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We sought to determine if the absence of hypertension in older adults can be used to iden-
tify those at lower risk of atherosclerotic cardiovascular disease (ASCVD). We identified
participants ≥75 years old free of cardiovascular disease (CVD) in the National Institutes
of Health Pooled Cohorts with and without hypertension. We assessed the association
between systolic blood pressure (BP), diastolic BP, and cardiovascular events using multi-
variable modeling. The association between predicted ASCVD risk and observed events
was compared. Of 2,667 adults aged ≥75 years, 67.9% had hypertension. Lower systolic
BP correlated with lower CVD event rates. ASCVD predicted risk score and systolic BP
were both independently associated with ASCVD event rates. Among adults with similar
ASCVD predicted risk estimates, those without (vs with) hypertension had lower observed
event rates across the predicted risk spectrum. The absence of hypertension may help
refine the risk stratification of older adults, particularly those with intermediate predicted
risk. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2021;142:83−90)
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Systolic blood pressure (BP) rises with advancing age, 1

largely due to progressive atherosclerosis and increased
vascular stiffening.2, 3 We hypothesized that the absence of
hypertension in older adults may be a marker for healthy
underlying vasculature which, in turn, may be a marker for
those at lower risk of future atherosclerotic cardiovascular
disease (ASCVD) events. To test this hypothesis, we uti-
lized data from the National Heart, Lung, and Blood
Institute’s (NHLBI’s) Biologic Specimen and Data Reposi-
tory Information Coordinating Center (BioLINCC) Pooled
Cohorts Study program, including data from the Cardiovas-
cular Health Study (CHS), the Framingham Heart Study
(Framingham Original), the Framingham Offspring Study
(FOS), and the Multi-Ethnic Study of Atherosclerosis
(MESA). Using this data, we sought to (1) demonstrate the
associations between systolic BP, diastolic BP, and CVD
events in a closely followed US population of older adults
≥75 years old and free of CVD; and (2) assess whether nor-
motensive older adult patients are at significantly lower risk
compared with hypertensive patients when predicted
ASCVD risk is otherwise similar.
Methods

We identified individuals ≥75 years old without known
CVD using data from the following cohort studies obtained
from the NHLBI’s BioLINCC program: CHS,4 Framing-
ham Original,5 FOS,6 and MESA.7 Within each cohort, we
identified a baseline exam chosen to maximize the number
of older adult patients with at least 5 years of follow-up:
CHS visit 3 (1992−1993), Framingham Exam 24 (1995
−1998), FOS Exam 7 (1998−2001), and MESA Exam 1
(2000−2002). Previous CVD was defined as a history of
cerebrovascular disease, coronary heart disease, peripheral
arterial disease, or heart failure. We evaluated baseline vari-
ables including the participants’ age, sex, race, systolic BP,
diastolic BP, BP lowering medication, lipid levels, the pres-
ence of lipid-lowering therapy, diabetes, smoking, body
mass index, and estimated glomerular filtration rate. BP
was ascertained with a sphygmomanometer through an
average of 2 or 3 seated measurements. For the majority of
our analyses, hypertension was defined as systolic BP
≥140 mm Hg or diastolic BP ≥90 mm Hg per the more lib-
eral definition from Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High Blood
Pressure (JNC 7),8 or the use of BP lowering medication
regardless of BP recorded. A BP of ≥140/90 was selected
as the primary definition of hypertension for this study to
optimize the number of patients qualifying as
“normotensive” who may benefit from derisking, and to uti-
lize a definition where patients are universally recom-
mended for antihypertensive therapy. In sensitivity
analysis, hypertension was defined as systolic BP ≥130 mm
Hg or diastolic BP ≥80 mm Hg per the most recent 2017
American College of Cardiology/American Heart Associa-
tion guideline definition.9 The use of BP lowering medica-
tions was self-reported in all 4 cohorts. Of note, for the
univariable cox proportional hazards modeling of the rela-
tionship between systolic BP and CVD events and diastolic
BP and CVD events, patients on BP lowering medications
were excluded from the primary analysis as we determined
that BP lower medications are likely an intermediary step

