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ABSTRACT

Objective To assess gender, ethnicity, and deprivation-
based differences in provision of aortic valve
replacement (AVR) in England for adults with aortic
stenosis (AS).

Methods We retrospectively identified adults with

AS from the English Hospital Episode Statistics (HES)
between April 2016 and March 2019 and those who
subsequently had an AVR. We separately used HES-
linked Clinical Practice Research Datalink (CPRD) to
identify people with AVR and evaluate the timeliness

of their procedure (CPRD-AVR cohort). ORs for AVR

in people with an AS diagnosis were estimated using
multivariable logistic regression adjusted for age,

region and comorbidity. AVR was considered timely if
performed electively and without evidence of cardiac
decompensation before AVR.

Results 183591 adults with AS were identified in HES;
of these, 31436 underwent AVR. The CPRD-AVR cohort
comprised 10069 adults. Women had lower odds of
receiving AVR compared with men (OR 0.65; 95% Cl 0.63
t0 0.66); as did people of black (OR 0.70; 95% Cl 0.60
t0 0.82) or South Asian (OR 0.75; 95% Cl 0.69 to 0.82)
compared with people of white ethnicities. People in the
most deprived areas were less likely to receive AVR than
the least deprived areas (OR 0.8; 95% Cl 0.75 to 0.86).
Timely AVR occurred in 65% of those of white ethnicities
compared with 55% of both those of black and South
Asian ethnicities. 77% of the least deprived had a timely
procedure compared with 58% of the most deprived;
there was no gender difference.

Conclusions In this large, national dataset, female
gender, black or South Asian ethnicities and high
deprivation were associated with significantly reduced
odds of receiving AVR in England. A lower proportion of
people of minority ethnicities or high deprivation had a
timely procedure. Public health initiatives may be required
to increase clinician and public awareness of unconscious
biases towards minority and vulnerable populations to
ensure timely AVR for everyone.

2 Shea P O'Connell,’
% Clare E Appleby,* John B Chambers © °

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Aortic valve replacement (AVR) is a life-saving pro-
cedure for symptomatic severe aortic stenosis (AS),
which relieves symptoms, increases life expectancy
and improves quality of life.

= Little is known about the rate of AVR provision
by gender, race or social deprivation level in the
National Health Service across England.

WHAT THIS STUDY ADDS

= The adjusted odds of receiving an AVR among peo-
ple with AS in England are lower for women than
men, people of black or South Asian ethnicities
compared with people of white ethnicities, and the
most versus least socially deprived people.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Further research and public health initiatives to un-
derstand and address inequalities in the timely pro-
vision of AVR are important and should be prioritised

in England.

INTRODUCTION
Aortic stenosis (AS) is the valve disease
most commonly requiring intervention in
England.' Between one-fifth and one-quarter
of people with severe or very severe AS will die
within 5years without intervention.” Aortic
valve replacement (AVR), either transcath-
eter or surgical (TAVI or SAVR), is standard
care in the UK."** Notably, the National Insti-
tute of Health and Care Excellence recom-
mends that all people with severe sympto-
matic AS, as well as other specific indications,
are offered AVR?’; consistent with European
and US clinical guidelines." *

Severe AS exposes the left ventricle to
chronic pressure overload, leading to
progressive left ventricular (LV) dysfunction
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Secondary care HES
(reimbursement data)

AS Diagnosis
(AS Cohort; N=183,591)

Adult patients (218 years) with inpatient hospital admissions, including day
cases, with an ICD-10 diagnostic code for AS (1350, 1352, including
rheumatic AS codes 1060 and 1062) as either a primary diagnosis, co-
diagnosis or comorbidity between 01 April 2016 and 01 March 2019
inclusive

l

Underwent AVR
(AVR Cohort; N=45,623)

*Adult patients (218 years) who underwent aortic valve replacement
(AVR) surgery between 01 April 2016 and 01 March 2020.

(AVR + Linked HES and EMR records
(CPRD-HES Cohort; N=10,069)

Primary care EMRs

Figure 1

Adult patients (218 years) captured in CPRD and
eligible for linkage to HES with AVR of any type
between 01 January 2015 and 30 June 2019

Study design. *The additional year of data compared with the AS cohort was added to allow for lagged AVR

compared with AS diagnosis. AS, aortic stenosis; AVR, aortic valve replacement; CPRD, Clinical Practice Research Datalink;

eMR, electronic medical record; HES, Hospital Episode Statistics.

which may not recover fully after intervention if this is
delayed. It is therefore imperative to monitor asymptom-
atic people carefully and refer them for early interven-
tion with even minor symptoms or early LV dysfunction.
Indeed, a long wait for AVR often leads to clinical deteri-
oration, acute hospital admission or even death.”

