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ABSTRACT (250 words, unstructured, on a separate page)

People with narcolepsy experience delays in diagnosis and inconsistent post-diagnosis care, but the

pattern and scale of their healthcare use is poorly described. In this population-based cohort study,

we used primary care and linked hospital activity data to compare healthcare use in people with

narcolepsy (n=2,772) and a matched comparison group in England (n=13,860). Narcolepsy was

defined by a first coded record in primary care or admitted care data between 02 January 1998 and

31 December 2019; this date was the index date for both groups. People with narcolepsy had

approximately double the rate of healthcare use in the period from five years before to five years

after the index date. Annually, this corresponded on average to an additional 1.9 (95% confidence

interval (Cl) 1.8-2.0) outpatient events, 0.36 (95% Cl 0.30-0.42) admitted patient care events, 0.25

(95% Cl1 0.22-0.29) Accident & Emergency events and 4.3 (95% Cl 3.9-4.7) primary care events per

person. Service use in all settings peaked at index and remained elevated for at least 15 years either

side. The elevated rates of possible-sleep related outpatient events (respiratory, neurology

paediatric, and ear nose & throat) peaked in the year including and after the index date, at 1.50

(95% Cl 1.41-1.59); before declining to <0.5 visits per person-year after five years. Our findings of

sustained elevated use of healthcare by people with narcolepsy across NHS settings may reflect

diagnostic delay, comorbidities, and ongoing narcolepsy-related healthcare needs being met largely

outside specialist sleep care, highlighting opportunities to improve healthcare services.
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Conclusion: People with narcolepsy have sustained, elevated healthcare use across all NHS settings,
highlighting opportunities to improve narcolepsy care through earlier diagnosis, more consistent
recognition and treatment of co-morbidities, and better co-ordination of care between specialist and
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Narcolepsy is a chronic neurological condition that affects approximately 1 in 2,000 people[1] and
limits participation in education, work, family and social activities[2,3]. Symptoms include excessive
daytime sleepiness, disturbed nighttime sleep, and in people with type 1 narcolepsy, cataplexy[3]. In
the UK, people with narcolepsy symptoms mostly present to general practitioners (GPs) before they
are referred to the appropriate specialist service for assessment. This is usually a neurology,
respiratory or paediatric-led sleep medicine centre with facilities for objective testing, including
overnight polysomnography[4]. Narcolepsy treatment includes medications prescribed directly by
sleep specialists or through coordinated care with GPs. Non-pharmaceutical treatments such as
scheduled naps[3,5] are also recommended. Treatment should be reviewed regularly with specialist

oversight, including monitoring of effectiveness, side effects, and co-morbidities[6-8].

Optimising the diagnosis and treatment pathways of people with narcolepsy requires good
understanding of how they currently use healthcare. Research from Europe, North America and Asia
suggests that people with narcolepsy have a higher use of secondary care services than those
without [9-16]. Studies found that, compared to matched controls, people with narcolepsy have
higher rates of outpatient visits[9-11,15,16], inpatient admissions [9-12,14,15], emergency
department visits[10,12,14,16], neurology visits[14,16], psychiatry visits[14,16] and respiratory
visits[14]. Jennum et al. documented that healthcare use in this patient group increased in the years

before diagnosis, peaked at diagnosis, and remained elevated for at least 11 years thereafter [9].

However, important knowledge gaps remain. First, primary care, the most common point of contact
in many health systems including the National Health Service (NHS) in England[17], has received
little attention. Secondly, published studies have tended to focus on specialist service use overall
without distinguishing the range of specialties providing healthcare services. Third, we identified
only two studies that explored patterns of healthcare use among people before and after diagnosis;

neither of these was set in England[9,18].

This study aimed to contribute to closing this important evidence gap by estimating and comparing
rates of healthcare use in people with narcolepsy and a matched comparison group in all NHS
settings in England and exploring how rates in each setting change over time before and after

diagnosis.
METHODS
Study design and setting

In this population-based cohort study, we analysed Clinical Practice Research Datalink (CPRD)

primary care records[19,20] linked to external data sets[21] including Hospital Episode Statistics
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(HES) Admitted Patient Care (APC)[22], HES Outpatient, HES Accident and Emergency (A&E), Office
of National Statistics (ONS) mortality [23], GP practice level small area-based deprivation, and
patient level small-area based urban rural data[24]. Primary care records are collected by NHS GP
practices to support practice administration and clinical care; HES datasets underpin service
management, commissioning, and reimbursement within the NHS through collection of national

hospital activity data.

