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Abstract

Background: Cardiovascular and renal diseases (CVRD) are major causes of mortality in individuals with type 2
diabetes (T2D). Studies of lifetime risk have neither considered all CVRD together nor the relative contribution of
major risk factors to combined disease burden.

Methods: In a population-based cohort study using national electronic health records, we studied 473,399
individuals with T2D in England 2007–2018. Lifetime risk of individual and combined major adverse renal
cardiovascular events, MARCE (including CV death and CVRD: heart failure; chronic kidney disease; myocardial
infarction; stroke or peripheral artery disease), were estimated, accounting for baseline CVRD status and competing
risk of death. We calculated population attributable risk for individual CVRD components. Ideal cardiovascular health
was defined by blood pressure, cholesterol, glucose, smoking, physical activity, diet, and body mass index (i.e.
modifiable risk factors).

Results: In individuals with T2D, lifetime risk of MARCE was 80% in those free from CVRD and was 97%, 93%, 98%,
89% and 91% in individuals with heart failure, chronic kidney disease, myocardial infarction, stroke and peripheral
arterial disease, respectively at baseline. Among CVRD-free individuals, lifetime risk of chronic kidney disease was
highest (54%), followed by CV death (41%), heart failure (29%), stroke (20%), myocardial infarction (19%) and
peripheral arterial disease (9%). In those with HF only, 75% of MARCE after index T2D can be attributed to HF after
adjusting for age, gender, and comorbidities. Compared with those with > 1, < 3 and ≥3 modifiable health risk
behaviours, achieving ideal cardiovascular health could reduce MARCE by approximately 41.5%, 23.6% and 17.2%,
respectively, in the T2D population.

Conclusions: Four out of five individuals with T2D free from CVRD, and nearly all those with history of CVRD, will
develop MARCE over their lifetime. Early preventive measures in T2D patients are clinical, public health and policy
priorities.
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Background
High fasting plasma glucose, which constitutes diabetes
mellitus, ranks only behind high blood pressure and
smoking (6.53 million [5.23–8.23] deaths and 171 mil-
lion [144–201] DALYs) as a cause of global burden of
disease [1]. There are an estimated 451 million people
living with diabetes worldwide, increasing to 693 million
by 2045 [2], with an annual cost US$1.31 trillion (95%
CI 1.28–1.36) or 1.8% (95% CI 1.8–1.9) of global gross
domestic product (GDP) [3]. Type 2 diabetes (T2D) ac-
counts for more than 90% of individuals with diabetes
[4]. A global approach to the prevention of this disease
burden requires knowledge across different components
of the long-term health risk associated with T2D.
Associations between T2D and increased risk of car-

diovascular diseases (CVD) and chronic kidney disease
(CKD) are well-defined with international consensus
guideline recommendations regarding preventive man-
agement [5, 6]. However, these diseases have been
mainly studied in isolation rather than together, despite
significant clinical overlap and frequent multi-morbidity.
Whether renin-angiotensin system-blocking agents [7]
or the novel sodium-glucose cotransporter-2 (SGLT2)
inhibitors [8], pharmaceutical advances underline the
close inter-relationships between the cardiovascular and
renal systems. There is relevance to the current corona-
virus (COVID-19) pandemic, where CVD, CKD, T2D
and multi-morbidity are known to be associated with in-
creased risk of infection and severe outcomes [9, 10],
but the interplay of CVD, CKD and T2D is poorly char-
acterised. Better understanding of how these diseases
cluster over the life course [11] is required in order to
inform their management and prevention during and be-
yond the pandemic [12].
Most people considered to be at low risk for morbidity

and mortality (including CKD and CVD) in the short term
are actually at high risk over their life course [13]. Esti-
mates of lifetime risk of diseases allow a more holistic
evaluation of the overall burden of a given disease in the
general population, now and in the future, because they
take into account both the risk of disease and competing
risks (e.g. death from other diseases) until individuals reach
old age. Lifetime risk of individual CVDs [13, 14] and CKD
[15] has been estimated. Moreover, it has been shown that
people with low risk factor burden have a substantially
lower lifetime risk of CVD. Study of the epidemiology of
the co-occurrence of CVD and CKD, and their relative
contribution to overall disease burden could inform know-
ledge of disease progression, risk prediction, as well as pre-
vention, management and health policy for T2D.

