
Association of Normal Systolic Blood Pressure Level
With Cardiovascular Disease in the Absence of Risk Factors
Seamus P. Whelton, MD, MPH; John W. McEvoy, MB, BCh, MHS; Leslee Shaw, PhD; Bruce M. Psaty, MD, PhD;
Joao A. C. Lima, MD, MBA; Matthew Budoff, MD; Khurram Nasir, MD, MPH; Moyses Szklo, MD;
Roger S. Blumenthal, MD; Michael J. Blaha, MD, MPH

IMPORTANCE The risk of atherosclerotic cardiovascular disease (ASCVD) at currently
defined normal systolic blood pressure (SBP) levels in persons without ASCVD risk factors
based on current definitions is not well defined.

OBJECTIVE To examine the association of SBP levels with coronary artery calcium and
ASCVD in persons without hypertension or other traditional ASCVD risk factors based on
current definitions.

DESIGN, SETTING, AND PARTICIPANTS A cohort of 1457 participants free of ASCVD from
the Multi-Ethnic Study of Atherosclerosis who were without dyslipidemia (low-density
lipoprotein cholesterol level �160 mg/dL or high-density lipoprotein cholesterol level
<40 mg/dL), diabetes (fasting glucose level �126 mg/dL), treatment for hyperlipidemia
or diabetes, or current tobacco use, and had an SBP level between 90 and 129 mm Hg.
Participants receiving hypertension medication were excluded. Coronary artery calcium
was classified as absent or present and adjusted hazard ratios (aHRs) were calculated for
incident ASCVD. The study was conducted from March 27, 2018, to February 12, 2020.

EXPOSURES Systolic blood pressure.

MAIN OUTCOMES AND MEASURES Presence or absence of coronary artery calcium and
incident ASCVD events.

RESULTS Of the 1457 participants, 894 were women (61.4%); mean (SD) age was 58.1 (9.8)
years and mean (SD) follow-up was 14.5 (3.9) years. There was an increase in traditional
ASCVD risk factors, coronary artery calcium, and incident ASCVD events with increasing
SBP levels. The aHR for ASCVD was 1.53 (95% CI, 1.17-1.99) for every 10-mm Hg increase in
SBP levels. Compared with persons with SBP levels 90 to 99 mm Hg, the aHR for ASCVD risk
was 3.00 (95% CI, 1.01-8.88) for SBP levels 100 to 109 mm Hg, 3.10 (95% CI, 1.03-9.28) for
SBP levels 110 to 119 mm Hg, and 4.58 (95% CI, 1.47-14.27) for SBP levels 120 to 129 mm Hg.

CONCLUSIONS AND RELEVANCE Beginning at an SBP level as low as 90 mm Hg, there appears
to be a stepwise increase in the presence of coronary artery calcium and the risk of incident
ASCVD with increasing SBP levels. These results highlight the importance of primordial
prevention for SBP level increase and other traditional ASCVD risk factors, which generally
seem to have similar trajectories of graded increase in risk within values traditionally
considered to be normal.
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T he 2017 American College of Cardiology/American Heart
Association Blood Pressure Treatment Guidelines re-
duced the systolic blood pressure (SBP) level that de-

fines hypertension from 140 to 130 mm Hg.1 However, while
guideline recommendations focus on the cut point at which
there is likely to be a net benefit to pharmacologic treatment,
many individuals classified as having low risk based on tradi-
tional atherosclerotic cardiovascular disease (ASCVD) risk fac-
tors have subclinical atherosclerosis as measured by the pres-
ence of coronary artery calcium and may therefore not truly
be at the lowest risk.2-5

Populations in nonindustrialized countries have little to
no increase in SBP levels with age, while SBP levels typically
increase with age in countries with industrialized diets and
lifestyles.6-9 This age-associated increase in SBP level among
persons living in industrialized areas is generally attributed to
differences in modifiable risk factors, including increased
sodium intake, decreased fruit/vegetable intake, obesity, and
low physical activity level. These differences in SBP level tra-
jectories between populations in industrialized and nonin-
dustrialized countries have important implications, because
atherosclerosis is a slowly progressive disease and the lower
an individual’s lifetime exposure to ASCVD risk factors, such
as increased SBP level, the lower their probable risk for a
future ASCVD event.10-12 However, it is uncertain whether
the association between SBP level and an increased risk for
ASCVD is present among healthy individuals without either
hypertension or other traditional ASCVD risk factors. In addi-
tion, prior studies have typically used a reference SBP level
less than 115 mm Hg or less than 120 mm Hg to define a nor-
mal SBP level, and it is uncertain whether there is a lower
SBP level at which the risk for incident ASCVD plateaus or
increases (eg, a J-point).13-16

