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Summary
Background Remote home monitoring of people testing positive for COVID-19 using pulse oximetry was imple-
mented across England during the Winter of 2020/21 to identify falling blood oxygen saturation levels at an early
stage. This was hypothesised to enable earlier hospital admission, reduce the need for intensive care and improve
survival. This study is an evaluation of the clinical effectiveness of the pre-hospital monitoring programme, COVID
oximetry @home (CO@h).

Methods The setting was all Clinical Commissioning Group (CCG) areas in England where there were complete
data on the number of people enrolled onto the programme between 2nd November 2020 and 21st February 2021.
We analysed relationships at a geographical area level between the extent to which people aged 65 or over were
enrolled onto the programme and outcomes over the period between November 2020 to February 2021.

Findings For every 10% increase in coverage of the programme, mortality was reduced by 2% (95% confidence inter-
val:4% reduction to 1% increase), admissions increased by 3% (-1% to 7%), in-hospital mortality fell by 3% (-8% to
3%) and lengths of stay increased by 1¢8% (-1¢2% to 4¢9%). None of these results are statistically significant, although
the confidence interval indicates that any adverse effect on mortality would be small, but a mortality reduction of up
to 4% may have resulted from the programme.

Interpretation There are several possible explanations for our findings. One is that CO@h did not have the hypoth-
esised impact. Another is that the low rates of enrolment and incomplete data in many areas reduced the chances of
detecting any impact that may have existed. Also, CO@h has been implemented in many different ways across the
country and these may have had varying levels of effect.

Funding This is independent research funded by the National Institute for Health Research, Health Services &
Delivery Research programme (RSET Project no. 16/138/17; BRACE Project no. 16/138/31) and NHSEI. NJF is an
NIHR Senior Investigator.

Copyright � 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Research in Context

Evidence before this study

Existing evidence before this study and the search strat-
egy used to obtain this evidence has been published
previously by the authors in a systematic review. We
searched MEDLINE, CINAHL PLUS, EMBASE, TRIP, medR-
xiv and Web of Science for articles and preprints from
January 2020 to February 2021. Papers were selected if
they focussed on the monitoring of confirmed or sus-
pected patients with COVID-19. The search algorithm
used combinations of the following terms: "COVID-1900 ,
"severe acute respiratory syndrome coronavirus", “2019-
nCoV", "SARS-CoV-200 , “Wuhan”, “coronavirus”, “virtual
ward”, “remote monitoring”, “virtual monitoring”,
“home monitoring”, “community monitoring”, “early
monitoring,” “remote patient monitoring”, “pre-hospital
monitoring”, “Covidom”, “My m health”, “GetWell Loop”
“silent hypoxaemia” “pulse oximetry”. Previous quantita-
tive studies have assessed remote oximetry monitoring
services for COVID-19 patients mostly at individual sites
and focussed on their safety. However, their effective-
ness has been little studied. This may reflect the chal-
lenges of identifying reliable counterfactuals during a
rapidly evolving pandemic.

Added value of this study

This study is part of a wider mixed methods evaluation
that followed the rapid implementation of remote mon-
itoring across the English NHS during the Winter of
2020/21. Previous studies have evaluated remote moni-
toring of COVID-19 patients using oximetry at a local
level, some being targeted at people of particularly
high risk. This study adds evidence towards the perfor-
mance of such programmes at a national level.

Implications of all the available evidence

There is some existing evidence that remote monitoring
of COVID-19 patients can be locally effective although
we have not been able to replicate such findings at a
wider level. Missing data and lower coverage of the ser-
vice than expected may have influenced our results,
and the effectiveness of some local programmes could
have been lost amongst the analysis of national data.
Future implementation requires better data collection
strategies which could be focussed within fewer local
areas, and effective learning from areas that have
achieved better population coverage.
Introduction
During the early months of the COVID-19 pandemic,
many patients with COVID-19 were admitted to hospital
having deteriorated several days after they were first
diagnosed. Many of these patients had “silent hypoxia”
(low blood oxygen saturation levels without typical
symptoms or awareness) and, once at hospital, often
required intensive treatment with a high risk of mortal-
ity.1 This motivated health services to try and detect
such cases at an earlier stage by monitoring blood oxy-
gen levels in people diagnosed with COVID-19 at home
using pulse oximetry. This could reassure people who
did not need to go to hospital, whilst more quickly iden-
tifying individuals with dangerously low blood oxygen
saturations (<92%).2,3

In the English National Health Service (NHS),
remote home monitoring using pulse oximetry started
to be implemented within some areas during the first
wave of the pandemic in the UK.4 This was followed by
a national implementation during the Winter of 2020/
21.5 The service was known as COVID Oximetry
@home (CO@h) and by the end of January 2021 it was
operating in all clinical commissioning areas of Eng-
land.

