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ABSTRACT

Objective To characterise factors associated with
COVID-19 vaccine uptake among people with kidney
disease in England.

Design Retrospective cohort study using the OpenSAFELY-
TPP platform, performed with the approval of NHS England.
Setting Individual-level routine clinical data from 24
million people across GPs in England using TPP software.
Primary care data were linked directly with COVID-19
vaccine records up to 31 August 2022 and with renal
replacement therapy (RRT) status via the UK Renal
Registry (UKRR).

Participants A cohort of adults with stage 3-5 chronic
kidney disease (CKD) or receiving RRT at the start of

the COVID-19 vaccine roll-out was identified based on
evidence of reduced estimated glomerular filtration rate
(eGFR) or inclusion in the UKRR.

Main outcome measures Dose-specific vaccine
coverage over time was determined from 1 December
2020 to 31 August 2022. Individual-level factors
associated with receipt of a 3-dose or 4-dose vaccine
series were explored via Cox proportional hazards models.
Results 992205 people with stage 3—5 CKD or receiving
RRT were included. Cumulative vaccine coverage as of

31 August 2022 was 97.5%, 97.0% and 93.9% for doses
1,2 and 3, respectively, and 81.9% for dose 4 among
individuals with one or more indications for eligibility.
Delayed 3-dose vaccine uptake was associated with
younger age, minority ethnicity, social deprivation and
severe mental illness—associations that were consistent
across CKD severity subgroups, dialysis patients and
kidney transplant recipients. Similar associations were
observed for 4-dose uptake.

Conclusion Although high primary vaccine and booster
dose coverage has been achieved among people with
kidney disease in England, key disparities in vaccine
uptake remain across clinical and demographic groups
and 4-dose coverage is suboptimal. Targeted interventions
are needed to identify barriers to vaccine uptake among
under-vaccinated subgroups identified in the present
study.

5610 Alex J Walker @ 2
2

STRENGTHS AND LIMITATIONS OF THIS STUDY

= We harnessed unique electronic health data link-
ages to provide a comprehensive overview of de-
mographic and clinical factors associated with
COVID-19 vaccine coverage in a large cohort
(n=992205) of people with moderate-to-severe
kidney disease.

= We used a gold-standard registry of people receiv-
ing treatment for end-stage kidney disease (the UK
Renal Registry) to identify dialysis and transplant
recipients at the start of the UK COVID-19 vaccine
roll-out.

= We estimated cumulative 3-dose and 4-dose cov-
erage estimates in subgroups defined by ethnicity,
social deprivation status, age and kidney disease
severity to identify under-vaccinated populations.

= The under-representation of certain regions (such
as London) in the OpenSAFELY-TPP database may
limit generalisability of our findings.

= Eligibility for a fourth COVID-19 vaccine dose could
not be precisely determined based on diagnosis and
prescription codes in electronic health records.

BACKGROUND

Since the emergence of SARS-CoV-2, indi-
viduals with kidney disease—in particular
those requiring renal replacement therapy
(RRT)—have been at particular risk of
enduring the most harmful effects of COVID-
19." * While vaccination has the potential to
mitigate this risk, people with kidney disease
exhibit impaired COVID-19 vaccine immu-
nogenicity and effectiveness compared with
healthy adults.” * Among individuals who
have received a 2-dose primary vaccine series,
chronic kidney disease (CKD) and receipt of
RRT have been identified as key risk factors
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for subsequent infection, COVID-19-related hospitalisa-
tion and COVID-19-related mortality.”

Approximately 2.6million individuals over 16 years
of age are estimated to be affected by stage 3-5 CKD in
England (prevalence of ~6%).° Given their continued
risk of COVID-19 after primary vaccination, people
with kidney disease have been prioritised for additional
vaccine doses. The UK Joint Committee on Vaccination
and Immunisation (JCVI) recommended that individuals
with substantial immunosuppression (including primary
or acquired immunodeficiency and recent or ongoing
immunosuppressive therapy)’ receive a third primary
vaccine dose from 1 September 2021. A subset of individ-
uals with kidney disease, such as those receiving immu-
nosuppressive therapy following kidney transplant, would
have been eligible for this third primary dose. Subse-
quently, all individuals with CKD were included in the
initial JCVI priority groups to be offered a booster dose
from 14 September 2021,° with eligibility later extending
to all adults as of 29 November 2021.°

Within the UK’s guidelines, there were two routes to
being offered a fourth dose of COVID-19 vaccine before
September 2022. First, severely immunosuppressed indi-
viduals who received a third primary dose would become
eligible for a booster (fourth) dose at an interval of 3
months, and a second booster (fifth) dose at least 3
months later. Second, from February 2022,'% individuals
who were >75 years of age, care home residents or immu-
nosuppressed become eligible for a fourth dose as a 2-dose
primary course followed by autumn 2021 and spring 2022
boosters. As CKD incidence climbs with age, the majority
of people with kidney disease in the UK became eligible
for a fourth dose via this second route.

Global and national variation in COVID-19 vaccine
uptake is monitored via several online dashboards.'™
In England, relative vaccine uptake among demographic
and clinical subgroups, including people with CKD,
has been reported in weekly coverage reports using the
OpenSAFELY platform."” '* However, in these summary
reports, it remains unclear whether COVID-19 vaccine
coverage varies according to kidney disease severity or in
relation to other demographic or clinical factors in this
high-risk group.

To address these issues, we conducted a retrospec-
tive cohort study within the OpenSAFELY-TPP database
(https://opensafely.org). We report on the status of
COVID-19 vaccination among people with kidney disease
up to 31 August 2022 and highlight individual-level char-
acteristics associated with vaccine uptake.

METHODS

Data sources

All data were linked, stored and analysed securely within
the OpenSAFELY platform (https://opensafely.org/).
OpenSAFELY is a data analytics platform created by
our team on behalf of NHS England to address urgent
COVID-19 research questions. The dataset analysed

within OpenSAFELY-TPP is based on 24 million people
currently registered with general practice (GP) surgeries
using TPP SystmOne software. Data include pseudony-
mised data such as coded diagnoses, medications and
physiological parameters. No free text data are included.
All code is shared openly for review and reuse under MIT
open license (https://github.com/opensafely/ckd-cov-
erage-ve). Detailed pseudonymised patient data is poten-
tially reidentifiable and therefore not shared. Primary
care data are linked through OpenSAFELY with other
pseudonymised datasets, including COVID-19 testing
records via the Second Generation Surveillance System,
Accidentand Emergency attendance and hospital records
via NHS Digital’s Hospital Episode Statistics, national
death registry records from the Office for National Statis-
tics and RRT status via the UK Renal Registry (UKRR).
Vaccination status is directly available within GP records
via the National Immunisation Management System.

Study population

Baseline clinical and demographic characteristics were
defined as of 1 December 2020—the month in which the
UK COVID-19 vaccination programme commenced—
with the exception of age, which was calculated as of 31
March 2021 as per UK Health Security Agency recom-
mendations.'” We assessed eligibility for inclusion in the
study cohort among individuals who were at least 16 years
of age and had been registered in OpenSAFELY-TPP for
at least 3 months at baseline. We excluded individuals
if their sex, ethnicity, geographical region or index of
multiple deprivation (IMD) were unknown, or if they had
an atypical vaccine record (more than five doses recorded
by 31 August 2022 or any two doses recorded within a
period of 14 days).

We determined kidney function based on the most
recent serum creatinine measurement in the 2 years
preceding 1 December 2020 (where available) and
converted this into estimated glomerular filtration rate
(eGFR) using the CKD epidemiology collaboration
equation without specification of ethnicity.'® Individuals
receiving RRT were identified based on their treatment
modality (dialysis or transplant) within the UKRR as of 31
December 2020 (the UKRR status update closest to the
baseline date).

We included individuals who were receiving RRT as well
as people with CKD based on evidence of reduced kidney
function (eGFR <60mL/min/1.73 mQ) in the absence of
RRT. Individuals with primary care codes suggesting prior
receipt of dialysis or kidney transplant but absent from
the UKRR cohort were excluded. To assess CKD severity,
we distinguished between stage 3a (eGFR of 45-59mL/
min/1.73 m?), stage 3b (eGFR of 30-44mlL/min/1.73
m?) and stage 4-5 CKD (eGFR <30mL/min/1.73 m?).

Outcomes

We report on cumulative coverage for doses 1, 2, 3, 4 and
5 (via any combination of vaccine products) up to 31
August 2022. For the analysis of individual-level factors
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associated with vaccine uptake, our primary outcome
was receipt of a 3-dose series of any vaccine product. For
the purposes of this study, we do not distinguish between
third primary and booster doses, or between 100 pg (full)
or 50 pg (half) doses of the vaccine product mRNA-1273
(with the latter recommended for booster doses).
Receipt of a 4-dose series of any vaccine product was
considered as a secondary outcome. Notably, not all
members of our cohort would have been eligible for
a fourth dose before September 2022 based on UK
guidelines (described above). We therefore limited our
secondary outcome analysis to a subset of the population
with at least one indicator for receipt of a fourth dose
(8 primary+1 booster or 2 primary+2 boosters), including
individuals who were 275 years of age at baseline, care
home residents, transplant recipients or had a history of
haematologic malignancy or immunosuppression.

Covariates

Covariates of interest in relation to demography, vaccine
prioritisation and population accessibility included: age
(five categories defined by JCVI priority group cut-offs);
sex; ethnicity (white, black, South Asian, mixed or other);
social deprivation based on IMD quintile (derived from
an individual’s postcode at Lower Super Output Area);
setting (urban, urban conurbation or rural); care home
residence; health and social care worker status; house-
bound status; and receipt of end-of-life care.

Clinical covariates of interest included kidney disease
subgroup (CKD3a, CKD3b, CKD4-5, RRT (dialysis) and
RRT (transplant)) and presence or absence of pre-existing
conditions including: prior SARS-CoV-2 infection; immu-
nosuppression (defined by any prior immunosuppres-
sive diagnosis or receipt of immunosuppressive therapy
in the 6 months preceding baseline); moderate/severe
obesity (body mass index >35kg/m* based on the most
recent measurement in the 5 years before baseline);
diabetes; chronic respiratory disease (including asthma);
chronic heart disease; chronic liver disease; asplenia;
non-haematologic cancer; haematologic cancer; non-
kidney organ transplant; chronic neurological disease
(including learning disability); severe mental illness; and
classification as clinically extremely vulnerable'” in the
absence of any of the conditions listed above (including
RRT). To assess the potential influence of primary care
coding relating to kidney disease, we included the pres-
ence or absence of diagnostic codes associated with stage
3-5 CKD at baseline.

Statistical analysis

We used Kaplan-Meier estimates to determine cumulative
dose-specific vaccine coverage over time, censoring at
death, deregistration or the end of the study period (31
August 2022). Individuals remained in the atrisk popu-
lation for receiving doses 2-5 regardless of their vacci-
nation status for prior doses. To identify demographic
and clinical covariates associated with time to receipt
of a 3-dose (primary outcome) or 4-dose (secondary

outcome) vaccine series, we used Cox proportional
hazards models, stratified by region and censoring at
death, deregistration or the end of the study period. For
each covariate, we determined hazard ratios (HRs) and
95% ClIs with sequential adjustment for baseline covari-
ates. Minimally adjusted models included age, care home
residence and health and social care worker status given
their use in JCVI prioritisation criteria. Partially adjusted
models extended these models to include additional vari-
ables potentially linked with vaccine access or uptake,
including housebound status, receipt of end-of-life care,
setting, sex, ethnicity, IMD quintile, prior SARS-CoV-2
infection, immunosuppression and haematologic cancer.
Fully adjusted models included all covariates. Schoenfeld
residual plots were used to assess validity of the propor-
tional hazards assumption. As a precaution against small-
number disclosures, we rounded counts to the nearest
5, redacted non-zero rounded counts or non-counts of
<10 and delayed Kaplan-Meier steps until 25 events had
occurred.

