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EXTENDED REPORT

Inequity in access to bDMARD care and how it
influences disease outcomes across countries
worldwide: results from the METEOR-registry

Sytske Anne Bergstra,' Jaime C Branco,* David Vega-Morales,*
Karen Salomon-Escoto,” Nimmisha Govind,® Cornelia F Allaart,”

Robert B M Landewé’®

ABSTRACT

Objective To establish in a global setting the
relationships between countries’ socioeconomic

status (SES), measured biological disease modifying
antirheumatic drug (bDMARD)-usage and disease
outcomes. To assess if prescription and reimbursement
rules and generic access to medication relates to a
countries" bDMARD-usage.

Methods Data on disease activity and drug use from
countries that had contributed at least 100 patients
were extracted from the METEOR database. Mean
disease outcomes of all available patients at the

final visit were calculated on a per-country basis. A
questionnaire was sent to at least two rheumatologists
per country inquiring about DMARD-prices, access to
treatment and valid regulations for prescription and
reimbursement.

Results Data from 20 379 patients living in 12
different countries showed that countries’ SES was
positively associated with measured disease activity
(meanDAS28), but not always with physical functioning
(HAQ-score). A lower country’s SES, stricter rules for
prescription and reimbursement of bDMARDs as well as
worse affordability of bDMARDs were associated with
lower bDMARD-usage. bDMARD-usage was negatively
associated with disease activity (although not with
physical functioning), but the association was moderate
at best.

Conclusions Disease activity in patients with
rheumatoid arthritis as well as bDMARD-usage varies
across countries worldwide. The (negative) relationship
between countries’ hDMARD-usage and level of disease
activity is complex and under the influence of many
factors, including—but not limited to—countries” SES,
affordability of bDMARDs and valid prescription and
reimbursement rules for bDMARDs.

INTRODUCTION

Earlier diagnosis and treatment, the implementa-
tion of treat-to-target and new treatment options,
including biological disease modifying antirheu-
matic drugs ((DMARDs), have improved treatment
and prognosis of patients with rheumatoid arthritis
(RA) tremendously.' Since many of these treat-
ments are costly, patients across the world may not
benefit similarly. Indeed, a lower level of welfare
has been associated with higher disease activity in
patients with RA in the past.*

One of the potentially critical factors is poorer
access to bDMARDs.?° Current recommendations
advise starting bDMARDs after a first conven-
tional synthetic disease modifying antirheumatic
drug (csDMARD) strategy has failed.® But such
a strategy may not be feasible in greater parts of
the world. In many countries, there are various
restrictions in the prescription and reimburse-
ment of bDMARD.*” Within Europe, differences
in socioeconomic welfare are associated with
differences in prescription and reimbursement
of bDMARDs.® ' Stricter prescription rules and
reimbursement criteria of bDMARDs may result
in more infrequent use of bDMARDs and in
worse health outcomes.®® To date, only one study,
limited to European countries, has been performed
that has taken into account all currently available
bDMARDs.

We have investigated here daily-practice data
regarding bDMARD-use in different countries
worldwide and have assessed if a lower country’s
socioeconomic status (SES) is associated with worse
clinical outcomes and lower bDMARD-usage. We
have also assessed if countriess bDMARD-usage
was associated with stricter prescription and reim-
bursement rules and worse access to medication.

METHODS

Data selection

Disease activity and medication use in patients
with RA in various countries on various treatments
were extracted from the METEOR registry, an
international database capturing data of daily clin-
ical practice of patients with a clinical diagnosis
of RA." Visits were unprotocolled and data were
gathered retrospectively and anonymously; hence
no informed consent was needed. We selected visits
after 1-1-2000 from countries that had included
at least 100 patients with follow-up data avail-
able (supplementary file 1).

