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ABSTRACT

Background: Individuals experiencing osteoarthritis (OA) pain can pose significant costs for
governments due to reduced work activity in these individuals and increasing reliance on public
support benefits. In this analysis we capture the broader economic impact of OA pain by applying
a government perspective, public economic framework to assess controlled and uncontrolled pain.

Methods: We used a Markov model to compare labour market participation in people with
uncontrolled OA hip or knee pain compared to a cohort with controlled OA pain. The likelihood of
employment, long-term sickness, disability, and early retirement in those with controlled pain used
publicly available UK data. The relative effect of uncontrolled OA pain on fiscal outcomes is drawn
from peer reviewed publications reporting reduced work activity and reliance on public benefits for
people with uncontrolled OA pain. Lost tax revenue was derived using UK tax rates and national
insurance contributions applied to annual earnings. Social benefit rules were applied to calculate
government financial support to individuals. Health-care costs were calculated based on estimates
from an UK observational study. The base case analysis compared the projected lost tax revenue and
transfer payments for a 50-year-old cohort with severe OA pain, retiring at age 65.

Results: For a 50-year-old individual with moderate uncontrolled OA pain with 15-years remaining
work expectancy, the model estimated a £62 383 reduction in employment earnings, a £24 307
reduction in tax contributions and a need for £16 034 in government benefits, compared to a person
with controlled OA pain. In people with severe uncontrolled OA pain incremental foregone earnings
were estimated to be £126 384, £44 925 were not paid through taxation and £25 829 were received
in public benefits, compared to the controlled pain cohort. Health-care costs represented 13% and
12% of all OA-related fiscal cost in the moderate uncontrolled OA pain and severe uncontrolled OA
pain comparison, respectively.

Conclusions: For governments, maintaining an active workforce is paramount to maintaining
economic growth and reducing spending on government programs. The approach described here can
be used to augment cost-effectiveness models to inform a range of stakeholders of benefits attributed
to controlled OA pain.

INTRODUCTION

Osteoarthritis (OA) is the most common form of arthritis
affecting 10-12% of the adult population and the 11th most

debilitating disease worldwide accounting for over 17 million years
lived with disability."® It affects highly utilized joints in the body, more
frequently in women.*> Commonly, OA manifests from the age of 40-

50, but incidence has been increasing in younger individuals.®” The
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highest burden comes from mobility-related disability due to hip and
knee progressive pain and stiffness, often leading to joint replacement
in later stages of the disease.®” Walking disability and OA have in turn
been shown to correlate with increased mortality.'™' In 2017, global
age-standardised prevalence and incidence of OA were estimated at
3754.2 and 181.2 per 100 000 population, a 9.3% and 8.2% increase
from 1990, respectively.’ In the United Kingdom, where OA and low-
back pain are the main contributors to chronic pain, the incidence of
knee OA rose by 2.9% and hip OA by 3.8% between 2000-2018 with
over 3 million people presenting with the disease.® Approximately one
third of people aged 45 or more, a total of 8.75 million, have sought
treatment for OA in the United Kingdom."

Ageing populations, longer life-expectancy, obesity, and absence
of disease modifying drugs are likely contributory factors to the
upward trends observed.*® The clinical and economic burden of OA
is substantial, with costs accounting for 0.5% of a typical developed
country’s gross domestic product.'”” For individuals experiencing
OA pain, the condition fits in a biopsychosocial framework marked
by persistent bodily pain, fatigue, reduced self-efficacy, loss of
independence, leading to decreased social participation and quality
of life comparable to those of cardiovascular disease and cancer.’ To
the labour markets, uncontrolled OA pain leads to more working-age
individuals being unable to maintain regular employment,'* increased
absence due to sickness and increased inactivity due to disability or early
retirement.'>'® All these factors can pose costs for government in the
form of increased disability payments and lost tax revenue attributed
to reduced work activity in these individuals."'® In this study, we
quantified how uncontrolled OA pain affects public economics for
the UK government by estimating gross tax losses and costs from
social benefits (transfers) compared to people with controlled OA
pain. This was done using a generational accounting framework that
considered government tax revenue and social benefits transfers paid
to individuals with OA pain, in addition to health-care costs.””?* The
analysis described here will help decision-makers better understand the
broader impact of OA attributable pain, and the likely benefits in the
form of increased tax revenue and reduced benefits transfers associated
with reducing uncontrolled OA pain.

