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Low correlation between visit-to-visit variability
and 24-h variability of blood pressure

Paul Muntner!, Daichi Shimbo?2, Keith M Diaz?, Jonathan Newman?2, Richard P Sloan?

and Joseph E Schwartz>?

visit-to-visit variability (VVV) of clinic systolic blood pressure (SBP) has been associated with cardiovascular disease risk.
Given the need for obtaining blood pressure (BP) at multiple visits to calculate VVV, substituting BP variability from
ambulatory blood pressure monitoring (ABPM) may be a practical alternative. We assessed the correlation between VVV of
BP and BP variability from ABPM using data from 146 untreated, mostly normotensive participants (mean age 47.9 years),
in a substudy of the ongoing Masked Hypertension Study. VVV of SBP and diastolic blood pressure (DBP) was estimated by
the standard deviation (s.d.,,,) and average real variability (ARV,,,) from six study visits over a median of 216 days. ABPM
data were used to calculate the day-night s.d. (s.d.q4,), and the ARV of SBP and DBP over 24 h (ARV3,4). For SBP, the mean
s.d.,y and s.d.g, were 6.3 (s.d. =2.5) and 8.8 mm Hg (s.d. =1.8), respectively, and mean ARV,,, and ARV,4 were 7.2
(s.d.=3.2) and 8.4 mmHg (s.d. =2.1), respectively. Spearman’s correlation coefficient between s.d.,,, and s.d.4, of SBP
was r;=0.25, and between ARV,,, and ARV,4 was r;=0.17. Participants in the highest quartile of s.d.y4, of SBP were 1.66
(95% Cl: 0.93-2.75) times more likely to be in the highest quartile of s.d.,,, of SBP. The observed-to-expected ratio
between the highest quartiles of ARV,,, and ARV,4 of SBP was 0.89 (95% CIl: 0.41-1.69). The correlations for s.d.,,, and
s.d.qn, and ARV,,, and ARV,4 of DBP were minimal. These data suggest VVV and 24-h variability are weakly correlated and

not interchangeable.
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Ambulatory blood pressure monitoring (ABPM) is considered to
provide a more accurate estimate of a patient’s mean systolic and
diastolic blood pressure (SBP and DBP) compared with clinic
measurements.? Also, mean blood pressure (BP) from ABPM is a
stronger risk factor for cardiovascular disease (CVD) compared with
mean clinic BP.>~ The value of ABPM for the measurement of BP is
highlighted in the 2011 NICE guidelines, which recommend using it
to confirm the diagnosis of hypertension for patients with an SBP or
DBP > 140 or 90 mm Hg, respectively.®’

Several recent studies have reported strong associations between
visit-to-visit variability (VVV) of clinic SBP and the occurrence of
stroke, coronary heart disease and all-cause mortality.>° This has
created substantial interest in BP variability as a novel risk factor and
as a possible target for interventions to reduce CVD risk.!®!!
However, calculating the VVV of BP requires multiple visits, and
therefore is not currently done in clinical practice. Substituting BP
variability from ABPM for VVV of BP may be a practical alternative.
However, a meta-analysis of 8938 individuals demonstrated weak or
no associations between measures of BP variability from ABPM
(for example, day—night s.d., s.d.qp, and average real variability over

24h, ARV,,), CVD incidence and all-cause mortality.'> Although
these data suggest that the VVV of BP and ABPM measures of BP
variability represent different underlying constructs, few data are
available on the relationship of BP variability derived from ABPM to
that derived across multiple clinic visits.

The goal of the current study was to assess the association between
VVV and ABPM measures of BP variability. Additionally, we
determined correlates of VVV and ABPM variability of BP.
To accomplish these goals, we analyzed data on SBP and DBP from
a substudy of the Masked Hypertension Study.