The identification and better understanding of the SBP
level at which the risk for subclinical atherosclerosis and in-
cident ASCVD increases among healthy individuals without
hypertension or ASCVD risk factors based on current defini-
tions is important to understand whether there is a threshold
below which SBP level is not associated with an increased risk
for ASCVD and whether population-level primordial preven-
tion strategies may be important for individuals with a nor-
mal SBP level and without traditional ASCVD risk factors based
on current definitions.

Methods
The present study was conducted from March 27, 2018, to
February 12, 2020. This analysis included participants with an
SBP level of 90 to 129 mm Hg who had a baseline coronary artery
calcium scan as part of the Multi-Ethnic Study of Atherosclero-
sis (MESA), which is a community-based, multiethnic cohort free
from known ASCVD at enrollment that has been described in de-
tail elsewhere.17 The MESA cohort was designed to include a ra-
cially diverse group of participants and they self-reported their
race/ethnicity according to the following prespecified groups:
white(non-Hispanic),black(non-Hispanic),Chinese,orHispanic.
The institutional review board at each MESA study site approved

the protocol; the present study is approved within the MESA pro-
tocol. Data are deidentified. All participants provided written in-
formedconsentandreceivedreimbursementfortravelexpenses.
This study followed the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) reporting guideline
for cohort studies.

We defined ASCVD risk factors for this analysis based on
traditional categorical ASCVD risk factors that are included in
the 2013 pooled cohort equations, the 2018 American Heart
Association/American College of Cardiology Guideline on
the Management of Blood Cholesterol, 2019 Guideline on the
Primary Prevention of Cardiovascular Disease, and prior stud-
ies that have defined the absence of ASCVD risk factors.18-21

We used participant variables measured at MESA visit 1 (2000-
2002) and excluded participants if they had dyslipidemia
(low-density lipoprotein cholesterol [LDL-C] level ≥160 mg/
dL, high-density lipoprotein cholesterol [HDL-C] level <40
mg/dL [to convert to millimoles per liter, multiply by 0.0259],
or reported use of a cholesterol-lowering medication, n = 2945),
had diabetes (fasting glucose level ≥126 mg/dL [to convert to
millimoles per liter, multiply by 0.0555] or use of blood glu-
cose–lowering medication, n = 344), or currently used to-
bacco products (n = 442). Participants with an SBP level less
than 90 mm Hg (n = 56), 130 mm Hg or higher (n = 1155), or
were prescribed medication for hypertension (n = 416) were
also excluded, leaving a total of 1457 participants included in
this analysis. After these exclusions, there were no partici-
pants missing an SBP level reported at MESA visit 1. We did not
exclude participants with isolated diastolic hypertension
(n = 91) among whom the mean (SD) diastolic BP (DBP) was
83.1 (2.9) mm Hg, because it is uncertain whether isolated dia-
stolic hypertension is associated with a significantly in-
creased risk for ASCVD.22-24

An automated sphygmomanometer (Dinamap Pro 100,
GE Healthcare) was used to measure resting, seated BP in the
participants’ right arm.25 Three BP measurements were taken,
with the mean of the second and third measurements used for

Key Points
Question Is there an association between normal systolic blood
pressure values as currently defined and atherosclerotic
cardiovascular disease among persons without traditional
cardiovascular disease risk factors?

Findings In this cohort study including 1457 participants without
atherosclerotic cardiovascular disease, beginning with a systolic
blood pressure level of 90 mm Hg, there was a stepwise increase
in the prevalence of traditional atherosclerotic cardiovascular
disease risk factors, coronary artery calcium, and the risk of
atherosclerotic cardiovascular disease. For every 10-mm Hg
increase in systolic blood pressure, there was a 53% higher risk
for atherosclerotic cardiovascular disease.