The way different areas organised and operated the
service varied. People testing positive for COVID-19
would be sent a pulse oximeter for use at home and
readings would be sent to local healthcare staff. The pro-
cess of reporting readings was sometimes facilitated by
smartphone technology or reported via telephone,
depending on the location and the preferences of the
patient.4 Some sites started by only enrolling individu-
als aged 65 or over, or who were deemed extremely clini-
cally vulnerable. Others extended enrolment to a wider
age group, and often these criteria changed over time.6

One aim of CO@h was to reduce mortality through
earlier identification of deterioration. Furthermore, it
was hypothesised that if fewer COVID-19 patients were
admitted to hospital with advanced disease, and criti-
cally low oxygen levels, there may be a reduction in the
use of critical care facilities, fewer deaths within hospital
and shorter lengths of stay. The anticipated impact on
numbers of hospital admissions was less certain since
the aim of the programme was not to reduce admis-
sions, but to make sure people who needed to be in hos-
pital were admitted sooner. However, any consequence
on the number and mix of patients admitted for
COVID-19 would be useful to understand as remote
monitoring may have different impacts on different
types of individual.

Earlier studies of the use of oximetry for remote
monitoring within England during the country’s first
wave focussed on aspects of safety and implementation,
but were unable to establish reliable comparators for
measuring impact.7,8

Faced with this lack of evidence as to the likely effec-
tiveness of CO@h, the two rapid evaluation teams
commissioned by the National Institute for Health
Research (NIHR) were requested by NHS England and
NHS Improvement to undertake a mixed methods
study of the service.9 This study included evaluations of
clinical effectiveness, costs, the processes of implemen-
tation and patient and staff experiences, and was one of
www.thelancet.com Vol 45 Month March, 2022
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three evaluations simultaneously requested by NHS
England/Improvement.9−11

This paper presents findings from the clinical effec-
tiveness workstream of the study addressing the specific
research questions:

1. What is the impact of CO@h on mortality?

2. What is the impact of CO@h on the incidence of
hospital admission for COVID-19 or suspected
COVID-19 and on the characteristics of those admit-
ted?

3. For these admissions, what is the impact on in-hos-
pital mortality and length of stay?

Our quantitative approach used combinations of
unlinked, aggregated population-level data and hospital
administrative data. In doing so we were able to under-
take a rapid analysis that not only complemented the
other evaluations but provided valuable insight in the
future evaluation of similar programmes implemented
at scale.
Methods

Study design
The study of overall mortality and admissions was
designed as an area-level analysis combining aggregated
data from different sources. Considering these data as
time series, we investigated “dose-response” relation-
ships12 between the evolving coverage of the pro-
gramme within each area and outcome. We analysed
four outcomes: mortality from COVID-19, hospital
admissions for people with confirmed or suspected
COVID-19, in-hospital mortality for these admissions
and their lengths of stay. For the in-hospital outcomes,
we used an observational design relating in-hospital
mortality and lengths of stay at an individual patient
level to the degree of coverage of the CO@h programme
within the area at the time of admission.
Setting and participants
The setting was all Clinical Commissioning Group
(CCG) areas in England where there was complete data
on the number of people enrolled onto the programme
(onboarded) between 2nd November 2020 and 21st Feb-
ruary 2021. (CCGs are NHS organisations that organise
the delivery of primary care services within a specific
geographic area. At the time of the study there were 135
in England.) The study populations included anyone
with a laboratory-confirmed positive test for COVID-19
and any hospital admission for COVID-19 or suspected
COVID-19. We also limited the analysis to people aged
65 or over, as this population was eligible for CO@h
across all CCGs and both coverage and frequency of out-
comes within this group were higher. Implementation
www.thelancet.com Vol 45 Month March, 2022
amongst younger age groups across the country was
much more variable.
Data and variables
For our analysis we used data from several sources
(see supplementary material, Table S1). Data on
numbers of new cases of COVID-19 and deaths were
acquired from Public Health England (now the UK
Health Security Agency). New cases were laboratory-
confirmed and deaths were those either within
60 days of the first positive test or where COVID-19
was mentioned on the death certificate.13 If someone
had more than one positive test within the previous
seven days, then only one was counted.14 These data
were aggregated by week, age band and CCG. The
selected age bands were 65 to 79 and 80 plus. Num-
bers of people onboarded to CO@h were sourced
from a bespoke national data collection for the pro-
gramme and aggregated by the team at Imperial Col-
lege London undertaking one of the other two
simultaneous evaluations. Due to small numbers,
aggregation was performed by fortnight, rather than
week, and by the same age bands and by CCG. To
comply with data protection rules, these data were
also rounded to the nearest five individuals, or, for
smaller values, labelled as between one and seven.

