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ABSTRACT

Introduction: Using data from patients residing
in Salford, UK, we aimed to compare healthcare
resource utilisation (HCRU) and direct health-
care costs between patients with moderate to
severe (M-S) or severe osteoarthritis (OA) pain
and those without OA.
Methods: Patients with a M-S OA pain event
within a period of chronic pain were indexed
from the Salford Integrated Record (SIR)

between 2010 and 2017. Patients with a severe
pain event formed an OA subcohort. Patients in
each OA pain cohort were independently mat-
ched to patients without OA, forming two
control cohorts. HCRU, prescribed analgesic
drugs, and total direct costs per UK standardised
tariffs were calculated for the year post-index.
Multivariable models were used to identify dri-
vers of healthcare cost.
Results: The M-S OA pain and control cohorts
each comprised 3123 patients; the severe OA
pain and control cohorts each comprised 1922
patients. Patients in both OA pain cohorts had a
significantly higher mean number of general
practitioner encounters, inpatient, outpatient,
and accident and emergency visits, and were
prescribed a broader range of analgesic drugs in
the year post-index than respective controls.
Mean healthcare costs of all types were signifi-
cantly higher in the M-S and severe OA pain
cohorts vs controls (total: M-S £2519 vs £1379;
severe £3389 vs £1397). Paracetamol (M-S: 40%
of patients had at least one prescription; severe:
50%) and strong opioids (34% and 59%) were
the analgesics most prescribed to patients with
OA pain. In all cohorts, multivariable models
showed that a higher age at index, the presence
of gout, osteoporosis, type 2 diabetes, or coro-
nary artery disease, significantly contributed
towards higher healthcare costs.
Conclusion: In the population of Salford, UK,
patients with M-S OA pain had significantly
higher annual HCRU and costs compared with
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matched controls without OA; generally, these
were even higher in patients with severe OA
pain.

Keywords: Analgesia; Arthroplasty; Chronic
pain; England; Healthcare cost; Hospitali-
sation; Length of stay; Osteoarthritis; Primary
health care; Regional health planning

Key Summary Points

Why carry out this study?

There is a lack of research evaluating the
healthcare resource utilisation (HCRU)
and associated costs of moderate to severe
and severe osteoarthritis (OA) pain in the
United Kingdom (UK). The aim of this
analysis was to quantify this burden at a
local level among patients treated in
Salford, UK.

What was learned from the study?

Four cohorts of patients were indexed
from the Salford Integrated Record (SIR),
which represents a unique database of
complete primary and secondary care data
from a metropolitan UK health region: (1)
patients with moderate to severe OA pain
and (2) matched controls; (3) patients
with severe OA pain and (4) matched
controls. Specific pain scoring for OA is
not recorded in the SIR, so the level of OA
pain was inferred from healthcare
utilisation behaviour. Patients in the
control groups were from the general
population without OA and were matched
to each patient with OA pain by age, sex,
and comorbidity burden using propensity
scoring.

Patients with moderate to severe OA pain
had a significantly higher mean number
of general practitioner encounters,
inpatient admissions, and outpatient and
accident and emergency visits than
controls, and they utilised a broader range
of analgesic drug classes.

Almost twofold higher healthcare costs
were observed in patients with moderate
to severe OA pain than controls. In
general, HCRU and costs were even higher
in patients with severe OA pain,
demonstrating that the burden increases
alongside pain intensity. In all cohorts,
multivariable models showed that a
higher age at index, the presence of gout,
osteoporosis, type 2 diabetes, or coronary
artery disease significantly contributed
towards higher healthcare cost.

This study demonstrates the significant
local burden of moderate to severe and
severe OA pain in Salford, which may also
be indicative of that in the wider UK.

DIGITAL FEATURES

This article is published with digital features,
including a graphical plain language summary,
to facilitate understanding of the article. To
view digital features for this article go to https://
doi.org/10.6084/m9.figshare.19140035.

INTRODUCTION

Over one-third of the United Kingdom (UK)
population is thought to experience chronic
pain, with more than 10% struggling to take
part in daily activities [1, 2]. Chronic pain pre-
sents as a significant national and personal
burden [3–6]. Musculoskeletal conditions,
including osteoarthritis (OA), are an important
risk factor for chronic pain in the UK [5, 7–10].
A substantial proportion of those with OA
(40–60%) experience moderate to severe pain
[11–17]. As OA is a relatively common condi-
tion, OA pain is a significant burden to not only
the patient but also the healthcare system and
economy as a whole [11–16]. Previous findings
from various countries (most commonly the
United States) have consistently shown higher
healthcare resource utilisation (HCRU) and
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costs in patients with chronic OA pain com-
pared with the general population
[6, 13, 15, 18–26].

There is a lack of data reporting on the use of
healthcare resources and associated costs for
patients with moderate to severe OA pain in the
UK [2]. These are likely to differ from those
reported in the United States due to the nature
of the regional healthcare systems and treat-
ment pathways [2]. A recent analysis of linked
data for primary (Clinical Practice Research
Datalink [CPRD]) and secondary (Hospital Epi-
sode Statistics [HES]) care in England showed
that patients with moderate to severe OA pain
consistently used more healthcare services
compared with control patients without OA
[27]. This included significantly more general
practitioner (GP) consultations, outpatient
attendances, accident and emergency (A&E)
visits, inpatient stays, and a significantly higher
overall direct cost (? £4778 per patient over
2 years) [27]. Although linked CPRD-HES data
are available for patients located across England,
many health services are managed at a local
level, and there are regional differences in the
incidence and management of OA, possibly for
socioeconomic reasons [28–30]. Understanding
the local burden of OA pain could help regions
of the UK better understand and adapt to the
specific needs of their patients.

