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Abstract 

 

Aim. The prognostic significance of blood pressure variability (BPV) for the occurrence 

of cardiovascular (CV) events and mortality is still debated. Differences in its 

methodological assessment and in patients’ characteristics have been both indicated as 

potential explanations to the discrepant findings. We used the Systolic Blood Pressure 

Intervention Trial (SPRINT) dataset to explore this unresolved issue. 

Methods. We applied three protocols that differed by timing and number of study visits 

to calculate the same index (coefficient of variation, CoV, %) of long-term (visit-to-visit) 

systolic BPV: 1) quarterly until outcome occurrence, including monthly assessment 

during the 3-months titration period; 2) quarterly until outcome occurrence, excluding 

titration period; and 3) quarterly for 1 year, excluding titration period. Outcomes of 

interest were primary events and all-cause mortality. Crude and progressively adjusted 

Cox proportional hazard models were used to assess the risk of outcomes according to 

the three estimates of visit-to-visit systolic BPV. 

Results. An optimal visit-to-visit systolic BPV associated with lower incidence of the 

primary outcome (CoV 5-10%) and all-cause mortality (CoV ≤8%), or any of the two 

(CoV 5-11%), was identified according to the first two estimates only. This effect was 

independent of mean systolic BP. Optimal visit-to-visit systolic BPV appeared to confer 

additional protection to intensive BP lowering. Conversely, different BPV apparently 

worsened CV risk among standard-treated patients. Clinical correlates of suboptimal 

BPV included older age, female gender, non-White ethnicity, smoke, and pre-existing 

CV and renal disease. 
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Conclusions. Visit-to-visit systolic BPV might add prognostic value to the estimation of 

CV risk in high-risk, non-diabetic hypertensive patients, but the protocol adopted for its 

calculation is crucial. An effort to standardize BPV assessment is worthwhile. 
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The Systolic Blood Pressure Intervention Trial (SPRINT) 

and the SPRINT Data Analysis Challenge 

 

 The Systolic Blood Pressure Intervention Trial (SPRINT) was a randomized, 

controlled, open-label trial conducted between 2010 and 2013 at 102 clinical sites 

organized into 5 clinical center networks in the United States and Puerto Rico 1. It 

compared intensive management of systolic blood pressure (target, <120 mm Hg) with 

standard management (target, <140 mm Hg) in high-risk, non-diabetic hypertensive 

participants aged 50 years and older. Sponsored by the National Heart, Lung, and 

Blood Institute (NHLBI), the National Institute on Aging, the National Institute of 

Diabetes and Digestive and Kidney Diseases, and the National Institute of Neurological 

Disorders and Stroke, the trial was stopped early in 2015, after a median follow-up of 

3.26 years of the planned average of 5 years, because of a significantly lower rate of 

cardiovascular (CV) events with intensive compared to standard management 1. 

In January 2016, the International Committee of Medical Journal Editors 

proposed a plan on sharing clinical trial data to the purpose of acknowledging the 

potential value of this approach for the benefit of patients and the advancement of 

science 2. In fact, often patients participate in clinical trials at great risk to themselves, 

and researchers and analysts are expected to use the relative data in a responsible way 

to advance medicine.  

To clarify the complexities and promote the potential benefits of data sharing, the 

New England Journal of Medicine (NEJM) and the Harvard Medical School Department 

of Biomedical Informatics started a project aimed at challenging the possibility of 



 

7 

maximizing data extraction from real clinical trial data by simply opening them to 

external researchers 3. 

A first step was to identify a clinical trial data set that could be mined for new 

purposes. The SPRINT trial, whose main results have been published in November 

2015 by the NEJM, was selected to this aim. Thus, the NHLBI and the SPRINT Data 

Coordinating Center joined the NEJM’s effort to show how clinical trial data can be used 

to identify additional advances in human health: together, they co-sponsored an 

international contest that became known as the SPRINT Data Analysis Challenge 2. 

The SPRINT Data Analysis Challenge was meant to challenge clinical trialists, 

data analysts, and any other interested party to reanalyze the published SPRINT data, 

either alone or in combination with other publicly available data, to derive new insights 

or ideas, and to generate new findings with the potential to improve the general 

understanding of disease or patient care. 

Individuals and institutions interested in participating in the Challenge were 

required to obtain ethics committee approval (or an exemption) and sign a data use 

agreement in order to request and receive the data 2. The SPRINT Investigators and the 

NHLBI’s BioLINCC repository made the SPRINT data available in November 2016 to 

those who had gone through this first step. After receiving the data set, participants had 

to qualify to enter the SPRINT Data Analysis Challenge by proving that they could 

answer one of two questions that required possession and use of the data (box 1) 2. 

Then, the real challenge began: to identify a novel biologic or clinical finding using the 

SPRINT data 2. 
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 Entries were judged on the basis of novelty, applicability to clinical practice, and 

soundness of methods by 15 recognized experts who represented the three primary 

constituencies — clinical trialists, data analysts, and patients. In addition to being 

reviewed by one representative from each constituency, all entries were opened to the 

public for voting 2. At the end of the contest, participants of the SPRINT Data Analysis 

Challenge could then propose their work for publication, independent of the contest 

classification. 

A total of 279 groups from around the world requested the data, 205 of them 

completed BioLINCC’s process, 218 individuals and teams entered the qualifying round, 

200 qualified for the main event, and 143 entries were received for the Challenge 

Round by the deadline of February 14, 2017 (Figure 1) 2. The participants were quite 

diverse in terms of both geographic origin, extent of experience in clinical research, and 

background (academia, industry, regulatory agencies), with about 107 institutions from 

26 countries being represented 2.  

Nearly a third of the 143 entries were analyses based on the individual’s blood 

pressure measurements over time. A quarter of the entries were benefit–risk 

calculators. Another portion consisted of subgroup analyses using one or more of the 

baseline characteristics of the patients to parse risk levels. The remaining entries were 

a variety of types of analyses such as using patients’ medications or medication 

adjustments to determine their risk level or examining race and center effects in 

SPRINT. Several entrants used an additional data set, most often the data from the 

Action to Control Cardiovascular Risk in Diabetes (ACCORD) study 2. A survey of 

people who either entered the SPRINT Data Analysis Challenge or intended to do so 
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revealed that the major barriers to entry were time constraints and difficulties obtaining 

ethics committee approval 2.  

