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Abstract

Background Incidence of stroke and certain cancers is increasing at younger ages in many high-income countries,
prompting healthcare systems to consider how best to improve prevention, such as earlier primary care health
checks. We assessed potential barriers to the success of the current proposal in England to reduce the starting age
of the 5-yearly NHS health check from 40 to 30 years.

Methods In a prospective population-based study (Oxford Vascular Study; 1/4/2002-31/3/23) of 94 567 people

in a subpopulation of Oxfordshire, UK, we assessed all participants with incident acute vascular events occurring
at age 30-44 years and determined the proportion of those who would have qualified for active risk management
were they to have had the proposed new health check prior to their event (i.e. premorbid QRISK3-10-year absolute
CV-risk > 109%). We also assessed CV-risk relative to age-specific ‘ideal’ risk (QRISK3-Relative Risk (RR) score, predicted
“healthy-heart-age”) and number of risk factors above recommended target.

Results During 433,797 person-years of ascertainment, 217 individuals aged 30-44 years had an incident vascular
event (crude incidence rate 50/100 000 person years). Of these, 155 would have been eligible for an earlier health
check. The median 10-year predicted CV risk in this group was only 2.5% (IQR=1.1-4.8%), with 148 (95%) falling
below the 10% threshold for active risk management. The median 10-year risk among the 49 women was 1.1% (IQR
0.5-2.2%), with none having a predicted risk above the 10% threshold. Yet, the mean predicted "healthy heart age”
gap was 9 years(SD=7), and 137(88%) had at least one treatable risk factor above target level.

Conclusions The majority of vascular events at age 30-44 years occur in individuals with treatable risk fac-
tors above target level, yet the vast majority had falsely reassuring premorbid 10-year CV risks that were well
below the 10% threshold for treatment, potentially undermining the effectiveness of earlier primary care health
checks.

Keywords Heart disease risk factors, Risk assessment, Risk factors, Algorithms, Prospective studies, Cardiovascular
diseases, Epidemiology

Background
Cardiovascular disease (CVD) remains a leading cause
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high-income countries, recent trends indicate a concern-
ing increase in the incidence of stroke as well as some
cancers with shared risk factors at younger ages [2—4].

One proposed response to the rising disease rates at
younger ages is to introduce early routine primary care
health checks, as has been proposed in England, with
eligibility for the NHS Health Check (NHS-HC) to be
reduced from age 40 to 30 [5]. Although the evidence
base for health checks has long been debated even for
older age groups [6, 7], and health checks have not been
adopted in some countries [8], periodic routine health
checks in primary care are provided by some health care
systems as a method of identifying important risk factors
for cardiovascular events [9, 10]. The NHS-HC in Eng-
land is currently offered every five years to people aged
40-74 without known pre-existing CVD-related condi-
tions (Table 1) [11]. NHS-HC participants receive an
estimate of their absolute risk of having a heart attack or
stroke in the next 10 years (via the QRISK3 algorithm),
and are then given personalised advice and/or risk fac-
tor management depending on their 10-year QRISK3
CV absolute risk score. Those with a 10-year risk score
of <10% are categorised as “low risk’, while those with a
risk score>10% are eligible for active risk management
including statin treatment [12].

The concept of earlier health checks is not an unrea-
sonable response to rising disease rates among younger
age groups, but the evidence base for health checks in
younger age groups is currently limited [13], (Additional
file: Table S1) [13—-17]. Moreover, there are few contem-
porary data on the extent to which current treatment
thresholds based on 10-year absolute CV risk might be
a barrier to the effectiveness of prevention of cardiovas-
cular events in younger age groups [18], or on any poten-
tial for unintended harm from false reassurance by low
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predicted absolute CV risks. Ideally, a high-quality ran-
domised trial would be conducted to assess if the benefits
of early health checks outweigh harm, but as cardiovas-
cular events in the young are rare, such a trial would have
to be very large and lengthy or rely on surrogate outcome
markers. In the absence of such a trial, we sought to
assess if early health checks have the potential to substan-
tially reduce early-onset cardiovascular events if current
risk-based treatment thresholds are applied. We assessed
all individuals who had a first cardiovascular event at age
30—44 years in a prospective population-based incidence
study (Oxford Vascular Study) of all patients registered
in eight primary care practices in Oxford, UK. Using the
proposed earlier NHS-HC as an example, we determined
what proportion of those participants who would have
been eligible for the proposed new health check prior to
their event would have fallen above the current treatment
threshold for preventative therapy based on 10-year pre-
dicted CV risk versus other representations of CV risk
prediction.

