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Blood pressure variability (BPV) within 1 day was associated 
with increased risk for hypertensive target-organ damage 
decades ago.1,2 However, there has been increasing interest in 
chronic BPV as a risk for subsequent complications, spurred 
by computerized data from large clinical trials that facilitate 
such calculations.3–7 In various high-risk groups, BPV, gen-
erally defined as either the SD or coefficient of variation of 
sphygmomanometric readings over time, has been reported 
to increase risks of stroke,3,5 cardiovascular mortality,5,8 
and diabetic vascular complications like renal impairment,9 
although such associations are not always found.4,6,8,10–12 Such 
studies frequently rely upon retrospective analyses of trials in 
specifically defined populations. However, clinical trial sub-
jects may differ from patients at large because of inclusion 
and exclusion criteria. Indeed, some hypertension trials spe-
cifically exclude episodic hypertension. Furthermore, while 

cardiovascular events and death have been examined in this 
connection, less attention has been paid to the all-cause risk 
of hospitalization, increasingly important as risk shifts from 
third-party payers to health care organizations.

We tested the hypothesis that greater BPV is associated 
with increased risk of all-cause hospitalization and mortality 
among unselected patients from a large multihospital re-
gional health care system. We defined BPV as the common 
SD as well as by 2 new techniques: average change and largest 
change. We calculated systolic and diastolic BPV in patients 
over age 20 years with at least 10 readings. During final data 
analysis, the American Heart Association redefined systolic 
pressures above 130  mm Hg as hypertensive and detailed 
procedures for blood pressure measurement.13 We used the 
previous guidelines here since these represented how patients’ 
blood pressures were measured and how patients were treated 
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BACKGROUND
Blood pressure variability (BPV) has been associated with poor health 
outcomes in high-risk patients, but its association with more general 
populations is poorly understood.

METHODS
We analyzed outcomes from 240,622 otherwise unselected patients 
who had 10 or more outpatient blood pressure readings recorded over 
a 3-year period and were aged from 20 to 100 years.

RESULTS
Whether calculated as SD, average change, or greatest change and 
systolic or diastolic blood pressure, we found that higher outpatient 
BPV was associated with subsequent hospitalization and mortality. 
Systolic pressure average change exceeding 10–12 mm Hg or diastolic 
exceeding 8 mm Hg significantly increased risk of hospitalization and 
death (odds ratios [ORs] from 2.0 to 4.5). Variability in the highest decile 

increased risks even more dramatically, with propensity-matched ORs 
from 4.4 to 42. A systolic change exceeding 35 mm Hg increased the 
relative risk of death 4.5-fold. Similarly, a diastolic change greater than 
23–24  mm Hg almost tripled the risks of hospitalization and death. 
Neither stratification for hypertension nor propensity matching for risk 
factors within the database affected these associations.

CONCLUSIONS
Systolic and diastolic variabilities were each associated with subse-
quent adverse outcomes. Physicians should pay special attention to 
patients with swings in blood pressure between clinic visits. Electronic 
medical records should flag such variability.
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during the study period. Risks due to variability were tested 
for various subpopulations.

METHODS

Data

An aggregate data file extracted information from records 
for all patients using the Sanford Health system from 
December 2013 to November 2016 (n = 1,143,028). Sanford 
Health is an integrated health system, the largest rural, 
not-for-profit health care system in the United States with 
45 hospitals and 289 clinics. Blood pressures for 1,029,899 
patients were available (90.1%); 240,622 had 10 or more 
readings during at least 6  months, no missing values, and 
were aged 20 to 100 years, fitting study criteria. Two binary 
outcomes were recorded: whether patients had on average 
at least 1 hospitalization per year (N = 35,587, 14.8%) and 
whether patients died (N = 9,556, 4.0%).

