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ABSTRACT
Objectives To explore sequences of annual states of 
activity and sickness absence (SA) or disability pension 
(DP) (SA/DP) among working- aged people with multiple 
sclerosis (PwMS) as well as characteristics associated 
with the identified types of working- life sequences.
Design Nationwide Swedish register- based cohort study 
from 1 year prior to 5 years after the year of multiple 
sclerosis (MS) diagnosis.
Setting Sweden.
Participants PwMS diagnosed in 2008–2011 when aged 
20–55 (n=2652, 69.9% women).
Primary and secondary outcome measures Individual- 
level sequences spanning 7 years were constructed with 
annual states regarding activity (income from paid work, 
student allowances, parental leave or unemployment 
compensation) and/or SA/DP. Types of working- life 
sequences were identified among the individuals’ 
sequences using hierarchical cluster analysis with optimal 
matching dissimilarity measures.
Results Six types of working- life sequences were 
identified. The largest cluster, Stable High Activity, 
represented 48.4% of the cohort. Other types were: 
Stable High SA/DP (14.5%); Other (4.5%); and 
three types with mixed activity and varying SA/DP 
regarding the number of days/year and timing (32.6%). 
Characteristics of the different identified types of 
sequences were subsequently investigated. All types of 
sequences had lower odds for university education (OR 
range: 0.18–0.72) compared with Stable High Activity. 
Increasingly higher odds of having anxiety/depression 
compared with Stable High Activity were observed 
across the types of sequences, by increasing proportions 
of SA/DP. Stable High SA/DP sequences were less likely 
than Stable High Activity to be prescribed MS drugs in 
the MS diagnosis year (OR 0.61; 95% CI 0.47 to 0.78). 
All types of sequences had higher disposable income in 
the final study year than the first, except for Stable High 
SA/DP sequences (Swedish Krona 4669, 95% CI −1892 
to 11 230).
Conclusions Diversity in working life was influenced by 
sociodemographic and clinical characteristics resulting 
in different activity and SA/DP patterns across the six 
identified types of working- life sequences.

INTRODUCTION
Multiple sclerosis (MS) is a disease of the 
central nervous system often involving both 
cognitive disability and mobility impair-
ment.1 2 People with MS (PwMS) are to a 
larger extent than people without MS not in 
paid work or working with reduced hours, 
even at low levels of disability.1 3 Pfleger et 
al operationalised the term ‘working life’ to 
broadly capture the complex situation among 
working- aged PwMS, including participating 
in paid work, receiving early retirement or 
unemployment compensation, and total 
income.3

Changes in working life among PwMS, 
including reductions in earnings and 
increases of sickness absence (SA) and 
disability pension (DP), have received some 
prior attention.3–6 The consequences of these 
changes are not limited to the individual 
themselves, but include the family, workplace, 
insurer and society.7 8

Strengths and limitations of this study

 ► The use of real- world microdata from high- quality 
nationwide administrative registers with individual- 
level linkages ensured that the results are not in-
fluenced by recall bias and reduced selection bias.

 ► Sequence analysis is capable of capturing the com-
plexity and dynamic nature of sickness absence and 
labour market participation in longitudinal studies 
by including multiple outcomes simultaneously over 
time.

 ► Sequence analysis is an exploratory method rather 
than a hypothesis testing method and accordingly 
one cannot adjust for potential confounders when 
identifying the types of sequences within the cohort.

 ► The study had relatively short observation time (7 
years in total); however, this was a tradeoff with 
studying a recently diagnosed cohort of people with 
multiple sclerosis with the current social security 
regulations and treatment protocols.
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However, aspects of working life have largely been 
considered as single outcomes or at single time points, 
rather than simultaneously to reflect the complexity of 
living with a chronic illness. Sequence analysis has been 
shown to be complimentary to traditional methods when 
studying working life.9–11 A sequence is an ordered list 
of states, and this method allows for the identification 
of reoccurring patterns across individuals’ sequences 
considering the ordering, timing and duration of the 
component states.9 10 12 Thus, details of the common 
patterns of working life, including transitions between 
outcomes of activity and SA/DP, among working- aged 
PwMS can be described simultaneously. By grouping indi-
viduals’ sequences, types of working- life sequences can be 
identified to classify and describe the heterogeneous and 
complex experiences among PwMS.

We aimed to explore the sequences of activity states 
among PwMS of working age, then to identify types of 
working- life sequences from the individuals’ sequences, 
and finally to investigate characteristics associated with 
the identified types of working- life sequences.

