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Abstract

Background Following the COVID-19 pandemic, millions of people continue to experience ongoing physical and
mental health sequelae after recovery from acute infection. There is currently no specific treatment for the diverse
symptoms associated with post-COVID-19 condition. Physical and mental health rehabilitation may help improve
quality of life in such patients. This study reports the cost-effectiveness of a programme of physical and mental health
rehabilitation compared to best practice usual care in people with post-COVID-19 condition who were previously
hospitalised.

Methods We conducted an economic evaluation within a randomised controlled trial from the perspective of the
UK national health service (NHS) and personnel social services perspective (PSS). Resource used and health-related
quality of life were collected using bespoke questionnaire and the EQ-5D-5 L questionnaire at three, six, and 12
months. Incremental costs and quality adjusted life years accrued over the follow-up period were estimated and
reported as the incremental cost-effectiveness ratio. Estimate uncertainty was managed by multiple imputation and
bootstrapping cost-effectiveness estimates; and displayed graphically on the cost-effectiveness plane.

Results Over a 12-month time horizon, incremental costs and QALYs were £305 (95% Cl: -123 to 732) and 0.026 (95%
Cl:-0.005 to 0.052) respectively. The ICER was £11,941 per QALY indicating cost-effective care. Sensitivity analyses
supported the base case findings. The probability of the intervention being cost-effective at a £30,000 per QALY
willingness-to-pay threshold was 849%.

Conclusion The within-trial economic evaluation suggested that people with post-COVID-19 condition after
hospitalisation should be offered a programme of physical and mental health rehabilitation as it likely reflects a cost-

*Correspondence:
Henry Nwankwo
henry.nwankwo@warwick.ac.uk

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-024-11679-5&domain=pdf&date_stamp=2024-10-16

Nwankwo et al. BMC Health Services Research (2024) 24:1326

Page 2 of 11

effective use of NHS resources. Hospitalisation for COVID-19 has become less commonplace: further evaluation in

non-hospitalised patients may be worthwhile.

Trial registration ISRCTN registry ISRCTN11466448 23rd November 2020.

Keywords Randomised controlled trials, RCT, COVID-19, Long COVID, Post-COVID-19 condition, Cost-effectiveness
analysis, Cost-utility analysis, Physical rehabilitation, Mental health rehabilitation, Rehabilitation

Introduction

Post-COVID-19 condition is a term used to describe
persistent or new symptoms lasting for weeks or months
after COVID-19 infection [1]. Common symptoms
include fatigue, shortness of breath, muscle soreness and
neurocognitive dysfunction [1]. Post-COVID-19 con-
dition affects about 65 million people globally [2] and
about 1.9 million people in the UK reported COVID-
19 symptoms lasting more than 12 weeks after an acute
infection, and 762,000 people reported enduring symp-
toms beyond two years [3]. There are no official data on
the proportion of the 1.9 million people with prolonged
COVID-19 symptoms who were previously hospitalised;
however, 1.5 million of these reported a severe impact
on their day to day activities. Data from the UK Health
Security Agency reported over 1.1 million hospitalisa-
tions for COVID-19 in the UK since March 2020 [4], and
another prospective UK study found that 92.8% of adults
hospitalised with COVID-19 reported experiencing at
least one symptom persisting beyond six months from
discharge [5]. A 2023 global study suggested that in hos-
pitalised and non-hospitalised patients with COVID-19,
the pooled prevalence of survivors experiencing at least
one symptom after an average of 126 days of infection
was 53% and 35% respectively [6].

There is currently no specific treatment for the diverse
symptoms associated with post-COVID-19 condition
and existing therapeutic strategies are limited in effec-
tiveness and generalisability [7]. Exercise-based reha-
bilitation interventions might help improve outcomes
in people with long-term conditions but there is little
evidence of clinical or cost effectiveness in people with
post-COVID-19 condition due to a lack of high quality
research [8]. Cost-effectiveness analysis is the evaluation
of alternative health interventions based on costs and
outcomes. Budget constraints underscore the need for
resource allocation decisions in health care, and coun-
tries with publicly funded health systems often rely on
normative cost-effectiveness criteria to inform such deci-
sions [9].

