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BACKGROUND
Five risk factors account for approximately 50% of the global burden of cardiovas-
cular disease. How the presence or absence of classic risk factors affects lifetime 
estimates of cardiovascular disease and death from any cause remains unclear.

METHODS
We harmonized individual-level data from 2,078,948 participants across 133 cohorts, 
39 countries, and 6 continents. Lifetime risk of cardiovascular disease and death 
from any cause was estimated up to 90 years of age according to the presence or 
absence of arterial hypertension, hyperlipidemia, underweight and overweight or 
obesity, diabetes, and smoking at 50 years of age. Differences in life span (in terms 
of additional life-years free of cardiovascular disease or death from any cause) ac-
cording to the presence or absence of these risk factors were also estimated. Risk-
factor trajectories were analyzed to predict lifetime differences according to risk-
factor variation.

RESULTS
The lifetime risk of cardiovascular disease was 24% (95% confidence interval [CI], 
21 to 30) among women and 38% (95% CI, 30 to 45) among men for whom all 
five risk factors were present. In the comparison between participants with none 
of the risk factors and those with all the risk factors, the estimated number of 
additional life-years free of cardiovascular disease was 13.3 (95% CI, 11.2 to 15.7) 
for women and 10.6 (95% CI, 9.2 to 12.9) for men; the estimated number of ad-
ditional life-years free of death was 14.5 (95% CI, 9.1 to 15.3) for women and 11.8 
(95% CI, 10.1 to 13.6) for men. As compared with no changes in the presence of 
all risk factors, modification of hypertension at an age of 55 to less than 60 years 
was associated with the most additional life-years free of cardiovascular disease, 
and modification of smoking at an age of 55 to less than 60 years was associated 
with the most additional life-years free of death.

CONCLUSIONS
The absence of five classic risk factors at 50 years of age was associated with more 
than a decade greater life expectancy than the presence of all five risk factors, in 
both sexes. Persons who modified hypertension and smoking in midlife had the 
most additional life-years free of cardiovascular disease and death from any cause, 
respectively. (Funded by the German Center for Cardiovascular Research [DZHK]; 
ClinicalTrials.gov number, NCT05466825.)
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Cardiovascular diseases remain the 
leading cause of death worldwide, impos-
ing substantial social, economic, and pub-

lic health burdens. Five modifiable risk factors 
account for approximately 50% of the global bur-
den of cardiovascular disease, which means that 
approximately half of all cases of cardiovascular 
disease could potentially be prevented through ef-
fective risk-factor management.1 Current estimates 
of lifetime risk of cardiovascular disease increase 
with accumulated risk-factor load2,3 and range 
from 5 to 50%, depending on the specific cardio-
vascular disease end point, follow-up duration, 
population risk-factor profiles, and cardiovascu-
lar disease risk in different populations.3-7 These 
estimates, however, fail to account for dynamic 
changes in individual risk profiles over time, 
which could affect long-term outcomes. Further-
more, the association between individual risk fac-
tors and differences in life span remains unclear.

Robust global, individual-level data on life-
time estimates are needed to guide preventive 
action worldwide. These analyses from the Global 
Cardiovascular Risk Consortium (GCVRC) aim to 
estimate the sex-specific lifetime risk of cardio-
vascular disease and death from any cause; pro-
vide the estimated difference in life span between 
participants without classic risk factors for cardio-
vascular disease and those with such risk factors 
and between participants who modified certain 
risk factors and those who did not; evaluate the 
difference in life span related to risk-factor modi-
fication during a prespecified age decade; and 
identify the most useful regional targets for effec-
tive primary prevention strategies.

Me thods

Study Design and Oversight

The study was designed by the GCVRC Manage-
ment Group, whose members are listed in the 
Supplementary Appendix (available with the full 
text of this article at NEJM.org). After approval of 
the statistical analysis plan by the GCVRC Statis-
tical Working Group (as shown in the Supplemen-
tary Appendix), analyses were performed by the 
next-to-last author and again reviewed within 
the GCVRC Statistical Working Group. The first 
version of the manuscript was drafted by the first 
author, the next-to-last author, and the last author 
and reviewed and edited by all the authors. The 
authors jointly agreed to submit the manuscript 

for publication and vouch for the accuracy and 
completeness of the data. The study had no for-
mal regulatory sponsor. The study protocol and 
statistical analysis plan are available at NEJM.org.

Study Population

We pooled and harmonized individual-level data 
from 2,078,948 persons, 18 years of age or older, 
across eight geographic regions (North America, 
Latin America, Western Europe, Eastern Europe 
and Russia, North Africa and the Middle East, 
sub-Saharan Africa, Asia, and Australia) partici-
pating in the GCVRC. The process of data har-
monization1 is summarized in the Supplemen-
tary Appendix. The grouping of regions, selecting 
of cohorts, and handling of data were described 
previously.1 For the present analyses, 99,485 per-
sons with cardiovascular disease (defined as a 
history of myocardial infarction, unstable angina, 
coronary revascularization, or ischemic or hem-
orrhagic stroke) at baseline were excluded from 
analyses in which incident cardiovascular disease 
was the outcome. Persons with missing informa-
tion on baseline cardiovascular disease (92,131 
[4.4%]) were retained and treated as having no 
cardiovascular disease at baseline. After further 
exclusion of persons with missing follow-up in-
formation, 1,227,987 persons remained available 
for analysis of incident cardiovascular disease and 
2,042,815 for analysis of death. Figure S1 in the 
Supplementary Appendix shows the study flow 
in detail. A description of each cohort, including 
information on local ethics committees, is pro-
vided in the Supplementary Appendix.

Cardiovascular Risk Factors and Outcome 
Definition

Information on systolic blood pressure, non–high-
density lipoprotein (HDL) cholesterol, body-mass 
index (BMI; the weight in kilograms divided by 
the square of the height in meters), diabetes, and 
current smoking was collected at baseline accord-
ing to the protocols of the respective studies. 
Data were harmonized with the use of the vari-
able definitions of the MONICA (Multinational 
Monitoring of Trends and Determinants in Car-
diovascular Diseases) cohorts.8 For the main analy-
ses, continuous risk factors were categorized with 
the use of guideline-based targets: arterial hyper-
tension was identified by a systolic blood pres-
sure of 130 mm Hg or more; hyperlipidemia 
was determined by non-HDL cholesterol levels 
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of 130 mg per deciliter (3.36 mmol per liter) or 
more; underweight was defined as a BMI of less 
than 20; and overweight or obesity was defined 
as a BMI of 25 or more. Diabetes was determined 
on the basis of medical history, participant re-
port, or new diagnosis at baseline examination 
with the use of measures of glycemia, depending 
on the standard operating procedures of the re-
spective cohorts. Current smoking was defined 
as regularly (at least once daily) or occasionally 
(less than once per day) smoking cigarettes, ci-
gars, cigarillos, or pipes. Incident cardiovascular 
disease was defined as a first fatal or nonfatal 
myocardial infarction, unstable angina, coronary 
revascularization, ischemic or hemorrhagic stroke, 
or death from a cardiovascular or unknown cause. 
Table S1 summarizes the variables of interest, 
Table S2 presents the standardized definitions 
used for the coding system to classify cardiovas-
cular disease events, Table S3 provides the back-
ground information of the population studied, 
and Table S4 details data availability. Information 
on cohorts with available repeated risk-factor mea-
surements is provided in Table S5.

