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Murine models have demonstrated that the major histocompatibility complex (MHC)

is associated with pain-like behavior in peripheral nerve injury, however, the same

association has not been shown when considering injury to the central nervous system

(CNS), which more closely mimics the damage to the CNS experienced by MS patients.

Previous research has indicated the DQB1∗03:02 allele of the class II HLA genes as being

associated with development of neuropathic pain in persons undergoing inguinal hernia

surgery or with lumbar spinal disk herniation. Whether this HLA allele plays a part in

susceptibility to pain, has not, as far as we are aware, been previously investigated. This

study utilizes information on DQB1∗03:02 alleles as part of the EIMS, GEMS, and IMSE

studies in Sweden. It also uses register data for 3,877MS patients, and 4,548 matched

comparators without MS, to assess whether the DQB1∗03:02 allele is associated with

prescribed pain medication use, and whether associations with this genotype differ

depending on MS status. Our results showed no association between the DQB1∗03:02

genotype and pain medication in MS patients, with an adjusted odds ratio (OR) of 1.02

(95% CI 0.85–1.24). In contrast, there was a statistically significant association of low

magnitude in individuals without MS [adjusted OR 1.18 (95% CI 1.03–1.35)], which

provides support for HLA influence on susceptibility to pain in the general population.

Additionally, the effect of zygosity was evident for the non-MS cohort, but not among MS

patients, suggesting the DQB1∗03:02 allele effect is modified by the presence of MS.
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INTRODUCTION

Multiple sclerosis (MS) is an immune mediated, inflammatory disease, with selective targeting of
the central nervous system (CNS). Individuals with MS experience a wide variety of symptoms,
one of which is pain. Recently, we reported that MS patients are affected by pain, in particular
neuropathic pain, to a greater extent than the general population through considering prescribed
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pain medications as a proxy for a pain diagnosis (1). The
neuropathic pain in MS likely stems from the disease inherent
lesions in the CNS (2). It is not clear why some patients develop
neuropathic pain and some do not. It may be a stochastic
phenomenon depending on where in the nervous system a
person has inflammatory lesions. Additionally, the observed
increased risk of pain in MS patients could be attributed to
genetic susceptibility for this MS sub-phenotype. In MS per se,
there is well-documented evidence for a genetic association with
MS involving the major histocompatibility complex (MHC), in
particular the human leukocyte antigen (HLA) with the strongest
risks associating to carriage of the disease-predisposing HLA-
DRB1∗15:01 class II allele and to non-carriage of the protective
HLA-A∗02:01 class I allele (3). Moreover, numerous non-HLA
genes of which the vast majority connect to inflammatory
pathways, are associated with low odds ratios for MS (4, 5).
The DQB1∗03:02 gene has itself been shown to be associated
with MS development (3). However, any genetic influence on
pain sub-phenotypes, and if these differ from the ones associated
with MS itself has not been reported so far. It is valid to
study this in MS in view of experimental data on non-specific
damage to the CNS and peripheral nervous system, indeed
showing both MHC and non-MHC genetic influences on the
development of pain (6–8). In humans, regarding damage to
the peripheral nervous system, the DQB1∗03:02 allele of HLA
class II has been associated with development of neuropathic
pain in persons that have undergone inguinal hernia surgery
or with lumbar spinal disk herniation (9). The DQB1 gene
codes for the beta chain of the cell-surface protein receptor,
HLA-DQ, which is a heterodimer on cells presenting antigen
to CD4+ T cells, and allelic differences determine the spectrum
of peptides presented (10). Pain is an important sub-phenotype
in MS since it can lead to decreases in physical abilities and
reduction in quality of life (2). There are several treatments
for pain prescribed to MS patients, such as tramadol and some
opioids (11) which are also often prescribed to the general
population without MS. There are also drugs used specifically
for neuropathic pain, including pregabalin and gabapentin,
which our previous study used to identify instances of
neuropathic pain (1).

In view of previous human data on the HLA association
with peripheral neuropathic pain, in this study we focused
on the question of whether carriers of the allele DQB1∗03:02
had an increased risk of pain and if such an effect would
be different in MS patients and those without MS. Both
general pain and neuropathic pain can be identified using
prescriptions of pain medication as a proxy, which can
identify pain with a reasonable degree of accuracy, (1) and we
examined these categories of pain using the same definitions
in those with and without MS. Zygosity of DQB1∗03:02 could
also give insight into whether there is a dose-dependent
association with the likelihood of experiencing pain, and
whether this association differs for those with and without
MS. We also assessed whether this association is the same
for neuropathic pain, which is particularly common among
MS patients.

