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IMPORTANCE Poorly controlled hypertension is a leading global public health problem
requiring new treatment strategies.

OBJECTIVE To assess whether a low-dose triple combination antihypertensive medication
would achieve better blood pressure (BP) control vs usual care.

DESIGN, SETTING, AND PARTICIPANTS Randomized, open-label trial of a low-dose triple BP
therapy vs usual care for adults with hypertension (systolic BP >140 mm Hg and/or diastolic
BP >90 mm Hg; or in patients with diabetes or chronic kidney disease: >130 mm Hg and/or
>80 mm Hg) requiring initiation (untreated patients) or escalation (patients receiving
monotherapy) of antihypertensive therapy. Patients were enrolled from 11 urban hospital
clinics in Sri Lanka from February 2016 to May 2017; follow-up ended in October 2017.

INTERVENTIONS A once-daily fixed-dose triple combination pill (20 mg of telmisartan, 2.5 mg
of amlodipine, and 12.5 mg of chlorthalidone) therapy (n = 349) or usual care (n = 351).

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion achieving target
systolic/diastolic BP (<140/90 mm Hg or <130/80 mm Hg in patients with diabetes or chronic
kidney disease) at 6 months. Secondary outcomes included mean systolic/diastolic BP
difference during follow-up and withdrawal of BP medications due to an adverse event.

RESULTS Among 700 randomized patients (mean age, 56 years; 58% women; 29% had
diabetes; mean baseline systolic/diastolic BP, 154/90 mm Hg), 675 (96%) completed the trial.
The triple combination pill increased the proportion achieving target BP vs usual care at 6
months (70% vs 55%, respectively; risk difference, 12.7% [95% CI, 3.2% to 22.0%]; P < .001).
Mean systolic/diastolic BP at 6 months was 125/76 mm Hg for the triple combination pill vs
134/81 mm Hg for usual care (adjusted difference in postrandomization BP over the entire
follow-up: systolic BP, −9.8 [95% CI, −7.9 to −11.6] mm Hg; diastolic BP, −5.0 [95% CI, −3.9 to
−6.1] mm Hg; P < .001 for both comparisons). Overall, 419 adverse events were reported in
255 patients (38.1% for triple combination pill vs 34.8% for usual care) with the most
common being musculoskeletal pain (6.0% and 8.0%, respectively) and dizziness,
presyncope, or syncope (5.2% and 2.8%). There were no significant between-group
differences in the proportion of patient withdrawal from BP-lowering therapy due to adverse
events (6.6% for triple combination pill vs 6.8% for usual care).

CONCLUSIONS AND RELEVANCE Among patients with mild to moderate hypertension,
treatment with a pill containing low doses of 3 antihypertensive drugs led to an increased
proportion of patients achieving their target BP goal vs usual care. Use of such medication as
initial therapy or to replace monotherapy may be an effective way to improve BP control.
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H igh blood pressure is the leading cause of mortality
and cardiovascular disease globally, and most of the
disease burden occurs in low- and middle-income

countries.1 Multiple inexpensive blood pressure–lowering
drugs prevent cardiovascular events2; however, large gaps
remain in identifying and treating people with high blood
pressure.3 In low- and middle-income settings, the availabil-
ity and affordability of medications is a critical issue,4 and
only about one-third of individuals with high blood pres-
sure in these settings receive treatment.3 Only approxi-
mately half of patients treated in high-income countries and
about one-quarter in low- and middle-income countries
achieve blood pressure control.3 In most settings, inad-
equate blood pressure treatment can be principally attrib-
uted to persistent use of monotherapy, which has modest
efficacy.5 Recent guidelines6-8 recommend lower blood
pressure targets among high-risk patients, increasing the
need for more effective treatment strategies.

A fixed low-dose combination therapy with inexpen-
sive blood pressure–lowering drugs has the potential to ad-
dress several barriers to improve blood pressure control.
Low-dose combinations improve efficacy,9,10 adverse events are

minimized at half-standard
doses,5 andthebenefitsaread-
ditive across blood pressure–
lowering medication classes.
Furthermore, fixed-dose com-
binationscanimprovemedica-
tion adherence due to regimen
simplification,11,12 thereby re-
ducing patient, physician, and
health system barriers related
to multiple visits and pro-
longed titration schedules.13

Triple blood pressure–
lowering therapy was first
used half a century ago and

the potential value of initial low-dose triple therapy was first
postulated in 2003.5 Recent trials of triple therapy have dem-
onstrated benefits among patients with severe hypertension
not controlled by dual therapy,14 and guidelines currently only
recommend triple therapy in this clinical scenario.

To date, there is no evidence on the long-term effective-
ness or tolerability of a low-dose triple pill blood pressure–
lowering therapy compared with usual care for initial treat-
ment of hypertension or among those with uncontrolled blood
pressure while taking monotherapy.

Methods
Study Design
The ethics review committees of the University of Kelaniya,
Colombo, Sri Lanka, and the Royal Prince Alfred Hospital,
Sydney, Australia, approved the study. All participants gave
written informed consent.

The Triple Pill vs Usual Care Management for Patients
With Mild-to-Moderate Hypertension (TRIUMPH) pragmatic

study evaluated (in the context of usual care) the effective-
ness of a strategy for pharmacological initiation or escalation
using medications with proven efficacy in the treatment of
hypertension. Because the study aim was to provide effec-
tiveness data for the potential adoption of the intervention
strategy into routine clinical practice,15 there were relatively
few inclusion criteria and study inclusion was primarily at
the discretion of the investigators. Study visits were kept to a
minimum and investigators and other site staff were encour-
aged to provide care for hypertension or other conditions
consistent with their usual care.

This randomized, open-label trial was conducted at 11
urban hospital outpatient departments in Sri Lanka. The de-
tailed study methods are published elsewhere.16,17 Because the
study evaluated an approach designed to potentially replace
current practice among patients that required treatment,
the comparator was usual care rather than placebo.

The study protocol and statistical analysis plan appear in
Supplement 1. The trial was designed by an international steer-
ing committee of academic investigators and funded by the
Australian National Health and Medical Research Council
Global Alliance for Chronic Disease. An independent data and
safety monitoring board reviewed the study data twice dur-
ing the course of the study.

Study Population
Participants were eligible if they were aged 18 years or older
and had persistent hypertension (systolic blood pressure
>140 mm Hg and/or diastolic blood pressure >90 mm Hg; or,
in patients with diabetes mellitus or chronic kidney disease,
systolic blood pressure >130 mm Hg and/or diastolic blood pres-
sure >80 mm Hg) requiring initiation of pharmacological treat-
ment (in patients not currently taking drug therapy) or titra-
tion of pharmacological treatment (in patients taking single
drug therapy).