The Salford Integrated Record (SIR) is a
unique database of deidentified Electronic
Healthcare Records from the population of Sal-
ford, Greater Manchester, UK [31–33]. It is a
comprehensive repository of primary and sec-
ondary healthcare utilisation for approximately
251,000 people, including data from 45 GP
surgeries and a large university teaching hospi-
tal [31, 33]. The aim of this analysis was to
better understand the HCRU and cost burden
associated with moderate to severe and severe
OA pain in patients treated in Salford, UK, using
the rich data included in the SIR. We hypothe-
sised that HCRU and cost will be higher in
patients with OA pain than in those without
OA, and that HCRU and costs will increase with
OA pain severity.

METHODS

Study

This was a retrospective, longitudinal, matched-
cohort study using data from the SIR. Salford is
a relatively deprived metropolitan borough of
Greater Manchester in North-West England
[34]. The SIR contains complete primary and
secondary public healthcare data for all patients
(excluding * 3% of the population who have
opted out) in the Salford region from around
2008. Primary data completeness has been ver-
ified against third-party data extracts. A verifi-
cation prior to the use of the SIR for pragmatic
trials of respiratory drugs has been published
[31]. Secondary data in the SIR replicate that
used for hospital reimbursement. The quality,
coverage, and completeness of SIR data are
considered to be of a very high standard, and
the SIR has previously been used in a number of
high-quality studies [31, 35, 36]. When the SIR
was developed, mental and sexual health data
were excluded due to sensitivity; some other
conditions were also erroneously removed (in-
guinal hernia, angina, and some strokes). The
SIR does not routinely capture out-of-area hos-
pital data (which is mainly a limitation for
cardiac surgery). It also does not capture data for
patients living in Salford and registered with
out-of-area GP practices, but it does include
patients living outside Salford and registered
with GP practices within Salford.

The study protocol was examined by the SIR
Review Board as part of the data extract request
application process. No separate ethics com-
mittee review process was required. The study
was conducted in accordance with all legal and
regulatory requirements, as well as with scien-
tific purpose, value, and rigour. It followed
generally accepted research practices described
in the Guidelines for Good Pharmacoepidemi-
ology Practices, Good Practices for Outcomes
Research, and the Declaration of Helsinki.

Cohorts

Patients C 18 years old with at least one mod-
erate to severe or severe pain event within an
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episode of chronic pain (see definition below)
were indexed from the SIR between 1 January
2010 and 31 December 2017 (Fig. 1) [27].
Patients must have had at least one prior diag-
nosis of OA in their recorded medical history, as
defined by read or International Classification
of Diseases 10th revision codes (see Table S1 in
the electronic supplementary material for
details). A chronic pain episode was initiated
when a patient attended a GP consultation
relating to OA pain. This must have been fol-
lowed by similar pain-related consultations
with a GP or specialist in rheumatology,
orthopaedics, or pain management in the fol-
lowing 3–12 months. The chronic pain episode
ended when no further consultations were
recorded in a 12-month period. Patients were
indexed in the moderate to severe OA pain
cohort if they had at least one moderate to
severe pain event during a chronic pain episode,
defined as (1) referral or attendance to a
rheumatology, orthopaedics, or pain manage-
ment department; (2) a surgical or non-surgical
invasive procedure for OA in secondary care; (3)
at least two prescriptions for nonsteroidal anti-
inflammatory drugs (NSAIDs), including at least
two different NSAIDs, within a 3-month period;
(4) at least two prescriptions for opioids within a

3-month period; or (5) an A&E visit relating to
pain followed by a GP visit relating to OA pain
in the following 14 days. Patients who met cri-
terion 2, 4, or 5 were additionally indexed in the
severe OA pain cohort. Patients may have been
indexed in both the moderate to severe and
severe OA pain cohorts, but their index dates for
each cohort may be different.

Each patient with OA was matched by age,
sex, and Charlson Comorbidity Index (CCI) to
the nearest patient (control) who did not have a
diagnosis of OA at any point in their medical
history. Comorbidities were taken from the
patient’s recorded medical history prior to the
index date. Most controls were exact matches,
and the remainder were matched to the nearest
neighbour using logistic-regression-based
propensity scoring. Matching was done inde-
pendently for the moderate to severe and severe
OA pain cohorts. The two control cohorts did
not generally contain the same patients; how-
ever, a patient could be indexed in both control
cohorts if matched to the same or different
patients with OA pain. Controls were assigned a
pseudo-index date equal to the patient they
were matching. All indexed patients (OA or
control) must have been continuously regis-
tered with a GP in Salford for 12 months prior

Fig. 1 Study design. aOA diagnosis defined through
International Classification of Disease, 10th revision codes
or read codes at any time in the patient’s medical history
(see Table S1). Note that surgical interventions were

assessed in the 2 years post-index; however, this was a
secondary analysis, and patients were not required to have
2 years of follow-up. OA osteoarthritis

854 Rheumatol Ther (2022) 9:851–874



and 12 months following index, as indicated by
any acute prescription or face-to-face practice
appointment.

Outcomes

The primary aim of the study was to compare
HCRU and costs for the 12 months following
index in patients with moderate to severe OA
pain vs controls from the general patient pop-
ulation without OA. A secondary aim was to
compare these outcomes in the subgroup of
patients with severe OA pain.

In this study, HCRU included GP encounters,
inpatient admissions, outpatient visits, and
A&E attendances for any reason. Some subtypes
of encounter/visit are presented. Total direct
healthcare costs included the cost of these
HCRUs plus the cost of prescribed analgesic
drugs. Factors associated with increased
healthcare costs were evaluated using multi-
variable analyses.

We additionally conducted some explora-
tory analyses of the proportion of patients with
surgical interventions in the 2 years post-index,
the factors associated with the risk of surgical
interventions, and the number of prescriptions
for specific types of analgesic drugs in the
12 months post-index (see Table S2 in the
electronic supplementary material for defini-
tions of the HCRU and cost outcomes).

