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BACKGROUND: The association between blood pressure control and clinical outcomes is unclear among patients with heart
failure with preserved ejection fraction. Both too high and too low of systolic blood pressure (SBP) have been reported to be
related to poor clinical prognosis. This study aimed to assess the association between time in SBP target range and adverse
clinical events among patients with heart failure with preserved ejection fraction.

METHODS AND RESULTS: This study was a secondary analysis of the TOPCAT (Treatment of Preserved Cardiac Function Heart
Failure With an Aldosterone Antagonist) trial, a randomized clinical trial that compared the efficacy and safety of spironolactone
in patients with heart failure with preserved ejection fraction. Time in target range (TTR) was calculated using linear interpola-
tion, with the target range of SBP defined as 110 to 130 mm Hg. The association between TTR with adverse outcomes was
estimated using multivariable Cox regression to adjust for multiple confounders. Participants with greater TTR were younger,
more likely to be White, had less comorbidities, and lower body mass index. After adjusting for multiple covariates including
mean SBP, 1-SD increment (38.3%) of TTR was significantly associated with a decreased risk of primary composite end point
(hazard ratio [HR], 0.81 [0.73-0.90]), as well as a lower risk of all-cause mortality (HR, 0.81 [0.73—-0.90]), cardiovascular death
(HR, 0.78 [0.68-0.90]), and heart failure hospitalization (HR, 0.85 [0.74-0.97]). Results were similar when participants were
categorized by TTR groups. Subgroup analyses showed that the associations were more significant in young people than in
the old (P, =0.028).

interaction

CONCLUSIONS: In patients with heart failure with preserved ejection fraction, greater time in SBP target range was statistically
associated with a decreased risk of cardiovascular outcomes and mortality events beyond blood pressure level, especially
among younger patients.
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has grown to be the predominant form of heart
failure (HF) and still presents a diagnostic and
therapeutic challenge for clinicians.! Little medical in-
tervention has been proved to alter mortality outcome
in HFpEF, and therefore treatment is mainly focused on

H eart failure with preserved ejection fraction (HFpEF)

management of comorbidities.! Hypertension is one of
the most common comorbidities in patients with HFpEF?
and most medications recommended by guideline to
improve prognosis in this population have an effect on
reducing blood pressure concomitantly.> Management
of systolic blood pressure (SBP) remains an important
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CLINICAL PERSPECTIVE

What Is New?

* In patients with heart failure with preserved
ejection fraction (HFpEF), our study found that
greater time in systolic blood pressure target
range was associated with decreased risk of
cardiovascular outcomes, mortality events and
hospitalization for heart failure, especially for
those with younger age.

e Time in target range could be a value that char-
acterize the extent of blood pressure control
among patients with HFpEF.

What Are the Clinical Implications?

e Theresults of this study highlight the importance
of taking time in target range as a modifiable
risk factor to reduce the risk of cardiovascular
and mortality events in patients with HFpEF.

e Time in systolic blood pressure target range
may provide an assessment of the efficacy of
therapy and guide adjustments in medications
and lifestyle to achieve better blood pressure
control.

e Time in systolic blood pressure target range
may provide effective risk stratification across
patients with HFpEF; identifying patients at
higher risk through time in target range, re-
inforcing clinical management and providing
sufficient therapeutic intervention may make it
possible to alter mortality outcome in HFpEF.

Nonstandard Abbreviations and Acronyms

HFpEF heart failure with preserved ejection

fraction

TOPCAT Treatment of Preserved Cardiac
Function Heart Failure With an
Aldosterone Antagonist

TTR time in target range

part of therapy and has reduced adverse clinical events
in the general population, but there still lacks a dedi-
cated trial using blood pressure targets in patients with
HFpEF to determine the relationship between blood
pressure control and clinical outcomes. Thus, whether
blood pressure control is associated with clinical benefit
among patients with HFpEF is still unclear.

Despite limited evidence to confirm the effect of
blood pressure lowering in HFpEF, an SBP goal of
<130 mm Hg has been recommended by clinical guide-
line.3 Previous studies have observed that there existed
a J-shaped relationship between SBP and adverse clin-
ical outcomes,*” indicating that both too high and too
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low of SBP may lead to poor prognosis in patients with
HFpEF. It is conjectured that controlling blood pressure
in a specific target range might help to achieve the maxi-
mum benefit. Time in target range (TTR) of SBP is a value
that estimates the time with SBP within target range and
characterize the extent of blood pressure control.8¢ In
this study, we aimed to evaluate the association be-
tween TTR of SBP and risk of clinical outcomes among
patients with HFpEF, using data from the TOPCAT trial
(Treatment of Preserved Cardiac Function Heart Failure
With an Aldosterone Antagonist; URL: https:/www.clini
caltrials.gov; Unique identifier: NCT00094302). We hy-
pothesized that greater TTR would be associated with a
decreased risk of adverse clinical outcomes.

METHODS

The data and materials from the TOPCAT study have
been made available on request, located on the
National Institutes of Health website (https:/biolincc.
nhibi.nih.gov/studies/topcat/). A request for assess-
ing the data of TOPCAT Trial with a protocol for the
intended post hoc analysis has been submitted, and
the data were provided by National Heart, Lung, and
Blood Institute after a Research Materials Distribution
Agreement was signed.

