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ABSTRACT

Objectives: Data on population healthcare utilisation (HCU) across both primary and secondary care
during the COVID-19 pandemic are lacking. We describe primary and secondary HCU stratified by
long-term conditions (LTCs) and deprivation, during the first 19 months of COVID-19 pandemic
across a large urban area in the United Kingdom.

Design: A retrospective, observational study.

Setting: All primary and secondary care that contributed to the Greater Manchester Care Record
throughout 30"-December-2019 to 15--August-2021.

Participants: 3,225,169 patients were registered with or attended an NHS primary or secondary
service in Greater Manchester.

Primary outcomes: Primary care HCU (incident prescribing and recording of healthcare information)
and secondary care HCU (planned and unplanned admissions) were assessed.

Results: The first national lockdown was associated with reductions in all primary HCU measures,
ranging from 24.7% (24.0% to 25.5%) for incident prescribing to 84.9% (84.2% to 85.5%) for
cholesterol monitoring. Secondary HCU also dropped significantly for planned (47% (42.9% to
51.5%)) and unplanned admissions (35.0% (28.3% to 41.6%)). Only secondary care had significant
reductions in HCU during the second national lockdown. Primary HCU measures had not recovered
to pre-pandemic levels by the end of the study. The secondary admission rate ratio between multi-
morbid patients and those without LTCs increased during the first lockdown by a factor of 2.4 (2.0 to
2.9;p<0.001) for planned admissions and 1.3 (1.1 to 1.5;p=0.006) for unplanned admissions. No
significant changes in this ratio were observed in primary HCU.

Conclusion: Major changes in primary and secondary HCU have been observed during the COVID-19
pandemic. Secondary HCU reduced more in those without LTCs and the ratio of utilisation between
the most and least deprived increased for the majority of HCU measures. Overall primary HCU
measures and secondary care HCU for some LTC groups had not returned to pre-pandemic levels by
the end of the study.

STRENGTHS AND LIMITATIONS OF THIS STUDY
Strengths
e This study includes data on over 3 million individuals, representing all patients registered with a
general practitioner across an entire geographical area
e Health care utilisation from both primary and secondary care across the spectrum of long term
conditions during the COVID-19 pandemic was analysed
e The effects of social deprivation and its interaction with morbidity on healthcare utilisation during
the pandemic were estimated

Limitations
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e Historical data prior to the start of the COVID-19 pandemic were not available limiting the trend
analyses that could be performed
e Data from secondary care providers was limited to only a subset of the population

INTRODUCTION

On the 30th of January 2020, the World Health Organization (WHO) declared a public health
emergency of international concern with governments urged to prepare for global spread of COVID-
19.1 With case numbers increasing and the virus spreading globally, COVID-19 was characterised as a
pandemic six weeks later and rapidly developed into a global public health emergency. As of the 17t
of December 2021 approximately 273 million cases and 5.3 million COVID-19 associated deaths have
been reported globally.2Governments across the world enacted a range of measures aimed at
controlling the spread of the virus,? and increasing healthcare capacity.*® Despite these measures
healthcare systems have been overwhelmed and diversion of healthcare resources to address
increased demand specific to COVID-19 has been required.®” The impact of this diversion of
resources on the care of patients with non COVID-19 ilinesses has been exacerbated by reduced staff
availability due to COVID-19 infection amongst healthcare workers.?

Numerous studies have been undertaken to assess the impact of the pandemic on healthcare
provision in a variety of settings. An analysis of UK general practitioner (GP) data demonstrated that
diagnoses of common physical and mental health conditions decreased substantially early in the
pandemic.’? The number of urgent GP referrals for cancer fell by 60% in April 2020 compared to the
same month in 2019.1° Hospital administrative data has demonstrated a decline in patients
presenting with acute coronary syndrome from mid-February 2020 onwards, ! and a separate
analysis demonstrated a 43% reduction in patients undergoing percutaneous coronary interventions
for ST-elevation myocardial infarctions compared to previous years.*> Modelling studies have
suggested that approximately 28,000,000 elective surgical procedures were cancelled over a 12-
week period of peak disruption caused by the pandemic.!3

Most studies to date investigating the impact of the pandemic on healthcare utilisation (HCU) have
assessed specific patient groups, largely focussed on secondary care.'* Changes to HCU during the
COVID-19 pandemic for both primary and secondary care stratified across the range of long-term
medical conditions (LTCs) and different levels of social deprivation have not previously been
described. The Greater Manchester Care Record (GMCR) includes electronic health records from all
primary and secondary care National Health Service (NHS) providers in the metropolitan county of
Greater Manchester (GM). GM has been significantly affected by COVID-19,*> and the GMCR
provides a unique opportunity to study the impact of the pandemic on primary and secondary HCU
in patients with LTCs across this defined urban area.

METHODS

Design and Data Source

This was a retrospective, observational, service evaluation using routinely collected data. The data
analysed were from two sources: 1) HCU data from the GMCR which is an integrated patient record
containing data from primary and secondary NHS services across Greater Manchester (GM) and 2)
contextual Government COVID-19 data !¢ regarding the number of new COVID-19 cases and COVID-
19 related hospital admissions.

Greater Manchester Care Record
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The GMCR is populated with data from primary care (General Practitioners), secondary care (acute
and community hospitals), mental health trusts and social care across an entire geographical region.
A total of nine secondary care organisations (including 12 hospitals), 3 mental health trusts and 10
clinical commissioning groups (CCGs) contribute data. The primary purpose of the GMCR is for direct
patient care as it provides clinicians with information from other health care providers relevant to
their patient encounters that would ordinarily be inaccessible. However, it has also been made
available in de-identified format for research relating to COVID-19.

UK Government COVID-19 Data

Data regarding the number of new COVID-19 cases and COVID-19 related hospital admissions were
collected by the UK government throughout the pandemic. The number of new cases by specimen
date was extracted for Manchester and the number of COVID-19 admissions were extracted for each
of the secondary acute providers serving the people with a Manchester CCG (MCCG), included within
the GMCR. The data is freely available from https://coronavirus.data.gov.uk/details/download and
full details of the data extraction are provided in the Supplementary Materials (Supplementary Table
S1).

Data processing and approvals

All identifiable data including free text are redacted. Some non-identifying demographic data are
available such as recorded gender, year of birth, lower layer super output area (LSOA), index of
multiple deprivation and ethnicity. The University of Manchester is permitted to perform research
on this data via a Greater Manchester wide data protection impact assessment (DPIA). The basis for
this DPIA is the control of patient information (COPI) notice issued by the Secretary of State for
Health and Social Care in March 2020 which allowed confidential patient information to be shared
for the purposes of research into COVID-19.% The study was approved by both the GMCR Expert
Review Group and Research Governance Group. All data made available to the analysts was de-
identified and aggregated and therefore did not require specific ethical approval.

Study populations and key time points

The main study population consisted of all patients that were registered with a GP within GM on 1%
January 2020, defined as the GM population. The 15t January 2020 is the index study date. For the
primary care analyses the entire GM population were considered. However, secondary care data were
only available for patients registered to a Manchester CCG, hence, the secondary healthcare utilisation
analyses were limited to these people. The dates of the national lockdowns initiated in response to
the COVID-19 pandemic were indicated in addition to Christmas week due to expected changes in HCU
during these periods. The first national lockdown ran from the 23 March 2020 to the 11t May 2020,
the second national lockdown ran from 5% November 2020 to 1%t December 2020 and the third
national lockdown ran from 6t January 2021 to the 8t March 2021.

Long-term medical conditions

Long-term medical conditions (LTCs) were defined as per Barnett et al,’® and were grouped into the
following categories: cancer, cardiovascular, endocrine, gastrointestinal, musculoskeletal or skin,
neurological, psychiatric, renal or urological, respiratory, sensory impairment or learning disability,
and substance abuse. A resident was identified as being diagnosed with a LTC by interrogating the
GMCR record prior to the index date. If a long-term medical condition was diagnosed after the 1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://coronavirus.data.gov.uk/details/download

oNOYTULT D WN =

BMJ Open Page 6 of 51

January 2020 the patient was not recorded as having the LTC for this analysis. People that were
identified as belonging to multiple LTC groups were assigned to each corresponding LTC group and
defined as multi-morbid. The full list of long-term conditions and groupings are provided in
Supplementary Table S2.

Index of Multiple Deprivation

The 2019 Index of Multiple Deprivation (IMD) is the official measure of relative deprivation provided
by the Office for National Statistics which combines information from seven different domains to
produce an overall relative measure of deprivation for each LSOA. Each LSOA is ranked from least to
most deprived, and deciles of relative deprivation are generated.?® For this study the available IMD
deciles were categorised into four groups, representing the most deprived (deciles 1-2), highly
deprived (deciles 3-4), moderately deprived (deciles 5-6) and the least deprived LSOAs (deciles 7-10).
The least deprived group consisted of 4 deciles to avoid multiple small groups because of the skew
towards more deprived deciles in GM.

Measuring Healthcare Utilisation

For primary HCU, surrogate markers were evaluated consisting of first prescriptions and recording of
healthcare information in the GP record. First prescriptions were identified by the issuing of any new
prescription for an individual patient by a primary care healthcare professional and are referred to as
incident prescriptions throughout the manuscript. This measure was selected as issuing of an
incident prescription requires contact with a healthcare professional. Healthcare information
recorded included: recoding of smoking status, measurements of cholesterol, blood pressure (BP),
blood glucose (HbAlc) and body mass index (BMI). The values of these measurements were not
used in the analysis.

For secondary HCU, the number of acute provider admissions were evaluated. To enable population
admission rates to be calculated, a denominator was calculated by assigning each resident within
Manchester CCG to a secondary care provider according to the most common provider observed
within their LSOA. In cases where there the most common secondary provider was unclear one of
the two most common providers was randomly assigned to that LSOA. Secondary care admissions
were categorised into planned, unplanned, maternity, transfers and ‘other’ admission, defined
according to the admission type field available in the provider data. Daily aggregate level data counts
of all utilisation measures were provided. A full description of the data processing applied is
available at https://github.com/rw251/gm-idcr/tree/master/projects/001%20-%20Grant.

Statistical Analysis

Weekly totals of HCU data were evaluated for the entire population. The rate ratios (RRs) of
utilisation in the weeks before and after the initiation of the first and second national lockdowns (15t
national lockdown: w/c 23" March 2020 vs w/c 9t March 2020; 2" national lockdown: w/c 9th
November 2020 vs w/c 19t October 2020) were estimated across all measures of HCU to determine
the association between the initiation of each national lockdown and HCU.

The effect of the initiation of the third national lockdown was not estimated since the weeks prior
coincided with Christmas, where utilisation is expected to be reduced. The pre-pandemic weeks
(prior to 9t March 2020) were compared against each of the national lockdown periods to
determine if there was a significant change in the rates of HCU associated with each of the national
lockdowns using Poisson regression. A Poisson regression model, linear in time, was fit to the weekly
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rates of utilisation after the initiation of the first national lockdown until the end of the study to
determine the overall change of utilisation throughout the pandemic. A direct comparison between
utilisation observed in a calendar week in 2021 vs 2020 was conducted for calendar weeks 2 to 11,
using rate ratios; it was assumed that the data in calendar weeks 2 to 11 in 2020 were unaffected by
the pandemic and consequently act as a control. Additionally, the rate ratios between utilisation
measures in the final four weeks of the study and the pre-pandemic period were estimated using
Poisson regression to compare how utilisation differed from pre-pandemic levels by the end of the
study.

Subgroup analyses were performed across LTC and IMD groups. To compare subgroups, we further
provided the rates of utilisation per 1000 people by dividing by the total number of people assigned
to the corresponding subgroup and multiplying by 1000. For example, when comparing the rates
across number of LTCs (none, one or multiple), for the people without any LTCs, the rate of weekly
secondary care admissions is defined as the total number of admissions experienced by this
subgroup within a given week divided by the total number of people within the subgroup, multiplied
by 1000. The interactive effect between the each of the national lockdowns and subgroup HCU was
estimated using log-linear regression.

A sensitivity analysis to adjust for deaths that occurred during the study was performed, where rates
of utilisation were re-calculated in July 2021 dividing by the total numbers of patients that were still
alive (death-adjusted), and compared to the un-adjusted rates. July 2021 was chosen since this was
one month before the end of the study and therefore captured the majority of deaths that occurred
throughout the study; hence if no difference was observed between the death-adjusted and un-
adjusted rates, the un-adjusted rates would pertain across all weeks. All analyses were performed in
R version 4.0.0, using the packages ‘tidyverse’??, ‘scales’??, ‘reshape2’?? and ‘cowplot’?.

Patient and public involvement

Two public representatives provided input throughout the project. Both representatives gave their
full support to the proposed project and are preparing a patient and public summary of the research
for dissemination.

RESULTS

The total population captured within the GMCR includes 3,225,169 patients, of whom 693,749 were
registered with a Manchester CCG. The prevalence of LTCs is shown in Table 1. The most common
LTCs observed were psychiatric (GMCR: 26.5%, MCCG: 20.7%), cardiovascular (GMCR: 17.4%, MCCG:
10.5%), respiratory (GMCR: 17.1%, MCCG: 13.4%) and gastrointestinal (GMCR: 15.5%, MCCG:
11.8%). Levels of deprivation were high, with 41.4% of the GM population and the majority of those
registered within Manchester CCG (58.5%) in the most deprived quintile (decile of 1 or 2; Table 1).

Overall primary HCU

There was a rapid decrease in all weekly primary HCU measures starting just prior to the first national
lockdown (Figure 1). The largest drops in activity associated with the initiation of the first national
lockdown were for recording of healthcare information (% drop (95% Cl): BP: 82.4% (82.0%-82.9%);
BMI: 79.5% (78.8%-80.1%); Cholesterol 84.9% (84.2%-85.5%); HbAlc 84.0% (83.3%-84.6%); Smoking
status 62.2% (61.3%-63.1%). There was still a significant drop in the new prescriptions but the change
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was proportionally smaller (24.7%; 95% Cl: 24.0%-25.5%). These reductions were sustained
throughout the first national lockdown (Supplementary Table S3). The initiation of the second national
lockdown was associated with an increase or no significant change in primary HCU (% increase
(95%Cl): new prescriptions: -0.3% (-1.3%-0.6%); BP: 4.1% (2.2%-6.1%); BMI: 2.4% (0.0%-4.8%);
Cholesterol: 10.0% (7.3%-12.8%); HbAlc: 6.5% (4.1%-8.9%); Smoking status: -0.2% (-2.1%-1.8%)).

Table 1: Long-term conditions and social deprivation identified in the GM population and the
Manchester CCG subpopulation.

Greater Manchester

Manchester CCG

(N=3,225,169) % | (N=693,749) %
LTC Group*
Cancer 50954 1.6 6307 0.9
Cardiovascular 561195 17.4 72912 10.5
Endocrine 393274 12.2 64557 9.3
Gastrointestinal 501060 15.5 81957 11.8
Musculoskeletal or Skin 284103 8.8 52593 7.6
Neurological 46672 1.4 7340 1.1
Psychiatric 854454 26.5 143707 20.7
Renal or Urological 130436 4.0 16617 2.4
Respiratory 550648 17.1 93174 13.4
Sensory Impairment or Learning
Disability 314264 9.7 45909 6.6
Substance Abuse 115532 3.6 24068 3.5
Number of LTCs
None 1530501 47.5 399618 57.6
One 631648 19.6 127428 18.4
Multiple 1063020 33.0 166703 24.0
IMD Group
1to2 1335061 41.4 405862 58.5
3to4 675296 20.9 185118 26.7
5to6 424139 13.2 67192 9.7
7to 10 788553 24.4 35087 5.1
Missing 2120 0.1 490 0.1

LTC — long term condition; IMD — index of multiple deprivation. *These data represent the overall
prevalence of each long term condition in the population. Each individual can be represented
in more than one LTC row.

All primary care HCU moderately increased weekly from the initiation of the first national lockdown
to the end of the study (RR (95%Cl): new prescriptions: 1.00 (1.00 - 1.00; p<0.001); BP: 1.01 (1.01 —
1.01;p<0.001); BMI: 1.01 (1.01 — 1.01;p<0.001); Cholesterol: 1.02 (1.02 — 1.02;p<0.001); HbAlc: 1.01
(1.01 — 1.02;p<0.001); Smoking status: 1.01 (1.01 — 1.01;p<0.001)). Despite this, by the end of the
study, all measures were still recorded less often than in the pre-pandemic period (RR (95% ClI; p-
value); new prescriptions: 0.828 (0.825 — 0.832; p<0.001); BP: 0.583 (0.580-0.587; p<0.001); BMI:
0.669 (0.664-0.675; p<0.001); cholesterol: 0.896 (0.888-0.905; p<0.001); HbA1c: 0.935 (0.927-0.943;
p<0.001); smoking status: 0.711 (0.706-0.717; p<0.001)).
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All primary care measures were lower across calendar weeks 2-11 when comparing 2021 data with
2020 data (p<0.001; Supplementary Table S4). The measuring of BP and BMI remained consistently
lower throughout these weeks by an average of 50.0% (95%Cl: 49.8%-50.2%; p<0.001) and 42.5% (95%
Cl: 42.1%-42.8%; p<0.001), respectively. Even though the rates of cholesterol and HbAlc
measurements taken in calendar week 11 were similar in 2021 (pandemic) and 2020 (pre-pandemic):
0.937 (95% Cl: 0.916 — 0.958) and 0.973 (95% Cl: 0.953 — 0.992), respectively, they were still
significantly lower in 2021.

Primary HCU by multi-morbidity and deprivation

Multi-morbid patients and patients with one LTC had consistently higher levels of primary HCU than
patients with no LTCs throughout the study period (Supplementary Table 3a; Figure 2). The ratio of
weekly HCU rates per 1000 people between multi-morbid patients and those with no LTCs
significantly increased for new prescriptions (RR: 1.281; 95%Cl: 1.169 — 1.404; p <0.001), BP (RR:
1.187; 95%Cl: 1.007 — 1.400; p = 0.042) and smoking status (RR: 1.356; 95%Cl: 1.126 - 1.632; p =
0.002) during the first national lockdown, and decreased for BMI (RR: 0.736; 95%Cl 0.613 — 0.885;
p=0.001) and smoking status (RR: 0.803; 95%Cl 0.675 — 0.956; p=0.014) in the third national
lockdown. No significant changes in HCU between multi-morbid patients and those with no LTCs
were observed for HBA1c or cholesterol or during the second national lockdown for all primary care
HCU (Supplementary Table S6; Supplementary Figure S1).

Primary HCU by deprivation

People that were less deprived had lower rates of new prescriptions compared to the most deprived
group (IMD 1-2), (RR (95%Cl); 3-4 vs 1-2: 0.915 (0.874 — 0.959); 5-6 vs 1-2: 0.920 (0.878 — 0.964); 7-
10 vs 1-2: 0.875 (0.835 — 0.917); Figure 2, Supplementary Table S7). Similarly, smoking status had a
lower rate of measurement in the least deprived patients compared to the most deprived patients
(RR: 0.885; 95% Cl: 0.801 — 0.877). No other differences were observed with regards to deprivation
across primary HCU. The least deprived group had experienced an additional reduction in smoking
status during the third national lockdown (RR: 0.836; 95%CI 0.704 - 0.994; p=0.042) but no other
interactions between deprivation and national lockdowns were evident (Supplementary Table S9).