Missing data on disease activity and function
(HAQ-score) were imputed using multivariate
normal imputation (30 imputations).'* For each
country, average DAS28 and HAQ and the propor-
tion of patients in DAS28-remission (DAS28 <2.6)
were calculated by taking the average of all patients
at the last available visit. Furthermore, the propor-
tion of patients that ever used a biological was
calculated per country.
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Table 1 Composite scores for the clinical eligibility criteria for the
start of bDMARDs and for the access to medication

Composite score clinical criteria start of bDMARDs

0 1 2
Is there any Any No requirement NA
requirement requirement
for disease
duration?
Number of >2 2 <2
DMARD:s to be
failed

Level of DAS28  >3.2 <32 No requirement

Composite score access to medication

0 1 2 3
Number of 0 1-5 6-7 8
reimbursed
bDMARDs
Average annual  Highest Second quartile Third quartile  Lowest quartile
price of all quartile
reimbursed
bDMARDs
Average score  Highest Second quartile Third quartile  Lowest quartile
on the six quartile
acceptability
questions

bDMARDs, biological disease modifying antirheumatic drugs; NA, not applicable.

Questionnaire

Per participating country, preferably in the region of data collec-
tion, at least two rheumatologists answered a questionnaire,
based on questionnaires used by Putrik ez al."* In case of disagree-
ment between rheumatologists, they were contacted by email,
and if necessary additional rheumatologists were contacted to
also complete the questionnaire. The questionnaire included
questions about availability and affordability of DMARDs,
acceptability, reimbursement and prescription rules (online
supplementary file 2). Drug prices provided in local currency
were converted into euros or international dollars at the rate
of 10-1-2017. For each DMARD, we took the lowest available
price. When all questions were processed, a preliminary report
was sent to all collaborators, to check correctness of the data.

Qutcome measures
Based on the questionnaire results, two composite scores were
calculated: a composite score for clinical eligibility criteria
for the start of bDMARDs, based on three questions from the
questionnaire and with an optimum score of § indicating ‘least
requirements’, and a composite score for access to medication,
based on questions on availability, affordability and acceptability,
with an optimum score of 9 indicating ‘highest level of access’
(table 1).6 13

In addition, we calculated the average annual national price
of the most frequently used csDMARDs and bDMARDs. These
included the csDMARDs methotrexate, sulfasalazine, hydroxy-
chloroquine and leflunomide and prednisone and the bDMARDs
etanercept, adalimumab, infliximab, rituximab, certolizumab,
tocilizumab, abatacept and golimumab. For each DMARD a
most common treatment scheme was used to calculate the costs
for 1year usage (the annual national price, averaged over the
first two treatment years)."> Furthermore, an affordability index
for bDMARDs was constructed by dividing the average annual
national price for all LDMARDSs by the gross domestic product.*?
All medication prices reflect official manufacturer’s prices per

country, not taking into account local or temporary discounts,
which fall beyond the scope of this study.

The gross domestic product (GDP) per capita, the house-
hold-net-adjusted-disposable-income,  the  health-expendi-
ture-per-capita in international dollars and the minimum wage
per year in US$ were derived from web-based sources.'*¢
Data regarding the minimum wage and the average price for
c¢sDMARDs and bDMARDs were used to calculate the days to
work at the minimum wage to cover 30 days of treatment with a
csDMARD or bDMARD."

Statistical analyses

At a country level, associations between several indicators of
SES, clinical outcomes, medication use, access to medication
and prescription and reimbursement rules were assessed using
univariable linear regression analyses. Since analyses were
performed at a country level and the number of included coun-
tries was limited, multivariable regression analyses were not
performed. Regression results for the GDP per capita, the house-
hold-net-adjusted-disposable-income and the health-expendi-
ture-per-capita were assessed per 10 000 Intl$.

To assess whether analysing data at a patient level where
possible would change the outcomes, we performed a sensitivity
analysis using linear mixed modelling for continuous outcomes
and generalised linear mixed modelling for dichotomous
outcomes, with patients nested within countries and a random
intercept at the country level. All analyses were performed using
Stata SE14 (Stata).

RESULTS

Country and database characteristics

Twelve countries with 20379 patients were analysed: USA (state
of Massachusetts), Mexico, South Africa, Japan, Brazil, UK,
Spain, Ireland, Portugal, France, India (state of Maharashtra)
and the Netherlands. Data from Qatar and Italy were ultimately
excluded from the analyses, since only one rheumatologist in
Qatar was available to complete the questionnaire and data
from Italy were mainly derived from a biologics register. The
number of questionnaire responders per country is listed in
online supplementary file 3.

