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Abstract

Objective: Hospital episode statistics (HES) are routinely recorded at every hospital admission within the National Health Service (NHS) in
England. This study validates diagnostic ICD-10 codes within HES as a method of identifying cases of idiopathic inflammatory myopathies (lIMs).

Methods: All inpatient admissions at one NHS Trust between 2010 and 2020 with relevant diagnostic ICD-10 codes were extracted from HES.
Hospital databases were used to identify all outpatients with [IM, and electronic care records were reviewed to confirm coding accuracy. Total
hospital admissions were calculated from NHS Digital reports. The sensitivity and specificity of each code and code combinations were calcu-
lated to develop an optimal algorithm. The optimal algorithm was tested in a sample of admissions at another NHS Trust.

Results: Of the 672 individuals identified by HES, 510 were confirmed to have [IM. Overall, the positive predictive value (PPV) was 76% and sen-
sitivity 89%. Combination algorithms achieved PPVs between 89 and 94%. HES can also predict the presence of IIM-associated interstitial lung
disease (ILD) with a PPV of 79% and sensitivity of 71%. The optimal algorithm excluded children (except JDM code M33.0), combined M33.0,
M33.1, M33.9, M36.0, G72.4, M60.8 and M33.2, and included M60.9 only if it occurred alongside an ILD code (J84.1, J84.9 or J99.1). This pro-
duced a PPV of 88.9% and sensitivity of 84.2%. Retesting this algorithm at another NHS Trust confirmed a high PPV (94.4%).

Conclusion: [IM ICD-10 code combinations in HES have high PPVs and sensitivities. Algorithms tested in this study could be applied across all
NHS Trusts to enable robust and cost-effective whole-population research into the epidemiology of IIM.

Lay Summary

What does this mean for patients?

Information about every hospital admission in the National Health Service in England is collected in a database called hospital episode statistics
(HES). The main diagnosis and any co-existing medical problems are recorded by professional coders, according to a set of rules called ICD-10
codes. Myositis is a group of rare conditions causing muscle inflammation, which are complex to diagnose and to code. There are eight possible
ICD-10 codes that a coder might use to record an admission in someone with myositis. In this study, we looked at how accurately these codes
are used. We compared lists of patients identified by HES with patients’ hospital records. We developed methods such as combining ICD-10
codes to improve accuracy. We found that overall, 89% of people identified in HES genuinely had myositis, and 84% of people known in their lo-
cal hospital to have myositis were picked up in HES. Research in rare diseases, such as myositis, is challenging because it is hard to find enough
people to study and to obtain enough funding. This research shows how automatically collected data can be used to identify potential myositis
cases, which will provide new opportunities for cost-effective research in this rare group of patients.
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Key messages

* Administrative National Health Service databases are powerful, pre-existing and under-utilized epidemiological resources for rare
diseases.

* Our recommended optimal algorithm for identification of idiopathic inflammatory myopathies has 89% positive predictive value and 84%
sensitivity.

* |diopathic inflammatory myopathy-associated interstitial lung disease is identified by respiratory ICD-10 codes with 79% positive
predictive value and 71% sensitivity.
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Introduction

Treatment of patients with rare diseases is challenging be-
cause of their low prevalence and the scarcity of knowledge
and expertise [1]. Yet, there are >6000 known rare diseases,
collectively affecting between 6 and 8% of the population [2].
Understanding more about these diseases is a public health
priority [3]. The National Congenital Anomaly and Rare
Disease Registration Service (NCARDRS) aims to achieve
population-based registration of all patients in England with
congenital or rare diseases in order to support improvements
in understanding and outcomes for these conditions. Within
NCARDRS, the Registration of Complex Rare Diseases—
Exemplars in Rheumatology (RECORDER) project is specifi-
cally seeking new methodologies for registering rare rheuma-
tological diseases, such as the idiopathic inflammatory
myopathies (IIMs), using routinely collected health-care data.

IIM describes a group of chronic, autoimmune rheumato-
logical conditions, most commonly sub-classified as PM, DM,
JDM and IBM [4]. They manifest with varying levels of sys-
temic and localized inflammation, primarily of the skeletal
muscles, skin and lungs [5]. Interstitial lung disease (ILD) is a
common complication that affects ~40% of patients [6].
Previous estimates have placed the prevalence of IIMs be-
tween 2.4 and 33.8 individuals per 100 000 and the incidence
between 1.16 and 19 new cases per million patient-years [7].