Patients were categorized by amount and type of abnor-
mal blood pressure readings (Supplementary Appendix A). 
Of the 240,622 patients studied, 41% had been diagnosed as 
hypertensive. Abnormal pressures were also measured using 
percent of a patient’s readings above or below specific values. 
The “urgent high” category included 6%, for whom ≥15% of 
systolic pressures exceeded 160 or diastolics exceeded 100. 
The “caution high” category contained 24%, and 70% were 
“normal,” with <15% abnormally high readings. For abnor-
mal low pressures, 4% were “urgently low,” 28% were in “cau-
tion low,” and 68% were “normal,” with <15% abnormally 
low readings.

Six variables regarding BPV were created for tests of asso-
ciation with the two events. We calculated the SD (SDV), 
the average change (ACV) among all of each patient’s read-
ings (the values of each change from reading to reading 
were averaged over the number of readings), and the larg-
est change (LCV) recorded between any two consecutive 
readings (regardless of time duration between readings). As 
these calculations change with the number of readings used, 
we evaluated how the means and SDs of the BPVs changed 
when we varied the inclusion requirement from 5 to 30 
readings/patient over the 3-year period. At least 10 read-
ings achieved stability (Supplementary Appendix B). Most 
patients (95%) had a year or more between the 10 readings.

Propensity analysis

Supplementary Appendix C details the propensity anal-
ysis. Patients were categorized as using or not using anti-
hypertensives (acetylcholinesterase  [ACE] inhibitors, beta 
blockers, or other cardiac medication). 19.4% used antihy-
pertensives, and 14.4 % used cardiac medication other than 
ACE inhibitors or beta blockers. Approximately, 10% used 
ACE inhibitors, and 9% used beta blockers. We excluded 
medications used by 10 or fewer patients from analysis for 
statistical rigor. Age, sex, race, rural status, smoking, alco-
hol use, primary care visits, use of a patient-centered elec-
tronic communication portal, emergency department use, 
and frequency of blood pressure readings were correlated 

with outcomes and antihypertensive use, controlling for 
potential confounders. Descriptive statistics (Supplementary 
Appendix C1) were entered into a propensity analysis pre-
dicting antihypertensive use, creating an inverse weight 
that was applied in statistical analysis to control for these 
variables.

Statistical analysis

Average BPV measures of SDV, ACV, and LCV were com-
pared for all patients, hypertensive, and nonhypertensive 
patients, patients with normal, caution, or urgent low pres-
sure, and patients with normal, caution, or urgent high pres-
sure using independent t-tests and one-way ANOVA. How 
ACV and LCV changed between different patient groups 
was compared with how SDV changed.

Inverse weights from the propensity analysis were used 
in logistic regressions predicting hospitalization and death 
from each BPV measure while controlling for medication 
use and other variables. Odds ratios (ORs) from ACV and 
LCV models were compared with ORs from SDV models.

Sensitivity analysis

We reanalyzed subgroups to test whether their results 
differed. Logistic regression to identify the risk of hospital-
ization or death for patients with the highest 10% of BPV 
relative to those with the lowest 10% of that BPV. We also 
tested subgroups based on blood pressure values (extreme 
highs and lows or hypertension, Supplementary Table A1) 
or on numbers of pressures recorded (assuming those with 
higher numbers were hospitalized or sicker). Different 
cutoffs for the measures of change and how they affected 
likelihood of hospitalization or death were analyzed using 
receiver operating characteristic curves. Additional statis-
tics included relative risk (RR), population attributable risk, 
sensitivity, specificity, positive predictive value, negative pre-
dictive value, population impact number, exposure impact 
number, and case impact number. SAS 9.4 and 14.2 (2017, 
SAS Institute, Cary, North Carolina) and NCSS 11 Statistical 
Software (2016, NCSS, Kaysville, Utah, ncss.com/software/
ncss) were used.

