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ABSTRACT

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 co-
horts, 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) accord-
ing 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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ARDIOVASCULAR 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.! Current estimates
of lifetime risk of cardiovascular disease increase
with accumulated risk-factor load** and range
from 5 to 50%, depending on the specific car-
diovascular disease end point, follow-up dura-
tion, population risk-factor profiles, and cardio-
vascular disease risk in different populations.>”
These estimates, however, fail to account for
dynamic changes in individual risk profiles over
time, which could affect long-term outcomes.
Furthermore, the association between individual
risk factors 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.

METHODS

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 Sta-
tistical Working Group (as shown in the Supple-
mentary Appendix), analyses were performed by
the next-to-last author and again reviewed with-
in 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 manu-
script for publication and vouch for the accu-
racy and completeness of the data. The study had
no formal regulatory sponsor. The study proto-
col 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-
monization! is summarized in the Supplemen-
tary Appendix. The grouping of regions, selecting
of cohorts, and handling of data were described
previously.! 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.® 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-
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sure of 130 mm Hg or more; hyperlipidemia
was determined by non-HDL cholesterol levels
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.” 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).” 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.*® 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," 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-analysis'>* 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
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Figure 1. Effect of Five Modifiable Cardiovascular Risk Factors on Lifetime Risk of Cardiovascular Disease and Death from Any

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.

alternative cutoffs. On one such version, sex-
specific regional standard-deviation scores were
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
population data as described previously.!*** Cali-
brated incidence was used to estimate lifetime
risk, life expectancies, and lifetime differences.’
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

N ENGL J MED 393;2 NEJM.ORG JULY 10, 2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from negjm.org at Beijing Tiantan Hospital on July 28, 2025.

129

Copyright © 2025 Massachusetts Medical Society. All rights reserved, including those for text and data mining, Al training, and similar technologies.



The NEW ENGLAND JOURNAL of MEDICINE

A Cardiovascular Disease
Overall Lifetime Difference
133
Women —— No risk factors vs.
all risk factors
Men I—W at 50 yr of age
T T T 1
0 5 10 15 20
Lifetime Difference (yr)
Risk-Factor-Specific Lifetime Difference
Systolic blood pressure Non-HDL cholesterol Body-mass index
1.3 0.4 4 0.6
Women <130 mm Hg vs. "H <130 mg/dl vs. E" =20 to <25 vs.
Men =130 mm Hg =130 mg/dl <20 or =25
R L. h,
2.3 1.2 { 2.6
Women Regional SD score IE'_| Regional SD score Ij_| Regional SD score
M B_| <2vs.22 I | <2vs. 22 i H_| <2vs.22
- 21 T 1 T t L1 T 1 T t L9 T 1
0 5 10 -2 0 5 10 -2 0 5 10
Diabetes Smoking
4.7 5.5
Women H— No diabetes F—  No smoking
Men | vs. diabetes [ vs. smoking
4.2 43
T 1 T 1
0 5 10 0 5 10
Lifetime Difference (yr)
B Death from Any Cause
Overall Lifetime Difference
14.5 .
Women 1 No risk factors vs.
all risk factors
Men I—W at 50 yr of age
T T T 1
0 5 10 15 20
Lifetime Difference (yr)
Risk-Factor-Specific Lifetime Difference
Systolic blood pressure Non-HDL cholesterol Body-mass index
1.7 -0.9 0.5
Women [T <130 mm Hg vs. "E' <130 mg/dl vs. E“ =20 to <25 vs.
Men =130 mm Hg =130 mg/d| <20 or 225
T, L5 ot
2.9 0.8 \ 2.8
Women [T Regional SD score l]_‘ Regional SD score E Regional SD score
Men <2vs. =2 <2vs.=2 i E_| <2vs. =2
2.9 T 1 T !340.8 T 1 T t 24 T 1
0 5 10 -2 0 5 10 -2 0 5 10
Diabetes Smoking
6.4 5.6
Women [T No diabetes I e BV smoking
Ven |y vsdibees  [TIDELY v smokng
5.8 5.1
T 1 T 1
0 5 10 0 5 10
Lifetime Difference (yr)
130 N ENGL) MED 393;2 NEJM.ORG JULY 10, 2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from negjm.org at Beijing Tiantan Hospital on July 28, 2025.

Copyright © 2025 Massachusetts Medical Society. All rights reserved, including those for text and data mining, Al training, and similar technologies.




CARDIOVASCULAR RISK FACTORS AND LIFETIME ESTIMATES

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. 22) for systolic blood pressure, non-HDL cho-
lesterol level, and BMI as covariates, along with diabe-
tes and smoking.

were available. These data were used to estimate
life expectancies and lifetime difference accord-
ing to risk-factor variation, on the basis of joint
models for the longitudinal trajectories of the
risk factors and time-to-event data.” 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 4.3.3.1

RESULTS

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 SG6B.
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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
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.
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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.

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
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.? Previous studies have estimated
lifetime risks exceeding 55%? while considering
more severe, uncontrolled risk-factor levels than
those examined in our study. Existing estimates
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of a person’s lifetime risk of cardiovascular dis-
ease have been derived largely from data collected
from U.S.2 or European’ 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
similar risk-factor profiles.? Although only ap-
proximately 50% of cardiovascular disease events
are attributable to the five classic risk factors,!
nonclassic risk factors may account for residual
cardiovascular disease risk!® and may be related
to myocardial infarction among persons with-
out standard modifiable cardiovascular risk fac-
tors.”

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.? 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,**® which complicates
direct estimates of their contribution. The inter-
action among obesity, diabetes, and hyperten-
sion' 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.> 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.”** 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.
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