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Abstract

Introduction—The aim of the study was to identify the association of systolic blood pressure
(SBP) levels with cardiovascular events, all-cause mortality, and falls among elderly persons
taking antihypertensive medication.

Methods—US adults =45 years of age taking antihypertensive medication enrolled in the
REGARDS study were categorized into 3 age groups: 55-64, 65-74 and =75 years old and
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baseline on-treatment SBP levels. Our primary analyses focused on incident cardiovascular
disease (CVD) (n=9,787) and all-cause mortality (n=13,948).

Results—During follow-up, 530 (5.4%) participants had CVD events and 2095 (15%)
participants died. After multivariable adjustment among participants =75, the incidence of CVD
per 1,000 person-years (95% confidence interval) was 16.9 (11.1-25.7), 13.4 (9.2-19.7), 11.6
(7.6-17.7), 17.8 (11.2-27.5) and 36.7 (26.6-50.8) at SBP levels of <120, 120-129, 130-139, 140-
149, and =2150mmHg, respectively. For the same SBP categories, the adjusted CVD incidence
rates were 9.3 (7.2-12.0), 10.0 (8.1-12.3), 9.4 (7.5-11.8), 14.0 (11.0-17.8), and 16.4 (12.5-21.4),
respectively, among participants 55-64 years, and 16.5 (13.6-21.5), 17.4 (14.8-20.6), 19.2 (16.4-
22.5), 22.3 (18.6-26.9), and 27.6 (22.7-33.4), respectively, for participants 65—74 years. Among
participants aged 55-64 and 65—74 years, a linear association was present between higher SBP
categories and all-cause mortality risk (each p-trend<0.001). In contrast, for participants =75 years
no association was present between SBP and all-cause mortality (p-trend=0.319). No association
was observed between SBP and falls among participants in all age groups.

Conclusions—Among adults aged =55 taking antihypertensive medication, SBP between 120-
139mmHg was significantly associated with a reduced risk for cardiovascular and all-cause
mortality outcomes.
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INTRODUCTION

Over the past few decades, a number of randomized trials and meta-analyses have supported
the benefits of antihypertensive medication on reducing the incidence of cardiovascular
disease (CVD) among the elderly. However, these studies were not designed to identify the
appropriate target blood pressure (BP) in this population.1~” The American College of
Cardiology Foundation (ACCF)/American Heart Association (AHA) 2011 Expert
Consensus Document on Hypertension in the Elderly guidelines suggested that a target of
<140/90 mmHg in persons aged 65-79 years and a systolic BP (SBP) of 140-145 mmHg, if
tolerated, in persons aged 80 years and older.?> Additionally, the 2013 European Society of
Hypertension (ESH)/European Society of Cardiology (ESC) guidelines for the management
of hypertension® emphasized that the available randomized trials of antihypertensive
treatment in the elderly showed a reduction in cardiovascular (CV) events through lowering
of BP; however the average achieved SBP in trials never attained values <140 mmHg.
Therefore the ESH/ESC guidelines suggest that in elderly hypertensives, both less than and
over 80 years old with SBP =160 mmHg, it is recommended to reduce SBP to between 150
and 140 mmHg.8 However, in fit persons <80 years old SBP <140 mmHg may be
considered, whereas in the fragile elderly population SBP goals should be adapted to
individual tolerability.® Experts have also emphasized that very limited data exist to make
definitive recommendations on targeted BP levels in the elderly.5~12 These suggestions were
confirmed in the recent the Eighth Joint National Committee (JNC8) guidelines!3, which are
still based on limitted data from available randomized controlled trials, and therefore are
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usually expert based opinions, especially concerning the lower BP goals (<140 mmHg) in
the general population aged =60 years (Expert Opinion — Grade E)3.

Randomized controlled trials are needed to provide definitive evidence on the appropriate
BP target for elderly patients taking antihypertensive medication. In absence of these data,
our aim was to investigate the SBP associated with the lowest CVD risk in elderly persons
taking antihypertensive medication on the basis of data from a national observational cohort
study in the United States, the REasons for Geographic And Racial Differences in Stroke
(REGARDS) study.

