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Comparison of dual therapies for 
hypertension treatment in India:  
a randomized clinical trial
 

Evidence is lacking for guiding optimal combination hypertension 
therapy in South Asian patients. Here we investigated the blood pressure 
(BP)-lowering efficacy and safety of three commonly recommended ant
ihypertensive dual combinations in a multicenter, single-blinded trial 
conducted in India. We randomized Indians aged 30–79 years (mean age,  
52 years) with mean sitting systolic blood pressure (SBP) of 150–179 mmHg  
on no treatment or an SBP of 140–159 mmHg on monotherapy 1:1:1 to 
a single-pill combination of amlodipine–perindopril, perindopril–
indapamide or amlodipine–indapamide. The primary outcome was 
the mean change in 24-hour ambulatory SBP at 6 months. Of the 1,981 
participants (42% females) enrolled in the trial, 1,637 completed a 24-hour 
ambulatory BP measurement. All three drug combinations produced 
similar large reductions in the primary outcome, namely ambulatory 
(~14/8 mmHg) and office (~30/14 mmHg) BPs after 6 months, such that 
hypertension control rates (sitting BP < 140/90 mmHg) were achieved in 
approximately 70% of participants in all three groups. Furthermore, no 
significant differences in secondary outcomes, such as mean day and night 
ambulatory and office BPs and hypertension control rates, were observed 
among the study groups. Thus, in Indian patients, amlodipine–perindopril, 
perindopril–indapamide and amlodipine–indapamide were all equally well 
tolerated and equally highly effective in reducing 24-hour ambulatory and 
office BPs (ClinicalTrials.gov registration: NCT05683301).

Hypertension affects over 1.3 billion adults worldwide1. Elevated BP 
is the single largest contributor to the global burden of disease and 
mortality, annually causing 7.8% of the disability-adjusted life years 
lost and one in six deaths (10.9 million)2. It is critical that treatment 
and control rates of hypertension be improved given that its adverse 
effects are increasing in absolute terms3. Initiating dual combinations 
of BP-lowering therapy, ideally as single-pill combinations (SPCs), is 
one of the proposed mechanisms for improving BP management3–6.

The usual dual combinations recommended are any two of a 
renin-angiotensin system blocker (angiotensin-converting enzyme 
(ACE) inhibitor or angiotensin receptor blocker (ARB)), a calcium 

channel blocker and a diuretic (thiazide or thiazide-like)3–6. Some rand-
omized trial data are available to compare the cardiovascular protective 
effects of different combinations of BP-lowering agents7–9. However, 
the BP-lowering efficacy of the major drug classes appears to differ 
among ethnic groups10–12, and the CREOLE trial13 identified significant 
differences in BP lowering caused by three dual combinations of agents 
taken by Black patients with hypertension in sub-Saharan Africa.

Nevertheless, no robust data are available to inform optimal 
dual combinations for the treatment of hypertension in patients of 
South Asian origin, who constitute a quarter of the world’s population. 
India has an enormous burden of hypertension, with an estimated 300 
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We included 1,981 participants in the primary analysis using 
multiple imputation for 344 participants who did not complete  
ABPM recording at 6 months. No difference was observed in the 
participant characteristics among those who completed and did 
not complete the ABPM measurement at 6 months (Extended Data 
Table 1). Overall, the participants had a mean age of 52.1±11.1 years; 
42.1% were women; 18.6% had self-reported diabetes; and 58.1% had 
previously diagnosed hypertension. The baseline characteristics, 
24-hour ambulatory and office BPs and laboratory parameters were 
similar across the groups (Table 1 and Extended Data Table 2). The 
demographic and clinical characteristics of those who did and did 
not provide 24-hour ambulatory recordings at 6 months were similar 
(Extended Data Table 1).

Treatment combinations and ambulatory BP
At 6 months, the unadjusted reduction in the primary outcome of 
24-hour ambulatory SBP was 14.5 mmHg (95% confidence interval (CI): 
−16.0 to −13.2 mmHg) for amlodipine–perindopril; 13.3 mmHg (95% 

million individuals with high BP, among whom poor BP control in both 
rural (7–11%) and urban (11–20%) populations is reported14–16.

We, therefore, conducted the Treatment Optimisation of blood 
Pressure with Single-Pill combinations in INdia (TOPSPIN) trial to 
compare the efficacy of amlodipine plus perindopril, amlodipine plus 
indapamide and perindopril plus indapamide in reducing the BP of 
Indian patients aged 30–79 years with hypertension.

