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Atenolol and metoprolol succinate, dosed once 
daily, have different pharmacokinetic profiles. 
This study tests the hypothesis that differences 
that are especially noted in the early morn-
ing period, when cardiovascular risk is highest, 
in 24-hour blood pressure (BP) control exist 
between these 2 b-blockers. This was a small, 
randomized open-label study with blinded end 
point evaluation in 36 hypertensive patients. All 
participants received hydrochlorothiazide 12.5 
mg for 2 weeks before randomization to either 50 
mg atenolol or metoprolol succinate given every 
morning; both treatments were force-titrated to 
100 mg/d at 4 weeks. The primary end point was 
the change in early morning ambulatory systolic 
BP. Early morning (12 am–6 am) systolic BP dif-
ferences were 3±14 mm Hg with atenolol vs –7±8 
mm Hg with metoprolol succinate (P=.03). The 
overall 24-hour changes in systolic BP were 1±15 
mm Hg with atenolol vs –9±11 mm Hg with 

metoprolol (P=.03). In conclusion, metoprolol 
succinate was more effective in sustaining 24-hour 
and early morning BP reductions compared with 
atenolol in a small group of hypertensive patients 
also treated with once-daily low-dose hydro-
chlorothiazide. It is possible that differences in 
outcome between atenolol-based and other thera-
pies may be the result of inadequate dosing of 
atenolol, a medication that may not be effective 
for the entire 24-hour period. (J Clin Hypertens 
(Greenwich). 2008;10:112–118) ©2008 Le Jacq

Hypertension is a risk factor for coronary 
artery disease, myocardial infarction, stroke, 

congestive heart failure, end-stage renal disease, 
and peripheral vascular disease.1 Several previous 
studies have reported that circadian variation of 
blood pressure (BP) is more pronounced in hyper-
tensive than normotensive persons and that BP 
variability may contribute to target organ damage 
in hypertension.2,3 While office BP readings have 
been used to assess risk in numerous longitudi-
nal studies, several lines of evidence suggest that 
ambulatory BP monitoring (ABPM) is superior to 
office BP measurement in predicting cardiovascu-
lar events and mortality.4,5

Pharmacologic treatment of hypertension is 
known to decrease the risk of cardiovascular com-
plications.1 Although casual BP assessment has 
been used to evaluate outcomes in most clinical tri-
als, ABPM has been reported to be a better predic-
tor of treatment-related regression of target organ 
damage.6 The results of ABPM provide reliable 
evaluations of BP over 24 hours and information 
on whether antihypertensive treatment attenuates 
BP fluctuations throughout daytime and nighttime. 
A natural extension of these data are that “total” 
24-hour BP control should be a treatment goal.7 
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This is particularly important for early morning BP 
peaks; this is the period in which risk of cardiovas-
cular events is highest.8 It has been proposed that 
ABPM should be used routinely in the evaluation 
of antihypertensive compounds.9

b-Blockers
b-Blockers are one of the oldest antihypertensive 
classes, with more than 40 years of use in treat-
ment of hypertension.10 Among the most widely 
used agents within the class are the b1-selective 
compounds atenolol and metoprolol. Metoprolol 
is available as metoprolol tartrate (immediate 
release) and metoprolol succinate (controlled, 
long-acting release) formulations. It is well known 
that once-daily compared with 2- or 3-times-daily 
medication administration may improve patient 
adherence and outcome.11

At present, atenolol is the most commonly used 
b-blocker. Because of differences in pharmacoki-
netic profile and a relatively shorter half-life of 
atenolol compared with metoprolol succinate,12,13 
a difference in 24-hour, and more specifically early 
morning, BP control might be expected if each 
of these medications is given once daily in the 
morning. Previous data support the notion that 
once-daily atenolol does not provide adequate BP 
control during the nighttime and early morning 
periods.14,15 Studies comparing once-daily admin-
istration of atenolol and metoprolol succinate 
report either no difference in office BP values 
after the last dose16 or lower office BP values with 
metoprolol,17 but data from trials using ABPM 
have not been available. The aim of this study was 
to evaluate the effects of once-daily atenolol and 
metoprolol succinate extended-release (ER) dosed 
in the morning on 24-hour BP control, focusing on 
nighttime and early morning BP control.

