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Abstract 

Background  There is substantial evidence that systemic anticancer therapies and radiotherapy can increase 
the long-term risk of cardiovascular disease (CVD). Optimal management decisions for cancer patients therefore 
need to take into account the likely risks from a proposed treatment option, as well as its likely benefits. For CVD, 
the magnitude of the risk depends on the incidence of the disease in the general population to which the patient 
belongs, including variation with age and sex, as well as on the treatment option under consideration. The aim of this 
paper is to provide estimates of CVD incidence rates in the general population of England for use in cardio-oncology 
and in other relevant clinical, research and health policy contexts.

Methods  We studied a population-based representative cohort, consisting of 2,633,472 individuals, derived by elec-
tronic linkage of records from primary care with those of admitted-patient care in England during April 1, 2010, 
to April 1, 2015. From 38 individual CVDs available via the linked dataset we identified five relevant categories of CVD 
whose risk may be increased by cancer treatments: four of heart disease and one of stroke.

Results  We calculated incidence rates by age-group and sex for all relevant CVD categories combined, for the four 
relevant categories of heart disease combined, and for the five relevant CVD categories separately. We present 
separate incidence rates for all 38 individual CVDs available via the linked dataset. We also illustrate how our data can 
be used to estimate absolute CVD risks in a range of people with Hodgkin lymphoma treated with chemotherapy 
and radiotherapy.

Conclusions  Our results provide population-based CVD incidence rates for a variety of uses, including the estimation 
of absolute risks of CVD from cancer treatments, thus helping patients and clinicians to make appropriate individual-
ized cancer treatment decisions.
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Radiotherapy

†Johanna Ramroth and Rebecca Shakir contributed equally to this study.

*Correspondence:
Johanna Ramroth
johanna.ramroth@ndph.ox.ac.uk
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40959-023-00189-8&domain=pdf


Page 2 of 16Ramroth et al. Cardio-Oncology            (2023) 9:41 

Graphical Abstract
Graphical Abstract: Cardiovascular incidence rates for use in cardio-oncology and elsewhere: A presentation of age- 
and sex-specific cardiovascular disease (CVD) incidence rates for use in calculation of absolute cardiovascular risks 
of cancer treatments, and in other clinical, research and health policy contexts. Abbreviations– CVD: cardiovascular 
disease; y: years

Background
Recent decades have seen substantial improvements in 
cancer treatments and survival, but there are concerns 
about the effects of some treatments on the long-term 
risks of cardiovascular disease (CVD) [1]. Systemic anti-
cancer treatments (SACT), particularly anthracyclines 
and trastuzumab, are known to induce cardiomyopathy 
which can lead to heart failure [2]. Radiotherapy to the 
thorax can increase the risks of atherosclerotic coronary 
artery disease, valvular heart disease and pericardial dis-
ease [3] while radiotherapy to the neck, brain [4] and 
possibly also to the mediastinum, can increase the risk of 
ischemic stroke [5]. Screening of patients who have had 
radiotherapy to the mediastinum has shown a significant 
proportion have conduction defects [6], although the 

magnitude of the risk following contemporary doses is 
currently uncertain.

Individual treatment decisions can only be made on 
an informed basis if patients and clinicians have infor-
mation predicting the likely risks as well as the likely 
benefits of all available treatment options. The majority 
of information on the long-term risks of CVD resulting 
from cancer treatment has been provided by epidemio-
logical studies in which large groups of cancer patients, 
with documented levels of exposure to SACT and/
or radiotherapy, have been followed over many years. 
These studies provide information on the proportional 
increases in the rates of particular diseases arising after 
treatment with a certain dose of SACT or radiation [7–
10]. In order to be helpful in determining the optimal 
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treatment strategy for individual cancer patients, these 
proportional estimates need to be combined with back-
ground incidence rates and converted into absolute risks. 
For example, a proportional estimate may suggest that a 
patient’s incidence rate of ischemic heart disease (IHD) 
would increase by 30% if they underwent a certain treat-
ment, but if their background IHD rate is already high, 
that will translate into a much bigger absolute increase 
in risk than for an individual whose background rate is 
low. Estimates of the incidence rates of CVDs in general 
populations are, therefore, instrumental to predicting 
the likely absolute risks of CVD from cancer treatments. 
CVD incidence rates vary substantially by age and sex, 
so, in order to be useful, incidence rates must also be 
age- and sex-specific.

Here, we report CVD incidence rates in a large, repre-
sentative, population sample derived from primary care 
records linked to hospital records in England. We focus 
on the most clinically relevant CVD categories, that is, 
those for which it is widely accepted that the risk can 
be increased by cancer treatments, and we exclude peo-
ple with a pre-existing diagnosis of a relevant CVD. We 
provide information on all relevant CVDs combined, all 
relevant heart diseases combined and five relevant CVD 
categories separately. We also provide separate incidence 
rates for all 38 individual CVDs available via the linked 
dataset we have used.

Methods
Study population
We studied pseudonymized population-based electronic 
health records (EHRs) of primary-care patient-level data 
from the Clinical Practice Research Datalink (CPRD) linked 
via NHS numbers, sex and post-code of home address to 
Hospital Episode Statistics (HES) for admitted-patient care 
[11, 12]. Individuals were eligible for the study if they met 
the following criteria on April 1, 2010: aged at least one 
year; registered with a general practice in England that had 
consented to linkage and that had contributed up-to-stand-
ard data to CPRD for at least one year; and the individual’s 
record met research standards set by the CPRD [11]. The 
study was conducted in accordance with the Declaration of 
Helsinki and approved by the Independent Scientific Advi-
sory Committee for the Medicines and Healthcare prod-
ucts Regulatory Agency (protocol 16_022).

