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Abstract

Background: Comorbidities in people with multiple sclerosis (PWMS) can affect disease course and
quality of life.

Objectives: To investigate comorbidities in the five years after diagnosis, timing of comorbidity occur-
rence, age and sex effects, and differences between multiple sclerosis (MS) and other chronic autoimmune
diseases (AIDs).

Methods: In this retrospective cohort study, we systematically assessed differences in diagnosis frequen-
cies in newly diagnosed PwMS (n =9,880) compared to matched controls (noAID, n=29,640) and indi-
viduals with other AIDs (psoriasis, #n =29,640; Crohn’s disease, n =9,880).

Results: Some comorbidities of PWMS are similarly frequent in other AIDs, while others, such as depres-
sion, are more prevalent in PwMS (odds ratio (OR) vs noAID =2.03(1.94-2.13)). We found that person-
ality disorders are more frequently recorded in PwMS before (OR =1.34(1.21-1.49)) and after MS
diagnosis (OR =1.32(1.16-1.5)), especially in women (OR =1.39(1.2-1.6)). PWMS are more frequently
diagnosed with Lyme disease (OR =1.98(1.69-2.33)), which was predominantly recorded by general
practitioners after presentation with neurological symptoms. We observed lower acute tonsillitis frequen-
cies in PwMS (OR =0.8(0.75-0.85)).

Conclusions: Our results suggest that PwWMS might have a generally increased risk for specific personality
disorders. More frequent Lyme disease recordings for PWMS suggest misdiagnoses of MS symptoms.
Lower tonsillitis frequencies suggest a link between MS and protection from specific infections.
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Introduction of quality of life, and can delay diagnosis and treat-

Multiple sclerosis (MS) is a chronic inflammatory
disease of the central nervous system (CNS) that typic-
ally manifests in early adulthood. Many factors may
influence the disease course, including age, race, socio-
economic status, genetic factors, and comorbidities.'?
Previously described comorbidities in people with MS
(PwMS) include psychiatric disorders, cardiovascular
and metabolic diseases, other autoimmune diseases
(AIDs), and infections.>'? Comorbidities have been
associated with higher disease activity and reduction

ment initiation.'> Here, we investigated the occurrence
of comorbidities in PWMS in the first five years after
diagnosis by systematically analyzing recordings of
International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10)
codes. We hypothesized that some comorbidities
might be observable already in early disease stages
and focused on this time frame as understanding early
occurring comorbidities could potentially help optimize
treatment choices, predict disease progression, and
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improve quality of life by addressing additional health
conditions early. We further hypothesized that some
comorbidities might not be specific to MS and therefore
compared PwMS with persons with other chronic AIDs.
We further investigated whether age and sex influence
comorbidity occurrence.

Materials and methods

We conducted a retrospective cohort study on
anonymous ambulatory claims data provided by the
Bavarian Association of Statutory Health Insurance
Physicians (BASHIP). Health insurance is mandatory
in Germany, and the BASHIP data covers all indivi-
duals with public health insurance, encompassing
85% of Bavaria’s population, which was approxi-
mately 13,140,000 in 2020."'%"

Data

Data were provided for quarterly billing periods
between 2005 and 2020. They include ICD-10 codes,
including the certainty of diagnoses and the coding phy-
sician’s specialty, medical encounters, and procedures
coded according to the uniform assessment standard
(einheitlicher Bewertungsmafstab; EBM).

We defined a cohort of newly diagnosed PwMS (ICD-10
code G35) and control cohorts with persons either newly
diagnosed with Crohn’s disease (CD, K50), psoriasis
(L40) or without these AIDs (noAID) (Table 1,
Figure S1A). To improve case definition validity, inclu-
sion required at least two recordings for the respective
code in separate quarters, and, for PwWMS, a documented
neurologist visit. We excluded persons belonging to mul-
tiple cohorts. To conservatively exclude PwMS with
potentially longer standing disease, we excluded indivi-
duals with a confirmed diagnosis of secondary progres-
sive MS (SPMS, G35.3), a first diagnosis after age 50,
or recordings of a defined set of ICD-10 codes possibly
indicating a demyelinating event prior to MS diagnosis
(Table S1). The last exclusion criterion was also applied
to the control cohorts to remove individuals with potential
demyelinating diseases. We further excluded individuals
aged <21 at first diagnosis due to small sample sizes in
this age group. Controls were matched to the MS
cohort by sex, age, and time of first diagnosis in a 3:1
ratio, which was the maximum feasible given the data
provided, where possible or a lower ratio. We defined a
synthetic index date for each individual from the
noAID cohort based on that of their matching partner.