Interaction between multi-morbidity and deprivation for primary HCU

Differences in HCU by deprivation were overall larger within multi-morbid patients (Supplementary
Table S8; Figure 2). Differences in HCU between deprivation groups were not attributable to only
one LTC group (Supplementary Figure S2). In multi-morbid patients, there were no significant
changes in the ratio of weekly HCU per 1000 people between the least deprived group and the other
deprivation groups across all primary HCU measures during the first national lockdown compared to
pre-pandemic weeks (Supplementary Table S10; Supplementary Figure S3).

Overall secondary HCU

There has been large variation in planned and unplanned secondary HCU over the course of the
COVID-19 pandemic (Supplementary Figure S4). There was a 47.4% (95%Cl: 42.9% - 51.5%, p<0.001)
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reduction in planned and 35.3% (95%Cl: 28.3% - 41.6%; p<0.001) reduction in unplanned weekly
admission rates per 1000 people associated with the initiation of the first national lockdown (planned:
2.51 to 1.32; unplanned: 1.36 to 0.88). The initiation of the second national lockdown was also
associated with a significant reduction in secondary HCU; planned weekly admission rates per 1000
people reduced by 20.4% (95%Cl 14.4%-25.9%; p<0.001) and unplanned reduced by 15.6% (95%ClI
7.3%-23.1%; p<0.001). The reductions were sustained throughout these lockdowns; only unplanned
admissions in the third national lockdown were not significantly lower than in pre-pandemic rates
(Supplementary Table S3). The patterns observed in secondary admissions were consistent across all
three main contributing secondary care providers (Supplementary Figure S5).

Both planned and unplanned weekly admissions were on average lower from the beginning of the first
national lockdown up until the end of the study period, compared to the pre-pandemic admissions
(planned: RR 0.850, 95%Cl 0.837 — 0.864, p<0.001; unplanned: RR 0.976, 95%Cl 0.957 — 0.996,
p=0.016). However, the admissions increased throughout the period (planned: p<0.001; unplanned:
p<0.001) and when comparing the final four weeks of the study period with the pre-pandemic period,
planned admission rates were not significantly different (RR: 1.105; 95% CI 0.987 — 1.044; p=0.290)
and unplanned were higher (RR: 1.104, 95% Cl 1.067 — 1.143; p<0.001). The direct comparison
between calendar weeks 2-11 in 2021 vs 2020, indicated that planned admissions were lower on
average by 11.3% (95% Cl: 9.4% - 13.2%; p<0.001) but there was no difference in unplanned
admissions (RR: 1.012; 95%Cl 0.985 — 1.040; p=0.376). A week-by-week comparison is detailed in
Supplementary Table S3.

Secondary HCU by multi-morbidity

Morbidity was associated with an increased rate of planned admissions throughout the study period:
One vs No LTCs RR 1.904 (95% Cl: 1.717 — 2.111; p<0.001); Multiple vs No LTCs RR 9.584 (95%CI 8.644
—10.627; p<0.001); Multiple vs One LTC RR 5.033 (95%Cl 4.540 — 5.581; p<0.001). This was also the
case for unplanned admissions: One vs No LTCs RR 1.188 (95% Cl: 1.112 — 1.270; p<0.001); Multiple vs
No LTCs RR 3.636 (95%Cl 3.401 —3.887; p<0.001); Multiple vs One LTC RR 3.059 (95%Cl 2.862 — 3.271;
p<0.001) (Figure 3).

Whilst the ratio of weekly unplanned admissions per 1000 people between patients that were multi-
morbid vs those without any LTCs was consistent throughout the majority of the pandemic, there was
a significant increase during the first lockdown compared with pre-pandemic (RR 1.253, 95%Cl 1.068
— 1.469; p=0.006) but no significant change was observed between those with one LTC and those
without any LTCs (RR 0.987, 95%Cl 0.842 — 1.157; p=0.865, Supplementary Figure S6). The ratio of
planned admission rates per 1000 people in morbidity groups increased during the first national
lockdown compared to that observed pre-pandemic: multi-morbid vs no LTC increased by a factor of
2.402 (95% Cl 2.047 — 2.818; p<0.001) and one LTC vs no LTCs increased by a factor of 1.413 (95% ClI
1.205 — 1.658; p<0.001) (Supplementary Table S5; Supplementary Figure S6), however this was not
sustained throughout the pandemic. The average of the ratios of admission rates between multi-
morbid patients vs patients without LTCs from the start of the first national lockdown until the end of
the study period vs pre-pandemic was 1.176 (95% Cl: 0.871 — 1.588; p =0.289) for planned admission
rates and 1.097 (95%Cl: 0.900 — 1.338; p=0.357) for unplanned admission rates.
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Secondary care HCU for specific LTC groups

There were noticeable differences for both planned and unplanned admission rates within each LTC
group over the study period (Figure 4). Planned admission rates were highest for patients with a renal
or urological LTC. Unplanned admission rates were highest in patients with cancer or renal LTCs.
Planned and unplanned admission rates were lowest overall for patients without any LTC. For cancer
patients, the drop in the number of planned admissions at the initiation of the first national lockdown
was sustained throughout the remainder of the study period, with an average reduction of 28.9% (95%
Cl: 25.1% - 32.5%; p<0.001) compared to pre-pandemic levels and unplanned admission rates
decreased by 11.5% (95% Cl 2.4% - 19.6%; p=0.014). Planned admission rates for people identified as
having an endocrine, musculoskeletal or skin, neurological, psychiatric, or respiratory LTC returned to
pre-pandemic levels by the end of the study period. However, planned admission rates for people
identified as having cancer, cardiovascular, gastrointestinal, renal or urological and sensory
impairment or learning disability remained lower than in the pre-pandemic period. Conversely,
planned admission rates for people identified with a substance abuse LTC were higher by the end of
the study period compared to the pre-pandemic period (RR: 1.196; 95%Cl 1.07 — 1.329; p=0.001;
Supplementary Table S11). Unplanned admissions rates were lower only for those that were identified
with a renal or urological LTC. Patient groups with a gastrointestinal, musculoskeletal or skin,
psychiatric or substance abuse LTC had higher rates of unplanned admissions at the end of the study
compared to pre-pandemic levels. The remaining LTC groups had no significant change in unplanned
admissions (Supplementary Table S11).

Secondary HCU by deprivation

People that were most deprived (IMD of 1 or 2) had the highest rates for both planned (RR (95%Cl);
3-4 vs 1-2: 0.753 (0.694 — 0.818; p<0.001); 5-6 vs 1-2: 0.787 (0.724 — 0.854;p<0.001); 7-10 vs 1-2: 0.812
(0.748 — 0.882; p<0.001)) and unplanned admissions (RR (95%Cl); 3-4 vs 1-2: 0.686 (0.642 —0.732;
p<0.001); 5-6 vs 1-2: 0.670 (0.628 —0.715; p<0.001); 7-10 vs 1-2: 0.683 (0.640—0.729; p<0.001))
throughout the study period. For multi-morbid patients, being highly deprived was associated with an
increased rate in both planned and unplanned admissions compared to all other deprivation groups
(Supplementary Table S3c; Supplementary Figure S7). The ratios of rates between deprivation groups
within multi-morbid patients were not significantly different during the first national lockdown
compared to pre-pandemic levels (Supplementary Table S10, Supplementary Figure S8).

DISCUSSION

Principle Findings and Interpretation

We have assessed primary HCU for over 3 million patients across GM and secondary HCU for a sub-
group of almost 700,000 patients within Manchester CCG. Major changes in HCU occurred during the
COVID-19 pandemic. There was a large reduction in both primary and secondary HCU at the beginning
of the first national lockdown. Whilst there was a relatively consistent increase in primary care HCU
from the first national lockdown, primary HCU remained was lower at the end of the study compared
to pre-pandemic. Overall, both planned and unplanned secondary admissions had recovered to pre-
pandemic levels by the end of the study period but this recovery was not observed across all LTC
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subgroups. Changes in the ratio of HCU between multi-morbid patients and those without LTCs
occurred during national lockdowns but were inconsistent across primary HCU measures.

Although some healthcare information measures can be completed remotely (e.g. smoking status, BP
and BMI), primary HCU measures that require in-person contact with a healthcare professional (e.g.
HbAlc and cholesterol) demonstrated similar patterns in HCU. The initial larger fall in healthcare
information recording compared to incident prescribing in primary care may reflect a shift in focus
away from secondary prevention during the first wave of the pandemic. Although these HCU measures
have not returned to pre-pandemic levels, they have consistently increased since the first lockdown
and this has occurred even though quality outcome framework targets and local enhanced services
were largely suspended.

Despite a peak in COVID-19 admissions within the first national lockdown, secondary admissions fell
by a larger volume. Reductions in secondary care admissions associated with the first lockdown have
been reported across the UK.11242> Largely, these are reflective of cancellations of elective activity or
delaying non-urgent care, to ensure capacity for patients with severe COVID-19 infection and to
increase critical care capacity.” The observed deficit may not correspond entirely to an unmet need of
patients with non-COVID-19 healthcare needs as there is some evidence that changes in behaviour
according to sanitisation campaigns, social distancing and government restrictions may have resulted
in fewer infections,?® and injuries.?” Additionally, emergency department attendances which are
related to unplanned admissions (but were not directly assessed in this study) have been observed to
have reduced. It is also possible that the increased utilisation of remote management for secondary
care patients has contributed to clinically appropriate reductions in admissions.

There has been no noticeable recovery in HCU for patients with cancer and for a number of other
LTCs, recovery to pre-pandemic HCU levels has not occurred. In contrast, HCU of patients identified
with substance abuse and/or a psychiatric condition exceeded pre-pandemic levels between the first
and second national lockdowns, likely reaffirming the significant impact of the pandemic on mental
health and psychiatric services.?®

Implications for Clinicians and Policy Makers

Itis inevitable that the changes in HCU observed in this study will have had an impact on both patients
and healthcare providers above and beyond the direct impact of COVID-19. For patients with cancer,
services had to adapt to mitigate the increased risk of death from COVID-19.%° The initial reduction in
the number of planned admissions was sustained throughout the study period and is likely to reflect
changes in services but may also be due to patients with cancer being reluctant to seek healthcare.
Delays in care for patients with cancer are known to impact prognosis,®® and the pandemic has been
found to have contributed to excess deaths in patients with cancer.?* A proactive approach to
encourage patients to attend screening and routine appointments will be needed to minimise the
impact of the pandemic on patients with cancer and other emerging health inequalities.3%3?
Understanding the implications of reductions in the selected primary care HCU measures, particularly
the decrease in assessing and recording healthcare information will require further long-term studies.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 12 of 51



Page 13 of 51

oNOYTULT D WN =

BMJ Open

Strengths & Limitations

The strengths of this study include the complete coverage of a large geographical area for the primary
care analyses and the inclusion of both primary and secondary HCU data. This is the first study to
evaluate HCU across the full spectrum of LTC subpopulations and stratify according to multi-morbidity
and deprivation. Data prior to 2020 were not available and consequently comparisons made (pre- vs
post-pandemic) are reliant on the data between January and March 2020 being representative of pre-
pandemic utilisation. Consequently, the comparison of pre-pandemic HCU to the end of the study
period may have been influenced by seasonal variations in HCU. The secondary care analysis was only
possible on a subset of the GM population due to delays in data from some GM secondary care
providers. The study population represents a highly deprived population placed under strict
restrictions during the pandemic. While this information is valuable, the findings may not be
generalizable to other settings in the UK or internationally.

Although the measures of HCU that have been selected are relevant and reliable, they do not provide
a complete picture of either primary or secondary HCU. There is no single effective measure to
summarise HCU in primary care as there are many aspects that reflect HCU in this setting.3> It remains
possible that the shift towards increased remote consultations may have resulted in changes to
primary care delivery that were not possible to accurately capture using our measures of primary HCU.
Additionally, the cause of admission was not available for secondary HCU, hence we were unable to
determine LTC-specific admissions. Whilst the current scaling and sub-populations do not take into
consideration any deaths or new diagnoses that occurred after 1 Jan 2020, a sensitivity analysis
accounting for deaths resulted in very small increases to rates (Supplementary Figures S9-S10;
Supplementary Table S12) and scaled utilisation remained lower than pre-lockdown levels.

Conclusions

We have assessed the changes in HCU in primary and secondary care associated with the COVID-19
pandemic and UK national lockdowns for patients with LTCs across a large urban region. There was a
significant reduction in both primary and secondary HCU associated with the first national lockdown.
Subsequent national lockdowns were associated with reductions in secondary care but not in primary
care. Whilst some measures of healthcare utilisation had returned to pre-pandemic levels by the end
of the study, many had not. Proportionally, secondary care HCU increased in multi-morbid patients
compared to those without LTCs during the first and second national lockdowns. Although changes to
HCU during the pandemic have been similar overall, different patterns have been seen in specific LTC
groups such as people with cancer. Over the course of the pandemic deprivation was associated with
higher rates of HCU in multi-morbid patients but no significant differences were observed in the ratio
of utilisation between the most and least deprived groups for the majority of HCU measures during
national lockdowns.
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FIGURE LEGENDS

Figure 1: Weekly primary care utilisation per 1000 people of the Greater Manchester population
between January 2020 and August 2021. The first week covered 30th December 2019 to 5th January
2020, hence utilisation was expected to be considerably lower between this and the following week
due to the UK bank holiday and seasonal effects expected for this calendar week.

Figure 2: Rates of primary care measures recorded per 1000 people per week, identified according
to number of long-term conditions and deprivation group, between January 2020 and August 2021.

Figure 3: (A:) Weekly rates of planned and unplanned admissions per 1000 people that were
identified as having zero, one or multiple LTCs, within the Manchester CCG subpopulation between
January 2020 and August 2021. (B:) Government reported COVID-19 admissions in Manchester
University NHS Foundation Trust, Pennine Acute Hospitals NHS Foundation Trust and Pennine Care
NHS Foundation Trust (extracted 08-Sept-21), and (C:) Government reported cases in Manchester
(extracted 08-Sept- 21). MFT = Manchester University Hospital Foundation Trust, Pennine = Pennine
Acute Hospitals NHS Trust & Pennine Care NHS Foundation Trust

Figure 4: Weekly rates of planned and unplanned admissions identified in patients with each of the
long-term conditions within the Manchester CCG subpopulation, between January 2020 and August
2021.
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Figure 1:

Weekly primary care utilisation per 1000 people of the Greater Manchester population between January
2020 and August 2021. The first week covered 30th December 2019 to 5th January 2020, hence utilisation
was expected to be considerably lower between this and the following week due to the UK bank holiday and

seasonal effects expected for this calendar week.
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Figure 3: (A:) Weekly rates of planned and unplanned admissions per 1000 people that were identified as
having zero, one or multiple LTCs, within the Manchester CCG subpopulation between January 2020 and
August 2021. (B:) Government reported COVID-19 admissions in Manchester University NHS Foundation
Trust, Pennine Acute Hospitals NHS Foundation Trust and Pennine Care NHS Foundation Trust (extracted 08-
Sept-21), and (C:) Government reported cases in Manchester (extracted 08-Sept-21). MFT = Manchester
University Hospital Foundation Trust, Pennine = Pennine Acute Hospitals NHS Trust & Pennine Care NHS
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31 Figure 4: Weekly rates of planned and unplanned admissions identified in patients with each of the long-
32 term conditions within the Manchester CCG subpopulation, between January 2020 and August 2021.
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SUPPLEMENTARY MATERIALS

BMJ Open

COVID-19 Government data extraction

The Government data were extracted on 08-09-2021 from https://api.coronavirus.data.gov.uk/ . For

the new cases, we extracted data for Manchester only. The API for Manchester cases by specimen

date that was used is:

https://api.coronavirus.data.gov.uk/v2/data?areaType=utla&areaCode=E08000003&metric

=newCasesBySpecimenDate&format=csv

For the secondary admissions, we exported the data for the trusts which were the main providers in
the Manchester CCG subpopulation. The hospital groupings were not consistent across data sources;

Table S2 provides the mapping between the Government listed NHS trusts and the secondary
providers covering nearly all admissions experienced by Manchester CCG population in the GMCR.

Supplementary Table S1: Mapping between NHS acute providers according to data source

GMCR acute provider

Government listed NHS
Trust

Government data API

University Hospital of South
Manchester

Central Manchester
University Hospitals

Manchester University NHS
Foundation Trust

https://api.coronavirus.data.gov.uk/
v2/data?areaType=nhsTrust&areaC
ode=R0OA&metric=newAdmissions&f
ormat=csv

Pennine Acute Hospitals

Pennine Acute Hospitals
NHS Trust

https://api.coronavirus.data.gov.uk/
v2/data?areaType=nhsTrust&areaC
ode=RW6&metric=newAdmissions&
format=csv

Pennine Acute Hospitals

Pennine Care NHS
Foundation Trust

https://api.coronavirus.data.gov.uk/
v2/data?areaType=nhsTrust&areaC
ode=RT2&metric=newAdmissions&f
ormat=csv
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1

2

i Supplementary Table S2: Long-term medical conditions and their groupings
5

? Grouping Long-term medical condition
8

9 Cardiovascular Hypertension

10 Atrial fibrillation

1 Heart failure

12 Peripheral vascular disease

13 Stroke & transient ischaemic attack

1;’ Coronary heart disease

16 Respiratory Bronchiectasis

17 Asthma

18 Chronic obstructive pulmonary disease
19 Chronic sinusitis

20 Gastrointestinal Viral Hepatitis

21 Chronic liver disease

22 Inflammatory bowel disease

;i Diverticular disease of intestine

25 Treated constipation

2% Irritable bowel syndrome

27 Treated dyspepsia

28 Neurological Multiple sclerosis

29 Parkinson’s disease

30 Migraine

31 Epilepsy

32 Endocrine Thyroid disorders

33 .