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.11.027&domain=pdf
mailto:michael.nanna@duke.edu
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2020.11.027


84 The American Journal of Cardiology (www.ajconline.org)
in the causal pathway between the exposure of interest
(hypertension) and the outcome of interest (5-year CVD
events). Patients on BP lowering medications were included
in a sensitivity analysis. Among the identified subjects
≥75 years old, 390 of 3,057 (12.8%) were excluded, due to
missing values for hypertension status, diabetes status,
lipid-lowering medication or low-density lipoprotein cho-
lesterol level, or smoking. Within the final cohort of 2,667
patients, missingness was rare−−1 patient on lipid-lower-
ing therapy was missing a low-density lipoprotein choles-
terol level and 4 patients on antihypertensive medications
were missing data on BP. The primary outcome of interest
was CVD events, defined as a composite of CVD, myocar-
dial infarction, and stroke at 5 years. Within each of the
cohorts, events were ascertained prospectively and adjudi-
cated using each cohort’s specific protocol.

Baseline characteristics were assessed in the individuals
with versus without hypertension. Continuous variables are
summarized with medians and quartiles and compared with
the Wilcoxon test. Categorical variables are presented as
frequencies and percentages and compared using chi-square
tests. In order to calculate the 5-year risk of first occurrence
of myocardial infarction, stroke (including fatal and nonfa-
tal), and coronary heart disease death, we used the previ-
ously described ASCVD pooled cohort equations (PCE) 5-
year risk calculation.10 Chronologic age was used in the for-
mula for individuals older than 79 years of age. Using uni-
variable Cox proportional hazards modeling, we assessed
the relationship between: (1) Systolic BP and CVD events at
5 years; and (2) Diastolic BP and CVD events in patients not
on BP lowering medications. Linearity was assessed and non-
linearity was addressed using restricted cubic splines.
Adjusted results were derived using multivariable Cox pro-
portional hazards models. Adjustment variables included
age, sex, race, diabetes, smoking, body mass index, estimated
glomerular filtration rate, high-density lipoprotein cholesterol
and non−high-density lipoprotein cholesterol, and lipid-low-
ering medications. In sensitivity analyses, we included
patients on BP lowering medications (4 subjects excluded for
missing systolic BP and 12 for diastolic BP).

In order to determine whether the absence of hyperten-
sion decreased risk in older subjects, we estimated 5-year
CVD event rates using the Kaplan-Meier method stratified
by predicted risk according to the PCE and by the presence
or absence of hypertension, including patients on BP medi-
cation. Patients were stratified using a predicted 5-year
high-risk threshold of 10%, which roughly corresponds to a
20% 10-year risk (i.e., the high-risk threshold in the current
lipid guidelines).11 Kaplan-Meier curves were repeated
using the alternative definition of hypertension (BP ≥130/
80 mm Hg).

Finally, we assessed the association between 5-year pre-
dicted ASCVD risk using the PCE and CVD events at
5 years in patients with versus without hypertension as
defined above and repeated using the more liberal definition
of ≥130/80 mm Hg in a sensitivity analysis. In addition, we
computed the deciles of the distribution of the predicted
versus observed risk in the whole sample, and then split
them into hypertensive and nonhypertensive groups. The
performance of the 5-year predicted risk using the PCE was
assessed in older adults with and without hypertension by
evaluating the c-statistic and calibration Chi-squared in
each population.