METHODS
An explorative Swedish cohort study was conducted with 
seven years of annual observation from one year prior 
(Y−1) to five years after (Y+5) the year of MS diagnosis (Y0).

Data
Individual- level pseudonymised microdata were linked 
from six nationwide registers maintained by the following 
three Swedish agencies:

National Board of Health and Welfare
 ► National Patient Register (NPR)13: dates for inpatient 

and specialised outpatient healthcare for MS.
 ► Cause of Death Register14: year of death.
 ► Swedish Cancer Register: dates.
 ► Swedish Prescribed Drug Register (SPDR)15: dates 

and types of prescribed drugs dispensed at pharma-
cies by the Anatomical Therapeutic Chemical (ATC) 
Classification System.

Statistics Sweden
 ► Longitudinal Integration Database for Health Insur-

ance and Labour Market Studies16: working- life 
outcome variables, residence in Sweden, sociodemo-
graphic characteristics and annual incomes.

Karolinska University Hospital
 ► Swedish Multiple Sclerosis Registry (SMSReg)17 18: MS 

diagnosis dates.

Study population
Individuals aged 20–55 on the 31 December the year prior 
to having their first ever MS code (International Classifi-
cation of Diseases 10th Revision (ICD-10) code G35, with 
no prior G35 or ICD-8/9 code 340) recorded in the NPR 
as a main or side diagnosis for healthcare in 2008–2011 
were identified (n=3142).

Exclusion criteria: to assume the MS code represented 
a new diagnosis, individuals in the SMSReg with an MS 
diagnosis date earlier than 365 days to the NPR date were 
excluded (n=199) and individuals not living in Sweden 
the two years prior to Y0 were excluded (n=46). Individ-
uals without at least one additional MS code in the NPR 
or MS according to the SMSReg were excluded (n=245) 
as unconfirmed MS. This resulted in 2652 PwMS.

Individuals were followed annually for seven years (Y−1 
to Y+5). Censoring occurred from the year of emigration 
(n=27) or death (n=30). In total, 2595 (97.9%) PwMS 
had complete observation and were included in the main 
analyses.

Swedish social security system
The universal Swedish social security system covers indi-
viduals with reduced work capacity due to disease or 
injury through SA and DP payments. All individuals living 
in Sweden from the age of 16, who have income from 
work, parental leave or unemployment compensation, 
and reduced work capacity due to disease or injury are 
eligible for SA. SA replaces up to 80% of lost income 
from paid work. After the first waiting day without reim-
bursement, the employer pays for SA for 13 days, with this 
period not covered in register data. Thereafter, the Social 
Insurance Agency pays. For people registered as unem-
ployed or on parental leave, SA is paid from day two with 
one waiting day and self- employed have varying numbers 
of waiting days. All individuals aged 19–64 can be granted 
DP replacing up to 64% of lost income from paid work if 
having long- term or permanently reduced work capacity 
due to disease or injury. Both SA and DP can be granted 
for part- time or full- time of usual work hours (25%, 50%, 
75% or 100%), with the possibility for simultaneous part- 
time SA and DP.

Unemployment compensation is provided to those 
registered with the Swedish Public Employment Service 
as actively seeking and immediately available for employ-
ment, replacing up to 80% of lost income due to 
unemployment. Individuals receiving unemployment 
compensation are assumed to have work capacity.5

Activity states
Individuals were assigned seven activity states, one for 
each study year. In order of assignment, the possible 
mutually exclusive states were: Censor, SA/DP, Mixed: 
SA/DP 180+ days, Mixed: SA/DP 30–180 days, Activity 
and Other.

The Censor state was assigned to individuals who had 
died or emigrated in that year and all remaining study 
years. Individuals with a Censor state were only included 
in the sensitivity analyses.

We combined net days of SA and DP as SA/DP; for 
example, one day of 50% SA and one day of 50% DP 
equated to one SA/DP net day. The SA/DP state was 
defined as ≥364 net days of SA/DP in the calendar year, 
representing reduced working capacity for the entire 
year. Two states with mixed activity and some SA/DP 
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were constructed based on the number of net SA/DP 
days during the calendar year: Mixed: SA/DP 180+ days 
described a year predominately on SA/DP along with 
some activity and Mixed: SA/DP 30–180 days for a year 
mostly in activity but with some SA/DP.

