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Abstract
Background: Global trends in cardiovascular disease (CVD) exhibit considerable interregional and interethnic differences,
which in turn affect long-term CVD risk across diverse populations. An in-depth understanding of the interplay between ethnicity,
socioeconomic status, and CVD risk factors and mortality in a contemporaneous population is crucial to informing health policy
and resource allocation aimed at mitigating long-term CVD risk. Generating bespoke large-scale and reliable data with sufficient
numbers of events is expensive and time-consuming but can be circumvented through utilization and linkage of data routinely
collected in electronic health records (EHR).
Objective: We aimed to characterize the burden of CVD risk factors across different ethnicities, age groups, and socioeconomic
groups, and study CVD incidence and mortality by EHR linkage in London.
Methods: The proposed study will initially be a cross-sectional observational study unfolding into prospective CVD ascertainment
through longitudinal follow-up involving linked data. The government-funded National Health System (NHS) Health Check
program provides an opportunity for the systematic collation of CVD risk factors on a large scale. NHS Health Check data on
approximately 200,000 individuals will be extracted from consenting general practices across London that use the Egton Medical
Information Systems (EMIS) EHR software. Data will be analyzed using appropriate statistical techniques to (1) determine the
cross-sectional burden of CVD risk factors and their prospective association with CVD outcomes, (2) validate existing prediction
tools in diverse populations, and (3) develop bespoke risk prediction tools across diverse ethnic groups.
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Results: Enrollment began in January 2019 and is ongoing with initial results to be published mid-2021.
Conclusions: There is an urgent need for more real-life population health studies based on analyses of routine health data
available in EHRs. Findings from our study will help quantify, on a large scale, the contemporaneous burden of CVD risk factors
by geography and ethnicity in a large multiethnic urban population. Such detailed understanding (especially interethnic and
sociodemographic variations) of the burden of CVD risk and its determinants, including heredity, environment, diet, lifestyle,
and socioeconomic factors, in a large population sample, will enable the development of tailored and dynamic (continuously
learning from new data) risk prediction tools for diverse ethnic groups, and thereby enable the personalized provision of prevention
strategies and care. We anticipate that this systematic approach of linking routinely collected data from EHRs to study CVD can
be conducted in other settings as EHRs are being implemented worldwide.
International Registered Report Identifier (IRRID): PRR1-10.2196/17548
(JMIR Res Protoc 2020;9(10):e17548) doi: 10.2196/17548
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Introduction
Background
Globally, cardiovascular disease (CVD) is a leading cause of
disability and premature mortality, with the number of deaths
attributable to CVD rising from 12.3 to 17.3 million between
1990 and 2013 [1]. Furthermore, projections indicate that CVD
will remain the leading cause of mortality worldwide for decades
[2]. Notwithstanding the public health importance of CVD and
its risk factors, the use of proven preventative strategies to
mitigate risk is far from satisfactory due to a multitude of factors
including complex intra- and interregional distribution of the
determinants of CVD [1,3]. For instance, deaths attributable to
different types of CVD vary between China and the United
Kingdom. This variation may, in part, reflect the prevalence of
different underlying risk factors such as hypertension and
diabetes [4]. Thus, with regions around the world undergoing
major epidemiological transitions, a population strategy aimed
at reducing the burden of classical risk factors can have a major
impact on CVD risk reduction [5].