Analyses were approved by the Duke University Institu-
tional Review Board (PRO 00051569), and all subjects par-
ticipating in the individual studies provided informed
consent to participate. All analyses were performed using
SAS version 9.4 (TS1M5) (Cary, North Carolina).
Results

Overall, 2667 participants free of CVD at 75 years were
included with a median follow-up time of 8.3 years (25th
−75th percentile = 5.0 to 10.1 years). Of these, 1,812
(67.9%) met study criteria for our primary definition of
hypertension. The primary definition of hypertension used
in our analysis was patients with systolic BP ≥140 mm Hg
(N = 1194, 66.0% of hypertension group) or diastolic BP
≥90 mm Hg (N = 98, 5.4%) and/or patients who were on a
BP lowering medication regardless of BP (N = 1247,
68.8%). Table 1 and Supplementary Table S1 summarize
the baseline characteristics of the cohort, which are strati-
fied by the presence or absence of hypertension. The highest
event rates were seen in those with BP ≥140/90, either on
(15.7%) or not on medications (17.9%); event rates were
lower in those on BP medications with BP <140/90
(12.9%) and those with BP <140/90 not on BP medications
(8.0%) (p <0.001).

Among adults not on BP lowering treatment (N = 1420),
the association between systolic BP and CVD events was
statistically significant (p <0.0001; Figure 1). After multi-
variable adjustment, the HR per 10 mm Hg decrease in sys-
tolic BP was 0.853 (95% CI, 0.813 to 0.894, p <0.0001);
Table 2). Among adults not on BP lowering treatment and
with a diastolic BP measurement available (N = 1417), the
association between diastolic BP and CVD events with dia-
stolic BP was nonlinear (p-value for nonlinearity = 0.02).
For diastolic BP below 80 mm Hg, we observed no statisti-
cally significant relation between diastolic BP and CVD
events. A statistically significant relation was found
between diastolic BP and CVD events for diastolic BP val-
ues above 80 mm Hg with an overall p-value = 0.03
(Figure 1; Table 2). The association between diastolic BP
and CVD events was attenuated in multivariable modeling
(HR per 10 mm Hg decrease = 0.919, 95% CI, 0.830 to
1.019, p = 0.11). Sensitivity analyses including patients on
BP lowering medications for both models were performed
and produced consistent results (Supplementary Figure S1,
Supplementary Figure S2, and Supplementary Table S2),
with the exception that the association between diastolic
BP and CVD events remained significant in multivariable
modeling (p = 0.01).

We assessed 5-year CVD event rates among subjects
stratified above and below a predicted 5-year ASCVD risk
of 10% using the PCE (N = 1958 with <10% risk; N = 705
with ≥10% risk), then further divided based on the presence
or absence of hypertension (Figure 2). Among subjects with
a predicted 5-year risk ≥10%, 5-year CVD event rates were
lower among those without hypertension versus those with
hypertension (Kaplan-Meier rate 10.5% vs 16.9%, p
<0.0001). Individuals with <10% predicted risk without
hypertension had lower event rates than those with, but this
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Table 1

Characteristics of older adult (≥75 year old) patients in the pooled cohorts by hypertension status

Characteristic Hypertension* p Value

Yes (N = 1812) No (N = 855)

Study cohort 0.1294

CHS 787 (43.4%) 412 (48.2%)

Framingham Offspring 141 (7.8%) 64 (7.5%)

Framingham Original 217 (12.0%) 98 (11.5%)

MESA 667 (36.8%) 281 (32.9%)

Women 1092 (60.3%) 479 (56.0%) 0.0377

Age (median, 25th−75th) 78, 76−82 78, 76−81 0.0451

Age (years) 0.0150

75−79 1168 (64.5%) 592 (69.2%)

≥80 644 (35.5%) 263 (30.8%)

0.0001

White 1355 (74.8%) 690 (80.7%)

Black 232 (12.8%) 64 (7.5%)

Other 225 (12.4%) 101 (11.8%)