Study Population

This study was a secondary cohort analysis of the
TOPCAT trial and deidentified data were obtained from
the National Heart, Lung, and Blood Institute’s Biologic
Specimen and Data Repository Coordinating Center.
The detailed design and protocol of the TOPCAT trial
have been published and described previously.'®!
Briefly, TOPCAT was a multi-center, international, ran-
domized, double-masked clinical trial that evaluated
the efficacy and safety of spironolactone in 3445 pa-
tients with HFpEF. To meet the inclusion criteria for
TOPCAT, patients diagnosed as HF with left ventricu-
lar ejection fraction >45% were aged >50 years and
required to have a controlled SBP (<140 mm Hg or
140-160 mm Hg with at least 3 anti-hypertensive med-
ications). Patients with a life expectancy of <3 years,
severe chronic kidney disease (estimated glomerular
filtration rate <30 mL/min per 1.73 m? body surface
area or serum creatinine level >2.5 mg/dL) or known
chronic hepatic disease (alanine aminotransferase
or aspartate aminotransferase levels >3 times of the
upper limit) were excluded. All patients enrolled in the
TOPCAT trial provided written informed consent.

The cohort for this analysis included all the par-
ticipants with >3 blood pressure measurements and
free of primary composite outcome event within the
first 4 months after enrollment. Additionally, partici-
pants with missing covariate data were excluded. The
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flowchart is shown in Figure S1. In total, 3194 partici-
pants from the TOPCAT trial were included in the final
analysis.

Blood Pressure Measurements and
Definition of Time in Target Range
Participants recruited in the TOPCAT study under-
went detailed evaluation at baseline. Blood pressure
was measured by trained physicians or nurses in the
seated posture at least 3 times after 5-minutes rest,
and the average of 3 blood pressure measurements
was calculated as the blood pressure for that particu-
lar visit. Blood pressure was measured at baseline,
4 weeks, 8 weeks, 4 months, and every 4 months dur-
ing the rest of the first year and every 6 months there-
after for up to 6 years. We extracted data from the first
4 months and excluded participants with <3 available
blood pressure measurements. Since the therapeutic
target range for blood pressure is varied across differ-
ent population, a specific time in target range should
be calculated based on the recommended blood pres-
sure target among different population group. In our
analysis, the target range for SBP was defined as 110
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to 130 mm Hg, because a target of SBP <130 mm Hg
has been recommended for patients with HFpEF by
professional society guidelines® and the same SBP tar-
get range has been used in previous study.® Time in
target range was estimated using linear interpolation,'?
which assumed a linear relationship existed between
2 consecutive blood pressure values and determined
the proportion of time for which the blood pressure
was within the target range (Figure 1A).

Clinical Outcomes

The primary outcome for this analysis was consistent
with the primary end point of the TOPCAT trial,'' as a
composite of cardiovascular death, aborted cardiac ar-
rest, or hospitalization for HF. The secondary outcomes
of interest included all-cause mortality, cardiovascular
death, and hospitalization for HF. Cardiovascular death
included mortality from sudden death, pump failure,
myocardial infarction, stroke, pulmonary embolism,
and cardiovascular procedure-related events. All out-
come events were adjudicated by a clinical end point
committee at Brigham and Women’s Hospital accord-
ing to pre-specified criteria as previously described.”®
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Figure 1. Diagram of time in systolic blood pressure (SBP) target range and stacked bar graphs of mean SBP by time in

target range groups.

This figure depicts example of low to high time in SBP target range (A). Participants with higher time in SBP target range tend to have
a greater proportion for which the mean SBP was within the target range (B). SBP indicates systolic blood pressure; and TTR, time in

target range.
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Time origin (landmark) for follow-up was defined as
4 months after randomization. Time-to-event was
measured as the time from 4 months to the date of first
event occurrence.

Statistical Analysis

Patients were stratified into 4 groups according to
TTR level (0%-25%, >25%-50%, >50%—-75%, >75%—
100%), and baseline characteristics at the time of ran-
domization were compared across these 4 groups as
mean (SD) for continuous variables and number (per-
centage) for categorical variables. To detect the statis-
tical significance across groups, X? test, 1-way ANOVA,
or Kruskal-Wallis test were used as appropriate.

The analyses of primary end point associated with
TTR were performed as primary analyses and the
other analyses designated as confirmatory. Kaplan—
Meier survival analysis was performed to compare the
survival estimates of primary and secondary outcomes
across TTR groups. Multivariable Cox proportional
hazards regression models were conducted to eval-
uate the associations of TTR with clinical outcomes.
The following potential confounders were adjusted:
age, sex, race, smoking status, left ventricular ejec-
tion fraction, estimated glomerular filtration rate, body
mass index (BMI), medical history (previous HF hospi-
talization, diabetes, and hypertension), medicine uses
(angiotensin-converting enzyme inhibitors, angioten-
sin receptor blocker, beta-blocker, calcium-channel
blockers, diuretic agents) and mean corresponding
SBP. The results were presented using hazard ratio
(HR) and 95% CI. Restricted cubic spline models with
5 knots at the 5th, 25th, 50th, 75th, and 95th percen-
tiles were performed to assess the non-linearity be-
tween TTR and primary end point. Given the design of
the TOPCAT trial, we further examined the association
between TTR with primary and secondary outcomes
stratified by trial arms (spironolactone versus placebo).
Using visual inspection and testing of the Schoenfeld
residuals as a function of time didn’t suggest deviation
from proportionality for any model.

