Social Science & Medicine 321 (2023) 115606

Contents lists available at ScienceDirect

SOCIAL
SCIENCE
MEDICINE

Social Science & Medicine

o %

ELSEVIER

journal homepage: www.elsevier.com/locate/socscimed

t.)

Check for

How does arthritis affect employment? Longitudinal evidence on 18,000 | e
British adults with arthritis compared to matched controls

Nasir Rajah ", Edward J.D. Webb *, Claire Hulme °, Sarah R. Kingsbury 4 Robert West®,
Adam Martin "

& Academic Unit of Health Economics, Leeds Institute of Health Sciences, Faculty of Medicine and Health, University of Leeds, UK
Y Centre for Longitudinal Studies, University College London, UK

¢ Health Economics Group, Institute of Health Research, University of Exeter Medical School, UK

4 Leeds Institute of Rheumatic and Musculoskeletal Medicine, Faculty of Medicine and Health, University of Leeds, UK

€ Leeds Institute of Health Sciences, Faculty of Medicine and Health, University of Leeds, UK

ARTICLE INFO ABSTRACT

Keywords: Introduction: One in ten working age people in the UK live with arthritis or a similar condition affecting their
Chronic illness joints. This impacts their quality of life, including through their work. But little is known about how arthritis
ianlfl' data affects labour market outcomes and the types of people most likely to be affected.

rthritis

Methods: Data from three population-representative household panel surveys (BHPS, ELSA, UKHLS) collected in
2001-2019 was harmonised. Propensity score matching was used to match 18,014 UK adults aged 18-80 who
have arthritis with comparable adults without arthritis. The relationship between arthritis and employment, and

Musculoskeletal conditions
Labour market outcomes

Economics
Employment earnings and work hours conditional on employment, were assessed using multilevel regression modelling.
Retirement Heterogeneity in these relationships were assessed by age, gender, degree-level education status, NS-SEC job

classification and employer type.

Results: On average, arthritis was associated with a 3 percentage point reduction in the probability of employ-
ment. The effect size varied over people’s life course and was larger amongst females, people without a degree,
and those in routine or intermediate occupations (when compared to those in professional occupations) or
working for small private companies (when compared to large private companies and non-private employers).
Our models predict, for instance, that arthritis is associated with an 11 percentage point reduction in the
probability of employment among 50-year-old women without a degree. This contrasts with a 5 percentage point
reduction among 50-year-old men without a degree. If employed, men with a degree earned less if they had
arthritis, whereas others (including women with a degree and men without a degree) had similar earnings
regardless of their arthritis status. Those in professional occupations with arthritis also earnt less, especially if
they were women aged over 40, with indications that this was driven by reduced work hours.

Conclusion: Policy interventions to support people with arthritis who wish to remain in work might be designed
with people in routine work in mind, and targeted at those working in smaller private firms. More research on the
cost-effectiveness of those interventions is needed.

1. Introduction

Arthritis is a common condition that causes pain and inflammation in
the joint. In the UK, one in ten people of working age have arthritis, or other
similar conditions that affect the joints (Versus Arthritis, 2021). This is a
major policy concern, not least because of its potential impact on their
employment (Department for Work and Pensions, 2017, 2017a), including
in terms of early labour market exit, underemployment and failure to
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achieve their career potential or ambitions. This can have substantial and
enduring financial consequences for individuals and the wider economy, as
well as consequences for the health and wellbeing of individuals and their
families due to missed opportunities that stem from work. These include
opportunities for learning, social interaction, nurturing personal identity
and self-esteem, achieving financial security, and enabling wealth accu-
mulation which may be used to support good health and wellbeing in
retirement (Department for Work and Pensions, 2017; , 2017a; , 2017b;
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Goda and Streeter, 2021).

Understanding the degree to which arthritis affects people’s labour
supply decisions and how this varies between different groups of in-
dividuals and at different life stages is fundamental to informing de-
cisions by policy makers, employers and healthcare systems around
maintaining employment opportunities and supporting employees. An
early study by Bury (1982) posits that arthritis causes biographical
disruption, with heterogeneous effects across different socio-economic
classifications of work, which include the adoption of adaptive pro-
cesses in people’s daily routines, including by reducing work hours or
exiting the labour market (Reeve et al., 2010; Booker et al., 2020).
Nevertheless, few empirical studies have specifically assessed the impact
of arthritis on these labour market outcomes. Those that have indicate
that people with arthritis are more prone to stop work on health grounds
(Barrett et al., 2000), take early retirement (Conaghan et al., 2015) and
are less likely to be in full-time work (Majeed et al., 2017). Yet these
studies are limited by a lack of appropriate control group and/or by
small, unrepresentative sample sizes or other potential sources of bias (e.
g. relying on retrospective life-history data (Majeed et al., 2017)). None
of those studies, and few studies from the broader literature examining
relationships between health conditions and labour market outcomes
(Booker et al., 2020; Goda and Streeter, 2021; Parker et al., 2020; Rajah
et al., 2022; Syddall et al., 2020; Piper et al., 2023), have identified the
types of individuals (e.g., by gender, socioeconomic classification or
education) and the life stages that are most prone to suffering labour
market consequences, or the types of work or employer where these
individuals are most likely to be found. Such understanding is necessary
to ensure that policies and interventions are designed and targeted in
such a way that delivers the greatest benefits and maximises their
likelihood of being cost-effective.

In this study, we use data from three population-representative
household panel surveys to explore the effects of arthritis on labour
market performance in 18,014 people aged 18-80 years old in the
United Kingdom who have arthritis when compared to closely matched
controls. We address two research questions:

1) How does arthritis affect labour market outcomes and how does this
vary by individual-level characteristics including age, gender and
educational status?

2) Is the observed relationship between arthritis and labour market
outcomes dependent on the type of work in which people are
employed or the type of employer?

The particular labour market outcomes we study are: probability of
employment, and earnings and work hours (full- or part-time work)
conditional on employment.

2. Methods
2.1. Dataset description and sample selection

Three population-representative household panel survey datasets
were used: British Household Panel Survey (BHPS) (data collected
annually in 18 waves, 1991-2009, although the data collected before
2001 is excluded from our analyses), UK Household Longitudinal Study
(UKHLS; also known as ‘Understanding Society’) (data collected annu-
ally in 10 waves, 2009-2019) (University of Essex, Institute for Social
and Economic Research, 2020) and English Longitudinal Study of
Ageing (ELSA) (data collected every two years in 8 waves, 2002-2019)
(Clemens et al., 2019).

Each dataset includes a population-representative sample of house-
holds, with individual-level data collected on each household member.
The first wave of BHPS recruited in Great Britain in 1991, with
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recruitment expanded to the whole of the UK by 2001 (the UK has four
constituent parts: England which comprises 85% of the UK population;
Scotland; Wales; and Northern Ireland. England, Scotland and Wales
together comprise Great Britain which accounts for 97% of the UK
population). BHPS ended after 18 waves in 2009. UKHLS recruited UK
households between January 2009 and June 2011, including some
households who had participated in BHPS. UKHLS participants are
followed-up to the present day. Individuals join the UKHLS cohort if
they move into the sample of households and new households may be
created when individuals move elsewhere. The ELSA study is population
representative of those aged >50 years living in England in private
households. The original sample was drawn from households that had
previously responded between 1998 and 2001 to the Health Survey for
England, which is a separate series of annual surveys about the health of
people living in England. The sample was replenished to address sample
attrition in waves 3, 4, 6 and 7. In BHPS and UKHLS, adult household
members complete an annual questionnaire (in face-to-face interviews
at home or online), whereas in ELSA, participants are interviewed every
two years.

Survey participants were included in our study if they were aged 18
to 80 at the time of data collection and if they responded at least once to
a question about whether they currently had or had ever had an arthritis
diagnosis (data were excluded from waves 1 to 10 of BHPS since the
relevant arthritis question is first asked in wave 11, meaning the studied
time-period is 2001-2019). The exact wording of the arthritis questions
are shown in Fig. 1 and data on the proportion of participants reporting
an arthritis diagnosis are shown in Appendix 1 and 2. Fig. 1 also shows
the reasons for excluding participants from our analyses, which included
if no information was collected on their ethnicity, education status,
marital status, location of residence (Scotland, Wales, Northern Ireland
or English Government Office Region) or number of children in the
household.

2.1.1. Ethical approval

Our study is based on secondary analysis of BHPS, UKHLS and ELSA
data, for which all participants gave their informed consent to take part
in each wave of the study. Participants were enrolled only after consent
was provided. The datasets have been approved by the relevant
bodies.’,> No further ethical approval was required for the analyses
conducted in this study. The datasets were accessed via the UK Data
Service and were general releases (‘safeguarded’) versions of the data (i.
e., steps had already been taken to maintain the confidentiality of
responses).

2.2. Variable identification and data harmonisation

Variables were identified to address the research questions a priori
on the basis of existing literature on health and employment (Booker
et al., 2020; Pelkowski and Berger, 2004). Appropriate measures in each
of the datasets were then identified and selected for use in the data
harmonisation across all three datasets which followed a method
informed by the DataSHaPER approach (Fortier et al., 2010, 2011). This
included assessing their viability to be shared across datasets, defining
appropriate data processing algorithms and setting rules for recoding
variables so they were coded consistently across individuals regardless
of the source dataset or time point. Clustered data, within individuals
over multiple time points, were then pooled in preparation for analysis.
All data preparation and data harmonisation was conducted in Stata
v.11.

