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Aims European clinical guidelines recommend that patients with atherosclerotic cardiovascular disease (ASCVD), including is-
chaemic heart disease (IHD), stroke, and peripheral arterial disease (PAD), are prescribed lipid lowering treatment (LLT)
and treated to target low-density lipoprotein cholesterol (LDL-C) levels. This study aimed to document trends in
ASCVD, including treatment, monitoring, and achievement of target LDL-C.

Methods A retrospective observational population study was performed using linked healthcare data (2010-22). Over the study
and results period, the number of patients with ASCVD increased from 181 153 to 207 747 (8882 to 9398 per 100 000). The propor-
tion of patients prescribed LLT decreased from 75.3% in 2010 to 67.1% in 2022; high-intensity statin therapy increased from
9.4 to 25.2%, while non-high-intensity statin therapy decreased from 59.6 to 38.2%. The prescription of high-intensity statin
therapy was consistently higher amongst patients with IHD (10.9% in 2010 increasing to 28.0% in 2022) than in patients with
stroke (4.7-21.6%) or PAD (3.9-10.6%).
The proportion of cases with documented LDL-C decreased from 58.0% in 2010 to 49.3% in 2022. Of those with docu-
mented LDL-C in 2022, 44.0% achieved LDL-C < 1.8 mmol/L, including 45.2% of those with IHD, 42.0% of those with
stroke, and only 32.8% of those with PAD.

Conclusion Prescription of LLT, including high-intensity statin therapy, documentation of LDL-C, and achievement of target LDL-C le-
vels was relatively low, especially in PAD patients. Although target achievement in ‘tested patients’ increased over time, the
proportion of patients undergoing lipid testing declined. More rigorous lipid management requires prioritisation, especially
for PAD and stroke patients.

Lay summary  We analysed trends in the presentation of atherosclerotic cardiovascular disease and lipid management in a population be-
tween 2010 and 2022.
e The number of patients with atherosclerotic cardiovascular disease increased by 14%, but the proportion receiving lipid
lowering therapy decreased.
e Patients with ischaemic heart disease were more effectively managed than patients with stroke.
e Patients with peripheral arterial disease were the least effectively managed.
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Graphical Abstract

Analysis of trends in atherosclerotic cardiovascular disease (ASCVD) and

management of lipids in Wales, between 2010-2022
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Overall prevalence of ASCVD increased by 6% across the study period but the proportion of patients
prescribed lipid lowering therapy (LLT), had LDL-C tested or at target decreased.

Patients with ischaemic heart disease (IHD) were more effectively managed than patients with stroke,
and peripheral arterial disease (PAD) patients were the least effectively managed.

Keywords

Introduction

In patients with established atherosclerotic cardiovascular disease
(ASCVD), lipid lowering with statins, with or without additional lipid
lowering therapy (LLT), improves clinical outcomes.'™ This practice
is well established and endorsed by major clinical guidelines.*™®

A better understanding of the current trends in the clinical presenta-
tion of ASCVD, prescription of LLT, and achievement of guideline-
recommended LDL-C targets will help determine not only the
‘therapeutic gap’ in lipid management for CVD prevention in routine
practice, but also the potential opportunity of improving CVD risk man-
agement across the ASCVD spectrum. The aim of this study was to use
routinely collected linked community and hospital health data to docu-
ment population-scale trends in (i) the incidence and prevalence of
ASCVD, including coronary, cerebro-, and peripheral and poly-vascular
disease subgroups, (ii) prescription of LLT, (iii) monitoring of lipid levels,
and (iv) achievement of the European Society of Cardiology and the
European Atherosclerosis Society (ESC/EAS) recommended LDL-C tar-
gets” in the population of Wales, UK since 2010.

Methods

A retrospective observational cohort study was conducted using linked
anonymised population-scale, individual-level electronic health record
(EHR) data sources for patients with ASCVD in Wales, United Kingdom

Lipids ® Cholesterol ® Atherosclerosis ® Statin ® Pharmacoepidemiology

between 2010 and 2022, extracted from the Secure Anonymised
Information Linkage (SAIL) Databank.®’

Study inclusion and censor criteria

Patients were included if identified with ASCVD in their primary'® or sec-
ondary care'" record between January 2000 and December 2022 and aged
>18 years old at first diagnosis (see Supplementary material for details of
data sources).