Study Participants

The REGARDS study is a population-based investigation of stroke incidence among US
adults =45 years of age.1* The study was designed to oversample blacks and individuals
living in the “stroke belt” and “stroke buckle” regions of the United States. The “stroke
buckle” was defined as the coastal plain region of North Carolina, South Carolina, and
Georgia and the “stroke belt” as the remainder of North Carolina, South Carolina, and
Georgia as well as Alabama, Mississippi, Tennessee, Arkansas and Louisiana. Between
January 18, 2003 and October 315t, 2007, 30,239 participants were enrolled. Additional
information on the design and conduct of the REGARDS study has been described.14

The REGARDS study protocol was approved by the Institutional Review Boards governing
research in human subjects at the participating centers. All participants provided informed
consent.

Data Collection

Baseline data were collected through a telephone interview, self-administered questionnaires
and an in-home examination. Trained staff conducted computer-assisted telephone
interviews to obtain information on demographics, education, household income, cigarette
smoking status, use of antihypertensive medication, and self-report of prior diagnoses of co-
morbid conditions including diabetes, myocardial infarction, stroke and atrial fibrillation.
Following the interview, trained technicians conducted an in-home visit that included 2 BP
measurements, the collection of blood and urine samples, and an electrocardiogram (ECG).
Blood collected during the in-home study visit was processed and shipped, overnight to the
REGARDS central laboratory at the University of Vermont.

Atrial fibrillation was defined by its presence on the study ECG or a self-report of a prior
diagnosis. Diabetes was defined as a serum glucose =126 mg/dL for participants who had
fasted =8 h prior to their blood draw, serum glucose =200 mg/dL for those who had not
fasted, or current use of insulin or oral hypoglycemic medications!4. Total and high-density
lipoprotein (HDL) cholesterol were measured using colorimetric reflectance
spectrophotometry. Low-density lipoprotein (LDL) was calculated using the Friedewald
equation. Dyslipidemia was defined as total cholesterol =240, LDL-C =160, HDL-C <40
mg/dL or self-reported use of pharmacologic lipid-lowering therapy.14 History of CHD at
baseline was defined by a self-reported history or ECG evidence of myocardial infarction or
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a self-reported history of a revascularization procedure. History of stroke was defined on the
basis of self-report. Participants with a history of CHD or stroke were considered to have a
history of CVD.14

BP measurement

BP was measured 2 times during the in-home examination using aneroid
sphygmomanometers following a standardized protocol by a trained examiner. BP quality
control was monitored by central examination of digit preference and retraining of
technicians took place as necessary. Participants were asked to sit for 5 min with both feet
on the floor prior to the first measurement. A 30 sec rest occurred between measurements.
Whenever possible, BP was measured in the left arm and a large size cuff was used if the
arm circumference was greater than 13 in (33 cm). Both the cuff bladder width and pulse
obliteration level were recorded. The cuff was inflated to 20 mmHg above the pulse
obliteration level and deflated at approximately 2 mmHg per sec. The 2 BP measurements
were averaged for analyses.

Study Outcomes

REGARDS participants or their proxies were contacted by telephone every 6 months
following baseline to assess stroke and CHD events and all-cause mortality. Medical records
were retrieved for suspected stroke and CHD-related hospitalizations and deaths;
adjudication of these records was performed by physician panels. We studied 5 outcomes in
the current analysis: CVD, CHD, stroke, all-cause mortality, and recurrent falls. For each
outcome, time-to-event analysis was performed; participants were followed until their first
event and recurrent events were not studied.

CHD—The occurrence of CHD events was defined as nonfatal Ml or CHD death. Medical
records were used by trained physicians to adjudicate hospitalizations or deaths that could
potentially be related to CHD, following published guidelines.1>16 Specifically, medical
records were examined for the presence of signs or symptoms suggestive of ischemia; a
rising and/or falling pattern in cardiac troponin or creatine kinase-MB over 6 or more hours
with a peak value greater than or equal to twice the upper limit of normal (diagnostic cardiac
enzymes); and ECG changes consistent with ischemia or MI, guided by the Minnesota Code
and classified as evolving diagnostic, positive, nonspecific or not consistent with
ischemia.1”.18 Additionally, following published guidelines, medical records in the last year
of life, death certificates and autopsy reports were collected and reviewed to determine if the
death was a CHD death.1516 Incident CHD events through December 315t, 2009 were
available for the current analyses.

