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Abstract

Objective—Increased visit-to-visit blood pressure variability (vwBPV) has negative effects on
multiple organ systems. Prior research has suggested that dihydropyridine calcium channel
blockers (CCB) may reduce vwBPV, which we attempted to verify in a high-quality dataset with
robust statistical methodology.

Methods—We performed a post-hoc analysis of the SPRINT trial and included participants
who were on a dihydropyridine CCB either 0% or 100% of follow-up study visits. The primary
outcome was VvBPV, defined as residual standard deviation (rSD) of systolic blood pressure from
month 6 until study completion. We estimated the average treatment effect of the treated (ATET)
after augmented inverse-probability-weighting (AIPW) matching.

Results—Of the 9,361 participants enrolled in SPRINT, we included 5,020, of whom 1,959
were on a dihydropyridine CCB and 3,061 were not; mean age was 67.4+9.2 years, 34.5% were
male, 65.9% were white, 49.4% were randomized to intensive blood pressure control, and the
rSD was 10.1+4.0 mm Hg. Amlodipine represented >95% of dihydropyridine CCB use. After
AIPW matching of demographics and other antihypertensive medications, the ATET estimation
for participants on a dihydropyridine CCB was an rSD that was 2.05 mm Hg lower (95% CI
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-3.19, -0.91). We did not find that other antihypertensive medications classes decreased vwvBPV,
and several increased it.

Conclusions—In the SPRINT trial, consistent use of a dihydropyridine CCB was associated
with a 2 mm Hg reduction in vvBPV. The implication of this hypothesis-generating finding in a
high-quality dataset is that future trials to reduce vwBPV could consider using dihydropyridine

CCB:s.
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Introduction

Methods

Increased blood pressure variability (BPV) has negative effects on multiple organ systems,
independent of the presence or severity of hypertension.[1-5] Studies have shown that
increased visit-to-visit BPV (vwBPV) is associated with a higher risk of cardiovascular
disease, stroke, and worse outcome after both.[6-10] Prior research has also demonstrated
that patients with increased vwBPV are at elevated risk of all-cause mortality in disease
states ranging from coronary artery disease to diabetes.[11-16] However, apart from a small
trial,[17] there has not been prospective clinical research that attempted to lower BPV, either
as a visit-to-visit or short-term outcome. In part, this is due to uncertainty if increased BPV
is causal of worse outcome, but also because there is no proven medication strategy to
reduce BPV.[18]

Several post-hoc analyses have explored the effect of antihypertensive medication class on
vwBPV,[19-24] but the evidence from these analyses has limitations. The antihypertensive
exposure is determined by randomization or self-reported medication use at a single point
in time, the outcome of BPV is often captured at infrequent intervals with different
measurement methodology, and the research is largely from studies that predate the
intensive blood pressure lowering that has followed the SPRINT trial.[18,23,25] However,
prior research, including a small clinical trial, has consistently shown an association
between lower vwBPV and calcium channel blocker (CCB) antihypertensive medications,
specifically dihydropyridine CCBs such as amlodipine.[17,20,24,26-28] To validate this
finding, we performed a post-hoc analysis of the SPRINT trial in which we leveraged the
granularity of data on medications and the standardized blood pressure measurement and
management to fit a sophisticated treatment effects model that estimates the causal impact of
dihydropyridine CCBs on vwBPV.

Study Population

We performed a post-hoc analysis of participants enrolled in the SPRINT trial, using a
publicly available deidentified dataset supplied by the NHLBI.[29] We included participants
who were on a dihydropyridine CCB either 0% or 100% of our cohort’s 101,006 study
visits during follow-up. The dihydropyridine CCBs allowed in SPRINT included amlodipine
and nifedipine, but amlodipine accounted for >95% of medication use in this class. We
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used blood pressures measured from month 6 until study completion, which created stability
in the participant blood pressure following the initial interventions in the SPRINT trial
(Supplemental Figure 1). The approach of excluding blood pressure from before month 6
mirrors that of Rothwell et al. in their analysis of the ASCOT-BPLA trial and Muntner

et al. in their analysis of ALLHAT.[6,9] We excluded participants with less than 4 blood
pressure measurements, to improve the accuracy of BPV measurement,[30,31] and also
outlier participants whose BPV was >4 standard deviations above the mean.