34 Diabetes

35 Psychiatric Anorexia or bulimia

36 Schizophrenia (and related non-organic psychosis) or bipolar disorder
37 Dementia

38 Anxiety & other neurotic, stress related & somatoform disorders
39 Depression

40 Substance Abuse Alcohol problems

41 Other psychoactive substance misuse
42 . .

43 Musculoskeletal/Skin Psoriasis or eczema

44 Rheumatoid arthritis, other inflammatory polyarthropathies &
45 systematic connective tissue disorders
46 Painful condition

47 Sensory impairment or  Learning disability

48 learning disability Blindness & low vision

49 Glaucoma

30 Hearing loss

g; Renal/Urological Chronic kidney disease

53 Prostate disorders

54

55

56

57

58

59

60

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 24 of 51

New Prescriptions

T AL

2 ,\M/W\”K
A
T WW
\1\ Il

1A i M Key Events
Christmas
National Lockdown

01 0.0- 0-

Cholesterol HbA1c Smoking Status

Morbidity groups compared

—— One vs None
— Multiple vs None
10- — Multiple vs One
w i,

Ratio of scaled weekly totals per 1000 people

s \V‘/\\W 3-%~_‘ 2_

0 0- 0

R i s o g, g ' e o L ! e e e et '
O 0o 0o © o © - O o o 9 o © -« - o o 0o © o © « - -
LR S N NI R N R I I I FIFTY §3§ 3§ q§
a = oD 5 © 4 = =) o = o 5 © a = o a9 = oD 5 O & = o)
2 o5 3 38 9 ¢ & 5 3 © & 5 3 8 9 & 5 35 © o 5 53 98 09 & 5 3
LS5 Q0w <S5 g LS 3 Q0auds g w <SS g0 ou<s g
- T - e T - - T o= o« T Y- - T - - oT oT o P D R -
SO © O o © o © © o o © O 6 5 © o oS ©0 o S © O o © o © © © o

Supplementary Figure S1: Ratio of weekly primary care HCU measures per 1000 people between
morbidity groups, between January 2020 and August 2021.
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33 Supplementary Figure S2: Weekly new primary care prescriptions per 1000 people within each long-
34 term condition group and deprivation group, between January 2020 and August 2021.
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Supplementary Figure S3: Weekly new primary care HCU measures per 1000 people within multi-
morbid patients by deprivation group and the ratio of these compared to the least-deprived group
(IMD: 7-10), between January 2020 and August 2021.
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1
2
431 Supplementary Table S3: Associated effects of the national lockdowns on primary HCU compare to
re-pandemic HCU. NL1 = First national lockdown, NL2 = Second national lockdown, NL3 = Third
5 ’
6 national lockdown.
7
8 Rate Ratio | 95% Cl | p-value
9 New Prescriptions
10 NL1 vs pre-pandemic 0.681 0.679-0.684 <0.001
11 NL2 vs pre-pandemic 0.835 0.832-0.838 <0.001
12 NL3 vs pre-pandemic 0.843 0.841-0.846 <0.001
13 BP
14 NL1 vs pre-pandemic 0.143 0.142-0.144 <0.001
15 NL2 vs pre-pandemic 0.494 0.491-0.497 <0.001
16 NL3 vs pre-pandemic 0.510 0.508 - 0.513 <0.001
17 BMI
18 NL1 vs pre-pandemic 0.168 0.167 —0.170 <0.001
19 NL2 vs pre-pandemic 0.559 0.555 — 0.564 <0.001
20 NL3 vs pre-pandemic 0.592 0.588—0.596 <0.001
21 Cholesterol
22 NL1 vs pre-pandemic 0.128 0.126 - 0.130 <0.001
23 NL2 vs pre-pandemic 0.769 0.762-0.776 <0.001
24 NL3 vs pre-pandemic 0.788 0.782-0.793 <0.001
25
HbA1lc

2
2? NL1 vs pre-pandemic 0.148 0.146 —0.150 <0.001
28 NL2 vs pre-pandemic 0.785 0.778 -0.791 <0.001
29 NL3 vs pre-pandemic 0.837 0.832-0.842 <0.001
30 Smoking Status

NL1 vs pre-pandemic 0.346 0.344 -0.349 <0.001
31 pre-p
32 NL2 vs pre-pandemic 0.692 0.687 —0.696 <0.001
33 NL3 vs pre-pandemic 0.689 0.685 —0.692 <0.001
34 Planned Admissions
35 NL1 vs pre-pandemic 0.544 0.530-0.559 <0.001
36 NL2 vs pre-pandemic 0.921 0.897 —0.946 <0.001
37 NL3 vs pre-pandemic 0.902 0.883 -0.922 <0.001
38 Unplanned Admissions
39 NL1 vs pre-pandemic 0.659 0.638 —0.681 <0.001
40 NL2 vs pre-pandemic 0.953 0.922-0.986 0.005
41 NL3 vs pre-pandemic 0.984 0.958—1.010 0.227
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
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Supplementary Table S4: Percentage decrease (95%Cl) in HCU in 2021 compared with the same calendar week in 2020.

BMJ Open

Calendar Week ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘ 10 ‘ 11 ‘ Average | p-value
Primary HCU
New prescriptions 20.0 21.2 18.4 18.7 19.6 18.7 15.5 15.5 17.2 12.8 17.8 <0.001
(19.3-| (205-| (17.7-| (180-| (189-| (179-| (14.8- (148-| (165-| (12.0- (17.6 -
20.8) 21.9) 19.2) 19.5) 20.3) 19.5) 16.3) 16.3) 18.0) 13.6) 18.1)
Blood Pressure 55.2 55.8 54.4 52.0 52.4 52.1 459 46.4 443 38.7 50.0 <0.001
(545-| (55.1-| (53.7—-| (51.3-| (51.6—| (51.4-| (45.0- (45.7-| (43.4-| (37.8- (49.8 -
55.9) 56.5) 55.1) 52.7) 53.1) 52.9) 46.7) 47.2) 45.1) 39.7) 50.2)
BMI 44.4 49.7 49.7 453 457 4322 37.8 36.7 36.3 32.6 425 <0.001
(433-| (48.7-| (48.7-| (443-| (446-| (420-| (36.6— (35.6—| (35.1—-| (31.3- (42.1-
45.5) 50.8) 50.8) 46.5) 46.8) 44.3) 39.1) 38.0) 37.6) 34.0) 42.8)
Cholesterol 27.5 34.0 34.2 26.9 26.2 27.4 17.1 18.0 11.9 6.3 18.4 <0.001
(25.8— | (324-| (327-| (253-| (245-| (25.8-| (15.3- (16.2-| (10.0- (4.2- (17.8-
29.1) 35.4) 35.6) 28.5) 27.7) 29.1) 19.0) 19.8) 13.8) 8.4) 18.9)
HbAlc 22.0 28.6 29.4 23.0 21.7 24.1 12.4 10.7 7.7 2.7 18.6 <0.001
(204-| (272-| (279-| (215-| (201-| (22.6—| (10.6— (9.0- (5.9- (0.8- (18.1—
23.6) 30.1) 30.8) 24.6) 23.2) 25.7) 14.2) 12.5) 9.5) 4.7) 19.1)
Smoking Status 33.3 37.8 34.7 43.4 38.9 38.4 32.9 24.7 25.1 18.8 33.3 <0.001
(321-| (36.7-| (33.6-| (426-| (378-| (37.3-| (31.8- (235-| (239-| (17.4- (33.0—
34.5) 38.9) 35.9) 44.5) 40.0) 39.6) 34.2) 26.1) 26.6) 20.4) 33.7)
Secondary HCU
Planned admissions 11.6 16.8 12.5 -0.4 27.1 12.5 1.7 12.5 14.8 2.6 11.3 <0.001
(5.3-| (10.9- (6.3— (-7.6-| (21.6- (6.2— (-5.2— (6.3- (8.9 (-4.1- (9.4-
17.5) 22.3) 18.2) 6.3) 32.3) 18.4) 8.2) 18.3) | -20.4) 8.9) 13.2)
Unplanned 8.4 3.3 112 | -14.2 (- 26.9 2.0 -7.7 -5.7 3.1 -25.7 -1.2 0.376
admissions (0.2- (-5.2— (-7.4- 249-| (19.4- (-6.8—| (-17.2- (-15.1- | (-12.2—-| (-37.0— (-4.0-
15.9) 11.2) 9.1) -4.4) 33.8) 10.1) 1.1) 2.9) 5.2) -15.5) 1.5)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 28 of 51



Page 29 of 51 BMJ Open

1

2

3 Supplementary Table S5: Associated effects of morbidity on the rates of weekly totals of primary and secondary HCU (per 1000 people), throughout the
g study period. LTC = Long term condition.

6

7 Rate Ratio 95% Cl p-value

8 New Prescriptions

9 Multiple LTCs vs No LTCs 3.040 2.881-3.208 <0.001
10 One LTC vs No LTCs 1.534 1.454—1.619 <0.001
11 BP

12 Multiple LTCs vs No LTCs 7.347 6.197 - 8.711 <0.001
12 One LTC vs No LTCs 2.659 2.243-3.153 <0.001
15 BMI

16 Multiple LTCs vs No LTCs 4.429 3.801-5.162 <0.001
17 One LTC vs No LTCs 2.106 1.807 — 2.454 <0.001
18 Cholesterol

19 Multiple LTCs vs No LTCs 9.360 7.654 — 11.446 <0.001
20 One LTC vs No LTCs 3.226 2.638—3.945 <0.001
21 HbA1c

22 Multiple LTCs vs No LTCs 8.291 6.847 — 10.038 <0.001
23 One LTC vs No LTCs 2.918 2.410-3.533 <0.001
24 Smoking Status

;2 Multiple LTCs vs No LTCs 4.674 4.192-5211 <0.001
57 One LTC vs No LTCs 2.372 2.127 - 2.645 <0.001
28 Planned Admissions

29 Multiple LTCs vs No LTCs 9.584 8.644 — 10.627 <0.001
30 One LTC vs No LTCs 1.904 1.717-2.111 <0.001
31 Unplanned Admissions

32 Multiple LTCs vs No LTCs 3.636 3.401 -3.887 <0.001
33 One LTC vs No LTCs 1.188 1.112-1.270 <0.001
34

35

36

37

38

39

40

41

42
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Supplementary Table S6: Estimated rate ratios (RRs) from log-linear regression models for each HCU measure observed pre-pandemic and in the national
lockdowns, adjusted for the number of long term conditions (LTCs). NL1 = First national lockdown, NL2 = Second national lockdown, NL3 = Third national

lockdown.

Primary Care

New Prescriptions BP BMI Cholesterol
RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value
NL1 vs pre-pandemic 0.580 0.543 - 0.619 <0.001 0.126 0.112-0.141 <0.001 0.190 0.165-0.218 <0.001 0.103 0.084 -0.127 <0.001
NL2 vs pre-pandemic 0.800 0.742 - 0.862 <0.001 0.469 0.409 - 0.537 <0.001 0.615 0.523-0.722 <0.001 0.624 0.490 - 0.796 <0.001
NL3 vs pre-pandemic 0.855 0.804 - 0.909 <0.001 0.581 0.520-0.648 <0.001 0.752 0.660 - 0.856 <0.001 0.859 0.705 - 1.046 0.128
Multiple LTCs vs No LTCs 2.950 2.779-3.131 <0.001 7.155 6.429 - 7.963 <0.001 5.091 4.483 -5.781 <0.001 8.576 7.077 - 10.392 <0.001
One LTC vs No LTCs 1.531 1.442 -1.625 <0.001 2.753 2.474 - 3.064 <0.001 2.400 2.114-2.726 <0.001 3.222 2.659 - 3.904 <0.001
NL1 vs pre-pandemic : 1.281 1.169 - 1.404 <0.001 1.187 1.007 - 1.400 0.042 0.847 0.696 - 1.030 0.095 1.220 0.907 - 1.640 0.186
Multiple LTCs vs No LTCs
NL2 vs pre-pandemic : 1.073 0.964-1.193 0.194 1.091 0.901-1.321 0.369 0.911 0.726-1.144 0.418 1.318 0.934-1.858 0.114
Multiple LTCs vs No LTCs
NL3 vs pre-pandemic : 0.984 0.903 - 1.073 0.713 0.859 0.736 - 1.004 0.056 0.736 0.613 - 0.885 0.001 0.920 0.697 - 1.216 0.555
Multiple LTCs vs No LTCs
NL1 vs pre-pandemic : 1.126 1.027 - 1.234 0.012 1.025 0.870-1.209 0.763 0.889 0.731-1.081 0.236 1.102 0.820-1.482 0.515
One LTCvs No LTCs
NL2 vs pre-pandemic : 1.043 0.937-1.160 0.439 0.996 0.823-1.206 0.968 0.888 0.708 - 1.115 0.304 1.139 0.808 - 1.606 0.454
One LTCvs No LTCs
NL3 vs pre-pandemic : 0.994 0.912-1.084 0.895 0.896 0.767 - 1.046 0.162 0.811 0.674 - 0.975 0.026 0.921 0.697 - 1.216 0.557
One LTCvs No LTCs
Primary Care (ctd) Secondary Care
HbA1c Smoking Status Planned Admissions Unplanned Admissions
RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 30 of 51



Page 31 of 51

BMJ Open

NL1 vs pre-pandemic

0.120

0.096 - 0.148

<0.001

0.272

0.238-0.310

<0.001

0.272

0.243 - 0.305

<0.001

0.582

0.511-0.663

<0.001

NL2 vs pre-pandemic

0.716

0.557-0.920

0.010

0.667

0.573-0.777

<0.001

0.820

0.719-0.935

0.003

0.803

0.690 - 0.934

0.005

NL3 vs pre-pandemic

oNOYTULT D WN =

0.967

0.789 - 1.185

0.745

0.816

0.721-0.923

<0.001

0.935

0.841 - 1.040

0.214

0.933

0.826 - 1.055

0.267

9 Multiple LTCs vs No LTCs

8.223

6.744 - 10.026

<0.001

4.595

4.074-5.183

<0.001

8.298

7.481-9.205

<0.001

3.359

2.981-3.786

<0.001

11 One LTC vs No LTCs

3.022

2.478 - 3.684

<0.001

2.404

2.131-2.712

<0.001

1.834

1.653-2.034

<0.001

1111

0.986 - 1.252

0.083

13 NL1 vs pre-pandemic :
Multiple LTCs vs No LTCs

1.221

0.900 - 1.658

0.197

1.356

1.126 - 1.632

0.002

2.402

2.047 -2.818

<0.001

1.253

1.042 - 1.506

0.017

15 NL2 vs pre-pandemic :
Multiple LTCs vs No LTCs

1.145

0.803 - 1.633

0.449

1.074

0.866 - 1.332

0.511

1.174

0.975-1.413

0.090

1.283

1.036 - 1.588

0.023

NL3 vs pre-pandemic :
Multiple LTCs vs No LTCs

0.852

0.639-1.136

0.271

0.803

0.675 - 0.956

0.014

0.957

0.824-1.112

0.563

1.073

0.902 - 1.276

0.421

NL1 vs pre-pandemic :
19 One LTCvs No LTCs

1.082

0.797 - 1.468

0.610

1.279

1.062 - 1.540

0.010

1.413

1.205 - 1.658

<0.001

0.987

0.821-1.186

0.885

NL2 vs pre-pandemic :
21 One LTC vs No LTCs

1.058

0.742 - 1.508

0.754

1.028

0.829 - 1.275

0.799

1.063

0.883 -1.280

0.513

1.295

1.046 - 1.604

0.018

NL3 vs pre-pandemic :
23 One LTC vs No LTCs

0.894

0.671-1.192

0.442

0.87

0.730-1.036

0.116

0.971

0.835-1.128

0.695

1.075

0.904 - 1.279

0.407
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Supplementary Table S7: Associated effects of deprivation groups on primary and secondary HCU, throughout the study.

Primary Care

Deprivation New Prescriptions BP BMI Cholesterol
group
compared to
group 1-2
RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value
3-4 0.915 0.874 -0.959 <0.001 1.018 0.869-1.193 0.821 1.007 0.865-1.172 0.928 0.964 0.797 - 1.166 0.702
5-6 0.920 0.878 —0.964 <0.001 1.117 0.954 -1.309 0.169 1.025 0.881-1.192 0.751 1.076 0.889 —1.302 0.450
7-10 0.875 0.835-0.917 <0.001 1.134 0.968 —1.328 0.120 0.988 0.849-1.150 0.879 1.091 0.902 -1.320 0.369
Primary Care (ctd) Secondary Care
HbA1c Smoking Status Planned Admissions Unplanned Admissions
RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value
3-4 0.950 0.794 - 1.137 0.574 0.947 0.858 —1.047 0.287 0.753 0.694 —-0.818 <0.001 0.686 0.642-0.732 <0.001
5-6 1.038 0.868 —1.242 0.682 0.945 0.856 —1.045 0.269 0.787 0.724-0.854 <0.001 0.67 0.628 -0.715 <0.001
7-10 1.031 0.862-1.234 0.737 0.885 0.801-0.977 0.016 0.812 0.748 —0.882 <0.001 0.683 0.640-0.729 <0.001
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1

2

3 Supplementary Table $8: Comparison of HCU between deprivation groups and the highly deprived population throughout the pandemic for multi-morbid
g patients.