RESULTS

Two hundred forty thousand, six hundred twenty-two 
patients aged 20 to 100  years had 10 or more blood pres-
sure readings for at least 6 months during the 3-year period. 
Their average age was 54.9 years (SD 19.7), 63.6% were fe-
male, and 93.0% were white. Categories based on abnormal 
blood pressures are defined in Supplementary Table A1 of 
Supplementary Appendix A. Out of the entire sample, 98,335 
(40.9%) had hypertension diagnoses. Based upon all patients’ 
recorded blood pressure readings, we retrospectively catego-
rized 15,193 (6.3%) as having urgent high blood pressure 
and 57,306 (23.8%) as caution abnormal high blood pres-
sure. Similarly, we retrospectively categorized 1,024 (4.2%) 
and 67,155 (27.9%) as having urgently low blood pressures 
and caution abnormal low blood pressure, respectively. Of 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/article/31/10/1113/5026118 by guest on 20 M

arch 2024

https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy088#supplementary-data
https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy088#supplementary-data
https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy088#supplementary-data
https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy088#supplementary-data
https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy088#supplementary-data
https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy088#supplementary-data
https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy088#supplementary-data
https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy088#supplementary-data


American Journal of Hypertension 31(10) October 2018 1115

BP Variation Predicts Hospitalization and Death

the 240,622 patients, 19.3% took antihypertensive medica-
tions (Supplementary Appendix B); 35,587 patients (14.8%) 
had on average 1 hospitalization per year; 9,556 (4.0%) were 
deceased.

We examined 3 measures each of systolic and diastolic var-
iability, comparing SDV with ACV and LCV. (Table 1) All 6 
measures had distributions with a minor positive skew. Their 
means were compared between categories of blood pressure 
extremes (Supplementary Table A1). Patients with higher 
severity (hypertension or abnormal blood pressures) had 
significantly higher BPV measures (all P < 0.001). SDV and 
ACV values were nearly identical; LCV values were higher 
as they were based on largest changes. Diagnosed hyperten-
sives had average systolic or diastolic SDV and ACV about 3 
points or 1 point higher than nonhypertensives. The increase 
in LCV was about 9 or 3 points. Patients with abnormal 
high pressures showed a similar pattern with systolic BPV, 
but diastolic BPV had less decrease from urgent to caution 
categories. Systolic SDV decreased by nearly half, from 18.1 
to 10.0, between urgent and not caution or urgent. Diastolic 

SDV decreased from 10.3 to 7.4. Patients with abnormally 
low blood pressure exhibited smaller changes of only a few 
points, similar to hypertension.

Logistic regressions for SDV, ACV, and LCV tested how 
BPVs differed in association with hospitalization or death 
(Table 2), controlling for confounding variables using pro-
pensity weights (Supplementary Appendix B). The unad-
justed hospitalization risk from BPV varied from OR = 1.03 
(systolic LCV) to OR = 1.14 (diastolic ACV). Adjusted ORs 
slightly increased for all BPVs (1.04 to 1.21) except for dias-
tolic SDV. The mortality risk was increased from hospitali-
zation for all BPV, both unadjusted (OR ranged from 1.05 to 
1.24) and adjusted (OR ranged from 1.04 to 1.25). Overall, 
the risk from ACV was nearly identical to the SDV, while the 
risk from LCV was 10 to 15% lower.

Sensitivity of measures

Patients in the highest 10%ile of BPVs were compared 
with those with the lowest 10%ile of the same BPV. Being in 

Table 1. Measures of blood pressure variability for 240,622 patients

All (N = 240,622)

Hypertension diagnosis

Hypertensive (N = 98,335) Not hypertensive (N = 142,287)

Mean SD Mean SD Mean SD

Systolic SDV 11.195 3.869 12.899 4.268 10.018 3.055

 ACV 11.073 3.923 12.600 4.293 10.017 3.249

 LCV 32.517 13.834 37.983 15.364 28.740 11.208

Diastolic SDV 7.877 2.160 8.332 2.280 7.562 2.013

 ACV 7.892 2.349 8.320 2.408 7.596 2.260

 LCV 22.841 8.569 24.574 9.164 21.644 7.913

Abnormal high blood pressure

% Urgent (N = 15,193) % Caution (N = 57,306) Not caution or urgent 
(N = 168,123)

