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ABSTRACT
Objective Multiple long- term conditions (MLTCs) are 
prevalent in rheumatoid arthritis (RA) and associated with 
worse outcomes and greater economic burden. However, 
little is known about the impact of MLTCs on the cost- of- 
illness (COI) in early RA, including direct and indirect costs. 
The objective of this study was to quantify this impact on 
COI.
Methods The Scottish Early Rheumatoid Arthritis study 
is a national cohort of adults with new- onset RA. Direct 
costs were estimated applying relevant unit costs to health 
resource utilisation; indirect costs were measured by 
productivity loss due to health conditions. Two- part models 
were used, adjusting for age, gender, baseline functional 
disability and health- related quality of life. The Charlson 
Comorbidity Index score was calculated using ICD- 10 
diagnoses. Individuals were defined as ‘RA alone’, ‘RA 
plus LTC’ and ‘RA plus MLTCs’ according to the number of 
coexisting LTCs.
Results Data were available for 818 participants. Average 
annualised direct costs incurred by people with early RA 
plus MLTCs (£4444; 95% CI £3100 to £6371) were twice 
as, and almost five times higher than, those with a single 
LTC (£2184; 95% CI £1596 to £2997) and those without 
LTC (£919; 95% CI £694 to £1218), respectively. Indirect 
costs incurred by RA plus MLTCs (£842; 95% CI £377to 
£1521) were 3.1 times higher than RA alone (£530; 
95% CI £273to £854). The relative proportion of direct 
costs increased with LTC category, ranging from 77.2% to 
84.1%. In addition to increased costs with LTCs, costs also 
increased with age and were higher for men regardless of 
LTC category.
Conclusions MLTCs impact on COI early in the course 
of RA. The presence of LTCs is associated with significant 
increases in both direct and indirect costs among people 
with early RA.

INTRODUCTION
Traditionally, coexisting long- term conditions 
(LTCs) or comorbidity has been defined 
as the ‘existence or occurrence of any addi-
tional entity during the clinical course of 
a patient who has the index disease under 
study’.1 In contrast, multiple LTCs (MLTCs) 
have been defined as the coexistence of two 

or more LTCs in the same individual.2 The 
accumulation of LTCs within an individual is 
associated with worse outcomes.3 MLTCs are 
now an established priority for both research 
and clinical practice4 5 owing to the high prev-
alence of coexisting diseases among patients, 
particularly with ageing populations.

In the management of rheumatoid arthritis 
(RA), LTCs such as cardiovascular diseases, 
infections, gastrointestinal diseases, malig-
nancies, osteoporosis and depression are 
prevalent and remain an important issue to 
consider.6 Having coexisting conditions in RA 
is associated with worse health and quality- of- 
life outcomes for patients.7–9 It has a signifi-
cant negative impact on functional ability and 
all- cause mortality, independent of disease 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ While specific long- term conditions (LTCs) in estab-
lished rheumatoid arthritis (RA) are known to incur 
additional healthcare costs, little is known about 
the impact of multiple LTCs (MLTCs) on the cost- of- 
illness in early RA, particularly for indirect costs.

WHAT THIS STUDY ADDS
 ⇒ Among people with early RA, people with MLTCs 
incurred direct costs almost five times higher and 
indirect costs three times higher than those with RA 
alone.

 ⇒ The six comorbidities highlighted in the European 
Alliance of Associations for Rheumatology RA rec-
ommendations are useful in characterising distinct 
MLTC burden and can serve as a potential frame-
work when multiple data sources are available.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Future research is needed to develop validated 
methods to assess MLTCs and further understand 
the economic impact beyond direct medical costs 
and which clusters of LTCs contribute most to costs, 
and the impact of strategies to prevent or minimise 
MLTCs in RA.
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activity.10–13 MLTCs, therefore, need to be considered in 
strategies to optimise outcomes and minimise adverse 
outcomes and costs in RA.14 15

Existing studies have focused on the added economic 
burden associated with specific LTCs16 17 or selected LTCs 
in people with established RA.18–20 However, very little is 
known about the impact of MLTCs on costs in early RA. 
This study aims to describe and quantify the impact of 
MLTCs on the cost- of- illness (COI), including direct and 
indirect costs, for people with early RA. In addition, it 
evaluates variations in costs by age and gender using two 
validated comorbidity indices.

