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Few randomized trials have compared visit-to-visit variability
(VVV) of systolic blood pressure (SBP) across drug classes.
The authors compared VVV of SBP among 24,004 partic-
ipants randomized to chlorthalidone, amlodipine, or lisinopril
in the Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT). VVV of SBP was
calculated across 5 to 7 visits occurring 6 to 28 months
following randomization. The standard deviation (SD) of SBP
was 10.6 (SD=5.0), 10.5 (SD=4.9), and 12.2 (SD=5.8) for
participants randomized to chlorthalidone, amlodipine, and

lisinopril, respectively. After multivariable adjustment includ-
ing mean SBP across visits and compared with participants
randomized to chlorthalidone, participants randomized to
amlodipine had a 0.36 (standard error [SE]: 0.07) lower SD of
SBP and participants randomized to lisinopril had a 0.77
(SE=0.08) higher SD of SBP. Results were consistent using
other VVV of SBP metrics. These data suggest chlorthali-
done and amlodipine are associated with lower VVV of SBP
than lisinopril. J Clin Hypertens (Greenwich). 2014;16:323–
330. ª2014 Wiley Periodicals, Inc.

Visit-to-visit variability (VVV) of systolic blood pressure
(SBP) has been associated with an increased risk for
stroke, coronary heart disease (CHD), and mortality in
several studies.1–3 Based on these data, approaches to
lower VVV of SBP have become an area of interest for
research studies. Calcium channel blockers (CCBs),
angiotensin-converting enzyme (ACE) inhibitors, and
diuretics are commonly used agents among patients
initiating antihypertensive therapy.4,5 However, few
data are available directly comparing the effects of
these drug classes on VVV of SBP. Webb and col-
leagues6 conducted a meta-analysis of randomized
controlled trials of antihypertensive therapy using
interindividual variance of SBP as a surrogate for VVV
of SBP. They determined that CCBs and non-loop
diuretics lowered blood pressure (BP) variability while
ACE inhibitors resulted in higher BP variability com-
pared with all other antihypertensive classes. When
compared head-to-head, CCBs were associated with
lower interindividual BP variability than diuretics.
However, this study did not have data on patient-level
(intraindividual) VVV of SBP and the validity of
interindividual variability as a proxy for VVV of SBP
is unclear.

The 2013 European Society of Hypertension guide-
lines mentioned the need for analyses of large-scale
trials to determine whether a “drug class” effect on

VVV of SBP should be used in guiding treatment.7 The
goal of the current analysis was to compare the effects
of chlorthalidone, amlodipine, and lisinopril on VVV of
SBP. To address this goal, we conducted a secondary
data analysis that included a post-hoc comparison of
VVV of SBP among participants randomized to these
drugs in the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT).
Also, we compared the effects of these antihypertensive
medications on VVV of diastolic BP (DBP).

METHODS
ALLHAT was a multicenter randomized controlled trial
sponsored by the National Heart, Lung, and Blood
Institute of the US National Institutes of Health.8 It was
designed to determine whether the occurrence of fatal
CHD or nonfatal myocardial infarction is lower for
high-risk hypertensive individuals treated with amlod-
ipine, lisinopril, or doxazosin, each compared with
those treated with chlorthalidone. The randomization in
ALLHAT was performed in a ratio of 1.7:1:1 for
chlorthalidone, amlodipine, and lisinopril. These ratios
were chosen in accordance with Dunnett’s procedure for
comparing 3 treatment groups to a single control
group.9 A total of 42,418 study participants were
recruited at 623 clinical sites across the United States,
Canada, Puerto Rico, and the US Virgin Islands between
February 1994 and January 1998. Because the doxaz-
osin treatment arm was stopped early due to an excess
of cardiovascular disease (CVD) events along with little
chance of finding a CHD benefit compared with the
chlorthalidone arm, it was not investigated in the
current study.10 Main results for the comparison of
participants randomized to chlorthalidone, amlodipine,
and lisinopril were published in December 2002.11
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Study Visits, BP Measurements, and Calculation of
VVV of BP
To calculate VVV of BP, we used data from the 7 follow-
up visits that occurred 6, 9, 12, 16, 20, 24, and 28 months
following randomization. In ALLHAT, a substantial
reduction in mean BP occurred between randomization
and the 6-month follow-up visit (6–10 mm Hg for SBP
and ~5 mm Hg for DBP), likely reflecting the effect of
adding new medications and increasing medication
doses.11 The reduction in mean BP was much less during
the subsequent follow-up period. Therefore, we chose to
begin the VVV of BP assessment period at the 6-month
follow-up visit. Since the precision of VVV of BP
estimates increases with a larger number of visits, we
restricted our primary analysis to participants with 5, 6,
or 7 visitswith BPmeasurements betweenmonth 6 and28
of follow-up.12As previously described, BPwasmeasured
two times by trained observers following standardized
techniques at each follow-up visit. For the current
analysis, BPmeasurements were calculated as the average
of two readings at each visit.