Patients were excluded if they had (1) current use of 2 or
more blood pressure–lowering drugs, (2) severe or uncon-
trolled blood pressure (systolic blood pressure >180 mm Hg
and/or diastolic blood pressure >110 mm Hg), (3) accelerated
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Animated Summary Video
Fixed-Dose Combination Pill
for Hypertension Treatment
in Sri Lanka

Key Points
Question Does the use of a pill containing low doses of 3
antihypertensive medications provide improved blood pressure
control compared with usual care among patients with mild
or moderate hypertension?

Findings In this randomized clinical trial of 700 patients with
hypertension who were untreated or receiving monotherapy,
70% of patients in the triple combination pill therapy group
achieved a systolic/diastolic blood pressure of less than
140/90 mm Hg (or <130/80 mm Hg in patients with diabetes
or chronic kidney disease) at 6 months compared with 55%
of patients in the usual care group (a significant difference).

Meaning Use of a low-dose triple combination blood
pressure–lowering pill for initiation of treatment or escalation
from monotherapy increased the proportion of patients
with hypertension reaching their blood pressure targets.
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hypertension or physician-determined need for slower titra-
tion of treatment, (4) a contraindication to any of the compo-
nents of the triple combination pill therapy, (5) an unstable
medical condition or a known situation in which the medica-
tion regimen might be altered for a significant length of time,
or (6) clinically significant abnormal laboratory values judged
by the investigator to make study participation unsuitable.
Women who were pregnant or breastfeeding and those with
childbearing potential who were not using an adequate con-
traception method also were excluded.

Randomization
Central, computer-based randomization was stratified by study
center and use of blood pressure–lowering therapy at base-
line. The randomization schedule was generated using SAS
Enterprise Guide version 7.15 (SAS Institute Inc) and ran-
domly permuted block sizes of 2 or 4.

Patients were randomized to receive either the triple com-
bination pill therapy or usual care (Figure 1). Medical manage-
ment of all patients occurred at hypertension clinics. Adher-
ence to national and international guideline-recommended
blood pressure targets was encouraged for all study partici-
pants. No attempt was made to otherwise influence the treat-
ment of patients assigned to usual care.

Interventions
The patients randomized to the triple combination pill
therapy group who were not previously receiving blood
pressure–lowering treatment began taking the low-dose

version, which contained half the standard dose of telmisar-
tan (20 mg), amlodipine (2.5 mg), and chlorthalidone
(12.5 mg), and were advised to take it once daily (timing dur-
ing the day was at the discretion of the investigator). For
patients in the triple combination pill therapy group who
were previously taking monotherapy, that treatment was dis-
continued at randomization and replaced with the low-dose
triple combination pill therapy without any washout period.

During follow-up, the triple combination pill therapy could
be discontinued, maintained, or uptitrated at the discretion of
the treating physician. A higher-dose version of the triple com-
bination pill therapy, which contained a standard dose of
telmisartan (40 mg), amlodipine (5 mg), and chlorthalidone
(25 mg), was available for titration. In addition, another blood
pressure–lowering therapy could be prescribed in combina-
tion with either dose of the triple combination pill.

The low- and high-dose triple combination pills were
manufactured using overencapsulation of registered compo-
nent medications by a current good manufacturing practice–
approved facility (Pharmaceutical Packaging Professionals;
additional details appear in Supplement 1). Initial batches of
the trial medication were overencapsulated manually and then
a semiautomated method was subsequently used. At the end
of the study, all returned medication was weighed with pre-
cision. This procedure confirmed the quality of the trial prod-
uct (additional details appear in Supplement 2).

All medications (including the triple combination pill
therapy) were provided free of charge to participants, which
is usual practice in Sri Lankan public hospitals. Patients tak-
ing the triple combination pill therapy were provided a suffi-
cient amount of pills to last until the next scheduled trial visit.
Other drugs were provided according to usual practice, which
in this setting was the dispensing of a 1-month supply.

Study Procedures
All patients attended study visits at registration, at random-
ization (which could occur concurrently with registration), at
6 weeks (within 14 days before or after), at 12 weeks (within 7
days before or after), and at 6 months (within 14 days before
or after). If the patient was unable to attend follow-up visits
in person, telephone calls were permitted; however, in accor-
dance with the trial protocol, only blood pressure measure-
ments collected and recorded during in-person visits were in-
cluded in the analyses.

Blood pressure was measured while the patient was sit-
ting, using a standardized automated sphygmomanometer
(Omron T9P) after a 5-minute period of rest at each visit. Three
blood pressure readings were taken 1 to 2 minutes apart and
the average of the second and third readings was recorded. To
reduce outcome ascertainment bias associated with an open
trial design, all blood pressure measurements were printed and
stored in the patient files for visual inspection during moni-
toring visits. No systematic bias was identified through this
verification process.

Urine and blood samples were obtained at baseline and at
6 months to measure the ratio of urinary albumin to creati-
nine, blood lipid levels, glucose levels, electrolyte levels, and
liver function. Laboratory tests were performed for trial

Figure 1. Flow of Patients Through the Triple Pill vs Usual Care
Management for Patients With Mild-to-Moderate Hypertension Study

729 Patients assessed for eligibility

29 Excluded
15 Did not meet blood pressure

 criteria

5 Other reasons

6 Refused to participate or
lost contact

3 Take ≥2 blood pressure–
lowering drugs

700 Randomized

349 Randomized to receive triple
combination pill therapy
 349 Received intervention as

randomized
0 Did not receive intervention

as randomized

318 Included in primary outcome
analysis

16 Excluded from analysis
(blood pressure data missing
at final visit)

15 Lost to follow-up

1 Died

10 Withdrew consent
4 Unable to contact

351 Randomized to receive usual care
 351 Received intervention as

randomized
0 Did not receive intervention

as randomized

329 Included in primary outcome
analysis

12 Excluded from analysis
(blood pressure data missing
at final visit)

10 Lost to follow-up

3 Died

3 Withdrew consent
4 Unable to contact
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Table 1. Baseline Characteristics

Triple Combination Pill Therapy
(n = 349)

Usual Care
(n = 351)

Age, mean (SD), y 56.4 (11.3) 56.0 (10.7)

Females, No. (%) 207 (59.3) 196 (55.8)

Blood pressure–lowering treatment, No. (%)

At randomization 140 (40.1) 147 (41.9)

Treatment classa

Angiotensin-converting enzyme inhibitor 22 (15.7) 21 (14.3)

Angiotensin receptor blocker 97 (69.0) 104 (70.7)

α-Blocker 1 (0.7) 1 (0.7)

β-Blocker 8 (5.7) 12 (8.2)

Calcium channel blocker 12 (8.6) 10 (6.8)

Diuretic 3 (2.1) 4 (2.7)

Statin use, No. (%) 97 (27.8) 84 (23.9)

Antiplatelet use, No. (%) 41 (11.7) 37 (10.5)

Type of antiplatelet, No. (%)

Aspirin 36 (10.3) 29 (8.3)