1 https://www.understandingsociety.ac.uk/documentation/mainstage/use
r-guides/main-survey-user-guide/ethics.
2 https://www.elsa-project.ac.uk/ethical-approval.
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BHPS waves 11-18 UKHLS

COMPLETE
COHORT

Has a doctor or other health
professional ever told you that
you have arthritis?

Have you ever been diagnosed
with arthritis (gout etc.)?

Participants are asked
about their arthritis status
(usually at wave of entry to
the cohort)

YES NO
n =7911 n =80,295

“Since the last interview has a doctor or other
health professional newly diagnosed you as
having any of the following conditions? If so,

which ones? [Arthritis] "
T

Participants are asked
about their arthritis status
in subsequent waves

YES NO
n =4,802 n =75493

o o Participants Participants
Eligible participants by who have ever who have never
arthritis status had arthritis had arthritis

n==12,713 n==75,493

Participants
who have ever

Participants
who have never
had arthritis
n=68,438

Pre-matching

sample had arthritis
n=12.234
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ELSA

n = 19,806

"Has a doctor ever
told you that
you have arthritis?"

H—¥

—

YES NO n=263
n =4,590 n =13,859 2]

V—J

"Has a doctor ever told you that you have

arthritis?"

Participants who ever
have arthritis
n==7,271

Participants
who have ever
had arthritis

n=5,676

:

Post-matching Arthritis Group
sample n =18,014

REGRESSION ARTHRITIS
ANALYSIS SAMPLE GROUP

Probability of being in
employment analyses
n=18,014

Earnings conditional on being in
employment analyses
n=7,484

Fig. 1. Sample selection criteria and sample size derivation.
Reasons for excluding participants (shown in red) are as follows:
[1]: Due to age across all waves <18 or age >80.

Probability of being in
employment

Earnings conditional on
being in employment

Participants who
never have arthritis
n==11,178

Participants
who have never
had arthritis
n=7,577

Non-Arthritis Group
n=18,014

NON-ARTHRITIS
GROUP

Probability of being in
employment analyses
n=18,013

Earnings conditional on being in n=9,312
employment analyses [5]
n=28,701

[2]: Due to missing data across all waves on whether they currently have or have ever had arthritis.
[3]: Due to missing data across all waves on ethnicity, education status, marital status, location of residence or number of children in the household.

[4]: Due to missing employment data across all waves.

[5]: Excluded from analysis of earnings conditional on employment due to not being employed (observations=36,003) or due to annual earnings <£150 across all

waves (observations=24). n=number of individuals.

2.3. Descriptive statistics

their life prior to exiting the cohort (the ‘arthritis group’) being matched

to one individual who reported never having had an arthritis diagnosis

Descriptive statistics for the selected variables were generated for all
eligible participants at the wave of entry to the cohorts and, separately,
across all time points.

at any time prior to exiting the cohort (the ‘non-arthritis group’) (Austin,
2011). This means that some individuals in the ‘arthritis group’ may not
have had arthritis when they entered the cohort but reported a new

diagnosis in subsequent waves. Individual-level variables were selected
for use in the matching process and taken from the wave of entry to the

2.4. Propensity score matching

cohort (after dropping BHPS waves 1-10) for both the arthritis and

non-arthritis groups. These variables were: age, gender, degree-level

Propensity score matching was conducted on a 1:1 ratio, with each
individual who reported having an arthritis diagnosis at any time in

education status, number of children in household, ethnicity, location
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Table 1
Variable definitions.
Variable Time- Details
varying?

Arthritis status (M;) Y 0 if no arthritis diagnosis at time ¢, 1 if arthritis reported at time t and subsequently all future time points.

Employment status Y 1 if employed/self-employed (including part-time), 0 if unemployed, retired, or otherwise economically inactive

Log annual earnings conditional on Y Log sum of annual earnings across an individual’s main employment, secondary employment and self-employment
employment (where applicable) after adjusted for inflation using the HM Treasury GDP deflator (2019 base year) (HM Treasury,

2019)

Hours worked conditional on Y 1 if works <35 h/week, 0 if works >0 and < 35 h/week
employment

National Statistics-Socioeconomic Y Three level employment classification: 1 if routine (e.g. lorry drivers, bar staff), 2 if intermediate (e.g. paramedics, bank
Classification (NS-SEC) staff), 3 if professional (e.g. lawyers, doctors)

Age* Y Age in years

Marital status Y 1 if currently/previously married (or equivalent), O if never married

Children in household* Y 1 if at least on child in household, 0 if no children in household

Gender* N 1 if female, O if not female

Ethnicity* N 1 if non-white, 0 if white

Degree-level education status* Y 1 if have degree/equivalent qualification, O otherwise

Location of residence* Y Ten dummy variables for Scotland, Wales, and eight English Government Office Regions (=1) with London (=0) as a

reference category..

eTime-invariant characteristics are based on the first point in time in which they are recorded (normally at wave of entry).
eAsterisk indicates variables that were included in the propensity score matching models

of residence, the source dataset (to account for any cohort-specific ef-
fects) and the number of observations (to potentially equalise any
non-response bias between groups). Their definitions are given in
Table 1. The nearest-neighbour algorithm was used with a caliper dis-
tance of 0.2, which defines the distance between the propensity score of
the treated (arthritis) and untreated (non-arthritis) groups. Having a
caliper distance of 0.2 is argued to reduce bias from measured con-
founders (Austin, 2011). The post-matching sample of participants
defined our analysis sample, after exclusion of participants who had no
data on labour market status across all waves of data collection.

2.5. Regression models

To address research question 1, we first use a multilevel logistic
regression model (with each observation clustered within individuals)
predicting the log odds of employment (Y;,) for each individual i (i =1...
n, for n individuals in the dataset) at time point ¢ (t = t...T, for T time
points that an individual is in the dataset):

Pit

Y,=In 1 = Po+PxXi +P,Z; + My + eir + u;

it B
(Equation 1: Log odds of being employed).

In this equation, p; is the probability of employment at time t. The
independent variable of interest is My, a binary variable representing
self-reported arthritis status at time t. M; takes a value of zero for all
observations in the non-arthritis group, but is time-varying for those
participants in the arthritis group who develop arthritis whilst in the
cohort. We assume that individuals in the arthritis group always have
arthritis once a diagnosis is recorded (i.e. arthritis is non-reversible), so
that observations from subsequent waves were included even if arthritis
status was missing. Z; is a vector of time-invariant variables; and X, is a
vector of time-varying variables, including age. Since age has a non-
linear relationship with the outcome variable, a natural cubic spline
was included in the model (the key difference when compared to a non-
transformed age variable being that age is now transformed into 6 knots)
(Hastie et al., 2009). There are two error terms: e;, which reflects
random effects for individual i at time t within individual, and u;, the
individual-level residuals. Both were assumed to be identical and inde-
pendently distributed. f,, fy, f; and B, are parameters to be estimated.

Second, we use a multilevel linear regression model to predict
earnings conditional on employment:

Yi=vo +vxXu +¥7Zi + vyMi + € + ;i

(Equation 2: Earnings conditional on employment).

In this equation, Yj represents earnings (log of annual inflation
adjusted earnings across an individual’s main employment, secondary
employment and self-employment) for individual i at time t. The inde-
pendent variables (Xj; , Z; , and M;) and the residuals are as described
above, and y,, 7x, ¥z and y,,; are parameters to be estimated.

To address research question 2, a series of subgroup analyses were
conducted. These subgroups were created by including observations
from individuals whose current or most recent employment was within a
given employer- or work-type, as follows:

(1) Work type classification (three NS-SEC groups: routine, inter-
mediate, professional). It is anticipated that the observed varia-
tion in differences in employment and earnings for the arthritis vs
non-arthritis groups by degree-level education status and by
gender may be due to different types of work that these groups
undertake (Bartley et al., 2004).

(2) Type of employer (four types: large private companies, small
private companies, large non-private and small non-private em-
ployers). The size of the employer was based on responses to a
UKHLS question “How many people are employed at the place
where you work?” Responses >=50 employees were classed as
large and those <50 employees were classed as small. It is
anticipated that some variation in the difference in employment
and earnings for people in the arthritis vs non-arthritis groups
could be due to differences in support available to people with
arthritis who work in different types of organisations. For
example, some employers might be more likely to have more
extensive occupational health schemes to support people with
arthritis, and larger employers might have more opportunities to
switch to more appropriate roles within the same organisation
after an arthritis diagnosis (Young and Bhaumik, 2011).

These subgroups were generated (and subsequent analyses con-
ducted) for the UKHLS sample only, since relevant variables are not
reported in BHPS or ELSA. Participants with no work history recorded in
any survey wave were excluded from the subgroup analyses. The anal-
ysis was similar to that of research question 1 in that employment
(equation 1) and earnings conditional on employment (equation 2) were
analysed separately. As participants were included in subgroups based
on their employment record, a distinction arises between how the
employment model is interpreted in research question 1 and research
question 2. In research question 2, the individual was assumed to be in
the labour market initially, and the topic of interest was whether or not
they were subsequently able to remain employed.
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To examine the extent to which differences in earnings (conditional
on employment) for the arthritis vs non-arthritis groups are driven by
differences in hours worked, a multilevel logistic regression was addi-
tionally used to estimate the relationship between having arthritis and
hours worked (conditional on employment). In this analysis, equation 2
was adapted such that Y;; represented the log odds of working full time (
> 35 h/week) compared to working less than full time (>0 and < 35 h).