Hospital episode statistics (HES) are routinely recorded
data from every hospital admission within the National
Health Service (NHS) in England, including private patients
treated in NHS hospitals and activity of NHS-funded treat-
ment centres [8]. For every continuous episode of inpatient or
day-case care under a single consultant and hospital provider,
a record is generated containing demographic and diagnostic
information, termed a finished consultant episode. For sim-
plicity, finished consultant episodes are henceforth referred to
as admissions.

The primary reason for admission and any co-morbidities
are recorded using ICD-10 codes [9]. HES data provide a
unique research opportunity to describe national admission
patterns and infer information regarding the incidence and
prevalence of disease in conditions that require secondary
care input.

The usefulness of HES data for epidemiological research
depends on coding accuracy. Coders are nationally trained
and follow national coding procedures in order to reduce var-
iation [10, 11]. Within other rare rheumatological diseases,
studies of coding accuracy in HES have found positive predic-
tive values (PPVs) for Kawasaki disease, ANCA-associated
vasculitis and Takayasu’s arteritis of 100, 92 and 91.7%, re-
spectively [12]. However, codes for adult-onset Still’s disease,
relapsing polychondritis and polyarteritis nodosa performed
poorly, with respective PPVs of only 42.8, 40.0 and 5.0%
[12]. Accuracy of coding is therefore highly disease depen-
dent. A Norwegian study used ICD-10 codes in IIM to assess
the incidence and prevalence of IIM in Norway, and a UK
study used ICD-10 codes alongside other identification meth-
ods to calculate the incidence; however, there has not previ-
ously been any validation for this technique within HES data
[13, 14].

The aim of this study was to validate the use of ICD-10
codes within HES as a method of accurately identifying
patients with an IIM by comparison with local clinical
records.
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Methods

This retrospective study is reported using Standards for
Reporting of Diagnostic Accuracy Studies (STARD) guide-
lines for reporting diagnostic accuracy studies [15]. ICD-10
codes related to neuromuscular disorders were identified and
consensus agreement for inclusion/exclusion reached by five
co-authors with specialist clinical experience of IIM patients
(Supplementary Table S1, available at Rbeumatology
Advances in Practice online).

All patients allocated any pre-identified diagnostic codes
for IIM in primary or secondary diagnoses fields of HES from
6 April 2010 to 5 April 2020 for admitted patient care at
King’s College Hospitals NHS Trust (KCH) were identified.
KCH covers five hospital sites across a large urban area and
runs a regional tertiary myositis service. A locally kept rheu-
matology database used for all outpatient documentation was
searched simultaneously for all outpatients with IIM during
the same time period. Additionally, records of all patients un-
dergoing myositis-specific autoantibody testing (a routine
part of IIM patient assessment) were searched manually for
additional IIM cases to pick up occasional patients known
only to other specialties or who had died before outpatient at-
tendance. The study population was created by combining the
HES and local datasets.

Given the high rates of ILD complicating IIM, co-occurring
ILD codes were also extracted. Co-existence of additional ex-
clusion codes that might make a diagnosis of IIM less likely
were recorded.

The total number of HES admissions at the NHS Trust
over the same time period was calculated using publicly avail-
able data from NHS Digital.

Case notes were reviewed by expert IIM clinicians to ensure
that all patients identified had a clinically probable diagnosis
of IIM or IIM-associated ILD. Clinicians were blinded to the
results of the HES extract. The sensitivity, specificity, negative
and positive predictive values (NPV and PPV) of each individ-
ual ICD-10 diagnostic code for IIM were calculated, with the
total population taken as the total number of admissions at
the Trust over the time period.

Various code algorithms (Fig. 1) were attempted to com-
bine diagnostic codes for IIM and monitor the effect on sensi-
tivity and PPV.