Methods

Study population and case ascertainment

The design of the Oxford Vascular Study (OXVASC)
has been previously described [19]. Briefly, OXVASC is
a long-term prospective population-based study of all
acute vascular events in a population of 94,567 individu-
als registered with nine primary care practices (roughly
100 primary care doctors) in Oxfordshire, UK. Based on
ONS Census data, in 2011 (the mid-point of this study),
16.4% of the total resident population of Oxfordshire and
36.4% of Oxford city’s population were from an ethnic
minority (non “white-British”) background, compared
with 19.5% across England and Wales [20].

Table 1 Pre-existing conditions or risk factors which exclude patients from QRISK3 scoring and or the NHS health check program

Conditions which exclude patient from undertaking NHS health check and QRISK3 CVD assessment:

Cerebrovascular accident—haemorrhagic or ischaemic
Transient ischaemic attack
Coronary heart disease—myocardial infarction or angina

Conditions which exclude patient from NHS health check program but do not exclude from use of QRISK3 CVD assessment:

Atrial fibrillation

Heart failure

Peripheral arterial disease

Chronic kidney disease (stage 3-5)

Diabetes mellitus (Type | or Il)

Hypertension

Familial hypercholesterolemia

Prescribed statins to lower cholesterol in last 6 months
Serious mental illness (psychosis, schizophrenia or bipolar disease)
On learning disability register

Receiving prison health checks

On palliative care register

Previously found to have a 20% or higher risk of developing CVD over the next 10 years
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Multiple sources were used to achieve near-complete
prospective identification of patients presenting to medi-
cal attention with any possible vascular event: (1) all par-
ticipating primary care doctors were requested to refer
patients who presented with new sudden onset transient
neurological symptoms to a daily study specific TIA and
stroke clinic, which provided urgent clinical investigation
and treatment; (2) research clinicians also made daily
visits to the emergency department of the single refer-
ral hospital in the region; (3) daily visits to the hospital’s
acute stroke unit, neurology wards, and coronary care
unit; (4) daily visits to bereavement officers; (5) regular
searches of hospital computerised diagnostic records for
patients with symptoms of vascular events; (6) regular
searches of records of requests for brain or neurovascu-
lar imaging; (7) daily searches of lists of all patients in
whom a troponin-I level had been requested; (8) monthly
searches of primary care computer records for vascu-
lar diagnoses. Written informed consent was obtained
from all patients, or assent was obtained from relatives
of patients with dementia or dysphasia. Patients who had
an event while temporarily away from Oxfordshire were
included on their return, but visitors to Oxfordshire not
normally registered with a study general practice were
excluded. If a patient died before assessment, an eyewit-
ness account of the clinical event and any relevant clinical
records were reviewed.

All patients with suspected vascular events were
assessed as soon as possible after seeking medical atten-
tion by a study clinical fellow in hospital, the study
clinic or at home. This face-to-face interview and clini-
cal assessment incorporated the collection of all the data
which are included in an NHS-HC: demographic data,
past medical history, premorbid use of preventive medi-
cation, premorbid risk factors, and family history, which
were cross-referenced with lifelong medical records from
primary and secondary care from which all premorbid
blood pressure and cholesterol measurements were also
extracted. All diagnoses were reviewed by senior study
clinicians.

