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BACKGROUND:Whether high burden of subclinical vas-
cular disease (SVD) is associated with increased prema-
turemortality amongmiddle-aged adults is not adequate-
ly understood. Theassociation ofmidlife SVDburdenwith
premature mortality among middle-aged adults free of
clinical cardiovascular disease (CVD) could provide fur-
ther insights into stratifying premature death beyond
clinical CVD.
OBJECTIVE: To determine whether high burden of sub-
clinical vascular disease is associated with increased pre-
mature mortality among middle-aged adults.
DESIGN:We leveraged data from the Atherosclerosis Risk
in Communities Study.
PARTICIPANTS: Thirteen thousand eight hundred
seventy-six community-dwelling blacks and whites aged
45–64 years from the Atherosclerosis Risk in Communi-
ties Study.
MAIN MEASURES: Each SVD measure—ankle-brachial
index , carot id int ima-media th ickness , and
electrocardiogram—was scored 0 (no abnormalities), 1
(minor abnormalities), or 2 (major abnormalities). An in-
dex was constructed as the sum of three measures, rang-
ing from 0 (lowest burden) to 6 (highest burden). We used
the Cox proportional-hazards model to determine the as-
sociation of SVD burden with premature mortality (death
before age 70) amongpersons free of clinical CVD.We then
tested the difference in point estimates between SVD and
clinical CVD.
KEY RESULTS: Among persons without CVD, the pre-
mature death was 1.7, 2.1, 2.5, and 3.8 per 1000 person-
years among those with an SVD score of 0 (lowest bur-
den), 1, 2, and 3–6 (highest burden), respectively. After
multivariable-adjustment, highest SVD burden (score =
3–6; HR =1.47) was significantly associated with prema-
ture death among persons initially without CVD. In the
model where persons with and without CVD were

INTRODUCTION

Reducing premature mortality, defined as death under age 70,
is an important issue of international concern. The Sustainable
Development Goals (SDGs), which were adopted by the UN
in 2015, target a one-third reduction in premature mortality
from 2010 to 2030.1 Although there has been a tremendous
increase in life expectancy over the last few centuries in the
USA, a large number of American adults still die prematurely
every year with most deaths attributable to non-communicable
diseases (NCDs). The risk of dying from an NCD for a man
and woman aged 30–70 years was 18% and 12%, respective-
ly.2 Cardiovascular disease (CVD) is the leading cause of
death both worldwide and nationwide, accounting for an esti-
mated 17.9 million deaths each year globally and 1 in 3 deaths
in the USA.3, 4 Of all annual deaths caused by CVD globally,
one-third of them have been identified as premature deaths.3

Each year, CVD causes 137.4 billion dollars in lost produc-
tivity from premature mortality in the USA.4

In addition to CVD, subclinical vascular disease (SVD)
could also be an effective way to help recognize and prevent
premature mortality. Noninvasive measures of SVD are
known to be strong risk factors for cardiovascular events,
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included, high SVD burden (score: 3–6 vs.  0)  and  CVD  
did not have hugely different association with premature 
death (HR = 1.49 vs. 1.68; P = 0.32 for comparison). 
CONCLUSIONS: Midlife SVD burden was associated with 
premature mortality and it could stratify premature death 
beyond clinical CVD. It is important to take SVD into 
account when designing interventions for reducing pre-
mature mortality.
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frailty, and mortality among older adults, even after adjusting
for traditional CVD risk factors. 5–14 However, whether high
burden of SVD is associated with increased mortality among
middle-aged adults has not been adequately understood. We
propose that middle adulthood (45–64 years of age) is a
critical period of risk accumulation. Alternations to the car-
diovascular system occurring in midlife may induce impair-
ments across multiple organ systems, leading to increased
mortality risk in older adulthood. Clinical CVD has a low
prevalence in midlife (< 10%),15 and therefore may not be
able to fully account for vascular disease burden. In contrast,
SVD varies substantially among asymptomatic persons and
can track small alterations in structure and function of the
cardiovascular system. Thus, measures of SVD may be useful
to capture the full spectrum of cardiovascular comorbidity and
could provide additional risk stratification of death beyond
clinical CVD.
The purpose of the present study was two-fold. First, we