METHODS
Data
The Scottish Early Rheumatoid Arthritis (SERA) study 
is a national multicentre, prospective inception cohort 
of people with newly diagnosed RA or undifferentiated 
arthritis. Participants were recruited from rheumatology 
departments in 20 hospitals across Scotland between 
September 2011 and April 2015.21 RA was clinically diag-
nosed by a rheumatologist and the participants selected 
for this COI study additionally met the 2010 American 
College of Rheumatology (ACR)/European Alliance of 
Associations for Rheumatology (EULAR) RA classifica-
tion criteria22 at their baseline visit. Data were collected 
at baseline, 6 monthly intervals until year 2 and annually 
thereafter until year 5. Information on demographic 
characteristics, employment status, imaging and labora-
tory examinations was obtained during face- to- face study 
visits. Functional disability and health- related quality- of- 
life (HRQoL) were assessed by the Health Assessment 
Questionnaire Disability Index (HAQ- DI) and EuroQol- 5 
Dimensions- 3 Level (EQ5D), respectively. SERA partici-
pants were asked to consent to linkage with their National 
Health Service (NHS) records for research purposes by 

the electronic Data Research and Innovation Service 
team (part of Public Health Scotland (PHS)). Socioeco-
nomic status, measured by the Scottish Index of Multiple 
Deprivation (SIMD),23 was linked to participants’ records. 
SIMD quintiles reflect multiple deprivation ranked from 
the most (quintile 1) to the least deprived (quintile 5) 
areas in Scotland. Linked records were available from the 
start of recruitment (September 2011) up to November 
2019.

LTCs were identified from hospital admission records 
through data linkage. The Charlson Comorbidity Index 
(CCI) is one of the most widely used comorbidity indices.24 
The CCI score was calculated using the R- package comor-
bidity25 to identify relevant the International Classifica-
tion of Diseases, Tenth Revision (ICD- 10) codes in all 
hospital records throughout the follow- up period. Once 
a condition occurred, it was considered to be prevalent 
throughout the remainder of the follow- up. The number 
of LTCs was categorised into the following three distinct 
groups: ‘RA alone’, ‘RA plus single LTC’ and ‘RA plus 
MLTCs (>1 LTCs)’.

Estimation of COI
Average annualised direct and indirect costs per person 
were calculated, stratified by LTC group to describe the 
impact on COI. Data sources for estimating the COI 
and those used to define LTC groups are presented in 
figure 1. In this study, we intended to show the relative 
difference in magnitude of COI across LTC groups. 
Therefore, unit costs were derived from the most recent 
base year for prices of 2019–2020 for this COI.

Direct costs
Direct costs were defined as health resource utilisa-
tion from the perspective of NHS Scotland, using a 
bottom- up microcosting approach. As the NHS in Scot-
land provides universal coverage, the linkage allows for 

Figure 1 Data source for estimating cost- of- illness and MLTCs grouping. LTCs, long- term conditions; MLTCs, multiple LTCs, 
PIS, Prescription Information Service; RA, rheumatoid arthritis; SERA, Scottish Early Rheumatoid Arthritis; SMR01, Scottish 
Morbidity Records- general/acute inpatient daycase; ICD- 10: International Classification of Diseases, Tenth Revision.
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the creation of a comprehensive data source relating to 
hospital admissions, community prescription encash-
ment, cancer registry. Prescribing data were derived from 
the Prescription Information Service (PIS) database. The 
PIS database covers all NHS prescriptions prescribed, 
dispensed and reimbursed within the community setting. 
The quality of PIS data is guaranteed by an electronic 
system, which eliminates errors related to manual data 
entry processes.26 Costs for prescriptions in primary care, 
hospitalisations, imaging and laboratory examinations 
were included. Unit costs were obtained from the Scot-
tish Drug Tariff published by PHS.27 Speciality- specific 
unit costs for hospitalisations (per bed day and day case) 
were obtained from PHS for the financial year 2019–
2020.28 Mean unit costs for X- rays and blood tests were 
obtained from the same source (online supplemental 
table S1, unit costs).