Statistical Analysis

Demographics and clinical characteristics at
index, HCRU, analgesic drug use, and costs
during the 12 months post-index were sum-
marised descriptively. Means were compared by
t test, and categorical variables were compared
using the chi-squared test. Comorbidities of
interest included asthma, coronary artery dis-
ease, cerebrovascular disease, depression (in-
ferred from antidepressant prescriptions in the
patient’s recorded medical history), fibromyal-
gia, gout, hyperlipidaemia, hypertension,
osteoporosis, psoriatic arthritis, rheumatoid
arthritis, ankylosing spondylitis, and type 2
diabetes. Throughout the analyses, a

standardised difference (STD) of[ 0.1 was con-
sidered meaningful.

Predictors of higher healthcare cost in each
cohort were analysed by multivariable analyses
in Stata 15, initially using a two-part model but
reverting to a generalised linear model with log
link and underlying gamma distribution if the
two-part model had problems converging. Both
provided a mean, 95% confidence interval, and
p value for the OA pain vs control cohorts. Only
eight of the 3123 patients in the moderate to
severe OA pain cohort and none of the 1922 in
the severe OA pain cohort had zero healthcare
costs. Overall, 430 patients in the moderate to
severe control cohort and 250 in the severe
control cohort had zero cost. Covariates inclu-
ded in the initial regression model were age,
sex, body mass index (BMI; both categorical and
continuous), smoking status, CCI, and the
comorbidities of interest. After backward elimi-
nation, the final models included only covari-
ates with p\0.05. Interaction terms with
p\0.15 were also retained.

The proportion of patients with surgical
procedures for OA in the 2 years following
index and the mean time from index to first
OA-related surgical intervention were sum-
marised descriptively. Predictors of risk for an
OA-related surgical procedure were assessed
using the Cox proportional hazards model. The
statistical significance of the models was evalu-
ated using the likelihood ratio test, the Wald
test, and log-rank statistics.

RESULTS

A plain language summary of this study is
available as Fig. S1.

Cohorts

In total, 12,534 patients with OA were identi-
fied across primary and secondary SIR data
(Fig. 2). Of these, 3123 patients met the inclu-
sion criteria for the moderate to severe OA pain
cohort, and 1922 of these additionally met the
inclusion criteria for the severe OA pain cohort.
Two matching control cohorts were indepen-
dently formed. The median follow-up duration

Rheumatol Ther (2022) 9:851–874 855



was 45 months for the moderate to severe OA
pain and matching control cohorts (n = 2402
and n = 3123, respectively, had C 24 months
follow-up), and 47 months for the severe OA
pain and matching control cohorts (n = 1513
and n = 1922, respectively, had C 24 months
follow-up).

Baseline Characteristics

Patients with moderate to severe OA pain were
predominantly female (61%) with a mean age of
63 years at index (Table 1). In the severe OA
pain cohort, 65% of patients were female with a
mean age of 64 years at index. Along with CCI
(median score of 3 in all cohorts), these vari-
ables were used to match individual controls to
patients with OA pain. Due to incomplete
matching, there were minor differences in the
mean age (1 year) and proportion of female
patients (\ 1% of patients) between the OA pain
cohorts and respective control cohorts. Patients
in both the moderate to severe and severe OA
pain cohorts had significantly higher BMI than
those in the control cohorts (p\0.001; STD
0.325–0.439 for continuous and categorical
measures), and a range of comorbidities of
interest were significantly more prevalent,
namely asthma, depression, fibromyalgia, gout,
hyperlipidaemia, hypertension, osteoporosis,
psoriatic arthritis, rheumatoid arthritis, and
ankylosing spondylitis (p\ 0.01; STD
0.071–0.570; Table S3).

Interestingly, type 2 diabetes was signifi-
cantly less prevalent in both cohorts with OA
pain, although also with a relatively small
magnitude of difference (p\0.001; STD
0.196–0.212). Depression (derived from an
antidepressant prescription in the patient’s
recorded medical history) had the largest STD in
the moderate to severe OA pain vs control
cohorts (0.481) and in the severe OA pain vs
control cohorts (0.570).

HCRU

Patients with moderate to severe OA pain or
severe OA pain had a higher mean number of
GP encounters, inpatient admissions, outpa-
tient visits, and A&E attendances as compared
with matched patients in the control cohorts
(p\ 0.05; STD 0.051–0.453; Fig. 3; Table 2). The
STDs between OA and control cohorts were
generally larger for those with the severe OA
pain (0.125–0.453) than for those with moder-
ate to severe OA pain (0.051–0.360). Data on
subtypes of encounter/visit are included in
Table 2.

GP Encounters
A higher proportion of patients with moderate
to severe OA pain had at least one face-to-face
GP practice appointment (86% vs 66%) or GP
telephone consultation (50% vs 39%) compared
with patients in the control cohort (Table 2).
Although the trends were the same for the

Fig. 2 Participants. OA osteoarthritis
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Table 1 Baseline demographics and clinical characteristics

Moderate to
severe OA pain
n = 3123

Matched
controls
n = 3123

STD and
p value

Severe
OA pain
n = 1922

Matched
controls
n = 1922

STD and
p value

Female, n (%)a 1903 (60.9) 1881 (60.2) STD 0.014,

p = 0.587

1239 (64.5) 1227 (63.8) STD 0.013,

p = 0.711

Ethnicity, n (%)

White 2147 (68.7) 2228 (71.3) STD 0.167,

p\ 0.001

1328 (69.1) 1371 (71.3) STD 0.146,

p = 0.008Asian 30 (1.0) 16 (0.5) 12 (0.6) 11 (0.6)

Black 17 (0.5) 28 (0.9) 10 (0.5) 17 (0.9)

Mixed 17 (0.5) 9 (0.3) 6 (0.3) 10 (0.5)

Other/unknown/

missing

912 (29.2) 842 (27.0) 566 (29.4) 513 (26.7)

Age at index,

mean (SD), yearsa
63 (12.6) 64 (11.9) STD 0.031,

p = 0.226

64 (12.3) 65 (11.6) STD 0.034,

p = 0.296

Median years since

diagnosis of

chronic pain

2 N/A N/A 2 N/A N/A

BMI, median kg/m2 or n (%)