examined the association between midlife SVD burden with
premature mortality among middle-aged (45–64 years) adults
who did not have clinical CVD. Second, we compared SVD
burden and clinical CVD in terms of the association with
premature mortality combining persons with and without
CVD at baseline. We leveraged data from a large, longitudinal
cohort of middle-aged, community-dwelling blacks and
whites in the USA with over 25 years of follow-up—the
Atherosclerosis Risk in Communities (ARIC) Study. Findings
from this study might provide insights into the contribution of
SVD to premature mortality among persons with and without
clinically diagnosed CVD.

METHODS

Data and Study Participants

Data were from the Atherosclerosis Risk in Communities
(ARIC) Study, an ongoing prospective cohort from four com-
munities in the USA (suburbs of Minneapolis, Minnesota;
Forsyth County, North Carolina; Washington County, Mary-
land, and Jackson, Mississippi).16 The ARIC Study sampled
15,792 men and women, aged 45–64 years at baseline (1987–
1989), and was designed to examine the mechanisms of ath-
erosclerosis and CVD risk factors. Extensive physical exam-
inations were carried out at baseline and at three subsequent
triennial clinical examinations: Visit 2 (1990–1992), visit 3
(1993–1995), and visit 4 (1996–1998). Ongoing follow-up of
the ARIC cohort is conducted through annual telephone inter-
views, which have been semi-annual since 2012. Institutional
review boards at each site approved the study protocol and all
participants signed informed consent. More details about the
recruitment strategies and study design of the ARIC Study can
be found elsewhere.16

Participants were excluded from the present study if they (i)
self-reported race other than black or white (n = 48), (ii) were
blacks from the Minnesota andMaryland sites (n = 55; a small

sample size), (iii) had missing data on any of the three mea-
sures of SVD (n = 1478), and (iv) were alive but not yet 70 at
the cut-off date of December 31, 2015 (n = 332).

Outcome

The primary outcome was time to premature mortality (we
used age as the time scale), defined as death before 70 years of
age according to the definition in the UN SDGs.1 Participants
who survived over the age 70 were censored. Mortality ascer-
tainment was conducted using annual follow-up telephone
calls and semi-annual calls since 2012 to participants or prox-
ies, community-wide hospital surveillance, and linkage with
local and national death registries. Mortality information was
available through December 31, 2015.

Components of the Subclinical Vascular
Disease Burden

Three measures of subclinical vascular health were assessed at
baseline (1987–1989): ankle-brachial index (ABI), carotid
artery intima-media thickness (IMT), and electrocardiogram
(ECG). Each measure was scored as 0 (no abnormalities), 1
(minor abnormalities), or 2 (major abnormalities) based on
clinically meaningful cutoffs for normal, intermediate, and
high values. ABI was obtained as the ratio of ankle systolic
blood pressure (BP) to brachial systolic BP, measured by
trained technicians following a standard protocol.17 ABI ratio
was classified as greater than 1.0 and less than or equal to 1.40
(low risk), 0.90–1.00 or > 1.40 (intermediate risk), and < 0.90
(high risk). Validated ultrasoundmeasurements18 were admin-
istered using standard scanning and reading protocols across
four field centers.19 Mean IMT (averaged over left and right
sides at each of the bifurcation, internal carotid, or common
carotid) was classified as < 0.6 mm (low risk), 0.6–1.0 mm
(intermediate risk), and >1.0 mm (high risk) based on previous
original reports in the ARIC Study.20 The ECGs were coded
using Minnesota Code at the University of Minnesota.21 ECG
findings were classified based on standardized criteria in the
ARIC Study and categorized as no, minor, or major abnor-
malities (Table S1).22 The SVD burden was constructed as the
sum of three SVD measures with a score ranging from 0
(lowest burden) to 6 (highest burden).6, 23

