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Therapeutic approaches to the Rational Use of triple  
combination therapy with a fixed combination  
of amlodipine, indapamide and perindopril arginine  
(TRIPLE COMBINATION) in patients with hypertension 
who do not control blood pressure on conventional treatment. 
(Description and main results of the TRIO program)

Aim	 To study tactics of outpatient physicians in choosing the treatment when the previous double 
antihypertensive therapy (AHT) fails and to analyze the effectivity of an amlodipine / indapamide / pe
rindopril arginine triple combination (TC).

Material and methods	 The program included 1252 patients with arterial hypertension (AH); the TC group consisted of 992 
(79.23 %) patients (38.3 % males; age, 61.6 [55.0; 67.9]); the control group included 260 (20.77 %) 
patients (37.7 % males; age, 60.6 [53.3; 67.4]). The main inclusion criteria were essential AH, age 
18–79 years, insufficient response to previous AHT (clinical systolic blood pressure (SBP) >140–
179  mm Hg). The study duration was three months. The following parameters were evaluated: 
dynamics of clinical and ambulatory BP (BP self-monitoring (BPSM); frequency of achieving the 
first goal of <140 / 90 mm Hg and the goal of <130 / 80 mm Hg); and changes in glomerular filtration 
rate (GFR) and quality of life (QoL). Responses to TC were analyzed in groups with different ranges 
of increased baseline SBP in patients with AH and diabetes mellitus (DM) / impaired glucose tolerance 
(IGT), overweight or obesity, and chronic kidney disease (CKD, reduced estimated GFR (eGFR <60 
ml / min / 1.73 m2). Safety was evaluated based on records of adverse events (AEs).

Results	 The TC group had a more severe condition at baseline by clinical parameters and history and had 
higher baseline BP, which made difficult the intergroup comparison. Nevertheless at three months, 
the decrease in clinical SBP was more pronounced in the TC group (from 162.1 to 126.8 mm Hg, 
Δ=35.7 mm Hg) than in the control group (from 157.8 to 128.4 mm Hg, Δ=29.4 mm Hg). 87.8 % 
of patients in the TC group and 81.9 % (р=0.012) in the control group achieved the first BP goal of 
<140 / 90 mm Hg; 34.3 % and 28.2 % of patients, respectively, achieved the BP goal of <130 / 80 mm 
Hg (р=0.055). The more effective SBP control in the TC group was associated with a pronounced 
BP decrease with higher BP values at baseline, which was also confirmed by an analysis in subgroups 
with SBP 140–160, 160–180, and >180 mm Hg. The TC treatment was associated with a pronounced 
antihypertensive effect with respect of BPSM values, improved QoL, and renal function. Significant 
decreases in BP and achievement of BP goals by a vast majority of patients receiving TC were also 
observed in subgroups with DM or IGT, overweight and / or obesity, and CKD. AEs were observed 
during the treatment only in 8 patients (0.64 %), which confirmed good tolerability and high safety of 
the therapy.

Conclusion	 The study results demonstrated a therapeutic effect of the amlodipine / indapamide / perindopril 
arginine fixed-dose combination (Triplixam®). This effect was evident as control of clinical BP with 
any baseline BP level, including different ranges of increased SBP, in AH combined with DM, IGT, 
obesity, and CKD, which offers advantages over a subjective choice of AHT. TC improved BPSM 
values, QoL indexes, provided nephroprotection, and was well tolerated.
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Despite progress in the treatment of hypertension, it is 

still the top contributor to mortality and disability in the 
Russian Federation, significantly outpacing other common 
known risk factors [1]. The prevalence of hypertension in 
adults of diverse countries is 30–45 % [2]. In Russia, there 
was an increase from 33.9 to 43.3 % during 1998–2017 [3].

The effectiveness of blood pressure (BP) control among pa­
tients with hypertension in Russia remains low [3, 4] due to 
the use of mainly medium-duration antihypertensive drugs, 
insufficient doses, and long-term single-drug treatment. In 
2010, the Russian National Guidelines on Hypertension 
stressed the use of initial two-drug combination therapy for 
patients with blood pressure (BP) ≥160 / 100 mm Hg and who 
were exposed to high and very high cardiovascular risk and for 
whom transition to three or more drugs was without effect 
[5]. In the updated European Guidelines, the primary strategy 
for treatment of patients with uncomplicated hypertension 
is to administer a stable, triple combination (TC), i.e., «the 
one pill concept,» of an angiotensin-converting enzyme 
inhibitor (ACE inhibitor) or an angiotensin II receptor 
blocker (ARB) plus a calcium channel blocker (CCB) plus 
a diuretic, if a starting, preferably combined, two-drug 
treatment, is ineffective [6]. The recent Russian Guidelines 
also recommend multiple antihypertensive drugs, preferably 
combined, to improve adherence to treatment [7].