METHODS

The Masked Hypertension Study, an ongoing study of the prevalence,
predictors and prognosis of masked hypertension, is comprised of employees
recruited from Stony Brook University, Stony Brook University Hospital,
Columbia University Medical Center and a private hedge fund management
organization in New York. The study was restricted to individuals > 18 years of
age who were not taking antihypertensive or other medications that are known
to affect blood pressure. Additionally, participants were deemed ineligible if
they had a history of CVD or major arrhythmias, evidence of secondary
hypertension other than a history of pregnancy-induced hypertension, a serum

IDepartment of Epidemology, University of Alabama at Birmingham, Birmingham, AL, USA; 2Department of Medicine, Columbia University, New York, NY, USA and 3Department
of Psychiatry and Behavioral Sciences, Stony Brook University, Stony Brook, NY, USA

Correspondence: Dr P Muntner, Department of Epidemiology, University of Alabama at Birmingham, 1665 University Boulevard, Suite 230J, Birmingham, AL 35294, USA.
E-mail: pmuntner@uab.edu

Received 21 November 2012; revised 30 January 2013; accepted 28 March 2013; published online 20 June 2013


http://dx.doi.org/10.1038/hr.2013.58
mailto:pmuntner@uab.edu
http://www.nature.com/hr

creatinine > 1.6 mg dl 1, liver disease, adrenal disease or thyroid disease. Based
on the average of their second and third BP measurements during an initial
screening visit prior to enrollment, participants were required to have a clinic
SBP <160 mmHg and DBP <105 mm Hg.

Of relevance to the current analysis, eligible participants attended five visits
over a 4-week period. During each of the first three visits (visit 1-3), which
were scheduled to occur over a 3-week period, clinic BP was measured. At the
conclusion of visit 3, the participant was fitted with an ABPM device for BP
monitoring over the subsequent 24h. At visit 4, the next day, participants
returned the ABPM device, and were given a plastic container and instructions
for the collection of an overnight urine sample. At visit 5, CVD risk factor
measures including anthropometrics were obtained. As part of a validation
substudy, a randomly selected subset of ~20% of Masked Hypertension Study
participants recruited at Stony Brook University or Stony Brook University
Hospital completed a second set of four visits (visits 6-9) an average of 7
months (median of 6 months) after their visit 5. For these participants, during
visits 6-8, which again were scheduled to occur over a 3-week period, clinic BP
was once again measured. The median duration between visits with clinic BP
measurements was 7, 11, 165, 7 and 9 days for visits 1 to 2,2 to 3,3 t0 6,6 to 7
and 7 to 8, respectively. Overall, the median duration between visits 1 and 8
was 216 days.

Opverall, 886 participants were enrolled between February 2005 and August
2011. For the current analysis, we included 174 (19.6%) participants who
completed the validation substudy visits, and thus could have six clinic visits
with BP measurements. Of these participants, 16 did not have BP measure-
ments at all six study visits, 10 were missing nighttime s.d. from ABPM, and
2 participants had <80% valid ABPM measurements and were excluded from
all analyses. After excluding these participants, there were 146 participants
available for the current analysis. The Masked Hypertension Study and
validation substudy were approved by the Institutional Review Boards at
the participating institutions, and all participants provided written informed
consent.

Of relevance to the current study, information on demographics (age,
race, ethnicity and gender) was collected by standardized questionnaire. At
visit 5, waist circumference was measured mid-way between the lowest rib
and the iliac crest, with the participant standing. Also at visit 5, fasting
blood samples were drawn from participants, and glycosylated hemoglobin
(HbAlc) was measured using high-pressure liquid chromatography. Dia-
betes was defined as a fasting HbAlc >6.5%, current use of insulin or oral
hypoglycemics, or a patient-reported diagnosis of diabetes by a physician.'?
Among participants not using insulin or oral hypoglycemics and without a
history of diabetes, impaired fasting glucose was defined as an HbAlc of
5.7-6.4%, and normal glucose was defined as an HbAlc <5.7%. High-
sensitivity C-reactive protein (hsCRP) was measured by nephelometry, and
levels>3 mgl~! were defined as elevated.'> Using the urine collected the
night before visit 5, urinary albumin and urinary creatinine were measured
by nephelometry, and albuminuria was calculated as the albumin-to-
creatinine ratio (ACR).

Blood pressure measurements

During visits 1-3 and visits 6-8, clinic BP was measured in a standardized
manner consistent with published recommendations.'* Prior to clinic BP
measurements being obtained, participants were asked to sit at rest for 5min
or longer. The arm circumference was measured, and appropriate-sized cuffs
were utilized for BP assessment. A trained research nurse/technician obtained
three sitting clinic BP readings, at 1-2min intervals, using a Baum mercury
sphygmomanometer (W.A. Baum, Copiague, NY, USA) and stethoscope. For
each visit, the three measurements were averaged, and the six visit averages
were used for all subsequent calculations and analyses.