Systolic SDV 18.072 4.868 12.887 3.499 9.997 2.902

 ACV 17.107 5.291 12.639 3.747 9.993 3.069

 LCV 49.870 17.332 37.525 13.840 29.242 11.619

Diastolic SDV 10.351 2.920 8.529 2.174 7.431 1.843

 ACV 9.999 3.067 8.511 2.412 7.490 2.091

 LCV 29.210 11.174 24.943 9.038 21.549 7.689

Abnormal low blood pressure

%Urgent (N = 1,024) % Caution (N = 67,155) Not caution or urgent 
(N = 163,263)

Systolic SDV 12.804 4.729 10.511 3.513 11.300 3.848

 ACV 12.524 4.755 10.475 3.646 11.159 3.889

 LCV 37.740 16.705 30.796 13.124 32.664 13.648

Diastolic SDV 9.002 2.547 7.296 1.789 7.989 2.186

 ACV 8.918 2.745 7.322 2.022 8.009 2.372

 LCV 26.658 10.236 21.324 7.610 23.048 8.598

Abbreviations: ACV, average change variability; LCV, largest change variability; SDV, SD variability.
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the highest, 10% greatly increased event risks. (Table 3) ACV 
showed the smallest increase with ORs of 4.9 systolic and 4.4 
diastolic for hospitalization. SDV and LCV were near ORs 
of 7. Death risk increased dramatically for the top 10%. The 
OR for death for an SDV in the top 10% vs. the bottom 10% 
was 42. The smallest ORs were for diastolic measures with 
LCV OR = 8.0.

Logistic regressions were repeated for various subpopula-
tions (Supplementary Table A1) to examine the robustness 
and generalizability of our findings. (Supplementary Table 
D1). All ORs remained statistically significant (P < 0.05), and 
patterns of high and low findings were similar. (As with un-
adjusted and propensity-adjusted ORs, SDV and ACV ORs 
were similar (OR approximately 1.1) and LCV ORs were 

lower) We further excluded patient/dates with 3 or more 
consecutive pressures from the data set, assuming these 
were likely hospitalization days. Excluding such presumed 
inpatient readings did not change results from Tables 1 and 
2 significantly (P > 0.05). In addition, systolic and diastolic 
SDV were similarly associated with outcomes in patients 
<50, 50–65, and >65 (not shown).

Receiver operating characteristic analysis assessed op-
timal cutoff values of ACV and LCV. Supplementary Figures 
D1a and D1b showed few differences between SDV and 
ACV or LCV. The AUCs for hospitalization ranged from 
63.5 to 68.3% and death from 67.1 to 74.2%. Cutoff values 
were chosen for slightly higher sensitivities from 61 to 72%. 
Using those cutoffs, RRs for hospitalization doubled or more 

Table 3. Risk of hospitalization and death in patients in the upper 10th percentile relative to those in the lower 10th percentile of BPV 
measures

Hospitalization Death

OR LL UL OR LL UL

Systolic SDV 6.836 6.573 7.110 42.066 36.736 48.170

 ACV 4.868 4.693 5.050 17.524 15.646 19.628

 LCV 7.980 7.700 8.270 15.559 14.069 17.207

Diastolic SDV 6.406 6.192 6.627 12.939 11.782 14.210

 ACV 4.434 4.293 4.581 8.268 7.562 9.039

 LCV 7.548 7.291 7.813 8.083 7.382 8.851

ORs were from logistic regressions adjusting for demographics, health care, medication, and blood pressure. N ranged from 48,126 (diastolic 
SDV) to 53,006 (systolic largest change). Abbreviations: ACV, average change variability; LCV, largest change variability; SDV, SD variability; 
OR, odds ratio; LL, lower limit; UL, upper limit.