Acute vascular events were sub-classified by terri-
tory as described previously into cerebrovascular events
(stroke and TIA), cardiac events (myocardial infarction
and sudden cardiac death) and acute peripheral arterial
events (PAD) (affecting the aorta, a limb, or an organ
other than the heart, brain, or eye) [19]. Non-fatal and
fatal acute coronary events were defined using published
criteria based on the availability of history, ECG findings,
cardiac biomarkers, autopsies, or death certificates [21].
Sudden cardiac deaths were coded according to recom-
mendations for epidemiological studies [21], and needed
a definite history of preceding symptoms consistent with
acute coronary ischaemia, or post-mortem evidence of
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either clinically significant coronary atherosclerosis or
acute thrombosis, or a recorded myocardial infarction
during the previous 28 days.

Analysis
For the current analyses, first-ever incident acute vas-
cular events in participants aged 30 to 44 ascertained
between 01/04/2002 and 31/03/2023 were included.
This age group was specifically chosen to include indi-
viduals who would have been invited to the proposed
younger health check in the 5 years prior to their event
(health checks in England are currently offered to indi-
viduals from age 40 to 74 every five years).CV risk assess-
ment (QRISK3 CV risk score) calculation was based on
risk factor data collected by study physicians at the time
of the acute event. Methods for QRISK3 variable calcu-
lations were based on those published by QRISK3 and
are detailed in full in Additional file: Table S2 [22]. Sev-
enteen of the 21 QRISK3 risk variables were collected
during study-specific face-to-face interviews and clini-
cal exams soon after the vascular event; history of erec-
tile dysfunction, premorbid blood pressure readings and
cholesterol measurements were collected from primary
care records. Where lipids had not been measured prior
to the event, data obtained at assessment were used as a
proxy if prior to any lipid lowering therapy. Where total
cholesterol measurement was available but HDL was not
(n=4 cases), the HDL was imputed based on the median
value of the other participants (1.2 mmol/L), and the
impact of this was explored in sensitivity analysis. Only
blood pressure values prior to any vascular events were
used for risk scoring. Blood pressure variability (standard
deviation) was calculated from all previous readings from
all medical records during the 5 years prior to the event
if multiple measurements had been recorded. In routine
NHS-HCs in clinical practice, some of the QRISK3 vari-
ables are often missing [23], therefore we did not impute
values for missing variables, as data may not be missing
at random, and imputation might introduce bias. How-
ever, we calculated and compared the estimated QRISK3
scores for the excluded cases, for included cases with
missing variables, and with those with complete data.
People diagnosed with certain pre-existing clinical con-
ditions are not eligible for an NHS-HC as they already
undergo routine cardiovascular risk factor monitoring
(Table 1). Eligibility for an NHS-HC was assessed by
identifying all those with such conditions. The follow-
ing premorbid QRISK3 scores were calculated for each
participant by C.A.S. using the QRISK3 algorithm, ver-
sion 2018.0, using the risk calculator at https://qrisk.org:
a. QRISK3 10-year CV risk score (%). b. QRISK relative
risk (QRISK3 score divided by the score of a “healthy
person” defined as someone of the same age, sex and
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ethnic group, with no adverse clinical indicators and a
total cholesterol/HDL ratio of 4.0, a stable systolic blood
pressure of 125 mmHg, and BMI of 25) [22, 24, 25], c.
QRISK3 Healthy Heart Age (the age at which a “healthy
person” of the same sex and ethnicity has that individual’s
10-year QRISKS3 score). The heart age gap was calculated
by subtracting the participants’ chronological age at the
time of their event from their calculated Healthy Heart
Age. QRISK3-lifetime cardiovascular risk (a person’s risk
of developing a heart attack or stroke in their remaining
lifetime to age 99) was also calculated for each partici-
pant using version 3 of the QRISK3-lifetime risk calcula-
tor (https://qrisk.org/lifetime/) [26]. Predicted risk scores
in those who would have been eligible for an NHS-HC
prior to their event were explored by the following pre-
defined variables: age category (30-39 vs 40-44), sex
(self-reported), ethnicity (self-reported at face-to-face
interview), type of vascular event, study period (2002-
2012 vs 2012-2023), deprivation (Index of Multiple Dep-
rivation categorised as>50th centile vs<50th centile for
England), completeness of data (missing BP variability/
missing any other variables/complete data) and stratified
by the number of risk factors for non-attendance at NHS-
HC (male sex, deprivation, smoking) [5]. Secondary
analyses using the same methods were also performed in
those who would not have been eligible for the NHS-HC.

