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Introduction
People with multiple sclerosis (pwMS) have increased 
risk of additional diseases including cardiovascular, 
respiratory, autoimmune, and mood disorders such as 
depression, among others.1–5 These comorbid dis-
eases (CMD), the presence of one or more additional 
conditions that occur in addition to MS,6 are associ-
ated with delays in MS diagnosis and initiation of 
disease-modifying treatments (DMT).7 CMD are 
known to increase both MS relapses and disease 
severity,8,9 providing significant challenges to health-
care providers managing patients’ overall clinical pro-
files9 and increases a patient’s burden for their own 
self-care.10 Although pwMS generally have increased 
contact with health-care services due to their MS, 
attention may not be focused on diseases other than 

their MS.11 Understanding the CMD burden for 
pwMS by age, sex, and how it changes over time can 
identify needs for early detection and screening. 
Increased surveillance for common CMD may also 
reduce additional burden faced by health-care sys-
tems as multi-morbidity care has substantial medical 
and financial costs.6,12

Despite studies demonstrating increased risk of CMD 
among pwMS, the prevalence of overall comorbid 
burden remains largely unknown or is known for spe-
cific diseases rather than multiple conditions. To date, 
no study has provided comprehensive estimates of 
CMD prevalence by age, sex, and time period of 
pwMS compared to the general population in Sweden. 
Therefore, this study aims to describe the lifetime 
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burden of CMD in pwMS compared with a sample of 
the general population and determine whether pwMS 
has an overall increased prevalence or risk of CMD 
diagnoses.

Methods

Study population and data sources
This cohort study identified pwMS in Sweden recorded 
from either the Swedish Multiple Sclerosis Register 
(MSR) or National Patient Register (NPR) with a pri-
mary or secondary diagnosis using International 
Classification of Diseases (ICD) codes (ICD-10 code 
G35, ICD-9 or ICD-8 code 340) between 1968 and 
2012. The NPR includes inpatient hospital diagnoses 
since 1964 and outpatient diagnoses since 2001.13 
Diagnostic accuracy of the NPR for diseases that are 
not rare such as the disease groups studied here varies 
between 85% and 95% as described elsewhere.14 The 
MSR introduced in 1996 provides a high degree of 
diagnostic accuracy and coverage.15,16

PwMS (n = 29,310) were individually matched by 
birth year, sex, region, and vital status at earliest date 
of MS diagnosis (index date) from either the NPR or 
MSR with up to 10 randomly selected general-popu-
lation comparators (n = 293,094) using the Total 
Population Register, which includes information on 
vital status and region of residence of all Swedish 
residents from 1968 onward. Highest attained educa-
tion level was obtained from the Longitudinal 
Integrated Database for Health Insurance and Labour 
Market Studies (LISA).17 Data linkage was achieved 
using the unique personal-identity number issued to 
all Swedish residents.

Study entry began from index date (date of first MS 
diagnosis or the same date for the matched compara-
tors). Individuals were included if alive, had not emi-
grated from Sweden prior to study entry, and were 
6–100 years of age. Matched individuals without MS 
were excluded if they did not meet the above inclu-
sion criteria. Therefore, 25,476 pwMS and 251,170 
matched individuals without MS were included.

Outcome definitions
Seven chronic CMD categories were considered: 
autoimmune, cardiovascular, depression, diabetes, 
respiratory, renal, and seizures. These disease catego-
ries were previously identified as being overrepre-
sented in pwMS.1–3,18,19 For the general-population 
cohort, diagnoses may have been a first or a comorbid 
diagnosis. A CMD diagnosis was defined as a record 

of any ICD code in the NPR (Supplement 1). 
Diagnoses prior to and post index date were identi-
fied. If individuals had more than one disease diagno-
sis in the same disease category, they were counted 
only once using the earliest date of diagnosis and 
were considered affected for all subsequent years.

Ethical considerations
Approval was given by the Regional Ethical Review 
Board at Karolinska Institutet (2013/1156-31/5). 
Informed consent is required for inclusion in the 
MSR.