Clopidogrel 10 (2.9) 9 (2.6)

Current use, No. (%)

Tobacco (cigarette, cigar, or chewing) 39 (11.2) 34 (9.7)

Alcoholb 42 (12.0) 43 (12.3)

Highest level of education, No. (%)

None 7 (2.0) 1 (0.3)

Primary school 151 (43.3) 142 (40.5)

Secondary school 177 (50.7) 190 (54.1)

University or vocational 14 (4.0) 18 (5.0)

Medical history, No. (%)

Coronary artery disease 30 (8.6) 22 (6.3)

Cerebrovascular disease 13 (3.7) 7 (2.0)

Chronic kidney disease 7 (2.0) 3 (0.9)

Type 1 diabetes 1 (0.3) 1 (0.3)

Type 2 diabetes 111 (32.0) 107 (30.0)

Gout 1 (0.3) 2 (0.6)

Systolic blood pressure, mm Hg

Mean (SD) 154.2 (11.3) 154.2 (11.6)

No. (%)

<130 4 (1.1) 2 (0.6)

≥130-<140 30 (8.6) 34 (9.7)

≥140-<150 99 (28.4) 105 (29.9)

≥150 216 (61.9) 210 (59.8)

Diastolic blood pressure, mm Hg

Mean (SD) 89.5 (9.7) 90.0 (9.7)

No. (%)

<80 57 (16.3) 59 (16.8)

≥80-<90 106 (30.4) 98 (27.9)

≥90-<100 137 (39.3) 144 (41.0)

≥100 49 (14.0) 50 (14.2)

Estimated glomerular filtration rate,c mL/min/1.73 m2

Mean (SD) 90.1 (19.7) 91.8 (18.6)

No. (%)

<30 4 (1.1) 3 (0.9)

≥30-<50 12 (3.4) 4 (1.1)

≥50 333 (95.4) 344 (98.0)

(continued)
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evaluation purposes only. Because this was a pragmatic trial,
clinical safety checks could be performed at any time for
patients in either group. Investigators were encouraged to
follow local guidelines. Data were not collected on laboratory
results for routine clinical care.

All study laboratory measurements were analyzed by an
independent central laboratory (Lanka Hospitals Diagnos-
tics). Patients completed an EQ-5D quality-of-life question-
naire at baseline and at 6 months.18 Self-reported medication
adherence (defined as the number of days medication was
taken during the last week) for each prescribed medication
was collected at baseline and at all follow-up visits. Data on
adverse events also were collected at each visit.

Primary Outcome
The primary study outcome was the proportion of partici-
pants achieving target blood pressure at 6 months, which was
defined as a systolic blood pressure of less than 140 mm Hg
and a diastolic blood pressure of less than 90 mm Hg. For
patients diagnosed at baseline or newly diagnosed prior to
the final 6-month study visit as having diabetes mellitus,
chronic kidney disease, or both, target blood pressure at
6 months was defined as a systolic blood pressure of less
than 130 mm Hg and a diastolic blood pressure of less than
80 mm Hg. Newly diagnosed diabetes was defined as a newly
documented diagnosis, fasting plasma glucose level of
7.0 mmol/L or greater at the 6-month visit, or a new prescrip-

tion of blood glucose–lowering drugs during follow-up. New
onset chronic kidney disease was defined as a newly docu-
mented diagnosis, estimated glomerular filtration rate of less
than 60 mL/min/1.73 m2, or a ratio of urinary albumin to cre-
atinine of greater than 30 mg/g at the 6-month visit.

Secondary Outcomes
The prespecified secondary outcomes were the proportion of
participants achieving target blood pressure at 6 and 12 weeks,
the mean change in systolic and diastolic blood pressure at 6
months, self-reported adherence to blood pressure–lowering
medications at 6 months (defined as taking all prescribed blood
pressure–lowering drugs for at least 4 of the last 7 days), and
intolerance to treatment at 6 months (defined as discontinu-
ation of blood pressure–lowering medications due to adverse
events during follow-up).

The frequency of changes in blood pressure–lowering
medications (additions, withdrawals, and dose adjustments)
also was a prespecified outcome. This included compari-
sons of mean total standard daily doses of blood pressure–
lowering medications with a standard dose defined as
the most reported usual maintenance dose recorded by the
British National Formulary and the Martindale and Monthly
Index of Medical Specialties, which is similar to the method
described by Bennett et al19 and Law et al.5

In the absence of consensus between these sources, the
World Health Organization–defined daily dose was used as a

Table 1. Baseline Characteristics (continued)

Triple Combination Pill Therapy
(n = 349)

Usual Care
(n = 351)

Heart rate, mean (SD), beats/min 78.1 (12.5) 77.9 (11.5)

Body mass index, No. (%)d

>25-≤30 (overweight) 116 (33.2) 121 (34.5)

>30 (obese) 64 (18.3) 68 (19.4)

Low-density lipoprotein cholesterol level,
mean (SD), mg/dL

All patientse 123.9 (41.5) 127.2 (41.3)

Patients who fasted 121.4 (41.0) 123.1 (38.3)

High-density lipoprotein cholesterol level,
mean (SD), mg/dL

47.6 (12.6) 46.0 (12.5)

Triglycerides level, mean (SD), mg/dL

All patientse 154.2 (83.2) 162.1 (82.8)

Patients who fasted 142.0 (71.0) 142.0 (69.6)

Glucose level, mean (SD), mg/dL

All patientse 118 (54) 120 (55)

Patients who fasted 117 (54) 114 (44)

No diabetes

All patientse 99 (26) 100 (27)

Patients who fasted 92 (10) 93 (10)

Type 1 diabetes, No. of patients 1 1

Patients who fasted 120 (NA) 123 (NA)

Type 2 diabetes, No. of patients 111 107

All patientse 158 (73) 166 (73)

Patients who fasted 156 (72) 147 (56)

Creatinine level, mean (SD), mg/dL 0.88 (0.87) 0.82 (0.29)

Ratio of urine albumin to creatinine,
median (IQR), mg/g

17.0 (9.0-40.0) 18.0 (9.0-49.5)

Abbreviations: IQR, interquartile
range; NA, not applicable.

SI conversion factors: To convert
high-density and low-density
lipoprotein cholesterol to mmol/L,
multiply by 0.0259; creatinine
to μmol/L, multiply by 76.25; glucose
to mmol/L, multiply by 0.0555;
triglycerides to mmol/L, multiply
by 0.0113.
a The sum of the numbers of

participants taking different classes
of blood pressure–lowering drugs is
greater than the overall number of
participants receiving monotherapy
because 5 patients (3 in the triple
combination pill group and 2 in the
usual care group) were identified
subsequent to randomization as
protocol violations (taking >1 blood
pressure–lowering medication
at baseline).

b Defined as self-reported use of
alcohol at least once per week
during the past year.

c Not presented by presence or
absence of chronic kidney disease at
baseline because only 10
participants had this disease.

d Calculated as weight in kilograms
divided by height in meters squared.

e Baseline tests were performed on
nonfasting blood samples in 44% of
participants in each treatment group.
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tiebreaker. If there was still no consensus, the lowest reported
dose was considered the standard dose. A detailed listing of stan-
dard daily doses appears in eTable 1 in Supplement 2.

