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Background: Primordial prevention may be a relevant strategy for the prevention of cancer. Given the commonality of risk factors
and mechanisms between cancer and cardiovascular disease, we examined the associations between the number of ideal cardio-
vascular health metrics in midlife and incident cancer.

Methods: In 3 European cohorts (NutriNet-Santé and GAZEL, France; Whitehall Il, United Kingdom), the number of ideal cardio-
vascular health metrics was determined at baseline (range 0-7). Follow-up for cancer events was until October 2020 (NutriNet-
Santé), March 2017 (Whitehall Il) and December 2015 (GAZEL). Cox regression was conducted in each cohort, and results were
thereafter pooled using a random-effects model.

Results: Data were available on 39718 participants. A total of 16237 were from NutriNet-Santé (mean age 51.3 yr; 28% men), 9418
were from Whitehall Il (mean age 44.8 yr; 68% men) and 14063 were from GAZEL (mean age 45.2 yr; 75% men). The median
follow-up was 8.1 years in NutriNet-Santé, 29.6 years in Whitehall 1l and 24.8 years in GAZEL, and yielded a total of 4889 cancer
events. A greater number of ideal cardiovascular health metrics was associated with a lower overall cancer risk in each cohort, with
an aggregate hazard ratio (HR) per 1 increment in number of ideal metrics of 0.91 (95% confidence interval [CI] 0.88-0.93). This
association remained after removal of the smoking metric (aggregate HR per unit increment in number of ideal metrics: 0.94, 95% CI
0.90-0.97), and site-specific analysis demonstrated a significant association with lung cancer.

Interpretation: A greater number of ideal cardiovascular health metrics in midlife was associated with lower cancer risk, notably lung
cancer. Primordial prevention of cardiovascular risk factors in midlife may be a complementary strategy to prevent the onset of cancer.

rimordial prevention (i.e., the prevention of risk factor
onset) is increasingly recognized as a complementary
strategy for preventing cardiovascular disease. The
American Heart Association (AHA) developed the cardio-
vascular health score, a 7-item tool (nonsmoking, and ideal
levels of body weight, physical activity, healthy diet, untreated
blood pressure, fasting blood glucose and total cholesterol) for
promoting ideal cardiovascular health.! Better cardiovascular
health is associated with a lower risk of cardiovascular dis-
ease.” In addition, there is emerging evidence of an association
between better cardiovascular health and noncardiovascular
outcomes, such as dementia’® and type 2 diabetes.*’
Primordial prevention may also be a complementary strat-
egy for the prevention of cancer. Cancer and cardiovascular
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disease can coexist in the same individuals,%” and share com-
mon modifiable risk factors, including smoking, obesity, phys-
ical inactivity and unhealthy diet, and common pathophysio-
logical mechanisms, including inflammation and oxidative

stress.® For example, the recent CANTOS (Canakinumab
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Anti-inflammatory Thrombosis Outcome Study) found that
anti-inflammatory therapy reduces the risk of both cardio-
vascular events® and lung cancer.” Taken together, these results
suggest that combined cardiovascular and oncological prevent-
ive efforts might have synergistic public health benefits.

To date, a significant and inverse association between
greater cardiovascular health and cancer risk was reported
in 3'" out of 4 previous existing studies,'* all from the
United States. However, such evidence is currently missing in
non-US populations. In addition, it remains unclear whether
the association between cardiovascular health and cancer is
attributable solely to the smoking metric of the cardiovascular
health score. If a significant risk reduction of cancer is
observed beyond the smoking metric, this may provide
important evidence for use of the composite cardiovascular
health score in cancer prevention at the population level.
Also, the association between cardiovascular health and site-
specific cancer is largely unknown.

Using data from 3 large prospective cohort studies from
France and the United Kingdom, our main objective was to
examine the associations of midlife cardiovascular health with
incident cancer. Secondary objectives were to evaluate
whether any such association was independent of the smoking
metric and existed for the most common site-specific cancer
types, including lung, breast, prostate and colon cancer.