By correctly qualifying to the first steps, we became one of the 143 teams 

worldwide who had the possibility to propose their findings and compete for the award 

(Figure 1). Our new finding consisted in an analysis on the distribution of CV risk in 

SPRINT based on participants’ diastolic blood pressure (BP) profile. The analysis was 

tested in the population overall and in predefined subgroups based on pre-existing 

chronic kidney disease (CKD) and CV disease (CVD). We observed a J-curve 

phenomenon in participants with pre-existing CKD and CVD, but not in those without 

these conditions, a finding that supports the importance of patients’ clinical 

characteristics in shaping their CV risk profile. These findings were published in the 

Journal of the American Society of Hypertension (JASH) 4 and were accompanied by an 

Editorial of the Journal’s Editor-in-Chief, Dr. Daniel Levy 5, who stated:  

 

    “... This new study provides further support for the risks 

associated with a low attained diastolic blood pressure in 

patients receiving antihypertensive treatment who have 

either pre-existing cardiovascular disease or chronic kidney 

disease. The authors are to be congratulated for their clever 

use of the public release SPRINT dataset to test a long- 

standing controversy in clinical medicine. ...” 
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The sharing of clinical trial data is a complex issue and an important obligation to 

clinical trial participants, centered around the question whether a clinical trial data set 

could be used by other investigators to produce new findings. Technological advances 

and extensive analytic resources have provided the necessary tools to the community of 

researchers in the medical field for maximizing information extracted from long-lasting 

clinical trials that require economic investment and human commitment. The SPRINT 

Data Analysis Challenge brought together teams of clinical trialists and data analysts 

and demonstrated that when they work together, they can develop new ideas.  

The present work represents a further development of the research approach 

initiated under the SPRINT Data Analysis Challenge. 
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____________________________________________________________________________ 
 

Box 1. Qualifying Round: Answer One Question Using SPRINT Data. 
 
QUESTION: What is the sample size and the mean for the systolic blood pressure at the 

last recorded [post-baseline] study visit for each participant by treatment arm (Intensive and 
Standard)? 

ANSWER. The statistical analysis was performed with R environment v.3.2.2 through 
“stat” package, according to the following procedure. 
 The last available, post-baseline visit for each participant was included (n=9249). A-priori 
exclusion of SBP missing values was applied (n=1, maskID S32412). Among the remaining 
9248 participants, data analysis revealed 8 outliers with a numeric value for SBP comprised 
between 0 and 3 mmHg at their last visit (maskID S02523, S05662, S10460, S16441, S20422, 
S58370, S76600, and S78737).     
 From this basis, three different approaches were adopted for the calculation of sample 
size and mean SBP by treatment arm: 
1. Using the dataset as selected (n=9248)  
2. Excluding the incoherent data (SBP ≤ 3 mmHg; n=8) from the dataset  
3. Using, for each of the 8 outliers and the missing SBP value, the last useful SBP value 
recorded (at 12M for S02523, 15M for S05662, 6M for S10460, 3M for S16441, 6M for S20422, 
2M for S58370, 12M for S76600, and 1M for S78737). However, it was not possible to include 
S32412 because his/her last useful SBP data referred to RZ.   
According to these three approaches, respectively, the answer can be summarized as follows: 
 
Group   Sample Size  Mean SBP 
INTENSIVE 0  n=4616  133.79土14.25 mmHg 
INTENSIVE 1  n=4632  119.78土14.62 mmHg 
 
Group   Sample Size  Mean SBP 
INTENSIVE 0  n=4612  133.90土13.71mmHg 
INTENSIVE 1  n=4628  119.88土14.20 mmHg 
 
Group   Sample Size  Mean SBP 
INTENSIVE 0  n=4616  133.90土13.71 mmHg 
INTENSIVE 1  n=4632  119.89土14.21 mmHg 
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____________________________________________________________________________ 
 
Figure 1. Qualifying steps in the SPRINT Data Analysis Challenge. From 

“Perspective: Learning What We Didn't Know — The SPRINT Data Analysis Challenge”.  
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Blood Pressure Variability:  

Assessment and Clinical Relevance 

 

Blood pressure (BP) is a dynamic measure, characterized by continuous 

fluctuations over time spans that range from seconds to minutes, days, and years 6,7. 

The size and patterns of these variations define the term BP variability (BPV) 8. BPV is 

the result of a complex interplay between environmental (i.e. seasons, altitude), physical 

(i.e. posture, volemia, sleep), and emotional (i.e. stress) challenges that are able to 

induce BP changes, and biological regulatory mechanisms (e.g. vasoactive substances, 

vascular compliance, baroreflex activity, central nervous system influences) that are 

aimed at maintaining homeostasis 6. By finely regulating BP levels in response to the 

changing demands of different organs, these mechanisms are intended to ensure a 

constantly adequate organ perfusion 6. In addition, BPV might reflect the effect of 

external determinants, as observed among patients on antihypertensive medications, 

where drug classes, timing/intensity of BP treatment, and relative adherence can all 

influence BP behavior 7,9,10. 

Thus, BPV represents a dynamic and characteristic physiologic feature of the 

cardiovascular (CV) system. In parallel, it could be seen as a source of noise affecting 

the assessment of the individual’s real BP level 6. Consistent evidence now supports its 

role as an independent predictor of CV risk, to the point that it has also attracted interest 

as a possible target for pharmacological treatment 6,8,11. In fact, although representing 

an adaptive response to different stimuli under physiological conditions, BPV may also 

reflect alterations in CV regulatory mechanisms that may affect CV prognosis. In 
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particular, there is evidence supporting a prognostic importance of short-term BPV for 

the occurrence of CV and fatal events 12,13. Similarly, sustained increase in long-term 

BPV appears to have detrimental effects on CV events and mortality 14–16, independent 

of medication adherence 17, although other evidence has questioned these findings 18–

20. A variety of methodological approaches for the assessment of BPV have been used 

in these analyses, potentially leading to conflicting results even when the same 

population was examined 21,22. In addition, different degrees of total CV risk in the 

examined populations might explain the inhomogeneous predictive power of BPV in 

different clinical settings 23. 

 

Principal indices of BPV 

 Indices for BPV assessment can be classified into two main groups: those 

assessing overall BPV, and those for the estimation of specific BPV patterns (Table 1). 

The former include: 

a) spectral indices, obtained by decomposing very-short term BPV in its 

components oscillating at different frequencies (high-, low-, and very low-

frequency); they yield information on the autonomic control of circulation, 

baroreflex function, and respiratory mechanics 24;   

b) ‘residual’ BPV, representing the fast BP fluctuations that remain after exclusion of 

the slower components of the 24 hours BP profile using Fourier spectral analysis, 

and expressing the tendency of BP to vary erratically throughout the day and 

night 25; 
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c) measures of dispersion of average BP values over a given time window 24, 

namely standard deviation (SD) and related indices, which have been developed 

to overcome the dependency of SD on trends in BP changes and on average BP. 

They include the weighted 24 hours SD (wSD, calculated as the average of 

daytime and nighttime SD corrected for the respective duration of day and night); 

the coefficient of variation (CoV, calculated as SD*100/BP mean); and the 

variability independent of the mean (VIM, which is based on nonlinear regression 

analysis);   

d) estimates that take into account the sequence of measurements over time 24: 

average real variability (ARV, computed as the average of the absolute 

differences between consecutive BP readings over 24 hours); time rate of BP 

fluctuations (similar to ARV, but quantified as a function of time to incorporate 

information on the speed of BP changes); and interval weighted SD (similar to 

SD, it attributes proportional weights to time intervals between BP recordings); 

e) instability indices that take into account extreme BP readings within a given time 

window, like range (maximum and minimum BP), peak and trough values, peak 

size (maximum-mean BP) and trough size (mean-minimum BP); they are 

affected by instability and prone to artifacts more than other indices 24. 