? Deprivation 3-4 vs 1-2 Deprivation 5-6 vs 1-2 Deprivation 7-10 vs 1-2

8 RR (95% ClI) ‘ p-value RR (95% ClI) ‘ p-value RR (95% Cl) ‘ p-value

9 Primary HCU

10 New 0.917 <0.001 0.867 <0.001 0.807 <0.001
1 prescriptions (0.878 — (0.830- (0.773 -

12 0.957) 0.905) 0.843)

13 BP 0.983 0.827 0.997 0.969 1.001 0.989
1‘5‘ (0.844 — (0.856 — (0.860 —

16 1.145) 1.161) 1.166)

17 BMI 0.927 0.334 0.893 0.147 0.865 0.063
18 (0.796 - (0.766 — (0.742 -

19 1.081) 1.041) 1.008)

20 Cholesterol 0.939 0.510 0.969 0.738 0.958 0.652
21 (0.779 - (0.803 — (0.794 —

;g 1.133) 1.168) 1.155)

>4 HbAlc 0.927 0.396 0.942 0.504 0.919 0.342
25 (0.779 - (0.791 - (0.772 -

26 1.104) 1.122) 1.094)

27 Smoking 0.863 0.003 0.820 <0.001 0.766 <0.001
28 status (0.785 — (0.745 - (0.697 —

29 0.949) 0.901) 0.843)

30 Secondary HCU

2 Planned 0.873 0.029 0.741 <0.001 0.705 <0.001
33 admissions (0.773 - (0.652 — (0.619 -

34 0.986) 0.842) 0.802)

35 Unplanned 0.826 0.029 0.669 <0.001 0.645 <0.001
36 admissions (0.696 — (0.557 - (0.536 -

37 0.980) 0.802) 0.774)

38

39

40

41

42
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Supplementary Table S9: Estimated rate ratios (RRs) from log-linear regression models for each HCU observed pre-pandemic and in the national lockdowns,
adjusted for the deprivation group. NL1 = First national lockdown, NL2 = Second national lockdown, NL3 = Third national lockdown, IMD = index of multiple
deprivation.

oNOYTULT D WN =

Primary Care
New Prescriptions BP BMI Cholesterol
RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value
NL1 vs pre-pandemic 0.668 0.629 — <0.001 0.133 0.118 - <0.001 0.161 0.139 - <0.001 0.125 0.102 - <0.001
0.711 0.149 0.186 0.154
NL2 vs pre-pandemic 0.819 0.763 - <0.001 0.491 0.430 - <0.001 0.555 0.469 — <0.001 0.782 0.615 - 0.045
0.879 0.560 0.656 0.994
NL3 vs pre-pandemic 0.837 0.790 - <0.001 0.520 0.467 — <0.001 0.599 0.523 - <0.001 0.824 0.678 — 0.051
0.886 0.579 0.686 1.001
IMD: 3-4 vs IMD: 1-2 0.895 0.846 — <0.001 1.011 0.910- 0.837 0.994 0.871 - 0.933 0.977 0.808 — 0.810
0.947 1.123 1.135 1.181
IMD: 5-6 vs IMD: 1-2 0.891 0.843 - <0.001 1.086 0.978 - 0.122 0.998 0.874 — 0.971 1.087 0.899 — 0.389
0.943 1.206 1.139 1.314
IMD: 7-10 vs IMD: 1-2 0.846 0.800 — <0.001 1.099 0.989 — 0.079 0.977 0.856 — 0.732 1.128 0.933 - 0.213
0.895 1.220 1.116 1.364
NL1 vs pre-pandemic : IMD: 1.043 0.956 - 0.342 1.076 0.916 - 0.372 1.056 0.861 - 0.600 0.976 0.729 - 0.871
3-4 vs IMD: 1-2 1.137 1.265 1.296 1.308
NL2 vs pre-pandemic : IMD: 1.033 0.935 - 0.522 1.006 0.834 - 0.947 1.070 0.845 - 0.574 0.984 0.701 - 0.926
3-4 vs IMD: 1-2 1.143 1.214 1.357 1.382
NL3 vs pre-pandemic : IMD: 1.021 0.941 - 0.617 0.981 0.843 - 0.806 1.021 0.843 - 0.831 0.978 0.743 - 0.872
3-4 vs IMD: 1-2 1.108 1.142 1.237 1.287
NL1 vs pre-pandemic : IMD: 1.043 0.956 - 0.342 1.124 0.956 — 0.158 1.064 0.867 — 0.553 1.037 0.774 - 0.810
5-6 vs IMD: 1-2 1.137 1.320 1.305 1.389
NL2 vs pre-pandemic : IMD: 1.048 0.948 — 0.360 1.029 0.853 - 0.765 1.022 0.806 — 0.857 1.000 0.712 - 0.999
5-6 vs IMD: 1-2 1.159 1.241 1.295 1.404
NL3 vs pre-pandemic : IMD: 1.025 0.944 — 0.559 1.002 0.861 - 0.980 1.025 0.846 — 0.803 0.960 0.729 - 0.773
5-6 vs IMD: 1-2 1.112 1.166 1.242 1.264
NL1 vs pre-pandemic : IMD: 1.034 0.949 - 0.444 1.159 0.986 — 0.073 1.088 0.887 — 0.419 0.889 0.663 — 0.430
7-10 vs IMD: 1-2 1.128 1.363 1.334 1.191
NL2 vs pre-pandemic : IMD: 1.048 0.948 - 0.362 1.037 0.860 — 0.701 1.018 0.803 - 0.885 1.006 0.716 - 0.973
7-10 vs IMD: 1-2 1.159 1.251 1.290 1.413
NL3 vs pre-pandemic : IMD: 1.019 0.939 - 0.648 0.969 0.833 - 0.686 0.971 0.801 - 0.764 0.923 0.701 - 0.570
7-10 vs IMD: 1-2 1.106 1.128 1.177 1.216
Primary Care (ctd) Secondary Care
HbA1c Smoking Status Planned Admissions Unplanned Admissions
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RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value

NL1 vs pre-pandemic 0.142 0.115- <0.001 0.352 0.309 - <0.001 0.566 0.516 - <0.001 0.642 0.558 - <0.001
0.175 0.401 0.621 0.737

NL2 vs pre-pandemic 0.794 0.622 - 0.064 0.734 0.632 - <0.001 0.916 0.823 - 0.110 0.944 0.803 - 0.479
1.013 0.853 1.020 1.109

NL3 vs pre-pandemic 0.871 0.714 - 0.171 0.735 0.651 - <0.001 0.894 0.820 - 0.012 0.945 0.829 - 0.393
1.061 0.831 0.976 1.077

IMD: 3-4 vs IMD: 1-2 0.947 0.781 - 0.582 0.977 0.868 — 0.707 0.761 0.699 - <0.001 0.654 0.576 - <0.001
1.149 1.101 0.828 0.743

IMD: 5-6 vs IMD: 1-2 1.038 0.856 — 0.705 0.978 0.868 — 0.713 0.799 0.734 - <0.001 0.598 0.527 - <0.001
1.259 1.101 0.870 0.680

IMD: 7-10 vs IMD: 1-2 1.041 0.858 — 0.681 0.972 0.863 — 0.636 0.848 0.779 - <0.001 0.643 0.566 - <0.001
1.263 1.094 0.923 0.731

NL1 vs pre-pandemic : IMD: 1.000 0.743 - 0.999 0.958 0.798 — 0.646 0.988 0.867 - 0.858 1.097 0.902 - 0.351
3-4 vs IMD: 1-2 1.347 1.150 1.126 1.335

NL2 vs pre-pandemic : IMD: 0.991 0.702 - 0.961 0.997 0.806 — 0.977 1.001 0.860 - 0.990 1.017 0.810 - 0.883
3-4 vs IMD: 1-2 1.401 1.233 1.165 1.277

NL3 vs pre-pandemic : IMD: 0.991 0.749 - 0.949 0.97 0.816 - 0.725 0.997 0.881 - 0.959 1.061 0.882 - 0.525
3-4 vs IMD: 1-2 1.311 1.152 1.127 1.276

NL1 vs pre-pandemic : IMD: 1.020 0.758 — 0.895 0.974 0.811 - 0.779 0.765 0.671 - <0.001 1.098 0.902 - 0.348
5-6 vs IMD: 1-2 1.374 1.170 0.872 1.336

NL2 vs pre-pandemic : IMD: 1.009 0.714 - 0.958 0.933 0.754 — 0.519 1.043 0.896 - 0.588 0.981 0.781 - 0.871
5-6 vs IMD: 1-2 1.426 1.153 1.214 1.233

NL3 vs pre-pandemic : IMD: 0.960 0.726 - 0.776 0.948 0.798 — 0.541 1.077 0.952 - 0.235 1.247 1.037 - 0.020
5-6 vs IMD: 1-2 1.270 1.126 1.218 1.500

NL1 vs pre-pandemic : IMD: 0.929 0.690 — 0.629 0.984 0.819 - 0.861 0.695 0.609 - <0.001 0.898 0.738 - 0.280
7-10 vs IMD: 1-2 1.251 1.181 0.792 1.093

NL2 vs pre-pandemic : IMD: 1.019 0.721 - 0.915 0.852 0.689 — 0.139 1.032 0.887 - 0.678 1.173 0.934 - 0.169
7-10 vs IMD: 1-2 1.440 1.054 1.202 1.473

NL3 vs pre-pandemic : IMD: 0.927 0.700 - 0.595 0.836 0.704 - 0.042 1.068 0.944 - 0.291 1.164 0.968 - 0.105
7-10 vs IMD: 1-2 1.226 0.994 1.208 1.401
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Supplementary Table S10: Associated interaction between the first national lockdown and deprivation group on primary HCU compared to pre-pandemic
rate ratios between deprivation groups, for multi-morbid patients.

oNOYTULT D WN =

Deprivation 3-4 vs 1-2 Deprivation 5-6 vs 1-2 Deprivation 7-10 vs 1-2
RR (95% ClI) ‘ p-value RR (95% ClI) ‘ p-value RR (95% Cl) ‘ p-value
Primary HCU
New 1.022 0.697 1.012 0.831 0.992 0.888
prescriptions (0.913 - (0.904 — (0.886 —
1.145) 1.133) 1.111)
BP 1.097 0.390 1.127 0.267 1.166 0.156
(0.886 — (0.910- (0.942 -
1.358) 1.396) 1.444)
BMI 1.018 0.905 1.025 0.865 1.102 0.508
(0.760 - (0.766 — (0.823 -
1.362) 1.372) 1.475)
Cholesterol 0.958 0.829 1.004 0.986 0.853 0.428
(0.644 — (0.675 — (0.574 —
1.424) 1.492) 1.269)
HbAlc 0.988 0.950 0.996 0.983 0.890 0.561
(0.665 — (0.670 - (0.599 -
1.467) 1.479) 1.323)
Smoking 0.939 0.628 0.945 0.665 0.957 0.733
status (0.726 — (0.731- (0.739 -
1.215) 1.223) 1.238)
Secondary HCU
Planned 1.011 0.970 0.748 0.371 0.731 0.326
admissions (0.576 — (0.392 - (0.387 -
1.770) 1.404) 1.359)
Unplanned 1.153 0.729 1.202 0.685 0.889 0.803
admissions (0.513 - (0.490 - (0.346 —
2.592) 2.919) 2.217)
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27 Supplementary Figure S4: Secondary healthcare utilisation across Manchester CCG, from January 2020 until August 2021.
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Supplementary Figure S5: Total weekly unplanned admissions of MCCG population at the three main providers (local to 96.6% of people) between January
2020 and August 2021.
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Supplementary Figure S6: Weekly planned and unplanned admissions per 1000 people within morbidity group in the MCCG population and the ratio
32 between these scaled rates, between January 2020 and August 2021.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



BMJ Open Page 40 of 51

Supplementary Table S11: Estimates of the ratios of planned and unplanned admission rates for each LTC group in the final four weeks of the study
compared to pre-pandemic rates.

oNOYTULT D WN =

Planned Unplanned
LTC Rate Ratio | 95% CI p-value Rate Ratio | 95% CI p-value

0.653 0.586 — <0.001 0.926 0.773 - 0.401
Cancer 0.726 1.105

0.938 0.901 - 0.002 0.978 0.915 - 0.502
Cardiovascular 0.977 1.044

0.997 0.951 - 0.893 1.000 0.930- 0.990
Endocrine 1.044 1.076

0.959 0.921 - 0.039 1.104 1.039 - 0.001
Gastrointestinal 0.998 1.171
Musculoskeletal | 1.025 0.974 - 0.340 1.093 1.017 - 0.014
or Skin 1.078 1.173

1.053 0.908 — 0.489 1.137 0.946 - 0.165
Neurological 1.218 1.360

1.006 0.959 - 0.814 1.113 1.049 - <0.001
Psychiatric 1.054 1.181
Renal or 0.926 0.885 — 0.001 0.839 0.750- 0.002
Urological 0.969 0.938

0.966 0.910- 0.255 1.020 0.947 - 0.597
Respiratory 1.025 1.098
Sensory 0.894 0.841 - <0.001 1.016 0.926 - 0.736
Impairment or 0.950 1.113
Learning
Disability
Substance 1.196 1.074 - 0.001 1.139 1.013 - 0.028
Abuse 1.329 1.278

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 41 of 51 BMJ Open

Secondary Care Admissions

NoLTC OneLTC Multiple LTCs

oNOYTULT D WN =

pauueidun

Key Events
Christmas

National Lockdown

Deprivation Decile
IMD: 1-2
- IMD: 34
— IMD: 5-6
IMD: 7-10

—_
N
Weekly admissions per 1000 people

pauueyd

01-Oct-20 -
01-Dec-20-
01-Feb-21 -
01-Apr-21 -
01-Jun-21 -
01-Aug-21 -
01-Feb-20 -
01-Apr-20 -
01-Jun-20 -
01-Aug-20-
01-0ct-20 -
01-Dec-20-
01-Feb-21 -
01-Apr-21 -
01-Jun-21 -
01-Aug-21 -

)
o8
-3
)
iy
)

N

o
01-Feb-20
01-Apr-20
01-Aug-20
01-Oct-20
01-Dec-20
01-Feb-21
01-Feb-20 -
01-Apr-20 -
01-Jun-20 -

22 Supplementary Figure S7: Rates of weekly planned and unplanned admissions by deprivation and number of long-term conditions of the Manchester CCG
population, between January 2020 and August 2021.
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Supplementary Figure S8: Weekly planned and unplanned secondary care admissions per 1000 people within multi-morbid patients by deprivation group
and the ratio of these compared to the least-deprived group (IMD: 7-10), between January 2020 and August 2021.
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Supplementary Figure S9: Comparison between unadjusted (original) and death-adjusted weekly primary HCU measures

July 2021.
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Supplementary Figure 10: Comparison between unadjusted (original) and death-adjusted weekly primary HCU measures per 1000 people, by deprivation
group in July 2021.
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Supplementary Table S12: Comparison between unadjusted (original) and death-adjusted weekly secondary care admissions per 1000 people, by morbidity

group in July 2021.

BMJ Open

Number Admission | Week start Unadjusted Death- Difference
of LTCs Type Weekly Adjusted
(morbidity admissions Weekly
group) per 1000 admissions

people per 1000

people

None unplanned 01/07/2021 1.0235 1.0258 0.0023
None unplanned 08/07/2021 1.0460 1.0483 0.0024
None unplanned 15/07/2021 1.0560 1.0584 0.0024
None unplanned 22/07/2021 0.9934 0.9957 0.0022
None unplanned 29/07/2021 1.0185 1.0208 0.0023
One unplanned 01/07/2021 1.4832 1.4898 0.0066
One unplanned 08/07/2021 1.3576 1.3637 0.0060
One unplanned 15/07/2021 1.3969 1.4031 0.0062
One unplanned 22/07/2021 1.1536 1.1587 0.0051
One unplanned 29/07/2021 1.0987 1.1035 0.0049
Multiple unplanned 01/07/2021 3.6952 3.8118 0.1166
Multiple unplanned 08/07/2021 3.7372 3.8551 0.1179
Multiple unplanned 15/07/2021 3.5932 3.7066 0.1134
Multiple unplanned 22/07/2021 3.1553 3.2548 0.0995
Multiple unplanned 29/07/2021 3.1253 3.2239 0.0986
None planned 01/07/2021 0.9859 0.9882 0.0022
None planned 08/07/2021 0.9884 0.9907 0.0022
None planned 15/07/2021 0.8458 0.8477 0.0019
None planned 22/07/2021 0.9559 0.9581 0.0021
None planned 29/07/2021 0.8733 0.8753 0.0020
One planned 01/07/2021 1.6244 1.6317 0.0072
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One planned 08/07/2021 1.6558 1.6632 0.0073
One planned 15/07/2021 1.8834 1.8918 0.0084
One planned 22/07/2021 1.4832 1.4898 0.0066
One planned 29/07/2021 1.7736 1.7814 0.0079
Multiple planned 01/07/2021 7.1864 7.4131 0.2267
Multiple planned 08/07/2021 7.0485 7.2708 0.2224
Multiple planned 15/07/2021 6.8385 7.0542 0.2157
Multiple planned 22/07/2021 6.8745 7.0914 0.2169
Multiple planned 29/07/2021 6.3526 6.5530 0.2004
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The RECORD statement — checklist of items, extended from the STROBE statement, that should be reported in observational studies using
routinely collected health data.

Item | STROBE items Location in RECORD items Location in
No. manuscript where manuscript
items are reported where items are
reported
Title and abstract
1 (a) Indicate the study’s design RECORD 1.1: The type of data used 1.1 Data and
with a commonly used term in should be specified in the title or database specified
the title or the abstract (b) abstract. When possible, the name of in the abstract
Provide in the abstract an the databases used should be included. | methods (Page 2)
informative and balanced
summary of what was done and RECORD 1.2: If applicable, the 1.2 Geographic
what was found geographic region and timeframe region is specified
within which the study took place in the title (Page
should be reported in the title or 1), the timeframe
abstract. is specified in the
abstract methods.
RECORD 1.3: If linkage between (Page 2)
databases was conducted for the study,
this should be clearly stated in the title | 1.3 No linkage
or abstract. between
databases was
conducted
Introduction
Background 2 Explain the scientific Introduction
rationale background and rationale for the paragraphs 1-4
investigation being reported (Page 3)
Objectives 3 State specific objectives, Introduction
including any prespecified paragraph 4 (Page
hypotheses 3)
Methods
Study Design 4 Present key elements of study Methods: Design
design early in the paper and Data Source
(Page 3)
Setting 5 Describe the setting, locations, Methods:
and relevant dates, including
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periods of recruitment, exposure, Design and Data
follow-up, and data collection Source
Study Populations
and Key Time
Points
(Pages 3 and 4)
Participants (a) Cohort study - Give the RECORD 6.1: The methods of study Methods:
eligibility criteria, and the population selection (such as codes or | Long-term
sources and methods of selection algorithms used to identify subjects) medical
of participants. Describe should be listed in detail. If this is not | conditions
methods of follow-up possible, an explanation should be Index of Multiple
Case-control study - Give the provided. Deprivation
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ABSTRACT

Objectives: Data on population healthcare utilisation (HCU) across both primary and secondary care
during the COVID-19 pandemic are lacking. We describe primary and secondary HCU stratified by
long-term conditions (LTCs) and deprivation, during the first 19 months of COVID-19 pandemic
across a large urban area in the United Kingdom.

Design: A retrospective, observational study.

Setting: All primary and secondary care that contributed to the Greater Manchester Care Record
throughout 30"-December-2019 to 15--August-2021.

Participants: 3,225,169 patients were registered with or attended an NHS primary or secondary care
service.

Primary outcomes: Primary care HCU (incident prescribing and recording of healthcare information)
and secondary care HCU (planned and unplanned admissions) were assessed.

Results: The first national lockdown was associated with reductions in all primary HCU measures,
ranging from 24.7% (24.0% to 25.5%) for incident prescribing to 84.9% (84.2% to 85.5%) for
cholesterol monitoring. Secondary HCU also dropped significantly for planned (47% (42.9% to
51.5%)) and unplanned admissions (35.0% (28.3% to 41.6%)). Only secondary care had significant
reductions in HCU during the second national lockdown. Primary HCU measures had not recovered
to pre-pandemic levels by the end of the study. The secondary admission rate ratio between multi-
morbid patients and those without LTCs increased during the first lockdown by a factor of 2.4 (2.0 to
2.9;p<0.001) for planned admissions and 1.3 (1.1 to 1.5;p=0.006) for unplanned admissions. No
significant changes in this ratio were observed in primary HCU.

Conclusion: Major changes in primary and secondary HCU have been observed during the COVID-19
pandemic. Secondary HCU reduced more in those without LTCs and the ratio of utilisation between
patients from the most and least deprived areas increased for the majority of HCU measures. Overall
primary HCU and secondary care HCU for some LTC groups had not returned to pre-pandemic levels
by the end of the study.
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STRENGTHS AND LIMITATIONS OF THIS STUDY
Strengths
e This study includes data on over 3 million individuals, representing all patients registered with a
general practitioner across an entire geographical area.
e Both primary and secondary care services were analysed in this study.
e  Five surrogate markers of health care utilisation were considered in the primary care analyses.

Limitations

e Historical data prior to the start of the COVID-19 pandemic were not available which limited the
trend analyses that could be performed.
e Data from secondary care providers was limited to only a subset of the population.

INTRODUCTION

On the 30th of January 2020, the World Health Organization (WHO) declared a public health
emergency of international concern with governments urged to prepare for global spread of COVID-
19.1 With case numbers increasing and the virus spreading globally, COVID-19 was characterised as a
pandemic six weeks later and rapidly developed into a global public health emergency. As of the 17t
of December 2021 approximately 273 million cases and 5.3 million COVID-19 associated deaths have
been reported globally.2Governments across the world enacted a range of measures aimed at
controlling the spread of the virus,? and increasing healthcare capacity.*> Despite these measures
healthcare systems have been overwhelmed and diversion of healthcare resources to address
increased demand specific to COVID-19 has been required.®” The impact of this diversion of
resources on the care of patients with non COVID-19 illnesses has been exacerbated by reduced staff
availability due to COVID-19 infection amongst healthcare workers.?