We used data from individuals free of cancer and cardiovascular
disease at baseline enrolled in 3 cohort studies: NutriNet-
Santé, Whitehall II and GAZEL (for details, see Appendix 1,
available at www.cmajopen.ca/content/11/4/E774/suppl/DC1).
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NutriNet-Santé is an ongoing Web-based cohort aiming to
examine the relation between nutrition and health.* A total of
170770 adults (37789 men and 132981 women aged 18-75 yr)
from across France with Internet access have been recruited
since 2009. Between 2011 and 2014, blood samples were
obtained and physical examinations were done in a subsample
of 19473 participants. This subsample was included in the cur-
rent analysis. Whitehall II is an ongoing prospective cohort
study of adults originally employed by the British civil service in
London-based offices.’ A total of 10308 adults (6895 men and
3413 women aged 35-55 yr) were recruited at baseline between
1985 and 1988, during which they underwent a clinical examin-
ation. GAZEL is a prospective cohort study aiming to address
the determinants of several chronic noncommunicable dis-
eases.'” A total of 20625 adults (15011 men and 5614 women
aged 35-50 yr) originally employed by the French national gas
and electric company were enrolled between 1989 and 1990.

Cardiovascular health metrics

The 7 metrics of cardiovascular health were each dichoto-
mized as ideal versus nonideal so that the number of ideal
metrics — the primary exposure — ranged from 0 to 7. The
AHA criteria (Table 1) were used to define the ideal level for
each metric in each cohort. We considered nonsmoking, and
ideal levels of body weight, physical activity and healthy diet,
together with ideal levels of untreated blood pressure, fasting
blood glucose and total cholesterol.

Outcomes

The primary outcome was incident cancer of any site (non-
fatal cancer and cancer-related mortality combined), as
defined by International Classification of Diseases, 9th Revision

Table 1: Definition of ideal cardiovascular health metrics in NutriNet-Santé, Whitehall Il and GAZEL

Metric

Recommended ideal level

Smoking All cohorts: Never or quit = 12 mo

Body mass index All cohorts: < 25

Physical activity
combination of the two

NutriNet-Santé and Whitehall Il: = 75 min/wk of vigorous activity, > 150 min/wk of moderate activity or a

GAZEL: any sports activity in a competition context

Healthy diet NutriNet-Santé: > 4 optimal diet items out of the following 5 items: the equivalent of 5 servings per day of fruits
and vegetables or 400 g/d, > 2 times/wk fish consumption or average consumption of > 100 g/d, average salt
consumption < 1.5 g/d, average fibre intake > 25 g/d, sugar-sweetened beverages < 155 g/d

Whitehall 11: 3 optimal out of the following 3 items: 2 servings of a fruit and vegetable portion per day and fish
consumption = 3 times/wk

GAZEL: 3 optimal out of the following 3 items: fruit portion every day or almost every day, vegetables portion

every day or almost every day, and fish consumption > 3 times/wk

NutriNet-Santé and Whitehall II: < 120/80 mm Hg, untreated
GAZEL: No diagnosis of hypertension and untreated

NutriNet-Santé and Whitehall II: < 100 mg/dL, untreated
GAZEL: No diagnosis of diabetes and untreated

NutriNet-Santé and Whitehall Il: < 200 mg/dL, untreated
GAZEL: No diagnosis of dyslipidemia and untreated

Blood pressure

Fasting plasma glucose*

Total cholesterolt

*S| conversion factor: to convert glucose to millimoles per litre, multiply by 0.0555.
1Sl conversion factor: to convert cholesterol to millimoles per liter, multiply by 0.0259.
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(ICD-9) codes 140-208 or International Classification of Dis-
eases, 10th Revision [ICD-10] codes C00—-C97. The secondary
outcomes were the most common site-specific cancers: female
breast (further referred to as breast, ICD-9 174; ICD-10
C50), prostate ICD-9 185; ICD-10 C61), lung (ICD-9 162-
163; ICD-10 C34, C39) and colon cancer (ICD-9 153; ICD-
10 C18). Skin basal cell carcinoma was not considered as can-
cer. Method of ascertainment of the outcomes are provided in
Appendix 1. Cancer follow-up was until Oct. 15, 2020 (Nutri-
Net-Santé), Mar. 31, 2017 (Whitehall II) and Dec. 31, 2015
(GAZEL).

Statistical analysis

Analyses were undertaken in each study, and the individual
study results were thereafter pooled to obtain combined effect
measures. In all analyses, we excluded individuals with missing
data on the cardiovascular health metrics or covariates, or
with missing follow-up data (Appendix 1, Figures S1-S3).

