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Abstract
BACKGROUND—Age and race categories or renin profiling have been recommended to predict
blood pressure responses to monotherapy with a β-blocker or thiazide diuretic. Whether these or
other characteristics predict blood pressure responses when the drugs are administered as add-on
therapy is uncertain.

METHODS—We evaluated predictors of blood pressure response in 363 men and women ≤65
years of age with primary hypertension (152 blacks, 211 whites), 86 of whom (24%) were
untreated and 277 of whom (76%) were withdrawn from previous antihypertensive drugs before
randomization to either atenolol followed by addition of hydrochlorothiazide (N = 180) or
hydrochlorothiazide followed by addition of atenolol (N = 183). Responses were determined by
home blood pressure averages before and after each drug administration. Race, age, plasma renin
activity, and other characteristics including pretreatment blood pressure levels were incorporated
into linear regression models to quantify their contributions to prediction of blood pressure
responses.

RESULTS—Plasma renin activity and pretreatment blood pressure level consistently contributed
to prediction of systolic and diastolic responses to each drug administered as mono- and as add-on
therapy. Higher plasma renin activity was consistently associated with greater blood pressure
responses to atenolol and lesser responses to hydrochlorothiazide. The predictive effects of plasma
renin activity were statistically independent of race, age, and other characteristics.

CONCLUSIONS—Plasma renin activity and pretreatment blood pressure level predict blood
pressure responses to atenolol and hydrochlorothiazide administered as mono- and as add-on
therapy in men and women ≤65 years of age.
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Since thiazide diuretics were introduced in the late 1950s for treatment of hypertension,
interpatient variation has been documented for blood pressure responses to agents from all
classes of antihypertensive drugs.1,2 For any single agent given as monotherapy, ~50% of
patients achieve blood pressure levels <140/90 mm Hg,3 and sequential administration of
agents from different classes achieves control in ~75% of patients.4,5 Interpatient variation
in blood pressure response to a given drug and within-patient variation in response to drugs
from different classes reflect heterogeneity in the mechanisms contributing to hypertension.6

In 1972, Laragh and colleagues first advocated the measurement of plasma renin activity in
order to match the known target and actions of a prescribed drug with the particular
“vasoconstriction-volume” characteristics of the individual’s hypertension.7,8 However,
when a renin-based method of predicting responses to six different monotherapies was
tested in a large sample of men with diastolic hypertension, it performed no better than an
alternative method based on race and age, two more-easily determined characteristics that
are correlated with plasma renin activity.9 Although measurement of plasma renin activity
has also been advocated to guide selection of add-on therapy in patients not controlled on
initial monotherapy,10 evidence to support this extension of renin profiling is limited.11

The objective of the present study was to identify patient characteristics that predict blood
pressure responses to a commonly prescribed β-blocker (atenolol) and thiazide diuretic
(hydrochlorothiazide) administered initially as monotherapy and subsequently as add-on
therapy (to the other drug). In addition to evaluating the predictive effects of race, age, and
plasma renin activity, we sought to identify other predictive characteristics easily
determined by interview or physical examination. We analyzed data from the first 363
participants in the Pharmacogenomic Evaluation of Antihypertensive Responses (PEAR)
study, which aims to identify genetic predictors of blood pressure responses to atenolol and
hydrochlorothiazide. 12 An additional motivation for this analysis was to benchmark the
percentage of interindividual variation in blood pressure responses that can be explained
before measurements of genetic variation are considered.

METHODS
The objectives and design of the PEAR study
(http://clinicaltrials.gov/ct2/show/NCT00246519) have been previously published.12

