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INTRODUCTION

Abstract

Background and objective: The study aimed to evaluate the direct and indirect costs
of systemic sclerosis (SSc) in cases with and without interstitial lung disease (ILD).
Methods: Cases diagnosed with SSc (2002-2015) were identified in the Danish
National Patient Registry. Cases were matched 1:4 with non-SSc controls from the
general population. Data on costs were obtained from national databases. Excess cost
was estimated as the annual cost per case subtracting the costs of the control.

Results: We identified 1869 cases and 7463 controls. Total excess cost (direct
healthcare, elderly care and indirect costs) in the SSc-ILD cohort was €29,725, and
€17,905 in the non-ILD SSc cohort. In- and out-patient contacts and forgone earnings
were the key drivers of costs in both cohorts. Healthcare costs were higher before and
after the diagnosis compared with the controls. Men incurred higher excess healthcare
costs than women. Hospitalization and outpatient services were the key drivers of the
gender-associated differences. Income from employment decreased more rapidly after
diagnosis in the SSc-ILD cohort than in the non-ILD SSc cohort. Public transfer
income increased after diagnosis, with the most pronounced difference in the SSc-ILD
cohort. Disability pension was the key driver of public transfer income.

Conclusion: SSc is associated with a significant individual and societal burden that is evident
several years before and after the diagnosis. Total excess costs are higher in SSc-ILD than in
the non-ILD SSc underlining the severity of pulmonary involvement. Initiatives to maintain
work ability and to reduce hospital admissions may reduce the economic burden of SSc.

KEYWORDS
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disease (SSc-ILD) is a prevalent complication and clinically
significant ILD is seen in up to 40% of patients.® SSc-ILD

Systemic sclerosis (SSc) is an autoimmune connective tissue
disease characterized by fibrosis of the skin and internal
organs and vasculopathy.! SSc is a rare disease with an
annual prevalence of 4-44 per 100,000 and associated with
high morbidity, premature death and loss of productivity.'
SSc is mostly diagnosed in women between 30 and
50 years.*® Pulmonary involvement with interstitial lung

onset is usually within the first 5 years after diagnosis"”*
and ranges from subclinical to severe pulmonary fibrosis
with reduced lung function and respiratory failure. More-
over, SSc-ILD is associated with a higher mortality than
non-ILD SSc.**’

Few studies have evaluated direct healthcare costs
related to SSc-ILD and they all find higher annual healthcare
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costs related to SSc-ILD (€5855-€33.072) compared with
non-ILD SSc (€4406-€5206).""?

SSc is associated with high working disability and the
rate of patients unable to work increases with disease sever-
ity.>'>* Given that SSc mostly affects patients in their
working age, loss of productivity imposes an economic bur-
den on both the affected individuals and society. There is a
lack of studies evaluating the economic impact of foregone
earnings due to lost working ability and public transfer
income (i.e., indirect costs) associated with SSc as such
information is sparsely available. The majority of studies
evaluating indirect costs of SSc are cross-sectional and
unable to assess how costs vary with disease severity
(Table S1 in the Supporting Information). Only one study'*
has evaluated indirect costs of SSc-ILD. However, the study
was small (52 cases) and included only cases, who were
insured and employed, thus limiting the generalizability of
the results.

In our nationwide registry-based cohort study with
matched controls, we evaluated the excess direct
healthcare costs and indirect costs associated with SSc in
patients with and without ILD 5 years before and 4 years
after the diagnosis.

The aims of the study were (1) to evaluate the annual
average direct healthcare costs, elderly care costs and indi-
rect costs in patients with SSc with or without ILD and in
matched controls without SSc and (2) to evaluate the change
in societal burden of SSc-ILD and non-ILD SSc in compari-
son with matched controls without SSc before and after the
diagnosis.