Median 30 28 STD 0.325,

p\ 0.001

30 28 STD 0.439,

p\ 0.001

0–18.4 21 (0.7) 76 (2.4) STD 0.346,

p\ 0.001

18 (0.9) 40 (2.1) STD 0.395,

p\ 0.00118.5–24.9 465 (14.9) 640 (20.5) 265 (13.8) 401 (20.9)

25.0–29.9 89.3 (28.6) 802 (25.7) 558 (29.0) 494 (25.7)

C 30.0 1261 (40.4) 803 (25.7) 844 (43.9) 482 (25.1)

Missing 483 (15.5) 802 (25.7) 237 (12.3) 505 (26.3)

Smoking status

Current 518 (16.6) 684 (21.9) STD 0.113,

p\ 0.001

327 (17.0) 460 (23.9) STD 0.134,

p\ 0.001Former 982 (31.4) 1053 (33.7) 605 (31.5) 613 (31.9)

Never 1198 (38.4) 1262 (40.4) 747 (38.9) 787 (40.9)

Unknown/missing 425 (13.6) 124 (4.0) 243 (12.6) 62 (3.2)

CCI, mediana 3 3 STD 0.003,

p = 0.918

3 3 STD 0.001,

p = 0.924

CCI Charlson Comorbidity Index, N/A not available, OA osteoarthritis, SD standard deviation, STD standardised
difference
aIndicates variables on which control patients were matched. Note that matching was to the nearest neighbour, so some
factors are incompletely matched

Rheumatol Ther (2022) 9:851–874 857



severe OA pain and respective control cohorts,
the magnitude of these differences was larger
for practice appointments and telephone con-
sultations than between the moderate to severe
OA pain and control cohorts (Table 2).

Inpatient Admissions
More than double the proportion of patients in
the moderate to severe OA pain (43%) and
severe OA pain cohorts (53%) had one or more
inpatient admission than in the respective
control cohorts (both 21%; Table 2). The mean
number of admissions per patient was signifi-
cantly higher in the moderate to severe OA pain
cohort than the control cohort for day cases
(STD 0.129) and elective admissions (STD
0.427), but not for non-elective admissions
(p[ 0.05; Table 2). Results for the severe OA
pain and matched control cohort were similar
(all p\0.01; Table 2).

Among patients with at least one inpatient
stay of any kind, mean length of stay was sig-
nificantly lower in those with moderate to sev-
ere OA pain (4.64 days ± 10.61) or severe OA
pain (5.69 days ± 14.21) than in the respective
control cohorts (10.28 days ± 18.85 and
10.52 days ± 19.08; both p\ 0.001; STD 0.369

and 0.288; Table 2). The largest STDs were seen
for elective surgeries, which would include most
OA-related surgical interventions (STD for OA
pain vs control cohorts: 0.381 and 0.417 for
moderate to severe and severe, respectively).

OA-Related Surgical Interventions
in the 24 Months Post-Index
Overall, 13.4% of patients in the moderate to
severe OA pain cohort had one or more total
joint replacements over the 24 months post-
index: 6.1% had one or more intra-articular
joint injections, 1.5% had one or more arthro-
scopies, 0.6% had one or more arthrodesis
surgeries, and 0.7% had osteotomies. Twelve
patients with moderate to severe OA pain had
two procedures each.

A slightly higher proportion of patients in
the severe OA pain cohort had one or more of
each type of surgical intervention (22.2% had
one or more total joint replacements, 9.9% had
one or more intra-articular joint injections,
2.7% had one or more arthroscopies, 1.2% had
one or more arthrodesis surgeries, and 1.0% had
osteotomies). Thirteen patients with severe OA
pain had two procedures each.

Fig. 3 Mean HCRU per patient in the 12 months post-
index. Number above the bar (? SD) indicates the mean
in the 12 months post-index. All comparisons with the
respective control are p\ 0.05. Moderate to severe OA
pain and matched control cohorts each comprise 3123

patients. Severe OA pain and matched control cohorts
each comprise 1922 patients. A&E accident and emer-
gency, GP general practitioner, HCRU healthcare resource
utilisation, OA osteoarthritis, SD standard deviation
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As might be expected, hardly any procedures
were recorded for patients in the control cohort
(no more than four patients had one or more of
each surgical intervention type in each cohort).

Excluding patients who had a surgical inter-
vention on the day of index, the mean time
from index to first OA-related surgical inter-
vention was estimated to be 256.87 days (stan-
dard deviation [SD] 202.25) in the moderate to
severe OA pain cohort and 281.68 days (198.24)
in the severe OA pain cohort. A Cox propor-
tional hazards model was used to examine the
factors that influenced the risk of having an OA-
related surgical intervention (Fig. 4). The model

for the moderate to severe OA pain cohort
showed osteoporosis (hazard ratio [HR] 0.64;
associated with 36% less risk), fibromyalgia (HR
0.59; associated with 41% less risk), and age at
index (HR 1.01; associated with 1% extra risk
per year older) to be significant (p\0.05) pre-
dictors of a post-index OA-related surgical
intervention. Surgical intervention was a crite-
rion for inclusion in the study for both moder-
ate to severe and severe OA pain cohorts. As a
high proportion of the patients with severe OA
pain (n = 344/1922) were indexed on this cri-
terion, the hazards model was not pursued.