METHODS

Data Collection
Data collected by the EIMS (Epidemiological Investigation of
Multiple Sclerosis), (12, 13) GEMS [Genes and Environment
in Multiple Sclerosis (13)] and IMSE [Immunomodulation of
Multiple Sclerosis Epidemiology (14)] studies were used. A
sample of MS patients was individually matched with randomly
selected individuals without MS by sex, year of birth and region
of residence in Sweden using the Total Population Register. The
randomly selected individuals were then sent an invitation to
participate and were asked to complete questionnaires and to
provide biological samples (including a blood sample). Register
data was obtained for all participants. For MS patients, the
biological sample was taken when they visited their neurologist,
whereas the non-MS cohort were required to visit their local
primary health care center to provide their sample once they
were recruited into the study. Only the register data and blood
samples were used for this study. Matched individuals with the
necessary genetic data were included, which resulted in a study
population of 3,877MS patients matched to 4,548 individuals
without MS.

Registers include information on inpatient and outpatient
diagnoses through the National Patient Register (NPR),
and prescription dispensations from the Prescribed Drugs
Register (PDR). The PDR only contains information on
prescriptions, there is no information on over the counter
(OTC) purchases. Additionally, demographic information
and data on socioeconomic circumstances are available using
the Longitudinal Integration Database for Health Insurance
and Labor Market Studies (LISA) maintained by Statistics
Sweden. Datasets were merged using the unique personal
identification number issued to all Swedish residents at birth
or immigration.

Genotyping
Blood samples were used for DNA extraction and genotyping.
Genotypes for 331,536 single nucleotide polymorphisms (SNPs)
were determined using a previously described Illumina custom
array, the MS Replication Chip (International Multiple Sclerosis
Genetics Consortium, 2017) (15). SNPs with <2% minor
allele frequency, call-rate <98%, or not in Hardy-Weinberg
equilibrium among individuals without MS (p < 0.0001) were
removed from analysis. After quality control, 94,607 SNPs were
included in the dataset. Individuals with > 2% failed genotype
calls, with increased heterozygosity (> mean + 2 standard
deviations), related individuals (increased identity by descent),
or individuals where the recorded sex differed from genotype
were removed from analysis. Population outliers identified using
the SmartPCA program were removed. A principal component
analysis (PCA) was conducted using Eigensoft (16, 17) and
six PCA components were used to control for population
stratification. HLA alleles for MHC class I and II were imputed
by the software HLA∗IMP:02 (18, 19) for all individuals included
using genotypes from the MS Replication Chip, which densely
covers the MHC region.
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Outcome
Information from the PDR, which began in July 2005, was
used to identify when pain medication had been prescribed.
Pain medication can be considered as a proxy for pain with
a reasonable degree of sensitivity and specificity (1). For
identification of overall pain, an outcome was defined if any
anatomical therapeutic chemical (ATC) code for pain relief
was recorded in the PDR (see Appendix Table 1 for full list
of ATC codes). Neuropathic pain was identified by a recorded
ATC code for pregabalin, gabapentin, amitriptyline, capsaicin,
or nortriptyline. The register does not include over the counter
purchases meaning only medication which was prescribed was
used in this study.

Pain medications prescribed prior to the date the MS patient
was diagnosed and the same date for matched participants
without MS were disregarded.

Statistical Analysis
Logistic regression, with record of prescribed medication for
pain (or specifically neuropathic pain) as the dependent variable
was used. Possession of the DQB1∗03:02 allele was included as
a covariate, using firstly a binary yes/no variable referring to
whether or not the individual had any alleles characterized as
DQB1∗03:02, and secondly considering number of alleles carried
by the individual to ascertain whether zygosity association is
present. PCA’s were included in the base model to correct
for population structure, with the adjusted model additionally
including the matching factors (sex, region of residence at
the date the MS patient was diagnosed within the matched
group, and year of birth), and highest educational attainment
(categorized into compulsory school or less, upper secondary, or
higher education).