Lifetime Estimates

The estimated lifetime risk of cardiovascular dis-
ease and death from any cause is based on the 
estimated cumulative risk of the outcome of in-
terest developing before 90 years of age.7 The esti-
mated difference in life span between participants 
without classic risk factors and those with such 
risk factors and between participants who mod-
ified certain risk factors and those who did not 
is based on cardiovascular disease–free life expec-
tancy and overall life expectancy and was esti-
mated in terms of median survival time without 
a cardiovascular disease event or death (i.e., the 
age at which cumulative survival probability falls 
below 0.5).7 In this analysis, the estimated life-
time difference represents the additional cardio-
vascular disease–free or death-free life-years as-
sociated with the absence of risk factors at a given 
index age (e.g., 50 or 60 years) and is computed 
as the difference between the life expectancies 
of a participant without the risk factors and a 
participant with all five risk factors. In addition, 
an analysis of single risk factors is provided. Life-
time difference, or difference in life span, accord-
ing to risk-factor modification is an estimate of 
the additional life-years associated with changes 
in risk factors (to levels below the above thresh-

olds) and is computed similarly to estimated 
lifetime difference, with the use of longitudinal 
risk-factor information in a time interval (e.g., 
from 50 to 60 years) before the estimation of life 
expectancies beyond that interval.

The estimated quantities represent differenc-
es between subpopulations having distinct risk-
factor profiles and capture the degree to which 
variation in life expectancy is explained by these 
important factors in a large, global population. 
In the case of single risk factors, the effect is 
adjusted for the other four risk factors. The esti-
mated quantities should be interpreted as obser-
vational, without implying causality. In other 
words, the models described below can be used 
to estimate differences between subpopulations 
of participants who have one or more risk fac-
tors and those who do not or between subpopu-
lations of participants who modify a risk factor 
and those who do not. Owing to the possibility 
that participants who have — or modify — one 
or more risk factors can differ in ways that are 
explained by unmeasured factors that also pre-
dict survival, the estimated effects may not fully 
capture the within-participant causal effect of 
modifying a risk factor.

Statistical Analysis

Missing data were imputed with the use of mul-
tiple imputation with chained equations or mul-
tilevel multiple imputation.9,10 Age- and sex-stan-
dardized baseline characteristics were calculated 
according to geographic region with the use of 
direct standardization, with the use of the age 
and sex distribution of the GCVRC data set as 
the standard. Sex-specific Weibull models, with 
age as the time scale,11 were estimated for each 
study and pooled across studies according to 
region as well as globally with the use of multi-
variate random-effects meta-analysis12,13 to allow 
for between-study heterogeneity. The Weibull mod-
els included the following covariates (risk factors): 
systolic blood pressure, non-HDL cholesterol level, 
BMI, diabetes, and current smoking.

Initially, systolic blood pressure, non-HDL cho-
lesterol level, and BMI entered the models dichoto-
mized according to the thresholds described above. 
The distributional assumptions of the Weibull 
models were assessed graphically (Fig. S2). Ad-
ditional analyses were performed with various 
alternative cutoffs. On one such version, sex-
specific regional standard-deviation scores were 
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derived for these three variables by subtracting 
region-specific means and dividing by region-
specific standard deviations. One and two stan-
dard deviations were used as cutoffs, which ef-
fectively allowed for different cutoffs according 
to region in the analyses. On the basis of these 
models, cumulative incidence was estimated. The 
regional standard-deviation scores were used to 
account for heterogeneity in risk-factor prevalence 
and distribution among cohorts from different 
geographic regions to improve comparability.

Owing to the age of some of the included data 
sets coupled with secular changes in cardiovascu-
lar disease and mortality, the incidence estimated 

from these models was calibrated with the use 
of World Health Organization mortality and popu-
lation data as described previously.12,14 Calibrated 
incidence was used to estimate lifetime risk, life 
expectancies, and lifetime differences.7 More 
precisely, the calibrated incidence was used to 
obtain survival probabilities, which then were 
used to estimate life expectancies for selected 
combinations of risk factors. The difference in 
life expectancies for two risk-factor profiles was 
used to calculate the lifetime difference. For a 
subset of the data, multiple examination rounds 
were available. These data were used to estimate 
life expectancies and lifetime difference accord-

Figure 1. Effect of Five Modifiable Cardiovascular Risk Factors on Lifetime Risk of Cardiovascular Disease and Death from Any  
Cause.

Shown are risk curves for participants without the five cardiovascular risk factors (solid lines) as compared with those with all five risk 
factors (dashed lines) at an index age of 50 years. Cumulative incidence curves (Panels A and B) and survival curves (Panels C and D) 
are shown for women (red) and men (blue). Lifetime risk is shown for cardiovascular disease (Panel A) and death from any cause (Panel 
B), and lifetime difference is shown for cardiovascular disease or death (Panel C) and death from any cause (Panel D). In Panels C and 
D, cardiovascular disease–free life expectancy and overall life expectancy are indicated by the age at which a given survival curve crosses 
the horizontal line at 50%. The curves were generated with the use of recalibrated predictions from Weibull models. The five risk factors 
are a systolic blood pressure of 130 mm Hg or more, a non–high-density lipoprotein (HDL) cholesterol level of 130 mg per deciliter 
(3.36 mmol per liter) or more, a body-mass index (BMI) of less than 20 or 25 or more, diabetes, and current smoking.
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ing to risk-factor variation, on the basis of joint 
models for the longitudinal trajectories of the 
risk factors and time-to-event data.7 Details of 
the statistical methods are provided in the Sup-
plementary Appendix and statistical analysis plan. 
Statistical analyses were performed with the use 
of R statistical software, version 4.3.3.15

R esult s

Baseline Characteristics

Among 2,078,948 participants across 133 cohorts, 
39 countries, and 6 continents, the median systolic 
blood pressure was 128.7 mm Hg (interquartile 
range, 116.7 to 142.0), the median non-HDL cho-
lesterol level was 155.6 mg per deciliter (inter-
quartile range, 127.7 to 186.8 [median, 4.02 mmol 
per liter; interquartile range, 3.30 to 4.83]), and 
the median BMI was 25.7 (interquartile range, 22.8 
to 28.9). A total of 7.7% of the participants had 
diabetes, and 22.3% were current smokers (Ta-
ble 1). Baseline characteristics in the health ex-

amination surveys used for regional calibration are 
provided in Tables S6A and S6B.

Lifetime Risk and Difference According to 
Risk-Factor Burden

The median follow-up of the cohort studies was 
7.6 years (interquartile range, 5.9 to 15.1) for car-
diovascular disease and 8.5 years (interquartile 
range, 6.7 to 15.5) for death. The maximum fol-
low-up time for both outcomes was 47.3 years. At 
an index age of 50 years, among participants 
who had none of the five classic risk factors, the 
estimated lifetime risk of cardiovascular disease 
before 90 years of age was 13% (95% confidence 
interval [CI], 12 to 16) among women and 21% 
(95% CI, 18 to 23) among men; among partici-
pants who had all five risk factors, the estimated 
risk was 24% (95% CI, 21 to 30) among women 
and 38% (95% CI, 30 to 45) among men (Fig. 1A). 
The estimated lifetime risk of death before 90 
years of age was 53% (95% CI, 36 to 88) among 
women and 68% (95% CI, 57 to 77) among men 
with none of the risk factors and was 88% (95% 
CI, 72 to 99) among women and 94% (95% CI, 
87 to 97) among men with all five risk factors 
(Fig. 1B).