TC of amlodipine / indapamide / perindopril arginine 
(Triplixam®) is distinguished by an extensive range of doses, 
which allows using it in a wide range of patients [8–13]. The 
concept of TC is exceptional due to the combination of 
properties of each component for inhibition of the renin-
angiotensin-aldosterone system (RAAS) and inflammatory 
processes, protection of endothelium, necessary cardio-, vaso- 
and nephroprotection, and diuretic function [12, 14–17]. 
Antihypertensive efficacy and beneficial effects on metabolic 
performance and good tolerance of amlodipine / indapami
de / perindopril arginine TC were demonstrated in several 
foreign (PETRA, PAINT, PIANIST, TRIUMF) and national 
(EVIDENCE) studies [18–22].

However, real-life implementation of the aforementioned, 
step-by-step treatment algorithms continues to be a pressing 
challenge for outpatient physicians. The situation is aggravated 
if prior antihypertensive therapy was ineffective. Due to 
outdated thinking, it is easier for the physician to increase doses 
of individual drugs, which increases the risk of side effects [23].

The study of the efficacy and safety of fixed-dose 
combination therapy in different categories of patients with 
hypertension is also of high priority. The objective of the 
observational program TRIO (Therapeutic Approaches to the 
Rational Use of Triple Combination Treatment with the Fixed 
Combination of Amlodipine, Indapamide, and Perindopril 
Arginine [TRIPLE COMBINATION] in Patients with 
Hypertension Who Do Not Control BP During Conventional 

Treatment) was to study the disease management in the 
outpatient setting in terms of choosing triple combination 
treatment (perindopril arginine, amlodipine, indapamide) if 
the prior antihypertensive therapy was not successful.
The objectives of this study were:
•	 Study the efficacy of the combination of amlodipine, 

indapamide, and perindopril arginine if the prior two-drug 
combination treatment was ineffective.

•	 Estimate the achievement of target BP levels based on 
changes in office BP and self-monitoring of BP, depending 
on the approach to treatment correction.

•	 Assess quality of life (QOL).
•	 Evaluate tolerability and safety of the treatment.

Material and Methods
The TRIO study is a post‑marketing, observational, open-
label, multi-center program. The study was approved by 
the relevant ethics committee. The researchers were out­
patient primary care physicians or cardiologists. A total 
of  265  physicians from 69 Russian cities took part in the 
study.
Diagnosis of essential hypertension and determination 
of the degrees were carried out following the 2015 Guide­
lines for Diagnosis and Treatment of Hypertension [24].
Inclusion criteria were:
•	 1) Essential hypertension.
•	 2) Age 18–79 yrs.
•	 3) Insufficient efficacy of prior antihypertensive therapy 

(clinical SBP >140–179 mm Hg).
•	 4) Signed informed consent form.
Exclusion criteria were:
•	 1) Symptomatic (secondary) forms of hypertension.
•	 2) Myocardial infarction, unstable angina, or 

cerebrovascular accident within the previous 12 mos.
•	 3) Functional class III–IV chronic heart failure (CHF).
•	 4) Type 1 diabetes mellitus (DM) or decompensated 

type 2 DM.
•	 5) Diseases with severe visceral dysfunction 

(e.g., liver failure, kidney failure, etc.).
•	 6) Contraindications or known intolerance of 

dihydropyridine calcium channel blockers (including 
amlodipine) and / or indapamide and / or ACE inhibitors 
(including perindopril) or other antihypertensive drugs to 
be prescribed by the physicians.

•	 7) Inability to understand the essence of the program and 
follow the recommendations.
The total duration of the study was 3 mos. Clinic visits 

were made after the inclusion visit at 2 wks, 1 mo, and 3 mos. 
The physician corrected ineffective, two-drug, fixed-dose 
combination, antihypertensive therapy based on his / her 
own experience and standard clinical practice. Patients were 
divided into two groups depending on the treatment:
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•	 1) Control group (any change in treatment except for the 

combination of amlodipine, indapamide, perindopril 
arginine). 

•	 2) Treatment group using amlodipine, indapamide, 
perindopril arginine as a TC, if the physician deemed it 
necessary to use such TC, or as a combination of single 
components or as two-drug fixed-dose combinations 
and single components.
After achieving the desired effect with a non-fixed-dose 

combination of amlodipine, indapamide, perindopril arginine, 
the physician at his / her discretion could transfer the patient to 
fixed-dose TC, i.e., Triplixam®, a combination of amlodipine, 
indapamide, perindopril arginine.

The patient’s condition was evaluated four times. At the 
baseline visit, patients were assessed for eligibility according to 
the inclusion / exclusion criteria, a history was taken, body weight 
and height were measured, body mass index was calculated, BP, 
and heart rate (HR) were measured. QOL was also analyzed using 
the extended SF-36 questionnaire [25]. Samples were collected 
for laboratory tests, and the patient’s diary was distributed for self-
monitoring of BP.

All patients were directed to perform self-monitoring of BP 
using a standard method [26], including a week before a visit to 
the physician. Patients measured BP at home using an automatic 
or semi-automatic sphygmomanometer. Measurements were 
made in the morning before taking antihypertensive drugs 
and in the evening before going to bed. Patients recorded BP 
measurements in their self-monitoring diary.