METHODS

Model Structure
The model was developed as a comparative analysis using a public

20,21

economic??! perspective of the government specific costs. A Markov-

chain structure with annual cycles was used to simulate the fiscal

pathway of a person with OA entering the model at age 50 and the
impact of uncontrolled pain due to OA on labour force participation
and need for government social benefits. We defined people with a
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) score (range 0 to 100) below 7 would have controlled pain
(asymptomatic) and would have a similar labour market participation
to individuals in the general population. People with WOMAC scores
above 7 were deemed to have uncontrolled pain.!*** The base case used
an average remaining work expectancy of 15 years. Lifetime results
were also presented using a scenario analysis. The proportion of females
(58.6%) was calculated from a publication estimating OA incidence
trends using a large sample of UK patients in secondary care.® The
basic structure of the model is depicted in a diagram included in the
Supplemental Materials.

Baseline Probabilities

At the start of the simulation, the cohort distribution mimicked
that of the general UK population. The distribution of employment,
unemployment, long-term sickness (LT sickness), disability, and early
retirement fiscal states was sourced from datasets published by the Office
of National Statistics (Table 1). Employed and unemployed people were
considered active, those on LT sickness and retiring early were deemed
inactive. Baseline probabilities of being active were gender-specific
to account for the higher prevalence of OA in females and allowed
separate results for males and females. The rates of LT sickness and early
retirement were reported as single means, and as proportions of the
total inactive population.” For this reason, we calculated age-stratified
probabilities of transitioning to LT sickness and early retirement by
multiplying the reported means by the proportion of the cohort not
employed or unemployed at each age category. The probability of
disability was calculated using the age-adjusted probability of being
disabled,* and the age-adjusted prevalence of economic inactivity for
people with disabilities up to the age of 65.% People were not allowed
to transition to the unemployment or early retirement state after
reaching the UK state pension age (SPA, 65 years).” Individuals could
still be employed beyond SPA, but it was assumed that 70 would be the
maximum working age in the model. Unemployment and LT sickness
were implemented as tunnel states to address the lack of “memory” in
Markov models. People who remained alive and did not transition to
any of the fiscal states were assumed to be tax neutral, remaining in the
unknown fiscal consequences state for the entire cycle and being sent to
the employment state in the following cycle. It was assumed the people
could return to employment after being unemployed or on LT sickness
but not after disability or early retirement.

Table 1: Baseline Rate and Fiscal States Probabilities in People with Controlled OA Pain*

Age Groups Employmentf Unemploymentf LT Sickness Early Retirement Disability

50 to 54 0.039

55 to 59 0.718 0.028 0.031 0.017 0.043

60 to 64 0.059

65 to 69 0.107 0.016 0.061 0.033 0.369

70 to 74 0.015

75t 79

80 to 84 0* 0¢ 0* 0¢
- 0t

85 to 89

90 to 90+

Source 27 23 24,25

*Probabilities do not add to 1 as some people with OA will fall into the state of unknown fiscal consequences.

TWeighted average from split gender results using a 41.4% OA prevalence in males, data covering the period from May-July 2018 to May-

July 2020.

$Model assumptions.
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It was assumed that people with controlled OA pain would demonstrate
labour participation patterns similar to those of the general population,
whilst people with uncontrolled pain would be subject to OA pain-
related limitations impacting their ability to maintain employment and
normal retirement age. The scale of these limitations was informed by
publications identified through a targeted literature review conducted
for the purpose of the analysis.

Targeted Literature Review

To inform the limitations imposed by OA pain, a targeted literature
search of PubMed, Embase, EconLit and CINHAL were performed
in May 2020 using a strategy composed of search terms specific to
hip and knee OA pain and public economics. Results were limited
to observational studies conducted in adults, published in English
language since 2010. Relevant systematic reviews were manually
checked and keyword internet searches were performed with the aim
of identifying additional references. The resulting titles and abstracts
were sifted by a single reviewer using prespecified inclusion criterion.
Publications deemed relevant for full text inspection were independently
scanned by two experienced reviewers. Inclusion disagreements were
resolved by discussion. Publications from countries with social welfare
systems identical to the United Kingdom’s and reporting on the
relative likelihood of fiscal outcomes were finally selected to inform
the economic model. The PubMed search strategy and the review

CONSORT diagram can be found in the Supplemental Materials.