Enrollment of participants began in 2005 at the University of Florida, Gainesville, FL;
Emory University, Atlanta, GA; and the Mayo Clinic, Rochester, MN and will be completed
in 2010. The study protocol was approved by the Institutional Review Board at each site,
and all participants gave informed consent. In Gainesville, FL, participants were recruited
through outpatient medical clinics affiliated with the University of Florida, Department of
Community Health and Family Medicine via advertisement in local media; in Atlanta, GA,
participants were recruited through the outpatient medical clinic at the Hypertension and
Renal Diseases Research Center of Emory University, advertisements in public media, and
mailing lists of registered voters;13 and in Rochester, MN, participants were recruited
through diagnostic indexes maintained by the Mayo Clinic of residents of Olmsted County
with a medical record diagnosis of primary hypertension.14
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Participants
Males or females with stage 1–2 primary hypertension, of any race or ethnicity, and between
the ages of 17 and 65, were eligible. At an initial consent and screening visit, trained study
personnel administered standardized questionnaires to determine sex, age, and race;
physicians’ diagnosis and treatment of hypertension and complicating or comorbid
diagnoses; current prescription and nonprescription medications, hormone replacement
therapy in women, family history of hypertension, cigarette smoking, ethanol intake, and
leisure physical activity. A limited physical examination included measurements of height,
weight, waist, hip, and upper arm circumferences; and office blood pressure. Candidates
were excluded if hypertension was secondary to a known cause (e.g., renal, endocrine, or
vascular diseases) or concomitant medication (e.g., glucocorticoids, nonsteroidal anti-
inflammatories, oral contraceptives); or was complicated by other comorbidities requiring
prescription medications that lower blood pressure or contraindicate the use of diuretics or
β-blockers. Candidates were also excluded if they had diabetes mellitus; were pregnant or
lactating; or had any of the following conditions at the consent and screening visit: systolic
blood pressure ≥170 mm Hg or diastolic blood pressure ≥100 mm Hg despite
antihypertensive drug therapy (or in the absence of antihypertensive drug therapy, systolic
blood pressure ≥180 mm Hg or diastolic BP ≥110 mm Hg); pulse rate <55 beats/min;
elevated serum creatinine (>1.5 mg/dl in males or >1.4 mg/dl in females); or elevated fasting
serum glucose (>126 mg/dl) or transaminases (>2.5× upper normal limit).

Randomization and interventions
At enrollment, participants were provided an automated oscillometric sphygmomanometer
device (Microlife 3AC1-PC; Microlife, Minneapolis, MN) that was set to measure blood
pressure and pulse rate in triplicate with each activation and record average systolic and
diastolic blood pressures, pulse rate, date, and time of each set of measurements. Participants
were instructed to take readings daily in the seated position, twice in the morning upon
arising from bed and twice in the evening just before retiring. At subsequent study visits (at
the end of the washout prior to randomization, at the end of monotherapy prior to addition of
a second drug, and at the end of add-on therapy), two additional sets of three readings were
obtained seated (>5 min) in the office using the participant’s home monitor, and all data
stored in the device were downloaded to a study computer. Prescription antihypertensive
medications reported by 277 of the 363 participants at the consent and screening visit were
discontinued, and a drug-free washout period averaging 31 days (range: 13–125 days)
ensued prior to randomization to the first study drug. To qualify for randomization, the
average home diastolic blood pressures in the previous week had to be ≥85 mm Hg and the
average office diastolic blood pressures ≥90 mm Hg. If so, participants were then
randomized to receive either (i) atenolol 50 mg (titrated to 100 mg daily if blood pressure
remained >120/70 mm Hg) followed by hydrochlorothiazide 12.5 mg (titrated to 25 mg
daily in a similar fashion) ((N = 180), or 2) hydrochlorothiazide 12.5 mg daily (titrated to 25
mg daily if blood pressure remained >120/70 mm Hg) followed by atenolol 50 mg daily
(titrated to 100 mg daily in a similar fashion) (N = 183). Numbers of pills dispensed from
blister packs provided to each participant were available for 361 participants at the end of
monotherapy and 359 (99%) at the end of add-on therapy. At the end of monotherapy, 299
of the 361 (83%) were 100% compliant; and of the 62 that were not, 57 (92%) took ≥70% of
pills dispensed and only 4 (6%) took <50%. At the end of add-on therapy, 309 of 359 (86%)
were 100% compliant; and of the 50 that were not, 48 (96%) took ≥70% of pills dispensed
and only 1 took <50%.

At the end of the washout, monotherapy, and add-on therapy periods, fasting blood samples
were drawn in the seated position after ambulation for measurement of plasma renin
activity; serum potassium and creatinine; and spot urine samples were collected for
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measurement of sodium, potassium, and creatinine. Throughout the protocol, potassium-
sparing diuretics were not prescribed but potassium supplements were permitted and
mandated for serum potassium values <3.2 mmol/l. The few participants who received
potassium supplementation (n = 5) were not excluded from the analyses.