Meaning These results highlight the importance of primordial
prevention to maintain optimal systolic blood pressure levels as well
as optimal values of other traditional atherosclerotic cardiovascular
disease, all of which generally have similar trajectories of risk within
conventionally considered normal ranges.
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this analysis. A history of ever smoking was defined as hav-
ing smoked 100 or more cigarettes in a participant’s lifetime.
Hemoglobin A1c level, which was measured at MESA visit 2 (but
not visit 1), was used to define prediabetes based on a refer-
ence range of 5.7% to 6.4% (to convert to proportion of total
hemoglobin, multiply by 0.01). Carotid distensibility was cal-
culated via B-mode ultrasonographic scanning in 1409 MESA
participants (98%) for this study and aortic distensibility was
measured via magnetic resonance imaging using the descend-
ing thoracic aorta in 887 MESA participants (53%) for this study.
A larger or higher distensibility value indicates a more elastic
artery, while a lower distensibility value indicates a stiffer
artery. The measurement techniques for determining disten-
sibility have been described in detail elsewhere.26

Coronary artery calcium was measured using the Agats-
ton method at MESA visit 1, with half the study sites using elec-
tron beam computed tomographic imaging and half using mul-
tidetector computed tomographic imaging.27-29 A calcium
phantom was scanned alongside participants to standardize
results between field centers, and all coronary artery calcium
scans were read at a central reading center (Los Angeles Bio-
medical Research Institute at Harbor-UCLA). There was an in-
terobserver κ value of 0.90 (95% CI, 0.81-0.99) and interscan
κ value of 0.92 (95% CI, 0.90-0.94) for the presence of coro-
nary artery calcification.29 The number of coronary arteries
with any coronary artery calcium was summed and diffuse
coronary artery calcium was defined as the presence of coro-
nary artery calcium in 2 or more coronary arteries.30

The other outcome of interest for this analysis was inci-
dent ASCVD, which was defined as fatal or nonfatal (1) inci-
dent coronary heart disease, (2) incident stroke, or (3) other
incident ASCVD. Hospital and medical records were used to
make a diagnosis of incident ASCVD, which was adjudicated
by 2 trained physicians according to prespecified criteria.31

Statistical Analysis
We calculated the unadjusted and age-adjusted rates of inci-
dent ASCVD per 1000 person-years of observation by SBP
groups and performed nonparametric testing to determine the
significance of trends for ASCVD event rates across SBP lev-
els. We performed progressively adjusted Cox proportional haz-
ard ratio (aHR) testing to describe the risk for incident ASCVD
for every 10-mm Hg increase in SBP. We also performed pro-
gressively adjusted Cox proportional HR testing to examine the
hazard for incident ASCVD by SBP group with an SBP level of
90 to 99 mm Hg as the reference group. Model 1 includes age,
sex, and race/ethnicity; model 2 additionally includes DBP
level, total cholesterol level, HDL-C level, fasting blood glu-
cose level, body mass index, income, and educational level.
The proportional hazards assumption was met based on
Schoenfeld residual testing.32

To further examine the association between SBP level and
ASCVD, we calculated a restricted cubic spline with a refer-
ence value of 100 mm Hg allowing for 3 knots, which were se-
lected based on Harrell’s33 recommended percentiles at SBP
values of 97.5, 111.5, and 125 mm Hg. This restricted cubic spline
was adjusted for age, sex, race/ethnicity, DBP level, total cho-
lesterol level, HDL-C level, fasting blood glucose level, body

mass index, income, educational level, ever-smoker status, and
prediabetes.

We also performed sensitivity analyses excluding partici-
pants with a DBP level greater than or equal to 80 mm Hg (iso-
lated diastolic hypertension) and those who did not meet the
predefined categorical cut points, but who had risk factor val-
ues above what are typically defined as normal on a continu-
ous scale: (1) LDL-C level 130 mg/dL or higher, (2) fasting
glucose level 100 mg/dL, or (3) women with an HDL-C level
less than 50 mg/dL. In addition, we tested age as a squared vari-
able to evaluate for residual confounding by age. A 2-tailed,
paired P value <.05 was considered statistically significant.