Methods
The two main aims of this study are to investigate (1)
the lifetime risk of composite and individual components

of major adverse cardiovascular and renal events and (2)
the population attributable risk of cardiovascular and
renal disease (CVRD) in individuals with T2D.

Data source
We used electronic health records (EHR) across primary
care (Clinical Practice Research Datalink, CPRD-Aurum),
hospital admissions (Hospital Episodes Statistics, HES),
and death registry (Office for National Statistics, ONS)
with prospective recording and follow-up; linked using
unique national healthcare identifiers (CPRD and NHS
Digital) [16]. Over 99% of England’s population is general
practice (GP)-registered [1]. CPRD is representative by
socio-demography, ethnicity and mortality.

Study population
We included individuals ≥18 years of age who had a rec-
ord of T2D diagnosis for the first time between 1 April
2007 and 31 October 2018 and were registered with a
general practice during the same period with at least one
year of data prior to index date (1 Apr 2007). We ex-
cluded individuals with a general practice record of type
1 diabetes or gestational diabetes prior to index date
(Fig. 1). Follow-up was from day after index date until
the earliest of study outcome, death, transfer out of
practice, or study end date (31 October 2018). Baseline
comorbidities (any diagnosis record), medications

Fig. 1 Study population: individuals with T2D and underlying
cardiovascular and chronic kidney disease. Abbreviations:
cardiovascular and renal diseases, CVRD; clinical practice research
datalink, CPRD; gestational diabetes, GD; Type 1 diabetes, T1D,
Hospital Episode Statistics, HES; office for national Statistics, ONS
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(within 12months) and investigations (latest) were
searched in prescribed drugs, hospital records and
general practice records prior to index T2D diagnosis,
consistent with our prior analysis [1]. Specifically, base-
line CVRD status was identified in primary care using
Snomed codes (MedcodeIDs) for diagnoses and symp-
toms, as well as using ICD10 codes from hospitalisa-
tions. Outcomes were identified using ICD10 codes for
in-patient hospitalisations listed as a diagnosis at any
position. A complete list of definitions is available in
Additional file 1: Table S1 and Additional file 17: Table
S2, respectively. Data were analysed based on observed
cases only without imputing of missing values, while
those without the presence of diagnostic codes—pre-
scription records of interest were assumed to be disease
free—have not taken the drug.

Lifetime risk
For lifetime risk analysis, a subset of individuals aged
45–99 years at index date were included. Baseline CVRD
was defined by history of angina; myocardial infarction,
MI; heart failure, HF; stroke/transient ischaemic attack,
TIA; peripheral artery disease, PAD; chronic kidney dis-
ease, CKD; or prescription for nitrates. The CVRD-free
population was the reference group, and those with only
one co-morbid CVRD were also looked at. Thus, the
study population was stratified into mutually exclusive
categories based on baseline CVRD: (1) CVRD-free; and
only (2) HF; (3) CKD; (4) MI; (5) stroke; or (6) PAD.

Attributable risk among the exposed and population
attributable risk
The population attributable risk analysis was conducted
in the overall study population. The population were
stratified into high (exposed) or low risk (unexposed)
groups for each baseline risk factor, as well as an overall
cardiovascular health indicator.

Outcomes
The primary outcome is major adverse renal cardiovascu-
lar events (MARCE). MARCE were defined as a composite
of cardiovascular (CV) death, and hospitalisations due to
CVRD: including HF, CKD, MI, stroke or PAD. Secondary
outcomes are the individual components of MARCE. In
sensitivity analyses, we assessed major adverse cardiovas-
cular events (MACE), defined as MI, stroke or CV death.
We used validated EHR phenotyping algorithms and tools
for national structured data [16].

Analysis
Lifetime risk
We estimated lifetime risk (i.e. risk of developing disease
over remaining years of life) for CVD, CKD and com-
posite outcomes using published methodology [13] in

those with T2D. Briefly, it is a modified technique of
survival analysis, adjusting for competing risk of death
from other causes (instead of treating subjects who die
as censored observations in traditional survival analysis).
In our analysis, participants contributed information on
incidence of disease and death free of disease for each
age attained during follow-up. For each study population
based on baseline CVRD status, remaining lifetime risks
were calculated for the first occurrence of specific CVRD
events at 45–99 years of age, with death or death free of
CVRD as a competing event. For the reference CVRD-
free population, lifetime risk for estimated for men and
women at different age groups (55, 65, 75, and 85 years
of age).