To investigate differences in comorbidity occurrence
between treated and untreated PwMS, we used a sep-
arate, smaller data set that included information on
redeemed drug prescriptions coded according to the

Anatomical Therapeutic Chemical Classification
(ATC) for quarterly billing periods between 2012
and 2022 and applied the same filtering criteria,
apart from excluding PWMS that never visited a neur-
ologist because this information was unavailable. We
classified PwMS as treated if they redeemed at least
one prescription for a disease-modifying treatment
(DMT) (Table S2).

We analyzed three-character ICD-10 codes marked as
secured and recorded in >1% of the persons in the MS
and noAID cohorts and excluded any sex-specific
ICD-10 codes, which resulted in 338 ICD-10 codes.

Analysis

Primary analysis. We analyzed associations of 338
ICD-10 codes with MS in the 5 years after first diagno-
sis, comparing PwMS to three control cohorts using a
binarized outcome indicating whether the code was
recorded at least once. We considered all recordings in
the investigated time frame. To validate this approach,
we performed a more conservative analysis requiring
at least two ICD-10 code recordings and compared the
effect sizes. We used unconditional logistic regression
models to investigate the relation of diagnosis (MS/
Psoriasis/CD/noAID) to the recorded ICD-10 codes,
including age group (5-year bins) and sex as covariates,
quantifying the effects by odds ratios (ORs), and Firth
bias-reduced logistic regression in the case of complete
or quasi-complete separation. We used the MS cohort as
baseline, and resulting ORs were reciprocated, so values
above 1 represent higher recorded rates in PWMS. We
excluded the first quarter after diagnosis to rule out
effects that might represent disease onset rather than
comorbidities. We used Sidak correction to control the
family-wise error rate at a 5% significance level,
accounting for multiple testing.

Secondary analyses. For ICD-10 codes significantly
associated with MS compared to noAID, we performed
analyses on the five years before first diagnosis as
described above but excluding the last quarter before diag-
nosis. Here, we also performed a sensitivity analysis for
which we aimed to exclude all individuals with evidence
of possible MS symptoms in the years before the first MS
diagnosis, represented by ICD-10 codes we previously
observed to be more frequently recorded before an MS
diagnosis and suggestive of possible MS symptoms
(G25, H35, H81, N31, R20, R26, R32, R39, R42).'®

We further used generalized estimating equations,
including the interaction with the time point as a cov-
ariate, to compare the effect sizes for single years and
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Table 1. Cohort overview.

Distinct ICD-10 Regional distribution

Age at diagnosis  Sex codes in timeframe (%orural; Y%partially
Group Count  (mean + SD) (%Female)  (median, IQR) urbanized; %urban)
Five years after diagnosis—primary analysis
MS 9,880 35.8+83 70.4 32 (21-46) 0.44; 0.20; 0.35
Psoriasis 29,640 358+8.4 70.4 32 (21-46) 0.49; 0.19; 0.32
CD 9,880 35.8+8.5 70.4 35 (23-50) 0.47; 0.21; 0.31
No AID 29,640  36.1+8.5 70.5 28 (18-41) 0.45; 0.20; 0.35
Five years before diagnosis
MS 15,081 353 +84 69.7 28 (17-42) 0.44; 0.21; 0.36
Psoriasis 45,243  353+84 69.7 28 (17-42) 0.47; 0.19; 0.33
CD 15,081 35.4+8.6 69.7 31 (19-45) 0.45; 0.21; 0.34
No AID 45,243 353+84 70.2 26 (16-38) 0.45; 0.20; 0.35
Five years before diagnosis, sensitivity cohort
MS 7,499 34.8+82 65.1 21 (12-32) 0.43; 0.20; 0.37
Psoriasis 22,497 34.8+8.2 65.1 23 (14-34) 0.47; 0.19; 0.34
CD 7,499 348+84 65.1 25 (15-36) 0.45; 0.21; 0.34
No AID 22,497 349+82 65.8 21 (13-31) 0.44; 0.20; 0.36
Five years after diagnosis, therapy cohort
MS 9,885 35.7+8.5 71.3 32 (20-406) 0.43; 0.27; 0.35
Psoriasis 29,655 35.7+8.5 71.3 32 (21-46) 0.47; 0.21; 0.32
CD 9,885 35.4+8.6 71.3 36 (23-50) 0.43; 0.24; 0.33
No AID 9,885 35.7+8.5 72.0 27 (15-40) 0.43; 0.23; 0.35
MS treatments in therapy cohort
Untreated 5,444 36.9+8.5 71.7 32 (18-47) 0.43; 0.22; 0.36
Treated 4,441 342+83 70.9 33 (22-46) 0.43; 0.24; 0.33