METHODS
Study setting

In Denmark, all citizens have access to tax-funded universal
health care. A unique 10-digit Civil Registration System
(CPR) number is assigned to all Danish citizens upon birth
or immigration, enabling precise, individual-level record
linkage across all Danish registries.'®

Data source

The Danish National Patient Registry (DNPR) is an admin-
istrative registry that has achieved complete nationwide cov-
erage on all non-psychiatric admissions since 1978 and
outpatient clinic contacts since 1995.'® Registration is man-
datory and submitted by the treating physician. Diagnoses
are classified according to the International Classification of
Diseases and Related Health problems 10th Revision
(ICD-10).

The National Income Statistics Registry (ISR) holds
information on income composition of the entire Danish
population'” Information on vital status, migration and
cohabitation was obtained from the CPR."®

SUMMARY AT A GLANCE

In a cohort of 1869 cases and 7463 matched con-
trols, we found a significant individual and societal
burden of systemic sclerosis that is evident several

years before and after the diagnosis. Total excess
costs were highest in cases with concomitant inter-
stitial lung disease, which underlines the severity of
pulmonary involvement.

Study population

Patients 218 years of age diagnosed with SSc (ICD-10: M34)
from 1 January 2002 to 31 December 2015 were identified
in the DNPR and included as incident cases. Prevalent cases
would bias the results and therefore a 2-year washout period
was applied (2000-2001) excluding patients diagnosed
before the inclusion period. Cases diagnosed with ILD
(ICD-10: J84) any time before or after SSc diagnosis were
included in the SSc-ILD cohort and cases with no ILD diag-
nosis were included in the non-ILD SSc cohort.

Cases were individually matched on the date of the first
SSc diagnosis to controls without SSc randomly selected
from the background population using the CPR registry.
Cases and controls were matched 1:4 by sex, birth year,
cohabitating status and municipality.

The Deyo-Charlson Comorbidity Index (DCCI)
included comorbidities from the DNPR 3 years before the
index date (Table S2 in the Supporting Information).'*~>!
The DCCI includes both separate comorbidities and SSc-
related conditions as these cannot be accurately separated
using only the ICD-10 coding system.

The DCCI has a positive predictive value (PPV) of 98%
in the DNPR.*?

Socioeconomic status (SES) was defined by source of
income in SSc cases and controls as high if employed or
enrolled in an educational programme and low if receiving
public transfer payment. Cases receiving age pension were
not included in either SES group as a universal public pension
is paid to all retired Danish citizens above 65 years of age.

Patients and controls were followed up until death,
migration or end of follow-up in 2016. Controls were
excluded if the matched case died or migrated and cases
were excluded if all four controls died or migrated before
the end of follow-up.

Costing methodology

Cohort studies can measure the costs and work productivity
from the time of diagnosis and onwards and thereby display
the burden of disease at different disease stages. The present
study used an excess cost approach (including costs related
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to SSc and comorbidities)** by estimating the mean annual
cost per case compared with the costs of the controls.

Healthcare costs included the average costs of hospital
admissions, outpatient care (including emergency depart-
ment contact), primary care visits and medication. Hospital-
related costs were calculated based on data from the
Diagnosis-Related Groups/Danish Ambulant Grouping Sys-
tem codes. Costs of medication were obtained from the
Danish Register of Medicinal Product Statistics, which
includes data on all prescription drugs collected in the
Danish community pharmacies since 1995.** Frequencies and
costs of consultations with general practitioners and other spe-
cialists were obtained from the National Health Service Regis-
ter.”” Psychiatric costs were available from 2007.

Indirect costs were estimated as the differences in earn-
ing between cases and controls based on earned income and
various social security compensation.

Costs of elderly care and retirement home were available
from 2009. Costs were measured annually and adjusted to
2020 prices in euros (€1: DKK 7.45).