Specific BPV patterns are those associated with the day/night cycle, and can be 

better captured by ABPM and related indices 24. The most reliable is the nocturnal BP 

fall [(daytime-nighttime BP)*100/daytime BP], which allows to categorize patients into 4 

categories: normal dippers (nocturnal fall in BP between 10-20%); reduced dippers 

(nocturnal fall in BP<10%); extreme dippers (nocturnal BP fall>20%); and reverse 
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dippers (increase in nighttime BP compared to daytime values). Other specific BPV 

indices of debated clinical value due to lack of standard assessment methods include 

morning BP surge (i.e. difference between the lowest nocturnal BP value and the 

highest BP measure after awakening), siesta dipping (BP fall related to afternoon nap), 

and postprandial BP fall (possible expression of autonomic failure). 

The few studies directly comparing the prognostic value of different estimates of 

BPV did not provide clear indications as to which index should be preferred. At present, 

the indices supported by the strongest outcome evidence include ARV or wSD for 24-

hour BPV, and SD, CoV or VIM for mid- and long-term BPV 6,24.  

 

Very Short-Term and Short-Term BPV 

These types of BPV occur within seconds (on a beat-by-beat basis) to hours (over 24 

hours), and are amenable to be captured by ambulatory BP measurement (ABPM) 11. In 

physiologic conditions, they typically represent a homeostatic response to specific 

stimuli mediated by neural (i.e., central sympathetic drive and its reflex modulation by 

arterial and cardio-pulmonary reflexes), humoral (catecholamines, insulin, angiotensin 

II, bradykinin, endothelin-1, nitric oxide), vascular (i.e., elastic properties of arteries), 

and rheological (i.e., blood viscosity) mechanisms 11,26,27. However, their sustained 

increases may also reflect alterations in regulatory mechanisms (i.e., enhanced 

sympathetic drive and impaired baroreflex function), which may occur in several 

conditions, including in the presence of endothelial dysfunction, arterial hypertension, 

CKD, sleep breathing disorders (i.e., obstructive sleep apnea), and insulin resistance.  
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Arterial hypertension was intuitively one of the scenarios where the clinical 

relevance of very short- and short-term BPV was first shown. Cross-sectional and 

longitudinal evidence indicated greater prevalence, incidence and severity of 

hypertension-mediated target organ damage — especially prevalent early impaired left 

ventricular systolic function, incident left ventricular hypertrophy, and progression of 

microalbuminuria and CKD — in hypertensive subjects with higher short-term BPV, 

namely nondippers or reverse dippers, and even after accounting for differences in 

mean BP levels 28,29. In addition, despite some persistent debate, subjects with a 

nondipping or reverse dipping pattern have been shown to be at an increased risk of CV 

events and mortality compared to dippers 30. The same was observed for subjects with 

increased morning BP surge 31.  

Several human studies on clinical pharmacology indicated that antihypertensive 

treatment may have a favorable impact on BPV by means of a proportional decrease in 

both BP SD and mean BP values 11. Other evidence from animal and human studies, 

indeed, supported the possibility that the benefit of specific drug classes (i.e., calcium 

antagonists, third generation beta-blockers) over organ damage was possibly due to 

improved baroreflex sensitivity and consequent reduced BPV, besides their effect on 

mean BP levels. In fact, antihypertensive medications have different performances in 

terms of mean BP reduction and relative distribution over 24 hours 11. Quantitative 

measures of this performance include the trough/peak (T/P) ratio, the smoothness index 

(SI), and the treatment-on-variability index (TOVI). The T/P ratio is derived from ABPM 

recordings by dividing the BP changes at the end of the dosing interval by those 

observed at the maximum effect of the drug 32. Its precision is affected by the short time 
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intervals examined. This limitation is addressed by the SI, which is calculated as the 

ratio between the average of the 24 hourly BP changes induced by a given medication 

and the SD of hourly reductions based on before-treatment and on-treatment ABPM 33. 

Telmisartan, amlodipine and ramipril appear to have a particularly favorable SI. In 

addition, higher SI (>1) has been associated with regression of cardiac hypertrophy and 

slower progression of carotid artery wall thickness. Finally, in order to account for the 

circadian BP fluctuations, as well as for the dependence of BP SD on mean BP levels, 

the TOVI was introduced as the ratio between the average of the 24 hourly BP 

reductions by treatment and the wSD 34. This index is in substantial agreement with SI 

in terms of informative power, and both indicated a better BPV profile in the course of 

combination therapy compared to single drug treatment 34. 

 

Mid-term BPV 

Day-by-day BPV appears to be particularly affected by behavioral factors (i.e. 

working days versus weekend, sedentary lifestyle, excessive alcohol intake, cigarette 

smoking), as well as traditional and new CV risk factors (i.e. gender, age, body mass 

index [BMI], diabetes, CVD, heart rate and its variability, self-reported insomnia and 

sleep duration) 11. Improper dosing, titration, and adherence to antihypertensive 

treatment also contribute to increased mid-term BPV.  

This type of BPV can be assessed by performing ABPM over consecutive days 

(i.e., during 48 hours or more), or by home BP monitoring (HBPM). The first is not 

usually practical and feasible for both patients and medical staff, but has the advantage 

of providing nighttime BP and a considerable number of readings. HBPM is widely 
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available, well accepted, and allows early changes to antihypertensive therapy based 

on BP consistency over relatively short time spans, but the large variety of protocols 

and indices proposed for the assessment of BPV prevents specific recommendations on 

the methodology, prognostic importance, and wide clinical applications of this 

technique.  

In spite of the variety of the possible mid-term BPV assessment methods 

(including SD, CoV, VIM, and ARV), consistent evidence supports the prognostic 

importance of this variable in terms of subclinical organ damage and CV 

morbidity/mortality 35–39, with few exceptions 40,41.  

 

Long-term and very-long-term BPV 

These attributes refer to BPV assessed in the medical office on a visit-to-visit 

basis, conventionally occurring on intervals of less or more than 5 years, respectively.  

BPV in the long term appears to be mostly affected by treatment-related factors 

(i.e. reduced compliance), reproducibility of BP assessment (i.e. measurement errors), 

and possibly by seasonal changes. 