Indirect costs
The human capital approach was applied, reflecting lost 
productive potential.29–31 Indirect costs were estimated 
from self- reported sickness absence of participants aged 
under 65 years. In addition, participants who were hospi-
talised were assumed to be absent from work for the dura-
tion of their hospital stay. Length of stay in hospital was 
added to self- reported sickness absence and multiplied 
by age and gender- specific average weekly wages (Office 
for National Statistics [ONS], table 6.1a, weekly pay rate, 
gross (£) for all employee jobs in the UK at 2020 prices) 
to generate indirect costs.32

Statistical analyses
Direct costs were estimated using a generalised linear 
model (GLM). Due to the skewness of cost data, a log- 
link function with a gamma distribution was chosen, 
rendering the data symmetric to evaluate effects on COI 
associated with RA. A two- part model (probit followed by 
GLM) was employed to estimate indirect costs accounting 
for zero values. The first part models the probability of 
incurring indirect costs different from zero, while the 
second part determines the level of indirect costs condi-
tional on individuals incurring costs. Annualised total 
costs were calculated by combining direct and indirect 
costs and stratifying by LTC group. For all econometric 
models, ‘LTC group’ was the independent variable, with 
‘RA alone’ used as the reference category. Participants’ 
age (updated each year of follow- up) and gender were 
adjusted for, with the youngest age group and male 
sex serving as the reference category. EQ5D responses 
were converted into utility values with UK tariffs using 
the R- package EQ5D.33 HAQ- DI and EQ5D scores at 
baseline were used as continuous measures to adjust for 
functional disability and HRQoL. Socioeconomic status 
was controlled for using SIMD quintiles, where the most 
deprived category was used as the reference category. 
Lastly, because treatment- related costs may differ over 
the RA disease course, follow- up period was included in 

the estimation of direct costs, with the first year for each 
participant as the reference category.

Sensitivity analyses

Indirect costs
The first sensitivity analysis was conducted due to the 
shortcoming of data availability of indirect costs. In 
SERA, primary data on sick leave were collected during 
nurse visits and only provided a snapshot of sickness 
absence in the week preceding the nurse visit. There-
fore, we intended to validate our findings by using 
external data collected by a specifically designed health 
economics questionnaire (TIRA2).34 TIRA2 comprised 
463 early RA patients recruited between 2006 and 2009 
in Sweden, with comparable demographics to RA partic-
ipants in SERA (TIRA2 vs SERA: 67% vs 65% of female; 
mean age: 58±14 vs 59±14 years). The number of days of 
sick leave was reported during all outpatient visits and 
hospital admissions. The same age- specific and gender- 
specific average weekly wages (ONS) were employed to 
generate indirect costs.

EULAR list of comorbidities
As the CCI is a generic measure, it may not capture all 
LTCs frequently found in people with RA, and only 
focuses on hospitalised morbidities. Therefore, sensi-
tivity analysis was performed using an alternative LTC 
grouping algorithm, which consists of the six comorbid-
ities highlighted in the EULAR recommendations for 
screening and managing chronic inflammatory rheu-
matic diseases.6 Comorbidities were selected based on 
frequency and severity (impact on mortality and disease 
outcome).

To construct the EULAR score, additional data sources 
were employed beyond hospital records, including 
prescribing and cancer registry data. For prescribing 
data, medications were assigned by therapeutic uses for 
the six comorbidities within relevant British National 
Formulary chapters (online supplemental table S2). 
Subsequently, the Proportion of Days Covered (PDC) 
approach was adopted to identify medications with a 
PDC over 0.8 in the last year of follow- up (1 December 
2018–30 November 2019). For hospital records, relevant 
ICD- 10 codes were assigned to related LTCs from all 
primary and secondary diagnostic codes throughout the 
follow- up period. In addition, the cancer registry35 was 
used to identify cancer patients. Finally, the prescribing, 
hospital and cancer records were combined to count the 
number of LTCs (online supplemental figure S1).