Given that pregabalin and gabapentin are commonly
prescribed for the treatment of epilepsy, and amitriptyline and
nortriptyline are often used in the treatment of depression, two
sensitivity analyses which excluded patients with a diagnosis of
epilepsy (n = 166) and depression (n = 575), respectively, were
conducted to ensure results did not significantly alter whether or
not these patient groups were included. For the main analysis,
these patients were retained because it is possible the treatment
was given for a dual use. Only prescribed pain medication was
included in the outcome, as it is not possible to identify OTC
purchases using the registers.

Analysis was undertaken overall, and separately by cohort
characteristic (MS or non-MS). Analysis was also stratified by
matching factors to assess the possibility of effect modification.

SAS version 9 and Stata version 13 were used for analysis.

RESULTS

The distribution of characteristics including the matching factors
and highest educational attainment were fairly evenly spread
between the two cohorts, with a slightly higher percentage of
the non-MS cohort achieving further/higher education relative to
the MS cohort (45 and 42%, respectively, Table 1). A statistically
significantly larger proportion of the non-MS cohort were
homozygous for DQB1∗03:02 (2% compared with 0.8% of theMS

TABLE 1 | Cohort characteristics.

MS, N (%) Non-MS, N (%)

Overall 3,877 (100) 4,548 (100)

Sex

Men 939 (24) 1,080 (24)

Women 2,938 (76) 3,468 (76)

Educational attainment

Compulsory school or less 474 (12) 474 (10)

Upper secondary 1,755 (45) 2,015 (44)

Further/higher education 1,645 (42) 2,056 (45)

No educational data available 3 (0) 3 (0)

Genotype

0 DQB1*0302 alleles 2,935 (76) 3,377 (74)

1 DQB1*0302 allele 892 (23) 1,092 (24)

2 DQB1*0302 alleles 32 (1) 79 (2)

cohort). The proportion within each cohort with one allele was
comparable for MS and non-MS, with 23 and 24%, respectively,
possessing at least one allele.

Overall, the increased risk of pain medication use for those
with one or more DQB1∗03:02 alleles was not statistically
significant, with an adjusted OR of 1.09 (0.98–1.21). After
adjustment, the magnitude of the difference between those with
and without at least one DQB1∗03:02 allele was larger for women
than for men. The sensitivity analyses which excluded firstly
those diagnosed with depression, and subsequently individuals
diagnosed with epilepsy, showed no significant differences to the
main results.

When considering the results separately for the MS and non-
MS cohorts, the presence of the DQB1∗03:02 genotype appeared
to be associated with a greater risk of pain medication use among
the non-MS cohort, but not among MS patients. In particular,
the presence of the DQB1∗03:02 genotype increased the strength
of the association with pain medication use relative to those
without the genotype among non-MS women, with an odds ratio
of 1.21 (1.03–1.41). A zygosity effect was evident in the non-MS
cohort, with a particularly high magnitude evident for women
without MS, jumping from an OR of 1.16 (0.99–1.36) for those
heterozygous for the allele relative to those with no DQB1∗03:02
gene, up to 2.26 (1.25–4.06) for those homozygous for the allele.
Such an association was not present for the MS cohort, with
no statistically significant associations with pain medication by
number of DQB1∗03:02 alleles (see Table 3).

For neuropathic pain, the DQB1∗03:02 genotype was not
statistically associated with the risk of pain medication use,
although there was a distinct pattern in terms of direction of
effect (see Table 2). Differences in zygosity were shown not to be
statistically significant.

DISCUSSION

The expected increased risk of pain for individuals possessing the
DQB1∗03:02 allele was observed for those without MS, but not
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TABLE 2a | Adjusted only for PCA’s.

PPM Neuropathic PM

Overall

DQB1*0302 –/– Ref.

DQB1*0302 +/– or +/+ 1.07 (0.96–1.18) 1.05 (0.93–1.19)

Men

DQB1*0302 –/– Ref.

DQB1*0302 +/– or +/+ 1.09 (0.89–1.33) 1.14 (0.88–1.48)

Women

DQB1*0302 –/– Ref.

DQB1*0302 +/– or +/+ 1.06 (0.94–1.20) 1.04 (0.90–1.20)

MS

DQB1*0302 –/– Ref.

DQB1*0302 +/– or +/+ 1.02 (0.85–1.23) 1.09 (0.93–1.27)

MS men

DQB1*0302 –/– Ref.

DQB1*0302 +/– or +/+ 1.10 (0.77–1.56) 1.06 (0.78–1.45)

MS women

DQB1*0302 –/– Ref.