Where local notes were unavailable or insufficient to estab-
lish a clinical diagnosis, a negative assumption was made that
IIM was not present. Additional sensitivity analysis was run,
assuming any incomplete local data were positive for IIM, to
assess the impact of this on results. Analysis of false negatives
was performed to compare true positives with false negatives.
Patient exposure years were calculated using a surrogate start
date taken as the date of first appearance of the ICD-10 code,
or for patients missing from HES, the date of the first outpa-
tient visit. Linkage with the Mortality & Births Information
System (MBIS) allowed calculation of the mortality incidence
ratio. Age and sex were compared using a two-tailed Z-test or
two-sample test of proportions, with the confidence level set
at 95%.

Once optimal algorithms had been created, they were tested
in a sample of 60 randomly selected cases in another NHS
Trust.

Statistical analysis was undertaken using STATA v.17.0 and
repeated in RSTupIO by a second independent researcher for
quality assurance [16, 17].
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Idiopathic inflammatory myopathies

M36.0 - Paraneoplastic PM/DM

M33.9 - Dermatomyositis

M33.1 - Other dermatomyositis

M33.0 - JDM

G72.4 - Inflammatory myopathy

M60.8 - Other myositis

M33.2 - Palymyositis

ME&0.9 - Myositis, unspecified

J84.9 - Interstitial pulmonary disease, unspecified

J84.1 - Other interstitial pulmonary diseases with fibrosis

J99.1 - Respiratory disorders in other diffuse CTDs

I I I
100 200 300
Frequency of ICD-10 code

Figure 1. Frequency of idiopathic inflammatory myopathy-related hospital episode statistics codes from King's College Hospitals NHS Trust-submitted
coding data 2010-2019, listed in decreasing order of positive predictive value. Note that interstitial lung disease codes were extracted only if co-occurring

alongside a diagnostic code for idiopathic inflammatory myopathy

Data for this study were collected and analysed under the
National Disease Registries Directions 2021, made in accor-
dance with sections 254(1) and 254(6) of the 2012 Health
and Social Care Act, meaning that individual informed con-
sent was not required. Further ethical approval for this study
was not required per the definition of research according to
the UK Policy Framework for Health and Social Care
Research.

Results

From 1948 731 admissions at KCH between 2010 and 2020,
672 unique patients with prespecified diagnostic codes for
IIM were identified. Fig. 1 demonstrates the relative frequency
of each code. A further 61 patients not identified by HES with
IIMs were found by interrogating local outpatient records.
After case note review, 510 of the 672 HES-identified
patients were confirmed to have IIM, giving a PPV for all
codes of 75.9% (95% CI 72.5, 79.1) and a sensitivity of
89.3% (95% CI 86.5, 91.7; i.e. 510 of 571 genuine IIM cases
were identified). Twenty-one individuals were <16 years of
age at the time of code allocation (excluding those with JDM
code M33.0), with only one being a true IIM case. Excluding
any code allocated while <16 years of age meant that 509 of
651 HES-identified patients were confirmed to have IIM, im-
proving the PPV to 78.2% (95% CI 74.8, 81.3) without

changing the sensitivity; therefore, children were excluded
from all further analysis (except for JDM code M33.0). The
effect of excluding children is shown in Table 1. Two-by-two
tables are provided in Supplementary Fig. S1, available at
Rheumatology Advances in Practice online.

Owing to the relative rarity of [IM and diagnostic codes for
IIM within HES, the specificity and negative predictive value
were 100.0% for all codes and combinations tested. The PPV,
sensitivity and 95% CIs of each individual primary code are
presented in Table 1. M36.0, coding for paraneoplastic PM/
DM, was the highest PPV, at 100.0%. M60.9, coding for
myositis unspecified, had the lowest PPV of 66.6%.

Code combinations

The sensitivity and specificity of each code combination are
given in Table 2. Looking at DM codes only (combination 4)
was highly accurate, with PPV 94.8%, albeit insensitive
(38.6%). High-performing combinations included combina-
tion 8, which gave a PPV of 92.1% whist retaining a sensitiv-
ity of 77.9%, or code 10, which gave a PPV of 91.1% with a
marginally better sensitivity of 78.9%.

Exclusion codes

Of 27 proposed exclusion codes, 15 codes (121 patients) were
observed to occur concomitantly with diagnostic codes for
IIM (Table 2). Nevertheless, 84 of 121 (69.4%) of these were
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Table 1. Positive predictive value and sensitivity of individual ICD-10 codes excluding patients <16 years of age (except for JOM codes) and the impact of

including them

Jennifer R. Hannah et al.