Results
Study participants
We screened 2,125 patients with hypertension and randomized 1,981 
participants. Of these, 661 participants received amlodipine and per-
indopril, 662 received perindopril and indapamide and 658 received 
amlodipine and indapamide as SPCs. At 6 months, 1,663 (84.0%) partici-
pants completed follow-up, with a 24-hour ambulatory blood pressure 
monitoring (ABPM) in 1,637 (82.6%). During follow-up, two participants 
died, 123 were lost to follow-up and 182 withdrew consent, and the treat-
ing physician withdrew the study medication in 11 participants (Fig. 1).
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Fig. 1 | Design and follow-up of the TOPSPIN trial. The CONSORT flow diagram of the TOPSPIN trial. PI, principal investigator.
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CI: −14.7 to −11.9 mmHg) for perindopril–indapamide; and 13.9 mmHg 
(95% CI: −15.3 to −12.4 mmHg) for amlodipine–indapamide (Fig. 2).

No significant difference was observed in the primary outcome 
of mean change in ambulatory SBP adjusted for baseline value, strati-
fication variables and sex among the three groups (Table 2). Similarly, 
the unadjusted reductions in 24-hour ambulatory DBP were similar 
across the groups (Fig. 2). Other secondary outcome measures of 
ABPM also revealed no significant difference in changes from baseline 
values between any two groups (Table 2). No differences were noted 
in the ambulatory BP in the complete case analysis (Extended Data 
Table 3). No significant interactions were apparent between any of the 
prespecified subgroups and the three treatment arms for the primary 
outcome except among body mass index (BMI) strata (Extended Data 
Figs. 1 and 2).

Treatment combinations and office BP
The unadjusted mean reduction in office SBP and DBP at 6 months 
was 30.4 mmHg (95% CI: −31.7 to −29.2 mmHg), 30.4 mmHg (95% CI: 

−31.6 to −29.2 mmHg) and 30.5 (95% CI: −31.7 to −29.2 mmHg) and 14.7 
mmHg (95% CI: −15.8 to −13.6 mmHg), 14.0 mmHg (95% CI: −15.1 to −13.0 
mmHg) and 13.9 mmHg (95% CI: −15.0 to −12.8 mmHg) in the amlodi-
pine–perindopril, perindopril–-indapamide and amlodipine–indapa-
mide groups, respectively.

At 2 months, participants who received amlodipine–perindopril 
had greater reductions in office DBP than participants who received 
perindopril–indapamide with a mean difference between groups of 
−1.25 mmHg (95% CI: −2.31 to −0.20), but there were no other signifi-
cant differences among treatment groups at 2 months, 4 months and 
6 months (Table 3).

We did not observe differences in the response rates or in con-
servative and more current office BP control rates among the treatment 
groups (Table 4 and Extended Data Table 4). At 6 months, based on 
office BPs, almost half of the participants were classified as respond-
ers; over two-thirds achieved conservative BP control targets; and over 
40% achieved more current BP control targets (Table 4 and Extended 
Data Table 4).

Laboratory measures. The changes in various laboratory param-
eters are shown in Extended Data Table 5. A significant decrease was 
observed in fasting blood glucose and glycated hemoglobin levels 
in the amlodipine–perindopril group compared to the amlodipine–
indapamide group. There were other clinically small but significant 
between-group differences in serum sodium, potassium, uric acid, 
urea and estimated glomerular filtration rate (eGFR), in keeping with 
established effects of ACE inhibitors and diuretics on these variables. 
Overall hypokalemia (<3.5 mmol l−1) was detected at 6 months in 7.4% 
of participants for whom intervention was not required. However, dif-
ferential effects across drug groups were apparent, with 15.2% of recipi-
ents of amlodipine plus indapamide having hypokalemia at 6 months.

Safety outcomes. A total of 51 participants experienced adverse events 
causing withdrawal of the study drug. Of these, 14 were in the amlodi-
pine–perindopril group, 19 were in the perindopril–indapamide group 
and 18 were in the amlodipine–indapamide group. These participants 
reported a total of 77 adverse symptoms, of which dizziness (23 partici-
pants), pedal swelling (12 participants) and headache (10 participants) 
were the most common (Extended Data Table 6). Serious adverse 
events, defined as death or hospitalizations for any cause, occurred 
in 21 participants, but none was considered related to the study drugs.