Identification of relevant CVDs
Case definitions were based on phenotyping algorithms 
for 38 CVDs obtained from the CALIBER platform [11, 
13]. These were derived from diagnostic and procedural 
codes in the Read Codes, the International Classifica-
tion of Diseases tenth revision, and the Office of Popula-
tion Censuses and Surveys Classification of Interventions 

and Procedures version 4, as recorded in CPRD and HES 
and described previously [12]. Details are available on the 
CALIBER platform [11]. Of these 38 CVDs, we identified 
19 for which it is widely accepted that cancer treatments 
may increase the risk. These 19 relevant diseases were 
the main focus of this study. We grouped them into five 
categories: ischemic heart disease (IHD), cardiomyopa-
thy and heart failure (HF), valvular heart disease (VHD), 
conduction defects & pericardial effusion (CDPE), and 
stroke (excluding cases specified as hemorrhagic) (Fig. 1). 
The remaining CVD diagnoses were excluded from our 
main analyses, either because they are not known to be 
increased following any cancer treatment (e.g. abdominal 
aortic aneurysm) or because they are likely to be transient 
and without lasting direct consequence (e.g. transient 
ischemic attack) (see Additional Table e1 for details).

Statistical analysis
Many patients develop several CVDs and the devel-
opment of one disease often increases the risk of sub-
sequently developing another. If a cancer patient has 
already developed a CVD whose risk is known to be 
increased by a cancer treatment, it is less likely that they 
will be considered appropriate for a treatment regime 
that further increases CVD risk. Therefore, in our main 
analyses we excluded individuals who had been diag-
nosed with a condition in any one of our five CVD cat-
egories before April 1, 2010. All remaining individuals 
entered the study on April 1, 2010, and contributed to the 
person-years at risk from that date until the earliest of: 
first diagnosis of a relevant CVD (using one of the defini-
tions below); death; de-registration from the practice; last 
data collection from the practice; or March 31, 2015.

A few individuals had more than one relevant CVD 
diagnosed on the same day. In this case, IHD and stroke 
took precedence over the other categories. If both IHD 
and stroke were diagnosed on the same day, 0.5 was allo-
cated to each category. If diagnoses in several CVD cat-
egories other than IHD or stroke were recorded on the 
same day, 0.5 was added to each category if two CVD cat-
egories were involved, or 0.33 if three were involved.

For each analysis, the numbers of diagnoses and the 
corresponding numbers of person-years at risk were tab-
ulated according to sex and attained age in the following 
groups: 1–9, 10–19, 20–29, 30–39, 40–49, 50–54, 55–59, 
60–64, 65–69, 70–74, 75–79, 80–84, and ≥ 85 years. The 
numbers of diagnoses in each cell of the tabulation were 
assumed to follow a Poisson distribution, and incidence 
rates were calculated as the ratio of the number of diag-
noses to the corresponding number of person-years. 
Confidence intervals were derived on the log scale to take 
account of the constraint that a rate must be greater than 
zero [16]. Age-standardized incidence rates were also 
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calculated, using the European standard population for 
males and females [17]. To preserve confidentiality, cat-
egories with fewer than ten diagnoses were not reported.

CVD endpoints
We calculated incidence rates using a number of different 
methods to define cardiovascular endpoints of interest. 
These are described below and summarized in Fig. 2.

First we calculated the incidence rate for all relevant 
CVD categories combined, considering just the earliest 
diagnosis of any CVD (Method A1). Some studies inves-
tigating radiotherapy regimens that involve treatment 
of both the heart and neck need to consider both stroke 
and heart disease, whereas others that consider only tho-
racic radiotherapy may need to focus just on heart dis-
ease. We therefore repeated our calculations considering 
just diagnoses recorded as heart disease (i.e. IHD, HF, 
VHD, CDPE) (Method B1); in this calculation, diagnoses 
recorded as stroke were ignored.

Irrespective of whether a particular study focuses on all 
CVD or just on heart disease, it may sometimes be appro-
priate to exclude diseases for which the magnitude of the 
risk following contemporary doses is currently uncertain, 
such as CDPE. We therefore repeated our calculations for 
both all CVD and all heart disease, but ignoring diagno-
ses recorded as CDPE (Methods A2 and B2).

Sometimes it is of interest to know the contribu-
tion that an individual disease category makes to the 

overall incidence rate. Therefore, for each of the above 
four methods, we have also provided the contribution 
of each of the five CVD categories to the overall rate, 
using just the diagnoses that were attributed to that 
specific disease category, together with the person-
years used in the calculation of the overall rate. At other 
times, it may be appropriate to consider a single CVD 
category in isolation (e.g. HF when studying the effect 
of anthracyclines, or stroke when studying the effect of 
radiotherapy to the neck). We therefore also calculated 
incidence rates separately for each of the five catego-
ries; for example, for IHD we considered just the first 
diagnosis in that category and ignored diagnoses in the 
other four categories. For each category we considered 
the numbers of person-years appropriate to that specific 
category (Method C).

In addition to our main analyses, we also calculated 
incidence rates for all 38 available individual CVDs. The 
method used was similar to that used for method C of 
the main analyses except that only individuals who had a 
diagnosis of the specific disease in question prior to April 
1, 2010, were excluded from the rate calculations for that 
disease.