Statistical analysis

Costs are presented as annual means for cases and controls.
Statistical significance of the cost estimates and DCCI was
assessed by non-parametric bootstrap analysis. A signifi-
cance level of 0.05 was assumed for all tests. In the before

and after analysis, only cases with at least a 5-year follow-up
period prior to diagnosis were included. A Generalized Esti-
mating Equation (two-step model) for gamma regression
was used to compare healthcare costs, income from employ-
ment and public transfer income in female cases and con-
trols with male cases and controls within age groups and to
assess gender differences in healthcare costs (adjusted for
age). The two-step model takes individuals with no costs or
income (= 0) into account. Statistical analyses were per-
formed using SAS 9.4 TS Level 1IM5 (SAS, Inc, Cary,
NC, USA).

RESULTS

We identified and extracted data for 1869 SSc cases and
7463 matching controls from the DNPR. Matching was suc-
cessful in more than 99% of cases. Female cases were over-
represented (75.5%) and the age-associated incidence peak
was 51-70 years. SSc-ILD was diagnosed in 275 cases
(14.7%). The proportion of men was higher in the SSc-ILD
cohort (30.9%) than in the non-ILD SSc cohort (23.4%).
DCCI was higher in cases than in controls (p < 0.01)
(Table 1). SES did not differ between the SSc cohort and
controls from 5 to 3 years before diagnosis, whereas the SSc
cohort had lower (p < 0.01) SES from 2 years before until
4 years after the diagnosis compared with controls (Table S3
in the Supporting Information).

TABLE 1 Baseline characteristics of the SSc cases (all), SSc-ILD cases, non-SSc cases and matched controls
SSc-all Controls ILD-SSc Controls Non-ILD SSc Controls
n % n % n % n % n % n %
Total (n) 1869 7463 275 1098 1594 6365
Age
18-30 116 6.2 464 6.2 9 33 36 33 107 6.7 428 6.7
31-40 176 9.4 702 9.4 18 6.5 71 6.5 158 9.9 631 9.9
41-50 316 16.9 1264 16.9 56 20.4 224 20.4 260 16.3 1040 16.3
51-60 462 24.7 1848 24.8 70 25.5 280 25.5 392 24.6 1568 24.6
61-70 455 24.3 1815 24.3 73 26.5 292 26.6 382 24.0 1523 239
>70 344 18.4 1370 18.4 49 17.8 195 17.8 295 18.5 1175 18.5
Sex
Male 458 24.5 1831 24.5 85 30.9 340 31.0 373 23.4 1491 23.4
Female 1411 75.5 5632 75.5 190 69.1 758 69.0 1221 76.6 4874 76.6
Cohabiting 1179 63.1 4699 63.0 183 66.5 731 66.6 996 62.5 3968 62.3
CCI score®
0 1172 62.7 6430 86.2 167 60.7 951 86.6 1005 63.0 5479 86.1
1 352 18.8 556 7.5 60 21.8 80 7.3 292 18.3 476 7.5
2 188 10.1 299 4.0 28 10.2 43 39 160 10.0 256 4.0
3+ 157 8.4 178 2.4 20 7.3 24 22 137 8.6 154 2.4
Mean CClI score (SD) 0.7 (1.2) 0.3 (0.9) 0.7 (1.2) 0.3 (1.0) 0.7 (1.3) 0.3 (0.9)

Abbreviations: CCI, Charlson comorbidity index; ILD, interstitial lung disease; SSc, systemic sclerosis.
Chi-square test for difference in CCI between cases and controls: p < 0.001 in all three groups.
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Healthcare costs - Female

Healthcare costs - Male

FIGURE 1 Healthcare costs,
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Healthcare costs were markedly higher in both genders
within all age groups in the total SSc cohort compared with
the controls (Figure 1).

Males aged 41-70 years incurred higher healthcare costs
compared with controls than women compared with con-
trols (Table S4 in the Supporting Information). Males aged
41-70 years incurred significantly higher healthcare costs
than women compared with the controls in the non-ILD
cohort, whereas a difference in costs between genders was
only seen from 51 to 60 years in the SSc-ILD cohort
(Table S4 in the Supporting Information). The differences in
costs related to hospitalization and outpatient services were
significantly higher in men compared with women for the
SSc and non-ILD cohorts, whereas no gender differences
were seen in the ILD-SSc cohort (Table S5 in the Supporting
Information).