Data are presented for the total number of different
blood pressure–lowering medication classes that each par-
ticipant was taking (eg, angiotensin-converting enzyme
inhibitor, β-blocker, diuretic). The data presented on the
number of pills refers to the number of actual pills or tablets
that each participant was taking each day. For example, if a
participant was taking the triple combination pill therapy,
he or she was taking 3 blood pressure–lowering medication
classes but only 1 pill.

Laboratory values for blood lipid levels, electrolyte lev-
els, liver function, and the ratio of urinary albumin to creati-
nine were reported as mean change from baseline to 6 months.
The proportion of patients with values outside conventional
ranges at 6 months for serum levels of sodium and potas-
sium, ratio of urinary albumin to creatinine, and estimated glo-
merular filtration rate also were reported. Data on the quality
of life and use of health care services (hospitalizations, medi-
cal consultations, and tests) were prespecified to be collected
for the cost-effectiveness analyses and those results are not
reported herein.

Statistical Analysis
This study was designed with a goal of 700 participants to
provide 90% power to detect a 12% absolute improvement in
the rate of blood pressure control (determined based on the

improvements seen in previous trials20,21). This included an
assumption of 50% goal attainment in the control (usual
care) group at 6 months (relative risk [RR] of 1.24), allowing
for a lost to follow-up rate of 5%. A 2-tailed test and an α level
of 5% were used.

The proportion of participants achieving target blood
pressure control at 6 months was analyzed using log-
binomial regression (binomial distribution with a log link)
with the treatment group and use of blood pressure–
lowering therapy at baseline as fixed effects and trial center
as a random effect. The treatment effect was estimated as
an adjusted RR and 95% CI. The proportion of patients
achieving blood pressure targets at 6 weeks and at 12 weeks
were analyzed similarly.

Changes in blood pressure from baseline were analyzed
using an analysis of covariance with baseline blood pres-
sure, treatment group, and use of blood pressure–lowering
therapy at baseline as fixed effects and trial site as a random
effect. Longitudinal linear models were used to estimate
the differences in blood pressure over all 3 visits (6 weeks,
12 weeks, and 6 months) combined and the models included
treatment group, trial visit as a categorical variable, a treat-
ment × visit interaction, the baseline value (ie, systolic
or diastolic blood pressure), and use of blood pressure–
lowering therapy at baseline as fixed effects along with trial
center as a random effect.

Consistent with the statistical analysis plan (appears in
Supplement 1), missing outcome data for blood pressure

Table 2. Primary and Secondary Outcomes

No./Total (%)a

Treatment Effect (95% CI) P Valueb

Triple Combination
Pill Therapy
(n = 349)

Usual Care
(n = 351)

Primary Outcome

Achieving blood pressure target at 6 moc 221/318 (69.5) 182/329 (55.3) RR, 1.23 (1.09 to 1.39)d <.001

Secondary Outcomes

Achieving blood pressure target at 6 wkc 223/329 (67.8) 150/344 (43.6) RR, 1.53 (1.33 to 1.76)d <.001

Achieving blood pressure target at 12 wkc 239/329 (72.6) 161/340 (47.4) RR, 1.51 (1.32 to 1.72)d <.001

Change in systolic blood pressure at 6 mo, mm Hg

Adjusted mean (95% CI) −29.1 (−31.4 to −26.8) −20.3 (−22.6 to −18.0) MD, −8.8 (−11.2 to −6.4)e <.001

Crude mean (SD) −29.3 (18.4) −20.6 (16.8)

Change in diastolic blood pressure at 6 mo, mm Hg

Adjusted mean (95% CI) −13.9 (−15.3 to −12.4) −9.3 (−10.7 to −7.9) MD, −4.6 (−6.0 to −3.1)e <.001

Crude mean (SD) −13.7 (12.1) −9.5 (10.3)

Blood pressure–lowering medication

Self-reported use at 6 mof 305/321 (95.0) 318/336 (94.6) RR, 1.00 (0.97 to 1.04)d .82

Withdrawal due to adverse event during follow-up 23/349 (6.6) 24/351 (6.8) RR, 0.97 (0.56 to 1.70)d .92

Abbreviations: MD, mean difference; RR, relative risk.
a Unless otherwise indicated.
b Holm-Bonferroni adjustment23 for multiple comparisons did not alter the

statistical significance of any of the secondary outcomes.
c Defined as achieving systolic/diastolic blood pressure of less than

130/80 mm Hg for patients with diabetes or chronic kidney disease and
less than 140/90 mm Hg for all other patients.

d The treatment effect was estimated from a log-binomial model that included
treatment group and use of blood pressure–lowering therapy at baseline as
fixed effects and trial center as a random effect.

e The treatment effect was estimated from an analysis of covariance
including baseline blood pressure, treatment group, and use of blood
pressure–lowering therapy at baseline as fixed effects and trial site as a
random effect.

f Defined as ingestion on at least 4 of the last 7 days. In the triple
combination pill therapy group, all prescribed blood pressure–lowering
medications includes the triple combination pill and any other blood
pressure medication prescribed in addition to or instead of the triple
combination pill.
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were not imputed because less than 10% of the data were
missing; however, the sensitivity analyses for all the pri-
mary and secondary outcomes using blood pressure were
conducted using the fully conditional specification method
for imputation.22

Self-reported adherence at 6 weeks, 12 weeks, and 6
months was analyzed similarly to the proportion reaching the
blood pressure target. A longitudinal log-binomial model using
data from all 3 visits was used to estimate overall differences
in self-reported adherence including the following fixed
effects: treatment group, trial visit as a categorical variable,
a treatment × visit interaction, and use of blood pressure–
lowering therapy at baseline. Within-patient correlations were
modeled using generalized estimating equations with an ex-
changeable correlation structure.

The changes in laboratory parameters between baseline
and 6 months were analyzed using analysis of covariance.
Patient registration and randomization could occur at the
same visit; therefore, a large proportion (44% in each group)
had nonfasting blood samples at baseline. Consequently,

a post hoc sensitivity analysis was performed comparing
fasting levels of glucose, triglycerides, and low-density lipo-
protein cholesterol at the 6-month visit only, without
adjustment for baseline values.