Per-protocol analyses. Among the participants completing the 
6-month follow-up, 1,307 (66.0%) were classified as adherent. We found 
no differences in the mean ambulatory BP changes among treatment 
groups in patients who were adherent (Extended Data Table 7).

Discussion
In this randomized trial of three commonly recommended dual com-
binations of antihypertensive agents, we found no differences in the 
ambulatory and office BPs of South Asian patients after 6 months of 
follow-up. Similarly, we found no differences in responder and control 
rates among the three treatment groups.

Our trial suggests that, in South Asian patients with untreated 
or uncontrolled hypertension while taking monotherapy, the use 
of any of the three dual combinations evaluated causes large reduc-
tions in 24-hour ambulatory and clinic BPs such that, at 6 months, the 
clinic BPs of approximately 70% of participants were controlled to less 
than 140/90 mmHg, and over 40% were controlled to less than 130/80 
mmHg. The control rates are superior to most of those reported in 
patients worldwide17–19.

These results contrast with those observed in the similarly 
designed CREOLE trial13 involving Black patients in sub-Saharan Africa, 
where a calcium channel blocker combined with either an ACE inhibitor 
or a diuretic was superior to an ACE inhibitor and diuretic combination. 

Table 1 | Characteristics of the study participants at baseline

Characteristic Amlodipine–
perindopril

Perindopril–
indapamide

Amlodipine–
indapamide

(n = 661) (n = 662) (n = 658)

Age

  Mean (years) 52.2±11.1 52.2±11.2 51.8±11.4

  Distribution – no. (%)

  ≥55 years 267 (40.4) 270 (40.8) 260 (39.5)

  <55 years 394 (59.6) 392 (59.2) 398 (60.5)

Sex

  Females – no. (%) 278 (42.1) 265(40.0) 260 (44.2)

  BMI (kg m−2)a 26.5±4.1 26.3±4.1 26.6±4.3

  Current smoker – no. (%) 40 (6.1) 46 (6.9) 38 (5.8)

  Diabetes – no. (%)b 125 (18.9) 125 (18.9) 120 (18.2)

  Dyslipidemia – no. (%)b 48 (7.3) 47 (7.1) 49 (7.4)

 � Previously diagnosed 
hypertension – no. (%)b

393 (59.5) 384 (58.0) 372 (56.5)

BP (mmHg)

  Office systolicc 155.1±9.6 155.6±10.0 155.4±9.6

  Office diastolic 92.3±10.8 91.9±10.6 91.8±11.1

  24-hour ambulatory systolicd 135.9±16.9 135.4±17.1 135.3±17.0

  24-hour ambulatory diastolic 85.0±11.0 84.2±10.8 84.2±11.0

  Daytime ambulatory systolic 140.3±17.3 140.1±17.4 139.6±16.7

  Daytime ambulatory diastolic 88.5±11.4 87.8±11.5 87.5±11.0

  Nighttime ambulatory systolic 126.8±19.9 126.2±20.4 126.5±20.6

 � Nighttime ambulatory 
diastolic

78.4±12.8 77.7±12.4 77.8±13.2

Previous antihypertensive therapy – no. (%)

  ARB 225 (34.0) 195 (29.5) 193 (29.2)

  Calcium channel blocker 103 (15.6) 127 (19.2) 120 (18.2)

  Beta-blocker 40 (6.1) 35 (5.3) 31 (4.7)

  ACE inhibitor 7 (1.1) 8 (1.2) 7 (1.1)

  Diuretic 1 (0.2) 1 (0.2) 1 (0.2)

Plus–minus values are mean ± s.d. aBMI is the weight in kilograms divided by the square of the 
height in meters. bSelf-reported. cAverage of the last two of three office BP readings. d24-hour 
ambulatory BP was measured (one reading every 30 minutes) using a TM-2440 device (A&D 
Medical). Daytime ambulatory BP was estimated as the average of values between 9:00 and 
21:00 and nighttime ambulatory BP as the average of values between 24:00 and 6:00.
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However, in the South Asian context, the findings were compatible with 
several current guidelines that recommend using any dual combination 
from among a renin-angiotensin system blocker, a calcium channel 
blocker and a diuretic3–6.

All three dual combinations were well tolerated, with less than 
3% of participants having their therapy withdrawn due to side effects. 
However, an unknown proportion of those lost to follow-up may have 
been affected by side effects that were not reported. Notably, no seri-
ous cases of angioedema were reported. Furthermore, none of the 21 
serious adverse events recorded was attributed to study drugs, and 
two-thirds of participants were classified as similarly compliant in all 
three groups, having consumed 80% or more of the prescribed medica-
tions throughout the trial.