Other Variables

The participants self-reported age (in years), sex, race, and years
of education. Race was categorized as black and white; educa-
tion was classified as less than high school, high school or
equivalent, and more than high school. We created a categorical
variable indicating birth cohort (1921–1925, 1926–1930, 1931–
1935, 1936–1940, and 1941–1945). Smoking history (current,
previous, and never) and leisure-time physical activity, measured
by the Baecke questionnaire (score: 1–4.5), were assessed in a
standard interview. Body mass index (BMI) was calculated as
body weight (kg) divided by height (m) squared and was



categorized as underweight (< 18.5 kg/m2), normal (18.5–<
25.0 kg/m2), overweight (25.0–< 30.0 kg/m2), and obese
(≥ 30.0 kg/m2); underweight and normal categories were col-
lapsed due to small cell size in the underweight category. Pres-
ence of diabetes mellitus was identified as fasting serum glucose
≥ 126 mg/dL, non-fasting serum glucose ≥ 200 mg/dL, self-
reported use of hypoglycemic medications within the previous
two weeks, or self-reported physician diagnosis of diabetes.
Systolic and diastolic blood pressure was measured using a
standard protocol; anti-hypertensive medication use (yes or no)
was self-reported.
Hospitalized CVD events—myocardial infarction, heart

failure, and stroke—that occurred during the follow-up period
were identified through the ongoing surveillance of medical
records and thorough participants’ self-report of prior hospi-
talizations provided using an annual telephone follow-up in-
terview. All CVD events were adjudicated by a panel of
clinical investigators as previously described.24–26 A compos-
ite variable was created to indicate the presence of any of three
CVD events.

Statistical Analysis

We described the baseline characteristics by categories of the
SVD burden (score: 0, 1, 2, and 3–6) using means and stan-
dard deviations for continuous variables and counts and pro-
portions for categorical variables. Choice of cut-points for the
SVD burden was determined by the sample distribution of the
combined population with and without CVD. Analyses of
variance and χ2 test were used to compare continuous and
categorical variables, respectively.
We calculated the incidence rates of premature mortality

across four SVD categories among the entire sample as well as
those with and without prevalent clinical CVD at baseline.
Subsequently, we used the Cox proportional-hazards model to
determine the adjusted association between SVD burden and
premature mortality among persons who were free of clinical
CVD at baseline. The SVD burden was modeled as a 4-level
categorical variable (score: 0, 1, 2, and 3–6), with the lowest
burden being the reference (score: 0). Model 1 adjusted for a
combined race-study center variable, birth cohort, sex, and
prevalent CVD (yes or no). Model 2 additionally adjusted
for education, smoking status, leisure-time physical activity,
BMI, diabetes mellitus, systolic and diastolic blood pressure,
and anti-hypertensive medication use. We used Harrell’s c-
statistic to compare the discrimination between models with
and without SVD. Because age at death may be related to birth
year, we examined whether the association between SVD
burden and premature mortality differed across birth cohorts
using a likelihood ratio test comparing two nested models (one
model with an interaction term between birth cohort and SVD
burden). To compare the effect of SVD burden and clinical
CVD on premature mortality, we tested the difference in the
point estimates of the highest SVD burden (score: 3–6 vs.
score 0) and prevalent CVD using the Wald test in models

where both persons with and without prevalent CVD at base-
line were included.
We conducted several supplementary analyses. First, we

included three components of SVD individually in the models
to evaluate their respective associations with premature mor-
tality among persons initially free of CVD. Second, we exam-
ined the association between SVD burden and premature
mortality excluding deaths that occurred in the first two years
of follow-up as a sensitivity analysis.
All tests were two-sided with a significance level of

P < 0.05. Analyses were performed using Stata version 15.0
(StataCorp IC, College Station, TX).