Patients identified with ASCVD between 1 January 2000 and 31
December 2009 who were alive during the study observation period
(1 January 2010-31 December 2022) were characterised as prevalent
cases. Patients first identified with ASCVD during the study period were in-
cluded as incident cases. Patients first identified with ASCVD before 2000
whose diagnoses were reconfirmed between 2000 and 2009 were also in-
cluded as prevalent cases; otherwise, they were excluded due to data qual-
ity concerns. Prevalent cases entered the study on 1 January 2010. Incident
cases entered on the date they were first identified with ASCVD (see
Supplementary material for additional inclusion criteria).

Patients were censored at the date of (i) death, (ii) moving to a General
Practice (GP) that does not provide data to the SAIL Databank for a period
greater than 90 days, or (i) moved out of Wales for a period greater than
90 days.

Characterising ASCVD

Patients with ASCVD, including ischaemic heart disease (IHD), stroke, and/
or peripheral arterial disease (PAD), were identified from either their
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primary or secondary care records (see Supplementary material online,
Tables ST and S2 for diagnostic codes). Patients were classified as poly-
vascular disease in the year that an ASCVD patient received a further diag-
nosis of ASCVD in an additional vascular territory (further diagnoses within
the same vascular territory were not included as poly-vascular disease).

Medical history and demographic information
Age and deprivation quintiles were assigned at the index date. Primary care EHR
data'® were used to identify the following prior to the inclusion date: presence
of diabetes mellitus, dementia, respiratory disease, including chronic obstructive
pulmonary disease (COPD) or asthma, chronic kidney disease (CKD) stage 3+,
chronic liver disease (including cirrhosis, fibrosis, chronic hepatitis, fatty liver,
sclerosis of the liver, unspecified alcoholic liver damage, or hepatic failure),
hypertension, smoking status, and body mass index (BMI) (see
Supplementary material for the classification of the smoking status and the BMI).

Reporting of incidence and prevalence

The incidence of ASCVD was reported as the number of patients receiving
a first diagnosis of ASCVD within each year of the observation period.
Patients developing ASCVD within two or more territories within the inci-
dent year were recorded as incident poly-vascular disease.

The prevalence of ASCVD was reported as the number of patients living
with disease at the beginning of each year. If a patient was censored during
a particular year, they were excluded from the prevalence count for the fol-
lowing year. Patients who developed ASCVD in more than one territory
were classified as poly-vascular disease within the year they were thus iden-
tified. We expressed incidence and prevalence per 100,000, the denominator
being the number of patients resident in Wales, registered with a GP submit-
ting records to SAIL, and aged >18 in 1 January of the relevant year.

Lipid lowering therapy, testing, and control
of lipids

Prescriptions for LLT and lipid results were identified from the primary
care data. In each year of the study, we reported the (i) prescribed LLT
regimen, (i) documentation of lipid testing and lipid levels for each patient
with follow-up data from the start to the end of each year (prevalent
cases) and for incident cases with a full year of follow up data after the
date of first diagnosis, (iii) the number and proportion achieving the
ESC/EAS LDL-C target of <1.8 mmol//L (or >1.8 mmol/L), and (iv) the re-
spective LLT regimen in the 90 days prior to the lowest documented
LDL-C for each year.

Prescriptions for lipid lowering therapy (LLT), including statins, ezeti-
mibe, fibrates, and prescription grade N-3 supplements, were identified.
LLT was classified as follows: high-intensity statin (HI-statin), namely, ator-
vastatin  >40 mg/d and rosuvastatin >20 mg/d; non-high-intensity
(NI-statin), namely, any other statin prescription; combination statin, name-
ly, a combination of ezetimibe and/or fibrate with either HI- or Nl-statin;
other treatments, namely, ezetimibe and/or fibrate without a co-
prescription of a statin; and no lipid lowering treatment.

Statistical analysis

Multivariable binary logistic regression modelling was conducted to identify
variables associated with (i) a prescription for Hl-statin, (ii) a documented
LDL-C in the incident year, and (jii) achievement of an LDL-C <1.8 mmol/L.
In each set of models, the analysis was performed for incident ASCVD
only, and the outcome was determined over the 12 months following entry
into the cohort. In each case, a final model was determined by minimising the
Akaike information criterion. The odds ratios for the outcome were esti-
mated for each variable in the final model. Analyses were carried out using
R version 3.5. All scripts used to generate the findings presented in this study
are available in a GitHub repository for others to access: https:/github.com/
SwanseaUniversityDataScience/1483_ASCVD-Lipid-Management.