Study Exposure, Outcome, and Covariates

The study exposure was dihydropyridine CCB use, which was a binary variable that
reflected a participant either being on a dihydropyridine CCB during the entirety of follow-
up versus at no point during follow-up. In SPRINT, trained study personnel recorded data
on participants’ complete medication profiles at each study visit. The primary outcome
was vWBPV, defined as the residual standard deviation (rSD) of the seated systolic blood
> (BP,— BPest)2
n—72
seated blood pressure average for an individual study visit and BPgg; is the expected blood
pressure from a linear regression of blood pressure from all the patient’s visits. Prior
research has suggested rSD is the best methodology to measure vvBPV, mainly because
rSD is less influenced by blood pressure change over time.[32] The methodology of blood
pressure measurement in SPRINT has been previously described,[29] but in our study we
used one blood pressure per visit that was an average of three seated measurements.

pressure. rSD is calculated using the formula: rSD = , Where BP; is the

As a sensitivity analysis, we: 1) defined the vvBPV as the standard deviation (SD) and
average real variability (ARV) of the systolic blood pressure during follow-up and 2)
used diastolic blood pressure to calculate vwvBPV. SD and ARV were calculated using

the formulas: SD = \/(ﬁ) ) (BP,~ BP,..)" ; ARV = (L)zﬁf;l‘;wpm _ BP|. Covariates

n-1
included the mean systolic blood pressure during follow-up, age, race (white, Black,
other), sex, randomization arm, diabetes, atrial fibrillation, congestive heart failure,
prior myocardial infarction, current smoking, alcohol use, percentage of time on other
antihypertensive medication classes, and the interactions between all terms. The percentage
of time on other antihypertensive classes reflected the proportion of the 101,006 study
visits that participants were on the following other classes: angiotensin-converting enzyme
inhibitor, angiotensin Il receptor blocker, nonselective beta blocker, selective beta blocker,
non-dihydropyridine calcium channel blocker, thiazide diuretic, loop diuretic, alpha blocker,
aldosterone blocker, and other medications (hydralazine, nitrates).

Statistical Analysis

A common characteristic of all observational data is that treatment status is not randomized,
which creates a scenario where outcomes and treatment are not necessarily independent. The
purpose of treatment effect estimators is to utilize covariates to make outcome and treatment
independent, allowing an estimation of the efficacy of treatments in observational data.[33]
This in turn raises concerns related to proper model specification and balance of covariates
on the treatment levels. To combat these obstacles and concerns, we used augmented inverse
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probability weighted (AIPW) estimators and least absolute shrinkage and selection operator
(LASSO) techniques to estimate the average treatment effect on the treated (ATET).

AIPW is a combination of regression adjustment and inverse probability weighted
estimators. AIPW estimators are doubly robust, which means that only one of the models
(treatment or outcome) needs to be correctly specified to obtain accurate treatment effect
estimates.[34,35] With the large number of functional forms and interactions in our dataset,
LASSO is used for the model building phase of both the treatment and outcome models

to pick a best-fit combination for each model.[36,37] AIPW and LASSO work together to
abide by the two assumptions of treatment effect estimation: conditional independence and
overlap assumptions. As such, it has been recommended that model selection techniques
such as LASSO be combined with doubly robust estimators such as AIPW to accurately
estimate the ATET.[33] To obtain a more accurate estimate of the ATET, we resampled 10
times and ran 10-fold cross-fit repetitions on each sample. Therefore, we effectively average
the treatment effects of 100 ATET estimates to reduce the randomness of sample splitting on
the estimated treatment effects.

To explore the effect of all antihypertensive medication classes in the cohort, we also fit a
linear regression model to rSD and used a restrictive LASSO to determine covariates, which
included age, sex, congestive heart failure, atrial fibrillation, smoking, and mean systolic
blood pressure. We added the percentage of time on antihypertensive classes into this model
and confirmed that multicollinearity was not excessive by determining the variance inflation
factor (VIF) was <2 for any single term in the model and that the mean VIF was <2

for the model. We attempted to add the per-patient mean total number of antihypertensive
medications during follow-up into the model, but it was highly collinear with multiple terms,
including mean blood pressure and several medication classes, so was not included.