The Activity state was defined as having a combined 
annual income from the following four sources above 
24% of the ‘price base amount’ (an annually set amount 
used for indexation)19: income from paid work, student 
allowances, compensated parental leave and/or the 
active unemployment compensation. These four income 
sources all assume that the individual has work capacity, 
irrespective of whether the income is derived from paid 
work. This assumption is premised on the fact that the 
individuals would otherwise be eligible for SA/DP if work 
capacity were reduced due to disease or injury. The lowest 
annual income from activity to be assigned this state 
ranged between SEK9925 and SEK11 125 Swedish krona 
(SEK) (≈ €940–1050). In each year, 86%–93% of the total 
income from activity comprised income from paid work.

Lastly, the Other state constituted individuals who were 
alive and registered as living in Sweden but did not meet 
the definitions for the preceding states, for example, 
homemakers or unemployed individuals who were inel-
igible for unemployment compensation.

Three individuals had one missing state which was 
imputed from the adjacent states.

Cohort characteristics
All sociodemographic characteristics were measured on 
the 31 December Y−1. These included: sex (women/men); 
age (groups); country of birth (Sweden, yes/no); type 
of living area (large cities, medium sized towns, small/
rural); geographical area of residence (north, south, 
east); educational level (some university/college, yes/
no); type of work (manager, office work, manual labour, 
unclassified work, not in paid work); and family composi-
tion (married/cohabiting (yes/no), and living with chil-
dren (age <18) (yes/no)).

Annual incomes are reported in 2015 values in SEK (€1 
≈ SEK9.3535) with adjustment for inflation.20 21 Three 
incomes were reported for Y−1 and Y+5: income from 
activity (paid work, student allowances, compensated 
parental leave and unemployment compensation), 
income from paid work and household individual-
ised disposable income (DI).22 In activity (yes/no) and 
incomes in Y−1 from unemployment compensation, 
compensated parental leave and student allowances (yes/
no) were included.

A modified Rx- Risk Comorbidity Index23 24 was 
constructed using ATC codes from the SPDR to measure 
comorbidity in Y0. First, individuals in the Swedish Cancer 
Register (yes) in Y0 were included within the index under 
malignancies (n=18) because most cancer treatments 
are not included in the SPDR. Second, MS drugs avail-
able in 2011 were excluded from the index and instead 
measured separately for Y0, MS drugs (yes/no). Comor-
bidity was then classified as 0, 1–2, 3–4, ≥5 comorbidity 

categories.23 Information from the index categories was 
used to indicate anxiety/depression (yes/no) and pain 
(yes/no) for Y0, as both are often self- reported by PwMS, 
even early in the disease course.1

Patient and public involvement statement
This explorative observational study using pseudony-
mised microdata was performed without patient or public 
involvement. Informed consent was not applicable and 
the PwMS included were not involved in the study process.

Statistical analyses
The study cohort was described by frequencies and 
percentages.

In the sequence analysis, the study population consisted 
of 2595 individuals and five potential states were included. 
Fifty- seven participants were excluded due to death or 
emigration. Individual- level sequences of the annual 
activity states were constructed from Y−1 to Y+5. A sequence 
was defined as an ordered list of states and successive 
identical states expressed on a time axis.9 12 25 A sequence 
index plot was constructed visualising the sequences.

The sequences were then grouped to identify of the 
types of working- life sequences within the cohort and 
respective membership to each type. First, optimal 
matching algorithms computed dissimilarity measures 
between the sequences, defined as the cost of the required 
operations to transform one sequence into another when 
they are aligned.12 25–28 Then, similar sequences were 
grouped, using hierarchical agglomerative cluster anal-
ysis with Ward’s linkage algorithm and the dissimilarity 
measures.25 28 29

For the dissimilarity measures, a cost of 1 for inser-
tion and deletion of states and data driven substitution 
costs derived from the observed state transition matrix 
(table 1) were applied.28 29 Higher costs were assigned to 
substituting between states with rare transitions and lower 
costs for frequently occurring transitions.26 28

We evaluated 2–12 clusters with commonly used 
measures of partition quality (see online supplemental 
file 1).30 Additionally, we looked at the hierarchical cluster 
tree diagram of resulting cluster solutions and member-
ship sizes for the interest in including additional clusters 
as types of working- life sequences.