Results

A total of 370 971 patients with ASCVD were included in this study (see
Supplementary material online, Figure S1), of whom 165 659 patients en-
tered as a prevalent case (documented diagnosis of ASCVD between 1
January 2000 to 31 December 2009) and 205 312 patients received a
first diagnosis of ASCVD during the study period (incident cases).

The mean age of incident cases was 68.3 (SD +13.9) years, and 54.3%
were male. In 2010, 15.7% of the incident cases had prior diagnoses of dia-
betes mellitus, increasing to 20.7% of incident cases in 2022. The mean age of
prevalent cases (on entry into the study) was 71.4 (SD +12.5) years; 55.2%
were male, and 22.0% had a prior diagnosis of diabetes mellitus (Table 7).

Temporal trends in ASCVD

Prevalence

During the study period, the overall prevalence of ASCVD increased from
181 153 (8882 per 100 000) in 2010 to 207 747 (9398 per 100 000) in
2022 (Figure 1A, 1B and Supplementary material online, Table $4). Over
the same period, the prevalence of IHD increased from 99471
to 101,596, but the proportion of ASCVD patients with IHD decreased
from 4877 to 4596 per 100 000; the prevalence of stroke increased from
33588 to 45492 (1647 to 2058 per 100 000); and PAD increased from
15276 to 24778 (749 to 1121 per 100 000). There was a less notable
change in the prevalence of poly-vascular disease from 32818 to
35881 (1609 to 1623 per 100 000), of whom IHD was present in 90%
in 2010 and 87% in 2022 (see Supplementary material online, Table $4).
We have presented age-stratified incidence and prevalence across
the study period in Supplementary material online, Table S2 and
Supplementary material online, Figure $4, including those with early onset
(aged <60 years) and the very elderly (>85 years).

Incidence

In 2010, there were 15 512 incident cases of ASCVD (761 per 100 000
per year), increasing to 16 703 (772 per 100 000 per year) in 2019
(Figure 1C, 1D). In 2020, the first year of the COVID-19 pandemic, there
was a decrease in the number of new ASCVD cases to 14 667 (673
per 100000 per year), followed by an increase in 2021 to 16 206
(739 per 100 000 per year) and 16 394 (742 per 100 000 per year) in
2022 (see Supplementary material online, Table $4).

The annual incidence of IHD decreased from 8146 in 2010 to 7420 in
2022 (399 to 336 per 100 000 per year). Over the same period, the in-
cidence of stroke and PAD increased from 4427 to 5014 (217 to 227 per
100 000 per year) and from 2213 to 3170 (109 to 143 per 100 000 per
year), respectively. There was a less marked increase in the incidence of
poly-vascular disease from 726 cases in 2010 to 790 in 2022 (36 per
100 000 per year in 2010 and 2022). Of the patients with incident poly-
vascular disease, IHD was present in 86% in 2010, which decreased to
77% in 2022 (see Supplementary material online, Table S5).

Trends in LLT prescribing, lipid testing and control

Of the 370 091 patients identified with ASCVD, 315 754 patients had at
least 1 year of follow-up data, including 154 235 (93.1%) prevalent cases
identified prior to the study period and 161 519 (78.7%) incident cases
during the study period (see Supplementary material online, Figure S1
and Supplementary material online, Table S6). Incident patients who
died within 1 year of first ASCVD diagnosis were older than those
with at least 1 year follow-up (78.8 years (SD + 12.0) vs. 66.6 years
(SD = 13.4)) and had higher rates of dementia (8.9% vs. 2.0%), diabetes
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Figure 1 Prevalence and incidence of atherosclerotic cardiovascular disease according to vascular disease territory. Prevalence (top) and incidence
bottom between 2010 and 2022. Absolute numbers (left) and per 100 K of the population (right).

(21.3% vs. 17.9%), and CKD (24.3% vs. 11.2%). A lower proportion
comprised male patients (46.9% vs. 55.4%) (see Supplementary
material online, Table S6).

Prescription of lipid lowering therapy

LLT prescription in prevalent ASCVD patients

Over the study period, the proportion of prevalent patients prescribed
LLT decreased from 75.3% in 2010 to 67.1% in 2022. The proportion
prescribed combination LLT decreased across the study period from
4.3% in 2010 to 2.4% in 2022; the proportion prescribed Hl-statin
therapy increased from 9.4 to 25.2%; Nl-statin prescription decreased
from 59.6 to 38.2%; other LLT decreased from 1.9 to 1.3%; and the
proportion of patients receiving no LLT increased from 24.7 to
32.9% (Figure 2 and Supplementary material online, Table S7).