Digital object identifiers (DOIs) and further documentation describing each data source and
associated data governance arrangements are listed in Supplementary Appendix table 1. Primary
care data were drawn from both CPRD databases, CPRD Aurum and CPRD GOLD, which include
practices using different clinical software systems. In combination, the versions of CPRD data used
for this analysis represent approximately one quarter of the UK population. Linked data availability,

and therefore this study, is restricted to general practices in England.
Study population

We defined the study population and exposure time as individuals registered with CPRD-
contributing practices that passed basic CPRD quality checks, had a recorded sex, were eligible for
linkage to HES APC data and alive and registered in the practice for at least 90 days during the period
covered by the linked data (2 January 1998 to 29 March 2021). There was no age restriction. In view
of substantial changes in primary care access and coding practices during the COVID-19
pandemic[25], our study period ended on 31 December 2019. The study period was therefore 2
January 1998 to 31 December 2019. To prevent duplication of individuals at the same point in time,
we removed data from practices contributing to both CPRD GOLD and CPRD Aurum, and CPRD
Aurum practices that subsequently merged into other contributing practices. Analyses using HES

Outpatient and HES A&E data were restricted to people eligible for linkage to the relevant dataset.

Procedures used to define the matched cohort and estimate outcomes and covariates are detailed in

Figure 1.
Matched cohort (exposures)

The exposed group comprised individuals diagnosed with narcolepsy identified using validated
codelists and algorithms[26]. The index date was defined as the event date of the first ever coded
record of narcolepsy in primary care or HES APC data. We excluded individuals with a narcolepsy
code before the start of exposure time or one or more narcolepsy codes that lacked a valid event

date.
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The comparison group was selected from people in the study population without a diagnosis of
narcolepsy. We matched each person with narcolepsy to up to 5 individuals without narcolepsy by
year of birth (plus/minus 3 years), sex, GP practice, and registration time. The index date of the
matched individual in the narcolepsy group was assigned as the index date for the individual in the

comparison group.
Outcomes

Outcomes included counts of attended outpatient events (HES OP data), admitted hospital events
(HES APC data), accident & emergency events (HES A&E data) and clinical primary care events (CPRD
data). Separate variables were created for counts of outpatient events and admitted hospital events
to specific consultant specialties and to possible sleep related consultants (neurology, paediatric
neurology, respiratory, Ear Nose and Throat (ENT), and paediatric). Separate clinical primary care
event variables were created for counts of face-to-face and telephone consultations in primary care

with medical staff (qualified doctors) or any clinical staff member.
Covariates

Covariates derived from primary care data were: sex, age , and practice size. Ethnicity was defined
using primary care and linked HES data. Area-based deprivation quintiles were assigned using the
Carstairs index from 2011 census mapped to practice postcode. Urban-rural categories were based
on the 2011 census mapped to the patient postcode. Data management and statistical analysis were
conducted using Stata MP, version 18. Programming code for data management and analysis, along
with codelists and codelist checklists are publicly available[27-29][1 WILL UPDATE THESE
REPOSITORIES WHEN | HAVE A PREPRINT DOI]. Detailed definitions of exposures, outcomes and

covariates are provided in Supplementary Appendix table 2.

Statistical analysis

Primary analysis

We used Poisson regression models with an offset for person-time to estimate event rate ratios
(RRs) for each outcome in people in the narcolepsy and comparison group. To account for within-
person correlation due to multiple observation periods and potential outcome events per individual,
we used robust standard errors. Poisson models were chosen because of their stability across
outcomes and time dependent analyses; the alternative of negative binomial regression (to handle
overdispersion) did not consistently converge but was used for selected outcomes in sensitivity

analyses (see Sensitivity Analyses, below). Models were adjusted for age and sex. To remove
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overinflated counts due to data linkage errors[30], we removed individuals with a crude overall
event rate of >50/year from the HES APC and HES Outpatient analyses. We further discounted
outcomes with less than 20 events in the narcolepsy or comparison group, using this as a pragmatic
approach to avoid non-convergence and unstable estimates. Regression models were restricted to
females aged 15 to 45 for hospital events with obstetricians, females aged 15 and older for events
with gynaecologists, people aged 17 and under for events with paediatricians, and people aged 55
and over for events with geriatricians.