In each study, the cumulative incidence function by num-
ber of ideal cardiovascular health metrics using time-in-
study as the timescale is reported. The hazard ratios (HRs)
and 95% confidence intervals (Cls) for incident cancer (any
type) and site-specific cancer per 1 increment in the number
of ideal metrics were estimated in Cox proportional-hazards
models. All models used age as the timescale, were stratified
by year of birth (5-yr intervals) to account for birth cohort
effects, and were adjusted for baseline covariates sex, educa-
tion, marital/cohabitation status, occupation, alcohol use (in
NutriNet-Santé and Whitehall II only), race/ethnicity
(in Whitehall II only) and family history of cancer (in Nutri-
Net-Santé only). To evaluate the impact of the smoking
metric, analyses were repeated after omitting smoking from
the number of ideal cardiovascular health metrics (which
now ranged from 0 to 6) but keeping adjustment for smok-
ing status. The proportional hazards assumption was
assessed for the main exposure by visual inspection of the
survival curves, the Kolmogorov test and the Schoenfeld
residuals test. The linearity assumption for the relation
between cardiovascular health score (i.e., number of ideal
metrics) and incident cancer was evaluated using Martingale
residuals plots. Follow-up time was from baseline to first
incident cancer, non-cancer-related death or end of follow-
up, whichever occurred first.

The HRs and 95% Cls per study were aggregated using a
meta-analysis random-effects model to estimate a combined
effect. Heterogeneity was assessed with the P statistic (< 30%
representing low, 30%—-60% moderate, and 50%-90% sub-
stantial heterogeneity).

Additional analysis

To explore reverse causation due to potential undetected
cancer, the analyses were repeated after excluding partici-
pants who had a diagnosis of cancer early during the first
2.5 years (in NutriNet-Santé) or 4 years (in Whitehall IT and
GAZEL) of follow-up. Competing risk by death was
addressed using Fine and Gray method." To contextualize
our findings, the association between baseline cardiovascular
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health and incident cardiovascular disease events was
reported. Incident coronary heart disease and stroke were
adjudicated following procedures previously reported.!-!
All statistical tests had an o threshold of 0.05 unless stated
otherwise. Analysis was conducted using SAS 9.4 (SAS Insti-
tute Inc.) and Stata 17.0 (StataCorp).

Ethics approval
All studies were approved by local ethical committees
(Appendix 1).

In total, 39718 participants were enrolled, including 16237
from NutriNet-Santé (mean age 51.3 yr; 27.6% men), 9418
from Whitehall II (mean age 44.8 yr; 68.1% men) and
14063 from GAZEL (mean age 45.2 yr; 75.0% men). The
baseline characteristics of the individual cohorts are given in
Table 2, and the study flow charts are provided in Appen-
dix 1, Figures S1-S3. The characteristics of participants
from each cohort according to incident cancer are shown in
Appendix 1, Tables S1-S3. The rates of cancer in partici-
pants with and without missing data in each cohort are
reported in Appendix 1, Table S4.

The median follow-up was 8.1 (interquartile range [IQR]
6.4-9.3) years in NutriNet-Santé, during which 948 partici-
pants were diagnosed with incident cancer and 38 died of a
non-cancer-related cause. In Whitehall II, after a median
follow-up of 29.6 IQR 28.0-30.5) years, 1916 participants
were diagnosed with incident cancer and 800 died of a non-
cancer-related cause. In GAZEL, after a median follow-up of
24.8 (IQR 19.6-24.9) years, 2025 participants were diagnosed
with incident cancer and 507 died of a non-cancer-related
cause. The follow-up of the 3 studies combined yielded a total
of 4889 cancer events, including 313 lung, 724 breast, 1226
prostate and 341 colon cancers. The number of site-specific
cancer cases per cohort is given in the study flow charts
(Appendix 1, Figures S1-S3). Mean age at cancer diagnosis
was 64.8 (standard deviation [SD] 10.1) years in NutriNet-
Santé, 66.3 (SD 8.7) years in Whitehall II and 61.3 (SD 7.0)
years in GAZEL.