Population Prevention Strategy in England
In England, the National Health Service (NHS) established a
population-based Health Check program in 2009 to provide a
systematic assessment and management of CVD risk for adults.
Individuals aged 40-74 years without pre-existing CVD,
diabetes, or hypertension are invited for a five-yearly check-up
to identify and to receive advice and treatment for their risk of
having a CVD event [6]. Commissioned by local authorities
and delivered primarily through primary care practices,
henceforth referred to as general practices (GP), this program
aims to prevent around 2000 deaths and 9500 nonfatal
myocardial infarctions (MI) and strokes annually [7,8]. As a
free service for all eligible individuals, this program has the
potential to reduce health inequalities associated with CVD
[7,8], assuming equitable uptake and universal coverage.
Available data suggest that between 2011-12, NHS Health
Check coverage in east London was quite high at 73%
(compared to national coverage of 30%). Of those that attended
the screening, over a third belonged to ethnic minority groups
such as south Asians and Black African/Caribbeans [9-13].
While modification of individual risk factors (eg, blood pressure)
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has generally been shown to be associated with improved health
outcomes (eg, lower incidence of ischaemic stroke), favorable
changes in risk factor distribution at a societal level have also
contributed to overall improvements in community health [14].
For example, in 1989, in Poland, the increased accessibility and
consumption of fruits and vegetables through the opening of
markets resulted in a reduction in CVD mortality [15]. By
contrast, Japanese migrants, who adopted the diet and lifestyle
of the United States (US) population, relative to those who
retained their original dietary patterns, had a higher prevalence
of CVD [16]. Given the variation in ethnic-specific diet and
lifestyle habits, and given genetic differences across population
groups around the world, there is currently an unmet need to
understand the complex relationship between ethnicity and
factors as diverse as heredity, environment, diet, lifestyle, and
socioeconomic factors (and their mutual interaction) in
determining the burden, distribution, and temporal trends in
both CVD risk factors and clinical CVD outcomes and
cause-specific death.
Dietary exposures determine nutritional status, which may, in
turn, impact CVD outcomes. As nutritional status is a key
intermediary in the development of CVD, health services need
to measure nutritional status as well as associated dietary
exposures in order to guide appropriate preventative measures,
particularly in multiethnic populations in primary care. The
National Diet and Nutrition Survey (NDNS) and components
of the National Survey of Health and Development (NSHD)
have been developed to assess dietary exposure patterns,
nutritional status, and associated social as well as biological
factors within a sample of UK populations [17-19]. However,
to date, no systematic attempts have been made to harness these
data to boost or complement information gleaned from
population-based studies investigating ethnic-specific CVD risk
factor burden or risk [20].

Calculation of CVD Risk
The risk of CVD in an asymptomatic individual is based on risk
factor data collected by their primary care physician to produce
a numerical estimate. Traditional risk scores, such as those
derived from the Framingham risk equation, have potential
limitations, primarily because they were derived from a cohort
of predominantly White individuals in the United States [21,22].
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Moreover, they do not make allowances for factors such as
socioeconomic status, resulting in systematic over- or
underestimation of CVD risk based on the population studied
[21,22]. With the emergence of obesity and diabetes as key
global cardiovascular risk factors [22], the QRISK2 CVD risk
calculator was developed and calibrated, enabling adjustments
for more contemporary risk factors in the United Kingdom
[22,23]. Despite these considerations, the representation of
ethnic minorities in the cohort used to derive QRISK2 was
approximately 1% for South Asians and 0.5% for
Afro-Caribbean individuals, with the likelihood of
underestimation of 10-year CVD event risk in these population
groups [21].
Furthermore, QRISK prediction models contain imputations
due to missing data. While established statistical methods are
often used, considerations such as imputing cholesterol values
to individuals without vascular disease could lead to weakened
associations between cholesterol and CVD [24], as was observed
in the first iteration of QRISK where about 80% of cholesterol
measures were imputed. Hence, additional validation of QRISK2
in a contemporaneous multiethnic population with more
systematic approaches to the collation of exposures than
previously possible would be beneficial [21].
These systems need to be interoperable to enable a systematic
analysis of routine healthcare data collected in electronic health
records (EHRs). However, over 100 commercial EHR vendors
are operating within the NHS across primary, secondary, and
tertiary sectors [25]. While organizations are beginning to link
data from different EHR systems, there is still fragmentation
and absence of vital data as, for example, GPs serving
multiethnic populations are not providing their data. Moreover,
given that establishing bespoke prospective studies on CVD
prevention can be prohibitively expensive, using real-life
routinely collected data from EHRs and subsequent linkage of
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these datasets across different sectors can provide invaluable
systematic approaches to conducting research.
We developed the following study specific objectives:
1.

2.
3.

4.

