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BACKGROUND

Night blood pressure (BP) predicts patient outcomes. Variables associ-
ated with night BP response to antihypertensive agents have not been
fully evaluated in essential hypertension.

METHODS

We sought to measure night BP responses to hydrochlorothiazide
(HCTZ), atenolol (ATEN), and combined therapy using ambulatory
blood pressure (ABP) monitoring in 204 black and 281 white essential
hypertensive patients. Initial therapy was randomized; HCTZ and ATEN
once daily doses were doubled after 3 weeks and continued for 6 more
weeks with the alternate medication added for combined therapy
arms. ABP was measured at baseline and after completion of each drug.
Night, day, and night/day BP ratio responses (treatment — baseline)
were compared in race/sex subgroups.

RESULTS

Baseline night systolic BP and diastolic BP, and night/day ratios
were greater in blacks than whites (P < 0.01, all comparisons). Night
BP responses to ATEN were absent and night/day ratios increased

Twenty-four hour ambulatory blood pressure (ABP) associ-
ates with cardiovascular and patient outcomes! and improves
prediction of patient mortality and cardiovascular events as
compared with office blood pressure (BP).2* Specifically,
night BP and nocturnal decline in BP provide greater prog-
nostic information than day BP in population-based sur-
veys in treated and untreated hypertensive patients.>® An
increased night/day BP ratio, a reduced nocturnal decline in
BP, or the absence of a nocturnal BP dip associate with poor

significantly in blacks (P < 0.05). At the end of combined therapy,
women, blacks, and those starting with HCTZ as opposed to ATEN
had significantly greater night BP responses (P < 0.01). Variables that
significantly associated with ATEN response differed from those that
associated with HCTZ response and those that associated with night
BP response differed from those that associated with day BP response.

CONCLUSIONS

In summary, after completion of HCTZ and ATEN therapy, women, blacks,
and those who started with HCTZ had greater night BP responses. Reduced
night BP response and increased night/day BP ratios occured with ATEN in
blacks. Given the prognostic significance of night BP, strategies for opti-
mizing night BP antihypertensive therapy should be considered.
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cardiovascular outcomes and increased patient mortality,
even after adjusting for 24-hour BP levels.” The importance
of night BP with regard to patient outcomes has spurred
interest in chronotherapy with late-day BP medication
administration.'

Increased night/day BP ratios and nondipping occur in a
variety of clinical settings. Night-shift workers demonstrate
abnormal circadian BP and heart rate patterns,'! and individ-
uals with underlying renal disease demonstrate greater night/
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Night Blood Pressure Responses to HCTZ and Atenolol

day BP ratios and reduced dipping frequency.'*!* Individuals
with primary hyperaldosteronism, salt sensitivity, increased
sympathetic activity, and increased sodium intake demon-
strate a blunted night BP decline.!"*"'” Hypertensive blacks
demonstrate increased night BP levels, which may account, in
part, for the higher incidence of stroke, congestive heart fail-
ure, and renal disease seen in this population.!®-2*> Whether
sex influences night BP response to therapy is unclear; how-
ever, women demonstrate greater differences between office
and ABP than men,? and black women have a blunted night
BP decline, similar to black men.?*-2

Night BP response to antihypertensive agents has not
been fully evaluated in hypertensive patients. A small group
of nondipping essential hypertensive patients who received
short-term (4 week) treatment with hydrochlorothiazide
(HCTZ) demonstrated a return to a dipping pattern.?
Similar reversals occur shortly after successful kidney trans-
plantation.® In addition, once daily nighttime ingestion of
angiotensin receptor blockers and angiotensin-converting
enzyme inhibitors result in greater reduction in night BP
and an increased frequency of dipping.!® Importantly, the
reproducibility of dipping status is poor in healthy, hyper-
tensive, and renal disease patients, suggesting that night/
day BP ratios may be more informative about the benefits of
night BP response to antihypertensive agents.’!