Illustrative example for Hodgkin lymphoma treatment
We illustrate how CVD incidence rates can be used to 
guide cancer treatment decisions by considering the 
example of early-stage Hodgkin lymphoma (HL). We 

Fig. 1  Categorized and individual cardiovascular diseases (CVDs). The five relevant cardiovascular disease categories whose risk can be increased 
by cancer treatments, and their composition in terms of individual CVDs defined using algorithms from the CALIBER platform. See Additional Table 
e1 for further details
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consider patients who are hypothetical but typical of 
those randomized in a trial designed to test whether 
patients with early-stage HL and a complete response 
on positron-emission tomography (PET) after three 
standard cycles of chemotherapy with doxorubicin, ble-
omycin, vinblastine, and dacarbazine (ABVD), require 
radiotherapy [18]. When the trial was initiated, it had 
already been established that such patients had excel-
lent 5-year overall survival (> 95%) but it was not known 
whether the additional benefit of radiotherapy in reduc-
ing the risk of a relapse of HL would be outweighed by an 
increased risk of radiation-related CVD and other pos-
sible risks. Patients were therefore randomized to 30 Gy 
involved field radiotherapy (IFRT) or to no further treat-
ment. Among those randomized to radiotherapy, those 
with no mediastinal involvement by HL had minimal 
radiation doses to the whole heart (average mean heart 
dose 0.3 Gy, range 0.1–1.4 Gy) [15]. In contrast, patients 
with mediastinal involvement received a mean whole 
heart dose of 7.8 Gy on average, but varying from 0.8 to 
24.0 Gy in individual patients, depending on the size of 
the radiation fields needed to cover the original extent of 
the disease and the patient’s individual anatomy (Table 1). 
Such exposures would result in increased risks of IHD 
(due to exposure of the whole heart), HF (due to expo-
sure of the left ventricle) and VHD (due to exposure of 

the cardiac valves). These patients were also at increased 
risk of ischemic stroke, presumably due to exposure of 
the common carotid arteries (28.3 Gy on average, varying 
from 10.5 to 38.1  Gy, depending on the radiation fields 
used and the patient’s individual anatomy). Estimates 
of the relationship between the percent increase in the 
age-specific incidence rate of the relevant CVD per unit 
radiation dose to the relevant organ for these four dis-
eases have been published and are described in Table 1. 
In addition, all patients would have been at increased 
risk of HF due to their chemotherapy, which in this case 
included 150 mg/m2 of anthracycline. An estimate of the 
relationship between HF and anthracycline dose has also 
been published (Table 1).

We considered a series of hypothetical patients, male 
and female, of different ages, treated for HL. We cal-
culated cumulative risks of any incident CVD over 
the 30  years following treatment, based on receiving 
three cycles of ABVD and the average mean organ dose 
received by patients who had mediastinal radiotherapy 
in the RAPID trial, taking account of the competing 
risk of dying from diseases other than CVD. These risks 
were calculated under three treatment scenarios for each 
patient: (i) no treatment, (ii) chemotherapy only, and (iii) 
chemotherapy and radiotherapy. Risks in (i) were calcu-
lated using the age- and sex-specific incidence rates for 

Fig. 2  Alternative methods of defining relevant cardiovascular endpoints, and examples of their potential use. CVD: cardiovascular disease; IHD: 
ischemic heart disease
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all relevant CVDs, as shown in the top row of Fig. 3 and 
in Additional Table e2; risks in (ii) were calculated as in 
(i) but increasing the age-specific rates for HF to allow for 
the increase in risk from the anthracycline as indicated 
in Table 2; and in (iii) the risks were calculated as in (ii) 
but also increasing the age-specific rates for HF, VHD, 
IHD and other CVDs to take account of the risk from the 
radiation delivered to the left ventricle, valves, and whole 
heart respectively. See Additional Text e1 for further 
details.

Results
Population characteristics
The study population included 2,633,472 individuals, 
comprising 5.0% of the total English population. Overall 
50.5% were female, with slightly more males in younger 
age categories, and substantially more females in older 
ones (Table 2). Thirty-four thousand females were diag-
nosed with a cardiovascular disease during 4.9 million 
person-years of observation and 35 thousand males were 

diagnosed with a cardiovascular disease during 4.8 mil-
lion years of observation.

All relevant CVDs (Methods A1 & A2)
The incidence rate for all relevant CVDs rose steeply with 
age in both males and females (Table  2, Fig.  3 top row). 
The age-standardized rate was higher in males than in 
females (males: 9603 per million person-years (mpy), 
females: 6935 mpy), but the difference between the male 
and female rates varied by age. At ages up to 40 the rates 
in the two sexes differed little but, from age 40, the rate 
was higher in males than in females and the absolute dif-
ference between the two increased with increasing age 
(Additional Figure e1). Rates of each of the component 
CVDs also increased steeply with age for both sexes. 
CDPE was the largest individual contributor in the young-
est age-groups (Additional Table e2). Then, from age 30 
in males and age 50 in females, IHD was the largest con-
tributor (Fig. 3 bottom row). The IHD rate among males 
increased rapidly at ages 30–55, then more slowly at ages 

Table 1  Dose-response relationships and organ-specific radiotherapy doses used in Hodgkin lymphoma (HL) example

Abbreviations: y Years, age_tx Age at treatment, RR Relative rate, i.e. factor by which age- and sex-specific population-based CVD incidence rate is multiplied due to the 
cancer treatment, ERR Excess relative rate per gray, Gy Gray