Statistical analysis
Prevalence and prevalence ratios. Prevalence over 
four time periods, 1968–1980, 1981–1990, 1991–
2000, and 2001–2012, was determined in age 
groups of 6–18, 19–40, 41–60, 61–80, and 81–
100 years and stratified by MS status and sex. These 
time periods were chosen to identify the earliest 
years of the NPR; the years before (DMT) were 
available; the years in which the first-line DMT 
became available; and finally, availability of the 
second-line DMT in conjunction with the addition 
of outpatient hospital diagnoses to the NPR. PwMS 
and the general-population cohort entered the 
denominator of the age group in each time period 
provided they had not emigrated or died for all 
attained age groups within the time period. Indi-
viduals could contribute to multiple age groups and 
time periods. The prevalence numerator was the 
total number of individuals in the age group and 
time period with the specific CMD calculated with 
95% confidence intervals (CIs). Prevalence ratios 
(PRs) with 95% CIs comparing pwMS with the 
general population were calculated.

Survival probabilities and hazard ratios. To deter-
mine age at diagnosis and rate of a first/additional 
CMD by MS status, survival probabilities and hazard 
ratios were calculated stratified by both time period 
and baseline CMD status. Individuals entered at index 
date and were at risk until occurrence of their first/
additional CMD diagnosis in any of the disease cate-
gories: death, emigration, age 100 years, or end of the 
time period, whichever came first. Provided the indi-
vidual had valid entry characteristics by the beginning 
of the next time period, individuals were included 
again and stratified by their new baseline CMD status 
in the time period.

Survival probabilities and hazard ratios were pre-
dicted using flexible non-parametric survival (FNPS) 
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models with age as the underlying timescale using 
restricted cubic splines. FNPS allows greater flexibil-
ity in the shape of hazard functions compared with 
other non-parametric models and easily accommo-
dates multiple timescale and time-dependent effects.20 
Four-knot models placed according to default loca-
tions20 modeled age as the underlying timescale. Due 
to violations in the proportional hazards assumption 
assessed by the Schoenfeld residuals, two internal 
knots were used to model the (time-varying) effect of 
MS status by age and baseline CMD status. CMD sta-
tus was categorized as 0, 1, and 2+ as few individuals 
had more than two CMD. Visual inspection of hazard 
functions derived from models and minimization of 
the Akaike and Bayes Information Criteria deter-
mined number of knots.

Standardized survival curves and hazard ratios (HRs) 
were predicted taking into account differences in 
characteristics between people with and without MS 
to ensure comparability of estimates.21 Potential con-
founders included sex, county of residence, educa-
tional level (compulsory school education or less, 
post-compulsory secondary school, post-secondary 
education, and educational data unavailable), and 
overall follow-up time split by 2-year intervals.

Sensitivity analyses. Two sensitivity analyses were 
conducted to define possible seizure etiology and type 
of diabetes. For people classified with seizures in each 
time period, the proportion of them with one primary 
diagnosis or two primary diagnoses at two separate 
occasions were determined as this gives a crude indi-
cation of possible chronic seizures. To determine the 
proportion of people with type 1 and 2 diabetes within 
each time period, their age at first diabetes diagnosis 
was used for classification and is further described in 
Supplement 4. Statistical analysis was performed 
using SAS software version 9.422 for prevalence esti-
mates and the command stpm220 and stpm2_standsurv 
were used for the FNPS in Stata 15 software.

Results

Baseline characteristics
The proportion of pwMS with incident diagnosis of 
MS was greater than prevalent diagnosis over several 
time periods, with exception of 1991–2000 (Table 1). 
The majority of individuals were females aged 19–40 
and 41–60 years. PwMS had more CMD at study 
entry than the general population in all time periods. 
Education level was similar among pwMS and the 
general population cohort.

Prevalence by time period and sex
The prevalence of autoimmune disease and depres-
sion increased steeply from 1968–1980 to 2001–
2012 in the same age groups (Figure 1; numbers and 
CIs in Supplement 2). Seizure and respiratory dis-
ease prevalence increased moderately over time, 
while cardiovascular disease (CVD) and diabetes 
remained stable. Renal disease steeply decreased 
over time. Similar trends were observed among 
male and female pwMS (Figure 2). Exceptions to 
these trends included decrease in diabetes preva-
lence among male pwMS 81–100 years, increase in 
respiratory disease prevalence among male and 
female pwMS 19–40 years, and an increase in prev-
alence of seizures among both sexes with MS until 
2001–2012 where it decreased. The majority of 
individuals with diabetes had type 2 diabetes 
(Supplement 4).