All patients underwent clinical and instrumental exa­
minations, including the target organs. Data from the previous 
three months were taken into account, and the following 
procedures were done: ECG, echocardiographic examination, 
ophthalmological examination, calculation of glomerular 
filtration rate (GFR). GFR was calculated using the Cockcroft-
Gault formula. During interim visits, the patient’s clinical 
status (BP, HR) was assessed, the BP self-monitoring diary 
and the rate of adverse events (AEs) were analyzed, and the 
antihypertensive drugs and doses were corrected, if necessary, 
based on the data obtained. At the final visit, the final 
evaluation of all the above listed variables was made.

The target levels of clinical and outpatient BP were <140 / <90 
and <135 / <85 mm Hg, respectively. The achievement of the 
target values of clinical BP <130 / <80 mm Hg was evaluated. The 
criteria of treatment efficacy were:
•	 1) Changes in clinical systolic (SBP) and diastolic BP 

(DBP), and the number of patients who achieved the 
target BP levels;

•	  2) Changes in SBP and DBP, and the number of patients 
who achieved the target BP levels as shown by the self-
monitoring of BP; 

•	 3) Changes in patients’ quality of life according to the 
SF-36 questionnaire.

The occurrence of AEs and the rate of AEs, including serious 
AEs, recorded during the study at each visit were the evaluation 
criteria of treatment tolerability. Within the program, an additional 
analysis of subgroups with different ranges of baseline SBP was 
performed: <140, 140–160, 160–180, and >180 mm Hg in the 
TC group in patients with hypertension and DM or impaired 
glucose tolerance (IGT); with hypertension and overweight or 
obesity; with hypertension and chronic kidney disease (CKD), 
as indicated by GFR less than 60 ml / min / 1.73 m2.

Descriptive statistical methods were used for the 
statistical analysis of the data. Quantitative variables are 
described as the mean and standard deviation (µ and σ) or 
the median (1st quartile; 3rd quartile). Qualitative variables 
are described as rates and percentages. Changes in efficacy 
and safety variables are presented relative to the baseline. 
The level for significance was p=0.05 (5 %), and the test 
power was 0.8 (80 %). The paired Student’s t-test was 
used to compare changes in all variables (SBP, DBP, HR, 
test results, QOL components according to the SF-36 
questionnaire) evaluated during the treatment. For normally 
distributed data, the Student’s t-test for dependent samples 
was used to compare interval study results within the same 
group, and for non-normally distributed data, the non-
parametric Wilcoxon test or the non-parametric Friedman 
test was used. Qualitative data were compared with Fisher’s 
exact test.

Results
The program included 1,252 outpatients of both sexes with 

essential hypertension and an age of 23 or more years (Table 1). 
The analysis identified a group of patients with SBP more than 
179  mm Hg at inclusion. Patients with SBP >180 mm Hg did 
not meet the inclusion criteria, but it was decided to include all 
patients who took the medications in the analysis, i.e, intention-
to-treat group. Initially, the TC group consisted of 992 (79.2 %) 
patients, and the control group consisted of 260 (20.8 %) patients. 
During the study, 15 (1.5 %) patients in the TC group and 1 
(0.4 %) patient the control group discontinued participation in the 
study. A total of 1,236 (98.7 %) patients completed the program 
according to the protocol: 977 (98.5 %) in the TC group and 259 
(99.6 %) in the control group.

The analysis population included more female patients. 
The history of hypertension, mainly of grade 2, was 10.9 years. 
Almost 50 % of the patients had concomitant CHF, and 20 % 
of the patients had angina pectoris (Table 1). 15.2 % of the 
patients had been hospitalized for any reason within the previous 
12 mos. 10.9 % of the patients had been previously hospitalized 
due to hypertensive crisis. 22.3 % had had more than two visits 
to a physician due to hypertension within the previous 3 mos. 
More than 40 % of patients were overweight, and a similar 
percentage were overweight and obese. The study population was 
characterized by preserved myocardial systolic function. Almost 
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50 % of the patients had left ventricular hypertrophy and diastolic 
dysfunction, and the majority had hypertension fundopathy 
(Table 2).

Characteristics of patients in the triple-drug 
combination treatment and control groups

The baseline clinical and demographic characteristics 
of patients are shown in Table 1. Significant differences 
should be noted between the groups in terms of the 
duration of hypertension, the number of patients with 
grade 3 hypertension, mean SBP, and the history of hos­

pitalizations during the previous 12 mos, hospitalizations 
due to hypertensive crisis, the number of visits to a 
physician over the past 3 mos, with higher values in the TC 
group. 

The values of body mass index and the number of obese 
patients were significantly higher in the TC group than 
those in the control group. The number of patients with 
diastolic dysfunction was also higher in the TC group, but 
the percentage of patients with hypertension fundopathy 
was the same. The number of patients with proteinuria was 
higher in the control group (Table 2).