All data cleaning and analysis was conducted in R version 1.4.1103.
Marginal effects were calculated for M; for all analyses by selected
characteristics (age, gender, degree-level education status) using the
prediction method from R’s ggeffects package (1.0.1) (i.e., using the
coefficients from the relevant regression models to predict either prob-
ability of employment or earnings conditional on employment).
Graphical representations of the regression models were also generated
using R’s predict function and are smoothed using a generalised additive
model (Hastie et al., 2009). Diagnostics were conducted on all models.
For the employment status regression models, the ability of the model to
correctly classify cases was analysed using a receiver operating char-
acteristic (ROC) curve. For the linear regression models, our assump-
tions of independence of both levels of residuals were tested by
analysing the distribution of the mean and variance of the residual
values (Appendix 3). We also explored the effect of participants being in
different cohorts, by running our analyses separately for each dataset
(Appendix 4).

Table 2
Descriptive statistics.
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3. Results
3.1. Data description and sample selection

Fig. 1 illustrates the selection process and how the analysis sample
was arrived at, with BHPS and UKHLS on the left-hand side and ELSA on
the right-hand side. The complete cohort across all waves of data
collection is shown at the top and the analysis sample is shown at the
bottom. A total of 6% of the complete cohort were excluded due to there
being no observations for them when aged >18 or aged <80. A further
5% were excluded due to missing data on whether they currently have or
have ever had arthritis, 12% due to missing covariates, and <0.1% due
to missing labour market data. Across all three datasets, the complete
cohort consisted of 119,193 individuals, with a sample of 18,014
remaining in each of the two groups in the post-matching sample. In
total, 245,759 observations across 36,027 individuals formed our
analysis sample. There were 123,796 observations of individuals in the
arthritis group (of which 93,316 observations were recorded after the
participants’ arthritis had been diagnosed) and 121,963 observations in
the non-arthritis group, all of which were used in the regression models
with employment as the outcome. Of these, 82,168 observations across
16,185 individuals were used in the regression models where earnings
was the outcome.

Pre-matching sample

Post-matching sample

Non Arthritis Arthritis Group Overall Non Arthritis Group Arthritis Group Overall
Group (N = 19,984) (N = 106,655) (N =18,014) (N =18,014) (N = 36,028)
(N = 86,671)
Age
Mean (sd) 41.2 (17.2) 58.6 (12.1) 44.4 (17.7) 58.6 (12.9) 58.3 (12.2) 58.4 (12.6)
Median [Min, Max] 40.0 [18.0, 80.0] 59.0 [18.0, 45.0 [18.0, 80.0] 59.0 [18.0, 80.0] 59.0 [18.0, 59.0 [18.0, 80.0]
80.0] 80.0]
Gender
Male 42,131 (48.6%) 7328 (36.7%) 49,459 (46.4%) 7201 (40.0%) 6564 (36.4%) 13,765 (38.2%)
Female 44,540 (51.4%) 12,656 (63.3%) 57,196 (53.6%) 10,813 (60.0%) 11,450 (63.6%) 22,263 (61.8%)
Degree-level education status
No Degree 64,976 (75.0%) 16,438 (82.3%) 81,414 (76.3%) 16,070 (89.2%) 15,920 (88.4%) 31,990 (88.8%)
Degree 16,525 (19.1%) 2148 (10.7%) 18,673 (17.5%) 1944 (10.8%) 2094 (11.6%) 4038 (11.2%)
Missing 5170 (6.0%) 1398 (7.0%) 6568 (6.2%)
Number of children in household
None 60,111 (69.4%) 15,746 (78.8%) 75,857 (71.1%) 14,275 (79.2%) 14,304 (79.4%) 28,579 (79.3%)
One or More 26,542 (30.6%) 4223 (21.1%) 30,765 (28.8%) 373 (20.7%) 3704 (20.6%) 7441 (20.7%)
Missing 18 (0.0%) 15 (0.1%) 33 (0.0%) 2 (0.0%) 6 (0.0%) 8 (0.0%)
Ethnicity
White 61,395 (70.8%) 16,765 (83.9%) 78,160 (73.3%) 15,621 (86.7%) 15,554 (86.3%) 31,175 (86.5%)
Non-White 20,764 (24.0%) 2656 (13.3%) 23,420 (22.0%) 2393 (13.3%) 2460 (13.7%) 4853 (13.5%)
Missing 4512 (5.2%) 563 (2.8%) 5075 (4.8%)

Location of residence

Not living in London

Living in London

Missing

Employment status

Unemployed or economically inactive
(excluding retired)

73,486 (84.8%)
12,986 (15.0%)
199 (0.2%)

18,040 (90.3%)
1918 (9.6%)
26 (0.1%)

24,824 (28.6%) 4480 (22.4%)

Retired 12,247 (14.1%) 8183 (40.9%)
Economically Active 49,530 (57.1%) 7321 (36.6%)
Missing 70 (0.1%) 0 (0%)

16,452 (91.3%)
1562 (8.7%)

16,341 (90.7%)
1673 (9.3%)

32,793 (91.0%)
3235 (9.0%)

91,526 (85.8%)
14,904 (14.0%)
225 (0.2%)
29,304 (27.5%) 2557 (14.2%) 4026 (22.3%) 6583 (18.3%)
20,430 (19.2%)
56,851 (53.3%)
70 (0.1%)

7344 (40.8%)
8112 (45.0%)
1 (0.0%)

7223 (40.1%)
6765 (37.6%)
0 (0.0%)

14,567 (40.4%)
14,877 (41.3%)
1 (0.0%)

Inflation adjusted annual earnings conditional on employment (2019 British Pounds)

Mean (sd) 23000 (19300) 20300 (17600)
Median [Min, Max] 8600 [-10600, 16400 [0,
266000] 234000]
Number of observations
Mean (sd) 5.19 (4.15) 6.60 (4.16)
Median [Min, Max] 4.00 [1.00, 17.0] 6.00 [1.00,
17.0]

22700 (19200) 21500 (18300) 20500 (17500) 21000 (18000)

18200 [-10600, 17200 [-10600, 16600 [0, 16900 [-10600,

266000] 236000] 234000] 236000]

5.46 (4.19) 6.98 (4.37) 7.01 (4.16) 6.99 (4.27)

4.00 [1.00, 17.0] 7.00 [1.00, 17.0] 7.00 [1.00, 7.00 [1.00, 17.0]
17.0]

Note:

Employment status and inflation adjusted pay are outcome variables in the regression analyses and were not included in the propensity score matching model.
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Pre matching sample
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Post matching sample
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Fig. 2. Distribution of propensity scores for the arthritis and non-arthritis groups in the pre- and post-matching samples.

3.2. Descriptive statistics

Table 2 (LHS) reports descriptive statistics for the complete cohort as
they enter the dataset, after exclusion of observations where individuals
are aged <18 or >80 years (n = 106,655). People who report ever
having arthritis are older (median age 59.0, compared to 40.0 for those
who have never had an arthritis diagnosis), more likely to be female
than male (63.3% of those who have ever had arthritis, compared to
51.4% who have not), to have a degree and to have children in the
household. They are also less likely to be in work and, if they are in
work, to have lower earnings (£20,300 vs £23,000 for those without
arthritis). Fig. 3 (top panel) and Fig. 4 (top panel), which plots this
descriptive data by age, gender and degree status, shows that there exists
a gap between the arthritis and non-arthritis observations for employ-
ment and earnings, respectively.

3.3. Propensity score matching

Descriptive statistics for the post-matching sample are shown in
Table 2 (RHS), which indicates that the arthritis and non-arthritis groups
were more comparable on observed variables when compared to the pre-
matching sample (LHS): e.g. age (59.0 years in both groups, vs a gap of
19 years in the median age in the pre-matched data), gender and degree-
level education status.

Differences remained in the proportion who were employed (37.6%
in the arthritis group vs. 45.0% in the non-arthritis group) and their
earnings conditional on employment (£20,500 vs. £21,500). However,
compared to the pre-matching data in Table 2 (LHS), these differences
are smaller, indicating that those initial differences are partly attribut-
able to differences in the selected variables used in the matching process,
including age. Fig. 2 shows the improvement in the distribution of the
propensity score for the non-arthritis group after the matching process,
suggesting that it has reduced observable differences. Fig. 3 (top and
middle panel) and Fig. 4 (top and middle panel) also show that

differences in the probability of employment between the arthritis
groups has been reduced by the matching process, but is still prominent
regardless of gender or degree-level education status. In Fig. 4, however,
a difference in earnings is only seen in males with a degree after the
matching process is complete.

3.4. Regression analysis

3.4.1. Research question 1 (relationship between arthritis and labour
market outcomes)

Research question 1 assesses differences in the likelihood of being
employed and predicts differences in earnings (conditional on employ-
ment) between the two matched groups.

3.4.1.1. Employment (logistic regression models). The coefficient for the
arthritis variable in the logistic regression model indicates that arthritis
had a (statistically significant) negative effect on employment (OR =
0.49), which is equivalent to a 3 percentage point reduction in the
probability of being employed (Table 3).