Numerous studies have been undertaken to assess the impact of the pandemic on healthcare
provision in a variety of settings. An analysis of UK general practitioner (GP) data demonstrated that
diagnoses of common physical and mental health conditions decreased substantially early in the
pandemic.’ The number of urgent GP referrals for cancer fell by 60% in April 2020 compared to the
same month in 2019.1° Hospital administrative data has demonstrated a decline in patients
presenting with acute coronary syndrome from mid-February 2020 onwards, ! and a separate
analysis demonstrated a 43% reduction in patients undergoing percutaneous coronary interventions
for ST-elevation myocardial infarctions compared to previous years.’> Modelling studies have
suggested that approximately 28,000,000 elective surgical procedures were cancelled over a 12-
week period of peak disruption caused by the pandemic.??

Most studies to date investigating the impact of the pandemic on healthcare utilisation (HCU) have
assessed specific patient groups, largely focussed on secondary care.** Changes to HCU during the
COVID-19 pandemic for both primary and secondary care stratified across the range of long-term
medical conditions (LTCs) and different levels of social deprivation have not previously been
described. The Greater Manchester Care Record (GMCR) includes electronic health records from all
primary and secondary care National Health Service (NHS) providers in the metropolitan county of
Greater Manchester (GM). GM has been significantly affected by COVID-19,*> and the GMCR
provides a unique opportunity to study the impact of the pandemic on primary and secondary HCU
in patients with LTCs across this defined urban area.
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METHODS

Design and Data Source

This was a retrospective, observational, service evaluation using routinely collected data. The data
analysed were from two sources: 1) HCU data from the GMCR which is an integrated patient record
containing data from primary and secondary NHS services across Greater Manchester (GM) and 2)
contextual Government COVID-19 data ¢ regarding the number of new COVID-19 cases and COVID-
19 related hospital admissions.

Greater Manchester Care Record

The GMCR is populated with data from primary care (General Practitioners), secondary care (acute
and community hospitals), mental health trusts and social care across an entire geographical region.
A total of nine secondary care organisations (including 12 hospitals), 3 mental health trusts and 10
clinical commissioning groups (CCGs) contribute data. The primary purpose of the GMCR is for direct
patient care as it provides clinicians with information from other health care providers relevant to
their patient encounters that would ordinarily be inaccessible. However, it has also been made
available in de-identified format for research relating to COVID-19.

UK Government COVID-19 Data

Data regarding the number of new COVID-19 cases and COVID-19 related hospital admissions were
collected by the UK government throughout the pandemic. The number of new cases by specimen
date was extracted for Manchester and the number of COVID-19 admissions were extracted for each
of the secondary acute providers serving the people with a Manchester CCG (MCCG), included within
the GMCR. The data is freely available from https://coronavirus.data.gov.uk/details/download and
full details of the data extraction are provided in the Supplementary Materials (Supplementary Table
S1).

Data processing and approvals

All identifiable data including free text are redacted. Some non-identifying demographic data are
available such as recorded gender, year of birth, lower layer super output area (LSOA), index of
multiple deprivation and ethnicity. The University of Manchester is permitted to perform research
on this data via a Greater Manchester wide data protection impact assessment (DPIA). The basis for
this DPIA is the control of patient information (COPI) notice issued by the Secretary of State for
Health and Social Care in March 2020 which allowed confidential patient information to be shared
for the purposes of research into COVID-19.% The study was approved by both the GMCR Expert
Review Group and Research Governance Group. All data made available to the analysts was de-
identified and aggregated and therefore did not require specific ethical approval.

Study populations and key time points

The main study population consisted of all patients that were registered with a GP within GM on 15t
January 2020, defined as the GM population. The 1t January 2020 is the index study date. For the
primary care analyses the entire GM population were considered. However, secondary care data
were only available for patients registered to a Manchester CCG, hence, the secondary healthcare
utilisation analyses were limited to these people. The dates of the national lockdowns initiated in
response to the COVID-19 pandemic were indicated in addition to Christmas week due to expected
changes in HCU during these periods. The first national lockdown ran from the 23" March 2020 to
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the 11t May 2020, the second national lockdown ran from 5% November 2020 to 15t December 2020
and the third national lockdown ran from 6t January 2021 to the 8" March 2021.

Long-term medical conditions

Long-term medical conditions (LTCs) were defined as per Barnett et al,’® and were grouped into the
following categories: cancer, cardiovascular, endocrine, gastrointestinal, musculoskeletal or skin,
neurological, psychiatric, renal or urological, respiratory, sensory impairment or learning disability,
and substance abuse. A resident was identified as being diagnosed with a LTC by interrogating the
GMCR record prior to the index date. If a long-term medical condition was diagnosed after the 15t
January 2020 the patient was not recorded as having the LTC for this analysis. People that were
identified as belonging to multiple LTC groups were assigned to each corresponding LTC group and
defined as multi-morbid. The full list of long-term conditions and groupings are provided in
Supplementary Table S2.

Index of Multiple Deprivation

The 2019 Index of Multiple Deprivation (IMD) is the official measure of relative deprivation provided
by the Office for National Statistics which combines information from seven different domains to
produce an overall relative measure of deprivation for each LSOA. Each LSOA is ranked from least to
most deprived, and deciles of relative deprivation are generated.?® For this study the available IMD
deciles were categorised into four groups, representing the most deprived (deciles 1-2), highly
deprived (deciles 3-4), moderately deprived (deciles 5-6) and the least deprived LSOAs (deciles 7-10).
The least deprived LSOA group consisted of 4 deciles to avoid multiple small groups because of the
skew towards more deprived LSOA deciles in GM.

Measuring Healthcare Utilisation

For primary HCU, appointment data were not available within the GMCR. Surrogate markers of HCU
were therefore evaluated consisting of first prescriptions and recording of healthcare information in
the GP record. First prescriptions were identified by the issuing of any new prescription (non-repeat
prescription) for an individual patient by a primary care healthcare professional and are referred to
as incident prescriptions throughout the manuscript. This measure was selected as issuing of an
incident prescription requires contact with a healthcare professional. Healthcare information
recorded included: recoding of smoking status, measurements of cholesterol, blood pressure (BP),
blood glucose (HbAlc) and body mass index (BMI). The values of these measurements were not
used in the analysis.

For secondary HCU, the number of acute provider admissions were evaluated. To enable population
admission rates to be calculated, a denominator was calculated by assigning each resident within
Manchester CCG to a secondary care provider according to the most common provider observed
within their LSOA. In cases where there the most common secondary provider was unclear one of
the two most common providers was randomly assigned to that LSOA. Secondary care admissions
were categorised into planned, unplanned, maternity, transfers and ‘other’ admission, defined
according to the admission type field available in the provider data. Daily aggregate level data counts
of all utilisation measures were provided. A full description of the data processing applied is
available at https://github.com/rw251/gm-idcr/tree/master/projects/001%20-%20Grant.
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Statistical Analysis

Weekly totals of HCU data were evaluated for the entire population. The rate ratios (RRs) of
utilisation in the weeks before and after the initiation of the first and second national lockdowns (15t
national lockdown: w/c 23" March 2020 vs w/c 9t" March 2020; 2" national lockdown: w/c 9th
November 2020 vs w/c 19t October 2020) were estimated across all measures of HCU to determine
the association between the initiation of each national lockdown and HCU.

The effect of the initiation of the third national lockdown was not estimated since the weeks prior
coincided with Christmas, where utilisation is expected to be reduced. The pre-pandemic weeks
(prior to 9t" March 2020) were compared against each of the national lockdown periods to
determine if there was a significant change in the rates of HCU associated with each of the national
lockdowns using Poisson regression. A Poisson regression model, linear in time, was fit to the weekly
rates of utilisation after the initiation of the first national lockdown until the end of the study to
determine the overall change of utilisation throughout the pandemic. A direct comparison between
utilisation observed in a calendar week in 2021 vs 2020 was conducted for calendar weeks 2 to 11,
using rate ratios; it was assumed that the data in calendar weeks 2 to 11 in 2020 were unaffected by
the pandemic and consequently act as a control. Additionally, the rate ratios between utilisation
measures in the final four weeks of the study and the pre-pandemic period were estimated using
Poisson regression to compare how utilisation differed from pre-pandemic levels by the end of the
study.

Subgroup analyses were performed across LTC and IMD groups. To compare subgroups, we further
provided the rates of utilisation per 1000 people by dividing by the total number of people assigned
to the corresponding subgroup and multiplying by 1000. For example, when comparing the rates
across number of LTCs (none, one or multiple), for the people without any LTCs, the rate of weekly
secondary care admissions is defined as the total number of admissions experienced by this
subgroup within a given week divided by the total number of people within the subgroup, multiplied
by 1000. The interactive effect between the each of the national lockdowns and subgroup HCU was
estimated using log-linear regression.

A sensitivity analysis to adjust for deaths that occurred during the study was performed, where rates
of utilisation were re-calculated in July 2021 dividing by the total numbers of patients that were still
alive (death-adjusted), and compared to the un-adjusted rates. July 2021 was chosen since this was
one month before the end of the study and therefore captured the majority of deaths that occurred
throughout the study; hence if no difference was observed between the death-adjusted and un-
adjusted rates, the un-adjusted rates would pertain across all weeks. All analyses were performed in
R version 4.0.0, using the packages ‘tidyverse’??, ‘scales’??, ‘reshape2’?? and ‘cowplot’?.

Patient and public involvement

Two public representatives provided input throughout the project. Both representatives gave their
full support to the proposed project and are preparing a patient and public summary of the research
for dissemination.

RESULTS

The total population captured within the GMCR includes 3,225,169 patients, of whom 693,749 were
registered with a Manchester CCG. The mean age of the population was 38.2 years old (SD 22.8),
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with 49.0% of the population registered as female. The majority of the population (64.5%) had a
registered ethnicity as white. Asian or British Asian patients represented 11.5% of the population
and Black or Black British patients represented 4.0%. Ethnicity data were not available for 12.0% of
patients. The prevalence of LTCs is shown in Table 1. The most common LTCs observed were
psychiatric (GMCR: 26.5%, MCCG: 20.7%), cardiovascular (GMCR: 17.4%, MCCG: 10.5%), respiratory
(GMCR: 17.1%, MCCG: 13.4%) and gastrointestinal (GMCR: 15.5%, MCCG: 11.8%). Levels of
deprivation were high, with 41.4% of the GM population and the majority of those registered within
Manchester CCG (58.5%) residing in areas that are in the most deprived quintile (decile of 1 or 2;
Table 1).

Overall primary HCU

There was a rapid decrease in all weekly primary HCU measures starting just prior to the first
national lockdown (Figure 1). The largest drops in activity associated with the initiation of the first
national lockdown were for recording of healthcare information (% drop (95% Cl): BP: 82.4% (82.0%-
82.9%); BMI: 79.5% (78.8%-80.1%); Cholesterol 84.9% (84.2%-85.5%); HbAlc 84.0% (83.3%-84.6%);
Smoking status 62.2% (61.3%-63.1%). There was still a significant drop in the new prescriptions but
the change was proportionally smaller (24.7%; 95% Cl: 24.0%-25.5%). These reductions were
sustained throughout the first national lockdown (Supplementary Table S3). The initiation of the
second national lockdown was associated with an increase or no significant change in primary HCU
(% increase (95%Cl): new prescriptions: -0.3% (-1.3%-0.6%); BP: 4.1% (2.2%-6.1%); BMI: 2.4% (0.0%-
4.8%); Cholesterol: 10.0% (7.3%-12.8%); HbAlc: 6.5% (4.1%-8.9%); Smoking status: -0.2% (-2.1%-
1.8%)).

Table 1: Long-term conditions and social deprivation identified in the GM population and the
Manchester CCG subpopulation.

Greater Manchester

Manchester CCG

(N=3,225,169) | % (N=693,749) | %
LTC Group*
Cancer 50954 1.6 6307 0.9
Cardiovascular 561195 17.4 72912 10.5
Endocrine 393274 12.2 64557 9.3
Gastrointestinal 501060 15.5 81957 11.8
Musculoskeletal or Skin 284103 8.8 52593 7.6
Neurological 46672 1.4 7340 1.1
Psychiatric 854454 26.5 143707 20.7
Renal or Urological 130436 4.0 16617 2.4
Respiratory 550648 17.1 93174 134
Sensory Impairment or Learning
Disability 314264 9.7 45909 6.6
Substance Abuse 115532 3.6 24068 3.5
Number of LTCs
None 1530501 47.5 399618 57.6
One 631648 19.6 127428 18.4
Multiple 1063020 33.0 166703 24.0
IMD Group
1to2 1335061 41.4 405862 58.5
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3to4 675296 20.9 185118 26.7
5to6 424139 13.2 67192 9.7
7to0 10 788553 24.4 35087 5.1
Missing 2120 0.1 490 0.1

LTC — long term condition; IMD — index of multiple deprivation. *These data represent the overall
prevalence of each long term condition in the population. Each individual can be
represented in more than one LTC row.

All primary care HCU increased with time from the initiation of the first national lockdown to the end
of the study (annual RR (95%Cl): new prescriptions: 1.189 (1.186 - 1.191; p<0.001); BP: 2.113 (2.104
—2.122;p<0.001); BMI: 2.097 (2.086 — 2.108;p<0.001); Cholesterol: 2.221 (2.209 — 2.234;p<0.001);
HbAlc: 2.165 (2.153 — 2.176;p<0.001); Smoking status: 1.538 (1.531 — 1.544;p<0.001)). Despite this,
by the end of the study, all measures were still recorded less often than in the pre-pandemic period
(RR (95% Cl; p-value); new prescriptions: 0.828 (0.825 — 0.832; p<0.001); BP: 0.583 (0.580-0.587;
p<0.001); BMI: 0.669 (0.664-0.675; p<0.001); cholesterol: 0.896 (0.888-0.905; p<0.001); HbA1c:
0.935 (0.927-0.943; p<0.001); smoking status: 0.711 (0.706-0.717; p<0.001)).

All primary care measures were lower across calendar weeks 2-11 when comparing 2021 data with
2020 data (p<0.001; Supplementary Table S4). The measuring of BP and BMI remained consistently
lower throughout these weeks by an average of 50.0% (95%Cl: 49.8%-50.2%; p<0.001) and 42.5%
(95% Cl: 42.1%-42.8%; p<0.001), respectively. Even though the rates of cholesterol and HbA1lc
measurements taken in calendar week 11 were similar in 2021 (pandemic) and 2020 (pre-pandemic):
0.937 (95% Cl: 0.916 — 0.958) and 0.973 (95% Cl: 0.953 — 0.992), respectively, they were still
significantly lower in 2021.

Primary HCU by multi-morbidity and deprivation

Multi-morbid patients and patients with one LTC had consistently higher levels of primary HCU than
patients with no LTCs throughout the study period (Supplementary Table S5; Figure 2). The ratio of
weekly HCU rates per 1000 people between multi-morbid patients and those with no LTCs
significantly increased for new prescriptions (RR: 1.281; 95%Cl: 1.169 — 1.404; p <0.001), BP (RR:
1.187; 95%Cl: 1.007 — 1.400; p = 0.042) and smoking status (RR: 1.356; 95%Cl: 1.126 — 1.632; p =
0.002) during the first national lockdown, and decreased for BMI (RR: 0.736; 95%Cl 0.613 — 0.885;
p=0.001) and smoking status (RR: 0.803; 95%Cl 0.675 — 0.956; p=0.014) in the third national
lockdown. No significant changes in HCU between multi-morbid patients and those with no LTCs
were observed for HBA1c or cholesterol or during the second national lockdown for all primary care
HCU (Supplementary Table S6; Supplementary Figure S1).

Primary HCU by deprivation

People that were from less deprived areas had lower rates of new prescriptions compared to those
from the most deprived areas (IMD 1-2), (RR (95%Cl); 3-4 vs 1-2: 0.915 (0.874 — 0.959); 5-6 vs 1-2:
0.920 (0.878 — 0.964); 7-10 vs 1-2: 0.875 (0.835 — 0.917); Figure 2, Supplementary Table S7).
Similarly, smoking status had a lower rate of measurement in patients from the least deprived areas
compared to patients from the most deprived areas (RR: 0.885; 95% Cl: 0.801 — 0.877). No other
differences were observed with regards to deprivation across primary HCU. The group from the least

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

deprived areas had experienced an additional reduction in smoking status during the third national
lockdown (RR: 0.836; 95%Cl 0.704 - 0.994; p=0.042) but no other interactions between deprivation
and national lockdowns were evident (Supplementary Table S8).

Interaction between multi-morbidity and deprivation for primary HCU

Differences in HCU by deprivation were overall larger within multi-morbid patients (Supplementary
Table S9; Figure 2). Differences in HCU between deprivation groups were not attributable to only
one LTC group (Supplementary Figure S2). In multi-morbid patients, there were no significant
changes in the ratio of weekly HCU per 1000 people between the group from the least deprived
areas and the groups from other deprivation areas, across all primary HCU measures, during the first
national lockdown compared to pre-pandemic weeks (Supplementary Table S10; Supplementary
Figure S3).

Overall secondary HCU

There has been large variation in planned and unplanned secondary HCU over the course of the
COVID-19 pandemic (Supplementary Figure S4). There was a 47.4% (95%Cl: 42.9% - 51.5%, p<0.001)
reduction in planned and 35.3% (95%Cl: 28.3% - 41.6%; p<0.001) reduction in unplanned weekly
admission rates per 1000 people associated with the initiation of the first national lockdown
(planned: 2.51 to 1.32; unplanned: 1.36 to 0.88). The initiation of the second national lockdown was
also associated with a significant reduction in secondary HCU; planned weekly admission rates per
1000 people reduced by 20.4% (95%Cl 14.4%-25.9%; p<0.001) and unplanned reduced by 15.6%
(95%Cl 7.3%-23.1%; p<0.001). The reductions were sustained throughout these lockdowns; only
unplanned admissions in the third national lockdown were not significantly lower than in pre-
pandemic rates (Supplementary Table S3). The patterns observed in secondary admissions were
consistent across all three main contributing secondary care providers (Supplementary Figure S5).

Both planned and unplanned weekly admissions were on average lower from the beginning of the
first national lockdown up until the end of the study period, compared to the pre-pandemic
admissions (planned: RR 0.850, 95%Cl 0.837 — 0.864, p<0.001; unplanned: RR 0.976, 95%Cl| 0.957 —
0.996, p=0.016). However, the admissions increased throughout the period (planned: p<0.001;
unplanned: p<0.001) and when comparing the final four weeks of the study period with the pre-
pandemic period, planned admission rates were not significantly different (RR: 1.105; 95% Cl 0.987 —
1.044; p=0.290) and unplanned were higher (RR: 1.104, 95% Cl 1.067 — 1.143; p<0.001). The direct
comparison between calendar weeks 2-11 in 2021 vs 2020, indicated that planned admissions were
lower on average by 11.3% (95% Cl: 9.4% - 13.2%; p<0.001) but there was no difference in
unplanned admissions (RR: 1.012; 95%Cl 0.985 — 1.040; p=0.376). A week-by-week comparison is
detailed in Supplementary Table S3.

