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Abstract

The authors evaluated the efficacy, safety, and characteristics of patients who respond

well to standard dose triple combination therapy including chlorthalidone 25 mg with

telmisartan 80 mg plus amlodipine 5 mg in hypertensive patients. This is a multicen-

ter, double-blind, active-controlled, phase 3, randomized trial. Patients are randomized

to triple combination (telmisartan 40 mg/amlodipine 5 mg/chlorthalidone 12.5 mg,

TEL/AML/CHTD group) or dual combination (telmisartan 40 mg/amlodipine 5 mg,

TEL/AML group) treatment and then dose up titration to TEL 80/AML5/CHTD25mg

and TEL80/AML5, respectively. The primary endpoint is the change of mean sit-

ting systolic blood pressure (MSSBP) at week 8. A Target BP achievement rate, a

response rate, and the safety endpoints are also evaluated. Total 374 patients (mean

age = 60.9 ± 10.7 years, male = 78.3%) were randomized to the study. The baseline

MSSBPs/diastolic BPs were 149.9 ± 12.2/88.5 ± 10.4 mm Hg. After 8 weeks treat-

ment, the change of MSSBPs at week 8 are −19.1 ± 14.9 mm Hg (TEL/AML/CHTD)

and −11.4 ± 14.7 mm Hg (TEL/AML) (p < .0001). The achievement rates of target

BP (53.8% vs. 37.8%, p = .0017) and responder rate (54.8% vs. 35.6%, p = .0001) at

week 8 were significantly higher in TEL/AML/CHTD. There are no serious adverse
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event and no one discontinued medication due to adverse event. Among the TEL

80/AML5/CHTD25mg treatment group, patients of female or age ≥ 65 years old

showed higher rate of target BP achievement than relatively young male. (61.4 vs.

46.8%, p = .042) Our study showed standard dose triple combination of telmisartan

80 mg/amlodipine 5 mg/chlorthalidone 25 mg is efficacious and safe in treatment of

primary hypertension. Target BP achievement with triple therapy would be facilitated

in female or old age.
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1 INTRODUCTION

Cardiovascular diseases (CVDs) are the leading cause of death and

about 17.9 million people died from CVDs in 2019, representing 32%

of all global deaths.1 Hypertension is one of the strongest risk fac-

tors among the major modifiable risk factors for CVD.2 The American

and European guidelines on the management of arterial hypertension

emphasize intensive blood pressure (BP) lowering below 130/80 mm

Hg for most hypertensive patients.3,4 However, the BP control rate

remains low worldwide and only 40%−50% of treated hypertensive

patients achieve the targets.5 The BP control rate of hypertensive

patients (among prevalent) is 48% in Korea6 Even with dual combina-

tion therapy, about 25%–30% of hypertensive patients fail to achieve

target BP level and require three or more antihypertensive agents.7,8

The proportion of uncontrolled patients will increase further by latest

guidelines.5

European guidelines recommend angiotensin converting enzyme

inhibitor (ACEi)/angiotensin receptor blocker (ARB), a dihydropyridine

calcium channel blocker (CCB) and a thiazide/thiazide like diuretics

as triple drug combinations.4 It has been known that chlorthalidone,

a thiazide like diuretic produces smooth BP control throughout the

diurnal cycle,9 and more potent with a longer duration of action than

hydrochlorothiazide.10

Because of the concern about diuretic side effects, low dose com-

bination therapy is preferred to reduce dose dependent diuretic side

effects.11

The objectives of the studywere to evaluate the efficacy, safety, and

characteristics of patients who respond well to standard dose triple

combination therapy including chlorthalidone 25 mg with telmisartan

80mgplus amlodipine5mg inhypertensivepatientswho fail to achieve

target BPwith ARB plus CCB dual combination therapy.

