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Introduction
Comorbidity is common at multiple sclerosis (MS) 
diagnosis, as has been shown in studies in Canada,1 the 
United Kingdom,2 and the North American Research 
Committee on Multiple Sclerosis (NARCOMS) 
Registry in the United States.3 Particular conditions 
associated with MS include vascular diseases,4,5 mood 
and anxiety disorders,2,5 chronic lung disease,6 and 
epilepsy,2 although there is some variability in associa-
tions between specific conditions and MS across 
regions.6 Comorbidity is associated with earlier disa-
bility progression in MS,7,8 and may contribute to 
worse prognosis in affected individuals.9,10 In previous 
studies, comorbidity at MS diagnosis was more preva-
lent in those with later disease onset,3 and the 

comorbidity patterns differed in women versus men.1 
It is not well known whether comorbidities may dif-
ferentially affect other special populations with MS, 
including immigrants. Previously, we showed that 
total comorbidity burden was associated with a higher 
risk of MS in immigrants to Ontario, Canada,11 but did 
not characterize individual comorbidities.

Our objective was to identify specific comorbidities 
common in immigrants at MS diagnosis, and compare 
the prevalence of specific chronic conditions in immi-
grants with MS, immigrants without MS, and long-
term residents with and without MS. We studied this 
question in Ontario, Canada, a region with universal 
health insurance and centralized collection of health 
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administrative data, and a large, diverse population of 
immigrants.

Methods

Setting
Ontario is the most populous province in Canada, 
with a population of more than 13 million.12 This was 
a retrospective matched cohort study using prospec-
tively collected health administrative data. The data 
were collected through the universal Ontario Health 
Insurance Plan (OHIP) which is a publicly funded 
program that covers hospitalizations, outpatient phy-
sician visits without user fees, and outpatient pre-
scription medications for persons aged 65+ years and 
those on social assistance. Most immigrants are eligi-
ble for OHIP coverage after a 3-month wait period; 
convention refugees are exempt from this wait period.

Data sources
Datasets were linked by unique encoded identifiers 
and analyzed at ICES as previously described.11,13 
ICES (formerly known as the Institute for Clinical 
Evaluative Sciences) is an independent, non-profit 
research institute whose legal status under Ontario’s 
health information privacy law allows it to collect and 
analyze healthcare and demographic data, without 
consent, for health system evaluation and improve-
ment. Data concerning immigrants arriving in Canada 
since 1985 are captured by the Immigration Refugees 
and Citizenship Canada’s (IRCC) electronic 
Permanent Resident Database. Long-term residents 
were defined for this study as individuals born in 
Ontario or moved to Ontario prior to 1985. This 
approach has been used in several previous studies of 
immigrants in Ontario.14,15 Immigrant data from the 
IRCC have been linked to the Registered Persons 
Database in Ontario and provincial health administra-
tive databases using probabilistic matching.14

MS cases
Cases were identified using a validated, previously 
published algorithm applied to health administrative 
billing data.16 Briefly, the algorithm required one hos-
pitalization, or one emergency department visit, or at 
least five outpatient visits for MS (International 
Classification of Disease (ICD)-9/10-CA diagnosis 
codes 340/G35) over a 2-year period. Both primary 
and secondary discharge diagnoses of MS (340/G35) 
were included for hospitalizations. The index date 
was determined by the first in-patient or outpatient 
visit for a demyelinating condition as indicated by 

ICD-9/10-CA diagnosis codes, including encephalo-
myelitis (323/G36 or G37), optic neuritis (377/H46), 
or MS (340/G35), in all those who later met the pre-
defined algorithm.

Incident MS cases were identified between 1 April 
1994 and 31 March 2018. OHIP eligibility of at least 
3 years was required for cohort selection to ensure 
sufficient history to meet comorbidity algorithms and 
to ensure that prevalent MS cases were not mistaken 
as incident. Cases were required to be between 20 and 
65 years inclusive. The lower limit on age was chosen 
because of the lack of validation of comorbidity defi-
nitions in children. The upper limit on age was applied 
because of the rarity of incident MS at age > 65 years 
and concerns regarding possible misdiagnosis in this 
age bracket.17 Individuals were excluded if Ontario 
residence could not be confirmed.