CVD Organ at risk Relationship between radiation dose measure and relevant CVD Organ-specific doses 
in HL example (Gy)

Radiation dose 
measure

Model for relative increase in CVD rate Reference Average Range

Ischaemic heart 
disease

Whole heart Mean dose 
to whole heart 
(MHD)

RR = 1 + ERR*MHD
ERR = 0.20 if age_tx < 28 y
ERR = 0.088 if 28 ≤ age_tx ≤ 36 y
ERR = 0.042 if age_tx > 36 y

[7] 7.8 0.8–24.0

Valvular heart disease Heart valves Weighted sum 
of mean doses 
to valves (sumVD)

RR = 1 + e(−5.02) x sumVD x e(0.075*sumVD) [8] 12.6 0.8–33.1

Cardiomyopathy 
and heart failure

Left ventricle Mean dose to left 
ventricle (MLVD)

RR = 1 + e(−4.12) x MLVD x e(0.06*MLVD) + e0.97xdanthra
danthra = 1 if 150 mg/m2 of anthracyclines are given
danthra = 0 if no anthracyclines are given

[9] 3.3 0.3–20.5

Stroke Common 
carotid arteries

Mean dose to  
common carotid 
arteries (MDCCA)

RR = 1 + ERR x MDCCA​
ERR = 0.0684 if age_tx ≤ 20 y
ERR = .0513 if 20 < age_tx ≤ 30 y
ERR = .0244 if 30 < age_tx ≤ 40 y
ERR = .0098 if age_tx > 40 y

[14] 28.3 10.5–38.1

Other cardiovascular 
diseases

Various Various Dose-response relationships are not available 
for these diseases individually. As an approxima-
tion, a weighted average of the above models 
can be used, with the weights depending 
on the diseases and exposures under considera-
tion. For this example, an average of the models 
for IHD and CHF was used

[15] Average 
of MHD 
and MLVD

-

(See figure on next page.)
Fig. 3  Incidence of all relevant CVDs by age and sex (Method A1). Top row: incidence rate of all relevant CVDs combined, including conduction 
defects and pericardial effusion, calculated using method A1. Bottom row: contributions of individual CVD categories to incidence rate of all 
relevant CVDs combined. In all four panels only an individual’s first recorded diagnosis of any relevant CVD is included (see Tables 1 and e2). 
For each age and sex group, the sum of the rates across the five categories in the bottom row is equal to the corresponding rate for all relevant 
CVDs in the top row
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Fig. 3  (See legend on previous page.)



Page 8 of 16Ramroth et al. Cardio-Oncology            (2023) 9:41 

Table 2  Numbers of individuals in the study and incidence rates for all relevant cardiovascular diseases and all relevant heart diseases, 
including and excluding events recorded as conduction defects and pericardial effusion, by age and sex
Age groups (years) Numbers of 

individuals in the 
study population (%)

All relevant cardiovascular diseases All relevant heart diseases

Incidence rate per million person-years  
(95% confidence interval)

Incidence rate per million person-years  
(95% confidence interval)

Including conduction 
defects and pericardial 
effusion
(Method A1)

Excluding conduction 
defects and pericardial 
effusion
(Method A2)

Including conduction 
defects and pericardial 
effusion
(Method B1)

Excluding conduction 
defects and pericardial 
effusion
(Method B2)

Females

1–9 141 765  (10.8%) 171 (135-217) 112 (84-151) 151 (117-194) 92 (66-127)

10–19 154 564 (11.8%) 321 (279-370) 141 (114-175) 296 (256-343) 116 (92-147)

20–29 153 845 (11.7%) 621 (555-695) 313 (267-367) 557 (494-628) 249 (209-298)

30–39 182 433  (13.9%) 961 (886-1042) 617 (558-683) 782 (714-855) 437 (387-493)

40–49 213 879 (16.3%) 1953 (1859-2051) 1478 (1397-1564) 1542 (1459-1629) 1065 (996-1138)

50–54 90 825 (6.9%) 3353 (3175-3541) 2838 (2675-3011) 2549 (2394-2713) 2030 (1893-2178)

55–59 82 961 (6.3%) 4930 (4698-5174) 4179 (3966-4404) 3837 (3633-4052) 3081 (2899-3275)

60–64 85 099 (6.5%) 6999 (6719-7290) 6121 (5860-6393) 5372 (5128-5628) 4496 (4274-4730)

65–69 63 521 (4.8%) 10 426 (10 063-10 801) 9416 (9073-9773) 7944 (7629-8272) 6941 (6647-7247)

70–74 51 455 (3.9%) 16 975 (16 438-17 529) 15 604 (15 090-16 135) 12 735 (12 273-13 214) 11 319 (10 885-11 771)

75–79 40 437 (3.1%) 27 772 (27 007-28 559) 25 897 (25 159-26 657) 20 631 (19 976-21 307) 18 745 (18 122-19 389)

80–84 28 671 (2.2%) 42 339 (41 233-43 475) 40 039 (38 966-41 141) 31 087 (30 150-32 053) 28 806 (27 906-29 735)

 ≥ 85 25 893 (2.0%) 73 491 (71 975-75 039) 70 258 (68 780-71 768) 54 263 (52 979-55 579) 51 099 (49 856-52 373)