2 METHODS

2.1 Study design

This is a multicenter, double-blind, active-controlled, phase 3, random-

ized trialwith two treatment arms to evaluate the safety andefficacyof

single-pill triple drug combination compared with single-pill dual drug

combination in patients with primary hypertension who fail to achieve

target BP after 4 weeks treatment of telmisartan 40 mg/amlodipine

5 mg combination. The detail of design is shown in Figure 1. In the

run-in period, the study patients discontinue previously prescribed

antihypertensive medication and take telmisartan 40 mg/amlodipine

5mg once a day for 4weeks. The patients of 140mmHg≤mean sitting

systolic BP<200mmHg, or thepatients of diabetesmellitus or chronic

kidney disease, 130 mm Hg ≤ mean sitting systolic BP < 200 mm Hg

after 4 weeks are randomized. There are two treatment arms, one is

triple (telmisartan 40 mg/amlodipine 5 mg/chlorthalidone 12.5 mg,

TEL/AML/CHTD group) combination drug and the other is dual

(telmisartan 40 mg/amlodipine 5 mg, TEL/AML group) combination

drug treatment once a day for 2weeks after randomization. In the dose

up-titration step, the patients who randomized to TEL/AML/CHTD

group take telmisartan 80 mg/amlodipine 5 mg/chlorthalidone

25 mg, and the patients who randomized to TEL/AML group

take telmisartan 80 mg/amlodipine 5 mg once a day for next

6 weeks.

2.2 End point

The primary endpoint is the change of mean sitting systolic BP at week

8. The secondary endpoints are the changes of mean sitting diastolic

BP at week 8 and changes of means sitting systolic/diastolic BP at

weeks 2 and 4. A Target BP achievement rate and a response rate are

also evaluated. The definition of target BP achievement is mean sit-

ting BP < 140/90 mm Hg. For the patients with diabetes mellitus or

chronic kidney disease, target BP is mean sitting BP < 130/80 mmHg.

The definition of response to treatment is the reduction of mean sit-

ting systolic BP ≥20 mm Hg and/or mean sitting diastolic BP≥10 mm

Hg from baseline values.

The safety endpoints are evaluated with interview, physical exami-

nation, and laboratory data on all patientswho have received the study

drug at least once. Patients with self-reported or observed adverse

symptoms and sign are recorded according to treatment group and

severity and encoded to a system-organ class. The relation of symp-

toms and sign with the drug treatment are also evaluated. Laboratory
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F IGURE 1 Flowchart of the study design. This is a randomized, double-blind, active-controlled, multicenter phase 3 trial to evaluate the safety
and efficacy of telmisartan/amlodipine/chlorthalidone triple combination treatment in patients with primary hypertension inappropriately
controlled on telmisartan/amlodipine dual combination treatment. TEL/AML/CHTD, telmisartan/amlodipine/chlorthalidone; TEL/AML,
telmisartan/amlodipine.

abnormalities are followed up until normalization and recorded for

safety analysis.

2.3 Study population

The target population is primary hypertensive patients with age

between 19 and 80 years old, who currently taking antihyperten-

sive medication (140 mm Hg ≤ mean sitting systolic BP < 200 mm

Hg, or the patients of diabetes mellitus or chronic kidney disease,

130 mm Hg ≤ mean sitting systolic BP < 200 mm Hg) or stop the

medication for at least 4 weeks (160 mm Hg ≤ mean sitting systolic

BP < 200 mm Hg). The exclusion criteria are: (1) mean sitting diastolic

BP ≥110mgHg or mean sitting systolic BP ≥200 mm Hg at screen-

ing or randomization; (2) variability of ≥20 mm Hg in systolic BP or

≥10mmHg in diastolic BP among three measurements, or differences

of≥20/10mmHg between both armbrachial values of systolic or dias-

tolic BP; (3) secondary hypertension; (4) allergies or contraindications

to study drugs; (5) uncontrolled diabetes mellitus (HbA1c > 9%); (6)

history of New York Heart Association (NYHA) class III to IV heart

failure, angina, myocardial infarction, cardiomyopathy, arrhythmia, or

aortic stenosis requiring treatment within 6 months; (7) cerebral vas-

cular disease within 6 months; (8) serious liver or renal dysfunction;

(9) symptomatic hyperuricemia or gout; (10) galactose or lactose-

intolerance; (11) pregnancy or the possibility of pregnancy, or breast

feeding; (12) unable towithhold currentmedication; (13) be prescribed

other study drugswithin 4weeks; and (14) abnormal laboratory results

(AST, ALT > 3ULN, Cr≥3.0 mg/dL, Creatinine clearance < 15 mL/min,

K< 3.0 or> 5.5mEq/L, Na< 132mmol/L,).

2.4 Office BP measurements

Office BP is measured in the sitting position with the pressure cuff

placed at either the right or left brachial area using a semi-automated

sphygmomanometer (HEM-7080IC, Omron Healthcare Co, Kyoto,

Japan). After a 5-min rest, BPs are measured three times with a

2−3min interval.We take theBPdata from the armwith higherBP, and

mean value of three measurements are used in the analysis. If the BP

differencesbetweenboth armsweremore than20mmHg, thepatients

fail to randomization.