As shown on the survival curves, camulative incidence of
cancer (any type) progressively decreased with the number
of ideal cardiovascular health metrics at baseline in each
cohort (Appendix 1, Figure S4). Better cardiovascular health
was related to a lower risk of cancer (any type) in each
cohort, yielding an aggregate HR of 0.91 (95% CI 0.88-
0.93) per 1 increment in the number of ideal cardiovascular
health metrics (Figure 1). Analyses by site-specific cancer
show that 1 increment in the number of ideal cardiovascular
health metrics was associated with lower risk of lung cancer,
but not breast, prostate or colon cancer in each cohort and
in the aggregate analysis (Figure 2). When we excluded the
smoking metric and additionally adjusted for smoking sta-
tus, better cardiovascular health remained associated with a
lower cancer risk (any type), with an aggregate HR of 0.94
(95% CI 0.90-0.97) per 1 increment in the number of ideal
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Table 2: Baseline characteristics and incidence rates of cancer in the individual cohort studies
No. (%)*
NutriNet-Santé Study Whitehall 1l Study GAZEL Cohort Study
Characteristic n=16 237 n=9418 n =14 063
Age, yr, mean + SD 51.3 +13.5 44.8 +6.0 452 + 3.5
Men 4488 (27.6) 6413 (68.1) 10 550 (75.0)
Education level*
High 5778 (35.6) 2486 (26.4) 3599 (25.6)
Intermediate 7853 (48.4) 2535 (26.9) 9709 (69.0)
Low 2606 (16.0) 4397 (46.7) 755 (5.4)
Occupational positiont
High 7329 (45.1) 2828 (30.0) 3628 (25.8)
Intermediate 3880 (23.9) 4595 (48.8) 9487 (67.5)
Low 5028 (31.0) 1995 (21.2) 948 (6.7)
Marital/cohabitation status
Married/cohabiting 11 664 (71.8) 7006 (74.4) 12 623 (89.8)
Single 2312 (14.2) 1538 (16.3) 483 (3.4)
Divorced 1760 (10.8) 761 (8.1) 804 (5.7)
Widowed 501 (3.1) 113 (1.2) 153 (1.1)
Race/ethnicity: White NA 8522 (90.5) NA
Family history of cancer 7285 (44.9) NA NA
Alcohol, units/wk
0 NA 1679 (17.8) 1561 (16.6)§
1-13 NA 5202 (55.2) 4942 (52.4)§
>14 NA 2537 (26.9) 2927 (31.0)§
Alcohol, g/d 8.82 (11.6) NA NA
No. of ideal cardiovascular health 3 (2-4) 4 (3-4) 5 (4-6)
metrics, median (IQR)
Cardiovascular health score categoriest
Low, 0-2 ideal metrics 4389 (27.0) 1657 (17.6) 762 (5.4)
Moderate, 3—4 ideal metrics 8491 (52.3) 5772 (61.3) 7921 (56.3)
High, 5-7 ideal metrics 2760 (17.0) 1989 (21.1) 5380 (38.3)
No. of incident cancer 948 (5.8) 1916 (20.3) 2025 (14.4)
Incidence rate of cancer 6.3 (5.9-6.7) 75 (7.2-7.8) 6.8 (6.5-7.1)
per 1000 person years, 95% CI
Note: Cl = confidence interval, IQR = interquartile range, NA = not available, SD = standard deviation.
*Unless stated otherwise.
*Education categories in NutriNet-Santé were 1) less than high school (low), 2) less than 2 years after high school (intermediate) and 3) more than or equal to
2 years after high school (high); in Whitehall, 1) lower secondary school (low), 2) higher secondary school (intermediate) and 3) university or higher university
degree (high); and in GAZEL, 1) primary school (low), 2) lower secondary school (intermediate) and 3) university or higher university degree (high).
TOccupation categories in NutriNet-Santé were 1) employee/worker/farmer (low), 2) intermediary profession (intermediate) and 3) craftsperson,
merchant, company director, specialized personnel, intellectual profession (high); in Whitehall Il, 1) administrative (low), 2) professional/executive
(intermediate) and 3) clerical/support (high); and in GAZEL, 1) watchman, worker (low), 2) commercial and technical agent, internship agent and
others (intermediate) and 3) administrative and technical executives, teachers (high).
1The cardiovascular health metrics included nonsmoking, and ideal levels of body weight, physical activity, diet, blood pressure, fasting blood glucose
and total cholesterol. For definitions of the metrics, see Table 1.
§Data on alcohol use available in GAZEL cohort in n = 9430.

cardiovascular health metrics (Figure 3). Better cardiovascu-
lar health remained associated with lung cancer, but not
with any of the other site-specific cancer types (Appendix 1,

Figure S5).