From the estimated adjusted model, we calculated predicted rates of each outcome in the
narcolepsy and comparison groups by estimating average marginal (partial) effects for the
observations in the data[31]. We used the same approach to estimate Rate Differences (RDs)

describing the absolute difference in event rates between the narcolepsy and comparison group.

Secondary analyses
We estimated rates, RRs, and RDs by time relative to the index date (-15 to +15 years) for all events
and possible sleep-related event outcomes using interaction terms between the exposure group and

year modelled with a flexible function (spline with 8 knots located at -10,-5,-2,-1,1,2,5,10 years).

We estimated stratified RRs, rates and RDs in the 5 years before and after diagnosis by sex and age
group by including an interaction term for sex and categorical age in regression models for all
outcomes where these models converged. Wald tests were used to test the statistical significance of
interactions. We additionally estimated stratified effect estimates for all events and possible sleep
related event outcomes by ethnicity, area-based deprivation quintiles, urban-rural category,

calendar year and practice size quintiles.

Sensitivity analyses

In case overdispersion affected the Poisson models, we fit negative binomial models as a sensitivity
analyses for the all events outcome where these converged and produced stable dispersion
estimates.

We repeated analyses for the all events outcomes using the first coded record of narcolepsy in
primary care date to identify narcolepsy cases as these may be identified more accurately using this

definition[26].

RESULTS

Study population
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The narcolepsy group included 2,772 people with incident narcolepsy from a study population
including 37,501,230 registration periods in GP practices (Figure 2). The matched comparison group
included 13,860 individuals without narcolepsy. Two people in the comparison group were
diagnosed after the index date and included in both groups. Analyses using HES Outpatient and HES
A&E data included 2,753 people in the narcolepsy group and 13,764 people in the comparison
group.

Healthcare use five years before and after diagnosis (primary analysis)

Table 1 describes the narcolepsy and comparison groups. Median (IQR) years of follow-up for the
primary five years before and after analysis was 7.6 (5.6, 10.0) in the narcolepsy group and 8.0 (5.9,
10.0) in the comparison group. Median (IQR) age at index was 39.0 (25.0, 55.0) in both groups;

52.8% of individuals were female.

Table 2 presents rates, RRs and RDs for all clinical events and possible sleep related events in each
setting and each primary care event type. People with narcolepsy attended each setting
approximately twice as often as the comparison group in the period from five years before to five
years after the index date. Per year, this amounted to an additional 1.91 (95% Cl 1.76-2.05)
outpatient events, 0.36 (95% Cl 0.30-0.42) admitted patient care events, 0.25 (95% Cl 0.22-0.29)
accident and emergency events and 4.32 (95% Cl 3.95-4.69) primary care events. There were 0.77
(95% C1 0.73-0.81) and 0.10 (95% CI 0.09-0.11) additional possible sleep related events in outpatient
and admitted patient care settings, respectively. Most primary care consultations during the study

period were face-to-face with medical staff.

Figure 3 and 4 plot RRs for each consultant specialty and describe RDs and rates in the narcolepsy
group in the outpatient and inpatient setting, respectively. Among people with narcolepsy, the
highest rates of outpatient events per year were to possible-sleep related consultants: paediatrics in
people under 18 (1.56 95% Cl 1.37-1.74), respiratory medicine (0.29 95% Cl 0.26-0.31) and neurology
(0.25 95% C1 0.23-0.27). RRs and RDs were highest for respiratory medicine (RR 17.8 95% Cl 14.9-
21.4; RD per year 0.27 95% Cl 0.25-0.30), neurology (RR 13.0 95% Cl 11.1-15.4; RD per year 0.23 95%
C10.25-0.30) and paediatrics in children (RR 12.2 95% Cl 9.84-15.0; RD per year 1.43 95% Cl 1.25-
1.61). There was evidence of elevated rates of events for the majority of other specialties, most
notably psychiatry (RR 4.32 95% CI 2.79-6.67; RD per year 0.13 95% Cl 0.08-0.18). Similar patterns

were observed for admitted patient care events.