RESULTS

Baseline Characteristics

On average, persons with a higher SVD burden were older,
more likely to be black, had less education and higher BMI,
and were more likely to smoke than those with a lower SVD
burden (Table 1). A higher SVD burden was also associated
with higher prevalence of diabetes, CVD, and anti-
hypertensive medication use as well as higher levels of sys-
tolic and diastolic BP. The SVD burden score was skewed to
low values, with a median value of 1 and a mean value of 1.5
(Fig. 1). A total of 1868 (13.5%) scored 0, 6346 (45.7%)
scored 1, 3788 (27.3%) scored 2, and 1874 (13.5%) scored
3–6. For ABI, 80.8%, 15.1%, and 4.1% of the participants
scored 0 (no abnormalities), 1 (minor abnormalities), or 2
(major abnormalities), respectively; 22.3%, 70.3%, and 7.4%
had a score of 0, 1, and 2 on IMT, respectively; and 68.2%,
26.5%, and 5.3% scored 0, 1, and 2 on ECG, respectively. A
total of 1301 (9.4%) persons had prevalent CVD at baseline;
625 had heart failure, 578 had myocardial infarction, and 305
had stroke (Table S2). The distribution of the SVD burden
score among persons without prevalent CVD was similar to
that of the entire sample. Among persons without prevalent
CVD at baseline, 1798 (14.3%) scored 0, 5956 (47.4%) scored
1, 3406 (27.1%) scored 2, and 1415 (11.2%) scored 3–6.

Association Between Subclinical Vascular
Disease Burden and Premature Mortality

Over an average of 54.3 years of follow-up (birth date was the
time origin), 2010 (9.8%) premature deaths occurred. Unad-
justed incidence rate of premature death was 1.8, 2.2, 2.8, and
4.7 per 1000 person-years (PYs) for persons with an SVD
score of 0 (lowest burden), 1, 2, and 3–6 (highest burden),
respectively (Table 2). For persons without clinically diag-
nosed CVD at baseline, the unadjusted incidence rate of
premature death ranged from 1.7 per 1000 PYs among those
with the lowest SVD burden to 3.8 per 1000 PYs among those
with the highest SVD burden (Fig. 2). In the population with
prevalent CVD, the SVD burden was also able to stratify the
incidence rate of premature death among persons with



prevalent CVD at baseline; the rate ranged from 3.2 per 1000
PYs among those with the lowest SVD burden to 7.4 per 1000

PYs among those with the highest SVD burden.

Among persons initially free of clinically diagnosed CVD,
the hazards of premature death among those with the highest
SVD burden (score: 3–6) were approximately two times
(HR = 2.05, 95% CI: 1.68, 2.50) as high as the lowest-risk
group after adjustment of demographics (score: 0; Table 2).
The association between high SVD burden and premature
death slightly attenuated but persisted after adjustment for
additional confounders (HR = 1.47, 95% CI: 1.19, 1.79). Re-
sults did not change substantially in the sensitivity analysis in
which persons who died within the first two years were
excluded (Table S3). Harrell’s c-statistics for the full models
with and without people with clinically diagnosed CVD were
0.74 and 0.65, respectively, showing moderate discrimination
for separating persons who had and did not have premature
mortality. There was little evidence of effect modification
according to birth cohort (P for model comparison using
likelihood ratio test: 0.28).
In the model where persons with and without clinically

diagnosed CVD at baseline were both included, we observed
that the association of high SVD burden (score: 3–6 vs. 0) with

premature death was equivalent to that between prevalent
CVD and premature death (HR = 1.49 vs. 1.68; P for compar-
ison = 0.32; Table 3).
We also evaluated the respective associations of the three

components (ABI, IMT, and ECG) of the SVD burden index
with premature mortality. The results showed that all three
components contributed similarly and significantly to prema-
ture mortality, suggesting that premature mortality is not driv-
en solely by just one or two of the components (Table S4).