Data on hospital admissions and outcomes were
obtained from Hospital Episode Statistics (HES).
Although most of the non-hospital data was available
weekly, we aggregated to fortnightly data in order to
match the aggregation of the onboarding data. We
restricted our statistical analysis to the period between 2
November 2020 and 21 February 2021 when numbers
of cases and outcomes were at their peak. Also, outside
that period there were too many low numbers at our
chosen level of granularity.

Coverage of CO@h was measured as numbers
enrolled onto the programme within each CCG every
fortnight divided by the number of new cases detected
in that fortnight. To be able to calculate this by CCG, we
required the onboarding data within a CCG to be com-
plete. CCGs providing complete onboarding data were
identified by NHS Digital. As part of the wider mixed
methods study, the team selected 28 study sites for sur-
veys, interviews and to obtain data on costs, most of
which were CCGs that provided complete data. For the
costing part, sites were independently asked how many
people they had onboarded, and we used this informa-
tion to validate the reports of completeness from the
national programme and to include additional CCGs
where the numbers onboarded were broadly similar or
greater. Further information about this process is
included in Section 2 of the supplementary material.
Where numbers onboarded were between one and
seven, we assigned a value of four, being the mid-point
within the range.
3
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We estimated coverage in two ways. One was to cal-
culate it for each CCG regardless of whether a service
was operating at the time, and this was used in our anal-
ysis. However, to understand what coverage was achiev-
able once a service was implemented, we also estimated
coverage within individual CCGs over periods when we
knew a service was operating there. For this we only
included fortnights over which a service was operating
within the CCG for the entirety.

The proportion of hospital beds occupied by COVID-
19 patients was used as a measure of local system pres-
sures and sourced from publicly available routine data.15

By the end of February 2021, most hospital trusts were
operating step-down virtual wards whereby COVID-19
patients could be discharged early with a pulse oximeter
and monitored at home in a similar way to the CO@h
service.16 Due to the potential influence of these virtual
wards on hospital outcomes their existence was incorpo-
rated as a confounding variable in our analyses of length
of stay and in-hospital mortality.
Comparisons between included and excluded CCGs
We compared population characteristics and COVID-19
incidence rates between the CCGs we included, because
their data was believed to be complete, and the remain-
ing CCGs to test how representative the included CCGs
were. The mean values and proportions associated with
each CCG were treated as the separate observations.
Normality was assessed by viewing Q-Q plots of the vari-
ables and comparisons were carried out using Student t-
test, or Mann-Whitney U-tests where data were skewed.
We also investigated their geographical spread.
Analysis of mortality
Because we only had aggregate data for deaths, new
COVID cases and people onboarded to CO@H, our
approach was to calculate coverage rates for CO@H
over time and then investigate relationships between
levels of coverage and mortality by age band within each
CCG. To do this we adopted a two-stage approach. The
first stage was to estimate denominators representing
exposure, the second was to use these as offset variables
in negative binomial regression models, relating mortal-
ity to coverage of the CO@H programme by age group.
We included a further variable for the month to allow
for changes in relationships as the second wave pro-
gressed. To account for CCG-level effects we used gen-
eral estimating equation (GEE) approaches with an
exchangeable correlation structure.17 This approach
accommodates the fact that mortality within a single
CCG is likely to be correlated and GEEs ensure that cor-
relation is accounted for by adjusting parameter esti-
mates and standard errors.

The need to estimate denominators arose because we
were not able to directly link the new cases and
mortality data. When a death occurs, the median time
between a new case arising and death is about two
weeks, although some may have been diagnosed only in
the previous week, and some three weeks or more
before. We therefore developed a preliminary set of
regression models relating mortality to new cases, with
new cases lagged at different times, in order to establish
the contributions of the lagged variables. These then
determined weights which we used to aggregate new
cases into a denominator. Assuming that there was no
lag between diagnosis and exposure to the programme,
we applied the same weights to the onboarding data to
establish a weighted coverage variable appropriate to
the mortality observed at each time. A more detailed
description of this approach is provided in Section 3 of
the supplementary material.

Other options for lagging the time between diagno-
sis, onboarding and mortality were tested in sensitivity
analysis and reported in the supplementary material.
Analysis of hospital admissions
Hospital admissions over the study period were
extracted from Hospital Episode Statistics (HES). We
considered any admission where COVID-19 or sus-
pected COVID-19 appeared as a diagnosis in the first
episode of care, whether as a primary or secondary diag-
nosis (ICD-10 codes U07.1 and U07.2). If a patient was
readmitted with one of these diagnoses within a 28-day
period, we only considered the first admission. To
match the onboarding data, numbers were aggregated
by age band and fortnight.