Initial analyses of our Pharmacogenomic Evaluation of
Antihypertensive Responses (PEAR) population indicated
that after 9 weeks of atenolol (ATEN) or HCTZ therapy,
24-hour ABP responses were similar to office and home BP
responses.*> However, night and night/day BP ratio responses
have not yet been evaluated. We hypothesize that night and
night/day BP ratio responses to HCTZ and ATEN are sex and
race specific and differ from day BP responses with regard to
the magnitude of the variability accounted for and the vari-
ables associated with the drug response. Therefore, we sought
to determine the night and night/day BP ratio responses to
the most commonly prescribed antihypertensive agents,
HCTZ and ATEN, in both mono- and combination therapy
in black and white hypertensive men and women and deter-
mined the variables contributing to the BP responses found.

METHODS
Study design

The PEAR study (ClinicalTrials.gov NCT00246519,
http://clinicaltrials.gov/ct2/show/NCT00246519) includes
subjects aged 17-65 years with mild to moderate essential
hypertension.>* BP inclusion was determined using home
BP and office BP after washout from all antihypertensive
medications (mean = 29+16 days).>* Race was defined
based on self-identification of investigator-specified options.
Exclusion criteria included use of 23 antihypertensive drugs;
systolic BP (SBP) > 170 mm Hg on active treatment; other
diseases or conditions requiring treatment with antihyper-
tensive drugs, such as known cardiovascular disease, dia-
betes, renal insufficiency, pregnancy or lactation, Raynaud’s
syndrome, and liver dysfunction; or chronic treatment with
medications known to increase BP, such as nonsteroidal
anti-inflammatory agents or oral contraceptives. Target BP

for this short term study was <120/70 mm Hg. This target
was chosen to assure the highest likelihood of using the same
(maximum) dose of either ATEN or HCTZ.

Eligible participants had ABP monitors (Spacelabs model
90207; Spacelabs, Redmond, WA) placed at their baseline
visit as well at the end of each treatment period, and ABP and
heart rate were recorded. Before the recording period, coor-
dinators took 2 sphygmomanometer measurements follow-
ing a standardized protocol. An appropriately sized cuff was
placed on the participant’s nondominant arm, and 2 read-
ings were manually initiated. Readings were repeated if SBP,
diastolic BP (DBP), or heart rate fell outside the predefined
acceptable ranges (SBP = 70-240 mm Hg; DBP = 30-150 mm
Hg; heart rate = 20-150 bpm). After the initial 2 BP read-
ings, duplicate readings were performed in the supine, sit-
ting, and standing position. If SBP or mean arterial pressure
(MAP) deviated by >8 mm Hg, BP readings were repeated,
and if discrepancies remained, the 24-hour ABP monitoring
was not conducted. Once the subject was cleared to com-
plete the ABP monitoring, they were instructed to keep their
arms still and in an extended position during BP record-
ings. The ABP monitors were programmed to record BP
and heart rate every 15 minutes from 6:00 aM to 10:00 Pm
(daytime) and every 30 minutes from 10:00 pm until 6:00 AM
(nighttime). Subjects were instructed to conduct their usual
daily activities during monitoring. Subjects were then ran-
domized to receive either HCTZ 12.5mg daily or ATEN
50 mg daily. Subjects were instructed by the coordinators at
each study visit to take their medications upon rising before
beginning their activities. After 3 weeks, the initial dose was
doubled in all individuals with an average home or office BP
>120/70mm Hg. They were maintained on this dose for a
minimum of 6 additional weeks, after which ABP, home BP,
and office BP response assessments were performed. Those
with BP <120/70 mm Hg at the end of 3 weeks of therapy
completed these measurements at a minimum of 6 weeks on
the initial dose of antihypertensive therapy. During the sec-
ond phase of the study, which involved the addition of the
alternative drug, subjects continued through the protocol
in identical fashion to the first phase, after which response
assessment studies were repeated in identical fashion.