In an exploratory analysis intended to estimate the impact of lower vwBPV in our cohort,
we fit a multivariable Cox model to the outcome of major adverse cardiovascular events
(MACE). In this model, the exposure was rSD from 6 to 18 months during SPRINT,
followed by outcome ascertainment from month 18 to the end of follow-up. For this
sensitivity analysis, patients were excluded if they had the MACE outcome before month
18. This model was a priori adjusted for age, atrial fibrillation, prior myocardial infarction,
smoking, and randomization arm. We confirmed the proportional hazards assumption of
the Cox model by testing the Schoenfeld residuals. We fit additional Cox models, using

the same approach and adjustments, to the outcomes of stroke and myocardial infarction
during follow-up. After obtaining the hazard ratio point estimate for a 1 mm Hg shift in
rSD from these models, we estimated the impact of being on a dihydropyridine CCB as the
exponentiation of the hazard ratio by the ATET treatment effect (HRATET). This approach
overcomes the inherent difficulty of directly including the dihydropyridine CCB term in the
Cox model, which would introduce confounding by the exposure/outcome in respect to the
ATET model. All analysis was performed in Stata 16.1 (StataCorp, College Station, TX).
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Of the 9,361 participants enrolled in SPRINT, we included 5,020 in our study. Participants
were excluded for not being on a dihydropyridine CCB 0% or 100% of follow-up (n=3,894),
having less than 4 systolic pressure measurements (n=413), missing demographic data
(n=26), and having outlier vvBPV that was >4 standard deviations above the mean (n=8).
Patient characteristics are seen in Table 1. The mean (SD) follow-up was 3.5 (0.8) years,
number of blood pressures from month 6 to the end of follow-up was 15.3 (4.9), mean
systolic blood pressure was 127.3 (10.2) mm Hg, baseline age was 67.4 (9.2) years, 34.5%
were male, 66.0% were white, and 49.4% were randomized to the intensive blood pressure
control arm. In our cohort of 5,020, there were 1,959 participants on a dihydropyridine
CCB at all follow-up visits and 3,061 participants not on a dihydropyridine CCB at any
time during follow-up. Among patients prescribed a dihydropyridine CCB, 95.8% were
prescribed amlodipine. The baseline differences between participants in the dihydropyridine
CCB stratification are seen in Table 1. The percentage of time spent on the other classes of
antihypertensive medications after stratification by dihydropyridine CCBs is seen in Figure
1.

The mean (SD) of rSD was 10.1 (4.0) mm Hg with a range of 0.6-26.6 mm Hg. We
confirmed that the distribution of rSD was normal (Figure 2). In the linear regression model
fit to rSD, with all classes of antihypertensive medication in the model (mean VIF=1.25),
only dihydropyridine CCBs were associated with a reduction in vvBPV, and on average

the other classes increased vwBPV (Table 2). The largest increases in rSD were for ACE
inhibitors, alpha blockers, and nonselective beta-blockers. Being on those classes for the
entirety of follow-up was associated with a 1.30, 1.23, and 2.51 mm Hg increase in rSD,
respectively (all p<0.001), while being on a dihydropyridine CCB was associated with a
0.73 mm Hg reduction in rSD (95% CI -0.95, -0.51).

For the treatment effects model, Table 3 shows the covariates selected by LASSO. After
IPW matching, there were 2,295 participants on a dihydropyridine CCB and 2,725 not

on a dihydropyridine CCB. The overlap assumption was met in our model, as seen in
Supplemental Figure 2. By the ATET estimation, participants on a dihydropyridine CCB had
an rSD that was 2.05mm Hg lower (95% CI —3.19, —0.91) than matched participants who
were not on a dihydropyridine CCB. In the sensitivity analysis, we found that the outcome
of vwBPV measured as SD or ARV had a similar ATET point estimate for the effect of

being on a dihydropyridine CCB. For SD, the reduction was 1.91 mm Hg (95% CI -2.79,
-1.02) and for ARV the reduction was 2.17 mm Hg (95% CI -3.25, —1.09). There was also a
significant reduction in vwvBPV when diastolic blood pressure was used in place of systolic,
shown in Table 4.

In the exploratory analysis, which modelled the impact of lower vwBPV on cardiovascular
outcomes, we excluded 188 participants who had a MACE outcome during the exposure
period, leaving 4,832 participants of which 212 (4.4%) had a MACE outcome during follow-
up. This model met the proportional hazards assumption (p=0.15). After adjustment, a 1 mm
Hg shift in rSD had a hazard ratio of 1.08 (95% CI 1.05, 1.12) for the MACE outcome,

of 1.09 (95% CI 1.03, 1.16) for the stroke outcome, and 1.06 (95% CI 1.01, 1.12) for the
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myocardial infarction outcome. After exponentiation, the estimated effect of a 2.05 mm Hg

BPV reduction, equivalent to the effect of being on a dihydropyridine CCB, would thus be a
17.1% risk reduction in MACE, 19.3% risk reduction in stroke, and 12.7% risk reduction in
myocardial infarction.