To determine whether HRs differed according to kidney
disease severity, partially adjusted models were explored
in the following subgroups: CKD3a, CKD3b, CKD4-5,
RRT (dialysis) and RRT (transplant). To assess whether
conclusions were robust to Cox model assumptions and
representative of factors associated with vaccine coverage
at the time of the analysis cut-off (31 August 2022), we
performed a sensitivity analysis for the primary outcome
in which we used partially adjusted logistic regression
models (using the same variables above but with region as
an additional covariate) among individuals who remained
alive and registered throughout follow-up. Finally, we
calculated cumulative 3-dose and 4-dose coverage in
subgroups defined by ethnicity, IMD quintile, age and
kidney disease severity to identify populations at partic-
ular risk of under-vaccination at the end of follow-up.
While recognising their heterogeneity, minority ethnic
groups are combined in this subgroup analysis due to
their low combined prevalence (<10%) within the study
population.

Patient and public involvement

Patients were not directly involved in developing this
study. We maintain a publicly available website (https://
opensafely.org) through which members of the public
or patient groups are invited to contact us regarding this
study or the broader OpenSAFELY project.

RESULTS

Vaccine coverage and product profile by dose

A total of 992205 individuals met the criteria for inclu-
sion in the cohort (online supplemental figure 1). Of
these, 66.5% had CKD3a, 24.7% had CKD3b, 6.5% had
CKD4-5, 1.0% were receiving RRT via dialysis and 1.3%
were receiving RRT via kidney transplant. Clinical and
demographic characteristics of the overall cohort and
kidney disease subgroups are summarised in table 1. In
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Table 1 Baseline characteristics of study population
RRT RRT
CKD4-5,n (dialysis), n (transplant),
Characteristic All, n (%) CKD3a, n (%) CKD3b, n (%) (%) (%) n (%)
N 992205 (100) 659785 (100) 245380 (100) 64855 (100) 9455 (100) 12735 (100)
Age
16-64 109815 (11.1) 76390 (11.6) 13750 (5.6) 5990 (9.2) 4395 (46.5) 9285 (72.9)
65-69 74740 (7.5) 57870 (8.8) 11270 (4.6) 3090 (4.8) 1095 (11.6) 1415 (11.1)
70-74 143575 (14.5) 109375 (16.6) 25860 (10.5) 6025 (9.3) 1145 (12.1) 1170 (9.2)
75-79 181200 (18.3) 130805 (19.8) 39940 (16.3) 8620 (13.3) 1225 (13.0) 615 (4.8)
80+ 482870 (48.7) 285345 (43.2) 154560 (63.0) 41135 (63.4) 1590 (16.8) 245 (1.9)
Sex
Female 555365 (56.0) 373790 (56.7) 139545 (56.9) 33635 (51.9) 3490 (36.9) 4910 (38.6)
Male 436840 (44.0) 285995 (43.3) 105835 (43.1) 31220 (48.1) 5965 (63.1) 7825 (61.4)
Ethnicity
White 930565 (93.8) 621555 (94.2) 231735 (94.4) 59610 (91.9) 7305 (77.3) 10355 (81.3)
Black 17675 (1.8) 11895 (1.8) 3440 (1.4) 1270 (2.0) 575 (6.1) 490 (3.8)
South Asian 32620 (3.3) 19015 (2.9) 7720 (3.1) 3115 (4.8) 1280 (13.5) 1490 (11.7)
Mixed 4755 (0.5) 3195 (0.5) 975 (0.4) 340 (0.5) 120 (1.3) 125 (1.0)
Other 6590 (0.7) 4125 (0.6) 1505 (0.6) 515 (0.8) 170 (1.8) 275 (2.2)
Index of multiple deprivation quintile
1—most deprived 164415 (16.6) 104895 (15.9) 42025 (17.1) 12265 (18.9) 2625 (27.8) 2605 (20.5)
2 187240 (18.9) 122190 (18.5) 47225(19.2) 12990 (20.0) 2185 (23.1) 2650 (20.8)
3] 224590 (22.6) 149385 (22.6) 55965 (22.8) 14600 (22.5) 1890 (20.0) 2750 (21.6)
4 216980 (21.9) 146780 (22.2) 52795 (21.5) 13355 (20.6) 1530 (16.2) 2515 (19.7)
5—least deprived 198985 (20.1) 136535 (20.7) 47370(19.3) 11640(17.9) 1225 (13.0) 2210 (17.4)
Setting
Urban city or town 530975 (53.5) 353115 (53.5) 131920 (53.8) 34580 (53.3) 4750 (50.2) 6605 (51.9)
Urban conurbation 204530 (20.6) 132680 (20.1) 50665 (20.6) 14715 (22.7) 2995 (31.7) 3470 (27.2)
Rural 256700 (25.9) 173990 (26.4) 62790 (25.6) 15560 (24.0) 1705 (18.0) 2655 (20.8)
Primary care coding of kidney
disease
CKDB3-5 diagnostic code 592520 (59.7) 326090 (49.4) 191500 (78.0) 57250 (88.3) 8030 (84.9) 9650 (75.8)
Dialysis code 15785 (1.6) (N) (N) (N) 7485 (79.2) 8300 (65.2)
Kidney transplant code 13630 (1.4) (N) (N) (N) 1290 (13.6) 12340 (96.9)
Risk group (occupation/access)
Care home resident 44470 (4.5) 24280 (3.7) 15255 (6.2) 4705 (7.3) 165 (1.7) 65 (0.5)
Health/social care worker 5680 (0.6) 4395 (0.7) 630 (0.3) 210 (0.3) 70 (0.7) 370 (2.9)
Housebound 54600 (5.5) 27320 (4.1) 19140 (7.8) 6930 (10.7) 600 (6.3) 610 (4.8)
End of life care 40400 (4.1) 20555 (3.1) 13545 (5.5) 5515 (8.5) 605 (6.4) 180 (1.4)
Risk group (clinical)
Prior SARS-CoV-2* 27835 (2.8) 15570 (2.4) 7830 (3.2) 2855 (4.4) 1045 (11.1) 535 (4.2)
Immunosuppression 56985 (5.7) 33045 (5.0) 13600 (5.5) 4000 (6.2) 985 (10.4) 5355 (42.0)
Moderate/severe obesity 111630 (11.3) 73530 (11.1) 27730 (11.3) 7910(12.2) 1315(13.9) 1150 (9.0)
Diabetes 275745 (27.8) 156995 (23.8) 82940 (33.8) 28015 (43.2) 3950 (41.8) 3840 (30.2)
Chronic respiratory disease 120935 (12.2) 75960 (11.5) 33880 (13.8) 9085 (14.0) 1015 (10.7) 990 (7.8)
(including asthma)
Chronic heart disease 438965 (44.2) 264765 (40.1) 128885 (52.5) 36710 (56.6) 4755 (50.3) 3850 (30.2)
Continued
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Table 1 Continued

RRT RRT
CKD4-5,n (dialysis), n (transplant),
Characteristic All, n (%) CKD3a, n (%) CKD3b, n (%) (%) (%) n (%)
Chronic liver disease 32215 (3.2) 20940 (3.2) 7850 (3.2) 2290 (3.5) 550 (5.8) 585 (4.6)
Asplenia 8665 (0.9) 5680 (0.9) 2090 (0.9) 585 (0.9) 140 (1.5) 170 (1.3)
Cancer (non-haematologic) 168840 (17.0) 107245 (16.3) 46265 (18.9) 13055 (20.1) 1315(13.9) 960 (7.5)
Haematologic cancer 20430 (2.1) 12180 (1.8) 5830 (2.4) 1875 (2.9) 310 (3.3) 240 (1.9)
Organ transplant (non-kidney)t 2190 (0.2) 1205 (0.2) 690 (0.3) 220 (0.3) 75 (0.8) (N)
CND (including learning disability) 163135 (16.4) 99640 (15.1) 47650 (19.4) 13215(20.4) 1450 (15.3) 1180 (9.3)
Severe mental illness 12985 (1.3) 8375 (1.3) 3275 (1.3) 1035 (1.6) 180 (1.9) 125 (1.0)
Clinically extremely vulnerable 9065 (0.9) 5765 (0.9) 2220 (0.9) 1075 (1.7) (N) (N)
(othent
Region
East of England 220630 (22.2) 147850 (22.4) 53895 (22.0) 13835 (21.3) 2085 (22.1) 2970 (23.3)
Midlands 227805 (23.0) 152235 (23.1) 55885 (22.8) 14685 (22.6) 2280 (24.1) 2715 (21.3)
London 30610 (3.1) 19080 (2.9) 7315 (3.0) 2545 (3.9) 765 (8.1) 905 (7.1)
North East and Yorkshire 187440 (18.9) 123370(18.7) 47135(19.2) 12615(19.5) 1855 (19.6) 2465 (19.4)
North West 90180 (9.1) 59455 (9.0) 22825 (9.3) 6050 (9.3) 685 (7.2) 1160 (9.1)
South East 58810 (5.9) 39085 (5.9) 14580 (5.9) 3830 (5.9) 580 (6.1) 735 (5.8)
South West 176735 (17.8) 118715(18.0) 43745(17.8) 11295(17.4) 1205 (12.7) 1780 (14.0)

Data are n (%) after rounding to the nearest 5. Primary care codes and risk groups are coded by separate binary variables; percentages under
these table subheadings therefore do not sum to 100. Among people with CKD4-5, 59480 had stage 4 CKD (estimated glomerular filtration
rate 15-29 mL/min/1.73m?) and 5375 had stage 5 CKD (estimated glomerular filtration rate <15mL/min/1.73m?.

*Based on prior evidence of a positive SARS-CoV-2 test, COVID-19-related primary care code or COVID-19-related hospitalisation as of 1
December 2020.

TExcludes individuals with kidney transplants based on primary care coding or UK Renal Registry status.

FClassified as clinically extremely vulnerable in the absence of any of the comorbidities listed above (including RRT).

CKD, chronic kidney disease; CND, chronic neurological disease; (N), covariate absent in all individuals by definition; RRT, renal replacement
therapy.

comparison to people with CKD, RRT recipients were
markedly younger (with associated declines in several
age-associated comorbidities) and were more likely to be
male and of minority ethnicity.

Cumulative coverage in people with kidney disease as
of 31 August 2022 was 97.5% for dose 1, 97.0% for dose
2 and 93.9% for dose 3 (figure 1). Dose 4 coverage was
61.4% for the cohort as a whole and 81.9% among the
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Figure 1 Dose-specific coverage and product profile among people with kidney disease. (A) Cumulative dose-specific vaccine
coverage over time. Cumulative coverage was determined based on Kaplan-Meier estimates for the receipt of any combination
of vaccine products, censoring at death, deregistration or 31 August 2022. For dose 4, we report overall coverage (dashed line)
and coverage among the subset of the cohort with at least one indicator for receipt of a fourth dose (3 primary+1 booster or 2
primary+2 boosters; dotted line). (B) Vaccine product distribution by dose.
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subset of individuals with at least one indicator for receipt
of a third primary or second booster dose. Only 19255
individuals had received a fifth dose, corresponding to a
cumulative coverage of 2.3% in the population as a whole.

For their primary vaccine schedule (doses 1 and 2), most
individuals received a homologous series of BNT162b2
(53.4% of recorded schedules) or ChAdOx1-S (45.8%),
with <1% receiving either heterologous schedules or
mRNA-1273 (online supplemental table 1). For subse-
quent doses, individuals primarily received BNT162b2
(91.8% and 40.4% of recorded doses 3 and 4, respec-
tively) or mRNA-1273 (7.9% and 59.6% of recorded
doses 3 and 4, respectively), reflecting JCVI recommen-
dations that RNA vaccines be preferentially used for third
primary or booster doses.” ® Accordingly, heterologous
third doses were prevalent, primarily involving the admin-
istration of BNT162b2 or mRNA-1273 to individuals who
had received two prior doses of ChAdOx1-S (39.7% and
5.2% of recorded 3-dose schedules, respectively), though
homologous vaccination with BNT162b2 remained the
most common 3-dose schedule overall (51.7%; online
supplemental table 1).