Incident MS cases were stratified into immigrant and 
long-term resident groups.

Controls
Two control groups were defined separately for the 
immigrant and long-term resident groups and matched 
to cases 3:1. Controls were randomly selected from 
immigrants and long-term residents, respectively, 
who had no code for a demyelinating condition before 
or on the index date, including any code for MS, optic 
neuritis, or encephalomyelitis. Controls were matched 
to cases at index date based on age ± 2 years, sex, and 
place of residence (urban vs rural).

Comorbidities
Specific chronic conditions examined were selected 
from previous literature regarding comorbidities 
prevalent in individuals with MS.1,3,5,7 Comorbidities 
were defined based on previously validated algo-
rithms applied to health administrative data over the 3 
years prior to the MS index date (Table 1); this time 
window was utilized because of the limited OHIP his-
tory available in many of the immigrants. Thus, we 
were able to capture recent active comorbid condi-
tions but not remote conditions where the algorithm 
would not have been met within the 3 years prior to 
MS index date. The selected conditions included: 
chronic obstructive pulmonary disease, diabetes mel-
litus, hyperlipidemia, hypertension, epilepsy, inflam-
matory bowel disease (IBD), ischemic heart disease 
(IHD), migraine, mood and anxiety disorders, rheu-
matoid arthritis (RA), and schizophrenia. Mood and 
anxiety disorders were grouped together because of 
overlapping codes for these disorders in Ontario. 
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Malignancies were not included because the 3-year 
look-back period necessitated by the relatively brief 
medical history available in immigrants was thought 
to be insufficient for accurate ascertainment of malig-
nancy history by virtue of the lower incidence and 
potential absence of any related healthcare claims for 
individuals in long-term remission.

Covariates
Total comorbidity burden was assessed in terms of 
Aggregated Diagnosis Group (ADG) number, which 
is a validated system for classifying comorbidity bur-
den in the ambulatory setting.18 ADGs are based on 
the John Hopkins ACG system version 10 using hos-
pitalization and physician visit information from 2 
years prior to the index visit.

Other variables collected included age at index date, 
rural versus urban residence, and neighborhood 
income quintile. For immigrants, we also examined 
age at arrival in Canada, refugee status, duration of 
Canadian residence, and region of origin.

We determined potential confounders including age, 
sex, and socioeconomic status (SES), as measured by 
neighborhood income quintile, based on a review of 
the literature. Sex and age are known to independently 
affect both immigrant status and comorbidity.1,3,19 
SES is known to affect comorbidity and may indepen-
dently affect immigrant status due to preferential 
selection of skilled workers among immigrants to 
Canada.20

Analysis
Baseline characteristics of immigrants with MS were 
summarized using descriptive statistics on the MS 
index date and compared to the control immigrant 
population. We also compared long-term residents on 
MS index date to controls without MS.

Prevalence ratios (PRs) were determined for each 
comorbidity in immigrants with versus without MS, 
and in long-term residents with versus without MS. A 
univariate generalized linear regression model with a 
Poisson distribution was used for calculation of PRs. 
Given the matched study design and equal duration of 
follow-up in all groups, these models effectively con-
trolled for age, sex, and place of residence. We also 
created multivariable models to control for age, sex, 
place of residence, and SES. The models were run for 
three different PR comparisons: (1) immigrants with 
MS versus immigrant controls, (2) long-term resi-
dents with MS versus long-term resident controls, and 

(3) immigrants with MS versus long-term residents 
with MS. Model underdispersion was accounted for 
by adjusting estimated errors using Pearson chi-
square over degrees of freedom as the dispersion 
parameter. We also repeated the analysis stratified by 
sex given prior literature suggesting sex differences in 
comorbidities associated with MS.1

Statistical analyses were conducted using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC).