Total individuals 1 315 348 (100.0%) - - - - - - - -

No. of cases - 34 037 - 30 906 - 25 948 - 22 762 -

Total person-years - 4 892 483 - 4 898 474 - 4 905 948 - 4 912 064 -

Crude rate - 6957 (6883-7031) 6309 (6239-6380) 5289 (5225-5354) 4634 (4574-4695)

Age-standardized  rate - 6935 (6861-7008) 6284 (6214-6354) 5219 (5156-5283) 4568 (4508-4627)

Males

1–9 148 578 (11.5%) 219 (178-269) 129 (98-169) 187 (150-234) 97 (71-133)

10–19 169 356 (13.1%) 300 (261-345) 154 (127-187) 279 (241-322) 132 (107-164)

20–29 161 190 (12.5%) 470 (416-531) 285 (244-333) 438 (386-496) 253 (214-298)

30–39 187 354 (14.5%) 920 (847-1000) 738 (673-810) 786 (718-859) 603 (545-668)

40–49 221 575 (17.2%) 2881 (2767-2999) 2605 (2497-2718) 2392 (2289-2500) 2116 (2019-2218)

50–54 92 305 (7.2%) 5772 (5537-6017) 5343 (5117-5578) 4724 (4512-4946) 4288 (4087-4500)

55–59 80 794 (6.3%) 9113 (8792-9446) 8475 (8166-8796) 7187 (6903-7483) 6544 (6273-6826)

60–64 78 959 (6.1%) 12 377 (11 990-12 777) 11 453 (11 081-11 837) 9595 (9256-9947) 8670 (8349-9005)

65–69 54 989 (4.3%) 17 057 (16 563-17 567) 15 747 (15 272-16 236) 13 048 (12 617-13 493) 11 716 (11 309-12 138)

70–74 40 470 (3.1%) 25 296 (24 568-26 045) 23 531 (22 831-24 253) 19 149 (18 521-19 799) 17 339 (16 742-17 956)

75–79 27 781 (2.2%) 37 237 (36 200-38 305) 34 192 (33 201-35 213) 28 069 (27 177-28 990) 24 997 (24 159-25 865)

80–84 16 496 (1.3%) 54 239 (52 658-55 867) 50 360 (48 843-51 924) 41 200 (39 840-42 606) 37 213 (35 926-38 545)

 ≥ 85 10 492 (0.8%) 87 022 (84 586-89 530) 80 493 (78 162-82 893) 67 406 (65 294-69 585) 60 829 (58 835-62 890)

Total individuals 1 290 339 (100.0%) - - - - - - - -

No. of cases - 35 404 - 32 580 - 27 862 - 24 946 -

Total person-years - 4 773 726 - 4 778 987 - 4 787 358 - 4 792 811 -

Crude rate - 7416 (7340-7494) 6817 (6744-6892) 5820 (5752-5889) 5205 (5141-5270)

Age-standardized rate - 9603 (9503-9703) 8823 (8727-8918) 7430 (7343-7518) 6641 (6558-6723)
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55–65, before increasing rapidly again among older males. 
From ages 75 in males and 65 in females IHD was super-
seded by stroke. From ages 80 in males and 85 in females, 
HF was the largest contributor.

When events recorded as CDPE were excluded, the 
age-standardized rates reduced slightly, to 8823 per mpy 
in males and 6284 per mpy in females (Table 2). The age-
specific CVD rates were unchanged at younger ages and 
reduced slightly at older ages in both males and females 
(Additional Figures e2, e3 top row, Additional Table e3).

All relevant heart diseases (Methods B1 & B2)
The incidence rate of all relevant heart diseases rose 
steeply with age in both males and females (Table  2, 
Fig. 4 top row) and the age-standardized rate was higher 
in males (7430 per mpy) than in females (5219 per mpy). 
At ages under 40, rates were similar in males and females 
but, above age 40, the rate in males was higher than in 

females by an increasing absolute amount with increas-
ing age. Among the individual component heart diseases, 
CDPE made the largest contribution up to age 30 in 
males and 50 in females (Additional Table e4). Then, IHD 
made the largest contribution up to age 74 in both males 
and females, while from age 75, HF made the largest con-
tribution in both sexes (Fig. 4 bottom row).

When events recorded as CDPE were excluded, the 
age-standardized rates reduced to 6641 per mpy in males 
and 4568 per mpy in females. Up to age 40 the age-spe-
cific rates were similar in the two sexes but, above that, 
the male rate exceeded the female rate by an increasing 
amount with increasing age (Table  2, Additional Figure 
e4 top row). The contributions of the individual compo-
nent diseases to the overall heart disease rate, after the 
exclusion of CDPE, were similar to when CDPE was 
included (Additional Figure e4 bottom row, Additional 
Table e5).