Secondary HCU by multi-morbidity

Morbidity was associated with an increased rate of planned admissions throughout the study period:

One vs No LTCs RR 1.904 (95% Cl: 1.717 — 2.111; p<0.001); Multiple vs No LTCs RR 9.584 (95%Cl
8.644 — 10.627; p<0.001); Multiple vs One LTC RR 5.033 (95%Cl 4.540 — 5.581; p<0.001). This was
also the case for unplanned admissions: One vs No LTCs RR 1.188 (95% Cl: 1.112 — 1.270; p<0.001);
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Multiple vs No LTCs RR 3.636 (95%CI 3.401 — 3.887; p<0.001); Multiple vs One LTC RR 3.059 (95%Cl
2.862 —3.271; p<0.001) (Figure 3).

Whilst the ratio of weekly unplanned admissions per 1000 people between patients that were multi-
morbid vs those without any LTCs was consistent throughout the majority of the pandemic, there
was a significant increase during the first lockdown compared with pre-pandemic (RR 1.253, 95%ClI
1.068 — 1.469; p=0.006) but no significant change was observed between those with one LTC and
those without any LTCs (RR 0.987, 95%Cl 0.842 — 1.157; p=0.865, Supplementary Figure S6). The
ratio of planned admission rates per 1000 people in morbidity groups increased during the first
national lockdown compared to that observed pre-pandemic: multi-morbid vs no LTC increased by a
factor of 2.402 (95% Cl 2.047 — 2.818; p<0.001) and one LTC vs no LTCs increased by a factor of 1.413
(95% Cl 1.205 — 1.658; p<0.001) (Supplementary Table S5; Supplementary Figure S6), however this
was not sustained throughout the pandemic. The average of the ratios of admission rates between
multi-morbid patients vs patients without LTCs from the start of the first national lockdown until the
end of the study period vs pre-pandemic was 1.176 (95% Cl: 0.871 — 1.588; p =0.289) for planned
admission rates and 1.097 (95%Cl: 0.900 — 1.338; p=0.357) for unplanned admission rates.

Secondary care HCU for specific LTC groups

There were noticeable differences for both planned and unplanned admission rates within each LTC
group over the study period (Figure 4). Planned admission rates were highest for patients with a
renal or urological LTC. Unplanned admission rates were highest in patients with cancer or renal
LTCs. Planned and unplanned admission rates were lowest overall for patients without any LTC. For
cancer patients, the drop in the number of planned admissions at the initiation of the first national
lockdown was sustained throughout the remainder of the study period, with an average reduction of
28.9% (95% Cl: 25.1% - 32.5%; p<0.001) compared to pre-pandemic levels and unplanned admission
rates decreased by 11.5% (95% Cl 2.4% - 19.6%; p=0.014). Planned admission rates for people
identified as having an endocrine, musculoskeletal or skin, neurological, psychiatric, or respiratory
LTC returned to pre-pandemic levels by the end of the study period. However, planned admission
rates for people identified as having cancer, cardiovascular, gastrointestinal, renal or urological and
sensory impairment or learning disability remained lower than in the pre-pandemic period.
Conversely, planned admission rates for people identified with a substance abuse LTC were higher
by the end of the study period compared to the pre-pandemic period (RR: 1.196; 95%CI 1.074 —
1.329; p=0.001; Supplementary Table S11). Unplanned admissions rates were lower only for those
that were identified with a renal or urological LTC. Patient groups with a gastrointestinal,
musculoskeletal or skin, psychiatric or substance abuse LTC had higher rates of unplanned
admissions at the end of the study compared to pre-pandemic levels. The remaining LTC groups had
no significant change in unplanned admissions (Supplementary Table S11).

Secondary HCU by deprivation

People from the most deprived areas (IMD of 1 or 2) had the highest rates for both planned (RR
(95%Cl); 3-4 vs 1-2: 0.753 (0.694 — 0.818; p<0.001); 5-6 vs 1-2: 0.787 (0.724 — 0.854;p<0.001); 7-10 vs 1-2:
0.812 (0.748 — 0.882; p<0.001)) and unplanned admissions (RR (95%Cl); 3-4 vs 1-2: 0.686 (0.642 —0.732;
p<0.001); 5-6 vs 1-2: 0.670 (0.628 — 0.715; p<0.001); 7-10 vs 1-2: 0.683 (0.640 — 0.729; p<0.001))
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throughout the study period. For multi-morbid patients, being from a highly deprived area was
associated with an increased rate in both planned and unplanned admissions compared to all other
deprivation areas (Supplementary Table S3c; Supplementary Figure S7). The ratios of rates between
deprivation area groups within multi-morbid patients were not significantly different during the first
national lockdown compared to pre-pandemic levels (Supplementary Table $10, Supplementary
Figure S8).

DISCUSSION

Principle Findings and Interpretation

We have assessed primary HCU for over 3 million patients across GM and secondary HCU for a sub-
group of almost 700,000 patients within Manchester CCG. Major changes in HCU occurred during
the COVID-19 pandemic. There was a large reduction in both primary and secondary HCU at the
beginning of the first national lockdown. Whilst there was a relatively consistent increase in primary
care HCU from the first national lockdown, primary HCU remained was lower at the end of the study
compared to pre-pandemic. Overall, both planned and unplanned secondary admissions had
recovered to pre-pandemic levels by the end of the study period but this recovery was not observed
across all LTC subgroups. Changes in the ratio of HCU between multi-morbid patients and those
without LTCs occurred during national lockdowns but were inconsistent across primary HCU
measures.

Although some healthcare information measures can be completed remotely (e.g. smoking status,
BP and BMI), primary HCU measures that require in-person contact with a healthcare professional
(e.g. HbA1c and cholesterol) demonstrated similar patterns in HCU. The initial larger fall in
healthcare information recording compared to incident prescribing in primary care may reflect a
shift in focus away from secondary prevention during the first wave of the pandemic. It is also
possible that coding practices may have changed with the switch from face-to-face to remote
consultations and that this switch has also impacted upon opportunistic BP/BMI/smoking status
checks. Although these HCU measures have not returned to pre-pandemic levels, they have
consistently increased since the first lockdown and this has occurred even though quality outcome
framework targets and local enhanced services were largely suspended.

Despite a peak in COVID-19 admissions within the first national lockdown, secondary admissions fell
by a larger volume. Reductions in secondary care admissions associated with the first lockdown have
been reported across the UK.1%2425 | argely, these are reflective of cancellations of elective activity or
delaying non-urgent care, to ensure capacity for patients with severe COVID-19 infection and to
increase critical care capacity.” The observed deficit may not correspond entirely to an unmet need
of patients with non-COVID-19 healthcare needs as there is some evidence that changes in
behaviour according to sanitisation campaigns, social distancing and government restrictions may
have resulted in fewer infections,?® and injuries.?” Additionally, emergency department attendances
which are related to unplanned admissions (but were not directly assessed in this study) have been
observed to have reduced. It is also possible that the increased utilisation of remote management
for secondary care patients has contributed to clinically appropriate reductions in admissions.
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There has been no noticeable recovery in HCU for patients with cancer and for a number of other
LTCs, recovery to pre-pandemic HCU levels has not occurred. In contrast, HCU of patients identified
with substance abuse and/or a psychiatric condition exceeded pre-pandemic levels between the first
and second national lockdowns, likely reaffirming the significant impact of the pandemic on mental
health and psychiatric services.?®

Implications for Clinicians and Policy Makers

It is inevitable that the changes in HCU observed in this study will have had an impact on both
patients and healthcare providers above and beyond the direct impact of COVID-19. For patients
with cancer, services had to adapt to mitigate the increased risk of death from COVID-19.%° The
initial reduction in the number of planned admissions was sustained throughout the study period
and is likely to reflect changes in services but may also be due to patients with cancer being
reluctant to seek healthcare. Delays in care for patients with cancer are known to impact
prognosis,3® and the pandemic has been found to have contributed to excess deaths in patients with
cancer.?* A proactive approach to encourage patients to attend screening and routine appointments
will be needed to minimise the impact of the pandemic on patients with cancer and other emerging
health inequalities.3132 Understanding the implications of reductions in the selected primary care
HCU measures, particularly the decrease in assessing and recording healthcare information will
require further long-term studies.

Strengths & Limitations

The strengths of this study include the complete coverage of a large geographical area for the
primary care analyses and the inclusion of both primary and secondary HCU data. This is the first
study to evaluate HCU across the full spectrum of LTC subpopulations and stratify according to multi-
morbidity and deprivation. Data prior to 2020 were not available and consequently comparisons
made (pre- vs post-pandemic) are reliant on the data between January and March 2020 being
representative of pre-pandemic utilisation. Consequently, the comparison of pre-pandemic HCU to
the end of the study period may have been influenced by seasonal variations in HCU. The secondary
care analysis was only possible on a subset of the GM population due to delays in data from some
GM secondary care providers. A most common provider method was used to assign patients for the
secondary care analysis. A limitation of this approach is that patients may travel for secondary care
to different hospitals outside of their assigned provider. While this limitation may impact on the
rates of utilisation per 1000 people, it is highly unlikely to have caused variation in the rate over
time.

The study population represents a largely deprived area placed under strict restrictions during the
pandemic. While this information is valuable, the findings may not be generalizable to other settings
in the UK or internationally. Although the measures of HCU that have been selected are relevant and
reliable, they do not provide a complete picture of either primary or secondary HCU. There is no
single effective measure to summarise HCU in primary care as there are many aspects that reflect
HCU in this setting.3? It remains possible that the shift towards increased remote consultations may
have resulted in changes to primary care delivery that were not possible to accurately capture using
our measures of primary HCU. Additionally, the cause of admission was not available for secondary
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HCU, hence we were unable to determine LTC-specific admissions. Whilst the current scaling and
sub-populations do not take into consideration any deaths or new diagnoses that occurred after 1
Jan 2020, a sensitivity analysis accounting for deaths resulted in very small increases to rates
(Supplementary Figures S9-S10; Supplementary Table S12) and scaled utilisation remained lower
than pre-lockdown levels.

Conclusions

We have assessed the changes in HCU in primary and secondary care associated with the COVID-19
pandemic and UK national lockdowns for patients with LTCs across a large urban region. There was a
significant reduction in both primary and secondary HCU associated with the first national lockdown.
Subsequent national lockdowns were associated with reductions in secondary care but not in
primary care. Whilst some measures of healthcare utilisation had returned to pre-pandemic levels by
the end of the study, many had not. Proportionally, secondary care HCU increased in multi-morbid
patients compared to those without LTCs during the first and second national lockdowns. Although
changes to HCU during the pandemic have been similar overall, different patterns have been seen in
specific LTC groups such as people with cancer. Over the course of the pandemic deprivation was
associated with higher rates of HCU in multi-morbid patients but no significant differences were
observed in the ratio of utilisation between those residing in the most and least deprived areas for
the majority of HCU measures during national lockdowns.
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FIGURE LEGENDS

Figure 1: Weekly primary care utilisation per 1000 people of the Greater Manchester population
between January 2020 and August 2021. The first week covered 30th December 2019 to 5th January
2020, hence utilisation was expected to be considerably lower between this and the following week
due to the UK bank holiday and seasonal effects expected for this calendar week.

Figure 2: Rates of primary care measures recorded per 1000 people per week, identified according
to number of long-term conditions and deprivation group, between January 2020 and August 2021.

Figure 3: (A:) Weekly rates of planned and unplanned admissions per 1000 people that were
identified as having zero, one or multiple LTCs, within the Manchester CCG subpopulation between
January 2020 and August 2021. (B:) Government reported COVID-19 admissions in Manchester
University NHS Foundation Trust, Pennine Acute Hospitals NHS Foundation Trust and Pennine Care
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NHS Foundation Trust (extracted 08-Sept-21), and (C:) Government reported cases in Manchester
(extracted 08-Sept- 21). MFT = Manchester University Hospital Foundation Trust, Pennine = Pennine
Acute Hospitals NHS Trust & Pennine Care NHS Foundation Trust

Figure 4: Weekly rates of planned and unplanned admissions identified in patients with each of the
long-term conditions within the Manchester CCG subpopulation, between January 2020 and August
2021.
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Figure 1: Weekly primary care utilisation
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per 1000 people of the Greater Manchester population between

January 2020 and August 2021. The first week covered 30th December 2019 to 5th January 2020, hence
utilisation was expected to be considerably lower between this and the following week due to the UK bank
holiday and seasonal effects expected for this calendar week.
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Figure 2: Rates of primary care measures recorded per 1000 people per week, identified according to
number of long-term conditions and deprivation group, between January 2020 and August 2021.
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(A) Manchester CCG Secondary Care Admissions
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Figure 3: (A:) Weekly rates of planned and unplanned admissions per 1000 people that were identified as
having zero, one or multiple LTCs, within the Manchester CCG subpopulation between January 2020 and
August 2021. (B:) Government reported COVID-19 admissions in Manchester University NHS Foundation
Trust, Pennine Acute Hospitals NHS Foundation Trust and Pennine Care NHS Foundation Trust (extracted 08-
Sept-21), and (C:) Government reported cases in Manchester (extracted 08-Sept- 21). MFT = Manchester
University Hospital Foundation Trust, Pennine = Pennine Acute Hospitals NHS Trust & Pennine Care NHS

Foundation Trust.
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Figure 4: Weekly rates of planned and unplanned admissions identified in patients with each of the long-
term conditions within the Manchester CCG subpopulation, between January 2020 and August 2021.
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SUPPLEMENTARY MATERIALS

COVID-19 Government data extraction

oNOYTULT D WN =

9 The Government data were extracted on 08-09-2021 from https://api.coronavirus.data.gov.uk/ . For
10 the new cases, we extracted data for Manchester only. The API for Manchester cases by specimen
date that was used is:

14 https://api.coronavirus.data.gov.uk/v2/data?areaType=utla&areaCode=E08000003&metric
15 =newCasesBySpecimenDate&format=csv

For the secondary admissions, we exported the data for the trusts which were the main providers in
the Manchester CCG subpopulation. The hospital groupings were not consistent across data sources;
20 Table S2 provides the mapping between the Government listed NHS trusts and the secondary

21 providers covering nearly all admissions experienced by Manchester CCG population in the GMCR.

23 Supplementary Table S1: Mapping between NHS acute providers according to data source

25 GMCR acute provider Government listed NHS Government data API
26 Trust

27 University Hospital of South | Manchester University NHS | https://api.coronavirus.data.gov.uk/
28 Manchester Foundation Trust v2/data?areaType=nhsTrust&areaC
Central Manchester ode=R0OA&metric=newAdmissions&f
University Hospitals ormat=csv

32 Pennine Acute Hospitals Pennine Acute Hospitals https://api.coronavirus.data.gov.uk/
33 NHS Trust v2/data?areaType=nhsTrust&areaC
34 ode=RW6&metric=newAdmissions&
35 format=csv

36 Pennine Acute Hospitals Pennine Care NHS https://api.coronavirus.data.gov.uk/
37 Foundation Trust v2/data?areaType=nhsTrust&areaC

ode=RT2&metric=newAdmissions&f
ormat=csv
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Supplementary Table S2: Long-term medical conditions and their groupings

Grouping

Long-term medical condition

Cardiovascular

Hypertension

Atrial fibrillation

Heart failure

Peripheral vascular disease

Stroke & transient ischaemic attack
Coronary heart disease

Respiratory

Bronchiectasis

Asthma

Chronic obstructive pulmonary disease
Chronic sinusitis

Gastrointestinal

Viral Hepatitis

Chronic liver disease
Inflammatory bowel disease
Diverticular disease of intestine
Treated constipation

Irritable bowel syndrome
Treated dyspepsia

Neurological

Multiple sclerosis
Parkinson’s disease
Migraine

Epilepsy

Endocrine

Thyroid disorders
Diabetes

Psychiatric

Anorexia or bulimia

Schizophrenia (and related non-organic psychosis) or bipolar disorder

Dementia

Anxiety & other neurotic, stress related & somatoform disorders

Depression

Substance Abuse

Alcohol problems
Other psychoactive substance misuse

Musculoskeletal/Skin

Psoriasis or eczema

Rheumatoid arthritis, other inflammatory polyarthropathies &

systematic connective tissue disorders
Painful condition

Sensory impairment or
learning disability

Learning disability
Blindness & low vision
Glaucoma

Hearing loss

Renal/Urological

Chronic kidney disease
Prostate disorders
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Supplementary Figure S1: Ratio of weekly primary care HCU measures per 1000 people between
32 morbidity groups, between January 2020 and August 2021.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

New Prescriptions by LTC

Cancer Cardiovascular Endocrine

0_
[0} . = z |
- Gastrointestinal Musculoskeletal or Skin Neurological
o
3
S 7o
o
O 50-
—
@ 25
[o%
g o-
R
§ None Psychiatric Renal or Urological
2
O 75-
a
2 50-
¢
ZZS-W
X
©® 0-
[}
3 Respiratory Sensory Impairment or Learning Disability Substance Abuse
754
50-
254
0 e e o o 8 et T o |3 e e e
§88%85883333 8888883333 88888¢8¢85
el = = o s o £ 3 [=4 o Q s f=4 [ b1y o 2 3 [ o Q = c [=] - [+ Q
[o% 3] o % a 3] by a a 13} @
F £ 2 £ 0 3F3 35 F3 9393 &F3F 465373294
= = - - - = = - - A= ER x= - . oo - sl = - - ») = - = - -
@ 9O O o B2 o 6 8 0 o e O 0 g b o e 9 D g v v 0 o O 9 9