Relative Measures of Effect
The publications identified in the targeted literature review suggest
that people with uncontrolled OA pain are less likely to be employed

1416 and more likely to be on LT

than those who are asymptomatic,
sick leave,” to have a disability,”® and retire earlier'® than people with
no OA attributable pain. These measures of additional fiscal burden,
reported as odds or risk ratios in the literature, were applied to the
baseline fiscal states probabilities to generate the state transition in
the uncontrolled pain cohort. The direction of effect and significance
level of the estimates are plotted in Figure 1. Ackerman and colleagues
reported different likelihoods of employment for people with moderate
and severe joint disease severities due to OA. Severity was defined using
a WOMAC score of 7 to 38 for mild to moderate joint disease due
to OA and 239 for severe', a previously utilized classification.?? In
the model we assumed joint disease severity due to OA to be a proxy
for controlled/uncontrolled OA pain. Hubertsson et al."” reported

age-specific relative risks (RR) of sick leave not covered by employers
and receiving a disability pension in those with knee OA versus no
OA. Laires et al.'® reported odds ratios (OR) for unemployment and
early retirement in people with OA of the hip or knee compared to a
cohort without OA. We assumed that people with controlled OA pain
would have a labour market participation identical to that of people
without OA. People with an indication of total joint replacement are
likely to have decreased labour participation for a sustained period,
perioperatively. Due to surgery efficacy, possible complications, and
age some people will be more likely to return to work and others will
be less likely to return to work.?®** In the interest of simplicity, we
did not model the effect of joint replacement surgery on labour force

participation.

Death

Death was possible from all fiscal states using rates from UK lifetables®
and accounted for a higher proportion of females in the model.® Excess
OA mortality was sourced from a UK population-based prospective
cohort study conducted in adults over the age of 50, hazard ratio
(HR) 1.11, 95% confidence interval (CI) 1.06 to 1.17.>* The base
case analysis did not consider mortality to be a differential between
people with controlled and uncontrolled OA pain but a scenario was
modelled using data from a Canadian prospective cohort suggesting
that a 10-point increase in the WOMAC score was associated with
an increased risk of death, HR 1.04, 95% CI 1.01 to 1.07." When
required, rates were converted to cycle length probabilities using
Equation 1.

Equation 1 In-p) * E)

p=1—exp( ”

where p, is the index probability, 7 the index time period, and # is the
cycle length.

When the outcomes were not rare (<10%), OR were converted to RR

using Equation 2.

OR

Equation2  RR = (1= po+(Pox OR))

where p, is the probability of the event in the unexposed.*

Figure 1: Direction of Effect of the Relative Measures of OA Fiscal Burden

Shows benefit of Shows fiscal impact of OA

controlled OA symptoms

Frequency OR (95% CI) i
Severe vs Asymptomatic 1
Ackerman 2013 Employment 16/64 (25%) 20/37 (54%) OR 0.28 (0.09 to 0.88) —_—
Moderate vs Asymptomatic 1

Ackerman 2013 Employment 48/120 (40%) 20/37 (54%) OR 0.57 (0.21 to 1.54) _'_E_
OA  vs noOA H
Laires 2018 Unemployment 68/382 (17.7%) 89/904 (9.9%) OR 1.97 (1.27 to 3.06) i

OA vs noOA -—

Laires 2018 Early retirement 124/382 (32.6%) 263/904 (29.1%) OR 1.43 (0.96 t0 2.12) i
'

Disability Knee OA  vs no OA RR (95% Cl1) E -
55+ years RR1.51(1.46t0 1.56) H

FISEEEaVAR g ERBRAE) IR RR 1.61 (1.5 to0 1.72) ; ——
LT sickness Knee OA  vs no OA i -
55+ years RR 1.8 (1.73 to 1.89) H
Hubertsson 2013 2930715345 (19.1%) 59492/789366 (7.5%) ' ——
45 to 54 years RR 1.93 (1.81t0 2.06) E
|
0 0.5 1 1.5 2 2.5 3 B

Less frequent if
asymptomatic or no OA

More frequent if
symptomatic OA

Abbreviations: CI, confidence interval; LT, long-term; OA, osteoarthritis; OR, odds ratio, RR, relative risk.
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Fiscal Consequences

Each fiscal state had one or more monetary consequences in the form
of taxation, transfers to individuals or health-care costs. These values
were multiplied by the annual probability of occupying a fiscal state
to calculate its annual cost. Direct taxes were obtained by multiplying
the UK age-stratified median income®” by the 30.9% tax wedge paid
by employees and employers.? Indirect taxation on disposable income
was calculated using a 13.7% rate applied to labour income or to
the total income from state benefits.?” People under SPA who were
unemployed were entitled to a jobseeker’s allowance.® We accounted
for the costs of LT sickness (employment and support allowance) only
as the first 28 weeks of statutory sick pay, which are usually covered
by the employer.? People with disability and below SPA were allowed
a personal independence payment.* Finally, a basic state pension was
assigned to those retiring earlier or reaching SPA.** After retirement,
half of those classed as disabled were assumed to have severe dependency
and were given attendance allowance in addition to their basic state
pension.* Allowances were often sourced as weekly wages; Table 2
shows the annualised taxes and transfers utilized in the model.