We undertook a similar procedure for hospital
admissions as for mortality, although with different
weights, since the time between diagnosis and admis-
sion tended to be shorter.

Again, for our sensitivity analysis, we tested different
options for lagging the time between diagnosis,
onboarding and outcomes. We also tested the option of
only including admissions where COVID-19 or sus-
pected COVID-19 was the primary diagnosis.

Separate models were developed to evaluate any
impact of CO@h on the characteristics of patients
admitted in terms of age, sex, deprivation, Charlson
Score (a measure of the severity of co-morbidities) and
ethnicity. Our dependant variables for these characteris-
tics were mean age of admissions by CCG, numbers of
female admissions, numbers living in the most
deprived quintile, defined by the Index of Multiple Dep-
rivation (IMD), numbers with Charlson scores greater
than five and numbers reported with non-white ethnic-
ity. For age, we performed ordinary linear regression
relating the mean age to coverage and month account-
ing for CCG-level effects using GEE approaches, as
before. For the other characteristics we use Poisson
regression to relate each dependant variable to coverage,
age band and month and accounting for CCG-level
www.thelancet.com Vol 45 Month March, 2022
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effects in a similar way. For the Poisson regression
models the natural logarithm of the number of admis-
sions was used as an offset variable.
Analysis of in-hospital outcomes
To analyse outcomes for COVID-19 patients admitted to
hospital, we used individual-level Hospital Episode Statis-
tics (HES). To measure in-hospital mortality we included
any death that was reported within the same hospital spell.
To investigate the impact on in-hospital mortality, we cre-
ated logistic regression models relating mortality to the
weighted coverage for the relevant CCG with individual
patient characteristics as confounders. Values for the
weighted coverage corresponded to those calculated for
hospital admissions. Again, we used general estimating
equation (GEE) approaches to account for CCG-level
effects. Length of stay was defined as the number of days
between admission and discharge from the same hospital
or death within that hospital. We used negative binomial
regression models18 to analyse the impact on lengths of
stay of the weighted coverage for the relevant CCG, again
with individual patient characteristics as confounders.
Stays longer than 60 days were trimmed to 60 days to mit-
igate the influence of very long stays. Because we used neg-
ative binomial models, ratios in outcomes led to our
deriving the impact on length of stay as a percentage
change rather than a number of days.
Using rounded data
To accommodate the uncertainty caused by the round-
ing of the onboarding data, we ran all our statistical
models multiple times, each time randomly sampling
onboarded numbers from the range of feasible values
(treating the distributions as uniform). Based on the
similarity of results with each simulation, we deemed it
sufficient to perform 1000 runs for each model. The
simulation results were then pooled to obtain overall
effect sizes. All statistical analyses were performed
using SAS version 9.4.19
Patient and public involvement
Members of the study team met to discuss the study
with service users and public members of the NIHR
BRACE Health and Care Panel and patient representa-
tives from NIHR RSET. Although mostly used for the
qualitative evaluations in the wider study, meetings
were held during the data analysis phase to share learn-
ing and cross-check our interpretations of findings.
Data governance and ethics
The receipt of aggregated data from Public Health Eng-
land was governed by a data sharing agreement. Receipt
of aggregated onboarding data from Imperial College
was governed by their separate data sharing agreement
www.thelancet.com Vol 45 Month March, 2022
with NHS Digital. The access and use of HES was gov-
erned by an existing data sharing agreement with NHS
Digital covering NIHR RSET analysis (DARS-NIC-
194,629-S4F9X). Since we were using combinations of
aggregated data and datasets for which we already had
approval to use, no ethics committee approval was
needed for this analysis. No patient consent was
required for this study.
Role of the funding source
The funders had no role in study design, data collection,
analysis and interpretation and the decision to publish
the manuscript. The views and opinions expressed
therein are those of the authors and do not necessarily
reflect those of the NIHR, NHSE&I, NHS Digital or the
Department of Health and Social Care. CSJ and TG had
access to individual HES records and the raw data on
new cases and deaths under the terms of the data shar-
ing agreements with NHS Digital and Public Health
England, respectively. All authors had access to aggre-
gated data from these sources as well as all other data
used in the study. All authors decided to submit the
manuscript for publication.
Results

Data completeness and coverage
Over the period of analysis, we judged that onboarding
data was complete for 37 CCGs (27% of the total num-
ber of 135 CCGs across England).

The included CCGs had no notable differences in
mean age, proportions of non-White population or pro-
portions resident in most deprived areas when com-
pared to the remaining 98 that were not included;
although included CCGs had a lower incidence of posi-
tive test results (Table 1). There were also regional differ-
ences: no CCGs from the East NHS Region were
included, and only one from the North East and York-
shire (Figure 1). The South West, North West and Mid-
lands were the best represented regions.