Fig. 4 Hazard ratio for the risk of OA-related surgical
interventions in the cohort of patients with moder-
ate to severe OA pain. Includes 512 first surgical events
that took place after the index date for patients with a full
set of covariates. Global p = 0.01 from log-rank test.
n = 3123 except for comparison groups: female,

n = 1903; male, n = 1220; current smoker, n = 518;
former smoker, n = 982; never smoked, n = 1198. Data
for unknown/missing smoking status not shown (hazard
ratio 1.47 vs current smoker; 95% CI 0.20, 10.62).
*p\ 0.05. BMI body mass index, CCI charlson comor-
bidity index, CI confidence interval
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Outpatient Admissions
Overall, 97% of patients in the moderate to
severe OA pain cohort and 91% of those in the
severe OA pain cohort had at least one outpa-
tient visit, compared with 57% and 58%,
respectively, in the matched control cohorts
(Table 2). As might be expected, the proportions
of patients with at least one orthopaedic and
specialist pain management clinic visit were
approximately tenfold higher per patient in the
OA pain cohorts than in the control cohorts
(p\ 0.001; STD 0.335–1.309; Table 2). The dif-
ference in the proportion of patients with at
least one physiotherapy visit was over sevenfold
(32% of patients in each of the OA cohorts
compared with 5% in each of the control
cohorts; STD 0.576 and 0.621, respectively) and
over fivefold for rheumatology (19% and 16%
in the moderate to severe and severe OA pain
cohorts, respectively, compared with 3% in the
control cohorts; STD 0.311–0.355). The mean
number of visits per patient was significantly
higher for patients in the OA pain cohorts than
in the control cohorts for all outpatient spe-
cialities except psychotherapy (both OA pain
cohorts) and cardiology (in the severe OA pain
cohort).

A&E Attendance
Similar to other types of HCRU, the proportion
of patients with at least one A&E attendance
was higher in the moderate to severe OA pain
and severe OA pain cohorts, respectively, vs
their respective controls (28% vs 22% and 32%
vs 20%; Table 2). The mean (± SD) number of
A&E attendances that led to hospitalisation per
patient was similar in the moderate to severe
OA pain and control cohorts (0.19 ± 0.59 vs
0.21 ± 0.68, p = 0.165; STD 0.035) but higher in
the severe OA pain cohort (0.26 ± 0.74 vs
0.19 ± 0.61, p\0.001; STD 0.096).

Utilisation of Analgesic Drugs

Patients with OA pain utilised a broader range
of prescribed analgesic drugs in the 12 months
post-index compared with controls. Prescribed
drugs were classed as (1) adjuvants, (2) non-
opioids, or (3) opioids. The proportion of

patients prescribed drugs from any two of the
classes was higher in the moderate to severe
(33%) and severe (44%) OA pain cohorts than in
the control cohorts (11% and 12%, respec-
tively). Findings were similar for the propor-
tions of patients prescribed drugs from all three
classes (19% of the moderate to severe and 32%
of the severe OA pain cohorts vs 4% in the
control cohorts). All subtypes of analgesic drugs
had a significantly higher mean number of
prescriptions per patient in the chronic OA pain
cohorts compared with the control cohorts,
except for anxiolytics and hypnotics in the
moderate to severe OA pain cohort (Table 3).
This included antidepressants, though the pro-
portions of patients with prescriptions in the
12 months post-index were much lower than
those identified in prior medical records
(Table 3 and Table S3). The three most widely
used analgesic drug types in patients with
chronic OA pain were paracetamol (at least one
prescription for 40% of patients in the moderate
to severe vs 50% in the severe OA pain cohorts),
strong opioids (34% vs 59%), and oral NSAIDs
(30% vs 31%; Table 3).

Direct Healthcare Costs

The total direct healthcare cost in the
12 months following index was significantly
higher in patients with moderate to severe OA
pain as compared with patients in the control
cohort (£2519 SD: £3511 vs £1379 SD: £3787,
p\0.001; STD 0.312; Fig. 5; Table 4). The dif-
ference was even greater between the severe OA
pain and control cohorts (£3389 SD: £4464 vs
£1397 SD: £3884; p\0.001; STD 0.476).

The largest contributors to healthcare cost
were inpatient admissions and outpatient visits,
though all types of cost were significantly
higher in the OA pain cohorts than in the
respective control cohorts (STD 0.090–0.522).
Cost components with the highest STDs were
analgesic drugs (STD 0.314–0.522) and inpa-
tient admissions (STD 0.270–0.434).

Univariate analyses showed all covariates
(age, sex, BMI [both categorical and continu-
ous], CCI, smoking status, and the comorbidi-
ties of asthma, coronary artery disease,
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Table 3 Utilisation of analgesic drugs in the 12 months post-index

Moderate to
severe OA pain
n = 3123

Matched
controls
n = 3123

STD and
p value

Severe
OA pain
n = 1922

Matched
controls
n = 1922

STD and
p value

Adjuvants

Antidepressantsa

Mean Rx per

patient (SD)

2.34 (7.02) 1.14 (5.19) STD 0.194,

p\ 0.001

3.06 (8.11) 1.35 (6.00) STD 0.240,

p\ 0.001

Patients

with C 1 Rx (%)

776 (24.8) 336 (10.8) STD 0.375,

p\ 0.001

558 (29.0) 224 (11.7) STD 0.442,

p\ 0.001

Antiepilepticsb

Mean Rx per

patient (SD)

2.02 (6.83) 0.82 (5.52) STD 0.193,

p\ 0.001

2.72 (7.96) 1.08 (6.58) STD 0.224,

p\ 0.001

Patients

with C 1 Rx (%)

588 (18.8) 170 (5.4) STD 0.419,

p\ 0.001

461 (24.0) 121 (6.3) STD 0.509,

p\ 0.001

Anxiolytics and hypnotics

Mean Rx per

patient (SD)

0.86 (4.79) 0.76 (7.38) STD 0.016,

p = 0.528

1.18 (5.76) 0.75 (4.43) STD 0.083,

p = 0.010

Patients

with C 1 Rx (%)

360 (11.5) 227 (7.3) STD 0.146,

p\ 0.001

264 (13.7) 148 (7.7) STD 0.196,

p\ 0.001

Non-opioids

Paracetamol

Mean Rx per

patient (SD)

3.17 (6.43) 1.44 (5.47) STD 0.290,

p\ 0.001

4.29 (7.64) 1.58 (6.00) STD 0.394,

p\ 0.001

Patients

with C 1 Rx (%)