Prevalence by age group and sex
Few pwMS between 6–18 years were diagnosed with 
CMD: highest prevalence among both sexes was res-
piratory disease and lowest prevalence was for depres-
sion and CVD irrespective of time period and is 
included in tables in Supplement 2 due to low numbers 
in this age group. Seizure prevalence was higher for 
male pwMS (Figure 2), and autoimmune and renal 
diseases prevalence was higher among female pwMS 
(Figure 2). Among both sexes 19–40 years with MS, 
highest prevalence was for respiratory disease and 
renal disease, although renal disease prevalence 
decreased over time (Figure 2, Supplement 2). Lowest 
prevalence was for diabetes and CVD, but autoim-
mune disease was higher among female pwMS. For 
both sexes with MS, 41–60 years had highest preva-
lence for respiratory and renal disease (in earlier time 
periods) and CVD. Lowest prevalence among female 
pwMS was seizures and diabetes and autoimmune dis-
ease and seizures among male pwMS. Male pwMS 
had higher prevalence for renal, respiratory, and CVD 
than females as females had higher prevalence of auto-
immune disease and depression. Both sexes aged 61–
80 years had highest prevalence of respiratory disease, 
CVD, and renal disease in earlier time periods, 
although all were higher among male pwMS. Lowest 
prevalence for both sexes with MS was autoimmune 
(lower among females) and seizures. Depression was 
higher among females. Both sexes with MS 81–
100 years had highest prevalence for renal disease (in 
earlier time periods), CVD, and respiratory disease 
with men having a much higher prevalence for all of 
them, including diabetes. Lowest prevalence was 
autoimmune disease and seizures for both sexes, 
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Figure 1. Overall prevalence of autoimmune, cardiovascular, depression, diabetes, renal, respiratory and seizure disease 
among persons with MS and the general population comparators with 95% confidence intervals stratified by time period. 
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Figure 2. Sex-specific prevalence of autoimmune, cardiovascular, depression, diabetes, renal, respiratory and seizure 
diseases among people with MS and the general population comparators with 95% confidence intervals stratified by time-
period.
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although women had higher depression prevalence 
than male pwMS.

Prevalence ratios (PRs)
Overall (Figure 3) and for each sex (Figures 4 and 5), 
pwMS were more burdened with CMD in nearly all 

age groups (PRs > 1). The magnitude of the PRs for 
each CMD and age group decreased over time, with 
higher PRs observed in earlier time periods. PwMS 
are more similar to the general population especially 
in 2001–2012 compared to earlier time periods, but 
PRs remained elevated for seizures and renal disease 
between 2001–2012. However, renal, respiratory, and 

Figure 3. Overall prevalence ratios of comorbid diseases among persons with MS compared to the general population 
with 95% confidence intervals (CI) stratified by time period.
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seizure diseases were the highest PRs among both 
male and female pwMS compared to the general pop-
ulation throughout all time periods. Females also had 
increased PRs for depression.

Between 1968–1980 and 1981–1990, pwMS in 
younger age groups (<41 years) compared to the 
general population had higher PRs than older age 
groups with the exception of respiratory and renal 

Figure 4. Prevalence ratios of comorbid diseases among females with MS compared to the female general population 
with 95% confidence intervals (CI) stratified by time period.
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diseases (Figures 4–6). Between 1991–2000 and 
2001–2012, the CMD burden was lower among 
younger than older age groups. Few CMD occurred 
among 6–18-year olds and estimates are absent or 
CIs wide (Supplement 3). In the 81–100 age group, 
PRs are smaller with larger CIs than other age groups.

Of the individuals included with seizures, the propor-
tion of them with one or two primary diagnoses of 
seizures was reduced; however, comparing the PRs of 
individuals with one or two primary diagnosis 
remained similar and were similar to the main seizure 
burden analysis (results not shown). This indicates 

Figure 5. Prevalence ratios of comorbid diseases among males with MS compared to the male general population with 
95% confidence intervals (CI) stratified by time period.
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that the possible seizure etiology is more representa-
tive of individuals with repeated seizures (epilepsy) 
than single episodes.

