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Aims The 2018 ESC/ESH guidelines for hypertension recommend differential management of patients who are <65, 65–
79, and >_80 years of age. However, it is unclear whether intensive blood pressure lowering is well-tolerated and
modifies risk uniformly across the age spectrum.

...................................................................................................................................................................................................
Methods
and results

SPRINT randomized 9361 high-risk adults without diabetes and age >_50 years with systolic blood pressure 130–
180 mmHg to either intensive or standard antihypertensive treatment. The primary efficacy endpoint was the
composite of acute coronary syndromes, stroke, heart failure, or death from cardiovascular causes. The primary
safety endpoint was composite serious adverse events. We assessed whether age modified the efficacy and
safety of intensive vs. standard blood pressure lowering using Cox proportional-hazards regression and
restricted cubic splines. In all, 3805 (41%), 4390 (47%), and 1166 (12%) were <65, 65–79, and >_80 years. Mean
age was similar between the two study groups (intensive group 67.9 ± 9.4 years vs. standard group
67.9 ± 9.5 years; P = 0.94). Median follow-up was 3.3 years. In multivariable models, age was linearly associated
with the risk of stroke (P < 0.001) and non-linearly associated with the risk of primary efficacy events, death
from cardiovascular causes, death from any cause, heart failure, and serious adverse events (P < 0.001). The
safety and efficacy of intensive blood pressure lowering were not modified by age, whether tested continuously
or categorically (P > 0.05).

...................................................................................................................................................................................................
Conclusion In SPRINT, the benefits and risks of intensive blood pressure lowering did not differ according to the age catego-

ries proposed by the ESC/ESH guidelines for hypertension.
...................................................................................................................................................................................................
Trial
Registration

SPRINT (Systolic Blood Pressure Intervention Trial); ClinicalTrials.gov Identifier: NCT01206062, https://clinicaltrials.
gov/ct2/show/NCT01206062.
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Introduction

Hypertension is the leading contributor to excess cardiovascular
deaths and disability-adjusted life-years globally.1,2 The prevalence of
hypertension, defined as a systolic blood pressure >_140 mmHg or
diastolic blood pressure >_90 mmHg, increases with age and currently
exceeds 20% among adult men and women.3,4 In addition, the same
degree of blood pressure elevation is associated with greater cardio-
vascular event rates among older individuals,5 underscoring the im-
portance of appropriately treating this subgroup.1 However, it is
unclear whether intensive blood pressure lowering is well-tolerated
and modifies risk uniformly across the age spectrum. We leveraged
data from the Systolic Blood Pressure Intervention Trial (SPRINT) to
assess whether age modified the efficacy and safety of intensive vs.
standard blood pressure lowering. Since the 2018 European Society
of Cardiology/European Society of Hypertension (ESC/ESH) guide-
lines for the management of arterial hypertension recommend differ-
ential management of patients who are <65, 65–79, and >_80 years of
age,6 we also examined all associations stratified according to these
age categories.

Methods

Study design
The rationale, protocol, and primary results of SPRINT have been previ-
ously published.7,8 The SPRINT primary outcome paper dataset was
obtained from the National Heart, Lung, and Blood Institute’s Biologic
Specimen and Data Repository Information Coordinating Center after
having received a waiver for secondary use by the institutional review
board at Brigham and Women’s Hospital. In brief, SPRINT was a random-
ized, controlled, open-label trial conducted in the USA. A total of 9361
persons >_50 years of age, at high cardiovascular risk but without diabetes,
who had a systolic blood pressure 130–180mmHg at screening, were
randomized to receive either intensive (target systolic blood pressure
<120 mmHg; n = 4678) or standard antihypertensive treatment (target
systolic blood pressure <140mmHg; n = 4683).8 High cardiovascular risk
was defined as clinical or subclinical cardiovascular disease (except stroke),
chronic kidney disease with an estimated glomerular filtration rate 20–
59 mL/min/1.73 m2, a 10-year risk of cardiovascular disease >_15% based
on the Framingham risk score, or age >_75 years. Patients with a 1-min
standing systolic blood pressure <110mmHg were excluded.

Study endpoints
The primary efficacy endpoint was the composite of myocardial infarc-
tion, non-infarction acute coronary syndrome, stroke, acute decompen-
sated heart failure, or death from cardiovascular causes. Secondary
efficacy endpoints in the present study included specific individual compo-
nents of the primary endpoint (stroke, acute decompensated heart fail-
ure, and death from cardiovascular causes) and death from any cause.
The primary safety endpoint was the composite of serious adverse events
(hypotension, syncope, electrolyte abnormalities, acute kidney injury or
failure, or injurious falls).

