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A B S T R A C T

Objective: To examine whether associations between socioeconomic factors and work outcomes in spondy-
loarthritis (SpA) differ across axial (axSpA), peripheral SpA (pSpA) and psoriatic arthritis (PsA), and whether
associations for individual-level socioeconomic factors are modified by country-level factors.
Methods: Patients with a physician diagnosis of SpA within working age (18�65 years) were included. Associ-
ations between individual- (age, gender, education, marital status) and country-level factors (Human Devel-
opment Index, Health Care Expenditure (HCE), Gross Domestic Product, percentage unemployed) with work
outcomes (employment status, absenteeism, presenteeism) were assessed using multivariable mixed-effects
models. Associations between individual factors and outcomes were compared according to SpA phenotypes
and country-level factors using interaction terms.
Results: A total of 3835 patients (mean age 42 years, 61% males) from 23 countries worldwide were included
(66% axSpA, 10% pSpA, 23% PsA). Being employed was associated with gender (male vs. female OR 2.5; 95%CI
1.9�3.2), education (university vs. primary OR 3.7; 2.9�4.7), marital status (married vs. single OR 1.3;
1.04�1.6), and age in a non-linear manner. University (vs primary) education was associated with lower
odds of absenteeism (OR 0.7; 0.5�0.96) and presenteeism (OR 0.5; 0.3�0.7). Associations were similar across
SpA phenotypes. Higher HCE was associated with more favourable work outcomes, e.g., higher odds of
employment (OR 2.5; 1.5�4.1). Gender discrepancy in odds of employment was greater in countries with
lower socioeconomic development.
Conclusion: Higher educational attainment and higher HCE were associated with more favourable work out-
comes, independently of SpA phenotype. The disadvantageous effect of female gender on employment is par-
ticularly strong in countries with lower socioeconomic development.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Spondyloarthritis (SpA) comprises a heterogenous group of disor-
ders that share common clinical, genetic, and pathophysiological
features [1]. SpA with predominantly peripheral involvement is clas-
sified as peripheral SpA (pSpA) and includes psoriatic arthritis (PsA),
while axial SpA (axSpA) has a predilection for the spine and sacroiliac
joints. Despite being closely related, research into these members of
the SpA family have developed at different paces. One important
example is work participation. Evidence for the impact of SpA on
work participation and associated productivity costs comes mainly
from axSpA [2�4]. Despite high levels of work disability reported in
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PsA, most studies were small and very few have examined associated
factors [5]. Furthermore, how work participation in PsA relates to the
wider context of axSpA or pSpA is unclear.

In axSpA, work disability is associated with clinical factors such as
high disease activity and functional impairment � factors that can be
modified, at least in part, by treatment thus representing a potential
target for supporting patients to remain productive at work [6]. How-
ever, variability in treatment access and wider health inequalities
exist worldwide [7]. There are remarkable differences in work status
and productivity costs even between neighboring European countries
despite comparable quality of care for chronic diseases [3,4]. World-
wide, country-level socioeconomic factors (e.g., healthcare expendi-
ture) are associated with employment in SpA [8]; these often
overlooked contextual factors are essential for understanding wide-
spread inequality in disease outcomes. A prior study reported associ-
ations between individual-level factors (e.g., gender and education)
and employment status [8], but how country-level factors modify the
effect of individual-level socioeconomic factors remains an unmet
research need.

The main aim of this study was to understand the association
between individual- and country-level socioeconomic factors and
work outcomes in SpA including PsA. In particular, we examined
whether these associations differed by disease phenotype (axSpA,
pSpA and PsA), and whether associations observed for individual-
level socioeconomic factors were modified by country-level factors.

Methods

Patients and study design

The ASAS-perSpA (peripheral involvement in SpA) study design
has been described previously [9]. It was an international, cross-sec-
tional study with 24 contributing countries that recruited from 2018
to 2020. Adult patients with a rheumatologist diagnosis of SpA were
consecutively enrolled. The study was approved by the ethical com-
mittees in all countries and written informed consent was obtained
from all subjects. This analysis was restricted to patients with a phy-
sician diagnosis of axSpA, pSpA or PsA between ages of 18 and 65 (i.e.
working age) who completed the Work Productivity and Activity
Impairment questionnaire General Health (WPAI-GH [10]).