Data analysis

After the 24-hour recording period, each monitor was
downloaded to a computer (Spacelabs 90121, version 1.1;
Spacelabs). Only ABP data that contained 70% acceptable
readings were used for analysis, and no more than 24
hours of readings were included. Hourly BP averages were
calculated from the readings taken within each hour. Although
participants with abnormal self-reported sleep cycles (night-
shift workers) were eligible to participate fully in PEAR, they
were excluded from this analysis. Daytime and nighttime SBP
and DBP were calculated as the mean of the hourly SBP and
DBP values between 6:00 aM and 10:00 pm and 10:00 pm and
6:00 AM, respectively. Mean + SE of hourly SBP and DBP for the
24-hour, the day, and the night period were determined at each
study visit, and the change in SBP and DBP from baseline and
from the previous visit within each treatment was analyzed.
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Baseline characteristics are presented as the mean + SE and
were compared between race, sex, and initial drug therapy
groups using ¢ tests or X tests. Significant P values are provided
and presented to no lower than P < 0.01. P values <0.10 and
>0.05 are also provided. Race and sex differences for each hour
were tested using mixed-model repeated measures analysis of
variance (ANOVA). At each time point, whites and blacks were
compared. Bonferroni adjustments were made to take into
account the 24 comparisons that were done. One-way ANOVA
was used to determine race and sex differences in the SBP and
DBP response from baseline in each treatment and for each
time period. Bonferroni post hoc methods were used to test
whether there was a change from previous treatment period
that contributed to the subsequent BP response within each
sex and race group.** Change in SBP and DBP from the previ-
ous treatment period was compared between men and women
within race and between blacks and whites within sex using
similar Bonferroni methods. The potential effect of order of
drug treatment and the interaction between gender and sex and
order of treatment were investigated using a 2-way ANOVA.

Night/day BP ratio means + SEs were evaluated at each
treatment period and stratified by drug treatment and race.
A mixed-model repeated measures ANOVA was used to
compare the means between study visits within treatment and
race. Tukey’s post hoc procedures were used when indicated.>*
SAS version 9.2 (Cary, NC) was used for all statistical analyses.

Pearson correlations were used to investigate the asso-
ciations between the change in SBP and DBP from baseline
and from the previous visit within each treatment vs. demo-
graphic, body size, environmental exposures, biochemical,
hematological, and hormonal variables obtained during
PEAR visits. Variables with P values <0.10 were then entered
into stepwise linear regression models. Given the known
different impact of sex and race on BP response to the 2
classes of antihypertensive agents studied, these covariables
were included in all models. Other potential variables for
change from baseline were the corresponding baseline SBP
or DBP values for change from baseline or monotherapy to
combination therapy. Individual variables were entered into
the final model if their P values were <0.05, and variables
were removed if their P values were >0.05. R? values and the
magnitude of contribution of each variable were included
in each model. Total R* values for both day and night SBP,
DBP, and night/day ratio responses were compared between
groups starting therapy with HCTZ vs. ATEN. The differ-
ences in the R? and the SE of the differences were calculated.
The ratio of the difference/SE was estimated, and a P value
was calculated.®

RESULTS
Baseline assessment

Four hundred eighty-five of 810 PEAR participants (69%)
successfully completed all ABP measures. Of these, 41 were
shift workers, and 21 reported ethnicity as not white or
black, leaving 485 (60%) participants available for this analy-
sis. Two hundred four (42%) were black (148 (73%) women;
56 (27%) men), and 281 (58%) were white (125 (44%)
women; 156 (56%) men). Of the participants, 92.6% received
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maximum doses of the first drug (HCTZ or ATEN), and
76.2% reached maximum dose of the second, add-on drug.

Baseline 24-hour, day, and night BPs were similar between
groups randomized to initially receive HCTZ vs. ATEN
(Table 1). Weight, waist circumference, and waist/hip ratios
were significantly different in men vs. women (Table 1).
Night and night/day SBP and DBP ratios were significantly
greater in blacks vs. whites, and dipping status was less fre-
quent in blacks. Mean hourly night and day SBP and DBP dif-
fered significantly in blacks vs. whites. Blacks demonstrated
greater night SBP and DBP vs. whites (Figure 1), accounting
for the differences in night/day BP ratios seen between races.
White and black women demonstrated significantly lower
night SBP and DBP vs. men (data not shown).

At baseline, men and whites demonstrated a significantly
greater frequency of alcohol exposure, had greater serum
potassium, magnesium, and triglyceride concentrations,
and had greater plasma renin activity than women and
blacks. They also demonstrated significantly lower platelet
counts and lower high-density lipoprotein levels (P < 0.01)
(Table 2).