Stroke—The investigators obtained medical records when participants self-reported a
possible stroke/transient ischemic attack (T1A), reported a stroke symptom on the
Questionnaire for Verifying Stroke-Free Status resulting in hospitalization or when a
participant died with a potential cause of stroke.1® When potential events were reported,
hospital charts were retrieved for adjudication and events were confirmed by a panel of
physicians, according to the World Health Organization (WHO) definition.20 Events not
meeting the WHO definition but characterized by symptoms lasting <24 h with
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neuroimaging consistent with acute infarct or hemorrhage were classified as clinical strokes.
Additionally, medical records in the last year of life, death certificates, and autopsy reports
were collected and reviewed to determine if the death was stroke-related. This analysis
included WHO defined and clinical stroke cases.?! Data on incident stroke was available
through August 17, 2011.

CVD—CVD events included the first occurrence of a CHD or stroke event. As CHD events
were only available through 2009, strokes that occurred after January 15t, 2010 were not
included in the analysis of CVD.

All-Cause Mortality—Participant deaths were detected by report of next-of-kin, online
sources (e.g. the Social Security Death Index), and the National Death Index. Proxies or
next-of-kin were interviewed to obtain information surrounding the circumstances of
participant death. Additionally, death certificates and autopsy reports were collected. Deaths
occurring through April 15, 2012 were included in the current analysis.

Recurrent Falls—Recurrent falls were assessed by telephone at the first follow-up
interview (i.e., 6 months following baseline). Using a modified version of the Study of
Osteoporotic Fractures?? falls ascertainment question, participants were asked “Since the
last time we contacted you, have you fallen and landed on the ground or floor or fallen and
hit an object like a table or chair?”. Those responding in the affirmative were subsequently
asked, “How many times have you fallen in the last 6 months?”. Recurrent falls was defined
as 2 or more falls. This definition is emphasized by the American Geriatrics Society Fall
clinical practice guideline for prevention of falls.23

Statistical Analyses

Among participants free of CVD at baseline, characteristics were calculated by age (55-64,
65-74 and 75 years and older). Also, within age group, characteristics of participants free of
CVD were calculated by SBP (<120, 120-129, 130-139, 140-149 and =150 mmHg).
ANOVA and chi-square tests were used for the comparison across the age groups and,
within age group, across SBP categories. For each age group, incidence rates for CVD,
CHD, stroke, and all-cause mortality were calculated by SBP. Cox proportional hazards
models were used to calculate the hazard ratio (HR) for CVD, CHD, stroke, and all-cause
mortality associated with SBP categories with <120 mmHg serving as the referent. Initially,
incidence rates and hazard ratios were unadjusted (Model 1) and adjusted for age, race,
gender, region of residence, household income and education (Model 2). Full covariate
adjustment (Model 3) included all of the variables in Model 2, and dyslipidemia, diabetes,
current smoking, atrial fibrillation, diastolic BP, history of stroke (for CHD outcome),
history of CHD (for stroke outcome), and history of stroke and CHD for all-cause mortality.
Next, we used restricted quadratic splines to calculate the multivariable adjusted HR for
each outcome associated with SBP modeled as continuous variables. Finally, within each
age group, the percentage of participants with recurrent falls and, using logistic regression,
odds ratios for recurrent falls were calculated by SBP category. Three levels of adjustment,
identical to the CVD and all-cause mortality outcomes, were performed. The p-values for
trends were calculated by assigning the median SBP value to all participants within each
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SBP category and modeling this as a continuous variable. Deviations from linearity were
tested by adding a quadratic term for SBP to the regression model. We used a two-sided p-
value with a threshold set at 0.05. All analyses were conducted using SAS 9.3 (SAS
Institute, Cary, NC) and R version 2.15.1 (R Foundation for Statistical Computing, Vienna,
Austria).

The current analysis was limited to participants 55 years of age and older (n=26,396). We
excluded participants without valid systolic and diastolic BP measurements at baseline
(n=78) and missing follow-up data (h=414). An additional 11,956 participants who were not
taking antihypertensive medications at baseline were excluded. After these exclusion criteria
were applied, 13,948 participants formed the base population and were included in the
analysis of all-cause mortality. Participants with a history of CHD (n=3,310) were excluded
from analyses of incident CHD (leaving n=10,638 individuals). Also, participants with a
history of stroke (n=1,333) and CVD (n=4,161) were excluded from analyses of these
outcomes, leaving n=12,615 and n=9787 individuals for the analysis of incident stroke and
incident CVD, respectively.