In the comparison between participants with 
none of the risk factors and those with all the 
risk factors, the estimated number of additional 
life-years free of cardiovascular disease was 13.3 
(95% CI, 11.2 to 15.7) for women and 10.6 (95% 
CI, 9.2 to 12.9) for men (Figs. 1C and 2A); the es-
timated number of additional life-years free of 
death was 14.5 (95% CI, 9.1 to 15.3) for women 
and 11.8 (95% CI, 10.1 to 13.6) for men (Figs. 1D 
and 2B). The estimated lifetime risk and differ-
ence between participants without classic risk 
factors and those with such risk factors for both 
cardiovascular disease and death from any cause 
according to geographic region at an index age 
of 50 years are presented in Figures S3A, S3B, 
S4A, and S4B. Results for estimated lifetime risk 
and difference between participants without clas-
sic risk factors and those with such risk factors 
at an index age of 60 years are shown in Figures 
S5A, S5B, S6A, and S6B.

Lifetime Difference with Respect to Single 
Risk Factors

For cardiovascular disease, the absence of diabetes 
was associated with an estimated lifetime differ-
ence of 4.7 years (95% CI, 4.2 to 6.2) for women 

Figure 2 (facing page). Estimated Lifetime Difference 
between Participants without Risk Factors and Those 
with Risk Factors.

For both cardiovascular disease (Panel A) and death 
from any cause (Panel B), lifetime difference is shown 
for the absence as compared with the presence of all 
five risk factors at an index age of 50 years and for the 
absence of a single risk factor as compared with the 
presence of all other risk factors. Results are shown 
separately for women (red) and men (blue). Lifetime 
differences were calculated as the difference between 
the predicted cardiovascular disease–free or overall 
life expectancy for persons with all risk factors and 
those with no risk factors. Lifetime difference for sys-
tolic blood pressure, non-HDL cholesterol level, and 
BMI is presented for two scenarios. Estimates and 
95% confidence intervals (error bars) for overall life-
time difference, systolic blood pressure of less than 
130 mm Hg as compared with 130 mm Hg or more,  
a non-HDL cholesterol level of less than 130 mg per 
deciliter as compared with 130 mg per deciliter or 
more, a BMI of 20 to less than 25 as compared with 
less than 20 or 25 or more, no diabetes as compared 
with diabetes, and no smoking as compared with 
smoking are based on recalibrated predictions from 
Weibull models that included these variables as co-
variates. Estimates and 95% confidence intervals for 
regional standard-deviation (SD) scores are based on 
recalibrated predictions from Weibull models includ-
ing dichotomized regional standard-deviation scores 
(<2 vs. ≥2) for systolic blood pressure, non-HDL cho-
lesterol level, and BMI as covariates, along with diabe-
tes and smoking.
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and 4.2 years (95% CI, 3.6 to 5.1) for men; the 
absence of smoking was associated with a differ-
ence of 5.5 years (95% CI, 5.0 to 6.9) for women 
and 4.8 years (95% CI, 4.3 to 5.7) for men. (Fig. 2A 
and Table S7A). A systolic blood pressure of less 
than 130 mm Hg was related to a lifetime dif-
ference of 1.3 years (95% CI, 1.1 to 2.1) for women 
and 1.8 years (95% CI, 1.4 to 2.4) for men, and the 
difference increased up to 2.3 years (95% CI, 1.9 
to 3.1) for women and 2.1 years (95% CI, 1.7 to 
2.7) for men in the comparison between a re-
gional standard-deviation score of less than 2 and 
a score of 2 or more. The non-HDL cholesterol 
level was associated with a lifetime difference of 
−0.4 years (95% CI, −0.8 to 0.1) for women and 
−1.1 years (95% CI, −1.5 to −0.5) for men if a strict 
limit of less than 130 mg per deciliter was ap-
plied, but the difference increased to 1.2 years 
(95% CI, 0.7 to 2.0) for women and 1.1 years 
(95% CI, 0.7 to 1.6) for men if the regional stan-
dard-deviation score was applied. Absence of 
underweight and of overweight or obesity was 
associated with a lifetime difference of 0.6 years 
(95% CI, 0.4 to 1.1) for women and 0.1 years 
(95% CI, −0.2 to 0.5) for men, and the difference 
increased up to 2.6 years (95% CI, 2.2 to 3.3) for 
women and 1.9 years (95% CI, 1.7 to 2.3) for 
men when the regional standard-deviation score 
was applied.

For death, absence of diabetes was associated 
with a lifetime difference of 6.4 years (95% CI, 
4.4 to 7.9) for women and 5.8 years (95% CI, 4.9 
to 6.8) for men, and the absence of smoking was 
associated with a difference of 5.6 years (95% CI, 
3.9 to 7.0) for women and 5.1 years (95% CI, 4.3 
to 5.9) for men (Fig. 2B and Table S7B). The 
lifetime difference between participants who did 
not have elevated systolic blood pressure, an ele-
vated non-HDL cholesterol level, or underweight, 
overweight, or obesity and those who had one of 
these risk factors increased when the regional 
standard-deviation score was applied, as was seen 
with cardiovascular disease. The lifetime differ-
ences between participants with all risk factors 
except one of the following — hypertension; 
hyperlipidemia; or underweight, overweight, or 
obesity — and those with all risk factors, when 
a range of different cutoffs were used, are shown 
in Table S8. Results did not substantially change 
in a 1-year landmark analysis that excluded the 
first year of follow-up (Table S9). Information on 

the region-specific standard deviations is pro-
vided in Table S10.

The lifetime difference between participants 
without hypertension and those with all other 
risk factors for both outcomes (cardiovascular 
disease and death from any cause) and accord-
ing to geographic region is shown in Figure 3. 
Globally, the lifetime difference for cardiovascu-
lar disease for a standard-deviation score of less 
than 2 was 2.3 years (95% CI, 1.9 to 3.1) for 
women and 2.1 years (95% CI, 1.7 to 2.7) for men; 
the lifetime difference for death was 2.9 years 
(95% CI, 2.2 to 3.8) for women and 2.9 years (95% 
CI, 2.4 to 3.4) for men. These values corresponded 
to regional cutoffs ranging from 155.7 to 175.0 
mm Hg for women and from 156.9 to 173.2 mm 
Hg for men. For both cardiovascular disease and 
death from any cause, the lifetime difference 
between participants without hypertension and 
those with all five risk factors varied according 
to geographic region. For cardiovascular disease, 
the greatest difference was observed among Latin 
American women: 4.9 years (95% CI, 1.5 to 7.6). 
For death from any cause, the greatest difference 
was observed among North American women: 
5.4 years (95% CI, 0.7 to 7.9).