Health-care Costs

Health-care cost estimation was based on the units and frequency of
utilization reported by a retrospective observational study conducted
in five general practices in Scotland, England, Northern Ireland, and
Wales.® The publication specifies the class and frequency of drug use,
referrals, appointments, and admissions required in the management
of chronic pain in people with a recent or established diagnosis of OA
or low back pain. These were combined with unitary costs of each
resource extracted from standard national publications to generate the
total costs of health care in those with controlled pain. We assumed
that the cohort reported by Hart and colleagues represented an average
of the typical OA pain management pathway and that people with
uncontrolled OA pain would require 20% or 30% additional resources
to manage their symptoms of uncontrolled moderate or severe OA
pain, respectively. In sensitivity analysis, we varied the incremental
cost difference using plausible ranges to assess the impact of health-
care costs on the model results. The costs of surgery were calculated as
the weighted average of major hip/knee procedures for non-trauma.*
The rate and costs of aseptic and septic surgical revision were extracted

Table 2: Annualised Tax and Transfers (Per capita)

Age Groups Source

Fiscal Consequence 50 to 59 60 to 64 65+

Tax on Labour Income* £10 886 £10 015 £8825 37,38
Indirect Tax 13.7% of gross income ¥
Jobseeker’s Allowance £3866 NA 40
Employment and Support Allowance' £4885 “
Personal Independence Payment* £6102 2
Basic State Pension® £9110 43
Attendance Allowance* £3258 i

Abbreviations: NA, not applicable.
*Calculated by multiplying age specific earnings by the UK tax wedge.

fCalculated as a weighted average assuming 50% of people would be in the work-related activity group and 50% would be in the support group.

*Calculated using an average of the daily living and mobility benefits allowances reported as minimum and maximum at GOV.UK.

SSame for people retiring early and for people achieving state pension ag.

*Assumed 90% would require the minimum attendance allowance and 10% would require the maximum.

Table 3: Utilization and Costs of Health-care Resources

Annual % Patients Source Annual Cost Source

Drug Treatment for Pain

Non-opioid 86.74% £64

Opioid 96.21% £125 7

Adjuvant Analgesic Drugs 58.33% 45 £13

Referrals for Pain Management 70.82% £82 0.4
Appointments ¥ £631

Surgery

Primary Hip Surgery ¥ ” £6714 “

Primary Knee Surgery f £6296

Surgical Revision Hip (aseptic) 0.47% £12 444 .

Surgical Revision Hip (septic) 0.04% “ £22 946

Surgical Revision Knee (aseptic) 0.35% £10 325 .

Surgical Revision Knee (septic) 0.09% £32 094

Annual Cost of Drugs £203

Annual Cost of Appointments* £713

*Multiple parameters, reported in the Supplemental Materials.
*Assumed to be 30% higher in people with uncontrolled OA pain.
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from published UK studies. Table 3 summarizes the health-care costs,
more detailed costing information is available in the Supplemental
Materials.

Model Results

Fiscal transfers were deemed “negative” costs to represent government
expenditures, as opposed to revenue from taxation. The fiscal monetary
difference between people with controlled and uncontrolled OA
pain was expressed as an incremental net tax (INT), calculated by
subtracting the net present value (NPV) for each cohort. The NPV was
derived using the equations below.

t Tax¢—Costy

Equarion 3~ NPV = ¥t qEe

where 7 is the annual discount rate of 3.5%° and # is time,

Equation4  Tax, = Direct tax, + Indirect tax, + National insurance,

Equation 5 Costy = Healthy + Transfers, + 0Old age pension;

Sensitivity Analysis
One-way sensitivity analyses (OSA) were conducted using the lower
and upper bounds of the CIs for the parameters sourced from peer
reviewed publications (relative measures of effect).'"'® We did not
subject baseline probabilities to these analyses as they were sourced
from nationwide data. Similarly, fiscal states costs are nationally
available tariffs kept relatively stable over time and thought not to be
the source of uncertainty in the model.