To examine whether changes in SBP levels and the bur-
den of other traditional risk factors over time may bias our
results, we determined the means of SBP levels and other tra-
ditional risk factor variables between MESA visit 1 (2000-
2002), visit 2 (2002-2004), and visit 3 (2004-2005). To en-
sure that our results show the prospective association between
SBP level and ASCVD events, we excluded participants with
an ASCVD event between MESA visits 1 through 3 (n = 8). In
addition, we did not include the SBP level from later MESA vis-
its (eg, visit 5) in determination of the mean values, because
doing so would significantly reduce the number of observed
events and statistical power. Statistical analysis was per-
formed using Stata, version 15.1 (StataCorp).

Results
The mean (SD) age of participants was 58.1 (9.8) years and 894
participants (61.4%) were women (Table 1). Overall, the mean
SBP level was 111.3 (10.0) mm Hg, the mean DBP level was 67.5
(8.3) mm Hg, and the median 10-year pooled cohort equa-
tions ASCVD risk was 3.0% (interquartile range, 1.1%-6.7%). The
proportion of women in each SBP decile decreased with in-
creasing SBP level. There was an increase in the mean values
for traditional ASCVD risk factors, but no difference in
income or educational level with increasing SBP level. Ca-
rotid and aortic distensibility were significantly lower with
higher SBP values, consistent with increasing carotid and aor-
tic stiffness. Nearly a third of participants had coronary ar-
tery calcium detected at baseline. Over a mean follow-up of
14.5 (3.9) years, there were 94 incident ASCVD events. Among
participants in our study with an SBP level less than 110 mm
Hg, the median 10-year ASCVD risk was 1.7% (interquartile
range, 0.7%-4.5%) and they experienced nearly a third of the
total ASCVD events (27/94 [29%]). The proportion of partici-
pants with coronary artery calcium and diffuse coronary ar-
tery calcium increased in a stepwise manner with increasing
SBP level in our sample from 19.7% for participants with an SBP
level of 90 to 99 mm Hg to 40.8% for participants with an
SBP level of 120 to 129 mm Hg (P < .001 for trend) (Figure 1).
The rate of incident ASCVD events per 1000 person-years also
increased in a graded manner with increasing SBP levels, with
unadjusted SBP level 90 to 99 mm Hg, 1.3; 100 to 109 mm Hg,
3.8; 110 to 119 mm Hg, 4.3; and 120 to 129 mm Hg, 7.8 (P < .001
for trend). The overall age-adjusted event rate per 1000 person-
years was low, at 4.7 per 1000 person-years; other age-
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adjusted rates were SBP 90 to 99 mm Hg, 1.3; 100 to 109 mm
Hg, 4.0; 110 to 119 mm Hg, 4.5; and 120 to 120 mm Hg, 8.3. There
was a 53% higher risk for incident ASCVD for every 10-mm Hg
increase in SBP level, with an HR of 1.52 (95% CI, 1.15-2.00)
using model 2 adjustment variables.

Compared with participants with an SBP level of 90 to
99 mm Hg, adjusted Cox proportional hazards models showed
a significant increase in the risk for incident ASCVD among par-
ticipants with an SBP level of 100 to 109 mm Hg (aHR, 3.00;
95% CI, 1.01-8.88), 110 to 119 mm Hg (aHR, 3.10; 95% CI, 1.03-
9.28), and 120 to 129 mm Hg (aHR, 4.58; 95% CI, 1.47-14.27)
(Table 2). We also found a significant increase in the risk
for ASCVD across SBP values when SPB was modeled as a con-
tinuous variable (Figure 2). The overall results were un-
changed when we adjusted for age as a squared variable or
when we excluded participants with (1) DBP level 80 mm Hg
or higher, (2) LDL-C level 130 mg/dL or higher, (3) fasting glu-
cose level 100 mm Hg or higher, or (4) women with an HDL-C
level lower than 50 mg/dL. Using a mean of SBP values from
MESA visits 1 to 3, the mean (SD) difference with the visit 1 base-
line SBP values was −0.8 (6.8) mm Hg (eTable 1 in the Supple-
ment). Overall, we also observed an increase in the mean val-
ues of traditional ASCVD risk factors with increasing SBP levels.
For example, LDL-C level increased from a mean value of
110.6 mg/dL among participants with an SBP level of 90 to 99
mm Hg to 114.6 mg/dL among participants with an SBP level
of 120 to 129 mm Hg (eTable 2 in the Supplement). In addi-
tion, using the mean SBP level, we observed similar ASCVD
event rates across SBP groups, such as 7.9 using the mean SBP
level vs 8.3 using the visit 1 SBP level per 1000 person-years
follow-up among participants with an SBP level of 120 to