Additional analysis
In each cohort, associations were similar after exclusion of

individuals who had a cancer in the first years of follow-up
(Appendix 1, Figure S6). Overall, there were 1375 deaths
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Figure 1: Hazard ratios (HRs) for incident cancer per 1 increment in ideal cardiovascular health metric. Hazard ratios and 95% confidence inter-
vals (Cls) were estimated by Cox proportional hazards models stratified by year of birth (5-yr intervals) and using age as the timescale. Hazard
ratios were adjusted for sex, marital/cohabitation status, education and occupation at baseline. In NutriNet-Santé, results were additionally
adjusted for alcohol use and family history of cancer. In Whitehall |1, results were additionally adjusted for alcohol use and race/ethnicity. The

overall HR and Cl was estimated using random-effects meta-analysis.

before cancer in the 3 cohorts, and associations remained vir-
tually unchanged after we accounted for competing risk by
death (Appendix 1, Figure S7). For comparison, better cardio-
vascular health was related to lower risk of incident cardio-
vascular disease events in each cohort, with an aggregate HR
per 1 increment in the number of ideal cardiovascular health
metrics of 0.78 (95% CI 0.76-0.81) (Appendix 1, Figure S8).

We found a 9% risk reduction of cancer per number of ideal
cardiovascular health metrics and a persistence of this effect
even after the omission of the smoking metric from the
cardiovascular health score. Risk reductions associated with
greater cardiovascular health score were twice stronger for
incident cardiovascular disease than for cancer owing to the
primary focus of primordial prevention of cardiovascular dis-
ease. However, as in any observational study, we cannot
exclude the possibility that at least some part of the observed
associations may be due to residual confounding factors such
as air pollution, second-hand smoke, the amount a person has
smoked over a period of time, climactic or local geographic
environment, and health care availability. There may also be
genetic factors that connect some ethnic and cultural groups
to both cardiovascular health status and cancer risk.

We found that the association between cardiovascular
health and incident cancer was consistent across the 3 studies,
despite heterogeneity between the studies regarding their
study populations and design. For example, study recruitment
took place in the 1980s in Whitehall IT and GAZEL, and took
place in 2009 in NutriNet-Santé, and women were overrepre-
sented in NutriNet-Santé, whereas men were overrepresented
in GAZEL. Also, duration of follow-up was more than
20 years in Whitehall IT and GAZEL, but less than 10 years in
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NutriNet-Santé. The biological items of the cardiovascular
health score were objectively measured in Whitehall II and
NutriNet-Santé, but were self-reported by the participants in
GAZEL, preventing use of the full 0-14 point score in a
homogenous manner in the 3 cohorts. Furthermore, availabil-
ity of data on potential confounders (i.e., family history of
cancer, ethnicity and alcohol consumption), and definition
of some covariates (i.e., education, cohabiting and alcohol con-
sumption) differed according to the study. However, the con-
sistency of the results across the 3 studies and with prior exist-
ing US studies'*"* supports the validity of the study findings.

Better cardiovascular health was related to lower risk of
cancer in the Atherosclerosis Risk in Communities (ARIC)
study®® and Framingham Heart Study,!! whereby a 51% risk
reduction existed between those achieving 6-7 versus 0 ideal
metrics in the ARIC study and a 5% risk reduction existed
per 1 point increase in the 0-14 points cardiovascular health
score in the Framingham Heart Study. Associations with
cancer-related mortality were reported in the Multi-Ethnic
Study of Atherosclerosis (MESA)!? and Women’s Health
Initiative (WHI) study, with a 20% decreased risk among
those with an optimal cardiovascular health score (11-14
points) compared with those with an inadequate score (0-8)
in the MESA and an 52% greater risk between postmeno-
pausal women with 0-1 versus 6-7 ideal metrics in the WHI
study.!” However, the Aerobics Center Longitudinal Study'*
did not find an association between cardiovascular health
and cancer-related mortality. Consistent with our study
findings, in the ARIC study, the association between better
cardiovascular health and lower cancer risk remained after
exclusion of smoking from the cardiovascular health metrics.
Similarly, the significant association between cardiovascular
health and lung cancer was also found in the ARIC study"?
and the WHI study."
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Figure 2: Hazard ratios (HRs) per 1 increment in ideal cardiovascular health metric for site-specific cancer — A) lung cancer, B) breast can-
cer, C) prostate cancer, D) colon cancer. Hazard ratios and 95% confidence intervals (Cls) were estimated by Cox proportional hazards
models stratified by year of birth (5-yr intervals) and using age as the timescale. Hazards ratios were adjusted for sex, marital/cohabitation
status, education and occupation at baseline. In NutriNet-Santé, results were additionally adjusted for alcohol use and family history of can-
cer. In Whitehall |1, results were additionally adjusted for alcohol use and race/ethnicity. The overall HR and Cl was estimated using random-

effects meta-analysis.
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Figure 3: Hazard ratios (HRs) for incident cancer per 1 increment in ideal cardiovascular health metric excluding the smoking metric and
adjusted for smoking status. Hazard ratios and 95% confidence intervals (Cls) were estimated by Cox proportional hazards models stratified by
year of birth (5-yr intervals) and using age as the timescale. Hazards ratios were adjusted for sex, marital/cohabitation status, education, occu-
pation at baseline and smoking metric. In NutriNet-Santé, results were additionally adjusted for alcohol use and family history of cancer. In
Whitehall 1I, results were additionally adjusted for alcohol use and race/ethnicity. The overall HR and Cl was estimated using random-effects

meta-analysis.