AID: autoimmune disease; CD: Crohn’s disease; IQR: interquartile range; MS: multiple sclerosis; SD: standard
deviation; ICD: International Statistical Classification of Diseases and Related Health Problems. Regional distributions
describe the area in which most of the individuals doctor appointments took place.

before and after first diagnosis. We investigated dif-
ferences between sex and age groups by including
respective interaction terms in the models. For
selected ICD-10 codes, we performed analyses on
four- and five-character ICD-10 code subcategories
to identify the specific diagnoses contributing to the
observed associations.

To further investigate an observed negative association
between acute tonsillitis and MS, we used EBM data
to analyze differences in tonsillectomy rates
(Gebiihrenverordnungspositionen—GOP codes
31231-31233, 36231-36233). To investigate the effects
of DMTs, we compared treated PwMS to untreated
PwMS and matched controls. Descriptive statistics
were composed for the frequency of encounters and
diagnoses made by different medical specialists.

Analyses were performed using R, version 4.3.0.

Results

We report the descriptive statistics of the analyzed
cohorts in Table 1. We found no statistically signifi-
cant differences in age and sex distribution between
PwMS and individuals with other AIDs, but the
noAID cohort had a slightly higher age (p =0.0004)
and fewer distinct recorded ICD-10 codes.
Untreated PwMS were older than treated PwMS
(p<22x107"2).

We identified 76 ICD-10 codes recorded more fre-
quently for PWMS compared to noAID in the 5
years after first diagnosis (Figure S1B, Table 2,
Tables S3 and S4). Three ICD-10 codes for acute ton-
sillitis, hemorrhoids, and perianal venous thrombosis,
and enthesopathies were recorded less frequently for
PwMS. The more conservative approach requiring
at least two recordings of an ICD-10 code yielded
very similar results (Figure S1C, D).
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Table 2. Selected ICD-10 codes recorded more or less frequently in people with MS (PwMS) compared to

controls.
Count MS  Count no AID
ICD Explanation OR (95% CI) Adj. p-value (n =9,880) (n=29,640)
A69  Other spirochaetal infections  1.95 (1.66-2.29) 9.539x 10~ 251 396
B02 Zoster [herpes zoster] 1.44 (1.25-1.66) 2.225%x107* 280 591
F17 Mental and behavioral 1.17 (1.09-1.26) 3.015x107° 1,220 3,196
disorders due to use of
tobacco
F32 Depressive episode 2.03 (1.94-2.13) 1.020x 10777 4,011 7,598
F33 Recurrent depressive disorder 1.73 (1.61-1.85) 2.788x10™* 1,354 2,530
F34 Persistent mood [affective] 2.33 (2.13-2.55) 1.838x 10774 904 1,242
disorders
F40 Phobic anxiety disorders 1.34 (1.2-1.5) 6.376x107° 478 1,082
F41 Other anxiety disorders 1.59 (1.5-1.69) 8.239x 107> 2,074 4,258
F43 Reaction to severe stress, 1.79 (1.71-1.89) 1.531x107'"? 3,422 6,818
and adjustment disorders
F45 Somatoform disorders 1.32 (1.26-1.39) 7.229x 107%’ 3,617 9,077
F60 Specific personality disorders 1.32 (1.16-1.5)  5.662x 107> 359 823
JO3  Acute tonsillitis 0.8 (0.75-0.85) 1.452x107° 1,296 4,642
L02 Cutaneous abscess, 127 (1.16-1.4)  1.919%x107* 653 1,561
furuncle and carbuncle
N30 Ciystitis 1.26 (1.17-1.36) 9.690 x 107° 1,208 2,963

Selection of ICD-10 codes with statistically significant (adjusted p <0.05) differences in recorded rates between PwMS
and controls (noAID cohort) in the five years after first diagnosis, with the respective OR, 95% confidence intervals,
adjusted p-values, and number of individuals with a recorded ICD-10 code. Selected results mentioned in the text are
shown here, the complete results are available in Tables S3 and S4.