The 2024 REGAIN randomised controlled trial
(n=585), in adults with the post-COVID-19 condition,
following a hospital admission, showed that an eight
week, supervised, home-based, online group rehabilita-
tion programme led to statistically significant improve-
ments in health-related quality of life (measured using

the patient reported outcomes measurement informa-
tion system (PROMIS) preference (PROPr) score) com-
pared to best practice usual care (a single online session
of advice and support with a trained practitioner). An
increase in PROMIS-PROPr score of 0.03 [95% con-
fidence interval (CI): 0.01 to 0.05] was observed at 3
months and 12 months (PROMIS-PROPr score of 0.03;
95%CI:0.01 to 0.06) [10]. At six months the difference
was not statistically significant, 0.02 (95% CI -0.003 to
0.05). The cost-effectiveness of the REGAIN intervention
in managing post-COVID-19 condition is unknown and
such evidence can help further inform resource alloca-
tion decisions in people with post-COVID-19 condition.
This is the first study to report the cost-effectiveness of a
rehabilitation programme in people with post-COVID-19
condition following hospital admission.

Methods

Trial background

The trial protocol, main results, and intervention devel-
opment are published elsewhere [10-12]. The REGAIN
study was a multicentre, parallel group, superiority
randomised controlled trial (RCT) of rehabilitation
approaches in people with post-COVID-19 condition.
Individuals were eligible to participate if they were adults
who had been discharged from hospital three or more
months previously after COVID-19 admission and had
ongoing physical and mental health sequelae. Partici-
pants were randomised to receive either best practice
usual care, consisting of a 30 min, online one-to-one
consultation with a trained practitioner, or the REGAIN
(Rehabilitation Exercise and psycholoGical support After
COVID-19 InfectioN) intervention which comprised of
a one-hour one-to one consultation with a trained prac-
titioner followed by an eight week, online, home based,
supervised, group rehabilitation programme [13]. Partici-
pants randomised to receive the REGAIN intervention
were offered eight weekly live online group exercise ses-
sion and six live online group psychological support ses-
sions. Participants were recruited between January 2021
and July 2022. The REGAIN study was approved by the
East of England, Cambridge South Research Ethics Com-
mittee (reference 20/EE/0235). Informed consent was
obtained from all participants in the study.
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Recruitment and demographics

We randomised 298 people to receive the REGAIN inter-
vention and 287 people to receive usual care. Partici-
pants’ mean age was 56 years and 52% were women. The
mean time from hospital discharge to randomisation was
10.6 months.

Data collection and valuation

Resource use

Data on health and social care services used were
recorded using questionnaires at three, six, and 12
months. The questionnaires captured details of the fol-
lowing resource use categories: medication, out-patient
and emergency attendances, in-patient admission, per-
sonal and social services, primary and community care
contacts, nursing home care, private care costs, personal
expenses, and number of days off work due to illness.
Societal costs included private medical costs, personal
expenses and productivity loses due to post-COVID-19
condition. The resource use questionnaire developed for
the study can be found in the supplementary appendix.
We did not triangulate medical records captured using
participant-completed questionnaires with hospital
records due to the costs, and considerable delays, asso-
ciated with requesting Hospital Episode Statistics data
from NHS England.

Intervention costs

Best practice usual care consisted of a 30-minute one-to-
one consultation with a REGAIN practitioner (clinical
exercise physiologist or physiotherapist). The REGAIN
intervention consisted of an hour-long online one-to-one
consultation with a REGAIN practitioner, a weekly one-
hour group exercise session over eight weeks and a one-
hour group behavioural session over 6 weeks [13]. Each
online, group session had up to eight participants and
was led by a REGAIN practitioner. Costs for best practice
usual care and the intervention were determined using
the unit cost of a Band 6 clinical exercise physiologist
and health psychologist from the Department of Health
and Social Care Reference Costs [14]. Training costs
were not included as practitioners who delivered both
the REGAIN and best practice usual care intervention
received similar training.