Table 1. Baseline characteristics of the total population, TC treatment group, and control group

Variable All patients,  
n=1,252

TC group,  
n=992

Control group,  
n=260

p  
(TC vs control)

Age, years, Me [Q1; Q3] 61.3 [54.6; 67.9] 61.6 [55.0; 67.9] 60.6 [53.3; 67.4] ns

Sex, m/f, n (%) 478 (38.2)/774 (61.8) 380 (38.3)/612 (61.7) 98 (37.7)/162 (62.3) ns

Employment:
working, n (%)
retired, n (%)

 
573 (45.8)
362 (28.9)

 
437 (44.1)
294 (29.6)

 
136 (52.3)
68 (26.2)

 
0,017

нд

Marital status: married, n (%) 918 (73.3) 727 (73.3) 191 (73.5) ns

Smoking, n (%) 191 (15.3) 153 (15.4) 38 (14.6) ns

Family history of early CV events, n (%) 325 (25.9) 266 (26.8) 59 (22.7) ns

Duration of hypertension >5 years, µ (σ) 10.9 (7.4) 10.9 (7.6) 9.5 (6.2) 0.002

Hypertension:
Grade 1, n (%)
Grade 2, n (%)
Grade 3, n (%)

102 (8.2)
853 (68.1)
271 (21.7)

87 (8.8)
650 (55.5)
235 (23.7)

15 (5.8)
203 (78.1)
36 (13.6)

ns
<0.001
<0.001

Comorbidities:

CHF, n (%) 546 (46) 464 (46.8) 112 (43.1) ns

FC I/II, n (%) 206 (16.5)/292 (23.3) 161 (16.2)/245 (24.7) 45 (17.3)/47 (18.1) ns/0.025

Angina pectoris, n (%) 284 (22.7) 223 (22.5) 61 (23.5) ns

History of AMI, n (%) 95 (7.6) 74 (7.5) 21 (8.1) ns

History of CVA, n (%) 64 (5.1) 55 (5.5) 9 (3.5) ns

CVD, n (%) 54 (4.3) 37 (3.7) 17 (6.5) 0.047

Type 2 DM, n (%) 173 (13.8) 143 (14.4) 30 (11.5) ns

IGT, n (%) 123 (9.8) 96 (9.7) 27 (10.4) ns

Hospital admissions  
within 12 mos, all causes, n (%) 191 (15.2) 166 (16.7) 24 (9.2) 0.013

Hospitalizations due to hypertensive crisis, n (%) 137 (10.9) 123 (12.4) 14 (5.4) 0.001

More than two visits to the physician  
due to hypertension in the past 3 mos, n (%) 289 (22.3) 253 (25.5) 36 (13.9) <0.001

BMI, kg / m2, µ (σ) 29.6 (4.7) 29.8 (4.7) 28.9 (4.8) 0.003

Overweight, n (%) 515 (41.1) 394 (39.7) 121 (46.5) 0.047

Obesity, n (%) 527 (42.1) 436 (44) 91 (35) 0.009

HR (according to ECG), bpm, µ (σ) 73.6 (9.1) 73.5 (9.0) 74.2 (9.7) ns

SBP, mm Hg, µ (σ) 161.4 (11.9) 162.1 (12.2) 158.7 (10.3) 0.001

DBP, mm Hg, µ (σ) 93.22 (8.6) 93.16 (8.4) 93.44 (9.3) ns

TC, triple combination; CV, cardiovascular; CHN, chronic heart failure; FC, functional class; AMI, acute myocardial infarction;  
CVA, cerebrovascular accident; CVD, cerebrovascular disease; DM, diabetes mellitus; IGT, impaired glucose tolerance; BMI, body mass index;  
HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; ns, not statistically significant. The data are expressed as: n (%), 
number (percentage of the total number in the group); Me [Q1; Q3], median [1st quartile; 3rd quartile]; µ (σ), mean value (standard deviation). 
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Characteristics of antihypertensive 
therapy at the time of inclusion

Table 3 shows that the number of patients receiving 
RAAS blockers did not differ between the subgroups, 
though ACE inhibitors were prescribed more often before 
inclusion in the program in the TC group than in the 
control group (p=0.005), and ARBs were administered 
less often (p=0.026). The percentage of patients taking 
CCBs in the TC group was significantly higher (p <0.001). 
There were no differences between the groups in the 
number of patients who took beta-blockers, diuretics, and 
moxonidine.

The percentage of patients who received drugs of 
two antihypertensive groups before being included in 
the protocol was significantly lower in the TC group 
than in the control group (p <0.001). Moreover, the 
number of patients who took three or more than three 
antihypertensive drugs was significantly higher in the TC 

group compared to the control group (p<0.001, p=0.002, 
respectively) (Table  3). Those differences were due to 
the more severe baseline clinical and anamnestic status of 
patients in the TC group.

Minimal doses of the amlodipine / indapamide / pe
rindopril TC 5 / 1.25 / 5 mg was prescribed in 32.6 % of 
patients, 5 / 2.5 / 10 mg in 36.9 % of patients, and the 
maximum dose of 10 / 2.5 / 10 mg in 26.8 % of patients. 
Thus, the TC combinations containing the optimal dose 
of perindopril 10 mg were used in most patients (63.7 %) 
(Figure 1). The other 27 (3.7 %) patients used other doses 
and were not included in the final analysis. In the control 
group, the amlodipine / indapamide / perindopril TC was 
not prescribed to anyone at the beginning of the study. At 
the same time, it was used in 20 (7.7 %) patients at the end 
of the study.