This study was approved by the research ethics board 
at St. Michael’s Hospital in Toronto, Ontario, Canada. 
Informed consent by participants was not required. 
ICES is a prescribed entity under section 45 of 
Ontario’s Personal Health Information Protection 
Act. Section 45 authorizes ICES to collect personal 
health information without consent for the purpose of 
analysis or compiling statistical information with 
respect to the management of, evaluation, or monitor-
ing of the allocation of resources to or planning for all 
or part of the health system. This project was con-
ducted under section 45, and approved by the Privacy 
and Compliance Office of ICES.

Results

Study cohorts
We identified 25,269 incident MS cases including 1538 
(6.1%) in immigrants and 23,731 (93.9%) in long-term 
residents (Figure 1). Immigrant (n = 1534) and long-
term resident (n = 23,731) MS cases were successfully 
matched to 4585 and 71,193 controls, respectively; 
four cases of MS in immigrants went unmatched. As 
compared to immigrants without MS, immigrants with 
MS were more likely to live in high-income neighbor-
hoods, have immigrated from Europe, or the Middle 
East and Africa, and had a higher mean overall comor-
bidity burden (Table 2). As compared to long-term resi-
dents with MS, immigrants with MS were slightly 
younger, less likely to dwell in rural areas, less likely to 
live in high-income neighborhoods, and had a higher 
mean comorbidity burden.

Comorbidities
The most common comorbidities in immigrants with 
MS were mood and anxiety disorders (27.4%), hyper-
tension (9.1%), hyperlipidemia (4.7%), and migraine 
(4.7%; Table 3).

As compared to immigrants without MS, immigrants 
with MS had a significantly higher prevalence of 
COPD, diabetes, hypertension, IHD, epilepsy, 

https://journals.sagepub.com/home/msj
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Figure 1. Cohort selection flowchart. The flowchart demonstrates how the study cohort was selected.

migraine, mood and anxiety disorders, schizophrenia, 
RA, and IBD (Table 3). Long-term residents with MS 
had a higher prevalence of these same conditions 
compared to those without MS. Relative to long-term 
residents with MS, immigrants with MS did not show 
any significant differences in the prevalence of diabe-
tes, hypertension, IHD, migraine, or schizophrenia 
but exhibited a lower prevalence of COPD, epilepsy, 
IBD, and mood and anxiety disorders, and a higher 
prevalence of hyperlipidemia and RA. Comorbidity 
patterns were generally similar in immigrant women 
and men with MS (Figure 2).

Discussion
To our knowledge, this is the first population-based 
study to investigate comorbidity patterns in immi-
grants with MS. All the comorbidities studied (with 
the exception of hyperlipidemia) were more fre-
quently observed in immigrants at MS diagnosis rela-
tive to their corresponding controls, including COPD, 
diabetes, hypertension, IHD, epilepsy, migraine, 
mood and anxiety disorders, schizophrenia, RA, and 
IBD. While similar to long-term residents with MS, 
the high prevalence of comorbidities in immigrants 
with MS is particularly striking given the 

https://journals.sagepub.com/home/msj
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low prevalence of medical conditions in immigrant 
controls and the “healthy immigrant effect”—reflect-
ing the tendency of migrants to be healthier, wealth-
ier, and better educated than the general population.21 
Comorbidities are recognized to be common at diag-
nosis in the general MS population and are associated 
with delayed diagnosis,22,23 greater incidence of 
inflammatory disease activity,24 decreased initiation 
of disease-modifying therapy (DMT),25 and more 
rapid disability accrual.26 Since immigrants may 

already be at risk for delays in diagnosis and treat-
ment due to language, cultural, and financial barri-
ers27,28, it is important that clinicians be aware of 
comorbidities associated with MS in immigrants and 
strive for early identification and management.