Gender differences in the treatment of valvular heart
disease are underappreciated but gaining more focus.”®
Recent European Society of Cardiology guidance calls
for measures to ensure both sexes receive equitable
care to reduce higher female mortality, resulting from
late diagnosis, referral and treatment.! In addition, the
UK government has recently published the Women’s
Health Strategy for England,” committing to ‘eradicating
deep-seated biases and driving forward the system-level
changes needed to close the gender health gap’.

We are unaware of any UK-based research reporting
differences in the provision of AVR for the treatment of
AS across ethnicities. Most of the existing literature is
based on US populations®? where the healthcare system
differs significantly from the UK (ie, UK government-
sponsored system vs US fee-forservice model; and the US
insured vs uninsured cost differences). However, US data
demonstrate substantial disparities in access to AVR for
people of different ethnicities.'” !

The impact of social deprivation status on provision
of AVR in the UK has not been previously evaluated.
General differences in health and care due to deprivation
are demonstrated by the gap in life expectancy between
individuals from the most and least deprived areas which
is 9.7 years for males and 7.9 years for females,' and
widens to 19.3 years and 18.6 years, respectively when
considering healthy life expectancy."® Studies have shown

an association between socioeconomic deprivation and
cardiovascular morbidity and mortality,'"* including a
UK-based study showing that the risk of mortality from all
circulatory disease and ischaemic heart disease increases
with deprivation.'” Furthermore, a large-scale community
study, OxVALVE, identified an increased incidence of
undiagnosed valvular heart disease among more deprived
socioeconomic groups.16

Whether gender, ethnicity and deprivation-based
differences affect the provision of aortic valve interven-
tion in England is unknown. Therefore, we used a large
English dataset of patients with a hospital diagnosis of
AS, to analyse the odds of receiving surgical or transcath-
eter AVR for women, people of different ethnicities, and
deprivation levels, as well as to evaluate the timeliness of
intervention.

METHODS

Study design

This was a retrospective observational cohort study to
assess differences in access to AVR for people with known
AS by gender, ethnicity and social deprivation status. We
used national person-level reimbursement data from
England’s Hospital Episode Statistics (HES) in secondary
care to identify a cohort of people with diagnosed AS
(HES-AS cohort) and a cohort who had received AVR
(HES-AVR cohort). These cohorts were not mutually
exclusive and allowed us to determine which people
with AS went on to have AVR. To further evaluate the
care pathway to AVR, we identified a smaller, represent-
ative cohort of AVR people from the Clinical Practice
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Table 1 Demographic summary per cohort

Metrics

HES-AS cohort

HES-AVR cohort

CPRD-HES AVR cohort*

Total number of patients 183591 45623 10069
Age on inclusion, mean (SD) 79.01 (11.17) 72.46 (12.05) 71.36 (13.29)
Gendert, N (%)
tMale 96187 (52.39%) 28749 (63.01%) 6376 (63.32%)
Female 87396 (47.60%) 16873 (36.98%) 3693 (36.68%)
Total time in cohort (patient days) 114727493 27836972 7182754
Follow-up time (patient months), mean (SD) 20.83 (14.21) 20.34 (13.88) 23.78 (15.83)
Charlson Comorbidity Index distribution
0 38437 (20.94%) 9728 (21.32%) 1800 (17.88%)
1 42361 (23.07%) 12355 (27.08%) 2355 (23.39%)
2 34625 (18.86%) 9179 (20.12%) 1924 (19.11%)
3 25755 (14.03%) 6080 (13.33%) 1486 (14.76%)
4 17 330 (9.44%) 3754 (8.23%) 890 (8.84%)
5 11200 (6.1%) 2161 (4.74%) 652 (6.48%)
6+ 13883 (7.56%) 2366 (5.19%) 962 (9.55%)
IMD quintile distribution§
1—most deprived 30293 (16.5%) 6426 (14.09%) 1429 (14.19%)
2 34858 (18.99%) 8103 (17.76%) 1799 (17.87%)
3 39693 (21.62%) 9629 (21.11%) 2085 (20.71%)
4 40481 (22.05%) 10432 (22.87%) 2239 (22.24%)
5—Ileast deprived 36304 (19.77%) 9800 (21.48%) 2489 (24.72%)
Unknown 1962 (1.07%) 1233 (2.7%) 28 (0.28%)
Ethnicity breakdown (HES)|
White (Irish, British, Traveller) 160299 (87.31%) 35021 (76.76%)
South Asian (Pakistani, Bangladeshi, Indian, any) 4722 (2.57%) 1080 (2.37%)
Black (Caribbean, African, any) 1663 (0.91%) 365 (0.80%)
Mixed (any mixed ethnicity) 385 (0.21%) 127 (0.28%)
Other (any other ethnic group, eg, Chinese, Arab) 1779 (0.97%) 470 (1.03%)
Not stated/unknown 14743 (8.03%) 8560 (18.76%)
Ethnicity breakdown (CPRD)q|
f|White (Irish, British) 9398 (93.34%)
South Asian (Pakistani, Bangladeshi, any) 282 (2.80%)
Black (Caribbean, African, any) 97 (0.96%)
Mixed (any mixed ethnicity) 38 (0.38%)
Other (any other ethnic group, eg, Chinese, Arab, 113 (1.12%)
Roma or Irish Traveller)
Unknown 101 (1.00%)
AVR admission method™*
**Elective 25307 (13.78%) 35208 (77.17%) 7560 (75.08%)
Non-elective 6127 (3.34%) 10412 (22.82%) 2508 (24.91%)
Other S S S
AVR not recorded in data period 152155 (82.88%)
AVR procedure typet
SAVR 20610 (11.23%) 31538 (69.13%) 7533 (74.81%)
TAVI 10098 (5.5%) 12957 (28.4%) 2536 (25.19%)
Continued
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Table 1 Continued
Metrics HES-AS cohort HES-AVR cohort CPRD-HES AVR cohort*
Undefined 517 (0.28%) 815 (1.79%)
Surgical bailout 211 (0.11%) 313 (0.69%)
AVR not recorded in data period 152155 (82.88%)
Unknown 1405 (0.77%) 509 (1.12%)