Healthcare use over time before and after diagnosis (secondary analysis)
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Rates of each outcome in the comparison group increased modestly over time relative to the index
date whereas rates in the narcolepsy group peaked at the index date (Supplementary Appendix
Figure 1). RDs (Figure 5) and RRs (Supplementary Appendix Figure 2) showed increases in healthcare
use in the narcolepsy group compared to the comparison group for at least 15 years before and after
the index date, with peaks at the index date. RDs comparing hospital events with possible-sleep
related consultants in the narcolepsy and comparison group peaked the year including and after the
index date (outpatient RD per year 1.50 95% Cl 1.41-1.59), decreased substantially within 5 years
(outpatient RD per year 0.60 95% Cl1 0.53-0.67), and decreased to less than 0.5 visits per year soon
after (Figure 5 and Supplementary Appendix Table 2).

Healthcare use stratified by demographic variables (secondary analysis)

Supplementary Appendix Tables 3a to 3f describe stratified RRs, rates and RDs for the all events and
possible-sleep related event outcomes for all covariates. There is strong evidence of effect
modification by age. RRs for all outpatient and admitted patient care events were highest in younger
age groups and decreased with increasing age. In contrast, RDs were more similar across age groups,
reflecting higher rates in the comparison group at older ages. This pattern suggests that large
relative effects in younger individuals were driven by lower underlying event rates, whereas
absolute differences in use were more consistent across age groups. RRs for possible-sleep related
events were highest in people aged 18 to <35; RDs decreased with increasing age. There was little
evidence that RRs differed by gender, ethnicity, area-based deprivation, urban/rural practices or
calendar year. Where differences were observed, they were generally modest in absolute terms or
stratified estimates were imprecise. Exceptions included calendar year for all outpatient events,
where RRs and RDs increased over time. RRs for possible-sleep related outpatient events also varied
by ethnicity, and were highest in Black people, although the corresponding RD was similar to the

unstratified estimate.

There was little statistical evidence that RRs differed between males and females for most
specialities (Supplementary Appendix Tables 4a and 4b). Where differences were observed (e.g.
cardiology and urology), RRs were higher in females, while RDs were similar, consistent with higher
comparison group event rates in males. Age differences for respiratory medicine and neurology in
adults are consistent with findings for possible-sleep related event outcomes (Supplementary
Appendix Tables 5a and 5b). There was evidence of differences in relative event rates for other

consultant specialities where event rates in the comparison group differed between age groups.

Sensitivity analyses
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Negative binomial regression models resulted in higher RRs than Poisson models for the all event

outcomes for each setting (Supplementary Appendix table 6).

RRs and RDs were similar when narcolepsy was recorded in either primary care or HES APC data
(primary definition) and when narcolepsy was recorded in primary care data only (sensitivity

definition) (Supplementary Appendix table 7).
DISCUSSION
Principal findings

This study provides estimates of healthcare use in all NHS England settings in people with narcolepsy
across the patient journey including primary care, and hospital consultant specialty and over time
before and after recording of narcolepsy in electronic health records. The rate of healthcare use in
people with narcolepsy was approximately twice that of matched controls in the period from five
years before to five years after narcolepsy was recorded, with similar relative increases observed in
all NHS settings. Annually, most additional visits were to primary care following by hospital
outpatient settings. The highest rates of additional hospital visits were to neurology, respiratory and
paediatric specialists who are responsible for diagnosing and treating narcolepsy. However, there
was strong evidence of higher rates of use for the majority of consultant specialties, most notably
psychiatry. When combined, these represent a substantial proportion of additional visits. Overall
healthcare use in all NHS settings and with sleep-related consultants peaked markedly when
narcolepsy was recorded, followed by a substantial decline, although rates were higher for at least

15 years before and after this date.
Strengths and weaknesses

We have used linked electronic health record and administrative datasets that are representative of
the English population by age, sex, area-based deprivation and ethnicity[19,20,24,32]. These
datasets are well established and supported by studies examining data quality and providing
methodology guidance. This has enabled rigorous study design and transparent consideration of the

strengths and limitations of this research.

Our primary definition of narcolepsy cases used coded records in primary care and HES APC data; we
have previously estimated that 65.2% (95% Cl 57.0% to 73.4%) of these cases were diagnosed by a
specialist[33]. Using our sensitivity analysis algorithm (primary care data only), 71.0% (95% Cl 58.8%
to 81.3%) of narcolepsy cases were confirmed. We observed similar findings with both definitions in
this and a previous study describing the incidence and prevalence of diagnosed narcolepsy in the

UK[34]. Furthermore, diagnoses are commonly recorded in primary care data years after

10
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diagnosis[33]. This points to likely under-recording of narcolepsy in our data and the index date in

this study should thus be interpreted with caution.