Participant characteristics are presented by age group in Table 1 and by SBP within each age
group separately in eTables 1-3. Participants 55-64 and 65—74 years of age were more
likely to be black and less likely to have atrial fibrillation when compared with their
counterparts =75 years of age. The percentage of participants with less than a high school
education and household income <$20,000 increased at older age. Current smoking and
diabetes were less common at older age.

Median follow-up for CVD and CHD was 4.5 years (25-75! percentiles: 3.1-5.5 years,
maximum 7 years), for stroke was 5.7 years (25-75™ percentiles: 4.1-6.9 years, maximum
8.5 years) and for all-cause mortality was 6.0 years (25-75™ percentiles: 4.4-7.1 years,
maximum 9.1 years). During follow-up, there were 530 (5.4%), 363 (3.4%), and 425 (3.4%)
cases of CVD, CHD and stroke, respectively, and 2095 (15%) deaths. Of the 425 strokes
that occurred during follow-up, 38 (8.9%) were hemorrhagic, 359 (84.5%) were ischemic
and the type was undetermined for 28 (6.6%) events.

The incidence of CVD increased at higher levels of SBP for participants aged 55-64 and
65-74. In contrast, for participants 75 years and older, the incidence of CVVD was highest at
SBP <120 and =140 mmHg (Table 2). After multivariable adjustment and compared with
SBP <120 mmHg, SBP =150 mmHg was associated with an increased risk of C\VD among
those 65 to 74 (HR 2.33; 95%Cl: 1.37-3.97) and =75 years of age (HR 2.18, 95%Cl: 1.27-
3.76). For those <65 years of age, the multivariable adjusted HR for CVD comparing SBP
>150 to <120 mmHg was 1.56 (95%ClI: 0.79-3.09). SBP 130-139 mmHg was characterized
by the numerically lowest CVD risk for participants at =75 (adjusted HR 0.69; 95%Cl:
0.39-1.24). For participants =75 years of age the association between SBP and CVD
incidence was not linear but rather J-shaped as noted by the significant association for the
quadratic term (SBP squared - p = 0.002) in the full multivariable adjusted model (Table 2).
When modeled using splines, the risk for CVD began to increase at SBP levels =130 to 150
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mmHg, depending on age (Figure 1). SBP <120 mmHg was not associated with an increased
CVD risk for participants 55-64 and 65—74 years of age; however CVD risk appeared to be
increased at SBP <120 mm Hg for participants >75 years of age.

For participants aged 55-64 and 65-74 years of age, the incidence of CHD increased
progressively at higher SBP levels (p-value for linear trend = 0.028 and 0.001, respectively)
(eTable 4). Among individuals =75 years of age, the incidence of CHD was lowest for those
with SBP of 120 to 129 mmHg. These patterns remained present after multivariable
adjustment (eTable 4). When modeled as a continuous variable, a direct linear association
was present between SBP and CHD risk for participants 55 to 64 years of age while an
increased CHD risk was present for SBP <120 and =130 mmHg for participants 65 to 74 and
=75 years of age (eFigure 1).

For participants 55-64 and 65-74 years of age no association between SBP and stroke
incidence was observed. (eTable 5). For participants =75 years of age, stroke incidence
increased across the full range of SBP. After multivariable adjustment, SBP =150 mmHg
was associated with a non-significantly increased hazard ratio of stroke (1.61; 95%CI: 0.84—
3.07; p = 0.091) but no increased risk was observed for SBP levels of 120-129, 130-139 and
140-149 mmHg. When SBP was modeled as a continuous variable, higher SBP was
associated with an increased risk for stroke among participants =75 years of age (eFigure 2).

Within each age group, all-cause mortality was higher at SBP levels 2140 mm Hg (Table 3).
Among participants 55 to 64 and 65 to 74 years of age, after multivariable adjustment and
compared to participants with SBP <120 mmHg, SBP levels of 140 to 149 and =150 mmHg
were associated with an increased hazard ratio for all-cause mortality (1.50; 95%Cl: 1.06—
2.14 and 1.77; 95%CIl: 1.20-2.62, respectively, for the 55-64 age group, and 1.35; 95%ClI:
1.03-1.75 and 1.67; 95%Cl: 1.27-2.21, respectively, for the 65-74 age group). For
participants =75 years of age, no association was present between SBP and all-cause
mortality after multivariable adjustment. When modeled as a continuous variable, an
increased risk for all-cause mortality was present at higher SBP for participants 55-64 and
65-74 years of age but not those =75 years of age. For participants >75 years of age, the risk
for all-cause mortality was also increased at SBP levels <120 mmHg (Figure 2).