To examine whether the association of primary out-
come with TTR differed by subgroups, we performed
pre-specified subgroup analysis by sex, age, race,
treatment arm, BMI, New York Heart Association class,
chronic kidney disease, and diabetes. To test the ro-
bustness of the association between TTR and risk of
the primary composite outcome, several sensitivity
analyses were performed. First, sensitivity analysis was
performed limited to participants enrolled in North or
South America.'® Second, we performed a sensitivity
analysis limited to participants with hypertension using a
SBP target range of 120 to 130 mm Hg according to the
global hypertension practice guidelines by International
Society of Hypertension.”* Third, we performed an
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analysis using blood pressure values from 4 weeks to
4 months because prior studies have found that SBP
was significantly decreased soon after the usage of spi-
ronolactone but reached flat after 4 weeks.® Fourth, to
examine the effects of TTR over a longer time span, we
calculate TTR using data from baseline to 12 months.

Analyses were performed using Stata (version 14.0,
StataCorp LP, College Station, TX) and R statistical
software (version 4.0.2, R Foundation for Statistical
Computing, Vienna, Austria), with a 2-sided P value
<0.05 considered statistically significant.

RESULTS

Baseline Characteristics

The current study included 3194 patients with HFpEF
from the TOPCAT study. The mean age of the study
population was 68+10 years, 1636 (51%) were women,
2877 (90%) were White, and 2920 (91%) had a comor-
bidity of hypertension. The baseline characteristics of
participants were shown in Table 1. Participants with
greater TTR were younger, more likely to be White, had
a lower BMI and New York Heart Association class
than those with TTR of 0% to 25%. Participants with
history of previous HF hospitalization, diabetes, and
hypertension and usage of anti-hypertensive agents
comprised a large proportion in those with TTR of 0%
to 25% than of the group with TTR of >75% to 100%.
The relationship between TTR groups and mean SBP
is shown in Figure 1B, which demonstrated that par-
ticipants with greater TTR had a higher proportion of
mean SBP within target range (110-130 mm Hg).

Associations Between TTR and Clinical
Outcomes

During a mean (SD) follow-up of 3.0 (1.7) years, 537
(16.8%) primary end point events occurred. In adjusted
analyses that accounted for multiple confounders, 1-SD
increment (38.3%) of TTR was associated with a de-
creased risk of primary composite outcome (HR, 0.80
[0.72-0.88]; P<0.001), even after adjusting for mean
SBP (Table 2). The spline regression analysis con-
firmed that TTR was inversely associated with the risk
of the primary outcome (Figure 2). In secondary analy-
ses, 440 (13.8%) all-cause mortality events, 277 (8.7%)
cardiovascular death events, and 342 (10.7%) HF hos-
pitalization events occurred separately. After adjusting
for multiple confounders, greater TTR was significantly
associated with lower risk of all-cause mortality (HR,
0.79 [0.71-0.88]; P<0.001), cardiovascular death (HR,
0.77 [0.67-0.88]; P<0.001), and HF hospitalization
(HR, 0.83 [0.73-0.94]; P=0.003) (Table 2). Results
were similar when participants were categorized into 4
groups: the lowest risk of primary composite outcome
was observed in the greatest (>75%-100%) TTR group
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Table 1. Baseline Characteristics of Participants According to SBP TTR

TTR, % 5.7 (8.6) 38.0(7.3) 61.9(7.2) 94.5 (8.5) <0.001
Age, y 68.0+9.5 69.5+9.5 69.6+9.9 67.8+9.3 <0.001
Women 568 (53.8) 227 (48.9) 260 (49.3) 582 (50.6) 0187
White race* 922 (87.4) 402 (86.6) 461 (87.5) 1094 (95.1) <0.001
Current smoker 111 (10.5) 47 (10.2) 41 (7.8) 133 (11.6) 0.001
BMI, kg/m? 32.6+7.2 32.65+7.6 32.23+7.2 30.8+6.0 <0.001
NYHA class Il and IV 345 (32.7) 164 (35.3) 167 (31.7) 338 (29.4) 0.058
LVEF, % 57.6+7.3 57.5+7.7 57.4+7.5 56.4+7.4 <0.001
Previous HFH 792 (75.1) 345 (74.4) 354 (67.2) 834 (72.5) 0.008
Diabetes 372 (35.3) 179 (38.6) 175 (33.2) 274 (23.8) <0.001
Hypertension 1001 (94.9) 416 (89.8) 481 (91.4) 1022 (88.9) <0.001
eGFR, mL/min per 1.73 m? 68.4+20.4 65.7+20.0 67.4+19.9 68.7+18.9 0.032
ACEI/ARB 916 (86.8) 385 (83.0) 432 (82.1) 966 (84.0) 0.054
Beta-blocker 843 (79.9) 360 (77.6) 403 (76.6) 879 (76.4) 0.223
CCB 431 (40.9) 172 (37.1) 200 (38.0) 398 (34.6) 0.026
Diuretic agents 905 (85.8) 400 (86.2) 446 (84.8) 858 (74.6) <0.001
Baseline SBP, mm Hg 135.2+15.1 127.4£14.2 128.0+12.4 125.4+10.0 <0.001
Mean SBP, mm Hg 136.1+15.1 126.7+9.9 125.1+7.6 122.6+4.8 <0.001

Values are presented as mean+SD or number (%). ACEI indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; BMI, body
mass index; CCB, calcium-channel blockers; eGFR, estimated glomerular filtration rate; HFH, heart failure hospitalization; LVEF, left ventricular ejection fraction;
NYHA, New York Heart Association; SBP, systolic blood pressure; and TTR, time in target range.