Several clinically minor but statistically significant differential 
changes in laboratory parameters were apparent, particularly in renal 
function, potassium and uric acid on expected lines (Extended Data 
Table 5). Fasting blood glucose levels and glycated hemoglobin lev-
els were lowest with the amlodipine–perindopril combination and 
were significantly lower than in the amlodipine–indapamide com-
bination at 6 months. This finding may have clinical implications for 
this population with a high propensity to diabetes and a substantial 
burden of dysglycemia20–22. The differential effects of the three drug 
combinations on serum potassium highlights that routine monitor-
ing of electrolytes should be carried out particularly among those 
taking a diuretic.

Similar reductions in 24-hour ambulatory BPs achieved in all three 
treatment groups were also observed in the per-protocol analyses, 
post hoc controlled multiple imputation analyses and prespecified 
subgroups of age strata, sex, diabetes status and previously diagnosed 
hypertension at baseline. Although borderline significant interactions 
among the treatment groups by BMI strata were apparent, the incon-
sistent differences observed most likely reflect the play of chance.

Limitations of this trial include that 17.4% of participants did 
not provide 24-hour ambulatory recording at 6 months. However, 
the demographic and clinical characteristics of those who did and 
did not provide 24-hour ambulatory recordings at 6 months did not 
differ. Furthermore, sensitivity analyses including only those who 
completed 24-hour ambulatory recordings at baseline and 6 months 
confirmed the findings of the primary analyses, which included all 
participants via multiple imputations. Additional limitations of this 
trial include that all possible two-drug combinations (including 
agents such as beta-blockers or ARBs) were not evaluated and the 
uncertainty of translating these equivalent BP-lowering data to hav-
ing no differential impact of the three dual combinations on major 
adverse cardiovascular events. However, pending a much-needed 
cardiovascular outcome trial in South Asian patients, it seems rea-
sonable to expect similar outcomes with the three combinations 
evaluated in this trial.

Another potential limitation of the trial was that the drug dosing 
was not wholly symmetrical across the treatment groups for the first 
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Fig. 2 | Unadjusted mean change in BP. a–d, Bar graphs with error bars showing ambulatory SBP (a), ambulatory DBP (b), office SBP (c) and office DBP (d). In c and d, 
the bars represent mean change in BP at 2 months, 4 months and 6 months. Error bars denote 95% CI.
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The study has important strengths. The three individual com-
ponents of dual combinations evaluated in this trial—amlodipine, 
perindopril and indapamide—were used alone, in combination or with 
other drugs in several previous cardiovascular outcome trials8–11. These 
trials showed substantial benefit on various major cardiovascular end-
points and in different subgroups of patients (for example, diabetes, 
post-stroke and very elderly). Along with the BP-lowering efficacy 
reported here, these trials provide reassurance and support for the use 
of the dual combinations evaluated in this trial on South Asian patients, 
at least in the context of India.

The results of this trial may reasonably be extrapolated to a  
broad spectrum of Indian patients with hypertension because  
trial participants were recruited from 32 sites across the country 
with a wide age range (30–79 years); both men and women were  
well represented; and the trial included a mixture of treated and 
untreated patients.

In conclusion, in this trial involving South Asian patients in India, 
we found similar safety and efficacy in lowering ambulatory and office 
BPs with dual combinations of amlodipine–perindopril, perindopril–
indapamide and amlodipine–indapamide. The study findings provide 
novel evidence to inform the choice of dual combination therapies for 
hypertension treatment among South Asians in India and potentially 
the diaspora.

Online content
Any methods, additional references, Nature Portfolio reporting 
summaries, source data, extended data, supplementary infor-
mation, acknowledgements, peer review information; details of 
author contributions and competing interests; and statements of 
data and code availability are available at https://doi.org/10.1038/
s41591-025-03854-w.