Discussion

While treatment effects estimations are not a substitute for randomized clinical trials, they
provide an approximation of the causal effect.[38,39] Leveraging this methodology and
the detailed data available in the SPRINT trial, we show an association between treatment
with a dihydropyridine CCB and a 2.05 mm Hg reduction in systolic vwBPV. A reduction
of this magnitude is comparable to what was reported in a post-hoc analysis of the Anglo-
Scandinavian Cardiac Outcomes Trial Blood Pressure Lowering Arm (ASCOT-BPLA) trial
by Rothwell et al.[19] In that study, 9,228 patients received an atenolol-based regimen and
9,302 an amlodipine-based regimen. The vwBPYV, which was also measured with rSD, was
12.245.1 in the atenolol group versus 10.0£4.3 mm Hg in the amlodipine group (p<0.001).
The resulting 2.18 mm Hg reduction in vvBPV seen in ASCOT-BPLA is thus similar to
our cohort, but the mean systolic blood pressure in ASCOT-BPLA trial was 141 mm Hg
compared to 127 mm Hg in our cohort. This difference reflects the more intensive blood
pressure reduction in SPRINT, and represents the current standard of care.[25]

Additional studies and two meta-analyses have consistently shown a reduction in vwBPV
with CCB antihypertensives,[6,20,22,24,26-28,40] but they do not use treatment effects
modelling and predate the more intensive blood pressure reduction in the SPRINT trial.
For example, the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT) contributes the most patients to the meta-analysis by Webb et al.,[40]

but the mean systolic blood pressure at year 3 in that trial was 136 mm Hg.[41] Because
the SPRINT trial represents a more contemporary and guideline-based approach to blood
pressure reduction,[25] our analysis provides a useful addition to the existing literature.

In addition, because we attempted to minimize confounding from imbalances between our
study groups through AIPW and LASSO, we may have reduced bias in our estimation of the
impact of adding a dihydropyridine CCB to an intensive blood pressure lowering regimen.

The Comparison of Blood Pressure Variability Between Losartan and Amlodipine in
Essential Hypertension (COMPAS-BPV) trial was the first prospective randomized trial

that attempted to reduce vwBPV.[17] In 144 participants with essential hypertension, 73
received an increasing dose of amlodipine/hydrochlorothiazide and 71 received losartan/
hydrochlorothiazide. The ARV of systolic blood pressure during 6 months of follow-up was
reduced by 1.5 mm Hg in the amlodipine group (9.1+3.4 vs. 10.6+4.3, p=0.002), but the
medication uptitration in COMPAS-BPV continued until the 3-month point, which would
have impacted vwBPV because the blood pressure was still trending down during a majority
of the study. In addition, the small sample size limits the conclusions that can be drawn from
COMPAS-BPV.

The effect on cardiovascular outcomes of lowering vwBPV 2 mm Hg is difficult to
anticipate. In the largest analysis of vwBPV and cardiovascular outcomes, Muntner et al.
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used ALLHAT to show that being in the highest, compared to the lowest, quintile of

SD was associated with lower rates of myocardial infarction, stroke, and cardiovascular
death.[6] However, it would be inappropriate to extrapolate a 2 mm Hg vwBPV reduction
to that analysis, because the individual patient starting point, non-linear risk of vwBPV,
and differences between the cohorts would introduce considerable bias. In our exploratory
analysis, we estimated a risk reduction of 17.1% for MACE outcomes with a 2.05 mm Hg
reduction in vvBPYV, although this analysis is only hypothesis generating. The question of
how much vwBPV would have to be reduced to effectively prevent cardiovascular disease
is pertinent, and 2 mm Hg may not result in a large enough risk reduction, particularly in a
primary prevention trial. For future trials, it is possible that a dihydropyridine CCB would
have to be combined with an adjunctive therapy that can also reduce vvBPV.[42-44]

The mechanism of vwBPV reduction induced by dihydropyridine CCBs is not known.[45]
As in other datasets, in the SPRINT trial, amlodipine accounted for the vast majority (>95%)
of dihydropyridine CCB use. One potential explanation for our finding is that the half-life

of oral amlodipine is 40-60 hours,[46] which would allow for a very stable steady state

of antihypertensive medication, despite occasional missed or mistimed doses. Amlodipine

is inexpensive, effective at reducing mean blood pressure, has few drug-drug interactions,
and is well tolerated.[47,48] SPRINT participants were on a variety of other classes of
antihypertensive treatment, as seen in Figure 1, which lends our analysis an element of
generalizability because the results reflect the addition of amlodipine to the assortment of
antihypertensive medications required to achieve intensive blood pressure reduction.