Of the prevalent patients not prescribed HI-statin in 2010 and 2022,
only 6.5% of this group in 2010 and 15.1% in 2022 had a previously
documented prescription for Hl-statin (see Supplementary material
online, Table S8a).

Hl-statin prescription was consistently higher amongst patients with
IHD (increasing from 10.9% in 2010 to 28.0% in 2022) and poly-
vascular disease (11.8% in 2010 increasing to 31.0% in 2022) across
the whole study period than in patients with stroke (4.7% in 2010 to
21.6% in 2022) or PAD (3.9% in 2010 to 10.6% in 2022) (Figure 3
and Supplementary material online, Table S7). Notably, in poly-vascular

patients with both PAD and IHD, the prescription of HI-statin therapy
was higher (11.8% in 2010 increasing to 30.7% in 2022) compared to
those with PAD alone (see Supplementary material online, Table S9).
A greater proportion of the prevalent patients with PAD were not
prescribed any LLT (43.6% in 2010 increasing to 51.7% in 2022) when
compared to patients with IHD (23.4% in 2010 increasing to 30.8% in
2022), stroke (28.9% in 2010 increasing to 35.0% in 2022), or poly-
vascular disease (16.5% in 2010 increasing to 24.3% in 2022).
Furthermore, a lower proportion of poly-vascular patients with the com-
bination of IHD and PAD were not prescribed any LLT (30.2% in 2010,
increasing to 31.3% in 2022) compared to those with PAD alone.

LLT prescription in incident ASCVD cases
Amongst the incident cases, 70.6% were prescribed LLT in 2010 and
69.1% in 2021. Across this period, the proportion of incident
ASCVD patients prescribed combination therapy increased from 2.4
to 2.6%; HI-statin therapy increased from 10.0 to 37.7%; Nl-statin de-
creased from 57.3 to 28.1%; and the proportion of patients who were
not prescribed any LLT increased from 29.4 to 30.9% (Figure 3 illustrat-
ing 2010 and 2021 and data in Supplementary material online, Table S7).
Only 1.8% of those with an incident diagnosis of ASCVD in 2010
who were not prescribed HI-statin LLT had a previously documented
prescription for HI-statin, increasing slightly to 3.8% of those incident
cases in 2021 (see Supplementary material online, Table S8b).
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Figure 2 Prescribed lipid lowering treatment in prevalent and incident cases in the whole ASCVD population and according to the vascular disease
territory (during the first and last years of study where 1 year of complete follow-up data was available).

Throughout the study period, the prescribing of HI-statins was con-
sistently higher amongst patients with an incident diagnosis of IHD (in-
creasing from 15.3% in 2010 to 44.8% in 2021) or poly-vascular disease
(12.6% in 2010 increasing to 48.4% in 2021) than patients with stroke
(3.2% in 2010 increasing to 40.6% in 2021) or PAD (2.7% in 2010 in-
creasing to 13.0% in 2021) (Figure 3 and Supplementary material
online, Table S7).

In the same period, a greater proportion of patients with incident
PAD were not prescribed any LLT (48.6% in 2010 to 53.4% in 2021)

compared to patients presenting with stroke (24.5% in 2010 to
26.5% in 2021), IHD (27.3% in 2010 to 25.0% in 2021) or poly-vascular
disease (20.8% in 2010 to 26.6% in 2021).

Male sex and diabetes were independently associated with a greater
likelihood of a prescription for HI-statin, whereas incident diagnosis of
stroke or PAD (compared to IHD), respiratory disease, dementia, liver
disease, and CKD were associated with a lower likelihood of HI-statin
prescription according to multivariable regression analyses (see
Supplementary material online, Table S10).
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Figure 3 Proportion of prevalent and incident patients with a documented LDL-C test by vascular disease territory and year.

Lipid testing

Lipid testing in prevalent ASCVD cases

The proportion of overall prevalent cases with a documented LDL-C
test between 2010 to 2016 ranged between 55.5 and 58.0%, which
gradually decreased to between 51.3 and 53.3% (2017-2019), dropped
further in 2020 and 2021 to 37.8 and 40.3%, respectively, and subse-
quently increased in 2022 to 49.3% (Figure 3 and Supplementary
material online, Table S17).

Lipid testing in incident cases

The proportion of incident cases with a documented LDL-C test be-
tween 2010 and 2018 ranged between 50.7 and 53.5%, decreasing in
2019 and 2020 to 45.0 and 43.6%, respectively, and slightly increasing
in 2021 to 47.1%.