Methods
Participants
The present single-center study was an open-label 
prospective randomized trial with blinded end 
point evaluation. The trial compared the use of 
once-daily atenolol with metoprolol succinate ER 
in patients with hypertension who (1) were aged 
20 to 75 years; (2) had stage 1 or 2 hypertension 
(treated with a maximum of 2 drugs) and a sys-
tolic BP (SBP) level ≥140 mm Hg at baseline; and 
(3) consented to participate in the study by sign-
ing an informed consent form. Exclusion criteria 
included (1) uncontrolled hypertension, defined 
as SBP >180 mm Hg and diastolic BP (DBP) >100 
mm Hg; (2) requirement of ≥3 drugs to control 

BP; (3) recent (<12 months) stroke, myocardial 
infarction, or cardiovascular surgery; (4) second- 
or third-degree heart block, without a pacemaker; 
(5) concomitant refractory angina pectoris; (6) use 
of ophthalmic b-blockers; (7) history of bronchial 
asthma; (8) presence of renal disease (serum crea-
tinine level >1.4 mg/dL); (9) evidence of hepatic 
disease as determined by any one of the following: 
serum glutamic oxaloacetic transaminase or serum 
glutamic pyruvic transaminase levels at least twice 
as high as normal at visit 1, a history of hepatic 
encephalopathy, a history of esophageal varices, 
or a history of portocaval shunt; (10) body mass 
index (BMI) >39 kg/m2; (11) psychiatric illness; 
and (12) current substance (illegal drugs) abuse.

The study was conducted in accordance with 
Good Clinical Practices/International Conference 
on Harmonization guidelines and US 21 Code of 
Federal Regulations Part 50: Protection of Human 
Subjects and Part 56: Institutional Review Boards. 
All participants provided written informed consent 
approved by the Rush University Institutional 
Review Board before study initiation.

Study Protocol
Participants were initially evaluated at a screening 
visit (visit 1). Those who met all the inclusion and 
exclusion criteria had their antihypertensive medi-
cations stopped and were started on hydrochloro-
thiazide 12.5 mg once daily.

Two weeks after the screening visit (visit 2), 
participants were reevaluated; if their BP level was 
still ≥140/90 mm Hg, baseline 24-hour ambulatory 
BP measurement was performed. Patients were 
then randomized to receive 50 mg of atenolol or 
metoprolol succinate ER once daily in addition 
to hydrochlorothiazide 12.5 mg every morning. 
Patients were instructed to take hydrochlorothi-
azide and the study drug at the same time every 
morning, within a window of 6 am to 10 am. 
Participants whose office BP level was <140/90 
mm Hg at this visit were instructed to continue use 
of hydrochlorothiazide 12.5 mg/d and to return to 
the clinic in 2 weeks for the BP reevaluation.

After randomization, patients returned to the 
clinic for 3 more visits at 4-week intervals. At each 
of these visits, patients were assessed for safety and 
efficacy variables. At visit 3 (4 weeks after random-
ization), if a participant’s heart rate was >50 beats 
per minute (bpm), their regimen was force-titrated 
to include metoprolol succinate ER 100 mg (once 
daily) or atenolol 100 mg (once daily). In addition, 
if the heart rate was <50 beats per minute and 
the patient was asymptomatic, treatment was also 

The Journal of Clinical Hypertension® (ISSN 1524-6175) is published monthly by Le Jacq, located at Three Enterprise Drive, Suite 401, Shelton, CT 06484. Le Jacq is an imprint of Blackwell Publishing, which was acquired by John Wiley & Sons in 
February 2007. Blackwell’s programme has been merged with Wiley’s global Scientific, Technical, and Medical business to form Wiley-Blackwell.  Copyright ©2008 by Le Jacq. All rights reserved. No part of this publication may be reproduced or 
transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publishers. The opinions and ideas expressed in this 
publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please contact Ben Harkinson at BHarkinson@bos.blackwellpublishing.com or 781-388-8511.