DQB1*0302 +/– or +/+ 1.00 (0.80–1.24) 1.10 (0.92–1.32)

Non-MS

DQB1*0302 –/– Ref.

DQB1*0302 +/– or +/+ 1.17 (1.02–1.34) 1.20 (0.94–1.55)

Non-MS men

DQB1*0302 –/– Ref.

DQB1*0302 +/– or +/+ 1.04 (0.79–1.37) 1.11 (0.58–2.14)

Non-MS women

DQB1*0302 –/– Ref.

DQB1*0302 +/– or +/+ 1.21 (1.04–1.41) 1.22 (0.93–1.61)

*Adjusted for PCA’s.

amongMS patients. For neuropathic pain, the findings were null,
with no association between the DQB1∗03:02 genotype and pain
for either the MS or non-MS group.

One possibility for why there was no association between
the DQB1∗03:02 genotype and pain among MS patients could
relate to the fact that levels of pain are high in MS patients
regardless of genotype (1), resulting in a smaller magnitude
effect of genotype. Although this is the case for MS patients,
who already experience heightened inflammation of the CNS,
the same is not found for individuals without MS, perhaps
indicating a lower base level of inflammation and pain could
result in a stronger effect of genotype. The HLA-DQB1 genes
have previously been associated with autoimmune disorders and
other inflammatory processes (20), perhaps giving insight into
why pain may be increased among individuals without MS
with the genotype DQB1∗03:02 (21). Previously, inflammatory
processes have been linked to pain, especially neuropathic pain
(22). Pro-inflammatory cytokine levels have been shown to be
associated with the likelihood of pain treatment being successful
(23), with individuals with low grade inflammation more

TABLE 2b | Adjusted for PCA’s, matching factors, and highest

educational attainment.

PPM Neuropathic PM

Overall

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ or +/+ 1.09 (0.98–1.21) 1.07 (0.95–1.22)

Men

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ or +/+ 1.13 (0.92–1.40) 1.19 (0.90–1.55)

Women

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ or +/+ 1.07 (0.95–1.21) 1.04 (0.90–1.20)

MS

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ or +/+ 1.02 (0.85-1.23) 1.14 (0.97-1.34)

MS men

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ or +/+ 1.06 (0.73–1.54) 1.09 (0.78–1.51)

MS women

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ or +/+ 0.99 (0.80–1.24) 1.14 (0.94–1.37)

Non-MS

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ or +/+ 1.18 (1.03–1.35) 1.19 (0.93–1.54)

Non-MS men

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ or +/+ 1.12 (0.83–1.49) 1.25 (0.63–2.46)

Non-MS women

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ or +/+ 1.21 (1.03–1.41) 1.20 (0.91–1.59)

*Adjusted for PCA’s, sex, year of birth, and region of residence, and highest

educational attainment.

likely to report improvements to pain levels when undergoing
behavioral treatment.

The possibility that higher levels of inflammatory markers
increases the risk of pain could also have implications for
sex differences in pain, with previous studies documenting
women tend to report higher levels of pain, and have higher
levels of inflammation, including in the form of autoimmune
diseases (24). Previous studies into pain and inflammation
indicate that the effect of a particular exposure on pain could
be mediated through the effect of inflammation, particularly
CNS inflammation when considering MS patients (9). If the
mechanism by which DQB1∗03:02 acts on pain is through
inflammation, it suggests a mediating effect is in action rather
than the gene acting directly on the propensity for pain within
the non-MS group. However, the effect of the gene on immune
and inflammatory responses are complex. With respects to the
heterodimer produced by DQA1 and DQB1 genes, changes to
the dimer as a result of SNPs in the DQA1 and DQB1 alleles,
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TABLE 3a | 2 allele models with PCA adjustment only.

PPM Neuropathic PM

Overall

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.06 (0.96–1.18) 1.07 (0.94–1.21)

DQB1*0302 +/+ 1.12 (0.75–1.66) 0.85 (0.52–1.40)

Men

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.11 (0.90–1.36) 1.17 (0.90–1.52)

DQB1*0302 +/+ 0.85 (0.43–1.69) 0.70 (0.24–2.01)

Women

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.05 (0.93–1.19) 1.04 (0.90–1.20)

DQB1*0302 +/+ 1.30 (0.79–2.13) 0.94 (0.53–1.66)

MS

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.05 (0.87–1.26) 1.09 (0.93–1.27)

DQB1*0302 +/+ 0.58 (0.27–1.22) 1.03 (0.49–2.14)

