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Figure 1 Average annual age- stratified and sex- stratified incidence and prevalence of opioid use 
in MS and non- MS cohorts. *Error bars indicate 95% CIs. Incidence rate ratios and prevalence ratios 
comparing MS and non- MS cohorts shown above relevant columns. MS, multiple sclerosis.

Prescription opioid use in 
multiple sclerosis

INTRODUCTION
Pain can be one of the worst symptoms 
of multiple sclerosis (MS).1 Modifiable 
factors, including depression and anxiety, 
may influence its severity and impact.2 
Opioids used for chronic non- cancer 
pain may be prescribed to persons with 
MS when neuropathic pain therapies are 
ineffective. Given the potential harms of 
opioid use and limited data supporting 
their utility in MS, it is important to under-
stand the extent of opioid prescribing 
for persons with MS. We estimated inci-
dence, prevalence and patterns of opioid 
prescription in an MS population and a 
matched cohort without MS. We assessed 
whether comorbid mood/anxiety disor-
ders modified the association between MS 
and prescription opioid use (hereinafter 
‘opioid use’).

METHODS
Briefly, this matched retrospective cohort 
study was conducted in Manitoba, 
Canada. Online supplemental appendix 1 
details methods and references.

We identified Manitobans with MS 
from 1984 to 2016 using a validated defi-
nition relying on health claims; the earliest 
demyelinating disease claim constituted 
the index date. A general population 
cohort was matched 5:1 on sex, year of 
birth (±5 years) and residence region to 
the MS cohort, after excluding anyone 
with diagnosis codes for demyelinating 
disease or MS disease- modifying thera-
pies. Each control was assigned the index 
date of their matched case. From these 
cohorts, we selected incident MS cases 
and matched controls with an index date 
≥1997, excluding individuals with cancer/
palliative care. We censored anyone who 
developed cancer or entered palliative 
care post index when relevant codes first 
appeared and censored individuals on 
death or leaving the province.

Using validated definitions, we updated 
mood/anxiety disorder status annually 
(active vs inactive/absent). Individuals 
with schizophrenia were not excluded.

New (incident) users of opioids were 
those with no dispensation of ≥1 year 
before initial dispensation. Prevalent 
opioid users were individuals with 
≥1 opioid dispensation in the year of 
interest. We measured time from first 
opioid dispensation to discontinuation. 
We described use patterns among cohort 

members with ≥5 years of follow- up 
post- index. We noted use of non- steroidal 
anti- inflammatory drugs, cannabinoids, 
tricyclic antidepressants, serotonin and 
norepinephrine reuptake inhibitors and 
anticonvulsants based on ≥1 dispensation.

We estimated the crude annual inci-
dence and prevalence of opioid use, 
overall and stratified by sex and age. We 
age and sex standardised the estimates. 
To assess the association between cohort 
(MS vs non- MS), mood/anxiety disorders 
(active vs inactive/absent) and opioid use, 
we employed multivariable generalised 
linear models. We tested two- way inter-
actions between cohort and mood/anxiety 
status. Covariates included sex, age, 
residence region, socioeconomic status, 
disease duration, index year, number of 
physical comorbidities and annual number 
of classes (types) of prescription medica-
tions dispensed, after excluding opioids.

RESULTS
We included 2918 persons with MS 
and 14 539 persons without MS (online 
supplemental appendix table e1). In 
2016, the crude incidence/1000 persons 
of opioid use was 1.49- fold higher (rate 
ratio [RR] 1.49, 95% CI 1.35 to 1.64) in 
the MS cohort (62.94, 95% CI 58.34 to 
67.54) than in the non- MS cohort (43.89, 
95% CI 42.39 to 45.40). Temporal 
trends are shown in online supplemental 
appendix figure e1. Average annual inci-
dence rate of opioid use did not differ by 
sex in either cohort (figure 1). Opioid use 
was higher in the MS than in the non- MS 
cohorts at all ages; this effect was greatest 
in those aged ≥65 years (age×cohort 
interaction, p=0.0081; figure 1). Over the 
study period, the MS cohort had 1.71- fold 

higher crude prevalence/1000 persons 
of opioid use (226.4, 95% CI 220.7 to 
232.2) than the non- MS cohort (132.5, 
95% CI 130.6 to 134.4).