Factors associated with 3-dose vaccine uptake

Associations between individual-level factors and time to
receipt of a 3-dose series are shown in figure 2 and online
supplemental table 2. HRs were generally stable across
minimally, partially and fully adjusted models (online
supplemental table 2). To mitigate potential overad-
justment bias, we report on partially adjusted models
hereafter.

Vaccine uptake was faster in older individuals and in
health and social care workers, reflecting the inclusion of
these groups in JCVI prioritisation criteria."” By contrast,
3-dose uptake was slower among individuals living in
more deprived areas (HR (95% CI) of 1.44 (1.43-1.45)
for comparison of least deprived with most deprived IMD
quintile), among minority ethnic groups (HRs of 0.48—
0.70 relative to white individuals) and individuals who
were housebound (HR 0.61 (0.61-0.62)) or receiving
end-of-ife care (HR 0.87 (0.86-0.88)). These associations
were highly consistent across kidney disease subgroups,
including RRT recipients (online supplemental figure 2
and online supplemental table 3).

In comparison to people with CKD3a, 3-dose vaccine
uptake was somewhat slower among people with CKD3b
(HR 0.94 (0.93-0.94)) and CKD4-5 (0.87 (0.87-0.88)),
but faster among individuals receiving RRT (HRs of 1.11
(1.08-1.14) and 1.51 (1.48-1.54) for dialysis and trans-
plant recipients, respectively). Having a primary care
code associated with stage 3-5 CKD was not strongly
associated with vaccine uptake in the cohort as a whole
(HR 1.04 (1.04-1.04)), but was associated with faster
vaccine uptake in more severe kidney disease subgroups
(HRs of <1.1 for CKD3a and CKD3b, 1.17 (1.13-1.20)
for CKD4-5, 1.14 (1.07-1.22) for dialysis recipients and
1.11 (1.06-1.16) for transplant recipients; online supple-
mental figure 2).

Other clinical covariates tended to have modest asso-
ciations with vaccine uptake (HRs of 0.9-1.1). However,
immunosuppression (HR 1.19 (1.18-1.20)) and receipt
of non-kidney organ transplants (HR 1.36 (1.30-1.43))
were associated with faster 3-dose uptake, while severe
mental illness was associated with slower uptake (HR 0.78
(0.76-0.80)). These associations were highly consistent
across CKD and RRT subgroups (online supplemental
figure 2).

Cumulative coverage estimates stratified by ethnicity
and IMD quintile revealed population subgroups with
particularly low vaccination rates (figure 3 and online
supplemental table 4). Among minority ethnic groups,
3-dose coverage ranged from 67% in the lowest IMD
quintile to 88% in the highest, and was <90% across age
and kidney disease subgroups (online supplemental table
4). Among white individuals, 3-dose coverage fell below
90% among individuals <70 years of age and RRT recipi-
ents in the most deprived IMD quintiles.

Schoenfeld residual plots revealed no major violations
of the proportional hazards assumption. Associations
were generally consistent when explored via logistic
regression among 838975 individuals who were uncen-
sored throughout follow-up (online supplemental table
2), with the exception that having a clinical code asso-
ciated with stage 3-5 CKD was positively correlated with
vaccine uptake in the overall cohort using this approach
(odds ratio 1.25 (1.23-1.28)).

Factors associated with 4-dose vaccine uptake

A total of 698755 individuals (70.4% of the overall
cohort) had at least one indicator for receipt of a fourth
dose (3 primary+1 booster or 2 primary+2 boosters) and
were included in the secondary outcome analysis. Base-
line clinical and demographic characteristics for these
individuals are summarised in online supplemental table
5.

Factors associated with 4-dose uptake were generally
consistent with those observed for the primary outcome
analyses. Vaccine uptake was faster in older individuals
and in health and social care workers, but slower in
individuals living in more deprived areas (HR of 1.52
(1.50-1.53) for comparison of least deprived with most
deprived IMD quintile), in minority ethnic groups (HRs
of 0.37-0.69 relative to white individuals) and in individ-
uals who were housebound (HR 0.75 (0.74-0.76); online
supplemental figure 3 and online supplemental table 6).

Clinical factors associated with eligibility for a third
primary dose were also associated with faster 4-dose
uptake, including immunosuppression (HR 1.16 (1.14—
1.18)), haematologic cancer (HR 1.13 (1.11-1.16)) and
transplant (HRs for 2.37 (2.30-2.45) and 1.56 (1.48-1.64)
for kidney and non-kidney transplants, respectively). On
the other hand, severe mental illness (HR 0.75 (0.72—
0.77)) was associated with slower 4-dose uptake. Associa-
tions for demographic and clinical covariates were highly
consistent across kidney disease subgroups, including
RRT recipients (online supplemental figure 4 and online
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Figure 2 Factors associated with completion of a 3-dose vaccine series in people with kidney disease. The left-hand panels
display hazard ratios and 95% Cls from partially adjusted models that included age, care home residence, health and social
care worker status, housebound status, receipt of end-of-life care, setting (urban/rural), sex, ethnicity, IMD quintile, prior
SARS-CoV-2 infection, immunosuppression and haematologic cancer. Cls are generally too narrow to be visible. See online
supplemental table 2 for minimally and fully adjusted model outputs. The right-hand panels display the cumulative coverage
based on Kaplan-Meier estimates, censoring at death, deregistration or 31 August 2022. CKD, chronic kidney disease; IMD,
index of multiple deprivation; RRT, renal replacement therapy.
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Figure 3 Cumulative 3-dose and 4-dose coverage in subgroups defined by deprivation index, ethnicity, age and kidney
disease severity. Cumulative coverage was determined based on Kaplan-Meier estimates, censoring at death, deregistration or
31 August 2022. Minority ethnic groups are combined due to their low combined prevalence within the study population. See
online supplemental tables 4 and 8 for complete data. CKD, chronic kidney disease; IMD, index of multiple deprivation quintile;

RRT, renal replacement therapy; Tx, transplant.

supplemental table 7). Having a primary care code asso-
ciated with stage 3-5 CKD was not associated with 4-dose
uptake for the overall cohort, CKD subgroups or dialysis
recipients (HRs of 1.03-1.10), but was associated with
faster uptake in kidney transplant recipients (HR 1.15
(1.09-1.21)).

Once again, stratified coverage estimates revealed
several under-vaccinated subgroups (figure 3). Among
minority ethnic groups, 4-dose coverage ranged from
35% in the most deprived IMD quintile to 71% in the
least deprived, with particularly low coverage (<50%)
among individuals aged 16-64 years in all IMD quin-
tiles (online supplemental table 8). In white individuals,
4-dose coverage was below 75% among individuals <70
years of age in all IMD quintiles, and among RRT recipi-
ents in the most deprived IMD quintiles.

DISCUSSION

Summary

A principal aim of the COVID-19 vaccine roll-out is to
protect those at greatest risk of severe disease. Based

on the data presented here, considerable progress has
been made towards achieving this goal among people
with moderate-to-severe kidney disease in England, with
97.0% of individuals having received at least 2 doses of
COVID-19 vaccine, 93.9% having received 3 doses and
81.9% of eligible individuals having received 4 doses as
of 31 August 2022.

Although high coverage has been achieved across
people with kidney disease, considerable variation in
vaccine uptake was evident in relation to the clinical
and demographic characteristics of these individuals.
Minority ethnicity and social deprivation were associ-
ated with delayed vaccine administration and lower final
coverage, even in high-risk groups such as dialysis and
kidney transplant recipients. Among clinical covariates,
uptake was faster in individuals with immunosuppression,
but slower in individuals with a history of severe mental
illness. These patterns were consistent across stage 3-5
CKD and RRT subgroups, and affected both 3-dose and
4-dose uptake.
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FINDINGS IN CONTEXT
Inequities in COVID-19 vaccine uptake according to
ethnicity and social deprivation have previously been
reported for the general population,14 with similar dispar-
ities also impacting past national vaccination campaigns
in the UK."® While our study is among the first to explore
variation in COVID-19 vaccine uptake in people with
kidney disease, several surveys of haemodialysis patients
and kidney transplant recipients in France'® and the
USA®™™ have reported higher COVID-19 vaccine hesi-
tancy among minority ethnic groups and those living
in more deprived areas—findings consistent with the
delayed vaccine uptake in these groups reported here.
While prior studies have offered inconsistent find-
ings with respect to the link between mental illness and
COVID-19 vaccine uptake,14 ¥ these typically focused
on l-dose coverage in the early months of the vaccine
roll-out, whereas the current study extends the window of
follow-up throughout the primary and booster campaigns
and focuses on a high-risk clinical group, limiting
comparability.

Strengths and limitations
By harnessing the OpenSAFELY-TPP database, we incor-
porated linked health records across a population of
992205 people with kidney disease, providing a compre-
hensive and timely view of the clinical and demographics
factors associated with COVID-19 vaccine uptake in this
high-risk population. We used eGFR levels to define
CKD, thereby enabling us to avoid potential bias or
imprecision associated with the inconsistent use of diag-
nostic codes across practices and regions, though the use
and reporting of creatinine measurements may also be
subject to regional inconsistency. The use of UKRR data
also enabled us to audit vaccine uptake among high-
risk groups while reducing potential misclassification of
current RRT status. Finally, we used complementary statis-
tical modelling strategies to ensure our conclusions were
robust to the assumptions of any single approach.
Nonetheless, several limitations of our study should be
considered. First, the OpenSAFELY-TPP database does not
offer a geographically representative sample of England,
with regions such as London (3% of the present cohort)
notably underrepresented. Thus, region-specific varia-
tion in vaccine uptake may not be captured. Second, by
considering completion of a 3-dose series as the primary
endpoint, our Cox models may contravene the assump-
tion of non-informative censoring, with the receipt of
vaccine doses 1 and 2 resulting in a reduced likelihood of
COVID-19-related mortality (and associated censoring).
However, a sensitivity analysis restricted to uncensored
individuals offered a consistent view of the factors associ-
ated with vaccine uptake at the end of follow-up. Third,
individuals with CKD were identified based on a single
serum creatinine measurement. This approach is highly
sensitive and minimises delay in identification of affected
individuals, but lacks confirmation of chronicity.**
Finally, pre-existing conditions were considered as either

present or absent, thereby failing to capture potentially
informative details regarding the timing and severity of
these conditions. This may have impacted our ability to
accurately determine individuals eligible for a fourth
COVID-19 vaccine dose, given that factors such as the
timing of immunosuppressive therapy relative to vaccina-
tion were included in JCVI eligibility criteria.”

Policy implications and interpretation

Our findings suggest that high-risk clinical risk groups
do not escape the entrenched inequities shaping vaccine
acceptance and uptake. Targeted activities to promote
vaccine uptake among under-immunised communities
have increasingly been used to expand the reach of the
COVID-19 vaccine roll-out,” ** and may yet be crucial
towards enhancing booster dose coverage in people with
kidney disease. Notably, undervaccinated populations
in the present study included: minority ethnic groups
of any age or disease severity in areas of both low and
high social deprivation; and white individuals <75 years
of age in areas of both medium and high social depriva-
tion. Further research such as qualitative surveys within
these under-vaccinated populations could offer a valuable
opportunity to identify key barriers to vaccine uptake.