ICD-10 code Description Confirmed PPV [% (95% CI)] Sensitivity* ~ Number of Change in Change in
cases/code [% (95% CI)]  children PPV by excluding sensitivity by
frequency (n/n) excluded children (%) excluding children (%)

M36.0 Paraneoplastic 10/10 100.0 (69.2, 100.0) 1.8 (0.8, 3.2) 0 0.0 0.0
PM/DM

M33.9 DM 84/88 95.5(88.8,98.7) 14.7(11.9,17.9) 0 N/A N/A

M33.1 Other DM 202/212 95.3(91.5,97.7)  35.4(31.5, 39.5) 3 0.0 +0.5

M33.0 JDM 19120 95.0(75.1,99.9)  3.3(2.0,5.2) N/A 0.0 0.0

G72.4 Inflammatory 1937210 91.9 (87.4,95.2)  33.9(30.0,37.9) 0 0.0 -0.1
myopathy

M60.8 Other myositis 82/92 89.1(80.9,94.7) 14.4(11.6,17.5) 13 111.0 0.0

M33.2 PM 145/170 85.3(79.1,90.3) 25.4(21.9,29.2) 0 0.0 0.0

M60.9 Myositis, 195/293 66.6 (60.8,71.9)  34.2(30.3, 38.3) 9 11.40 0.3
unspecified

All codes All above codes 509/651 78.2(74.8,81.3)  89.3(86.5,91.7) 21 +2.3 0.0

The exclusion of children substantially increases the PPV of M60.8, slightly increases the PPV of M60.9 and has little or no impact on sensitivity or PPV of

other codes.

Sensitivity refers to the ability of the code to pick up all cases of idiopathic inflammatory myopathy within the whole cohort regardless of the idiopathic

inflammatory myopathy phenotype.

N/A: not applicable; PPV: positive predictive value.

Table 2. Description of attempted code combinations and their performance for positive predictive value and sensitivity

Code combination Code combination description Frequency PPV (%) (95% CI) Sensitivity (%) (95 % CI)

number

1 Any code 651 78.2 (74.8-81.3) 89.3 (86.5-91.7)

2 Any code excluding least specific code M60.9 522 89.3 (86.3-91.8) 81.8 (78.3-84.8)

3 Two or more different IIM codes occurring together 299 94.3 (91.1-96.7) 49.5 (45.3-53.7)

4 DM codes only (M33.1 or M33.9) 232 94.8 (91.1-97.3) 38.6 (34.6-42.7)

5 ILD code in addition to any IIM code 137 92.70 (87.0-96.4) 22.30(18.9-25.9)

6 Any IIM code with PPV > 90 (M36.0, M33.1, 402 93.3 (90.4-95.5) 65.8 (61.7-69.7)
M33.9, M33.0 and G72.4)

7 Any IIM code with PPV > 90 or two or more [IM 450 92.9 (90.2-95.1) 73.3 (69.5-76.9)
codes occurring together

8 Any IIM code with PPV > 90 or if IIM codes occur 482 92.1 (89.3-94.4) 77.9 (74.3-81.2)
together or alongside an ILD code

9% Any code except M60.9 unless it occurs alongside an 540 88.9 (85.9-91.4) 84.2 (81.0-87.1)
ILD code

10 Any code except M60.9 or M33.2 unless they occur 494 91.1 (88.2-93.5) 78.9 (75.4-82.2)

together or alongside an ILD code

Results include patients identified through national extension of the hospital episode statistics (HES) search and exclude children <16 years of age except

M33.0 code.

*  Code 9 is our optimal recommended algorithm, balancing PPV, sensitivity and clinical judgement.
ILD: interstitial lung disease; IMM: idiopathic inflammatory myopathy; PPV: positive predictive value.

still confirmed to have IIM. Two codes (G71.1, coding for
myotonic disordersm, and G73.7, coding for myopathy in
other diseases classified elsewhere) identified only false posi-
tives but related to only one patient (Supplementary Table S2,
available at Rheumatology Advances in Practice online). Four
codes identified only true positives. Four of four patients with
G72.0 (drug-induced myopathy) all had a statin-induced
myositis, fitting within the autoimmune IIM spectrum. Three
other codes with 100% PPV had only one patient per code.