1256 (40.2) 519 (16.6) STD 0.542,

p\ 0.001

956 (49.7) 338 (17.6) STD 0.724,

p\ 0.001

Oral NSAID

Mean Rx per

patient (SD)

1.22 (3.22) 0.32 (1.70) STD 0.351,

p\ 0.001

1.41 (3.64) 0.32 (2.05) STD 0.369,

p\ 0.001

Patients

with C 1 Rx (%)

926 (29.7) 278 (8.9) STD 0.545,

p\ 0.001

595 (31.0) 156 (8.1) STD 0.602,

p\ 0.001

Topical NSAID

Mean Rx per

patient (SD)

0.57 (2.32) 0.15 (1.06) STD 0.237,

p\ 0.001

0.70 (2.74) 0.15 (1.54) STD 0.245,

p\ 0.001

Patients

with C 1 Rx (%)

455 (14.6) 136 (4.4) STD 0.354,

p\ 0.001

295 (15.3) 75 (3.9) STD 0.396,

p\ 0.001
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Table 3 continued

Moderate to
severe OA pain
n = 3123

Matched
controls
n = 3123

STD and
p value

Severe
OA pain
n = 1922

Matched
controls
n = 1922

STD and
p value

COX-II inhibitors

Mean Rx per

patient (SD)

0.09 (1.20) 0.01 (0.13) STD 0.098

p\ 0.001

0.13 (1.53) 0.00 (0.10) STD 0.116,

p\ 0.001

Patients

with C 1 Rx (%)

41 (1.3) 8 (0.3) STD 0.120

p\ 0.001

32 (1.7) 2 (0.1) STD 0.167,

p\ 0.001

Other

Mean Rx per

patient (SD)

0.10 (0.74) 0.03 (0.54) STD 0.099,

p\ 0.001

0.12 (0.87) 0.03 (0.48) STD 0.139,

p\ 0.001

Patients

with C 1 Rx (%)

117 (3.7) 18 (0.6) STD 0.219,

p\ 0.001

82 (4.3) 8 (0.4) STD 0.257,

p\ 0.001

Opioids

Compound analgesic with a weak opioid

Mean Rx per

patient (SD)

0.85 (2.94) 0.45 (2.67) STD 0.143,

p\ 0.001

1.62 (3.94) 0.44 (3.15) STD 0.331,

p\ 0.001

Patients

with C 1 Rx (%)

506 (16.2) 223 (7.1) STD 0.285,

p\ 0.001

554 (28.8) 119 (6.2) STD 0.624,

p\ 0.001

Weak opioid

Mean Rx per

patient (SD)

0.63 (3.27) 0.17 (1.88) STD 0.173,

p\ 0.001

1.22 (4.57) 0.19 (1.98) STD 0.291,

p\ 0.001

Patients

with C 1 Rx (%)

347 (11.1) 105 (3.4) STD 0.302,

p\ 0.001

364 (18.9) 64 (3.3) STD 0.512,

p\ 0.001

Strong opioid

Mean Rx per

patient (SD)

2.88 (6.74) 0.92 (5.27) STD 0.324,

p\ 0.001

5.39 (8.54) 1.00 (5.58) STD 0.609,

p\ 0.001

Patients

with C 1 Rx (%)

1062 (34.0) 253 (8.1) STD 0.670,

p\ 0.001

1135 (59.1) 166 (8.6) STD 1.259,

p\ 0.001

COX cyclooxygenase, NSAID nonsteroidal anti-inflammatory drug, OA osteoarthritis, Rx prescriptions, SD standard
deviation, STD standardised difference
aSpecifically, tricyclics and serotonin/norepinephrine reuptake inhibitors
bSpecifically, pregabalin and gabapentin
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Fig. 5 Direct healthcare costs in the 12 months post-
index. Bar annotations indicate means in the 12-months
post-index. All comparisons with the respective control are
p\ 0.001. Moderate to severe OA pain and matched

control cohorts each comprise 3123 patients. Severe OA
pain and matched control cohorts each comprise 1922
patients. A&E accident and emergency, GP general
practitioner, OA osteoarthritis

Table 4 Direct healthcare costs

Mean £ per
patient (SD)

Moderate to
severe OA pain
n = 3123

Matched
controls
n = 3123

STD and
p value

Severe
OA pain
n = 1922

Matched
controls
n = 1922

STD and
p value

GP encounters 148.71

(214.31)

107.16

(200.70)

STD 0.200,

p\ 0.001

174.16

(248.48)

112.88

(220.02)

STD 0.261,

p\ 0.001

Inpatient

admissions

1516.53

(2808.76)

770.16

(2717.27)

STD 0.270,

p\ 0.001

2299.89

(3701.80)

828.61

(3038.64)

STD 0.434,

p\ 0.001

Outpatient visits 673.93

(1212.98)

407.35

(1725.93)

STD 0.179,

p\ 0.001

659.72

(1332.47)

369.88

(1533.14)

STD 0.202,

p\ 0.001

A&E attendances 69.76

(167.10)

55.49

(149.11)

STD 0.090,

p\ 0.001

86.60

(192.44)

48.86

(125.98)

STD 0.232,

p\ 0.001

Analgesic drugs 110.02

(260.11)

38.51

(190.32)

STD 0.314,

p\ 0.001

168.99

(320.70)

36.67

(160.00)

STD 0.522,

p\ 0.001

Total 2518.96

(3510.83)

1378.67

(3787.42)

STD 0.312,

p\ 0.001

3389.35

(4463.76)

1396.91

(3884.23)

STD 0.476,

p\ 0.001

A&E accident and emergency, GP general practitioner, OA osteoarthritis, SD standard deviation, STD standardised
difference

Rheumatol Ther (2022) 9:851–874 867



cerebrovascular disease, depression, fibromyal-
gia, gout, hyperlipidaemia, hypertension,
osteoporosis, psoriatic arthritis, rheumatoid
arthritis, spondylitis, and type 2 diabetes) to be
associated with a significant increase in total
mean healthcare cost for the OA pain cohorts,
except for sex in the severe OA pain cohort (see
Table S4 in the electronic supplementary
material).