Attributable risk among the exposed and population
attributable risk
Attributable risk among the exposed (ARE) assesses ex-
cess risk among those exposed (or at high risk)—how
much of an outcome may be attributable to a risk factor
(i.e. an estimate of the excess risk) in a population ex-
posed to that factor. We fitted age, sex and baseline
cardio-renal status adjusted logistic models to estimate
predicted probabilities of MARCE and component
events, comparing patients with and without risk factors.
The adjusted estimates of outcome risk in the exposed
(or high-risk) and unexposed (low-risk) groups were
then used to obtain the excess attributable risk of CVRD
comorbidities and other risk factors: ARE = (Re − Ru)/Re,
where Re is the estimated risk of the outcome in the ex-
posed and Ru is the estimated risk in the unexposed
groups.
Using ARE, we estimated population attributable risk

(PAR), the proportion of incidence of a disease in the
population (exposed and unexposed) due to exposure,
for CVD, CKD and composite outcomes: PAR=ARE*-
proportion of exposed in the population (Pe). The
American Heart Association has defined “ideal cardio-
vascular health” and “Life’s Simple 7” (health factors:
blood pressure, cholesterol, and glucose; and health be-
haviours: cigarette smoking, physical activity, diet, and
body mass index) [18]. We estimated the reduction in
CVRD and mortality in individuals with T2D by achiev-
ing ideal cardiovascular health (with the exception of
diet which was not recorded in the available data).
Analyses were in SAS Enterprise Guide V7.15.

Results
Baseline characteristics at incident T2D diagnosis
The study population included 473,399 individuals with
incident T2D: mean age 63.5 years (SD 14.4), 45.7%
female, median follow-up 6 years [IQR 3–9], and 59%
(n=276,941) CVRD-free, i.e. no known history of MI,
HF, stroke/TIA, PAD, AKI, CKD, or prescription for
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nitrates. Individuals with no history of CVRD were
younger (mean 58.3 years, SD 13.7) than those with his-
tory of HF (mean 70.2, S.D. 13.4), CKD (mean 71.8, S.D.
12.2), MI (mean 67.3, S.D. 12.4), stroke (mean 69.3, S.D.
12.6) and PAD (68.4, S.D.11.1). There were significant
differences by gender: 46.4% female for those without his-
tory of CVRD, compared with HF: 47.9%, CKD: 58.3%,
MI: 29.9%, stroke: 45.5% and PAD: 36.4% (Table 1).
Individuals without a history of CVRD had the lowest

rates of atrial fibrillation (2.3%) and former smoking
(42.0%), and the highest rate of HbA1c levels > 10%
(10.5%). Blood pressure, cholesterol and triglycerides
were similar across individuals, regardless of prior
CVRD. Individuals without a history of CVRD had the
lowest use of aspirin (14.2%), statins (40.4%), anti-
hypertensive therapy (43.1%) and CVD risk-lowering
therapy (59.6%) in the 12months prior to index T2D
diagnosis. However, there were gaps in evidence-based
therapy for all patient groups, e.g. among those with
prior MI, stroke and PAD, only 64.2%, 68.5% and 69.5%
were taking statin, and 50.2%, 45.1% and 49.8% were tak-
ing aspirin. Use of glucose-lowering therapies was high-
est in those with PAD and lowest in those without prior
CVRD (Table 1).

Lifetime risk
In individuals free from CVRD at age 45 years, lifetime
risk of MARCE was 81% in men and 79% in women.
Because remaining life expectancy and competing risks
of death are considered, lifetime risk decreases with in-
creasing age but remained high with increasing age, e.g.
77% and 75% at age 75 years, and 73% and 68% at age
85 years in men and women respectively (Fig. 2). In indi-
viduals with HF, CKD, MI, stroke and PAD, lifetime risk
of MARCE was very high: 97.1% (95%CI 97.1-100.0),
93.3% (93.3–96.3), 97.6% (97.6–100.0), 89.2% (89.1–92.1)
and 90.8% (90.8–98.9) respectively, compared with
80.0% (79.7–80.4) in those without CVRD (Table 2).
Lifetime risk of HF was highest in those with MI