Documentation of LDL-C was highest for patients with IHD in both
incident and prevalent groups, followed by stroke, with PAD patients least
likely to have their LDL-C levels documented (Figure 3). Characteristics
independently associated with a documented LDL-C level in the first
year of diagnosis included male sex, diabetes, hypertension, and LLT pre-
scription (compared to no prescribed LLT) (see Supplementary material
online, Table $12). Meanwhile, a diagnosis of stroke or PAD (compared to
those with an index diagnosis of IHD), dementia, and CKD were inde-
pendently associated with a lower likelihood of LDL testing.

LDL-C control

The proportion of prevalent and incident patients with documented
LDL-C achieving ESC/EAS LDL-C targets improved during the study per-
iod, most notably in those with IHD (Figure 4 and Supplementary material
online, Table $13). However, the overall proportion achieving target levels
remained low, especially in those with PAD (see Supplementary Figures 3
and 4 and Supplementary material online, Table S18 for age-stratified
achievement of LDL-C targets and age-stratified prescribed LLT).

The mean of the lowest documented LDL-C levels in the prevalent
ASCVD population during 2010 was 2.3 mmol/L (SD +0.9), modestly
decreasing to 2.2 mmol/L (SD +0.9) in 2022 (see Supplementary
material online, Table S15). The mean lowest documented LDL-C for
patients with prevalent PAD was 2.5 mmol/L (SD +0.9) in 2010 and
2.4 mmol/L (SD %1.0) in 2022. Patients with PAD had higher LDL-C

readings than those with IHD (2.3 to 2.1 mmol/L), stroke (2.3 to
2.2 mmol/L), and poly-vascular disease (2.2 to 2.0 mmol/L).

The mean lowest documented LDL-C for the incident ASCVD cases in
2010 was 2.4 mmol/L (SD +1.0) in 2010, decreasing to 2.1 mmol/L,
(SD +0.9) in 2021 (Figure 4 Supplementary material online, Table S15).
The mean lowest documented LDL-C for incident patients with PAD
was 2.7 mmol/L (SD +1.1) in 2010, decreasing to 2.5 mmol/L (SD +1.0)
in 2021, depicting levels that were consistently higher than the correspond-
ing LDL-C results for patients with IHD (2.3 mmol/L, (SD +0.9) in 2010
decreasing to 2.0 mmol/L (SD +0.9) in 2021), stroke (24 mmol/L,
(SD +0.9) decreasing to 2.1 mmol/L (SD +0.9) in 2021), or poly vascular
disease (2.2 mmol/L, (SD +0.9) decreasing to 2.0 mmol/L, (SD +0.9) in
2021).

In 2010, 32.7% of the prevalent ASCVD cases with documented
LDL-C levels achieved an LDL-C <1.8 mmol/L increasing to 44.0% in
2022 (Figure 4). Amongst the overall incident cases in 2010, 34.0%
achieved an LDL-C <1.8 mmol/L increasing to 47.1% in 2021. A lower
proportion of patients with PAD achieved an LDL-C <1.8 mmol/L than
those with IHD, stroke, or poly-vascular disease in both prevalent and
incident populations across the whole study period (Figure 4 and
Supplementary material online, Table $13).

Considering both prevalent and incident patients who achieved an
LDL-C <1.8 mmol/L, a greater proportion were prescribed Hl-statin
therapy, and a lower proportion were not prescribed any LLT (within
90 days prior to the lowest documented LDL-C result) when com-
pared to those who had LDL-C levels >1.8 mmol/L across each year
of the study (Figure 5).

Characteristics independently associated with an LDL-C <1.8 mmol/
L in the incident year included male sex, diabetes mellitus, and any LLT
prescription, whereas a diagnosis of stroke or PAD (compared to IHD)
and a history of dementia were associated with a likelihood of LDL-C
levels >1.8 mmol/L (see Supplementary material online, Table $16) on
multivariable logistic regression analysis.