Table 2  (continued)

Age groups (years) Numbers of 
individuals in the 
study population (%)

All relevant cardiovascular diseases All relevant heart diseases

Incidence rate per million person-years  
(95% confidence interval)

Incidence rate per million person-years  
(95% confidence interval)

Including conduction 
defects and pericardial 
effusion
(Method A1)

Excluding conduction 
defects and pericardial 
effusion
(Method A2)

Including conduction 
defects and pericardial 
effusion
(Method B1)

Excluding conduction 
defects and pericardial 
effusion
(Method B2)

Both sexes combined

1–9 290 343 (11.1%) 196 (167-229) 121 (99-147) 169 (143-200) 95 (76-118)

10–19 323 920 (12.4%) 310 (281-343) 148 (128-171) 287 (259-318) 125 (107-146)

20–29 315 035 (12.1%) 540 (497-587) 298 (267-333) 493 (452-538) 251 (223-284)

30–39 369 787 (14.2%) 941 (887-997) 678 (633-726) 784 (735-835) 521 (481-563)

40–49 435 454 (16.7%) 2417 (2343-2493) 2042 (1974-2112) 1967 (1901-2036) 1591 (1531-1653)

50–54 183 130 (7.0%) 4564 (4416-4718) 4092 (3952-4237) 3638 (3506-3775) 3161 (3038-3289)

55–59 163 755 (6.3%) 6999 (6801-7204) 6304 (6115-6498) 5495 (5320-5676) 4795 (4631-4964)

60–64 164 058 (6.3%) 9591 (9354-9835) 8691 (8466-8923) 7410 (7202-7624) 6511 (6316-6711)

65–69 118 510 (4.5%) 13 532 (13 299-13 842) 12 382 (12 093-12 678) 10 338 (10 075-10 609) 9 182 (8934-9436)

70–74 91 925 (3.5%) 20 706 (20 264-21 159) 19 160 (18 735-19 594) 15 617 (15 235-16 009) 14 025 (13 663-14 395)

75–79 68 128 (2.6%) 31 766 (31 141-32 404) 29 401 (28 801-30 013) 23 777 (23 241-24 326) 21 392 (20 885-21 912)

80–84 45 167 (1.7%) 46 915 (45 999-47 850) 44 014 (43 129-44 917) 34 987 (34 205-35 788) 32 054 (31 307-32 818)

≥ 85 36 685 (1.4%) 77 721 (76 426-79 038) 73 468 (72 214-74 745) 58 381 (57 275-59 510) 54 159 (53 097-55 242)

Total individuals 2 605 687 (100.0%) - - - - - - - -

No. of cases - 69 441 - 63 485 - 53 810 - 47 708 -

Total person-years - 9 666 209 - 9 677 461 - 9 693 306 - 9 704 874 -

Crude rate - 7184 (7131-7238) 6560 (6509-6611) 5551 (5505-5598) 4916 (4872-4960)

Age-standardized rate - 8101 (8041-8161) 7412 (7354-7470) 6181 (6129-6233) 5488 (5438-5537)

Fig. 4  Incidence rate of all relevant heart diseases, by age and sex (Method B1). Top row: incidence rate for all relevant heart diseases combined, 
including conduction defects and pericardial effusion, calculated using Method B1. Bottom row: the contributions of individual heart disease 
categories to the incidence rate of all relevant heart diseases combined. In all four panels only an individual’s first recorded diagnosis of any relevant 
heart disease is included (see Tables 1 and e4). For each age and sex group, the sum of the rates across the four categories in the bottom row 
is equal to the corresponding rate for all relevant heart diseases in the top row

(See figure on next page.)
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Fig. 4  (See legend on previous page.)
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Individual categories of CVD (Method C)
Incidence rates considering each of the five relevant 
CVD categories separately, and ignoring diagnoses in 
the other four categories, are shown in Fig. 5 and Addi-
tional Table e6. The incidence rate for each individual 
category is always larger than the corresponding con-
tribution to the rate for all relevant CVDs. The CVD 
categories with the largest proportional increases were 
VHD, where the age-standardized rate increased by 51% 
(from 1427 to 2154 per mpy) in males and by 38% (from 
1292 to 1777 per mpy) in females and HF, where the 
age-standardized rate increased by 49% (from 2127 to 
3162 per mpy) in males and by 39% (from 1650 to 2297 
per mpy) in females. The age-standardized rates for 
CDPE also increased substantially, by 39% (from 883 to 
1228 per mpy) in males and by 25% (from 712 to 888 per 
mpy) in females. These large increases indicate that in 
the general population VHD, HF and CDPE often occur 

secondarily to a previous CVD diagnosis. In contrast, 
the age-standardized rates for IHD increased by only 
9% in males (from 2857 to 3114 per mpy) and by 13% 
in females (from 1454 to 1637 per mpy), while the age-
standardized rates for stroke increased by only 6% in 
both males and females (males: from 2309 to 2437 per 
mpy, females: from 1828 to 1937 per mpy) (Additional 
Tables e2 and e6), indicating that these diseases rarely 
arise as a consequence of a previous CVD.

Incidence rates for all 38 available individual CVDs 
available are presented in Additional Table e7.

Illustrative example for Hodgkin lymphoma treatment
A typical woman in England aged 20 years has a cumu-
lative risk of developing CVD over the next 30  years of 
3.7% in the absence of any cancer treatment (Fig.  6). If 
she receives anthracycline-containing chemotherapy 
similar to that given to all patients in the RAPID trial 