Scenario analyses were also performed to explore plausible
variations of key model assumptions such as age at disease onset, time
horizon, age of retirement, and incremental health-care costs.

We implemented a probabilistic sensitivity analysis (PSA) to
assess the impact of parameter uncertainty on the results of the model.
Commonly utilized distributions were fitted to the model inputs
and used to produce 10 000 random samples.”® Because we are not
assessing the impact of a technology, it is not meaningful to use the UK
willingness to pay threshold to express the PSA results. Consequently,
we report the average INT and 95% credible intervals resulting from
the 10 000 PSA simulations.

RESULTS

Model results are reported as incremental differences in total taxes and
transfers and are discounted at 3.5% annually.

Base Case

The base case disaggregated taxes and costs are shown in Table 4. For
a 50-year-old individual with moderate uncontrolled OA pain the
model estimated £69 383 in lost earnings leading to a 30% reduction
in total paid taxes (£24 307) compared to controlled OA pain over a
15-year work expectancy. Additionally, an individual with moderate
uncontrolled OA pain would receive an excess of £16 034 in social
benefits programs compared to those having controlled OA pain.
Health-care costs represented 12.7% of overall government costs.
Over a 15-year period, uncontrolled OA pain is believed to originate
a loss of £40 341 per capita to public finances. Over the same time
horizon, for an individual with severe uncontrolled OA pain, we
estimated £126 384 in lost earnings leading to £44 925 in reduced tax
contributions compared to an identical individual with controlled OA
pain. Health-care costs added to 11.8% of the total transfers provided
by governments. The resulting INT was £70 754, close to double the
amount from the moderate pain scenario.

Sensitivity Analysis
In OSA the ORs of employment in people with moderate and severe
OA pain were the only parameters significantly influencing the results

Table 4: Disaggregated Base Case Results for People with Uncontrolled Moderate or Severe OA Pain Compared to Controlled OA Pain

Controlled Uncontrolled Incremental Uncontrolled Incremental

OA Pain Moderate OA Pain Severe OA Pain
Earnings £208 968 £139 586 £69 383 £82 584 £126 384
Gross Tax Revenue £82 172 £57 865 £24 307 £37 247 £44 925
Job-Seeking Allowance £1002 £1592 -£589 £1335 -£332
Employment and Support Allowance £2001 £4280 -£2279 £5476 -£3475
Personal Independence Payment £6933 £14 005 -£7072 £18 657 -£11 724
Early Retirement Pension £5727 £9786 -£4059 £12973 -£7246
Basic State Pension + Attendance £0 £0 £0 £0 £0
Allowance
Health-care costs £10 390 £12 424 -£2034 £13 441 -£3051
Total Transfers £26 053 £42 087 -£16034 £51 882 -£25 829
Net Tax £56 119 £15778 £40 341 -£14,634 £70,754
Life-Years 11.101 11.101 0.000 * 11.101 0.000 *

Abbreviations: OA, osteoarthritis.

*In the base case, pain was deemed not to affect mortality differentially.
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Figure 2: Tornado Diagram

OR employment (moderate hip/knee vs asymptomatic)
OR early retirement (hip/knee OA vs no OA)

OR unemployment (hip/knee OA vs no OA)

RR sick leave (OA vs no OA, 45 to 54 years)

RR disability (hip/knee OA vs no OA, 45 to 54 years)

RR sick leave (OA vs no OA, 55+ years)

RR disability (hip/knee OA vs no OA, 55+ years)

HR death (OA vs no OA)

-£7265 NE7EOETIIINNN

£364530| £45756
£371928 || £41841
£39768 | £40956
£39766 | £40913
£40200 | £40521
£40229 | £40453
£40275 | £40396

Upper bound
m Lower bound

-£10000 £10000 £30000 £50000 £70000 £90000

OR employment (severe hip/knee vs asymptomatic)
OR early retirement (hip/knee OA vs no OA)

OR unemployment (hip/knee OA vs no OA)

RR sick leave (OA vs no OA, 45 to 54 years)

RR disability (hip/knee OA vs no OA, 45 to 54 years)
RR sick leave (OA vs no OA, 55+ years)

RR disability (hip/knee OA vs no OA, 55+ years)

HR death (OA vs no OA)

B £20 000

£20390
£66 63 £761355

£69 322 | £71'646
£70203 | £71'342
£70187 | £71315
£70630 | £70911
£70653 | £70854
£70 644 | £70,845

Upper bound

m Lower bound

£40 000 £60 000 £80000 £100 000

A - Uncontrolled moderate OA pain scenario, B - Uncontrolled severe OA pain scenario.