Table 1. Participant Characteristics

Characteristic
All participants
(n = 1457)

SBP
P value
for trend

90-99
(n = 208)

100-109
(n = 414)

110-119
(n = 504)

120-129
(n = 331)

Age, mean (SD), y 58.1 (9.8) 55.7 (8.9) 56.5 (9.0) 58.1 (9.7) 61.8 (10.2) <.001

Women, No. (%) 894 (61.4) 169 (81.3) 258 (62.3) 286 (56.7) 181 (54.7) <.001

Race/ethnicity, No. (%)

White 654 (44.9) 109 (52.4) 172 (41.5) 222 (44.0) 151 (45.6) .08

Black 271 (18.6) 18 (8.7) 82 (19.8) 99 (19.6) 72 (21.8) <.001

Hispanic 309 (21.2) 40 (19.2) 90 (21.7) 110 (21.8) 69 (20.8) .87

Chinese 223 (15.3) 41 (19.7) 70 (16.9) 73 (14.5) 39 (11.8) .06

Blood pressure, mean (SD), mm Hg

Systolic 111.3 (10.0) 95.3 (2.8) 104.8 (2.9) 114.6 (2.9) 124.6 (2.7)

Diastolic 67.5 (8.3) 59.1 (6.4) 65.0 (6.7) 69.6 (7.0) 72.5 (8.1)

Cholesterol, mean (SD), mg/dL

Total 191.8 (26.6) 187.6 (28.0) 189.6 (27.0) 194.4 (26.7) 193.1 (24.5) <.001

LDL 114.1 (23.5) 107.4 (25.5) 113.1 (23.8) 116.7 (22.9) 115.4 (22.0) <.001

HDL 57.1 (14.2) 61.2 (15.1) 56.6 (14.0) 56.1 (14.3) 56.7 (13.4) <.001

Fasting blood glucose, mean (SD), /dL 86.4 (9.4) 82.6 (8.1) 85.5 (87.2) 88.6 (9.9) 88.6 (9.9) <.001

BMI, mean (SD) 26.6 (5.1) 24.2 (4.0) 26.5 (4.8) 27.0 (5.1) 27.8 (5.4) <.001

Distensibility, mean (SD)

Carotid, 10−3 kPa 2.9 (1.2) 3.5 (1.7) 3.2 (1.1) 2.8 (1.0) 2.5 (1.0) <.001

Aortic, ×10−3 mm Hg−1 2.2 (1.3) 2.6 (2.0) 2.5 (1.1) 2.1 (1.1) 1.8 (1.0) <.001

Completed high school, No. (%) 1074 (73.7) 161 (77.4) 308 (74.4) 374 (74.2) 231 (69.8) .24

Annual income ≥$40 000, No. (%) 867 (59.5) 130 (62.5) 248 (59.9) 303 (60.1) 186 (56.2) .50

10-y PCEs ASCVD risk, median (IQR) 3.0 (1.1-6.7) 1.1 (0.5-3.0) 2.1 (0.8-5.0) 3.3 (1.5-6.7) 5.6 (2.5-12.5) <.001

ASCVD events, No. (%) 94 (6.5) 4 (1.9) 23 (5.6) 31 (6.2) 36 (11.0) <.001

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density
lipoprotein; PCEs, pooled cohort equations; SBP, systolic blood pressure.

SI conversion factors: To convert total, HDL, and LDL cholesterol to
millimoles per liter, multiply by 0.0259; glucose to millimoles per liter, multiply
by 0.0555.

Figure 1. Proportion of Participants With Coronary Artery Calcium (CAC)
and Diffuse CAC by Systolic Blood Pressure Group
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A stepwise increase was noted in the proportion of participants with prevalent
coronary artery calcium (CAC �1) and diffuse CAC (CAC �1 in �2 coronary arteries).
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129 mm Hg (eTable 3 in the Supplement). However, there was
a greater association between SBP level and the risk for inci-
dent ASCVD when the mean ASCVD values from visits 1 to 3
were used, but with wider 95% CIs owing to lower power (eFig-
ure in the Supplement). For instance, the aHR for ASCVD was
4.58 (95% CI, 1.47-14.27) using visit 1 values vs aHR 15.23 (95%
CI, 1.93-120.22) using the mean values from visits 1 to 3
(eTable 4 in the Supplement).