Discussion

This study was conducted to describe trends in the incidence and
prevalence of ASCVD, including its clinical subgroups, and evaluate
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Figure 4 Lowest low-density cholesterol (LDL-C) for prevalent cases
territory.

the treatment, testing, and control of lipids at a population level in
these patients. An increase in the prevalence of ASCVD across the
study period was observed, with an increasing prescription of
Hl-statin therapy, especially amongst incident cases. Documentation
of LDL-C levels decreased across the study period in both incident
and prevalent populations, although a greater proportion of those
with documented LDL-C levels achieved acceptable LDL-C control
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in 2010 and 2022 and incident cases in 2010 and 2021 by vascular disease

(below ESC/EAS target of 1.8 mmol/L). Notably, patients with IHD
were more likely to be treated with Hl-statin LLT to achieve lower
LDL-C levels, including ESC/EAS targets, compared to those with
stroke and PAD, with the latter being consistently the least effectively
managed.

The prevalence of ASCVD increased by over 14% over the study period,
while the proportion of the population with documented ASCVD
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Figure 5 Prescribed lipid lowering therapy in the 90 days prior to the lowest LDL-C recorded each year for all prevalent (top) and incident ASCVD
cases (bottom), where LDL-C was <1.8 mmol/L (left) and >1.8 mmol/L (right).

increased by 5.8%. The difference was attributed to the overall growth of
the population. Despite a 2.1% increase in the absolute numbers of patients
with IHD, there was a 5.8% decrease in the proportion of population with
IHD. Stroke had the greatest absolute increase in prevalence over time in
both individual cases and by proportion of the population. However, PAD
had the largest relative increase in prevalence over time, with a 62% in-
crease in numbers from 2010 to 2022 and a 50% relative increase in cases
per 100 K of the population. The change in incidence of PAD over time was
also notable with a 43% increase in the number of new presentations and a
31.2% increase in cases per 100 K of the population.

Although a decrease in the numbers of active smokers was noted, there
was a substantial increase in diabetes, liver disease, and obesity, which may
have contributed to the observed trends of the ASCVD presentation.

The population estimates of the prevalence of IHD, PAD, and stroke
are often conflicting."*™"® Results from global studies will be influenced
over time by differences and changes in population size, age, prosperity,
and healthcare infrastructure.’ In contrast to our data, previous re-
search conducted using primary care records in England reported a de-
cline in the incidence of symptomatic PAD from 38.6 to 17.3 cases per
10000 patient-years between 2000 and 2014, despite the increase of
diabetes within the population.’® Another study that also used primary
care records in England between 1998 and 2008 reported a decrease in
stroke incidence, but an increasing prevalence, presumably due to in-
creasing survival.'* Differences in methodologies, especially included

data sources, classification and confirmation of disease, and/or popula-
tion risk factors could explain these contradictory results. This study,
which incorporates both primary care and hospital diagnostic data,
may provide a more comprehensive case documentation.

An increase in the prescription of HI- and a decrease in Nl-statin
therapy amongst both the prevalent and incident cohorts was ob-
served. These data suggest that statin intensification in the treated
population accounts for most of the observed improvements in
LDL-C control, particularly in the IHD subgroup, rather than a wider
LLT coverage at a population level, with over one in four patients in
both prevalent and incident groups not prescribed any LLT in the final
years of the study. Only a small proportion of the incident cases who
were not prescribed Hl-satin therapy had previously been prescribed
Hl-statin therapy in primary care, suggesting that (HI-)statin intoler-
ance cannot fully explain its suboptimal use during the study period.
The increase in the prescription of Hl-statin therapy over time
amongst incident cases vs. prevalent cases suggests that better care
of newly presenting patients is a major driver of improved control
in the wider ASCVD population, although remaining underutilised in
these patients.

Amongst the incident group, there was only a slight variation in the
overall proportion of patients with a documented LDL-C level between
2010 and 2018. The marked decrease in the LDL-C documentation ob-
served amongst incident cases during 2019-20 is most likely to be
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explained by the Coronavirus 9 (COVID-19) pandemic, given the slight
rebound in testing seen in 2021.

Amongst the prevalent cases, a similar decrease in testing was
observed during 2020-21, with a recovery in 2022, again likely to be
explained by restrictions and changes in healthcare provision during
the COVID-19 pandemic. Prior to this, amongst the prevalent popula-
tion, a small downward trend in LDL-C testing from 2016 onwards was
noted, coinciding with the relaxing of the Quality outcome Framework
(QoF) (a payment for performance scheme) for GPs in Wales, which
previously included incentives for lipid testing and the prescription of
LLT in patients with PAD, stroke, and IHD. Other studies observing
the withdrawal of QoF (in Scotland) also reported a reduction in the
recorded quality of care for performance indicators."®