Fig. 5   Incidence rate for each of the five relevant CVD categories considered separately, calculated using Method C. The first recorded diagnosis 
within each CVD category is included, and diagnoses in other CVD categories are ignored (see Table e6). For each age and sex group, the sum 
of rates across the five categories is usually bigger than the corresponding rate for all relevant CVDs calculated for each using Method A1
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this increases by 2.7% to 6.4%. If she also receives radi-
otherapy with mean doses to her whole heart, left ven-
tricle, heart valves and common carotid arteries, equal 
to the average doses received by patients randomized to 
radiotherapy in the RAPID trial, then her risk increases 
by a further 3.6% to 10.0%. For a man of the same age, 
the 30-year risks are slightly higher: 4.6% without any 
cancer treatment, increasing by 2.7% to 7.3% with three 
cycles of ABVD chemotherapy, and by a further 5.1% to 
12.4% with radiotherapy. For older patients the absolute 
risks are much higher. For a woman aged 50 at diagno-
sis of HL, her risk of developing a relevant CVD over 
the next 30 years is 24.8% without any cancer treatment. 
This increases by 16.5% with anthracycline chemotherapy 
to 41.3% and by a further 5.5% to 46.8% with radiother-
apy. For a man aged 50 at diagnosis, the corresponding 
30-year risk with no cancer treatment is 31.7%, increas-
ing by 18.2% with anthracycline to 49.9%, and by a fur-
ther 7.7% to 57.6% with radiotherapy. Risks for patients 
irradiated at other ages are given in Table 3. These esti-
mates of CVD risk ignore any mortality risk from HL 

itself, as opposed to its treatment. For early-stage HL the 
risk of dying from the disease itself would be small but 
would need to be taken into account as a competing risk 
on an individual basis, together with the treatment ben-
efits and their CVD and other risks, e.g. radiation-related 
cancers, when making individual treatment decisions. 
The excess risks due to the radiotherapy treatment itself 
would also vary widely from person to person, given that 
the dose received to organs at risk ranges widely between 
individuals.

Discussion
Recent improvements in cancer treatments have been 
accompanied by a growing awareness that the benefits 
they incur may be reduced, and in extreme cases even 
outweighed, by the risks that certain treatments carry. In 
particular, there is growing recognition that cancer treat-
ments can substantially increase the risk of CVD, leading 
to morbidity and, in some cases, early mortality. Epide-
miological studies have demonstrated increases in the 
rates of a range of CVDs in cancer survivors. The results 

Fig. 6  30-year cumulative risks (%) of developing incident CVD for example early-stage Hodgkin lymphoma patients, by sex, age at treatment, 
and type of treatment. The standard treatment for early-stage Hodgkin lymphoma is anthracycline-based chemotherapy. In addition, the areas 
of disease may be treated by radiotherapy. The figure shows the cumulative risks of CVD for four example patients receiving identical treatments 
for Hodgkin lymphoma [19]. The only difference between the patients is their age at treatment and their sex. The decision that the oncologist 
must make for individual patients is whether the increased risk of CVD is outweighed by the added benefit of the radiotherapy for disease control. 
CVD rates were obtained using Method A1 and are shown in Fig. 3 and Table e2. Competing risks were taken into account. Further details are 
given in Additional Text e1
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of these studies are usually reported in terms of propor-
tional rather than absolute increases, as proportional 
changes tend to be more stable than absolute ones across 
characteristics such as age, sex, geographical region and 
calendar year. However, proportional increases cannot be 
used directly to estimate absolute risks of cardiotoxicity 
from cancer treatments, as the absolute risk depends on 
both the relevant background CVD incidence rates and 
the proportional increases that will arise from the can-
cer treatment. For example, a doubling in the CVD rate 
would mean that for a young patient whose background 
risk of developing CVD over the next 30  years is about 
four percent, the risk would increase to close to eight per-
cent, whereas for an older patient whose background risk 
of developing CVD in the next 30  years is around 30%, 
a doubling of the CVD rate would mean a much larger 
absolute increase in CVD risk to as much as 60%. In 
order to inform individual treatment decisions for can-
cer patients, absolute increases in CVD risk must be esti-
mated by combining the age- and sex-specific incidence 
rates for the relevant CVDs for a population similar to 
that to which the patient belongs with the proportional 
increases in those rates obtained from epidemiological 
studies.

We present background incidence rates from an Eng-
lish population for all categories of CVD whose risk is 
widely accepted to be increased by current cancer treat-
ments. We have calculated them in a number of different 
ways, to make them relevant to a wide variety of different 
situations. We present rates of the relevant CVDs com-
bined, in broad categories, and as individual diseases. 
Age- and sex-specific rates are reported, along with crude 
and age-standardized totals.

One example of how our data can be used is in treat-
ment decisions for patients with cancer, where both the 

individualized benefits and risks of alternative manage-
ment options must be considered. Randomized trials can 
be used in conjunction with disease-specific recurrence 
and mortality rates to estimate the benefits of a particu-
lar treatment. Such trials are, however, of limited use for 
estimating the absolute magnitude of the risks of CVD 
from treatment. This is partly because reporting of car-
diotoxicity in trials may be incomplete, compounded 
by the lag — often more than a decade — between the 
completion of cancer treatment and the onset of cardio-
toxicity [3], such that conventional trial follow-up may 
be insufficient to monitor for incident CVDs. Also, there 
is substantial variability in CVD rates between different 
populations (e.g. by age, sex and geography) and different 
calendar periods. In addition, patients enrolled in rand-
omized trials may be healthier on average than patients 
excluded from the trial and patients treated in previous 
decades may have a higher background risk of CVD than 
those treated more recently.