Statistical analysis
Baseline characteristics were assessed across the three ESC/ESH-defined
age categories. The relationship between age and clinical endpoints was
evaluated using Cox proportional-hazards regression and restricted cubic
splines, adjusted for treatment group, sex, smoking status, number of

antihypertensive agents, history of clinical cardiovascular disease, total
cholesterol, high-density lipoprotein cholesterol, serum creatinine, and
urine albumin-creatinine ratio. We further determined if the effects of in-
tensive vs. standard blood pressure lowering varied across the age spec-
trum using interaction analyses for primary efficacy and safety endpoints.
The number of knots in the spline models was selected to minimize the
Akaike’s information criterion. We have previously used this statistical ap-
proach on the SPRINT cohort.9,10 All analyses were performed with
Stata/IC 15 (StataCorp LP, College Station, TX, USA).

Results

Descriptive characteristics
Mean (±standard deviation) age was similar between patients
assigned to intensive and standard treatment (67.9 ± 9.4 years vs.
67.9 ± 9.5 years; P = 0.94). A total of 3805 (41%), 4390 (47%), and
1166 (12%) were <65 years, 65–79 years, and >_80 years, respective-
ly. The age distribution is depicted in Figure 1.

Older patients enrolled in SPRINT were more often women, white,
and met enrolment criteria for clinical cardiovascular disease (com-
pared with other high-risk eligibility features) (P < 0.001). Furthermore,
older patients had higher baseline systolic blood pressures, pulse pres-
sures, serum creatinine, urine albumin-to-creatinine ratio, and high-
density lipoprotein cholesterol (P < 0.001). Conversely, body mass
index, diastolic blood pressure, estimated glomerular filtration rate,
total cholesterol, triglycerides, and current smoking status were lower
across age categories (P < 0.001). Older patients were more often
treated with aspirin and statin (P < 0.001). Baseline characteristics
stratified according to age category are shown in Tables 1 and 2.

Achieved systolic blood pressures and number of antihypertensive
agents were numerically similar across age categories, while diastolic
blood pressures were lower (and pulse pressures higher) among
older participants (Table 2).

Event risk
Median follow-up was 3.3 years (range 0–4.8 years), with 562 primary
efficacy events (6%) and 3529 primary safety events (38%) observed
during the study period. Age was linearly associated with the risk of
stroke (test for overall trend, P < 0.001) and non-linearly associated
with the risk of primary efficacy events, death from cardiovascular
causes, death from any cause, heart failure, and serious adverse
events (test for non-linearity, P < 0.05; test for overall trend,
P < 0.001) (Figure 2). The incidence rate of primary events increased
over ESC/ESH guideline-recommended age-categories, as did the
rate of serious adverse events (Table 3).

Effect of intensive blood pressure
lowering
For efficacy endpoints, absolute risk reductions with intensive blood
pressure lowering were highest (and corresponding numbers needed
to treat lowest) among the oldest participants (Table 3). The absolute
increase in the risk of serious adverse events was not greater among
individuals >_80 years of age compared with those <80 years. The
safety and efficacy of intensive blood pressure lowering were not
modified by age, regardless of whether it was tested continuously
(Figure 3) or categorically (Table 3) (P > 0.05).
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Figure 1 Age distribution in the Systolic Blood Pressure Intervention Trial (SPRINT).

....................................................................................................................................................................................................................

Table 1 Baseline characteristics stratified according to age category

Age <65 years Age 65–79 years Age �80 years P-value

Study population 3805 (41) 4390 (47) 1166 (12)

Chronic kidney disease 645 (17) 1409 (32) 592 (51) <0.001

Clinical cardiovascular disease 466 (12) 818 (19) 278 (24) <0.001

Age (years) 59 ± 4 72 ± 4 83 ± 3 <0.001

Female sex 1247 (33) 1634 (37) 451 (39) <0.001

Race or ethnic group <0.001

Non-Hispanic black 1647 (43) 967 (22) 188 (16)

Hispanic 508 (13) 396 (9) 80 (7)

Non-Hispanic white 1585 (42) 2928 (67) 886 (76)

Other 65 (2) 99 (2) 12 (1)