Lifetime Difference According to Risk-Factor 
Modification

When all the risk factors were present between 
50 and less than 55 years of age and the status 
of the individual risk factors was modified be-
tween 55 and less than 60 years of age, the dif-
ferences in estimated life-years between those 
who made modifications and those who did not 
are shown in Table 2 and Figure S7A and S7B. 
Modification of hypertension was linked to the 
most additional life-years free of cardiovascular 
disease, and modification of smoking was linked 
to the most additional life-years free of death, 
followed by modification of hypertension. The 
number of additional life-years was higher for 
participants who controlled a greater number of 
risk factors.

Discussion

Using harmonized individual-level data from 
2,078,948 participants across 133 cohorts, 39 
countries, and 6 continents, we analyzed the 
lifetime risk of cardiovascular disease and death 

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by MARTIN SALAZAR on March 30, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med   nejm.org 9

Cardiovascular Risk Factors and Lifetime Estimates

from any cause and estimated the lifetime dif-
ference between participants without classic 
cardiovascular risk factors and those with such 
factors, as well as the effect of modifying certain 
risk factors. We report five key findings. First, 
even among participants who had none of the 
classic risk factors, as defined here, the lifetime 
risk of cardiovascular disease remained substan-
tial, estimated at 13% (95% CI, 12 to 16) among 
women and 21% (95% CI, 18 to 23) among men. 
Second, the absence of all five risk factors at 50 
years of age was associated with a maximum 
lifetime difference of 13.3 years (95% CI, 11.2 to 
15.7) in women and 10.6 years (95% CI, 9.2 to 12.9) 
in men as compared with participants who had 
all the risk factors. Third, the extent of lifetime 
difference between participants without classic 
risk factors for cardiovascular disease and those 
with such risk factors varied depending on which 
specific risk factor was absent. Fourth, regional 
heterogeneity was seen in the magnitude of life-

time difference, as illustrated for hypertension, 
the leading global contributor to cardiovascular 
disease. Fifth, using risk-trajectory analyses, we 
found that among all the risk factors assessed, 
modifying the presence of hypertension was re-
lated to the most additional life-years free of 
cardiovascular disease.

A person’s lifetime risk of cardiovascular dis-
ease has been associated with the accumulation 
of risk factors.2 Previous studies have estimated 
lifetime risks exceeding 55%3 while considering 
more severe, uncontrolled risk-factor levels than 
those examined in our study. Existing estimates 
of a person’s lifetime risk of cardiovascular dis-
ease have been derived largely from data collected 
from U.S.3 or European14 populations. By lever-
aging a global data set, our findings highlight that 
there is geographic variability in lifetime cardio-
vascular risk, extending previous observations 
that showed similar lifetime risk of cardiovascu-
lar disease across different ethnic groups with 

Figure 3. Estimated Lifetime Difference with Respect to Arterial Hypertension, According to Geographic Region.

The values shown are the number of additional life-years free of cardiovascular disease (CVD) or death from any 
cause among participants without hypertension, but with all other risk factors, as compared with those with all five 
risk factors. Hypertension was selected as the risk factor globally contributing the highest population-attributable 
fraction to cardiovascular disease development. Results are shown at an index age of 50 years and separately for 
women (red) and men (blue). Estimates and 95% confidence intervals (error bars) are for a dichotomized regional 
standard-deviation score (<2 vs. ≥2) for systolic blood pressure and are based on recalibrated predictions from 
Weibull models including dichotomized regional standard-deviation scores (<2 vs. ≥2) for systolic blood pressure, 
non-HDL cholesterol level, and BMI as covariates, along with diabetes and smoking. The use of regional standard-
deviation scores allows for different regional cutoffs. Clipped confidence intervals are indicated with arrows. For 
sub-Saharan Africa, insufficient data were available for cardiovascular disease. For Asia, no lifetime difference is 
shown for cardiovascular disease in women because values could not be estimated owing to high life expectancy.
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similar risk-factor profiles.2 Although only ap-
proximately 50% of cardiovascular disease events 
are attributable to the five classic risk factors,1 
nonclassic risk factors may account for residual 
cardiovascular disease risk16 and may be related 
to myocardial infarction among persons without 
standard modifiable cardiovascular risk factors.17

Pooled data from five U.S. population-based 
cohorts suggested that persons with an optimal 
risk profile at 45 years of age had a 14-year dif-
ference in life expectancy as compared with per-
sons with two or more traditional risk factors.3 In 
our study, using contemporary definitions for 
cardiovascular disease risk factors, we found a 
lifetime difference of more than a decade between 
persons without risk factors and those with risk 
factors. Notably, the association of non-HDL cho-
lesterol level and BMI with cardiovascular disease 
has a J- or U-shaped pattern,1,18 which complicates 
direct estimates of their contribution. The inter-
action among obesity, diabetes, and hyperten-
sion19 could have influenced results related to 
BMI. Our analyses also suggest that achievement 
of favorable risk-factor levels during midlife was 
associated with a higher probability of living 
more years free of cardiovascular disease.3 When 
hypertension was present between 50 and less 
than 55 years of age and absent between 55 and 
less than 60 years of age, this modification was 
associated with most additional life-years free of 
cardiovascular disease in our analysis. Smoking 
cessation was associated with the most additional 
life-years free of death, followed by modification 
of hypertension.

Existing risk-prediction tools rely primarily 
on regionally focused studies, which may limit 
their broad applicability.7,14 Some models offer 
static estimates over prespecified time intervals, 
such as 10 years, and do not account for changes 
in risk-factor burden over time. Our study con-
tributes to current knowledge in several impor-
tant ways. First, we improved the generalizabil-
ity of findings beyond locally focused studies by 
presenting results from a large and diverse global 
data set of individual-level, prospectively col-
lected, harmonized data. Second, our compara-
tive analysis of participants who modified one or 
more risk factors during a critical midlife de-
cade, as compared with those who did not, sug-
gests that modifying a risk factor could change 
the association with lifetime years in the pres-
ence or absence of a risk factor. Third, to pro-

mote the empowerment of individual persons, we 
extended traditional lifetime risk assessments by 
shifting the wording from simply acknowledg-
ing risk toward exploring the potential associa-
tion between risk-factor modification and addi-
tional years of healthy life.

This study has several limitations. The GCVRC 
data includes cohorts with varying representativ-
ity, data quality and quantity, dates of baseline 
assessments, follow-up times, end-point defini-
tions, and use of clinical interventions. Although 
the regression model quantifies important asso-
ciations between risk factors and survival, the 
associations do not have a causal interpretation; 
in particular, the estimated effects may be par-
tially driven by unmeasured factors that are as-
sociated with both the risk factor and outcome. 
For example, we found that lower blood pressure 
is associated with additional life-years after con-
trolling the other risk factors in the model: non-
HDL cholesterol level, BMI, diabetes, and smok-
ing. The overall effect could have been influenced 
by unmeasured factors that are associated with 
both lower blood pressure and overall survival, 
such as physical activity, nutrition, and access to 
health care. We cannot rule out the possibility 
that an entry age into the time-to-event analyses, 
which may differ from 50 years, could have in-
troduced bias into the estimates of incidence. 
Limited data density in a few regions may influ-
ence the effect sizes of lifetime estimates at the 
regional level. However, structured harmoniza-
tion was used to reduce variation, and sensitivity 
and additional analyses yielded results similar to 
those for the overall study population.