MS men

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.14 (0.80–1.65) 1.07 (0.78–1.47)

DQB1*0302 +/+ 0.52 (0.15–1.81) 0.87 (0.23–3.32)

MS women

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.02 (0.82–1.27) 1.10 (0.92–1.32)

DQB1*0302 +/+ 0.63 (0.24–1.64) 1.17 (0.48–2.85)

Non-MS

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.13 (0.99–1.30) 1.18 (0.91–1.53)

DQB1*0302 +/+ 1.91 (1.20–3.05) 1.55 (0.74–3.26)

Non-MS men

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.01 (0.76–1.35) 1.11 (0.57–2.19)

DQB1*0302 +/+ 1.39 (0.62–3.10) 1.10 (0.14–8.52)

Non-MS women

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.17 (1.00–1.36) 1.19 (0.90–1.58)

DQB1*0302 +/+ 2.23 (1.25–3.98) 1.71 (0.76–3.84)

*Adjusted for PCA’s.

such as DQB1∗03:02, could affect the binding affinity of the
dimer for antigen presentation (10). Different dimers could
contribute differentially to inflammatory processes, and to pain.
Further research is needed in order to disentangle whether this is
a possibility.

When considering a possible association between risk of
pain and DQB1∗03:02 zygosity, the findings highlighted that
such an association was present for the non-MS cohort, driven
primarily by a stronger association with zygosity in women,
but not for the MS cohort. Again this could relate to increased

TABLE 3b | 2 allele models with PCA adjustment and adjustment for matching

factors and highest educational attainment.

PPM Neuropathic PM

Overall

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.08 (0.97–1.21) 1.09 (0.95–1.23)

DQB1*0302 +/+ 1.17 (0.78–1.75) 0.87 (0.53–1.45)

Men

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.16 (0.93–1.44) 1.22 (0.93–1.61)

DQB1*0302 +/+ 0.82 (0.41–1.67) 0.69 (0.24–2.04)

Women

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.06 (0.93–1.20) 1.05 (0.90–1.21)

DQB1*0302 +/+ 1.36 (0.83–2.25) 0.94 (0.53–1.68)

MS

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.05 (0.86–1.27) 1.14 (0.97–1.34)

DQB1*0302 +/+ 0.60 (0.28–1.31) 1.18 (0.56–2.50)

MS men

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.12 (0.76–1.64) 1.10 (0.78–1.54)

DQB1*0302 +/+ 0.44 (0.12–1.59) 0.88 (0.22–3.52)

MS women

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.01 (0.81–1.26) 1.13 (0.94–1.36)

DQB1*0302 +/+ 0.67 (0.25–1.79) 1.34 (0.54–3.31)

Non-MS

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.14 (0.99–1.31) 1.17 (0.90–1.53)

DQB1*0302 +/+ 1.97 (1.22–3.18) 1.49 (0.69–3.22)

Non-MS men

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.09 (0.81–1.48) 1.23 (0.61–2.48)

DQB1*0302 +/+ 1.41 (0.59–3.39) 1.39 (0.17–11.41)

Non-MS women

DQB1*0302 –/– Ref. Ref.

DQB1*0302 –/+ 1.16 (0.99–1.36) 1.17 (0.88–1.56)

DQB1*0302 +/+ 2.26 (1.25–4.06) 1.62 (0.70–3.71)

*Adjusted for PCA’s and matching factors and highest educational attainment.

risk of pain medication use for MS patients regardless of the
number of DQB1∗03:02 alleles, reducing the strength of the
association between genotype and pain. Proportionally more
non-MS individuals possessed two DQB1∗03:02 alleles relative
to those with MS, although percentages with the two allele
genotype were relatively rare (2% of the non-MS cohort and
0.8% of the MS cohort). In addition, MS pain likely stems from
lesions in the CNS, and our data suggest that there is no major
genetic influence on this MS sub-phenotype, and may mainly
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be dependent on stochastic factors determining the location of
MS lesions.