At the conclusion of visit 3, participants were fit with an appropriate-sized
arm cuff for the Spacelabs ABPM (Model 90207; Spacelabs, Redmond, WA,
USA). ABP readings were taken at 28-min intervals throughout the following
24 h. Recordings were analyzed to obtain average awake, and sleep SBP and
DBP levels, based on times defined by data obtained from an actigraphy
monitor worn on the wrist (ActiWatch; Phillips Respironics, Murrayville, PA,
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USA), and supplemented by diary reports of the times participants woke up
and went to sleep.

Derivation of BP variability measures

Two measures of VVV and ABPM variability were calculated for the current
study. For VVV, we calculated the intra-individual s.d. and the ARV across the
six visits. ARV takes into account the order in which the BP measurements
were obtained, and is a measure of differences between adjacent visits.!> For
ABPM, we calculated the s.d.q,, and ARV,,. The s.d. for daytime measurements
and separately for nighttime measurements were calculated based on when
participants were awake and sleeping, and the s.d.g, was calculated as the
weighted mean of these 5.d’s.!® Weights were calculated as the duration of time
that the participants were awake and sleeping. This approach is considered
advantageous compared with calculating a single s.d. over 24 h, as it eliminates
the influence of the day—night change in BP. ARV, was calculated as the
average absolute difference between consecutive readings.!” The ARV,
accounts for the order of BP measurements over the ABP monitoring
period. Day—night changes in SBP and DBP (that is, dipping) were calculated
as the ratio of mean sleep-to-awake SBP and DBP, respectively.

Statistical methods

Participant characteristics were calculated as mean (95% confidence interval)
or percentage as appropriate. Given its non-Gaussian distribution, albuminuria
is presented as geometric mean (95% confidence interval). Paired t-tests were
used to compare the mean levels of clinic and ambulatory measures of mean
BP and BP variability. Below we describe the analyses conducted for s.d.,y and
s.d.qn of SBP. Identical analyses were conducted for s.d.,y and s.d.4, of DBP,
and for ARV, and ARV, of SBP and DBP. Scatterplots between s.d..y, and
s.d.gn of SBP were created, and Spearman’s correlation coefficients were
calculated. s.d.,vy and s.d.q, of SBP were divided into quartiles based on the
distribution in the study sample. Weighted kappa statistics were used to
calculate the agreement between quartiles.'® Among individuals in the highest
quartile of s.d.g,, we calculated the observed and expected number of
participants in the highest quartile of s.d.,,. Next, using linear regression we
identified factors associated with s.d.., and, separately, s.d.g,. Factors
investigated included age, gender, race, ethnicity, diabetes status, abdominal
obesity, elevated hsCRP, albuminuria and mean SBP across study visits for
s.d.yyy and over 24 h for s.d.4,. Two sensitivity analyses were conducted. First,
the correlation between daytime s.d. (s.d.q4ay) With s.d..,, of SBP and DBP was
assessed. Additionally, the agreement between s.d.q,p and s.d..y, of SBP and
DBP was calculated. Second, the correlation between sleep-to-awake ratio of
SBP and DBP with s.d.,y, was determined. Additionally, the mean s.d.,,, was
calculated for extreme dippers, dippers and non-dippers (sleep-to-awake ratio
of SBP and DBP < 0.8, 0.8 to <0.9 and > 0.9, respectively).!® P-values <0.05
were considered statistically significant. Analyses were conducted using SAS 9.2
(SAS Institute, Cary, NC, USA).

RESULTS

The mean age of the 146 study participants included in the current
analyses was 47.9 years, 35.6% were men, 6.2% were black and 6.2%
were hispanic (Table 1). The mean SBP from clinic and 24-h ABPM
measurements was 115.2 (s.d.=10.9) and 117.6 mm Hg (s.d.=9.5),
respectively (P<0.001). The mean DBP was 74.7 mmHg (s.d. =7.3)
for clinic measurements and 72.3mmHg (s.d.=7.0) for the 24-h
ABPM measurements, respectively (P<0.001).