Four VVV of BP metrics were calculated: standard
deviation (SD), average real variability (ARV), peak
value, and standard deviation independent of the mean
(SDIM). Descriptions of how these metrics are calcu-
lated are provided in Figure S1.13 While we considered
additional VVV of BP metrics, prior research has
demonstrated that other metrics contain nearly identical
information to the 4 metrics analyzed.12

Covariate Information
Covariates were selected a priori based on their
potential role as confounders. Data from the baseline
(pre-randomization) ALLHAT study visit included age,
sex, race, ethnicity, use of antihypertensive medication,
history of myocardial infarction or stroke, height and
weight, left ventricular hypertrophy by electrocardiog-
raphy or echocardiography, history of type 2 diabetes,
current cigarette smoking, high-density lipoprotein
cholesterol <35 mg/dL, documentation of other athero-
sclerotic CVD, and the presence of ST depression and
T-wave inversion. Total cholesterol and serum creati-
nine were measured at the ALLHAT study laboratory.
Estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease Epidemiology
Study (CKD-EPI) equation.14 Data collected at visits
conducted 6 to 28 months following randomization
were used to calculate the following covariates: mean
SBP and DBP across the visits, the use of antihyperten-
sive medications beyond the randomization drug,
changes in antihypertensive medication regimen, use of
statins, and low adherence to antihypertensive medica-
tions. Changes in antihypertensive medication regimen
included adding, stopping, or changing the dose of ≥1
antihypertensive medication.

Statistical Analysis
The 33,357 participants randomized to chlorthalidone,
amlodipine, or lisinopril form the base population for

the current analyses. After excluding 9353 participants
who had BP data from <5 follow-up visits between
months 6 and 28 of follow-up, 24,004 participants were
available for our primary analyses.

Characteristics of participants included and excluded
from the current analyses were calculated stratified by
randomization assignment. Mean values for the 4 VVV
of BP metrics were calculated by randomization assign-
ment with the difference in values determined after
multivariable adjustment. Four nested models were
constructed. The first model included adjustment for
age, race/ethnicity, and sex. The second model included
additional adjustment for baseline BMI, eGFR, diabetes,
total cholesterol, history of MI or stroke, history of
coronary revascularization, history of other atheroscle-
rotic cardiovascular disease, major ST depression or
T-wave inversion, left ventricular hypertrophy by elec-
trocardiogram, low HDL cholesterol, and use of anti-
hypertensive medications prior to study randomization.
The third model additionally included medication
adherence, use of antihypertensive medications beyond
the randomized drug, changes in antihypertensive med-
ication regimen, statin use at any of the visits used to
calculate VVV of SBP and number of visits used to
calculate VVV of SBP. A final model also included mean
SBP across the visits used to calculate VVV of SBP. We
repeated the above analyses using multiple imputation
to fill in missing BP data from the month 6 to 28 study
visits and then recalculated VVV of SBP. Multiple
imputation was performed using chained equations and
10 data sets.15,16 In sensitivity analyses, we calculated
differences for each VVV of SBP metric across random-
ization groups after excluding individuals (1) with CHD
or stroke events prior to the 28-month visit, (2) with low
adherence to their antihypertensive medication, (3)
taking antihypertensive drugs other than the one to
which they were randomized, and (4) not taking the
drug to which they were randomized.