3 STATISTICAL ANALYSIS

3.1 Determination of sample size

Sample size is calculated with 92% power to detect a superiority of

TEL/AML/THD to TEL/AML in change of mean sitting systolic BP of

4.9 mm Hg with 13.0 mm Hg standard deviation at a two-sided sig-

nificance level of 5%. To satisfy these assumptions and allowing for a

drop-out rate of 15%, a total of 378 patients (189 for each treatment

arm) are required for the trial.

3.2 Efficacy analysis

All efficacy analysis is performed on the full analysis which is a modi-

fied intention-to-treat set that includes patients receiving at least one

dose of the study drug and having undergone at least one efficacy

evaluation. Additional analysis also be performed on the per protocol

set. Continuous variables are reported as mean ± standard deviation

and categorical variables are as frequency and percentage. Intergroup

comparison was analyzed with two-sample t-test, and baseline to 2-,

4-, and 8-week differences were evaluated with paired t-test for con-

tinuous variables. Chi-square test or Fisher’s exact test are used for

comparison of categorical variables. Missing values are imputed using

Last Observation Carried Forwardmethod.

For evaluation the effect of confounding factors, logistic regressions

analysis was done. Two-sided values of p < .05 indicate statistical sig-

nificance. All statistical analyses were performed with SAS version 9.4

(SAS Institute Inc.).
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All adverse events are encoded to a system-organ class according

to theMedical Dictionary for Regulatory Activities (MedDRA), version

19.0.

4 RESULTS

4.1 Patients disposition and baseline
characteristics

FromDecember 24, 2015 to December 2, 2016, primary hypertensive

patients were recruited from 35 university hospitals in 16 cities via

outpatient departments.

A total 585 patients were screened, of which 381 patients were

randomized and received at least one dose of the study drug.

After randomization, seven patients were drop out for the pro-

tocol violation or taking medication that prohibited. Among the

374 patients, 186 patients were assigned to TEL/AML/CHTD group

and 188 patients were assigned to TEL/AML group. The mean age

of population is 61 years old and 293(78.2%) patients of popu-

lation are males. The baseline mean sitting systolic/diastolic BPs

are 149.9 ± 12.2/88.5 ± 10.4 mm Hg and the mean value of

BMI is 26.5 ± 3.5 kg/m2. The mean duration of hypertension is

127.3 ± 99.6 months. Ninety (24.1%) patients have diabetes melli-

tus and 54, (14.4%) patients have chronic kidney disease defined by

estimated glomerular filtration rate< 90mL/min.

The Baseline characteristics of patients according to the

groups are described in Table 1. There were no significant dif-

ferences in baseline characteristics except eGFR (85.8 ± 28.5 vs.

94.7± 35.4mL/min/1.732m2, p= .007) and glucose level (6.3± 1.4 vs.

6.7 ± 1.7 mmol/L, p = .017) in TEL/AML/CHTD and TEL/AML group,

respectively.

4.2 Efficacy results

Table 2 shows baseline andweek 2−8MSSBP,MSDBP and BP changes

from baseline to week 8.

The mean sitting systolic BPs in baseline are 150.1 ± 12.0 mm

Hg in TEL/AML/CHTD group and 149.7 ± 12.5 mm Hg in TEL/AML

group (p = .790). The mean sitting systolic BP after 8 weeks treat-

ments are 131.3±13.6mmHg (TEL/AML/CHTD) and138.6±16.0mm

Hg (TEL/AML) (p < .0001). The change of mean sitting systolic BPs

from baseline to week 8 are −19.1 ± 14.9 mm Hg (TEL/AML/CHTD)

and −11.4 ± 14.7 mm Hg (TEL/AML) (p < .0001). The mean sitting

systolic BP after 2 and 4-week treatment are 137.7 ± 14.6 mm Hg,

131.6 ± 13.6 mm Hg in TEL/AML/CHTD group and 143.0 ± 13.8 mm

Hg, 138.2 ± 14.2 mm Hg (TEL/AML) (p < .0001 for both week 2

and week 4). The change of mean sitting systolic BPs from baseline

to week 2, 4 are −12.5 ± 14.0 mm Hg, −18.9 ± 13.4 mm Hg in

TEL/AML/CHTD group and −6.5 ± 11.3 mm Hg, −11.1 ± 12.9 mm

Hg in TEL/AML group (p < .0001 for both week 2 and 4) (Table 2,

Figure 2A).