Given the rehabilitation intervention was the offer of
a series of fixed appointments, we assumed full session
attendance and compliance with the intervention as our
base case analysis. We explored a scenario as part of the
sensitivity analysis where data on the actual number of
sessions each participant attended were used. The over-
all cost to the NHS of sessions remained the same as the
base case, but in the scenario, the cost per patient varied
by the number of sessions attended.
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Valuation of resource use

Resources used were valued in accordance with meth-
ods recommended by NICE Guide to Methods of Tech-
nology Appraisal [15]. Unit costs were derived for each
resource use item from national databases. The key data-
bases used to derive unit costs for resource use items
included: Department of Health and Social Care Refer-
ence Costs [14], Personnel and Social Services Research
Unit (PSSRU) unit cost compendium [16], 2022 NHS
Prescription Cost Analysis database for England [17] and
2022 volumes of the British National Formulary [12] Data
from the Office for National Statistics (ONS) was used
to estimate loss of earnings due to time off work [18].
All costs are expressed in Pound Sterling at 2022/2023
prices. If required, costs were adjusted to current prices
using the NHS Cost Inflation Index [7].

Health outcomes

The main health measure used for economic evaluation
was the quality-adjusted life year (QALY) as recom-
mended by NICE [15]. Health-related quality of life was
evaluated at baseline, three months, six months, and
twelve months after randomization using the EQ-5D-5 L
instrument [19]. EQ-5D-5 L responses were transformed
into utilities by mapping EQ-5D-5 L responses to the
EQ-5D-3 L valuation set using the recommended map-
ping function at the time of analysis planning [20-22].
Responses were summarised at each time point by trial
group. Quality-adjusted life years (QALYs) were gen-
erated for each patient using the area under the curve
assuming linear interpolation across each temporal mea-
surement point and summarised by trial group.

Statistical analysis

Effects were estimated and summarised for those with
complete data in each randomised group. Statistical sig-
nificance was assessed through an independent samples
t-test using a two-sided significance of 5%.

The base case cost-effectiveness analysis involved boot-
strapping a multiple imputed bivariate model. Develop-
ment of the imputation model followed best practice
guidelines [23].

Missing data

Missing data are common in RCTs. Participants are likely
to be lost to follow-up for various reasons. Participants
with missing data may systematically differ from those
with fully observed data. Hence, analytic techniques for
handling missing data should be underpinned by the
missing data mechanism. Missing costs and health util-
ity data were imputed under the Missing at Random
(MAR) assumption, at each time point using fully con-
ditional multiple imputation by chain equations imple-
mented using the MICE package in STATA 18 [24]. The
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suitability of using a MAR assumption was assessed by
examining the missing data patterns and comparing sub-
jects with and without missing data at each time point.
Predictors for missingness were identified using a step-
wise logistic regression model at each time point, adjust-
ing for baseline co-variates (see supplementary appendix
for further details). The imputation model was adjusted
for the following covariates: age, gender, level of hospital
care—either ward or intensive care unit, and presence of
mental health symptoms (measured using self-reported
impact of event scale-6 (IES-6) post-traumatic stress
disorder score>11/24, or hospital anxiety and depres-
sion scale (HADS) anxiety subscore>11/21, or HADS
depression subscore>11/21; compared with IES-6 post-
traumatic stress disorder score<11/24, or HADS anxiety
subscore<11/21, or HADS depression subscore<11/21)
to align with the randomisation strata.

Missing costs and utility were imputed at each time
point using observed values. The imputation model was
evaluated for algorithmic convergence, and graphical
comparisons were made between the distributions of
observed, imputed, and completed data. The imputation
was carried out separately for each trial arm [25] and ran
50 times, following methodological guidance that the
number of imputations be determined by the fraction of
missing information rather than the proportion of miss-
ing data [26].