Abbreviations: HR, hazard ratio; OA, osteoarthritis; OR, odds ratio; RR, relative risk.

in the model Figure 2. The remaining parameters caused the INT
value to vary by a maximum of 20% in the moderate pain scenario and
13% in the severe pain scenario and were not sufficient to change the
conclusions of the analysis.

At the upper end of the 95% CI the OR of employment in people
with moderate uncontrolled OA pain was 1.54. Counterintuitively, this
would imply that people with moderate uncontrolled pain were more
likely to be employed than identical individuals with controlled OA
pain. The resulting net tax difference was -£7265. The mean estimates
of the PSA were similar to the deterministic results of the model. In
the moderate uncontrolled pain comparison, the probabilistic INT was
-£40 038. The associated 95% credible interval ranged from -£103 591
to £24 972 (includes zero) reflecting model uncertainty related to the
OR of employment in those with uncontrolled moderate OA pain.
For the severe uncontrolled OA pain comparison, the predicted mean
probabilistic INT was -£68 924 with a 95% credible interval spanning
from -£124 590 to -£4 891.

Scenario Analyses

Base case results reflect the fiscal costs of uncontrolled OA pain using a
time horizon limited to the expected work expectancy of a 50-year-old
individual. This assumption was challenged by running the model over
a lifetime. After 50 years, approximately 99% of the cohort is deceased.
INT rose by 51% (£60 926) and 30% (£92 220) in people with
uncontrolled moderate and severe OA pain compared to controlled
OA pain, respectively. The increase in the absolute value of INT relates
to the fact that a longer time horizon adds the costs of OA-related
disability after the age of retirement to the analysis, which has proven
differential between cohorts.

Still using a lifetime horizon, we ran a scenario exploring the effect
of increasing SPA to 67 years. As anticipated, raising SPA to 67 years
increased the difference in earnings from employment between the
uncontrolled OA pain and controlled pain cohorts but increased early
retirement costs. Incremental earnings became £77 519 and £135 061,

a less than 1% increase from base case results for the moderate OA

pain and severe OA pain comparisons. The INT decreased by 3%
and 1% from base case, becoming £59 326 in people with moderate
uncontrolled OA pain, and £91 181 in those with severe uncontrolled
OA pain, compared to the cohort with controlled pain.

Due to the uncertainty surrounding total health-care costs, we
conducted two scenarios where the incremental health-care resources
associated with managing uncontrolled pain, assumed to be of 20% in
those with moderate OA pain and 30% in the severe pain cohort, were
increased or decreased by 10%. Unsurprisingly, reducing incremental
health-care consumption by 10% resulted in INT values of £39 324 in
the moderate uncontrolled OA pain comparison and £69 737 in the
comparison between severe uncontrolled OA pain and controlled OA
pain. In this scenario, health-care costs represented 7% and 8% of total
government costs for the moderate and severe OA pain comparison,
respectively. Increasing incremental health-care costs by 10% led to
INT of £41 358 in the moderate OA pain comparison and £71 771
in the severe OA pain comparison. Health-care costs became 18% and
15% of total government costs in the moderate OA pain and severe OA
pain comparisons, respectively.

We explored the effect of excess pain-related mortality in a
scenario analysis, but INT values were virtually unchanged from base
case. Finally, we challenged the assumption around the age of OA pain
onset to 45 years and updated the duration of the corresponding work
expectancy to 20 years. INT values increased by 14% (£45 897) for
moderate uncontrolled versus controlled OA pain, and 19% (£83 912)
in the severe OA pain comparison. The absolute value of the INT
changed predictably according to the scenario’s assumptions. Overall,
these results suggest linearity in the model mechanics and an agreement
in the direction of the fiscal effect of uncontrolled OA pain. The results
for the scenarios described above can be found in the Supplemental
Materials.