.
s
i
L
a
<
L
o

01-Jun-21 -

01-Aug-21 -

Page 26 of 52

Key Events
Christmas

National Lockdown

IMDgroup
— 12
— 34
— 56
— 7-10

Supplementary Figure S2: Weekly new primary care prescriptions per 1000 people within each long-

term condition group and deprivation group, between January 2020 and August 2021.
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57 Supplementary Figure S3: Weekly new primary care HCU measures per 1000 people within multi-
59 morbid patients by deprivation group and the ratio of these compared to the least-deprived group
60 (IMD: 7-10), between January 2020 and August 2021.
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Supplementary Table S3: Associated effects of the national lockdowns on primary HCU compare to
pre-pandemic HCU. NL1 = First national lockdown, NL2 = Second national lockdown, NL3 = Third

national lockdown.
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Rate Ratio | 95% Cl | p-value
New Prescriptions
NL1 vs pre-pandemic 0.681 0.679-0.684 <0.001
NL2 vs pre-pandemic 0.835 0.832-0.838 <0.001
NL3 vs pre-pandemic 0.843 0.841-0.846 <0.001
BP
NL1 vs pre-pandemic 0.143 0.142-0.144 <0.001
NL2 vs pre-pandemic 0.494 0.491-0.497 <0.001
NL3 vs pre-pandemic 0.510 0.508 -0.513 <0.001
BMI
NL1 vs pre-pandemic 0.168 0.167-0.170 <0.001
NL2 vs pre-pandemic 0.559 0.555-0.564 <0.001
NL3 vs pre-pandemic 0.592 0.588 —0.596 <0.001
Cholesterol
NL1 vs pre-pandemic 0.128 0.126 - 0.130 <0.001
NL2 vs pre-pandemic 0.769 0.762-0.776 <0.001
NL3 vs pre-pandemic 0.788 0.782-0.793 <0.001
HbA1c
NL1 vs pre-pandemic 0.148 0.146 —0.150 <0.001
NL2 vs pre-pandemic 0.785 0.778 -0.791 <0.001
NL3 vs pre-pandemic 0.837 0.832-0.842 <0.001
Smoking Status
NL1 vs pre-pandemic 0.346 0.344 -0.349 <0.001
NL2 vs pre-pandemic 0.692 0.687 —0.696 <0.001
NL3 vs pre-pandemic 0.689 0.685 —0.692 <0.001
Planned Admissions
NL1 vs pre-pandemic 0.544 0.530-0.559 <0.001
NL2 vs pre-pandemic 0.921 0.897 —0.946 <0.001
NL3 vs pre-pandemic 0.902 0.883-0.922 <0.001
Unplanned Admissions
NL1 vs pre-pandemic 0.659 0.638 —0.681 <0.001
NL2 vs pre-pandemic 0.953 0.922 -0.986 0.005
NL3 vs pre-pandemic 0.984 0.958 -1.010 0.227

Page 28 of 52



Page 29 of 52 BMJ Open

1
2
431 Supplementary Table S4: Percentage decrease (95%Cl) in HCU in 2021 compared with the same calendar week in 2020.
Z Calendar Week ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘ 10 ‘ 11 ‘ Average | p-value
7 Primary HCU
8 New prescriptions 20.0 21.2 18.4 18.7 19.6 18.7 15.5 15.5 17.2 12.8 17.8 <0.001
9 (19.3-| (205-| (17.7-| (18.0-| (189-| (17.9-| (14.8- (14.8- | (16.5-| (12.0- (17.6-
10 20.8) 21.9) 19.2) 19.5) 20.3) 19.5) 16.3) 16.3) 18.0) 13.6) 18.1)
11 Blood Pressure 55.2 55.8 54.4 52.0 52.4 52.1 45.9 46.4 44.3 38.7 50.0 <0.001
12 (545-| (55.1-| (53.7-| (51.3-| (51.6-| (51.4-| (45.0- (45.7-| (43.4-| (37.8- (49.8-
13 55.9) 56.5) 55.1) 52.7) 53.1) 52.9) 46.7) 47.2) 45.1) 39.7) 50.2)
BMI 44.4 49.7 49.7 45.3 45.7 43.2 37.8 36.7 36.3 32.6 42.5 <0.001
14 (43.3-| (48.7-| (48.7-| (443-| (446-| (420-| (36.6- (35.6— | (35.1-| (313- (42.1-
15 45.5) 50.8) 50.8) 46.5) 46.8) 44.3) 39.1) 38.0) 37.6) 34.0) 42.8)
16 Cholesterol 27.5 34.0 34.2 26.9 26.2 27.4 17.1 18.0 11.9 6.3 18.4 <0.001
17 (25.8- | (32.4-| (32.7-| (253-| (245-| (25.8-| (15.3- (16.2- | (10.0- (4.2- (17.8-
18 29.1) 35.4) 35.6) 28.5) 27.7) 29.1) 19.0) 19.8) 13.8) 8.4) 18.9)
19 HbAlc 22.0 28.6 29.4 23.0 21.7 24.1 12.4 10.7 7.7 2.7 18.6 <0.001
20 (204- | (27.2-| (27.9-| (21.5-| (201-| (22.6-| (10.6- (9.0- (5.9- (0.8- (18.1-
21 23.6) 30.1) 30.8) 24.6) 23.2) 25.7) 14.2) 12.5) 9.5) 4.7) 19.1)
22 Smoking Status 333 37.8 34.7 43.4 38.9 38.4 32.9 24.7 25.1 18.8 33.3 <0.001
23 (321-| (36.7-| (336-| (426-| (37.8-| (37.3-| (31.8- (23.5-| (23.9-| (17.4- (33.0-
24 34.5) 38.9) 35.9) 44.5) 40.0) 39.6) 34.2) 26.1) 26.6) 20.4) 33.7)
25 Secondary HCU
26 Planned admissions 11.6 16.8 12.5 -0.4 27.1 12.5 1.7 12.5 14.8 2.6 11.3 <0.001
27 (53-1| (109- (63— (-76-| (21.6- (6.2-1] (5.2- (63— (8.9 (-4.1- (9.4-
28 17.5) 22.3) 18.2) 6.3) 32.3) 18.4) 8.2) 18.3) | -20.4) 8.9) 13.2)
29 Unplanned 8.4 33 11.2 | -14.2(- 26.9 2.0 7.7 -5.7 3.1 -25.7 -1.2 0.376
30 admissions (0.2- (-5.2- (-7.4- 249- | (19.4- (-6.8-| (-17.2- (-15.1- | (-12.2-| (-37.0- (-4.0-
31 15.9) 11.2) 9.1) -4.4) 33.8) 10.1) 1.1) 2.9) 5.2) -15.5) 1.5)
32
33
34
35
36
37
38
39
40
41
42
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Supplementary Table S5: Associated effects of morbidity on the rates of weekly totals of primary and secondary HCU (per 1000 people), throughout the

study period. LTC = Long term condition.

BMJ Open

Rate Ratio 95% Cl p-value
New Prescriptions
Multiple LTCs vs No LTCs 3.040 2.881-3.208 <0.001
One LTC vs No LTCs 1.534 1.454-1.619 <0.001
BP
Multiple LTCs vs No LTCs 7.347 6.197 -8.711 <0.001
One LTC vs No LTCs 2.659 2.243 -3.153 <0.001
BMI
Multiple LTCs vs No LTCs 4.429 3.801-5.162 <0.001
One LTC vs No LTCs 2.106 1.807 — 2.454 <0.001
Cholesterol
Multiple LTCs vs No LTCs 9.360 7.654 —11.446 <0.001
One LTC vs No LTCs 3.226 2.638 —3.945 <0.001
HbA1c
Multiple LTCs vs No LTCs 8.291 6.847 —10.038 <0.001
One LTC vs No LTCs 2.918 2.410-3.533 <0.001
Smoking Status
Multiple LTCs vs No LTCs 4.674 4.192 -5.211 <0.001
One LTC vs No LTCs 2.372 2.127 - 2.645 <0.001
Planned Admissions
Multiple LTCs vs No LTCs 9.584 8.644 —10.627 <0.001
One LTC vs No LTCs 1.904 1.717-2.111 <0.001
Unplanned Admissions
Multiple LTCs vs No LTCs 3.636 3.401 - 3.887 <0.001
One LTC vs No LTCs 1.188 1.112-1.270 <0.001
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Supplementary Table S6: Estimated rate ratios (RRs) from log-linear regression models for each HCU measure observed pre-pandemic and in the national
lockdowns, adjusted for the number of long term conditions (LTCs). NL1 = First national lockdown, NL2 = Second national lockdown, NL3 = Third national

lockdown.

Primary Care

New Prescriptions BP BMI Cholesterol
RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value
NL1 vs pre-pandemic 0.580 0.543 - 0.619 <0.001 0.126 0.112-0.141 <0.001 0.190 0.165-0.218 <0.001 0.103 0.084 -0.127 <0.001
NL2 vs pre-pandemic 0.800 0.742 - 0.862 <0.001 0.469 0.409 - 0.537 <0.001 0.615 0.523-0.722 <0.001 0.624 0.490 - 0.796 <0.001
NL3 vs pre-pandemic 0.855 0.804 - 0.909 <0.001 0.581 0.520-0.648 <0.001 0.752 0.660 - 0.856 <0.001 0.859 0.705 - 1.046 0.128
Multiple LTCs vs No LTCs 2.950 2.779-3.131 <0.001 7.155 6.429 - 7.963 <0.001 5.091 4.483 -5.781 <0.001 8.576 7.077 - 10.392 <0.001
One LTC vs No LTCs 1.531 1.442 -1.625 <0.001 2.753 2.474 - 3.064 <0.001 2.400 2.114-2.726 <0.001 3.222 2.659 - 3.904 <0.001
NL1 vs pre-pandemic : 1.281 1.169 - 1.404 <0.001 1.187 1.007 - 1.400 0.042 0.847 0.696 - 1.030 0.095 1.220 0.907 - 1.640 0.186
Multiple LTCs vs No LTCs
NL2 vs pre-pandemic : 1.073 0.964-1.193 0.194 1.091 0.901-1.321 0.369 0.911 0.726-1.144 0.418 1.318 0.934-1.858 0.114
Multiple LTCs vs No LTCs
NL3 vs pre-pandemic : 0.984 0.903 - 1.073 0.713 0.859 0.736 - 1.004 0.056 0.736 0.613 - 0.885 0.001 0.920 0.697 - 1.216 0.555
Multiple LTCs vs No LTCs
NL1 vs pre-pandemic : 1.126 1.027 - 1.234 0.012 1.025 0.870-1.209 0.763 0.889 0.731-1.081 0.236 1.102 0.820-1.482 0.515
One LTCvs No LTCs
NL2 vs pre-pandemic : 1.043 0.937-1.160 0.439 0.996 0.823-1.206 0.968 0.888 0.708 - 1.115 0.304 1.139 0.808 - 1.606 0.454
One LTCvs No LTCs
NL3 vs pre-pandemic : 0.994 0.912-1.084 0.895 0.896 0.767 - 1.046 0.162 0.811 0.674 - 0.975 0.026 0.921 0.697 - 1.216 0.557
One LTCvs No LTCs
Primary Care (ctd) Secondary Care
HbA1c Smoking Status Planned Admissions Unplanned Admissions
RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value
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NL1 vs pre-pandemic 0.120 0.096 - 0.148 <0.001 0.272 0.238-0.310 <0.001 0.272 0.243 - 0.305 <0.001 0.582 0.511-0.663 <0.001
NL2 vs pre-pandemic 0.716 0.557-0.920 0.010 0.667 0.573-0.777 <0.001 0.820 0.719-0.935 0.003 0.803 0.690 - 0.934 0.005
NL3 vs pre-pandemic 0.967 0.789 - 1.185 0.745 0.816 0.721-0.923 <0.001 0.935 0.841-1.040 0.214 0.933 0.826 - 1.055 0.267
Multiple LTCs vs No LTCs 8.223 | 6.744-10.026 <0.001 4.595 4.074 -5.183 <0.001 8.298 7.481-9.205 <0.001 3.359 2.981-3.786 <0.001
One LTC vs No LTCs 3.022 2.478 - 3.684 <0.001 2.404 2.131-2.712 <0.001 1.834 1.653-2.034 <0.001 1.111 0.986 - 1.252 0.083
NL1 vs pre-pandemic : 1.221 0.900 - 1.658 0.197 1.356 1.126 - 1.632 0.002 2.402 2.047 - 2.818 <0.001 1.253 1.042 - 1.506 0.017
Multiple LTCs vs No LTCs

NL2 vs pre-pandemic : 1.145 0.803 - 1.633 0.449 1.074 0.866 - 1.332 0.511 1.174 0.975-1.413 0.090 1.283 1.036 - 1.588 0.023
Multiple LTCs vs No LTCs

NL3 vs pre-pandemic : 0.852 0.639-1.136 0.271 0.803 0.675-0.956 0.014 0.957 0.824-1.112 0.563 1.073 0.902 - 1.276 0.421
Multiple LTCs vs No LTCs

NL1 vs pre-pandemic : 1.082 0.797 - 1.468 0.610 1.279 1.062 - 1.540 0.010 1.413 1.205-1.658 <0.001 0.987 0.821-1.186 0.885
One LTC vs No LTCs

NL2 vs pre-pandemic : 1.058 0.742 - 1.508 0.754 1.028 0.829-1.275 0.799 1.063 0.883-1.280 0.513 1.295 1.046 - 1.604 0.018
One LTC vs No LTCs

NL3 vs pre-pandemic : 0.894 0.671-1.192 0.442 0.87 0.730-1.036 0.116 0.971 0.835-1.128 0.695 1.075 0.904 - 1.279 0.407
One LTC vs No LTCs
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Supplementary Table S7: Associated effects of deprivation groups on primary and secondary HCU, throughout the study.

Primary Care

oNOYTULT D WN =

Deprivation New Prescriptions BP BMI Cholesterol
group
compared to

10 group 1-2

11 RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value

12 3-4 0.915 0.874-0.959 <0.001 1.018 0.869-1.193 0.821 1.007 0.865-1.172 0.928 0.964 0.797 - 1.166 0.702

13 5-6 0.920 0.878 - 0.964 <0.001 1.117 0.954 -1.309 0.169 1.025 0.881-1.192 0.751 1.076 0.889 -1.302 0.450

14 7-10 0.875 0.835-0.917 <0.001 1.134 0.968 —1.328 0.120 0.988 0.849-1.150 0.879 1.091 0.902 -1.320 0.369

15 Primary Care (ctd) Secondary Care

HbA1c Smoking Status Planned Admissions Unplanned Admissions

RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value

3-4 0.950 0.794 -1.137 0.574 0.947 0.858 —1.047 0.287 0.753 0.694-0.818 <0.001 0.686 0.642-0.732 <0.001

18 5-6 1.038 0.868 —1.242 0.682 0.945 0.856 —1.045 0.269 0.787 0.724-0.854 <0.001 0.67 0.628-0.715 <0.001

19 7-10 1.031 0.862-1.234 0.737 0.885 0.801-0.977 0.016 0.812 0.748 —0.882 <0.001 0.683 0.640-0.729 <0.001
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Supplementary Table S8: Estimated rate ratios (RRs) from log-linear regression models for each HCU observed pre-pandemic and in the national lockdowns,
adjusted for the deprivation group. NL1 = First national lockdown, NL2 = Second national lockdown, NL3 = Third national lockdown, IMD = index of multiple

oNOYTULT D WN =

deprivation.

Primary Care
New Prescriptions BP BMI Cholesterol
RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value
NL1 vs pre-pandemic 0.668 0.629 - <0.001 0.133 0.118 - <0.001 0.161 0.139 - <0.001 0.125 0.102 - <0.001
0.711 0.149 0.186 0.154
NL2 vs pre-pandemic 0.819 0.763 - <0.001 0.491 0.430 - <0.001 0.555 0.469 — <0.001 0.782 0.615 - 0.045
0.879 0.560 0.656 0.994
NL3 vs pre-pandemic 0.837 0.790 - <0.001 0.520 0.467 — <0.001 0.599 0.523 - <0.001 0.824 0.678 — 0.051
0.886 0.579 0.686 1.001
IMD: 3-4 vs IMD: 1-2 0.895 0.846 — <0.001 1.011 0.910 - 0.837 0.994 0.871 - 0.933 0.977 0.808 - 0.810
0.947 1.123 1.135 1.181
IMD: 5-6 vs IMD: 1-2 0.891 0.843 - <0.001 1.086 0.978 - 0.122 0.998 0.874 — 0.971 1.087 0.899 - 0.389
0.943 1.206 1.139 1.314
IMD: 7-10 vs IMD: 1-2 0.846 0.800 — <0.001 1.099 0.989 — 0.079 0.977 0.856 — 0.732 1.128 0.933 - 0.213
0.895 1.220 1.116 1.364
NL1 vs pre-pandemic : IMD: 1.043 0.956 - 0.342 1.076 0.916 - 0.372 1.056 0.861 - 0.600 0.976 0.729 - 0.871
3-4 vs IMD: 1-2 1.137 1.265 1.296 1.308
NL2 vs pre-pandemic : IMD: 1.033 0.935 - 0.522 1.006 0.834 - 0.947 1.070 0.845 — 0.574 0.984 0.701 - 0.926
3-4 vs IMD: 1-2 1.143 1.214 1.357 1.382
NL3 vs pre-pandemic : IMD: 1.021 0.941 - 0.617 0.981 0.843 - 0.806 1.021 0.843 - 0.831 0.978 0.743 - 0.872
3-4 vs IMD: 1-2 1.108 1.142 1.237 1.287
NL1 vs pre-pandemic : IMD: 1.043 0.956 - 0.342 1.124 0.956 — 0.158 1.064 0.867 — 0.553 1.037 0.774 - 0.810
5-6 vs IMD: 1-2 1.137 1.320 1.305 1.389
NL2 vs pre-pandemic : IMD: 1.048 0.948 - 0.360 1.029 0.853 - 0.765 1.022 0.806 — 0.857 1.000 0.712 - 0.999
5-6 vs IMD: 1-2 1.159 1.241 1.295 1.404
NL3 vs pre-pandemic : IMD: 1.025 0.944 — 0.559 1.002 0.861 - 0.980 1.025 0.846 — 0.803 0.960 0.729 - 0.773
5-6 vs IMD: 1-2 1.112 1.166 1.242 1.264
NL1 vs pre-pandemic : IMD: 1.034 0.949 - 0.444 1.159 0.986 — 0.073 1.088 0.887 — 0.419 0.889 0.663 — 0.430
7-10 vs IMD: 1-2 1.128 1.363 1.334 1.191
NL2 vs pre-pandemic : IMD: 1.048 0.948 - 0.362 1.037 0.860 — 0.701 1.018 0.803 - 0.885 1.006 0.716 - 0.973
7-10 vs IMD: 1-2 1.159 1.251 1.290 1.413
NL3 vs pre-pandemic : IMD: 1.019 0.939 - 0.648 0.969 0.833 - 0.686 0.971 0.801 - 0.764 0.923 0.701 - 0.570
7-10 vs IMD: 1-2 1.106 1.128 1.177 1.216
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Primary Care (ctd)

Secondary Care

HbA1c Smoking Status Planned Admissions Unplanned Admissions

RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value RR 95% Cl p-value

NL1 vs pre-pandemic 0.142 0.115- <0.001 0.352 0.309 - <0.001 0.566 0.516 - <0.001 0.642 0.558 - <0.001
0.175 0.401 0.621 0.737

NL2 vs pre-pandemic 0.794 0.622 - 0.064 0.734 0.632 - <0.001 0.916 0.823 - 0.110 0.944 0.803 - 0.479
1.013 0.853 1.020 1.109

NL3 vs pre-pandemic 0.871 0.714 - 0.171 0.735 0.651 - <0.001 0.894 0.820 - 0.012 0.945 0.829 - 0.393
1.061 0.831 0.976 1.077

IMD: 3-4 vs IMD: 1-2 0.947 0.781 - 0.582 0.977 0.868 — 0.707 0.761 0.699 - <0.001 0.654 0.576 - <0.001
1.149 1.101 0.828 0.743

IMD: 5-6 vs IMD: 1-2 1.038 0.856 — 0.705 0.978 0.868 — 0.713 0.799 0.734 - <0.001 0.598 0.527 - <0.001
1.259 1.101 0.870 0.680