® 



THE Journal of Clinical Hypertension VOL. 10  NO. 2  February 2008114

force-titrated; however, if the patient was symp-
tomatic, he or she was withdrawn from the study. 
Heart rate was evaluated as a safety and not an 
efficacy variable.

BP Measurement
Office Blood Pressure Measurement. At each visit, a 
total of 3 office BP measurements were taken with 
the auscultatory method according to the relevant 
recommendations.1 Measurements were taken in 
a seated position using a standard mercury sphyg-
momanometer with an appropriate cuff size 24 
hours after the last study medication was admin-
istered. Before the first measurement, participants 
remained at rest in the seated posture for at least 
5 minutes, then 3 readings were taken in the non-
dominant arm at 2-minute intervals. The average 
of the 3 BP measurements was used for treatment 
decisions. It should be noted that all office readings 
were performed at trough drug level (ie, just before 
the next dose of drug).

Ambulatory Blood Pressure Measurement. 
Ambulatory BP was monitored with Spacelabs 
90217 devices (Spacelabs Corp, Redmond, WA) at 
visits 2, 4, and 5. The monitor recorded ambula-
tory BP 3 times an hour between 6 am and 10 pm 
and hourly between 10 pm and 6 am. Readings 
were used for the analysis only if ≥80% of mea-
surements were valid, with no more than 2 invalid 
nonconsecutive readings during the daytime hours 
(6 am–10 pm) and no more than 1 invalid night-
time reading hour (10 pm–6 am). The final ABPM 
reading on each occasion occurred roughly 24 
hours after the monitor was placed and morning 
study medications were administered.

Laboratory Analyses. Biochemical parameters mea-
sured during this trial included kidney function 
with a blood urea nitrogen and serum creatinine 
value, as well as electrolytes. In addition, baseline 

electrocardiography was performed and a com-
plete blood cell count was done.

Statistical Analysis
The primary efficacy variable was the difference in 
nighttime SBP on ABPM values between groups at 
study end. The sample included a minimum of 50% 
African Americans. A sample size of 50 patients, 
25 in each group, was calculated to provide 90% 
power to detect a 4-mm Hg difference in nighttime 
SBP between groups. Because of logistic reasons, 
36 patients were recruited but only 30 completed 
the ABPM recording for the final visit. While this 
reduces the power of the conclusions, there was 
still about an 80% power present to detect the 
aforementioned difference in early morning SBP.

Statistical analysis was performed using SAS/STAT 
software version 9.1 (SAS Institute, Inc, Cary, NC). 
Analysis was done by intention to treat. Baseline 
differences between the groups were tested using chi-
square tests for categoric measures, such as sex and 
race, and t tests for continuous measures, such as age 
and BMI. Paired t tests were conducted to test within-
drug differences in SBP, DBP, and heart rate from visit 
2 to visit 5. Differences in SBP, DBP, and heart rate 
between the metoprolol and atenolol groups were 
tested at each visit for both ABPM and office read-
ings using t tests. ABPM readings were averaged over 
the first 24 hours, 12 am to 6 am, 6 am to 9 am, and 
6 am to 12 pm, when available. In addition, changes 
between baseline (visit 2) and the final visit (visit 5) 
were computed for both the ABPM and office BP 
measurement, and t tests were constructed to test 
whether there was a difference in changes from visit 
2 to visit 5 between the 2 treatments. A P value <.05 
(2-tailed) was considered statistically significant. All 
data are expressed as mean ± SD).

Results
In total, 146 patients were screened to find 36 
evaluable patients. Baseline demographic data 

Table I. Baseline Demographics and Office Blood Pressure Levels in the 2 Groups
Atenolol Metoprolola P Value

No. 18 18
Sex, women/total 6/18 6/18 1.00
Race, African American/total 12/18 9/18 .31
Age, y 57±7 58±9 .62
BMI, kg/m2 31±4 31±5 .81
SBP, mm Hg 152±10 147±6 .06
DBP, mm Hg 95±10 90±11 .14
Heart rate, bpm 75±9 75±10 1.00
aThe preparation of extended-release metoprolol succinate was used. Values are mean ± SD unless otherwise indicated. 
Abbreviations: BMI, body mass index; bpm, beats per minute; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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and office BP levels, stratified by treatment 
group, are presented in Table I. No significant dif-
ference between groups was present. Ambulatory 
BP and heart rate data at baseline are presented 
in Table II. No electrolyte abnormalities were 
noted, and all participants had left ventricular 
hypertrophy as assessed by electrocardiographic 
criteria. Two of 36 participants (5.5%) were lost 
to follow-up, and 4 (11.1%) failed to complete 
ABPM at the final visit secondary to refusing to 
wear the monitor.