Outcomes

Work participation was assessed using four outcomes derived
from the WPAI-GH: current employment status (employed or not);
absenteeism amongst those employed (i.e., percent time absent from
work, derived from hours missed due to health problems and hours
actually worked); presenteeism (percentage derived from the degree
that health problems affected productivity while working); and per-
cent overall work impairment due to health (absenteeism plus pro-
portion of hours worked with impaired productivity).

The three percentage outcomes were categorized to accommo-
date their skewed distribution: absenteeism as 0%, 1�20%, >20% (i.e.,
0 plus two equal quantiles); presenteeism as 0�10%, 20�30%, �40%
(tertiles); overall work impairment as 0�10%, 11�40%, >40% (ter-
tiles). Only participants in employment were included for analysis of
absenteeism, presenteeism and overall work impairment. Partici-
pants reporting 100% absenteeism were excluded from analyses of
presenteeism.

Individual- and country-level socioeconomic factors

Individual socioeconomic factors comprized age, gender, educa-
tion (primary, secondary, university), and marital status (single, mar-
ried, divorced/widowed).
The four country-level socioeconomic factors were: Human
Development Index (HDI) which ranks countries according to life
expectancy, education and gross national income; Health Care
Expenditure (HCE) as percentage of Gross Domestic product (GDP);
GDP (based on purchasing power parity); economic unemployment
(as percentage of total labor force). Latest values of each factor were
obtained from the World Bank (i.e., 2018, except HCE which was only
available for 2017) [11]; details are provided in supplementary Table
S1. Each factor was dichotomized by the median to accommodate
skewed distributions and facilitate interpretation of results.
Covariates

Covariates tested in regression models included: body mass index
(BMI), smoking status (ever/never), HLA-B27 (positive/negative/miss-
ing), axial involvement, peripheral involvement; history of enthesitis,
dactylitis, uveitis, psoriasis, inflammatory bowel disease (IBD); Bath
AS disease activity index (BASDAI), CRP, AS disease activity score
(ASDAS), fatigue (BASDAI question 1); depression or anxiety (present
or absent according to the three-level version of the EQ-5D question
5, henceforth abbreviated as ‘depression’), fibromyalgia (physician
diagnosis); NSAIDs (in the past month), conventional synthetic
(csDMARDs), biologic DMARDs (bDMARDs) (both since diagnosis),
and current glucocorticoid use.
Statistical analyses

The associations between individual socioeconomic factors and
work outcomes were tested in a series of multivariable mixed-effects
models, one for each work outcome. Mixed-effects models account
for within-country similarities in the estimation of between-country
differences, by incorporating country-specific means (i.e., random
intercepts for each country). Logistic mixed-effects model was used
for employment and ordinal logistic for categorized absenteeism,
presenteeism, and overall work impairment. Each work outcome was
the dependent variable and all four individual socioeconomic factors
(age, gender, education, marital status) were entered as independent
variables. Non-linear effects of age were tested using polynomials (e.
g., age2). Covariates that were univariably associated with the work
outcome of interest at p < 0.2 were sequentially added to the model,
and retained if they significantly contributed to explain the outcome
(p < 0.05) or changed the estimate of the main relationships of inter-
est by 20%. Due to collinearity, separate models were created for (1)
ASDAS and fatigue, (2) BASFI and fatigue, and (3) BASDAI and log-
transformed-CRP. The effect of an individual socioeconomic factor on
a work outcome (i.e., the coefficient, or regression line slope) could
potentially differ by country; we tested this by comparing models
with and without country-specific effects (i.e., random slopes) for
each individual socioeconomic factor using the likelihood ratio test.

We added interaction terms between each individual socioeco-
nomic factor and disease phenotype (axSpA, pSpA, PsA) to test differ-
ential effects according to disease. Interaction terms with p < 0.05
were taken to indicate significant effect modification by disease (con-
servative p-threshold chosen to account for multiple testing).