The prevalence of stage 3-5 CKD diagnostic codes
varied from 49% in people with CKD3a to 88% in people
with CKD4-5. These primary care codes may act as a
proxy for GP, NHS or personal awareness of CKD, which
is often asymptomatic in its early stages. Indeed, coding
status has previously been linked with improved primary
care management of CKD, including delivery of influ-
enza and pneumococcal vaccines.”” Although we did not
observe a strong link between CKD3-5 code and vaccine
uptake in people with CKD3a or CKD3b, the presence
of a diagnostic code was associated with earlier 3-dose
uptake in people with CKD4-5 and those receiving RRT.
This finding highlights the importance of consistent diag-
nostic code usage by GPs to promote timely vaccination
of high-risk individuals.

Given the reduced immunogenicity of COVID-19
vaccines in people with kidney disease alongside the lower
effectiveness of vaccines against the Omicron variant and
subvariants,** three doses may be insufficient to provide
long-term protection in this high-risk population. A
gradual increase in dose 4 coverage was apparent in early
2022, with a notable uptick following the launch of the
spring booster campaign in February 2022.'* Although
not all individuals in the present cohort would have been
eligible fora4-dose series before September 2022, 70% had
at least one indicator for receipt of a fourth dose. Cumu-
lative dose-4 coverage in these individuals was 81.9%, and
fell short of this level in many subgroups, suggesting that
concerted efforts to promote booster dose uptake among
people with kidney disease remains essential. Evolving
evidence regarding the risk of infection after primary
vaccination among people with kidney disease serves as a
clear mandate for the necessity of booster doses in these

patients.” Vaccine-hesitant individuals report personal
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concerns over vaccine safety; therefore, clear communica-
tion about existing and ongoing research into the safety
profile of primary and booster COVID-19 vaccine doses in
individuals with kidney disease may help promote vaccine
uptake in this population.

CONCLUSION

This study offers a comprehensive view of the status of the
COVID-19 vaccine roll-outin a large cohort of people with
kidney disease. To our knowledge, this is the first study to
explore the link between individual-level characteristics
and COVID-19 vaccine uptake at scale in this high-risk
clinical group. Vaccine uptake was significantly slower
among minority ethnic groups, in areas of higher social
deprivation and in people with severe mental illness.
Addressing these disparities during ongoing and future
booster campaigns will be essential to protect people
with kidney disease from the most harmful sequelae of
COVID-19.
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Aged =16 years with any serum creatinine measurement in 2
years preceding 15t December 2020
orin UK Renal Registry on 31st December 2020
N =9,161,645

Individuals with ambiguous creatinine records

\

Valid record for most recent creatinine measurement (with
associated date and no linked operators)
orin UK Renal Registry on 31st December 2020
N =9,161,355

[ ]

N =290

Individuals without evidence of stage 3-5 CKD
e or RRT

v
eGFR <60 ml/min/1.73 m?
orin UK Renal Registry on 31st December 2020
N = 1,039,385

N =8,121,970

Individuals with ambiguous kidney disease
status (primary care code indicating dialysis or

v
People with stage 3-5 CKD or receiving RRT
N = 1,036,540

kidney transplant but not in UK Renal Registry)
N =2,845

Individuals with missing data on sex, region,

v

No missing demographic information
N = 996,490

® index of multiple deprivation, or ethnicity
N = 40,050

Individuals with >5 doses as of 31st August 2022

v
No atypical vaccine records
N = 992,205

® or any two doses (between doses 1-4) recorded
within 14 days of one another
N = 4,285

Supplementary Figure 1. Flow chart of study eligibility. Frequencies are rounded to the nearest 5. CKD, chronic kidney
disease; eGFR, estimated glomerular filtrate rate; RRT, renal replacement therapy.
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Supplementary Figure 2. Factors associated with completion of a 3-dose vaccine series in kidney disease subgroups.

Hazard ratios and 95% confidence intervals were derived from partially adjusted models that included age, care home

residence, health and social care worker status, housebound status, receipt of end-of-life care, setting (urban /rural), sex,
ethnicity, IMD quintile, prior SARS-CoV-2 infection, immunosuppression, and haematologic cancer. Data are redacted [R]
for any rows in which there were >0 and <10 event or non-event counts after rounding to the nearest 5, with non-event
counts calculated among uncensored individuals. CKD, chronic kidney disease; IMD, index of multiple deprivation; [N],
covariate absent in all individuals by definition; [R], redacted; RRT, renal replacement therapy; Tx, transplant.
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Supplementary Figure 3. Factors associated with completion of a 4-dose vaccine series in people with kidney disease.
The left-hand panels display hazard ratios and 95% confidence intervals from partially adjusted models that included age,
care home residence, health and social care worker status, housebound status, receipt of end-of-life care, setting
(urban/rural), sex, ethnicity, IMD quintile, prior SARS-CoV-2 infection, immunosuppression, and haematologic cancer.
Confidence intervals are generally too narrow to be visible. See Supplementary Table 6 for minimally and fully adjusted
model outputs. The right-hand panels display the cumulative coverage based on Kaplan-Meier estimates, censoring at
death, deregistration, or 31 August 2022. CKD, chronic kidney disease; IMD, index of multiple deprivation; RRT, renal
replacement therapy; Tx, transplant.
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Supplementary Figure 4. Factors associated with completion of a 4-dose vaccine series in kidney disease subgroups.
Individuals were included in the analysis if they were =75 years of age at baseline, care home residents, transplant
recipients, or had a history of haematologic malignancy or immunosuppression. Hazard ratios and 95% confidence
intervals were derived from partially adjusted models that included age, care home residence, health and social care
worker status, housebound status, receipt of end-of-life care, setting (urban/rural), sex, ethnicity, IMD quintile, prior
SARS-CoV-2 infection, immunosuppression, and haematologic cancer. Data are redacted [R] for any rows in which there
were >0 and <10 event or non-event counts after rounding to the nearest 5, with non-event counts calculated among
uncensored individuals. CKD, chronic kidney disease; IMD, index of multiple deprivation; [N], covariate absent in all
individuals by definition; [R], redacted; RRT, renal replacement therapy; Tx, transplant.
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Supplementary Table 1. Product profile by dose.

Subgroup Dose 1, n (%) Dose 2, n (%) Dose 3, n (%) Dose 4, n (%)
N 944,605 (100) 922,365 (100) 849,150 (100) 535,975 (100)
Product
BNT 504,980 (53.5) 495,375 (53.7) 779,740 (91.8) 216,435 (40.4)
AZ 438,890 (46.5) 425,820 (46.2) 1,965 (0.2) 200 (0.0)
MOD 735 (0.1) 1,170 (0.1) 67,445 (7.9) 319,340 (59.6)
2-dose product combination
BNT-BNT - 492,105 (53.4) - -
AZ-AZ - 422,145 (45.8) - -
BNT-AZ - 3,675 (0.4) - -
AZ-BNT - 3,215 (0.3) - -
Other - 1,225 (0.1) — -
3-dose product combination
BNT-BNT-BNT - - 438,905 (51.7) -
AZ-AZ-BNT - - 336,725 (39.7) -
AZ-AZ-MOD - - 44,430 (5.2) -
BNT-BNT-MOD - - 21,970 (2.6) -
BNT-AZ-BNT - - 2,575 (0.3) -
AZ-AZ-AZ - - 1,720 (0.2) -
AZ-BNT-BNT - - 1,320 (0.2) -
Other - - 1,510 (0.2) -

Frequencies are rounded to the nearest 5. Any product combinations given to <1000 individuals were
pooled as ‘Other’. AZ, ChAdOx1-S (AstraZeneca); BNT, BNT162b2 (Pfizer-BioNTech); MOD, mRNA-
1273 (Moderna).
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Supplementary Table 2. Cox proportional hazards model and logistic regression outputs for factors associated with completion of a 3-dose vaccination series in people

with kidney disease.
Cox models Logistic regression
HR (95% CI), HR (95% CI), OR (95% CI),
Cov.  minimally partially HR (95% CI), partially

Variable N (n events) (%) adjusted adjusted fully adjusted N (n events) adjusted
Age

16-64 (ref) 109,815 (89,610) 84.7 1.00 1.00 1.00 103,215 (87,745) 1.00

65-69 74,740 (65,845) 91.9 1.32(1.31-1.34)  1.28(1.27-1.29)  1.31(1.30-1.32) | 69,495 (64,110) 1.85(1.79-1.92)

70-74 143,575 (129,880) 94.8 176 (1.75-1.78)  1.67 (1.66-1.69)  1.71(1.70-1.73) | 132,385 (125,905) 2.67 (2.59-2.75)

75-79 181,200 (163,730) 95.8 2.20(2.18-221)  2.09(2.07-2.11)  2.15(2.14-2.17) | 162,940 (156,740) 3.38 (3.27-3.49)

80+ 482,870 (399,765) 95.5 247 (2.45-249)  245(2.44-2.47) 256 (2.54-2.58) | 370,940 (356,715) 3.39 (3.30-3.48)
Sex

Female (ref) 555,365 (476,420) 93.7 1.00 1.00 1.00 473,535 (445,645) 1.00

Male 436,840 (372,415) 94.1 1.11(1.11-1.12)  1.10(1.09-1.10)  1.10(1.09-1.10) | 365,440 (345,565) 1.18 (1.16-1.20)
Ethnici

Whit:;y(ref) 930,565 (805,890) 95.1 1.00 1.00 1.00 785,470 (750,345) 1.00

Black 17,675 (11,030) 66.8 0.45(0.44-0.46)  0.48(0.47-0.48)  0.48 (0.47-0.49) | 15,705 (10,590) 0.19 (0.19-0.20)

South Asian 32,620 (23,560) 79.2 0.61(0.60-0.62)  0.65(0.64-0.66)  0.65 (0.64-0.66) | 28,000 (22,365) 0.32 (0.31-0.33)

Mixed 4,755 (3,435) 77.5 0.60 (0.58-0.62)  0.62 (0.60-0.64)  0.62 (0.60-0.65) | 4,215 (3,290) 0.29 (0.26-0.31)

Other 6,590 (4,920) 82.2 0.68 (0.66-0.70)  0.70(0.68-0.72)  0.69 (0.67-0.71) | 5,585 (4,625) 0.33 (0.31-0.36)
IMD

1 most deprived (ref) 164,415 (130,595) 88.1 1.00 1.00 1.00 136,680 (121,160) 1.00

2 187,240 (156,820) 92.5 1.19 (1.18-1.20) 1.15 (1.14-1.16) 1.14 (1.14-1.15) 157,145 (146,105) 1.48 (1.44-1.52)

3 224,590 (194,255) 94.8 1.32(1.31-1.33)  1.25(1.24-1.26)  1.24(1.23-1.25) | 190,175 (181,085) 1.90 (1.84-1.95)

4 216,980 (190,310) 95.8 1.40(1.39-142)  1.32(1.31-1.33)  1.31(1.30-1.32) | 184,545(177,440)  2.18 (2.11-2.25)

5 least deprived 198,985 (176,855) 96.7 1.53 (1.52-1.54)  1.44(143-145)  1.42(1.41-143) | 170,425 (165420)  2.74 (2.64-2.83)
Settin

Urbgan city or town (ref) 530,975 (456,140) 942 1.00 1.00 1.00 449,315 (425,415) 1.00

Urban conurbation 204,530 (166,040) 89.8 0.93(0.93-0.94)  1.02(1.01-1.02)  1.01(1.01-1.02) | 170,720 (154,285) 0.84 (0.82-0.86)

Rural town or village 256,700 (226,650) 96.3 1.08 (1.07-1.09)  1.01(1.00-1.01)  1.01 (1.00-1.01) | 218,940 (211,515) 1.18 (1.14-1.21)
Kidney disease subgroup

CKD3a (ref) 659,785 (579,655) 94.1 1.00 1.00 1.00 581,900 (549,290) 1.00

CKD3b 245,380 (203,490) 94.3 0.92(0.92-0.93)  0.94(0.93-0.94)  0.93(0.92-0.93) | 194,630 (184,545) 0.95 (0.93-0.97)