BP responses to ATEN and HCTZ monotherapy

There was no significant night SBP (P = 0.18) or DBP
(P =0.16) response to ATEN monotherapy in black women
(Figure 2a); however, a significant day SBP and DBP response
to ATEN was seen in all race and sex subgroups (Figure 2b).
A significant increase in night/day SBP and DBP ratio
after ATEN therapy was seen in blacks (SBP = 0.95+0.01
vs. 0.92+0.01; DBP = 0.89+0.01 vs. 0.87+0.01; P < 0.05)
(Figure 3). Whites demonstrated significant night and day
SBP and DBP responses to ATEN (Figure 2a,b), with no
change in night/day BP ratios (Figure 3). Black men dem-
onstrated signficantly lower night SBP and DBP response to
ATEN than white men (Figure 2a), and overall blacks dem-
onstrated significantly less night BP response to ATEN than
whites (P < 0.01). Dipping status was unchanged with ATEN
monotherapy in all race and sex subgroups (data not shown).

Variability (R*) of night BP and night/day ratio BP
responses to ATEN (R*> = 0.21 -0.36) accounted for
significantly less than for HCTZ (R* = 0.45-0.53; P < 0.05)
(Supplementary Table S3a). White women demonstrated
the greatest and black women the least night SBP and DBP
response to ATEN. Increased baseline plasma renin activity
was associated with a greater night SBP and DBP response to
ATEN. Variables that were associated with day BP response
to ATEN did not differ from those associated with night BP
response (Supplementary Table 3b).

There was a significantly greater night SBP and DBP
response to HCTZ in black men than in white men (P < 0.05)
(Figure 2a), but men of both races had similar day SBP and
DBP responses. White men failed to demonstrate a signifi-
cant night DBP response to HCTZ (P = 0.06). Black and white
women demonstrated similar night BP response to HCTZ;
however, SBP and DBP responses during the day were greater
in black women than in white women (P < 0.05) (Figure 2b).
SBP and DBP night/day ratio responses and dipping status
did not change with HCTZ therapy. Variables associating with
night BP response to HCTZ differed from those associating
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Table 1. Baseline characteristics of male and female and white and black Pharmacogenomic Evaluation of Antihypertensive Responses
study participants randomized to initial treatment with atenolol or hydrochlorothiazide

Male Female P value male vs. White Black P value white vs.
Characteristic (n=212) (n=273) female (n =281) (n =204) black
Age, y 49.7+0.6 49.4+0.5 0.71 50.5+0.6 48.2+0.6 <0.01
Duration hypertension, y 6.5+0.5 7.0+0.4 0.47 6.8+£0.4 6.7+0.5 0.84
SBP 24h, mm Hg 138+0.7 139+0.7 0.42 139+0.6 139+0.8 0.96
DBP 24h, mm Hg 88+0.6 87+0.5 0.55 87+0.5 88+0.5 0.45
SBP day, mm Hg 141+£0.8 142+0.7 0.33 142+0.6 141+0.8 0.31
DBP day, mm Hg 90+0.6 90+0.5 0.80 90+0.5 90+0.5 0.88
SBP night, mm Hg 127+0.9 127+0.8 0.73 125+0.7 130+£1.0 <0.01
DBP night, mm Hg 78+0.7 77+0.6 0.25 75+0.5 79+0.7 <0.01
Dipper, No. (%) 102 (50.5) 143 (52.4) 0.68 171 (62.6) 74 (36.6) <0.01
SBP ratio 0.90£0.01 0.90+0.00 0.83 0.88+0.00 0.92+0.00 <0.01
DBP ratio 0.86+0.01 0.86+0.01 0.42 0.84+0.01 0.88+0.01 <0.01
Weight, kg 96.3+1.0 83.5+1.1 <0.01 88.9+1.0 89.1£1.3 0.91
BMI, m? 30.8+£0.3 31.1+£0.4 0.54 30.4+0.3 31.7+0.4 0.02
Waist circumference, cm 102.7+0.8 94.9+0.8 <0.01 98.7+0.8 97.6+0.9 0.39
Hip circumference, cm 109.4+0.6 112.4+0.8 <0.01 109.2+0.6 113.8+0.9 <0.01
Waist/hip ratio 0.94+0.00 0.85+0.00 <0.01 0.90+£0.00 0.86+0.01 <0.01
Reached menopause, No. (%) NA 156 (56.7) NA 71 (55.0) 85(58.2) 0.60