"The strongest association for lung cancer versus other site-
specific cancer types is consistent with previous studies show-
ing a strong link between cardiovascular disease and cardio-
vascular risk factors (notably smoking and obesity) and lung
cancer,® and of shared mechanisms underlying cardiovascular
disease and lung cancer (e.g., inflammation).*’

Future studies should refine cancer diagnosis and consider
the staging of the disease, and dissociate primary cancer and
metastasis. Contextual factors mentioned above should also be
accounted for. Finally, future studies should evaluate how
change in cardiovascular health score relates to subsequent
risk of cancer.

Limitations

Our study has several limitations. The observational design
precludes causal conclusions. Repeated evaluations of cardio-
vascular health were not available in all 3 cohorts, precluding
an assessment of whether change in cardiovascular health
over time is associated with cancer risk. Recent evidence sug-
gests that change in cardiovascular health over time correlates
with incident cardiovascular disease events, and this may apply
to cancer as well.?»** Nearly one-third of the GAZEL partici-
pants were excluded. This may have affected the statistical
power of the analyses, especially the site-specific analyses.
Still, selection bias seemed unlikely given the characteristics of
those excluded and not excluded together with the rates
of cancer between these 2 groups. Sex distribution and length
of follow-up differed between the 3 studies, and whether these
differences explained part of the heterogeneity observed in
some secondary analyses was not examined. Incomplete def-
initions were used for the diet metric (Whitehall II and
GAZEL) and the physical activity metric (GAZEL), which
may attenuate the associations between cardiovascular health
and incident cancer. Whitehall IT and GAZEL are based on
government employees, which raises the issue of the healthy
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worker effect. This may affect the prevalence of cardiovascu-
lar health in these studies but not the association of cardio-
vascular health with study outcomes. Confounding by eco-
nomic position, earnings or overall wealth was not addressed.
The studies were mainly composed of White and middle-aged
participants; therefore, the findings may not apply to other
age groups or more ethnically diverse populations. Similar
weight was allocated to each metric, whereas effects on the
risk of cancer may be different for each metric. Lastly, in
GAZEL, the biological cardiovascular health metrics were
determined by self-reported data. Nevertheless, results were
consistent with the results from NutriNet-Santé and White-
hall IT, in which objectively measured data were available.

Conclusion

Better cardiovascular health in midlife was associated with
lower risk of cancer, notably lung cancer, in addition to a
lower risk of cardiovascular disease. This double effect may be
useful for physicians and policy-makers in health promotion
aimed at patients and the general population.

References

1. Lloyd-Jones DM, Hong Y, Labarthe D, et al.; American Heart Association
Strategic Planning Task Force and Statistics Committee. Defining and setting
national goals for cardiovascular health promotion and disease reduction: the
American Heart Association’s strategic Impact Goal through 2020 and
beyond. Circulation 2010;121:586-613.

2. Guo L, Zhang S. Association between ideal cardiovascular health metrics and
risk of cardiovascular events or mortality: a meta-analysis of prospective stud-
ies. Clin Cardiol 2017;40:1339-46.

3. Samieri C, Perier M-C, Gaye B, et al. Association of cardiovascular health
level in older age with cognitive decline and incident dementia. JAMA
2018;320:657-64.

4. Climie RE, van Sloten TT, Perier M-C, et al. Change in cardiovascular health
and incident type 2 diabetes and impaired fasting glucose: the Whitehall II
Study. Diabetes Care 2019;42:1981-7.

5. Fretts AM, Howard BV, McKnight B, et al. Life’s Simple 7 and incidence of

diabetes among American Indians: the Strong Heart Family Study. Diabetes Care
2014;37:2240-5.



6. Handy CE, Quispe R, Pinto X, et al. Synergistic opportunities in the inter-
play between cancer screening and cardiovascular disease risk assessment:
together we are stronger. Circulation 2018;138:727-34.

