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ABSTRACT
Objective  Evidence from randomised trials of 
pharmacological treatments on long-term blood 
pressure (BP) reduction is limited. We investigated the 
antihypertensive drug effects on BP over time and across 
different participant characteristics.
Methods  We conducted an individual patient-level 
data meta-analysis of 52 large-scale randomised clinical 
trials in the Blood Pressure Lowering Treatment Trialists’ 
Collaboration using mixed models to examine treatment 
effects on BP over 4 years of mean follow-up.
Results  There were 363 684 participants (42% women), 
with baseline mean age=65 years and mean systolic/
diastolic BP=152/87 mm Hg, and among whom 
19% were current smokers, 49% had cardiovascular 
disease, 28% had diabetes and 69% were taking 
antihypertensive treatment at baseline. Drugs were 
effective in lowering BP showing maximal effect 
after 12 months and gradually attenuating towards 
later years. Based on measures taken ≥12 months 
postrandomisation, mean systolic/diastolic BP difference 
(95% CI) between more and less intense BP-lowering 
treatment was −11.1 (−11.3 to −10.8)/−5.6 (−5.7 to 
−5.4) mm Hg; between active treatment and placebo 
was −5.1 (−5.3 to −5.0)/−2.3 (−2.4 to −2.2) mm 
Hg; and between active and control arms for drug 
comparison trials was −1.4 (−1.5 to −1.3)/−0.6 (−0.7 
to −0.6) mm Hg. BP reductions were observed across 
different baseline BP values and ages, and by sex, 
history of cardiovascular disease and diabetes and prior 
antihypertensive treatment use.
Conclusion  These findings suggest that BP-lowering 
pharmacotherapy is effective in lowering BP, up to 4 years 
on average, in people with different characteristics. 
Appropriate treatment strategies are needed to sustain 
substantive long-term BP reductions.

INTRODUCTION
Clinical guidelines for managing hypertension have 
invariably lowered the recommended blood pres-
sure (BP) targets for patients at high risk of cardio-
vascular disease,1–7 informed by evidence from 
large-scale randomised clinical trials (RCTs) and 
their meta-analyses showing substantial reductions 

in cardiovascular risk with more intensive BP-low-
ering treatment and independently of baseline BP 
values.8–14 For most hypertensive patients, the 
lowered BP targets inevitably lead to a larger gap 
between their usual BP and the recommended 
target value,15 16 requiring more intensive pharma-
cological treatment.

Attributing changes to treatment based on 
repeated measures of BP of an individual patient 
can be unreliable since measurements are subject 
to random fluctuations, regression to the mean, 
non-pharmacological effects and other sources of 
variability that can exceed true variability in treat-
ment response.17–19 However, it would be useful to 
have reliable information about the expected effects 
of drug treatment on BP levels over time from 
randomised comparisons to help interpret BP read-
ings such as those obtained during clinical encoun-
ters. To date, randomised evidence on the effect of 
antihypertensive drugs on BP has come from effi-
cacy trials with small numbers of highly selected 
participants and short follow-up durations.20 
Pooled evidence from RCTs using information from 
individual participants’ repeated BP measurements 
currently does not exist, which might explain why 
there is no guidance on the expected magnitudes 
of BP reduction with the various proposed treat-
ment strategies and whether these reductions are 
expected to vary among people with different 
characteristics.

We addressed this evidence gap by using infor-
mation from 52 trials involving 363 684 partic-
ipants with individual-level data on repeated BP 
measurements over several years21 to conduct a 
meta-analysis to quantify the unconfounded effects 
of BP-lowering drugs on BP over time and examine 
these effects across different subgroups.

METHODS
The design of the current phase of the Blood Pres-
sure Lowering Treatment Trialists’ Collaboration 
(BPLTTC) (www.bplttc.org), including the identi-
fication of eligible trials as well as data collection 
and harmonisation, has been described previously,21 
with the protocol registered with PROSPERO 
(CRD42018099283). Briefly, RCTs were eligible 
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for inclusion if there was randomisation of patients between 
a BP-lowering agent and a placebo arm or inactive control, 
between various BP-lowering intensities or between various 
BP-­lowering drugs. RCTs should have a follow-­up of ≥1000 
person-years in each randomly allocated arm to minimise the 
risk of small-study effects.22 Trials without a drug comparison 
arm or without description of randomisation process were not 
eligible, nor were those conducted exclusively in patients with 
heart failure or investigating short-term interventions (eg, in 
acute care settings). The protocol for the current analyses was 
reviewed and approved by the BPLTTC Steering Committee 
prior to data analysis.