CKD4-5 64,855 (47,985) 92.3 0.84 (0.83-0.85)  0.87(0.87-0.88)  0.86 (0.85-0.87) | 44,025 (41,015) 0.87 (0.83-0.90)

RRT (dialysis) 9,455 (6,925) 86.8 1.03 (1.00-1.05) ~ 1.11(1.08-1.14)  1.09 (1.06-1.11) | 6,875 (6,015) 1.13 (1.04-1.22)

RRT (Tx) 12,735 (10,780) 89.1 1.53 (1.50-1.56)  1.51(1.48-1.54)  1.48(1.45-1.51) | 11,545 (10,340) 1.23 (1.15-1.31)
Primary care coding of kidney disease

CKD diagnostic code 592,520 (507,470) 94.5 1.03(1.02-1.03)  1.04(1.04-1.04)  1.07(1.06-1.07) | 494,910 (469,965) 1.25(1.23-1.28)
Risk group (occupation/access)

Care home resident 44,470 (28,155) 95.9 1.02 (1.00-1.03)  1.06 (1.05-1.08) ~ 1.11(1.10-1.13) | 21,100 (20,320) 1.25 (1.16-1.35)

Health /social care worker 5,680 (5,245) 93.5 2.12(2.06-2.18)  2.26(2.20-2.32)  2.24(2.18-2.30) | 5,515 (5,165) 2.67 (2.38-2.99)

Housebound 54,600 (38,340) 93.4 0.60 (0.59-0.60)  0.61 (0.61-0.62)  0.63 (0.62-0.63) | 33,090 (31,195) 0.85 (0.81-0.90)
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End of life care

40,400 (24,220)

93.5

0.82 (0.81-0.84)

0.87 (0.86-0.88)

0.87 (0.86-0.88)

19,445 (18,405)

0.89 (0.83-0.95)

Risk group (clinical)

Prior SARS-CoV-2

Immunosuppression
Moderate/severe obesity

Diabetes
CRD (inc. asthma)

Chronic heart disease
Chronic liver disease

Asplenia

Cancer (non-haematologic)
Haematologic cancer

Organ transplant (non-kidney)
CND (inc. learning disability)

Severe mental illness

CEV (other)

27,835 (19,630)
56,985 (47,850)
111,630 (96,740)
275,745 (229,435)
120,935 (98,590)
438,965 (366,070)
32,215 (27,010)
8,665 (7,440)
168,840 (141,125)
20,430 (16,740)
2,190 (1,895)
163,135 (129,130)
12,985 (10,105)
9,065 (7,790)

91.7
94.6
92.8
93.1
94.5
94.8
92.5
94.5
95.8
95.8
94.3
94.1
87.3
92.8

0.88 (0.87-0.90)
1.17 (1.15-1.18)
0.93 (0.93-0.94)
0.91 (0.90-0.91)
0.98 (0.97-0.98)
0.98 (0.98-0.99)
1.00 (0.99-1.01)
1.10 (1.07-1.12)
1.09 (1.08-1.10)
1.16 (1.14-1.18)
1.45 (1.38-1.51)
0.89 (0.88-0.89)
0.75 (0.73-0.76)
1.04 (1.02-1.06)

0.93 (0.92-0.94)
1.19 (1.18-1.20)
0.97 (0.96-0.97)
0.96 (0.95-0.96)
1.00 (0.99-1.01)
0.98 (0.98-0.98)
1.01 (1.00-1.02)
1.09 (1.06-1.11)
1.07 (1.06-1.08)
0.98 (0.96-1.00)
1.36 (1.30-1.43)
0.90 (0.90-0.91)
0.78 (0.76-0.80)
1.08 (1.06-1.10)

0.94 (0.92-0.95)
1.13 (1.11-1.14)
0.98 (0.97-0.99)
0.97 (0.96-0.97)
1.00 (1.00-1.01)
0.99 (0.98-0.99)
1.01 (1.00-1.02)
1.08 (1.06-1.11)
1.07 (1.07-1.08)
1.03 (1.01-1.05)
1.41 (1.35-1.48)
0.91 (0.90-0.91)
0.79 (0.77-0.80)
1.06 (1.04-1.09)

18,470 (17,040)
46,000 (43,730)
99,230 (92,410)
225,340 (211,050)
92,980 (88,445)
348,165 (332,040)
27,140 (25,240)
7,345 (6,970)
133,245 (128,420)
15,450 (14,895)
1,880 (1,780)
119,585 (113,255)
10,575 (9,280)
7,795 (7,265)

1.02 (0.96-1.08)
1.47 (1.39-1.54)
1.10 (1.07-1.13)
1.09 (1.06-1.11)
1.08 (1.04-1.11)
1.08 (1.05-1.10)
1.04 (0.99-1.09)
1.18 (1.06-1.31)
1.34 (1.30-1.38)
1.04 (0.94-1.15)
1.68 (1.36-2.07)
0.92 (0.90-0.95)
0.65 (0.61-0.69)
1.02 (0.93-1.12)

Cumulative coverage was determined based on Kaplan-Meier estimates, censoring at death, deregistration, or 31* August 2022. Logistic regression models included 838,975
individuals who were uncensored (registered and alive) as of the analysis cut-off (31t August 2022). Minimally adjusted models included age, care home residence, and health
and social care worker status given their use in vaccine prioritisation criteria. Partially adjusted models additionally included housebound status, receipt of end-of-life care,
setting, sex, ethnicity, IMD quintile, prior SARS-CoV-2 infection, immunosuppression, and haematologic cancer. Fully adjusted models included all covariates. CI, confidence

interval; CKD, chronic kidney disease; HR, hazard ratio; IMD, index of multiple deprivation; OR, odds ratio; RRT, renal replacement therapy; Tx, transplant.
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Supplementary Table 3. Cox proportional hazards models for factors associated with completion of a 3-dose vaccination series in kidney disease subgroups.

CKD3a CKD3b CKD4-5 RRT (dialysis) RRT (Tx)
Cov. Cov. Cov. Cov. Cov.
Variable (%) HR (95% CI) (%) HR (95% CI) (%) HR (95% CI) (%) HR (95% CI) (%) HR (95% CI)
Age
16-64 (ref) 85.1 1.00 83.1 1.00 814 1.00 80.8 1.00 87.2 1.00
65-69 92.3 1.34 (1.32-1.35) 90.8 1.28 (1.24-1.31) 88.9 1.25 (1.19-1.32) 88.7 1.26 (1.17-1.36) 94.1 1.39 (1.31-1.47)
70-74 95.1 1.80 (1.78-1.82) 94.1 1.62 (1.58-1.66) 91.9 1.46 (1.40-1.52) 91.2 1.35 (1.25-1.46) 94.5 1.40 (1.31-1.50)
75-79 96.0 2.28 (2.25-2.30) 95.4 2.00 (1.96-2.05) 94.0 1.79 (1.72-1.86) 95.0 1.64 (1.52-1.77) 94.3 1.48 (1.35-1.62)
80+ 95.7 2.72 (2.70-2.75) 95.4 2.37 (2.32-2.41) 94.3 2.07 (2.00-2.13) 95.0 1.90 (1.77-2.03) [R] [R]
Sex
Female (ref) 93.9 1.00 94.0 1.00 92.1 1.00 85.4 1.00 89.2 1.00
Male 94.3 1.09 (1.08-1.09) 94.6 1.12 (1.11-1.13) 92.5 1.13 (1.11-1.15) 87.6 1.04 (0.99-1.09) 89.0 0.98 (0.94-1.02)
Ethnicity
White (ref) 95.2 1.00 95.3 1.00 94.1 1.00 89.5 1.00 91.6 1.00
Black 66.0 0.47 (0.46-0.48) 68.6 0.48 (0.46-0.50) 66.0 0.49 (0.45-0.52) 70.2 0.62 (0.55-0.69) 69.9 0.53 (0.48-0.60)
South Asian 79.6 0.63 (0.62-0.64) 78.7 0.64 (0.63-0.66) 75.3 0.64 (0.61-0.67) 81.6 0.86 (0.79-0.92) 80.2 0.72 (0.67-0.77)
Mixed 77.3 0.62 (0.59-0.64) 79.2 0.63 (0.58-0.68) 69.7 0.53 (0.46-0.60) 81.8 0.83 (0.67-1.02) 79.2 0.70 (0.57-0.86)
Other 82.3 0.67 (0.65-0.70) 83.6 0.73 (0.69-0.77) 79.3 0.71 (0.63-0.79) 70.1 0.75 (0.61-0.91) 80.3 0.71 (0.61-0.82)
IMD
1 most deprived (ref) 88.3 1.00 89.1 1.00 86.0 1.00 79.6 1.00 81.2 1.00
2 92.6 1.15 (1.14-1.16) 93.1 1.13 (1.11-1.14) 90.8 1.16 (1.12-1.19) 85.3 1.19 (1.11-1.28) 86.7 1.23 (1.16-1.31)
3 94.9 1.25(1.24-1.26) 95.2 1.24 (1.22-1.26) 93.4 1.26 (1.22-1.30) 89.1 1.30 (1.21-1.40) 90.9 1.39 (1.31-1.48)
4 95.9 1.32 (1.31-1.33) 96.0 1.30 (1.28-1.32) 95.0 1.34 (1.30-1.38) 923 1.39 (1.29-1.50) 92.7 1.54 (1.44-1.64)
5 least deprived 96.8 1.44 (1.43-1.45) 96.8 1.40 (1.38-1.42) 96.0 1.44 (1.39-1.48) 93.1 1.43 (1.31-1.55) 94.6 1.64 (1.53-1.75)
Setting
Urban city or town (ref) 94.4 1.00 94.6 1.00 93.0 1.00 86.5 1.00 89.9 1.00
Urban conurbation 90.2 1.01 (1.01-1.02) 90.5 1.01 (1.00-1.02) 87.1 1.01 (0.98-1.03) 83.1 1.22 (1.14-1.31) 84.0 1.04 (0.98-1.10)
Rural town or village 96.4 1.00 (1.00-1.01) 96.5 1.00 (0.99-1.01) 95.6 1.03 (1.00-1.05) 94.1 1.17 (1.09-1.25) 93.5 1.03 (0.98-1.08)
Primary care coding of kidney disease
CKD diagnostic code 94.9 1.05 (1.04-1.06) 94.7 1.09 (1.07-1.10) 92.8 1.17 (1.13-1.20) 88.1 1.14 (1.07-1.22) 90.1 1.11 (1.06-1.16)
Risk group (occupation/access)
Care home resident 95.9 1.04 (1.02-1.06) 96.1 1.09 (1.07-1.12) 94.9 1.15 (1.10-1.20) [R] [R] [R] [R]
Health/social care worker 93.7 2.32 (2.25-2.40) 91.9 2.05 (1.88-2.22) 90.2 2.09 (1.80-2.41) [R] [R] [R] [R]
Housebound 93.6 0.60 (0.59-0.61) 93.7 0.63 (0.62-0.65) 92.0 0.65 (0.63-0.68) 90.5 0.92 (0.83-1.02) 91.2 0.92 (0.84-1.00)
End of life care 93.7 0.86 (0.85-0.88) 93.9 0.89 (0.87-0.91) 92.6 0.89 (0.85-0.93) 86.5 0.84 (0.76-0.94) [R] [R]
Risk group (clinical)
Prior SARS-CoV-2 92.3 0.93 (0.91-0.94) 92.7 0.94 (0.91-0.96) 89.8 0.92 (0.88-0.97) 83.2 0.94 (0.87-1.02) 834 0.92 (0.83-1.01)
Immunosuppression 95.4 1.15 (1.13-1.16) 95.5 1.14 (1.11-1.17) 93.6 1.18 (1.12-1.24) 86.9 1.10 (1.00-1.21) 89.4 1.05 (1.00-1.09)
Moderate/severe obesity 92.8 0.97 (0.97-0.98) 93.2 0.97 (0.96-0.99) 914 0.97 (0.94-1.00) 88.2 1.09 (1.02-1.17) 88.7 1.06 (0.99-1.13)
Diabetes 93.3 0.96 (0.95-0.96) 93.4 0.97 (0.96-0.98) 91.7 0.99 (0.97-1.01) 88.1 1.02 (0.97-1.07) 90.1 1.07 (1.03-1.12)
CRD (inc. asthma) 94.6 1.00 (0.99-1.00) 94.8 1.01 (1.00-1.02) 93.2 1.01 (0.98-1.04) 92.0 1.09 (1.01-1.18) 89.3 0.93 (0.87-1.00)
Chronic heart disease 95.1 0.98 (0.98-0.99) 94.9 0.98 (0.97-0.99) 93.5 1.00 (0.98-1.02) 88.3 0.99 (0.94-1.04) 90.6 1.01 (0.97-1.05)
Chronic liver disease 92.7 1.01 (1.00-1.03) 92.8 1.01 (0.99-1.04) 91.3 1.02 (0.97-1.07) 83.3 1.00 (0.91-1.11) 89.9 1.06 (0.97-1.16)
Asplenia 95.1 1.10 (1.07-1.13) 94.4 1.10 (1.05-1.15) 90.2 0.97 (0.88-1.07) 84.4 1.10 (0.90-1.34) 87.3 0.95 (0.81-1.12)
Cancer (non-haematologic) 95.9 1.07 (1.07-1.08) 96.0 1.07 (1.05-1.08) 94.8 1.09 (1.06-1.11) 92.3 1.12 (1.05-1.20) 93.7 1.14 (1.06-1.22)
Haematologic cancer 95.9 1.01 (0.99-1.04) 95.8 1.03 (0.99-1.07) 94.1 0.97 (0.90-1.04) [R] [R] 90.3 1.09 (0.94-1.25)
Organ transplant (non-kidney) 93.4 1.40 (1.32-1.49) 94.4 1.39 (1.28-1.51) [R] [R] [R] [R] [N] [N]
CND (inc. learning disability) 94.3 0.90 (0.89-0.91) 94.3 0.91 (0.90-0.92) 92.6 0.93 (0.91-0.95) 87.5 0.92 (0.86-0.99) 90.9 0.97 (0.90-1.03)
Severe mental illness 86.2 0.75 (0.74-0.77) 90.6 0.84 (0.81-0.87) 87.7 0.92 (0.85-0.98) 73.3 0.80 (0.67-0.96) 76.6 0.77 (0.63-0.94)
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CEV (other) | 93.1 1.08 (1.05-1.11) | 93.6 1.09 (1.05-1.15) | 89.4 1.13 (1.05-1.21) | [N] [N] | [N] [N]
Counts are rounded to the nearest 5. Cumulative coverage was determined based on Kaplan-Meier estimates, censoring at death, deregistration, or 31** August 2022. Hazard
ratios and 95% confidence intervals were derived from partially adjusted models that included age, care home residence, health and social care worker status, housebound
status, receipt of end-of-life care, setting (urban/rural), sex, ethnicity, IMD quintile, prior SARS-CoV-2 infection, immunosuppression, and haematologic cancer. Data are
redacted [R] for any rows in which there were >0 and <10 event or non-event counts after rounding to the nearest 5, with non-event counts calculated among uncensored
individuals. CEV, clinically extremely vulnerable; CKD, chronic kidney disease; CND, chronic neurological disease; IMD, index of multiple deprivation; [N], covariate absent
in all individuals by definition; [R] redacted; RRT, renal replacement therapy; Tx, transplant.
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Supplementary Table 4. Cumulative 3-dose coverage in subgroups defined by deprivation index, ethnicity, age, and kidney disease severity.