Data on recurrent falls were available for 12,054 REGARDS study participants taking
antihypertensive medication. During follow-up, 684 (5.7%) participants had a recurrent fall.
Among participants age 55-64 years, SBP >150 versus <120 mmHg was associated with an
increased risk for falls. This association was not present after adjustment for prevalent falls
and physical component score. There was no association between SBP and the risk for
recurrent falls for individuals aged 65-74. For participants =75 years of age, the risk for falls
was non-significantly higher for participants with SBP <120 mmHg (eTable 6).

DISCUSSION

In this observational study, we found that for the patients at age 55-64 SBP <140 mmHg
was associated with lower incidence of CVD, CHD, stroke and all-cause mortality, with the
numerically highest incidence risk at SBP 140-149, and particularly for 2150 mmHg. SBP
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values of 130-139 mmHg were characterized by the numerically lowest risk of CVD
incidence. The risk of falls was also increased at SBP =150 mmHg. For participants aged
65-74 there was a significant increased incidence of CVD and CHD at SBP levels =150
mmHg, for stroke at SBP levels =130 mmHg and for all-cause mortality for SBP =140
mmHg. SBP was not associated with recurrent falls in this age group. Finally for the very
elderly individuals (=75 years of age), an increased risk of CVD, CHD and stroke incidence
was observed at SBP values 2140 mmHg and no association was present between SBP and
all-cause mortality. SBP <120 mmHg was associated with an increased incidence of CVD,
CHD, all-cause mortality, as well as recurrent falls.

There is considerable debate regarding the appropriate levels of SBP in elderly
individuals.*~® This is a result of limited data from large interventional studies and the fact
that despite a reduction in CV events through lowering of BP, no control randomized trial
among the elderly has achieved an average SBP <140 mmHg.>8 Therefore, the current
recommendations on the target SBP for elderly individuals are mostly based on expert
opinion.>8 The first trials on antihypertensive treatment in the elderly mainly showed that
BP lowering with antihypertensive drugs was effective in reducing the risk of CVD,
however the authors did not study BP targets.#6 Discussion continued after publication of
the HYVET trial,” which was designed to resolve the uncertainty about the relative benefits
and risks of antihypertensive therapy in elderly populations. In HYVET 3,845 individuals
aged 80 years and older (mean age 83.6 years) with a sustained SBP of 160 mmHg or higher
were randomized to indapamide (1.5 mg) or placebo. Perindopril 2 or 4 mg, or matching
placebo, was added if needed to achieve the target SBP/DBP of 150/80 mmHg.” The study
was terminated early after a median follow-up of 1.8 years. The authors found that
antihypertensive therapy decreased the incidence of the primary endpoint (fatal or nonfatal
stroke) by 30% (p = 0.06), and significantly reduced other endpoints — fatal stroke by 39%
(p = 0.05), all-cause mortality by 21% (p = 0.02), and HF by 64% (p < 0.001).” The mean
achieved BP in the active-treatment group was 143.5/77.9 mmHg compared with 158.5/83.2
mmHg in the placebo group. However, one should note that the limitations of HYVET.
Most notably, HYVET had a relatively healthy sample (e.g., only 12% had a history of
CVD) reducing its generalizability to the entire population of elderly hypertensives.
Furthermore, HYVET, like all other interventional trials in elderly hypertensives, failed to
ascertain whether SBP reduction <140 mmHg would have been beneficial for this particular
age group.’ The results obtained from the analysis of the REGARDS cohort study are
consistent with the finding that BP lowering might be effective in the very elderly; however,
consideration should be given to reducing SBP to levels <140 mmHg to further decrease the
risk of CVD, CHD and stroke. In our observational data BP between 120-139 mmHg was
not associated with an increased risk for outcomes. However, SBP <120 mmHg was
associated with an increased risk of adverse events, especially CVD, CHD incidences and
all-cause mortality, and recurrent falls.