Most of the studies examining the prognostic power of long-term BPV used SD 

and CoV as the relative assessment indices, although all the dispersion and sequence 

indices are appropriate 6. However, identifying a standard method to obtain reproducible 

and valid estimates of visit-to-visit BPV and the optimal interval between visits remains 

a matter of debate, given the heterogeneity in the number of BP measurements and the 

between-visits intervals among the studies so far conducted on this topic 6,11. In 

addition, office BP assessments can be affected by the so called “white coat effect”, i.e. 
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an alarm reaction that can falsely alter BP values. To overcome these issues, ABPM 

and, even more, HBPM have been proposed as valuable alternatives. HBPM in 

particular can be considered as a valuable tool to assess visit-to-visit BPV. According to 

this, the 2018 European Society of Cardiology/European Society of Hypertension 

(ESC/ESH) guidelines suggest that HBPM should be performed with a semiautomatic, 

validated BP monitor, for at least 3 days and preferably for 6–7 consecutive days before 

each clinic visit, in 2 measurement sessions (morning and evening) of 2 readings each, 

performed 1–2 minutes apart and taken in a quiet room after 5 minutes of rest in the 

sitting position, with back and arm supported 42. The relative average could then be 

used to assess BPV.  

 Independent of the methods used and of mean BP values, a bunch of evidence 

has shown increasing values of visit-to-visit BPV to be associated with diastolic 

dysfunction, systemic vasculopathy (endothelial dysfunction, increased carotid intima-

media thickness, arterial stiffness, and atherosclerosis) 43,44, development and 

progression of albuminuria and renal disease 45, white matter lesions and brain 

infarctions, and impairment in cognitive function 46,47.  

Compared to short-term indices of BPV, visit-to-visit BPV has been shown to be 

a better predictor of CV prognosis (i.e. occurrence of cerebrovascular and coronary 

fatal/non-fatal events, all-cause mortality) independent of mean BP 48,49. This can be 

due to the fact that it reflects the degree of BP control and the BP burden for the CV 

system in the long term, which definitely has a greater impact on CV outcomes than 

very-short-term or short-term BP fluctuations. The prognostic importance of long-term 

BPV was particularly evident in treated hypertensive individuals, in diabetics with and 



 

21 

without CKD, among post-menopausal women, and in patients with prior 

cerebrovascular events, while it provided little or no contribution to CV risk prediction 

when baseline risk was residual 11. Further, some antihypertensive medications (i.e. 

calcium channel blockers) appear to be more effective than others (i.e. first and second 

generation beta-blockers) in reducing intraindividual BPV, although this effect was 

shown to be dependent on baseline CV risk 50. These observations support the added 

value of long-term BPV to average BP levels in CV risk stratification in subjects at high 

CV risk, suggesting that the protective effect of antihypertensive treatment depends not 

only on the degree, but also on the consistency of BP control over time. 
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Table 1. Principal indices of blood pressure variability. 

Overall 

BPV Index Type of BPV assessed 

Frequency: 

-       Spectral indices (HF, LF, VLF) 

-       Residual variability 

 

Short-term BPV 

Very short-term BPV (spectral analysis) 

Dispersion: 

-       Standard deviation (SD) 

-       Coefficient of variation (CV) 

-       Variability independent of the 

mean (VIM) 

-       Weighted 24h SD (wSD)* 

 

Short-term BPV 

Mid-term BPV 

Long-term BPV 

Sequence: 

-       Average Real Variability (ARV) 

-       Interval Weighted SD (wSD) 

-       Time rate of BP fluctuations** 

 

Short-term BPV 

Mid-term BPV 

Long-term BPV 

Instability: 

-       Range (Maximum-minimum BP) 

-       Peak size (Maximum BP) 

-       Trough size (Mean-minimum BP) 

 

Short-term BPV 

Mid-term BPV 
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Specific patterns of BPV 

Nocturnal BP fall 

Night/day ratio 

Morning blood pressure surge (MBPS) 

Afternoon siesta dipping 

Postprandial blood pressure fall 

Short-term BPV 
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Aim 

 

Based on current gaps in evidence regarding standardized metrics and protocols 

for the assessment of BPV, including the minimum number of measures and visits and 

the optimal intervals between them, the current study aimed at exploring this unresolved 

issue using the SPRINT trial available dataset. 

Thus, we applied different criteria of timing and number of study visits to the 

same index of long-term BPV assessment to test the prognostic value of visit-to-visit 

systolic BPV, and the relevant clinical correlates, in the specific high-risk, non-diabetic 

hypertensive population enrolled in the SPRINT trial. 
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Methods 

 

Study population 

Details of the SPRINT trial design and protocol have been previously described. 

Briefly, SPRINT is a 2-arm, multicenter, randomized clinical trial designed to test 

whether a systolic BP <120 mmHg compared to <140 mmHg reduces CV events and 

mortality in high-risk, non-diabetic, non-stroke, US multiethnic hypertensive patients 

aged at least 50 years 51.  

Participants with at least 2 available systolic BP measurements besides the 

randomization visit were included in this analysis.  

As an analysis of existing, de-identified data, this study was deemed exempt 

from review by the local Institutional Review Board. 

 

Outcomes of interest 

The outcomes of interest included the first occurrence of a primary event (a 

composite of adjudicated myocardial infarction [MI], acute coronary syndrome not 

resulting in MI [non-MI ACS], stroke, acute decompensated heart failure [HF], or death 

from CV diseases [CVD]; or each single component), all-cause mortality, and their 

combination as defined by the SPRINT protocol, i.e. the occurrence of any of the two.  
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Definition of visit-to-visit systolic BPV  

BP measurement technique in SPRINT has been recapitulated elsewhere 52. All 

SPRINT sites were provided with the Professional Digital Blood Pressure Monitor 

(Omron Healthcare, Lake Forest, IL®) model 907XL for BP measurement in the trial.  

Visit-to-visit systolic BPV was expressed as systolic BP coefficient of variation 

(CoV, %), individually computed as standard deviation (SD) of mean systolic BP divided 

by mean systolic BP and multiplied by 100 21,53. Since CoV is affected by the number of 

BP measurements 54, we defined as CoV accuracy (%) the normalized variable derived 

for each individual as the ratio of the available and the expected BP readings to events. 

Three protocols in terms of number and timing of study visits were used to calculate 

visit-to-visit systolic BPV. 

In the first approach (overall analysis), all the available office systolic BP 

measurements until the occurrence of the combined outcome of a primary event or all-

cause mortality (i.e. monthly assessment during the 3-months titration period excluding 

randomization, then quarterly) were used. There was no threshold of CoV accuracy as 

inclusion criteria. 

The second approach (sensitivity analysis) was based on the observations that 

BP remained relatively stable after the titration period (i.e. the 3-month visit) 21, and that 

between-treatment separation in the incidence of the primary outcome and total 

mortality occurred at the first and the second year of follow-up, respectively 51. Thus, 

visit-to-visit systolic BPV was derived separately for primary and fatal events from all 

available BP readings registered quarterly after the titration period until the outcome, 
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excluding patients who experienced a primary event before the first year or died before 

the second year, and those with CoV accuracy<100%. 