The homogeneity of treatment effects across subgroups
on the primary outcome was tested by adding interaction terms
to the log-binomial model. Prespecified subgroups using
baseline characteristics included age (above and below the me-
dian at baseline), sex, diabetes, chronic renal disease, educa-
tion (none or primary school completion vs other), economic
stratum (monthly family income <5000, 5000-20 000, or
>20 000 Sri Lankan Rupees), systolic blood pressure at base-
line (by baseline tertiles), diastolic blood pressure at baseline
(by baseline tertiles), and blood pressure–lowering treatment
at baseline.

All statistical significance tests were conducted using a
2-sided type I error rate of 5%. Holm-Bonferroni adjustment23

for multiple comparisons relating to all prespecified second-
ary outcomes was conducted. All analyses were conducted
using SAS Enterprise Guide version 7.15 (SAS Institute Inc).

Figure 2. Mean Blood Pressure in the 2 Treatment Groups During the Course of the Trial
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Mean systolic blood pressure
difference over entire follow-up:
–9.8 (95% CI, –11.6 to –7.9) mm Hg,
P<.001

Mean diastolic blood pressure
difference over entire follow-up:
–5.0 (95% CI, –6.1 to –3.9) mm Hg,
P<.001

Triple combination pill therapy
Usual care

The SD at each visit is shown. Longitudinal linear models were used to estimate
the differences in blood pressure during all 3 visits combined and included
treatment group, trial visit as a categorical variable, a treatment × visit
interaction, the baseline value (ie, baseline systolic or diastolic blood pressure),
and use of blood pressure–lowering therapy at baseline as fixed effects along
with trial center as a random effect.
a Refers to drug classes (eg, angiotensin-converting enzyme inhibitor, β-blocker,

diuretic) the patient was taking. The mean No. of classes of blood
pressure–lowering drugs was less than 3 during follow-up in the triple
combination pill group because some patients were discontinued from this
treatment.

b Refers to the No. of physical tablets or pills that the participant was taking
each day. Some patients took more than 1 pill of the same drug to achieve the
prescribed dose. The standard dose in milligrams of each medication was
defined with reference to usual maintenance doses recorded by major
formularies as described by Bennett et al19 and Law et al5 (detailed standard
dose listing appears in eTable 1 in Supplement 2).

c The No. of standard doses in the triple combination pill was 1.5 (calculated as
the sum of 0.5 of a standard dose for each of the 3 components).

Research Original Investigation Effect of Fixed Low-Dose Combination Antihypertensive Medication vs Usual Care on Blood Pressure

572 JAMA August 14, 2018 Volume 320, Number 6 (Reprinted) jama.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a UNIVERSITY OF SYDNEY LIBRARY User  on 08/15/2018

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.10359


Results

Study Participants
A total of 700 participants were randomized from 11 sites be-
tween February 15, 2016, and May 3, 2017, with final study vis-
its completed by October 24, 2017. The mean age of the study
population was 56 years, 58% were women, and 29% had dia-
betes. The mean baseline systolic/diastolic blood pressure was
154/90 mm Hg in both groups. Prior to randomization, 41% of
participants were taking blood pressure–lowering treatment.

With incomplete follow-up, deaths, and missing in-clinic
blood pressure measurements, final visit data for the primary
outcome were available for 91.1% of the patients randomized
to the triple combination pill therapy group and 93.7% of the
patients randomized to the usual care group.

In-person clinic visits constituted 100% of all baseline
visits, 97% of all 6-week visits, 98% of all 12-week visits, and
95% of all 6-month visits for the triple combination pill
therapy group; and 100%, 99%, 99%, and 96%, respectively,
for the usual care group. At baseline, the 2 groups were com-
parable (Table 1; baseline characteristics by the stratification
variable of antihypertensive medications appear in eTable 2
in Supplement 2).

Primary Outcome
At 6 months, 69.5% of participants in the triple combination
pill therapy group achieved their blood pressure target com-
pared with 55.3% in the usual care group (adjusted RR, 1.23
[95% CI, 1.09-1.39], P < .001; risk difference, 12.7% [95% CI,
3.2%-22.0%]) (Table 2).

Secondary Outcomes
A greater proportion of participants randomized to the triple
combination pill therapy group achieved their blood pres-

sure target at 6 weeks compared with the usual care group
(67.8% vs 43.6%, respectively; RR, 1.53 [95% CI, 1.33-1.76],
P < .001; risk difference, 23.2% [95% CI, 14.7%-31.0%]) and at
12 weeks (72.6% vs 47.4%; RR, 1.51 [95% CI, 1.32-1.72], P < .001;
risk difference, 24.3% [95% CI, 16.1%-31.8%]; Table 2).

At 6 months, mean systolic blood pressure was 125 mm Hg
and diastolic blood pressure was 76 mm Hg in the triple com-
bination pill group and was 134 mm Hg and 81 mm Hg, respec-
tively, in the usual care group. Between baseline and 6 months,
the mean change in systolic blood pressure was −29.1 mm Hg
(95% CI, −31.4 to −26.8 mm Hg) in the triple combination pill
therapy group and diastolic blood pressure was −13.9 mm Hg
(95% CI, −15.3 to −12.4 mm Hg) compared with −20.3 mm Hg
(95% CI, −22.6 to −18.0 mm Hg) and −9.3 mm Hg (95% CI, −10.7
to −7.9 mm Hg), respectively, in the usual care group (ad-
justed difference in postrandomization blood pressure over the
entire follow-up: −9.8 mm Hg [95% CI, −7.9 to −11.6 mm Hg]
in mean systolic blood pressure and −5.0 mm Hg [95% CI, −3.9
to −6.1] in mean diastolic blood pressure; P < .001 for both com-
parisons; Figure 2). The sensitivity analyses incorporating mul-
tiple imputation for missing blood pressure data had a mini-
mal effect on the estimates of the effectiveness of the triple
combination pill (eTable 3 in Supplement 2).

At the 6-month visit, the proportion of patients reporting
adherence to all prescribed blood pressure–lowering medica-
tions was not significantly different between the triple com-
bination pill therapy group and the usual care group (95.0%
vs 94.6%, respectively; P = .82; Table 2). Similarly, the pro-
portion of participants in the 2 groups who discontinued
a blood pressure medication due to an adverse event during
follow-up was not significantly different (6.6% in the triple
combination pill therapy vs 6.8% in the usual care group,
P = .92; Table 2). Details regarding the adverse events leading
to discontinuation of any blood pressure–lowering medica-
tion appear in eTable 4 in Supplement 2.

Figure 3. Blood Pressure–Lowering Medication Classes by Randomized Group
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Subsequent to randomization,
5 patients (3 in the triple combination
pill group and 2 in the usual care
group) were identified as taking more
than 1 blood pressure–lowering
medication at baseline and these
were reported as protocol violations.
Patients taking less than 3 blood
pressure–lowering classes during
follow-up visits had stopped the
triple combination pill and
commenced an alternate therapy.
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Changes in Medication Use
All patients in the triple combination pill therapy group had a
change in blood pressure–lowering regimen (commencing or
switching to the fixed low-dose combination therapy) at ran-
domization, whereas 75% of patients in the usual care group
had a blood pressure–lowering medication change between
randomization and the 6-week visit. Subsequent changes in
the blood pressure–lowering regimen between weeks 6 and 12
occurred less frequently among patients in the triple combi-
nation pill therapy group (11%) compared with those in the
usual care group (34%; P < .001) and between weeks 12 and 24
(6% vs 26%, respectively; P < .001).