There is no identifier for sleep centres in HES data; based on our knowledge, we included neurology,
respiratory, ENT and paediatric specialists in our possible-sleep related group. Measures of area-
based deprivation and rural-urban status are proxies for individual socioeconomic status and rural-

urban living.

We developed codelists and algorithms to identify primary care consultations in CPRD data (UPDATE
AND ADD REFS WHEN | HAVE A PREPRINT DOI). These identify similar rates of primary care events in
the comparison data to national data sources[35]. However, a lack of specificity of coding in the GP
record may lead to over- or under-estimation of events. Our follow-up period was restricted to the
period during which people were registered in the practice. Delays in delisting patients when they
move out of area may lead to underestimation of primary care event rates. This would affect the
comparison group more than the narcolepsy group as the latter had a coded record of narcolepsy at

index.

By using Poisson models and not negative binomial regression models, we may have underestimated
differences between healthcare use in people with narcolepsy compared to people without

narcolepsy.
Comparison with other studies

Our study provides a comprehensive overview of healthcare use in people with narcolepsy
compared to age-sex matched controls in the general population in England. To our knowledge. this
is the first full manuscript to compare primary care use and the first publication to report absolute
differences in event rates, consider a wide range of hospital specialists, and to fully describe changes
in healthcare use over time since diagnosis. Our findings are consistent with reported healthcare
utilisation patterns among people with narcolepsy in countries as diverse as the USA [10,13,14,18],
Denmark[9], Taiwan[12], as well as a smaller previous study in the UK[16]; these studies are likely to
have been affected by similar data-related limitations. There was considerable variation in the
methods used including case definitions, measures of effect, and time periods relative to diagnosis
over which they were estimated. Two papers reported substantially greater differences in inpatient
and outpatient events in people with narcolepsy compared to controls; one studied paediatric

narcolepsy[11] and the second measured healthcare resource use in the year after diagnosis[15]. ¥
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psychiatry[14,16]-andrespiratory-specialists[14]-andfound that healthcare resource use peaked at
diagnesis[9,18]-with-continued-elevated-resource-use-foratleast 11 years[9]-

Meaning of the study: possible mechanisms and implications for clinicians and policymakers

In comparison to the general population, people with narcolepsy have higher healthcare use in all
NHS settings for many years before and after narcolepsy is recorded in primary care data. In
England, narcolepsy is primarily diagnosed and treated in clinics led by respiratory, neurology and
paediatric consultants. The decline in outpatient events to these specialists after narcolepsy is
recorded suggests that people do not receive regular follow-up by specialists, matching patient
reports of variable post-diagnosis support[2]. Higher rates of A&E attendances, outpatient visits and
hospital admissions to multiple consultant specialists are likely to reflect the direct and indirect
impacts of narcolepsy on multiple organ systems[3,7]. Psychiatric and cardio-metabolic related
healthcare events, for example, may arise from narcolepsy symptoms, shared pathophysiological
mechanisms, and side effects of medications[3,6,36]. A&E events may be associated with traumatic
injury[37]. Undiagnosed symptoms of narcolepsy may explain some events prior to the index
date[38], particularly psychiatric services[36], primary care and A&E. Earlier recognition and referral
might decrease primary care and hospital events before diagnosis, while routine follow-up by sleep
specialists and in primary care might prevent hospital related events caused by treatable symptoms
and avoidable comorbidities. Previous research has shown that such timely diagnosis and follow-up
are hindered by limited service capacity, referral guidance, and medical education about sleep

disorders[39,40].
Unanswered questions and future research

Our study shows that healthcare use is high before and after diagnosis but does not unpick the
extent to which this is due to narcolepsy symptoms, associated comorbidities, side effects of
medications, or where and how healthcare is delivered. Answering these questions requires
individual-level data linking the timing of symptom onset, diagnosis, treatment and comorbidity to
subsequent healthcare use. Population-based routinely collected data sources, including those used
here, do not capture this detail. Prospective, co-ordinated, longitudinal data collection within
specialist sleep services would facilitate robust epidemiological and health service research that

answers these questions.
CONCLUSION

People with narcolepsy have elevated use of healthcare across NHS settings, before diagnosis which