Discussion
Individuals without hypertension or other traditional
ASCVD risk factors using current definitions are typically
considered to have an ideal ASCVD risk profile based on the
pooled cohort equation 10-year ASCVD risk score. However,
our findings suggested that, among individuals without
hypertension or other traditional ASCVD risk factors, there is
a stepwise increase in both coronary artery calcium and inci-
dent ASCVD with increasing SBP levels. In addition, our
results suggest that the association between SBP level, coro-
nary artery calcium, and ASCVD events was present at an
SBP level below the current definition of hypertension with
a graded increase in both the prevalence of coronary artery
calcium and risk of ASCVD starting from SBP levels as low as
90 mm Hg.

While the association between SBP level, coronary artery
calcium, and ASCVD is well established at higher SBP levels,13-16

the optimal SBP levels for a healthy adult and whether
there is a J-shaped relationship or lower limit of SBP level nec-
essary to maintain adequate organ perfusion has been
uncertain.34 Excluding participants with traditional ASCVD risk
factors based on current definitions enabled our analyses to
have a more focused insight into the independent contribu-
tion of SBP levels to atherosclerosis by minimizing outcomes
associated with non–BP-related atherosclerotic pathophysi-
ologic mechanisms that commonly occur in tandem, such as
hyperlipidemia and diabetes. In addition, we examined these
associations among individuals without hypertension by
the updated and lower 2017 American College of Cardiology/
American Heart Association definition, which is in contrast to
other studies that have predominantly focused on the asso-
ciation at higher SBP levels and/or among patients using an-
tihypertensive medications.10,15,16,25,35,36 However, we ac-
knowledge that the levels of other traditional ASCVD risk
factors were higher with higher SBP levels and that there may
be residual confounding not accounted for by our adjusted
modeling methods. Accordingly, primordial prevention strat-
egies should focus on broad risk factor control rather than
any single ASCVD risk factor.

Among studies that have examined SBP values consid-
ered to be normal or near normal, the results were compat-
ible with our analysis. For example, a report by Bild et al37 sug-
gested a borderline significant association between SBP level
and coronary artery calcium with an adjusted odds ratio of 1.31
(95% CI, 0.98-1.74) per 10-mm Hg increase in SBP level among
young participants (mean age, 35 years) with a mean SBP level
of approximately 112 mm Hg. In addition, in an unadjusted
analysis, Taylor et al38 reported a significant association be-
tween SBP level and coronary artery calcium among young
United States Army personnel who were predominantly men
and had a mean SBP level of approximately 122 mm Hg. How-
ever, neither of these studies excluded participants with
ASCVD risk factors or hypertension. In addition, neither study
examined incident ASCVD events.

Results from the Heart Outcomes Prevention Evaluation
(HOPE)-3 trial demonstrated no benefit for treatment (HR, 0.93;
95% CI, 0.79-1.10) with a fixed antihypertensive medication
regimen among participants at intermediate ASCVD risk and
an SBP level of approximately 138 mm Hg.39 However, the rela-
tively small absolute difference in SBP levels of 6.0 mm Hg be-
tween the treatment and control groups is likely a contribu-
tor to these nonsignificant findings. Comparing our results with
the findings from HOPE-3, it is also necessary to take into ac-
count that the median follow-up time for HOPE-3 was 5.6 years
compared with 16.1 years for our study. Therefore, the find-
ings from HOPE-3 and our study suggest that, among indi-
viduals at low or intermediate ASVCD risk, it may be more ef-
ficacious to focus on a life-course approach for preventing an

Figure 2. Adjusted Cubic Spline for the Hazard of Incident
Cardiovascular Disease by Systolic Blood Pressure
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Adjusted for age, sex, race/ethnicity, diastolic blood pressure, total cholesterol
level, high-density lipoprotein cholesterol level, fasting blood glucose level,
body mass index, income, educational level, ever smoking, and prediabetes.