visit-to-visit and day—night standard deviation of blood pressure

For both SBP and DBP, the s.d.,,, was lower than the s.d.q, (s.d.yyy
and s.d.gy SBP: 6.3 and 8.8 mm Hg, respectively, and s.d.,y and s.d.q,
DBP: 4.6 and 7.4 mmHg, respectively; each P<0.001). The Spear-
man’s correlation of s.d.,yy and s.d.q, was 0.25 for SBP, and 0.02 for
DBP (Figure 1). The weighted kappa for the concordance of quartiles
of s.d.,yy and s.d.g, of SBP was 0.17 (Table 2, top panel). The
analogous weighted kappa statistic for DBP was 0.01 (Table 2, bottom
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panel). Participants in the highest quartile of s.d.4,, of SBP were more
likely to be in the highest quartile of s.d.,,, of SBP (observed-to-
expected ratio = 1.66, 95% CI: 0.93-2.75). For DBP, the observed-to-
expected ratio for being in the highest quartile of s.d.4, and s.d.,y was
1.11 (95% CI: 0.56-1.98).

After multivariable adjustment for age, gender, race, ethnicity and
mean clinic SBP, higher levels of albuminuria were associated with a

Table 1 Characteristics of participants in the Masked Hypertension
Study

Characteristics Mean (s.d.) or percentage® (n= 146)
Age, years 47.9 (9.2)
Men 35.6%
Black 6.2%
Hispanic 6.2%
Diabetes status
Normal fasting glucose 58.6%
Impaired fasting glucose 36.6%
Diabetes 4.8%
Abdominal obesity 32.9%
Elevated C-reactive protein 19.2%
Albumin-to-creatinine ratio, mgg—! 4.4 (2.3-8.5)
Clinic SBP, mm Hg
Mean 115.2 (10.9)
Standard deviation (s.d.,y) 6.3 (2.5)
Average real variability (ARVy) 7.2 (3.2)
Clinic DBP, mm Hg
Mean 74.7 (7.3)
Standard deviation (s.d.,) 4.6 (1.7)
Average real variability (ARV,y) 5.2 (2.3)
Ambulatory SBP, mm Hg
Mean—24-h 117.6 (9.5)
Mean—awake 122.5 (9.8)
Mean—sleep 105.0 (10.3)
Standard deviation (s.d.qn) 8.8 (1.8)
Average real variability (ARVo4) 8.4 (2.1)
Ambulatory DBF, mm Hg
Mean—24-hour 72.3 (7.0)
Mean—awake 76.7 (7.5)
Mean—sleep 61.0 (7.6)
Standard deviation (s.d.gp) 7.4 (1.5)
Average real variability (ARVo4) 7.1 (1.5)

Abbreviations: DBP, diastolic blood pressure; s.d., standard deviation; SBP, systolic blood
pressure.

Impaired fasting glucose defined as hemoglobin Alc of 5.7% to <6.5%; diabetes was defined
as >6.5% or anti-diabetes medication use; abdominal obesity is defined as a waist
circumference > 35 inches in women or>40 inches in men; elevated C-reactive protein defined
as levels >3mgl~.

2Except albuminuria, which is geometric mean (95% confidence interval).
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higher s.d.,yy of SBP (Table 3). Although not statistically significant
after further adjustment for diabetes status, abdominal obesity
and elevated CRP, each doubling of albuminuria was associated
with a value of 0.43mm Hg (standard error =0.22, P=0.06) higher
s.d.yyy of SBP. Mean clinic SBP was associated with a higher
s.d.yyy after multivariable adjustment. After multivariable adjustment,
older age, being male, and higher mean 24-h SBP were each
independently associated with higher s.d.q,, of SBP. Only higher mean
clinic DBP was associated with a higher s.d.,,, of DBP. After
adjustment for age, race, ethnicity, sex and mean 24-h DBP from
ABPM, abdominal obesity was associated with a higher s.d.4, of DBP.
After multivariable adjustment, older age was associated with a higher
s.d.q, of DBP.