To robustly quantify and characterize, across diverse ethnic
groups and sociodemographic groups, the burden of CVD
risk factors among NHS Health Check attendees in a diverse
population in London.
To prospectively study the incidence of CVD within this
population by EHR linkage.
To validate existing CVD risk prediction algorithms and
to develop novel, bespoke algorithms for CVD risk
prediction among diverse multiethnic population groups.
To characterize dietary exposures and nutritional status as
well as their associations with CVD outcomes, using data
from index assessment methods that mirror or correlate
well with those used in national surveillance.

Methods
Study Design and Setting
We propose to conduct a large-scale, cross-sectional
observational study of NHS Health Check attendees in London
with additional virtual longitudinal follow-up established via
electronic health record linkage of their primary (NHS Health
Check) and secondary care (hospital) data over 10 years starting
in 2009. One of the major providers of EHR software to GP
practices is Egton Medical Information Systems (EMIS). GPs
utilizing this EHR will be eligible to participate. Figure 1
illustrates the number of individuals belonging to ethnic minority
groups within London. Such a high prevalence of diverse ethnic
groups in London, relative to other areas in England, coupled
with high utilization of the EMIS system (Figure 2), lends itself
naturally to London as the ideal backdrop for our proposed
investigation.

Figure 1. Data from 2011, showing ethnic minority populations across the regions of England [26].
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Figure 2. Map of London showing the number of GP practices utilizing the EMIS system (red), boroughs utilizing EMIS (asterisk), and proportion of
Black and Minority Ethnic (BME) by region [26-36].

Recruitment
GP practices using EMIS Web clinical systems across London
will be invited to provide practice-wide consent to participating
in the study by way of sharing pseudonymized data on
individuals undergoing NHS Health Checks within their
practices between 2009 and 2018. GP practices across London
are being informed of the study and recruited through liaising
with clinical research networks through information letters and
Clinical Commissioning Group meetings. Data will be remotely
extracted centrally by EMIS using Read codes.

Data Collection and Linkage
Our study, designed as a population-based registry at the outset,
will collect, alongside NHS Health Check data, additional
demographic variables and prescription information to help
build a large and robust repository of primary care data on
residents of London undergoing NHS Health Check from 2009
onwards in GP practices.
All individuals seeking healthcare in the United Kingdom are
assigned a unique identifier (ie, their NHS number). This number
allows the allocation of any subsequent data collected to the
individual’s record and enables linkage with diverse data
sources. For instance, the Office for National Statistics and
Hospital Episode Statistics databases maintain records on
mortality and clinical outcomes of individuals utilizing
secondary healthcare services, respectively. Data from these
sources can be linked through NHS numbers to the NHS Health
Check data to provide a comprehensive and contemporary
database on CVD risk factors (predictor variables) and outcomes
across different ethnic groups. Other data sources recording
clinical CVD outcomes such as the Myocardial Infarction
National Audit Project and the National Institute of
Cardiovascular Outcomes Research will also be harnessed to
provide additional details relevant to this study.
This process of data sharing and linking, while protecting an
individual’s confidentiality, is possible due to pseudonymization
and will be conducted by EMIS and a third party organization
https://www.researchprotocols.org/2020/10/e17548
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familiar with bespoke linkage. Using Open Pseudonymiser
Software, EMIS will create a pseudonymized version of NHS
numbers for individuals who meet the inclusion criteria. The
data will be encrypted with a project-specific key. By using this
encrypted key, an external organization will be able to link the
NHS Health Check data with outcomes data through a similar
pseudonymization process and a Global Unique Identifier
(GUID). The research team will only have access to completely
linked anonymized data as the linkage of NHS Health Check
data with outcomes data will not contain the GUID.