At 6 months, 292 participants (83.7%) were still pre-
scribed the triple combination pill therapy. Of those receiv-

ing the triple combination pill therapy, only 10 (3.4%) had been
uptitrated to the higher dose. At the final 6-month study visit,
86.5% of patients in the triple combination pill therapy group
were prescribed 2 or more blood pressure–lowering classes
(which may or may not have been taken as part of the triple
combination pill therapy), whereas this proportion was 33.4%
in the usual care group (Figure 3).

At the final 6-month follow-up visit, the mean number
of blood pressure classes in the triple combination pill
therapy group was 2.8 compared with 1.4 in the usual care
group, whereas the mean number of blood pressure–
lowering pills taken was 1.1 vs 2.4, respectively (Figure 2).
Similar differences were observed when the study popula-
tion was stratified by use of antihypertensive therapy prior

Table 3. Adverse Events and Serious Adverse Events Reported by Group

No. (%) of Events
Triple Combination
Pill Therapy
(n = 349)

Usual Care
(n = 351)

Total No. of adverse events 230 189

Had ≥1 adverse eventa 133 (38.1) 122 (34.8)

Type of adverse event

Musculoskeletal pain 21 (6.0) 28 (8.0)

Dizziness, syncope, or presyncope 18 (5.2) 10 (2.8)

Headache 13 (3.7) 11 (3.1)

Angina pectoris 8 (2.3) 6 (1.7)

Cough 8 (2.3) 18 (5.1)

Pyrexia 6 (1.7) 12 (3.4)

Edema peripheral 6 (1.7) 5 (1.4)

Upper respiratory tract infection 6 (1.7) 11 (3.1)

Hypoesthesia 3 (0.9) 5 (1.4)

All type hypotension 2 (0.6) 2 (0.6)

Chest pain 3 (0.9) 4 (1.1)

Had ≥1 serious adverse event 27 (7.7) 21 (6.0)

Type of serious adverse event

Infections and infestations 8 (2.3) 5 (1.4)

General disorders and administration site conditions 3 (0.9) 3 (0.9)

Renal and urinary disorders 4 (1.1) 1 (0.3)

Cardiac disorder 2 (0.6) 2 (0.6)

Nervous system disorder 2 (0.6) 2 (0.6)

Injury, poisoning, and procedural complications 2 (0.6) 1 (0.3)

Ear and labyrinth disorders 0 2 (0.6)

Gastrointestinal disorder 2 (0.6) 0

Immune system disorder 1 (0.3) 1 (0.3)

Neoplasms (benign, malignant, or unspecified) 2 (0.6) 0

Respiratory, thoracic, and mediastinal disorders 2 (0.6) 0

Endocrine disorder 0 1 (0.3)

Gastrointestinal, renal, and urinary disorders 1 (0.3) 0

Investigations 0 1 (0.3)

Metabolism and nutrition disorders 0 1 (0.3)

Metabolism and nutrition and vascular disorders 1 (0.3) 0

Musculoskeletal and connective tissue disorders 0 1 (0.3)

Reproductive system and breast disorders 1 (0.3) 0

Surgical and medical procedures 0 1 (0.3)

Vascular disorders 0 1 (0.3)

a Adverse events occurring in
fewer than 1% of all participants
are not shown.
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to randomization (eTable 5 in Supplement 2). The mean
sum of standard daily doses of blood pressure–lowering
medication at the final visit was lower in the triple combina-
tion pill therapy group compared with usual care (1.5 vs 1.7,
respectively; P = .01).

During follow-up, there were increases in the prescrip-
tion of antiplatelet drugs and statins in both groups. At the
final 6-month study visit, prescription of antiplatelet therapy
(16.2% in the triple combination pill therapy group vs 17.0%
in the usual care group; P = .75) and statins (57.7% vs 63.8%,
respectively; P = .08) were not significantly different
between the groups.

Adverse Events
In total, 419 adverse events were reported during the study.
In the triple combination pill therapy group, 38.1% of partici-
pants reported at least 1 adverse event compared with 34.8%
of participants in the usual care group (Table 3). The most com-
mon adverse events reported were musculoskeletal pain (6%
in the triple combination pill therapy group vs 8% in the usual
care group), dizziness, presyncope, or syncope (5.2% vs 2.8%,
respectively), and headache (3.7% vs 3.1%).

Analyses of adverse events after excluding the 7 ran-
domized patients without any postrandomization data
recorded did not alter any conclusions (eTable 6 in Supplement
2). Twenty-seven participants in the triple combination pill
therapy group reported at least 1 serious adverse event com-
pared with 21 participants in the usual care group (the pro-
portion in each serious adverse event category appears in
eTable 7 in Supplement 2).

Laboratory Values
There were statistically significant between-group differ-
ences in the changes from baseline to 6 months for low-
density lipoprotein cholesterol level (mean difference,
8.1 mg/dL [95% CI, 2.2 to 14.1 mg/dL]), sodium level (mean dif-
ference, −0.70 mmol/L [95% CI, −1.07 to −0.33 mmol/L]),
potassium level (mean difference, −0.22 mmol/L [95% CI,
−0.29 to −0.15 mmol/L]), and uric acid level (mean differ-
ence, 0.63 mg/dL [95% CI, 0.44 to 0.83 mg/dL]). There was
no significant between-group difference for the change
in serum creatinine level between baseline and the final
6-month visit (Table 4). However, the ratio of urinary albu-
min to creatinine was reduced more among patients in the

Table 4. Laboratory Parameters

Crude Estimates, Mean (SD)a Model Estimates, Mean (95% CI)

Mean Difference
(95% CI)b

Triple Combination
Pill Therapy
(n = 349)

Usual Care
(n = 351)

Triple Combination
Pill Therapy
(n = 349)

Usual Care
(n = 351)

Change From Baseline to 6 mo

Cholesterol, mg/dL

Low-density lipoprotein −4.3 (49.0) −14.2 (47.5) −4.8 (−10.4 to 0.9) −12.9 (−18.5 to −7.4) 8.1 (2.2 to 14.1)

High-density lipoprotein 0.9 (9.5) 1.4 (9.3) 1.0 (−0.3 to 2.2) 1.1 (−0.1 to 2.3) −0.1 (−1.5 to 1.3)

Triglycerides, mg/dL −27.3 (70.5) −31.9 (73.0) −27.2 (−36.8 to −17.7) −26.9 (−36.3 to −17.4) −0.3 (−8.1 to 7.4)