Finally, in order to test the consistency of different methods of BPV assessment 

21, we used a third approach (restricted analysis) where visit-to-visit systolic BPV was 

calculated quarterly during the first year after the titration period (i.e. based on the 3-, 6-, 

9- and 12-month visits), excluding patients with a primary event within the first year or 

who died before the second year, and those missing any of these measurements (i.e. 

CoV accuracy<100%). 

 

Statistical analysis 

All analyses were conducted using R 55. Differences in demographic 

characteristics were evaluated with unpaired t tests for continuous variables and χ2 tests 

for categorical variables. The Benjamini–Hochberg method was used to control for 

multiple hypothesis testing 56. 

Cox proportional hazard models with penalized smoothing splines (three degrees 

of freedom) were used to explore the potential non-linear association between visit-to-

visit systolic BPV and the hazard ratio (HR; 95% confidence interval [CI]) for the 

outcomes of interest. Analyses were replicated for the three approaches used to 

calculate visit-to-visit systolic BPV. To this aim, we first identified the range of visit-to-

visit systolic BPV associated with the lowest (HR<1) crude risk of events (defined as 

“optimal” BPV) in each setting. The extremes of the range were rounded to the nearest 

integer. Adjusted HRs (95% CI) were then calculated with progressively adjusted Cox 

proportional models (model 1: treatment arm; model 2: additional inclusion of systolic 
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BP, age ≥75 years, gender, race, pre-existing cardiovascular disease [CVD] and chronic 

kidney disease [CKD], smoke, number of medications throughout the study) using the 

optimal BPV as reference. The number of covariates was limited to avoid possible 

overfitting 21. Stratification by treatment arm was also performed. Information on single 

drugs classes and adherence to treatment was not available. 

As anticipated, between-treatment separation in the incidence of the primary 

outcome and total mortality occurred at the first and the second year of follow-up, 

respectively 51. Thus, participants who experienced a primary event before the first year 

or died before the second year were excluded in the sensitivity and restricted analyses, 

where these outcomes were examined separately. In the overall analysis, where the 

occurrence of any of the two outcomes — as defined by the SPRINT protocol — was 

examined, these time thresholds could not be applied.  

Data were analyzed as recorded, without imputation for missing data. 

Statistical significance was set at p<0.05.  
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Results 

 
Overall analysis 

Of the 9361 participants enrolled in SPRINT, 9120 (97.4%) had complete data for 

this analysis. The range of visit-to-visit systolic BPV associated with the lowest crude 

risk of the combined outcome of primary events or all-cause mortality was 5–11% 

(Figure 1, panel A). The majority of patients (N=6297) belonged to that range. They 

tended to be younger, non-smokers White men from the standard group, with lower 

systolic BP (-0.91 mmHg), higher serum glucose, better renal function, less CVD or 

CKD, more BP readings, and greater CoV accuracy; they were on less BP medications, 

and more likely to be on aspirin and to achieve BP goal (Table 1).  

Compared to SPRINT patients with optimal BPV, the crude HR for the 

occurrence of the combined outcome of primary events or all-cause mortality among 

those with different systolic BPV was 1.70 (95% CI 1.5–2.0; p<0.001) (Table 2). The 

univariate and multivariate analyses confirmed the crude findings (Table 2). Further 

correction for CoV accuracy did not modify the adjusted results (data not shown). 

The Kaplan-Meyer curve for the combined outcome of primary events or all-

cause mortality showed that participants in the intensive treatment arm with optimal 

BPV had the lowest cumulative hazard, while the opposite occurred among standard-

treated patients with different BPV (Figure 2, panel A; Table 3). Different BPV was 

associated with greater risk of the combined outcome of primary and fatal events, 

independent of treatment arm (Table 4).  

 

Sensitivity analysis 
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After exclusion of participants who experienced a primary outcome before the 

first year (N=489), and of those with CoV accuracy <100% (N=2765, Figure 3), visit-to-

visit systolic BPV associated with the lowest crude risk of an event among the remaining 

5937 participants was 5–10% (Figure 1, panel B). It was based on a mean of 12.5±2.8 

study visits. The crude HR for the primary outcome outside that range was 1.60 (95% CI 

1.30–2.00; p<0.001). Similar findings were observed in the univariate analysis. The risk 

persisted after multivariate adjustment (HR 1.47, 95% CI 1.15–1.87; p=0.002), 

particularly influenced by older age, history of CVD or CKD, and number of BP 

medications (Table 5).  

When the single components of the primary outcome were examined, only the 

adjusted risk of MI and HF remained significant (Table 6).  

The Kaplan-Meyer curve for the primary outcome showed a better risk profile 

among participants in the intensive treatment arm with optimal BPV compared to those 

in any other stratum (Figure 2, panel B), included intensive-treated participants with 

suboptimal BPV (Table 3, Table 4).  

After exclusion of participants who experienced a fatal outcome before the 

second year (N=858) and of those with CoV accuracy <100% (N=2831, Figure 4), the 

range of visit-to-visit systolic BPV associated with the lowest risk of all-cause mortality 

among the remaining 5802 participants was ≤8% (Figure 1, panel C). It was based on 

a mean of 12.9±2.4 study visits. The crude HR for a fatal event above that cutoff was 

2.50 (95% CI 1.60–4.00; p<0.001). The multivariate adjusted HR was 2.11 (95% CI 

1.30–3.40; p=0.003) (Table 5). Clinical correlates of different BPV reflected what 

observed overall. The Kaplan-Meyer curve for all-cause mortality and relative pairwise 
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comparisons showed that participants in the standard treatment arm with different BPV 

had significant greater cumulative hazard compared to any other strata (Figure 2, panel 

C, Table 3). This was also confirmed in the survival analysis (full adjusted HR 4.95, 

95% CI 2.06-11.9, p<0.001) (Table 4). 

 

Restricted analysis 

When visit-to-visit systolic BPV was calculated based on 4 pre-defined BP 

measurements on 7888 participants 21, the relative range associated with the lowest 

crude risk of a primary event was ≤10% and that for all-cause mortality was ≤8% 

(Figure 5, panel A and B). The crude and adjusted HRs for the primary outcome were 

not significantly increased above the cutoff of 10% (Table 7). Conversely, the crude and 

univariate HR (1.50, 95% CI 1.10–1.90; p=0.003), but not the multivariate HR (1.27, 

95% CI 0.98–1.66; p=0.071), for all-cause mortality were increased above the cutoff of 

8% (Table 7).  
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Discussion 

Our findings indicate that an optimal visit-to-visit systolic BPV exists in a high-risk 

hypertensive population like the one enrolled in SPRINT with regards to the risk of 

primary and fatal events, but strictly depending on the relative calculation method. In 

particular, the optimal range of BPV associated with the lowest risk of the combined 

outcome of CV events and all-cause mortality was 5-11%. Results remained significant 

after the sensitivity analysis, where stringent inclusion criteria were applied in terms of 

study visits selection and CoV accuracy, as well as after multiple adjustments 

incorporating mean systolic BP. Optimal BPV appeared to confer additional protection 

to intensive BP lowering, while suboptimal BPV further worsened CV risk in standard-

treated patients. However, the results lost significance in the restricted analysis, where 

only 4 quarterly BP assessments recorded during the first year were included. Clinical 

correlates of suboptimal BPV in our analyses included older age, female gender, non-

White ethnicity, smoke, and pre-existing CVD and CKD. 