AID: autoimmune disease; CI: confidence interval; ICD: International Statistical Classification of Diseases and Related

Health Problems; OR: odds ratio; MS: multiple sclerosis.

For several ICD-10 codes, effect sizes decreased
with age (Table SS5), including codes for neuro-
logical conditions and possible MS symptoms,
such as sensory and visual disturbances. Most asso-
ciations were consistent across genders, but some
showed gender-specific variations: the association
between MS and epilepsy was more pronounced
in women, while associations with vitamin D defi-
ciency, fatigue, and urinary tract disorders were
stronger in men (Table S6). However, the ICD-10
codes with more pronounced associations with
MS in men were significantly less frequent in men
compared to women in the noAID cohort
(Table S6), while the differences were less pro-
nounced in the MS cohort. Epilepsy was less fre-
quent in women than men in noAID.

In the following sections, we describe the findings we
consider most interesting; a complete list of the results
can be found in Tables S3 and S4. Summarized find-
ings on other previously reported comorbidities are
reported in Text S1 and Table S7.

Mental and behavioral disorders

Eleven mental and behavioral disorders (Figure 1A,
Table 2) were recorded more frequently for PwMS
compared to the noAID cohort, such as depression
(OR =2.03(1.94-2.13), adj.p-value=1.02x107'"7),
anxiety disorders (OR =1.59(1.5-1.69), adj.p-value
=2.5x107"%%), somatoform (OR = 1.32(1.26-1.39),
adj.p-value = 7.22 x 10727), and adjustment disorders
(OR =1.79(1.71-1.89), adj.p-value=1.53x107'"3),
as well as nicotine dependence (OR=1.17(1.09-
1.26), adj.p-value =3.02 x 10™°). Comparing PWMS
to persons with other AIDs, we found that affective
and adjustment disorders were still more frequently
recorded for PwMS (Figure 1A, Table S8), while
this was not the case for nicotine dependence, somato-
form, and anxiety disorders. Apart from nicotine
dependence, all codes were recorded significantly
more frequently for women than men (Table S6).

Our analyses further revealed a higher frequency of record-
ings of personality disorders (F60) for PwMS (Figure 1A,
Table 2) compared to noAID (OR=1.32(1.16-1.5),
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F17 - Nicotine dependence

F32 - Major depressive disorder, single episode

F33 - Major depressive disorder, recurrent

F34 - Persistent mood [affective] disorders

F40 - Phobic anxiety disorders

F41 - Other anxiety disorders

F43 - Reaction to severe stress, and adjustment disorders
F45 - Somatoform disorders

F48 — Other nonpsychotic mental disorders

F54 - Psych. and beh. factors ass. w. dis. class. elsewhere

F60 - Specific personality disorders

F60 - Specific personality disorders

F60.0 — Paranoid personality disorder

F60.1 - Schizoid personality disorder

F60.2 - Dissocial personality disorder

F60.3 - Emotionally unstable personality disorder

F60.30 - Emotionally unstable personality disorder: Aggressive -
F60.31 - Emotionally unstable personality disorder: Borderline 4
F60.4 - Histrionic personality disorder -

F60.5 - Anankastic personality disorder

F60.6 — Anxious [avoidant] personality disorder 4

F60.7 - Dependent personality disorder

F60.8 — Other specific personality disorders A

F60.9 - Personality disorder, unspecified A

MS vs no AID MS vs Psoriasis MS vs Crohn’s disease
I 0,003 | =t 08655 ——1 0.0044
: - <0.0005 : - <0.0005 : - <0.0005
: —_ <o.o’qo§ : —_ <0.0005 : —_ 0.2727
1 —— <0.0005| I —+— <0.0005 T —+— <0.0005
: —_ 1e-04 :—-— 1 —-:— 1
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= before diagnosis Odds ratio
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: - 0.0057
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Figure 1. Mental and behavioral disorders were recorded more frequently for people with MS (PwMS) compared to
controls. (A) Results for psychiatric ICD-10 codes recorded in PwMS in comparison to different control groups and for the
five years before (gray) and after the diagnosis (black) with the respective adjusted p-values. (B) Results for F60 ICD-10
code subcategories after diagnosis in PWMS compared to the noAID cohort.