*In this study, participants are White race or Black race. White race is compared with Black race.

(Table 3, Figure S2). When examining across treatment
arms, similar association was found in spironolactone
arm and placebo arm, separately. (Table S1).

Sensitivity Analyses

In adjusted analyses across key subgroups of interest,
a consistent pattern of association between greater
TTR and lower risk of the primary outcome was ob-
served among male patients and female patients,
among spironolactone and placebo arms and across
different BMI class (BMI <30 kg/m? versus BMI =30 kg/
m?) (Figure 3). When stratified by age, race, New York
Heart Association class, and diabetes, the association

was stronger in White participants, younger partici-
pants (aged <75 years), patients with lower class of
New York Heart Association, and patients without dia-
betes (Figure 3). Specifically, the interaction between
TTR with age was statistically significant (P for interac-
tion <0.05). The hazards of greater TTR on primary end
point were prominent in the young than in the old. In
sensitivity analyses, greater TTR was associated with
a decreased risk of primary end point with restriction
of the study cohort to participants enrolled in North
or South America (HR, 0.89 [0.80-0.99]; P=0.026)
(Table S2), to participants with hypertension (HR, 0.82
[0.74 to 0.91]; P<0.001) (Table S3) and when using

Table 2. Association Between Time in SBP Target Range with Clinical Outcomes

Primary end point 537/3194 (16.8) 0.77 (0.71-0.84) <0.001 0.80 (0.72-0.88) <0.001
All-cause mortality 440/3194 (13.8) 0.82 (0.75-0.90) <0.001 0.79 (0.71-0.88) <0.001
Cardiovascular death 277/3194 (8.7) 0.79 (0.71-0.89) <0.001 0.77 (0.67-0.88) <0.001
HF hospitalization 342/3194 (10.7) 0.77 (0.69-0.85) <0.001 0.83 (0.73-0.94) 0.003

HRs (95% Cls) express the difference in primary end point, all-cause mortality, cardiovascular death, and HF hospitalization associated with 1-SD (38.3%)
increment in time in target range in 3194 patients. Fully adjusted model: age, sex, race, current smoker, left ventricular ejection fraction, estimated glomerular
filtration rate, body mass index, previous HF hospitalization, diabetes, hypertension, anti-hypertensive medication uses (inhibitors of the renin-angiotensin, beta-
blocker, calcium-channel blocker, diuretics), and mean corresponding systolic blood pressure. HF indicates heart failure; HR, hazard ratio; and SBP, systolic
blood pressure.

J Am Heart Assoc. 2022;11:e022765. DOI: 10.1161/JAHA.121.022765 5



Huang et al

Insight From the TOPCAT

Median =53.3%
1.50 :
|
|
€ |
S |
o |
T 1.25 |
v |
2 |
e |
£ |
s |
T o A ———— o= ———————————— -
S |
X |
wn
2 |
2 '
‘é |
o 0.75 - : b
& N
5 | N
T | N
I g
I g
| ~N
0.50 - |
T T T T T T
0 20 40 60 80 100
Time in target range, %

Figure 2. Restricted cubic spline plots for primary end point by time in systolic blood pressure

target range.

The figure showed the adjusted hazard ratios of primary end point by time in systolic blood pressure
target range. Each hazard ratio was compared with a median time in target range of 53.3%. The blue line
represents the hazard ratio of time in systolic blood pressure target range across the whole range. The

red lines represent the 95% CI.

blood pressure data from week 4 to month 4 (HR, 0.82
[0.74-0.90]; P<0.001; Table S4). Besides, time in target
range over a longer time span (months, 0 to 12) also
significantly associated with a reduced risk of primary
end point (HR, 0.81 [0.71-0.92]; P=0.001) (Table S5).

DISCUSSION

In this analysis of patients with HFpEF from the
TOPCAT trial, greater time in SBP target range was
associated with a decreased risk of primary compos-
ite end point, mortality events, and hospitalization for
HF. Additionally, subgroup analyses showed that there
was a significant interaction between age and TTR, in-
dicating that the associations were more significant in
young people than in the old (P, eraction=0-028). To the
best of our knowledge, it is the first large cohort study
to assess the relationship of time in SBP target range
with risk of adverse clinical outcomes among patients
with HFpEF.