IMD 1 (most deprived) IMD 2 IMD 3 IMD 4 IMD 5 (least deprived)
Minority Minority Minority Minority Minority
White ethnic White ethnic White ethnic White ethnic White ethnic
groups groups groups groups groups
Characteristic N %o N % N % N % N %0 N %o N %o N %o N %o N %0
All 143510 91.3 20905 66.9 |[171190 94.1 16045 75.8 [213100 95.6 11485 80.4 [209385 96.2 7590 84.1 |193375 97.0 5610 87.7
Age
g16—64 19850 81.3 6655 59.6 |19170 864 4720 675 |19665 89.3 3075 72.0 |17945 909 1970 764 |15395 934 1375 815
65-69 12720 89.5 2560 67.0 (13520 929 1875 75.1 |15135 944 1275 79.1 |14210 952 830 858 [12005 959 610  86.6
70-74 22120 923 2425 715 (25420 949 2015 794 |31215 961 1535 842 (30175 965 1015 87.0 (26870 971 790  89.6
75-79 25380 93.6 2475 733 [31565 956 2175 81.8 |40160 96.8 1690 843 (39405 974 1140 86.6 |36295 979 920  90.3
80+ 63440 941 6790 702 [81520 954 5260 79.8 |106935 964 3915 839 |107650 96.8 2635 86.7 |102815 974 1920 894
Kidney disease subgroup
CKD3a 92270 914 12630 66.3 [112400 942 9790 752 |142175 957 7210 79.8 |141890 96.3 4890 834 [132825 971 3710 874
CKD3b 37355 92.0 4675 67.0 [43600 944 3620 77.6 |53440 959 2530 817 |51140 964 1655 85.1 |46200 97.0 1170 88.1
CKD4-5 10320 903 1945 640 |11610 931 1380 72.8 |13620 94.6 980 789 |12815 955 545 825 |11245 963 400 857
RRT (dial.) 1770 831 850 732 |1580 886 605 75.8 |1540 90.8 350 81.7 |1330 923 205 85.7 |1085 936 140 838
RRT (Tx) 1800 852 805 72.3 2000 89.2 650 78.7 2330 924 415 81.7 |2215 939 305 8.1 |2015 951 200 859

Cumulative coverage (%) was determined based on Kaplan-Meier estimates, censoring at death, deregistration, or 31** August 2022. Minority ethnic groups are combined due
to their low combined prevalence within the study population. CKD, chronic kidney disease; dial., dialysis; IMD, index of multiple deprivation quintile; RRT, renal
replacement therapy; Tx, transplant.

Key

<75%

75-90%
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Supplementary Table 5. Baseline characteristics of secondary outcome analysis population (dose 4 uptake).

Characteristic All n (%) CKD3a,n(%) ~ CKD3bn(%)  CKD&Sn(%) o5 (dialysis), n  RRT (Tx), n (%)
N 698,755 (100) 431,830 (100) 199,175 (100) 51,305 (100) 3,715 (100) 12,735 (100)
Age
16-64 17,035 (2.4) 5,170 (1.2) 1,405 (0.7) 565 (1.1) 615 (16.6) 9,285 (72.9)
65-69 6,630 (0.9) 3,660 (0.8) 1,075 (0.5) 335 (0.7) 145 (3.9) 1,415 (11.1)
70-74 11,015 (1.6) 6,850 (1.6) 2,200 (1.1) 650 (1.3) 145 (3.9) 1,170 (9.2)
75-79 181,200 (25.9) 130,805 (30.3) 39,940 (20.1) 8,620 (16.8) 1,225 (33.0) 615 (4.8)
80+ 482,870 (69.1) 285,345 (66.1) 154,560 (77.6) 41,135 (80.2) 1,590 (42.8) 245 (1.9)
Sex
Female 398,820 (57.1) 248,700 (57.6) 116,330 (58.4) 27,545 (53.7) 1,335 (35.9) 4,910 (38.6)
Male 299,940 (42.9) 183,130 (42.4) 82,845 (41.6) 23,755 (46.3) 2,385 (64.2) 7,825 (61.4)
Ethnicity
White 665,365 (95.2) 413,335 (95.7) 190,370 (95.6) 48,230 (94.0) 3,080 (82.9) 10,355 (81.3)
Black 8,610 (1.2) 4,910 (1.1) 2,240 (1.1) 790 (1.5) 185 (5.0) 490 (3.8)
South Asian 18,360 (2.6) 9,860 (2.3) 4,880 (2.5) 1,770 (3.4) 360 (9.7) 1,490 (11.7)
Mixed 2,455 (0.4) 1,455 (0.3) 645 (0.3) 195 (0.4) 35 (0.9) 125 (1.0)
Other 3,965 (0.6) 2,270 (0.5) 1,045 (0.5) 320 (0.6) 55 (1.5) 275 (2.2)
Index of multiple deprivation quintile
1 most deprived 105,175 (15.1) 61,455 (14.2) 31,565 (15.8) 8,785 (17.1) 765 (20.6) 2,605 (20.5)
127,700 (18.3) 76,800 (17.8) 37,380 (18.8) 10,065 (19.6) 805 (21.7) 2,650 (20.8)
3 160,310 (22.9) 99,115 (23.0) 45,905 (23.0) 11,735 (22.9) 805 (21.7) 2,750 (21.6)
4 157,740 (22.6) 99,470 (23.0) 44,055 (22.1) 10,980 (21.4) 720 (19.4) 2,515 (19.7)
5 least deprived 147,835 (21.2) 94,985 (22.0) 40,275 (20.2) 9,740 (19.0) 620 (16.7) 2,210 (17.4)
Setting
Urban city or town 373,270 (53.4) 229,995 (53.3) 107,200 (53.8) 27,600 (53.8) 1,875 (50.5) 6,605 (51.9)
Urban conurbation 140,300 (20.1) 85,065 (19.7) 39,865 (20.0) 10,885 (21.2) 1,010 (27.2) 3,470 (27.2)
Rural 185,185 (26.5) 116,770 (27.0) 52,110 (26.2) 12,820 (25.0) 830 (22.3) 2,655 (20.8)
Primary care coding of kidney disease
CKD3-5 diagnostic code 439,595 (62.9) 223,695 (51.8) 157,215 (78.9) 45,745 (89.2) 3,290 (88.6) 9,650 (75.8)
Dialysis code 11,280 (1.6) [N] [N] [N] 2,980 (80.2) 8,300 (65.2)
Kidney transplant code 12,780 (1.8) [N] [N] [N] 440 (11.8) 12,340 (96.9)
Risk group (occupation/access)
Care home resident 44,470 (6.4) 24,280 (5.6) 15,255 (7.7) 4,705 (9.2) 165 (4.4) 65 (0.5)
Health /social care worker 1,040 (0.1) 515 (0.1) 110 (0.1) 30 (0.1) [R] 370 (2.9)
Housebound 50,195 (7.2) 24,770 (5.7) 18,040 (9.1) 6,445 (12.6) 330 (8.9) 610 (4.8)
End of life care 36,515 (5.2) 18,305 (4.2) 12,585 (6.3) 5,110 (10.0) 335 (9.0) 180 (1.4)
Risk group (clinical)
Prior SARS-CoV-2 * 20,685 (3.0) 10,845 (2.5) 6,590 (3.3) 2,295 (4.5) 415 (11.2) 535 (4.2)
Immunosuppression 56,985 (8.2) 33,045 (7.7) 13,600 (6.8) 4,000 (7.8) 985 (26.5) 5,355 (42.0)
Moderate/severe obesity 53,820 (7.7) 31,075 (7.2) 16,655 (8.4) 4,680 (9.1) 260 (7.0) 1,150 (9.0)
Diabetes 190,955 (27.3) 100,935 (23.4) 63,425 (31.8) 21,350 (41.6) 1,405 (37.8) 3,840 (30.2)
Chronic respiratory disease (inc. asthma) 92,340 (13.2) 55,060 (12.8) 28,215 (14.2) 7,570 (14.8) 505 (13.6) 990 (7.8)
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Chronic heart disease 347,840 (49.8) 200,060 (46.3) 110,430 (55.4) 31,365 (61.1) 2,140 (57.6) 3,850 (30.2)
Chronic liver disease 18,560 (2.7) 11,035 (2.6) 5,265 (2.6) 1,480 (2.9) 200 (5.4) 585 (4.6)
Asplenia 5,960 (0.9) 3,690 (0.9) 1,585 (0.8) 455 (0.9) 55 (1.5) 170 (1.3)
Cancer (non-haematologic) 130,945 (18.7) 79,045 (18.3) 39,060 (19.6) 11,145 (21.7) 730 (19.7) 960 (7.5)
Haematologic cancer 20,430 (2.9) 12,180 (2.8) 5,830 (2.9) 1,875 (3.7) 310 (8.3) 240 (1.9)
Organ transplant (non-kidney) t 2,190 (0.3) 1,205 (0.3) 690 (0.3) 220 (0.4) 75 (2.0) [N]