Numerous studies have explored the impact of the COVID-19
pandemic on CVD diagnosis, risk management, and outcomes.
Studies that have included the dispensing of LLT, as well as antihyper-
tensives and antidiabetic agents, as a proxy for the CVD population
risk showed a decrease in the dispensing of these drugs during the
COVID-19 pandemic, with model estimates of the associated increase
in CVD events."” Although this study was not designed to assess the
interactions between ASCVD diagnosis, risk management, and out-
comes or the impact of COVID-19 on these factors, the data in this
study show a drop in both the documented incidence of ASCVD and
the testing of lipids amongst those with an established ASCVD diagnosis
during the height of the pandemic period. While this observed change
during the pandemic is of concern, data from this study highlights the
gap in the provision of evidence-based, prognostically beneficial, and
guideline-approved medication and risk factor management across
the entire study period beyond the COVID-19 pandemic.

The low achievement of guideline-directed LDL-C targets and the
underutilisation of LLT had been previously reported.'®2* These stud-
ies had been undertaken in high- or very high-risk ASCVD patients and
reported higher use of LLT compared to our study. The EUROSPIRE-V
study included patients hospitalised for recent ACS, reporting that 84%
were prescribed LLT (range 75-98% between 27 countries), half of
whom were prescribed Hi-statin therapy.?’ The DYSIS-Il study included
patients attending a scheduled physician visit for stable coronary heart
disease (CHD) and patients hospitalised due to an acute coronary syn-
drome (ACS), reporting that over 90% of both stable CHD and ACS pa-
tients were prescribed LLT."”

A previous study examining trends in the prevalence and incidence of
symptomatic PAD in English GPs from 2012 to 2014 reported that
two-thirds were prescribed statins, which was slightly higher than the
overall prescription of LLT observed amongst those patients with
PAD in this study."

A Danish population study showed that patients with critical limb-
threatening ischaemia (CLTI) were less likely to fill a prescription for
LLT, as well as other evidence-based therapies, compared to those
with myocardial infarction (MI).%* The investigators also found that pa-
tients with CLTI with a history of Ml were more likely to fill prescrip-
tions than those with CLTI alone, similar to observations in this study
where patients with PAD and IHD were more likely to be prescribed
LLT compared to those with PAD alone.

An increase in the prescription of HI-statin and achievement of the tar-
get amongst those with documented LDL-C across the overall ASCVD
population were observed over the course of this study. However, pa-
tients with PAD were not only the least likely to be prescribed
HI-statin therapy, they were also the least likely to have LDL-C documen-
ted or achieve target LDL-C levels. Although the precise role of lipids in

the pathophysiology and epidemiological relationships may differ be-
tween IHD, PAD, and stroke, professional clinical guidelines support in-
tensive LLT for patients with each of these ASCVD conditions.*®
Although the reasons for the observed differences in lipid testing, treat-
ment, and control between disease subgroups cannot be determined, the
differences in treatment pathways and clinician priorities between the
particular specialist care services may be highly relevant and provide a po-
tential target for preventive pathway optimisation.

Strengths and limitations

To the best of the study team’s knowledge, this is the first study to de-
scribe contemporaneous national trends in the incidence and prevalence
of ASCVD across the three vascular territories. Using linked longitudinal
primary and secondary care data sources enabled the investigation of a
population cohort over multiple years across multiple data sources, pro-
vidinga comprehensive picture of disease patterns in a developed nation.

The criteria for the identification of ASCVD included major clinical
events, such as MI, stroke, or peripheral vascular intervention, as well
as symptoms of disease, such as angina or intermittent claudication,
and diagnostic codes that reported the presence of atherosclerotic dis-
ease in the cerebrovascular, cardiac, and peripheral vascular systems
that may have not resulted in major clinical events. The study team be-
lieves that taking this comprehensive approach to classification of dis-
ease from routinely held data would provide a more accurate picture
of the trends in incidence and prevalence of ASCVD and effectiveness
of lipid management in the population.

The design of this study allowed the identification of incident cases from
2010 onwards, providing a sufficient period to describe changing trends in
the presentation of ASCVD, the prescription of LLT, and LDL-C control.
Patients with diagnoses of ASCVD prior to this period were entered as
prevalent cases, limiting the misidentification of patients with existing
ASCVD diagnoses as incident cases, where diagnostic codes may have
been re-entered in the primary and/or secondary care data sources.