Each country level socioeconomic factor was added into separate
models (due to collinearity) for the final model of each work out-
come. Where random slopes indicated differential effects of an indi-
vidual socioeconomic factor across countries, we further examined
this by including an interaction term between the individual and
each country-level socioeconomic factor; that is, we tested whether
the association between individual socioeconomic factors and work
outcomes differed according to country-level socioeconomic factors.
Significant interactions were shown using models stratified by high
and low levels of each country-level socioeconomic factor to facilitate
interpretation. All analyses were performed using Stata v13.
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Results

A total of 3835 participants from 23 countries were eligible for
this analysis (no participants from the UK due to administrative limi-
tations [9]). The mean age was 42 years (SD 12) with 61% males.
Forty-two percent reported university, 43% secondary and 15% pri-
mary school education. Twenty-nine percent were single, 64% mar-
ried and 7% divorced or widowed. Country-specific characteristics
are shown in supplementary Tables S2 and S3. Overall, 66% of partici-
pants had axSpA, 10% had pSpA and 23% had PsA (country-specific
descriptions shown in supplementary Fig. S1). AxSpA participants
were younger, more frequently males, and had lower BMI than pSpA
and PsA (Table 1).

Across all participants, 2388 (62%) were employed. Among the
employed, the mean (SD) and median (IQR) absenteeism were 9% (SD
23%) and 0% (IQR 0�0%), presenteeism 26% (SD 26%) and 20% (IQR
0�50%), and overall work impairment 29% (SD 28%) and 20% (IQR
Table 1
Patient characteristics according to spondyloarthritis phenotype

N
Age, years
Disease duration, years
Diagnostic delay, years
Male
Education Primary

Secondary
University

Marital status Single
Married
Divorced or Widowed

BMI, kg/m2

Ever smoking
HLA-B27 Positive

Negative
Missing

Axial involvement*
Peripheral arthritis*
Enthesitis*
Dactylitis*
Uveitis*
Psoriasis*
IBD*
BASDAI
ASDAS
CRP, mg/L
Fatigue (BASDAI Q1)
BASFI
Depression/anxiety
Fibromyalgia diagnosis
NSAIDs past month
csDMARDs since diagnosis
bDMARDs since diagnosis
Current prednisolone intake
Employed
Absenteeism 0%

1�20%
>20%

Quantiles of presenteeism 0�10%
20�30%
�40%

Quantiles of work productivity loss �10%
11�40%
>40%

*History of each disease feature. SpA phenotypes were defined
(SD), with comparison using chi-squared and t-tests, respecti
(n = 2), BMI (n = 11), BASDAI/Fatigue (n = 8), ASDAS (n = 47), C
(n = 2), glucocorticoid use (n = 37). IBD, inflammatory bowel di
AS functional index; ASDAS, AS disease activity score; cs/bDM
non-steroidal anti-inflammatory drugs.
0�50%); 528 (24%) reported some degree (i.e., >0%) of absenteeism,
1532 (71%) some degree of presenteeism, and 1545 (72%) some degree
of overall work impairment. Sixty-four percent of axSpA participants
were employed, compared to 56% of pSpA and 59% PsA (p = 0.74 after
adjusting for age, gender, educational andmarital status), but other work
outcomeswere not significantly different (Table 1). Participant character-
istics according to employment status are shown in supplementary Table
S4; briefly, the employedwere younger, more oftenmale, and had higher
education than those not employed.

Unadjusted work outcomes varied markedly across countries. For
example, Taiwan had the highest percentage of employed patients
(80%) and Morocco the lowest (39%) (Fig. 1). Absenteeism ranged
from 0% in Canada to 22% (SD 33%) in Egypt; presenteeism from 17%
(SD 24%) in Japan to 45% (SD 24%) in Columbia; overall work
impairment from 18% (SD 24%) in Japan to 47% (SD 26%) in Columbia;
the mean and median absenteeism, presenteeism, and overall work
impairment for each country are shown in Fig. 1.
.