Table 2 presents average country and database characteris-
tics. Additional patient characteristics are presented in online
supplementary file 4. The number of patients per country ranged
from 123 (Spain) to 7749 (India) and the number of patients
ever using a bDMARD ranged from 0.9% (South Africa) to
75% (Ireland). There were important differences in DAS28-
scores and HAQ-scores across countries. Overall, and expect-
edly, DAS28 was positively associated with HAQ-score, except
in India, where the average DAS28 was highest but the average
HAQ-score was among the lowest of all countries. As expected,
there were important differences in SES between countries,
reflected—for example—by differences in GDP per capita
(ranging from Intl$5733 in India to Intl$61378 in Ireland) and
by large differences in the country’s number of days required to
work at the minimum wage to cover 30 days of treatment with
a bDMARD (ranging from 562 days in India to only 19 days in
France).

Average annual medication prices also substantially differed
between countries (figure 1). For bDMARDs, drug prices (Intl$)
in the USA (highest) were 5.9 times higher than in France
(lowest) and for csDMARDs, drug prices in the USA (highest)
were 14.7 times higher than in the Netherlands (lowest).
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Table 2 Baseline characteristics per country

India South Africa  Brazil Mexico Portugal Spain
Country characteristics
Population (x1 000 000) 13111 10.4 207.8 127.0 10.4 46.4
GDP per capita (Intl$) 5733 12393 14533 16490 26549 32219
Minimum wage per year (US$) 778 2197 3660 1438 8384 10365
Household net adjusted disposable income (Intl$) NA 21481 19882 33164 31649 30776
Health expenditure per capita (Intl$) 301 1405 1639 1753 3338 3717
Days work at minimum wage to cover 30 days treatment bDMARD 562 160 223 431 53 49
Days work at minimum wage to cover 30 days treatment csDMARD 2.2 4.9 3.3 7.4 0.7 0.7
Mean price bDMARDs year/GDP per capita 8.45 1.93 3.07 3.07 0.84 0.70
Composite score access to medication 3 3 5 1 6 5
Composite score clinical criteria 4 1 1 4 5 4
Database characteristics
Number of patients 7749 670 189 1191 3874 123
Mean time since diagnosis at last recorded visit (days) 1304 577 4900 2898 5599 1327
% patients bDMARD use 0.95 0.90 19.6 9.0 44.5 16.3
Mean last DAS28 5.1 4.2 42 4.0 35 33
% patients in DAS28-remission 23 19.9 17.0 20.9 324 42.7
Mean last HAQ 0.67 1.27 1.26 0.71 1.05 0.55
France Japan UK Netherlands USA Ireland
Country characteristics
Population (x1 000 000) 66.5 127.0 65.1 16.9 321.4 4.64
GDP per capita (Intl$) 37775 37872 38509 46354 52704 61378
Minimum wage per year (US$) 19886 12269 21793 20673 15080 20967
Household net adjusted disposable income (Intl$) 34092 30031 31724 31685 4107 25629
Health expenditure per capita (Intl$) 5681 4070 4678 6499 9403 4730
Days work at minimum wage to cover 30 days treatment bDMARD 19 39 32 26 17 48
Days work at minimum wage to cover 30days treatment csDMARD 0.3 1.8 0.6 0.2 5.4 0.4
Mean price bDMARDs year/GDP per capita 0.37 0.44 0.69 0.42 1.55 0.62
Composite score access to medication 9 4 5 6 4 4
Composite score clinical criteria 4 5 2 4 5 4
Database characteristics
Number of patients 161 309 1291 3330 803 689
Mean time between diagnosis and last visit (days) 5375 2503 3256 3181 3513 3921
% patients bDMARD use 60.2 50.5 14.7 282 48.6 75.0
Mean last DAS28 2.5 3.2 3.9 3.2 3.6 3.8
% patients in DAS28-remission 61.5 38.2 26.0 39.1 30.5 28.8
Mean last HAQ 0.61 0.59 1.29 0.85 0.67 0.85

‘Number of patients’ indicates the number of patients with >1 available visit. ‘% patients bDMARD use’ indicates the number of patients using a biological DMARD during at
least one visit. ‘Mean last DAS28" and ‘mean last HAQ' are the DAS28 and HAQ at the last available visit in the database.
bDMARD, biological disease modifying antirheumatic drug; csDMARD, conventional synthetic disease modifying antirheumatic drug; GDP, gross domestic product; Intl$,

international dollar; NA, not available.