Bivariate regression using seemingly unrelated regres-
sion model (sureg), within the Stata MI framework, was
used to estimate the costs and QALYs over the time
horizon, controlling for baseline covariates (age, gender,
level of care and presence of mental health). The analytic
model used to estimate QALYs was adjusted for baseline
utility. There were no significant interactions between
the interventions and any of the baseline co-variates.
Joint distributions of estimates from the original data
set were derived through bootstrapping of the MI model
[24], and incremental costs and QALYs were calculated.
This method provides adjusted estimates using Rubin’s
rule [27] to reflect the variability within and across
imputations.

Cost-utility analysis
The primary analysis followed a National Health Ser-
vice (NHS) and Personnel Social Service (PSS) perspec-
tive as recommended by the National Institute of Health
and Care Excellence (NICE) [15]. Cost-utility analysis
followed the health economics analysis plan (see supple-
mentary appendix) and was presented as an incremental
cost-effectiveness ratio (ICER), calculated as the ratio of
the incremental costs and QALYs with best practice usual
care as the reference treatment.

Bootstrapped estimates of the incremental costs
and QALYs were graphically represented on the ICER
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plane. The net monetary benefit (NMB) was calculated
across willingness-to-pay thresholds ranging from £0 to
£100,000 per QALY. A positive incremental NMB shows
that REGAIN is a cost-effective alternative to best prac-
tice usual care at the specified threshold. A cost-effective-
ness acceptability curve (CEAC) showed the probability
that REGAIN is cost-effective compared to best practice
usual care across similar willingness-to-pay thresholds.
The expected value of perfect information (EVPI)
and expected value of sampled information (EVSI) was
estimated at similar willingness to pay thresholds and
represented graphically. The expected value of per-
fect information reflects the monetary value of remov-
ing uncertainty from the cost-effectiveness estimates at
a specified willingness-to-pay threshold. The expected
value of sampled information reflects the monetary value
of reducing uncertainty with a given study design and
sample size. Further details on the estimation of EVPI
and EVSI can be found in the supplementary appendix.

Sensitivity and secondary analysis

Sensitivity analyses were undertaken to re-estimate the
cost-effectiveness results under the following scenarios:
(i) using complete data (ii) Broadening the evaluative
space from an NHS perspective to a societal perspective
that additionally includes private costs and productivity
loses due to illness (iii) using data on the actual number
of sessions participants attended. We did not undertake
pre-specified sensitivity analysis of development and
training costs (to simulate wider rollout and inclusion of
development costs) as practitioners delivering both inter-
ventions received similar training.

Results

Completeness of data

Data were complete for 436 of 585 (75%) participants at
the three month time point, 438 of 585 (75%) participants
at the six month time point, and 430 of 585 (74%) par-
ticipants at the 12 month time point. Across the entire
follow-up period, data were complete for 371 of 585 par-
ticipants (63%). Completion rates were slightly higher
(3—5%) in the usual care group compared to the REGAIN
intervention group. At the aggregate level, data were con-
sidered missing if any resource use category were miss-
ing in any timepoint. Similarly, an EQ-5D-5 L response
needed to be completed in all five domains at each time-
point to be non-missing. A detailed breakdown of com-
pleteness of data can be found in Supplementary Table i.

Resource use and economic costs

NHS and PSS costs were similar at each time point as
shown in Table 1. The small non-significant differences
in costs between the groups was largely driven by visits
to out-patient services and hospital admissions as shown
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Table 1 Unadjusted total NHS and PSS costs at each timepoint and across the follow-up period for those with complete data in

2022/2023 prices

REGAIN Usual Care Between group difference

Follow-up period n Mean (£) sd n Mean (£) sd Mean difference (£) 95% Cl p-value
0-3 months 216 378.36 720.01 220 384.60 73717 -6.24 -143.02 to 130.54 0.93
4-6 months 215 39544 731.61 223 445.56 849.90 -50.11 -198.46 to 98.24 0.51
7-12 months 212 818.20 1533.50 218 769.70 1284.09 48.50 -219.21t0 31622 0.72
Total 182 1484.68 234457 189 1639.16 2201.94 -154.48 -617.71 to 308.75 0.51
Intervention costs 298 399.92 0 287 72.71 0 327.21 .