Data are mean +/- SE unless otherwise noted. Bolded values indicate P values <0.05.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; NA, not applicable; SBP, systolic blood pressure.
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Figure 1. Hourly mean systolic and diastolic baseline blood pressures in 281 white and 204 black Pharmacogenomic Evaluation of Antihypertensive
Responses study participants. Hourly mean values that are significantly different across race are shown with an asterisk (P < 0.05).

with day BP response. (Supplementary Table 3a,b). The over- BP responses to ATEN and HCTZ add-on therapy

all R? (0.53) accounted for in night BP responses was signifi-

cantly greater than accounted for in day BP responses(R’= Serum magnesium concentration, race, estimated glo-
0.38-0.41; P < 0.05) (Supplementary Table 3a,b). merular filtration rate, cigarette exposure, and platelet count
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Table 2. Baseline clinical variables tested as potential covariables with regard to nighttime systolic and diastolic blood pressure response
to atenolol and hydrochlorothiazide in white and black Pharmacogenomic Evaluation of Antihypertensive Responses study participants

randomized to initial treatment with atenolol or hydrochlorothiazide

Male Female P value male vs. White Black P value white vs.
Characteristic (n=212) (n=273) female (n=281) (n=204) black
Any exercise, no. (%) 134 (64.4) 186 (67.1) 0.53 182 (64.8) 138 (67.6) 0.51
Any drink, no. (%) 156 (75.0) 182 (65.7) 0.03 224 (79.7) 114 (55.9) <0.01
Any cigarettes, no. (%) 93 (44.9) 86 (31.2) <0.01 113 (40.5) 66 (32.4) 0.07
Serum creatinine, mg/d| 1.01+£0.01 0.82+0.01 <0.01 0.91+0.01 0.88+0.01 0.10
eGFR, ml/min 92.2+1.6 91.5+1.3 0.74 85.9+1.2 100.1+£1.6 <0.01
Sodium, mEqg/L 139.8+£0.2 140.1£0.1 0.19 140.3+0.1 139.5+0.2 <0.01
Potassium, mEq/L 4.32+0.03 4.11£0.03 <0.01 4.30+0.02 4.07+0.03 <0.01
Magnesium, mg/d| 2.12+0.02 2.00+0.02 <0.01 2.19+0.01 1.86+0.02 <0.01
Serum uric acid, mg/dl 6.32+0.09 4.91+£0.07 <0.01 5.57+0.08 5.43+0.10 0.28
Hemoglobin, g/L 15.1+0.1 13.2+0.1 <0.01 14.6+0.1 13.3+0.1 <0.01
WBC, 1,000/cc?® 5.8+3.1 5.8+ .38 0.87 6.6 £ .34 4.7 + 47 <0.01
Platelets, 1,000/cc® 254+41 289+4.1 <0.01 264+3.7 288+4.9 <0.01
Serum Glucose, mg/dl 94.3+0.8 89.6+0.7 <0.01 92.3+0.7 90.8+0.9 0.19
Insulin, IU 9.56+0.63 8.86+0.53 00.39 8.58+0.41 9.96+0.78 0.09
HOMA 2.36+0.19 2.08+0.16 00.27 2.04+0.12 2.43+0.24 0.12
Plasma renin activity, ng/dl/min 1.13£0.09 0.88+0.07 <0.01 1.28+0.09 0.58+0.04 <0.01
HDL, mg/dl 45.3+0.9 53.4+0.8 <0.01 48.9+0.8 51.4+1.0 0.06
LDL, mg/dl 120.7+£2.2 119.7£1.8 0.73 118.0£1.7 123.1+£2.4 0.07
Total cholesterol, mg/dI 194.5+2.5 195.1+£2.1 0.85 194.9+2.0 194.7+2.7 0.96
Serum triglycerides, mg/dLlI 142.1+£7.6 109.5+4.4 <0.01 139.6+£5.5 101.2+6.1 <0.01

Data are mean +/- SE unless otherwise noted. Bolded values indicate P values <0.05.
Abbreviations: eGFR, estimated glomerular filatration rate; HDL, high-density lipoprotein; HOMA, homeostasis model assessment; LDL,

low-density lipoprotein; WBC, white blood cell.

accounted for night HCTZ add-on BP response, whereas only
baseline BP contributed to night ATEN add-on BP response
(Supplementary Table 3c). The increased night/day SBP and
DBP ratios after ATEN monotherapy in blacks decreased sig-
nificantly (P < .05) with HCTZ add-on therapy (Figure 3).
Different variables accounted for night vs. day add-on BP
response, with age contributing to the ATEN add-on day BP
response and increased waist/hip ratio contributing to the day
HCTZ BP response (Supplementary Table 3c,d).