The marginal effects of the regression model are plotted by age,
gender and degree-level education status in Fig. 3 (bottom panel),
alongside the predicted probability of employment reported for the
unmatched data (top panel) and the matched data prior to the regression
analysis (middle panel). These plots show differences in the likelihood of
being in work among people with arthritis compared to the matched
controls are not homogenous. For example, arthritis appears to be
associated with a larger effect among women and people who did not
have a degree-level education. As an indication of the magnitude of
these differences, estimates from our regression models show that the
percentage point reduction in the probability of being in work that is
associated with having arthritis varies as follows: 2 percentage points for
50 year-old men with a degree; 5 percentage points for 50 year-old men
without a degree; 6 percentage points for 50 year-old women with a
degree; 11 percentage points for 50 year-old women without a degree;
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Fig. 3. Probability of being employed, by arthritis group, age, gender and degree status (RQ1): unmatched data (top panel), matched data (middle panel), marginal

effects in logistic regression analysis (bottom panel).

and 17 percentage points for 60 year-old women without a degree.

Comparing the top, middle and bottom panels of Fig. 3 shows that
the regression models further narrow the difference in labour market
outcomes between the groups.

3.4.1.2. Earnings conditional on employment (linear regression model).
Results from the regression model suggest that arthritis is associated with an
average 4% reduction in earnings (Table 4). This effect is largest among men
with degrees, for whom arthritis is associated with reduced mean earnings
of £1290. Among men without a degree, the predicted reduction is £837.

The marginal effects of the regression model are plotted by age,
gender and degree status in Fig. 4 (bottom panel), alongside compari-
sons with the unmatched data and the matched data prior to the
regression analysis. The regression results (bottom panel) indicates that
the effect of arthritis on earnings is mainly found among men with de-
grees before age 50, whereas men without degrees and women do not
appear to experience a difference in earnings due to arthritis.

3.4.2. Research question 2 (the role of work-related factors in explaining
differences in labour market outcomes)

Research question 2 assesses the degree to which observed differ-
ences in the relationship between arthritis and labour market outcomes
observed in research question 1 can be explained by the nature of the
work in which people are employed.

3.4.2.1. Work-type subgroups. The regression models showed that
arthritis reduces the probability of employment (equation 1) for people
employed in all three NS-SEC work-type subgroups (Table 5 with full
detail in Appendix 5 and 6). However, as illustrated in Fig. 5, this effect
is greater for routine than professional work. For instance, the reduction
in the predicted probability of employment for 45-year-old men was 2
percentage points, yet a similar aged man in the professional subgroup
was predicted to have no arthritis-related reduction in employment.
Fig. 5 also indicates that this effect of arthritis is particularly prominent
in lower NS-SEC groups beyond 55 years of age.

In contrast, the regression models also suggested that the effect of
arthritis on earnings conditional on employment (equation 2) was greater
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Fig. 4. Inflation adjusted annual earnings conditional on employment, by arthritis group, age, gender and degree status (RQ1): unmatched data (top panel), matched
data (middle panel), marginal effects in regression model (bottom panel).
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Table 3

Results (RQ1, equation 1: Employment)
Predictors Odds Ratios ~ 95% confidence interval ~ p-value
Intercept 0.84 0.59to 1.19 0.327
Gender 0.36 0.32 to 0.40 <0.001
Ethnicity 0.75 0.67 to 0.84 <0.001
Arthritis status 0.49 0.45 to 0.53 <0.001
Children in household 0.67 0.62 to 0.73 <0.001
Marital status 1.42 1.25 to 1.60 <0.001
Degree-level education status ~ 2.70 2.36 to 3.09 <0.001
Age [1] 10.58 7.74 to 14.44 <0.001
Age [2] 0.56 0.40 to 0.78 0.001
Age [3] 0.02 0.01 to 0.02 <0.001
Age [4] 0.00 0.00 to 0.00 <0.001
Age [5] 0.03 0.02 to 0.06 <0.001
Age [6] 0.00 0.00 to 0.00 <0.001
North East England 0.69 0.53 to 0.90 0.006
North West England 0.96 0.79to 1.16 0.660
Yorkshire 0.78 0.63 to 0.96 0.021
East Midlands 1.16 0.94t0 1.43 0.157
West Midlands 1.12 0.91 to 1.37 0.296
East of England 1.65 1.35 to 2.01 <0.001
South East England 1.65 1.37 to 1.99 <0.001
South West Enjgland 1.40 1.14 to 1.72 0.001
Wales 0.89 0.71to 1.12 0.311
Scotland 1.13 0.89 to 1.42 0.308
n 36,027
N 245,759
Pseudo R? 0.893

Table 4

Results (RQ1, equation 2: Inflation adjusted annual earnings).
Predictors Estimates 95% confidence interval p-value
Intercept 9.62 9.55 to 9.69 <0.001
Gender —-0.53 —0.56 to —0.51 <0.001
Ethnicity —0.07 —0.10 to —0.05 <0.001
Arthritis status —0.04 —0.06 to —0.02 <0.001
Children in household —-0.09 —0.10 to —0.07 <0.001
Marital status —0.03 —0.05 to —0.01 0.014
Degree-level education status 0.43 0.41 to 0.46 <0.001
Age [1] 0.48 0.42 to 0.54 <0.001
Age [2] 0.24 0.17 to 0.30 <0.001
Age [3] —-0.30 —0.36 to —0.23 <0.001
Age [4] —0.82 —0.90 to —0.75 <0.001
Age [5] —0.30 —0.44 to —0.17 <0.001
Age [6] —1.43 —1.53 to —1.32 <0.001
North East England -0.12 —0.18 to —0.06 <0.001
North West England —0.09 —0.13 to —0.04 <0.001
Yorkshire —0.22 —0.26 to —0.17 <0.001
East Midlands —0.20 —0.24 to —0.15 <0.001
West Midlands -0.13 —0.17 to —0.08 <0.001
East of England —0.06 —0.11 to —0.02 0.004
South East England —0.05 —0.09 to —0.01 0.012
South West England -0.15 —0.20 to —0.11 <0.001
Wales —0.04 —0.09 to 0.02 0.178
Scotland 0.03 —0.02 to 0.08 0.277
n 16,185
N 82,168
R? 0.747

in the professional and intermediate subgroups. That is, arthritis reduced
earnings by approximately 5 percentage point in the professional sub-
group, yet had no effect in the routine work subgroup. Results from the
logistic regressions of hours worked conditional on employment are given
in Appendix 7. They indicated that for all three subgroups there were few
differences in the hours worked between the arthritis and non-arthritis
groups amongst males. Yet, in the professional subgroup for females, a
gap is observed and is particularly prominent at ages 40 and above.
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3.4.2.2. Employer-type subgroups. The regression models show the effect
of arthritis on employment (equation 1) appears to be greatest in the small
private company subgroup (Table 5 and Fig. 6). For instance, a 63 year old
male (the median age in our dataset) who had most recently been
employed in a small private company had an 80% probability of being in
work if they did not have arthritis, after controlling for the selected var-
iables, whereas those with arthritis had a 60% probability of being in
work. This equates to a 20 percentage point reduction in the likelihood of
being in work. In contrast, there was a smaller 9 percentage point
reduction in the likelihood of being in work that was associated with
arthritis among 63 year old males who had most recently been employed
by a large, non-private employer. This difference appears to be greater in
older age. For example, for 55 year old males who had most recently
worked in a small private company, there was only a one percentage point
reduction in the likelihood of being in work when living with arthritis
compared to people without arthritis. Yet, the equivalent reduction for 65
year old males was 23 percentage points. Our regression models where
earnings was an outcome (equation 2) showed that, for people in work,
there was no statistically significant relationship between having arthritis
and earnings by the type of employer (Table 5 and Fig. 6).

4. Discussion
4.1. Summary of main findings

Our results showed that arthritis was associated with an overall
reduction of around 3 percentage points in people’s probability of being
employed. Yet this overall figure hides a large amount of heterogeneity
both in terms of an individuals’ characteristics and the nature of their
employment and workplace. The effect size varies over people’s life course
aswell as being larger amongst women, people without a degree, and those
in routine or intermediate type occupations. In contrast, arthritis seemed
to have less impact on men, people with a degree, or those in professional
type occupations. People with arthritis were more likely to be out of work if
they had previously worked for small private companies, compared to
large private companies and non-private employers.

We have demonstrated that (among those in work) arthritis was also
associated with reduced earnings, although again there was heteroge-
neity present. For example, men without a degree and women earned
the same (if they were employed) whether they had arthritis or not. On
the other hand, men with a degree earned less if they had arthritis, as did
those in professional occupations. This latter effect was particularly
acute among women over 40, and there were indications that it was
driven by a reduction in hours worked.

4.2. Implications

The prevalence of arthritis is rising, due in part to an ageing popu-
lation. There are also increasing levels of arthritis and multimorbidity,
defined as the co-occurrence of arthritis with one or more mental or
physical long-term health conditions. How to help individuals with
arthritis manage their condition(s) is thus a substantial and growing
societal challenge (Versus Arthritis, 2017). Our results complement
previous findings in the literature. For example, they support the find-
ings of Sorensen et al. (2021), who highlight the interplay between
employment and health, suggesting that the ageing population in
developed economies further complicates individual and societal issues
about workforce participation. Our conclusions demonstrate the
importance of considering how long term health conditions such as
arthritis affect labour market outcomes (Salis et al., 2021).