Mood and anxiety disorders were the most prevalent 
comorbidity observed in both immigrants and long-
term residents with MS. Our findings echo a system-
atic review, which reported depression and anxiety 

Table 2. Baseline characteristics of MS cases (immigrant vs long-term resident) and matched controls.

Variable Value Immigrant MS 
cases

Immigrant 
controls

LTR MS cases LTR controls 

N = 1534 N = 4585 N = 23,731 N = 71,193

Female Number (%) 1037 (67.6) 3101 (67.6) 16,539 (69.7) 49,617 (69.7)

Age (years)a Mean ± SD 38.23 ± 10.34 38.19 ± 10.32 40.01 ± 11.04 40.01 ± 11.04

Age group 
(years)

20–35 653 (42.6) 1956 (42.7) 8944 (37.7) 26,832 (37.7)

36–50 688 (44.9) 2056 (44.8) 10,194 (43.0) 30,582 (43.0)

51–65 193 (12.6) 573 (12.5) 4593 (19.4) 13,779 (19.4)

Age on arrival in 
Canada

Mean ± SD 26.02 ± 11.37 26.50 ± 10.99 N/A N/A

Rural residence Number (%) 37 (2.4) 94 (2.1) 3150 (13.3) 9450 (13.3)

Neighborhood 
income quintile

1 407 (26.5) 1324 (28.9) 4301 (18.1) 12,290 (17.3)

2 268 (17.5) 981 (21.4) 4599 (19.4) 13,730 (19.3)

3 309 (20.1) 869 (19.0) 4801 (20.2) 14,400 (20.2)

4 327 (21.3) 812 (17.7) 5022 (21.2) 15,088 (21.2)

5 222 (14.5) 587 (12.8) 4909 (20.7) 15,440 (21.7)

Refugee status Number (%) 280 (18.3) 819 (17.9)  

Region of origin Africa & Middle 
East

356 (23.2) 628 (13.7)  

Americas 220 (14.3) 722 (15.7)  

Asia & Pacific 288 (18.8) 1884 (41.1)  

Europe 560 (36.5) 1111 (24.2)  

Stateless 50 (3.3) 150 (3.3)  

United States of 
America

60 (3.9) 89 (1.9)  

Years of Ontario 
residence

<2 30 (2.0) 97 (2.1)  

2–5 232 (15.1) 698 (15.2)  

5–10 456 (29.7) 1392 (30.4)  

10–15 338 (22.0) 1140 (24.9)  

15+ 473 (30.8) 1232 (26.9)  

Number of 
ADGs

Mean ± SD 8.05 ± 3.54 4.94 ± 3.35 7.49 ± 3.54 4.84 ± 3.34

Median (IQR) 8 (6–10) 5 (2–7) 7 (5–10) 4 (2–7)
ADG, group 1–4 ADGs 236 (15.4) 1734 (37.8) 4525 (19.1) 29,587 (41.6)

5–9 ADGs 774 (50.5) 1941 (42.3) 12,589 (53.0) 28,552 (40.1)

10+ ADGs 511 (33.3) 449 (9.8) 6389 (26.9) 6695 (9.4)
No ADGs 13 (0.8) 461 (10.1) 228 (1.0) 6359 (8.9)

MS: multiple sclerosis; LTR: long-term resident; SD: standard deviation; N/A: not available; IQR: interquartile range; ADG: 
Aggregated Diagnosis Group.
aAge at index date, that is, first demyelinating event for MS cases.
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disorders in 23.7% and 21.9%, respectively, of per-
sons with MS.5 Mood and anxiety disorders have 
been observed as part of what is known as the MS 
prodrome with higher rates of utilization of mental 
health services preceding MS diagnosis by up to 5 
years.29,30 The high PR (adjusted PR: 2.23) of mood 
and anxiety disorders in immigrants with MS also 
reflects the low prevalence of these conditions in 
immigrant controls (12.3% vs 18.7% of long-term 
resident controls). This finding has three important 
implications. First, neurologic symptoms in an immi-
grant patient with a mental health condition should 
not be dismissed as secondary to the mental health 
issue. If the clinical context is appropriate, the possi-
bility of demyelinating disease should be considered 
and investigated with a brain magnetic resonance 
imaging (MRI). Second, clinicians need to be aware 