Table 2 | Adjusted mean between-group differences in changes from baseline in ambulatory BP

Ambulatory BP Amlodipine–perindopril Amlodipine–perindopril Perindopril–indapamide

versus Perindopril–indapamide versus Amlodipine–indapamide versus Amlodipine–indapamide

Mean difference (95% CI) P value Mean difference (95% CI) P value Mean difference (95% CI) P value

Model 1a

  Primary outcome

  24-hour systolic −0.81 (−2.28 to 0.65) 0.27 −0.33 (−1.77 to 1.12) 0.65 0.49 (−0.96 to 1.94) 0.54

Secondary outcomes

  24-hour diastolic −0.30 (−1.25 to 0.65) −0.40 (−1.31 to 0.51) −0.10 (−1.03 to 0.84)

  Daytime systolic −0.98 (−2.55 to 0.60) −0.65 (−2.2 to 0.89) 0.32 (−1.24 to 1.89)

  Nighttime systolic 0.00 (−1.80 to 1.80) 0.26 (−1.53 to 2.05) 0.26 (−1.49 to 2.01)

  Daytime diastolic −0.42 (−1.53 to 0.69) −0.50 (−1.60 to 0.59) −0.09 (−1.22 to 1.05)

  Nighttime diastolic 0.17 (−0.92 to 1.26) 0.42 (−0.66 to 1.51) 0.25 (−0.82 to 1.33)

Model 2b

  Primary outcome

  24-hour systolic −0.88 (−2.35 to 0.59) 0.24 −0.31 (−1.76 to 1.14) 0.67 0.57 (−0.88 to 2.01) 0.49

Secondary outcomes

  24-hour diastolic −0.39 (−1.34 to 0.55) −0.48 (−1.39 to 0.43) −0.08 (−1.02 to 0.85)

  Daytime systolic −1.04 (−2.62 to 0.54) −0.63 (−2.18 to 0.92) 0.41 (−1.16 to 1.98)

  Nighttime systolic −0.06 (−1.86 to 1.75) 0.29 (−1.51 to 2.09) 0.34 (−1.41 to 2.10)

  Daytime diastolic −0.52 (−1.63 to 0.60) −0.56 (−1.66 to 0.55) −0.04 (−1.17 to 1.09)

  Nighttime diastolic 0.08 (−1.01 to 1.16) 0.36 (−0.73 to 1.45) 0.28 (−0.80 to 1.35)
aModel 1: The primary outcome analysis was performed using a multiple linear regression model adjusted for the ambulatory SBP at baseline, sex and stratification variables (age (<55 years 
and ≥55 years) and recruiting center) according to the intention-to-treat principle. A P value of 0.0167 was considered significant for adjustment for multiple hypothesis testing. bModel 2 was a 
sensitivity analysis performed with stratification variables (age and recruiting center), sex, respective baseline ambulatory BP values, presence of diabetes mellitus, BMI, heart rate and duration 
of hypertension.

Table 3 | Adjusted mean between-group differences in 
changes from baseline in office BP

Office BP Amlodipine–
perindopril versus 
perindopril–
indapamide

Amlodipine–
perindopril versus 
amlodipine–
indapamide

Perindopril–
indapamide versus 
amlodipine–
indapamide

Mean difference 
(95% CI)

Mean difference 
(95% CI)

Mean difference 
(95% CI)

Systolic

  Month 2 −1.40 (−2.79 to 0.00) −1.03 (−2.43 to 0.37) 0.37 (−1.02 to 1.76)

  Month 4 −0.45 (−1.86 to 0.96) −0.07 (−1.49 to 1.34) 0.37 (−1.03 to 1.78)

  Month 6 −0.49 (−1.91 to 0.93) −0.67 (−2.11 to 0.76) −0.18 (−1.61 to 1.25)

Diastolic

  Month 2 −1.25 (−2.31 to −0.20) −0.97 (−2.03 to 0.09) 0.29 (−0.77 to 1.34)

  Month 4 −0.61 (−1.68 to 0.45) 0.34 (−0.73 to 1.41) 0.96 (−0.11 to 2.02)

  Month 6 −0.37 (−1.44 to 0.71) −0.51 (−1.61 to 0.58) −0.15 (−1.23 to 0.93)

Office BP was measured at baseline and at 2 months, 4 months and 6 months (the average of 
the last two of three office BP readings is shown). The between-group differences in mean 
change in BP from baseline were estimated using a linear mixed-effects model adjusting 
for baseline value, gender and randomization stratification variables (age and site) as fixed 
effects and participant as a random effect, time-by-arm interaction.

