underused 
providers such as advanced practice pharmacists into 
care teams, and use digital technologies to enhance 
communications.

All of these issues need to be better understood and 
addressed to support the implementation of any inter-
ventions targeting comorbidity in people with MS 
and should proceed in parallel with testing such 
interventions.

Conclusion
Comorbidity is common in people with MS, through-
out the disease course, and adversely affects a broad 
range of outcomes. Attention is needed regarding pre-
vention and treatment of comorbidity. This requires a 
better understanding of how MS affects comorbidity 
management, and determining optimal models of 
care.
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