Our results are in line with data from several clinical trials and meta-analyses 

supporting an exceeding risk of CV outcomes and mortality in association with high BPV 

57–60. Specifically, a recent meta-analysis of 24 clinical trials and prospective studies on 

non-dialysis adults showed that long-term (clinic) systolic BPV was associated with 10-

18% higher risk of mortality and CV events over and above the effect of mean BP 61. 

Another recent meta-analysis of 23 high-quality cohort studies on 107,434 hypertensive 

patients at different CV risk and a median follow-up time of 11 years confirmed that visit-

to-visit systolic BPV was an independent predictor of long-term mortality and CV events 

62. A secondary analysis of the Antihypertensive and Lipid-Lowering Treatment to 



 

33 

Prevent Heart Attack Trial (ALLHAT), which enrolled 42,418 hypertensive adults aged 

≥55 years with ≥1 additional risk factor for CVD, also agrees with our findings 57. BPV 

was calculated as the intra-individual SD of systolic BP across 7 follow-up visits. Results 

indicated 25-58% higher risk of CV events among participants in the highest versus the 

lowest quintile of SD of systolic BP; in parallel, a graded association between higher SD 

of systolic BP and increased risk for all-cause mortality was described, which was 

similar to our findings. 

In seeming contrast with our overall results and sensitivity analyses is the 

restricted analysis. Previous findings on the same population had excluded a significant 

association of quintiles of visit-to-visit systolic BPV with the composite primary outcome, 

while showing some association with all-cause mortality 21. While the lower number of 

included study visits might trivially explain the observed discrepancy, another possible 

explanation is that the upper cutoffs of the reference ranges of BPV that we identified, 

namely 10% for the primary outcome and 8% for total mortality, incorporated the first 

three to four quintiles according to previous findings (Figure 5, panel A and B). 

Potentially, this would blunt any possible significant difference among contiguous 

quintiles. Conversely, differences between extreme quintiles would be more likely 

visible. 

SPRINT enrolled older, high-risk hypertensive patients with increased 

atherosclerotic burden. Arterial stiffness that is typical of atherosclerosis might be 

regarded as a potential major contributor to our findings 63. In fact, elderly hypertensives 

typically have wide BP swings that stem from impaired stretching of baroreceptors, 

secondary to arterial stiffness. The consequent diminished autonomic signaling leads to 
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failure to regulate BP in response to the appropriate stimuli, translating into 

inappropriate (i.e. excessive) BPV. Possible clinical correlates of this phenomenon 

include postural hypotension and episodic hypertension 63,64. The high prevalence of 

older age and pre-existing CVD, as well as the observation of a greater risk of MI, 

among participants with suboptimal BPV reinforce this hypothesis.  

It is also possible that suboptimal BPV is mediated by subclinical inflammation 65, 

which is typical of atherosclerosis as well as of a variety of conditions with impact on CV 

health 66–71. This phenomenon might at least in part explain the increased burden of 

non-CVD mortality in the examined patients with suboptimal BPV. Major causes of non-

CVD mortality in SPRINT included death from cancer, infections, acute/chronic 

diseases (i.e. pulmonary, gastrointestinal), and hemodialysis-related complications 51, 

all of which display a certain extent of inflammatory burden. 

The stratified analysis by treatment arm adds information of interest to the 

available evidence regarding the prognostic importance of BPV beyond that of mean 

BP. In fact, the gain in terms of reduced risk among intensively treated patients with 

optimal BPV, together with the further worsening of CV risk among standard-treated 

patients in the opposite situation, supports the importance of visit-to-visit systolic BPV 

independent of mean BP in this population. Thus, it appears that this variable adds 

value to the estimation of CV risk 72 in a high-risk hypertensive population, like the one 

enrolled in SPRINT. This is in line with existing literature supporting the independent 

prognostic value of BPV in different clinical and demographic settings 13,61,73,74.   

Our study is not without limitations. Information on timing in BP measurements 

and drug intake at different visits, medications types and doses, as well as patient 
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adherence to treatment was not available to the present study. Our analysis may have 

been underpowered to detect associations between inappropriate BPV and the single 

components of the primary outcome other than MI and HF, or it is possible that the 

same become evident at different stages in the disease process than is detectable after 

the follow-up period available to this analysis; further, prior established risk of each 

single outcome might affect the probability to observe significant results. In addition, as 

anticipated, analytical differences among the available studies on this topic, as well as 

the BP measurement method in SPRINT compared to other studies 75, should be 

considered when interpreting the relative findings 59,61,62.  

Our study has some important strengths. First, it was conducted on a well-

defined, large sample of a high-risk multiethnic hypertensive population. Second, BP 

measurements and outcomes incidence were carefully ascertained in SPRINT. Third, a 

sensitivity analysis was performed to exclude the most active titration period and the 

primary or fatal events attributable to pre-trial conditions. In addition, all the available 

study visits until the occurrence of an event were included, at the same time introducing 

a measure of CoV accuracy. Finally, stratification by treatment arm was performed and 

data were tested with multiple adjustments, including mean systolic BP.  
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Conclusions 

In conclusion, an optimal visit-to-visit systolic BPV appears to exist and to add 

prognostic value to the estimation of CV risk, independent of systolic BP mean, in a 

high-risk, non-diabetic hypertensive population like the one enrolled in SPRINT, but the 

methodological approach to its calculation is crucial. Given the potential impact on CV 

risk estimation, an effort to standardize BPV assessment is worthwhile. 
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Tables 

 

Table 1. Demographic and clinical characteristics of the SPRINT patients included 

in the overall analysis by visit-to-visit systolic BPV.  