Laboratory measurement
Serum, plasma, and urine samples were assayed in duplicate or triplicate, and participants’
average values were used in the analyses. Serum and urine analytes were measured on an
Hitachi 911 Chemistry Analyzer (Roche Diagnostics, Indianapolis, IN). Plasma renin
activity was measured by radioimmunoassay of angiotensin I according to the method of
Sealey15 using reagents purchased from DiaSorin (Stillwater, MN). The incubation period
for angiotensin I generation was 3 h.

Statistical analysis
Analyses were performed with Statistical Analysis System software, version 9.1 (SAS,
Raleigh-Durham, NC) and R statistical computing and graphics software, version 2.7.1 (R
Development Core Team, http://www.r-project.org). Statistical significance was defined a
priori by P < 0.05. Data were summarized by calculating means and standard deviations or
medians, and interquartile ranges for quantitative variables and percentages for categorical
variables. Differences between groups were assessed by two-sample t-tests for normally
distributed quantitative traits, by Wilcoxon rank-sum tests for non-normally distributed
quantitative characteristics, or by χ2 tests for categorical traits. Blood pressure response to
each drug administration was defined by subtracting the pretreatment home average (for the
week prior to drug administration) from the post-treatment average (for the final week of
drug administration), such that negative differences indicate declines in blood pressure in
response to drug treatment.

For each measure of response, multiple-variable linear regression analyses were performed
to identify a combination of patient characteristics that made additive, statistically
independent contributions to the prediction of response. The percentage of the
interindividual variation in each measure of response explained by the predictor variables
was estimated by R2 × 100. The pretreatment (baseline) blood pressure level was forced into
all models because the response defined by the difference between post- and pretreatment
levels is correlated with the baseline,16 and we sought to identify predictors of response that
are statistically independent of the pretreatment blood pressure level. Next, we forced into
the models patient characteristics previously implicated as predictors of response to β-
blockers and diuretics, i.e., race, age, and plasma renin activity. Finally, we considered other
characteristics measured at study enrollment, after washout of previously prescribed
antihypertensive drugs, and after each study, drug was administered as monotherapy. The
large number of patient characteristics and the potential for collinearity among them dictated
a supervised model fitting strategy: one-at-a-time, each characteristic was forced into the
separate models fit in all subjects (i.e., for (systolic, diastolic) responses to atenolol and
hydrochlorothiazide administered as (monotherapy, add-on therapy)) and retained in all
models if it was statistically significant in at least one model.

To globally assess whether the predictors of drug response differed between mono- and add-
on therapy, we first fit models for the monotherapy responses to each drug. We then used
these models to generate predicted responses for all participants, regardless of the order in
which they received the drug. Finally, we fit a model with the actual response to the drug as
the dependent variable and the predicted response as the independent variable. This latter
model included terms for whether the drug was administered as monotherapy (first) or add-
on therapy (second) and the interaction of this ordering with the predicted response. We
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reasoned that if the predicted response values were highly correlated with the observed
responses, regardless of whether the drug was administered first or added second, the
interaction term in the final model would be nonsignificant and the estimate itself near zero.
Alternatively, if the monotherapy response estimates do a poor job of predicting responses
to add-on therapy, the interaction term would be significant suggesting that the variables
useful in predicting response to the drug depend upon whether it is administered as mono- or
add-on therapy. When this global interaction term was statistically significant, we conducted
separate interaction analyses for each predictor to identify which one(s) may have different
associations with response to mono- vs. add-on therapy.

RESULTS
Sample description

The groups did not differ significantly in the characteristics measured at study enrollment
(Table 1). After washout of pre-enrollment antihypertensive medications, the mean systolic/
diastolic blood pressures were 3/1 mm Hg higher in the group randomized to
hydrochlorothiazide monotherapy (Table 2).

Responses to atenolol and hydrochlorothiazide
In response to each drug administration, mean blood pressure levels declined in both groups
and mean plasma renin activity changed as expected (Table 2). Median plasma renin activity
and variation (measured by the interquartile range) decreased with atenolol administration
and increased with hydrochlorothiazide administration, both when the drugs were
administered as monotherapy and as add-on therapy (Table 2). After adjustment for
differences in blood pressure levels prior to each drug administration, systolic and diastolic
blood pressure responses were greater to add-on therapy than to monotherapy with each
drug (Figures 1 and 2).