After assigning each individual to the relevant cluster, 
representing a type of working- life sequence, further 
analyses were conducted. The membership characteris-
tics of the six identified types of working- life sequences 
were described by frequencies and percentages. The 
number of unique sequences, mean duration within each 
state and mean number of transitions between states were 
calculated in total, and by type of sequence. A sequence 
index plot was constructed for each type of working- life 
sequence to visualise the individual sequences included.

Multinomial logistic regression models were used to 
analyse the associations between the types of working- life 
sequences and membership characteristics with the Stable 
High Activity type as the reference. Results are reported 

https://dx.doi.org/10.1136/bmjopen-2020-039228
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as crude and adjusted ORs with 95% CI. Adjustment was 
for sex, age and the year of MS diagnosis.

Dependent t- tests estimated the mean differences with 
95% CI of annual incomes in Y+5 with those in Y−1, in total 
and by type of sequence.

Sensitivity analyses were conducted with six activity 
states (Censor included) and 2652 PwMS to investigate 
the possible impact of death or emigration on the results.

Data management and analyses were performed in SAS 
V.9.4 except for sequence analyses, which were performed 
with R V.3.5.2 (TraMineR27 and WeightedCluster30).

RESULTS
Cohort characteristics are presented in table 2.

Among the 2595 individuals included in the main anal-
yses, there were 633 unique sequences (figure 1). The 
three most frequently occurring sequences accounted 
for 43.7% of PwMS: 33.5% of individuals had the Activity 
state throughout; 5.6% had the SA/DP state throughout; 
and 4.6% had the Activity state throughout except for a 
Mixed: SA/DP 30–180 days state in Y0.

State timing was important. The entropy index increased 
from 0.54 to 0.79, indicating that individuals were more 
likely to transition between states with time (see online 
supplemental file 2). Figure 1 visualises this increase in 
transitions. The Activity state was the most frequent state 
among PwMS for all study years, with a mean duration of 
4.20 years, but annual proportions decreased across the 
study (see online supplemental file 2). SA/DP and the two 
mixed activity and SA/DP states increased in frequency, 
while the Other state was infrequent throughout. Individ-
uals with Mixed: SA/DP 30–180 days were most likely to 
have the same state in the following year but were more 
likely to transition to Activity than Mixed: SA/DP 180+ 
days (table 1).

Six types of working- life sequences were identified 
through cluster analysis of the individual sequences. 
Figure 2 presents the sequences included within each 
of the six identified types of working- life sequences and 
the number of individuals belonging to each type. The 

types describe different patterns of activity and extent 
of SA/DP in terms of days in a year and duration across 
study years, as well as sequence stability in terms of 
average number of transitions between states. The types 
are presented in order of being most represented with 
activity (Stable High Activity) to full- time SA/DP (Stable 
High SA/DP). The type of sequence with the largest 
membership was Stable High Activity (48.4%, n=1257), 
characterised as being in the Activity state throughout or 
with the Mixed: SA/DP 30–180 days state proximate to 
Y0. Unstable Medium Activity (16.5%, n=427) sequences 
had an increase in proportion of Mixed: SA/DP 30–180 
days in Y0 with a continued mix of predominantly Activity 
and the states associated with mixed activity and varying 
levels of SA/DP. Unstable Low SA/DP (7.2%, n=188) 
sequences began with mostly Activity but from Y0 tran-
sitioned to be characterised by Mixed: SA/DP 30–180 
days. Unstable medium SA/DP (8.9%, n=230) was char-
acterised by increasing proportions of the Mixed: SA/DP 
180+ days state within the sequences and some Activity 
and Mixed: SA/DP 30–180 days earlier in the sequences. 
Stable High SA/DP (14.5%, n=377) was characterised by 
a high extent of SA/DP throughout and few state tran-
sitions. Lastly, the Other type (4.5%, n=116) sequences 
predominately comprised the Other state.

Stable High Activity, Stable High SA/DP and Other 
were more homogenous in terms of state representation 
(figure 2) and had fewer state transitions (means ranging 
0.6–1.9) than the Unstable Medium Activity, Unstable Low 
SA/DP and Unstable Medium SA/DP types (2.5–2.6).