 Characteristics 

Visit-to-visit Systolic BPV 

p-value 

5-11% Different % 

N   6297   2823 
 

CoV to event (mean (SD)) 7.91 (1.62) 10.38 (5.14) <0.001 

Intensive arm (%)   3076 (48.8)    1494 (52.9)  <0.001 

Women (%)   2083 (33.1)    1144 (40.5)  <0.001 

Age (mean (SD))  67.69 (9.18)  68.34 (9.83)  0.002 

Age ≥75 years (%)   1683 (26.7)     863 (30.6)  <0.001 

Race (%)   

<0.001 

   Black   1776 (28.2)     928 (32.9)  

   Hispanic    628 (10.0)     334 (11.8)  

   Other    118 (1.9)      50 (1.8)  

   White   3775 (59.9)    1511 (53.5)  
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BMI (mean (SD))  29.90 (5.66)  29.84 (5.99)  0.647 

10-year CV risk (mean (SD))  19.95 (10.58)  20.33 (11.39)  0.122 

eGFR (mean (SD))  72.30 (20.22)  70.65 (21.30) <0.001 

Serum glucose (mean (SD))  99.06 (13.43)  98.28 (13.71)  0.011 

Serum cholesterol (mean (SD)) 189.81 (40.77) 190.58 (42.15)  0.409 

Smoking habits (%)     

 0.001 
   Never   2795 (44.4)    1221 (43.3)  

   Former   2724 (43.3)    1168 (41.4)  

   Current    772 (12.3)     432 (15.3)  

Pre-existing CVD (%)   1185 (18.8)     639 (22.6)  <0.001 

Pre-existing CKD (%)   1684 (26.7)     886 (31.4)  <0.001 

Taking aspirin (%)   3259 (51.9)    1391 (49.3)   0.028 

Taking statin (%)   2747 (43.9)    1218 (43.5)   0.752 

N. of BP medications (mean (SD))   1.81 (1.03)   1.90 (1.04) <0.001 

Achieved treatment goal (%) 4106 (65.2) 1672 (59.2) <0.001 

SBP until event* (mean (SD)) 128.24 (9.86) 128.95 (10.39)  0.002 

DBP until event* (mean (SD))  71.76 (9.17)  71.47 (9.49)  0.168 



 

47 

Expected BP readings to event 
(mean (SD)) 

 15.02 (3.45)  14.15 (4.17) <0.001 

Available BP readings to event 
(mean (SD)) 

 14.43 (3.15)  13.79 (3.87) <0.001 

CoV accuracy (mean (SD)) 93.94 (13.53) 90.88 (18.01) <0.001 

Primary events or all-cause 
mortality (%) 

   404 (6.4)     294 (10.4)  <0.001 

Primary events (%)    304 (4.8)     216 (7.7)  <0.001 

All-cause mortality (%)    193 (3.1)     138 (4.9)  <0.001 

BPV, blood pressure variability; CoV, coefficient of variation; SD, standard deviation; 

BMI, body mass index; CV, cardiovascular; eGFR, estimated glomerular filtration rate; 

CVD, CV disease; CKD, chronic kidney disease; SBP, systolic BP; DBP, diastolic BP. 

* randomization excluded. 
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Table 2. Overall analysis showing the association of visit-to-visit systolic BPV 

with the occurrence of the combined outcome of primary events or all-cause 

mortality. The reference range for visit-to-visit systolic BPV is 5-11%.  

Model 1: adjusted for treatment arm; model 2: further adjusted for systolic BP, age ≥75 

years, gender, race, pre-existing cardiovascular/chronic kidney disease, smoke, number 

of medications throughout the study.  

Model HR (95% CI) p-value 

Crude 1.70 (1.50-2.00) <0.001 

Model 1 1.70 (1.50-2.00) <0.001 

Model 2 1.58 (1.35-1.84) <0.001 

  

BP, blood pressure; CoV, coefficient of variation; HR, hazard ratio; CI, confidence 

interval. 
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Table 3. Pairwise comparisons of the cumulative hazards across strata of 

treatment arms by BPV using log-rank test. The reference range of visit-to-visit 

systolic BPV is 5-11% for the combination of primary outcome and all-cause mortality, 

5-10% for the primary outcome, and ≤8% for all-cause mortality. P-values are adjusted 

using the Benjamini-Hochberg method. 

Outcome Comparisons 

Combination of 

primary outcome 

and all-cause 

mortality 

 
I ref I differ S ref 

I differ <0.001  - 
- 

S ref 0.03 0.03 
- 

S differ <0.001 0.0012 <0.001 

Primary outcome 
 

I ref I differ S ref 

I differ 0.008 
- - 

S ref 0.015 0.53 
- 

S differ <0.001 0.05 0.008 

All-cause mortality 
 

I ref I differ S ref 

I differ 0.092 
- - 

S ref 0.362 0.362 
- 

S differ <0.001 0.019 <0.001 
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I, intensive; S, standard; BP, blood pressure; ref, reference range of systolic BPV for the 

outcome of interest; differ, different systolic BPV. 
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Table 4. Association of visit-to-visit systolic BPV with the specified outcomes 

across strata of treatment arms by BPV. The reference range of visit-to-visit systolic 

BPV is 5-11% for the combination of primary outcome and all-cause mortality, 5-10% for 

the primary outcome and ≤8% for all-cause mortality. HRs (95% CI) are full adjusted 

according to model 2 (treatment arm, systolic BP, age ≥75 years, gender, race, pre-

existing cardiovascular/chronic kidney disease, smoke, number of medications 

throughout the study).  

Strata 

Combination of primary 

outcome and all-cause 

mortality 

Primary outcome  All-cause mortality 

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

I ref reference - reference - reference - 

I differ 1.40 (1.11-
1.76) 

0.004 1.49 (1.03-
2.17) 

0.036 1.69 (0.78-
3.70) 

0.186 

S ref 1.08 (0.86-
1.37) 

0.5 1.50 (0.97-
2.31) 

0.068 2.06 (0.79-
5.40) 

0.141 

S differ 1.88 (1.46-
2.41) 

<0.001 2.17 (1.39-
3.39) 

<0.001 4.95 (2.06-
11.9) 

<0.001 

 

I, intensive; S, standard; BP, blood pressure; ref, reference range of visit-to-visit systolic 

BPV for the outcome of interest; differ, different systolic BPV. 
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Table 5. Sensitivity analyses showing the association of visit-to-visit systolic BPV 

with the specified outcomes. The reference range of systolic BPV is 5-10% for the 

primary outcome and ≤8% for all-cause mortality.  

Model 1: adjusted for treatment arm; model 2: further adjusted for systolic BP, age ≥75 

years, gender, race, pre-existing cardiovascular/chronic kidney disease, smoke, number 

of medications throughout the study.  

 Model 

Primary outcome  All-cause mortality 

HR (95% CI) p-value HR (95% CI) p-value 

Crude 1.60 (1.30-2.00) <0.001 2.50 (1.60-4.00) <0.001 

Model 1 1.60 (1.30-2.10) <0.001 2.50 (1.60-4.10) <0.001 

Model 2 1.47 (1.15-1.87) 0.002 2.11 (1.30-3.40) 0.003 

  

BP, blood pressure; HR, hazard ratio; CI, confidence interval. 

 

  



 

53 

Table 6. Association of visit-to-visit systolic BPV with the single components of 

the primary outcome. The reference range of systolic BPV is 5-10%. HRs (95% CI) 

are full adjusted according to model 2 (treatment arm, systolic BP, age ≥75 years, 

gender, race, pre-existing cardiovascular/chronic kidney disease, smoke, number of 

medications throughout the study). 