Total® 182 1884.60 234457 189 1711.87 2201.94 172.73 -290.50 to 635.96 047

?Including base case intervention costs

Table 2 Mean NHS and PSS costs per resource use category in GBP (£) between 0 and 12 months for cases with complete data in

2022/2023 prices

REGAIN Usual care Between group difference
Category n Mean (SD) n Mean (SD) Mean difference 95% Cl
Medication 185 15.57 (36.16) 191 12.62 (24.05) 295 -3281t09.18
Outpatient services 185 880.05 (1346.77) 190 937.92 -57.86 -319.72 t0 203.99
Community care 185 153.25(399.97) 189 108.62 (199.08) 44.62 -11.99to0 101.24
Accident and Emergency 185 87.82(214.12) 189 95.83(212.79) -8.01 -51.28t035.26
In-patient admission 187 25899 (871.36) 190 456.60 (1351.98) -197.61 -426.86 to 31.64
PSS 184 86.64 (814.27) 189 20.93 (269.57) 65.71 -58.06 to 189.48
Nursing home care 186 0.00 (0.00) 190 10.61 (141.52) -10.61 -30.731t09.52

Table 3 Unadjusted EQ-5D-5 L utility estimates at each time point and QALY estimates across the follow-up period for those with

complete data

REGAIN Usual care Between group difference
Follow-up period n Mean sd n Mean sd Mean difference (£) 95% Cl p-value
Baseline 298 0.531 0.290 287 0.528 0.268 0.003 -0.042 t0 0.048 0.90
3 months 237 0.584 0.292 245 0.561 0.275 0.024 -0.027 t0 0.074 0.36
6 months 225 0.590 0.286 234 0574 0.276 0.015 -0.036 to 0.67 0.56
12 months 217 0.598 0.284 225 0.557 0.286 0.042 -0.012 t0 0.095 0.13
Follow-up? 201 0.603 0.245 209 0.564 0.246 0.039 -0.009 to 0.087 0.134

Utility values calculated as area under the curve

in Table 2. Total NHS and PSS costs were lower in the
REGAIN intervention group compared to usual care
but higher when intervention costs were added. How-
ever, between group differences in costs were statistically
similar at each timepoint and over the follow-up period
(0-12 m). A detailed breakdown of costs per resource use
category and follow-up time point can be found in Sup-
plementary Table ii.

Health outcomes

Unadjusted EQ-5D-5 L utility estimates at each time-
point and QALYs for the follow-up period, for cases with
complete data are summarised in Table 3. While health
outcomes in both groups remained poor, there were no
statistically significant differences in utility estimates
between the groups at each time point. Over the follow-
up period, participants who received the REGAIN inter-
vention had a non-statistically significant increase in
QALYs of 0.039 (95% CI: -0.009 to 0.087).

Both costs and EQ-5D-5 L utility estimates were statis-
tically similar at each time point and over the time hori-
zon as graphically shown in Fig. 1.

Cost-effectiveness analysis

Cost-effectiveness results are presented in Table 4 with
REGAIN intervention group as the reference treat-
ment and usual care as the comparator. The analytic
time horizons encompass the period from randomisa-
tion to 12-months post-randomisation. Estimates of the
costs and QALYs are shown with 95% credible intervals.
Credible intervals show the probability that the true
cost-effectiveness estimate lie within a defined interval
given the observed data. The probability of the REGAIN
intervention being cost-effective and net monetary ben-
efit is shown at willingness to pay thresholds of £15,000,
£20,000, and £30,000. The distribution of the ICER
with a 95% credible region is shown graphically (Fig. 2).
The cost-effectiveness acceptability curve, net mon-
etary benefit and expected value of perfect and sampled



Nwankwo et al. BMC Health Services Research (2024) 24:1326

Cost per treatment group & timepoint

REGAIN (0-3 months)

Usual care (0-3 months)

REGAIN (4-6 months)

Usual care (4-6 months)