Creatinine, mg/dL 0.05 (1.07) 0.05 (0.20) 0.1 (0 to 0.1) 0.03 (0 to 0.1) 0.04 (−0.06 to 0.14)

Uric acid, mg/dL 0.51 (2.41) 0.05 (1.02) 0.6 (0.5 to 0.7) −0.04 (−0.2 to 0.1) 0.63 (0.44 to 0.83)

Alanine transaminase, U/L −0.6 (17.4) −4.2 (23.4) −1.5 (−3.7 to 0.6) −3.8 (−5.9 to −1.6) 2.3 (−0.1 to 4.6)

Aspartate transaminase, U/L −0.7 (11.8) −2.5 (19.1) −1.5 (−3.2 to 0.1) −1.9 (−3.5 to −0.2) 0.4 (−1.5 to 2.2)

Glucose, mg/dL 0.4 (46.0) −4.4 (49.6) 0.5 (−5.7 to 6.8) −1.8 (−8.0 to 4.3) 2.4 (−3.8 to 8.5)

Sodium, mmol/L −0.08 (2.87) 0.69 (2.88) −0.03 (−0.3 to 0.3) 0.7 (0.4 to 1.0) −0.70 (−1.07 to −0.33)

Potassium, mmol/L −0.11 (0.54) 0.12 (0.56) −0.1 (−0.2 to 0) 0.1 (0 to 0.2) −0.22 (−0.29 to −0.15)

Ratio of urinary albumin
to creatinine, mg/g

−37.8 (168.4) −24.3 (146.6) −40.8 (−52.0 to −29.6) −21.9 (−33.0 to −10.7) −18.9 (−34.8 to 3.1)

Outside Normal Levels at 6 mo

Sodium, mmol/L, No. (%)

<135 14 (4.4) 7 (2.1)

≥145 1 (0.3) 3 (0.9)

Potassium, mmol/L, No. (%)

<3.5 14 (4.4) 3 (0.9)

≥5.0 39 (11.2) 30 (8.5)

Ratio of urinary albumin
to creatinine ≤30 mg/g, No. (%)

44 (13.9) 80 (24.6)

Estimated glomerular filtration rate
<60 mL/min/1.73 m2, No. (%)

33 (10.4) 24 (7.3)

SI conversion factors: To convert alanine transaminase and aspartate
transaminase to μkat/L, multiply by 0.0167; high-density and low-density
lipoprotein cholesterol to mmol/L, multiply by 0.0259; creatinine to μmol/L,
multiply by 76.25; glucose to mmol/L, multiply by 0.0555; triglycerides to
mmol/L, multiply by 0.0113; uric acid to μmol/L, multiply by 59.49.

a Unless otherwise indicated.
b Estimated from an analysis of covariance.
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triple combination pill therapy group compared with the
usual care group (mean difference, −18.9 mg/g [95% CI, −34.8
to 3.1 mg/g]).

The analyses of the laboratory data after excluding the 7
randomized patients without any recorded data did not alter
any of the conclusions (eTable 6 in Supplement 2). There was
no evidence of heterogeneity in the effect of the triple com-
bination pill therapy compared with usual care on changes in
albuminuria stratified by subgroups defined by age, sex, dia-
betes status, baseline blood pressure, baseline estimated glo-
merular filtration rate, or monotherapy at baseline (eTable 8
in Supplement 2).

A post hoc sensitivity analysis of the final 6-month visit val-
ues that was restricted to those who were fasting without base-
line adjustment did not indicate any significant between-group
differences in the levels of triglycerides or glucose. The level of
low-density lipoprotein cholesterol was 119 mg/dL for the triple

combination pill therapy group compared with 112 mg/dL for the
usual care group (P = .05; eTable 9 in Supplement 2).

Primary Outcome in Prespecified Subgroups
There was no evidence of heterogeneity in the treatment ef-
fect for the primary outcome in any of the prespecified sub-
groups (Figure 4). Because only 10 patients had chronic kid-
ney disease, a subgroup analysis based on this condition was
not performed.

Discussion
In this study of patients with mild or moderate hypertension,
initial treatment with or escalation of monotherapy to the low-
dose triple combination pill therapy significantly improved
achievement of blood pressure targets at 6 months compared

Figure 4. Primary Outcome by Subgroups
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137/189 (72.5) 102/186 (54.8)Female 1.30 (1.11-1.52)

Diabetes at baseline

53/96 (55.2) 37/102 (36.3)Yes 1.52 (1.11-2.08)

168/222 (75.7) 145/224 (63.9)No 1.17 (1.03-1.32)

Prescription for blood pressure–lowering medication

141/192 (73.4) 111/190 (58.4)No 1.25 (1.08-1.44)

80/126 (63.5) 71/139 (51.1)Yes 1.22 (0.99-1.50)

Education levela

101/146 (69.2) 71/131 (54.2)Low education 1.28 (1.06-1.54)

120/172 (69.8) 111/198 (56.1)High education 1.22 (1.05-1.42)

Monthly household incomeb

39/56 (69.6) 35/57 (61.4)<5000 1.10 (0.84-1.42)

50/70 (71.4) 38/72 (52.8)5000-20 000 1.30 (1.00-1.70)

43/65 (66.2) 36/79 (45.6)>20 000 1.43 (1.07-1.91)

Systolic blood pressure, mm Hg

70/100 (70.0) 66/110 (60.0)<148 1.15 (0.95-1.40)

83/119 (69.7) 59/111 (53.2)148-159.5 1.29 (1.05-1.59)

68/99 (68.7) 57/108 (52.8)>159.5 1.29 (1.04-1.61)

Diastolic blood pressure, mm Hg

69/103 (67.0) 64/106 (60.4)<85.5 1.09 (0.89-1.33)

88/122 (72.1) 50/101 (49.5)85.5-94.5 1.45 (1.16-1.81)

64/93 (68.8) 68/122 (55.7)>94.5 1.22 (0.99-1.50)

The dashed vertical line represents the relative risk (1.23) of the primary
outcome for the overall study population. The proportion of participants
achieving target blood pressure control at 6 months was analyzed using
log-binomial regression (binomial distribution with a log link) with the
treatment group and use of blood pressure–lowering therapy at baseline as
fixed effects and trial center as a random effect. Homogeneity of treatment
effects across subgroups for the primary outcome was tested by adding

interaction terms to the log-binomial model. Subgroups only contain patients
for whom blood pressure readings were available at 6 months. BP indicates
blood pressure.
a Low education indicates none or primary school completion; high education

indicates secondary school, university, or vocational education.
b Expressed as Sri Lankan rupee.
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with usual care. Improved achievement of blood pressure tar-
gets was apparent at the first follow-up visit, which occurred
at 6 weeks. The rates were similar between groups for serious
adverse events and withdrawal of any blood pressure–
lowering medication due to adverse events.