The multivariable model produced total
mean healthcare costs similar to those derived
from descriptive statistics (£2484 for patients
with moderate to severe OA pain; £1497 for
their matched controls; £3413 for patients with
severe OA pain; £1507 for their controls). Many
of the variables identified in the univariate
analysis were also considered significant pre-
dictors of higher healthcare costs in one or both

multivariable analyses (see Table S5 in the
electronic supplementary material).

Marginal contributions to overall healthcare
costs from each variable for the moderate to
severe OA pain cohort are shown in Table 5 and
Table S6 in the electronic supplementary
material, and are shown for the severe OA pain
cohort in Table 6 and Table S7 in the electronic
supplementary material. Being in the moderate
to severe OA pain cohort was associated with a
£987 higher mean healthcare cost in the
12 months following index than a matched
control. Being in the severe OA pain cohort was
associated with a £1906 higher cost than a
matched control. When the OA pain and con-
trol cohorts are viewed together, the biggest
contributors to cost were the comorbidities of
gout (£353 in the moderate to severe OA pain
cohort and £1970 in the control cohort; £108 in
the severe OA pain cohort and £1875 in the
control cohort; calculated as marginal costs for
patients with vs without in each cohort) and
osteoporosis (moderate to severe OA pain: £362;

Table 5 Significant marginal costs in both the moderate
to severe osteoarthritis pain and control cohorts

Marginal £
per patient

Control Moderate to
severe OA pain

Cohort 1496.82 2483.78

With Without With Without

Asthma 1555.25 1488.50 2906.27 2430.96

Coronoary

artery disease

1895.24 1348.64 2656.11 2430.10

Gout 3406.81 1436.33 2826.23 2473.55

Hyperlipidaemia 1823.08 1322.52 2510.37 2471.90

Hypertension 1392.67 1718.05 2530.45 2411.57

Osteoporosis 3259.27 1331.90 2816.49 2454.68

Rheumatoid

arthritis

1093.61 1516.27 3322.95 2445.41

Type 2 diabetes 2234.69 1285.87 2892.15 2359.67

Is Is not Is Is not

Current smoker 2459.44 1327.81 2462.05 2487.68

Ex-smoker 1926.31 1278.88 2493.19 2477.44

OA osteoarthritis
Note only variables that were significant in both cohorts
are shown. Full results are shown in Table S6

Table 6 Significant marginal costs in both the severe
osteoarthritis pain and control cohorts

Marginal £
per patient

Control Severe OA pain

Cohort 1507.05 3412.98

Male Female Male Female

Sex 1292.37 1633.84 3740.82 3229.06

With Without With Without

Fibromyalgia 839.29 1548.76 3497.12 3408.72

Gout 3263.24 1388.25 3513.92 3405.49

Osteoporosis 3514.28 1297.02 4340.21 3329.82

Type 2 diabetes 2071.71 1333.05 3638.21 3345.40

Is Is not Is Is not

Current smoker 2863.80 1286.84 3179.47 3477.08

Ex-smoker 2153.91 1229.18 3194.63 3539.70

OA osteoarthritis
Note only variables that were significant in both cohorts
are shown. Full results are shown in Table S7
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control: £1927; severe OA pain: £1010; control:
£2217). Type 2 diabetes was associated with a
considerable marginal cost in all cohorts, which
was most notable in patients in the control
cohorts (£532 in the moderate to severe OA
pain and £949 in control cohorts; £293 in severe
OA pain and £739 in control cohorts); as was
coronary artery disease (£226 in the moderate to
severe OA pain and £547 in control cohorts;
£778 in the severe OA pain and control
cohorts). Each year older at index was associ-
ated with a £29 higher healthcare cost in the
moderate to severe OA pain model and a £25
higher healthcare cost in the severe OA pain
model.

DISCUSSION

This retrospective, longitudinal, matched-co-
hort study using data from the SIR showed that
patients residing in Salford, UK, with moderate
to severe OA pain had considerably higher
HCRU and incurred almost double the annual
direct costs of patients without OA. HCRU and
costs were generally greater in the subgroup of
patients with severe OA pain. Our findings
demonstrate the significant burden of chronic
OA pain on the local healthcare system in Sal-
ford, UK.

The population of patients with OA pain in
Salford was typical for the UK and internation-
ally—predominantly female, a mean age of
* 65 years, more likely to be overweight, and
with a higher level of comorbidity than patients
in the general population [17]. Patients in both
control cohorts were matched by propensity
scoring on age, sex, and CCI to balance these
features. Despite matching on CCI, on average,
patients with chronic OA pain had significantly
higher prevalences of several pre-specified
comorbidities than their matched controls. Of
these, depression was the comorbidity with the
largest magnitude of difference. There is a
complex interplay between OA and depression,
and findings of a higher depression prevalence
among patients with OA is expected; however,
our results must be interpreted with caution, as
patients with depression were considered to be

those with an antidepressant prescription at any
time in their recorded medical history [37, 38].

Patients with moderate to severe and severe
OA pain had a significantly higher mean num-
ber of GP encounters (practice appointments
and telephone consultations), inpatient admis-
sions (overall, day, and elective admissions),
outpatient visits (overall, gastroenterology,
orthopaedic, physiotherapy, rheumatology, and
pain management clinics), and A&E atten-
dances as compared with matched controls.
Mean HCRU of all types was generally highest
in the cohort of patients with severe OA pain.

Due to the specific nature of our cohort
definitions and the data held in the SIR, it is
challenging to compare the incidence of HCRU
with previously published studies. However,
several studies support our findings of increas-
ing HCRU with increasing OA pain severity in
other populations [12, 13, 15, 27, 39]. A recent
study using CPRD data from across the UK used
almost identical inclusion criteria to ours for
patients with moderate to severe OA pain and
control cohorts [27]. This analysis included 28%
of patients from the North of the UK, which
would include Salford. Findings of higher
HCRU in patients with moderate to severe OA
pain were reported, but the mean number of GP
encounters over the 12 months post-index was
twice as high as in our analysis (12.88 vs 5.33 in
our study), whereas the number of outpatient
visits was lower (7.37 vs 11.19). The reasons for
these minor divergences are not clear but likely
represent differences in coding practices
between the CPRD and the SIR. There may also
be specific differences in the healthcare path-
ways employed in Salford that are not well
reflected in pooled national data.