Fortnightly coverage of CO@h amongst people aged
65 or over within the 37 CCGs is shown in Figure 2.
Rates were particularly low earlier in the period because
many sites had not commenced implementation. The
numbers of CCGs where there were sites onboarding
patients within each fortnight is shown along the hori-
zontal axis. Sites within nine (24%) CCGs were operat-
ing services in the first fortnight, which had risen to 33
(89%) within the fortnight beginning 28 December.
Services were operating within all CCGs during the fort-
night beginning 11 January 2021. The median coverage
only exceeded 10% in the final fortnight, although,
from the end of November, the maximum was consis-
tently above 30%, with one or two CCGs each fortnight
achieving much higher rates than the rest. The overall
5



Included CCGs (n = 37) Excluded CCGs (n = 98)

Mean (Standard error) Mean (Standard error) P-value for difference
between groups*

Mean proportion aged 65 or more 18.1% (0.7%) 17.9% (0.5%) 0.77

Mean proportion aged 80 or more 4.8% (0.2%) 4.8% (0.1%) 0.91

Mean proportion in non-white ethnic groups 17.3% (2.7%) 17.7% (1.8%) 0.97

Mean CCG-level Index of Multiple Deprivation 22.7 (1.3) 22.6 (0.8) 0.96

Incidence of laboratory-confirmed

COVID-19 per 1000 people

All ages 41.9 (1.7) 46.8 (1.4) 0.03

Age 65 or over 30.4 (1.3) 35.0 (1.2) 0.01

Table 1: Characteristics of the populations resident within the CCGs included in the analysis compared with those that were excluded.
(Samples are the proportions and rates observed within each CCG).
* Two-sample T-tests. Mann-Whitney test for ethnic groupingsData sources:Ethnicity − NHS digital: https://digital.nhs.uk/data-and-information/publica

tions/statistical/mi-ethnic-category-coverage/current.

Deprivation −Ministry of Housing, Communities and Local Government: https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019.

Ages − NHS Digital: https://digital.nhs.uk/data-and-information/publications/statistical/patients-registered-at-a-gp-practice/november-2020.

Incidence of COVID-19 − Public Health England (now UK Health Security Agency).

Figure 1. Number of Clinical Commissioning Groups (CCGs) within each NHS region with complete and incomplete data between 2
November 2020 and 21 February 2021 (% complete shown in each bar).
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coverage over the period across all 37 CCGs was 5.9%. If
we exclude fortnights during which services were either
not operating or operating for only part of the fortnight,
the overall coverage was 8.7% with only one CCG aver-
aging a rate of more than 30%.
Summary data and outcomes
Summary data and outcomes for the period from 2
November 2020 to 21 February 2021 for the 37 CCGs by
age band are shown in Table 2. Although there were many
more positive tests recorded amongst the under 650s, there
were approximately half as many deaths and equivalent
numbers of hospital admissions. Coverage after imple-
mentation was low across both age groups and highest
amongst those aged 65 to 79. Time series plots of numbers
of new diagnoses, numbers onboarded and outcomes are
shown in Section 4 of the supplementary material (Figs.
S2−S4). Correlations between repeated measures are also
shown in the supplementary material (Table S3).
www.thelancet.com Vol 45 Month March, 2022
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Figure 2. Variation in coverage of Covid Oximetry @home (CO@h) by fortnight amongst people aged 65 or over with laboratory-
confirmed COVID-19 across the 37 Clinical Commissioning Groups (CCGs) included in the analysis.

Age band Both age groups

65 to 79 80+

Positive tests and onboarding over the whole period

Number of new positive diagnoses 41,437 27,944 69,381

Number onboarded to CO@h* 2734 1382 4116

Coverage 6.60% 4.95% 5.93%

Positive tests and onboarding since implementation**

Number of new positive diagnoses 26,507 18,636 45,143

Number onboarded to CO@h* 2610 1320 3930

Coverage 9.85% 7.08% 8.71%

Mortality

Number of deaths 4269 8699 12,968

% of new diagnoses over the period*** 10.30% 31.13% 18.69%

Hospital admissions

Number of hospital admissions 12,351 12,128 24,479

% of new diagnoses over the period*** 29.81% 43.40% 35.28%

Number of hospital admissions (excluding readmissions within 28 days) 10,895 10,683 21,578

% of new diagnoses over the period*** 26.29% 38.23% 31.10%

Within hospital outcomes

Number of in-hospital deaths 2748 3948 6696

In-hospital deaths per admission 22.25% 32.55% 27.35%

Median length of stay in days (IQR) 8 (3 to 15) 9 (4 to 17) 8 (4 to 16)

Number staying 2 weeks or more 3489 4134 7623

Proportion staying 2 weeks or more 28.25% 34.09% 31.14%

Table 2: Outcomes across the 37 CCGs included in the analysis between 2nd November 2020 and 21 February 2021.
* Onboarded numbers aggregated from fortnightly counts at CCG level rounded to the nearest 5 or given the value 4 if between 1 and 7.