2 months because indapamide sustained release (SR) is only available 
at a dose of 1.5 mg in an SPC with amlodipine. However, the BP-lowering 
efficacy of the indapamide SR 1.5 mg formulation is equivalent to the 
indapamide 2.5 mg formulation combined with perindopril23,24. Hence, 
between months 2 and 6, all medicines in the SPCs were at the usual 
maximum clinical dosage.
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Table 4 | Secondary outcome analysis—office BP response 
and control rates

Amlodipine–
perindopril

Perindopril–
indapamide

Amlodipine–
indapamide

n = 661 n = 662 n = 658

n (%) n (%) n (%)

Response ratea

  2-month 266 (40.2) 243 (36.7) 237 (36.0)

  4-month 301 (45.5) 302 (45.6) 307 (46.7)

  6-month 315 (47.7) 317 (47.9) 306 (46.5)

  Proportion of respondersb 266 (40.2) 260 (39.3) 248 (37.7)

Control ratec

(<140 and 90 mmHg)

  2-month 424 (64.1) 411 (62.1) 417 (63.4)

  4-month 464 (70.2) 478 (72.2) 470 (71.4)

  6-month 470 (71.1) 486 (73.4) 454 (69.0)

  Proportion with BP controld 440 (66.6) 457 (69.0) 429 (65.2)

Control ratec

(<130 and 80 mmHg)

  2-month 221 (33.4) 196 (29.6) 199 (30.2)

  4-month 267 (40.4) 266 (40.2) 285 (43.3)

  6-month 282 (42.7) 274 (41.4) 262 (39.8)

  Proportion with BP controld 194 (29.3) 195 (29.5) 191 (29.0)

Office BP was measured at baseline and at 2 months, 4 months and 6 months (the average 
of the last two of three office BP readings is used). aThe response rate is the proportion of 
patients with a reduction in office SBP ≥20 mmHg and office DBP ≥10 mmHg at a given 
time. bThe proportion of patients classified as ‘responders’ is defined as those who had a 
reduction of office SBP ≥20 mmHg and office DBP ≥10 mmHg at any of their office visits, with 
maintenance of this reduction at the 6-month office visit. cThe control rate is the proportion 
of patients with an office BP of less than (140 and 90 mmHg or 130 and 80 mmHg) at a given 
time. dThe proportion of patients who achieve BP control is defined as achieving target 
BP (less than 140 and 90 mmHg or 130 and 80 mmHg) at any of their office visits, with 
maintenance of this reduction at the 6-month office visit.
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Methods
Trial design and oversight
TOPSPIN was a prospective, single-blind, randomized three-arm trial 
conducted in 32 centers across India (3 of the 35 centers did not recruit 
any participants (Supplementary Table 1)). The detailed protocol of 
the study is published elsewhere25. A Trial Operations Committee 
managed the day-to-day running; a Trial Steering Committee oversaw 
the study’s progress; and a Data Safety and Monitoring Committee 
reviewed patient safety (see Supplementary Tables 2 and 3 for com-
mittee membership).

The study protocol was approved by the ethics committees of the 
participating centers and the coordinating center and was approved 
by the national regulatory authority.

Trial population and recruitment
Men and women 30–79 years of age were eligible if their sitting office 
SBP was between 140 and 159 mmHg on one antihypertensive medica-
tion or between 150 and 179 mmHg in drug-naive patients. Patients with 
a history of coronary artery and cerebrovascular diseases, congestive 
heart failure, serum creatinine above 1.5 mg dl−1, current pregnancy and 
secondary hypertension were excluded (see the study protocol in the 
Supplementary Information for a full list of inclusion and exclusion cri-
teria). All participants provided written informed consent. Three sitting 
office BP measurements were recorded using standard methods with 
a fully automated oscillometric device (HEM-7201; Omron). The mean 
of the last two office BP recordings was used for patient eligibility and 
subsequent evaluations. Standard biochemical tests were performed 
for all patients. A 24-hour ABPM with readings taken every 30 minutes 
was performed using a validated device (TM-2440; A&D Medical).  
A minimum of 34 valid readings were needed to qualify as an adequate 
ABPM, and inadequate recordings were repeated. The mean of all valid 
readings was used in the analysis.