In this study, we examined how the presence 
or absence of classic cardiovascular risk factors 
affects lifetime estimates of cardiovascular dis-
ease and death from any cause on a global scale. 
Modification of arterial hypertension from pres-
ent to absent during midlife was related to the 
most additional life-years free of cardiovascular 
disease.

Supported by the German Center for Cardiovascular Research 
(DZHK).

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

Author Information
Christina Magnussen, M.D.,1-3 Jesus Alegre-Diaz, M.D.,4 Lub-
na A. Al-Nasser, Ph.D.,5 Philippe Amouyel, M.D., Ph.D.,6 Larissa 
Aviles-Santa, M.D.,7 Stephan J.L. Bakker, M.D., Ph.D.,8 Chris-
tie M. Ballantyne, M.D.,9 Antonio Bernabé-Ortiz, M.D., Ph.D.,10 
Martin Bobak, Ph.D.,11 Paolo Boffetta, M.D.,12-14 Hermann 

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by MARTIN SALAZAR on March 30, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med   nejm.org 12

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Brenner, M.D.,15,16 Mattias Brunström, M.D.,17 Gunay Can, 
M.D.,18 Rodrigo M. Carrillo-Larco, M.D., Ph.D.,19 William Check-
ley, M.D., Ph.D.,20 Jean Dallongeville, M.D., Ph.D.,21 Dirk 
De Bacquer, Ph.D.,22 Giovanni de Gaetano, M.D., Ph.D.,23 
James A. de Lemos, M.D.,24 Eleonora di Carluccio, M.Sc.,25,26 
Annette Dobson, Ph.D.,27 Chiara Donfrancesco, Ph.D.,28 Mar-
cus Dörr, M.D.,29,30 Eleonora d’Orsi, Ph.D.,31 Wojciech Drygas, 
M.D., Ph.D.,32-34 Robin P.F. Dullaart, M.D., Ph.D.,8 Gunnar Eng-
ström, M.D., Ph.D.,35 Marco M. Ferrario, M.D., Ph.D.,36 Jean 
Ferrières, M.D., Ph.D.,37 Gemma A. Figtree, D.Phil.,38-40 Bamba 
Gaye, M.D., Ph.D.,41-43 Majid Ghayour-Mobarhan, M.D., 
Ph.D.,44,45 Uri Goldbourt, Ph.D.,46 Clicerio Gonzalez, M.D.,47 
Alina Gossling, M.Sc.,1,3 Guido Grassi, M.D.,48 Prakash C. Gup-
ta, M.D.,49 Jiang He, M.D., Ph.D.,50 Allison M. Hodge, Ph.D.,51,52 
Atsushi Hozawa, M.D., Ph.D.,53 Kristian Hveem, M.D., 
Ph.D.,54,55 Licia Iacoviello, M.D., Ph.D.,23,56 M. Kamran Ikram, 
M.D., Ph.D.,57 Manami Inoue, M.D., Ph.D.,58 Vilma Irazola, 
M.D., Ph.D.,59 Modou Jobe, M.D.,41,60 Pekka Jousilahti, M.D., 
Ph.D.,61 Pontiano Kaleebu, M.D., Ph.D.,62 Maryam Kavousi, 
M.D., Ph.D.,63 Frank Kee, M.D.,64 Davood Khalili, M.D., Ph.D.,65 
Jens Klotsche, M.D.,66 Wolfgang Koenig, M.D.,67-69 Anna Kontse-
vaya, M.D., Ph.D.,70 Sudhirsen Kowlessur, Ph.D.,71 Pablo 
Kuri-Morales, M.D.,4,72 Kari Kuulasmaa, Ph.D.,61 Sun-Seog 
Kweon, M.D., Ph.D.,73 Karl J. Lackner, M.D.,74 Ulf Landmesser, 
M.D.,75-78 David M. Leistner, M.D.,79-81 Carlos E. Leiva Sisnieg-
uez, M.D.,82,83 Darryl Leong, Ph.D.,84 Lars Lind, M.D., Ph.D.,85 
Allan Linneberg, M.D., Ph.D.,86,87 Thiess Lorenz, M.A.,1-3,41 Mag-
nus N. Lyngbakken, M.D., Ph.D.,88,89 Reza Malekzadeh, 
M.D.,90,91 Sofia Malyutina, M.D., Ph.D.,92 Ellisiv B. Mathiesen, 
M.D., Ph.D.,93,94 Patrick McElduff, Ph.D.,95 Olle Melander, M.D., 
Ph.D.,96 Andres Metspalu, M.D., Ph.D.,97 J. Jaime Miranda, 
M.D., Ph.D.,38,98 Marie Moitry, M.D.,99 Joseph Mugisha, Ph.D.,62 
Julia Munzinger, M.Sc.,1-3 Mahdi Nalini, M.D., Ph.D.,91 Vijay 
Nambi, M.D., Ph.D.,9,100 Peter M. Nilsson, M.D., Ph.D.,96 Toshi-
haru Ninomiya, M.D., Ph.D.,101 Torbjørn Omland, M.D., 
Ph.D.,88,89 Sok King Ong, M.B., B.S.,102 Karen Oppermann, M.D., 
Ph.D.,103 Andrzej Pajak, M.D., Ph.D.,104 Luigi Palmieri, Ph.D.,28 
Demosthenes Panagiotakos, M.D., Ph.D.,105 Sue K. Park, M.D., 
Ph.D.,106-108 Mangesh S. Pednekar, Ph.D.,49 Arokiasamy Peri-
anayagam, Ph.D.,109,110 Annette Peters, Ph.D.,68,111-113 Hossein 
Poustchi, M.D., Ph.D.,90,91 Dorairaj Prabhakaran, M.D.,114,115 An-
drew M. Prentice, Ph.D.,60 Eva Prescott, M.D.,116 Arshed Quyyu-
mi, M.D.,117 Ulf Risérus, M.D., Ph.D.,118 Satoko Sakata, M.D., 
Ph.D.,101 Martin Salazar, M.D., Ph.D.,82,83 Veikko Salomaa, M.D., 
Ph.D.,61 Susana Sans, M.D., Ph.D.,119 E. Lilian P. Sattler, 
Ph.D.,41,120-122 Ben Schöttker, Ph.D.,15,16 Aletta E. Schutte, 
Ph.D.,123-125 Sadaf G. Sepanlou, Ph.D.,91 Sanjib K. Sharma, 
M.D.,126 Jonathan Shaw, M.D.,127 Leon A. Simons, M.D.,128 Ste-
fan Söderberg, M.D., Ph.D.,17 Abdonas Tamosiunas, M.D.,129,130 
Roberto Tapia-Conyer, M.D., Ph.D.,4 Barbara Thorand, Ph.D.,111-