To investigate the long-term effect of drug classes on
VVV of BP, we restricted our analyses to 15,035
participants who had BP data from ≥5 of the 7 follow-
up visits between months 6 and 28 following random-
ization and ≥5 of the 7 follow-up visits between months
32 and 56 of follow-up. We calculated the intraclass
correlation coefficient to assess the intraindividual
reproducibility of SD of SBP from month 6 to 28 of
follow-up (early follow-up) through months 32 to 56 of
follow-up (late follow-up). Also, we calculated SD of
SBP during the early and late follow-up periods by
randomization assignment with differences determined
after the 4 levels of adjustment described above. All
analyses were conducted in Stata 12.0 (Stata Corpora-
tion, College Station, TX).

RESULTS
Characteristics of participants included and excluded
from the current analyses are provided by randomiza-
tion assignment in Table S1. Differences in baseline
characteristics of participants included in the current
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analysis across randomization assignment were small
and not statistically significant (Table I). The mean
SBP during follow-up was lowest among participants
randomized to chlorthalidone. On average, partici-
pants randomized to chlorthalidone and amlodipine
were less likely to change antihypertensive medication
regimen compared with participants randomized to
lisinopril. Among participants randomized to chlor-
thalidone, amlodipine, and lisinopril, 76%, 77%, and
68%, respectively, were taking their randomization
drug at every visit between months 6 and 28 of
follow-up and 57%, 59%, and 65%, respectively,
were taking other antihypertensive medications in
addition to their randomization drug (Table S2).
Other antihypertensive drug classes being taken by
participants between months 6 and 28 of follow-up
are presented in Table S2.

Randomization Assignment and VVV of SBP
Each measure of VVV of SBP was lower among
participants randomized to chlorthalidone and amlod-
ipine compared with those randomized to lisinopril
(Figure 1 and Table S3). SDIM, but not SD, ARV, or
peak value, was statistically significantly lower among
participants randomized to amlodipine compared with
chlorthalidone. All 4 VVV of SBP metrics were lower
among participants randomized to amlodipine vs chlor-
thalidone after full multivariable adjustment (Figure 2
and Table S3, Model 4). Results were similar after
excluding participants who had a CHD or stroke event
before month 28 of follow-up, participants with low
adherence to their antihypertensive medication, and
participants not taking the drug to which they were
randomized at every visit from month 6 to 28 (Table II).
The difference between participants randomized to

TABLE I. Characteristics of ALLHAT Participants With Blood Pressure Measurement Data Available From 5, 6, or 7
Visits Between 6 and 28 Months of Follow-up by Randomization Assignment (n=24,004)

Chlorthalidone

(n=11,115)

Amlodipine

(n=6554)

Lisinopril

(n=6335)

C vs A

P Valuea
C vs L

P Valuea
A vs L

P Valuea

Age, mean (SD), y 66.8 (7.5) 66.8 (7.5) 66.7 (7.5) .97 .69 .75

Men, No. (%) 6063 (54.6) 3557 (54.3) 3550 (56.0) .72 .057 .044

Non-hispanic white, No. (%) 5767 (51.9) 3423 (52.2) 3314 (52.3) .66 .59 .92

Non-hispanic black, n (%) 3403 (30.6) 2043 (31.2) 1939 (30.6) .44 .99 .49

Hispanic white, No. (%) 1128 (10.2) 640 (9.8) 635 (10.0) .41 .79 .62

Hispanic black, No. (%) 229 (2.1) 142 (2.2) 124 (2.0) .63 .64 .40

BMI, mean (SD), kg/m2 29.8 (6.1) 29.8 (6.1) 29.8 (6.1) .69 .89 .63

Diabetes, No. (%) 3930 (35.4) 2340 (35.7) 2200 (34.7) .64 .40 .25

Total cholesterol, mean (SD), mg/dL 215.6 (43.0) 216.2 (43.4) 215.4 (41.5) .42 .74 .31

Low HDL cholesterol (<35 mg/dL), No. (%) 1418 (12.8) 801 (12.2) 811 (12.8) .30 .93 .32

History of MI or stroke, No. (%) 2587 (23.3) 1469 (22.4) 1423 (22.5) .19 .22 .95

History of revascularization, No. (%) 1516 (13.6) 847 (12.9) 886 (14.0) .18 .52 .077