(44.0%, 37.2–49.8) and PAD (35.2%, 30.0–38.4), com-
pared with 29.2% (27.5–29.7) in those without CVRD.
For CKD, lifetime risk was highest in those with HF
(66.0%, 65.2–70.6), but similar across other categories;
CVRD-free: 53.6% (52.6-54.1), MI: 53.2 (49.1–58.8),
stroke: 54.5 (52.9–56.7) and PAD: 56.0 (53.8–61.4). Of
the major renal and CVD events, the lifetime risk of
PAD was lowest across patient groups; e.g. CVRD-free:
9.2% (8.1–9.5), HF: 12.8% (8.8–15.5), MI: 14.3% (9.1–
17.9%).
Lifetime risk of MI and CV death varied by a history

of pre-existing CVRD and were highest in those with HF
and PAD. The lifetime risk of stroke was lowest in indi-
viduals with HF (18.7%, 13.2–21.7), compared with
20.2% (18.5–20.6) in individuals without history of

CVRD (Fig. 2, Table 2). Conversely, lifetime risk of HF
was lowest in those with stroke (28.8%, 25.5–30.5), com-
pared with those without CVRD (29.2%, 27.5–29.7).

Attributable risk among the exposed and population
attributable risk
Out of the individual cardiovascular and renal comor-
bidities, ARE of MARCE was highest in T2D patients
with HF at 0.748, i.e. in those with HF only, 75% of
MARCE after index T2D can be attributed to HF. Nearly
5% of incident MARCE is attributable to CKD (PAR
0.046) and 2% (PAR 0.019) to stroke. The PAR is lower
for HF compared to CKD due to fewer individuals with
HF only (n=5310, 1.12%) compared to CKD (n=35,019,
7.40%), as PAR accounts for both strength of increased
risk and prevalence of the risk factor. Among other
modifiable risk factors, incidence of MARCE in severely
obese T2D patients would decrease by 30% by modifica-
tion to normal BMI. If the BMI of severely obese people
is reduced to normal levels, 3% of MARCE in the T2D
population could be prevented (PAR=0.031).
Smoking, poor HbA1c control (> 10%) and hyperten-

sion are risk factors for MARCE: odds ratio (95% CI)
1.15 (1.12–1.19), 1.96 (1.88–2.04) and 1.24 (1.21–1.27),
respectively, after adjusting for age, gender and baseline
CVRD status. Over a median of 6 years, current smok-
ing, poor HbA1c control and hypertension conferred an
additional 11.7%, 43.6% and 16.7% risk on MARCE. PAR
estimates for the hypothetical modification of smoking,
HbA1c or BP to reference categories are 4.0%, 3.6% and
2.8% for MARCE. Table 3 shows associations between
risk factors and MARCE, and associated PAR.
Compared with those with more than 1 modifiable

health risk behaviours, achieving ideal cardiovascular
health could substantially reduce MARCE in individuals
with T2D by an estimated 41.5%. In those with ≥3 and
< 3 modifiable health risk behaviours, achieving ideal
cardiovascular health could prevent 17.2% and 23.6% of
MARCE in the T2D population, respectively. Other
CVRD outcomes are in Additional files Table S1-S9.

Discussion
In the first nationally representative, population-based
study of lifetime risk in individuals with T2D, we have
four major findings. First, in newly diagnosed T2D, 4
out of 5 individuals without, and nearly all with, history
of CVRD develop CVD or CKD events over their life-
time. Second, 1 in 2 individuals with newly diagnosed
T2D develops CKD over their lifetime, increasing to 2 in
3 in those with HF. Third, ideal cardiovascular health in
individuals with T2D could reduce the risk of CVRD
and mortality in the entire T2D population by 37.1%
and 46.3%, respectively. Fourth, evidence-based therapies
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are under-used for CVD risk reduction in individuals
with T2D, regardless of underlying CVRD.

Lifetime risk—a tool for lifelong prevention in diabetes
Prevention of particular microvascular and macrovascu-
lar complications is already a priority in high-risk indi-
viduals with T2D [5, 19]. More generally, there are
increasing calls for prioritisation of non-communicable
diseases and multi-morbidity during and after the pan-
demic, whether to reduce risk of severe COVID-19 or
the overall global burden of disease [11, 3]. However, the
majority of clinical and public health efforts rest on
short-term risk, and even in prevention, 10 years is the
maximum window over which risk is estimated and con-
veyed to patients. However, focus on acute and shorter-
term outcomes under-estimates total disease burden,
where nearly all individuals with T2D and previous
CVRD go on and have further MARCE over their life-
time. Improved secondary prevention is a major oppor-
tunity to reduce healthcare costs to patients and health
systems. Given high lifetime T2D risk globally [12], the

high lifetime risk of CVRD which we describe, preven-
tion earlier in the disease spectrum is of relevance to re-
searchers, clinicians and policymakers, even in those
with T2D alone (which is considered lower risk by exist-
ing prediction tools [23, 24]). For example, our findings
may change the misperception of the risk status in the
younger T2D population and inform change in national
guidelines for diabetes and cardiorenal risk management
in these individuals (Fig. 20–22).