IMD: 7-10 vs IMD: 1-2 1.041 0.858 — 0.681 0.972 0.863 — 0.636 0.848 0.779 - <0.001 0.643 0.566 - <0.001
1.263 1.094 0.923 0.731

NL1 vs pre-pandemic : IMD: 1.000 0.743 - 0.999 0.958 0.798 — 0.646 0.988 0.867 - 0.858 1.097 0.902 - 0.351
3-4 vs IMD: 1-2 1.347 1.150 1.126 1.335

NL2 vs pre-pandemic : IMD: 0.991 0.702 - 0.961 0.997 0.806 — 0.977 1.001 0.860 - 0.990 1.017 0.810 - 0.883
3-4 vs IMD: 1-2 1.401 1.233 1.165 1.277

NL3 vs pre-pandemic : IMD: 0.991 0.749 - 0.949 0.97 0.816 - 0.725 0.997 0.881 - 0.959 1.061 0.882 - 0.525
3-4 vs IMD: 1-2 1.311 1.152 1.127 1.276

NL1 vs pre-pandemic : IMD: 1.020 0.758 — 0.895 0.974 0.811 - 0.779 0.765 0.671 - <0.001 1.098 0.902 - 0.348
5-6 vs IMD: 1-2 1.374 1.170 0.872 1.336

NL2 vs pre-pandemic : IMD: 1.009 0.714 - 0.958 0.933 0.754 - 0.519 1.043 0.896 - 0.588 0.981 0.781 - 0.871
5-6 vs IMD: 1-2 1.426 1.153 1.214 1.233

NL3 vs pre-pandemic : IMD: 0.960 0.726 - 0.776 0.948 0.798 — 0.541 1.077 0.952 - 0.235 1.247 1.037 - 0.020
5-6 vs IMD: 1-2 1.270 1.126 1.218 1.500

NL1 vs pre-pandemic : IMD: 0.929 0.690 — 0.629 0.984 0.819 - 0.861 0.695 0.609 - <0.001 0.898 0.738 - 0.280
7-10 vs IMD: 1-2 1.251 1.181 0.792 1.093

NL2 vs pre-pandemic : IMD: 1.019 0.721 - 0.915 0.852 0.689 — 0.139 1.032 0.887 - 0.678 1.173 0.934 - 0.169
7-10 vs IMD: 1-2 1.440 1.054 1.202 1.473

NL3 vs pre-pandemic : IMD: 0.927 0.700 - 0.595 0.836 0.704 - 0.042 1.068 0.944 - 0.291 1.164 0.968 - 0.105
7-10 vs IMD: 1-2 1.226 0.994 1.208 1.401
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Supplementary Table $9: Comparison of HCU between deprivation groups and the highly deprived population throughout the pandemic for multi-morbid

BMJ Open

patients.
Deprivation 3-4 vs 1-2 Deprivation 5-6 vs 1-2 Deprivation 7-10 vs 1-2
RR (95% ClI) ‘ p-value RR (95% ClI) ‘ p-value RR (95% Cl) ‘ p-value
Primary HCU
New 0.917 <0.001 0.867 <0.001 0.807 <0.001
prescriptions (0.878 — (0.830- (0.773 -
0.957) 0.905) 0.843)
BP 0.983 0.827 0.997 0.969 1.001 0.989
(0.844 - (0.856 — (0.860 —
1.145) 1.161) 1.166)
BMI 0.927 0.334 0.893 0.147 0.865 0.063
(0.796 - (0.766 — (0.742 -
1.081) 1.041) 1.008)
Cholesterol 0.939 0.510 0.969 0.738 0.958 0.652
(0.779 - (0.803 - (0.794 -
1.133) 1.168) 1.155)
HbAlc 0.927 0.396 0.942 0.504 0.919 0.342
(0.779 - (0.791 - (0.772 -
1.104) 1.122) 1.094)
Smoking 0.863 0.003 0.820 <0.001 0.766 <0.001
status (0.785 — (0.745 - (0.697 —
0.949) 0.901) 0.843)
Secondary HC
Planned 0.873 0.029 0.741 <0.001 0.705 <0.001
admissions (0.773 - (0.652 — (0.619 -
0.986) 0.842) 0.802)
Unplanned 0.826 0.029 0.669 <0.001 0.645 <0.001
admissions (0.696 — (0.557 — (0.536 —
0.980) 0.802) 0.774)
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1

2

3 Supplementary Table S10: Associated interaction between the first national lockdown and deprivation group on primary HCU compared to pre-pandemic
g rate ratios between deprivation groups, for multi-morbid patients.

6 Deprivation 3-4 vs 1-2 Deprivation 5-6 vs 1-2 Deprivation 7-10 vs 1-2

7 RR (95% ClI) ‘ p-value RR (95% ClI) ‘ p-value RR (95% Cl) ‘ p-value

8 Primary HCU

?0 New 1.022 0.697 1.012 0.831 0.992 0.888
1 prescriptions (0.913 - (0.904 — (0.886 —

12 1.145) 1.133) 1.111)

13 BP 1.097 0.390 1.127 0.267 1.166 0.156
14 (0.886 — (0.910- (0.942 -

15 1.358) 1.396) 1.444)

16 BMI 1.018 0.905 1.025 0.865 1.102 0.508
1; (0.760 (0.766 — (0.823

19 1.362) 1.372) 1.475)

20 Cholesterol 0.958 0.829 1.004 0.986 0.853 0.428
21 (0.644 — (0.675 — (0.574 —

22 1.424) 1.492) 1.269)

23 HbAlc 0.988 0.950 0.996 0.983 0.890 0.561
24 (0.665 — (0.670 — (0.599 —

;Z 1.467) 1.479) 1.323)

27 Smoking 0.939 0.628 0.945 0.665 0.957 0.733
28 status (0.726 — (0.731- (0.739 -

29 1.215) 1.223) 1.238)

30 Secondary HCU

31 Planned 1.011 0.970 0.748 0.371 0.731 0.326
32 admissions (0.576 — (0.392 - (0.387 -

33 1.770) 1.404) 1.359)

2‘5‘ Unplanned 1.153 0.729 1.202 0.685 0.889 0.803
36 admissions (0.513 - (0.490 - (0.346 —

37 2.592) 2.919) 2.217)
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Supplementary Figure S4: Secondary healthcare utilisation across Manchester CCG, from January 2020 until August 2021.
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Secondary Care Unplanned Admissions (Manchester CCG)
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Supplementary Figure S5: Total weekly unplanned admissions of MCCG population at the three main providers (local to 96.6% of people) between January
29 2020 and August 2021.
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Supplementary Figure S6: Weekly planned and unplanned admissions per 1000 people within morbidity group in the MCCG population and the ratio
between these scaled rates, between January 2020 and August 2021.
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1

2

3 Supplementary Table S11: Estimates of the ratios of planned and unplanned admission rates for each LTC group in the final four weeks of the study
g compared to pre-pandemic rates.

? Planned Unplanned

8 LTC Rate Ratio | 95% CI p-value Rate Ratio | 95% CI p-value
9 0.653 0.586 — <0.001 0.926 0.773 - 0.401
10 Cancer 0.726 1.105

1 0.938 0.901 - 0.002 0.978 0.915 - 0.502
12 Cardiovascular 0.977 1.044

13 0.997 0.951 - 0.893 1.000 0.930 - 0.990
1;’ Endocrine 1.044 1.076

16 0.959 0.921 - 0.039 1.104 1.039 - 0.001
17 Gastrointestinal 0.998 1.171

18 Musculoskeletal | 1.025 0.974 - 0.340 1.093 1.017 - 0.014
19 or Skin 1.078 1.173

20 1.053 0.908 — 0.489 1.137 0.946 — 0.165
21 Neurological 1.218 1.360

;g 1.006 0.959— | 0.814 1.113 1.049— | <0.001
24 Psychiatric 1.054 1.181

25 Renal or 0.926 0.885 — 0.001 0.839 0.750- 0.002
26 Urological 0.969 0.938

27 0.966 0.910 - 0.255 1.020 0.947 — 0.597
28 Respiratory 1.025 1.098

29 Sensory 0.894 0.841 - <0.001 1.016 0.926 — 0.736
2(1) Impairment or 0.950 1.113

32 Learning

33 Disability

34 Substance 1.196 1.074 - 0.001 1.139 1.013 - 0.028
35 Abuse 1.329 1.278
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Supplementary Figure S7: Rates of weekly planned and unplanned admissions by deprivation and number of long-term conditions of the Manchester CCG
population, between January 2020 and August 2021.
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20 Supplementary Figure S8: Weekly planned and unplanned secondary care admissions per 1000 people within multi-morbid patients by deprivation group
and the ratio of these compared to the least-deprived group (IMD: 7-10), between January 2020 and August 2021.
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Supplementary Figure S9: Comparison between unadjusted (original) and death-adjusted weekly primary HCU measures

July 2021.
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Supplementary Figure 10: Comparison between unadjusted (original) and death-adjusted weekly primary HCU measures per 1000 people, by deprivation
38 group in July 2021.
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Supplementary Table S12: Comparison between unadjusted (original) and death-adjusted weekly secondary care admissions per 1000 people, by morbidity

group in July 2021.

BMJ Open

Number Admission | Week start Unadjusted Death- Difference
of LTCs Type Weekly Adjusted
(morbidity admissions Weekly
group) per 1000 admissions

people per 1000

people

None unplanned 01/07/2021 1.0235 1.0258 0.0023
None unplanned 08/07/2021 1.0460 1.0483 0.0024
None unplanned 15/07/2021 1.0560 1.0584 0.0024
None unplanned 22/07/2021 0.9934 0.9957 0.0022
None unplanned 29/07/2021 1.0185 1.0208 0.0023
One unplanned 01/07/2021 1.4832 1.4898 0.0066
One unplanned 08/07/2021 1.3576 1.3637 0.0060
One unplanned 15/07/2021 1.3969 1.4031 0.0062
One unplanned 22/07/2021 1.1536 1.1587 0.0051
One unplanned 29/07/2021 1.0987 1.1035 0.0049
Multiple unplanned 01/07/2021 3.6952 3.8118 0.1166
Multiple unplanned 08/07/2021 3.7372 3.8551 0.1179
Multiple unplanned 15/07/2021 3.5932 3.7066 0.1134
Multiple unplanned 22/07/2021 3.1553 3.2548 0.0995
Multiple unplanned 29/07/2021 3.1253 3.2239 0.0986
None planned 01/07/2021 0.9859 0.9882 0.0022
None planned 08/07/2021 0.9884 0.9907 0.0022
None planned 15/07/2021 0.8458 0.8477 0.0019
None planned 22/07/2021 0.9559 0.9581 0.0021
None planned 29/07/2021 0.8733 0.8753 0.0020
One planned 01/07/2021 1.6244 1.6317 0.0072
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One planned 08/07/2021 1.6558 1.6632 0.0073
One planned 15/07/2021 1.8834 1.8918 0.0084
One planned 22/07/2021 1.4832 1.4898 0.0066
One planned 29/07/2021 1.7736 1.7814 0.0079
Multiple planned 01/07/2021 7.1864 7.4131 0.2267
Multiple planned 08/07/2021 7.0485 7.2708 0.2224
11 Multiple planned 15/07/2021 6.8385 7.0542 0.2157
12 Multiple planned 22/07/2021 6.8745 7.0914 0.2169
13 Multiple | planned 29/07/2021 6.3526 6.5530 0.2004
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The RECORD statement — checklist of items, extended from the STROBE statement, that should be reported in observational studies using
routinely collected health data.

Item | STROBE items Location in RECORD items Location in
No. manuscript where manuscript
items are reported where items are
reported
Title and abstract
1 (a) Indicate the study’s design RECORD 1.1: The type of data used 1.1 Data and
with a commonly used term in should be specified in the title or database specified
the title or the abstract (b) abstract. When possible, the name of in the abstract
Provide in the abstract an the databases used should be included. | methods (Page 2)
informative and balanced
summary of what was done and RECORD 1.2: If applicable, the 1.2 Geographic
what was found geographic region and timeframe region is specified
within which the study took place in the title (Page
should be reported in the title or 1), the timeframe
abstract. is specified in the
abstract methods.
RECORD 1.3: If linkage between (Page 2)
databases was conducted for the study,
this should be clearly stated in the title | 1.3 No linkage
or abstract. between
databases was
conducted
Introduction
Background 2 Explain the scientific Introduction
rationale background and rationale for the paragraphs 1-4
investigation being reported (Page 3)
Objectives 3 State specific objectives, Introduction
including any prespecified paragraph 4 (Page
hypotheses 3)
Methods
Study Design 4 Present key elements of study Methods: Design
design early in the paper and Data Source
(Page 3)
Setting 5 Describe the setting, locations, Methods:
and relevant dates, including
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periods of recruitment, exposure, Design and Data
follow-up, and data collection Source
Study Populations
and Key Time
Points
(Pages 3 and 4)
Participants (a) Cohort study - Give the RECORD 6.1: The methods of study Methods:
eligibility criteria, and the population selection (such as codes or | Long-term
sources and methods of selection algorithms used to identify subjects) medical
of participants. Describe should be listed in detail. If this is not | conditions
methods of follow-up possible, an explanation should be Index of Multiple
Case-control study - Give the provided. Deprivation
eligibility criteria, and the (Pages 4 and 5)
sources and methods of case RECORD 6.2: Any validation studies
ascertainment and control of the codes or algorithms used to
selection. Give the rationale for select the population should be
the choice of cases and controls referenced. If validation was conducted
Cross-sectional study - Give the for this study and not published
eligibility criteria, and the elsewhere, detailed methods and results
sources and methods of selection should be provided.
of participants
RECORD 6.3: If the study involved
(b) Cohort study - For matched linkage of databases, consider use of a
studies, give matching criteria flow diagram or other graphical display
and number of exposed and to demonstrate the data linkage
unexposed process, including the number of
Case-control study - For individuals with linked data at each
matched studies, give matching stage.
criteria and the number of
controls per case
Variables Clearly define all outcomes, RECORD 7.1: A complete list of codes | Methods:
exposures, predictors, potential and algorithms used to classify Long-term
confounders, and effect exposures, outcomes, confounders, and | medical
modifiers. Give diagnostic effect modifiers should be provided. If | conditions
criteria, if applicable. these cannot be reported, an Index of Multiple
explanation should be provided. Deprivation
Measuring
Healthcare
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Utilisation (Pages
4 and 5)

Data sources/ 8 For each variable of interest, Measuring
measurement give sources of data and details Healthcare
of methods of assessment Utilisation (Page
(measurement). 5)
Describe comparability of
assessment methods if there is
more than one group
Bias 9 Describe any efforts to address NA
potential sources of bias
Study size 10 Explain how the study size was Study populations
arrived at and key time
points (Page 4)
Quantitative 11 Explain how quantitative Methods:
variables variables were handled in the Statistical
analyses. If applicable, describe Analysis (Pages 5
which groupings were chosen, and 6)
and why
Statistical 12 (a) Describe all statistical Methods:
methods methods, including those used to Statistical
control for confounding Analysis (Pages 5
(b) Describe any methods used and 6)

to examine subgroups and
interactions

(c) Explain how missing data
were addressed

(d) Cohort study - 1f applicable,
explain how loss to follow-up
was addressed

Case-control study - If
applicable, explain how
matching of cases and controls
was addressed
Cross-sectional study - If
applicable, describe analytical
methods taking account of
sampling strategy
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(e) Describe any sensitivity
analyses

Data access and

RECORD 12.1: Authors should

12.1 Methods:

cleaning methods describe the extent to which the Design and Data
investigators had access to the database | Source (Page 3)
population used to create the study
population.
RECORD 12.2: Authors should 12.2 NA
provide information on the data
cleaning methods used in the study.
Linkage RECORD 12.3: State whether the NA
study included person-level,
institutional-level, or other data linkage
across two or more databases. The
methods of linkage and methods of
linkage quality evaluation should be
provided.
Results
Participants 13 (a) Report the numbers of RECORD 13.1: Describe in detail the | NA
individuals at each stage of the selection of the persons included in the
study (e.g., numbers potentially study (i.e., study population selection)
eligible, examined for eligibility, including filtering based on data
confirmed eligible, included in quality, data availability and linkage.
the study, completing follow-up, The selection of included persons can
and analysed) be described in the text and/or by
(b) Give reasons for non- means of the study flow diagram.
participation at each stage.
(c) Consider use of a flow
diagram
Descriptive data | 14 (a) Give characteristics of study Results paragraph
participants (e.g., demographic, 1 (Page 6)

clinical, social) and information
on exposures and potential
confounders

(b) Indicate the number of
participants with missing data
for each variable of interest
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(c) Cohort study - summarise
follow-up time (e.g., average and
total amount)

Outcome data

15

Cohort study - Report numbers
of outcome events or summary
measures over time
Case-control study - Report
numbers in each exposure
category, or summary measures
of exposure

Cross-sectional study - Report
numbers of outcome events or
summary measures

Results (Pages 6 —
10)

Main results

16

(a) Give unadjusted estimates
and, if applicable, confounder-
adjusted estimates and their
precision (e.g., 95% confidence
interval). Make clear which
confounders were adjusted for
and why they were included
(b) Report category boundaries
when continuous variables were
categorized

(c) If relevant, consider
translating estimates of relative
risk into absolute risk for a
meaningful time period

Results (Pages 6 —
10)

Other analyses

17

Report other analyses done—
e.g., analyses of subgroups and
interactions, and sensitivity
analyses

Supplementary
materials

Discussion

Key results

18

Summarise key results with
reference to study objectives

Discussion
paragraph 1 (Page
10)

Limitations

19

Discuss limitations of the study,
taking into account sources of
potential bias or imprecision.

RECORD 19.1: Discuss the

implications of using data that were not

created or collected to answer the

Discussion
Strengths &
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: Discuss both direction and specific research question(s). Include Limitations (Page
5 magnitude of any potential bias discussion of misclassification bias, 12)

3 unmeasured confounding, missing

4 data, and changing eligibility over

5 time, as they pertain to the study being

6 reported.

/ Interpretation 20 Give a cautious overall Discussion (Pages
g interpretation of results 10-12)

10 considering objectives,

1 limitations, multiplicity of

12 analyses, results from similar

13 studies, and other relevant

14 evidence

:2 Generalisability | 21 Discuss the generalisability Discussion

17 (external validity) of the study Strengths &

18 results Limitations (Page
19 12)

20 Other Information

21 | Funding 22 Give the source of funding and Page 13

;g the role of the funders for the

4 present study and, if applicable,

25 for the original study on which

26 the present article is based

27 Accessibility of RECORD 22.1: Authors should Page 13

28 protocol, raw provide information on how to access

;g data, and any supplemental information such as

31 programming the study protocol, raw data, or

32 code programming code.

33

34  *Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Serensen HT, von Elm E, Langan SM, the RECORD Working
35 Committee. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement. PLoS Medicine 2015;
36 in press.

37

gg *Checklist is protected under Creative Commons Attribution (CC BY) license.
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