DISCUSSION

To our knowledge, this is the first large-scale study of SVD
and premature mortality (death before 70 years of age) among
middle-aged adults in the USA. Four findings are worth men-
tioning. First, this study illustrated the wide range of SVD
among middle-aged adults with or without clinical CVD.
Second, we found that SVD burden—assessed by ABI,
IMT, and ECG—was associated with premature mortality,
independent of demographics, lifestyles, and clinical CVD.
Third, our findings showed that the association between high
SVD burden and premature mortality was not hugely different
from that observed for clinical CVD. Taken together, these
results suggest that measures of SVD are important for

Table 1 Baseline Characteristics by Subclinical Vascular Disease Burden; N = 13,876

Subclinical vascular disease burden

0 (lowest burden) 1 2 3–6 (highest burden)a Pb

n = 1868 n = 6346 n = 3788 n = 1874

Study center, n (%) < .001
Forsyth County 538 (28.8) 1629 (25.7) 943 (24.9) 401 (21.4)
Jackson 357 (19.1) 1380 (21.7) 927 (24.5) 553 (29.5)
Minneapolis 519 (27.8) 1712 (27.0) 907 (23.9) 408 (21.8)
Washington County 454 (24.3) 1628 (25.6) 1011 (26.7) 512 (27.3)

Age, years, mean ± SD 51.5 ± 5.1 54.0 ± 5.7 55.0 ± 5.7 56.6 ± 5.5 < .001
Male, n (%) 509 (27.3) 3020 (47.6) 1826 (48.2) 887 (47.3) < .001
Black, n (%) 391 (20.9) 1539 (24.2) 1045 (27.6) 621 (33.1) < .001
Education, n (%) < .001
< High school 266 (14.2) 1381 (21.8) 989 (26.2) 652 (34.8)
= High school 657 (35.2) 2056 (32.4) 1238 (32.8) 568 (30.3)
> High school 945 (50.6) 2903 (45.8) 1552 (41.1) 653 (34.9)

BMI, kg/m2, n (%) < .001
< 25 876 (46.9) 2094 (33.0) 1196 (31.6) 556 (29.7)
25–< 30 676 (36.2) 2632 (41.5) 1505 (39.7) 730 (39.0)
≥ 30 316 (16.9) 1623 (25.6) 1087 (28.7) 588 (31.4)

Smoking, n (%) < .001
Never 948 (50.8) 2778 (43.8) 1438 (38.0) 603 (32.2)
Previous 504 (27.0) 2080 (32.8) 1267 (33.5) 631 (33.7)
Current 413 (22.1) 1488 (23.5) 1081 (28.6) 638 (34.1)

Physical activityc, mean ± SD 2.4 ± 0.6 2.4 ± 0.6 2.3 ± 0.6 2.3 ± 0.6 .005
Diabetesd, n (%) 87 (4.7) 627 (10.0) 498 (13.2) 351 (18.9) < .001
BP lowering medication, n (%) 254 (13.7) 1378 (21.8) 1050 (27.8) 750 (40.4) < .001
SBP, mmHg, mean ± SD 113.7 ± 15.4 120.1 ± 17.2 122.8 ± 19.0 128.1 ± 22.3 < .001
DBP, mmHg, mean ± SD 70.9 ± 10.3 73.7 ± 10.6 74.1 ± 11.6 74.5 ± 12.9 < .001
Prevalent CVDe, n (%) 70 (3.8) 390 (6.1) 382 (10.1) 459 (24.5) < .001