The Japanese Trial to Assess Optimal Systolic Blood Pressure in Elderly Hypertensive
Patients (JATOS)® compared the effect of moderate intensity SBP reduction (<140 mmHg)
with less intense SBP reduction (140-160 mmHg) in 4418 elderly (age 65-85 years)
hypertensive patients treated with the baseline drug - efonidipine hydrochloride. SBP
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achieved in these groups differed by about 10 mmHg (135.9/74.8 vs. 145.6/78.1 mmHg,
respectively) after a 2-year follow-up.? The authors did not observe a significant difference
in the primary endpoint (a composite of CVD, cardiac and vascular disease and renal failure)
or secondary endpoints (total deaths), or any added benefits from more aggressive BP
reduction. Similar results were obtained in the Valsartan in Elderly Isolated Systolic
Hypertension (VALISH) studyl0 that aimed to establish whether strict BP control (<140
mmHg) was superior to moderate control (=140 to <150 mmHg) in reducing CV mortality
and morbidity in 3260 elderly patients (age 70-84 years at baseline) with isolated systolic
hypertension10. At 3 years, BP reached 136.6/74.8 and 142.0/76.5 mmHg, respectively (p <
0.001 for both). The overall rate of the primary composite end point (composite of CV
events) was 10.6 per 1000 patient-years in the strict control group and 12.0 per 1000 patient-
years in the moderate one (HR 0.89; p = 0.38). Both JATOS and VALISH were
underpowered to definitively answer whether strict control was superior to less stringent BP
targets, and did not allow the analysis of benefits and risks involved with excess BP
reduction.®10 The results of our study suggest slightly different conclusions. For participants
aged 6574, increased incidence risk was observed for CHD and all-cause mortality, when
comparing SBP values 130-139 vs. 140-149 mmHg (with almost no difference for CVD
and stroke). For persons =75 years of age, increased risk was observed for CVD, CHD, and
all-cause mortality when comparing SBP of 140-149 vs. 130-139 mm Hg.

In the Studio Italiano Sugli Cardiovascolari del Controllo della Pressione Arteriosa Sistolica
(CARDIO-SIS) trial, 24 in 1111 nondiabetic patients (mean age 67 years) with baseline SBP
>150 mmHg, the authors reported a significant reduction in the primary outcome (the rate of
electrocardiographic left ventricular hypertrophy) at 2 years median follow-up in patients
randomized to SBP goal <130 vs. <140 mmHg using open-label drugs (11.4 vs. 17%, odds
ratio [OR] 0.63; 95%Cl: 0.43-0.91; p = 0.013).24 In addition, a composite CV endpoint
occurred in 9.4% in the usual control group vs. 4.8% in the tight control group (HR 0.50;
95%Cl: 0.31-0.79; p = 0.003). Although the age-treatment group interaction was not
significant, the greatest reduction in the primary outcome was seen in the subgroup >70
years of age.24 Analyzing the group of individuals at age 65-74 years old in our study, and
comparing SBP values 120-129 and 130-139 mmHg we noticed an increase incidence risk
only for stroke (HR 0.92 vs. 1.28).

In the Practitioner’s Trial on the Efficacy of Antihypertensive Treatment in Elderly Patients
with Hypertension Il (PATE-hypertension I study)2® Ogihara et al. investigated whether
intensive BP lowering with candesartan might be harmful in this group of patients. They
included 1500 elderly Japanese patients >60 years old (mean age 71.1 £ 6.9). At 3 years
they showed that patients with SBP <120 mmHg had a higher incidence of CV events
compared with those with SBP of 120-139 mmHg.2 In our study a possible J-curve
relationship (an increase in CV risk with SBP <120 mmHg) was observed for CVD (by
assessing a quadratic SBP term in individuals =75 years), CHD and all-cause mortality
(when modeled as a continuous variable) especially in persons =65 years old.

There are still a limited number of trials evaluating BP targets in the elderly, and many of
the available ones are post hoc analyses of previously conducted studies comparing different
achieved BP levels. What is more, these studies essentially varied, not only in their target
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BPs, but also in patient selection, drug choices and duration of treatment. Furthermore, they
were all based primarily on SBP and generally did not attempt to reach the aggressive BP
goals used in more contemporary hypertension trials in younger cohorts.**26 Forthcoming
studies, including the Systolic Blood Pressure Intervention Trial (SPRINT)Z and the Stroke
in Hypertension Optimal Treatment trial of the European Society of Hypertension and the
Chinese Hypertension League (ESH-CHL-SHOT)28 are aimed at providing the necessary
data to establish clear guidelines on the safe target BP level for these patients.