Antihypertensive therapy  
during the study period

During the study, patients in both groups received 
complimentary antihypertensive therapy. In the TC group, 
the following medications were administered additionally:
•	 1) beta-blockers in 242 (24.8 %) patients, +28 patients by 

the end of the study for a total of 270 (27.6 %) patients;
•	 2) diuretics in 15 (1.5 %) patients +8 patients by the end 

of the study for a total of 23 (2.4 %) patients;
•	 3) moxonidine in 22 (2.3 %) patients +7 patients by the 

end of the study for a total of 29 (3 %) patients.
The TC group patients received an average of 3.2 antihyper­

tensive drugs. By the end of the study, 257 (99.3 %) patients in the 
control group received RAAS blockers:
•	 1) ACE inhibitors, 151 (58.3 %) patients;
•	 2) ARBs, 106 (41 %) patients;
•	 3) CCBs 158 (61 %) patients;
•	 4) beta-blockers 103 (39.8 %) patients;
•	 5) diuretics, 175 (67.6 %) patients;
•	 6) moxonidine 20 (7.7 %) patients.

The control group patients also received an average of 3.2 anti­
hypertensive drugs.

Table 2. Baseline condition of the target values in the entire population, the TC treatment group, and the control group

Variable All patients, n=1,252 TC group, n=992 Control group, n=260 p (TC vs control)

Echocardiography:
LVH, n (%)
DD, n (%)

644 (51.4)
522 (41.7)

511 (51.5)
428 (43.2)

133 (51.2)
94 (36.2)

ns
0.042

LVEF, %, µ (σ) 62 (6.5) 61.9 (6.3) 62.3 (7.3) ns

Proteinuria, n (%) 153 (12.2) 111 (11.2) 42 (16.5) 0.030

Hypertensive fundopathy, n (%) 850 (67.9) 690 (69.6) 160 (61.5) 0.014

TC, triple combination; LVH, left ventricular hypertrophy; DD, diastolic dysfunction; LVEF, left ventricular ejection fraction.
 The data are expressed as: n (%), the number of patients (percentage of the total number of patients in the group),  
µ(σ), mean value (standard deviation); ns, not statistically significant.

Other doses

32.6 %

36.9 %

26.8 %

3,7 %

63.7 %

10/2,5/10 mg
5/1,25/5 mg

5/2,5/10 mg

Figure 1. Triplaxam dose prescribed at the baseline visit
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Changes in clinical BP during the study
During the study, both groups showed significant decreases 

in clinical SBP (Figure 2). At every successive visit, significant 
(p <0.001) inter-group differences were observed in decreases 
of SBP. For the TC and control groups, these decreases were 
21 vs. 17 mm Hg at 2 wks, 29.6 vs. 25.1 mm Hg at 1 mo, and 
35.3 vs. 29.4 mm Hg at the final visit, respectively. The baseline 
SBP was higher in the TC group (p <0.001). However, at the 
final visit, the situation was reversed, with SBP of the TC group 
lower than that of the control group (p=0.008).

Most patients in both groups achieved the target BP levels, 
and this number was higher at the final visit in the TC group. 
87.8 % vs. 81.8 % (p=0.012). The difference between the groups 
in the number of patients who achieved the target BP <130 
mm Hg was 6.3 % (p=0.045). During the study, significant 
decreases in HR were observed from 74.7±8.7 to 68.4±5.6 
bpm the TC group (p <0.001), and from 75.1±8.8 to 68.4±5.5 

bpm in the control group (p <0.001); there were no significant 
inter-group differences.

Changes in the BP levels according 
to self-monitoring of BP during the study

The analysis of outpatient BP self-monitoring was 
performed for 482 patients, 375 in the TC group and 107 in 
the control group (Table 4). Other patients did not perform 
BP self-monitoring. In patients included in the analysis, 
significant decreases in morning and evening SBP and DBP 
were observed from visit to visit in both groups (p <0.001). 
At the final visit, there were statistically significant differences 
in the morning and evening SBP and DBP between the 
groups, with lower values in the TC group. Target values of BP 
<135 / 85 mm Hg were achieved by 32.5 % of patients in the 
TC group and by 32.7 % of patients in the control group at the 
second visit. Target values were achieved by 61.6 and 64.5 % of 

Table 3. Baseline antihypertensive therapy

Drug group All patients,  
n=1236

TC group,  
n=977

Control group,  
n=259

p  
(TC vs control)

ACE inhibitors, % 63.2 65.1 55.8 0.005
ARBs,% 30.5 29.0 36.1 0.026
RAAS blockers, % 93.7 94.1 91.9 ns
CCBs,% 38.1 41.7 24.2 <0.001
Beta-blockers, % 34.9 35.5 32.8 ns
Diuretics, % 58.1 59.2 54.2 ns
Moxonidine,% 3.3 4.8 3.1 ns
Number of medications
Single drug therapy, % 6.0 5.1 9.2 (Δ= +4.1 %*) 0.013
Two-drug treatment, % 63.1 59.8 75.8 (Δ= +16%*) <0.001
Triple drug treatment, % 23.6 26.4 13.1 (Δ= –13.3%**) <0.001
More than three, % 6.4 7.6 1.5 (Δ= –6.1 %**) 0.002
Unknown. % 0.9 1.1 0.9 ns

*, percentage increase versus the TC group; **, percentage decrease versus the TC group. TC, triple combination;  
ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; RAAS, renin-angiotensin-aldosterone system;  
CCBs, slow calcium channel blockers; ns, not statistically significant.