This study is reported in accordance with the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines (Additional file 3).

Patient and public involvement

This study was informed by the primary research prior-
ity identified by stroke survivors in partnership with the
James Lind Alliance and the Stroke Association; “what
are the best interventions to stop stroke occurring for the
first time?” [27]. We discussed results and sought advice
on the interpretation of our findings from members of
the Wolfson Centre for the Prevention of Stroke and
Dementia (CPSD) research PPIE group (which includes
survivors of stroke and cardiovascular disease, carers and
charity sector representatives) at meetings on 4.10.2024
and 13.1.2025.

Role of the funding source

The funders had no role in the study design, collection,
analysis, or interpretation of data or decision to publish
the report.

Results

During 433 797 person-years of ascertainment, 217
individuals aged 30—44 years had an incident vascular
event (crude incidence rate 50/100 000 person-years;
Fig. 1). Two patients (0.9%) were not eligible for either
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QRISK scoring or an NHS-HC as they had pre-existing
angina. Eligibility for the NHS-HC was uncertain in a
further four (2%) who could not be assessed face-to-
face and had eligibility variables missing in both pri-
mary and secondary care records.

Of the remaining 211 patients, 142 had an incident
cerebrovascular event, 58 had a cardiac event (myo-
cardial infarction or sudden ischaemic cardiac death),
and 11 had an acute vascular event in another territory
(Table 2). Fifty-six patients (27%) were already on one
or more existing NHS screening programmes or on sta-
tin therapy prior to their event, making them ineligible
for the NHS-HC (Fig. 1/Table 1). Results of risk scores
for those who were not eligible for the health check are
available in additional file Table S3.

Of the 155 patients who would have been eligible
to be invited to the proposed new NHS-HC, 37 (24%)
had at least one of the 21 QRISK3 score variables
missing, and a further 30 (19%) had insufficient prior
documented measurements of systolic blood pressure
to calculate variability. The median predicted 10-year
QRISK3 scores were similar for those with complete
and incomplete data (additional file Table S4). Most
(137/155(88%)) participants had at least one uncon-
trolled treatable risk factor, with 5 (3%) fulfilling cri-
teria for screening for familial hypercholesterolemia
(Table 2). The overall median 10-year QRISK3 score in
the 155 eligible participants was 2.5% (IQR 1.1-4.8%),
and was highest in men, those from more deprived
areas, and in white patients (Table 3). The predicted
risk also increased with the number of risk factors for
non-attendance at NHS-HC (p <0.001; Table 3).

The 10-year cardiovascular risk categorisation of the
155 eligible patients was ‘low’ (< 10%) in 148 (95%); 7(5%)
had a risk score between 10 and 20%, and none had a
predicted 10-year risk>20% (Table 3, Fig. 2). All eligible
females were classified as low risk, and only 7% of males
had risk scores above the 10% threshold. The 4 additional
excluded patients in whom eligibility for the NHS-HC
was uncertain had estimated QRISK3 scores < 3%.