The mean sitting diastolic BPs at in baseline are 88.2 ± 10.2 mm

Hg in TEL/AML/CHTD group and 88.7 ± 10.7 mm Hg in TEL/AML

group (p = .696). The mean sitting diastolic BP after 8 weeks treat-

ments are 79.9 ± 9.8 mm Hg (TEL/AML/CHTD) and 82.8 ± 11.2 mm

Hg (TEL/AML) (p = .010). The change of mean sitting diastolic BPs

from baseline to week 8 are −8.4 ± 8.6 mm Hg (TEL/AML/CHTD) and

−5.5± 9.1mmHg (TEL/AML) (p= .0011). Themean sitting diastolic BP

after 2 and4-week treatment are83.8±10.2mmHg, 80.2±8.6mmHg

in TEL/AML/CHTD group and 86.1 ± 10.4 mm Hg, 82.3 ± 10.7 mm Hg

(TEL/AML) (p= .036 forweek 2 and p= .046 forweek 4). The change of

mean sitting diastolic BPs frombaseline toweek2, 4 are−4.3±8.2mm

Hg, −7.9 ± 8.7 mm Hg in TEL/AML/CHTD group and −2.3 ± 7.2 mm

Hg, −5.6 ± 7.9 mm Hg in TEL/AML group (p = .0040 for week 2 and

p= .0027 for week 4) (Table 2, Figure 2B).

The achievement rates of target BP after 8 weeks treatment

is 53.8% in TEL/AML/CHTD group and 37.8% in TEL/AML group

(p = .0017) The achievement rates of target BP after 2 and 4-week

treatment are 38.5%, 51.6% in TEL/AML/CHTD group and 18.0%,

29.8% in TEL/AML group (p< .0001 for bothweek 2 and 4) (Figure 3A).

After 8weeks treatment, the responder rates by definition ofmean sit-

ting systolic BP reduced by more than 20 mm Hg “OR” mean sitting

diastolic BP reduced by more than 10 mm Hg from the correspond-

ing baseline value are 54.8% in TEL/AML/CHTD group and 35.6% in

TEL/AML group (p < .0001). After 2 and 4-week treatment, responder

rates by above definition are 39.6%, 54.8% in TEL/AML/CHTD group

and 22.4%, 36.7% in TEL/AML group (p = .0003 for both week 2 and

4) (Figure 3B). After 8 weeks treatment, the responder rates by def-

inition of mean sitting systolic BP reduced by more than 20 mm Hg

“AND” mean sitting diastolic BP reduced by more than 10 mm Hg

from the corresponding baseline value are 32.3% in TEL/AML/CHTD

group and 16.5% in TEL/AML group (p = .0003). After 2 and 4-week

treatment, responder rates by above definition are 17.0%, 30.7% in

TEL/AML/CHTD group and 6.0%, 13.3% in TEL/AML group (p = .0008

for week 2 and p< .0001 for week 4).

4.3 Safety results

Total 48(12.6%) patients are reported to showed treatment

emergent adverse event. Among them, 30(15.6%) patients are in

TEL/AML/CHTD group and 18(9.5%) patients are in TEL/AML group

(p = .0728). Treatment related adverse events are shown in 20(10.4%)

patients of TEL/AML/CHTD group and 10 (5.3%) patients of TEL/AML

group (p = .0633). “Dizziness” is the most frequently reported

symptoms in both groups (11(5.7%) patients in TEL/AML/CHTD

group, 4(2.1%) patients in TEL/AML group). Most of the cases are

categorized as “mild”. “Moderate” adverse events are occurred in

6(3.1%) patients in TEL/AML/CHTD group and four (2.1%) patients

in TEL/AML group. Serious adverse events are reported in 1(0.5%)

patient of TEL/AML/CHTD groups (gastric ulcer) and 1(0.5%) patients

of TEL/AML group (pulmonary mass). Events are revealed as not

related with studymedication. There are no serious adverse event and

no one discontinued themedication due to adverse event (Table 3).
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TABLE 1 Baseline characteristics andweek-8 FU laboratory data.