Our data can be used to predict absolute CVD risk, 
and therefore address the limitations of randomized 
trials. In the example we compute the thirty-year risks 
of any CVD based on the age- and sex-specific rates 
obtained in this study, using Method A1 (Fig. 6, Table 2) 
for a series of male and female patients of different ages. 
We then compare each risk with the thirty-year risk 
for a patient of the same age and sex who has received 
treatment for HL involving 150 mg/m2 of anthracycline-
containing chemotherapy and also with the thirty-year 
risk for a patient who has received radiotherapy (aver-
age dose for those with mediastinal involvement) as 
well as chemotherapy. The treatment-related increases 
are proportional to the background CVD rate. There-
fore, thirty years after receiving treatment, the absolute 
risks of treatment are higher for males than for females 

Table 3  30-year cumulative risks (%) of developing incident CVD for example early-stage Hodgkin lymphoma patients, by sex, age at 
treatment, and type of treatment

CT Chemotherapy (in this case three cycles of ABVD, including 150 mg/m2 of anthracyclines), CT & RT Chemotherapy and radiotherapy

CVD rates were obtained using Method A1 and are shown in Fig. 3 and Table e2. Competing risks of death from causes other than CVD were assumed to be equal to 
those in the general population and were taken into account. Further details are given in Additional Text e1

Age at treatment (years) 30-year cumulative risks of incident CVD (%)

MALES FEMALES

Treatment Type Treatment Type

None CT Only CT & RT None CT Only CT & RT

20 4.6 7.3 12.4 3.7 6.4 10.0

30 10.9 16.3 23.6 7.1 11.6 16.1

40 20.6 31.3 38.4 13.6 22.1 26.6

50 31.7 49.9 57.6 24.8 41.3 46.8

60 35.9 59.3 67.5 32.9 56.8 64.0
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and much higher the older the patient was at the time 
of treatment. Absolute risks calculated in this way can 
be compared with the likely absolute benefit from a 
cancer treatment. The absolute benefit can be calcu-
lated by considering the difference in the risk of cancer 
recurrence or mortality with and without the treatment 
under consideration, usually using data from rand-
omized trials. Such calculations can also be repeated for 
multiple cancer treatment options, allowing clinicians 
and patients to assess the risks of each and compare 
them with the benefits, together with a patient’s indi-
vidual characteristics. Situations in which it is critical to 
be able to weigh up the benefits and risks in this way 
include the addition of radiotherapy to chemotherapy in 
the treatment of high-grade non-Hodgkin lymphoma, 
the use of adjuvant chemotherapy following breast can-
cer surgery, and the use of varying chemotherapy regi-
mens or the decision between proton-beam therapy 
and conventional photon radiotherapy to treat various 
tumor types [15, 19–21].

We have illustrated how our data can be used to predict 
absolute risks of cardiotoxicity from cancer treatment, 
when combined with published results on cardiotoxicity 
from epidemiological studies. However, the data we pre-
sent are not limited to use in cardio-oncology, and there 
are many other circumstances in which they may be use-
ful, including health policy, health economics, epidemiol-
ogy, and informing clinical trial power calculations.

A strength of our study is that we present incidence 
rates taken from a large, population-based sample. 
Mortality rates for CVDs by age and sex are avail-
able for many countries [22] but reliable nationwide 
CVD incidence rates are available for only a few. In 
the UK, incidence rates that combine information 
from primary and secondary care have recently been 
published for heart failure [23], but publications for 
other CVDs or CVD as a whole either include only 
individuals aged over 30  years, or focus on hospi-
tal admissions, prevalence or disability adjusted life 
years, or do not provide detailed age-specific rates 
[24–27]. In the UK, more than 98% of the population 
is registered to receive primary care from a National 
Health Service (NHS) general practice [11]. Our 
study sample is derived from these registrations and 
includes diagnoses in both primary care and in hos-
pital, thus forming one of the largest EHR databases 
in the world. It has been shown to be representative 
of the English population by age, sex, and ethnicity 
[11, 28] and has previously been validated for epi-
demiological research [11]. CVDs were not included 
if they were likely to be asymptomatic, or to have 
only a limited impact on the patient’s quality of life, 

equivalent to grade 2 or less on the Common Termi-
nology for Adverse Events system [29].

Despite the strengths of our study, it also has limita-
tions. The most obvious of these is that the CVD inci-
dence rates we present do not take into account any 
cardiovascular risk factors that the patient may have, 
such as smoking, hypertension or pre-existing cardio-
vascular disease. Where the effect of such a risk factor 
— including pre-existing cardiovascular disease — can be 
estimated, it can be taken into account, at least approxi-
mately, by multiplying the relevant incidence rate by the 
effect of the risk factor and so deriving background CVD 
rates that are specific to the patient in question. Previous 
studies have shown that the proportional increase in CVD 
rate incurred by the cancer treatment is likely to be simi-
lar [30]. Where the effect of the risk factor is uncertain, 
then calculations could be made to demonstrate the high-
est and lowest likely effects. Our study is also limited by 
the fact that our incidence rates are specific to England. 
For a few other countries, such as the United States, Swe-
den, and the Netherlands, it may be possible to obtain 
adequate CVD incidence rates from registries or a com-
bination of registry and survey data [31–34]. But for most 
countries such CVD incidence data are not readily avail-
able. Until such time as incidence data do become avail-
able for these countries, an approximate solution may be 
to derive the ratio of the relevant cardiovascular mortality 
rates to those of England and then to multiply the inci-
dence rates presented here by that factor. Additional limi-
tations specific to the CALIBER platform are discussed 
elsewhere [11, 12].

Conclusions
This paper provides clinicians, researchers and pol-
icy-makers with representative rates of a wide range 
of important CVDs from a large English population, 
using several different calculation methods to suit 
a variety of analytic needs. We have demonstrated 
how our data can be used to estimate the absolute 
risks of cancer treatments, which can facilitate pro-
gress in personalized medicine by integrating indi-
vidualized risk estimation into treatment decisions.
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