Arthritis is more common amongst women and lower socio-economic
groups. This, combined with our findings of sometimes substantial
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Table 5
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Results (RQ2: The role of work-type and employer-type in explaining differences in labour market outcomes).

Employment (equation 1)

Inflation adjusted annual earnings (equation 2)

By work-type (NS-SEC category)

By work-type (NS-SEC category)

Routine Intermediate Professional Routine Intermediate Professional

Arthritis status 0.62 (<0.001) 0.64 (<0.001) 0.69 (<0.001) 0 (>0.10) —0.05 (<0.05) —0.05 (<0.01)
CI (0.55 to CI (0.55 to CI (0.58 to CI (-0.02 to CI (-0.09 to CI(-0.09 to
0.70) 0.75) 0.82) —0.03) —0.00) —0.02)

R%or pseudo R 0.40 0.38 0.47 0.21 0.08 0.15

N 63,473 40,133 42,773 22,737 14,874 23,049

n 9030 5402 5796 6116 4189 5723

By employer-type

By employer-type

Large private Small private Large public Small public Large private Small private Large public Small public

Arthritis status 0.56 (<0.01) 0.37 (<0.001) 0.67 (>0.05) 0.51 (<0.01) —0.01 (>0.1) —0.05 (<0.01) —0.00 (>0.1) —0.04 (>0.1)
CI (0.40 to CI (0.30 to CI (0.45 to CI (0.35 to CI(-0.04t00.02)  CI(-0.08 to CI(-0.03 to CI (—0.09 to
0.79) 0.47) 1.01) 0.75) —0.01) 0.03) 0.01)

R?or pseudoR*>  0.33 0.33 0.38 0.36 0.24 0.19 0.16 0.14

N 23,626 29,984 20,900 15,536 16,324 19,159 14,706 10,147

n 4012 4925 3312 2727 3770 4617 3152 2583

eTable shows odds ratio (LHS), coefficient (RHS), 95% confidence intervals (CI) and p-values (in brackets) for the arthritis variable in fully adjusted models.
eValues for all other covariates and the full regression outputs are shown in Appendix 5.

Inflation adjusted annual earnings conditional on employment (Linear regression model)
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Fig. 5. Employment and earnings conditional on employment, by work-type (NS-SEC category), arthritis group, age and gender (RQ2).

differences in how different groups’ labour market outcomes are affected
by arthritis, means the condition is potentially a major contributor to socio-
economic inequalities in both health and work. The trend towards older
retirement ages can only exacerbate these problems. Inequalities in labour
market outcomes due to ill health have also been highlighted by the COVID-
19 pandemic. For example, Bell and Blanchflower (2020) have provided
evidence that the effects of the pandemic on labour market outcomes have
been unequally distributed across age groups, gender and ethnicity.
There have been several studies examining interventions designed to
help working-age people with arthritis with employment (Faisting and de
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Oliveira Sato, 2019; Holland and Clayton, 2020; National Institute for
Health and Care Excellence, 2019; Palmer et al., 2012; Skamagki et al.,
2018; Wainwright et al., 2022). This includes, for example, investment in
ergonomic and other job design adjustments, the use of assistive tech-
nology and personalised case management. The latter is an intervention
that is typically led by an occupational health practitioner to encourage
constructive dialogue between employees, healthcare practitioners, and
employers. However, they are not generally targeted at particular groups.
Our results suggest that due to heterogeneity in who is most likely to be
impacted by an arthritis diagnosis, it may be advantageous to focus on
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Probability of being employed (Logistic regression model)

Inflation adjusted annual earnings conditional on employment (Linear regression model)
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Fig. 6. Employment and earnings conditional on employment, by employer-type, arthritis group, age and gender (RQ2).

different groups when developing and trialling policies and in-
terventions. Our results also suggest that it may be beneficial to focus on
outcomes in different sectors. For example, with routine work it may be
better to target staying in employment. In contrast, with professional
work there is greater potential for benefit in supporting people reach their
earnings potential, as arthritis does not appear to affect employment in
this sector. In addition, our results indicate that people employed by
smaller private firms may especially benefit from support. This is possibly
due to such firms having fewer resources available, and/or less scope to
transfer people with arthritis to alternative roles.

4.3. Strengths and weaknesses

Our study has several strengths. The datasets we used availed us of a
large sample size, which enabled us to explore individual-level hetero-
geneity and ensures that the matching procedure is well supported. In-
dividuals in our datasets were followed for long periods of time and,
compared to previous literature, these datasets had a reduced risk of
recall bias, as interview intervals were short (one year for BHPS/UKHLS,
two years for ELSA). A previous Australian study by Majeed et al.
(2017), for example, relied on retrospective life-history data collected
through questionnaires and interviews with a small sample of partici-
pants aged over 60 (n = 1261). The study reported that arthritis was
associated with a lower probability of being in full time work for men,
but not women. However, this data would be at high risk of recall bias
because participants were required to recall details of their health, living
conditions, education and employment throughout their lifetime.

Our large sample size also compares favourably to other previous
studies. For example, Barrett et al. (2000) used the Norfolk Arthritis
Register to show that people with arthritis were 32 times more likely to
stop work on health grounds, but relied on a sample size of under 300
from a single area of England. Analyses of survey data by Conaghan et al.
(2015) showed that 15% of people with osteoarthritis had taken early
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retirement on average 7.8 years earlier than planned, but had responses
from only 2001 people. Finally, Syddall et al., 2020 examined data on
5143 older workers (aged 50-64 years at baseline) who participated in
the Health and Employment after Fifty (HEAF) cohort study. After two
years, 297 participants had reported exiting work for any health-related
reason. Although only a subsample of these were living with arthritis,
the study examined differences by job type. The study found that women
who had worked in teaching, education, nursing, midwifery or caring
roles, and men who had worked in vehicle trades or as road transport
drivers, were more likely than average to have exited work for
health-related (versus non-health-related) reasons.

Few other large datasets have collected information on both arthritis
and labour market outcomes. One exception is the UK’s Labour Force
Survey which reports the number of working days lost to sickness due to
musculoskeletal conditions (HSE, 2021). However, this data does not
assess arthritis independent of other musculoskeletal conditions. A
further exception is the UK Biobank dataset. However, studies using this
dataset may be limited by selection bias, given the relative health and
age of UK Biobank participants. One recent study using UK Biobank data
did not identify any associations between arthritis and income or
employment outcomes among White British people aged between 39
and 72 years (n = 336,997). However, the authors suggest that there
may be a lack of statistical power to detect effects (Harrison et al., 2020).
This may be partly due to the study relying on a subsample of people
who are more genetically prone to arthritis, rather than observed cases
of an arthritis diagnosis. Our study also has several weaknesses. Our
measure of arthritis was based on self-report, thus it could be that it
includes other musculoskeletal conditions that respondents interpreted
as arthritis. (Though note that all three surveys ask whether respondents
have been given a formal diagnosis by a medical professional.) The
datasets (particularly BHPS and UKHLS) did not allow us to distinguish
between severity or the type of arthritis, both of which would likely be
important factors in determining the impact of arthritis on labour
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market outcomes. For these reasons, inclusion of questions related to
those factors could be considered for inclusion in future data collection.
We compared outcomes for people with and without arthritis using
propensity score matching. While this technique is useful in controlling
for confounding factors, it does not provide definitive proof of causal
inference (Garrido et al., 2014; Rosenbaum and Rubin, 1983).

4.4. Future research

The large impact that arthritis has on society means that it is
important to quantify its effects on individuals, and to examine how
these effects differ for different sectors of society. It is hoped that our
findings will be useful for future research, for example by guiding which
types of interventions and policies should be evaluated in order to better
support those groups identified in our study as most in need. Our results
may also be useful in assessing their long-term cost-effectiveness, given
that evaluation studies of the interventions described in Section 4.2 are
often limited by necessity to relatively short follow-up periods. Future
research ought also to identify the reasons why arthritis has a different
impact on certain groups of people, including by gender, age group or
work-type. For example, whilst our study indicates that people living
with arthritis who work in lower NS-SEC categories are less able than
those in professional roles to remain in work and to reduce their working
hours, finding out why this is the case would be valuable in terms of
designing appropriate support for these groups. Reasons might include
the possibility that such work is less compatible with the symptoms of
arthritis due to it being more physically demanding (e.g. manual work)
or because of fewer prospects to work remotely or flexibly. It is likely
that future research in this area would require qualitative interviews
with people whose working lives have been affected by arthritis, rather
than analysis of large-scale surveys of the kind used in this study.

Future research could also fruitfully explore the complex links and
causal relationships between arthritis and some co-morbidities, for
example obesity or mental health (Mujica-Mota et al., 2015). For people
living with co-morbidities, some of the labour market outcomes attributed
in our study to arthritis may in fact be due to other conditions. Alterna-
tively, when lived in combination with other conditions, the labour market
outcomes attributed to arthritis might be larger than identified in this
study.