Prediction of blood pressure responses
Among individual characteristics included in the multiple-variable regression models,
pretreatment blood pressure level and log plasma renin activity consistently made
statistically significant contributions to prediction of both systolic and diastolic blood
pressure responses to each drug as mono- and as add-on therapy (Tables 3 and 4). The
predictive effects of log plasma renin activity were directionally opposite for atenolol and
hydrochlorothiazide responses, with higher renin predicting greater blood pressure responses
to atenolol and lesser responses to hydrochlorothiazide (Figure 3). In contrast, race only
made statistically significant contributions to prediction of systolic and diastolic responses to
atenolol monotherapy and diastolic response to atenolol add-on therapy (less response in
blacks than whites). Similarly, age only made statistically significant contribution to
prediction of diastolic response to atenolol monotherapy (less response with increasing age).
None of the other characteristics included in the regression models consistently contributed
to prediction of blood pressure responses (Tables 3 and 4).

The percentage of variation in blood pressure response explained by the full model was
greater for hydrochlorothiazide add-on therapy than monotherapy (41% vs. 27% for systolic
responses, 30% vs. 21% for diastolic responses) but differed little between atenolol add-on
and monotherapy (34% vs. 37% for systolic responses, 38% vs. 36% for diastolic responses)
(Table 5). Expressed as a proportion of the full model R2 × 100%, the relative contribution
of race and age to prediction of blood pressure responses was similar in magnitude to that of
plasma renin activity (compare models 2 and 3 in Table 5); nevertheless, models that
included both plasma renin activity and race and age explained greater variation in blood
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pressure responses than models that included only race and age ( compare models 2 and 4 in
Table 5).

Differences in predictors between monotherapy and add-on therapy
For blood pressure responses to atenolol, the global test of whether the predictors were
dependent upon the order of administration (mono- or add-on therapy) was statistically
significant for the systolic response (P < 0.0001) and the diastolic response (P = 0.001). For
the systolic response, separate tests for dependence of each predictor on the order of atenolol
administration were statistically significant for race (P = 0.003), log hypertension duration
(P < 0.0001), cigarette smoking (P = 0.03), and log plasma renin activity (P = 0.04). The
upper panel of Figure 3 illustrates for the systolic blood pressure response to atenolol add-on
therapy, the diminished slope of its regression on plasma renin activity compared to
monotherapy. For the diastolic response prediction, tests of interaction with the order of
atenolol administration were statistically significant for race (P = 0.006) and log
hypertension duration (P = 0.001) but not plasma renin activity (lower panel of Figure 3).

For responses to hydrochlorothiazide, analogous tests for dependence on the order of drug
administration were not statistically significant for the systolic response prediction globally
(P = 0.4479), the diastolic response prediction globally (P = 0.8445), or for any of the
predictors considered separately (all P ≥0.10) (Figure 3).

DISCUSSION
The main finding of this study is that measurements of plasma renin activity, which were
previously shown to predict blood pressure responses to β-blocker and thiazide diuretic
monotherapies,9 also predict responses to add-on therapy with each drug. For both mono-
and add-on therapy responses, the predictive effects of pretreatment plasma renin activity
were statistically independent of and not subsumed by age, race, pretreatment blood
pressure, or other participant characteristics. The dependency on plasma renin activity was
directionally opposite for responses to the two drugs, and therefore drug specific, consistent
with their different mechanisms of action6 and in contrast to their mathematical dependency
on pretreatment blood pressure levels, which is not drug specific.16 Higher pretreatment
plasma renin activity was associated with greater blood pressure responses to atenolol
mono- and add-on therapies and with lesser responses to hydrochlorothiazide mono- and
add-on therapies. For most responses, interindividual variation in plasma renin activity was
no more or less predictive of blood pressure responses to add-on therapy than to
monotherapy with the same drug. Finally, the predictive effects of plasma renin activity
measurements did not require control of dietary sodium intake or monitoring and adjustment
for differences in 24-h sodium excretion.