Average real variability

The ARV, was lower than the ARV,, for SBP (7.2 and 8.4 mm Hg,
respectively; P<0.001) and DBP (5.2 and 7.1 mm Hg, respectively;
P<0.001). The Spearman’s correlation between ARV, and ARV,
was 0.17 for SBP and —0.13 for DBP (Supplementary Figure 1). The
weighted Kappa statistics for quartiles of ARV, and ARV,, were 0.08
for SBP and —0.13 for DBP (Supplementary Table 1). For SBP, there
was no association between being in the highest quartile of ARV,
conditional on being in the highest quartile of ARV, (observed-
to-expected ratio = 0.89, 95% CI: 0.41-1.69). For DBP, individuals in the
highest quartile of ARV, were less likely to be in the highest quartile of
ARV, (0.44, 95% CI: 0.14-1.07). Hispanics had higher ARV,,, of SBP
than whites, and elevated CRP was associated with higher ARV, of SBP
(Table 4). Mean clinic SBP was associated with higher ARV, and mean
24-h SBP was associated with higher ARV, None of the factors
investigated were associated with ARV, or ARV, of DBP.

visit-to-visit and day-time standard deviation of blood pressure
The Spearman’s correlation of s.d.,,y and s.d.q,, was 0.21 for SBP and
0.06 for DBP. The weighted Kappa statistic between s.d.,yy and s.d.qqy
was 0.05 for SBP, and between s.d..y, and s.d.g,, was 0.08 for DBP.
The multivariable adjusted association of awake mean SBP with s.d.g,
of SBP was similar to that observed for mean 24-h SBP described
above (data not shown). After age, gender, race, ethnicity and full
multivariable adjustment, awake mean DBP from ABPM was not
associated with s.d.g4, of DBP (data not shown).
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Figure 1 Scatterplot of the visit-to-visit standard deviation (s.d.,,) vs. day—night standard deviation (s.d.q,) from ambulatory blood pressure monitoring for

systolic blood pressure (left panel) and diastolic blood pressure (right panel).
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Table 2 Cross tabulation of quartiles of visit-to-visit standard deviation (s.d.,,,) and day-night standard deviation (s.d.q,) of systolic blood

pressure (top panel) and diastolic blood pressure (bottom panel)

Quartile of day-night standard deviation of SBP from ambulatory monitoring (range in mm Hg)

1(<7.45) 2 (7.45-8.49) 3 (8.50-9.93) 4 (>9.94)
Quartile of VWV standard deviation of SBP (range in mm Hg) (range in mm Hg)
1 (<4.41) 12 11 9
2 (4.41-5.95) 10 10 10 7
3(5.96-7.99) 10 7 10 10
4 (=8.00) 4 9 8 15
Quartile of day-night standard deviation of DBP from ambulatory monitoring (range in mm Hg)

1(<6.36) 2 (6.36-7.10) 3(7.11-8.39) 4 (= 8.40)
Quartile of VWV standard deviation of DBP (range in mm Hg) (range in mm Hg)
1 (<3.40) 9 7 12 8
2 (3.40-4.36) 8 12 6 11
3 (4.37-5.62) 11 8 11 7
4 (>5.63) 8 10 8 10

Numbers in table represent number of study participants.
Weighted Kappa statistics are 0.17 and 0.01 for SBP and DBP, respectively.

Observed-to-expected ratios for highest quartile are 1.66 (95% Cl: 0.93-2.75) and 1.11 (95% Cl: 0.56-1.98) for SBP and DBP, respectively.

Calculated via: http://www.sph.emory.edu/ ~ cdckms/exact-midP-SMR.html.
VVWW—uvisit-to-visit variability.

visit-to-visit standard deviation and day—night change in blood
pressure

The Spearman’s correlation of s.d.,,y and sleep-to-awake ratio in SBP
and DBP was 0.07 and 0.05, respectively. There were 19 (13%), 98
(67%) and 29 (20%) participants with a sleep-to-awake ratio in SBP
<0.8 (extreme dippers), 0.8 to <0.9 (dippers) and >0.9 (non-
dippers), respectively. The average s.d.,y, of SBP was 6.3 (s.d. 2.2), 6.3
(s.d. 2.6) and 6.4mmHg (s.d. 2.5) for participants with a sleep-to-
awake SBP ratio<0.8, 0.8 t0<0.9, and>0.9, respectively (P-
trend =0.91). For DBP, 78 (53%), 54 (37%) and 14 (10%) of
participants had a sleep-to-awake ratio<0.8, 0.8 t0<0.9 and >0.9,
respectively. The average s.d.,yy, of DBP was 4.5 (s.d. 1.5), 4.9 (s.d. 2.1)
and 4.1 mm Hg (SD 1.4) for participants with a sleep-to-awake DBP
ratio<0.8, 0.8 t0<<0.9 and > 0.9, respectively (P-trend =0.77). After
multivariable adjustment, no association was present between s.d.yyy
and sleep-to-awake ratio for SBP or DBP (data not shown).