Income from employment was lower in all age groups
and income from public transfers higher compared with the
controls (Figure 1).

Both cohorts had higher healthcare and indirect costs
compared with the controls. The total excess cost in the
SSc-ILD cohort was €29,725, and €17,905 in the non-ILD
SSc cohort. Healthcare costs and forgone earnings were key
drivers of excess costs in both cohorts (Table 2).

The total healthcare costs were higher in both cohorts
before and after the diagnosis compared with the controls
with a peak around the time of diagnosis (Figure 2). Three
years after diagnosis, healthcare costs seemed to increase
again in the SSc-ILD, whereas healthcare cost continued to
decrease in the non-ILD SSc cohort. Income from employ-
ment was lower in both cohorts compared with the controls
5 years before diagnosis, although this did not reach statistical
significance until 2 years after diagnosis in the SSc-ILD
cohort (Figure 2 and Table S6 in the Supporting Informa-
tion). Income from employment decreased more rapidly after
diagnosis in the SSc-ILD cohort than in the non-ILD SSc
cohort (Figure 2). Income from public transfer was higher in
both cohorts before diagnosis compared with the controls,
although not statistically significant until the year of diagnosis
(Table S6 in the Supporting Information). After diagnosis,
public transfer income increased markedly with the most pro-
nounced difference in the SSc-ILD cohort (Figure 2)

DISCUSSION

Our study is the first European study to evaluate indirect
costs associated with SSc-ILD in a follow-up study. We saw
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TABLE 2 Mean annual healthcare costs, income from employment, social transfer payments and home care costs after SSc diagnosis in (A) SSc-ILD
cases and matched controls and (B) non-ILD SSc cases and matched controls
(A) SSc-ILD Controls Difference p-value
Number of persons (N) 275 1098
Healthcare costs
Outpatient services € 5398 935 4463 <0.001
Inpatient admissions € 11,215 1522 9693 <0.001
Prescription drugs € 1384 484 900 <0.001
Primary health sector € 917 413 504 <0.001
Psychiatric outpatient services € 37 41 —4 1.000
Psychiatric inpatient admissions € 98 99 -1 1.000
Healthcare costs total € 19,050 3495 15,555 <0.001
Home care costs
Home care—care € 1007 607 400 0.126
Home care—practical help € 218 85 133 <0.001
Home care total € 1225 692 533 0.015
Earned income € 14,922 24,685 —9763 <0.001
Public transfer income
Unemployment insurance € 237 442 —206 0.020
Social security benefit € 1318 498 819 <0.001
Age pension € 4782 5385 —604 0.046
Early retirement € 1307 1087 220 0.748
Disability pension € 4931 1731 3200 <0.001
Sick pay (public funded) € 693 242 451 <0.001
Housing benefits € 551 483 68 0.692
Childs benefits € 280 355 =75 0.161
Public transfer income total € 14,097 10,223 3873 <0.001
SSc-ILD excess costs
Excess direct healthcare costs € 15,555
Excess home care costs € 533
Excess foregone earnings from employment € 9763
Excess social transfer payments € 3873
Excess costs, total € 29,725
(B) Non-ILD SSc Control Difference p-value
Number of persons (N) 1594 6365
Healthcare costs
Outpatient services € 4433 1021 3411 <0.001
Inpatient admissions € 5435 1600 3835 <0.001
Prescription drugs € 975 427 547 <0.001
Primary health sector € 746 419 326 <0.001
Psychiatric outpatient services € 35 36 -1 1.000
Psychiatric inpatient admissions € 96 96 0 1.000
Healthcare costs total € 11,719 3599 8119 <0.001
Home care
Home care—care € 914 535 379 <0.001
Home care—practical help € 206 100 105 <0.001
Home care total € 1120 635 485 <0.001