Table 4. Changes in the BP levels identified by self-monitoring of BP in the TC and control groups.

Variable
TC group, n=375 Control group, n=107

2 wks 1 mo 3 mos 2 wks 1 mo 3 mos

SBP in the morning, mm Hg 140.9±14.1 131.6±15.8* 125.4±9.2* 140.6±12.7 130.5±9.8* 127.4±8.7*

p=0.040 (between groups at 3 mos)

DBP in the morning, mm Hg 83.6±8.1 79.3±6.8* 76.9±6.0* 84.1±7.8 80.0±6.9* 78.4±6.8*

p=0.044 (between groups at 3 mos)

SBP in the evening, mm Hg 140.2±13.1 131.6±10.5* 126.9±7.9* 139.4±12.2 132.0±8.7* 128.9±7.7*

p=0.021 (between groups at 3 mos)

DBP in the evening, mm Hg 83.0±8.1 79.4±6.5* 77.5±5.9* 83.3±7.3 80.2±6.0* 79.2±6.1*

p=0.010 (between groups at 3 mos)

*, p <0.001 versus the previous visit, intra-group. BP, blood pressure; TC, triple combination;  
SBP, systolic blood pressure; DBP, diastolic blood pressure. Data are expressed as mean value±standard deviation.
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these groups at the third visit, and by 81.07 and 75.7 % at the 
fourth visit, respectively. There were no differences between 
the groups.

Evaluation of efficacy of the triple-drug combination therapy 
in the patient subgroups depending on baseline levels of SBP

The subgroup of patients with SBP <140 mm Hg included 
15 patients from the TC group and 7 patients from the control 
group. In this subgroup, the decrease in BP during the follow-
up period was insignificant, 10.8 / 8.0 mm Hg in TC patients 
and 9.0 / 7.7 mm Hg control patients.

The subgroup of patients with SBP 140–160 mm Hg 
included 314 patients from the TC group and 109 patients 
from the control group. In this subgroup, TC therapy decreased 
SBP and DBP significantly throughout the study. By the end of 
the program, the decrease in BP was 26 / 12.5 in the TV group 
and 23.5 / 11.4 mm Hg in the control group. At the final visit, 
the difference between the groups was significant (p=0.003). 
More patients in the TC group achieved the target BP values 
than in the control group (92.7 vs. 85.3 %, p=0.022).

The subgroup of patients with SBP 160–180 mm Hg 
included 582 patients from the TC group and 135 patients 
from the control group. During the follow-up period, BP 
decreased significantly by 38.8 / 17 and 35.7 / 14.8 mm Hg 
in the TC and control groups, respectively, and at the final 
visit, BP was lower in the TC group than in the control group 
(p=0.014 for SBP; p=0.006 for DBP). More patients in the TC 
group achieved the target BP values than in the control group 
(88.3 vs. 79.3 %, p=0.005).

The subgroup of patients with SBP >180 mm Hg included 
66 patients from the TC group and 8 patients from the control 
group. During the follow-up period, BP decreased significantly 

by 54.4 / 19.6 mm Hg in the TC group, and 62.5 % of patients 
achieved the target values of BP. The changes of SBP in 
subgroups depending on the baseline levels of SBP and the 
administered doses of the fixed-dose TC treatment are shown in 
Figure 3.

At the end of the study, the dose of TC 5 / 1.25 / 5 mg was 
more common in patients with SBP <140 mm Hg; 8 (53.3 %) 
patients received this dose. It was administered in 137 (43.6 %) 
patients with grade 1 hypertension and SBP 140–160 mm Hg. 
The distribution of doses in patients with grade 2 hypertension 
and SBP 160–180 mm Hg was such that the majority of pa­
tients (n=228 (39.2 %)) received 5 / 2.5 / 10 mg, and in the 
subgroup of SBP >180 mm Hg, 35 (53 %) patients received 
the dose 10 / 2.5 / 10 mg. In most cases, the TC treatment 
normalized SBP to within the recommended range of 120–

* p<0.001
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130 mm Hg, irrespective of the baseline BP. The effect of TC 
was more evident in patients with higher baseline BP.

Effect of antihypertensive therapy on quality of life
The mean mood score increased from 3.83±0.90 to 

5.20±0.73 (p <0.001) in the TC group and from 4.03±0.95 
to 5.00±0.78 (p <0.001) in the control group during the 
follow-up period. Compared to the control group, the TC 
group had a lower value at the baseline visit (p=0.002), but 
this value was higher (p <0.001) by the end of the study. The 
increase was 1.37 points in the TC group and 0.97 points in 
the control group. There were no significant changes in other 
QOL variables in both groups.

Evaluation of tolerability 
and safety of antihypertensive therapy

The analysis of tolerability and safety of antihyper­
tensive therapy was carried out for the entire patient po­
pulation (n=1,252). AEs were reported only in 8 (0.64 %) 
patients in the TC group. One (0.2 %) patient had a se­
rious AE with decreased BP, dizziness, headache, and gait 
instability.