We found no other participant characteristics besides plasma renin activity and pretreatment
blood pressure levels that consistently contributed to prediction of blood pressure responses
to hydrochlorothiazide and atenolol mono- and add-on therapies. Although race, age, sex,
hypertension duration, and cigarette smoking inconsistently contributed to the prediction of
either systolic or diastolic responses to atenolol, the magnitude or direction of their effects
was not consistent between responses to mono- and add-on therapy. The regression
coefficients measuring the predictive effect of plasma renin activity on blood pressure
response, in contrast, did not differ significantly between hydrochlorothiazide mono- and
add-on therapy and only differed between atenolol mono- and add-on therapy for the
systolic blood pressure response. From the multitude of antihypertensive drug response trials
conducted during the past 50 years, including investigations of effects of gender,17 duration
of hypertension,18 cigarette smoking,19 alcohol intake,20 and body size,18,21 remarkably few
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patient characteristics have been established as clinically useful predictors of blood pressure
responses.

Laragh and colleagues initially advocated measurements of plasma renin activity to assess
the relative contributions of vasoconstriction (implied by high renin–activating angiotensin),
volume (implied by low renin), or their combination (implied by intermediate renin) and,
thereby, provide a rational basis for personalized, more effective antihypertensive drug
selection based on matching the drug’s mechanism of action to the observed
pathophysiologic characteristics of individual patients.7,8 The original method focused on
monotherapy and indexing of plasma renin activity to 24-h urinary sodium excretion was
recommended. Small studies demonstrated relationships between plasma renin activity and
blood pressure responses to monotherapy with diuretics,1,22–27 β-blockers,1,26,28–30 a
converting enzyme inhibitor,31 and an angiotensin II antagonist.32 However, a previous
study of 1,031 ambulatory men randomized to six different monotherapies concluded that
the combination of age (younger or older than 60 years) and race (black or white) was “a
better predictor of response” than plasma renin activity indexed for sodium excretion.9 The
mean age (±s.d.) of the 746 patients ≥60 years old was 66 ± 4 years. In primary analyses that
considered either age–race category or renin profile, neither method demonstrated
significant advantage over the other. When both age–race category and renin profile were
entered into the same prediction model, the coefficient representing age–race category was
statistically significant but the coefficient for renin profile was not. Comparisons with our
findings are not possible because of differences in study design, in particular, inclusion of
women and upper age limit of 65 years.

Renin test–guided approaches to selection of initial treatment of hypertension have remained
controversial33 and were never advised in guidelines for care of patients.34,35 A modified
therapeutic algorithm that did not involve indexing plasma renin activity measurements to
urinary sodium excretion was subsequently proposed to guide add-on and replacement drug
selection in patients not controlled on one or more different agents.10,36 Following two
initial reports of improved hypertension control with the modified, extended algorithm,37,38

Egan and colleagues recently compared results of its application with those achieved by
clinical hypertension specialists’ care without knowledge of plasma renin activity
measurements. 11 In 77 drug-treated but uncontrolled hypertensive patients, the percentage
in whom hypertension was controlled was greater when add-on and replacement drug
selection was guided by plasma renin activity measurements, and the declines in systolic and
diastolic blood pressure levels were also greater; however, only the difference in systolic
blood pressure declines achieved statistical significance (−29 vs. −19 mm Hg, respectively,
P = 0.03). In this setting, the renin test–guided treatment algorithm was judged to be a
“reasonable” strategy for correcting treated but uncontrolled hypertension. Results of our
study demonstrate that plasma renin activity measurements, unindexed to sodium excretion,
can provide predictive information regarding the magnitude of blood pressure response to a
second agent added to monotherapy. Whether marginal benefits demonstrated relative to
hypertension specialists’ care11 or as demonstrated in our study relative to race and age
(Table 3) outweigh costs may be arguable.