Finally, it has been a tacit assumption throughout that differences in
labour market outcomes for people with arthritis represents a problem
to be solved. The result for research question 2 especially suggests that
arthritis can lead to complex changes to the labour-leisure trade-off, and
it is plausible that being diagnosed with a life-long condition may lead to
changes in priorities. This could include a desire to spend more time
with family or other interests including leisure activities or voluntary
work, for example. While it is undoubtedly true that many people’s
opportunities are unjustly limited by arthritis, it is not clear that
equalising the labour market outcomes of people with and without
arthritis would necessarily maximise people with arthritis’ quality of
life. Thus it is vital that future research should go beyond labour market
outcomes to examine how arthritis and the labour market interacts with
quality of life, as well as investigating why people with arthritis make
the labour market decisions they do.

5. Conclusion

Our study has provided evidence that arthritis has an effect on labour
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market outcomes, with the condition leading to a lower probability of
being employed, and lower earnings for those who are employed. We
have also shown that different groups are affected more than others.
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Appendix 1. Proportion of participants reporting an arthritis diagnosis at wave of entry to cohort, by age, gender and source dataset
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Appendix 2. Proportion of participants reporting an arthritis diagnosis at wave of entry to cohort, by age, gender and labour market
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Appendix 3. Regression model diagnostics
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The top panel shows the receiver operating characteristic (ROC) curve for the employment status regression model (equation 1, RQ1, see Table 3). The lower panel
shows histograms of the level 1 (LHS) and level 2 (RHS) residuals for the inflation adjusted annual earnings regression model (equation 2, RQ1, see Table 4)

Appendix 4. Results (RQ1), split by source dataset
Results (RQ1, equation 1: Employment), split by source dataset

BHPS and UKHLS ELSA

Predictors Odds Ratios 95% confidence interval p-value Odds Ratios 95% confidence interval p-value
Intercept 3.19 1.94-5.26 <0.001 5.34 2.05-13.92 0.001
Gender 0.29 0.25 - 0.35 <0.001 0.47 0.42 - 0.53 <0.001
Ethnicity 0.76 0.67 - 0.87 <0.001 0.54 0.38-0.76 0.001
Arthritis status 0.45 0.40 - 0.51 <0.001 0.53 0.48 - 0.59 <0.001
Children in household 0.54 0.48 - 0.60 <0.001 1.09 0.99 -1.20 0.070
Marital status 1.43 1.23 -1.66 <0.001 1.44 1.15-1.80 0.002
Degree-level education status 4.00 3.31-4.83 <0.001 1.31 1.11-1.54 0.001
Agel[1] 21.07 14.59 - 30.42 <0.001 0.39 0.16 - 0.91 0.030
Age[2] 1.94 1.29 - 2.90 0.001 0.05 0.02-0.13 <0.001
Age[3] 0.01 0.01 - 0.02 <0.001 0.01 0.01 - 0.04 <0.001
Age[4] 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.01 <0.001
Age[5] 0.01 0.00 - 0.02 <0.001 0.02 0.00-0.13 <0.001
Agel[6] 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.00 <0.001
North East England 0.72 0.48 - 1.06 0.098 0.57 0.42-0.76 <0.001
North West England 1.14 0.87 - 1.51 0.347 0.65 0.50 - 0.83 0.001
Yorkshire 0.88 0.65 -1.20 0.431 0.62 0.48 - 0.80 <0.001
East Midlands 1.43 1.05-1.94 0.024 0.79 0.61 -1.01 0.061
West Midlands 1.41 1.05-1.91 0.024 0.75 0.58 - 0.97 0.029
East of England 2.37 1.77 - 3.17 <0.001 0.94 0.74-1.20 0.619
South East England 2.15 1.65 - 2.80 <0.001 0.98 0.78 -1.24 0.896
SouthWest England 2.08 1.55 - 2.80 <0.001 0.79 0.62 - 1.02 0.066
Wales 0.96 0.71 -1.29 0.789 0.56 0.18-1.75 0.323
Scotland 1.23 0.91 - 1.66 0.179 0.49 0.10 - 2.34 0.369
n 25254 10773

N 189293 56466

Psuedo R* 0.928 0.762
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Results (RQ1, equation 2: Inflation adjusted annual earnings), split by source dataset

BHPS and UKHLS ELSA
Predictors Estimates 95% confidence interval p-value Estimates 95% confidence interval p-value
Intercept 10.14 10.06 to 10.22 <0.001 10.23 9.90 to 10.55 <0.001
Gender -0.54 -0.57 to -0.52 <0.001 -0.52 -0.57 to -0.48 <0.001
Ethnicity -0.08 -0.10 to -0.06 <0.001 -0.03 -0.17 to 0.10 0.633
Arthritis status -0.05 -0.07 to -0.03 <0.001 -0.04 -0.08 to 0.00 0.073
Children in household -0.10 -0.11 to -0.08 <0.001 0.05 0.02 to 0.09 0.005
Marital status -0.02 -0.04 to 0.00 0.082 -0.03 -0.12 to 0.05 0.474
Degree-level education status 0.43 0.40 to 0.46 <0.001 0.39 0.33 to 0.45 <0.001
Age[1] 0.60 0.55 to 0.66 <0.001 0.06 -0.23 to 0.34 0.699
Age[2] 0.44 0.37 to 0.50 <0.001 -0.53 -0.85 to -0.21 0.001
Age[3] -0.01 -0.08 to 0.05 0.742 -0.79 -1.10 to -0.48 <0.001
Age[4] -0.66 -0.73 to -0.58 <0.001 -1.43 -1.69 to -1.17 <0.001
Age[5] -0.04 -0.18 to 0.10 0.568 -1.31 -1.94 to -0.68 <0.001
Age[6] -1.10 -1.21 to -0.98 <0.001 -1.91 -2.18 to -1.64 <0.001
North East England -0.05 -0.11 to 0.02 0.179 -0.16 -0.27 to -0.05 0.005
North West England -0.02 -0.07 to 0.02 0.337 -0.16 -0.26 to -0.07 0.001
Yorkshire -0.14 -0.19 to -0.09 <0.001 -0.24 -0.34 to -0.14 <0.001
East Midlands -0.13 -0.18 to -0.08 <0.001 -0.21 -0.31 to -0.11 <0.001
West Midlands -0.07 -0.12 to -0.02 0.009 -0.15 -0.25 to -0.05 0.003
East of England 0.03 -0.02 to 0.08 0.224 -0.12 -0.22 to -0.03 0.011
South East England 0.01 -0.03 to 0.06 0.539 -0.09 -0.18 to 0.00 0.055
South West England -0.10 -0.15 to -0.05 <0.001 -0.15 -0.25 to -0.05 0.002
Wales -0.07 -0.13 to -0.02 0.005 -0.50 -1.21 to 0.21 0.165
Scotland -0.02 -0.07 to 0.03 0.447 -1.29 -2.21 to -0.37 0.006
n 11383 4802
N 66912 15256
R? 0.774 0.549

Appendix 5. Results (RQ2: The role of work-type in explaining differences in labour market outcomes)

Employment (equation 1)

Routine Intermediate Professional
Predictors Odds 95% confidence p-value Odds Ratios 95% confidence p-value Odds Ratios ~ 95% confidence p

Ratios interval interval interval
Intercept 1.82 1.10 - 3.03 0.021 6.48 2.98 - 14.09 <0.001 7.56 3.24-17.64 <0.001
Gender 0.57 0.50 - 0.66 <0.001 0.34 0.29 - 0.42 <0.001 0.43 0.35-0.52 <0.001
Ethnicity 0.91 0.76 - 1.09 0.306 0.83 0.64 - 1.07 0.152 1.12 0.83-1.51 0.467
Arthritis status 0.62 0.55-0.70 <0.001 0.64 0.55-0.75 <0.001 0.69 0.58 - 0.82 <0.001
Children in household 0.57 0.51 - 0.64 <0.001 0.57 0.49 - 0.67 <0.001 0.55 0.47 - 0.65 <0.001
Marital status 1.05 0.87 -1.26 0.632 1.36 1.03-1.79 0.031 1.20 0.93 -1.54 0.161
Degree-level education 2.19 1.69 - 2.84 <0.001 1.36 1.08 -1.72 0.010 1.34 1.11-1.61 0.002

status

Age[1] 25.81 17.01 - 39.16 <0.001  26.46 13.76 — 50.90 <0.001  38.20 18.15 - 80.40 <0.001
Age[2] 15.11 9.62 — 23.75 <0.001 7.25 3.59 - 14.65 <0.001 3.14 1.42-6.95 0.005
Age[3] 1.66 1.07 - 2.58 0.023 0.48 0.24 - 0.94 0.033 0.23 0.11 - 0.51 <0.001
Age[4] 0.01 0.01 - 0.01 <0.001 0.01 0.01 - 0.02 <0.001  0.00 0.00 - 0.00 <0.001
Age[5] 0.34 0.13-0.85 0.022 0.46 0.11 - 1.95 0.288 0.18 0.03 - 0.98 0.047
Age[6] 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.00 <0.001
North East England 0.54 0.39-0.75 <0.001  0.40 0.26 - 0.63 <0.001 0.28 0.17 - 0.46 <0.001
North West England 0.60 0.46 - 0.78 <0.001 0.73 0.52 - 1.03 0.075 0.56 0.39 - 0.80 0.002
Yorkshire 0.55 0.42-0.73 <0.001 0.54 0.37 - 0.79 0.001 0.37 0.25 - 0.56 <0.001
East Midlands 0.63 0.48 - 0.83 0.001 0.52 0.36 - 0.74 <0.001 0.78 0.53-1.15 0.206
West Midlands 0.63 0.48 - 0.83 0.001 0.77 0.53-1.10 0.153 0.59 0.40 - 0.87 0.008
East of England 0.83 0.63 -1.09 0.173 0.81 0.58-1.13 0.216 0.86 0.60 - 1.23 0.398
South East England 0.89 0.68 -1.16 0.379 0.83 0.60 -1.14 0.250 0.75 0.54 -1.05 0.091
South West England 0.85 0.64-1.13 0.256 0.67 0.48 - 0.95 0.023 0.57 0.39-0.83 0.003
Wales 1.13 0.80 - 1.59 0.484 1.44 0.88 - 2.34 0.144 1.49 0.91 - 2.45 0.117
Scotland 1.97 1.38 - 2.82 <0.001 2.62 1.63 - 4.22 <0.001 1.06 0.66 - 1.71 0.803
n 9030 5402 5796
N 63473 40133 42773
Pseudo R? 0.809 0.813 0.856
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Inflation adjusted annual earnings (equation 2)