Several prior studies have examined the association
between blood pressure level and clinical outcomes in
patients with HFpEF. A secondary analysis of TOPCAT
didn't observe a significant relationship between

J Am Heart Assoc. 2022;11:e022765. DOI: 10.1161/JAHA.121.022765

baseline SBP quartiles and adverse outcomes, but a
J-shaped relationship was observed when SBP was
analyzed continuously.® The OPTIMIZE-HF (Medicare-
linked Organized Program to Initiate Lifesaving
Treatment in Hospitalized Patients With Heart Failure)
registry found that a discharge SBP <120 mm Hg
predicted a higher risk of mortality events.* The
PARAGON-HF (Prospective Comparison of ARNI
With ARB Global Outcomes in HF With Preserved
Ejection Fraction) trial demonstrated that the rela-
tionship between baseline SBP and cardiovascular
outcomes was noted to be J-shaped, with baseline
SBP of 120-129 mm Hg identifying the lowest risk of
cardiovascular outcome.” Besides, a J-shaped rela-
tionship was also observed between long-term SBP
and clinical outcomes with nadir risk occurring at 120
to 130 mm Hg.>"'® The J-curve relationship between
SBP and adverse clinical outcomes in HFpEF indicated
that the risk of adverse events may increase at both too
high or too low levels of blood pressure. The potential
mechanism of J-curve relationship between SBP and
adverse outcome has not been totally understood, but
high SBP could lead to left ventricular hypertrophy,
diastolic dysfunction, and vascular stiffening, while
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Table 3. Association Between Time in SBP Target Range With Clinical Outcomes Across TTR Groups

TTR groups
0%-25% >25%-50% >50%-75% >75%-100% P for trend
Primary end point
No. (%) 206/1055 (19.5) 111/463 (24.0) 99/526 (18.8) 121/1150 (10.5)
Crude model 1.00 (Ref) 1.30 (1.04-1.64) 0.94 (0.74-1.20) 0.52 (0.42-0.65) <0.001
Fully adjusted model 1.00 (Ref) 113 (0.89-1.43) 0.85 (0.66-1.09) 0.59 (0.46-0.75) <0.001
All-cause mortality
No. (%) 159/1055 (15.1) 88/463 (19.0) 81/526 (15.4) 112/1150 (9.7)
Crude model 1.00 (Ref) 1.34 (1.04-1.74) 1.01 (0.77-1.32) 0.64 (0.51-0.82) <0.001
Fully adjusted model 1.00 (Ref) 112 (0.86-1.46) 0.86 (0.65-1.13) 0.63 (0.48-0.81) <0.001
Cardiovascular death
No. (%) 106/1055 (10.0) 55/463 (11.9) 51/5626 (9.7) 65/1150 (5.7)
Crude model 1.00 (Ref) 1.26 (0.91-1.75) 0.95 (0.68-1.33) 0.56 (0.41-0.76) <0.001
Fully adjusted model 1.00 (Ref) 110 (0.78-1.53) 0.88 (0.62-1.24) 0.55 (0.39-0.77) <0.001
HF hospitalization
No. (%) 131/1055 (12.4) 71/463 (15.3) 66/526 (12.5) 74/1150 (6.4)
Crude model 1.00 (Ref) 1.30 (0.98-1.74) 0.99 (0.73-1.32) 0.50 (0.38-0.67) <0.001
Fully adjusted model 1.00 (Ref) 110 (0.82-1.49) 0.87 (0.64-1.19) 0.64 (0.47-0.88) <0.001

Hazard ratios and 95% Cls were calculated with the use of the Cox proportional hazards regression model. Fully adjusted model was adjusted for age, sex,
race, current smoker, left ventricular ejection fraction, estimated glomerular filtration rate, body mass index, previous HF hospitalization, diabetes, hypertension,
anti-hypertensive medication uses (inhibitors of the renin-angiotensin, beta-blocker, calcium-channel blocker, diuretics), and mean corresponding SBP. HF
indicates heart failure; Ref, reference; SBP, systolic blood pressure; and TTR, time in target range.

low SBP reflects low stroke volume and poor tissue
perfusion.'®

Time in target range was estimated using linear
interpolation to account for time with an SBP within
target range using blood pressure values during a spe-
cific exposure period. Time in target range was found
to account for the extent of blood pressure control
and predicted major adverse cardiovascular outcomes
beyond mean blood pressure in previous analysis of
Veterans Affairs study and the SPRINT (Systolic Blood
Pressure Intervention Trial).8® However, either the
Veterans Affairs study or the SPRINT included little pa-
tients with HF. The prognostic significance of TTR in
patients with HFpEF is still unclear. In this study, we
used TTR to analyze the risk of cardiovascular out-
comes and mortality events.

After adjusting for multiple potential confounders,
1-SD (38.3%) increase of TTR was associated with
20%, 21%, 23%, and 17% lower risk of primary end
point, all-cause mortality, cardiovascular death, and
hospitalization for HF, respectively. When participants
were categorized into 4 groups by TTR value, the low-
est risk of adverse clinical outcomes was observed
in the highest TTR group (>75%-100%), while no sig-
nificant difference was found in the middle groups
(>25%-50% and >50%-75%) compared with the
lowest TTR group (0%-25%). This may be because
of the relatively short follow-up time (mean [SD]=3.0
[1.7]) and the trend of TTR associated with clinical
outcomes was observed among these 4 groups. The
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interaction between age and TTR was significantly
different (P for interaction=0.028), indicating that the
associations between TTR and adverse clinical out-
comes were more pronounced in younger patients,
and might not apply to patients of advanced age
(>75 years). This result is in line with the guidelines,
which aims for a conservative blood pressure target
and avoids treated SBP <130 mm Hg in elderly pa-
tients aged >75 years.!” Previous secondary analysis
of TOPCAT has observed that spironolactone reduced
SBP by 4.4+0.6 mm Hg compared with placebo.® We
analyzed the association between TTR with clinical
outcomes in spironolactone and placebo arm, re-
spectively, and the association remained consistent
across these 2 treatment arms.