axSpA pSpA PsA p-value

2569 400 866
40.3 (11.3) 42.0 (12.7) 48.2 (10.7) <0.001
13.4 (10.0) 9.7 (8.8) 15.8 (11.5) <0.001
5.4 (7.1) 4.1 (6.2) 8.6 (10.4) <0.001
1753 (68%) 186 (47%) 408 (47%) <0.001
363 (14%) 53 (13%) 174 (20%) <0.001
1073 (42%) 162 (41%) 400 (46%)
1132 (44%) 185 (46%) 291 (34%)
807 (31%) 139 (35%) 152 (18%) <0.001
1615 (63%) 239 (60%) 615 (71%)
147 (6%) 22 (6%) 97 (11%)
25.8 (5.1) 26.2 (5.4) 28.1 (6.1) <0.001
1101 (43%) 117 (29%) 400 (46%) <0.001
1624 (63%) 186 (47%) 77 (9%) <0.001
424 (17%) 108 (27%) 326 (38%)
521 (20%) 106 (27%) 463 (53%)
2503 (97%) 223 (56%) 319 (37%) <0.001
918 (36%) 381 (95%) 782 (90%) <0.001
1056 (41%) 237 (59%) 415 (48%) <0.001
153 (6%) 91 (23%) 331 (38%) <0.001
549 (21%) 70 (18%) 23 (3%) <0.001
169 (7%) 53 (13%) 789 (91%) <0.001
124 (5%) 24 (6%) 5 (1%) <0.001
3.7 (2.4) 4.1 (2.4) 4.4 (2.5) <0.001
2.5 (1.1) 2.6 (1.1) 2.6 (1.1) 0.003
12.1 (32.6) 14.3 (25.6) 13.6 (49.0) 0.38
4.5 (2.8) 4.7 (2.8) 5.0 (2.9) <0.001
2.9 (2.6) 2.7 (2.6) 3.1 (2.7) 0.033
1101 (43%) 190 (48%) 444 (51%) <0.001
207 (8%) 43 (11%) 106 (12%) <0.001
1848 (72%) 288 (72%) 541 (62%) <0.001
1321 (51%) 359 (90%) 801 (92%) <0.001
1521 (59%) 202 (51%) 570 (66%) <0.001
156 (6%) 81 (20%) 168 (20%) <0.001
1652 (64%) 224 (56%) 512 (59%) <0.001
1204 (77%) 154 (74%) 357 (75%) 0.29
193 (12%) 22 (11%) 54 (11%)
173 (11%) 32 (15%) 64 (13%)
646 (43%) 72 (37%) 205 (46%) 0.051
397 (26%) 51 (26%) 94 (21%)
466 (31%) 74 (38%) 150 (33%)
622 (41%) 69 (35%) 195 (43%) 0.066
466 (31%) 65 (33%) 113 (25%)
421 (28%) 62 (32%) 141 (31%)

by physician diagnosis. All results shown as n (%) or mean
vely. Data were incomplete for: education/marital status
RP (n = 26), BASFI (n = 5), depression (n = 8), fibromyalgia
sease; BASDAI, Bath AS disease activity index; BASFI, Bath
ARDs, conventional synthetic/biologic DMARDs; NSAIDs,



Fig. 1. Unadjusted comparison of work outcomes between 23 countries.

S.S. Zhao et al. / Seminars in Arthritis and Rheumatism 51 (2021) 804�812 807
Individual-level socioeconomic factors

In multivariable mixed-effects models, odds of employment were
2.5-fold higher in males than females, 3.7-fold higher in those with
university than primary education, and 27% higher in married than
single participants (Fig. 2). Odds of employment differed significantly
according to age in a non-linear manner (here modeled as a quadratic
curve); overall, odds were lower in the under-20s and over-60s, and
highest between 30s and 50s. Country specific associations between
age and employment using higher-degree polynomials (i.e.,
improved fit) are shown in supplementary Fig. S2. Odds of employ-
ment were generally similar between countries at both ends of the
working age range (18�65), with variation most marked in the
30�40 age range (supplementary Fig. S2).

Higher level of educational attainment was consistently associ-
ated with lower odds of absenteeism, presenteeism and overall work
impairment (Fig. 3). Age, gender and being married had no
meaningful effect on these outcomes. Full model coefficients, includ-
ing for covariates, are shown in supplementary Table S5. In brief,
higher ASDAS, greater fatigue, presence of depression or fibromyal-
gia, and NSAID use in the past month were each associated with
increased absenteeism, presenteeism, and overall work impairment.
Depression and ASDAS were additionally associated with reduced
employment.

Associations between individual socioeconomic factors and work
outcomes were not modified by disease phenotype; that is, interac-
tion terms were not statistically significant (data not shown). Results
did not differ significantly when using BASFI or BASDAI instead of
ASDAS in the various models (supplementary Tables S6 and S7).