Age at diagnosis and hazard ratios
The age at diagnosis for 50% of pwMS for a first/addi-
tional CMD diagnosis in all time periods but 2001–
2012 was approximately 20 years before the general 
population irrespective of initial CMD status (Figure 
6). In 2001–2012, the difference between pwMS and 
the general population with 0 baseline CMD diagno-
ses was approximately 4 years. The proportion of 
pwMS at younger ages, irrespective of their CMD sta-
tus in each time period, who developed a first/addi-
tional CMD was much greater than the general 
population who experience their first/additional CMD 
at older ages. The age range when pwMS had a first/
additional diagnosis is between 40 to 52 years, whereas 
this ranged from 58 to 72 years for the general popula-
tion cohort. This differed in 2001–2012 ranging for 
pwMS between 28 to 42 years, and the general-popu-
lation cohort is between 32 to 50 years. The pwMS and 
the general population survival curves were most simi-
lar when pwMS had 0 baseline CMD and the general 

population had 2+ baseline CMD, as these were the 
closest in age when 50% of both groups experienced a 
first/additional event. That pwMS and the general 
population became more similar over time was espe-
cially reflected in the HRs with higher HRs in earlier 
time periods. HRs in 1968–1980 exceeded 4.00 at 
their peak, reducing steadily over time to lower than 
2.00 in 2001–2012. However, over the entire life span 
of pwMS compared to the general population in all 
time periods (with the exception of <18 and 
>85 years), pwMS had an increased rate of additional 
diagnoses, irrespective of their baseline CMD status.

Discussion
PwMS had higher CMD burden than the general popu-
lation. This shifted from younger to older age groups 
over time, but still 50% of pwMS were diagnosed with 
a first/additional CMD diagnosis 20 years before the 
general population in all time periods except 2001–
2012. Male pwMS had higher burden than females, 
but for both sexes highest disease burden was for 
renal, respiratory, and seizure diseases, although there 
was slight variation by age group. Female pwMS had 
higher burden of autoimmune disease and depression.

Figure 6. Standardized survival curves (upper panel) and hazard ratios (lower panel) comparing persons with MS to the 
general population, stratified by baseline number of comorbid diseases at the beginning of each time period. Flexible 
non-parametric models were used adjusting for sex, county of residence at index date, education, and years since study 
entry. All seven disease categories were combined and time to the next (first or additional) disease diagnosis from the 
beginning of the time period was used.
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PwMS are known to be at higher risk of CMD. 
Previously, no studies (we know of) have determined 
disease burden prevalence or PRs among different 
age groups, by sex, time period and over a wide vari-
ety of disease categories in Sweden using national-
level data. Several meta-analyses of CMD in pwMS 
were recently published indicating a higher propor-
tion of autoimmune diseases,3 depression,2 various 
cardiovascular diseases,1 diabetes,1 epilepsy/sei-
zures,23 and lung disease,4 consistent with overall 
trends reported here. However, this study found that 
PRs of renal disease was higher among pwMS than 
the general population, despite their prevalence dras-
tically decreasing over time for only pwMS, in con-
trast to PRs of renal disease reported in other studies.4 
The most common CMD previously reported among 
pwMS were depression and chronic lung diseases;18 
however, this study found that CVD and respiratory 
and renal diseases were most prevalent, with depres-
sion only most common among females.

The magnitude of PRs were lower in 81–100 year 
olds. This is due to pwMS experiencing shortened life 
spans, an effect most pronounced in this study’s male 
MS population. In addition, people with and without 
MS who live longer may have fewer CMD than peo-
ple with shorter lives. In addition, CIs were very wide 
among 6–18 year olds as pediatric MS is uncommon, 
and they had few CMD. Point estimates among this 
group may be unreliable and should be interpreted 
with caution; however; they still provide an indication 
of disease burden.

Male pwMS had greater disease burden than female, 
especially for renal, respiratory, and CVD. Females 
had higher burden of depression and autoimmune dis-
ease, although both sexes had a higher burden of 
CMD than the general population. Seizures had some 
of the highest PR especially among females with MS, 
but their prevalence was much lower than other CMD. 
Females may seek health care at an earlier time pos-
sibly reducing the need for hospital care as women 
have been shown to be older at first hospital admis-
sion.24 Higher rates in males could be due to the 
increased severity of their MS requiring hospital 
care25 in particular for respiratory disease as pwMS 
tend to have more respiratory dysfunction.26 MS has a 
long and insidious latency period, with appearance of 
symptoms occurring over years. Therefore, pre-clini-
cal symptoms of MS could contribute to development 
or diagnosis of another chronic disease as pwMS have 
been shown to have increased health-care utilization 
5 years prior to MS onset.27 Awareness of CMD is 
especially important for pwMS, they may interpret 
symptoms as part of their MS, leading to synergistic 

negative effects of multiple conditions having an 
impact on disability,28 quality of life,29 and risk of 
hospital admission.11