RESULTS
The majority (68.8%) of the 818 participants with RA in 
SERA had no LTC, while 18% and 13.2% had a single 
LTC and MLTCs, respectively. Females accounted for 
69.9% among the RA alone group; however, the propor-
tion of females decreased with LTC category. More than 
a half of people with MLTCs lived in the most deprived 

https://dx.doi.org/10.1136/rmdopen-2022-002454
https://dx.doi.org/10.1136/rmdopen-2022-002454
https://dx.doi.org/10.1136/rmdopen-2022-002454
https://dx.doi.org/10.1136/rmdopen-2022-002454
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areas (quintiles 1 and 2). Baseline functional ability and 
HRQoL at time of RA onset were already decreased with 
increasing LTC category (table 1). At baseline, individ-
uals with RA plus MLTCs were older and less likely to 
report either paid or unpaid work than those with RA 
alone or with a single LTC.

Average annualised cost per person, by LTC group
Regression results for direct and indirect costs are 
presented in online supplemental table S3 and S4, respec-
tively. For direct costs, the coefficients indicate a gradual 
increase with advancing age. Participants living in the 
most deprived areas incurred the highest direct costs, 
followed by a gradual decrease with decreasing socioec-
onomic status. Direct costs in the subsequent years were 
higher compared with the index year. Overall, individ-
uals having single and multiple LTCs were strongly associ-
ated with higher direct and indirect costs than RA alone.

Average annualised direct costs for all RA participants 
were estimated to be (£1636; 95% CI £1262 to £2121) 
(table 2). Among people with MLTCs, average annual-
ised direct costs (£4444; 95% CI £3100 to £6367) were 
twice as high as in participants with a single LTC (£2184; 
95% CI £1596 to £2997), and 4.8 times higher than in 
people with RA alone (£919; 95% CI £694 to £1218). 
Similarly, average annualised indirect costs increased 
with LTC category. People with RA plus MLTCs incurred 
average annualised indirect costs 3.1 times higher (£842; 
95% CI £377 to £1521) than people with RA alone (£271; 
95% CI £98 to £517) and 1.6 times the cost incurred by 
people with RA plus a single LTC.

Average total costs were highest for those with MLTCs, 
with direct costs accounting for 84.1%. For people with a 
single LTC and RA alone, 80.5% and 77.2% of total costs 
were attributable to direct costs, respectively.

Table 1 Baseline demographics and clinical outcomes by LTC group at study recruitment

RA alone RA+single LTC RA+MLTCs

Participants 563 147 108

Age (years) 56.4±13.4 63.3±12.6 67.6±9.9

Age groups (n)

45 and younger 18.7% (120) 6.1% (9) 0% (0)

45–54 25.3% (149) 19.7% (29) 15.7% (17)

55–64 28.3% (153) 25.2% (37) 19.4% (21)

65–74 19.9% (107) 29.3% (43) 43.5% (47)

Over 75 7.8% (34) 19.7% (29) 21.3% (23)

Gender (n)

Male 30.1% (172) 36.1% (53) 47.2% (51)

Female 69.9% (391) 63.9% (94) 52.8% (57)

SIMD (n)

1 (most deprived) 19.2% (107) 18.4% (27) 26.9% (29)

2 21.3% (120) 26.5% (39) 25.9% (28)

3 20.1% (113) 17.0% (25) 13.0% (14)

4 22.7% (128) 19.0% (28) 24.1% (26)

5 (least deprived) 16.7% (94) 17.7% (26) 10.2% (11)

Missing 0.2% (1) 1.4% (2) 0.0% (0)

HAQ- DI score 1.21±0.78 1.31±0.79 1.41±0.84

EQ5D score 0.53±0.21 0.53±0.23 0.49±0.24

Employment status* (n)

Paid work 59.3% (334) 39.5% (58) 26.9% (29)

Unpaid work 4.6% (26) 3.4% (5) 1.9% (2)

Retired 29.1% (164) 49.0% (72) 66.7% (72)

Unemployment 5.9% (33) 8.2% (12) 3.7% (4)

Student 1.1% (6) 0% (0) 0.9% (1)