S denotes cells suppressed due to small patient numbers (<5) to prevent identification of patients.

*CPRD covers approximately 20% of the English population; therefore, there are fewer people.

1The stated gender of the people on their index date, presented as a number and percentage of the respective cohort.

FThe type of the person’s index AVR presented as the number of people and percentage of the respective cohort.

§The distribution of IMD quintiles captured on the person’s index dates, presented as the number of people and percentage of the overall

cohort.

YIHES and CPRD have different ethnicity categories. Where possible, we have aligned similar ethnicity descriptions. Discrepancies may be
due to differences in recording practices between primary and secondary care, eg, self-identification in primary care.

**The admission method of the person’s index AVR, presented as the number of people and percentage of the respective cohort.

AS, aortic stenosis; AVR, aortic valve replacement; CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics; IMD, Index
of Multiple Deprivation; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve replacement.

Research Datalink (CPRD) which provides primary care
electronic medical records (eMRs) linked with HES.

People were eligible for the HES-AS cohort if they
were =18 years and had an ICD-10 diagnostic code for
AS (I350, 1352, including rheumatic AS codes 1060
and 1062) recorded during an inpatient (IP) hospital
admission, which includes day cases, and ambulatory
care, between 1 April 2016 and 1 March 2019, inclu-
sive. AS diagnosis codes could be recorded as either
a primary diagnosis, codiagnosis or comorbidity.
In practice, useful diagnostic information is coded
against few (3%) of outpatient (OP) appointments
therefore, only IP records were considered for iden-
tification of AS."

For the HES-AVR cohort, we included adults (=18
years) who underwent AVR intervention between
1 April 2016 and 1 March 2020 from IP admissions
using OPCS-4 codes K262, K263 and K264. It should
be noted that the HES-AVR cohort has an additional
year of data to allow for AVR which inevitably occurs
later than the diagnosis of AS. People undergoing
multiple valve replacement in the same admission and
people with previous AVR procedure were excluded,
as were people who required an urgent or emergent
AVR due to endocarditis or aortic root dissections.
An overview of the three study cohorts is depicted in
figure 1.

The linked CPRD-HES cohort was obtained from
CPRD and consisted of adult people (=18 years) regis-
tered with a general practice contributing to CPRD
and eligible for linkage to HES with an AVR of any type
between 1 January 2015 and 30 June 2019. AVRs were
identified from their HES admissions using the same
AVR procedure codes as the HES-AVR cohort.

For all cohorts, any birth or maternity activity was
excluded from the dataset. Patients with unknown sex,
unknown age or age >120 were also excluded from the
dataset. HES data was used as observed. All ethnicity,

gender, Index of Multiple Deprivation (IMD) categories
were as stated on the relevant index. No matching or
weighting of the populations was performed.