BMI (median, 25th−75th) (Kg/m2) 26.5, 23.7−29.3 25.4, 22.8−27.9 <0.0001
Systolic BP (median, 25th−75th) 146, 134−159 123, 114−131 <0.0001
Diastolic BP (median, 25th−75th) 71, 64−79 66, 60−71 <0.0001
Systolic BP ≥140 1194 (66.0%) 0 −
Diastolic BP ≥90 98 (5.4%) 0 −
Systolic BP ≥140 or Diastolic BP ≥90 1201 (66.3%) 0 −
On BP meds 1247 (68.8%) 0 −
Total cholesterol (median, 25th−75th) (mg/dl) 196, 173−222 198, 175−225 0.1638

HDL-C (median, 25th−75th) (mg/dl) 52, 42−62 53, 44−63 0.0256

Triglycerides (median, 25th−75th) (mg/dl) 120, 86−165 110, 78−151 <0.0001
LDL-C (median, 25th−75th) (mg/dl) 116, 96−139 119, 97−141 0.0635

LDL-C ≥130 mg/dl 615 (33.9%) 317 (37.1%) 0.0653

On lipid lowering medications 245 (13.5%) 61 (7.1%) <0.0001
Diabetes mellitus 263 (14.5%) 68 (8.0%) <0.0001
Current smoker 87 (4.8%) 57 (6.7%) 0.0467

eGFR (median, 25th−75th) (ml/min) 53.1, 43.4−64.4 53.4, 44.5−63.6 0.2566

On aspirin 377 (20.8%) 121 (14.2%) <0.0001

BMI = body mass index; BP = blood pressure; CHS = Cardiovascular Health Study; eGFR = estimated glomerular filtration rate; HDL-C = high-density

lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; MESA =Multi-Ethnic Study of Atherosclerosis

*Defined as having a blood pressure ≥140/90 or on blood pressure lowering medications.
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was not statistically significant (Kaplan-Meier rate 5.1%
without hypertension vs 8.9% with hypertension, p = 0.68).
Sensitivity analyses using BP ≥130/80 mm Hg or on BP
lowering medication as the criteria for hypertension
revealed similar results (Supplementary Figure S3).

Figure 3 demonstrates the association between PCE 5-
year predicted ASCVD risk and observed 5-year event rates
stratified by subjects with and without hypertension
(Figure 3). In the very low predicted risk subjects (approxi-
mately 4% to 10% 5-year predicted risk) and the very high-
risk subjects (>20% 5-year predicted risk), the hypertensive
and normotensive groups appeared to be at similar risk for
ASCVD events. Nevertheless, among those at intermediate
risk with a predicted risk between 10% and 20%, those with-
out hypertension had markedly lower 5-year observed event
rates than those with hypertension. Individuals without
hypertension appeared to be at lower risk compared with
individuals with hypertension even when the 5-year PCE pre-
dicted risk was the same. This is further demonstrated in Sup-
plementary Figures S4 & S5, which display predicted versus
observed 5-year rates of CVD in those with and without
hypertension by decile of predicted risk. This difference was
attenuated using a BP cut-off of ≥130/80 mm Hg to define
hypertension (Supplementary Figure S6).
Discussion

Our study found a strong and significant association
between lower systolic BP and lower cardiovascular risk in
adults older than 75 years. These results are consistent with
longstanding evidence of the association between blood
pressure and ASCVD risk12−15; however, our study empha-
sizes that most older adult patients who survive to 75 years
and beyond without hypertension, or the need for BP lower-
ing medications, are at markedly lower ASCVD risk than
their peers with otherwise similar predicted risk. This find-
ing highlights how normal BP is a simple factor that can
easily identify older patients at relatively lower risk for
future events; such patients may be considered for a less-
aggressive primary prevention strategy.