Countries’ SES and clinical outcomes

We first assessed if a lower SES was associated with worse clin-
ical outcomes, by testing associations between GDP per capita
and DAS28. Indeed, patients in countries with a higher GDP
per capita had a lower average DAS28 and a higher proportion
of them were in DAS28-remission (DAS28 lower by B (95% CI)
—0.32 (—0.41; —0.021) and an additional 4.2 (0.14; 8.26)
per cent of patients in DAS28-remission for every 10 000 Intl$
additional GDP). The effect was less prominent in the USA
and Ireland, both countries with the highest GDP per capita
(figure 2A,C).

Then, we factored drug-prices into the ‘model’ by testing the
association between the number of days needed to work at the
minimum wage in order to afford 30 days of treatment with
a bDMARD. Now the association was largely driven by two
low-GDP countries (Mexico and India) (figure 2B,D) that yet

have among the highest drug prices relative to the income. In
most other countries, DAS28 and remission percentages were
only slightly higher with each extra working day needed to afford
bDMARDs: DAS28 higher by B (95% CI) 0.026 (0.012 to 0.041)
and —0.052 (—0.084 to —0.020) less patients in DAS28-remis-
sion per additional minimal wage day required to afford 30 days
bDMARDs.

Finally, we tested health-expenditures-per-capita as well as
household’s-net-adjusted-disposable income as proxies for
SES and assessed the associations with DAS28. In general, the
effects were similar: mean DAS28 was —1.52 (—2.8 to —0.25)
points lower for every additional 10 000 IntI$ health-expen-
diture-per-capita, which culminated into 29.2 (1.91 to 56.6)
per cent more patients in DAS28-remission. Such effects were
not found for household’s net-adjusted disposable income (data
not shown).

Bergstra SA, et al. Ann Rheum Dis 2018;77:1413-1420. doi:10.1136/annrheumdis-2018-213289
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Figure 1

Average annual price for sDMARDs (A) and bDMARDs (B) per country in international dollars (light blue) and in euros (dark blue), prices

first quarter 2017. bDMARDs, biological disease modifying antirheumatic drugs.

Overall, patients with RA from low-GDP-countries—on a
per-capita basis—appear to have a higher DAS28 than patients
from high-GDP-countries, regardless of countries’ drug prices.
It may be that in some countries drug-prices may mitigate the
effects of SES on RA outcomes (drug prices were for instance
importantly lower in Brazil and South Africa).

For HAQ-score, however, the associations with all indicators
of SES were less clear: for example, —0.031 (=0.13 to 0.064)
lower HAQ per 10 000 Intl$ increase in GDP per capita and
0.000034 (—0.00091 to 0.00098) higher HAQ per additional
minimal wage day required to afford 30 days bDMARDs.

SES and bDMARD-usage

It is attractive to assume that the inverse association between
SES and DAS28 is mediated by the countries’ bDMARD use
(or: RA care in high-income countries is better since these can
afford bDMARDs). We have sought evidence to underscore this
assumption. First, we assessed whether SES was associated with
bDMARD-usage per country. Indeed, a statistically significant
association was found between GDP per capita and the propor-
tion bDMARD-usage (11.2 (4.82 to 17.5), figure 3A), indicating
that per additional 10 000 Intl$ GDP per capita an additional
11% of patients used a bDMARD.

When taking drug-prices into account, the picture is more
obscure. Although in Mexico and India bDMARD-usage was
lowest, in the countries with highest GDP per capita, bDMARD-
usage was highly variable (ranging from close to 10% in the UK
to 75% in Ireland), (figure 3A, B (95%CI) —0.080 (—0.16 to
0.0021)). This suggests that GDP and drug prices and other
mechanisms (such as limitative regulations for reimbursement)
determine bDMARD-usage.

bDMARD-usage and clinical outcomes

It is questionable, however, if a higher percentage of bDMARD-
usage translates automatically into better disease outcomes.
We assessed whether bDMARD-usage across countries are
associated with clinical outcomes. Indeed we found a statisti-
cally significant relationship between a country’s proportion
of bDMARD-usage and DAS28 or proportion of patients in
DAS28-remission (figure 4A,B). DAS28 was —0.14 (—0.28
to —0.0054) point lower and 2.8% (—0.13 to 5.8) more patients
achieved DAS28-remission, for every 10% increase in propor-
tion of patients using a bDMARD. However, bDMARD-usage
was not associated with better functional ability (—0.024
(—0.091 to 0.042) lower HAQ-score for every 10% increase in
bDMARD-usage).
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Prescription and reimbursement rules, access to medication

and bDMARD-usage

Since bDMARD-usage is not only influenced by a country’s SES,
it was subsequently assessed whether the stringency of prescrip-
tion and reimbursement rules and ‘access to medication’ were
associated with proportion of bDMARD-usage.