Randomization and treatment
Eligible participants were randomly allocated to one of the three 
study arms in a 1:1:1 ratio using variable permuted block electronic 
randomization. The randomization was stratified by age (<55 years 
or ≥55 years) and recruiting center. The investigators were unaware 
of the trial group assignments (single-blind randomization). The pills 
provided to the patients were not identical because of cost and logisti-
cal reasons; however, repackaging them in opaque packs minimized 
potential bias. After randomization, the patients discontinued their 
previous antihypertensive medications without a washout period 
and received one of the following once-daily SPCs: amlodipine 5 mg 
plus perindopril 4 mg or perindopril 4 mg plus indapamide 1.25 mg or 
amlodipine 5 mg plus indapamide SR 1.5 mg. For the first 2 months, it 
was not possible to provide equivalent dosing of indapamide in com-
bination with perindopril and with amlodipine because amlodipine 
5 mg is only produced in combination with indapamide SR at a dose of 
1.5 mg, whereas perindopril 4 mg is combined with the non-SR formula-
tion of indapamide at 1.25 mg. At 2 months, the doses were up-titrated 
to amlodipine 10 mg plus perindopril 8 mg or perindopril 8 mg plus 
indapamide 2.5 mg or amlodipine 10 mg plus indapamide SR 1.5 mg if 
the office SBP was ≥120 mmHg. At 4 months, a beta-blocker (bisoprolol 
5 mg) was added if the SBP was ≥160 mmHg or the DBP was ≥100 mmHg. 
Spironolactone 12.5 mg or doxazosin 2 mg was added in patients for 
whom a beta-blocker was contraindicated. A pill count was done to 
assess adherence at scheduled visits (2, 4 and 6 months). Participants 
taking 80% or more of the prescribed doses throughout the trial were 
defined as adherent.

Trial outcomes
The primary outcome was the difference among the treatment groups 
in the mean reduction in the 24-hour ambulatory SBP at 6 months 
adjusted for baseline ambulatory SBP. Secondary outcomes included 

a reduction in ambulatory DBP; mean change in the daytime (9:00 
to 21:00) and nighttime (24:00 to 6:00) ambulatory BPs; change in 
office BP at 2, 4 and 6 months; the proportion of participants achiev-
ing conservative (<140/90 mmHg) or more current (<130/80 mmHg) 
BP control level at any of the office visits and maintained at 6 months; 
the proportion of ‘responders’ to treatment (defined as a reduction of 
SBP of ≥20 mmHg and DBP of ≥10 mmHg at any of the office visits and 
maintained at 6 months); and changes in laboratory investigations, 
fasting blood glucose, lipid profile, serum sodium, potassium, urea, 
creatinine and eGFR. The safety endpoint of the study was the occur-
rence of adverse or serious adverse events leading to withdrawal of the 
study drug at any of the follow-ups. Prespecified subgroup analysis for 
the primary outcomes were age (<55 years and ≥55 years), sex (male and 
female), self-reported history of diabetes at baseline and previously 
or newly diagnosed hypertension at baseline and BMI of <23, 23–24.9 
and ≥25 kg m−2.

Statistical analysis
With a planned sample size of 1,968 participants, the TOPSPIN trial had 
85% power to detect a clinically meaningful difference of 3 mmHg in 
the 24-hour ambulatory SBP among the three groups. The assumptions 
included an s.d. of 15.0 mmHg, a two-sided significance level of 0.0167 
(considered significant for adjustment of multiple hypothesis testing26 
for the three comparisons) and a 10% dropout rate.

Data from clinical sites were collected using Clinion software 
version 3.0, and statistical analyses were conducted at the research 
coordinating center using Stata version 16.0. Baseline characteristics 
and key safety outcomes were compared between the study groups 
using the chi-square test, Fisher’s exact test, Wilcoxon rank-sum test 
and the two-sample t-test.

The primary outcome analysis was performed using a multiple 
linear regression model adjusted for the ambulatory SBP at baseline, 
age strata (<55 years and ≥55 years), recruiting center and sex accord-
ing to the intention-to-treat principle. We performed multiple impu-
tations for the primary analysis using multiple imputation chained 
equations for participants with a missing primary endpoint value. We 
generated 50 imputed datasets with a maximum of 1,000 iterations 
with linear imputation, including the treatment group, ambulatory 
SBP and DBP, office BP measurements, age, sex, recruiting center, 
BMI, presence of diabetes, duration of hypertension and pulse rate. 
This approach was repeated for the ambulatory DBP analysis27,28. We 
also performed analyses following the complete case scenario and 
per-protocol analyses, including only adherent participants.