Dual combination therapy is more effective than
monotherapy,24 but few data are available on the use of other
low-dose combinations. Previous trials have demonstrated that
large reductions in blood pressure are possible with low-dose
combinations of 3 or more agents compared with placebo9,10

and compared with standard-dose monotherapy.25 However,
these were short-term studies that provided few data on longer-
term tolerability or effectiveness compared with usual care be-
cause the regimens tested were fixed in both groups.

Other trials have shown improved blood pressure
control with dual combination therapy compared with
monotherapy for initial treatment of hypertension. In the
Prevention and Treatment of Hypertension With Algorithm-
based Therapy (PATHWAY) trial, treatment with losartan
and hydrochlorothiazide was uniformly superior to mono-
therapy with either component, and there was no differ-
ence in the rates of withdrawal due to adverse events.26 In
the Simplified Treatment Intervention to Control Hyperten-
sion (STITCH) trial,20 a simplified algorithm starting with
combination therapy containing an angiotensin-converting
enzyme inhibitor and a diuretic provided better blood pres-
sure control than stepped-care titration at 6 months. In the
Strategies of Treatment in Hypertension: Evaluation
(STRATHE) trial,27 a low-dose combination therapy contain-
ing an angiotensin-converting enzyme inhibitor and a thia-
zide diuretic provided superior blood pressure control with-
out excess adverse events compared with both sequential
monotherapy and a stepped-care regimen.

Using a pragmatic design, the TRIUMPH trial is the first,
to our knowledge, that extends this evidence to support a
management strategy using a fixed low-dose triple combina-
tion pill therapy compared with usual care. Previous studies
have shown that measured high blood pressure is only fol-
lowed up with an escalation of treatment in 15% to 38% of
encounters.28 The main reasons for not intensifying treat-
ment are (1) an assumption that a patient’s existing treatment
has not yet achieved the full effect or (2) clinician satisfaction
with a patient’s blood pressure that has decreased or is near
goal. Such therapeutic inertia is a major factor in the failure
to reach blood pressure goals globally,29,30 and was observed
in patients within both groups in this pragmatic trial.

At 6 months, 65% of patients in the usual care group
were prescribed monotherapy and 29% were prescribed 2
blood pressure–lowering drugs, whereas in the triple combi-
nation pill therapy group, only 3% of patients still prescribed
the fixed-dose combination were taking the higher-dose ver-
sion. Therapeutic inertia is a complex sociological phenom-
enon involving multiple causal pathways,31 and these data
indicate a triple combination pill therapy reduces rather than
eliminates its influence.

This study was embedded within the public health sys-
tem of Sri Lanka, a middle-income country with an estimated
prevalence of hypertension of 24%.32 Data on blood pressure

control rates in this setting are limited; however, the observa-
tion of 55% of participants in the usual care group achieving
blood pressure control at 6 months is higher than typically
seen in other middle-income countries.3 Usual care treat-
ment was likely better than average as a result of trial partici-
pation in a tertiary care hospital setting and likely resulted in
the observed narrowing of treatment effectiveness over time.
Although it is possible that the differences may have nar-
rowed further with additional follow-up, prolonged time to
blood pressure control is associated with poorer outcomes.33

Even though this trial did not show any improvement in
self-reported medication adherence or a reduction in ad-
verse events with a low-dose combination therapy, initiation
or escalation of treatment with such therapy did not lead to
unacceptable increases in adverse events. There were differ-
ences in some of the metabolic parameters favoring usual care
that were likely related to the greater use of a diuretic in the
triple combination pill therapy group (diuretic use has been
shown to increase low-density lipoprotein cholesterol level34).
The clinical implications of these findings should be consid-
ered in light of the clear evidence of improvement in mortal-
ity and morbidity with thiazide-based blood pressure–
lowering medications, including chlorthalidone.8,35

In this study, there was no significant between-group dif-
ference in changes in serum creatinine level. Some trials of
blood pressure–lowering strategies in populations without
chronic kidney disease have shown an increase in creatinine
level, principally in the short-term as a result of hemody-
namic changes rather than renal damage.36 Reductions in al-
buminuria also are commonly seen36 and were observed in this
trial. Long-term data are lacking on whether any such changes
to renal function and urinary albumin excretion influence the
risk of end-stage renal failure in patients with hypertension and
without chronic kidney disease.

The clinical and research implications of these find-
ings principally relate to the need for replication and for a
global increase in treatment. The scale of blood pressure–
attributable disease burden and the scarcity of health
resources in low- and middle-income countries warrant
urgent adoption of more effective and cost-effective blood
pressure–control strategies. An immediate challenge to
translating the results of this study in low- and middle-
income countries is in incorporating this strategy within
systemwide approaches for chronic disease care to enable
universal access to treatment. This includes addressing
structural, regulatory, pricing, and workforce challenges.
Cost and availability currently remain a barrier to effective
treatment for the large majority of patients with high blood
pressure living around the world.37

The results also may have relevance to high-income coun-
tries that have lower control rates for hypertension than the
rates seen in this trial despite considerable health service
investments.38 The results are also particularly important in
light of recent recommendations for lower blood pressure tar-
gets in high-risk individuals.8 In the United States, one of the
most effective implementation programs for blood pressure
control involved organized systems of regular prescription re-
view, with a large component focused on more extensive use
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of combination therapy at earlier stages within treatment
protocols.39 The results of this study strongly reinforce use of
a combination therapy approach.

Limitations
This study has several limitations. First, a limitation of open-
label designs relates to the potential for differences in study-
related procedures. Both triple combination pill therapy and
usual care participants were medically managed in outpa-
tient clinics by their usual treating physician.

However, to manage drug supply, participants in the
triple combination pill therapy group were dispensed treat-
ment at less frequent intervals than typically done for
patients receiving usual care. This may have provided usual
care patients greater exposure to opportunities for treatment
titration. For study data collection purposes, follow-up was
identical between groups. The primary and key secondary
blood pressure outcome measures were standardized and
objective; however, other outcomes such as adverse event
reporting may have been influenced by patient awareness of
treatment allocation.

Second, medications in this study for both groups were
provided free of charge, which is routine practice in the
Sri Lankan public health care system. Although this is not a
limitation in the local context, it may affect generalizability
to other settings.

Third, as is typical in pragmatic trials, exclusion criteria
were primarily left to the judgment of investigators, which may
have led to the underrepresentation of certain patient sub-
groups such as those with chronic kidney disease. Therefore,
the outcomes of this study may not be generalizable to such
subgroups of the population.

Conclusions
Among patients with mild to moderate hypertension, treat-
ment with a pill containing low doses of 3 antihypertensive
drugs led to an increased proportion of patients achieving their
target blood pressure goal vs usual care. Use of such medica-
tion as initial therapy or to replace monotherapy may be an ef-
fective way to improve blood pressure control.
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