Current guidelines recommend personalization of antihypertensive drug therapy based on
patient comorbidities and drug adverse effects and costs.35 Importance of lowering blood
pressure is emphasized, but no method is recommended to select which drug(s) will
successfully lower blood pressure in individual patients. A recent meta-analysis of 147
randomized trials of antihypertensive drugs in 464,000 persons argues against tailoring
treatment to individual patients.39 Although several easily determined individual
characteristics have been shown to predict blood pressure responses to commonly prescribed
antihypertensive drugs, both when administered as monotherapy and as add-on therapy, the
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majority of interindividual variation in blood pressure responses still remains unexplained.
Whether measurements of genetic variation can substantially improve the prediction of
antihypertensive drug responses remains to be determined.
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Figure 1.
Frequency distribution histograms of systolic blood pressure responses to atenolol and
hydrochlorothiazide administered as monotherapy and as add-on therapy (to the other drug),
adjusted for differences in pretreatment blood pressure levels. Mean ± standard deviation of
adjusted blood pressure response is given above each histogram. Negative x-axis values
indicate decline in blood pressure in response to drug treatment. Y-axis values are numbers
of participants (counts).
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Figure 2.
Frequency distribution histograms of diastolic blood pressure responses to atenolol and
hydrochlorothiazide administered as monotherapy and as add-on therapy (to the other drug),
adjusted for differences in pretreatment blood pressure levels. Mean ± standard deviation of
adjusted blood pressure response is given above each histogram. Negative x-axis values
indicate decline in blood pressure in response to drug treatment. Y-axis values are numbers
of participants (counts).
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Figure 3.
Predicted blood pressure responses as a function of plasma renin activity. The plotted points
are at the observed 10th, 25th, 50th, 75th, and 90th percentiles of plasma renin activity
distributions prior to mono- and add-on therapy. Participants were randomized to receive
atenolol monotherapy followed by hydrochlorothiazide add-on therapy (N = 180) or
hydrochlorothiazide monotherapy followed by atenolol add-on therapy (N = 183). The
predicted blood pressure responses at each renin percentile are from a single linear
regression model in which all other predictors (race, sex, age, log hypertension duration,
current smoker, ethanol intake, height, waist circumference, and baseline blood pressure)
were held constant at their respective mean values. DBP, diastolic blood pressure; SBP,
systolic blood pressure.
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Table 1

Characteristics of 363 participants with primary hypertension measured at enrollment

Variable Pooled (N = 363) Randomized to atenolol (N = 180) Randomized to HCTZ (N = 183) P

Black race, n (%) 152 (42) 75 (42) 77 (42) 0.94

Males, n (%) 157 (43) 72 (40) 85 (46) 0.22

Age, years 50 ± 8.7 50 ± 8.8 50 ± 8.6 0.81

Height, cm 169 ± 9.6 170 ± 9.7 169 ± 9.6 0.50

BMI, kg/m2 31 ± 5.8 31 ± 6.4 31 ± 5.0 0.63

Waist, cm 98 ± 13 98 ± 13 98 ± 13 0.78

HT duration, years; median (IQR) 5 (2, 10) 6 (2, 10) 5 (1, 10) 0.18

Current HT Rx, n (%) 277 (85) 141 (87) 136 (83) 0.36

Current smoker, n (%) 42 (12) 16 (8.9) 26 (14) 0.11

Ethanol ≥1 serving/week, n (%) 136 (37) 72 (40) 64 (35) 0.32

Systolic BP, mm Hg 137 ± 15 136 ± 16 137 ± 15 0.45

Diastolic BP, mm Hg 87 ± 9.7 87 ± 9.4 87 ± 9.9 0.75

Data are presented as mean ± s.d. unless otherwise specified. P value is for test of equality of means, medians, or percentages between groups.

BMI, body mass index (weight (kg)/height squared (m2)); BP, blood pressure; HCTZ, hydrochlorothiazide; HT, hypertension; IQR, interquartile
range.
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Table 2

Blood pressure and plasma renin activity after washout, after monotherapy, and after add-on therapy

Variable Atenolol (1st) + HCTZ (2nd) (N = 180) HCTZ (1st) + atenolol (2nd) (N = 183) P