Office BP values decreased in both groups 
between baseline and 12 weeks (–11±21/–6±8 
mm Hg in the atenolol group; P=.052 for SBP 
and P=.005 for DBP and –16±13/–8±8 mm Hg 
in the metoprolol group; P=.0002 for SBP and 
P=.0021 for DBP). There was no significant dif-
ference in office BP reduction between the atenolol 
and the metoprolol succinate ER groups (P=.41 
for SBP and P=.58 for DBP, respectively) (Table 
III). Similarly, heart rate measured in the office 
decreased significantly between baseline and end of 

the study, without significant differences between 
the 2 groups (Table III).

In contrast to office BP, ambulatory BP record-
ings exhibited a different pattern in the 2 groups 
(Table IV and Figure). Overall 24-hour changes 
between baseline and 12 weeks in the atenolol 
and metoprolol succinate ER groups were 1±15 
vs –9±11 mm Hg (P=.03) for SBP and –1±9 vs 
–6±6 mm Hg (P=.14) for DBP, respectively. These 
differences in 24-hour SBP readings were the 
result of differences in nighttime and early morn-
ing (12 am–6 am) SBP values (3±14 mm Hg with 
atenolol vs –7±8 mm Hg with metoprolol; P=.03). 
Ambulatory DBP in the 2 groups followed a trend 
similar to that of SBP, but the DBP differences 
between groups were smaller and thus not sig-
nificant. A similar pattern of changes in ambula-
tory SBP and DBP in the 2 groups was observed 
between baseline and the intermediate visit 4, at 
8 weeks after randomization (data not shown). 
During the treatment period, 42 adverse events in 
the 2 groups were reported (Table V).

Table II. Baseline Ambulatory Blood Pressure Levels and Heart Rates
Atenolol (n=18) Metoprolola (n=18) P Value

SBP, mm Hg
12 pm–6 pm 147±9 138±13 .03
6 pm–12 am 146±6 135±16 .01
12 am–6 am 133±9 127±14 .12
6 am–12 pm 148±11 140±16 .07
24 hours 144±6 136±12 .01

DBP, mm Hg
12 pm–6 pm 91±9 85±11 .10
6 pm–12 am 87±11 81±11 .09
12 am–6 am 79±9 75±12 .23
6 am–12 pm 91±11 85±12 .18
24 hours 88±9 83±10 .09

Heart rate, bpm
12 pm–6 pm 79±12 71±9 .02
6 pm–12 am 77±14 70±10 .08
12 am–6 am 71±13 64±10 .09
6 am–12 pm 76±13 67±9 .02
24 hours 76±12 68±8 .02

aThe preparation of extended-release metoprolol succinate was used. Values are mean ± SD. Abbreviations: DBP, diastolic blood 
pressure; SBP, systolic blood pressure.

Table III. Differences in Office Blood Pressure Readings and Heart Rate Between Visit 2 and Visit 5
Atenolol (n=17) Metoprolola (n=15) P Value

SBP, mm Hg –11±21 –16±13 .41
DBP, mm Hg –6±8 –8±8 .58
Heart rate, bpm –11±12 –9±16 .68
aThe preparation of extended-release metoprolol succinate was used. Values are mean ± SD unless otherwise indicated. 
Abbreviations: bpm, beats per minute; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Discussion
The present study was designed to compare the effects 
of once-daily atenolol and metoprolol succinate ER 
on 24-hour BP control in hypertensive patients. 
The results indicate differences in mean 24-hour BP 
control between once-daily atenolol and once-daily 
metoprolol succinate ER, both dosed in the morn-
ing, when added to hydrochlorothiazide therapy. 
These differences were not detected by casual office 
BP measurement. These between-group differences in 
24-hour ambulatory BP control were mainly observed 
by differences in nighttime (12 am–6 am) systolic BP. 
In the 2 groups, 24-hour DBP exhibited a similar pat-
tern, but to a lesser and nonsignificant degree.