Table 2. Unadjusted and propensity-adjusted ORs of blood pressure variance measures predicting hospitalization and death from logistic 
regressions

Unadjusted Propensity adjusted

OR LL UL OR LL UL

Predicting hospitalization

 Systolic SDV 1.103 1.100 1.105 1.115 1.113 1.117

  ACV 1.086 1.083 1.088 1.101 1.099 1.103

  LCV 1.034 1.034 1.035 1.038 1.038 1.039

 Diastolic SDV 1.210 1.205 1.215 1.208 1.205 1.211

  ACV 1.144 1.140 1.148 1.158 1.155 1.161

  LCV 1.061 1.060 1.062 1.062 1.061 1.063

Predicting death

 Systolic SDV 1.210 1.205 1.215 1.184 1.181 1.187

  ACV 1.178 1.174 1.183 1.157 1.154 1.160

  LCV 1.048 1.047 1.049 1.043 1.042 1.043

 Diastolic SDV 1.315 1.305 1.325 1.246 1.240 1.253

  ACV 1.243 1.234 1.252 1.199 1.193 1.205

  LCV 1.061 1.059 1.063 1.051 1.049 1.052

Propensity scores controlled for demographics and health care of patients. See Supplementary Appendix C for details. Abbreviations: ACV, 
average change variability; LCV, largest change variability; SDV, SD variability; OR, odds ratio; LL, lower limit; UL, upper limit.
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the increase in risk, with LCVs more than 31 having an 
RR = 2.50 or higher (Table 4). A systolic change exceeding 
35 mm Hg increased the RR of death 4.5-fold. Similarly, a di-
astolic change greater than 23–24 mm Hg almost tripled the 
risks of hospitalization and death. Supplementary Appendix 
D shows other statistics based on the cutoff values.

DISCUSSION

Even modestly heightened BPV posed a substantial risk 
for hospitalization and mortality in this general adult popu-
lation. Systolic variance exceeding 10–12 mm Hg or diastolic 
variance exceeding 8 mm Hg notably worsened outcomes. 
Therefore, clinicians should not disregard apparently isolated 
elevated or low pressures despite other normal readings.

BPV can be calculated from systolic, diastolic, or mean 
pressures, using coefficients of variation, SD, or variance. 
Systolic and diastolic variability yielded similar results. 
Others have emphasized blood pressure SD(5,14–16), which 
predicts similarly to the coefficient of the mean.17 Because 
SDs are not intuitively obvious, indeed, average and largest 
change were easier and approximately as effective as SD in 
predicting hospitalization and death after controlling for 
confounders. “Largest change” might be easiest for clinicians 
to assess from lists of measurements. Independent of the 
absolute magnitude of the patient’s blood pressure, specific 
changes showed an increased risk of 100 to 250% (Table 4).

One might hypothesize that BPV simply reflects poorly 
controlled hypertension because of severity or noncompli-
ance. Indeed, most previous studies have examined high-risk 
patients, who are generally hypertensive. However, BPV was 
associated with more frequent cardiovascular events even in 
well-controlled hypertensives.18 Moreover, medication non-
compliance explains only a small proportion of BPV.19 Other 

variability may signal autonomic instability that could pre-
cede development or worsening of vascular wall abnormali-
ties,14,15,20 diabetes21 or brain lesions and/or dementia,22,23 or 
other even less well-understood disorders of homeostasis.