Systolic BP

 After washout 145 ± 10 148 ± 11 0.02

 After 1st drug 138 ± 13 138 ± 12 0.72

 Δ 1st drug −6.8 ± 10 −10 ± 9.1 0.002

 After 2nd drug 129 ± 11 128 ± 11 0.42

 Δ 2nd drug −9.2 ± 10 −9.4 ± 7.8 0.82

Diastolic BP

 After washout 93 ± 5.9 94 ± 6.4 0.01

 After 1st drug 86 ± 8.1 89 ± 7.4 <0.001

 Δ 1st drug −7.0 ± 6.5 −5.7 ± 6.1 0.055

 After 2nd drug 81 ± 8.0 80 ± 6.9 0.12

 Δ 2nd drug −4.6 ± 6.5 −8.7 ± 5.8 <0.001

PRA

 After washout 0.74 (0.40, 1.2) 0.63 (0.39, 1.2) 0.57

 After 1st drug 0.30 (0.20, 0.45) 1.6 (0.75, 3.0) <0.001

 Δ 1st drug −0.36 (−0.74, −0.10) 0.74 (0.16, 1.8) <0.001

 After 2nd drug 0.67 (0.32, 1.8) 0.86 (0.35, 1.6) 0.31

 Δ 2nd drug 0.33 (0.08, 1.2) −0.52 (−1.4, −0.12) <0.001

Data are presented as mean, mm Hg, ± s.d. for BP and median, ng/ml/h (25th, 75th percentiles) for PRA. 1st drug shows the effect of monotherapy;
2nd drug shows the effect of add-on therapy. P is for test of equality of means or medians between groups.

BP, blood pressure; HCTZ, hydrochlorothiazide; PRA, plasma renin activity.
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Table 3

Systolic blood pressure response models

Predictors measured

Model for atenolol monotherapy Model for HCTZ monotherapy

β ± s.e. P β ± s.e. P

Before 1st drug

 Intercept 26.28 ± 18.5 0.16 5.82 ± 17.50 0.74

 Race (black) 7.45 ± 1.53 <0.0001 −2.12 ± 1.47** 0.15

 Sex (male) 4.21 ± 1.97 0.03 0.449 ± 1.749 0.80

 Age, years 0.145 ± 0.075 0.06 −0.0565 ± 0.0801 0.48

 Log HT duration 2.18 ± 0.66 0.001 1.48 ± 0.64 0.02

 Cigarette smoker −0.896 ± 2.422 0.71 −2.03 ± 1.85 0.27

 Ethanol drinker 2.11 ± 1.42 0.14 0.736 ± 1.380 0.59

 Height, cm −0.0354 ± 0.0954 0.71 0.159 ± 0.091 0.08

 Waist, cm 0.0138 ± 0.0526 0.79 −0.0152 ± 0.0512 0.77

 Home BP, mm Hg −0.321 ± 0.063 <0.0001 −0.267 ± 0.058 <0.0001

 Log PRA −4.05 ± 0.84 <0.0001 1.87 ± 0.90** 0.04

Model for atenolol add-on therapy Model for HCTZ add-on therapy

β ± s.e. P β ± s.e. P

Before 2nd drug

 Intercept 38.8 ± 13.9 0.006 25.9 ± 17.6 0.14

 Race (black) 1.85 ± 1.12† 0.10 −2.57 ± 1.53¶ 0.10

 Sex (male) 3.73 ± 1.45 0.01 1.19 ± 2.00 0.55

 Age, years 0.0607 ± 0.0633 0.34 −0.129 ± 0.076|| 0.09

 Log HT duration −1.350 ± 0.528§ 0.01 0.0495 ± 0.6685 0.94

 Cigarette smoker 5.06 ± 1.49* 0.001 0.293 ± 2.405 0.90

 Ethanol drinker 0.593 ± 1.123 0.60 3.62 ± 1.43 0.01

 Height, cm −0.0706 ± 0.0748 0.35 0.0602 ± 0.0952 0.53

 Waist, cm 0.0131 ± 0.0417 0.75 0.0938 ± 0.0525 0.08

 Home BP, mm Hg −0.299 ± 0.045 <0.0001 −0.338 ± 0.060 <0.0001

 Log PRA −1.95 ± 0.59* 0.001 2.01 ± 0.97# 0.04

BP, blood pressure; HCTZ, hydrochlorothiazide; HT, hypertension; PRA, plasma renin activity.

Difference in regression coefficients between mono- and add-on therapy:

*
P < 0.05;

†
P < 0.01;

§
P < 0.0001.