REGAIN (7-12 months)

Usual care (7-12 months)

Mean
" 95%CI

0 200 400 600 800 1000
Cost, £

Page 6 of 11

EQ-5D-5L per treatment group & timepoint

REGAIN (Baseline) sl
Usual care (Baseline) e
REGAIN (0-3 months) e
Usual care (0-3 months) e
REGAIN (4-6 months) e
Usual care (4-6 months) e
REGAIN (7-12 months) et
Usual care (7-12 months) et
T T T T T T
0 2 4 .6 .8 1

Utility

Fig. 1 NHS and PSS costs and EQ-5D-5 L utility estimates at each timepoint per trial group

information are shown graphically (Figs. 3, 4 and 5), at a
range of willingness to pay thresholds (£0 — £100,000).

Base case analysis

The results for the base case analysis are presented in
Table 4. Patients in the REGAIN group had increased
costs and gained additional QALYs of £305 (95% CI: -123
to 732) and 0.026 (95% CI: -0.005 to 0.052) respectively.
The ICER for the base case analysis of £11,941 suggests
that the REGAIN intervention is a cost-effective alterna-
tive to usual care. The probability of REGAIN being cost
effective at the £30,000/QALY threshold is 0.836. At a
threshold of £30,000/QALY, the EVPI is £48 per patient.
In the UK, an estimated 1.5 million experience post-
COVID-19 condition which adversely affects day-to-day
activities [3] and there have been over 1.1 million hospi-
talisations with COVID-19 since March 2020 [4]. How-
ever, we have no information on the number of people
with post-COVID-19 condition who were previously
hospitalised.

Assuming a post-COVID-19 syndrome prevalence of
52.6% among patients hospitalised with COVID-19 in
the UK, the monetary value of removing all uncertainty
from the cost-effectiveness estimate would be about
£28 million per annum and could rise to £72 million per
annum if the estimated 1.5 million people who experi-
ence post-COVID-19 condition which adversely affected
day-to-day activities is considered. However, the future
incidence of COVID-19 is uncertain and the estimated
1.5 million people with post-COVID 19 conditions in
the UK reflects an upper bound as it likely includes non-
hospitalised individuals with post-COVID-19 condition.
Further we do not know if changes in COVID-19 strains
and treatments for those admitted to hospital will affect
incidence of prolonged post-COVID-19 symptoms.
Given, the opportunity loss from uncertainty further

research to reduce uncertainty is likely to be justified.
Figure 5 graphically displays the expected value of perfect
and sampled information at different willingness-to-pay
thresholds.

Sensitivity analysis

Incremental costs and QALYs were compared under
different analytic scenarios (ie., complete case, soci-
etal perspective and using compliance data) and pre-
sented in Table 4. These sensitivity analyses support the
base case findings. In the complete case analysis, the
REGAIN intervention had a non-significant incremental
cost of £173 (95% CI: -282 to 627) and QALYs of 0.032
(95% CI: 0.004 to 0.059). An ICER of £5410 per QALY
indicates that REGAIN is cost-effective. The probability
of REGAIN being cost-effective at a £30,000 per QALY
threshold is 0.941. For the societal perspective, REGAIN
had a non-significant incremental cost of £156 (95% CI:
-949 to 1260) and incremental QALYs of 0.025 (95% CI:
-0.002 to 0.052). While acknowledging that the combina-
tion of health benefits with broader societal costs is prob-
lematic, the ICER reduced to £6242 per QALY reflecting
higher private care costs, personal expenses and pro-
ductivity loses in the usual care group. However, reflect-
ing greater uncertainty, the probability of the REGAIN
intervention being cost-effective at £30,000 per QALY is
0.788. The cost-effectiveness results were re-evaluated
using alternative distribution (gamma distribution) for
costs in the analytic model and using an alternative map-
ping algorithm [20] for the EQ-5D-5 L response rather
than the currently recommended algorithm [21]. Both
findings were similar to the base case.