DISCUSSION
The externalities of chronic health conditions pose considerable fiscal

consequences that reach beyond government’s health-care expenditure.
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Our model has shown that on average, a 50-year-old with uncontrolled
moderate or severe OA pain of the knee or hip will have their earnings
reduced by 33% to 61% (£69 000 to £126 000), respectively, for the
duration of their working life. Over the same period, the government
is likely to provide 89% to 145% more financial support (£30 000 to
£38 000) and incur a £24 000 to £45 000 loss in tax revenue from
people with uncontrolled OA pain compared to people with controlled
pain. These results may even underestimate the true dimension of
the burden. An Australian study reported that the incomes of people
affected by ill health was 82% lower compared to those working full-
time, with those out of work paying no direct taxes and receiving more
public benefits.>

By applying a government perspective framework to assess health
and investments in health care, it is possible to understand how changes
in health status can influence future tax receipts for government
and transfer payments. Whilst taxes and transfers are traditionally
disregarded when applying a health service perspective, these do
represent real costs for government. As noted in the United Kingdom,
the costs to government from ill-health in working aged populations
for workless benefits and lost tax revenue from people unable to work
effectively, represent approximately 85% of government costs, and
health sector costs are only a minority of those costs.”” Accordingly,
it seems meaningful to apply this framework to other disease areas,
so that the public economic burden of chronic conditions is put
into perspective and can be interpreted alongside traditional cost-
effectiveness analyses.

In health systems financed through taxation, valuing treatments
whilst ignoring their impact on the public economy can be controversial
on ethical and methodological grounds. For each unemployed person,
the remaining workers must pay more taxes to sustain the social
system, leading them to experience reduced utility. These deadweight
losses imply that spending has consequences to others not captured
applying utilitarian economics. This fiscal interdependence illustrates
that all members of society are linked through public economics,
young and old, healthy and infirm.*® This fiscal reliance has both
immediate and intertemporal consequences for how health budgets
are spent. By considering the impact of health technologies on labour
participation and productivity, analyses can become inclusive of value
generated in the wider economy, rather than continuously pushing
for efficacy in health systems already operating under pressure.”
Traditionally, measuring productivity is achieved using friction costs
or human capital cost estimation.’®> Whilst valid, these metrics ignore
individuals’ contributions to the sustainability of a country’s social
welfare system or the level of social welfare consumption. These are
intimately connected to government’s budgets and decision-making
across economic sectors.

One of the challenges of performing fiscal analysis in health is
identifying a dominant scenario that reflects the most likely patient case
encountered in the real world. This analysis considered disease onset at
age 50 and the retiring age of 65 as the base case. However, changes
to any of these factors can marginally influence the results as observed
in our sensitivity analysis. This illustrates how fiscal consequences for
government are dependent on several factors such as disease severity,
age at onset, and any factors that delay progression or reduce severity.
In this regard, fiscal analysis in health can reflect the general trends
in how health status influences government and many factors can
influence the likely conclusions to be drawn.

In the process of developing this analysis we accounted for
several aspects of model validation.® Firstly, the model uses a structure
that reflects the natural history of OA. Inputs were sourced from
independent sources, mostly nationally available. Model mechanics
and equations were subject to internal cross-verification by the