Nonetheless, our study has several important limitations. It is a post-hoc analysis of a
dataset that was not designed to answer this research question. Although we attempted to
minimize the confounding effect of baseline differences between the exposure groups (e.g. a
significantly higher rate of prior myocardial infarction and atrial fibrillation in the non-CCB
group), we cannot exclude the possibility that our findings reflect these baseline imbalances.
We do not have data on patient adherence to prescribed antihypertensive therapy, which
could confound our exposure in participants assigned to the dihydropyridine CCB group,
but this would be expected to bias towards the null. There are variable lengths of follow-up
among participants, but that did not differ significantly between those on versus not on a
dihydropyridine CCB. Finally, although the ATET model with AIPW and LASSO is a robust
methodology to estimate treatment effect, there is inevitably unmeasured confounding that
can only be addressed with a clinical trial.

Conclusion

In the SPRINT trial, consistent use of a dihydropyridine CCB, primarily amlodipine, was
associated with a 2 mm Hg reduction in vvBPV in a treatment effects model with matched
participants. While similar results have been reported in other datasets, we provide a causal
estimate of the effect of adding a dihydropyridine CCB to a variety of other antihypertensive
medications. The implication of this hypothesis-generating finding in a high-quality dataset
is that future trials to reduce vwBPV could consider using dihydropyridine CCBs.
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Figurel.
Proportion of time during follow-up on antihypertensive drug classes stratified by if patients

were also on a dihydropyridine calcium channel blocker.

*: p<0.05, **: p<0.001, ACE: angiotensin-converting enzyme inhibitor, ARB: angiotensin
11 receptor blocker, NS-BB: nonselective beta blocker, S-BB: selective BB, ND-CCB: non-
dihydropyridine calcium channel blocker, THZ: thiazide diuretic, DIU: loop diuretic, ALP:
alpha blocker, ALD: aldosterone blocker, OTH: other medications (hydralazine, nitrates)
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Figure2.
Distribution of residual standard deviation (rSD) values in our cohort.

*rSD is calculated with blood pressure from month 6 visit to the end of follow-up, which
excluded the trends in blood pressure during the first 6 months of the study intervention.

J Hypertens. Author manuscript; available in PMC 2024 July 29.




1duosnuey Joyiny

1duosnuen Joyiny

de Havenon et al. Page 13

Table 1.

Participant demographics, stratified by on versus not on a dihydropyridine calcium channel blocker (D-CCB)
during follow-up.

Variable OnaD-CCB* | NotonaD-CCB*

al
(n=1,959) (n=3,061) pvae
Age (years) 67.2+9.4 67.5+9.1 0.243
Male sex 671 (34.3%) 1,061 (34.7%) 0.766
Race
White 1,087 (55.5%) 2,224 (72.7%)
<0.001
Black 816 (41.6%) 717 (23.4%)
Other 56 (2.9%) 120 (3.9%)

Intensive blood pressure reduction trial arm 1,395 (66.6%) 1,174 (38.4%) <0.001

Diabetes 26 (1.3%) 55 (1.8%) 0.198
Atrial fibrillation 110 (5.6%) 302 (9.9%) <0.001
Congestive heart failure 64 (3.3%) 99 (3.2%) 0.952
Prior myocardial infarction 134 (6.8%) 272 (8.9%) 0.010
Smoking 295 (15.1%) 360 (11.8%) 0.001
Alcohol use 1,240 (63.3%) 2,079 (67.9%) 0.001
Follow-up (years) 3.5+0.8 3.5+0.8 0.746
Mean systolic blood pressure (mm Hg) 126.8+10.4 127.6+10.0 0.016
Systolic residual standard deviation (mm Hg) 9.9+3.9 10.3+4.1 <0.001
Systolic standard deviation (mm Hg) 10.0+3.9 10.4+4.0 <0.001
Systolic average real variability (mm Hg) 11.1+4.7 11.74¢5.0 <0.001