TEL/AML/CHTD (n= 186) TEL/AML (n= 188) p

Age (years) 61.5 ± 10.6 60.3 ± 10.8 NS

Male, n(%) 144(77.4) 149(79.3) NS

BMI (kg/m2) 26.2 ± 3.5 26.7 ± 3.5 NS

Hypertension duration (months) 138.1 ± 101.2 116.7 ± 97.1 NS

DiabetesMellitus, n(%) 39(21.0) 51(27.1) NS

Dyslipidemia, n(%) 85(45.5) 99(52.9) NS

Chronic kidney disease, n(%) 26(14.0) 28(14.9) NS

Pulse pressure (mmHg) 73.6 ± 10.2 73.5 ± 10.5 NS

Heart rate (BPM) 73.4 ± 10.4 73.6 ± 10.5 NS

eGFR (mL/min/1.732m2) 85.8 ± 28.5 94.7 ± 35.4 .007

Glucose (mmol/L) 6.3 ± 1.4 6.7 ± 1.7 .017

Creatinine (µmol/L) 71.3 ± 19.3 68.4 ± 19.3 NS

Total cholesterol (mmol/L) 4.8 ± 0.9 4.7 ± 1.1 NS

LDL-cholesterol (mmol/L) 2.9 ± 8.3 2.8 ± 0.9 NS

HDL-cholesterol (mmol/L) 1.3 ± 0.3 1.3 ± 0.4 NS

Triglyceride (mmol/L) 145.03 ± 80.62 177.78 ± 137.53 .005

Sodium (mmol/L) 140.8 ± 2.1 140.3 ± 2.1 NS

Potassium (mmol/L) 4.35 ± 0.38 4.34 ± 0.39 NS

Uric acid (µmol/L) 341.2 ± 89.7 336.8 ± 94.4 NS

FU at week 8

eGFR (mL/min/1.732m2) 80.4 ± 28.1 93.5 ± 35.8 <.0001

Glucose (mmol/L) 6.4 ± 1.4 6.4 ± 1.3 .834

Creatinine (µmol/L) 75.9 ± 22.0 68.7 ± 19.6 .002

Total cholesterol (mmol/L) 4.7 ± 1.0 4.6 ± 1.0 .462

LDL-cholesterol (mmol/L) 2.9 ± 0.9 2.8 ± 0.9 .277

HDL-cholesterol (mmol/L) 1.3 ± 0.3 1.3 ± 0.4 .596

Triglyceride (mmol/L) 169.2 ± 129.2 162.3 ± 110.0 .600

Sodium (mmol/L) 139.4 ± 2.5 140.4 ± 2.1 <.0001

Sodium change from baseline (mmol/L) −1.39 ± 2.50 0.16 ± 2.03 <.05

Potassium (mmol/L) 4.10 ± 0.43 4.32 ± 0.37 <.0001

Uric acid (µmol/L) 414.7 ± 116.3 346.9 ± 92.6 <.0001

p

Changes fromBaseline toweek 8 Inter-group

Intra-group (TEL/AML/CHTD

and TEL/AML, respectively)

eGFR (mL/min/1.732m2) −5.36 ± 12.21 −2.18 ± 12.82 .0171 <.0001 .0222

Creatinine (µmol/L) 4.75 ± 9.49 0.70 ± 8.45 <.0001 <.0001 .2609

Sodium (mmol/L) −1.39 ± 2.50 0.16 ± 2.03 <.0001 <.0001 .2895

Potassium (mmol/L) −0.27 ± 0.43 −0.01 ± 0.35 <.0001 <.0001 .6328

Uric acid (µmol/L) 73.08 ± 69.67 9.88 ± 53.01 <.0001 <.0001 .0125

Patients with abnormal range of laboratory data, n(%)

eGFR (mL/min/1.732m2) 125(71.4) 150(55.2) .0015

Creatinine (µmol/L) 30(17.1) 22(12.0) .1693

Sodium (mmol/L) 7(4.0) 2(1.1) .0790

Potassium (mmol/L) 11(6.3) 4(2.2) .0529

Uric acid (µmol/L) 66(37.7) 27(14.8) <.0001

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; HDL, high density lipoprotein; LDL, low density lipoprotein; TEL/AML,

telmisartan/amlodipine; TEL/AML/CHTD, telmisartan/amlodipine/chlorthalidone.
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TABLE 2 Changes ofMSSBP andMSDBP-ITT population.

TEL/AML/CHTD (n= 186) TEL/AML (n= 188)