If the threshold for predicted “low risk” was reduced
to 5% or 2.5%, 121/155(78%) and 77/155(50%) of par-
ticipants respectively would still fall under these lower
thresholds. However, using the predicted Relative
QRISKS3 score (RR) > 1 identified 138 (89%) patients to be
at greater than their age, sex and ethnicity-adjusted ‘ideal’
risk, including 99 (93%) males and 39 (80%) females
(Fig. 3 and S1/Table 3). Similarly, the predicted “Healthy
Heart Age” was greater than the participants’ actual age
in 140 (90%) patients, with 62 (40%) having a heart age
gap of at least 10 years, and 76 (49%) having a predicted
QRISKS3 lifetime risk of >50% (the reported 90th centile
in the derivation dataset [21]) (Fig. 2).
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OXVASC mean population 2002-2023 age 30-44 years N=20,657
OXVASC participants with incident Conditions which exclude participant from being invited for an

cardiovascular event age 30-44
potentially eligible for NHS-HC (n=217)

NHS-HC AND exclude from QRISK3 scoring:

Coronary Heart Disease (n=2)

-MI/SCD (n=62)
-Stroke (n=97) or TIA (n=47)

-PVE/AAA (n=11)

Participants without sufficient data to determine eligibility for
QRISKS scoring or NHS-HC and with 23 missing QRISK 3
variables (n=4)- (excluded from main analysis)

\ 4

Participants eligible for QRISK3 CVD
assessment screened for eligibility for
NHS-HC (n =211)

Participants eligible for NHS-HC (n =155)

Participants eligible for QRISK3 scoring but not eligible for NHS-
HC due to other at risk characteristics: (n=56)*
Hypertension (n=36)
Diabetes Mellitus (n=15)
Prescribed statin (n=10)
Learning disability register (n=6)
Serious mental illness (n=5)
CKD 3 or above (n=3)
Peripheral arterial disease (n=1)
Atrial fibrillation (n=2)
Hypercholesterolemia (n=1)

y

l

Retrospective QRISK3 CVD assessment undertaken
on participants eligible for NHS-HC
(n=155)

Retrospective QRISK3 CVD assessment undertaken on
participants not eligible for NHS-HC
(n=56)

Fig. 1 Flow diagram of participants. *Some participants had more than

1 reason they were not eligible. NHS-HC-new National Health Service

Health Check, Ml myocardial infarction, SCD sudden cardiac death, TIA transient ischaemic attack, PVE peripheral vascular event, AAA abdominal

aortic aneurism, CKD chronic kidney disease

In terms of the disparity in risk scores between male
and female patients, the median absolute predicted cardi-
ovascular 10-year risk for males was 3 times higher than
that of females (Fig. 3a), but this was reduced to only
1.2 times higher when comparing the subsequent life-
time risk thereafter (i.e. lifetime risk minus 10-year risk;
Fig. 3b). The sex difference was also reduced when risk
was expressed in terms of the Relative Risk or Healthy
Heart Age (Table 3). Two illustrative cases of female
patients are summarised in Additional file 2.

Discussion

The vast majority of patients who had acute cardio-
vascular events in our study and who would have been
eligible for the proposed new younger NHS-HC at
30-39 years, including all women, had pre-morbid
10-year cardiovascular risks well below the 10% treat-
ment threshold for active risk management, although

most had risks that were also well above the ‘ideal’ level.
Even among those who were already known to have
pre-existing CVD-related conditions (i.e. already on a
screening register), the majority (75%) were still below
the 10% treatment threshold.

Few studies have reported premorbid vascular risk
scores in younger adults with acute cardiovascular
events. A retrospective study of patients with myocar-
dial infarction (MI) at age < 50 years in two US hospitals
from 2000 to 2016 reported a median predicted 10-year
risk of 4.8% using the Atherosclerotic Cardiovascular
Disease (ASCVD) Risk Score [28]. A similar US study
reported a median 10-year pre-morbid ASCVD risk
of 6.4% in patients aged 40—54 with a first MI between
1995 and 2012 [29]. Our findings in all patients aged
30-45 years with acute cardiac events were similar
(median 10-year CV risk=5.0%).
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Table 2 Baseline characteristics of study participants