The circadian variation of BP is more pro-
nounced in hypertensive than normotensive per-
sons; this BP variability contributes to target organ 
damage.2,3 BP control over a 24-hour period, and 
particularly during nighttime and early morning 
periods, should be the goal of antihypertensive 
treatment.7 Office BP readings provide limited 
information about 24-hour BP control, as they 
only capture BP levels from a small window of 
time. In contrast, ABPM gives reliable information 
on BP levels and the efficacy of antihypertensive 
treatment throughout the day and night. As previ-
ously noted, ABPM has been shown to be a better 
predictor of cardiovascular morbidity and mortal-
ity4,5 as well as treatment-related regression of 
target organ damage.6

Previous data on the 24-hour efficacy of once-
daily atenolol are conflicting. In one study, the use 
of atenolol (50–100 mg) and acebutolol (400–800 
mg) given once daily at 9 am was compared.14 The 
2 drugs provided comparable average 24-hour 
decreases, but during the final 6 hours of the dos-
ing interval (3 am–9 am), acebutolol showed great-
er BP reductions than atenolol. This final 6-hour 
effect of atenolol was less than that observed 
during the first 18 hours of the day. In a more 
recent study, atenolol 50 mg was compared with 
perindopril 8 mg, felodipine 10 mg, or hydro-
chlorothiazide 50 mg for 2 months.15 All drugs 
significantly lowered 24-hour SBP, but the decrease 
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Table IV. Differences in Ambulatory Blood Pressurea and Heart Rate Between Visit 2 and Visit 5
Atenolol (n=16) Metoprololb (n=14) P Value

SBP, mm Hg
12 pm–6 pm –1±19 –10±14 .18
6 pm–12 am 4±20 –11±16 .04
12 am–6 am 3±14 –7±8 .03
6 am–12 pm 6±19 –4±14 .15
24 hours 1±15 –9±11 .03

DBP, mm Hg
12 pm–6 pm –2±14 –6±8 .30
6 pm–12 am 1±13 –5±11 .23
12 am–6 am 0±10 –5±7 .21
6 am–12 pm 1±13 –1±11 .57
24 hours –1±9 –6±6 .14

Heart rate, bpm
12 pm–6 pm –5±10 –5±5 .87
6 pm–12 am –2±10 –7±9 .20
12 am–6 am –1±10 –4±6 .32
6 am–12 pm –1±10 –2±6 .79
24 hours –3±8 –6±4 .21

a≥80% of the readings were captured by ambulatory blood pressure monitoring. bThe preparation of extended-release metoprolol 
succinate was used. Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.

Figure. Mean changes in office and ambulatory systolic 
blood pressure (BP) between baseline (visit 2) and the 
end of the treatment period (visit 5). ABPM indicates 
ambulatory blood pressure monitoring.
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with atenolol was less than with the other drugs. 
In other studies, however, once-daily atenolol in 
larger doses up to 100 mg has been shown to 
achieve greater decreases in DBP throughout the 
24-hour period than quinapril 20 mg/d18 and dur-
ing the daytime when compared with nebivolol in 
doses up to 5 mg.19

Studies that have evaluated the pharmacokinetic 
and pharmacodynamic properties of atenolol and 
metoprolol succinate ER demonstrate that the 
plasma concentration-time profiles were consistent 
with atenolol over the 24-hour dose interval; a 
longer period during which plasma concentration 
exceeded 50% of the maximum concentration 
was noted with metoprolol succinate ER.12,13 In 
addition, the longer-acting metoprolol succinate 
ER achieves a lower BP over the 24-hour period 
compared with shorter-acting metoprolol tartrate 
(immediate-release formulation).20 In a previous 
study comparing once-daily administration of 50 
mg of atenolol and metoprolol succinate, the 
reductions of SBP and DBP at rest were significant-
ly greater in the metoprolol group.17 In a separate 
study, however, no differences were noted in office 
BP 24 hours after the last dose of 50 mg of atenolol 
or 100 mg of metoprolol succinate.16 In the pres-
ent study, we also noted no difference in office SBP 
and DBP between equivalent doses of atenolol and 
metoprolol given on background hydrochloro-
thiazide therapy. In this BP study, however, there 
were significant mean differences of 10 mm Hg in 
24-hour and nighttime SBP in favor of metoprolol 
succinate ER.