Age, female gender, smoking, systolic or diastolic hyper-
tension, peripheral vascular disease, diabetes, renal insuf-
ficiency, heart rate variability, widened pulse pressure, and 
angiotensin-converting enzyme therapy have each been cor-
related with BPV.16,24,25 Conversely, chlorthalidone or amlo-
dipine may be associated with decreased BPV among treated 
hypertensives.25,26 We were unable to analyze all these factors 
in our administrative data, but propensity matching includ-
ing (separately) use of ACE inhibitors, beta blockers, any 
blood pressure medication, and any cardiac medication did 
not invalidate our results.27

A recent meta-analysis suggested that BPV should be 
monitored as a prognostic indicator for mortality and car-
diovascular complications in high-risk individuals.25 Our 
administrative data set was insufficiently granular to distin-
guish causes of hospitalization and mortality, but retrospec-
tive analyses of clinical trials in high-risk individuals suggest 
that the associated morbidity includes,5 but may not be 
limited to,(7,22) cardiovascular morbidity. Our results, taken 
together with these other observations, suggest that this is 
also likely true in normotensive individuals.

Our results suggest that BPV is similarly predictive whether 
or not patients are diagnosed as hypertensive, take antihy-
pertensives, or are actually hypertensive or hypotensive. 
Gosmanova28 associated systolic BPV with all-cause mortality 
in veterans who were not necessarily hypertensive, although 
likely many were. Some patients may have masked hyperten-
sion missed by office-based measurements. Whether “nor-
motensive” patients with high BPV are more likely to have 
such masked hypertension awaits study, just as normotensive 

Table 4. Sensitivity analysis of blood pressure variance cutoffs

RR PAR% Sens Spec PPV NPV PIN EIN CIN

Hospitalization

 Systolic ACV ≥ 10 2.00 35.71 71.51 47.05 18.99 90.49 18.93 10.54 2.80

  LCV ≥ 31 2.50 41.02 68.42 57.35 21.78 91.28 16.48 7.66 2.44

 Diastolic ACV ≥ 8 1.96 29.94 61.14 58.34 20.30 89.64 22.59 10.06 3.34

  LCV ≥ 23 2.61 41.11 66.65 60.68 22.73 91.29 16.45 7.13 2.43

Death

 Systolic ACV ≥ 12 3.92 49.76 66.78 67.47 7.82 98.00 50.61 17.15 2.01

  LCV ≥ 35 4.48 54.95 70.75 66.41 8.01 98.21 45.82 16.07 1.82

 Diastolic ACV ≥ 8 2.70 43.07 68.43 56.45 6.10 97.74 58.46 26.04 2.32

  LCV ≥ 24 3.00 44.84 67.20 60.56 6.58 97.81 56.16 22.77 2.23

RR: relative risk; there is a (1 − RR)% increase in the risk of outcome (hospitalization or death) due to BP change. PAR%: population attrib-
utable risk; among the population, PAR% of the total risk of event is due to BP change. Sens: sensitivity; ability to detect outcome when change 
is present; % of those with event who had BP change. Spec: specificity; ability to detect nonoutcome when no change; % of those with no 
event who had no BP change. PPV: positive predictive value; % of those with BP change who had outcome. NPV: negative predictive value; % 
of those with no BP change who had no outcome. PIN: population impact number; number in population whose outcome is attributable to BP 
change; for every PIN people, one outcome is attributable to BP change. EIN: exposure impact number; number of people with change where 
one with an outcome is due to BP change, for every EIN people with BP change, there is one with the outcome. CIN: case impact number; 
number of people with outcome where one outcome is from BP change, for every CIN people with outcomes, there is one attributable to BP 
change. Abbreviations: ACV, average change variability; LCV, largest change variability.
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patients with “white coat syndrome” may exhibit elevated 
pressures from anxiety. However, since clinicians generally 
assess blood pressures in this fashion, this would not invali-
date our suggestion that in-office normotensive patients with 
high in-office BPV should be considered high risk.