113 Hugh Tunstall-Pedoe, M.D.,131 Jaakko Tuomilehto, M.D., 
Ph.D.,132 Raphael Twerenbold, M.D.,1-3 Diego Vanuzzo, M.D.,133 
Giovanni Veronesi, Ph.D.,36 S. Goya Wannamethee, Ph.D.,134 
Masafumi Watanabe, M.D., Ph.D.,135 Jessica Weimann, M.Sc.,1,3 
Philipp S. Wild, M.D.,136-139 Yao Yao, M.D., Ph.D.,140,141 Yi Zeng, 
M.D.,142,143 Andreas Ziegler, Ph.D.,1,3,26,144 Francisco M. Ojeda, 
Ph.D.,1,3 and Stefan Blankenberg, M.D.1-3,26

1 University Heart and Vascular Center Hamburg, University 
Medical Center Hamburg–Eppendorf, Hamburg, Germany; 
2 German Center for Cardiovascular Research (DZHK), Partner 
Site Hamburg–Kiel–Luebeck, Hamburg, Germany; 3 Center for 
Population Health Innovation, Hamburg, Germany; 4 Experi-
mental Medicine Research Unit from the School of Medicine, 
National Autonomous University of Mexico, Mexico City; 5 De-
partment of Population Health, King Abdullah International 
Medical Research Center, King Saud Bin Abdulaziz University 
for Health Sciences, Riyadh, Saudi Arabia; 6 University Lille, 
INSERM, Centre Hospital University Lille, Institut Pasteur de Lille, 

Unité Mixte de Recherche (UMR) 1167–Risk Factors and Mo-
lecular Determinants of Aging-Related Diseases, Epidemiology 
and Public Health Department, Lille, France; 7 Division of Clini-
cal and Health Services Research, National Institute on Minor-
ity Health and Health Disparities, Bethesda, MD; 8 Department 
of Internal Medicine, University Medical Center Groningen, 
University of Groningen, Groningen, the Netherlands; 9 Depart-
ment of Medicine, Baylor College of Medicine, Houston; 10 Uni-
versidad Científica del Sur, Lima, Peru; 11 Institute of Epidemiol-
ogy and Health Care, University College London, London; 
12 Department of Family, Population, and Preventive Medicine, 
Stony Brook University, Stony Brook, NY; 13 Stony Brook Cancer 
Center, Stony Brook University, Stony Brook, NY; 14 Department 
of Medical and Surgical Sciences, University of Bologna, Bolo-
gna, Italy; 15 Division of Clinical Epidemiology and Aging Re-
search, DKFZ, Heidelberg, Germany; 16 Network Aging Research, 
Heidelberg University, Heidelberg, Germany; 17 Department of 
Public Health and Clinical Medicine, Umeå University, Umeå, 
Sweden; 18 Department of Public Health, Cerrahpaşa Faculty of 
Medicine, Istanbul University–Cerrahpaşa, Istanbul, Turkey; 
19 Hubert Department of Global Health, Rollins School of Public 
Health, Emory University, Atlanta; 20 Division of Pulmonary and 
Critical Care and Center for Global Non-Communicable Dis-
ease Research and Training, Johns Hopkins University, Balti-
more; 21 Institut Pasteur de Lille, University Lille, Lille, France; 
22 Department of Public Health and Primary Care, Ghent Uni-
versity, Ghent, Belgium; 23 Research Unit of Epidemiology and 
Prevention, IRCCS Neuromed, Pozzilli, Italy; 24 Department of 
Medicine, University of Texas Southwestern Medical Center, 
Dallas; 25 University Medical Center Hamburg–Eppendorf, 
Hamburg, Germany; 26 Cardio-CARE, Davos, Switzerland; 
27 School of Public Health, University of Queensland, Brisbane, 
Australia; 28 Department of Cardiovascular, Endocrine-metabol-
ic Diseases and Aging, Istituto Superiore di Sanità, Rome; 29 In-
stitute for Community Medicine, Study of Health in Pomerania–
Klinisch-Epidemiologische Forschung, University Medicine 
Greifswald, Greifswald, Germany; 30 DZHK Partner Site Greif-
swald, Greifswald, Germany; 31 Department of Public Health, 
Postgraduate Program in Public Health, Federal University of 
Santa Catarina, Florianopolis, Brazil; 32 National Institute of 
Cardiology, Warsaw, Poland; 33 Department of Social and Pre-
ventive Medicine, Medical University, Lodz, Poland; 34 Calisia 
University, World Institute for Patient Safety, Kalisz, Poland; 
35 Department of Clinical Sciences in Malmö, Lund University, 
Lund, Sweden; 36 Research Center in Epidemiology and Preven-
tive Medicine, Department of Medicine and Surgery, University 
of Insubria, Varese, Italy; 37 Department of Cardiology, Toulouse 
Rangueil University Hospital, Department of Epidemiology, 
INSERM UMR 1295, Toulouse, France; 38 Faculty of Medicine 
and Health, University of Sydney, Camperdown, NSW, Austra-
lia; 39 Cardiovascular Discovery Group, Kolling Institute of Medi-
cal Research, St. Leonards, NSW, Australia; 40 Department of 
Cardiology, Royal North Shore Hospital, St. Leonards, NSW, 
Australia; 41 Alliance for Medical Research in Africa, Dakar, Sen-
egal; 42 Department of Medicine, Cheikh Anta Diop University, 
Dakar, Senegal; 43 Department of Biomedical Informatics, Emo-
ry University School of Medicine, Atlanta; 44 Metabolic Syn-
drome Research Center, Mashhad University of Medical Sci-
ences, Mashhad, Iran; 45 International UNESCO Center 
for Health-Related Basic Sciences and Human Nutrition, Mash-
had University of Medical Sciences, Mashhad, Iran; 46 Depart-
ment of Epidemiology, Tel Aviv University School of Public 
Health, Tel Aviv, Israel; 47 Centro de Estudios en Diabetes, Cen-
tro de Investigación en Salud Poblacional, Instituto Nacional de 
Salud Pública, Cuernavaca, Mexico; 48 Department of Medicine 
and Surgery, University of Milano-Bicocca, Milan; 49 Healis-
Sekhsaria Institute for Public Health, Navi Mumbai, India; 
50 Department of Epidemiology, University of Texas Southwest-
ern Medical Center Peter O’Donnell Jr. School of Public Health, 

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by MARTIN SALAZAR on March 30, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med   nejm.org 13