Smoking status <0.001

Never smoked 1625 (43) 1923 (44) 574 (49)

Former smoker 1247 (33) 2158 (49) 568 (49)

Current smoker 925 (24) 294 (7) 21 (2)

Missing data 8 (0) 15 (0) 3 (0)

Body mass index (kg/m2) 31.3 ± 6.2 29.3 ± 5.2 27.1 ± 4.7� <0.001

Serum creatinine (mg/dL) 1.05 ± 0.35 1.07 ± 0.32 1.17 ± 0.38 <0.001

Estimated GFR (mL/min/1.73 m2) 78 ± 21 69 ± 19 60 ± 18 <0.001

Urine albumin to creatinine ratio (mg/g) 37 ± 164 42 ± 167 61 ± 169 <0.001

Fasting blood glucose (mg/dL) 99 ± 15 99 ± 12 98 ± 12 0.02

Total cholesterol (mg/dL) 198 ± 43 186 ± 39 180 ± 38 <0.001

HDL cholesterol (mg/dL) 51 ± 14 54 ± 15 56 ± 15 <0.001

Triglycerides (mg/dL) 139 ± 117 119 ± 66 107 ± 58 <0.001

Statin use 1261 (33) 2202 (51) 591 (51) <0.001

Aspirin use 1555 (41) 2499 (57) 702 (60) <0.001

Antihypertensive agents (n) 1.7 ± 1.0 1.9 ± 1.0 1.9 ± 1.0 <0.001

Not using antihypertensive agents 462 (12) 330 (8) 90 (8) <0.001

Continuous variables are presented as means and standard deviations. Categorical variables are presented as counts and corresponding percentages. P-values are calculated
using the non-parametric test for trend (Wilcoxon-type test for trend).
GFR, glomerular filtration rate; HDL, high-density lipoprotein.
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Table 2 Baseline and achieved blood pressures and number of antihypertensive agents stratified according to age
category

Age <65 years Age 65–79 years Age �80 years P-value

Study population, n (%) 3762 (41) 4339 (47) 1147 (12)

Baseline Systolic blood pressure (mmHg) 139 ± 16 140 ± 15 143 ± 16 <0.001

Diastolic blood pressure (mmHg) 84 ± 11 75 ± 11 70 ± 11 <0.001

Pulse pressure, mmHg 55 ± 12 64 ± 14 73 ± 15 <0.001

Antihypertensive agents, n 1.7 ± 1.0 1.9 ± 1.0 1.9 ± 1.0 <0.001

Achieved in follow-up Systolic blood pressure (mmHg) 126 ± 15 127 ± 16 127 ± 17 <0.001

Diastolic blood pressure (mmHg) 75 ± 11 68 ± 11 62 ± 11 <0.001

Pulse pressure (mmHg) 51 ± 11 59 ± 13 65 ± 14 <0.001

Antihypertensive agents, n 2.3 ± 1.2 2.3 ± 1.2 2.3 ± 1.2 0.37

Variables are presented as means and standard deviations. P-values are calculated using the non-parametric test for trend (Wilcoxon-type test for trend).

Figure 2 The association between age and efficacy and safety endpoints. The solid lines represent the incidence rate (per 100 person-years) at
each age interval. The dashed lines represent the upper and lower bounds of the 95% confidence interval. P-values are for adjusted trends (adjusted
for treatment group, sex, number of antihypertensive drug classes, smoking status, clinical cardiovascular disease, urine albumin-to-creatinine ratio,
total cholesterol, high-density lipoprotein cholesterol, and creatinine).
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Table 3 Incidence rates, unadjusted and adjusted hazard ratios, and treatment effects (absolute risk reductions, num-
bers needed to treat, and hazard ratios for intensive vs. standard blood pressure lowering) for efficacy and safety end-
points stratified according to age category

Age <65 years

(n 5 3805)

Age 65–79 years

(n 5 4390)

Age �80 years

(n 5 1166)

Age category 3

treatment

interaction

Primary efficacy endpoint

Incidence rate per 100 person-years (intensive treatment) 1.1 1.8 2.9

Incidence rate per 100 person-years (standard treatment) 1.5 2.1 5.0

Hazard ratio (unadjusted) Reference 1.52 (1.25–1.85) 3.02 (2.39–3.81)

Hazard ratio (adjusted) Reference 1.65 (1.34–2.04) 3.17 (2.44–4.11)