(Continues)
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TABLE 2 (Continued)

(B) Non-ILD SSc Control Difference p-value

Earned income € 15,111 21,715 —6604 <0.001

Public transfer income

Unemployment insurance € 266 448 —182 <0.001
Social security benefit € 1043 655 389 <0.001
Age pension € 5370 5855 —485 <0.001
Early retirement € 974 1148 —174 0.019
Disability pension € 4518 1661 256 <0.001
Sick pay (public funded) € 541 326 215 <0.001
Housing benefits € 733 606 127 <0.001
Childs benefits € 420 470 —49 0.014
Public transfer income total € 13,864 11,167 2697 <0.001
Non-ILD SSc excess costs
Excess direct healthcare costs € 8119
Excess home care costs € 485
Excess foregone earnings from employment € 6604
Excess social transfer payments € 2697
Excess costs, total € 17,905
Note: p-value from t-test and bootstrapping.
Abbreviations: ILD, interstitial lung disease; SSc, systemic sclerosis.
( A) Healthcare costs - SSc-ILD Healthcare costs - non-ILD SSc FIGURE 2 (A) Total healthcare
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that SSc-ILD was associated with a 40% higher total excess
cost than non-ILD SSc compared with the controls (€29,725
vs. €17,905). The study provides important information on
the individual and societal impact of SSc with and without
ILD, not only at the time of diagnosis, but also in the years
before and after the initial diagnosis of SSc.

With regard to direct healthcare costs, we found consid-
erably higher healthcare costs among SSc cases compared
with the controls in all age groups and both genders.
Healthcare costs for both the SSc-ILD and the non-ILD SSc
cohorts were largely driven by hospitalizations and outpa-
tient visits. Noteworthy, the excess costs due to inpatient
admissions were vastly higher in the SSc-ILD cohort
(€9693) than in the non-ILD SSc cohort (€3835) indicating
the severity of this complication. Two previous cohort stud-
ies also found higher excess healthcare costs in SSc-ILD
compared with non-ILD SSc, with costs driven by outpatient
pharmacy claims and services,"" hospitalization and increas-
ing TILD severity.'” An American study found healthcare
costs to be significantly higher in an SSc-ILD cohort
($37,505/€33.072) compared with non-SSc controls ($4997/
€4406) during 12 months of follow-up."

Interestingly, we find that although healthcare costs
decline after diagnosis in the non-ILD cohort, healthcare
costs seem to increase in the 3 years following diagnosis in
the SSc-ILD cohort. This is in concordance with Fischer
et al.'" who found healthcare cost to increase in cases with
SSc-ILD 5 years after diagnosis. This likely reflects the high
morbidity and progressive course of SSc-ILD seen in a high
proportion of patients.

Because of the low prevalence and heterogeneous pre-
sentation of SSc, the time to diagnosis is often prolonged*®
which might be reflected in our data by the higher
healthcare costs several years before diagnosis in both
cohorts compared with the controls. Moreover, comorbidity
3 years prior to SSc diagnosis was higher in SSc cases than
in the controls, which likely contributes to the observed
excess healthcare costs. Two years prior to diagnosis, we also
observed lower SES in SSc cases compared with the controls.
Low SES is associated with poor health, and poor health is
vice versa a risk factor for low SES.*” It is unclear from our
data to what extend comorbidities contribute to this socio-
economic disadvantage and low SES in the SSc cases. Future
research is needed to detangle this interaction between SES
and comorbidities and the impact on SSc.

Excess healthcare costs in the total SSc cohort were con-
siderably higher in men compared with women. Surpris-
ingly, the difference in costs between genders could not be
explained by the high share of men with SSc-ILD (Figure 2
and Table S$4 in the Supporting Information). The gender-
associated difference in costs was related to hospitalization
and outpatient services, whereas we saw no difference in
costs related to medication and primary health care
(Table S5 in the Supporting Information). These findings
might reflect that men suffer more severe disease than
women, which is supported by several studies that find
worse prognosis among men.