Figure 2. Prevalence ratios of individual comorbidities 
in MS cases versus matched controls by immigrant status 
and gender. This figure shows prevalence ratios for 
specific conditions in MS cases versus matched controls. 
For each condition, prevalence ratios are displayed for 
four different groups: immigrant women, long-term 
resident (LTR) women, immigrant men, and LTR men. For 
example, prevalence ratio for COPD immigrant women 
represents prevalence of COPD in immigrant women 
with MS divided by prevalence of COPD in immigrant 
women controls. Certain conditions (e.g. epilepsy, IBD, 
RA, schizophrenia) were omitted due to small absolute 
numbers of cases in the female and/or male immigrant 
cohorts and the resultant risk of loss of confidentiality.
COPD: chronic obstructive pulmonary disease; HTN: 
hypertension; IHD: ischemic heart disease.

of the high prevalence of mood and anxiety disorders 
in both female and male immigrants newly diagnosed 
with MS and screen for these conditions. Immigrants 
may encounter unique barriers in accessing mental 
healthcare due to language difficulties, lack of health 
system literacy, and stigma toward mental health 

Figure 2. (Continued)

Legend for Figure 2:
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problems in their communities27,28 Third, clinicians 
should follow these patients closely and consider 
early intervention as mental health conditions have 
been associated with greater long-term disability in 
MS, and immigrants and non-White persons may 
already be at risk for earlier disability accumula-
tion.31–33 In a large population-based cohort study of 
incident MS cases in Canada, psychiatric comorbidity 
was associated with subsequent greater accrual of 
neurologic disability as measured by the Expanded 
Disability Status Scale (EDSS).26 Another large 
cohort study in Sweden found that persons having MS 
with depression had a higher risk of reaching major 
disability milestones, including EDSS scores of 3.0, 
4.0, and 6.0.34 Mood and anxiety disorders, as well as 
migraine, another prevalent comorbidity among our 
immigrant cohort, have been shown to be major 
causes of limited work activities in the Australian MS 
Longitudinal Study of 929 persons with MS.35 
Depression, along with physical comorbidity, was 
correlated with decreased health-related quality of life 
in a Canadian cross-sectional study of 949 persons 
with MS.36

Overall, depression and anxiety are known to be 
underdiagnosed and undertreated in individuals with 
MS.37,38 Brief, self-reported psychometric scales can 
assist with screening for these conditions.38 
Pharmacotherapy, cognitive behavioral therapy, 
mindfulness-based therapy, and exercise programs 
may all offer therapeutic benefit although there is no 
gold standard approach to treatment.38,39

Psychiatric, cerebrovascular, cardiovascular, lung, 
diabetes, cancer, and Parkinson’s disease comorbidity, 
were found to predict earlier mortality in a large popu-
lation-based Danish cohort study of nearly 9000 per-
sons with MS.23 In our cohort, immigrants who 
developed MS had a higher prevalence of COPD, dia-
betes, hypertension, and IHD compared to immigrant 
controls. These conditions may share common risk 
factors with MS such as smoking and obesity and may 
be provoked or exacerbated by adoption of Western 
lifestyle habits. In addition, multiple studies have 
demonstrated that cardiovascular disease may exacer-
bate MS disease course. In one retrospective study of 
251 MS subjects, a one-point increase in baseline 
Framingham cardiovascular risk score was associated 
with a 31% higher risk of relapse, 19% higher risk of 
reaching an EDSS score of 6.0, and 62% higher risk of 
DMT escalation over 5 years.40 A recent study using 
postmortem whole-body autopsy to assess vascular 
disease burden suggested an excessive burden of cer-
ebral small vessel disease in persons with MS com-
pared to controls who died at younger ages of ⩽ 60 