Table 2. Hazard of Cardiovascular Disease by Systolic Blood Pressure Group

Characteristic

Systolic blood pressure, mm Hg
P value
for trend90-99 100-109 110-119 120-129

Unadjusted 1 [Reference] 3.04 (1.05-8.80) 3.49 (1.23-9.90) 6.31 (2.24-17.73) <.001

Model 1a 1 [Reference] 2.70 (0.93-7.85) 2.64 (0.93-7.82) 3.76 (1.33-10.69) .07

Model 2 b 1 [Reference] 3.00 (1.01-8.88) 3.10 (1.03-9.28) 4.58 (1.47-14.27) .06

a Adjusted for age, sex, race/ethnicity.
b Model 1 adjustments plus diastolic

blood pressure, total cholesterol
level, high-density lipoprotein
cholesterol level, fasting blood
glucose level, body mass index,
income, educational level, ever
smoking, and prediabetes.
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increase in SBP levels rather than treatment of established hy-
pertension to lower SBP levels. Further implementation re-
search on the primordial prevention of SBP level increases and
other traditional ASCVD risk factors is needed.

Our findings may have implications for primordial pre-
vention strategies to maintain optimal SBP for several rea-
sons. First, the data suggest that, in otherwise healthy adults,
individuals with an SBP level between 90 and 99 mm Hg have
a low cardiovascular disease event rate. In fact, these partici-
pants also had the lowest prevalence of coronary artery cal-
cium and lowest incident rate of ASCVD. In an isolated popu-
lation of nonindustrialized areas of Brazil and Venezuela, the
mean SBP level was 95 mm Hg.8,9 Second, our data appear to
confirm that the continuum of risk associated with SBP level
is graded with no nadir or J-point observed for SBP levels as
low as 90 mm Hg. Third, we observed that the levels of other
traditional ASCVD risk factors were higher with higher SBP
levels and that there may be residual confounding not ac-
counted for by our adjusted modeling methods. Accordingly,
primordial prevention strategies should focus on broad risk
factor control rather than any single ASCVD risk factor.

Limitations and Strengths
Limitations of this study include the use of only a baseline SBP
level measurement, although the BP was measured in a stan-
dardized manner by trained investigators, along with the re-
ported value being the mean of the second and third measure-
ments. In addition, our sensitivity analyses using mean SBP
values determined over 3 visits did not significantly change the
results. There was also a significant age difference between the
lower and higher SBP level groups, although we found no sta-
tistically significant difference in our results when we per-
formed a sensitivity analysis to examine residual confounding
by age. In addition, we focused on traditional ASCVD risk fac-
tors based on current definitions as used for risk prediction in
the pooled cohort equations, but did not include behavioral risk
factors, such as diet and physical activity, which are more dif-

ficult to accurately measure. We also acknowledge that there
are different definitions or cut points for specific categorical
variables, such as hyperlipidemia, and that in general there is a
continuum of risk with increasing values of traditional ASCVD
risk factors. However, we excluded individuals with other tra-
ditional ASCVD risk factors to focus on the association of SBP
level with ASCVD, and participants had a low 10-year ASCVD
score, with a median (SD) value of 3.0% (interquartile range,
1.1%-6.7%). In addition, our results were robust even after ad-
justing for risk factors as continuous variables and performing
sensitivity analyses using lower categorical cut points for other
traditional ASCVD risk factors, such as lipid levels.

Strengths of this study include the multiethnic diversity
of participants without other traditional ASCVD risk factors.
In addition, we suggest an association between SBP level and
ASCVD both at baseline with coronary artery calcium and over
a long-term, prospective follow-up with incident ASCVD
events. Furthermore, we investigated the continuous associa-
tion between SBP level and ASCVD at SBP level values lower
than those of previous large-cohort studies.

Conclusions
In this study, there appeared to be a stepwise increase in tra-
ditional ASCVD risk factors, prevalence of coronary artery cal-
cium, and risk of incident ASCVD with increasing SBP levels
among individuals without hypertension or other traditional
ASCVD risk factors. We demonstrated that this apparently posi-
tive graded association of SBP with coronary artery calcium
and ASCVD begins at an SBP level as low as 90 mm Hg and
that there did not appear to be a higher ASCVD risk at this low
SBP level. Our results appear to support the importance of
primordial prevention for SBP level increases along with other
traditional ASCVD risk factors, all of which generally display
similar trajectories of graded increase in risk within values
traditionally considered to be normal.
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