The findings of our study are of major clinical im-
portance for blood pressure control of patients with
HFpEF. First, patients with greater TTR are associ-
ated with a decreased risk of cardiovascular events
and mortality outcomes, which indicates that TTR
may provide effective risk stratification across patients
with HFpEF. Identifying patients at higher risk through
TTR, reinforcing clinical management and providing
sufficient therapeutic intervention may make it possi-
ble to alter mortality outcome in HFpEF. Second, TTR
incorporates both the average blood pressure value
over time and the degree of blood pressure variation.
It provides a method to evaluate the consistency of
blood pressure control as well as an estimate of fu-
ture cardiovascular outcomes. Third, the monitoring of
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Hazard Ratio

Subgroups n/N (95% CI) P value P for interaction

Sex 0.622
Men 310/ 1558 0.82 (0.72—0.93) 0.003 —e—i
Women 227 /1636 0.81 (0.68—0.95) 0.012 ——

Age,y 0.028
<65 151/1185 0.78 (0.63—0.96) 0.020 —e——
65-75 191 /1194 0.77 (0.64—0.92) 0.003 ——i
>75 195/ 815 0.96 (0.81—-1.13) 0.597 g

Race 0.345
White 448 | 2877 0.83 (0.74-0.92) 0.001 —e—
Black 65 /247 0.82 (0.56—1.19) 0.292 .

Treatment arm 0.755
Spironolactone 260 /1606 0.82 (0.71-0.95) 0.006 —e—
Placebo 277 1 1588 0.78 (0.67—0.90) <0.001 1

BMI, kg/m? 0.777
<30 206 / 1447 0.85 (0.72—-0.99) 0.040 S
230 331/1747 0.81 (0.71-0.93) 0.003 —e—i

NYHA class 0.241
1&1 289 /2180 0.77 (0.67-0.89) <0.001 —e—
&IV 248 /1014 0.87 (0.74—1.01) 0.067 —e—1

CKD 0.621
Yes 277 11209 0.81 (0.70—0.94) 0.004 —e—i
No 260 /1985 0.83 (0.71—0.96) 0.012 ——

Diabetes 0.098
Yes 250/1000 0.93 (0.79-1.08) 0.318 —e——i
No 287 12194 0.77 (0.67—0.88) <0.001 —e—

0.6 0.8 1 1.2

Figure 3. Pre-specified subgroups analyses of the association between time in systolic blood pressure target range and
primary composite end point.
In this forest plot, circles represent the value of hazard ratio, and bars represent the 95% CIl. BMI indicates body mass index; CKD,

chronic kidney disease; NYHA, New York Heart Association; and SBP, systolic blood pressure.

blood pressure status is considered a cornerstone of
blood pressure management. It's important to point
out that most participants with HFpEF in this study
have a poor control of blood pressure, with <40% of
participants achieving a time in SBP target range of
>75%. Previous studies have found that TTR may be
a feasible surrogate outcome to estimate the effect of
blood pressure control.'®® Time in target range may
also be useful for clinicians to adjust anti-hypertensive
therapies since TTR can provide a long-term view of
individual condition for blood pressure management.
Thus, time in target range may provide an assessment
of the efficacy of anti-hypertensive therapy and guide
adjustments in medications and lifestyle to achieve
better blood pressure control. Fourth, patients with
HFpEF have a heavy medication burden that >50% of
patients were prescribed with >10 medications.?® Time
in target range may be useful to evaluate the treatment
compliance and assist to start with the most achiev-
able goal for each patient. Besides, using an optimal
blood pressure target range for blood pressure con-
trol may contribute to achieving maximal therapeutic

J Am Heart Assoc. 2022;11:e022765. DOI: 10.1161/JAHA.121.022765

benefit without overtreatment. Thus, it helps to lighten
the medication burden, ease the pain, and improve
therapeutic compliance of patients.

There exists some limitations in our study. First, the
study population of the TOPCAT trial were required to
control SBP well, which would be expected to bias the
result toward null because well-controlled SBP would
limit changes in blood pressure and lead TTR to con-
verge. However, in this study we still observed an as-
sociation between greater TTR with decreased risk of
cardiovascular outcome, highlighting the usefulness of
TTR among HFpEF in the real world. Second, because
of the observational nature of this study, specific inclu-
sion and exclusion criteria for the trial made it possible
for selection bias or unknown confounding and may
not be generalizable to other diverse HFpEF cohorts.
Third, about 91% of the participants in this study had
a comorbidity of hypertension, over the prevalence of
hypertension in other HFpEF clinical trials (42.9% to
86.6%).2 Since a strict blood pressure control (120
130 mm Hg) was recommended for patients with HF
and hypertension, we performed a sensitivity analysis
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limited to participants with hypertension, and consis-
tent results were found in this population. Last but not
least, the purpose of the TOPCAT study was not to
evaluate the effect of blood pressure in patients with
HFpEF. Therefore, it's warranted to examine if treating
to a specified TTR would ensure maximal benefit while
also reducing the risk of overtreatment with antihy-
pertensive agents in clinical trials among patients with
HFpEF.