Difference between

groups p

Mean systolic BP (mmHg) Baseline 150.1 ± 12.0 149.7 ± 12.5 .790

2week 137.7 ± 14.6 143.0 ± 13.8 <.0001

4week 131.6 ± 13.6 138.2 ± 14.2 <.0001

8week 131.3 ± 13.6 138.6 ± 16.0 <.0001

Change fromBaseline – 2week −12.5 ± 14.0 −6.5 ± 11.3 −5.8± 1.3 <.0001

Change fromBaseline – 4week −18.9 ± 13.4 −11.1 ± 12.9 −7.3± 1.3 <.0001

Change fromBaseline – 8week −19.1 ± 14.9 −11.4 ± 14.7 −7.5± 1.5 <.0001

Mean diastolic BP, mmHg Baseline 88.2 ± 10.2 88.7 ± 10.7 .696

2week 83.8 ± 10.2 86.1 ± 10.4 .036

4week 80.2 ± 8.6 82.3 ± 10.7 .046

8week 79.9 ± 9.8 82.8 ± 11.2 .010

change fromBaseline – 2week −4.3 ± 8.2 −2.3 ± 7.2 −2.2± 0.7 .0040

Change fromBaseline – 4week −7.9 ± 8.7 −5.6 ± 7.9 −2.4± 0.8 .0027

Change fromBaseline – 8week −8.4 ± 8.6 −5.5 ± 9.1 −2.9± 0.9 .0011

Abbreviations: MSDBP, mean sitting diastolic blood pressure; MSSBP, mean sitting systolic blood pressure; TEL/AML, telmisartan/amlodipine;

TEL/AML/CHTD, telmisartan/amlodipine/chlorthalidone.

F IGURE 2 Line graphs of changes inMSSBP andMSDBP from baseline to visit time according to time sequences. The changes ofMSSBPs (A)
andMSDBP (B) from baseline to week 2, 4, and 8 are significantly greater in TEL/AML/CHTD group (red line) than TEL/AML group (black line).
MSSBP, mean sitting systolic blood pressure; MSDBP, mean sitting diastolic blood pressure; TEL/AML/CHTD,
telmisartan/amlodipine/chlorthalidone; TEL/AML, telmisartan/amlodipine.

4.4 Laboratory data

After 8-week treatment, there were significant changes of eGFR

(−5.36 ± 12.21 vs. −2.18 ± 12.82, p = .0171), blood creatinine

(4.75 ± 9.49 vs. 0.70 ± 8.45, p < .0001) sodium (−1.39 ± 2.50 vs.

0.16 ± 2.03, p < .001) and potassium (−0.27 ± 0.43 vs. −0.01 ± 0.35,

p < .0001) levels in TEL/AML/CHTD group compared with in

TEL/AML group. The blood serum uric acid level was significantly

increased in TEL/AML/CHTD group compared with in TEL/AML group.

(73.08± 69.67 vs. 9.88± 53.01, p< .0001) The percentage of patients
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F IGURE 3 Bar graphs of the achievement rates of target BP (A, C) and responder rate (B). (A): Achievement rates of target BP after 2, 4 and
8weeks are significantly higher in TEL/AML/CHTD group than TEL/AML group. (B): Responder rates by definition ofMSSBP reduced bymore than
20mmHg “OR”MSDBP reduced bymore than 10mmHg from the corresponding baseline value are significantly higher in TEL/AML/CHTD group
than TEL/AML group after 2, 4, and 8weeks treatment. (C) Achievement rates of target BP after 8 weeks are significantly high in female or age
over 65 years old among in patients with TEL/AML/CHTD treatment. BP, blood pressure; MSSBP, mean sitting systolic BP;MSDBP, mean sitting
diastolic BP; TEL/AML, telmisartan/amlodipine; TEL/AML/CHTD, telmisartan/amlodipine/chlorthalidone.

TABLE 3 Compliance rate and summary of adverse events—Safety Population.

Compliance rate Total (n= 381) TEL/AML/CHTD, (n= 192) TEL/AML, (n= 189) p

Baseline – weeks 2 98.0± 5.8 97.9± 5.2 98.1± 6.3 NS

Week 2 –weeks 4 98.8± 4.7 98.8± 5.3 98.7± 4.0 NS

Week 4 –weeks 8 98.7± 4.7 98.7± 4.6 98.7± 4.7 NS

Total period 98.2± 4.2 98.0± 4.5 98.4± 3.8 NS

Adverse events Total (n= 381) TEL/AML/CHTD (n= 192) TEL/AML (n= 189) p

TEAE, n(%) 48(12.6) 30(15.6) 18(9.5) .0728

Treatment related AEs, n(%) 30(7.9) 20(10.4) 10(5.3) .0633

SAEs, n(%) 2(0.5) 1 (0.5) 1 (0.5) 1.000

Treatment-related SAEs, n(%) 0(0) 0(0) 0(0)

Discontinued due to AE 0(0) 0(0) 0(0)

Abbreviations: AEs, TEAEs which have the relationship with IP such as ‘Certainly’, ‘Probably’, ‘Possibly’, ‘Unlikely’ or ‘Unassessable/Unclassifiable;

TEAE, Treatment emergent adverse event; SAE, Serious adverse event Treatment-Related; TEL/AML, telmisartan/amlodipine; TEL/AML/CHTD, telmisar-

tan/amlodipine/chlorthalidone.
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whoover thenormal limit of each center’s laboratory datawerenot dif-

ferent between group except uric acid level [66(37.7%) vs. 27(14.8%),

p< .0001] (Table 1)

Patients who showed abnormal laboratory data after taking medi-

cations were normalized on followed-up examinations.