We used a linear mixed-effect model to estimate the between-group 
mean difference in change in office BP measurement from baseline. The 
model included the participant as a random effect and age, site, sex and 
time-by-arm interaction as fixed effects. The same models were used 
for other continuous variable secondary outcomes. We compared the 
between-group differences in response and control rate, adjusting for 
age, recruiting center, sex and time-by-arm interaction using logistic 
regression. We did not plan for multiple comparison adjustments for 
secondary outcomes. Hence, we estimated the treatment effects in 
secondary outcomes as point estimates with 95% CIs (see the statistical 
analysis plan in the Supplementary Information).

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Raw data cannot be publicly shared as per the Health Ministry Screen-
ing Committee of the Indian Government (National Regulatory Author-
ity for human research with contributions from other countries), which 
mandates that no data can be shared beyond the borders without neces-
sary approvals. Anonymized and tabulated or curated data will be made 
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available to bona fide researchers for the purpose of meta-analysis and 
similar research interests with necessary approvals. Requests may be 
made to D.P. (dprabhakaran@ccdcindia.org). All such requests will be 
responded to within a 2-week timeframe.
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Extended Data Fig. 1 | Changes in Ambulatory Systolic Blood Pressure by Pre-Specified Sub-Groups. Plots showing mean difference with 95% CI and p-value for 
interaction.
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Extended Data Fig. 2 | Changes in Ambulatory Diastolic Blood Pressure by Pre-Specified Sub-Groups. Plots showing mean difference with 95% CI and p-value for 
interaction.
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Extended Data Table 1 | Comparison of baseline demographic and clinical characteristics of participants with and without 
ABPM at 6 months

Plus–minus values are means±s.d. †BMI is the weight in kilograms divided by the square of the height in meters. ‡Self-reported history §Average of the last two of three office BP readings 
¶24-hour ambulatory BP was measured (one reading every 30 minutes) using a TM-2440 device (A&D Medical). Daytime ambulatory BP was estimated as the average of values between 9:00 
and 21:00 and nighttime ambulatory BP as the average of values between 24:00 and 6:00.
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Extended Data Table 2 | Baseline laboratory parameters

Values are presented as mean±s.d. or median (interquartile range).
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Extended Data Table 3 | Adjusted mean between-group differences in changes from baseline in ambulatory BP (complete 
case analysis)

†Model 1 was performed using a multiple linear regression model adjusted for the ambulatory SBP at baseline, age (<55 years and ≥55 years), clinical site and sex among participants who 
completed the follow-up. ‡Model 2 was a sensitivity analysis performed with stratification variables (age and clinical site), sex, respective baseline ambulatory BP values, presence of diabetes 
mellitus, BMI, heart rate and duration of hypertension among participants who completed the follow-up.
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Extended Data Table 4 | Adjusted mean differences in BP response and control between the groups

Office BP was measured at baseline and at 2 months, 4 months and 6 months (average of the last two of three office BP readings). The between-group differences in mean change in BP from 
baseline to 6 months were estimated using a linear mixed-effects model adjusting for baseline value and randomization stratification variables (age and site) as fixed effects and participant 
as a random effect, time-by-arm interaction. †The response rate is the proportion of patients with a reduction in the office SBP ≥20 mmHg and office DBP ≥10 mmHg at a given time. ‡ The 
proportion of patients classified as ‘responders’ was defined as those who had a reduction of office SBP ≥20 mmHg and office DBP ≥10 mmHg at any of their clinic visits and maintained at 
the 6-month clinic visit. §The control rate is the proportion of patients with an office BP of less than (140 and 90 mmHg or 130 and 80 mmHg) at a given time. ¶The proportion of patients who 
achieve BP control is defined as achieving target BP (140 and 90 mmHg or 130 and 80 mmHg) at any of their clinic visits and maintained at the 6-month clinic visit.
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Extended Data Table 5 | Six-month and mean change in laboratory parameters

*Comparisons that were statistically significant
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Extended Data Table 6 | Serious adverse events and adverse events leading to drug withdrawal

*Serious adverse events were defined as death or all-cause hospitalizations.
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Extended Data Table 7 | Adjusted mean between-group differences in changes from baseline in ambulatory BP 
(per-protocol analysis)

†Model 1 was performed using a multiple linear regression model adjusted for the ambulatory SBP at baseline, age (<55 years and ≥55 years), clinical site and sex among participants who 
adhered to the study protocol. ‡Model 2 was a sensitivity analysis performed with stratification variables (age and clinical site), sex, respective baseline ambulatory BP values, presence of 
diabetes mellitus, BMI, heart rate and duration of hypertension among participants who adhered to the study protocol.
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