BP response to combination therapy

Atthe end of combination therapy, blacks demonstrated an
overall greater night SBP and DBP response when they initi-
ated therapy with HCTZ vs. ATEN (P < 0.05) (Figure 2¢,d).
No changes were seen with regard to dipping frequency or
night/day SBP and DBP ratios at the end of combination
therapy compared with baseline. Those initiating therapy
with HCTZ first had the greatest overall night SBP and
DBP response (SBP = A3.2mm Hg, HCTZ vs. ATEN first;
DBP = A4.1 mm Hg, HCTZ vs. ATEN first; P < 0.01).

The variables contributing to the BP response differed
by drug and night vs. day, with alcohol exposure significant
for those starting with HCTZ and white blood cell count
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significant for those starting with ATEN (Supplementary
Table 3e,f). Importantly, black race contributed significantly
to night SBP response to combination therapy. Night DBP
response variability accounted for combined ATEN/HCTZ
therapy (R? = 0.49) was significantly greater than day DBP
response variability (R* = 0.27; P < 0.01).

DISCUSSION

Night BP carries prognostic information in essential
hypertensive patients. This study provides new data from a
large (n = 485) biracial population of essential hypertensive
patients who successfully underwent 3 ABP recordings. In
this study, we focused on the night and night/day ratio SBP
and DBP response to 2 classes of antihypertensive agents
commonly prescribed: thiazide diuretics and p-blockers.
In contrast with studies where the frequency of nocturnal
dipping was evaluated as a measure of a favorable night
response to antihypertensive agents, we chose to evaluate
night/day SBP and DBP ratio response. By using this
approach we were able to avoid the inconsistent categorical
classification of dipping vs. nondipping status, and we
evaluated the impact of antihypertensive therapy in a
continuous fashion on night vs. day BP responses.
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white (W) and black (B) male (M) and female (F) Pharmacogenomic Evaluation of Antihypertensive Responses study participants. (a) Nighttime mono-
therapy. (b) Nighttime combined therapy. (c) Daytime monotheraphy. (d) Daytime combined therapy. *P <0.05 between whites and blacks. **P < 0.05
between ATEN and HCTZ treatment within a race/sex subgroup. Abbreviation: NS, not significant.

A number of clinically relevant and important observa-
tions were obtained from this study. ATEN therapy induced
a significant increase in night/day SBP and DBP ratios in
blacks. A similar increase in night/day ratio BP response
with ATEN has been reported in a smaller study involv-
ing primarily blacks.*® Importantly, at the end of combi-
nation therapy, night/day SBP and DBP ratios were not
different from baseline. Other studies evaluating the effects
of timing of antihypertensive medication administration

have shown an improvement in dipping status when angi-
otensin-converting enzyme inhibitors and angiotensin
receptor blocking agents are administered in the evening
before bedtime.!® The lack of improvement in night/day
BP ratio by the end of 18 weeks of treatment in this study
suggests that improvement in night/day BP ratios require
either a longer duration of therapy, different antihyperten-
sive agents, or most likely a different time of medication
administration. It is possible that potential improvement

American Journal of Hypertension 27(4) April 2014 551



Chapman et al.

0.04

0.03

HCTZ added to
%% ATEN therapy

o

o

~
*
*

=)
o
=4
[
I Sl

-1E-16

ATEN
-0.01 monotherapy

.
[R N -

*
F——@---1
*

Night/day ratio

-0.02

-0.03

-0.04

-0.05

ATEN added to

HCTZ therapy
T
* T*. m W SBP
|
T, <. ¢ W DBP
1 1
*. N A BSBP
i®
1 @ B DBP
1
HCTZ -
monotherapy

Figure 3. Change in night/day systolic blood pressure (SBP) and diastolic blood pressure (DBP) ratios after each step of drug therapy in white (W) and
black (B) Pharmacogenomic Evaluation of Antihypertensive Responses study participants. Night/day SBP and DBP ratios were determined using mean
night BP values divided by mean day BP values. *P < 0.05 for add-on theraphy vs. end of monotherapy. **P < 0.05 for atenolol monotherapy vs. baseline.