** Only includes fortnights for which a service was implemented within the CCG over the whole period.

*** Ignoring lags between new diagnoses and deaths/admission.

Articles
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Explanatory variable Value Number of patients %

Ethnicity White 19,811 88.99%

Non-white 2450 11.01%

Charlson Index 5 or less 19,442 79.42%

Greater than 5 5037 29.58%

Sex Male 12,807 52.32%

Female 11,672 47.68%

Deprivation Most deprived quintile 5295 21.75%

Excluding most deprived quintile 19,053 78.25%

Age 65 to 79 12,351 50.46%

80+ 12,128 49.54%

Virtual ward active on admission Yes 9537 41.29%

No 13,562 58.71%

COVID bed occupancy on admission < 15% 5932 24.23%

15 - 22% 6131 25.05%

23 - 29% 5944 24.28%

> 29% 6472 26.44%

Weighted coverage* < 5% 15,914 65.01%

5 - 10% 4182 17.08%

> 10% 4383 17.91%

Table 3: Characteristics of patients admitted with confirmed or suspected COVID-19 over the study period within the 37 included CCGs
and values of other explanatory variables on admission.
* Estimated coverage at the time the patient was enroled to the CO@h programme.
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The characteristics of the admitted patients are
shown in Table 3. There were roughly equal numbers of
these patients in each age band and about half the
patients were admitted to hospitals where more than
23% of occupied beds had COVID patients. Coverage of
the CO@h programme was estimated as less than 5%
in areas where 65% of the admitted patients were resi-
dent.
Mortality and hospital admissions
Results from our models for mortality and hospital
admission are shown in Table 4. For every 10% increase
in coverage, mortality fell by 2% (relative risk = 0.98,
95% confidence interval: 0.96 to 1.01) and admissions
Variable Relative r
(95% con

Coverage Every 10% increase in coverage 0.98

Age 80+ v 65 to 79 3.06

Month Dec 2020 v Nov 2020 1.25

Jan 2021 v Nov 2020 1.24

Feb 2021 v Nov 2020 1.40

Table 4: Results of the multivariate analysis for mortality and hospital a
increased by 3% (relative risk = 1.03, 95% confidence
interval: 0.99 to 1.07), but neither result is statistically
significant. There is, however, a significantly higher risk
of mortality and admission amongst the older age group
(p < 0.001) and higher risk of mortality in the months
following November 2020 (p < 0.001 for each month in
comparison to November). Graphical presentations of
these results are shown in Section 5 of the supplemen-
tary file (Figs. S5−S8).

We also found no significant evidence of a relation-
ship between the coverage of CO@h and the ethnicity,
sex, deprivation or health status of patients admitted to
hospital with COVID-19 or suspected COVID-19
(Table 5). The impact on age is of borderline statistical
significance: for each 10% increase in coverage admitted
isk of death
fidence interval)

Relative risk of hospital admission
(95% confidence interval)

(0.96, 1.01) 1.03 (0.99, 1.07)

(2.94, 3.17) 1.55 (1.48, 1.63)

(1.17, 1.34) 1.06 (1.01, 1.11)

(1.14, 1.34) 1.03 (0.97, 1.11)

(1.27, 1.55) 0.97 (0.88, 1.07)

dmission: relative risks associated with each factor in the model.
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Characteristic % change with each 10% increase in coverage (95% confidence interval)

Proportion non-white ethnicity 0.43% (�8.99%, 10.82%)

Proportion female 0.07% (�1.93%, 2.11%)

Proportion resident in most deprived areas (by quintile) 0.30% (�7.19%, 8.41%)

Proportion with Charlson scores > 5 �2.75% (�6.37%, 1.00%)

Change in mean age with each 10% increase in coverage (95% confidence interval)

Mean age �3.9 months (�7.9, 0.2)

Table 5: Impact of increases in coverage of oximetry on the characteristics of people admitted to hospital with COVID-19 or suspected
COVID-19.