To our knowledge, this is the first study to evaluate indirect
costs associated with SSc-ILD in a population-based nation-
wide cohort. We find that indirect costs contributed markedly
to the total costs associated with both ILD-SSc and non-ILD
SSc, which is in line with previous cross-sectional studies on
productivity loss associated with SSc that found annual costs
from €5500 to €10,500.°°* A cohort study from the
United States evaluated insured and working SSc cases and
matched non-SSc controls and found excess costs of $3103
(€2736) due to productivity loss in the first year following diag-
nosis.”> In a subset cohort from the study, a difference of
$5846 (€5155) was found between SSc-ILD cases (n = 52) and
matched non-SSc controls during 6 months of follow-up."?
This is in line with our study where we saw reduced earned
income in both cohorts compared with the matched controls,
with the largest difference in the SSc-ILD cohort (€9763) com-
pared with the non-ILD SSC cohort (€6604). Importantly, our
results reflect foregone earnings of not only working cases, but
also the entire Danish SSc population.

Public transfer income after diagnosis was higher and
increased in both cohorts compared with the controls, with
the most significant difference seen in the SSc-ILD cohort.
Disability pension was the key driver of excess public trans-
fer income in both cohorts after diagnosis, which is in line
with Sandqyvist et al. who found increasing rates of working
disability after SSc onset."?

As expected, the difference in earned income and public
transfer income levelled out in the age groups >70 years
because of the universal public pension (Figure 2).

The strengths of the present study are the large and nation-
wide study population and the 17-year study period. The
population-based study design, within a tax-funded, uniformly
organized healthcare system and virtually complete follow-up
on all cases, reduces the risk of selection bias."® The
population-based matched control cohort enabled us to control
for some important demographic confounders. We expect the
risk of SSc misclassification to be minimal as SSc have a PPV
of 94% in the DNPR.>* Importantly, most cases with SSc and
ILD are diagnosed in the hospital settings; hence, we expect
our data to be highly representative of the entire Danish SSc
population and our findings to be generalizable to populations
with similar standard of medical care as in Denmark.

The study has several limitations. The DNPR does not
provide information on disease severity, BMI or smoking;
thus, we were not able to evaluate the impact of these
important factors.

Low SES may contribute to the excess costs found in this
study. We partly accounted for socioeconomic factors by
matching on cohabitation and residency. Furthermore, strat-
ification analysis showed no difference in SES between SSc
cases and controls 5 to 3 years before diagnosis, whereas the
observed low SES 2 years before diagnosis in the SSc cohorts
is likely influenced by increased morbidity prior to SSc diag-
nosis hindering cases to maintain their job.

We cannot dismiss that other markers of SES
(e.g., highest achieved educational level and occupational
type) are associated with SSc and thus affect income level.
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ILD is not validated in the DNPR which could lead to
misclassification and an over- or under-estimation of the
share of cases with SSc-ILD. However, validation studies of
the DNPR generally show a high PPV, particularly for dis-
eases that are primarily followed in specialized departments
such as ILD; thus, we expect this information bias to be
limited.*?

In conclusion, we found that SSc is associated with a sig-
nificant individual as well as societal burden that is evident
several years before and after the diagnosis. SSc-ILD is asso-
ciated with 40% higher total excess costs compared with
non-ILD SSc, thus underlining the severity of pulmonary
involvement. Importantly, we find that men impose higher
excess healthcare-related costs than women, and hospitaliza-
tion and outpatient services are the key drivers of gender
differences in healthcare costs.

Given that the key driver of healthcare costs in SSc-ILD
was inpatient admissions, initiatives to reduce admissions
could potentially reduce costs associated with SSc-ILD. Fur-
thermore, since the majority of patients are diagnosed with
SSc in their working age, the decrease in working ability and
increasing costs due to public transfer income underline the
importance of timely diagnosis and treatment in order to
maintain employment for patients.
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