Time to discontinuation of opioids by 
25% of those initiating treatment was 
12 days longer in the MS cohort (see 
online supplemental appendix 1). Among 
incident opioid users with ≥5 years of 
follow- up who had MS but no mood/
anxiety disorder, 30.0% obtained only 
one opioid dispensation, and 8.4% used 
opioids continuously for ≥3 months. In 
contrast, among individuals with MS and 
a mood/anxiety disorder, few had only 
one dispensation (11.4%), and 11.4% 
used opioids continuously for ≥3 months 
(11.4%) (online supplemental appendix 
figure e2).

After adjusting for covariates, the MS 
cohort had an increased incidence (RR 
1.18, 95% CI 1.08 to 1.29) and preva-
lence of opioid use (RR 1.49, 95% CI 
1.41 to 1.57) than the non- MS cohort 
(online supplemental appendix table e2). 
Having an active mood/anxiety disorder 
was associated with an increased preva-
lence of opioid use (RR 1.22, 95% CI 1.17 
to 1.27), but there were no statistically 
significant interactions between cohort 
and mood/anxiety disorders on opioid use 
(all p>0.05).

DISCUSSION
We examined opioid use in people with 
and without MS over two decades. On 
average, the annual prevalence of opioid 
use was 226/1000 persons with MS, but 
only 132/1000 persons without MS, an 
adjusted relative increase of 49% in the 
MS cohort. This higher use of opioids was 
irrespective of the presence of a mood/
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anxiety disorder, similar to prior findings 
for benzodiazepines.3 Notably, average 
incidence of opioid use in those with MS 
aged ≥65 years was quite high, at 83/1000 
persons, and prevalent use affected one in 
four persons. Although incident opioid 
use was only slightly higher in the MS 
cohort, higher prevalent use indicated 
longer duration of use, which was corrob-
orated by our examination of patterns of 
use. In both cohorts, mood/anxiety disor-
ders were associated with longer duration 
of opioid use.

One American survey of individuals 
with MS found that 37.7% currently used 
opioids.4 Our finding that approximately 
10% of our MS cohort used opioids long- 
term highlights the need for further pain 
management research in MS as guidelines 
state that opioids should not be first- line 
therapies, given the uncertainty regarding 
long- term benefits.5

Study limitations included inability to 
assess use of over- the- counter acetamino-
phen–codeine combinations or to exclude 
non- MS- related pain syndromes in the MS 
cohort. We applied validated definitions 
to identify individuals affected by mood/
anxiety disorders, but these only capture 
individuals receiving care from insured 
(i.e, physician) providers.

Prescription opioid use is more common 
in people with MS than those without MS. 
Both MS and mood/anxiety disorders are 
associated with longer durations of chronic 
opioid use. Given the limited evidence 
supporting opioid use for pain manage-
ment in MS, the high prevalence of opioid 
use in persons with MS is concerning and 
indicates a pressing need for alternative 
pain management strategies.
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Q351R MAPT mutation is 
associated with a mixed 3R/4R 
tauopathy and a slowly 
progressive cognitive, behavioural 
and parkinsonian syndrome

INTRODUCTION
We have previously reported the initial 
clinical and imaging findings of a woman 
with a novel MAPT Q351R mutation.1 2 
We continued to assess her following these 
case reports until she died and have now 
analysed her brain at postmortem. Her 
case was of unique interest due to the 
novelty of the mutation and its clinical 
features1 as well as the strong binding seen 
on flortaucipir positron emission tomog-
raphy (PET) imaging,2 which was sugges-
tive of a very specific pathological finding, 
that of a mixed 3R/4R tauopathy, similar 
to that seen in other MAPT mutations 
(V337M and R406W),3 4 and consistent 

with the same type of paired helical fila-
ment tau pathology seen in Alzheimer’s 
disease (AD). She is the first patient with 
this mutation to come to autopsy and we 
report the findings in this study.