Articles
patients are on average 4 months younger (95% confi-
dence interval: �7.9 months to 0.2 months, p = 0.07).
In-hospital outcomes
The results of our analysis of in-hospital outcomes are
shown in Table 6. For every 10% increase in coverage,
in-hospital mortality fell by 3% (relative risk = 0.97,
95% confidence interval: 0.92 to 1.03) and length of
stay increased by 1.8% (95% confidence interval: �1.2%
to 4.9%). For patients staying the median length of
8 days, this equates to an extra 0.14 days, on average.
Again, neither result is statistically significant. Non-
White ethnicity and existing COVID bed occupancy on
admission were both associated with shorter lengths of
stay. Again, graphical presentations of these results are
shown in the supplementary file.
Variable O
in
(9

Coverage Every 10% increase in coverage

Age 80+ v 65 to 79

Month Dec 2020 v Nov 2020

Jan 2021 v Nov 2020

Feb 2021 v Nov 2020

Sex Female

Charlson score Greater than 5

Ethnicity Non-white ethnicity

Deprivation Lowest IMD quintile

Has a virtual ward

COVID bed occupancy in

the trust on admission

Every 10% increase in occupancy

Table 6: Results of the multivariate analysis for in-hospital mortality an
proportionate change in length of stay.
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Sensitivity analysis
Results from our sensitivity analyses are shown in Sec-
tion 6 of the supplementary material (Tables S4−S6).
None of the changes we made in our assumptions
affected our findings with respect to the association
between coverage of remote oximetry and outcomes.
Discussion
In this study we have found no evidence of a significant
association between the coverage of pulse oximetry, as
implemented by the CO@h programme, and COVID-
associated mortality or COVID-associated admission to
hospital. However, our results indicate that any adverse
effect on mortality would be small, and a mortality
reduction of up to 4% may have resulted from the pro-
gramme. For such hospital admissions, we found no
dds ratio associated with
-hospital mortality
5% confidence interval)

Relative change in length of
stay (95% confidence interval)

0.97 (0.92, 1.03) 1.8% (�1.2%, 4.9%)

1.73 (1.63, 1.84) 6.5% (3.1%, 9.7%)

1.27 (1.14, 1.42) �4.2% (�9.5%, 1.5%)

1.12 (1.00, 1.26) �11.5% (�14.9%, �8.1%)

0.88 (0.76, 1.03) �19.7% (�27.4%, �11.1%)

0.71 (0.66, 0.76) 2.5% (0.0%, 5.0%)

2.14 (1.96, 2.33) 1.1% (�2.2%, 4.6%)

1.24 (1.07, 1.42) �12.0% (�16.2%, �7.6%)

0.98 (0.89, 1.07) 0.0% (�3.0%, 3.1%)

0.96 (0.88, 1.04) 1.0% (�6.5%, 9.1%)

1.04 (0.97, 1.11) �5.2% (�7.6%, �2.7%)

d length of stay. Effects of each factor on the odds of mortality and

9



Articles

10
evidence of a significant relationship to in-hospital mor-
tality or length of stay. Also, for COVID-associated
admissions, there appears to have been no associated
change in the patient characteristics we have tested.

There are several possible explanations for these
results, and it would be premature to conclude that the
COVID oximetry @home programme has had no
impact. Firstly, limitations in data completeness meant
that we were only able to analyse onboarding data for
one quarter of CCGs across England. This, combined
with lower than expected coverage within these CCGs,
meant that our ability to detect any possible impact was
smaller than anticipated. This also meant that some
areas of the country were under-represented. Secondly,
individual level associations may not have been seen at
the aggregate level. Thirdly, qualitative findings from
our wider study revealed that COVID oximetry @home
was implemented in a variety of ways by different serv-
ices within CCGs, some of which may have had more
impact on outcomes than others.6 The possible impact
of the intervention on hospital admissions was always
uncertain, since the aim of the programme was to
ensure people who needed hospital treatment were
admitted at the right time. Also, once in hospital, the
determinants of length of stay are complex and multi-
factorial, and may have varied during the time course of
the second wave of COVID-19 infection in England.

The anticipated value of our approach with aggre-
gated data was that it would complement the other two
simultaneous quantitative evaluations of CO@h,10,11

could be carried out more rapidly and, if COVID-19 con-
tinues to stretch national health services, it could be
more readily repeated as new data become available,
provided the right information is routinely collected at
source.

We were able to handle small number suppression
and the rounding of aggregate data by multiple random
sampling throughout the range of possible values and it
was encouraging to discover that this uncertainly did
not have a large impact on results.

Using aggregated data has some limitations because
it does not enable us to trace direct links between the
onboarding of an individual and their outcomes. There
may also be an ecological fallacy, where individual-level
effects are not observable in the aggregated data.20

However, obtaining linked individual-level data is a
complex and potentially long process that may not
always be feasible when there is a need to provide rapid
feedback to a developing programme and where resour-
ces are stretched. Unfortunately, however, our ability to
provide rapid feedback was compromised by delays in
obtaining onboarding data which proved an understand-
able challenge for local services in the midst of a pan-
demic.