Multi-morbidity over the life course
Compared with other diseases, those with T2D have a
high lifetime risk of CKD (1 in 2), HF (2 out of 3) and
CVRD (at least 8 out of 10). Research and practice in
T2D and other long-term conditions emphasise multi-
morbidity at baseline, but have neglected development
of multi-morbidity over the life course [25], where bene-
fits of primordial and primary prevention are greater for
individuals, populations and health systems. The
majority of scientific and clinical discourse has been
disease-specific, with multi-morbidity focusing on num-
ber rather than specific combinations of diseases and
risk factors. Studies have concentrated on coronary dis-
ease or CVD specifically [5]. Whether traditional statis-
tical methods (e.g. regression analysis) or novel analytics
such as clustering to discover subtypes or predict risk,
studies have tended to consider individual diseases ra-
ther than groups of diseases together, such as CVRD
[26]. Perhaps truly unsupervised approaches need to
look at wider ranges of disease or composite exposures
(e.g. CVRD) and outcomes (e.g. MARCE) over longer
periods of time, if not over the life course, in order to
more accurately reflect subtypes, distributions and tra-
jectories of disease, with implications for chronic disease
prevention and management.

The need for integrated care in cardiovascular-renal
disease
Cardiorenal [26] and cardiometabolic syndromes [5]
have gained attention in recent years from diagnosis to

Table 2 Lifetime risk (%) with 95% confidence interval of individual and composite major adverse renal and cardiovascular events
by baseline disease status in T2D

Baseline status Outcomes

HF HF HF HF HF HF HF

Reference: CVRD free 29.2 (27.5–29.7) 53.6 (52.6–54.1) 18.9 (17.2–19.3) 20.2 (18.5–20.6) 9.2 (8.1–9.5) 40.5 (40.0–41.1) 80.0 (79.7–80.4)

HF only – 66.0 (65.2–70.6) 25.7 (21.6–29.4) 18.7 (13.2–21.7) 12.8 (8.8–15.5) 66.0 (65.0–69.4) 97.1 (97.1–100)

CKD only 34.7 (32.9–36.2) – 20.7 (18.7–22.0) 20.3 (18.2–21.6) 13.0 (11.2–14.3) 45.7 (44.3–47.2) 93.3 (93.3–96.3)

MI only 44.0 (37.2–49.8) 53.2 (49.1–58.8) – 24.4 (15.9–28.1) 14.3 (9.1–17.9) 60.3 (56.1–64.4) 97.6 (97.6–100)

Stroke only 28.8 (25.5–30.5) 54.5 (52.9–56.7) 23.8 (20.4–25.8) – 12.3 (10.2–13.6) 56.2 (54.7–57.9) 89.2 (89.1–92.1)

PAD only 35.2 (30.0–38.4) 56.0 (53.8–61.4) 29.2 (21.4–33.7) 27.7 (21.0–31.8) – 52.5 (49.0–56.0) 90.8 (90.8–98.9)

Abbreviations: HF heart failure, CKD chronic kidney disease, CVD cardiovascular disease, MI myocardial infarction, MARCE major adverse renal cardiovascular
events, PAD peripheral artery disease

Fig. 2 Lifetime risk of major adverse renal and cardiovascular events
(MARCE) by gender for reference CVRD-free population. Major
adverse renal cardiovascular events (MARCE) includes a composite of
cardiovascular death, and any hospitalisations due to heart failure
chronic kidney disease, myocardial infarction, stroke or peripheral
artery disease
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Table 3 Age, sex and baseline CVRD status-adjusted risk estimates and population attributable fractions (PAR) for non-modifiable
and modifiable risk factors of MARCE in type 2 diabetes