Absolute risk reduction 1.3% 0.9% 5.6%

Number needed to treat 81 108 18

Hazard ratio (treatment effect) 0.73 (0.53–1.00) 0.86 (0.68–1.09) 0.58 (0.40–0.82) 0.17

Death from cardiovascular causes

Incidence rate per 100 person-years (intensive treatment) 0.2 0.2 0.7

Incidence rate per 100 person-years (standard treatment) 0.3 0.4 1.1

Hazard ratio (unadjusted) Reference 1.12 (0.70–1.79) 3.65 (2.22–6.01)

Hazard ratio (adjusted) Reference 1.14 (0.69–1.89) 3.46 (1.98–6.06)

Absolute risk reduction 0.4% 0.6% 1.3%

Number needed to treat 277 156 81

Hazard ratio (treatment effect) 0.63 (0.31–1.30) 0.48 (0.25–0.93) 0.62 (0.30–1.29) 0.83

Death from any cause

Incidence rate per 100 person-years (intensive treatment) 0.6 1.0 2.7

Incidence rate per 100 person-years (standard treatment) 0.8 1.2 4.0

Hazard ratio (unadjusted) Reference 1.56 (1.21–2.02) 4.78 (3.62–6.30)

Hazard ratio (adjusted) Reference 1.73 (1.30–2.29) 4.93 (3.59–6.76)

Absolute risk reduction 0.7% 0.7% 4.3%

Number needed to treat 130 136 24

Hazard ratio (treatment effect) 0.71 (0.46–1.08) 0.82 (0.60–1.12) 0.65 (0.45–0.95) 0.63

Heart failure

Incidence rate per 100 person-years (intensive treatment) 0.2 0.4 1.3

Incidence rate per 100 person-years (standard treatment) 0.3 0.7 2.0

Hazard ratio (unadjusted) Reference 1.93 (1.28–2.91) 6.23 (4.05–9.59)

Hazard ratio (adjusted) Reference 2.11 (1.36–3.27) 6.14 (3.79–9.95)

Absolute risk reduction 0.3% 0.9% 1.8%

Number needed to treat 277 104 57

Hazard ratio (treatment effect) 0.65 (0.32–1.30) 0.55 (0.34–0.89) 0.68 (0.40–1.16) 0.84

Stroke

Incidence rate per 100 person-years (intensive treatment) 0.2 0.4 0.9

Incidence rate per 100 person-years (standard treatment) 0.3 0.5 1.1

Hazard ratio (unadjusted) Reference 1.85 (1.21–2.83) 4.01 (2.47–6.51)

Hazard ratio (adjusted) Reference 2.13 (1.34–3.39) 4.48 (2.61–7.70)

Absolute risk reduction 0.05% 0.2% 0.6%

Number needed to treat 2167 541 183

Hazard ratio (treatment effect) 0.93 (0.46–1.89) 0.89 (0.55–1.44) 0.81 (0.42–1.58) 0.96

Primary safety endpoint

Incidence rate per 100 person-years (intensive treatment) 11.4 16.6 24.2

Incidence rate per 100 person-years (standard treatment) 11.1 15.2 27.7

Hazard ratio (unadjusted) Reference 1.41 (1.31–1.52) 2.26 (2.05–2.49)

Hazard ratio (adjusted) Reference 1.37 (1.26–1.49) 2.03 (1.82–2.26)

Absolute risk increase 1.0% 2.5% 3.1% (absolute risk reduction)

Number needed to harm 97 40 32 (number needed to treat)

Hazard ratio (treatment effect) 1.03 (0.92–1.16) 1.09 (0.99–1.20) 0.91 (0.78–1.06) 0.14

Multivariable analyses were adjusted for treatment group, sex, smoking status, the number of antihypertensive agents, history of clinical cardiovascular disease, total cholesterol,
high-density lipoprotein cholesterol, serum creatinine, and urine albumin-creatinine ratio.
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Discussion

In SPRINT, older adults faced high rates of cardiovascular events and
serious adverse events, regardless of blood pressure lowering strategy.
However, we demonstrated comparable efficacy and safety of inten-
sive blood pressure control across 2018 ESC/ESH guideline-defined
age thresholds. These data suggest that selection of optimal candidates
for intensive blood pressure lowering should not rely on age alone.