Country-level socioeconomic factors

Country-level socioeconomic data for each country are described
in supplementary Table S1. Higher HCE as percentage of GDP (vs



Fig. 2. Association between individual socioeconomic factors and employment derived
frommultivariable mixed-effects models adjusted for ASDAS, depression and dactylitis
(full model coefficients shown in supplementary Table S5). Association with age was
non-linear, here modeled as a quadratic curve.
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lower, dichotomized by the median) was significantly associated
with higher odds of employment (OR 2.5; 95%CI 1.5-4.1), and lower
odds of absenteeism (OR 0.6), presenteeism (OR 0.6) and overall
work impairment (OR 0.5) (Table 2). Higher HDI was similarly associ-
ated with each work outcome, except for presenteeism. The direction
of effect sizes for GDP and economic unemployment were consistent
with the above, but not statistically significant.
Table 2
Association between country-level socioeconomic factors and work

Employment Absen

HDI 2.02 (1.14,3.58) 0.63 (
HCE (% GDP) 2.50 (1.51,4.12) 0.62 (
GDP (international $) 1.26 (0.67,2.36) 0.93 (
Unemployment (% total labor force) 0.80 (0.42,1.52) 1.21 (

Each country-level socioeconomic factor was added (in separate m
effects models shown in Figs. 2, 3 and Supplementary Table S4.
HDI, Human Development Index; HCE, Health Care Expenditure as p
chasing power parity in international dollars. All values from 2018,
Interaction between country- and individual-level socioeconomic factors

The association between gender and employment differed across
countries, that is, addition of a random slope for gender produced a
statistically significant model improvement. To facilitate interpreta-
tion, we tested interaction between gender and each country-level
socioeconomic factor. The gender discrepancy in employment (i.e.,
association between gender and employment) was greater in coun-
tries with lower levels of socioeconomic development; for example,
males had 3.6-fold higher odds of employment than females in coun-
tries with low HDI, whereas odds were 1.7 in those with high HDI
(Fig. 4). Adding random slopes did not significantly improve models
for the other three work outcomes (i.e., the association between the
tested individual socioeconomic factors and the three work outcomes
did not vary significantly across countries).

Discussion

This is one of the largest, international, cross-sectional studies in
SpA and the first to compare work participation and associated fac-
tors across the SpA phenotypes. We showed that lower education
and lower country-level healthcare expenditure were consistently
and independently associated with poorer work participation out-
comes. These associations did not differ across SpA phenotypes. The
extent to which gender was associated with employment status dif-
fered between countries: the discrepancy between males (who had
higher odds of employment) vs. females was greater in countries
with lower (compared to higher) socioeconomic development.

As in the ASAS-COMOSPA study, we found significant between-
country variation in work participation [8]. There were no significant
differences in employment status, absenteeism, presenteeism, overall
work impairment, or their predictive factors across SpA phenotypes.
This suggests that prior research on work participation in axSpA may
be extrapolatable to the rest of the SpA family. It also supports a uni-
fied approach to SpA management and research with respect to work
outcomes, rather than the historically divergent efforts. Age was
associated with being employed in the current study, but not in
ASAS-COMOSPA; this is likely due to the need to model their non-lin-
ear relationship. We showed that odds of employment were highest
in the 30�50 range; this was also the age range in which there was
the greatest between-country variation in odds of employment. In
the ASAS-COMOSPA study, education was only associated with
employment status [8], whereas we found that lower education was
also significantly associated with higher absenteeism, presenteeism,
and overall work impairment among the employed, independent of
disease activity. The reason for discrepant results for education is
unclear, although we did additionally consider important confound-
ers such as depression, fibromyalgia, and fatigue. Male gender was
significantly associated with employment status in both studies, but
we also showed that the magnitude of this association differed dra-
matically between countries with high and low socioeconomic devel-
opment. This may partly explain conflicting reports of gender-
outcomes.

teeism Presenteeism Overall work impairment

0.41, 0.96) 0.70 (0.40, 1.21) 0.60 (0.38,0.96)
0.41, 0.94) 0.56 (0.33, 0.93) 0.54 (0.34,0.84)
0.58, 1.49) 0.64 (0.36, 1.12) 0.69 (0.42,1.15)
0.76, 1.94) 1.74 (1.03, 2.95) 1.60 (0.99,2.59)

odels due to collinearity) into the final multivariable mixed-

ercentage of GDP; GDP, Gross Domestic Product based on pur-
except HCE from 2017.