In conclusion, time in target range of SBP is in-
versely associated with cardiovascular outcomes and
mortality events among patients with HFpEF, espe-
cially in younger patients. Further randomized clinical
trials are warranted to certain the best cut-off of time
in SBP target range to integrate the optimal therapeu-
tic strategy and pharmacoeconomic for patients with
HFpEF.
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Table S1. Association between Time in Systolic Blood Pressure Target Range with Clinical Outcomes across

Treatment Arm.

Unadjusted model Fully adjusted model

n/N (%) HR (95% CI) P value HR (95% CI) P value
In Spironolactone
Primary endpoint
1-SD increment 260/1606 (16.2) 0.79 (0.70, 0.90) <0.001 0.82 (0.71, 0.95) 0.006
TTR groups
0-25% 90/490 (18.4) 1.00 (Ref) - 1.00 (Ref) -
>25-50% 56/240 (23.3) 1.35(0.97, 1.89) 0.077 1.11 (0.79, 1.57) 0.551
>50-75% 50/277 (18.1) 0.95 (0.67, 1.34) 0.775 0.76 (0.53, 1.09) 0.141
>75-100% 64/599 (10.7) 0.56 (0.41, 0.77) <0.001 0.65 (0.46, 0.91) 0.013
All-cause mortality
1-SD increment 222/1606 (13.8) 0.83 (0.73, 0.95) 0.007 0.82 (0.71, 0.95) 0.008
TTR groups
0-25% 73/490 (14.9) 1.00 (Ref) - 1.00 (Ref) -
>25-50% 43/240 (17.9) 1.27 (0.87, 1.85) 0.215 1.03 (0.70, 1.51) 0.895
>50-75% 44/277 (15.9) 1.03 (0.71, 1.50) 0.859 0.86 (0.59, 1.26) 0.445
>75-100% 62/599 (10.4) 0.68 (0.49, 0.96) 0.026 0.70 (0.49, 0.99) 0.047
Cardiovascular death
1-SD increment 137/1606 (8.5) 0.79 (0.67, 0.93) 0.006 0.78 (0.65, 0.94) 0.010
TTR groups
0-25% 49/490 (10.0) 1.00 (Ref) - 1.00 (Ref) -
>25-50% 28/240 (11.7) 1.23(0.77, 1.95) 0.392 1.04 (0.64, 1.68) 0.875
>50-75% 26/277 (9.4) 0.91 (0.57, 1.47) 0.710 0.84 (0.52, 1.37) 0.482
>75-100% 34/599 (5.7) 0.56 (0.36, 0.87) 0.009 0.57 (0.35,0.91) 0.018

HF hospitalization




1-SD increment 158/1606 (9.8%)  0.78 (0.67,0.91) 0.002 0.83 (0.69, 0.99) 0.042
TTR groups
0-25% 53/490 (10.8) 1.00 (Ref) - 1.00 (Ref) -
>25-50% 37/240 (15.4) 1.52(0.99,2.31) 0.051 1.21 (0.78, 1.87) 0.390
>50-75% 32/277 (11.6) 1.03 (0.67, 1.60) 0.881 0.76 (0.48, 1.21) 0.246
>75-100% 36/599 (6.0) 0.54 (0.35, 0.82) 0.004 0.67 (0.43, 1.06) 0.088
In Placebo
Primary endpoint
1-SD increment 277/1588 (17.4) 0.76 (0.67, 0.86) <0.001 0.78 (0.67, 0.90) <0.001
TTR groups
TTR =0-25% 116/565 (20.5) 1.00 (Ref) - 1.00 (Ref) -
TTR >25-50% 55/223 (24.7) 1.27(0.92, 1.75) 0.144 1.16 (0.83, 1.63) 0.381
TTR >50-75% 49/249 (19.7) 0.95 (0.68, 1.33) 0.756 0.93 (0.65, 1.33) 0.696
TTR >75-100% 57/551 (10.3) 0.49 (0.36, 0.67) <0.001 0.55(0.39, 0.79) 0.001
All-cause mortality
1-SD increment 218/1588 (13.7) 0.81(0.71, 0.93) 0.002 0.76 (0.65, 0.89) <0.001
TTR groups
0-25% 86/565 (15.2) 1.00 (Ref) - 1.00 (Ref) -
>25-50% 45/223 (20.2) 1.42 (0.99, 2.03) 0.059 1.24 (0.85, 1.79) 0.266
>50-75% 37/249 (14.9) 0.98 (0.66, 1.43) 0.900 0.82 (0.55,1.23) 0.330
>75-100% 50/551 (9.1) 0.60 (0.43, 0.85) 0.004 0.56 (0.39, 0.82) 0.003
Cardiovascular death
1-SD increment 140/1588 (8.8) 0.80 (0.68, 0.95) 0.009 0.77 (0.63, 0.93) 0.006
TTR groups
TTR =0-25% 57/565 (10.1) 1.00 (Ref) - 1.00 (Ref) -
TTR >25-50% 27/223 (12.1) 1.29 (0.81, 2.04) 0.281 1.16 (0.72, 1.87) 0.535
TTR >50-75% 25/249 (10.0) 0.99 (0.62, 1.59) 0.984 0.89 (0.54, 1.406) 0.646