History of other ASCVD, No. (%) 2675 (24.1) 1622 (24.8) 1516 (23.9) .31 .84 .28

Major ST depression or T-wave

inversion, No. (%)

1128 (10.3) 671 (10.4) 654 (10.4) .85 .71 .87

LVH, No. (%) 1751 (15.8) 1125 (17.2) 1044 (16.5) .014 .21 .30

Use of antihypertensive medication

prior to baseline, No. (%)

10136 (91.2) 5967 (91.0) 5740 (90.6) .74 .20 .39

eGFR, mean (SD), mL/min/1.73 m2 74.2 (17.6) 74.8 (17.6) 74.4 (17.6) .037 .44 .25

Baseline SBP, mean (SD), mm Hg 145.7 (15.6) 145.9 (15.7) 145.9 (15.5) .43 .39 .95

Baseline DBP, mean (SD), mm Hg, 83.7 (10.0) 83.7 (10.1) 83.8 (10.0) .89 .70 .64

Follow-up SBP, mean (SD), mm Hg, 136.4 (11.2) 137.8 (10.2) 139.1 (13.0) <.001 <.001 <.001

Follow-up DBP, mean (SD), mm Hg, 78.8 (6.9) 78.2 (7.0) 79.1 (7.6) <.001 .002 <.001

Low adherence at any visit,b No. (%) 1573 (14.2) 980 (15.0) 971 (15.3) .14 .034 .55

Changes in medication regimen,b No. (%) 5076 (45.7) 3147 (48.0) 3511 (55.4) .003 <.001 <.001

Taking statin,b No. (%) 3933 (35.4) 2316 (35.3) 2257 (35.6) .95 .75 .73

BP measurements, No.

5 1293 (11.6) 769 (11.7) 852 (13.5) .84 <.001 .003

6 2655 (23.9) 1564 (23.9) 1543 (24.4) .97 .49 .51

7 7167 (64.5) 4221 (64.4) 3940 (62.2) .92 .003 .009

Abbreviations: A, amlodipine; ASCVD, atherosclerotic vascular disease; BMI, body mass index; C, chlorthalidone; DBP, diastolic blood pressure; eGFR,

estimated glomerular filtration rate; L, lisinopril; LVH, left ventricular hypertrophy; SBP, systolic blood pressure; SD, standard deviation. Baseline blood

pressure is based on the average of two measurements taken at prerandomization visit. Follow-up mean blood pressure is based on the average across

the 7 visits occurring between 6 and 28 months following baseline. aTest of differences between treatment groups. bAt any visit from month 6 to 28 of

follow-up.
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amlodipine and chlorthalidone was not statistically
significant after excluding participants taking antihy-
pertensive medications other than their randomization
drug. After imputing missing BP values, participants
randomized to amlodipine and chlorthalidone had
lower VVV of SBP compared with participants ran-
domized to lisinopril and, after multivariable adjust-
ment, the differences between participants randomized
to chlorthalidone and amlodipine were only statistically
significant for peak value (Table S4).

Short- vs Long-Term Effects of Randomization
The intraclass correlation coefficient for SD of SBP using
visits conducted 6 to 28 months following randomiza-
tion and 32 to 56 months following randomization was
0.29 (95% confidence interval [CI], 0.28–0.31). Among
the 15,035 participants with BP measurements at ≥5
visits between months 6 through 28 and months 32
through 56 of follow-up, the mean SD of SBP was
similar for those randomized to chlorthalidone and

amlodipine and higher for those randomized to lisinop-
ril (Table S5).

VVV of DBP
The SD of DBP was 6.4 mm Hg (SD=2.7), 6.2 mm Hg
(SD=2.6), and 6.9 mm Hg (SD=2.9) among participants
randomized to chlorthalidone, amlodipine, and lisinop-
ril, respectively (Table S6). In a full multivariable
adjusted model and compared with participants
randomized to chlorthalidone, participants randomized
to amlodipine had a lower SD of DBP and those
randomized to lisinopril had a higher SD of DBP (each
P<.001). This pattern was also present when using
ARV, peak value, and SDIM as measures of VVV of
DBP.