Implications of CMD and MS
MS treatment typically takes a multi-disciplinary 
approach to manage the wide breadth of symptoms. A 
patient’s clinical complexity can be influenced by dis-
ease course, also by age, sex and CMD; all of which 
could influence disease outcomes. This was demon-
strated here by the observed sex and age differences for 
people with and without MS in prevalence and risk of 
first/additional CMD, although differences over time 
became less pronounced especially with transition of 
disease burden from younger to older ages over time. 
There was also a marked decrease in PRs over time 
showing a reduced burden among pwMS compared to 
non-MS. This suggests better management of MS and 
use of more effective DMT, possibly slowing the pro-
gression of MS and accumulation of CMD. Many 
CMD occurred in pwMS 20 years prior to the general 
population, but possibly due to effective treatments and 
more awareness of MS among clinicians and pwMS, 
the age difference reduced to 4 years in 2001–2012. 
Although when comparing higher levels of baseline 
CMD (1,2+) in 2001–2012, the age difference was 
8 years, which suggests the possibility of improvement 
in screening and monitoring for CMD and counseling 
on modifiable risk factors in pwMS. This may not only 
reduce the risk of CMD but also have implications for 
MS and severity due to influence of CMD, particularly 
among male pwMS.

Advantages and limitations
Advantages of this study include use of both the MSR 
and NPR to ensure the widest capture of MS patients, 
with no loss to follow-up in Sweden between 1968 
and 2012. Using both registers allowed use of the ear-
liest possible recorded date of MS diagnosis. Due to 
the wide-inclusion criteria, the results of this study 
may be generalizable to other Nordic countries, or 
other high-income countries with similar standards of 
hospital-care and patient treatment.

Potential limitations include not being able to control 
for lifestyle risk factors such as smoking.30 Another 
limitation includes possible misclassification of CMD 
as the first diagnosis of a CMD was used to identify 
affected individuals. However, using hospital diagnoses 
may reduce the number of misclassifications versus 
primary-care records as hospital diagnoses indicate 
more severe conditions requiring medical care: this will 
apply equally to those with and without MS. Although 
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the NPR has good diagnostic accuracy for more com-
mon diseases such as CVD and diabetes and some auto-
immune diseases like rheumatoid arthritis,14 it may be 
lower for less common diseases or diseases that are less 
severe not requiring a hospital admission. The specific-
ity of some ICD codes was limited, such as for type 1 
and 2 diabetes and chronic or isolated seizures. For dia-
betes, age at first diagnosis was used to broadly differ-
entiate between the disease types and for seizures we 
examined single or multiple hospital contacts with sei-
zures as the primary discharge or outpatient diagnosis. 
While neither of these approaches will be completely 
accurate, they largely indicate the proportion of disease 
types and how this differs between people with and 
without MS. Furthermore, the use of broad disease cat-
egories examined the overall disease profile rather than 
a specific disease, providing an overview of CMD and 
reducing misclassification. Some CMD may have been 
underestimated, such as for depression, as inpatient/out-
patient hospital diagnoses were used as primary-care 
records were unavailable. This may mostly affect the 
non-MS individuals as they may require less hospital 
care if they do not have any chronic disease. This is rel-
evant to risk of surveillance bias as pwMS tend to 
encounter medical professionals more frequently than 
the general population. Stratifying the survival/hazard 
models by baseline CMD provided control for regular 
hospital-care contacts, thus reducing the likelihood of 
differential surveillance bias. Individuals without MS, 
but with a chronic disease (1 or 2+ CMD), may also 
require increased contact with health care increasing 
comparability with pwMS. The estimates are still repre-
sentative of conditions warranting a hospital diagnosis, 
demonstrating the greater burden of disease among 
pwMS. As pwMS generally have increased contact 
with health-care services, this may provide a unique 
opportunity for increased screening for common CMD 
in order to reduce disease burden and further reduce the 
differences between pwMS and the general population.

In conclusion, this study provides a comprehensive 
overview of age-specific and sex-specific CMD bur-
den pwMS experience over their entire life course. 
Clinicians managing pwMS should be aware of this 
increased disease burden, and efforts for early screen-
ing and prevention may be key in reducing CMD 
later in life.
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