Table 2 includes the membership characteristics of 
each type of working- life sequence. The adjusted ORs 
and 95% CIs of membership characteristics of the types 
of sequences, with Stable High Activity as the reference 
group, are presented in table 3 (crude estimates in online 
supplemental file 3). Men had lower odds than women 
to be in Unstable Medium Activity, Unstable Low SA/
DP or Unstable Medium SA/DP compared with Stable 
High Activity (OR range 0.41–0.62). Individuals with 
some college/university level education had lower odds 

Table 1 Observed activity state transition matrix* of the people with multiple sclerosis (n=2595) with five activity states†

SA/DP Mixed: SA/DP 180+ days Mixed: SA/DP 30–180 days Activity Other

SA/DP to 0.90 0.09 0.02 0.00 0.00

Mixed: SA/DP 180+ days to 0.22 0.58 0.15 0.05 0.01

Mixed: SA/DP 30–180 days to 0.07 0.19 0.41 0.32 0.01

Activity to 0.00 0.03 0.11 0.85 0.01

Other to 0.02 0.06 0.06 0.23 0.63

*Each row sums to 1, with some rounding. This state transition matrix contains the observed transition rates pooled across the sequences; 
state transition probabilities may differ if looking at a specific position in the sequence due to the importance of timing within the sequence.
†SA/DP: ≥364 net days of sickness absence (SA)/disability pension (DP); Mixed: SA/DP 180+ days: predominately on SA/DP (>180 net days) 
but also some activity; Mixed: SA/DP 30–180 days: predominately in activity but with some SA/DP (30–180 net days); Activity: income from 
activity is defined as the combined sum of income from paid work, student allowances, unemployment compensation and parental leave, 
above 24% of the ‘price base amount’ (a set amount used for indexation in Sweden that changes with inflation each year); and Other: alive 
and living in Sweden but did not meet the definitions for the preceding states.

https://dx.doi.org/10.1136/bmjopen-2020-039228
https://dx.doi.org/10.1136/bmjopen-2020-039228
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(OR range 0.18–0.72) than those with at most elemen-
tary school/high school to be in the types of sequences 
other than Stable High Activity. The odds of being in 
manual labour compared with office workers were higher 
for Unstable Medium Activity, Unstable Medium SA/
DP and Stable High SA/DP compared with Stable High 
Activity. Unstable Medium Activity to Stable High SA/DP 
had increasingly higher odds of having comorbidity and 
anxiety/depression compared with Stable High Activity. 
Those with Stable High SA/DP sequences were less likely 
than those with Stable High activity to be on MS medica-
tions in Y0 (OR 0.61; 95% CI 0.47 to 0.78), and those with 
Unstable Low SA/DP sequences more likely (OR 1.51; 
95% CI 1.08 to 2.11).

Overall, PwMS had increasing incomes from activity, 
paid work and DI comparing Y+5 with Y−1 (table 4). Stable 
High Activity sequences had a mean increase in annual 
income from activity comparing Y+5 with Y−1 (SEK105 
911; 95% CI 99 739 to 112 082). Unstable Low SA/DP, 
Unstable Medium SA/DP and Stable High SA/DP had 
less income from activity in Y+5 than in Y−1. Similar trends 
were observed regarding income from paid work. Among 
PwMS with income from activity in Y+5 (n=2071), 93% of 
the income was from paid work. All types of working- life 
sequences had significantly higher mean DI in Y+5, except 
for Stable High SA/DP (SEK4669; 95% CI −1892 to 11 
230).

Sensitivity analyses of the entire PwMS cohort (n=2652) 
with an additional state (Censor) suggest that the find-
ings and interpretations would not have substantially 
differed (not presented). With six activity states, there 
were 674 unique sequences observed and the entropy 
index increased over the study period (from 0.5 to 0.75). 
The resulting six clusters were similar to the main analysis 
and cluster membership ranged from 117 to 1595 indi-
viduals. The largest difference was observed in cluster 
5 (Unstable Medium Activity in the main analyses) with 
more heterogeneity in state representation.

DISCUSSION
In this Swedish register- based cohort study, working- life 
sequences focusing on how PwMS continues in activity 
with the flexible support of SA/DP were studied. Six 
types of working- life sequences were identified. Socio-
demographic and clinical characteristics were associated 
with type of working- life sequence membership. These 
sequence types visualise the common patterns of work 
capacity among PwMS, including having work capacity 
throughout (ie, staying in activity), mixed sequences with 
activity and SA/DP proximate to MS diagnosis, increasing 
SA/DP over the study period or SA/DP of different extents 
throughout. Increasing diversity was observed across the 
sequences among those transitioning into states involving 
some extent of SA/DP, reflecting temporal changes in 
work capacity among PwMS and increasing heterogeneity 
along the clinical course.
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The most frequent type of sequence was character-
ised by activity and was in accordance with previous 
findings that PwMS receive most of their income from 
paid work.5 Employment has previously been found to 
be associated with quality of life among PwMS,31 with 
PwMS in Stockholm reporting a preference in terms of 
quality of life to reduce hours, that is, mixed activity and 

SA/DP, than to leave work completely.31 Despite the 
relative stability of Stable High Activity, some sequences 
in this cluster had mixed activity and SA/DP states 
proximate to MS diagnosis. Furthermore, shorter spells 
of SA (<30 days per calendar year paid by the Social 
Insurance Agency), were possible within the Activity  
state.