Routine Intermediate Professional
Predictors Estimates  95% confidence p-value  Estimates 95% confidence p-value  Estimates 95% confidence p-value
interval interval interval
Intercept 10.10 9.96 to 10.25 <0.001 10.18 9.91 to 10.44 <0.001 10.47 10.30 to 10.64 <0.001
Gender -0.67 -0.71 to -0.63 <0.001 -0.34 -0.40 to -0.28 <0.001  -0.41 -0.45 to -0.37 <0.001
Ethnicity 0.07 -0.00 to 0.13 0.051 -0.08 -0.19 to 0.03 0.145 -0.04 -0.11 to 0.04 0.364
Arthritis status 0.00 -0.02 to 0.03 0.701 -0.05 -0.09 to -0.00 0.048 -0.05 -0.09 to -0.02 0.001
Children in Household -0.10 -0.12 to -0.07 <0.001 -0.13 -0.18 to -0.08 <0.001  -0.08 -0.11 to -0.06 <0.001
Marital Status -0.04 -0.08 to 0.00 0.070 -0.07 -0.15 to 0.00 0.056 0.02 -0.03 to 0.07 0.393
Degree-level education 0.17 0.10 to 0.24 <0.001 0.03 -0.04 to 0.11 0.397 0.21 0.17 to 0.24 <0.001
status
Age[1] 0.49 0.37 to 0.61 <0.001 0.21 -0.02 to 0.44 0.077 0.37 0.22 to 0.52 <0.001
Age[2] 0.41 0.28 to 0.54 <0.001  0.02 -0.24 to 0.27 0.892 0.28 0.13 to 0.44 <0.001
Age[3] 0.13 0.00 to 0.26 0.049 -0.23 -0.48 to 0.02 0.069 0.08 -0.08 to 0.23 0.319
Age[4] -0.66 -0.78 to -0.54 <0.001  -0.93 -1.14 t0 -0.72 <0.001  -0.96 -1.09 to -0.83 <0.001
Age[5] -0.21 -0.48 to 0.07 0.138 -0.82 -1.35 t0 -0.28 0.003 -0.67 -1.01 to -0.33 <0.001
Age[6] -1.32 -1.47 to -1.17 <0.001 -1.38 -1.65 to -1.11 <0.001 -1.79 -2.00 to -1.58 <0.001
North East England 0.00 -0.09 to 0.10 0.952 -0.20 -0.35 to -0.05 0.010 -0.13 -0.23 to -0.02 0.016
North West England -0.07 -0.15 to 0.01 0.079 -0.20 -0.31 to -0.09 <0.001  -0.08 -0.15 to -0.00 0.038
Yorkshire -0.13 -0.21 to -0.05 0.001 -0.28 -0.41 to -0.16 <0.001 -0.25 -0.33 t0 -0.16 <0.001
East Midlands -0.13 -0.21 to -0.05 0.001 -0.29 -0.41 to -0.17 <0.001 -0.21 -0.29 to -0.13 <0.001
West Midlands -0.11 -0.19 to -0.03 0.006 -0.23 -0.35 to -0.11 <0.001  -0.10 -0.18 to -0.02 0.017
East of England -0.06 -0.14 to 0.02 0.149 -0.10 -0.21 to 0.02 0.091 -0.06 -0.13 to 0.02 0.135
South East England -0.08 -0.16 to -0.00 0.039 -0.14 -0.25 to -0.04 0.008 -0.02 -0.09 to 0.05 0.589
South West England -0.09 -0.17 to -0.01 0.034 -0.23 -0.34 to -0.11 <0.001 -0.17 -0.25 to -0.09 <0.001
Wales -0.01 -0.10 to 0.08 0.813 -0.08 -0.22 to 0.06 0.267 -0.08 -0.17 to 0.02 0.118
Scotland 0.14 0.05 to 0.23 0.003 -0.10 -0.24 to 0.04 0.167 0.03 -0.06 to 0.12 0.510
n 6116 4189 5723
N 22737 14874 23049
R? 0.791 0.605 0.713

Appendix 6. Results (RQ2: The role of employer-type in explaining differences in labour market outcomes)

Employment (equation 1)

Private Private Other Other

Large Small Large Small
Predictors Odds 95% confidence p-value Odds 95% confidence p-value Odds 95% confidence  p-value Odds 95% confidence p-value

Ratios interval Ratios interval Ratios  interval Ratios interval
Intercept 234.88 66.52 - 829.28 <0.001 36.76 14.12 - 95.66 <0.001 39.63 7.20 — 218.26 <0.001 343.43 41.10 - 2869.47 <0.001
Gender 0.32 0.21 - 0.48 <0.001 0.39 0.29 - 0.53 <0.001 0.45 0.27 - 0.75 0.002  0.30 0.16 - 0.56 <0.001
Ethnicity 1.21 0.81 -1.81 0.347 1.46 1.10-1.93 0.009 1.46 0.94 - 2.29 0.095 0.83 0.53 -1.29 0.401
Arthritis status 0.56 0.40 - 0.79 0.001 0.37 0.30 - 0.47 <0.001 0.67 0.45-1.01 0.054  0.51 0.35-0.75 0.001
Children in 0.39 0.28 - 0.54 <0.001 0.50 0.39 - 0.65 <0.001 0.42 0.28 - 0.63 <0.001 0.41 0.27 - 0.62 <0.001

household
Marital status 3.29 2.23-4.84 <0.001 3.04 2.15-4.30 <0.001 3.75 2.07 - 6.79 <0.001 3.23 1.67 - 6.26 <0.001
Degree-level 1.15 0.68 — 1.94 0.604 1.78 1.19 - 2.65 0.005 0.67 0.42 -1.07 0.092 1.05 0.60 - 1.85 0.864
education status

Age[1] 5.48 2.13-14.09 <0.001 6.31 3.00 - 13.29 <0.001 76.77 20.04-294.09 <0.001 3.41 0.61 - 19.15 0.163
Age[2] 1.60 0.58 — 4.43 0.365 3.47 1.53-7.89 0.003 11.44 2.68 — 48.88 0.001 1.29 0.20-8.18 0.790
Age[3] 0.58 0.22 - 1.54 0.278 1.05 0.48 - 2.28 0.909 1.27 0.32-5.03 0.736 0.05 0.01 -0.33 0.001
Age[4] 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.00 <0.001
Age[5] 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.01 <0.001 0.00 0.00 - 0.02 <0.001 0.00 0.00 - 0.01 <0.001
Age[6] 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.00 <0.001 0.00 0.00 - 0.00 <0.001
North East England ~ 0.81 0.29 - 2.26 0.691  0.56 0.27 - 1.16 0.117  0.38 0.13-1.10 0.075  0.41 0.12-1.34 0.139
North West England  0.57 0.27 - 1.23 0.154 1.20 0.70 - 2.08 0.508  0.67 0.31 -1.43 0.297  0.86 0.36 — 2.05 0.728
Yorkshire 0.78 0.35-1.76 0.557 0.89 0.49-1.61 0.701 0.96 0.41 - 2.27 0.933 1.61 0.63 - 4.15 0.323
East Midlands 0.70 0.30 - 1.62 0.403  0.77 0.43 -1.38 0.379  0.81 0.33-1.96 0.638  0.61 0.24-1.55 0.303
West Midlands 1.06 0.45 - 2.48 0.893 1.26 0.70 - 2.28 0.434 1.29 0.52 -3.18 0.587 1.13 0.47 - 2.73 0.778
East of England 1.72 0.80 - 3.71 0.165 1.78 1.01 - 3.17 0.048 0.58 0.26 — 1.29 0.180 1.35 0.54 - 3.39 0.521
South East England ~ 1.06 0.52 -2.17 0.862 1.63 0.98 - 2.70 0.060 1.56 0.73 -3.31 0.249  1.45 0.66 — 3.20 0.360
South West England  1.15 0.50 - 2.66 0.736  2.08 1.17 - 3.69 0.013 0.87 0.39 -1.97 0.744  2.05 0.84 - 5.01 0.114
Wales 0.43 0.20 - 0.95 0.037 0.58 0.33 - 1.02 0.061  0.65 0.29 - 1.48 0.306  0.65 0.27 - 1.53 0.320
Scotland 0.84 0.38 -1.88 0.679  0.85 0.48 - 1.49 0.568  0.51 0.23-1.13 0.099 1.35 0.56 - 3.25 0.509
n 4012 4925 3312 2727
N 23626 29984 20900 15536
Psuedo R? 0.915 0.882 0.921 0.919
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Inflation adjusted annual earnings (equation 2)