Characteristics Eligible for proposed new Not eligible for the proposed Total®
NHS health check new NHS health check
No of patients 155 56 211
Age (years), mean (SD) 388 (4.1) 396 (4.3) 390 (4.2)
Sex
Male 106 (68) 31(57) 137 (65)
Female 49 (32) 25 (43) 74 (35)
Type of incident cardiovascular event
Stroke 67 (43) 27 (48) 94 (45)
TIA 37 (24) 11 (20) 48 (23)
Cardiac (Ml or sudden cardiac death) 45 (29) 13(23) 58 (27)
Acute peripheral vascular event 6 (4) 5(9) 11 (5)
Ethnicity
White 127 (82) 50 (89) 177 (84)
Other 30(19) 6(11) 36 (17)
Time period
2002-2012 80 (52) 25 (45) 106 (50)
2012-2023 75 (48) 31 (55) 105 (50)
Deprivation (mean IMD rank) 22,518 23,147 22,682
Non demographic QRISK3 risk factors:
Cholesterol ratio (TC/HDL, mean (SD)) 46(1.5) 48(1.3) 47 (1.4)
Systolic BP (mean (SD)) 128 mmHg (15.9) 137 mmHg (18.5) 131 mmHg (17.1)
Systolic BP variability (mean (SD)) 10.25 (6.08) 14.58 (5.84) 1149 (6.31)
BMI (mean) 27 kg/m? (5.6) 31 kg/m? (6.7) 28 kg/m? (6.1)
Diabetes (type | or Il) 0 16 (29) 16 (8)
FH of angina/MI < 60 years 33(21) 7 (13) 40 (19)
CKD 3+ 0 3(5) 3(14)
Atrial fibrillation 0 0 0
Treated hypertension 0 26 (46) 26 (12)
Migraine 48 (31) 17 (30) 65 (31)
Rheumatoid 1(0.6) 1(0.5)
Systemic lupus erythematosus 0 1(1.8) 1(0.5)
Severe mental illness 6 (4) 6(11) 12 (6)
Atypical antipsychotic 0 5(9) 5()
Regular steroid medication 4(3) 0 4(2)
Erectile dysfunction 1(0.6) 1(1.8) 2(0.9)
Uncontrolled treatable risk factors:
Total cholesterol > 5.0 mmol/I or 190 mg/dl 87 (64) 35(67) 122 (65)
Total cholesterol > 7.5 mmol/l or 290 mg/d| 5(3) 3(5) 8 (4)
Latest premorbid systolic BP > 140 mmHg 38(28) 23 (44) 61(32)
BMI>25.0 97 (64) 45 (83) 142 (69)
Current smoker? 73 (47) 19 (35) 92 (44)
At least one of above uncontrolled treatable risk factor® 137 (88) 52(93) 189 (90)

Data are numbers (%) unless specified otherwise
SD standard deviation
2 Includes light/moderate/heavy smokers and those who stopped smoking less than 4 weeks prior to the vascular event

b Smoking data was missing for 2 participants, 23 participants did not have a premorbid systolic blood pressure reading, BMI was not available for 5 participants, and
total cholesterol was not available for 28 participants

€ One hundred sixty-two out of 211 participants had complete data for all four of these risk factors
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The predicted 10-year CV risk in our study was particu-
larly low in women (median=1.1%, IQR=0.5-2.1%). In
the US study of patients with MI at age <50 years, there
was also a trend towards lower predicted risk in women
versus men [28]. Clearly, the extent of the sex difference
in vascular risk in younger populations will depend on
the time horizon of the prediction, as was evident in our
analyses of longer-term risk.

Some would argue that early health checks are required
in order to reap the expected long-term benefits of early
control of major vascular risk factors, thereby reducing
the problem of residual risk following treatment initiated
at older ages [30]. However, our data highlight two barri-
ers to improving prevention of CV events at younger ages
based on the current predicted risk-based paradigm—the
relative lack of predictive power of current models in
young adults—and the fact that only a tiny proportion of
young adults with vascular risk factors exceed the current
10% 10-year CV-risk threshold for treatment.