Cardiovascular Risk Factors and Lifetime Estimates

Dallas; 51 Cancer Epidemiology Division, Cancer Council Victo-
ria, Melbourne, Australia; 52 Centre for Epidemiology and Bio-
statistics, Melbourne School of Population and Global Health, 
University of Melbourne, VIC, Australia; 53 Tohoku University 
Graduate School of Medicine, Sendai, Japan; 54 HUNT Center 
for Molecular and Clinical Epidemiology, Department of Public 
Health and Nursing, Norwegian University of Science and 
Technology, Trondheim, Norway; 55 Department of Research 
and Education, St. Olav’s Hospital, Trondheim, Norway; 56 De-
partment of Medicine and Surgery, LUM University, Casamas-
sima, Italy; 57 Departments of Neurology and Epidemiology, 
Erasmus University Medical Center, Rotterdam, the Nether-
lands; 58 National Cancer Center Institute for Cancer Control, 
Tokyo; 59 Department of Research in Chronic Diseases, Institute 
for Clinical Effectiveness and Health Policy, Buenos Aires; 
60 Medical Research Council (MRC) Unit The Gambia at London 
School of Hygiene and Tropical Medicine, Banjul, Gambia; 
61 Department of Public Health, Finnish Institute for Health and 
Welfare, Helsinki; 62 MRC–Uganda Virus Research Institute and 
London School of Hygiene and Tropical Medicine Uganda Re-
search Unit, Entebbe, Uganda; 63 Department of Epidemiology, 
Erasmus MC University Medical Center Rotterdam, Rotterdam, 
the Netherlands; 64 Centre for Public Health, Queens University 
Belfast, Belfast, United Kingdom; 65 Prevention of Metabolic 
Disorders Research Center, Research Institute for Metabolic 
and Obesity Disorders, Research Institute for Endocrine Sci-
ences, Shahid Beheshti University of Medical Sciences, Tehran, 
Iran; 66 German Rheumatism Research Center, Epidemiologic 
Unit, Berlin; 67 Technical University of Munich, School of Medi-
cine and Health, German Heart Center, TUM University Hospi-
tal, Munich, Germany; 68 DZHK Partner Site Munich Heart Alli-
ance, Munich, Germany; 69 Institute of Epidemiology and 
Medical Biometry, University of Ulm, Ulm, Germany; 70 Nation-
al Medical Research Center for Therapy and Preventive Medi-
cine, Moscow; 71 Ministry of Health and Wellness, Port Louis, 
Mauritius; 72 Proyecto oriGen, Tecnológico de Monterrey, Mon-
terrey, Mexico; 73 Department of Preventive Medicine, Chon-
nam National University Medical School, Hwasun-eup, South 
Korea; 74 University Medical Center of the Johannes Gutenberg 
University Mainz, Mainz, Germany; 75 Department of Cardiolo-
gy, Angiology, and Intensive Care Medicine, Deutsches Herz-
zentrum der Charité, Berlin; 76 Charité Universitätsmedizin Ber-
lin, Berlin; 77 Friede Springer Cardiovascular Prevention Center 
@Charité, Berlin; 78 DZHK Partner Site Berlin, Berlin; 79 Goethe 
University Frankfurt, University Hospital, Department of Cardi-
ology, Frankfurt, Germany; 80 DZHK Partner Site Rhine-Main, 
Frankfurt, Germany; 81 Cardio-Pulmonary Institute, Partner Site 
Frankfurt, Frankfurt am Main, Germany; 82 Faculty of Medical 
Sciences, National University of La Plata, La Plata, Argentina; 
83 Argentinian Society of Arterial Hypertension, Buenos Aires; 
84 Population Health Research Institute, McMaster University, 
Hamilton Health Sciences, Hamilton, ON, Canada; 85 Depart-
ment of Medical Sciences, Uppsala, Sweden; 86 Center for Clini-
cal Research and Prevention, Bispebjerg and Frederiksberg 
Hospital, Copenhagen; 87 Department of Clinical Medicine, Fac-
ulty of Health and Medical Sciences, University of Copenhagen, 
Copenhagen; 88 Department of Cardiology, Division of Medi-
cine, Akershus University Hospital, Lørenskog, Norway; 89 K.G. 
Jebsen Center for Cardiac Biomarkers, Institute of Clinical Med-
icine, University of Oslo, Oslo; 90 Digestive Oncology Research 
Center, Digestive Disease Research Institute, Shariati Hospital, 
Tehran University of Medical Sciences, Tehran, Iran; 91 Digestive 
Disease Research Center, Digestive Disease Research Institute, 
Shariati Hospital, Tehran University of Medical Sciences, Teh-
ran, Iran; 92 Research Institute of Internal and Preventive Medi-
cine, Branch of Federal Research Center Institute of Cytology 
and Genetics, Siberian Branch of the Russian Academy of Sci-
ences, Novosibirsk, Russia; 93 Department of Clinical Medicine, 
UiT Arctic University of Norway, Tromsø, Norway; 94 Depart-

ment of Neurology, University Hospital of North Norway, 
Tromsø, Norway; 95 School of Medicine and Public Health, Uni-
versity of Newcastle, Newcastle, NSW, Australia; 96 Lund Uni-
versity, Lund, Sweden; 97 University of Tartu, Tartu, Estonia; 
98 CRONICAS Center of Excellence in Chronic Diseases, Univer-
sidad Peruana Cayetano Heredia, Lima, Peru; 99 Department of 
Public Health, University Hospital of Strasbourg, Strasbourg, 
France; 100 Michael E. DeBakey Veterans Affairs Hospital, Hous-
ton; 101 Department of Epidemiology and Public Health, Gradu-
ate School of Medical Sciences, Kyushu University, Fukuoka, 
Japan; 102 PAPRSB Institute of Health Sciences, Universiti Bru-
nei Darussalam, Jalan Tungku Link, Bandar Seri Begawan, Bru-
nei Darussalam; 103 Department of Gynecology, Faculty of Med-
icine, University of Passo Fundo, Passo Fundo, Brazil; 
104 Department of Epidemiology and Population Studies, Insti-
tute of Public Health, Faculty of Health Sciences, Jagiellonian 
University Medical College, Krakow, Poland; 105 Harokopio Uni-
versity, Athens; 106 Department of Preventive Medicine, Seoul 
National University College of Medicine, Seoul, South Korea; 
107 Cancer Research Institute, Seoul National University, Seoul, 
South Korea; 108 Integrated Major in Innovative Medical Sci-
ence, Seoul National University Graduate School, Seoul, South 
Korea; 109 Social and Economic Survey Research Institute, Qatar 
University, Doha, Qatar; 110 National Council of Applied Eco-
nomic Research, Delhi, India; 111 Helmholtz Zentrum München, 
German Research Center for Environmental Health, Institute of 
Epidemiology, Munich, Germany; 112 Institute for Medical Infor-
mation Processing, Biometry, and Epidemiology, Faculty of 
Medicine, LMU Munich, Pettenkofer School of Public Health, 
Munich, Germany; 113 German Center for Diabetes Research, 
Partner Munich–Neuherberg, Neuherberg, Germany; 114 Public 
Health Foundation of India, New Delhi, India; 115 Center for 
Chronic Disease Control, New Delhi, India; 116 Department of 
Cardiology, Bispebjerg Hospital, Copenhagen; 117 Emory Uni-
versity School of Medicine, Division of Cardiology, Department 
of Medicine, Atlanta; 118 Department of Public Health and Car-
ing Sciences, Clinical Nutrition and Metabolism, Uppsala Uni-
versity, Uppsala, Sweden; 119 Department of Health, Generalitat 
of Catalonia, Barcelona; 120 Department of Clinical and Adminis-
trative Pharmacy, College of Pharmacy, University of Georgia, 
Athens; 121 Department of Nutritional Sciences, College of Fam-
ily and Consumer Sciences, University of Georgia, Athens; 
122 Nell Hodgson Woodruff School of Nursing, Emory Universi-
ty, Atlanta; 123 School of Population Health, University of New 
South Wales, Kensington, Australia; 124 George Institute for 
Global Health, Sydney; 125 Hypertension in Africa Research 
Team, South African Medical Research Council Unit for Hyper-
tension and Cardiovascular Disease, North-West University, 
Potchefstroom, South Africa; 126 Department of Internal Medi-
cine, B.P. Koirala Institute of Health Sciences, Dharan, Nepal; 
127 Baker Heart and Diabetes Institute, Melbourne, VIC, Austra-
lia; 128 University of New South Wales Sydney, Kensington, Aus-
tralia; 129 Laboratory of Population Studies, Institute of Cardiol-
ogy, Kaunas, Lithuania; 130 Department of Preventive Medicine, 
Faculty of Public Health, Lithuanian University of Health Sci-
ences, Kaunas, Lithuania; 131 Cardiovascular Epidemiology Unit, 
Institute of Cardiovascular Research, University of Dundee, 
Dundee, United Kingdom; 132 Department of Public Health, 
University of Helsinki, Helsinki; 133 MONICA (Monitoring Car-
diovascular Diseases)–Friuli Study Group, Udine, Italy; 134 Re-
search Department of Primary Care and Population Health, 
University College London, London; 135 Global Center of Excel-
lence Program Study Group, Yamagata University School of 
Medicine, Yamagata, Japan; 136 Preventive Cardiology and Pre-
ventive Medicine, Department of Cardiology, University Medi-
cal Center Mainz, Johannes Gutenberg University Mainz, 
Mainz, Germany; 137 Clinical Epidemiology and Systems Medi-
cine, Center for Thrombosis and Hemostasis, University Medi-
cal Center Mainz, Johannes Gutenberg University Mainz, 