DISCUSSION
In this study of people not taking antihypertensive medication, VVV
of clinic BP and 24-h variability of BP on ABPM were only weakly
correlated. The lack of a strong association between these two
measures of BP variability was consistent for SBP and DBP, using
s.d. and ARV as measures of variability. Furthermore, when VVV of
BP and 24-h variability were grouped into quartiles, the degree of
agreement between the levels of these markers was not significantly
better than chance.'® Similarly, low correlations were present between
visit-to-visit variability and awake BP variability and also day—night
changes in BP. These data suggest that BP variability over 24 h from a
single ABPM 1is not a proxy marker for VVV of BP obtained across
multiple clinic visits, and that the mechanisms responsible for these
indices of variability differ.

Studies have reported a strong association between VVV of SBP and
stroke events.® For example, comparing the highest to lowest deciles
of the standard deviation (s.d) of SBP over seven visits in the UK-TIA

trial, the hazard ratio for stroke was 6.22 (95% CI: 4.16-9.29) after
multivariable adjustment including mean SBP. The associations of
VVV of SBP with both coronary heart disease (CHD) and all-cause
mortality are also well established.»>?*2! Among 956 normotensive
US adults with BP measured three times over 2 months in NHANES
III, the multivariable adjusted hazard ratios for all-cause mortality
associated with a s.d. of SBP of either 4.80-8.34mmHg or
>8.35mmHg, vs. <4.80mm Hg, were 1.57 (95% CI: 1.07-2.18)
and 1.50 (95% CI: 1.03-2.18), respec'[ively.9 In contrast, using data
pooled from eleven studies on 8938 adults, Hansen et al.'? found a
weak association (hazard ratios<1.2) between BP variability (for
example, s.d.q, and ARV,,) from ABPM and CVD outcomes. The
discrepancy between VVV of BP, which maintains a strong association
with outcomes, and shorter-term BP variability from ABPM is
consistent with the findings of our study, which suggests that these
two phenotypes may have a different underlying pathophysiology.
At least three recent studies have reported the correlation between
VVV of BP and 24-h BP variability.>?>?3 In the BP lowering arm of
the Anglo-Scandinavian Cardiac Outcomes Trial, the correlation
between s.d. of daytime BP on ABPM and s.d.., for SBP was
0.26.8 The authors of this study also reported that the coefficient of
variation of daytime SBP was not correlated with s.d.,,. In the
European Lacidipine Study on Atherosclerosis, Pearson’s correlation
coefficients between s.d.y, of BP from >seven visits and ABPM s.d.
of BP were 0.20 and 0.15 for SBP and DBP, respectively.?? A similar
correlation was reported between VVV of SBP, and sleep and awake
ABP variability (r=0.19 and 0.20, respectively) in a study by Eguchi
and colleagues.>® These modest correlations between VVV and 24-h
variability are consistent with the current study. In contrast to prior
studies, for the current study we conducted a more in-depth study of
the relationship between VVV and 24-h variability. The association
was weak between being in the highest quartiles of s.d.q, and s.d.\v,,
as well as for the highest quartiles of ARV,y, and ARV,,. These data
suggest that BP variability on ABPM does not discriminate VVV of
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Table 3 Adjusted differences in visit-to-visit and day-night standard deviation of systolic blood pressure (top panel) and diastolic blood

pressure (bottom panel) associated with participant characteristics

Age, gender, race, ethnicity and mean SBP adjusted

Fully adjusted

Visit-to-visit s.d. § (s.e.)

Day-night s.d. f (se.)

Visit-to-visit s.d. f (s.e.) Day-night s.d.  (s.e.)

Systolic blood pressure

Age, per 10 years 0.28 (0.23)
Men —0.45 (0.46)
Black —0.62 (0.83)
Hispanic 1.44 (0.83)
Diabetes status

Normal fasting glucose 0 (ref)

Impaired fasting glucose 0.37 (0.44)

Diabetes 0.99 (0.93)
Abdominal obesity 0.07 (0.46)
Elevated c-reactive protein —0.12 (0.52)
Albuminuria, per doubling of level 0.47 (0.21)*