7. Mehta LS, Watson KE, Barac A, et al.; American Heart Association Cardio-
vascular Disease in Women and Special Populations Committee of the Coun-
cil on Clinical Cardiology; Council on Cardiovascular and Stroke Nursing;
Council on Quality of Care and Outcomes Research. Cardiovascular disease
and breast cancer: where these entities intersect: a scientific statement from
the American Heart Association. Circulation 2018;137:€30-66.

8. Ridker PM, Everett BM, Thuren T, et al.; CANTOS Trial Group. Anti-
inflammatory therapy with canakinumab for atherosclerotic disease. N Engl 7
Med 2017;377:1119-31.

9. Ridker PM, MacFadyen JG, Thuren T, et al.; CANTOS Trial Group. Effect
of interleukin-1p inhibition with canakinumab on incident lung cancer in
patients with atherosclerosis: exploratory results from a randomised, double-
blind, placebo-controlled trial. Lancer 2017;390:1833-42.

10. Foraker RE, Abdel-Rasoul M, Kuller LH, et al. Cardiovascular health and
incident cardiovascular disease and cancer: the Women’s Health Initiative.
Am J Prev Med 2016;50:236-40.

11. Lau ES, Paniagua SM, Liu E, et al. Cardiovascular risk factors are associated
with future cancer. 74CC CardioOncol 2021;3:48-58.

12. Ogunmoroti O, Allen NB, Cushman M, et al. Association between Life’s
Simple 7 and noncardiovascular disease: the multi-ethnic study of athero-
sclerosis. 7 Am Heart Assoc 2016;5:¢003954.

13. Rasmussen-Torvik LJ, Shay CM, Abramson JG, et al. Ideal cardiovascular
health is inversely associated with incident cancer: the Atherosclerosis Risk In
Communities study. Circulation 2013;127:1270-5.

14.  Artero EG, Espaia-Romero V, Lee D-c, et al. Ideal cardiovascular health and
mortality: Aerobics Center Longitudinal Study. Mayo Clin Proc 2012;87:944-52.

15. Hercberg S, Castetbon K, Czernichow S, et al. The Nutrinet-Santé Study: a
web-based prospective study on the relationship between nutrition and health
and determinants of dietary patterns and nutritional status. BVIC Public Health
2010;10:242.

16. Marmot MG, Smith GD, Stansfeld S, et al. Health inequalities among British
civil servants: the Whitehall I study. Lancer 1991;337:1387-93.

17. Goldberg M, Leclerc A, Bonenfant S, et al. Cohort profile: the GAZEL
Cohort Study. Int 7 Epidemiol 2007;36:32-9.

18. Austin PC, Fine JP. Practical recommendations for reporting Fine-Gray
model analyses for competing risk data. Stat Med 2017;36:4391-400.

19. Lemogne C, Meneton P, Wiernik E, et al. When blue-collars feel blue:
depression and low occupational grade as synergistic predictors of incident car-
diac events in middle-aged working individuals. Circ Cardiovasc Qual Outcomes
2017;10:€002767.

20. Srour B, Fezeu LK, Kesse-Guyot E, et al. Ultra-processed food intake and
risk of cardiovascular disease: prospective cohort study (NutriNet-Santé).
BM72019;365:11451.

21. Kivimiki M, Batty GD, Singh-Manoux A, et al. Validity of cardiovascular dis-
ease event ascertainment using linkage to UK hospital records. Epidemiology
2017;28:735-9.

22. van Sloten TT, Tafflet M, Périer M-C, et al. Association of change in cardio-
vascular risk factors with incident cardiovascular events. 74MA 2018;320:
1793-804.

23. Gaye B, Tajeu GS, Vasan RS, et al. Association of changes in cardiovascular

health metrics and risk of subsequent cardiovascular disease and mortality.
F Am Heart Assoc 2020;9:e017458.

Affiliations: Paris Cardiovascular Research Center, Integrative Epidemi-
ology of Cardiovascular Disease (T'eam 4), Institut national de la santé et
de la recherche médicale, INSERM) Unité Mixte de Recherche (UMR)
S970 (van Sloten, Deraz, Périer, Valentin, Jouven, Empana), Université
Paris Cité, Paris, France; Cardiovascular Research Institute Maastricht
and Department of Internal Medicine (van Sloten), Maastricht University
Medical Center, Maastricht, the Netherlands; Menzies Institute for Med-
ical Research (Climie), University of Tasmania, Hobart, Australia; Baker
Heart and Diabetes Institute (Climie), Melbourne, Australia; Centre for
Research in Epidemiology and Statistics, INSERM, UMR 1153 (Fayosse,
Sabia, Singh-Manoux), Université Paris Cité, Paris, France; Department
of Epidemiology and Public Health (Sabia, Singh-Manoux), University
College London, London, UK; International Agency for Research in
Cancer (Weiderpass), Lyon, France; Population-based Cohorts Unit