Accounting for the actual number of exercise and psy-
chological support sessions attended, findings were simi-
lar to the base case findings. The REGAIN group had a
non-significant incremental cost of £319 (95% CI: -103 to



Page 7 of 11

(2024) 24:1326

Nwankwo et al. BMC Health Services Research

000'0£F PUB ‘000°07F ‘0005 LF SPIOYS34Y3 1 SS3UBAIIIBYD-150D JO AN|IRGOId (32d ,37d 3d
0000£7 ‘000077 ‘000513 SP|OYSD1Y) SSOUSANIDYS 150D 18 | %56 YHUM GIN UBSIN NN GAWN 9AN
spoylaw dawesed buisn paALRp sajews |,

suoned||das 000€ buisn buiddessiooq duraweled-uou WOy PIALISP SIJLWIIST 5

SATVO pue s1s0d panduw|
swoldwAs yijeay [eausw Jo 9duasaid pue aied [endsoy Jo [9A3] “1apuab ‘abe Joy pairsnipy ,

(e8¢l (€06
01916-) 0}/€S5)  (#£9 0} Ly/-) (¢S000312000-)  (5/50038550) (L0900} 950) (LvZ 0¥ €0l-) (261 0308¢El) (S6CC 03 S691)
vey €81 85 SIS0 1690 €/50 80L'TL S200 /550 1850 6l€ 9/91 S661  pqe E¥ep dUEdWOD
(S0 (9¢91 vyl 09zl
01098-) 01 056-) 01 1971-) (¢S000120007)  (5£50018£50) (1090 01 7950) 016¥6-) (919 01 790€)  (S8/F 01 ¥0TE) pae oM}
€65 £re 61T 880 6690 9£90 w9 SO0 /550 1850 9651 6€8¢ S66€ ->adsiad [e381205
(021 (z1TL
01002-) 016877 (€560} /79) (650003+000)  (9850038¥S0)  (8L90016/50) (£C90378Z) (0£0Z O3 ¥6EL) (60CC O3 L9SL)
G8L 99% 90¢ Y60 8880 €780 0L¥S 2€00 1950 0090 €/1 LLzL 7881 pe 956D 939|dWOD
(8g€l (0z6
01 85t-) 03905-) (€89 03 8€S-) (¢S00035000-)  (€85°0030€50) (80900} SGG0) (C€£0¥€Cl-) (G561 0390F1) (Z0€C 03 9991)
L9 90¢ 8/ 9€80 ¥L/0 9650 Y6l 9200 9550 7850 S0¢€ 1891 /861 oqe 9582 35eg
mn (1D %S6) (1D %S6) (1D %S6) (1D %S6) (1D %S6) (1D %S6)
%S6) (1D %S6) (1D %S6) (AIV0/3) SATVO A1V0 AIV0 (3) s3s0d> (3) 350> (3) 350>
mmS_Z Nm_>_Z _mS_Z men_ qun_ —wun_ 4301 |eluswiaiduj 9Jed jensn NIVD3Y |ejuswsaiduj aJed jensn NIYO34d

(2Z0Z 'F) SYuoW | 18 2182 [ensn O} paIedliod UOIUSAISIUL NIYDIY JO SHNSI SSOUDAIIDDYS-1SOD)  d|qeL



Nwankwo et al. BMC Health Services Research (2024) 24:1326 Page 8 of 11

Cost-effectiveness Plane and 95% Confidence Region
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Expected Value of Sampled information (EVSI)
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741) and QALYs of 0.025 (95% CI: -0.002 to 0.052). The
ICER slightly increased to £12,708 per QALY and the
probability of REGAIN being cost-effective at £30,000
per QALY remained at 0.815.

The protocol allowed for decision analytic making to
estimate longer term cost-effectiveness if costs and out-
comes do not converge over the analytic time horizon.
As seen in Fig. 1, incremental costs and QALYs were
small and non-significant over the analytic time hori-
zon hence longer extrapolation of cost-effectiveness is
unlikely to change the base case findings or provide new
information.