We found that bDMARD-usage is less if limitative regulations
are stricter: 8.5 (2.7 to 19.8) per cent more bDMARD use per
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Figure 3  Associations between ‘GDP per capita’ and ‘days to work at the minimum wage to cover 30 days of treatment with a bDMARD’ with ‘%
bDMARD use’. bDMARD, biological disease modifying antirheumatic drugs; BR, Brazil; ES, Spain; FR, France; GDP, gross domestic product; IE, Ireland;

10000 20000 30000 40000 50000 60000 70000
GDP per capita (Int$)

point increase (ie, fewer limitations) in clinical criteria score and
a trend (5.9 (=2.0 to 13.8)) that better access to bDMARD-care

led to more bDMARD-usage (figure 4D,E).

This shows that the previous relationship found between a
country’s SES and quality of RA care measured as a country’s
mean DAS28 is (among others) confounded by regulations. Rela-
tively strict prescription and reimbursement rules in the UK, a
high SES country, result in a proportion of bDMARD-usage as
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low as in India and Mexico, which both have a low GDP per
capita.

Finally, we calculated the quotient of a country’s mean drug-
price and the GDP per capita (as proxy for affordability, the
lower the quotient, the less affordable the drug) and found (1)
that even in countries with a same level of affordability (eg,
EU countries) significant differences in bDMARD-usage exist,
apparently due to other mechanisms than drug-prices alone and
(2) that affordability of bDMARDSs in some countries is so low
that bDMARD-usage is virtually zero.

Sensitivity analyses

Sensitivity analyses using mixed modelling approaches to
assess associations between SES (country level), bDMARD-use
(country and patient level), disease activity and physical func-
tioning (patient level) showed similar outcomes (online Supple-
mentary file 5).

DISCUSSION

Worldwide, treatment options and clinical outcomes of patients
with RA have greatly improved, but not all patients with RA
have benefitted similarly. We hypothesised that differences
in SES have an impact on bDMARD-usage and on clinical
outcomes across countries. Indeed, in this study including a

large number of patients from 12 countries, among which
several countries that have never been investigated before in
this context, we have found substantial differences in DMARD-
prices, affordability of these medications and bDMARD-usage
across countries. We found that in countries with a lower SES
disease activity was generally higher and bDMARD-usage
was lower. But a country’s proportion of bDMARD-usage
was also associated with restrictions through prescription and
reimbursement rules, and with affordability of bDMARDs, as
defined by us.

It is attractive to assume that higher country’s bDMARD -usage
will result in a lower country’s mean DAS28 and that a lower
country’s GDP will hinder a sufficiently high proportion of
patients with RA getting proper access to care with bDMARD:s.
But reality is more complicated. The effectiveness of bDMARD-
usage in countries’ all-day clinical practice may be overstated:
previous research estimated that ‘only’ 7% of the effect of GDP
per capita on DAS28 was mediated by the uptake of bDMARDs.*
We found ‘only’ 2.8% more patients in DAS28-remission for
every additional 10% patients using a bDMARD. A positive
effect of bDMARDs on RA treatment effectiveness thus appears
to be quite small. Vice versa, this suggests that in low-income
countries other factors than ‘only’ access to bDMARDs deter-
mine the success of RA treatment. Nevertheless, a general trend
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between countries’ proportions of bDMARD-usage and coun-
tries’ mean-DAS28 remains obvious.

Remarkably, we did not find an association between countries’
SES and countries’ mean HAQ-score. Here, the effect of outliers
is relatively important. In particular, India, the country with
lowest GDP, reported a low HAQ-score compared with a high
DAS28. Moreover, there may be sociodemographic and cultural
differences in the way patients experience or report limitations
in function.” ' We could not assess the potential contribution
of factors such as general access to healthcare and other drug
and non-drug therapies, comorbidities and health barriers and
support systems. '’

Previous studies have mentioned associations between access
to medication, SES and disease activity.® " 2° Such findings point
to the negative effects of inequity: budget restrictions, strict
regulations as well as limited access to drugs may be a hurdle
for starting optimal treatment as recommended in clinical guide-
lines."* !