Outcome measures

The odds of women receiving AVR were compared with
men to calculate the OR; each ethnic group was compared
with a white ethnic reference group, and each depriva-
tion quintile was compared with the least deprived quin-
tile using IMD. Both gender and ethnicity fields in HES
are listed as self-reported in the data dictionary. Where
appropriate, similar ethnicities were amalgamated as per
the grouping of ethnicity suggested by HM government
to provide meaningful insight and reduce the need for
small number suppression.'®

IMD is a composite measure of relative deprivation
in small areas or neighbourhoods known as Lower-layer
Super Output Areas in England. It is produced by the
Ministry of Housing, Communities and Local Govern-
ment and is based on seven domains of income, employ-
ment, health deprivation and disability, education, skills
and training, crime, barriers to housing and services, and
living environment, see English indices of deprivation
2019—GOV.UK (www.gov.uk) for more details. Areas are
ranked from most deprived to least deprived, and indi-
vidual person IMD is reported as IMD quintile, where
quintile 1 is the least deprived areas and 5 is the most
deprived."” IMD is an indexed variable, and where there
is no difference due to deprivation, 20% of the given
population should be observed in each quintile.

To evaluate the timing of AVR for people of different
gender, ethnicities and deprivation levels, we looked at the
number and proportion of people for whom the proce-
dure was timely, that is, performed during an elective
(scheduled) admission and without evidence of cardiac
decompensation on or before AVR, or delayed that is,
performed during a non-elective (unscheduled/urgent)
admission or with evidence of cardiac decompensation on
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or before AVR. In determining ‘delayed’ AVR, we assume
that the preferred path to AVR is an elective admission
prior to cardiac decompensation. To this end, we have
excluded people with medical emergencies necessitating
urgent AVR that is, endocarditis or aortic root dissection,
to avoid misclassifying appropriate emergency treatment
as ‘delayed’. Elective and non-elective AVR admissions
were identified from their HES admission type. Cardiac
decompensation was defined as a non-elective admission
due to aortic valve disease or congestive heart failure
admission (ICD-10 diagnosis codes 150, I111.0, 113.0 or
I11.3), after AS diagnosis and on or before the date of
AVR procedure. We report the number and proportion
with timely or delayed procedures by gender, ethnicity,
and socioeconomic deprivation.

Statistical analysis

The OR for receiving an AVR among the HES-AS cohort
was estimated using multivariable logistic regression. All
ORs were adjusted for age at AS diagnosis (continuous),
HES geographical region for England and comorbidity
as assessed by ordinal Charlson Comorbidity Index score.
ORs were also adjusted for gender, ethnicity and depri-
vation quintile as described by IMD, however, we did not
adjust where these were the explanatory variable in the
model.

Due to the near-complete coverage of HES for hospital-
treated conditions, we treated no recorded evidence of
the comorbidities of interest as equivalent to the absence
of the condition or treatment. No imputation was
performed. Where categories such as ethnicity or IMD
were recorded as ‘not stated” or ‘not known’, they were

Gender M
F
Ethnicity White
Mixed
Any other ethnic group
Asian
Black
IMD Quintile

5 - Least Deprived
4
3
2

1-Most Deprived

0.50

analysed in these categories. Where gender, a key iden-
tifying variable, was ‘not stated ‘or ‘not known’, these
patients were excluded from the analysis. All analyses
were conducted using R V.4.2.1.

RESULTS

Person demographics and cohorts

A cohort of 185391 had an HES record of AS during
an inpatient admission, of whom 31436 subsequently
underwent an AVR procedure out of the 45623 identi-
fied with an AVR procedure (HES-AVR cohort). The
linked CPRD-HES dataset comprised 10069 AVR people.
A summary of demographic information by cohort
(HES-AS, HES-AVR and CPRD-HES) is shown in table 1.
Across all three cohorts, most were from a white British/
Irish ethnic background (87%, 77% and 93%, respec-
tively), with a slightly lower proportion of women than
men (48%, 37% and 37%, respectively) in each cohort.
IMD quintiles indicated lower proportions in the most
deprived quintile than the expected 20% if there was no
difference with deprivation (17%, 14% and 14%, respec-
tively) across all cohorts.

0dds of AVR provision

Overall, women with AS were significantly less likely to
receive AVR than men (OR 0.65; 95% CI 0.63 to 0.66,
p<0.001), figure 2. People of black or South Asian ethnic-
ities were also significantly less likely to receive AVR
than people from a white ethnic background (OR 0.70;
95% CI 0.60 to 0.82 and OR 0.75; 95% CI 0.69 to 0.82,
respectively, p<0.001 for both). In addition, people in

o

s =
0.75

1.00

OR (OR < 1 indicates less likely)

Figure 2 ORs of receiving aortic valve replacement (AVR) for people who received a diagnostic code for aortic stenosis (AS) in
hospital (ie, HES-AS cohort), were calculated for women relative to men, all ethnicities relative to white ethnicity and deprivation
quintiles compared with the least deprived. ORs were adjusted for age at diagnosis, region of England and Charlson
Comorbidity Index score. ORs were also adjusted for gender, ethnicity and deprivation quintile as described by IMD, however,
we did not adjust where these were the explanatory variable in the model. F, female; HES, Hospital Episode Statistics; IMD,