Abbreviations: SD, standard deviation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CVD, cardiovascular
disease
a1,368, 376, 108, and 22 scored 3, 4, 5, and 6 on the subclinical vascular disease burden
bP values were calculated from chi-square tests or analysis of variance
cPhysical activity was assessed by the Baecke questionnaire (range: 1–4.5)
dDiabetes was identified as fasting glucose level ≥ 126 mg/dL, non-fasting serum glucose ≥ 200 mg/dL, self-reported use of hypoglycemic medications,
or self-reported physician diagnosis within the previous two weeks
eIncluding myocardial infarction, heart failure, and stroke



capturing the full spectrum of cardiovascular comorbidity in
midlife.
Prior investigations have shown a strong association be-

tween SVD burden and clinical CVD events, mortality, and
survival among older adults. Using data from the Cardiovas-
cular Health Study, Inzitari et al.23 showed that a higher SVD
burden was associated with increased risk of CVD and mor-
tality among 3252 persons aged at least 65 years. Using data
from the same cohort, Odden et al.6 found that a lower burden
of SVD was associated with longer survival among 2082
persons aged 70–75 years. However, existing research on
SVD has focused on older populations, with relatively little

attention on middle adulthood—a potentially critical period
for accumulating risk for CVD events and death.
Previous longitudinal and cross-sectional investigations

suggest that midlife SVD burden results from long-term ex-
posure to a wide range of modifiable socio-demographic,
behavioral, nutritional, physiological, and environmental risk
factors—both traditional and nontraditional.27–32 Thus, our
study fills a much-needed research gap by depicting the wide
range of SVD burden among middle-aged adults and demon-
strating its relationship with premature mortality.
Clinical CVD has a prevalence of less than 10% among

midlife adults,15 and is therefore unlikely to fully account for
vascular burden in this population. The present study demon-
strated that middle-aged adults with and without clinical CVD
had hugely different levels of SVD burden; these levels were
corresponding with different risks of premature death. These
findings suggest that measures of SVD are essential for cap-
turing the full spectrum of cardiovascular comorbidity and
could provide additional risk stratification of death beyond
clinical CVD in midlife. Another intriguing finding is that the
association between high SVD burden and premature mortal-
ity was not hugely different from that observed for clinical
CVD, underscoring the importance of subclinical measures in
risk assessment and management among middle-aged adults.
Our study has many strengths, including its prospective

design, comprehensive set of measurements of potential con-
founders, long follow-up period, large population-based sam-
ple, heterogeneity in demographic composition of the study
sample, and adjudicated CVD events. Despite these strengths,
we acknowledge several limitations. First, although we
showed the wide range of SVD among middle-aged adults
with or without clinical CVD, we did not explore potential
mechanisms through which SVD may influence premature

ll

Figure 1 Distribution of the subclinical vascular burden among all persons (n = 13,876) and those without prevalent cardiovascular disease
(CVD) at baseline (n = 12,578).

Table 2 Association of Subclinical Vascular Disease Burden and
Mortality Among Persons Without Clinically Diagnosed

Cardiovascular Disease at Baseline; N = 12,578

Premature death Demographic
adjusteda

Fully
adjustedb

Deaths Rates per
1000 PYs

Hazard ratio (95% confidence
interval)

SVD burden
0

(lowest)
160 1.7 (1.5,

2.0)
Ref. Ref.

1 675 2.1 (1.9,
2.3)

1.11 (0.92, 1.31) 0.99 (0.83,
1.19)

2 470 2.5 (2.3,
2.8)

1.32 (1.10, 1.58) 1.08 (0.89,
1.30)

3–6
(highest)

303 3.8 (3.4,
4.3)

2.05 (1.68, 2.50) 1.47 (1.19,
1.79)