Fig. 3. Associations between individual socioeconomic factors and absenteeism, presenteeism and overall work impairment, derived from multivariable mixed-effects models (full
model coefficients shown in supplementary Table S5).

Fig. 4. Gender differences in odds of employment differ between countries with low and high levels of socioeconomic development.
Comparisons shown as males vs. females. Low and high defined by median value of each of the four country-level socioeconomic indices. For example, males had 3.55 higher

odds of employment than females in countries with low HDI, whereas the difference was smaller at 1.69 fold in high HDI countries. HDI, Human development index, HCE, healthcare
expenditure as proportion of GDP; GDP, gross domestic product.

S.S. Zhao et al. / Seminars in Arthritis and Rheumatism 51 (2021) 804�812 809
employment association in smaller studies from different parts of the
world [12]. How these gender discrepancies in employment status
differ between SpA and general populations in each country can only
be speculated upon. It does suggest that interventions to improve
work participation should be specific to each healthcare system, but
ultimately interventions at the societal level are needed. To further
support this, all five measures of country-level socioeconomic devel-
opment were numerically associated with each of the four work out-
comes. This is the first study to demonstrate significant independent
associations between country-level socioeconomic factors and
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absenteeism, presenteeism, and overall work impairment. Healthcare
expenditure as a percentage of GDP was most consistently associated
with work participation in SpA patients, suggesting that healthcare
policies may be more influential than workplace policies.

Higher disease activity (whether assessed by ASDAS or BASDAI)
and functional impairment (BASFI) were each associated with
adverse work outcomes in respective models despite adjusting for
multiple potential confounders. This highlights the need for optimal
disease and symptom management, which may in turn improve
work outcomes. Self-reported depression and/or anxiety were con-
sistently associated with poorer work outcomes using all four meas-
ures of work participation, independent of disease activity. Similarly,
fibromyalgia and fatigue were each significantly associated with
absenteeism, presenteeism and overall work impairment. Causal
interpretation should be made with caution since these factors were
not primary targets of study. However, depression and fibromyalgia
are highly prevalent comorbidities that have disproportional impact
on the management of SpA [13�15]; future studies of work participa-
tion should focus on the potential causal contributions of these
important comorbidities.

A key strength of this study is its large, multinational sample. This
allowed us to examine global as well as between-country associa-
tions, thus giving the results greater generalisability to clinical prac-
tice worldwide. The robust data collection process also meant
minimal missing data for most variables, thus reducing bias during
analysis. There were also limitations. The cross-sectional design
meant that it was difficult to unravel cause and effect; for example,
depression may reduce work participation, but unemployment will
in turn impact mental health. The temporality issue is less relevant
for most of the individual- and all the country-level socioeconomic
factors (e.g., an individual’s current employment status cannot affect
historical education or HCE of the country). The proportion of partici-
pants reporting university education was high (42%), which may sug-
gest limited representability of background populations. However, it is
more likely an artefact of data collection � participants with any post-
secondary education were all categorized under ‘university’. The
ASAS-COMOSPA study reported 44% university educated participants
using the same categorization. Some indices of country-level socioeco-
nomic status (e.g., HDI and its limited range) may have weaknesses,
but results were supported by other indices. Some disease features
(e.g., uveitis and peripheral arthritis) were expected to impact work
productivity, which was not observed in the current analysis. This
may reflect a limitation of the data, which assessed history of each dis-
ease feature without indication of severity; for example, an isolated
episode of acute anterior uveitis many years ago is unlikely to influ-
ence current work productivity. Further, impact of peripheral manifes-
tations may also be captured by ASDAS, BASDAI or BASFI.

In summary, individual- (lower education) and country-level socio-
economic factors (lower healthcare expenditure) were both associated
with (lower) work participation. These associations did not differ
between SpA phenotypes, but the gender-employment association did
vary according to country-level socioeconomic factors (greater male vs
female discrepancy in the odds of employment in countries with lower
(compared to higher) socioeconomic development). This highlights the
need for wider societal interventions, such as improving education and
healthcare investment, to improvework outcomes.
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