This event was clinically significant and associated 
with the use of Triplixam®. Other AEs were not serious 
and were reported in 7 (0.54 %) patients. These AEs were 
one case of enlargement of submandibular lymph nodes, 
two cases of hypotension, three cases of cough, and one 
case of gastrointestinal symptoms. In all of these cases, an 
association with Triplixam® was suspected.

In all cases the outcome was favorable. As BP 
normalized, the dose of Triplixam® was decreased. The 
number of cases of hypotension during TC treatment was 
3 (0.3 %).

Changes in renal function  
during antihypertensive therapy  
within the study period

654 patients in the TC group and 180 patients in the 
control group were monitored to assess the dynamics of 
the GFR calculated by the Cockroft – Gault formula. In this 
subsample, creatinine was 85.5±14.3 μmol / l at the beginning 
of the study and 83.7±13.8 μmol / l at the end of the study 
(p <85.3) in the TC group. Likewise, there were no change 
in the control group (85.1±16.2μmol / l at the beginning 
of the study and 85.1±14.4 µmol / l at the end of the study). 
GFR in the TC group increased from 89.2±28.8 to 90.7±29.9 
ml / min / 1.73  m2 (the increase was 1.5 ml / min / 1.73  m2, 
p=0.035), but there were no significant change in the control 
group (from 91.1±30.1 to 90.4±29.3 ml / min / 1.73  m2, 
the difference was 0.7 ml / min / 1.73 m2). There were no 
significant differences between the groups during the follow-
up period.

Evaluation of the TC efficacy in subgroups 
of patients with hypertension and DM or 
IGT, overweight and / or obesity, CKD

The analysis was performed in patient subgroups of the TC 
group with hypertension and with DM or IGT (n=232), or 
with overweight and / or obesity (n=817), or with CKD (GFR 
<60 ml / min / 1.73 m2) (n=173). Results showed a decrease in 
SBP and DBP by 35.1 / 16.0 mm Hg, 35.2 / 15.6 mmHg, and 
37.7 / 17.1 mm Hg for these three subgroups, respectively. 
The target BP values were achieved in 191 (82.3 %), 711 
(87 %) and 143 (82.7 %) of these patients, respectively. At 
the final visit, the dose of TC 5 / 1.25 / 5 mg was received by 
26.3 % of patients with and DM / IGT, 27.3 % of patients with 
overweight and / or obesity, and 26.01 % of patients with CKD. 
TC 5 / 2.5 / 10 mg was received by 35.8 % of patients with DM 
or IGT, by 37.1 % of patients with overweight and / or obesity, 
and by 31.2 % of patients with CKD. TC 10 / 2.5 / 10 mg was 
received by 35.3 % of patients with DM or IGT, by 31.3 % of 
patients with overweight and / or obesity, and by 36.4 % of 
patients with CKD.

Discussion
The primary objective of the TRIO study was to investigate 

the tactics of outpatient physicians when choosing triple-
drug combination treatment after ineffective prior two-drug 
antihypertensive therapy, as well as the efficacy of various 
treatment approaches in patients with essential hypertension.

The characteristics of the total patient sample correspon­
ded to similar national and foreign studies with two-drug and 
triple-drug combination therapy [18–20, 22, 27, 28]. The 
baseline analysis showed that the TC group was more severe 
than the control group in many variables, which, on one hand, 
violated the inclusion criteria, and on the other hand, clearly 
proved the validity of using TC in such patients. As for the 
antihypertensive therapy, 337 (34 %) patients in the TC group 
and 38 (14.6 %) patients in the control group had already 
received three or more groups of medications at the time 
of inclusion in the program, which contradicted the primary 
inclusion criteria. However, the baseline mean BP in both 
groups at the beginning of the program demonstrated the 
absence of BP control, despite a significantly higher number 
of patients using ACE inhibitors and CCBs in the TC group 
before being included in the program. The distribution of 
TC doses, which remained stable except for slight variations 
throughout the study period, is highly illustrative and is 
comparable to other studies [18–20, 22, 28].

With TC therapy, BP decreased by 35.3 / 15.6 mm Hg, and 
significantly more patients (87.8 %) achieved the target BP 
levels versus the control group. More effective control of SBP 
during TC therapy was accompanied by a significant decrease 
in the cases with higher baseline values. Thus, in patients with 
SBP >180 mm Hg, the decrease was 54.4 / 19.6 mm Hg.
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Lately, there has been much debate about the usefulness 

of achieving the target BP levels. The findings of a large-scale 
meta-analysis in 2016 showed a positive effect on the predicted 
decrease in SBP for every 10 mm Hg within the baseline level 
of 130–139 mm Hg [29]. Another meta-analysis showed a 
reduced risk of major cardiovascular outcomes when SBP 
less than 130 or DBP less than 80 mm Hg was achieved as 
compared to a less pronounced decrease [30]. In the SPRINT 
study, patients with hypertension at the age of 75 yrs and 
older in the group of SBP <120 mm Hg were compared 
with the group with the standard target value <140 mm Hg. 
A significant improvement was identified in both the primary 
endpoint (the rate of nonfatal myocardial infarction, acute 
coronary syndrome, non-fatal strokes, acute decompensated 
heart failure) and the secondary endpoint (all-cause mortality) 
[31]. In the Russian EVIDENCE program, the use of TC 
was associated with the achievement of BP <130 / 80 mm Hg 
in 25.4 % of patients [22]. In the TRIO program, 34.5 % of 
patients taking TC achieved the target BP level of <130 / 80 
mm Hg.