AID: autoimmune disease; MS: multiple sclerosis.

adj.p-value = 5.66 x 10~>) and compared to people with
psoriasis, but not compared to people with CD.
Personality disorders were more common in women
than men across all cohorts, with a stronger association
with MS compared to noAID in women (OR(women) =
1.39(1.2-1.6) and OR(men) = 1.13(0.87-1.46)).
However, this difference was not statistically significant
(p=0.17, Table S6). We analyzed ICD-10 code subcat-
egories and found that codes for anxious personality dis-
order, the dissocial type, the emotionally unstable
borderline type, as well as unspecific codes (F60.8,
F60.9) were recorded more frequently in PwMS
(Figure 1B, Table S9).

In the five years before first diagnosis, the recorded fre-
quencies of most psychiatric ICD-10 codes were still
higher PWMS compared to noAID, but with less pro-
nounced differences (attenuation 5-39%). The effect
size was however similar for personality disorders

(OR =1.34(1.21-1.49), adj p-value = 0.004, Figure 1A,
Table S10) and higher for nicotine dependence (OR =
1.32(1.24-14), adjp-value=2.17x10""%).  After
excluding individuals with potential demyelinating
events before diagnosis, the differences were even less
pronounced for most diagnoses (Table S10; attenuation
17-48%)).

Infections

Four infections were recorded more frequently for
PwMS compared to noAID (Table 2, Figure 2A):
cystitis (OR=1.26(1.17-1.36), adj.p-value =9.69 X
107'%), zoster (OR =1.44(1.25-1.66), adj.p-value =
2.23x 107%), cutaneous abscesses (OR =1.27(1.16—
1.4), adjp-value=1.92x10"%), and spirochetal
infections (OR =1.95(1.66-2.29), adj.p-value =9.54
x 107'*). Comparing PwMS to individuals with
other AIDs, we found no statistically significant dif-
ferences for zoster and cystitis, while cutaneous
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abscesses were less frequently recorded in PwMS
compared to individuals with CD. All four infections
were still positively associated with MS in a subana-
lysis of untreated PWMS (Figure 2B, Table S11).

The higher frequency of spirochetal infections (A69)
for PwWMS, however, was evident in comparison to all
three control groups (Table S8). This association
appeared to be driven by a higher frequency of record-
ings of the subcategory A69.2—Lyme disease
(Table S9). In most cases, we observed that A69
was recorded by general practitioners (GPs) (74%)
and rarely by neurologists (8%, Figure 2C).
Approximately 16% of PwMS with an A69 diagnosis
had received an ICD-10 code related to demyelination
(Table S1) in the two years before the A69 recording,
56% received at least one ICD-10 code possibly
representing early MS symptoms, and 62% received
at least one neurological ICD-10 code (Figure 2D).
The differences in recorded frequencies of A69
were more pronounced for untreated than for treated
PwMS (Figure 2B, Table S11).

We observed lower frequencies of acute tonsillitis
(J03; OR=0.8(0.75-0.85), adj.p-value=1.45x%
10~®) for PWMS (Figure 3A and B, Table 2) in com-
parison to noAID, and to individuals with other AIDs
(Table S8). The ORs declined in the years before and
slightly increased after diagnosis (Figure 3A). The
effect was more pronounced in older individuals
(Figure 3C, Table S5), men had lower recorded
rates than women (Table S6), and lower frequencies
appeared to be more prominent in treated compared
to untreated PwMS (Table S11).

We analyzed reimbursement claims for tonsillecto-
mies and found no statistically significant differences
between noAID and PwMS after diagnosis, but a
higher frequency of tonsillectomies in PwMS before
diagnosis (Figure 3B). Tonsillitis rates were still
lower in PwMS after diagnosis when adjusting for ton-
sillectomies before diagnosis (OR =0.8(0.75-0.85),
adj.p-value=3.32x 107°).