Private Private Other Other

Large Small Large Small
Predictors Estimates  95% p-value Estimates 95% p-value Estimates 95% p-value Estimates 95% p-value

confidence confidence confidence confidence
interval interval interval interval
Intercept 10.53 10.40to- 10.65 <0.001 10.38 10.23 to 10.52 <0.001 10.32 10.15t0 10.50 <0.001 10.20 9.95 to 10.45 <0.001
Gender -0.62 -0.66 to -0.58  <0.001 -0.67 -0.71t0-0.63  <0.001 -0.40 -0.45t0-0.35 <0.001 -0.44 -0.51t0-0.36  <0.001
Ethnicity -0.09 -0.13t0-0.05  <0.001 -0.09 -0.13t0-0.05 <0.001 -0.06 -0.10 to -0.02  0.001  -0.05 -0.10 to 0.00 0.070
Arthritis status -0.01 -0.04 to 0.02 0.440 -0.05 -0.08 to -0.01 0.010 -0.00 -0.03 to 0.03 0.824 -0.04 -0.09 to 0.01 0.106
Children in -0.07 -0.09 to -0.04  <0.001 -0.11 -0.14 t0 -0.08  <0.001 -0.12 -0.15t0 -0.09  <0.001 -0.13 -0.17 to -0.09  <0.001
household

Marital status 0.03 -0.01 to 0.07 0.135  0.02 -0.03 to 0.06 0.475  -0.03 -0.07 to 0.02 0.246  0.01 -0.05 to 0.07 0.732
Degree status 0.46 0.41 to 0.51 <0.001 0.34 0.29 to 0.40 <0.001 0.38 0.33 to 0.42 <0.001 0.45 0.39 to 0.52 <0.001
Age[1] 0.45 0.36to— 0.55 <0.001 0.43 0.32 to 0.54 <0.001 0.53 0.40 to 0.66 <0.001 0.27 0.08 to 0.46 0.006
Age[2] 0.43 0.33to- 0.54 <0.001 0.32 0.20 to 0.44 <0.001 0.46 0.32 to 0.60 <0.001 0.25 0.04 to 0.46 0.021
Age[3] 0.35 0.24 to 0.45 <0.001 0.26 0.15 to 0.38 <0.001 0.40 0.26 to 0.53 <0.001 0.10 -0.11 to 0.31 0.342
Age[4] -0.16 -0.25t0-0.06  0.002  -0.43 -0.54t0 -0.33  <0.001 -0.39 -0.51 to -0.27  <0.001 -0.68 -0.84t0 -0.51  <0.001
Age[5] -0.21 -0.45 to 0.02 0.074  -0.30 -0.55t0-0.05 0.020 -0.36 -0.66 to -0.05  0.021  -0.78 -1.22t0-0.34  0.001
Age[6] -1.24 -1.45 to -1.04 <0.001 -1.12 -1.29 to -0.96 <0.001 -1.29 -1.53 to -1.05 <0.001 -1.20 -1.45 to -0.96 <0.001
North East England ~ -0.09 -0.20 to 0.01 0.089  -0.05 -0.16 to 0.06 0.394 -0.11 -0.23 to 0.00 0.059  0.06 -0.10 to 0.23 0.435
North West England  -0.08 -0.16 to 0.00 0.060 -0.04 -0.12 to 0.04 0.338  -0.11 -0.20 to -0.02  0.017  -0.03 -0.14 to 0.08 0.602
Yorkshire -0.19 -0.28 to -0.11 <0.001 -0.09 -0.18 to 0.00 0.059 -0.24 -0.33to -0.15 <0.001 -0.09 -0.21 to 0.04 0.173
East Midlands -0.15 -0.23t0 -0.07  <0.001 -0.08 -0.17 to 0.01 0.076  -0.25 -0.34t0 -0.15  <0.001 -0.17 -0.30 to -0.04  0.009
West Midlands -0.10 -0.19to -0.02  0.021  -0.09 -0.18t0 -0.00  0.046  -0.19 -0.28t0 -0.09  <0.001 -0.10 -0.22 to 0.02 0.102
East of England -0.05 -0.13 to 0.03 0.241  0.07 -0.02 to 0.15 0.150  -0.11 -0.19to -0.02  0.019 -0.13 -0.25t0-0.01  0.037
South East England  -0.06 -0.13 to 0.01 0.115 -0.01 -0.09 to 0.07 0.835 -0.08 -0.16 to 0.00 0.052 -0.15 -0.26 to -0.03 0.011
South West England  -0.13 -0.22t0 -0.04  0.003  -0.05 -0.13 to 0.04 0.301  -0.17 -0.26 to -0.07  0.001  -0.18 -0.31t0-0.06  0.005
Wales -0.15 -0.23t0 -0.07  <0.001 -0.14 -0.23t0-0.05 0.003 -0.21 -0.30 to -0.12  <0.001 -0.05 -0.16 to 0.07 0.426
Scotland -0.06 -0.15 to 0.02 0.139 -0.07 -0.16 to 0.02 0.104 -0.11 -0.20 to -0.02 0.015 -0.04 -0.15 to 0.06 0.448
n 3770 4617 3152 2583
N 16324 19159 14706 10147
R? 0.796 0.763 0.784 0.810

Appendix 7. Results: Relationship between arthritis status and working hours, by work-type

Results (equation 2 where log odds of working full time ( > 35 h/week) is compared to working less than full time (>0 and < 35 h)), by work-type

Routine Intermediate Professional
Predictors Odds 95% confidence p-value Odds Ratios 95% confidence p-value Odds Ratios ~ 95% confidence p-value

Ratios interval interval interval
Intercept 584.95 207.04 - 1652.64 <0.001  189.18 54.75 - 653.74 <0.001  3151.59 991.51 - 10017.59 <0.001
Gender 0.02 0.01 - 0.02 <0.001 0.09 0.06 - 0.12 <0.001 0.08 0.06 - 0.10 <0.001
Ethnicity 1.01 0.65 - 1.57 0.965 0.93 0.57 - 1.53 0.780 0.94 0.58 - 1.54 0.819
Arthritis status 0.93 0.74-1.17 0.554 0.92 0.71-1.19 0.535 0.84 0.67 - 1.06 0.150
Children in household 0.33 0.25-0.42 <0.001 0.36 0.27 - 0.48 <0.001 0.35 0.27 - 0.44 <0.001
Marital status 0.82 0.60 -1.13 0.229 0.65 0.44 - 0.94 0.023 0.85 0.61-1.18 0.338
Degree-level education 1.67 1.02-2.75 0.043 0.96 0.65 - 1.41 0.831 0.78 0.60 — 1.02 0.067

status

Age[1] 2.80 1.20 - 6.57 0.018 1.90 0.67 - 5.37 0.228 0.71 0.27 - 1.86 0.485
Age[2] 1.57 0.61 — 4.05 0.355 0.73 0.23-2.34 0.599 0.15 0.05 - 0.44 0.001
Age[3] 0.32 0.12-0.84 0.022 0.17 0.05 - 0.53 0.002 0.04 0.01-0.11 <0.001
Age[4] 0.00 0.00 - 0.01 <0.001 0.01 0.00 - 0.02 <0.001 0.00 0.00 - 0.00 <0.001
Age[5] 0.03 0.00 - 0.26 0.002 0.04 0.00 - 0.46 0.010 0.00 0.00 - 0.00 <0.001
Age[6] 0.00 0.00 - 0.02 <0.001  0.02 0.00 - 0.07 <0.001  0.00 0.00 - 0.00 <0.001
North East England 1.27 0.61 — 2.66 0.519 0.61 0.28 - 1.30 0.199 0.95 0.45 - 2.02 0.895
North West England 1.03 0.59 - 1.80 0.921 0.86 0.50 - 1.48 0.580 0.80 0.47 - 1.34 0.390
Yorkshire 0.71 0.39 -1.28 0.258 0.58 0.31 -1.10 0.097 0.53 0.29 - 0.98 0.042
East Midlands 1.13 0.63 — 2.04 0.684 0.57 0.31 -1.07 0.078 0.48 0.28 - 0.84 0.010
West Midlands 0.86 0.49 - 1.53 0.615 0.70 0.39-1.27 0.244 0.66 0.38-1.15 0.140
East of England 1.09 0.59 - 2.01 0.782 0.65 0.37-1.15 0.140 0.79 0.47 - 1.33 0.374
South East England 1.07 0.61 - 1.89 0.816 0.93 0.54 - 1.60 0.786 0.73 0.45-1.18 0.201
South West England 0.84 0.45-1.56 0.576 0.65 0.36 - 1.17 0.152 0.79 0.44 -1.39 0.411
Wales 0.78 0.42 - 1.46 0.444 1.28 0.66 — 2.47 0.459 0.70 0.38 -1.28 0.245
Scotland 1.10 0.60 — 2.03 0.754 0.88 0.46 - 1.67 0.689 0.74 0.41-1.34 0.322
n 4526 3493 4325
N 19800 14547 21078
Pseudo R? 0.855 0.821 0.839
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