is sustained following diagnosis. This may reflect diagnostic delay, comorbidities, and ongoing
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narcolepsy-related healthcare needs being met largely outside specialist care. This suggests
opportunities to improve narcolepsy care through earlier diagnosis, more consistent prevention and
treatment of comorbidities, and better coordination of care between specialist and non-specialist

services.
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TABLES

Table 1: Characteristics of narcolepsy and comparison group

Narcolepsy group Comparison group
N+ 2,772 13,860
Follow-up time, median (IQR) person-years
Total 13.6 (7.2, 17.9) 14.5 (7.7, 18.8)
Before index date 5.6 (2.0, 10.8) 5.9(2.4,11.1)
After index date 4.8 (2.2,9.8) 5.4(2.4,10.3)
Primary analysis™* 7.6 (5.6, 10.0) 8.0 (5.9, 10.0)
Total (HES Outpatient) 10.9 (5.5, 15.8) 11.6 (6.1, 16.3)
Total (HES A&E) 10.8 (5.3, 15.5) 11.4 (5.9, 16.0)
Age at index (years)
Mean (SD) 42.2 (20.3) 43.2 (20.5)
Median (IQR) 39.0 (25.0, 55.0) 39.0(25.0, 55.0)
Sex
male 1,309 (47.2) 6,545 (47.2)
female 1,463 (52.8) 7,315 (52.8)
Calendar year at index
1998-1999 131 (4.7) 655 (4.7)
2000-2004 569 (20.5) 2,845 (20.5)
2005-2009 616 (22.2) 3,080 (22.2)
2010-2014 697 (25.1) 3,485 (25.1)
2015-2019 759 (27.4) 3,795 (27.4)
Ethnicity
White 2,353 (84.9) [87.2] 10,743 (77.5) [86.2]
South Asian 74 (2.7) [2.8] 699 (5.0) [5.6]
Black 172 (6.2) [6.4] 543 (3.9) [4.4]
Other 35 (1.3) [1.3] 280 (2.0) [2.2]
Mixed 48 (1.7) [1.8] 197 (1.4) [1.6]
missing 90 (3.2) 1,398 (10.1)
Area-based deprivation quintile (Carstairs)
1 (least deprived) 306 (11.0) 1,530 (11.0)
2 504 (18.2) 2,520 (18.2)
3 685 (24.7) 3,425 (24.7)
4 607 (21.9) 3,035 (21.9)
5 (most deprived) 670 (24.2) 3,350 (24.2)
Urban Rural
urban 2,379 (85.8) 11,835 (85.4)
rural 390 (14.1) 1,996 (14.4)
missing 3(0.1) 29 (0.2)
Practice size quintile
1 largest 971 (35.0) 4,855 (35.0)
2 670 (24.2) 3,350 (24.2)
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3 538 (19.4) 2,690 (19.4)

4 358 (12.9) 1,790 (12.9)

5 smallest 235 (8.5) 1,175 (8.5)
Practice size

Median (IQR) \ 38041 (25361, 55103) \ 38041 (25361, 55103)

Footnote: Categorical figures are presented as number (% of total). *The primary analysis is
censored five years before and after the index date. Numbers in square brackets are percentages
excluding missing values. IQR Interquartile range HES Hospital Episode Statistics A&E Accident &

Emergency
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Table 2: Rates, rate ratios and rate differences for all clinical events and possible sleep related events to each setting and each primary care visit type

Exposed group Unexposed group Comparison
Setting / Event Rate per 100 person years Event Rate per 100 person-years Rate Difference per 100
Outcome count (95% ClI) count (95% Cl) Rate Ratio (95% ClI) person-years (95% Cl)

Outpatient setting

All events 46824 3.01(2.87,3.15) 90171 1.10 (1.06, 1.14) 2.73 (2.58, 2.89) 1.91 (1.76, 2.05)
Possible sleep-

related visit 14594 0.87(0.83,0.91) 8352 0.10 (0.09, 0.10) 9.01 (8.30, 9.79) 0.77(0.73, 0.81)
Admitted patient care setting

All events 11795 0.61 (0.55, 0.67) 25360 0.25 (0.22,0.27) 2.45 (2.14, 2.82) 0.36 (0.30, 0.42)
Possible sleep-

related visit 2321 0.12 (0.10, 0.13) 1531 0.01 (0.01, 0.02) 7.81 (6.49, 9.40) 0.10 (0.09, 0.11)
Accident & Emergency setting