Sample Size
Although data are not available for 2009-2011, of the invited
population for NHS Health Check in 2016-17, 51.6% and 49.9%
were residing in London and the rest of England, respectively
[27]. In 2015, EMIS utilization in GP clinics was approximately
55%. Therefore, if 50% of all NHS Health Check attendees visit
GP clinics utilizing the EMIS system, then it can be assumed
that 587,273 individuals in London are eligible for consideration
in this study between 2011 and 2017 [28,29]. Due to a lack of
visibility of the true number of GP practices using a particular
system, Figure 2 highlights that the majority of the areas in
London do utilize the EMIS system, and, therefore, we anticipate
that the intended sample size will be met.
To develop novel risk prediction tools for population groups,
we anticipate that data will be available on approximately
200,000 individuals across London between 2011 and 2017.
During 2009-13, of those with a recorded ethnic group, uptake
of the NHS Health Check across England was greatest amongst
South Asians (19.2%), Black Caribbeans (19.6%), Black
Africans (15.7%), and Chinese (15.3%). Attendance was 16.9%
in all other recorded ethnic groups and 17.4% in white
Caucasians. Extrapolating the current rate of CVD incidence
(2.4%) for people aged below 79 years in England on our
estimated study sample of 200,000, we expect to encounter
15,000 CVD events giving 100% power to observe relative risks
as modest as 1.2-1.5 [23]. Within population subgroups, the
power to detect overall association is expected to range from
49% to 100% [38,39]. Given the large Black and minority ethnic
JMIR Res Protoc 2020 | vol. 9 | iss. 10 | e17548 | p. 4
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(BME) population in London and considering the above
numbers, we estimate that our study sample will be highly
representative of a diverse cohort [38,39].

Predictor and Outcome Variables
Cardiovascular risk factors (predictor variables) used to calculate
QRISK2 include age, sex, ethnicity, index of multiple
deprivations, smoking status, diabetes status, family history of
CVD, chronic kidney disease (stage 4 or 5), atrial fibrillation,
hypertension treatment, rheumatoid arthritis, lipids, blood
pressure, and BMI. EMIS will also extract prescription data.
CVD outcomes will include fatal and nonfatal coronary heart
disease, fatal and nonfatal stroke, heart failure, all CVD-related
hospitalizations (including those for revascularization), and
all-cause mortality.

Harmonization and Cleaning of Data
Since the data for our study will be extracted at a single source
(EMIS), this is likely to obviate the need for harmonizing,
although we will undertake detailed quality checks (both at
baseline and on follow-up) and undertake data cleaning, where
necessary.

Statistical Analyses
By using appropriate statistical tests to perform univariate
comparisons, the collected data will be initially analyzed to
explore the cross-sectional characteristics of this population.
Skewed data will be transformed to an approximately normal
distribution, with the calculation of Pearson correlation
coefficients and partial correlation coefficients for relevant
factors of interest.
Cross-sectional associations of baseline risk factors will be
studied with adjustments for appropriate confounders using
logistic regression analyses. Prospective associations between
individual risk factors and CVD outcomes will be evaluated
using Kaplan-Meier survival curves and further quantified by
fitting Cox proportional hazards regression models with
multivariable adjustments. Where possible, associations will
be studied after making allowances for the time-varying effects
of both exposures and potential confounders. Detailed analyses
of the associations will be conducted in prespecified subgroups
of participants (including, but not restricted to, age, sex,
conventional risk factors, and ethnicity). Established methods
of calibration (Hosmer-Lemeshow), discrimination (C or D
statistic), and reclassification (net reclassification index,
integrated discrimination improvement) will be used to study
the predictive ability of individual risk factors on CVD
outcomes, with prespecified analyses involving multiple ethnic
groups to enable direct, head-to-head comparisons of any
differences.
Additional analyses will be conducted to quantify the impact
of factors such as access to healthcare and utilization rates (of
NHS Health Checks), prescription rates and medication
compliance, and patterns of healthy behavior on CVD risk (both
overall and, where possible, within subgroups). Standardized
rates of prescription drug use will be calculated to investigate
the extent of correlation between the present use of
cardiovascular medication and cardiovascular risk. Variations
https://www.researchprotocols.org/2020/10/e17548
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in prescription patterns of CVD prevention and risk factor
control, discontinuation of prescribed medication(s), and adverse
effects to prescription medications from various therapeutic
categories such as anti-hypertensive agents, lipid-lowering drugs
(statins), and antidiabetic medication will be further assessed
for their impact on CVD as time-dependent covariates in Cox
regression models. Physical measurements within the NHS
Health Check program will be obtained by the GP practices
according to standard operating procedures, anticipating
minimum inter-observer variability. Analyses to explore
potential sources of heterogeneity concerning physical
measurements (besides other characteristics) will also be
conducted.
New and existing risk prediction models will be compared in
terms of their ability to predict the onset of CVD across diverse
population groups to develop improved risk prediction tools for
primary prevention of CVD using outcomes data up to 2020.
The resulting CVD risk algorithm will be calibrated by further
analyses of CVD outcomes data of these patients through to
2027.