CND (inc. learning disability) 135,005 (19.3) 79,505 (18.4) 42,145 (21.2) 11,520 (22.5) 655 (17.6) 1,180 (9.3)
Severe mental illness 7,075 (1.0) 4,185 (1.0) 2,070 (1.0) 640 (1.2) 55 (1.5) 125 (1.0)
Clinically extremely vulnerable (other) § 5,850 (0.8) 3,585 (0.8) 1,690 (0.8) 580 (1.1) [N] [N]
Region
East of England 156,055 (22.3) 97,360 (22.5) 43,865 (22.0) 10,950 (21.3) 910 (24.5) 2,970 (23.3)
Midlands 155,545 (22.3) 95,935 (22.2) 44,660 (22.4) 11,410 (22.2) 825 (22.2) 2,715 (21.3)
London 20,295 (2.9) 11,830 (2.7) 5,525 (2.8) 1,775 (3.5) 255 (6.9) 905 (7.1)
North East and Yorkshire 131,475 (18.8) 80,280 (18.6) 38,150 (19.2) 9,910 (19.3) 675 (18.2) 2,465 (19.4)
North West 63,585 (9.1) 39,165 (9.1) 18,285 (9.2) 4,735 (9.2) 235 (6.3) 1,160 (9.1)
South East 43,760 (6.3) 27,525 (6.4) 12,125 (6.1) 3,135 (6.1) 235 (6.3) 735 (5.8)
South West 128,045 (18.3) 79,730 (18.5) 36,560 (18.4) 9,385 (18.3) 585 (15.7) 1,780 (14.0)

Individuals were included in the analysis if they were =75 years of age at baseline, care home residents, transplant recipients, or had a history of haematologic malignancy or

immunosuppression. Data are n (%) after rounding to the nearest 5. Primary care codes and risk groups are coded by separate binary variables; percentages under these table
subheadings therefore do not sum to 100. Among people with CKD4-5, 47,670 had stage 4 CKD (eGFR 15-29 ml/min/1.73 m?) and 3,630 had stage 5 CKD (eGFR

<15ml/min/1.73 m?). CKD, chronic kidney disease; CND, chronic neurological disease; [N], covariate absent in all individuals by definition; RRT, renal replacement therapy;
Tx, transplant. * Based on prior evidence of a positive SARS-CoV-2 test, COVID-19-related primary care code, or COVID-19-related hospitalisation as of 13 December 2020; +

Excludes individuals with kidney transplants based on primary care coding or UK Renal Registry status; § Classified as clinically extremely vulnerable in the absence of any of

the comorbidities listed above (including RRT).
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Supplementary Table 6. Cox proportional hazards models for factors associated with completion of a 4-dose
vaccination series in people with kidney disease.

HR (95% CD),

HR (95% CI),

Cov.  minimally partially HR (95% CI),

Variable N (n events) %) adjusted adjusted fully adjusted
Age

1664 (ref) 17,035 (8,955) 56.1 1.00 1.00 1.00

65-69 6,630 (3,685) 62.3 1.18 (1.14-1.23) 1.06 (1.02-1.10) 1.53 (1.47-1.60)

70-74 11,015 (6,750) 705  141(1.37-145) 120(1.16-1.24)  1.89 (1.82-1.96)

75-79 181,200 (139,245) 83.9 1.71 (1.67-1.74) 1.68 (1.64-1.72) 2.96 (2.87-3.06)

80+ 482,870 (321,255) 82.7 1.70 (1.67-1.74) 1.71 (1.67-1.75) 3.04 (2.94-3.13)
Sex

Female (ref) 398,820 (272,245)  80.7 1.00 1.00 1.00

Male 299,940 (207,645) 83.5 1.15 (1.15-1.16) 1.14 (1.13-1.15) 1.14 (1.13-1.15)
Ethnicity

White (ref) 665,365 (465,840) 835  1.00 1.00 1.00

Black 8,610 (3,115) 42.0 0.34 (0.33-0.35) 0.37 (0.36-0.39) 0.38 (0.37-0.40)

South Asian 18,360 (7,610) 49.2 0.42 (0.41-0.43) 0.46 (0.45-0.47) 0.46 (0.45-0.47)

Mixed 2,455 (1,185) 564  0.51(0.48-0.54)  0.53 (0.50-0.56)  0.54 (0.51-0.57)

Other 3,965 (2,140) 64.7 0.66 (0.64-0.69) 0.69 (0.66-0.72) 0.68 (0.65-0.71)
IMD

1 most deprived (ref) 105,175 (60,455) 70.5 1.00 1.00 1.00

2 127,700 (83,030) 785  1.24(1.23-1.26)  1.19(1.18-1.21)  1.19 (1.18-1.20)

3 160,310 (112,170) 83.3 1.41 (1.40-1.43) 1.32 (1.31-1.33) 1.31 (1.30-1.33)

4 157,740 (113,965) 85.3 1.51 (1.50-1.53) 1.41 (1.39-1.42) 1.39 (1.38-1.41)

5 least deprived 147,835 (110,270) 87.4 1.64 (1.62-1.65) 1.52 (1.50-1.53) 1.50 (1.48-1.51)
Setting

Urban city or town (ref) 373,270 (258,070) 82.5 1.00 1.00 1.00

Urban conurbation 140,300 (86,560) 74.6 0.90 (0.89-0.91) 0.99 (0.98-1.00) 0.98 (0.97-0.99)

Rural town or village 185,185 (135,255) 86.2 1.10 (1.09-1.10) 1.02 (1.01-1.03) 1.02 (1.01-1.02)
Kidney disease subgroup

CKD3a (ref) 431,830 (312,330) 82.9 1.00 1.00 1.00

CKD3b 199,175 (130,145) 81.4 0.92 (0.92-0.93) 0.94 (0.93-0.94) 0.93 (0.92-0.94)

CKD4-5 51,305 (27,610) 78.7 0.85 (0.84-0.86) 0.88 (0.87-0.89) 0.87 (0.86-0.88)

RRT (dialysis) 3,715 (1,830) 71.1 0.98 (0.93-1.03) 1.07 (1.02-1.12) 1.05 (1.00-1.10)

RRT (Tx) 12,735 (7,970) 673  2.05(1.99-2.12)  2.37(2.30-2.45)  2.44 (2.36-2.52)
Primary care coding of kidney disease

CKD diagnostic code 439,595 (301,095) 82.2 1.02 (1.01-1.02) 1.03 (1.02-1.03) 1.05 (1.04-1.06)
Risk group (occupation/access)

Care home resident 44,470 (19,620) 827  0.86(0.85-0.87)  0.92 (0.90-0.93)  0.98 (0.96-0.99)

Health/social care worker 1,040 (745) 735 1.40 (1.30-1.51) 1.45(1.35-1.56)  1.40 (1.30-1.51)

Housebound 50,195 (25,025) 77.2 0.72 (0.72-0.73) 0.75 (0.74-0.76) 0.77 (0.76-0.78)

End of life care 36,515 (15,080) 791 0.89(0.87-0.90)  0.92(0.90-0.93)  0.92 (0.90-0.94)
Risk group (clinical)

Prior SARS-CoV-2 20,685 (9,985) 75.8 0.86 (0.84-0.88) 0.91 (0.89-0.93) 0.92 (0.90-0.94)

Immunosuppression 56,985 (35,705) 74.3 1.20 (1.19-1.22) 1.16 (1.14-1.18) 1.19 (1.18-1.21)

Moderate/severe obesity 53,820 (36,900) 78.9 0.89 (0.88-0.89)  0.93(0.92-0.94)  0.94 (0.93-0.96)

Diabetes 190,955 (122,995) 79.1 0.88 (0.88-0.89) 0.94 (0.93-0.94) 0.95 (0.94-0.95)

CRD (inc. asthma) 92,340 (58,055) 80.8 0.97 (0.96-0.97) 0.98 (0.97-0.99) 0.98 (0.97-0.99)

Chronic heart disease 347,840 (229,640) 82.4 0.99 (0.98-0.99) 0.97 (0.97-0.98)  0.98 (0.98-0.99)

Chronic liver disease 18,560 (12,195) 78.9 1.00 (0.99-1.02) 1.02 (1.00-1.04) 1.02 (1.00-1.04)

Asplenia 5,960 (4,170) 83.2 1.10 (1.07-1.14) 1.08 (1.05-1.12) 1.08 (1.04-1.11)

Cancer (non-haematologic) 130,945 (88,215) 84.6 1.09 (1.09-1.10) 1.06 (1.05-1.07)  1.07 (1.06-1.07)

Haematologic cancer 20,430 (12,960) 79.2 1.29 (1.27-1.31) 1.13 (1.11-1.16) 1.17 (1.14-1.19)

Organ transplant (non-kidney) 2,190 (1,430) 73.2 1.51 (1.43-1.59) 1.56 (1.48-1.64)  1.99 (1.88-2.10)

CND (inc. learning disability) 135,005 (80,650) 80.4 0.89 (0.89-0.90) 0.90 (0.89-0.91) 0.90 (0.90-0.91)

Severe mental illness 7,075 (3,795) 69.3 0.70 (0.68-0.72) 0.75 (0.72-0.77) 0.77 (0.74-0.79)

CEV (other) 5,850 (4,005) 80.9 1.02 (0.99-1.05) 1.07 (1.04-1.10) 1.03 (1.00-1.07)

Cumulative coverage was determined based on Kaplan-Meier estimates, censoring at death, deregistration, or
31 August 2022. Minimally adjusted models included age, care home residence, and health and social care
worker status given their use in vaccine prioritisation criteria. Partially adjusted models additionally included
housebound status, receipt of end-of-life care, setting, sex, ethnicity, IMD quintile, prior SARS-CoV-2 infection,
immunosuppression, and haematologic cancer. Fully adjusted models included all covariates. CI, confidence
interval; CKD, chronic kidney disease; HR, hazard ratio; IMD, index of multiple deprivation; OR, odds ratio;
RRT, renal replacement therapy; Tx, transplant.
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Supplementary Table 7. Cox proportional hazards models for factors associated with completion of a 4-dose vaccination series in kidney disease subgroups.

CKD3a CKD3b CKD4-5 RRT (dialysis) RRT (Tx)
Cov. Cov. Cov. Cov. Cov.