Each component of TC, both individually and in combi­
nation, is known to have proven renal protective effects 
(NESTOR, ADVANCE, PREMIER, ACCOMPLISH, Chuka­
eva et al., 2013). In the TRIO program, almost 66 % of patients 
in the TC group had CKD. Kidneys have a critical role as both 
an activator of local renal RAAS in hypertension and as a target 
organ for its action. Thus, the effect of antihypertensive therapy 
on the regression of nephropathy is crucial [32]. In this regard, 
the significant result was a positive effect of TC on kidney 
function, which was expressed as a decrease in the creatinine 
levels, an increase in GFR, and a reduced number of patients 
with GFR <60 ml / min / 1.73 m2.

The latest clinical guidelines for the management of hyper­
tension of the Russian Society of Cardiology recommend 
starting treatment of all patients with hypertension and 
DM / CKD with the combination of a RAAS blocker and a CCB 
or a thiazide / thiazide-like diuretic. This recommendation is 
due to a more beneficial effect of these combinations on the 
rate of achieving the target BP and on reducing cardiovascular 
risk and due to the renal protection potential of RAAS blockers 
[7]. In the TRIO study, an additional analysis of the use of TC 
was carried out in the subgroups of patients with hypertension 
and DM / IGT, overweight and / or obesity, or CKD markers. 
This analysis identified a good antihypertensive effect of a 
significant decrease in both SBP and DBP and achievement of 
target BP in the majority of patients.

Triple-drug combination therapy of hypertension allows 
achieving the most potent vasoprotective effect, which reduces 
the risk of cardiovascular complications and improves the 
prognosis. The effect of ACE inhibitors is mainly associated 
with the improvement of endothelial dysfunction. CCBs 
reduce smooth muscle tone and hypertrophy. Indapamide 

reduces sodium excretion and the degree of sodium-hydrogen 
exchange, which reduces vascular wall stiffness. In the 
comparison study with careful 24‑hour monitoring of BP 
(ABPM), TC (amlodipine / indapamide / perindopril argi­
nine 10 / 2,5 / 10 mg) reduced BP more effectively than the 
two-drug combination (indapamide / perindopril arginine, 
Noliprel® A Bi-forte (2.5 / 10 mg), by 6.7 mm Hg (clinical 
BP) and 5 mm Hg (24‑hour ABPM) [33]. However, central 
BP also decreased significantly by 4.5 mm Hg, augmentation 
index was reduced by 2.4 %, and pulse-wave velocity 
decreased by 0.13 m / s within 24 hrs [33]. Reducing vascular 
remodeling during TC therapy is more important than an 
additional reduction in BP. Thus, the additional analysis in the 
ADVANCE study identified that the triple-drug combination 
therapy (Noliprel® + CCB) reduced BP as effectively as the 
two-drug combination therapy (Noliprel®), but an additional 
14 % reduction in the risk of death was observed only in the 
triple-drug combination treatment [11]. The SPRINT study 
should be mentioned once again, in which the TC therapy 
with antihypertensive drugs not only decreased BP more than 
the two-drug combination treatment but also reduced the risk 
of death by 27 % [34].

Moreover, triple-drug combination treatment has been 
shown to reduce significantly the risk of cognitive impairment 
and dementia, which has a direct effect on QOL of patients 
with hypertension [35]. In the TRIO study, a significant 
finding was confirmation of the positive effect on QOL of 
TC versus the control group. Despite the elderly age and high 
comorbidity of patients, our findings on the safety profile show 
good tolerability of triple-drug combination therapy.

Conclusion
In the majority of cases, physicians chose a fixed-dose 

TC therapy to ensure more reliable 24‑hour BP control. 
Our findings show the therapeutic efficacy of the fixed-dose 
TC of amlodipine / indapamide / perindopril arginine. This 
efficacy involves the control of clinical BP in various ranges 
of the baseline increase in SBP in cases of hypertension and 
concomitant DM / IGT, obesity, CKD, and, in addition, 
advantages over the subjective choice of antihypertensive 
therapy. The TC therapy improves self-monitoring of BP, 
QOL, renal protection, and is well tolerated and accompanied 
by higher adherence to treatment. Thus, the treatment of 
hypertension with fixed-dose drug combinations, such as aml
odipine / indapamide / perindopril arginine, is one of the most 
promising methods of improving the prognosis for patients 
in the 21st century.

Limitations of the study
The observational nature of the study does not allow 

making conclusions about the comparative efficacy of the 
fixed-dose triple-drug combination studied. However, findings 
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of our observational study carried out in the real-world clinical 
setting confirm previous conclusions made in other large-scale 
observational programs [18,19,21,22].
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