*

On a D-CCB: patient was on a D-CCB during 100% of follow-up, Not on a D-CCB: patient was not on a D-CCB at any point during
follow-up. ACE: angiotensin-converting enzyme inhibitor, ARB: angiotensin Il receptor blocker, NS-BB: nonselective beta blocker, S-BB: selective
BB, ND-CCB: non-dihydropyridine calcium channel blocker, THZ: thiazide diuretic, DIU: loop diuretic, ALP: alpha blocker, ALD: aldosterone
blocker, OTH: other medications (hydralazine, nitrates)
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Multivariable linear regression model of all antihypertensive classes showing the adjusted effect on vwBPV

during follow-up.

Variable Coefficient 95% ClI p-value
Age 0.06 0.04,0.07 <0.001
Smoking 1.28 0.96, 1.59 <0.001
Atrial fibrillation 0.39 0.01, 0.78 0.046
Congestive heart failure 0.96 0.37, 1.56 0.001
Male sex 1.10 0.88, 1.32 <0.001
Mean systolic blood pressure 0.10 0.09,0.11 <0.001
ACE 1.30 1.03, 1.58 <0.001
ARB 1.01 0.72,1.29 <0.001
NS-BB 2.51 1.82,3.19 <0.001
S-BB 0.97 0.73,1.21 <0.001
ND-CCB 0.13 -0.36, 0.61 0.62
D-ccB -0.73 -0.95-051 | <0.001
THZ 0.25 0.01, 0.50 0.045
DIU 0.73 0.25,1.21 0.003
ALP 1.23 0.83, 1.64 <0.001
ALD 0.42 -0.00, 0.84 0.051
OTH 1.55 0.97,2.13 <0.001

ACE: angiotensin-converting enzyme inhibitor, ARB: angiotensin Il receptor blocker, NS-BB: nonselective beta blocker, S-BB: selective BB,
ND-CCB: non-dihydropyridine calcium channel blocker, D-CCB: dihydropyridine CCB, THZ: thiazide diuretic, DIU: loop diuretic, ALP: alpha

blocker, ALD: aldosterone blocker, OTH: other medications (hydralazine, nitrates)

J Hypertens. Author manuscript; available in PMC 2024 July 29.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

de Havenon et al.

Covariates selected by LASSO for the models in the treatment effect analysis.

Table 3.

Term rSD(0) | rSD(1) | D-CCB
Mean systolic blood pressure X X X
NS-BB X

S-BB X

DIU X X

ND-CCB X
ARB X
Male#Mean systolic blood pressure X

Male#ACE X X
Randomization#Mean systolic blood pressure X X
Randomization#ARB X X
Male#ARB X X
Diabetes#NS-BB X
Diabetes#S-BB X
Race#S-BB X
Male#S-BB X
Randomization#ALP X
Male#ALP X

Atrial fibrillation#ARB X
Race#ARB X
Male#ARB X
Race#Mean systolic blood pressure X
Prior myocardial infarction#ND-CCB X
Congestive heart failure#ND-CCB X
Prior myocardial infarction#ALP X
Atrial fibrillation#ALD X
Randomization#ALD X

Page 15

For interaction terms with categorical or ordinal variables, the specific level of the interaction that was selected is not shown. ACE: angiotensin-

converting enzyme inhibitor, ARB: angiotensin Il receptor blocker, NS-BB: nonselective beta blocker, S-BB: selective BB, ND-CCB: non-

dihydropyridine calcium channel blocker, D-CCB: dihydropyridine CCB, DIU: loop diuretic, ALP: alpha blocker, ALD: aldosterone blocker, OTH:

other medications (hydralazine, nitrates)
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Table 4.

Treatment effect model (ATET) showing the reduction in visit-to-visit blood pressure variability (vwBPV) in
participants on dihydropyridine calcium channel blockers.

VWBPV measure ATET 95% CI p value

Systolic blood pressure

Residual standard deviation | -2.05 | -3.19,-0.91 | <0.001

Standard deviation -1.91 | -2.79,-1.02 | <0.001

Average real variability -2.17 | -3.25,-1.09 | <0.001

Diastolic blood pressure

Residual standard deviation | -0.40 | -0.63, -0.17 0.001

Standard deviation -0.46 | -0.70,-0.22 | <0.001

Average real variability -0.53 | -0.84,-0.22 0.001
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