Index of Multiple Deprivation; M, male.
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Table 2 Odds of receiving AVR by gender, ethnicity and deprivation quintile

Number and

Unadjusted ORs of accessing AVR Adjusted ORs of accessing AVR

following an AS diagnosis

percentage of AS following an AS diagnosis

Total patients with an Lower Upper Lower Upper
patients  AVR procedure OR 95%Cl 95%CI Pvalue OR 95%CIl 95%CI P value
Gender
Male 95611 19450.0 (20.34%) - - - - - - - -
Female 86950 11756.0 (13.52%) 0.61 0.6 0.63 <0.001 0.65 0.63 0.66 <0.001
Ethnicity
White 159370 26323.0 (16.52%) - - - - - - - -
Black 1663 197.0 (11.85%) 0.68  0.59 0.79 <0.001 0.7 0.6 0.82 <0.001
Asian 4718 704.0 (14.92%) 0.89 082 0.96 0.004 0.75  0.69 0.82 <0.001
Mixed 384 68.0 (17.71%) 1.09 0.84 1.41 0.53 0.81 0.61 1.08 0.15
Chinese 147 17.0 (11.56%) 0.66  0.40 1.10 0.11 0.6 0.35 1.01 0.06
Any other ethnic 1629 265.0 (16.27%) 0.98 0.86 1.12 0.79 0.8 0.7 0.92 0.002
group
Not stated 10326 2287.0 (22.15%) 144 137 1.51 <0.001 116 11 1.22 <0.001
Not known 4324 1345.0 (31.11%) 228 214 2.44 <0.001 182 1.7 1.95 <0.001
Index of Multiple
Deprivation (IMD)
IMD quintile 5 30288 4322.0 (14.27%) - - - - - - - -
(least deprived)
IMD quintile 4 34852 5651.0 (16.21%) 0.95 092 0.98 0.005 0.97 093 1.01 0.11
IMD quintile 3 39643 6826.0 (17.22%) 0.89 0.86 0.92 <0.001 0.91 0.88 0.95 <0.001
IMD quintile 2 0461 7345.0 (18.15%) 0.83 0.80 0.86 <0.001 0.85 0.82 0.89 <0.001
IMD quintile 1 36296 6872.0 (18.93%) 0.71 0.68 0.74 <0.001 0.73  0.69 0.76 <0.001
(most deprived)
Unknown 1021 190.0 (18.61%) 0.98 0.83 1.15 0.79 0.89 0.72 1.09 0.25

Unadjusted ORs are produced within group only—for example, comparing the odds of receiving aortic valve replacement (AVR) for males
versus females, without any consideration for a difference in ethnicity. ORs were also adjusted for gender, ethnicity and deprivation quintile,
however, we did not adjust where these were the explanatory variable in the model. Other covariates included in the adjusted analyses were
age at aortic stenosis (AS) diagnosis, region and Charlson Comorbidity Index score.

Bold text denotes statistical significance at at least the level of p<0.05.

the most deprived (OR 0.73; 95% CI 0.69 to 0.76) second
most deprived (OR 0.85; 95% CI 0.82 to 0.89) and third
most deprived quintiles (OR 0.91; 95% CI 0.88 to 0.95)
had a significantly reduced odds of receiving an AVR
than those in the least deprived quintile (p<0.001 for all).
All adjusted and unadjusted ORs are reported in table 2.

Timely versus delayed pathway to AVR

The pathway data (timely AVR, delayed AVR or other) for
people from the CPRD-AVR cohort by gender, ethnicity
and IMD are reported in tables 3 and 4.

In the CPRD-HES AVR cohort, delayed AVR occurred
in a higher proportion with black (32%), or South Asian
(36%) than white ethnicities (28%), or in the most
deprived quintile (33%) than in the least deprived quin-
tile (26%) (figure 3). Conversely, a higher proportion
with white ethnicities (65%) received timely AVR than
with black or South Asian ethnicities (both 55%). The
proportion with timely AVR was 68% in the least deprived

quintile compared with 58% for those in the most
deprived. No difference in receiving timely or delayed
AVR was observed by gender.

However, the median time from the first secondary
care cardiovascular service touch point (either as an IP
or OP) to receiving AVR was 3 months longer for women
than men. Women also had a higher median number of
primary care consultations (41) than men (34) in the 48
months prior to AVR (table 5).