Our study suggests a hypothesis that we should consider a SBP target <140 mmHg for
persons =55 years old, including those at age =75 years, for whom SBP values <140 mmHg
were associated with a reduced risk of CVD, CHD, stroke and all-cause mortality.
Additionally, SBP values 130-139 mmHg were associated with the numerically lowest risk
of CVD and all-cause mortality in these individuals. Similar results were observed in the
subanalysis of the Felodipine Event Reduction (FEVER) trial.11; 9711 Chinese
hypertensives were included, in whom CV outcomes were significantly reduced by
achieving a mean SBP of 138 mmHg compared with less-intense therapy achieving a mean
SBP of 142 mmHg. Significant reductions in stroke events were found in uncomplicated
hypertensives, in hypertensives with randomization SBP <153 mmHg, and in elderly
hypertensives (at mean age 69.5) (-44%, p < 0.001), when their SBP was lowered by more
intense treatment.1! Significant reductions were also found in all CV events and all deaths.
Achieving mean SBP values <140 mmHg, by adding a small dose of a generic drug,
prevented 5.2 CV events for every 100 patients treated for 3.3 years.11 Finally, in the
recently published the Secondary Prevention of Small Subcortical Strokes (SPS3) trial, the
authors investigated the effects of different BP targets on the rate of recurrent stroke in 3020
patients at mean age 63+11 years with recent lacunar stroke. Their results support the
hypothesis that in patients with recent lacunar stroke, a target SBP <130 mmHg is likely to
be beneficial.2® The results of these trials, and the observations of our study strengthen the
recent recommendations of the 2013 ESH-ESC Guidelines 8 that, at least in fit elderly
individuals, including persons =75 years old, SBP targets <140 mmHg should be considered.

The results of the current study need to be considered in the context of potential and known
limitations. BP was measured 2 times on a single occasion which may have led to exposure
misclassification for some study participants. The study is also observational and the
causality of the BP levels studied for reducing CVD outcomes cannot be determined.
Reverse causality (i.e., the association between low SBP and outcomes may be the result of
people with very low SBP being sick and thus having a higher outcome risk) in subjects
with lower BP values is possible. However, we think this is unlikely in the current study
because everyone was receiving antihypertensive medication. It needs to be emphasized that
these data are hypothesis generating and future trials addressing the appropriate SBP goal
for people taking antihypertensive medications should take into account an individual’s
frailty status. We also chose to not examine the association of DBP and pulse pressure on
CV and mortality outcomes. Vascular stiffness and function measures were not collected
during the REGARDS baseline visit. Therefore, we were not able to examine the
mechanisms underlying the SBP-CVD association in the current analysis. Another limitation
is a relatively low number of stroke and CHD cases in some of the subgroups. Also, the
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REGARDS study does not have a surveillance component and therefore there may be under-
reporting of events. One should also notice that the REGARDS study over-sampled
participants in the stroke belt of the US a region with a high percentage of African-
Americans. However these variables were adjusted for the final results.

This study also has several strengths. These include its recruitment of a population-based
sample from across the United States with oversampling of African-Americans, a population
with a high risk for stroke. The REGARDS study included a stringent quality control
process, standardized criteria and protocols for assessing BP which should limit potential
bias. Additionally, both suspected coronary and stroke cases were adjudicated by physician
panels following a standardized process.

In conclusion, among adults at age =55 taking antihypertensive medication, SBP in the
range of 120-139 mmHg compared with higher or lower ranges was not significantly
associated with an increased risk for CVD and all-cause mortality outcomes, as well as
recurrent falls. Intensive hypertension treatment (BP <120 mmHg) should be a matter of
further investigations. The findings from the current study may inform future research to
establish appropriate treatment targets in elderly individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CVD incidence
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Figure 1.
Restricted quadratic splines showing the association between systolic blood pressure and

cardiovascular disease among REGARDS participants by age group.