Interstitial lung disease

Including ]J99.1, J84.9 and J84.1 codes for co-existent lung
disease improved PPV to 92.7% (combination 5). Sensitivity
dropped to only 22.3%, accounting for the fact that not all
IIM patients suffer from this complication. Of the 571
patients confirmed to have myositis, 143 (25.0%) also had

[IM-associated ILD confirmed in their clinical records. Co-
occurring ILD codes identified patients with IIM-associated
ILD from the whole KCH population with a sensitivity of
70.6% and PPV of 78.8% (Table 3). When considering only
the patients identified within HES by code 9, sensitivity within
this cohort was 83.7%.

Sensitivity analyses

Five patients had insufficient notes available to confirm or re-
fute a diagnosis. Sensitivity analysis assuming that all had IIM
increased the PPV by 0.8% and sensitivity by 0.1%. Total
admissions will include multiple admissions for some patients,
thereby over-estimating the local population; therefore, calcu-
lations were repeated using the estimated local population
served by the Trust according to the Care Quality
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Idiopathic inflammatory myopathies

Table 3. Positive predictive value and sensitivity of ICD-10 codes associated with interstitial lung disease for detecting patients with idiopathic

inflammatory myopathy-associated interstitial lung disease

ICD-10 code Description Frequency (n) PPV to detect ILD (%) (95% CI) Sensitivity (%) (95% CI) Sensitivity within
algorithm 9 (%)
J84.1 Other interstitial pul- 88 83.0 47.7 56.6
monary diseases
with fibrosis
J84.9 Interstitial pulmonary 89 86.5 50.3 59.7
disease, unspecified
J99.1 Respiratory disorders 66 80.3 34.6 41.1
in other diffuse
CTD
AIITLD codes All above codes 137 78.8 (71.0-85.3) 70.6 (62.7-77.7) 83.7

ILD: interstitial lung disease; IMM: idiopathic inflammatory myopathy; PPV: positive predictive value.

Commission report: 1000000 people [18]. All specificities
remained unchanged at 100.0%.

Pattern of errors

Twenty-five of 142 false positives were being investigated ap-
propriately for IIM at the time of coding, but ultimately con-
sidered by the clinical team not to have IIM. Other recurring
or avoidable coding misdiagnoses identified included infective
myositides (7=20) and sarcoid myositis, rhabdomyolysis,
metabolic myopathies, drug-induced myopathy, sickle cell cri-
ses, muscular dystrophies and PMR (7 < 10 each).

Sixty-one locally known patients were not picked up using
any IIM code on HES (false negatives). Mortality was higher
in the true-positive group compared with the false-negative
group [mortality rate ratio 3.6 (95% CI 1.4, 13.7), P < 0.05],
implying that false negatives either suffer milder disease or are
at an earlier time point in their illness. The mean age was
lower in the false negatives (54.3 vs 61.4 years, P < 0.05). The
percentage of males was the same (34 vs 32%, P=0.66).

Revalidation in another NHS Trust

The results were validated against a randomly generated sam-
ple of 60 HES records with IIM ICD-10 codes at Nottingham
University Hospitals NHS Trust, a teaching hospital with spe-
cialized rheumatology services but without a specific myositis
service (Supplementary Table S3, available at Rheumatology
Advances in Practice online). In this cohort, only 36 of 60
(60.0%) records with diagnostic codes for IIM were con-
firmed at case note review to have IIM. Four children were
then excluded, none of whom had true IIM. Combination 9
performed best, with a PPV of 94.4% (95% CI 81.3, 99.3),
although all combinations had a PPV > 90% and overlapping
confidence intervals. Within the study population of 60
patients, combination 9 picked up 34 of 36 true positives.
Nine of these patients also received an ILD code, with a PPV
of 77.8% for detecting IIM-associated ILD.

Discussion

Individual codes

Table 1 demonstrates how PPV of the individual ICD-10
codes varies from 100.0% (M36.0, coding for paraneoplastic
PM/DM) to 66.6% (M60.9, coding for myositis, unspecified).
Surprisingly, M33.2, the ICD-10 code for PM, was one of the
worst-performing codes, with a PPV of only 85.3%. The
lower PPV of M33.2 might be explained by the non-specific

nature of PM symptoms and features, meaning that people
with proximal weakness and/or high creatine kinase might
initially be labelled as PM pending further investigation,
whereas in fact there is a broad differential, and diagnosis
might later be revised. This is in contrast to ICD-10 code
M33.9 for DM, where some of the associated rashes are pa-
thognomonic, meaning that M33.9 had a correspondingly
had a high PPV of 95.5%.