developing team and revised by a senior health economic modeler not
directly involved in the development of the model. Relative measures
of effect were obtained from peer reviewed publications as result of
a targeted literature search. We used deterministic and probabilistic
sensitivity analysis to explore the effect of several model inputs. The
likelihood of employment in people with moderate uncontrolled OA
pain was the most influential parameter, as reflected in the OSA and
PSA results. Ackerman and colleagues reported that uncontrolled pain
leads to a 43% reduction in the likelihood of employment in people
with moderate uncontrolled OA pain, and 72% in the severe cohort.'*
The uncertainty around the OR for moderate OA pain makes intuitive
sense, as it is likely to have been inferred from a more heterogeneous
cohort with pain scores ranging from mild to moderate, and varying
degrees of physical limitation. Nonetheless, we believe that the effect
of OA on employment is real and supported by other publications.®!¢*
Wilkie and colleagues conducted interviews in 297 English working
adults aged 50 to 65, who consulted primary care practitioners due
to OA symptoms.®® The authors concluded that OA was likely to
be associated with a 3-fold increased likelihood of not being able to
maintain a job.**® A comparison between fiscal analysis and other
burden of disease analyses is not straightforward, due to heterogeneity
in the former and because they address different economic consequences
of OA. A systematic review of burden of disease studies estimated that
in European countries the annual direct health-care costs represented
close to 20% (€1000/€5100) of total hip and knee OA burden.® The
studies included in the synthesis were likely to underestimate total
indirect costs as they often utilized a human capital approach and
measures of productivity such as presentecism and absenteeism that
fail to capture the wider public economic consequences of more
permanent decreased labour force participation. Although we were
not able identify a similar analysis in the United Kingdom to calibrate
our fiscal model, our results suggest that health-care costs represent a
small proportion of the total costs to governments, which is supported
by other published evidence.*** Additionally, the results we obtained
are similar in direction and intensity to an Australian analysis using
a similar framework.® There are limitations to our analysis. Health-
care costs were estimated from a single UK publication with small
sample size (n=200) that followed people with OA or low back pain
from 2004 to 2009. Additionally, because resource consumption was
not reported by controlled/uncontrolled pain status, we assumed
an arbitrary incremental value for implementation in the model.
Uncertainty around the incremental health-care costs was addressed in
a deterministic sensitivity analysis. The uncertainty about the absolute
health-care cost estimation was not explored as it was perceived
to have a smaller impact on the incremental results of the analysis.
Due to the scarcity of relative measures of fiscal outcomes for people
with controlled versus uncontrolled OA pain we had to make several
modelling assumptions. Firstly, we assumed that a total WOMAC score
greater than 7 was a proxy for mild to moderate uncontrolled OA pain
and a score greater or equal to 39 was a proxy for severe uncontrolled
OA pain. This probably over represents the contribution of OA pain
as a limiting factor for employment/unemployment. In addition, we
assumed that people in the controlled OA pain cohort have an identical
labour force participation to those without OA. We used relative risk
estimates of LT sickness and disability reported by Hubertsson et al.™
despite these being specific to populations with knee OA only. Finally,
we assumed that the impact of these relative measures were sourced
from studies outside the United Kingdom. Although we assume that
OA-related loss of employment is identical between countries, what
is provided by each country social welfare system may well influence
individuals' attitudes toward work.® These assumptions increase
uncertainty in the estimation of the true fiscal burden of uncontrolled
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OA pain. Further research determining the impact of chronic disease
on country level labour market participation and retirement could
contribute to improving the accuracy of the estimates provided by this
form of analysis.

For most people, retaining the ability to remain actively employed
is an important metric that contributes to individual well-being and
provides people with a sense of purpose. Additionally, for people who
have experienced health shocks, and have been out of work due to
their poor health, returning to work is symbolic of triumphing over
their health condition and a return to normality. In this context, the
analysis under-represents the intangible benefits of preventing disease
progression in OA. Furthermore, the costs on houscholds can have a
sustained impact over many years. A study reported in Australia found
that people retiring early due to back problems experience an 87%
reduction in wealth compared to those employed full-time. Additionally,
those retiring early possessed 92% fewer income producing assets
suggesting they will face financial pressures in retirement compared to
those who are employed full-time.*

Despite using fiscal cost parameters that are aligned with
government legislation and reports,*® we likely underestimated the true
fiscal costs of OA. Firstly, some individuals will accumulate benefits
for which we have no OA specific data, for example people getting
financial support due to disability may also get housing benefits.
Secondly, it is likely that after a long-term period of sickness people
will be less likely to return to employment, particularly at later stages
in their careers. Thirdly, we do not account for short-term absences as
its costs usually falls on employers, but with the government being a
large employer nationwide, there are certainly direct and indirect fiscal
costs implicated. Finally, we do not account for the adverse effects of
painkillers, pain related mental health problems,” and OA-related
limitations of informal contributions provided by retired people.

CONCLUSIONS

The results presented here demonstrate how uncontrolled health
conditions such as OA attributable pain can pose significant costs for
government. Importantly, we demonstrate that in a cohort of 50-year-
olds health costs are significant, but small relative to the large fiscal
costs, which are currently ignored in assessments of new interventions
and treatments for chronic conditions. Rather, most costs are associated
with early retirement, disability, LT sickness benefits, and lost tax
revenue. These findings are consistent with previous UK government
reports on the health of working age populations demonstrating
that National Health Service spending is estimated to be only 14%
of costs of poor health in this population. Furthermore, the majority
of costs described in the government working paper are attributed to
workless benefits and lost tax revenue from employment inactivity
in this group. The results described here likely underestimate the full
economic impact of OA attributable pain. Specifically, we focused
our comparative assessment to hips and knees to better understand
how improving outcomes may benefit government. However, the
analysis described here does not include fiscal consequences associated
with back and neck pain, which also represent important sources of
disability.® This could lead to increased costs associated with transfer

payments and lost tax revenue.
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