Variable (%) HR (95% CI) (%) HR (95% CI) (%) HR (95% CI) (%) HR (95% CI) (%) HR (95% CI)
Age

16-64 (ref) 47.4 1.00 51.1 1.00 54.7 1.00 51.8 1.00 61.9 1.00

65-69 55.6 1.19 (1.12-1.27) 61.0 1.23 (1.10-1.38) 62.1 1.26 (1.03-1.53) 61.6 1.27 (0.97-1.67) 80.4 1.63 (1.53-1.75)

70-74 68.4 1.62 (1.54-1.70) 70.0 1.44 (1.31-1.59) 68.1 1.31 (1.11-1.55) 71.8 1.49 (1.13-1.96) 84.3 1.72 (1.60-1.85)

75-79 84.7 2.69 (2.58-2.82) 82.1 2.10 (1.93-2.27) 79.0 1.73 (1.52-1.97) 75.3 1.64 (1.32-2.05) 87.1 1.72 (1.56-1.90)

80+ 83.5 2.78 (2.66-2.90) | 81.8 2.16 (2.00-2.34) | 79.3 1.74 (1.53-1.99) | 76.6 1.77 (142-2.20) | 83.1 1.75 (1.49-2.06)
Sex

Female (ref) 81.7 1.00 79.9 1.00 76.6 1.00 66.6 1.00 69.0 1.00

Male 84.7 1.13 (1.12-1.14) 83.5 1.16 (1.15-1.18) 81.2 1.19 (1.16-1.21) 73.0 1.14 (1.03-1.26) 66.1 0.92 (0.88-0.96)
Ethnicity

White (ref) 84.4 1.00 82.9 1.00 80.8 1.00 75.5 1.00 72.9 1.00

Black 41.8 0.36 (0.35-0.38) 425 0.39 (0.36-0.41) 423 0.41 (0.37-0.47) 50.1 0.57 (0.44-0.72) 35.1 0.39 (0.34-0.46)

South Asian 51.1 0.46 (0.44-047) | 48.3 0.45 (0.43-047) | 44.2 0.44 (0.40-0.48) | 49.1 0.54 (0.45-0.65) | 43.1 0.51 (0.47-0.56)

Mixed 58.8 0.56 (0.52-0.60) 55.5 0.52 (0.47-0.59) 453 0.47 (0.37-0.60) [R] [R] 39.1 0.49 (0.36-0.65)

Other 65.2 0.66 (0.63-0.70) 65.0 0.68 (0.63-0.74) 63.9 0.79 (0.67-0.93) [R] [R] 54.0 0.63 (0.53-0.75)
IMD

1 most deprived (ref) 71.9 1.00 71.1 1.00 66.7 1.00 54.9 1.00 48.7 1.00

2 79.7 1.20 (1.18-1.21) 78.1 1.17 (1.15-1.20) 75.5 1.19 (1.14-1.25) 68.6 1.37 (1.18-1.60) 61.1 1.35 (1.25-1.46)

3 84.0 1.31 (1.30-1.33) 83.1 1.30 (1.28-1.33) 80.1 1.31 (1.25-1.36) 76.1 1.47 (1.26-1.72) 71.6 1.65 (1.53-1.78)

4 86.1 1.40 (1.38-1.42) 84.7 1.38 (1.35-1.40) 83.2 1.42 (1.36-1.48) 78.8 1.56 (1.33-1.83) 76.6 1.82 (1.69-1.97)

5 least deprived 88.1 1.51 (1.49-1.53) 86.6 1.48 (1.45-1.51) 85.4 1.52 (1.46-1.58) 774 1.53 (1.30-1.80) 80.0 1.98 (1.84-2.15)
Setting

Urban city or town (ref) 83.4 1.00 82.1 1.00 79.3 1.00 70.7 1.00 68.2 1.00

Urban conurbation 76.1 0.99 (0.98-1.00) 74.0 0.97 (0.95-0.98) 70.9 1.01 (0.98-1.05) 64.3 1.15 (1.00-1.32) 56.9 1.05 (0.98-1.13)

Rural town or village 86.9 1.02 (1.01-1.03) 85.4 1.01 (1.00-1.02) 83.8 1.04 (1.01-1.07) 80.2 1.09 (0.97-1.23) 78.6 1.13 (1.07-1.20)
Primary care coding of kidney disease

CKD diagnostic code 83.6 1.03 (1.03-1.04) 82.0 1.08 (1.06-1.09) 79.0 1.08 (1.04-1.13) 72.4 1.10 (0.95-1.29) 69.0 1.15 (1.09-1.21)
Risk group (occupation/access)

Care home resident 82.4 0.91 (0.89-0.92) 83.6 0.96 (0.94-0.99) 81.8 1.05 (1.00-1.11) 57.1 0.83 (0.62-1.12) 50.0 0.58 (0.40-0.83)

Health/social care worker 73.2 1.42 (1.28-1.57) 76.1 1.37 (1.11-1.70) [R] [R] [R] [R] 71.2 1.31 (1.15-1.48)

Housebound 77.8 0.74 (0.73-0.75) 77.6 0.77 (0.75-0.78) 74.2 0.78 (0.75-0.81) 68.3 0.93 (0.77-1.12) 72.6 0.96 (0.87-1.07)

End of life care 80.2 0.91 (0.89-0.93) 79.2 0.93 (0.90-0.96) 74.8 0.91 (0.86-0.96) 63.1 0.77 (0.64-0.94) 73.4 1.23 (1.00-1.51)
Risk group (clinical)

Prior SARS-CoV-2 77.8 0.91 (0.89-0.94) 77.0 0.92 (0.89-0.95) 71.6 0.88 (0.82-0.95) 56.4 0.77 (0.65-0.91) 54.1 0.84 (0.74-0.95)

Immunosuppression 74.1 1.19 (1.17-1.22) 77.3 1.19 (1.15-1.23) | 74.6 1.27(1.19-1.36) | 60.6 1.12(0.91-1.37) | 70.6 1.18 (1.13-1.24)

Moderate/severe obesity 79.8 0.93 (0.92-0.94) 79.2 0.94 (0.93-0.96) 75.8 0.94 (0.90-0.98) 62.3 0.90 (0.74-1.09) 64.5 1.00 (0.92-1.08)

Diabetes 79.9 0.93 (0.92-0.94) 79.3 0.96 (0.95-0.97) 76.8 0.97 (0.95-0.99) 68.3 0.96 (0.87-1.06) 67.5 1.05 (1.00-1.11)

CRD (inc. asthma) 81.6 0.98 (0.97-0.99) 80.3 0.98 (0.97-1.00) 78.1 1.00 (0.97-1.04) 723 1.04 (0.90-1.20) 68.3 0.95 (0.87-1.03)

Chronic heart disease 83.4 0.97 (0.97-0.98) 817 0.98 (0.97-0.99) 79.2 1.00 (0.97-1.02) 73.4 1.02 (0.93-1.13) 72.4 1.06 (1.01-1.11)

Chronic liver disease 79.5 1.03 (1.01-1.05) 79.2 1.03 (1.00-1.07) 76.1 1.03 (0.96-1.11) 66.6 1.19 (0.97-1.47) 69.5 1.19 (1.07-1.32)

Asplenia 84.5 1.09 (1.05-1.14) 83.4 1.10 (1.03-1.17) 75.3 1.01 (0.89-1.14) [R] [R] 63.8 0.93 (0.76-1.13)

Cancer (non-haematologic) 85.3 1.07 (1.06-1.08) 83.8 1.06 (1.05-1.08) 82.0 1.08 (1.05-1.11) 78.3 1.09 (0.97-1.22) 78.7 1.16 (1.07-1.26)

Haematologic cancer 79.0 1.17 (1.14-1.21) 80.3 1.17 (1.12-1.22) 77.3 1.13 (1.04-1.23) 72.2 1.38 (1.13-1.69) 73.4 1.00 (0.86-1.18)

Organ transplant (non-kidney) 72.5 2.08 (1.94-2.23) 74.1 1.86 (1.68-2.05) 69.0 1.52 (1.27-1.82) 61.5 1.63 (1.18-2.24) [N] [N]

CND (inc. learning disability) 81.2 0.90 (0.89-0.91) 79.9 0.90 (0.88-0.91) 76.9 0.92 (0.89-0.95) 67.5 0.90 (0.79-1.02) 71.4 1.04 (0.97-1.12)

Severe mental illness 68.4 0.74 (0.71-0.77) 71.6 0.78 (0.74-0.83) 714 0.87 (0.78-0.97) 35.2 0.58 (0.37-0.92) 54.3 0.87 (0.68-1.12)
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CEV (other) | 811 1.06 (1.02-1.11) | 80.5 1.11 (1.05-1.18) | 77.9 1.06 (0.95-1.18) | [N] [N] | [N] [N]
Individuals were included in the analysis if they were =75 years of age at baseline, care home residents, transplant recipients, or had a history of haematologic malignancy or
immunosuppression. Counts are rounded to the nearest 5. Cumulative coverage was determined based on Kaplan-Meier estimates, censoring at death, deregistration, or 31°
August 2022. Hazard ratios and 95% confidence intervals were derived from partially adjusted models that included age, care home residence, health and social care worker
status, housebound status, receipt of end-of-life care, setting (urban/rural), sex, ethnicity, IMD quintile, prior SARS-CoV-2 infection, immunosuppression, and haematologic
cancer. Data are redacted [R] for any rows in which there were >0 and <10 event or non-event counts after rounding to the nearest 5, with non-event counts calculated among
uncensored individuals. CEV, clinically extremely vulnerable; CKD, chronic kidney disease; CND, chronic neurological disease; IMD, index of multiple deprivation; [N],
covariate absent in all individuals by definition; [R] redacted; RRT, renal replacement therapy; Tx, transplant.
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Supplementary Table 8. Cumulative 4-dose coverage in subgroups defined by deprivation index, ethnicity, age, and kidney disease severity.

IMD 1 (most deprived) IMD 2 IMD 3 IMD 4 IMD 5 (least deprived)
Minority Minority Minority Minority Minority
White ethnic White ethnic White ethnic White ethnic White ethnic
groups groups groups groups groups
Characteristic N %o N %o N %o N % N % N % N %o N % N %o N %0
All 94295 748 10880 353 [119075 80.8 8620 47.8 153940 84.4 6370 565 |[153430 86.0 4310 62.8 [144625 87.8 3205 70.8
Age
16-64 2805 47.0 1190 24.6 |2860 585 815  32.0 (3105 624 505  40.1 |2830 66.6 340  42.7 |2360 718 235 499
65-69 1030 541 235 29.1 |1130 60.0 205 381 |1340 649 130 431 |1275 695 100 474 |1120 729 65 66.7
70-74 1635 61.0 190 36.2 2000 702 165  39.2 |2400 738 135  44.1 |2270 740 100 60.9 |2040 773 70 63.1
75-79 25380 76.4 2475 375 [31565 825 2175 52.0 |40160 862 1690 57.3 |[39405 880 1140 653 |36295 89.7 920 733
80+ 63440 762 6790 365 [81520 81.6 5260 49.2 106935 849 3915 59.0 |107650 862 2635 645 |102815 87.8 1920 72.1
Kidney disease subgroup
CKD3a 55615 75.7 5845 363 [72130 81.7 4670 49.1 |95515 85.0 3600 57.3 |97010 86.7 2460 63.6 |[93065 884 1920 70.7
CKD3b 28670 749 2890 352 (35050 80.3 2330 46.5 [44240 841 1665 579 (42920 853 1130 62.8 (39485 869 790 727
CKD4-5 7685 72.0 1105 30.8 |9260 778 805 50.0 |11155 81.6 580  51.0 |10635  84.0 345 60.3 |9500 859 235 677
RRT (dial.) 530 60.6 235 40.3 |640 733 165 465 |695 79.7 110  52.7 |650 804 70 64.1 |565 784 60 55.6
RRT (Tx) 1800 56.7 805 304 |2000 678 650  39.7 |2330 752 415 498 |2215 795 305 542 |2015 814 200 633

Cumulative coverage (%) was determined based on Kaplan-Meier estimates, censoring at death, deregistration, or 31** August 2022. Minority ethnic groups are combined due
to their low combined prevalence within the study population. CKD, chronic kidney disease; dial., dialysis; IMD, index of multiple deprivation quintile; RRT, renal
replacement therapy; Tx, transplant.

Key

<50%
50~75%
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