Discussion
REGAIN was a pragmatic RCT, nationally recruiting
585 adults discharged following hospital admission for
COVID-19. The REGAIN intervention was clinically
effective when compared to usual care with improve-
ments in health-related quality of life driven predomi-
nantly by improvements in fatigue, depression, and pain
interference sub-scales [10]. The findings from the within
trial economic analysis are consistent with the clinical
findings with modest and non-significant overall changes
in cost and quality-of-life. The uncertainty in the incre-
mental costs and QALYs was reflected in the cost-effec-
tiveness plane with the 95% credible region ranging from
REGAIN being dominated to REGAIN being dominant
over usual care. The distribution of the incremental costs
and QALYs suggest that the REGAIN intervention is
likely to be cost-effective at a willingness-to-pay thresh-
old of £30,000/QALY with p=0.836. However, given
the large monetary value of reducing the uncertainty of
the cost-effectiveness findings, further research may be
merited.

Previous studies, albeit very small and often non-
randomised, have shown that rehabilitation-based
interventions may help to reduce disability [28] and

improve outcomes in patients with long COVID [29-
31]. Such interventions can improve health-related
quality of life [32] and physical functioning [33] in
patients with long COVID who were previously hos-
pitalised with COVID-19. Likewise, systematic reviews
of rehabilitation interventions (including observa-
tional and quasi-experimental studies) in patients with
long COVID showed improved outcomes [34, 35].
However, no previous study has considered the cost-
effectiveness of rehabilitation strategies for patients
with long COVID. This is the first study to examine
the cost-effectiveness of physical and mental health
rehabilitation in the management of people with post-
COVID-19 condition after hospitalisation.

The delivery of the REGAIN intervention digitally,
through practitioner-led online sessions can facili-
tate adoption in other settings and ease burden on
health systems given labour shortages [36, 37]. How-
ever, barriers to the access and use of digital technol-
ogy may limit digital application in older individuals
and settings with poor digital infrastructure. While
the World Health Organisation recommends various
rehabilitation strategies to manage the diverse symp-
toms of post-COVID-19 syndrome [38], there is no
definitive rehabilitation-based standard of care for
such patients. In studies comparing rehabilitation-
based interventions in patients with post-COVID syn-
drome, standard of care varied considerably between
studies reflecting variation in clinical practice across
health systems [34]. These differences in standard-of-
care approaches could impact the cost-effectiveness of
the REGAIN intervention. Furthermore, labour costs
of health care practitioners tasked with delivering the
interventions is also expected to vary which could
also impact the cost-effectiveness. Willingness to pay
for additional unit of QALYs varies across health sys-
tems [39] which could impact the decision making in
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different settings given the uncertainties in the cost-
effectiveness results.

The study is strengthened by the large number of par-
ticipants recruited. The pragmatic nature of the study
intervention which was delivered by community and
NHS staff underscores its external validity. Only 11% of
the trial participants were non-white which may limit
its generalisability to minority ethnic groups. Treatment
allocation was not masked to trial participants and prac-
titioners delivering the intervention which may lead to
bias. All participants in the study were previously hospi-
talised with COVID-19 which might limit its generalis-
ability to non-hospitalised patients with post-COVID-19
condition. We did not adjust for compliance to treatment
and baseline costs which might affect the cost-effective-
ness results. Furthermore, the use of questionnaires to
collect information on resources used might be suscep-
tible to recall bias.

The substantial global burden of post-COVID-19
[2, 40] and the large economic consequence of post-
COVID-19 condition [41],underscores the need for deci-
sion-makers globally to encourage the use of physical and
mental rehabilitation to improve quality of life.

Conclusion

Physical and mental health rehabilitation improves qual-
ity of life in patients with long-term post-COVID-19
condition and is likely to be a cost-effective use of NHS
resources. Given the substantial burden of this condi-
tion and the demonstrated clinical effectiveness provid-
ing improvements in post-COVID-19 symptoms such
as fatigue, depression and pain, decision makers should
offer rehabilitation to people with ongoing physical and
mental sequalae following hospitalisation with COVID-
19 infection.
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