The ESC/EAS clinical guidelines recommend that patients with clinic-
al ASCVD are prescribed LLT and treated to target LDL-C level ac-
cording to a consistent approach, regardless of the vascular territory/
territories involved. In this study, an ESC/EAS LDL-C target of 1.8
mmol/L for high/very high-risk patients with ASCVD was used in line
with the guideline recommendation for most of the observation period
(2011-19).2% In 2019, a more stringent target of 1.4 mmol/L was re-
commended. A lower proportion of patients would have achieved this
target (13.6% in 2010 to 22.6% of the overall prevalent cohort in 2022)
compared to a target of 1.8 mmol/L (32.7 to 44.0% over the same per-
iod) (Supplementary Tables 13 and 14). It is acknowledged that the
ESC/EAS guidelines have also recommended a reduction of LDL-C of
>50% from the baseline. However, it could not be confidently deter-
mined whether (or indeed which of) the LDL-C results entered in
the primary care record were true ‘pre-treatment’ levels from which
to ascertain a reduction. Nevertheless, it is likely that having this add-
itional information would have identified an even greater proportion
of patients not achieving the LDL-C target.

The LDL-C levels documented in the primary care data were re-
corded to evaluate the effectiveness of lipid management in the setting
where the majority of long-term CVD risk management is delivered in
the UK. Within each year of the study, the documentation of LDL-C
was slightly more frequent amongst the prevalent cases than the inci-
dent cases, contrary to expectation. It is possible that amongst those
patients where the initial diagnosis of ASCVD was made in secondary
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care, the initial assessment of lipids may have also been undertaken in
secondary care. While this information would be available to clinicians
in primary care via shared pathology records, primary care clinicians
may not always have documented these lipid levels in their GP data,
which may, at least in part, account for the less frequent documentation
of LDL-C in the year following incident diagnosis.

No patients prescribed the proprotein convertase subtillsin/kexin
type 9 (PCSK9) monoclonal antibodies (MAb) evolocumab or alirocu-
mab were identified. These agents were approved for use within the
UK National Health Service in 2016.2°%” Similarly, no patients pre-
scribed bempedoic acid or inclisiran (approved for use in NHS Wales
in 2020 and 2021, respectively) were identified.”®*’ Although the pre-
scription of all these treatments has mainly been through specialist hos-
pital outpatient services, with their data not available for this study, the
uptake of these agents has been low. Therefore, it is unlikely that the
absence of data on the prescription of these therapies would have
had any meaningful impact on the wider implications of our results.

In this study, we took a liberal approach to reporting whether patients
were prescribed LLT, with only a single prescription required to be clas-
sified as receiving LLT. It was not possible to account for compliance or
adherence to therapy, which has frequently been reported to be low.
Therefore, our results represent the best-case scenario, with the real-
world use of LLT likely to be lower than that reported here 31

As with all real-world observational studies using anonymised, routine-
ly collected data, it is not possible to account for the accuracy or validity
of observations and events that were entered (or not) into the respective
datasets. We have only been able to evaluate lipid results and LLT docu-
mented in the primary care record. Whilst this may not provide a fully
comprehensive record of testing and control, most long-term lipid man-
agement is undertaken in primary care in Wales and almost all prescrip-
tions for LLT. As such, we believe that our data provide a comprehensive
overview of care for the vast majority of the general secondary preven-
tion population. Changes in diagnostic processes and criteria may ac-
count for changes in the documentation of ASCVD. Although it was
not a major objective of our study, we did note an increasing proportion
of new diagnoses of ASCVD being made in the secondary care setting
over time (see Supplementary material online, table $17).

The nature of using real-world data does not allow us to explore why
so few of this very high-risk cohort were prescribed LLT, had lipids as-
sessed, or achieved the target. However, we offer several suggestions.
Differences in speciality training and clinical focus may explain some of
the observed differences between those with stroke or PAD compared
to those presenting with IHD. Patients with ASCVD often have care di-
rected by both secondary and primary care. The responsibility for risk
factor management often falls between these clinical settings; with the
lack of time available to clinicians, or robust systems/pathways to sup-
port patient care, or reimbursement/investment for implementing
treatment guidelines opportunities to optimise risk factor management
is often missed, as these data demonstrate.

Conclusions

This study has described the changing trends in the presentation of ASCVD
across multiple vascular territories, highlighting the low rate of LLT pre-
scription and low achievement of the guideline-recommended target lipid
levels across a very high-risk patient population. Study data suggest that to
realise the full benefit from the implementation of lipid lowering interven-
tions proven in randomised trials and recommended by the national and

international guidelines, a more robust implementation strategy will be re-
quired, particularly in those with stroke and PAD.
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