This has been part of a larger mixed methods study
that has added insight into some of our findings and
provided locally collected bespoke data against we could
verify information we received centrally about coverage
and data completeness. However, these checks could
only be made against the 28 study sites and we were not
able to verify the data from the other CCGs in the same
way. Findings from surveys and interviews have helped
interpret what we have found and, conversely, our data
analyses have helped provide a context against which to
understand the relative importance of the qualitative
findings.6,21

The qualitative study has also shed light on the dif-
ferent ways that the services had been implemented.6

However, with just 12 of the 28 study sites being
amongst the 37 included in our analysis, in combination
with low coverage, it has not been possible to undertake
a quantitative study of the relative performance of the
different types of implementation.

We anticipated that finding a suitable comparator
group during the national implementation of a pro-
gramme was likely to be problematic, and we therefore
avoided this problem by treating the relationship
between coverage and outcome as a dose-response.
However, the power to detect any impact in such an
analysis depends on the level of coverage which, in prac-
tice, was lower than we hoped.

During the period of our analysis the vaccination
programme was starting, and by the end of our study
period 88% of people aged 65 or over had at least one
dose.22 Although this study investigates outcomes of
people after being diagnosed with COVID-19, there is
evidence that vaccination changes the subsequent risks
of mortality and hospital admission23 which could have
had a confounding effect on our analysis.

In the context of fortnightly data, we assumed a min-
imal lag between the diagnosis of COVID-19 and
onboarding to CO@h. However, there was evidence
from sites that they sometimes encountered delays in
identifying positive cases,6 although the overall impact
on this assumption is uncertain.

Prior to this study, very little was known about the
quantitative impact of the use of pulse oximeters for
remote home monitoring of people diagnosed with
COVID-19. One of the other evaluations of the CO@h
programme in England (not yet peer-reviewed) also
found no significant impact on mortality or health ser-
vice utilisation.10 However, the study did find reduc-
tions in mortality and increases in hospital attendance
(yet with lower use of critical care) amongst people
enroled onto the programme after attending the Emer-
gency Department (ED).24 A study of 4384 high risk
patients receiving home monitoring of vital signs,
including pulse oximetry, in one region of Galicia,
Spain, found lower admissions, lengths of hospital stays
and in-hospital mortality when compared with other
local regions.25 A retrospective cohort study from South
Africa evaluated the use of pulse oximetry for people
diagnosed with COVID-19 to read their own blood oxy-
gen levels without remote monitoring by local health
www.thelancet.com Vol 45 Month March, 2022
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services. As with the Spanish study, the implementation
was limited to people deemed to be of high clinical risk.26

They found a significant improvement in mortality but no
impact on admissions to hospital: the reduction in mortal-
ity being explained by earlier admission. A recent study of
CO@h carried out at one site demonstrated reductions in
30-day mortality and lengths of stay amongst people
admitted to hospital.27 This, however, is currently a pre-
print prior to peer review and lacks some details about the
comparability of the control group. In another study
implemented in the UK during the first wave, patients
with suspected COVID-19 attending ED were discharged
home with an oximeter. They observed a reattendance rate
of 4.7% compared to 22.7% amongst a retrospective con-
trol group.28 However, this was a younger cohort (median
age 41 years) and the absolute numbers of reattendance
were small (nine in all). Other studies have reported on
the safety of similar programmes, but have lacked compa-
rators.8,29−32

At the start of this study we anticipated the services
would have higher coverage and complete data would
be available from more CCGs. Although the use of
aggregated population-level data can enable more rapid
evaluation of a new service, these two elements had an
influence on the power of the analysis to detect an
impact. The resulting shortfall in expected data reflects
the challenges of trying to centrally manage a bespoke
data collection while services are already stretched.
However, sufficient quantities of data are vital to deter-
mining whether a service is effective, so it is important
to understand how this can be improved, for example,
by concentrating data collection in a few sites and using
routinely collected data wherever possible.

Furthermore, low coverage raises questions about
capacity of both staff and resources in the midst of high
infection rates and how it is possible to secure the best
value from such a service under the circumstances. The
fact that at least one CCG managed to achieve reason-
ably good coverage indicates the possibility for learning
from others.

This study provides an evaluation of the national
implementation of remote home monitoring of pulse
oximetry for people diagnosed with COVID-19 across
the English NHS. Although we detected no significant
impact on outcomes, there are potential explanations
for this finding that are unrelated to the effectiveness of
the programme. Taking due account of populations that
may respond less well to oximetry, there is no evidence
that future implementation of similar programmes
would be unsafe. However, the challenges of providing
sufficient data so that effectiveness can be adequately
measured need to be overcome.
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