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by MARTIN SALAZAR on March 30, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med   nejm.org 14

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Mainz, Germany; 138 DZHK Partner Site Rhine-Main, University 
Medical Center Mainz, Johannes Gutenberg University Mainz, 
Mainz, Germany; 139 Systems Medicine, Institute of Molecular 
Biology, Mainz, Germany; 140 Center for Healthy Aging Transdis-
ciplinary Sciences, China Center for Health Development Stud-
ies, Peking University, Beijing; 141 State Key Laboratory of Vascu-

lar Homeostasis and Remodeling, Peking University, Beijing; 
142 National School of Development, Peking University, Beijing; 
143 Center for the Study of Aging and Human Development and 
Geriatrics Division, School of Medicine, Duke University, Durham, 
NC; 144 School of Mathematics, Statistics, and Computer Science, 
University of KwaZulu-Natal, Pietermaritzburg, South Africa.

References
1. The Global Cardiovascular Risk Con-
sortium. Global effect of modifiable risk 
factors on cardiovascular disease and mor-
tality. N Engl J Med 2023; 389: 1273-85.
2. Berry JD, Dyer A, Cai X, et al. Lifetime 
risks of cardiovascular disease. N Engl J 
Med 2012; 366: 321-9.
3. Wilkins JT, Ning H, Berry J, Zhao L, 
Dyer AR, Lloyd-Jones DM. Lifetime risk 
and years lived free of total cardiovascular 
disease. JAMA 2012; 308: 1795-801.
4. Lloyd-Jones DM, Leip EP, Larson MG, 
et al. Prediction of lifetime risk for car-
diovascular disease by risk factor burden 
at 50 years of age. Circulation 2006; 113: 
791-8.
5. Lloyd-Jones DM, Larson MG, Beiser A, 
Levy D. Lifetime risk of developing coro-
nary heart disease. Lancet 1999; 353: 89-92.
6. Lloyd-Jones DM, Larson MG, Leip EP, 
et al. Lifetime risk for developing conges-
tive heart failure: the Framingham Heart 
Study. Circulation 2002; 106: 3068-72.
7. Jaspers NEM, Blaha MJ, Matsushita K, 
et al. Prediction of individualized lifetime 
benefit from cholesterol lowering, blood 
pressure lowering, antithrombotic thera-
py, and smoking cessation in apparently 
healthy people. Eur Heart J 2020; 41: 1190-9.

8. Evans A, Salomaa V, Kulathinal S, et 
al. MORGAM (an international pooling of 
cardiovascular cohorts). Int J Epidemiol 
2005; 34: 21-7.
9. Quartagno M, Grund S, Carpenter J. 
jomo: A flexible package for two-level joint 
modelling multiple imputation. R Jour-
nal. 2019 (https://journal . r - project . org/ 
 archive/  2019/  RJ - 2019 - 034/  RJ - 2019 - 034  
. pdf).
10. van Buuren S, Groothuis-Oudshoorn 
K. mice: Multivariate imputation by chained 
equations in R. J Stat Softw 2011; 45(3): 1-67 
(https://www . jstatsoft . org/  article/  view/ 
 v045i03).
11. Korn EL, Graubard BI, Midthune D. 
Time-to-event analysis of longitudinal 
follow-up of a survey: choice of the time-
scale. Am J Epidemiol 1997; 145: 72-80.
12. SCORE2 working group and ESC Car-
diovascular risk collaboration. SCORE2 
risk prediction algorithms: new models to 
estimate 10-year risk of cardiovascular 
disease in Europe. Eur Heart J 2021; 42: 
2439-54.
13. Riley RD, Tierney JF, Stewart LA, eds. 
Individual participant data meta-analysis: 
a handbook for healthcare research. 
Hoboken, NJ:  John Wiley, 2021.

14. Hageman SHJ, Kaptoge S, de Vries TI, 
et al. Prediction of individual lifetime car-
diovascular risk and potential treatment 
benefit: development and recalibration of 
the LIFE-CVD2 model to four European 
risk regions. Eur J Prev Cardiol 2024; 31: 
1690-9.
15. R Core Team. R: a language and envi-
ronment for statistical computing. Vienna:  
ARFfSC, 2024 (https://www . R - project . org/  ).
16. Ridker PM, Moorthy MV, Cook NR, 
Rifai N, Lee I-M, Buring JE. Inflamma-
tion, cholesterol, lipoprotein(a), and 30-
year cardiovascular outcomes in women. 
N Engl J Med 2024; 391: 2087-97.
17. Figtree GA, Vernon ST, Harmer JA, et 
al. Clinical pathway for coronary athero-
sclerosis in patients without conventional 
modifiable risk factors: JACC state-of-the-
art review. J Am Coll Cardiol 2023; 82: 
1343-59.
18. Khan I, Chong M, Le A, et al. Surro-
gate adiposity markers and mortality. 
JAMA Netw Open 2023; 6(9): e2334836.
19. Koskinas KC, Van Craenenbroeck EM, 
Antoniades C, et al. Obesity and cardio-
vascular disease: an ESC clinical consensus 
statement. Eur Heart J 2024; 45: 4063-98.
Copyright © 2025 Massachusetts Medical Society.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by MARTIN SALAZAR on March 30, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.

https://journal.r-project.org/archive/2019/RJ-2019-034/RJ-2019-034.pdf
https://journal.r-project.org/archive/2019/RJ-2019-034/RJ-2019-034.pdf
https://journal.r-project.org/archive/2019/RJ-2019-034/RJ-2019-034.pdf
https://www.jstatsoft.org/article/view/v045i03
https://www.jstatsoft.org/article/view/v045i03
https://www.R-project.org/