4.5 Characteristics of patients who facilitate
target BP achievement with TEL/AML/CHTD

The female patients or older age (65≥ years old) showed dominant tar-

get BP achievement rate with TEL/AML/CHTD treatment compared

with male and young patients. (61.4 vs. 46.8, p = .0042) (Figure 3C,

Table S1).However, theMSSBP/MSDBPchanges frombaseline atweek

8 were not significantly different in TEL/AML/CHTD treatment group

(−20.22 ± 16.16/−8.18 ± 8.40 vs. −17.73 ± 13.33/−8.71 ± 8.75,

p= .286 forMSSBP and .688 forMSDBP). Even though female or older

patients had significantly higher prevalence of DM and less BMI, the

logistic regression analysis showed those factorswere not affect target

BP achievement with TEL/AML/CHTD treatment (Table S2).

5 DISCUSSION

The results of our study demonstrate that single pill standard dose of

telmisartan 80 mg/amlodipine 5 mg/chlorthalidone 25 mg triple com-

bination therapy is efficacious and safe after 8 weeks treatment in

patients who failed to achieve target BP with 4-week treatment of

telmisartan 40mg/amlodipine 5mg dual combination.

Our study patientswere relatively young,male dominantwith grade

1 (by Korean and European criteria) hypertension at randomization

after 4weeks treatmentwith TEL40mg/AML5mg. The patients’mean

duration of hypertension was about 127months.

Baseline characteristics and initial laboratory data were not signif-

icantly different except eGFR and glucose level between the groups.

At 8 weeks of treatment, the MSSBP was significantly lower in

TEL/AML/CHTD group than TEL/AML group. The primary endpoint,

MSSBP change from baseline to 8 weeks treatment was signifi-

cantly greater in TEL/AML/CHTD group than in TEL/AML group.

Least squares mean (standard errors) of MSSBP changed value was

−18.65± 1.04mmHg in TEL/AML/CHTD and−11.18± 1.04mmHg in

TEL/AML group. The difference of changed value between groups was

−7.48 ± 1.47 mm Hg (95% CI: −10.37, −4.58, p < .0001). The MSSBP

lowering efficacy of TEL/AML/CHTD combination was superior to

TEL/AML combination with statistical significance. This difference was

the effect of chlorthalidone 25 mg in TEL/AML/CHTD. The secondary

endpoint, MSSBP change from baseline to 2 weeks treatment was sig-

nificantly greater in TEL/AML/CHTD group than in TEL/AML group.

Least squares mean (standard errors) of MSSBP changed value was

−12.57 ± 0.94 mmHg in TEL/AML/CHTD and −6.86 ± 0.94 mmHg in

TEL/AML group. The difference of changed value between groups was

−5.71± 1.33mmHg (p< .0001). After 2 weeks treatment, theMSSBP

lowering efficacy of TEL/AML/CHTD combination was greater than

TEL/AML combination due to the effect of chlorthalidone 12.5 mg in

TEL/AML/CHTD. Likewise, other secondary endpoints showed signifi-

cantly greater BP lowering efficacy of TEL/AML/CHTD than TEL/AML

group. There were no differences in compliance between groups

(98.0 vs. 98.4%, p=NS) (Table 3)