Abbreviations: PY, person-year; SVD, subclinical vascular disease,
CVD, cardiovascular disease
aDemographic adjusted model adjusted for sex, race-center, and birth
cohort
bFully adjusted model adjusted for sex, race-center, birth cohort, body
mass index, smoking status, physical activity, diabetes, anti-hypertensive
medication, and blood pressure



mortality. Future research needs to examine more intermediate
health measures—for example, frailty and functional
status—to elucidate the pathways. Second, we demonstrated
the strong association of SVD burden with premature mortal-
ity and the ability of the SVD burden to stratify premature
death beyond clinical CVD among middle-aged adults. How-
ever, the present investigation is mainly an association study,
which did not adequately address the question of whether
measures of SVD could improve prediction for premature
mortality. We found that inclusion of SVD measures could
improve the discrimination ability for predicting premature
death. Future research using predictive modeling techniques33

is needed to more comprehensively investigate the added
prognostic value of SVD measures. Third, all three measures
of SVD were measured only at baseline; these measures may
vary over time, potentially leading to misclassification.
Fourth, about 10% of the ARIC participants were not included
in the present study due to missing data in SVD measures.
These persons were unhealthier than those included (data not
shown), which might lead to underestimate the association
between SVD burden and premature mortality. Fifth, we con-
sidered an ABI of 0.90–1.00 or > 1.40 as an intermediate risk
in the present study. However, an ABI >1.40 might represent a
different pathology such as medial arterial calcification. We
reclassified the ABI ratio into a 4-level categorical variable
with ABI > 1.40 as an independent group. We examined its
association with premature mortality and found the difference
between ABI of 0.9–1.0 and ABI >1.4 was not statistically
significant (data not shown). Lastly, we did not differentiate
deaths from CVD and those from non-CVD causes because
our main purpose was to demonstrate the importance of SVD
measures in stratifying the risk of premature mortality. Future

inquiry could identify the association between SVD and
cause-specific mortality.
In summary, middle-aged adults with a higher burden of

SVD had an increased hazard of premature mortality. This
study demonstrated that the SVD index could be beneficial for
more fully capturing vascular burden. Taken together, our
findings suggest the importance of evaluation of SVD among
middle-aged adults both with and without clinical CVD. The

Figure 2 Incidence rates with 95% confidence interval of premature mortality (died before 70 years of age) across categories of subclinical
vascular disease (SVD) burden among persons with and without clinically diagnosed cardiovascular disease (CVD) at baseline. The black

dashed line represents estimate of marginal probability of premature death within each subgroup.

Table 3 Association of Subclinical Vascular Disease Burden and
Prevalent Cardiovascular Disease with Premature Mortality. N =

13,876

Model 1a Model 2b

Premature
mortality

Rates per 1000
PYs

Hazard ratio (95%
confidence interval)

SVD burden
0 (lowest) 1.8 (1.5, 2.1) Ref. Ref.
1 2.2 (2.1, 2.4) 1.09 (0.92,

1.28)
0.99 (0.83,
1.17)

2 2.8 (2.5, 3.0) 1.30 (1.09,
1.55)

1.10 (0.92,
1.31)

3–6 (highest) 4.7 (4.3, 5.1) 1.97 (1.64,
2.36)

1.49 (1.23,
1.79)

Prevalent CVDc

No 2.4 (2.3, 2.5) Ref. Ref.
Yes 5.5 (5.0, 6.0) 1.91 (1.70,

2.14)
1.68 (1.48,
1.90)

Abbreviations: PYs, person-years; SVD, subclinical vascular disease;
CVD, cardiovascular disease
aModel 1 adjusted for sex, race-center, and birth cohort
bModel 2 adjusted for sex, race-center, birth cohort, body mass index,
smoking status, physical activity, diabetes, anti-hypertensive medication,
and systolic and diastolic blood pressure
cIncluding myocardial infarction, heart failure, and stroke
P value for comparison between effects of high SVD burden (score: 3–6)
and prevalent CVD on premature death was 0.82 in model 1 and 0.32 in
model 2



SVD index relies on only three measures (ABI, IMT, and
ECG), which are available in many epidemiological studies
and can be administered noninvasively and relatively inexpen-
sively in clinical settings. It is important to take SVD into
account when designing interventions for reducing premature
mortality.
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