All events \ 7470 0.46 (0.43,0.49) 17510 0.21 (0.20,0.22) 2.21(2.05, 2.39) 0.25(0.22, 0.29)
Primary care setting

All events 160547 9.39 (9.02,9.76) 456074 5.07 (4.97, 5.18) 1.85(1.77, 1.93) 4.32(3.95, 4.69)
Face to face 129624 9.22 (8.94, 9.50) 389758 6.57 (6.47, 6.68) 1.40 (1.36, 1.45) 2.64(2.36,2.93)
Face to face with

medical staff 81094 5.63 (5.44, 5.82) 229620 3.81(3.75, 3.88) 1.48 (1.42,1.53) 1.82 (1.62, 2.01)
Telephonefvideo | 21619 1.58 (1.44,1.72) 45432 0.78 (0.75, 0.81) 2.03 (1.85,2.23) 0.80 (0.66, 0.94)
Telephone/video

with medical staff | 19377 1.42 (1.28, 1.55) 40197 0.69 (0.66, 0.72) 2.06 (1.86, 2.28) 0.73 (0.59, 0.86)
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FIGURES

Figure 1: Procedures used to identify the study cohort
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A Each person with narcolepsy was matched to up to 5 individuals without narcolepsy by year of
birth (plus/minus 3 years with nearest match prioritised), sex, general practice, and registration time
whereby the matched person was actively registered in the practice on the index date of the person
with narcolepsy and had at least 90 days follow-up prior to this date. The index date for the
comparison group matched the index date of the matched individual in the narcolepsy group. People
were matched in calendar time order to avoid time-related biases. To represent the full population
at risk, individuals with narcolepsy were available to be selected as comparators, up to the index
date (incidence density sampling). People were matched in calendar time order to avoid time-

related biases; matching was without replacement.
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B Chronic conditions may be recorded shortly after a patient joins a new practice and misclassified
as incident rather than prevalent cases. We therefore required a minimum period of 90 days

registration before the index date.

C Ethnicity was measured using the most commonly recorded ethnicity in primary care data (or
latest if equally common). Unknown and missing values were replaced with the most commonly

reported ethnicity in HES data where available.

D Age was derived by subtracting the birth day set at 01 July for each individual from the index date.
Age was time updated in the analysis dataset (see E) and modelled as a 3-knotted restricted cubic

spline in regression models.

E Datasets including exposures and covariates for the full cohort were time split by calendar year
and year relative to diagnosis. Outcomes datasets for each data source were merged with this time
split file: additional rows were created when more than one outcome event occurred within a
calendar year/year relative to diagnosis episode. This ensured that events to different specialties on
the same day are counted correctly in specialty-specific analyses. In the all events analysis, visits to
different outpatient specialists or primary care / consultation type combinations on the same day
were counted as unique events, HES A&E visits on the same day and HES APC episodes in the same

admission were counted as a single event.

F Practice area-based deprivation (Carstairs index) and patient area-based urban rural status were
measured using postcodes at the time of CPRD data collection linked to the 2011 census. Practice

size was estimated as the CPRD denominator population registered in the practice on 01/07/2019.

G Exposure time was left censored at the latest of the ONS mortality coverage start date
[02/01/1998] or practice registration date plus 90 days. Analyses using HES Outpatient data and HES

Accident & Emergency data were left centred on 01/04/2003 in line with their coverage periods.

H Exposure time was right censored at the earliest of end of registration in practice, date of death
recorded in Office for National Statistics mortality data or 31/12/2019. In the comparison group,

exposure time was further censored at the first record of narcolepsy.
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Figure 2: Participant Flow Chart
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Figure 3: Rate Ratios and Rate Differences comparing hospital outpatient events in the narcolepsy
and comparison group in the 5 years before and after index date
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Figure 4: Rate Ratios and Rate Differences comparing hospital admitted patient care events in the
narcolepsy and comparison group in the 5 years before and after index date

Rate Ratio {35% CI) RR {95% CI} Rate Difference per Rate in narcolepsy
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*person-year. This term accounts for variable lengths of follow up in individuals in the study.
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Figure 5: Rate Differences comparing healthcare resource use in the narcolepsy and comparison

groups over time relative to the index date
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