The relative lack of predictive power of current mod-
els in young adults means that the 10-year absolute risk
of vascular events is inevitably low even in patients who
appear likely to have a high lifetime risk (Additional
file 2). Trials of treatment of a single risk factor, such as
moderate hypertension or hyperlipidaemia, in otherwise
unselected younger patients consequently yield large
numbers needed to treat (NNT) to prevent events over
the next few years [31, 32]. Even trials of strict control of
multiple cardiovascular risk factors at younger ages will
likely require long-term treatment with multiple medica-
tions to yield a clinically impactful reduction in absolute
CV risk [33]. Another barrier to risk prediction and risk
reduction using current strategies at younger ages is the
significant residual risk due to the high proportion of

non-atherosclerotic aetiologies, particularly in younger
women in whom stroke accounted for the majority of CV
events.

Future improvements in risk prediction at younger
ages may be possible. The forthcoming update of
QRISK3 (QR4) will add seven new risk variables, includ-
ing female-specific factors [34], but only 12 (8%) of the
155 individuals eligible for the new health check in our
study had any of these new variables (Additional file 1:
Table S5). Incorporation of other risk factors that are
more specific to risk at younger ages will also be required,
such as family history of premature stroke rather than
only premature coronary events [35]. Developing mod-
els using Al may improve prediction by incorporating
intensity, timing and duration of exposure to risk factors
and interventions, and including non-linear and time-
dependent exposure-risk associations as well as com-
plex interactions with age and sex, provided appropriate
detailed training data is used. Future algorithms may also
need to incorporate biomarkers such as Lp(a) as well as
imaging markers and genomic sequences, but both their
development and their application in practice will require
improvements in detail and linkage of electronic medi-
cal records. As algorithms become more complex, their
automated incorporation into electronic patient records
will be vital.

The second issue highlighted by our data, the need
to adapt risk thresholds at younger ages, is now already
increasingly recognised, with three possible approaches
advocated. First, to reduce the risk thresholds of short-
term risk prediction in younger individuals, the European
Society for Cardiology SCORE2 now defines low risk
as<2.5% 10-year risk in those under 50 years, and < 5%
in those over 50 years [36]. However, this score is not
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currently intended for use in those aged under 40., Bas-
ing treatment thresholds on >75th or > 90th centile of age
and sex-specific short-term risk offers another pragmatic
route to reduce false reassurance of younger individuals
but relies on normal ranges/centiles being readily avail-
able [37].

The second approach is to use risk measures relative
to an optimal health state, such as the QRISK3 Healthy
Heart Age or Relative Risk, which are easier to com-
municate to patients, but there are concerns that they
could lead to overtreatment if used for treatment deci-
sions [38]. The third approach is to expand the horizon of
risk prediction at younger ages; the new Predicting Risk
of cardiovascular disease EVENT (PREVENT) calcula-
tor from the American Heart Association provides both
a 10 year and 30 year risk [39], NICE guidelines suggest
a lifetime risk tool, such as QRISK3-lifetime, be used to
motivate lifestyle changes, particularly for people with a
10-year QRISK3 score less than 10%, and people under
40 who have CVD risk factors [25]. While our results
support this idea, with half of our patients having a life-
time risk score above the 90th centile reported by the
QRISK lifetime publication [26], there is no consensus
regarding thresholds for high 30 year or lifetime risk.
The Primary Prevention of Subclinical Atherosclerosis
in Young Adults (PRECAD) trial has selected patients
aged 20 to 39 years with a 30 year risk of 30% or over [33],
while others suggest the 75th centile [40]. Young patients
with higher measures of relative or longer term risk may
be more willing to engage in intensive lifestyle interven-
tion, earlier initiation of lipid or blood pressure lowering
therapies with lower targets, or could be offered more
frequent risk assessment. However, it is vital that low
short-term risks are not a barrier to treatment of individ-
ual risk factors in young people, such as blood pressure
or lipids, which were raised in many of the participants in
our study despite the low short-term predicted vascular
risk.