Data are presented as mean±SD or % (n).
*Paid work includes full- time and part- time employment and self- employed; unpaid work refers to those answered ‘homemaker’.
EQ5D, EuroQol- 5 Dimensions; HAQ- DI, Health Assessment Questionnaire Disability Index; LTC, long- term condition; MLTCs, multiple LTCs; 
RA, rheumatoid arthritis; SIMD, Scottish Index of Multiple Deprivation.

https://dx.doi.org/10.1136/rmdopen-2022-002454
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Average annualised cost per person, by age group
Average annualised direct and indirect costs by age 
group and LTC category are shown in figure 2A,B. 
Increasing LTC category was associated with increased 
average direct costs in age groups. Moreover, the propor-
tion of direct costs gradually increased with age within 
each LTC category. Indirect costs were only captured for 
those under 65 years (below retirement age). There was 
no clear association between indirect costs and age in any 
LTC category (figure 2B).

Average annualised cost per person, by gender
Figure 3A,B shows average annualised direct and indirect 
costs by gender. Direct costs were comparable between 
men and women, while indirect costs incurred by men 
were slightly higher than women regardless of LTC cate-
gory.

Sensitivity analyses
On average, 55.1 days for men and 34.5 days for women 
of sick leave were reported in TIRA2. Estimated average 
annualised total costs were £6206 for all participants when 
combining direct and indirect costs, of which 73.6% were 
attributable to indirect costs.

Using the EULAR list of LTCs, 28.6% of participants 
were recorded with RA alone, 24.3% had a single LTC, 
and 47.1% were categorised as RA plus MLTCs (figure 4). 
Average annualised direct and indirect costs increased 
with LTC category using the EULAR list of comorbidi-
ties (table 3). Although monetary values were substan-
tially lower across all categories compared with the CCI 
grouping, average annualised direct costs incurred by 
people with MLTCs were 2.4 and 4.6 times higher than RA 
plus a single LTC and RA alone, respectively. In contrast, 
indirect costs incurred by those with RA plus MLTCs were 
3.1 times higher than in those with RA alone.

Annualised direct and indirect costs across age groups 
and gender using the alternative EULAR grouping 
approach are presented in online supplemental figures 
S2 and S3. For direct costs, increasing LTC category was 
associated with increased average direct costs, in partic-
ular for those aged over 75 years. Narrower 95% CIs were 
found across age groups and LTC categories compared 

with the CCI grouping. Similarly, men incurred higher 
indirect costs than women, regardless of LTC category.

DISCUSSION
In this study, we quantified the economic impact of a 
single LTC and MLTCs on the COI in people with newly 
diagnosed RA. Our findings show that total annualised 
direct and indirect costs increased with increasing LTC 
category. Average annualised direct costs incurred by 
people with early RA plus MLTCs were twice and 4.8 times 
higher than in people with RA plus a single LTC and RA 
alone, respectively. Indirect costs incurred by people with 
RA plus MLTCs were 3.1 times higher than in people with 
RA alone. In addition to increased costs with LTC, costs 
also generally increased with age and were higher for 
men, regardless LTC group.

Average annualised total costs in this study (direct 
costs: £1636; 95% CI £1262 to £2121; indirect costs: 
£362; 95% CI £123 to £728) were lower than those 
reported in other recent studies, ranging from £2987 
to £3742 for people with established RA.36–38 In addi-
tion to differences in countries and health systems, the 
discrepancy may be due to data availability for cost items. 
Moreover, our study focused on early RA, when costs 
may be different to established disease. Direct costs for 
outpatient visits could not be estimated as outpatient 
records were unavailable. Second, prescribing costs 
were only available for primary care, which will include 
most prescriptions, including conventional synthetic 
disease- modifying antirheumatic drugs (DMARDs), but 
not biological therapies as information on medication 
prescribed in the hospital setting was unavailable. In line 
with national guidelines and standard clinical practice, 
patients with RA have to fail at least two conventional 
synthetic DMARDs before starting a biological DMARD. 
As SERA is an inception cohort, all participants started 
on conventional DMARDs21 prescribed in primary care, 
with only 8% of participants receiving biologics after 
a mean follow- up period of 18 months.39 This could 
lead to an underestimation of absolute costs across LTC 
groups since biologics are much more expensive than 
conventional DMARDs.