Optimal code combination

Combination PPVs of ~90% mean that ICD-10 codes in HES
could be a valuable method of identifying patients with IIM
for further nationwide epidemiological research. The relative
importance of sensitivity vs specificity of a test varies accord-
ing to the specific research question, but algorithms identified
within this study can be used according to researcher prefer-
ence. To maximize case ascertainment, all listed ICD-10 codes
for IIM should be used, but to optimize the search strategy
and reduce false positives while minimizing the impact on
case ascertainment, we would suggest excluding codes given
while <16 years old (except for JDM code M33.0) and in-
cluding all diagnostic codes for IIM except for M60.9, unless
M609 occurs alongside an ILD code (combination 9;
Table 2). This provides a PPV of 88.9% with a sensitivity of
84.2%. Although combination 10 has a higher PPV, it is
counter-intuitive to exclude PM code M33.2 from future re-
search about IIM.

The numbers involved in our validation are too small to
recommend the use of any exclusion codes. On a national
level, these extremely rare codes/conditions are unlikely to af-
fect sufficient people to affect the PPV or sensitivity substan-
tially. Where accuracy of diagnosis is important to the study,
researchers could consider looking at DM codes only, which
together had a PPV of 94.8%, although this will pick up only
an estimated 39% of IIM patients and would bias towards a
particular subset (combination 2). Alternatively, looking at
those where two or more codes have been seen in a single pa-
tient also gives a PPV of 94.3% with a sensitivity of 49.5%
(combination 3).

There are too many negative controls to make NPV and
specificity data interpretable. Owing to the rarity of IIMs, the
low incidence of admissions with IIM codes compared with
the total number of admissions in the Trust creates an ex-
tremely low pre-test probability, making the specificity
100.0% for every code and combination tested. If codes were
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applied to a different population, for example attendees at a
rheumatology clinic, the specificity and NPV would reduce.

RECORDER have separately looked at random cases
across two other Trusts and found that 36 of 40 with codes
M331 or M339 (PPV 90%), 22 of 38 with codes M332,
M609, G724 or M608 (PPV 57.9%) and 15 of 15 with code
M330 were genuine cases of IIM, reflecting our own findings
of M609, M608 and M332 as the least accurate codes [19].

A larger proportion of HES-identified patients were
dropped by combination 9 at the non-specialist centre (33 vs
24%). This reflects that proportionally fewer cases of this
rare disease are likely to be referred to non-specialist centres;
therefore, similar presenting features are more likely to signify
an alternative underlying muscular condition (i.e. pre-test
probability is lower). At the specialist centre, pre-test proba-
bility is higher, meaning that PPV is higher. Once low-
probability patients are filtered out by combination 9, PPV is
more comparable between the two centres (94.4 vs 89.9%).

Interstitial lung disease

ILD is a common manifestation of IIMs. Twenty-five per cent
of the KCH cohort were confirmed to have IIM-associated
ILD, in keeping with estimates from other studies [20]. The
J99.1, J84.1 and J84.9 codes were able to identify a reason-
able proportion of these (71%). The sensitivity from within
the population created by combination 9 is >80%, which
would be hard to improve upon. ILD is an underdiagnosed
complication, and mild forms might remain undetected or
poorly recorded in clinical notes; therefore, the true preva-
lence within our retrospective study population is likely to be
higher [21].

Missing patients

Given the complexity of diagnosis and treatment of IIM, all
patients with true IIM should have been seen in secondary
care at some point in their illness. Many will have had at least
one inpatient or day-case admission (acute illness during diag-
nosis or flares, muscle biopsy, infusion therapies, or from re-
lated/unrelated co-morbidities), creating the potential to be
identified via HES hospital admission data.

Using combination 9, 16% of IIM patients in the commu-
nity of a specialist centre were missed. Comparatively, includ-
ing all codes (code 1) misses only 11% of cases but gives a
false-discovery rate of 22%. Any prevalence estimates extrap-
olated from national HES data must be interpreted in light of
false-discovery and false-negative rates. These estimates have
not been validated in other populations.