Our study focussed on the potential impact of short-
term absolute risk prediction as a barrier to prevention
of vascular events occurring in those age 30-45, but it
is important to consider that 10-year CV risk does not
reflect all of the long-term morbidity that is attribut-
able to treatable cardiovascular risk factors. For exam-
ple, early midlife hypertension is strongly related to the
longer-term risks of dementia and heart failure [41, 42],
both of which now represent as great a risk as acute man-
ifestations of vascular disease, and often occur without a
preceding acute CV event. The social and economic con-
sequences of CV events are also often greater at younger
ages. A disabling stroke in a 35-year-old might lead to the
loss of 30 years of employment and taxable income for
the individual, and possibly also for their partner if care

Page 10 of 12

is required. The state will not only lose income and other
taxes, but may also potentially have to pay for long-term
care.

There is also a potential unintended risk of harm from
the proposed new NHS-HC for younger adults. The vast
majority of patients in our study would likely be told that
their premorbid risk was too low to merit treatment.
This could give false reassurance and might therefore
reduce the likelihood that they would adopt a healthier
lifestyle. There was possible evidence of such an effect in
the Inter99 trial of health checks in Denmark, with an
increase in mortality in women in areas in which uptake
of the checks was high [43]. Our data support the use
of longer horizon absolute or relative risk measures to
reduce this potential harm.

Although OXVASC is the only population-based study
of all acute vascular events irrespective of age, and thus
provides an ideal opportunity to assess the impact of the
proposed changes to population-based cardiovascular
screening, our study does have some limitations. First,
a few of the 21 QRISK3 variables were missing in some
of our patients. However, variables such as standard
deviation of blood pressure are rarely calculated in rou-
tine practice, and the original QRISK3 derivation cohort
had complete data for smoking, systolic blood pressure,
BMI, and cholesterol ratio in only 27% of the sample
[24]. Second, our CV risk assessment calculation was
done retrospectively, but we used risk factor data, such
as blood pressures, that were recorded prior to the event,
and only lipid levels at the time of the event were used if
prior measures were not available. Moreover, prospective
ascertainment of almost all patients in the study popu-
lation with an event, including out-of-hospital deaths,
minimised selection biases. Third, as we did not perform
the health check on the underlying population, we were
not able to assess the utility of the NHS-HC in those
young people who did not have vascular events. Fourth,
although the OXVASC population includes a wide range
of deprivation and has a rural/urban mix and ethnic-
ity that mirrors the UK, CV risk will be higher in some
other UK regions. On the other hand, CV risk is likely
to be similar or lower in many other high-income coun-
tries [1]. Fifth, we present results stratified by the index of
multiple deprivation (IMD) while the QRISK3 score uses
the Townsend score to measure deprivation. We chose to
analyse the results using the IMD score as it includes 8
variables, rather than the 4 used in the Townsend score.
Finally, it is important to consider the NHS-HC also
screens for diabetes, CKD, familial hyperlipidaemia, alco-
hol excess, and may still help some people adopt health-
ier behaviour, including smoking cessation, which could
impact longer-term cardiovascular risk. We focussed
only on the cardiovascular risk assessment component
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of the NHS-HC as a potential solution to the rising
stroke risk in young people. However, while evidence
suggests the experiences of patients who attend health
checks is positive [44], making them politically popular,
in considering the overall impact it should be borne in
mind that fewer than half of the population takes up the
offer of health checks, with affluent female non-smok-
ers being particularly over-represented [5]. Indeed, our
results confirm that those people with the highest pre-
dicted pre-morbid CV risk had the greatest number of
risk factors for non-attendance.

Conclusions

In considering how best to combat the increasing inci-
dence of cerebrovascular events in younger adults, the
seemingly reasonable approach of introducing routine
health checks at younger ages is unlikely to be effective
without improved risk prediction. In the meantime, the
10% 10-year CV risk threshold for active management of
risk factors may be a barrier to the effectiveness of health
checks in younger adults.
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