Difference in regression coefficients between atenolol and hydrochlorothiazide therapy:

||
P < 0.05;
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¶
P < 0.01;

#
P < 0.001;

**
P < 0.0001.
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Table 4

Diastolic blood pressure response models

Predictors measured

Model for atenolol monotherapy Model for HCTZ monotherapy

β ± s.e. P value β ± s.e. P value

Before 1st drug

 Intercept 0.762 ± 12.530 0.95 −1.87 ± 13.24 0.89

 Race (black) 5.847 ± 0.981† <0.0001 −1.47 ± 1.03** 0.16

 Sex (male) 2.79 ± 1.26 0.03 0.0826 ± 1.242 0.95

 Age, years 0.1043 ± 0.0466 0.03 0.0492 ± 0.0545 0.37

 Log HT duration 1.109 ± 0.425† 0.01 0.719 ± 0.450 0.11

 Current smoker 1.05 ± 1.53 0.50 −0.250 ± 1.283 0.85

 Ethanol drinker 1.516 ± 0.905 0.10 0.0515 ± 0.9648 0.96

 Height, cm 0.00942 ± 0.0605 0.88 0.1211 ± 0.0636 0.06

 Waist, cm −0.0121 ± 0.0334 0.72 −0.0164 ± 0.0357 0.65

 Home BP, mm Hg −0.2191 ± 0.0696 0.002 −0.2671 ± 0.0704 0.0002

 Log PRA −1.964 ± 0.527 0.0003 1.31 ± 0.631# 0.04

Model for atenolol add-on therapy Model for HCTZ add-on therapy

β ± s.e. P value β ± s.e. P value

Before 2nd drug

 Intercept 33.2 ± 10.0 0.001 12.6 ± 12.2 0.31

 Race (black) 2.351 ± 0.798† 0.004 −0.931 ± 1.094¶ 0.40

 Sex (male) 2.39 ± 1.03 0.02 1.24 ± 1.39 0.38

 Age, years 0.0232 ± 0.0448 0.61 −0.0258 ± 0.0507 0.62

 Log HT duration −0.763 ± 0.376† 0.04 0.588 ± 0.463¶ 0.21

 Current smoker 3.34 ± 1.06 0.002 1.02 ± 1.63 0.53

 Ethanol drinker 1.175 ± 0.798 0.14 1.145 ± 0.965 0.24

 Height, cm −0.0839 ± 0.0533 0.12 0.0244 ± 0.0649 0.71

 Waist, cm 0.0374 ± 0.0296 0.21 0.0380 ± 0.0358 0.29

 Home BP, mm Hg −0.3823 ± 0.0499 <0.0001 −0.2718 ± 0.0639 <0.0001

 Log PRA −0.961 ± 0.416 0.02 1.812 ± 0.643# 0.005

BP, blood pressure; HCTZ, hydrochlorothiazide; HT, hypertension; PRA, plasma renin activity.

Difference in regression coefficients between mono- and add-on therapy:

†
P < 0.01.

Difference in regression coefficients between atenolol and hydrochlorothiazide therapy:

¶
P < 0.01;

#
P < 0.001;

**
P < 0.0001.
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Table 5

Percentage and proportion of variation in blood pressure responses explained by prediction models

Predictors in model

R2 × 100% (proportion of full model R2 × 100%)

Systolic blood pressure response Diastolic blood pressure response

Atenolol HCTZ Atenolol HCTZ

Monotherapy

 Full model 37 (1.00) 27 (1.00) 36 (1.00) 21 (1.00)

  Baseline BP 4 (0.12) 13 (0.49) 2 (0.05) 8 (0.40)

  Baseline BP + race + age 21 (0.57) 19 (0.71) 22 (0.62) 14 (0.67)

  Baseline BP + renin 23 (0.62) 19 (0.72) 17 (0.48) 13 (0.63)

  Baseline BP + race + age + renin 29 (0.79) 21 (0.79) 27 (0.75) 16 (0.76)

Add-on therapy

 Full model 34 (1.00) 41 (1.00) 38 (1.00) 30 (1.00)

  Baseline BP 18 (0.51) 28 (0.67) 22 (0.58) 18 (0.61)

  Baseline BP + race + age 20 (0.59) 33 (0.81) 27 (0.70) 22 (0.73)

  Baseline BP + renin 21 (0.62) 32 (0.77) 24 (0.62) 25 (0.83)

  Baseline BP + race + age + renin 22 (0.65) 36 (0.88) 27 (0.71) 27 (0.91)

R2 × 100 is the percentage of variation in response explained by predictors in the regression model. Baseline BP refers to the home blood pressure
prior to each drug administration. The full model includes all predictors (Tables 3 and 4): race, sex, age, log hypertension duration, current
smoking, ethanol intake, height, waist, home blood pressure, and log plasma renin activity.

BP, blood pressure; HCTZ, hydrochlorothiazide.
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