TTR >75-100% 31/551 (5.6) 0.56 (0.36, 0.87) 0.010 0.55(0.34, 0.88) 0.013
HF hospitalization
1-SD increment 184/1588 (11.6) 0.76 (0.66, 0.88) <0.001 0.82 (0.68, 0.98) 0.031
TTR groups
TTR = 0-25% 78/565 (13.8) 1.00 (Ref) - 1.00 (Ref) -
TTR >25-50% 34/223 (15.2) 1.15(0.77,1.72) 0.499 1.04 (0.68, 1.59) 0.873
TTR >50-75% 34/249 (13.7) 0.97 (0.65, 1.45) 0.890 1.00 (0.65, 1.56) 0.989
TTR >75-100% 38/551 (6.9) 0.49(0.33,0.71) <0.001 0.61 (0.39, 0.96) 0.031




Table S2. Association Between Time in Target Range and Primary End Point across Different Regions.

Unadjusted model Fully adjusted model
n/N HR (95% CI) P value HR (95% CI) P value
Americas region (including US, Canada, Argentina and Brazil)
1-SD increment 409/1573 0.87(0.79, 0.96) 0.006 0.89 (0.80, 0.99) 0.026
TTR Groups
0-25% 152/542 Reference - Reference -
>25-50% 91/291 1.19(0.92, 1.55) 0.186 1.13(0.87, 1.47) 0.371
>50-75% 84/339 0.82 (0.63, 1.07) 0.136 0.85(0.64, 1.12) 0.244
>75-100% 82/401 0.73 (0.56, 0.95) 0.021 0.74 (0.56, 0.97) 0.040
Russia and Georgia
1-SD increment 128/1621 0.76 (0.65, 0.89) 0.001 0.96 (0.73, 1.26) 0.781
TTR Groups
0-25% 54/513 Reference - Reference -
>25-50% 20/172 1.09 (0.65, 1.82) 0.747 1.65 (0.90, 3.00) 0.105
>50-75% 15/187 0.73 (0.41, 1.30) 0.286 1.20 (0.62, 2.33) 0.588
>75-100% 39/749 0.51(0.33, 0.76) 0.001 0.96 (0.50, 1.82) 0.897




Table S3. Association between Time in Target Range and Primary End Point among Patients with

Hypertension.

Unadjusted model

Fully adjusted model

n/N HR (95% CI) P value HR (95% CI) P value
1-SD increment 497/2920 0.75 (0.68, 0.83) <0.001 0.82(0.74,0.91) <0.001
Groups

0-25% 301/1456 Reference - Reference -

>25-50% 95/584 0.78 (0.62, 0.98) 0.031 0.71 (0.56, 0.89) 0.003
>50-75% 55/369 0.65 (0.49, 0.87) 0.004 0.75 (0.56, 1.00) 0.052
>75-100% 46/511 0.42 (0.31,0.57) <0.001 0.60 (0.44, 0.82) 0.002




Table S4. Association Between Time in Target Range and Primary End Point Using Data from 4 Weeks to 4

Months.
Unadjusted model Fully adjusted model
n/N HR (95% CI) P value HR (95% CI) P value
1-SD increment 511/3078 0.77 (0.71, 0.84) <0.001 0.82(0.74, 0.90) <0.001
Groups
0-25% 209/1076 Reference - Reference -
>25-50% 91/397 1.22 (0.95, 1.55) 0.121 1.07 (0.83, 1.38) 0.595
>50-75% 74/375 1.02 (0.79, 1.33) 0.864 0.99 (0.75, 1.30) 0.940
>75-100% 137/1230 0.55(0.44, 0.68) <0.001 0.64 (0.50, 0.81) <0.001




Table S5. Association Between Time in Target Range and Primary End Point Using Data from Baseline to

12 Months.

Unadjusted model

Fully adjusted model

n/N HR (95% CI) P value HR (95% CI) P value
1-SD increment 374/2935 0.76 (0.69, 0.84) <0.001 0.81(0.71,0.92) 0.001
Groups
0-25% 136/866 Reference - Reference -
>25-50% 95/565 1.05 (0.81-1.36) 0.718 1.00 (0.76, 1.33) 0.985
>50-75% 59/522 0.68 (0.50, 0.93) 0.014 0.65 (0.47, 0.90) 0.010
>75-100% 84/982 0.51(0.39, 0.67) <0.001 0.64 (0.47, 0.87) 0.005




Figure S1. Selection of Study Population.

3,455 patients were randomized in TOPCAT

40 had less than three systolic blood pressure
measurements.

103 primary outcomes happened during first
four months.

8 had missing covariate data.

h 4

3,194 patients were included in the study




Figure S2. Survival Estimate Across Cardiovascular Outcome According to Time in Target Range Thresholds .
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