But this study also shows that several other factors play a
role in determining the success of RA-treatment (here approx-
imated by the countries’ mean DAS28). We know several of
these factors: countries’ SES in general, the presence of a proper
functioning healthcare system that may assure access to care to
those who are in need, DMARD prices and valid national regu-
lations that are in place to constrain the expenses for bDMARD-
usage.* © 13 21 It appears obvious that the country’s mean level
of DAS28 is the resultant of a complicated interplay of a coun-
try’s SES, drug prices and regulations. In addition, it is difficult
to argue that unlimited access to expensive effective treatments
makes the difference between ‘good and bad care’ for patients
with RA, nor can we claim that countries with similar GDP per
capita or similar levels of access to care have similar proportions
of patients on expensive bDMARDs; there is huge variation.
Nevertheless, penetration of bDMARDs in low GDP-countries
stays behind and it is to be expected that this—among others—
may go at the cost of effectiveness of RA care. It is impossible
to conclude from this study whether this is due to drug prices,
failing healthcare systems or simply worse access to optimal care.
We can only conclude that there are substantial differences in
mean DAS28 (as a proxy for quality of RA care) across countries.

This study has some strengths and many limitations. A
strength of this study is that it captures real life clinical data from
12 countries worldwide with large differences in wealth, totally
different (if any) healthcare and health-insurance systems and
many patients with RA. As such, this study can be considered a
‘big-data study’ allowing subtle differences across countries to
be elucidated.

But the strengths of our study (real life observational, size and
international diversity) also carry limitations: case-ascertain-
ment (cases cannot be verified), completeness of data (we had
to statistically impute missing data) and reliability of data-points
(we had to rely on the report of the participating physicians)
are among them. Other epidemiological limitations are that only
few centres per country participated and we had to assume that
these centres were to some extent representative of the country.
In addition, we had to make certain assumptions to facilitate
computations, such as declaring bDMARD-reimbursement as
‘absent’, if according to the rheumatologist’s questionnaires less
than 20% of patients in a country had health insurance coverage.
Furthermore, we used retail prices of bDMARDs, but final drug
prices may be influenced by local and/or temporary discounts.
Such assumptions—if flawed—may influence the reported asso-
ciations. In a few cases, we relied on regional health-econom-
ical information rather than on country-specific data, in the

appreciation that within a big country access to healthcare and
regulations can be very different.

Moreover, differences between the patient samples from the
included countries could potentially influence the associations
that are investigated in this study. However, it is very unlikely
that the available variables—which were all measured at a
patient level—act as a confounder for the investigated associa-
tions. Therefore, we presented unadjusted models.

A final limitation of this database is that it will only include
patients with RA that have come to the attention of the rheuma-
tologist. If countries differ with regard to access to a rheumatol-
ogist, patients per country cannot be assumed to be comparable.
Consequently, associations may be spurious. With regard to this
latter argument, it can be postulated that the associations in this
study are conservative and will likely be more exaggerated in
real life.

Epidemiological limitations of ‘big-data studies’ restrict their
interpretability. As such, causal interpretations will never be
possible and should always be mistrusted. We have taken care
to not exaggerate our conclusions that all remain at the level of
associations and allow the possibility of bias and confounding as
explanatory factors. In addition, we were interested in associa-
tions at the country level, but at the patient level results may be
different. Still, ‘big data studies” make sense in that they can point
to relevant differences between countries, that may help policy-
makers to guide necessary change, pharmaceutical industry to
direct market access and drug-prices and rheumatologists and
healthcare workers to help improving access to rheumatology
care.

In conclusion, we have documented using a registry of
patients with RA spanning 12 countries worldwide that mean
DAS28 as well as bDMARD-usage varies across countries.
While we suggest an inverse relationship between the coun-
tries’ bDMARD-usage and mean DAS28, this relationship is
influenced by many other factors, including countries’ GDP
per capita, strictness of prescription and reimbursement rules
and affordability of bDMARDs. Altogether these findings point
to the existence of worldwide inequity with regard to optimal
(access to) RA healthcare.
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