Systolic BP elevation in our cohort was strongly associ-
ated with future cardiovascular risk, further emphasizing
the importance of SBP as a modifiable cardiovascular risk
factor even in an older population. Although DBP elevation



Figure 1. A. Relationship between systolic BP and Risk of CVD in older adults (≥75 years old) This figure exhibits the association between systolic BP

and CVD events with systolic BP modeled both linearly and nonlinearly (unadjusted HR per 10 mm Hg increase was 1.174, 95% CI, 1.120 to 1.231, p

<0.0001). After adjustment using multivariable modeling, HR per 10 mm Hg increase was 1.174, 95% CI, 1.119 to 1.231, p <0.0001. There was no evidence
of a nonlinear relationship in the unadjusted (p-value for non-linearity = 0.31) or adjusted (p-value for nonlinearity = 0.17) models. A total of 1,247 observa-

tions on BP medications were excluded from this analysis. (B) Relationship between diastolic BP and Risk of CVD in older adults This figure exhibits the

association between diastolic BP and CVD events with DBP modeled both linearly and nonlinearly, excluding patients on blood pressure medications. There

was evidence of a nonlinear relationship with p-value for nonlinearity = 0.02. Modeled nonlinearly using restricted cubic splines, with the following unad-

justed results per 10 mm Hg increase: at diastolic BP = 50 mm Hg: HR = 0.833 (0.608 to 1.141); at diastolic BP = 60 mm Hg: HR = 0.882 (0.736 to 1.057); at

diastolic BP = 70 mm Hg: HR = 1.148 (0.995 to 1.326); at diastolic BP = 80 mm Hg: HR = 1.391 (1.071 to 1.805); at diastolic BP = 90 mm Hg: HR = 1.412

(1.068 to 1.868; p-value = 0.0285). Multivariable modeling yielded the following adjusted result per 10 mm Hg increase: HR = 1.093, 95% CI, 0.986 to

1.212, p = 0.09. There was no evidence of a nonlinear relationship between diastolic BP and CVD events with multivariable modeling (p-value for nonlinear-

ity = 0.95). 1247 observations on BP medications were excluded from this analysis. BP = blood pressure; CI = confidence interval; CVD = cardiovascular dis-

ease; HR = hazard ratio.
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Table 2

Association between continuous BP and CVD risk, excluding patients on

BP medications

p Value HR for 10 units decrease (95% CI)

Systolic BP (linear)

Unadjusted <0.0001 0.852 (0.813-0.893)

Adjusted* <0.0001 0.853 (0.813-0.894)

Diastolic BP

Unadjusted 0.0285 at Diastolic BP = 50: 1.205

(0.860-1.687)

at Diastolic BP = 60: 1.201

(0.846-1.646)

at Diastolic BP = 70: 1.134

(0.945-1.362)

at Diastolic BP = 80: 0.869

(0.7531.003)

at Diastolic BP=90: 0.720

(0.555-0.935)

Adjusted2 0.1091 0.919 (0.830-1.019)

BMI = body mass index; BP = blood pressure; CI = confidence interval;

CVD = cardiovascular disease; Diastolic BP = diastolic blood pressure;

eGFR= estimated glomerular filtration rate; HDL-C = high-density lipopro-

tein cholesterol; HR = hazard ratio; Systolic BP = systolic blood pressure.

Nonlinearity tests in unadjusted models: Systolic BP (p = 0.3092), Dia-

stolic BP (p = 0.0162), Diastolic BP analyzed as nonlinear, HR presented

at variable Diastolic BP levels.

Nonlinearity test in adjusted models: Systolic BP (p = 0.1567), Diastolic

BP (p = 0.9515), Diastolic BP analyzed as linear.

N = 1420 for SBP, 1417 for Diastolic BP − 1,247 observations on BP

meds excluded from this analysis.