An important finding of the study is the apparent differential
effect of the presence of the DQB1∗03:02 genotype on pain
medication use for women relative to men amongst the non-
MS cohort, suggesting sex acts as an effect modifier. It has been
previously documented that women are more likely to experience
or report pain than men (25, 26), a finding replicated in this
study, although the mechanisms behind this are incompletely
understood. One possible explanation for at least increased
reporting of pain amongst women could relate to the higher
levels of healthcare utilization seen among women relative to
men (27), which would also most likely result in higher levels
of pain relief prescriptions. Such a process could result in more
records of prescriptions even if pain levels are similar among
men and women with the DQB1∗03:02 genotype. Whilst the
effect of the DQB1∗03:02 genotype on the association with pain
appears to be stronger for women than men, the smaller number
of observations amongst men may mean this finding is partially
driven by a lack of power amongst men, so results should be
interpreted with caution.

Alongside considering pain in a more general sense, this
study also investigated specifically neuropathic pain in relation
to the presence or absence of the DQB1∗03:02 allele. Overall,
similar patterns were identified for neuropathic pain in terms
of the effect of the DQB1∗03:02 allele for the non-MS
group, however fewer events (since those identified as having
neuropathic pain were a subgroup of those identified as having
pain overall) meant reduced power to detect associations,
which may be why results for this pain phenotype were not
statistically significant.

Interestingly, the findings of this studymirrors several features
previously described in experimental models of pain. The
susceptibility to develop neuropathic pain-like behavior among
inbred and congenic rat strains subjected to a standardized
peripheral nerve injury has been shown to be linked to the
MHC (6, 7). This effect, however, was not discernible with
injuries to the spinal cord, which is more similar to the central
nervous system involvement seen in MS (8). Furthermore,
female rats displayed increased susceptibility to neuropathic
pain-like behavior after a standardized injury to the spinal
cord (28), which mapped to several parts of the genome and
some of which displayed sex-specific regulation. Collectively,
these observations provide support for a different genetic
regulation of pain occurring after injuries to the peripheral
and central nervous systems, respectively, and that some of
those genetic influences are sex regulated, akin to what was
observed here.

This study had several strengths. The definition of exposure
to MS was robust and required attendance at an MS clinic,
improving specificity. The ability to identify pain through
prescribed pain medications allowed an objective approach
to measurement of the outcome rather than, for example,
questionnaires being used (29). The use of Swedish registers
meant there was no loss to follow-up. Registers, including the
NPR and PDR are regularly updated and require no response
directly from participants.

Some potential limitations to the study should also be
considered. MS patients were recruited during their visits to
the neurologist, when blood samples used for genetic profiling
were collected. Non-MS study recruits had to attend their local
health center to deposit their blood samples, which may result
in bias to the health profiles of the non-MS group. Individuals
with frequent visits to health centers due to health problems
may be more likely to participate, due to frequent contact with
health services. Conversely, those with mobility problems or
poorer health may be less inclined to visit the health center to
provide their sample, so bias could be acting in both directions,
making it difficult to estimate how results might be affected. The
sampling of MS patients is not based on probability sampling,
but is rather convenience sampling whereby patients agree to
participate and are then recruited into the study during their
visits with anMS specialist. This could result in selection bias, and
impact on the generalizability of the results, because self-selecting
samples are not reflective of the population (30, 31). In addition
only using prescribed pain medications to define the outcome
is potentially limiting, and likely leads to an underestimate of
the true number of individuals experiencing pain (32) and it
may also tend to identify more severe and persistent pain, as
this is more likely to result in receipt of prescribed medication.
Finally, gabapentin can be prescribed for spasticity rather than
specifically for pain. This could therefore reduce the specificity
of the outcome. However, gabapentin is not often used as a
monotherapy (33), and is generally prescribed when patients
present with symptoms suggestive of neuropathic pain, along
with spasticity (34).

Overall, our results indicated no association between
possessing the DQB1∗03:02 genotype and pain in patients
with MS, however, the risk of pain medication was increased,
albeit modestly, for those with one or more DQB1∗03:02
alleles among the non-MS cohort. Furthermore, this finding
was strengthened by an association with zygosity among the
non-MS cohort, particularly for women. The same pattern
was seen with neuropathic pain, however smaller numbers
reduced power and makes conclusions difficult due to a lack
of significance. Although the HLA complex also includes
non-immune genes, a growing body of evidence suggest
that immune functions are involved in the development
of pain and the findings presented here further strengthen
this notion.
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APPENDIX 1

ATC codes used to identify pain type.

ATC codes

All pain medication N02A N02BE M03BB M03BC N02BA N03AX12 N03AX16 N02C N02BG10 N06AA09 N06AA10

Neuropathic N03AX12 N03AX16 M02AB N06AA09 N06AA10
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