years.41 In a population-based study in the United 
Kingdom, persons with MS were found to have higher 
rates of macrovascular events and associated mortality 
than matched controls, which was irrespective of age 
and not fully accounted for by traditional vascular risk 
factors.4 However, since recognized vascular risk fac-
tors remain reversible targets with early intervention, 
clinicians should consider factors such as elevated 
blood pressure, obesity, and smoking soon after diag-
nosis in their MS patients, particularly in groups 
known to have increased susceptibility. High rates of 
cardiovascular disease have been observed in certain 
immigrant groups in Ontario, including those from 
South Asia and the Middle East.14

The question of whether comorbidities lead to delays 
in MS diagnosis in immigrants merits further study. 
Comorbidity has been associated with delayed diag-
nosis in the overall MS population for both physi-
cal22,23 and mental health conditions.22 Reasons for 
delayed diagnosis have not been completely eluci-
dated but may be due to misattribution of MS symp-
toms to an established medical condition by either the 
patient or healthcare provider. The potential for misat-
tribution could be compounded in immigrants due to 
under-recognition of MS in non-White individuals.

Strengths of our study include the large population-
based sample, linkage of national immigrant data 
with health administrative data sources, use of vali-
dated comorbidity algorithms, and long interval for 
determination of incident MS cases. Our study has 
some important limitations. We cannot exclude the 
possibility that some individuals in the non-MS 
group were diagnosed with MS before 1994 or 
before moving to Ontario; however, the required 
3-year period with no demyelinating disease claims 
prior to study entry makes this unlikely. Our esti-
mates reflect recent active comorbid conditions as 
algorithms were only applied to health administra-
tive data for the 3 years prior to MS index date. 
Lifetime prevalence of these conditions would be 
considerably higher, but the look-back period was 
dictated by our cohort of interest, the brief duration 
of Canadian residence for many immigrants, and the 
need to ensure a common period of ascertainment in 
both immigrant and long-term resident cohorts. SES 
was considered as a potential confounder in our 
adjusted analysis since educational status and asso-
ciated occupational skills can facilitate immigration 
into Canada, although it is possible that it might be 
on the causal pathway between immigrant status and 
comorbidity, which could lead to overadjustment 
bias. However, we note that adjusted and unadjusted 
PRs were very similar. Some immigrants were 
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excluded because of fewer than the 3 years of health 
coverage required for determination of comorbidi-
ties (Figure 1). Incident cases of MS in immigrants 
who arrived prior to 1985 would have been classi-
fied as long-term resident cases due to the lack of 
immigration data from this era, but we expect the 
number to have been small given that the average 
age of MS onset is young adulthood. Moreover, 
there is evidence that the health characteristics of 
immigrants become more similar over time to those 
born in Canada.42 Finally, we were not able to exam-
ine certain comorbidities including cancer or health 
behaviors such as smoking due to limitations of our 
data sources.

In summary, we found that immigrants with MS 
had an increased prevalence of COPD, diabetes, 
hypertension, IHD, epilepsy, migraine, mood and 
anxiety disorders, schizophrenia, RA, and IBD rel-
ative to immigrant controls. The same conditions 
were more prevalent in long-term residents with 
MS compared to controls, and mirrored findings 
from previous studies of comorbidities in the gen-
eral MS population. Prevalence of most conditions 
was similar or only slightly lower in immigrants 
compared to long-term residents with MS diagno-
sis, despite the “healthy immigrant effect” observed 
in unaffected immigrants. Therefore, the high prev-
alence of comorbidities in immigrants at MS diag-
nosis is particularly noteworthy. Since comorbidities 
are associated with worse long-term outcomes, cli-
nicians should aim for early identification and 
management of comorbid conditions in immigrants 
with MS.
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