DISCUSSION
Randomization to chlorthalidone or amlodipine was
associated with lower VVV of BP when compared with
randomization to lisinopril in this secondary analysis of
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FIGURE 1. Visit-to-visit variability of systolic blood pressure across the 6- to 28-month follow-up visits by randomization assignment.
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ALLHAT data. These associations were consistent when
we used SD, ARV, peak value, or SDIM to define VVV
of SBP and in a number of sensitivity analyses. After
multivariable adjustment and compared with partici-
pants randomized to chlorthalidone, those randomized
to amlodipine had lower VVV of SBP. However, this
difference was relatively small and after excluding
individuals taking antihypertensive medications other
than the drug to which they were randomized, the
difference in VVV of SBP between those randomized to
chlorthalidone and amlodipine was no longer statisti-
cally significant. Although randomization to amlodipine
was associated with lower VVV of DBP and lisinopril
was associated with higher VVV of DBP, each compared
with randomization to chlorthalidone, the differences in
VVV of DBP across randomization arms were small.

In past secondary analyses of randomized controlled
trials, CCBs have been associated with lower VVV of BP
compared with b-blockers.17,18 However, these studies
did not have data to make head-to-head comparisons of
diuretics, CCBs, and ACE inhibitors on VVV of BP.

Webb and colleagues conducted a meta-analysis
evaluating antihypertensive medication classes on
interindividual BP variability. Interindividual variability
measured by the variance ratio has been reported to
capture about 50% of intraindividual BP variability.1 In
the meta-analysis, the variance ratio was calculated as
the between-individual variance after 1 year of treat-
ment divided by the between-individual variance at
baseline. A variance ratio <1 indicates lower BP vari-
ability. The variance ratios were 0.81 (95% CI, 0.76–
0.86) and 0.87 (95% CI, 0.79–0.96) for CCBs and
diuretics vs all other drug classes, respectively. In a head-
to-head comparison, CCBs were associated with lower
interindividual variance than diuretics (variance ratio,
0.89; 95% CI, 0.86–0.92). In contrast to ALLHAT, this
meta-analysis did not have individual level data and
VVV of BP was not directly calculated. The current study
extends the results from this meta-analysis to individual
level data, which allowed us to investigate the effect of
different antihypertensive medication classes on VVV of
BP after excluding individuals taking other antihyper-
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FIGURE 2. Adjusted difference in visit-to-visit variability of systolic blood pressure across the 6- to 28-month follow-up visits by randomization
assignment.
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TABLE II. Differences in Visit-to-Visit Variability of Systolic Blood Pressure Across the 6- to 28-Month Follow-up
Visits by Randomization Assignment After Excluding Select Populations

Chlorthalidone Amlodipine Lisinopril

C vs A

P Value

C vs L

P Value

A vs L

P Value

A. After excluding individuals

with CHD or stroke events prior

to the 28-month visit

N=10,624 N=6269 N=6043

SD, mean (SD) 10.5 (5.0) 10.4 (4.8) 12.1 (5.8) .11 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.37 (0.08) 0.78 (0.08) <.001 <.001 <.001

Average real variability, mean (SD) 11.5 (6.0) 11.4 (5.8) 13.2 (7.1) .089 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.45 (0.09) 0.91 (0.10) <.001 <.001 <.001

Peak value, mean (SD) 15.1 (8.6) 14.9 (8.2) 17.1 (9.7) .16 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.57 (0.13) 0.90 (0.13) <.001 <.001 <.001

SDIM, mean (SD) 10.7 (4.7) 10.4 (4.4) 11.8 (5.1) <.001 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.33 (0.07) 0.76 (0.08) <.001 <.001 <.001

B. After excluding individuals with

low adherence at any visit

N=9542 N=5574 N=5364

SD, mean (SD) 10.4 (4.9) 10.3 (4.8) 11.9 (5.8) .24 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.34 (0.08) 0.77 (0.08) <.001 <.001 <.001

Average real variability, mean (SD) 11.4 (6.0) 11.3 (5.7) 13.0 (7.0) .18 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.41 (0.10) 0.88 (0.10) <.001 <.001 <.001

Peak value, mean (SD) 14.9 (8.4) 14.8 (8.2) 16.9 (9.7) .53 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.47 (0.14) 0.93 (0.14) .001 <.001 <.001