Results
The study is ongoing with enrollment underway since January
2019. Recruitment ended in January 2020, with extraction and
linkage completed by March 2020. We expect the initial results
for NHS Checks conducted between 2009 and 2018 and linked
to Hospital Episode Statistics and Office for National Statistics
to be published in mid-2021. This research has been supported
by an unrestricted investigator-initiated research grant from
Regeneron Pharmaceuticals to Imperial College London in
2015.

Ethical Considerations
The study protocol underwent an external peer review before
the ethics submission. This study has received a favorable ethics
opinion by the East Scotland Research Ethics Committee (Ref:
17-ES-0104), Health Research Authority, and adopted by the
clinical research network portfolio in November 2018.

Discussion
Nationally delivered, the NHS Health Check program has the
potential for universal outreach in the United Kingdom.
However, differences in uptake of this program may lead to
inadvertent and undesirable health inequalities (for instance,
those already more likely to engage with the health care
benefiting from increased contact while many who are less
likely to engage with healthcare not availing themselves of this
opportunity). However, it is unclear whether (and to what extent)
ethnic differences at a population level drive such disparities,
and whether targeting specific sociodemographic subgroups
within the population might help mitigate CVD risk.
The complex interplay and variations of individual risk factors
with wider determinants between and within regions and
population groups reinforce the need for a detailed
understanding of different cultural, socioeconomic, and
epidemiological contexts for developing tailored population
strategies.
JMIR Res Protoc 2020 | vol. 9 | iss. 10 | e17548 | p. 5
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Given its ethnic diversity (and a population of 8 million
representing around 270 nationalities), London provides the
ideal backdrop for studying CVD risk factor burden in all the
permutations mentioned above. It has been estimated that the
proportion of BME groups in London is 41% (10% in the rest
of England). Moreover, a report commissioned by the King’s
Fund found greater health inequalities in London than in the
rest of England [13]. For instance, although CVD death rates
are reported to be higher in the North than in the South of
England, 10 of the 33 London boroughs are currently
experiencing above-national-average mortality [26-28,30-37].
These factors highlight the need for a more in-depth
understanding of the determinants of CVD risk based on
ethnicity and other key demographic variables, which could
then pave the way for more effective societal interventions.
Thus, the aim of our study, using NHS Health Check data in
London, is to understand the burden of CVD risk factors and
to eventually validate/develop ethnic-specific CVD risk
prediction tools to inform public health policy and guidelines
which could lead to improvements in overall health outcomes
and reduction in healthcare costs.
Ethnic diversity in England in general, and London in particular,
has hitherto not been systematically captured in large-scale
studies creating uncertainty in the existing guidelines on CVD
risk prevention. QRISK2 score has been shown to underpredict
CVD risk in population groups such as South Asians, in part
reflecting low representation of the ethnic groups in the cohorts
to derive sufficient information to inform risk prediction tools
adequately [40,41]. This disparity may be attributed to the low
participation of GP practices in London who, based on the
location of these populations, are likely to treat the greatest
number of BME groups relative to the rest of England. Thus,
in certain ethnic groups, there may be a missed opportunity to
mitigate CVD risk as they are at greater risk of CVD but have
a systematic under-estimation/-representation of risk. Given
that EHR data in many GP practices within London have not
been utilized for investigating CVD across the multiethnic
population they serve, there is a unique opportunity to recruit
these practices to share their EHR data and link with other EHR
sources to create a registry of varied population groups.
Moreover, the data from this study could help develop bespoke
risk prediction models across diverse ethnic groups that can be
embedded into the existing GP EHR systems. Following the
development of such models, individuals of diverse ethnicities
could potentially be reclassified into higher- or
lower-than-predicted CVD risk categories, thereby enabling
more tailored approaches to prevention or intervention. By