Risk factors Category OR (95%CI) Estimated risk ARE % of events (Pe) PAR

Non-modifiable

Age < 45 1 0.030 11.1

45–54 1.55 (1.49, 1.61) 0.045 0.345 17.5 0.060

55–64 2.47 (2.38, 2.55) 0.070 0.577 23.4 0.135

65–74 4.35 (4.20, 4.50) 0.118 0.747 24.3 0.181

75–84 7.75 (7.47, 8.03) 0.192 0.845 17.8 0.150

85+ 9.79 (9.38, 10.21) 0.231 0.871 5.9 0.052

Sex Female 1 0.514 45.7

Male 1.20 (1.18, 1.23) 0.559 0.082 54.3 0.044

Modifiable

Comorbidities CVRD free 1 0.045 58.5

HF only 4.60 (4.20, 5.04) 0.177 0.748 1.1 0.008

CKD only 2.86 (2.76, 2.96) 0.118 0.621 7.4 0.046

MI only 4.29 (3.79, 4.85) 0.167 0.733 0.6 0.004

Stroke only 2.17 (2.06, 2.28) 0.092 0.515 3.6 0.019

PAD only 3.81 (3.54, 4.10) 0.151 0.704 1.2 0.009

Multiple CVRD 4.69 (4.58, 4.79) 0.180 0.751 27.6 0.207

BMI Normal (20–24) 1 0.124 12.7

Under weight (< 20) 0.96 (0.88, 1.04) 0.120 -0.039 1.6 -0.001

Over weight (25–29) 0.99 (0.96, 1.03) 0.123 -0.005 31.6 -0.002

Obese (30–39) 1.12 (1.09, 1.16) 0.137 0.096 43.3 0.042

Severely obese (40+) 1.49 (1.42, 1.56) 0.174 0.287 10.8 0.031

Smoking Never 1 0.129 19.7

Former 1.03 (1.00, 1.06) 0.132 0.026 46.3 0.012

Current 1.15 (1.12, 1.19) 0.146 0.117 34.0 0.040

HbA1c < 7% 1 0.109 50.8

7–10% 1.45 (1.42, 1.48) 0.150 0.276 40.9 0.113

10% 1.96 (1.88, 2.04) 0.192 0.436 8.3 0.036

Hypertension SBP < 150 and DBP < 100 1 0.134 83.3

SBP > 150 or DBP > 100 1.24 (1.21, 1.27) 0.161 0.167 16.7 0.028

High cholesterol HDL ≥1 and LDL ≤3 and triglyceride ≤2.3 1 0.127 38.4

HDL ≤1 or LDL ≥3 or triglyceride ≥2.3 1.10 (1.08, 1.13) 0.139 0.083 61.6 0.051

Physical activity Inactive 2.19 (2.07, 2.32) 0.140 0.506 43.0 0.217

Moderately inactive 1.01 (0.93, 1.09) 0.069 0.005 9.1 0.000

Moderately active 1.49 (1.41, 1.58) 0.100 0.307 36.0 0.110

Active 1 0.069 12.0

Overall cardiovascular health* Ideal 1 0.080 1.0

≥1 risk factor 1.84 (1.72, 1.97) 0.138 0.419 99.0 0.415

*Risk factors: BMI ≥30, current smoker, HbA1c ≥7%, hypertension, high cholesterol, inactive. Each multivariable logistic model adjusted for age, sex and baseline
cardio-renal status. ARE = (Re − Ru)/Re, where Re is the estimated risk of the outcome in the exposed and Ru is the estimated risk in the unexposed groups. PAR=
ARE*proportion of exposed in the population (Pe). Abbreviations: ARE attributable risk among the exposed, BMI body mass index, CVRD cardiovascular and renal
diseases, DBP diastolic blood pressure, HbA1c glycated haemoglobin, HF heart failure, HDL high-density lipoprotein, CKD chronic kidney disease, HDL low-density
lipoprotein, MI myocardial infarction, SBP systolic blood pressure, PAR population attributable risk, PAD peripheral artery disease
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treatment. We show a particular risk of CKD, suggesting
future prioritisation for earlier preventive therapies. Our
data support recognition of CVRD, MARCE and broader
outcomes for clinical practice, public health and re-
search, from trials to service delivery. A recent long-
term study of individuals with HF in the UK showed
high prevalence, hospitalisation and mortality in pres-
ence of T2D and CKD [27]. Median survival was lowest
in individuals with HF, CKD and T2D (0.7–2.8 years de-
pending on stage of CKD), compared with HF-T2D-only
(4.1 years), HF-CKD only (2.2 years) and no CKD or HF
(4.4 years). We now add importance of burden of HF in
T2D, partly due to high lifetime risk (30%), but also be-
cause 75% of MARCE are attributable to HF in those
with T2D and HF. Research and clinical guidelines in
T2D have stressed atherosclerotic CVD, but must also
emphasise primary and secondary prevention to CVD
more broadly, particularly HF. Health systems have
responded by specialisation, when greater integration of
specialties, more emphasis on primary care, early identi-
fication, recognition of multi-organ impairment and
treatment of the people at most risk at multiple stages in
the lifelong trajectory of T2D are required. Joint guide-
lines across societies and disease specialties are a positive