* Adjusted by age, sex, race, diabetes, smoking, HDL-C, non−HDL-C,
lipid-lowering medications, BMI, and eGFR. 19 observations not included

in the adjusted analysis due to missing values in the adjustment variables.
yAdjusted by age, sex, race, diabetes, smoking, HDL-C, non−HDL-C,

lipid-lowering medications, BMI, and eGFR. 19 observations not included

in the adjusted analysis due to missing values in the adjustment variables.
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was associated with significant risk beyond 80 mm Hg, it
was no longer statistically significant following adjustment.
The benefits of aggressive BP control in older adult popula-
tions ≥75 years of age and free of CVD have been previ-
ously demonstrated.9,16−18 These benefits are noted in frail
older participants, without an increased burden of serious
adverse events or injurious falls.17 This is reflected in the
recent American College of Cardiology/American Heart
Association guideline recommendations, which recommend
a BP target of ≤130/80 mm Hg even among older adults.9

Hypertension is both a symptom and a cause of vascular
dysfunction as patient’s age.

Vascular aging occurs after upwards of 30 million pulsa-
tions/year and leads to increased intimal hyperplasia and
vascular stiffening over time, with decreased elasticity and
loss of arterial recoil.19−21 These changes result in both sys-
tolic hypertension and lower diastolic BP, with increased
pulse pressure creating increased arterial wall stress,
thereby completing the cycle to further arterial stiffen-
ing.20,22 Given the critical role of hypertension in the patho-
physiology of vascular aging, normotension is a useful
marker of relative vascular health in older adults.

Prevention treatment decisions are complex in older
adult patients who may be more vulnerable to adverse
effects from medications and polypharmacy.23 In older
adults at risk for harm from polypharmacy and adverse
drug effects, revising the risk of individuals at borderline
risk is an important consideration for clinicians to con-
sider.24 Our results suggest that the absence of hypertension
in older adults holds promise as another possible risk refine-
ment option for those at intermediate risk. This has the
potential to impact decisions around therapeutic intensifica-
tion versus de-escalation of preventive therapies such as
lipid-lowering and antithrombotic therapies. Importantly,
while the absence of hypertension was associated with rela-
tively lower risk than predicted, it did not eliminate cardio-
vascular risk entirely; this was particularly true in those at
high-predicted risk, due to other risk factors. Ultimately,
broader shared decision-making requires a consideration of
co-morbidities, polypharmacy, frailty, and individual
patient preferences. The potential benefits of aggressive
preventive therapies much be balanced with the potential
harms, impact on function, and individual patient
preferences.25,26

We acknowledge some limitations to our study. First, we
were unable to capture important conditions associated with
aging including atrial fibrillation, cognitive impairment,
and frailty. Second, we relied on baseline BP measure-
ments, but did not evaluate BP changes longitudinally,
which may provide additional insights into the risk associ-
ated with hypertension. Third, while our findings are
hypothesis-generating in highlighting normotension as a
potential risk stratification identifier in older adult patients,
this approach must be tested prospectively to definitively
evaluate the safety, efficacy, and potential clinical utility of
this marker in clinical practice. Finally, the PCE were
derived and validated in subjects’ ≤79 years old, but are the
most widely utilized risk stratification tool in contemporary
practice to inform primary prevention treatment decisions,
including in older individuals in our experience; further-
more, dedicated risk stratification tools are not currently
available for older adults.

In conclusion, the link between hypertension and cardio-
vascular risk remains strong even among those of advanced
age. In the same vein, individuals who reach older age with-
out known ASCVD or hypertension are at relatively lower
cardiovascular risk compared with their peers with other-
wise similar predicted risk. The presence or absence of nor-
motension may be a simple predictor that can aid clinicians
in making prevention decisions in vulnerable older adult
populations.
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Figure 2. CVD event rates in individuals stratified by predicted ASCVD risk (≥ or <10%) and hypertension This figure demonstrates the observed 5-

year CVD event rate of older adults (≥75 years old) across 4 separate strata: (1) predicted ASCVD risk <10% without hypertension; (2) predicted ASCVD

risk <10% with hypertension; (3) predicted ASCVD risk ≥10% without hypertension; and (4) predicted ASCVD risk ≥10% with hypertension. The hyperten-
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