Future researchers using the methods described also need to
be conscious of the unsurprising bias towards more complex
cases.

Strengths and limitations

It has previously been shown that coded inpatient HES data
can be a reliable and accurate data resource in certain condi-
tions [22, 23]. This study adds that they are also valuable for
IIM if specified coding algorithms are applied. Accuracy of
HES coding has improved with time [23]. The introduction of
payment by results in 2002, meaning that financial reimburse-
ment of NHS Trusts was linked to coded performance data,
created a drive to improve coding standards across the UK.
Payment by results improved primary diagnosis coding accu-
racy from 73.8 to 96% [23]. To ensure modern data
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standards, only patients receiving codes since 2010 were in-
cluded in the present study.

Information governance, including accuracy of HES data,
is a key element examined regularly by the Care Quality
Commission, meaning that HES coding is quality assured
across England.

Our data reflect patients at a tertiary NHS Trust where lo-
cal databases of IIM patients are maintained. The local data-
base offered a unique advantage that patients within the
hospital catchment population have been identified indepen-
dently, allowing estimation of sensitivity and analysis of miss-
ing patients. Testing within a second Trust with a different
population suggests that there is no major variation in coding
practices between Trusts. Validation of sensitivity analyses
could not be repeated within the second Trust owing to lack
of data on the local background IIM population. Other
groups from Canada and Sweden have previously used ad-
ministrative data codes in IIM research, citing PPVs of
>85%; however, methodologies are scantily described, sensi-
tivity is not addressed, and older and more limited ICD-9
codes are used [22, 24, 25]. Although we have provided an es-
timate of sensitivity, the local database will not be complete.
All quoted sensitivities are therefore likely to be over-
estimates. However, to our knowledge, our local database is a
unique resource, with no more-suitable alternative available.
Efforts were made previously to increase the accuracy of the
local database through screening all positive Myositis Specific
Antibody results at the Trust for additional cases unknown to
rheumatology/dermatology outpatients where the database
was created. Our work demonstrates that single ICD-10 IIM
codes in HES are frequently inaccurate; however, with appli-
cation of the suggested algorithms, accuracy can be improved
to increase the validity of future research.

In clinical studies, Peter and Bohan criteria or 2017
EULAR classification criteria are often used to confirm an
IIM diagnosis and define the phenotypic subgroup [26]. In
practice, diagnosis is a grey area, with wide phenotypic varia-
tion and many patients not falling into official PM, DM or
IBM classifications; therefore, categorization of IIM patients
remains topical [13]. The present study highlights that current
ICD-10 coding categories do not clearly capture different sub-
groups of IIM. IBM, anti-synthetase syndrome, CTD-overlap
syndromes, clinically amyopathic DM, immune-mediated nec-
rotizing myopathies, JDM, PM and DM can all present and
behave differently, and improving categorization would aid
further research. Given the limited information provided by
current ICD-10 definitions and the sparsity of detail in retro-
spective note review, there is insufficient information to con-
firm concordance with classification criteria or to divide
patients accurately into subgroups. Pragmatically, our data
therefore reflect clinical diagnoses of IIM, perhaps more accu-
rately reflecting day-to-day patient and clinician experience.

Conclusions

Administrative NHS data are potentially powerful epidemio-
logical resources for IIM research that are already in use de-
spite previously limited validation work in this field.
Completeness of data in clinical registries is dependent on en-
gagement of clinicians and patients to support data submis-
sion, whereas HES provides total coverage of a national
population using existing data collection methods. The high
PPV and sensitivity of the coding algorithms identified by this
study make them more suitable for use in further
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epidemiological studies in IIMs than single ICD-10 codes.
Taking a multi-source approach to registration of patients
with IIM would result in a more complete cohort, but the
methods described could be a key step towards creating a na-
tional registry for IIM. Identification of these patients is not
only helpful for recruitment to clinical research but would
also be useful to NHS England when planning specialized ser-
vice provision for IIM. Methods could also be adapted to
other under-resourced, rare diseases to assist cost-effective ep-
idemiological research.
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Supplementary data are available at Rheumatology Advances
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