Mean clinic SBP, per 10 mm Hg 0.85 (0.22)***

Mean 24-hour SBP, per 10 mm Hg

0.59 (0.15)*** 0.23 (0.24) 0.50 (0.16)**
0.64 (0.30)* —0.31 (0.51) 0.70 (0.32)*
—0.69 (0.57) —0.62 (0.89) —0.45 (0.60)
—0.59 (0.56) 1.63 (0.84) —0.53 (0.58)
0 (ref) 0 (ref) 0 (ref)
0.45 (0.30) 0.27 (0.45) 0.36 (0.30)
0.23 (0.63) 0.86 (0.96) 0.15 (0.65)
0.39 (0.30) —0.01 (0.52) 0.44 (0.34)
—0.09 (0.35) —0.32 (0.59) —0.36 (0.40)
0.22 (0.15) 0.43 (0.22) 0.17 (0.15)

0.84 (0.24)***

0.48 (0.16)** 0.43 (0.17)**

Diastolic blood pressure

Age, per 10 years —0.16 (0.15)
Men —0.09 (0.31)
Black 0.66 (0.58)
Hispanic 0.24 (0.59)
Diabetes status

Normal fasting glucose 0O (ref)

Impaired fasting glucose —0.07 (0.31)

Diabetes 0.66 (0.67)
Abdominal obesity 0.10 (0.33)
Elevated c-reactive protein —0.14 (0.37)
Albuminuria, per twofold higher level —0.17 (0.15)

Mean clinic DBP, per 10 mm Hg 0.66 (0.21)**

Mean 24-hour DBP, per 10 mm Hg

0.35 (0.13)** —0.16 (0.16) 0.29 (0.14)*
0.22 (0.27) —0.11 (0.34) 0.36 (0.28)
0.22 (0.51) 0.64 (0.63) 0.12 (0.54)
0.19 (0.51) 0.13 (0.60) 0.17 (0.52)
0 (ref) 0 (ref) 0 (ref)
0.25 (0.27) —0.02 (0.32) 0.14 (0.28)
0.89 (0.58) 0.83 (0.69) 0.68 (0.59)
0.67 (0.26)* 0.24 (0.37) 0.58 (0.30)
0.46 (0.31) —0.30 (0.42) 0.04 (0.36)
0.15(0.13) —0.20 (0.16) 0.07 (0.14)
0.63 (0.23)**
0.12 (0.18) 0.10 (0.18)

Abbreviations: DBP, diastolic blood pressure; s.d., standard deviation; SBP, systolic blood pressure.

B (s.e.) is the difference in the standard deviation (standard error) from linear regression models.
*P<0.05, **P<0.01, ***P<0.001.
Fully adjusted includes all variables listed.

BP. The current study extends the prior studies of VVV and variability
on ABPM to a multi-ethnic cohort of individuals without
hypertension, and the consistency of the findings is noteworthy.

The low correlation between VVV of BP and 24-h BP variability is
not entirely surprising given the hypothesized differences in their
underlying mechanisms.?>** There is a substantial amount of data
showing physical and emotional stimulation result in BP variability
over the course of a day.24 In contrast, it is recommended that clinic
BP be measured in a controlled setting limiting the influence of
external stimuli.'* At each of the six clinic visits used in the current
study, BP was measured following the same study protocol, and
quality control was monitored. There have been additional biologic
underpinnings (for example, impaired sympathetic function, arterial
stiffness and inflammation) hypothesized to affect both VVV of BP
and 24-h BP variability.!%2>26 However, there is a paucity of data on
these mechanisms, and on whether they have a similar effect on VVV
of BP and 24-h BP variability.

Whereas mean SBP was associated with both s.d.,yy and s.d.q,, @
few factors were not associated with both outcomes. The higher
24-h BP variability, but not VVV of BP, among older participants
and men may be an indication that these participants experience
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greater variability in, or a heightened response to, physical activity,
mental stress, or physical, behavioral or emotional factors over the
ambulatory monitoring period. Although the differential effects of
C-reactive protein and albuminuria on VVV of BP and 24-h BP
variability are interesting, we urge caution in making definitive
conclusions given the modest sample size of the current study.
Future studies are needed to evaluate the different mechanisms
that may underlie higher levels of VVV of BP and 24-h BP
variability.