Tolerability concerns among the very old, defined in the 2018
ESC/ESH guidelines as individuals >_80 years of age, may lead to
poorer blood pressure control.6,11 Clinicians may be concerned
about higher comorbidity burden, number of prescribed drugs, risk

of falls, or frailty among older adults. Indeed, antihypertensive drug
treatment is an important and modifiable risk factor for falls.12

Accordingly, the 2018 ESC/ESH guidelines for hypertension recom-
mend the following target ranges for systolic blood pressure: 120–
129 mmHg for patients <65 years, 130–139 mmHg for patients 65–
79 years, and 130–139 mmHg (if tolerated) for patients >_80 years of
age. In contrast, the 2017 American College of Cardiology/American
Heart Association guideline for the prevention, detection, evaluation,
and management of high blood pressure provide target blood pres-
sure thresholds for initiation or intensification of therapies that do

Figure 3 The effect of intensive vs. standard blood pressure lowering across the age spectrum. The solid lines represent unity (hazard ratio = 1)
and the hazard ratio for intensive vs. standard blood pressure lowering at each age interval, respectively. The dotted lines represent the upper and
lower bounds of the 95% confidence interval. P-values are for the continuous interaction between age and treatment effect for each endpoint.
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not strictly depend on age.13 Interestingly, drug choice does not
seem to matter if treatment targets are reached.14,15

The Hypertension in the Very Elderly Trial (HYVET) included
3845 patients >_80 years of age with a sustained systolic blood pres-
sure >_160 mmHg and randomized them to either indapamide (with
or without perindopril) or matching placebo.16 Target systolic and
diastolic blood pressures were <150 and <80 mmHg. At 2 years, anti-
hypertensive treatment was associated with significant risk reduc-
tions ranging from 21% to 64% for various mortality endpoints and
heart failure. Frailty did not modify the effect of antihypertensive drug
treatment on risk of stroke, cardiovascular events, and mortality.17

SPRINT also evaluated old and frail patients. The investigators over-
sampled subjects aged >_75 years (n = 2636) and confirmed the bene-
fits of intensive blood pressure lowering in this subgroup, with an
overall rate of serious adverse events that did not differ between the
two treatment groups.18 The benefits persisted when stratifying for
frailty index, although a higher frailty index was independently associ-
ated with a greater risk of falls.19 Similarly, no subgroup heterogeneity
for patients <65 vs. >_65 years was detected in the Action to Control
Cardiovascular Risk in Diabetes blood pressure (ACCORD BP) trial
of intensive (target systolic blood pressure <120 mmHg) vs. standard
blood pressure lowering (target systolic blood pressure <140 mmHg)
among 4733 patients with type 2 diabetes mellitus.20 However,
patients older than 79 years were not included in ACCORD BP.

Advanced age is tightly linked with pulse pressure, another
marker of cardiovascular risk.21 Among patients with or at high
risk for cardiovascular disease, there has been concern regarding
aggressive blood pressure lowering due to potential effects on
limiting coronary perfusion during diastole.22–28 In SPRINT, how-
ever, the relative efficacy and safety profile of a strategy of inten-
sive blood pressure lowering was not significantly modified among
patients with wide pulse pressures (high systolic and relatively low
diastolic blood pressures).9 Indeed, in a recent examination of 1.3
million adults in a general outpatient population, diastolic blood
pressure displayed a J-shaped relationship with subsequent car-
diovascular events.29 Heightened cardiovascular risk at the low
diastolic blood pressure range was partially accounted for by
increased age and higher systolic blood pressure among these
patients. Taken together, high systolic blood pressure remains an
enduring target for cardiovascular risk reduction, even in the pres-
ence of low diastolic blood pressure and widened pulse pressure,
findings commonly observed among older adults.

Our results both complement and extend prior findings as there
does not appear to be an age threshold at which the harms of inten-
sive blood pressure lowering clearly outweigh the observed benefits
in this clinical trial setting. Nevertheless, despite the large, well-
characterized study population with findings that were consistent
over a broad range of endpoints, our study may be limited by its post
hoc nature, potential lack of generalizability to patients not satisfying
the specific SPRINT inclusion and exclusion criteria, and the possible
absence of power to detect significant age-related interactions.

Conclusion

In SPRINT, the benefits and risks of intensive blood pressure lowering
did not differ according to the age categories proposed by the ESC/
ESH guidelines for hypertension. Decision-making surrounding more

intensive blood pressure targets among high-risk older adults should
be individualized and move beyond age alone.
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