OPEN

(Goldberg, Zins), INSERM, Unité Mixte de Service (UMS) 011, Univer-
sité Paris Cité, Paris Saclay University, Université de Versailles Saint-
Quentin-en-Yvelines, Paris, France; Sorbonne Paris Nord University
(Touvier, Deschasaux-Tanguy, Fezeu, Hercberg), INSERM, UMR 1153,
Institut national de la recherche agronomique INRAE) U1125, National
Conservatory of Arts and Crafts, Nutritional Epidemiology Research
Team, Epidemiology and Statistics Research Center — University of
Paris, Bobigny, France

Contributors: Thomas van Sloten made substantial contributions to the
conception of the work. Marcel Goldberg, Marie Zins, Mathilde Touvier,
Serge Hercberg and Archana Singh-Manoux made substantial contribu-
tions to the acquisition of data. Rachel Climie, Séverine Sabia, Elisabete
Weiderpass, Xavier Jouven, Mélanie Deschasaux-Tanguy and Léopold
Fezeu made substantial contributions to the interpretation of data.
Thomas van Sloten drafted the manuscript. Marie Zins and Marcel
Goldberg are the principal investigators of GAZEL. Archana Singh-
Manoux is the principal investigator of Whitehall II. Serge Hercberg and
Mathilde Touvier are the principal investigators of NutriNet-Santé.
Marie-Cécile Périer, Omar Deraz and Aurore Fayosse conducted the sta-
tistical analysis. Jean-Philippe Empana designed the study and supervised
the project. All of the authors critically reviewed the manuscript gave final
approval of the version to be published and agreed to be accountable for
all aspects of the work.

Funding: The NutriNet-Santé study was supported by the following
public institutions: the Ministry of Health France, French Public Health
Agency, the Institut national de la santé et de la recherche médicale
(INSERM), the Institut national de la recherche agronomique (INRAE),
the National Conservatory of Arts and Crafts (CNAM) and Université
Sorbonne Paris Nord. Omar Deraz was supported by a grant from the
Foundation for Medical Research (FRM, grant no. EC0202106013757).
The Whitehall II study is supported by grants from the National Institute
on Aging, National Institutes of Health (ROIAG056477, RO1IAG062553);
UK Medical Research Council (R024227, S011676); and the British
Heart Foundation (RG/16/11/32334). The GAZEL Cohort Study was
funded by Electricité De France-Gaz De France and INSERM, and
received grants from the Cohortes Santé TGIR Program, Agence natio-
nale de la recherche (ANR; ANR-08-BLAN-0028), Agence francaise de
sécurité sanitaire de I’environnement et du travail (AFSSET; EST-
2008/1/35), CAMIEG (Caisse d’assurance maladie des industries élec-
trique et gaziere) and CCAS (Caisse Centrale d’Activités Sociales du Per-
sonnel des Industries Electriques et Gaziéres). Thomas van Sloten is
supported by a Veni research grant (916.19.074) from The Netherlands
Organization for Scientific Research (NWO) and The Netherlands
Organization for Health Research and Development (ZonMw), and by a
Dutch Heart Foundation research grant (2018T025). The funders had no
role in the study design, the collection, analysis, data interpretation,
report writing and the decision to submit the article for publication.

Content licence: This is an Open Access article distributed in accordance
with the terms of the Creative Commons Attribution (CC BY-NC-ND 4.0)
licence, which permits use, distribution and reproduction in any medium,
provided that the original publication is properly cited, the use is noncom-
mercial (i.e., research or educational use), and no modifications or adapta-
tions are made. See: https://creativecommons.org/licenses/by-nc-nd/4.0/

Data sharing: Deidentified individual participant data from the studies
are available on request; data requests should follow the instructions for
data sharing for each individual cohort.

Disclaimer: Where authors are identified as personnel of the Inter-
national Agency for Research on Cancer or World Health Organization,
the authors alone are responsible for the views expressed in this article
and they do not necessarily represent the decisions, policy or views of the
International Agency for Research on Cancer or World Health
Organization.

Supplemental information: For reviewer comments and the original
submission of this manuscript, please see www.cmajopen.ca/content/11/4/

E774/suppl/DCI.

CMAJ OPEN, 11(4) E781