Outcome HR (95% CI) p-value 

MI 1.60 (1.09-2.36) 0.017 

HF 1.68 (1.06-2.66) 0.027 

Stroke 1.39 (0.84-2.30) 0.196 

Non-MIACS 0.92 (0.45-1.90) 0.812 

CVD death 1.12 (0.58-2.13) 0.730 

 

BP, blood pressure; HR, hazard ratio; CI, confidence interval; MI, myocardial infarction; 

HF, heart failure; non-MIACS, non-myocardial infarction acute coronary syndrome; 

CVD, cardiovascular disease. 
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Table 7. Overall analysis showing the association of visit-to-visit systolic BPV 

with the specified outcomes in the restricted analysis. The reference range of 

systolic BPV is ≤10% for the primary outcome and ≤8% for all-cause mortality.   

Model 1: adjusted for treatment arm; model 2: further adjusted for systolic BP, age ≥75 

years, gender, race, pre-existing cardiovascular/chronic kidney disease, smoke, number 

of medications throughout the study. 

Model 

Primary outcome (n=7,888) All-cause mortality (n=8,014) 

HR (95% CI) p-value HR (95% CI) p-value 

Crude 1.20 (0.99-1.60) 0.066 1.50 (1.10-1.90) 0.003 

Model 1 1.3 (0.99-1.60) 0.062 1.50 (1.10-1.90) 0.003 

Model 2 1.05 (0.83-1.34) 0.676 1.27 (0.98-1.66) 0.071 

 

 BP, blood pressure; HR, hazard ratio; CI, confidence interval. 
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Figure legends 

Figure 1. Identification of the optimal visit-to-visit systolic BPV using penalized 

cubic splines. Panel A: overall analysis on the combined outcome of primary events or 

all-cause mortality; panel B: sensitivity analysis on the primary outcome; panel C: 

sensitivity analysis on all-cause mortality. The visit-to-visit systolic BPV associated with 

the lowest risk of events, rounded to the nearest integer, is identified by the red lines 

(panel A: 5-11%; panel B: 5-10%; panel C: ≤8%).  

SBP, systolic blood pressure; HR, hazard ratio.     
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Figure 2. Kaplan-Meyer curves showing the crude cumulative hazard of events 

stratified by treatment arm and visit-to-visit systolic BPV. Panel A: combined 

outcome of primary events or all-cause mortality; panel B: primary outcome; panel C: 

all-cause mortality. Note the different magnitude in the crude cumulative hazard among 

the outcomes of interest. See Table 3 for pairwise comparisons and Table 4 for 

adjusted hazard ratios.  

I, intensive. S, standard. 
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Figure 3. Penalized cubic splines of the risk of the primary outcome by visit-to-

visit systolic BPV according to CoV accuracy ranges (0-25%; 26-50%; 51-75%; 76-

99%; and 100%). Note the progressive narrowing of the 95% CI (dotted line) from panel 

A (CoV accuracy: 0-25%) to E (CoV accuracy: 100%). The visit-to-visit systolic BPV 

associated with the lowest risk of primary events (crude HR<1), rounded to the nearest 

integer, is identified by the red lines (5-10%) in panel E.  

SBP, systolic blood pressure; CoV, coefficient of variation; HR, hazard ratio; CI, 

confidence interval. 
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Figure 4. Penalized cubic splines of the risk of all-cause mortality by visit-to-visit 

systolic BPV according to CoV accuracy ranges (0-25%; 26-50%; 51-75%; 76-99%; 

and 100%). Note the progressive narrowing of the 95% CI (dotted line) from panel A 

(CoV accuracy: 0-25%) to E (CoV accuracy: 100%). The visit-to-visit systolic BPV 

associated with the lowest risk of all-cause mortality (crude HR<1), rounded to the 

nearest integer, is identified by the red lines (≤8%) in panel E.  

SBP, systolic blood pressure; CoV, coefficient of variation; HR, hazard ratio; CI, 

confidence interval. 
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Figure 5. Penalized cubic splines of the risk of primary events (panel A) and all-

cause mortality (panel B) by visit-to-visit systolic BPV calculated on 4 BP 

readings (3-, 6-, 9-, and 12-month visits). Green bars identify quintiles of BPV (4.1, 

6.1, 8.2, 11%), while the red bars identify the cutoff of BPV, rounded to the nearest 

integer, associated with the lowest risk (crude HR<1) of a primary event (≤10%) and all-

cause mortality (≤8%) according to our restricted analysis.  

SBP, systolic blood pressure; HR, hazard ratio. 

  

Event_Primary

1

2

3

4

5

0 10 20 30
SBP CoV (%)

H
R

A
Event_Death

1

2

3

4

5

0 10 20 30
SBP CoV (%)

H
R

B



 

60 

Ringraziamenti 
 

 
 
È quasi Natale, di un anno speciale…abbiamo accolto Atena nel calore della nostra 

casa, illuminata a festa dalle luci dell’albero e da quelle celesti, che guidano il cuore. 

Queste sono fatte delle persone della nostra vita, che continuano a custodirci in una 

mutua preghiera di amore e protezione. Sono anche fatte delle candele che illuminano 

la strada mentre ci affaccendiamo per fare ciò che amiamo e riteniamo un bene, come 

la Santa del giorno in cui sei arrivata, piccolina.  

Con questo anno si avvia alla conclusione il percorso di Dottorato che ho avuto l’onore 

di frequentare. Tre anni intensi, di grandi opportunità e dedizione, per i quali ringrazio in 

primo luogo il Professore Claudio Ferri. Sono riconoscente per la guida, la fiducia ed il 

supporto continui in relazione ad ogni progetto ed iniziativa, anche in contesti di 

collaborazione, e per le numerose occasioni di crescita offerte, come soltanto un 

Mentore può fare.  

Ringrazio i docenti universitari che hanno contribuito a realizzare un programma 

formativo attrattivo e di qualità come parte integrante del percorso. 

Grazie ai collaboratori, italiani e stranieri, con i quali ho avuto l’onore di condividere idee 

e risultati. Primo tra tutti tu, mia metà nella Vita. Ammiro in te intuito, intelligenza, 

talento, rispetto. Sei per me un esempio nella Professione e nelle relazioni umane, e 

sono grata ogni giorno di camminare accanto a te in ogni avventura, incluso, in maniera 

sostanziale, il nostro percorso accademico. Tutta la gioia per la mia compiutezza in 

questo senso è dedicata a te, e la riconoscenza di provare questi indicibili sentimenti è 

rivolta a Chi lo ha reso possibile, e sempre rinnovata nelle mie preghiere. 

Come per ogni cosa, grazie agli eventi primordiali: alla mia famiglia, alla radice di tutte 

le radici, germoglio di tutti i germogli, e cielo dei cieli di un albero chiamato vita, che 

cresce più alto di quanto l'anima spera, e la mente nasconde.   

 

Con il cuore colmo, 

Grazie!!! 