More than double the proportion of patients
in the moderate to severe OA pain (43%) and
severe OA pain cohorts (53%) had at least one
inpatient admission of any type than in the
respective control cohorts (both 21%). Among
these patients, the mean length of stay was
significantly shorter in the OA pain cohorts.
Our analyses showed elective admissions to
have particularly high standardised mean dif-
ferences vs control cohorts. Along with our brief
analysis of OA-related surgical interventions,
this may suggest that some of these excess
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admissions are for orthopaedic surgery, for
which the stay is generally short. Our analysis of
surgical interventions was limited by our short
follow-up window, but we noted around 800
post-index OA-related procedures in each of the
OA pain cohorts. Consistent with treatment
guidelines in the UK, this suggests that OA-re-
lated surgery is generally reserved for patients in
severe chronic pain that is refractory to other
treatments [40]. This is reflected in our findings,
where a higher proportion of patients with
severe OA pain had each type of surgical inter-
vention over the 24 months post-index than in
the moderate to severe OA pain cohort. In
general, hospitals are encouraged to have short
patient stays through the UK reimbursement
system. Length of stay for joint replacement
surgeries has been declining and was around
5 days for a primary total knee replacement in
2014 [41, 42]. Treatment for patients with OA
might also emphasise physical movement,
which would also encourage brief inpatient
stays. Despite surgical interventions being a
likely cause of the shorter stay for patients with
OA pain than for matched controls, our find-
ings also showed other types of inpatient stay
(non-elective and day cases) to have shorter
mean lengths. Interestingly, the recent CPRD
study (mentioned above) found a longer aver-
age inpatient stay for patients with moderate to
severe OA compared with controls [27]. There-
fore, additional factors specific to the dataset or
clinical practice in Salford are likely to be driv-
ing these findings.

As expected, we found patients with moder-
ate to severe or severe OA pain to have a higher
utilisation of prescription analgesic drugs than
patients without OA. They also used a broader
range of analgesics; the most commonly pre-
scribed were paracetamol and strong opioids.
The UK guidelines for the pharmacological
treatment of OA at the time of this study rec-
ommended first-line use of paracetamol or
topical NSAIDs. Other analgesics, including
opioids, should only be considered if one or
both drugs offer insufficient pain relief [40].
This is also consistent with international
guidelines for OA treatment at the time of the
study, which recommended that the use of
opioids (particularly strong opioids) is reserved

for the management of severe OA pain that has
not responded sufficiently to other analgesics
[43–45]. Our data include prescription anal-
gesics only, and it is interesting to see that
paracetamol (40% and 50% of the OA pain
cohorts had at least one prescription) and oral
NSAIDs (30% and 31%) were so widely pre-
scribed for moderate to severe OA pain and
severe OA pain, given that they are so easily and
cheaply obtained over the counter. The
National Health Service is looking to reduce the
prescription of over-the-counter medicines in
order to reduce costs [46]. Our findings on
analgesic use are broadly consistent with those
reported in the UK and internationally, with
several studies showing trends over time for
increasing paracetamol and opioid use and
decreasing NSAID use in patients with OA
[16, 25, 38, 47]. This perhaps occurs as they
continue to search for an effective treatment.

Our study showed £2519 of direct healthcare
costs for the year post-index in patients with
moderate to severe OA pain, and £3389 for
patients with severe OA pain. This was signifi-
cantly higher than for patients in the control
cohorts and consistent with our findings for
higher HCRU and analgesic use. Many other
studies have demonstrated the high cost of OA
to healthcare systems, particularly for the
management of patients with moderate to sev-
ere or severe pain [13, 15–17, 19, 22, 24,
27, 39, 48]. Our multivariable analysis showed
that older age at index or the presence of gout,
osteoporosis, type 2 diabetes, or coronary artery
disease was associated with an increased cost of
healthcare in all cohorts, but with generally
higher proportional contributions in control
cohorts than the OA pain cohorts. Overall, our
analyses suggest that much of the additional
cost of moderate to severe or severe OA pain
might be related to inpatient stays, most likely
for surgical interventions.

Limitations of this analysis include those
common to the use of retrospective data. The
SIR is limited to patients treated in Salford, UK,
but it provides a rich source of healthcare data
for this population. Although the representa-
tiveness of SIR data with respect to other regions
of the UK is unproven, it is likely to be at least
broadly representative of other urban
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populations in the North West. Limitations for
the SIR include that it is missing sexual and
mental health data and out-of-area hospital
data (mainly cardiac surgery). Specific to our
analysis, the lack of OA pain scoring made
defining cohorts of patients with chronic OA
pain more complex. The definitions used were
clinically realistic but complex, and HCRU
cannot be definitively linked to chronic pain
caused by OA. Surgeries are an important cost
for patients with OA, and our 2-year follow-up
limited the ability to evaluate the impact of OA-
related surgical procedures.

CONCLUSIONS

Patients from the population of Salford, UK,
with moderate to severe OA pain had signifi-
cantly higher HCRU of almost all types and
incurred almost double the annual direct
healthcare costs compared with matched con-
trols without OA. In general, HCRU and costs
were even higher in the subset of patients with
severe chronic OA pain. Although HCRU and
costs are only two facets of the personal and
social implications of OA pain, these findings
demonstrate the significant local burden of
moderate to severe and severe OA pain in Sal-
ford, UK, which may also be indicative of its
burden in the wider UK. A better understanding
of the burden of OA pain at both local and
national levels could help healthcare systems to
better meet the specific needs of patients.
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