Table 2 Average annualised costs per person, by LTC group

All LTC group £ (95% CI)

Cost components %* RA alone %
RA +
single LTC %

RA +
MLTCs %

Direct costs 1636
(1262 to 2121)

81.9 919
(694 to 1218)

77.2 2184
(1596 to 2997)

80.5 4444
(3100 to 6371)

84.1

Indirect costs 362
(123 to 728)

18.1 271
(98 to 517)

23.8 530
(273 to 854)

19.5 842
(377 to 1,521)

15.9

Total costs† 1998 100 1190 100 2714 100 5286 100

*% of the costs in that LTC category.
†Total costs were calculated by combining direct and indirect costs and stratifying by LTC group.
LTC, long- term condition; MLTCs, multiple LTCs; RA, rheumatoid arthritis .

https://dx.doi.org/10.1136/rmdopen-2022-002454
https://dx.doi.org/10.1136/rmdopen-2022-002454
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Published studies investigating the added economic 
burden of selected LTCs in RA used varying approaches 
for categorising LTC group. For example, one study 
assessed the difference in direct costs between the pres-
ence and absence of LTCs,20 while other studies have 
been more granular in their categories, for example, 
1–25 LTCs; groups of 0/1–2/3–4/≥5 LTCs; groups of 
0/1/2/3/≥4 LTCs.18 19 40 However, except for one study 
investigating the impact of MLTCs on absenteeism, 

presenteeism and employment status,40 the existing 
evidence is limited to direct medical costs in established 
RA. Our study evaluated and quantified the impact of 
MLTCs on both direct and indirect costs in people with 
early RA. Compared with indirect costs, direct costs 
increased more substantially with LTC group. In addi-
tion to increased costs with LTC, there appeared to be 
more effect of increasing age associated with the cate-
gory of LTC in direct costs, while there was no clear 

Figure 2 (A) Average annualised direct costs by age and LTC category. #The proportion of direct costs in total (direct 
and indirect) costs for those aged under 65 years within each age group; *No observation under 45 years was found within 
RA+MLTCs. (B) Average annualised indirect costs by age and LTC category. #The proportion of indirect costs in total (direct 
and indirect) costs for those aged under 65 years within each age group due to work issue; *No observation under 45 years 
was found within RA+MLTCs. LTC, long- term condition; MLTCs, multiple LTC; RA, rheumatoid arthritis.
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association with age for indirect costs. As a result, the 
proportion of direct costs increased with age within 
each LTC group. Nevertheless, wide confidence inter-
vals were observed in particular for those with MLTCs, 
suggesting that the level of MLTCs (eg, severity and 
number of LTCs) was very heterogeneous within this 
group.

Indirect costs in the main analysis accounted for 
18.1% of total costs for all participants under 65 years. 
While different sick leave regulations in Sweden may 
impact on the results, 73.6% of total costs were attrib-
utable to indirect costs when adopting external data on 
sickness absence from the TIRA2 study. In this study, 
indirect costs were unlikely to be truly representative 
as we were using routine data with no detailed health 
economic questionnaire, our findings give an indica-
tion of the relative impact of LTC and MLTCs in early 
RA, using two measures of LTCs. Both the CCI and 
EULAR grouping showed that indirect costs incurred 
by patients with MTLCs were approximately two to 

three times higher than in those with a single LTC and 
RA alone.

Using the CCI, 68.8% of study participants were 
categorised as RA alone, while 18% had a single LTC 
and 13.2% had MLTCs. Comorbidity rates reported 
in the literature are between 60% and 75%,41–43 and 
on average people with RA have 1.8 to 2.3 additional 
conditions, although these were in people with estab-
lished RA.10 12 Generic comorbidity measures such as 
CCI are easy to use and compare across disease areas, 
but some diseases might be underrepresented due to 
the focus on hospitalisations. In contrast, 47.1% of RA 
participants in SERA had MLTCs using the targeted 
six item EULAR list, with 24.3% having a single LTC 
and 28.6% RA alone, which are more comparable with 
existing literature. The excess costs across LTC catego-
ries and higher proportion of direct costs when using 
the CCI may indicate that participants were more ill, 
as the CCI is driven by hospitalisation data. However, a 
similarly increasing direct and indirect costs trend with 