contrast, if conventional risk factors were found not to be
associated with discernible differences in CVD risk across
various ethnic groups, then our findings will have the potential
to influence future research aimed at addressing alternative (and
hitherto unexplored) risk factors (such as genetic variation or
dietary factors) contributing to excess CVD risk in ethnic
minorities. Further offshoots from the TOGETHER research
program will not only be able to address some of the novel
hypotheses regarding ethnic variation in CVD risk but also serve
as a platform for pragmatic randomized controlled trials to
explore, for example, various emerging health technologies.
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One such approach could be leveraging the use of mobile
phones/smartphones and applications (apps) to modify risk
factors [41] and then identify the key elements to effective and
sustainable approaches for reducing the risk of CVD [42].
Furthermore, there could be an opportunity to leverage the
derived dataset to perform machine learning techniques, which
could be potentially incorporated into creating digital health
interventions [43].
As CVD burden varies between population groups and by
regions, our study has the potential to investigate the expression
of this disease and the contemporary risk factors in a large
multiethnic cohort. Thus, our research can be considered a
contemporary Framingham study on a large scale. Combining
a real-life observational approach with the potential for yearly
updates from the EHRs will offer new insights and
understanding of the burden of risk factors for re-calibration of
the variables used to derive risk prediction tools and dynamic
improvement of risk prediction algorithms. Longitudinal
follow-up will help quantify the incidence of CVD and,
therefore, the derivation of population attributable risk (PAR)
[44]. The ability to predict the impact of removing a particular
risk factor in specific population groups and the risk of
developing subsequent CVD is imperative for service provision
and evaluating current public health strategies for CVD risk
reduction. Thus, given its sample size, our study will have
sufficient power to investigate CVD risk factor burden across
diverse ethnicities among NHS Health Check attendees enabling
further refinement of guidelines and will therefore have the
potential to improve the overall public health of England in the
foreseeable future.
The proposed analyses are in keeping with statistical analyses
conducted in other similar large-scale population-based studies
[45-47]. As the NHS Health Check program collects simple
lifestyle-related data, a proportion of the population from this
study will be investigated using the NDNS database to derive
a more detailed understanding of the impact of nutritional
determinants on CVD [48-50]. As this study aims to provide
current estimates of CVD risk factor burden in a very large
sample of ethnically diverse individuals in London (and
following successful linkage with outcomes databases, estimates
of association), we believe that this project surpasses every other
contemporary study in terms of both its scale as well as
representativeness (from an ethnic perspective). While our
estimates of association and risk prediction derived from this
cohort of CVD-free individuals (at baseline) may be similar to
those already obtained from studies conducted in predominantly
Western populations, these estimates will nevertheless be
significantly refined across diverse ethnicities given the power
and precision afforded by the study.
Despite the development of evidence-based guidelines and tools
by the NHS, opportunities to reduce CVD mortality and
morbidity are still being missed. Premature mortality and high
healthcare costs associated with CVD underscore the need for
a more detailed investigation into CVD risk across multiple
ethnic groups since residual CVD risk remains a major challenge
for health systems around the world. With the identification of
more than 200 risk factors [51], determining the specific risk
factors in population groups is imperative. Therefore, with this
JMIR Res Protoc 2020 | vol. 9 | iss. 10 | e17548 | p. 6
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study examining an ethnically diverse and contemporary
population in London, the findings will have the potential to be
applied to other (hitherto under-investigated) ethnicities, and
towns and cities around the world that have considerable

Dharmayat et al
population diversity. Finally, the systematic approach of linking
data from different sources can be utilized by other health
systems that have implemented EHRs.
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