step, but concerted collaboration is required, with rele-
vance to other long-term conditions

Prevention gaps in type 2 diabetes
Given common risk factors across common diseases, in-
tegrated primary prevention approaches such as “ideal
cardiovascular health” and the American Heart Associa-
tion’s “Life’s Simple 7” are likely to have a greater impact
than disease-specific approaches. Ideal cardiovascular
health in individuals with CKD is associated with a lower
risk of end-stage renal disease and mortality(19). Our
analyses in T2D show the importance of these factors
and behaviours in the prevention of CVRD, to inform
public health messages to patients.

Treatment gaps in type 2 diabetes
Novel therapies such as SGLT-2 inhibitors have shown
improved outcomes across organ systems in T2D(9),
renewing interest in overlap between HF, CKD and
T2D. However, we confirm practice gaps in utilisation,
despite established and evidence-based therapies for
CVD prevention in people with T2D. For example, only
two-thirds and half of the T2D patients with atheroscler-
otic CVD were taking statins and aspirin, respectively.
Improved drug therapy, smoking cessation and blood
pressure and glycaemic control are crucial targets at in-
dividual and population levels to reduce CVRD in the
context of T2D.

Strengths and limitations
Although previous studies have considered lifetime risk
of CVD, CKD and CVD in T2D [14–16, 28], this is the
first study to date of lifetime risk of CVD and CKD to-
gether, and the first study across these diseases in T2D.
We used lifetime risk, which gives a more complete pic-
ture of total disease burden, accounts for the effect of
prolonged exposure to risk factors, remaining life ex-
pectancy and competing causes of death. Our analyses
used nationally representative, population-based health
record data, increasing the generalisability of our find-
ings. There are some limitations. In the UK, our study
population was 5% of the overall population. We did not
have country-level data outside the UK and so our

Fig. 3 Lifetime risk of individual and composite major adverse renal
and cardiovascular events. Abbreviations: cardiovascular and renal
diseases, CVRD; heart failure, HF; chronic kidney disease, CKD;
myocardial infarction, MI; peripheral artery disease, PAD

Fig. 4 Summary figure. *Among T2D patients free of CVRD at >45 years of age
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findings may need to be validated in other countries.
Our analyses of risk use retrospective EHR data. In this
study, we were unable to include asymptomatic CVRD
or the incidence of CVRD without the need for hospital-
isation in the outcome. The criteria for hospitalisation
for CVRD may vary by clinician and institution and this
was neither captured nor assessed in our analysis. We
modelled using limited comorbidities, and absolute risk
estimation methods do not allow for covariate adjust-
ment throughout the lifecourse. For example, we did not
study the impact of ethnicity. Residual confounding at-
tributable to variables not covered by our data, such as
diabetes duration, proteinuria and assessment of cardiac
function might have influenced the results.

Conclusions
Four out of five individuals with T2D free from cardio-
vascular and renal disease, and nearly all those with a
history of cardiovascular and renal disease, will develop
major adverse renal and cardiovascular events over their
lifetime. Early preventive measures in T2D patients are a
clinical, public health and policy priority, including com-
municating using lifetime risk measures, integrated care
across specialties, primary prevention strategies and im-
proving the use of established therapies (Fig. 4).

Abbreviations
CVRD: Cardiovascular and renal diseases; MARCE: Major adverse renal
cardiovascular events; T2D: Type 2 diabetes; CVD: Cardiovascular diseases;
EHR: Electronic health records; MI: Myocardial infarction; HF: Heart failure;
TIA: Transient ischaemic attack; PAD: Peripheral artery disease; CKD: Chronic
kidney disease; ARE: Attributable risk among the exposed; PAR: Population
attributable risk
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