SDIM, mean (SD) 10.7 (4.7) 10.4 (4.5) 11.7 (5.1) <.001 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.30 (0.08) 0.76 (0.08) <.001 <.001 <.001

C. After excluding individuals not

taking randomized drug at any

visit from 6 to 28 months

N=9010 N=5351 N=4632

SD, mean (SD) 10.2 (4.7) 10.1 (4.5) 11.7 (5.6) .33 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.34 (0.08) 0.84 (0.08) <.001 <.001 <.001

Average real variability, mean (SD) 11.1 (5.8) 11.0 (5.4) 12.8 (6.8) .098 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.44 (0.10) 0.97 (0.10) <.001 <.001 <.001

Peak value, mean (SD) 14.7 (8.3) 14.6 (8.0) 16.7 (9.6) .52 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.51 (0.14) 1.03 (0.15) <.001 <.001 <.001

SDIM, mean (SD) 10.5 (4.5) 10.2 (4.3) 11.5 (5.0) <.001 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.29 (0.08) 0.82 (0.08) <.001 <.001 <.001

D. After excluding individuals

taking antihypertensive medications

other than randomized drug

N=4819 N=2667 N=2232

SD, mean (SD) 9.1 (4.1) 9.2 (4.0) 9.8 (4.5) .29 <.001 .001

Adjusted difference (SE) 0 (ref) �0.16 (0.10) 0.70 (0.11) .14 <.001 <.001

Average real variability, mean (SD) 10.0 (5.2) 10.1 (4.9) 10.7 (5.5) .73 <.001 .001

Adjusted difference (SE) 0 (ref) �0.25 (0.12) 0.68 (0.13) .063 <.001 <.001

Peak value, mean (SD) 13.0 (7.4) 13.1 (7.2) 13.8 (8.1) .54 .001 .002

Adjusted difference (SE) 0 (ref) �0.39 (0.18) 0.86 (0.19) .040 <.001 <.001

SDIM, mean (SD) 9.9 (4.3) 9.6 (4.1) 10.6 (4.7) .030 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.12 (0.11) 0.75 (0.11) .29 <.001 <.001

E. After excluding individuals with

CHD or stroke events prior to the

28-month visit, low adherence,

or taking antihypertensive

medications other than

randomized drug

N=4033 N=2186 N=1876

SD, mean (SD) 8.9 (4.0) 9.0 (3.9) 9.6 (4.5) .59 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.17 (0.11) 0.70 (0.11) .13 <.001 <.001

Average real variability, mean (SD) 9.8 (5.0) 9.8 (4.7) 10.5 (5.5) .98 <.001 .001

Adjusted difference (SE) 0 (ref) �0.26 (0.13) 0.70 (0.14) .074 <.001 <.001

Peak value, mean (SD) 12.7 (7.1) 12.8 (7.0) 13.5 (7.9) .75 <.001 .001

Adjusted difference (SE) 0 (ref) �0.38 (0.19) 0.89 (0.20) .056 <.001 <.001
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tensive medications, accounting for low adherence, and
controlling for several potential confounders.

While we observed statistically significant differences
in VVV of SBP across randomization arms in the current
analysis, the differences between chlorthalidone and
amlodipine vs lisinopril were <2 mm Hg and between
chlorthalidone and amlodipine were <0.5 mm Hg.
These differences may equate to a relatively small
difference in CVD risk. For example, using data from
the Anglo-Scandinavian Cardiac Outcomes Trial Blood
Pressure–Lowering Arm, each standard deviation (~5–
6 mm Hg) higher SD of SBP was associated with a
hazard ratio for stroke or coronary events of 1.50 (95%
CI, 1.31–1.72) or <1.10 per 1 mm Hg higher VVV of
SBP. The small magnitude of differences in VVV of SBP
across drug classes observed in the current analysis does
not mean that it is not an important risk factor for CVD
outcomes. However, changing between a diuretic, CCB,
or ACE inhibitor to lower VVV of SBP may have only a
small impact on CVD outcomes.