Discussion

We systematically assessed differences in recorded
rates of medical diagnoses between PwMS and con-
trols in the 5 years after first diagnosis and investi-
gated the timing of comorbidity occurrence, age,
and sex effects, and differences between MS and
other AIDs.

We found higher recorded rates for over 70 ICD-10
codes in PwMS, including previously reported

comorbidities™'*!" such as psychiatric disorders,” epi-

lepsy, migraine, infections,” and codes likely represent-
ing MS symptoms such as fatigue, and visual and skin
sensation disturbances.'” We observed increased rates
for neurological ICD-10 codes, for which we previously
found that they might represent misdiagnosed MS
symptoms.'® Other associations might be explained by
more frequent medical encounters or diagnostic proce-
dures performed for PwMS, such as higher recorded
rates of vitamin D deficiency, disc disorders, and
spondylosis.

Age influenced several associations, including neuro-
logical ICD-10 codes as well as codes likely repre-
senting MS symptoms, with younger individuals
showing more pronounced effects. Some symptoms,
such as visual and skin sensation disturbances, have
previously been reported to be more frequent first
MS symptoms in young individuals.?%*'

Some associations showed gender-specific differ-
ences, with stronger associations between MS and
epilepsy in women, and stronger associations with
vitamin D deficiency, fatigue, and urinary tract disor-
ders in men. These differences are likely explained by
differences in recorded rates in the noAID cohort,
suggesting no direct influence of sex on these
comorbidities.

Our results show that some comorbidities develop
around the time of or after first MS diagnosis, such
as psychiatric disorders and epilepsy, suggesting a
more direct link between MS manifestation and
these disorders. In other cases, we found that higher
recorded rates precede first MS diagnosis. Among
others, we observed this for nicotine dependence,
which is in concordance with a potential causal link
between smoking and disease manifestation,>** and
for neurological ICD-10 codes, suggesting unrecog-
nized disease activity before first diagnosis.'®

Comparing PwMS to individuals with two other
AlIDs, we found that some comorbidities such as
migraine, infections, and nicotine dependence
appear not to be specific to MS but shared by different
AIDs. Others, including depression and epilepsy,
were more prevalent in PWMS compared to indivi-
duals with other AIDs, suggesting that a higher risk
for these might be explained by MS-specific mechan-
isms and not be related to autoimmunity in general.
Many of the ICD-10 codes differing between MS
and control cohorts were codes for neurological disor-
ders or symptoms, potentially reflecting unrecognized
or misdiagnosed MS symptoms.
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Figure 2. Four infections were recorded more frequently for people with MS (PwMS) compared to controls. (A)
Single-year analysis for four infections in PwMS compared to the noAID group. (B) Results for analyses performed on
treated and untreated PwMS. (C) A69 recordings in PwMS were made by different specialists (all contributions with less
than 5% not made by neurologists (Neurol) or general practitioners (GPs) are grouped into “Other”). (D) Percentage of
PwMS diagnosed with A69 presenting with neurological ICD-10 codes related to demyelination (“rel. to dem.”; G04, GO0S,
G09, G36, G37, H46, H47, H48, R90), previously reported possible early MS symptoms'® (“pos. MS-symp.”), or codes
from the ICD-10 code category G (“ICD-10 cat. G”) in the two years before the A69 recording.

AID: autoimmune disease; ICD: International Statistical Classification of Diseases and Related Health Problems; PwMS:
Persons with Multiple Sclerosis.
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Figure 3. Acute tonsillitis was recorded less frequently for people with MS (PwMS) compared to controls. (A) Single-year
analysis for acute tonsillitis in PwMS compared to the noAID group. (B) Results for acute tonsillitis and tonsillectomies in
comparison to different control groups for the five years before (gray) and after first diagnosis (black), indicating the
respective p-values, for JO3 after adjustment for multiple testing. (C) Age-group analysis for acute tonsillitis in PwMS

compared to the noAID group.

AID: autoimmune disease; PwWMS: Persons with Multiple Sclerosis; CD: Crohn’s disease.