Since we required at least 10 pressure readings over the 
3-year study period to meaningfully calculate variability, 
different results might be obtained in people who do not 
require this many health care encounters. Gosmanova28 
similarly required at least 8 measurements over 2  years. 
While we achieved similar results when we required 15 or 
20 blood pressure readings to calculate BPV more precisely 
(not shown), decreasing the number of blood pressure read-
ings to 5 substantially decreases the mathematical reliability 
of the calculations. (Supplementary Appendix A) However, 
Muntner24 associated systolic BPV and all-cause mortality in 
the NHANES study using only 3 measurements over 6 years, 
despite the increased statistical noise created by having fewer 
measurements. Only 33 patients had all their blood pres-
sures within 30 days. Most (95%) took more than a year, and 
79% took 2 or more years to produce 10 readings. Clustering 
of blood pressures within a short term over an acute event 
therefore seems unlikely to have substantially biased results. 
Operational purposes require a cutoff or “abnormal” value 
to trigger clinicians’ attention. These cutoffs trade sensitivity 
against specificity (Supplementary Figure D1), based upon 
system characteristics and resources and the trade-off between 
alarming patients unnecessarily and failing to warn patients 
appropriately. Like other scarce resources,29 physician time 
must be allocated on ethical as well as pragmatic grounds. 
However, choosing 75 and 50% as endpoints for sensitivity 
and specificity seems reasonable and yields population impact 
numbers of approximately 12 for hospitalization and 30–40 
for death, which seems deserving of attention. The magnitude 
of the BPV effect resembles that of abnormal cholesterol lev-
els, to which attention is already standard of care.30 It might 
seem counterintuitive that such small changes in BPV predict 
clinically significant differences in outcomes, but we similarly 
now understand that even a 2 mm Hg reduction in systolic 
pressure meaningfully reduces cardiovascular mortality.31

Data availability created limitations. Administrative data 
could not be validated by individual chart review, but there is 
no reason to assume that errors in the data would distribute 
differently across low- or high-BPV patients. We obtained 
time of blood pressure but not time of hospitalization or 
death, making any proportional hazard model impossible. 
Because we could not obtain records after 2 November 2016, 
we could not capture events after this time. Limiting the 
study to people with at least 6 months of blood pressure data 
removed any censoring at the beginning, such as excluding 
a person who died 1 month into the study. Further censor-
ing would have required excluding anyone who had no event 
during the study. Including these patients may have intro-
duced some time bias but offered a baseline group with no 
events in the study time frame. Furthermore, because we 
lacked time of event, we used a cross-sectional type approach 
to gathering BPV data both before and after an event (at any 
time in the 3-year period). Further research should incor-
porate time of event and exposure to adjust for changes over 
time and could use a proportional hazard model. Cases and 

controls could also be used in future analyses to estimate 
these results for specific populations, such as specific age 
groups or genders. In addition, although we accounted for 
medication use in our propensity matching, we lacked data 
regarding adherence to medication, as well as conventional 
measures of baseline cardiac risk. Primary care physicians 
encountering high BPV might seek such information about 
their patients, while future studies might investigate these 
variables’ effects on the associations we define here.

In conclusion, BPV is a calculated variable not intuitively 
obvious to the clinician. These findings suggest an opportu-
nity to use the electronic medical record to alert clinicians to 
an important but largely ignored risk factor. Clinicians should 
scan blood pressure listings over time for the largest consec-
utive changes, paying particular attention to patients with 
changes exceeding 34 systolic or 23 diastolic. Administrators 
of hospital systems should consider creating a computer-cal-
culated variable, whether blood pressure SD or average change, 
that can be flagged like a calculated obese BMI. For instance, 
a systolic average change exceeding 12 or diastolic exceeding 
8 merits attention. Although further studies are required to 
demonstrate the efficacy of targeting specific interventions to 
patients with high BPV, it would not seem unreasonable for 
clinicians encountering patients with high BPV taking ACE 
inhibitors to balance the known benefits of ACE inhibitors 
in diabetes and congestive heart failure against their potential 
adverse effects on BPV. Obesity and smoking increase BPV 
in some32 but not all33 studies and even if not are likely to be 
synergistic in effects. Medication adherence may also diminish 
BPV.34 Antihypertensive trials should address BPV in addition 
to blood pressure magnitude. BPV needs further study but is 
promising for the care of patients.
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