Reasons for amlodipine or chlorthalidone to be
associated with lower VVV of BP or alternatively
lisinopril to be associated with higher VVV of BP are
not entirely known.19,20 Impaired endothelial function,
inflammation, increased wall stress, baroreceptor dys-
function, and increased sympathetic nervous system
activity have each been proposed as possible mecha-
nisms underlying high levels of VVV of SBP.21–23 Prior
studies have shown that thiazide-type diuretics and
CCBs increase arterial compliance through vasodila-
tion.24,25 In addition, the longer half-lives of amlodipine
and chlorthalidone may explain the lower VVV of BP
associated with their use. Investigations of the mecha-
nisms by which amlodipine, chlorthalidone, and lisin-
opril affect VVV of BP are warranted but are beyond the
scope of the current study.

STUDY STRENGTHS AND LIMITATIONS
There are many strengths associated with using ALL-
HAT data to study the association between antihyper-
tensive medication classes and VVV of BP. Most notable
is the randomization of participants to 3 commonly
used classes of antihypertensive medication. Additional

strengths of ALLHAT include its large sample size, the
enrollment of a large number of black and Hispanic
patients, the measurement of BP following a standard-
ized protocol at set time points, and collection of a large
number of potential confounders. However, there are
also limitations associated with the current analysis.
This was a post-hoc secondary analysis of ALLHAT,
and the hypotheses being tested were not specified prior
to the trial. Only two visits were conducted prior to
randomization, precluding the assessment of changes in
VVV of BP from before to after the initiation of different
antihypertensive medication classes. Approximately
30% of ALLHAT participants were excluded because
they did not have ≥5 BP measurements during the VVV
of BP assessment period. There is a circadian rhythm in
BP with a surge in the 2 hours following waking up,
substantial variability throughout the day, and dipping
at night.26 The time of day participants took their
medication and when BP measurements were performed
during follow-up visits may have contributed to VVV of
BP. Although participants were advised to take their
antihypertensive medication in the morning, being a
large simple trial, ALLHAT did not record data on the
time of day medication was taken or when BP mea-
surements were performed during follow-up visits.
However, previous studies have found that the correla-
tion between 24-hour BP variability and VVV of BP is
small (r<0.3).27 Finally, the majority of participants
were taking antihypertensive medication classes in
addition to their randomization drug. However, results
were similar when we limited the analysis to partici-
pants who were not taking antihypertensive medications
other than the one they were randomized to take.

CONCLUSIONS
Chlorthalidone and amlodipine were associated with
lower VVV of SBP when compared with lisinopril in the
current study. Compared with participants randomized
to chlorthalidone, those randomized to amlodipine had
a modestly lower VVV of BP. The effect of lower VVV of
BP associated with use of chlorthalidone and amlodipine
on CVD incidence remains to be studied. In the interim,
the small differences between randomization to

TABLE II. Differences in Visit-to-Visit Variability of Systolic Blood Pressure Across the 6- to 28-Month Follow-up
Visits by Randomization Assignment After Excluding Select Populations (Continued)

Chlorthalidone Amlodipine Lisinopril

C vs A

P Value

C vs L

P Value

A vs L

P Value

SDIM, mean (SD) 9.7 (4.2) 9.5 (4.1) 10.5 (4.6) .019 <.001 <.001

Adjusted difference (SE) 0 (ref) �0.13 (0.11) 0.76 (0.12) .31 <.001 <.001

Abbreviations: CHD, coronary heart disease; SD, standard deviation; SE, standard error; SDIM, standard deviation independent of the mean. Adjustment

is similar to Model 4 in Table II and includes adjustment for age, race/ethnicity, sex, body mass index, estimated glomerular filtration rate, diabetes, total

cholesterol, history of myocardial infarction or stroke, history of coronary revascularization, history of other atherosclerotic cardiovascular disease,

major ST depression or T-wave inversion, left ventricular hypertrophy, low high-density lipoprotein cholesterol, use of blood pressure medications prior

to study randomization, statin use at any visit, low medication adherence (panels A, C, and D only), use of antihypertensive medications other than the

randomized drug during follow-up (panels A, B, and C only), changes in antihypertensive medication regimen during follow-up (panels A, B, and C only),

number of visits with blood pressure measurements used to calculate the visit-to-visit variability metrics (5, 6, or 7), and mean SBP during follow-up.
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chlorthalidone, amlodipine, and lisinopril in ALLHAT
suggest that changing antihypertensive medication clas-
ses to lower VVV of BP may have little impact on CVD
risk.
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