Figure 3 (A) Average annualised direct costs per person by gender and LTC category. #The proportion of direct costs in 
total (direct and indirect) costs within each gender group. (B) Average annualised indirect costs per person by gender and 
LTC category. #The proportion of indirect costs in total (direct and indirect) costs within each gender group. LTC, long- term 
condition; MLTCs, multiple LTC; RA, rheumatoid arthritis.
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LTC group was consistent when using either CCI or the 
EULAR grouping. The six EULAR comorbidities can 
easily be used to give an estimate of the MLTC burden, 
and therefore the impact on costs and outcomes, and 
can also serve as a potential framework to consider for 
future studies in RA when detailed data on all LTCs is 
not available.

A major strength of our study is the linkage between 
routinely collected healthcare records to a representa-
tive RA inception patient registry in Scotland to conduct 
an analysis that neither data source alone could accom-
modate. More importantly, our findings demonstrate 
that the impact of LTCs on the COI occurs early in the 
disease course, when there may still be opportunities to 
intervene. A limitation of our study lies in the potential 
underestimation of the COI due to data availability for 
outpatient attendance and hospital prescribing. In line 
with national treatment guidelines, patients with a new 
diagnosis of RA are treated with conventional DMARDs 

which are captured by standard prescribing datasets, 
so the latter is more relevant in later disease when 
biological DMARDs are more likely to be prescribed 
by the hospital; future linkage to hospital and home-
care prescribing datasets would capture this. Further-
more, only absenteeism was included in indirect costs; 
other societal costs such as presenteeism, informal care, 
impact on unpaid work or caregiver were not included 
as these require a dedicated health economic question-
naire to collect. Although the evolution of routinely 
collected electronic data within care services provides 
new opportunities for collecting data without burdening 
patients or caregivers, self- reported methods will still 
be required when a societal perspective is required for 
the intended analysis.44 Moreover, there is still a need 
to improve the methods for collecting, measuring and 
valuing indirect costs. Lastly, we do not have the data 
on RA phenotype/severity so we cannot say whether 
the extra costs of illness found in the groups with one 

Figure 4 LTC groups adopting the CCI and EULAR list of comorbidities. CVD, cardiovascular diseases; EULAR, European 
Alliance of Associations for Rheumatology; GI, gastrointestinal; LTC, long- term conditions; MLTCs, multiple LTCs; PIS, 
Prescription Information Service; RA, rheumatoid arthritis; SMR01, SMR01, Scottish Morbidity Records.

Table 3 Average annualised costs per person, by LTC group (EULAR)

LTC group £ (95% CI)

Cost components RA alone %†
RA +
Single LTC %†

RA +
MLTCs %†

Direct costs 539
(396 to 735)

75.6 1027
(749 to 1,410)

75.6 2491
(1,871 to 3,316)

82.3

Indirect costs 174
(68 to 378)

24.4 332
(150 to 639)

24.4 537
(266 to 946)

17.7

Total costs* 713 100 1359 100 3028 100

*Total costs were calculated by combining direct and indirect costs and stratifying by LTC group
†% of the costs in that LTC category.
EULAR, European Alliance of Associations for Rheumatology; LTC, long- term condition; MLTCs, multiple LTC; RA, rheumatoid arthritis.
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or more comorbidities are due to a more severe RA 
phenotype. Other limitations are primarily inherent 
to the nature of administrative data, such as missing 
records or incomplete data.

CONCLUSIONS
In people with early RA, those with MLTCs incurred 
higher direct and indirect costs than those with RA alone. 
The findings provide additional support for the impor-
tance of early and active screening and early interven-
tion to mitigate or prevent the progression of MLTCs in 
people with RA. Future research is needed for developing 
validated methods to assess MLTCs and further under-
stand the economic impact beyond direct medical costs 
and which clusters of LTCs contribute most to costs, and 
the impact of strategies to prevent or minimise MLTCs in 
early RA.
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