We observed higher recorded rates of personality disor-
ders in PWMS both before and after MS diagnosis, sug-
gesting that PwMS have a generally higher risk for
personality disorders, independent of psychological
reactions or changes in behavior after MS diagnosis.
We found no significant differences between individuals
with MS and CD. Consistent with our findings, a previ-
ous study reported higher incidence rates of personality
disorders in immune-mediated inflammatory diseases,
including MS, before and after diagnosis.> Our results
indicate that this association may be driven by specific
personality disorders from the anxious, dissocial, and
emotionally unstable borderline types. Furthermore,
we observe a more pronounced association of personal-
ity disorders and MS in women.

We observed higher rates for specific infections, consist-
ent with previous studies.””?*2° Our results suggest
that these associations are not specific to MS. While
the risk for infection can be increased under DMTs,>’
we also observe higher infection rates in untreated
PwMS, suggesting treatment-independent effects. We
observed higher recorded rates of spirochetal infections,
particularly Lyme disease, in PwWMS. A potential link
between MS and Lyme disease has been explored
with no definite consensus.>**® Here, spirochetal infec-
tions were mainly recorded by GPs, not neurologists,
and most individuals had previously presented with
neurological symptoms. These findings, and the increas-
ing effect sizes before MS diagnosis and decreasing
ones after suggest possible misdiagnoses of MS symp-
toms, potentially due to the similarity of symptoms.?’
Misdiagnoses could potentially lead to unnecessary anti-
biotic treatments and delay in MS diagnosis and initi-
ation of appropriate treatment.

Somewhat unexpectedly, we found lower recorded
rates of acute tonsillitis in PwMS. This negative asso-
ciation was evident also in the years before and most
pronounced around the time of first MS diagnosis,
aligning with our previous observation of lower
rates of upper respiratory tract infections in the
years before diagnosis.'® We further observed
higher recorded rates of tonsillectomies in PwMS,
but this was apparent only in the years preceding
MS diagnosis. We hypothesized that the higher rates
of tonsillitis could be explained by higher rates of ton-
sillectomies in individuals who later develop MS.
However, when adjusting for tonsillectomies, we
still observed significantly lower recorded rates of
tonsillitides in PwMS, suggesting other underlying
mechanisms. The effect was even more pronounced
in treated individuals, suggesting a possible link
between lower recorded rates of tonsillitides and
higher disease activity. The relationship between ton-
sillectomies and MS was previously investigated with
no final consensus®*>2 highlighting the need for
further investigations.

This study has several limitations. The BASHIP data
does not cover privately insured individuals, primar-
ily civil servants, self-employed persons, and indivi-
duals earning above a certain income threshold. The
claims data used are not systematically audited, and
their validity depends on the clinical judgment of
the recording physicians. Potential confounding
factors are missing information on hospital encoun-
ters, missing clinical confirmation of diagnoses and
comorbidities, missing information on socioeconomic
status, and potential access to healthcare, as well as
stringent exclusion criteria. We observed an
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unexpectedly high percentage of more than 50% of
PwMS without any DMT data, possibly due to
missing information for hospital treatments. This
might lead to substantial bias in our analyses of
treated and untreated individuals. Furthermore, a
detailed analysis of specific DMTs was impossible
due to the low number of events. Lastly, the non-
experimental study design based on retrospective
ambulatory claims data might have induced potential
confounding factors.

In conclusion, we replicated previously identified
comorbidities and report higher recorded rates of spe-
cific personality disorders in PWMS both before and
after diagnosis, suggesting a higher risk for these dis-
orders, especially in women. Medical specialists treat-
ing PWMS should be aware of the higher risk for these
and other psychiatric disorders, even in the early
disease stages. We report lower recorded rates of
acute tonsillitis in PWMS, suggesting a possible link
of protection from certain infections and autoimmun-
ity in MS. We observed high rates of Lyme discase
recordings in PwMS possibly representing misdiag-
noses of MS symptoms that require thorough investi-
gation and attention. Lastly, we found that some
comorbidities appear to be more prevalent in MS or
possibly specific to MS, while others appear to be
shared with other AIDs.

Consent to participate

According to the Guidelines and Recommendations for
Good Practice of Secondary Data Analysis,>® there was
no need for written informed consent.

Data availability

Data protection regulations prohibit the distribution of the
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