Abbreviations: ATEN, atenolol; HCTZ, hydrochlorothiazide.

in night/day BP ratios due to HCTZ were masked by the
administration of ATEN.

Given that f-blockers inhibit the renin-angiotensin aldos-
terone system and that angiotensin-converting enzyme
inhibitors and angiotensin receptor blocking agents have
both been shown to reduce night as compared with day
BP, other factors, including possibly increased nighttime
sodium retention, are selectively affected by ATEN therapy.
Given that ATEN has a relatively short half-life and it was
administered once a day in this study, the increased night/
day BP ratios observed might be eliminated with more
frequent dosing in a 24-hour period or with administra-
tion of a longer acting B-blocker. However, both heart rate
and morning plasma renin activity were affected by ATEN
administration, indicating that the pharmacokinetic profile
of ATEN is not the only contributing factor to the changes
in night/day BP ratios seen. Whether the increase in night/
day BP ratio found with ATEN is a drug class effect related
to all B-blockers is unclear. However, given that night BP and
night/day BP ratios have significant prognostic impact with
regard to patient outcome,” the potential negative impact of
ATEN deserves further evaluation.

Differences in night BP responses to ATEN vs. HCTZ
were seen between whites and blacks.*®*? In addition, the
variability of the BP response accounted for was signifi-
cantly greater with HCTZ vs. ATEN and with night vs. day
responses. The order of drug administration contributed to
the magnitude of the BP response at the end of combina-
tion therapy, with those starting with HCTZ demonstrat-
ing the greatest BP response. It is important to note that
those receiving HCTZ first received this drug for 18 weeks,
whereas those who were given HCTZ as add on therapy
were exposed for 9 weeks. It is possible that HCTZ-specific
changes in total body sodium or vascular smooth muscle
intracellular calcium concentrations accrue over a longer
period of time.

552 American Journal of Hypertension 27(4) April 2014

A significantly greater night BP response to ATEN was
found in whites, and a greater night BP response to HCTZ
was found in blacks. Importantly, there was no significant
night BP response found in black women receiving ATEN
and in white men receiving HCTZ (P = 0.06). This was in
contrast to significant day BP responses found. Previous
studies have demonstrated a greater day vs. night SBP
and DBP response to the calcium channel blockers vera-
pamil and amlodipine in women.?¢ In our previous work,
women demonstrated greater office BP response vs. men;
however, differences in day vs. night response were not
evaluated.*’

Increased night BP or night/day BP ratios associate with
social stressors, quality of sleep, and movement-related dis-
orders at night.!®¥! During this study, no assessment of sleep
quality was obtained; however, variables were identified
that associated with night and night/day BP ratio responses
(Supplementary Tables). Importantly, day and night BP
responses associated with different variables. These differ-
ences highlight potential areas for therapeutic interventions
through both timing of medication administration and life-
style modifications.

In summary, night/day BP ratios and night SBP and DBP
response to therapy differ across race and sex and are affected
by the class and order of antihypertensive drug administra-
tion. Traditional variables such as baseline BP accounted for
a significant portion of the variability of all BP responses,
whereas specific variables were associated with the class of
antihypertensive agent administered and with night vs. day
BP responses, elucidating potential strategies to maximize
24-hour BP responses to antihypertensive medications.
Importantly, reduced night BP response to ATEN therapy
resulted in an increase in night/day BP ratios, which may
negatively impact patient outcomes.’” Our data suggest that
evaluation of the night BP period with regard to response
to antihypertensive agents provides valuable and clinically


http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpt124/-/DC1

Night Blood Pressure Responses to HCTZ and Atenolol

relevant information and will help to address issues contrib-
uting to the patient outcomes related to hypertension.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal
of Hypertension (http://ajh.oxfordjournals.org).
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