DISCUSSION

The main findings of this study are that women, people
of black or South Asian ethnicities, and people from
deprived areas with AS were less likely to receive AVR
than men, people of white ethnicities and those in the
least deprived areas. To the best of our knowledge, this
is the first study assessing differences in provision of and
pathway to AVR for patients with AS in England. The
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Table 4 Proportion of people receiving timely AVR, delayed AVR or AVR via a different pathway for each deprivation (IMD)
quintile for the CPRD-HES cohort

CPRD Index of Multiple Deprivation (IMD)

IMD quintile 5

IMD quintile 1 (0.81-1.00) (least  IMD quintile

(most deprived)  IMD quintile 2 IMD quintile 3 IMD quintile 4 deprived) unknown
Total*, n 1429 1799 2085 2239 2489 28
Timely AVRt,n 830 (58.08%) 1152 (64.04%) 1377 (66.04%) 1460 (65.21%) 1692 (67.98%) 20 (71.43%)
(%)
Delayed AVRE, 472 (33.03%) 516 (28.68%) 577 (27.67%) 645 (28.81%) 656 (26.36%) S
n (%)
Other AVR §, n (%) 127 (8.89%) 131 (7.28%) 131 (6.28%) 134 (5.98%) 141 (5.66%) S

S denotes cells suppressed due to small patient numbers (<5) to prevent identification of patients, as required by CPRD.

All three pathways are mutually exclusive.

*The total number of people in each respective group, used as the denominator for the stated percentages from the CPRD-HES AVR cohort.
TDefined as any person who has undergone an elective AVR, AND who does not have a non-elective admission to hospital due to aortic
valve disease or congestive heart failure (HF), in the 12 months prior to their index procedure, AND has a record of an outpatient appointment
within the cardiology or cardiac surgery treatment specialties, and/or a record of an echocardiogram prior to their index procedure.

fDefined as any person who received a non-elective AVR (not including due to emergent or urgent conditions such as endocarditis or aortic
dissections), OR a non-elective admission to hospital due to aortic valve disease or congestive HF, in the 12 months prior to their index
procedure.

§People who do not fit into either defined pathway.

AVR, aortic valve replacement; CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics; IMD, Index of Multiple
Deprivation.

AS and AVR datasets used have national coverage for  study of 3632 with AS (42% of them women) women were
diagnoses and procedures in secondary care, thus these  less likely to be referred for valve intervention (p=0.007)

results are generalisable to the UK and countries with and more likely to die than men (p=0.01). Tribouilloy et
similar healthcare systems and demographics. The linked

CPRD-HES datase.t is representative of age, sex, et.hnlaty than men (79% vs 70%; p<0.001), and longer waits for
and socioeconomic status, and contains information on

. . . . AVR among women (16 vs 14 months, p=0.005) 2 Women
management in the community, providing a more holistic

picture of the pathway to AVR for a subset of people.QO 21 tended to be older (p<0.001) and were .morci likely to

Our results on gender disparity in access to AVR agree have symptoms than men (p=0.007). Tribouilloy o al
with the literature showing that, despite similar incidence concluded that women might be managed conservatively
and severity of AS, women are less often referred for AVR (without AVR intervention) longer and undergo AVR less
than men.” *** This has been reported in several coun-  frequently, despite experiencing more symptoms which is
tries, including the USA and France.”** In a prospective  consistent with our findings.*

al demonstrated higher 5-year mortality among women

B cender M Ethnicity IMD Quintile
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Figure 3 Proportion of people receiving delayed AVR (non-elective AVR and/or evidence of cardiac decompensation prior to
AVR). AVR, aortic valve replacement; IMD, Index of Multiple Deprivation.
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Table 5 Timing of delayed pathway to AVR by gender

Gender

Male Female
Time* from first secondary care cardiovascular touchpoint to AVR (days); median (IQR) 1383 (3296.5) 1476 (3100)
Primary care consultations in the 24 months before AVR; median (IQR) 34 (58) 41 (67)

*Defined as the period between first outpatient cardiology, cardiac surgery, or cardiothoracic surgery appointment, or record of an
echocardiogram to index AVR for those with known AS (any severity, severe symptomatic AS).

AS, aortic stenosis; AVR, aortic valve replacement.

Similar findings were obtained in North America, where
Chaker et al found significantly increased in-hospital
mortality among women with isolated AVR compared
with propensity score matched men (3.3% vs 2.9%,
p<0.001).” Hahn et al highlighted numerous differences
between the management of men and women with AS,
including disparities in the assessment of severity, haemo-
dynamic status and timing of intervention.’ In particular,
they showed that women are less frequently referred for
intervention after a diagnosis of significant AS than men.