An important question raised by our findings is 
whether atenolol in dosages usually given, with its 
apparent lack of 24-hour BP coverage, is an appro-
priate comparator in outcome trials. In past years, 
atenolol has been the most frequently used “active 
treatment” comparator in major cardiovascular 
outcome trials such as the Anglo-Scandinavian 
Cardiac Outcomes Trial (ASCOT)21 and the 
Losartan Intervention For Endpoint Reduction 
in Hypertension (LIFE) study22; it represents the 
most commonly prescribed once-daily b-blocker. 
Most trials, except for the International Verapamil 
SR and Trandolapril Study (INVEST), report 
poorer cardiovascular outcomes with atenolol-
based treatment. In INVEST, however, almost half 
of the participants received twice-daily atenolol; 
the lack of 24-hour effect would have been cor-
rected by twice-daily dosing.23 It may, therefore, be 
the less effective BP-lowering effects of once-daily 
atenolol, rather than specific medication differ-
ences, that account for the cardiovascular outcome 

differences. Despite some data that suggest that 
the use of once-daily atenolol 100 mg will result in 
nighttime BP lowering, this medication probably 
should be given as 50 mg bid.

We acknowledge that there are a number of 
limitations in our study findings. Although this 
study followed a randomized design and the 
analysis was carried out by intention to treat, 
it was not double-blinded; however, it included 
blinded end point evaluations, as the investigators 
performing the office BP measurements and inter-
preting the ABPM results were unaware of the 
patient’s treatment. As mentioned above, the final 
study population was estimated to have an 80% 
power to detect a 4-mm Hg difference between 
groups in nighttime SBP, which was the primary 
outcome. The study was not powered at the same 
level to detect the respective changes in DBP, 
however. Last, there were differences in baseline 
office BP levels between groups during the after-
noon and evening periods, favoring the chance 
of a greater reduction in the atenolol group. This 
suggests the possibility that this group is more 
difficult to treat; however, this was not our pri-
mary outcome. Pulse rate was reduced to a similar 
degree in both groups. Thus, we do not feel that 
this biases our results.

Table V. Frequency of Reported Adverse Events by 
Treatment (42 Events Reported)
Adverse Event Atenolol Metoprolola

Upper respiratory infection 4 4
Fatigue 5 3
Headaches 2 1
Dizziness 2 2
Rash 2 0
Perspiration 0 2
Dyspnea 0 2
Blurred vision 2 0
Urinary tract infection 0 2
Vomiting 1 0
Sexual dysfunction 1 0
Muscle cramps 1 0
Muscle aches 0 1
Minor chest pain 0 1
Diarrhea 1 0
Edema 0 1
Irregular heart rate 1 0
Gastrointestinal symptoms 0 1
aThe preparation of extended-release metoprolol succinate 
was used. Note: One participant in the metoprolol group 
experienced a severe adverse event (hospitalized for shortness 
of breath).
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Conclusions
In the presence of background thiazide diuret-
ic treatment, there are differences in 24-hour 
BP control between once-daily administration of 
atenolol and metoprolol succinate ER in hyper-
tensive patients. These between-group differences 
are mostly the result of disparate early morning 
BP readings; this is the time when the incidence of 
cardiovascular events is highest.24 This inability of 
once-daily atenolol to achieve sustained reductions 
in BP throughout daytime and nighttime could be 
responsible for the differences in observed benefits 
when this agent is compared with other therapies.

Disclosure: Dr Bakris has received an investigator-initiated 
grant from AstraZeneca.
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