METHODS
A patient with a Q351R mutation was 
seen over a 20- year period, during which 
time she was assessed clinically, and 
with repeated MR brain imaging (11 
scans in total) as well as flortaucipir PET 
imaging. In this report, her MR imaging is 
compared against a cohort of 43 healthy 
individuals (all women; mean age 61.5 
years old, range 49.7–68.5 years old). All 
participants gave their consent to take 
part. At the time of death, her brain was 
donated to the Queen Square Brain Bank 
for Neurological Disorders and under-
went postmortem analysis.

RESULTS
Clinical history
She presented to a specialist cognitive 
neurology clinic in her late 40s with a 
4- year history of amnestic symptoms and 
mild behavioural change, mainly in the 
form of apathy. Neurological examination 
was normal, but her initial neuropsycho-
logical assessment showed the pres-
ence of episodic and semantic memory 
impairment with other cognitive domains 
intact.1 Following this, there was a slow 
progression of cognitive and behavioural 
symptoms over the next 20 years, with 
increasing forgetfulness and apathy, as 
well as prominent disinhibition, change 
in appetite and musicophilia. In addition, 
13 years into her illness, she developed 
parkinsonism with bradykinesia, rigidity 
and both resting and postural tremor. She 
was still living at home and was able to 
attend research appointments until her 
mid 60s. She died in her late 60s, 24 years 
into her illness.

Brain imaging
MR imaging throughout the course of her 
illness showed slowly progressive atrophy 
with a whole brain atrophy rate over the 
whole course of the illness of 0.7% per 
year (figure 1A). The pattern of involve-
ment was initially dominated by focal 
medial temporal atrophy affecting the 
amygdala and anterior more than poste-
rior hippocampus. Over time, there was 
progressive cortical involvement also, 
affecting the temporal and insular cortices 
and later the frontal and anterior cingu-
late cortices. Striatal atrophy, particularly 

ventrally, was seen later in the condition as 
well (figure 1B,C). In contrast, posterior 
cortical regions were relatively spared. 
Flortaucipir PET imaging showed strong 
binding of the tracer2 similar to that 
seen in both AD and a small subgroup of 
MAPT mutations (R406W and V337M) 
(figure 1D).

Pathology
The brain weighed 1079 g. There was 
marked cerebral atrophy in a frontotem-
poral distribution, which was most severe 
in the anterior medial temporal lobes. 
Histological examination confirmed fron-
totemporal lobar degeneration with prom-
inent involvement of mesial temporal lobe 
structures. Tau immunohistochemistry 
showed extensive deposition of hyper-
phosphorylated tau, mostly as neurofibril-
lary tangles, neuropil threads and small 
dot- like deposits. The tau pathology was 
most severe in the temporal lobe where 
there was a gradient, in that the supe-
rior temporal gyrus was the least affected 
region while the fusiform and parahippo-
campal gyri together with the amygdala 
and hippocampus showed the most severe 
changes (figure 1E). Tau- positive threads, 
neurites and dot- like deposits were 
frequent in the temporal white matter, 
but these were sparse in the frontal white 
matter. Tau deposition also affected the 
basal ganglia (ventral >dorsal striatum), 
brainstem (midbrain >pons >medulla) 
and, to a lesser extent, the dentate nucleus. 
Differential tau immunohistochemistry 
demonstrated that the pathological tau 
forming the inclusions contained both 
3- repeat and 4- repeat tau isoforms. In 
addition, there was mild deposition of the 
amyloid-β peptide in cerebral cortices, 
corresponding to Thal phase 1 cerebral 
amyloid pathology and mild cerebrovas-
cular disease (hyaline arteriolosclerosis).

DISCUSSION
This patient had a 24- year long illness 
characterised by a slowly progressive 
cognitive and behavioural disorder that 
was dominated initially by amnestic symp-
toms and only mild personality change. 
MR imaging revealed focal volume loss in 
the anteromedial temporal lobes, followed 
later by insula and orbitofrontal involve-
ment as well as the ventral striatum, with 
tau PET imaging localising to these regions 
as well. Postmortem analysis confirmed 
mixed 3R/4R tau pathology with neuro-
fibrillary tangles, most prominent in the 
medial temporal lobes, as predicted by tau 
PET.2–4
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