A placebo-controlled, double-blind, randomised
prospective study did not identify any sex differences
in progression of AS that would explain gender imbal-
ance in AVR provision, however, the median follow-up of
4years is insufficient to rule out sex differences later in
the natural history of the disease that may impact AVR
provision.23 Similarly, a systematic review of treatment
disparities in AS found that there is insufficient research
to determine ‘whether minorities are prone to have
disease-related factors that bias against AVR’. Thus, more
research is required to determine whether other gender
or ethnicity-based factors are barriers to AVR, in order to
ensure this life-saving treatment is available to all those
who would benefit.

Blair et al proposed that unconscious bias in the health-
care system and among healthcare professionals such as
a ‘male as default’ approach, may contribute to biases
in healthcare provision for women.*® Together with our
study results, these data further support the rationale for
greater physician and patient awareness about gender
differences in valvular disease pathology and presen-
tation. Gender disparities in care are coming under
increased scrutiny, for example, the UK government’s
ten-year strategy published in Women’s Health Strategy
for England,” which commits to identifying and changing
systemic factors to close the gender health gap. Gender-
specific research is needed to inform such a strategy
to understand how disparities influence clinical prac-
tice. Furthermore, it is important to elucidate how the
National Health Service (NHS) in England can better
recognise an unconscious ‘male default’ perspective in
the healthcare system, which might undermine the care
of women.”

Our study provides an estimate of ethnicity-based
disparity in provision of AVR in England. We found that
the odds of a person of black ethnicity receiving an AVR
were significantly lower than a person of white ethnicity.

In a similar study from Minnesota, Alqahtani et al anal-
ysed data from 96278 people, >60 years old, hospitalised
with a primary diagnosis of AS and found that the ratio
of AVR to AS-related admissions was significantly lower
for people of black (4.7%) than white (11.3%, p<0.001)
ethnicities.” Matthew Brennan et al’® conducted a retro-
spective study on 32853 people with new symptomatic
severe AS between 2011 and 2016 using US eMRs.® They
observed that those from a black ethnic background were
less likely than people from a white ethnic background
to receive an AVR at l-year postsymptomatic severe AS
diagnosis (23% vs 31%; adjusted HR 0.76; 95% CI 0.67 to
0.85).% In this study, we also report a lower odds of AVR
for people of South Asian ethnicities who form a larger
proportion (9%) of the English population than the USA
(2%) as calculated from US census population data.?’
To our knowledge, there is no literature specifically
addressing health disparities for people of South Asian
ethnicity with AS in the USA or UK.

We also report differences in the care pathway to AVR
for people of different ethnicities CPRD-AVR cohort.
Notably, our analysis showed that a higher propor-
tion of people of black and South Asian ethnicities
had delayed AVR than people of white ethnicities in
England. In a large, retrospective, cohort study from the
USA, a higher proportion of people of black ethnicities
compared with white had an urgent or emergent AVR
(25.82% compared with 17.29%)* which correlates
with our findings.

According to the 2021 England and Wales ethnicity
census, the population of England consists of people who
identify their ethnicity as white (82%), South Asian (9%),
black (4%), any mixed ethnicity (3%) or other, including
Chinese and Arab (3%)."® Generally, all minority ethnic-
ities were under-represented in our AS and AVR cohorts
when compared with the 2021 census. People of South
Asian ethnicity comprise just 2.6% of the AS cohort and
4.4% of the AVR cohort. These proportions are 0.91%
and 0.80% for people of black ethnicity. The apparent
under-representation of people of black and South Asian
ethnicity in our cohorts compared with the English popu-
lation may be due to the populations of these ethnicities
generally being younger than the population of white
ethnicity. Our ORs were age-adjusted and should have
accounted for this, meaning itis unlikely that the reduced
proportions of minority ethnicity populations identified
led to estimation of a lower OR.
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Recently, a unique large population-based study of
valvular heart disease in England, the OxVALVE popu-
lation cohort study, attempted to quantify undiagnosed
valvular heart disease. However, 99% of study partici-
pants were of white ethnicities, which was not represen-
tative of the different ethnic populations in England."®
Similar population studies with better inclusion of under-
represented ethnic groups are needed to understand
how discrepancies in management of AS and provision of
AVR can be addressed, including further research on the
underlying causes of ethnic disparity in the provision of
AVR in all countries, including the UK.

The most deprived people were underrepresented in
the HES-AS, HES-AVR and CPRD-HES cohorts (17%,
14% and 14%, respectively). IMD is a distributional
measure, and all things being equal, one would expect
20% of people with AS to be represented in each IMD
quintile in our study. Our findings align with those of the
OxVALVE study, which showed a higher prevalence of
undiagnosed valvular heart disease among those in the
most deprived IMD quintiles than the least deprived.'
In addition, we found that among a cohort of people
with diagnosed AS, the most socioeconomically deprived
were less likely to receive AVR than the least deprived.
Moreover, delayed AVR was more common in the most
deprived compared with the least deprived people with
AS.