The results from the current study should be interpreted in the
context of known and potential limitations. Although 886 partici-
pants completed the Masked Hypertension Study, only 20% of
participants were invited to complete the validation substudy. The
duration of time between visits with BP measurements varied
substantially, ranging from a median of 7 days between visits 1 and
2 to 165 days between visits 3 and 6. Although a longer duration of
time between visits 3 and 6 was planned, this may have affected the
correlation between VVV of BP and 24-h variability of BP. Despite
these limitations, the current study has several strengths. These
include high quality control for the measurement of BP; the
availability of three BP measurements per clinic visit; and the
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Table 4 Adjusted differences in visit-to-visit and 24-h average real variability of systolic blood pressure (top panel) and diastolic blood

pressure (bottom panel) associated with participant characteristics

Age, gender, race, ethnicity and mean SBP adjusted

Fully adjusted

ARVynB (s.e.) ARVoy B (s.e.) ARVyyy B (s.e.) ARVoy B (s.e.)
Systolic blood pressure
Age, per 10 years 0.34 (0.29) 0.22 (0.19) 0.30 (0.31) 0.19 (0.20)
Men —0.58 (0.59) 0.46 (0.37) —0.57 (0.65) 0.59 (0.40)
Black —0.74 (1.08) —-0.74 (0.71) —1.02 (1.15) —0.46 (0.74)
Hispanic 2.32 (1.07)* 0.27 (0.70) 2.40 (1.09)* 0.21 (0.71)
Diabetes status
Normal fasting glucose 0O (ref) 0O (ref) 0O (ref) 0O (ref)
Impaired fasting glucose 0.40 (0.56) 0.53 (0.37) 0.38 (0.58) 0.39 (0.37)
Diabetes 1.47 (1.20) 0.35 (0.79) 1.38 (1.24) —0.13 (0.81)
Abdominal obesity —0.36 (0.60) 0.30 (0.38) —0.64 (0.68) —0.16 (0.42)
Elevated c-reactive protein 0.03 (0.66) 0.89 (0.43)* 0.04 (0.76) 0.98 (0.49)*
Albuminuria, per two fold higher level 0.42 (0.28) 0.31 (0.18) 0.38 (0.29) 0.29 (0.19)
Mean clinic SBP, per 10 mm Hg 0.96 (0.28)*** 1.04 (0.30)***
Mean 24-hour SBP, per 10 mm Hg 0.55 (0.20)** 0.49 (0.21)*
Diastolic blood pressure
Age, per 10 years -0.22 (0.21) 0.09 (0.14) -0.23 (0.22) 0.09 (0.15)
Men 0.22 (0.43) —0.05 (0.29) 0.25 (0.47) 0.11 (0.30)
Black 0.86 (0.80) 0.08 (0.54) 0.84 (0.86) 0.09 (0.58)
Hispanic 0.30 (0.80) 0.31 (0.54) 0.29 (0.83) 0.32 (0.56)
Diabetes status
Normal fasting glucose 0O (ref) 0O (ref) 0O (ref) 0O (ref)
Impaired fasting glucose —0.04 (0.43) 0.05 (0.29) —0.02 (0.44) —0.06 (0.30)
Diabetes 0.98 (0.91) 0.66 (0.62) 1.16 (0.94) 0.35 (0.63)
Abdominal obesity 0.09 (0.45) 0.40 (0.28) 0.29 (0.51) 0.19 (0.32)
Elevated c-reactive protein —0.35 (0.50) 0.58 (0.33) —0.62 (0.58) 0.44 (0.39)
Albuminuria, per two fold higher level 0.0 (0.21) 0.19 (0.14) —0.03 (0.22) 0.16 (0.15)
Mean clinic DBP, per 10 mm Hg 0.38 (0.29) 0.35(0.31)
Mean 24-h DBP, per 10 mm Hg —0.11 (0.19) —0.14 (0.20)
Abbreviations: DBP, diastolic blood pressure; s.d., standard deviation; SBP, systolic blood pressure.
B (s.e.) is the difference in the standard deviation (standard error) from linear regression models.
*P<0.05, **P<0.01, ***P<0.001.
Fully adjusted includes all variables listed.
collection of a broad array of potential correlates of high BP  DISCLAIMER

variability.

The correlation between VVV of BP and 24-h BP variability from
ABPM was low in the current study. As VVV of BP requires multiple
visits and may not be practical, or in some cases feasible, data from
the current study suggest that using BP variability from ABPM will
not provide similar information. Future studies are needed to evaluate
practical approaches for measuring VVV of BP across multiple clinic
visits.
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