Hypertension is one of the strongest risk factors among the

major modifiable risk factors for CVD.2 The BP control rate remains

low worldwide and only 40%−50% of treated hypertensive patients

achieve the recommended targets.5,6 Even when treated with a dual

combination, almost 25%–30% of hypertensive patients fail to achieve

targetBP level and require threeormoreantihypertensive agents.7,8,12

European guidelines recommend ACEi/ARB, a dihydropyridine CCB

and a thiazide/thiazide like diuretics as triple drug combinations.4 Thi-

azide and thiazide-like diuretics are mandatory in triple combination

therapy and has been the gold standard of antihypertensive ther-

apy for primary hypertension.13–15 However, despite the evidence of

beneficial clinical data, thiazide and thiazide-like diuretics’ use in real-

world practice has continued to decline.16 In South Korea, diuretic

prescription rate is 24.7% while ARB/ACE and CCB are 73.3% and

60.9%, respectively.6 This might be related with several misconcep-

tions and concerns about diuretic such as doubtful effect on outcome,

tolerability andmetabolic/electrolyte derangement.17–19

Korean society of hypertension guidelines recommend diuretics

in treatment of elderly hypertensive patients20 and data from the

National Health and Nutrition Examination Survey reveal that women

were more likely to use diuretics than men (31.6% vs. 22.3%).21

There is no proven antihypertensive medication more beneficial for

older women, except thiazide diuretics, which reduce calcium excre-

tion and prevent osteoporosis.22 A study outcome of comparison

between ACEi and diuretics for hypertension in the elderly that

includes 3102 women, showed ACEi–based regimen benefit only for

men.23 Our study results show that comparedwithTEL/AMLdual com-

bination, TEL/AML/CHTD combination therapy is beneficial for target

BP achievement, especially to elderly or women patients (Figure 3C,

Tables S1 and S2).

Because of the significant pharmacokinetic and pharmacody-

namics differences10 chlorthalidone is 1.5−2.0 times as potent as

hydrochlorothiazide and shows smooth BP control throughout the

diurnal cycle.24 Those may be the cause for chlorthalidone’s well-

documented benefits for reduced CVmorbidity andmortality.

Most of the studies regarding combination therapy prefer lower

dose of chlorthalidone as 3.125–12.5 mg combination in dual25 or

triple therapy.26–29

Safety results of our study regarding triple combination therapy

including chlorthalidone 25 mg showed that treatment emergent

adverse event occurred in 30(15.6%) patients in TEL/AML/CHTD

group and 18 (9.5%) patients in TEL/AML group. Treatment related

adverse events occurred in 20(10.4%) patients of TEL/AML/CHTD

group and 10(5.3%) patients of TEL/AML group. There were no signif-

icant differences in occurrence rate of adverse event between groups.

Most of the cases are categorized as “mild” and all adverse events

were not related with study medications. No one was discontinued

the medication due to the adverse event. “Dizziness” was the most
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frequently reported symptoms in both groups. [11(5.7%) patients in

TEL/AML/CHTD group, 4(2.1%) patients in TEL/AML group] Among

total 15 patients who complaint dizziness, four patients called to

research medical staff and revealed no significant hypotension on

home BP measurement. The incidence of “dizziness” symptom was

more frequent in TEL/AML/CHTD group than TEL/AML group. It has

been known that dizziness is a common complication of chlorthalidone

and even reported in lower dose as 6.25–12.5 mg of chlorthalidone in

triple combination.27,28 Dizziness symptoms also reported in the study

with dual combination including chlorthalidone 25mg. The study com-

pare the efficacy between azilsartan medoxomil 80 mg/chlorthalidone

25 mg and azilsartan medoxomil 80 mg showed dizziness was more

common (11.8% vs. 3.7%) in azilsartan medoxomil /chlorthalidone

group.30 Likewise, triple combination therapy includinghydrochloroth-

iazide showed about 9.9% incidence rate of dizziness.31 Serious

adverse events are reported in 1(0.5%) patient of TEL/AML/CHTD

groups (gastric ulcer in patient taking anticoagulant) and 1(0.5%)

patient of TEL/AML group (pulmonary mass). Events were not related

with studymedication.

Follow-up laboratorydata showed that the changes frombaseline to

week8 in blood sodium, potassiumanduric acid levelswas significantly

different between groups. There were significant greater decrease in

blood sodium (−1.39 ± 2.50 vs. 0.16 ± 2.03, p < .05) and potassium

(−0.27 ± 0.43 vs. −0.01 ± 0.35, p < .05) levels and greater increase

in blood uric acid level (73.08 ± 69.67 vs. 9.88 ± 53.01, p < .05) in

TEL/AML/CHTD group than TEL/AML group. Those observed greater

electrolyte and uric acid changeswere characteristic findings occurred

with thiazide and thiazide like diuretic therapy and no one showed

serious electrolyte derangement.

6 CONCLUSIONS

From the study results, we concluded that standard dose triple com-

bination of telmisartan 80 mg/amlodipine 5 mg/chlorthalidone 25 mg

is efficacious and safe in treatment of primary hypertension. The BP

lowering efficacy is superior to telmisartan 80 mg/amlodipine 5 mg

dual combination and more pronounced in patients of elderly or

women.
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