Strengths and limitations

HES is a national dataset for England, provided for
research as secondary use statistics. As such itis represent-
ative of all NHS-funded secondary care and a good data
source for studying inequities. The quality of the data
received is subject to coding practices within the English
NHS. The completeness of the data is as we received it; we
did not apply any imputation or correction of the data.

The main objective was to compare receipt of AVR in
men and women; the HES-AS cohort, identified from IP
diagnoses, is gender balanced (48% women). However,
we cannot determine from these cohorts whether there
is a gender bias in the diagnosis of AS when we include
diagnoses in primary care. However, the proportion of
women who had received an AVR (37%) was the same
in the hospital cohort (HES-AVR) as in the primary care
CPRD-HES cohorts.

It should be noted that gender and ethnicity are nomi-
nally self-defined in both HES and CPRD-HES datasets.
Gender data is >99% complete across all three cohorts
and notably, where primary and secondary care records
were linked, or when people were followed longitudinally,
gender and ethnicity remained consistent. Ethnicity is
generally well recorded in both HES and CPRD, particu-
larly after 2006 when Quality Outcome Framework incen-
tives were introduced to improve recording in primary
care. In 2013, it was estimated that 78% of CPRD patients
registered after 2006 had usable (excluding unknown or
not stated) ethnicity data and 86% of HES patients had
usable data, giving 97.1% combined usable data.” We

acknowledge that there is a lower proportion (81%) of
patients with usable ethnicity data within the HES-AVR
cohort compared with HES in general (86%) as well as
the HES-AS (92%) and CPRD-HES (99%) cohorts, and
this may potentially bias our results if recording of usable
ethnicity is low in certain ethnic groups.

A recent ONS report® shows that the agreement rate
between the 2011 census and HES data up to 2021 is
approximately 76% for people of black African and
black Caribbean ethnicities, 88% for people of South
Asian ethnicities, and though there is 97% agreement
for people of white ethnicities, they make up the vast
majority (85%—calculated from Office for National
Statistics (ONS) dataset) of all those with unknown or not
stated ethnicities. This suggests that there may be a small
amount of recording bias across HES data which could
affect the certainty around our OR estimates, particularly
for those of mixed ethnicity where agreement is less than
67%" and CIs around the OR are wide.

Although our study highlights differences in the odds
of receiving AVR and the timeliness of care, it cannot
identify barriers to access or provision of care. This paper
addresses the unidimensional differences in healthcare
received by gender, ethnicity and social deprivation. To
determine how best to address unmet needs among the
most underserved groups, it is imperative to consider
intersectional differences in provision of AVR. Our study
identified a baseline cohort of people diagnosed with AS
and therefore did not consider the burden of undiag-
nosed AS, which would potentially amplify any dispari-
ties. Furthermore, the data analysed in our study looked
at the aggregated provision of AVR (SAVR and TAVI)
and did not consider procedural or outcome differences
based on gender, ethnicity and social deprivation.

Future solutions/research

Further research on each of these aspects will be impor-
tant; however, intersectional research looking at the
interaction of health disparities when gender, ethnicity
and deprivation are combined will be crucial. Segment-
specific solutions may need to address health discrep-
ancies for each of gender, ethnicity and deprivation;
however, these should be informed by intersectional
analysis. We suggest that where there is evidence of good
practice and positive interventions addressing dispari-
ties, there should be a process of validation by replica-
tion and knowledge-sharing across hospitals, regions and
nationally. While OxVALVE was commendable in quanti-
fying the burden of undiagnosed valvular heart disease,
similar population studies with better inclusion of under-
represented ethnic groups are needed to understand
how discrepancies in management of AS and provision of
AVR can be addressed.

CONCLUSIONS
This is the first study to analyse the differences in provi-
sion of, and care pathway to, AVR for people with AS in
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England by gender, ethnicity and level of social depriva-
tion. Differences based on gender, ethnicity and depri-
vation level were identified; women, people of minority
ethnicities and greater deprivation had lower odds of
receiving AVR compared with men, people of white
ethnicity and least deprived, respectively. Where these
groups did receive an AVR, a higher proportion had a
non-elective procedure or experienced cardiac decom-
pensation on or before their procedure date. Further
research is needed to investigate the reasons for under
provision of AVR in certain person groups and to iden-
tify whether disparity is related to structural or systemic
inequities, genetic inequalities or differences in patient
behaviours or preferences.
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