Line represents the hazard ratio with the reference set at a systolic blood pressure of 110
mmHg. Grey area represents the 95% confidence interval. Histograms represent the
distribution of systolic blood pressure in the population analyzed. The association is adjusted
for age, race, gender, region of residence, income education, dyslipidaemia, diabetes, current
smoking, atrial fibrillation and diastolic blood pressure.
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All-cause mortality
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Figure 2.
Restricted quadratic splines showing the association between systolic blood pressure and all-

cause mortality among REGARDS participants by age group.

Line represents the hazard ratio with the reference set at a systolic blood pressure of 110 mm
Hg. Grey area represents the 95% confidence interval. Histograms represent the distribution
of systolic blood pressure in the population analyzed. The association is adjusted for age,
race, gender, region of residence, income education, dyslipidaemia, diabetes, current
smoking, atrial fibrillation and diastolic blood pressure.
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Table 1

Baseline characteristics of the Reasons for Geographic and Racial Difference in Stroke (REGARDS) study
population without a history of cardiovascular disease taking antihypertensive medication by age.

Age (years)
55-64 (n=4181) | 65-74 (n=3767) | 275(n=1839) | p-value

Age, y (sd) 59.7 (2.8) 69.0 (2.8) 79.3(3.7)
Men, no. (%) 1590 (38.0) 1481 (39.3) 679 (36.9) 0.580
Black, no. (%) 2351 (56.2) 1882 (50.0) 835 (45.4) <0.001
Region of Residence

Stroke belt, no. (%)™ 1543 (36.9) 1279 (34.0) 584 (31.8)

Stroke buckle, no. (%)™ 915 (21.9) 795 (21.1) 347 (18.9) <0.001

Non-belt, no. (%) 2638 (63.1) 2488 (66.1) 1255 (68.2)
Less than a high school education, no. (%) 452 (10.8) 580 (15.4) 383(20.9) <0.001
Household Income < $20,000, no. (%) 713 (19.1) 793 (24.0) 461 (30.4) <0.001
Current smoker, no. (%) 667 (16.0) 362 (9.7) 95 (5.2) <0.001
Diabetes Mellitus, no/(%) 1172 (28.9) 1037 (28.4) 435 (24.7) 0.005
Isolated Systolic Hypertension, no. (%) 610 (14.6) 789 (21.0) 473 (25.7) <0.001
HDL-cholesterol (mg/dL), mean (sd) 51.2 (15.5) 52.2 (16.4) 53.9 (16.7) <0.001
LDL-cholesterol (mg/dL), mean (sd) 114.7 (34.0) 110.2 (33.7) 109.9 (31.9) <0.001
Total cholesterol (mg/dL), mean (sd) 193.2 (37.8) 189.3(39.2) 188.7 (37.8) <0.001
Atrial Fibrillation, no. (%) 310 (7.6) 275 (7.4) 197 (11.0) <0.001
Dyslipidemia, no. (%) 2478 (59.3) 2303 (61.1) 1040 (56.6) 0.216
FoIIow—up***
Cardiovascular disease events™™™ 154 (3.6%) 217 (5.7%) 159 (8.5%) <0.001
Coronary heart disease events' 112 (2.4%) 145 (3.5%) 106 (5.1%) <0.001
stroke 't 101 (1.9%) 188 (3.8%) 136 (5.2%) <0.001
All-cause mortality* 460 (8.2%) 775 (14.1%) 860 (28.4%) | <0.001

*
ABBREVIATIONS: HDL, high density lipoprotein; LDL, low density lipoprotein; sd, standard deviation.

**k
The “stroke buckle” was defined as the coastal plain region of North Carolina, South Carolina, and Georgia and the “stroke belt” as the

remainder of North Carolina, South Carolina, and Georgia as well as Alabama, Mississippi, Tennessee, Arkansas and Louisiana. The non-belt
region represents the remainder of the contiguous United States.

*khk
Median follow-up for cardiovascular disease and coronary heart disease was 4.5 years (maximum 7 years), for stroke was 5.7 years (maximum

8.5 years) and for all-cause mortality was 6.0 years (maximum 9.1 years).
*kkhk
After the exclusion criteria were applied, 9,787 individuals were included in the analyses of CVD.
TThe analysis of CHD included 10,638 participants and only excluded participants with a history of heart disease.
TTThe analysis of stroke included 12,615 participants and only excluded participants with a history of stroke.

¢The analysis of all-cause mortality included 13,948 participants (i.e., including those with a history of CVD, CHD, or stroke).
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