Figure 1 Sequence index plot of all the individuals’ working- life sequences (n=2595), sorted by the state assigned in Y−1. DP, 
disability pension; SA, sickness absence.

Figure 2 Sequence index plots of the six types of working- life sequences (n=2595), sorted by the state assigned in Y−1, and 
the number of individuals with each type of working- life sequence. DP, disability pension; SA, sickness absence.
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Unstable Medium Activity, Unstable Low SA/DP and 
Unstable Medium SA/DP were characterised by sequence 
instability and mixed activity and SA/DP. The extent of 
SA/DP in terms of state timing within the sequence, dura-
tion and the number of annual SA/DP days differentiated 
these three types. These types of sequences were more 
heterogeneous and had more transitions, reflecting the 
complexity of SA/DP. The Swedish social security system 
fosters this flexibility by distinguishing between different 
situations of temporarily and permanently reduced work 
capacity and allowing for flexible work arrangements to 
remain in paid work with part- time SA/DP.

We observed that PwMS not only progressed from 
activity to full- time SA/DP, but some sequences within 
Stable High Activity and Unstable Medium Activity types 
had SA/DP around MS diagnosis with subsequent return 
to activity. Importantly, individuals with the Mixed: SA/
DP 30–180 days state were roughly equally as likely to 
remain in this state, progress to Mixed: SA/DP 180+ days, 
but also to return to Activity. This finding highlights that 
for some PwMS, return to work processes are relevant 
and reductions in work capacity can be temporary. These 
transitions back to activity were observed mostly after SA/
DP proximate to MS diagnosis. Similarly, around 5% of a 
cohort of PwMS were previously observed to have a trajec-
tory of decreasing SA/DP in the years after MS diagnosis 
following a peak at diagnosis.32

Membership characteristics differed across the types 
of working- life sequences. The trends of being a woman, 
lower education level and of older ages, being associated 
with types characterised by a higher extent of SA/DP 
reflect wider trends of SA/DP in Sweden33 34 and previous 
MS- specific findings.32 Unstable Medium Activity had 
characteristics more alike Stable High Activity than types 
characterised by more SA/DP. Consistent with our find-
ings of membership to a type of sequence, women with 
MS have been observed to have more SA/DP than men 
with MS,6 32 35 reflecting wider trends in Sweden.33 34 
However, being a man is associated with a worse clinical 
course36 emphasising the importance of both work situa-
tion and morbidity in assessing work capacity.

The observed associations of lower educational levels 
and types of sequences characterised by SA/DP follow 
previous SA/DP findings among PwMS.37 38 Likewise were 
the findings of higher odds for those working in manual 
labour positions to have a different type of working- life 
sequence than Stable High Activity compared with office 
workers.38 The combination of which suggests that the 
ability of individuals to adapt to MS symptoms and main-
tain work capacity early in the clinical course may differ at 
least in part by modifiable characteristics like educational 
level and type of occupation. This could be due to the 
work situations of more physically demanding tasks and/
or less flexible working arrangements that these charac-
teristics may reflect, which may be unsustainable with MS 
progression.32

Anxiety and depression are common diagnoses 
among PwMS.1 39 A 3.6 higher odds of being prescribed 

antidepressants has been observed among PwMS in 
Sweden compared with non- MS individuals, with 25% of 
PwMS prescribed antidepressants.40 In our cohort, 23.9% 
were prescribed medications for anxiety/depression in 
the MS diagnosis year, however, with slightly different defi-
nitions. In agreement with previous findings,40 members 
of types of working- life sequences involving SA/DP had 
higher odds of anxiety/depression medications. Our 
findings emphasise the importance of anxiety/depres-
sion as a factor underlying the heterogeneity in PwMS’ 
working life.

Further, individuals with Stable High SA/DP sequences 
were less likely than those with Stable High Activity 
sequences to have MS drugs in the MS diagnosis year. This 
was somewhat attenuated when adjusting for age (in addi-
tion to sex and MS diagnosis year) which is strongly asso-
ciated with both MS disability milestones36 and DP.33 The 
most likely explanation is that more of these individuals 
had progressive MS types or alternatively had infusion- 
based MS drugs which were not included in the SPDR. 
The observed heterogeneity in working- life sequences 
may also reflect differences in MS disability, both between 
PwMS and at different time points for an individual.41 
Further studies are required to disentangle the associa-
tions of MS progression and age on PwMS’ working life.

Consistent with previous studies,3 42 43 we found that 
overall PwMS’ economic welfare did not decline in the five 
years following MS diagnosis. Nonetheless, the different 
state transitions observed largely represented decreasing 
work capacity and increasing sequence instability. There 
is a potential limit to this observed responsiveness of the 
SA/DP benefits to reductions in income from paid work, 
as we found non- significant differences in DI among 
the Stable High SA/DP type of sequences. With longer 
follow- up and further disease progression, reductions in 
annual DI are possible due to SA/DP payments being 
a proportion of previous income, and lower rates of 
compensation for DP than SA.3 43

Strengths of this study include the longitudinal design 
and use of high- quality nationwide registers to identify the 
PwMS and classify their working- life sequences without 
self- reports affected by recall bias.13 16 Through sequence 
analysis, as much individual- level information as possible 
was retained to describe working life, a complex phenom-
enon accounting simultaneously for multiple outcomes. 
The population- based design minimised selection bias by 
including all working- aged PwMS. Generalisability may 
be limited in countries with differently operating social 
security systems or labour markets. PwMS in Sweden has 
self- reported being in work to a higher extent than PwMS 
in other European countries.37 Sweden has in general 
high levels of employment among both women and men, 
including at older ages,44 limiting healthy worker selec-
tion in our cohort already at inclusion.

Sequence analysis is an exploratory method,9 providing 
important descriptive insights in sequences and eluci-
dating recurrent patterns,30 with adjustment possible 
in subsequent regression analyses. Two assumptions 
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were made when assigning a sequence to the relevant 
type of working- life sequence (ie, cluster solution) for 
the regression analyses: first, the differences between 
the sequences within each type were ignored; and the 
types of working- life sequences were treated as equally 
different from one another.30 There was a possible risk of 
misclassification when categorising the individuals, both 
in assigning the annual states and the type of sequence. 
Furthermore, choices in specification were necessary to 
conduct sequence analysis, including the states; dissimi-
larity measure and costs; and clustering method. Optimal 
matching was selected for the dissimilarity measure as it 
differentiated the timing of states in the sequence (ie, 
in relation to MS diagnosis).45 Transition matrices have 
been previously recommended when analysing career 
sequences.26 29 Currently, there are no guidelines on 
the appropriate sample size, minimum sequence length 
or optimal number of states.28 We considered different 
cluster solutions and sensitivity analyses were conducted 
including an additional state.

Furthermore, population- based MS- specific informa-
tion on MS disability, treatments, disease type and exact 
date of diagnosis was not available in our data. Our 
conservative definition of MS diagnosis from first ever MS 
ICD code strengthened assumptions regarding recent-
ness and accuracy of the diagnosis. Nonetheless, some 
individuals may have been misclassified as first diagnosed 
with MS during the inclusion years despite already having 
the diagnosis, which could lead to an overestimation of 
activity states associated with further MS progression. 
The length of the study period was reduced to include a 
recent MS cohort with current treatments and social secu-
rity regulations.

CONCLUSION
Sequence analysis assessed PwMS’ working life by 
describing the patterns of activity and SA/DP in the first 
half- decade of MS course through identification of six 
types of working- life sequences. There was increasing 
diversity and instability with time from MS diagnosis in 
the sequences among those who transitioned into states 
involving SA/DP, reflecting temporal changes in work 
capacity among PwMS. The type of working- life sequences 
with largest membership had sequences predominantly 
of activity. The other types of working- life sequences iden-
tified had SA/DP to different extents and timing within 
the sequences and summarise different groups at risk for 
reducing activity early in the clinical course. These find-
ings may inform interventions to maintain activity among 
PwMS. In addition, we conclude that sequence analysis is 
an efficient approach to identify factors associated with 
working life among PwMS.
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