To analyse the data, we assigned each participant according 
to their random allocation in the individual trials, either to the 
active (or treatment) arm or to the control group separately for 
each trial design, as described in online supplemental methods 
and table S1, and compared BP levels between these comparison 
groups. Our study outcomes were mean systolic and diastolic BP 
differences between comparison arms.

Statistical analysis
We used a one-stage approach to conduct the meta-analysis of 
repeated BP measurements over time and applied linear mixed 
models to estimate the effect of treatment on BP between 
comparison arms. We developed and compared models that 
accounted for clustering by trial and potential variability due to 
baseline BP and other trial-level and participant-level sources of 
heterogeneity, and determined the best fitting model for our data 
(online supplemental methods 1). Our primary model was based 
on fixed treatment effect and fixed time effect but allowing for 
random intercepts at trial and participant levels and a random 
slope for follow-up duration at participant level.

We estimated BP values and their difference between compar-
ison groups during the course of follow-up, separately by trial 
design. As the early phase of the treatment may involve adjust-
ments to optimise treatment regimens such as dosage titration,23 
BP difference between treatment arms may not be maximally 
achieved until after this period. We therefore also analysed results 
with and without inclusion of BP measurements taken  <12 
months after randomisation. We used published aggregate infor-
mation on achieved BP for each comparison arm to estimate 
individual-level follow-up values where follow-up BP measure-
ments were not accessible (online supplemental methods 1). We 
then investigated treatment effects stratified by participants’ 
baseline BP, age, sex, body mass index, history of cardiovascular 
disease and diabetes and prior use of antihypertensive medica-
tion, and assessed any heterogeneity by comparing models with 
and without an interaction term for the characteristic of interest 
and treatment allocation. Models were adjusted for baseline BP, 
age at recruitment and sex (except when used as stratification 
factors). We also ran sensitivity analyses that excluded data from 
each trial and examined results by study period (based on the 
year the trial has ended).

We used likelihood ratio test (for nested models) and the 
Akaike information criterion (for non-nested models) to compare 
models and reported estimates with their 95% CI and p values 
that were tested at 5% significance level (two tailed). We used R 
(V.3.4.4)24 to analyse the data.

Patient and public involvement
There was no patient or public engagement in the design or 
conduct of this study.

RESULTS
Characteristics of trials and participants in the BPLTTC
The 52 included trials comprised of nine BP-lowering intensity 
trials, 21 placebo-controlled trials and 29 drug class comparison 
trials (table 1), mostly conducted between 1990 and 2009 (eight 
trials conducted after 2009). Seven trials included both compar-
isons between drug classes as well as either intensity of BP-low-
ering or between active treatment and placebo. On average, 
the trials had 4 years of follow-up and eight BP measurements 
collected after baseline.

The trials included 363 684 randomised participants 
(42% women) with a mean age of 65 years at baseline, including 
6% aged ≥80 years. The mean baseline systolic/diastolic BP 
was 152/87 mm Hg (73% with ≥140 mm Hg systolic and 46% 
with ≥90 mm Hg diastolic BP) across all trials, with higher values 
for drug class comparison trials than the other designs (table 1). 
At baseline, 49% of all participants had had a history of cardio-
vascular disease and a third a history of diabetes. Baseline BP was 
higher for older persons, in women and among those with lower 
body mass index, without cardiovascular disease or diabetes and 
no prior use of antihypertensive medications, as compared with 
their counterparts (online supplemental table S2). Further details 
about study methods, design and risk of bias assessment for each 
trial are shown in online supplemental table S3 to S7).

Temporal BP patterns by treatment allocation
The temporal patterns of BP are shown in figure 1 (additional 
information in online supplemental table S8). Across all trial 
designs, BP fell during the first few months of follow-up in both 
study arms. For BP-lowering intensity and placebo-controlled 
trials, there was divergence in BP in the early follow-up period 
that increased over time—BP levels in the active arm were lowest 
at around 2 years after baseline. For drug class comparison trials, 
BP levels in both comparison arms remained similar during 
follow-up. The mean BP achieved in the active arm of BP-low-
ering intensity trials was substantially lower than those achieved 
in the active arms of the other trial designs. Results for all BP 
difference trials are shown in online supplemental figure S2.

Achieved net BP reduction by follow-up period
Figure  2 (additional details in online supplemental table S9) 
illustrates the varying estimates of the difference in BP between 
comparison groups at specific follow-up times. Consistent with 
the patterns of absolute BP levels, the estimated difference in 
BP achieved between the active and control groups tended to be 
lower in earlier than in later follow-up periods. For BP-lowering 
intensity trials, the difference in mean reductions in systolic and 
diastolic BP within 6 months from baseline were −4.2 (95% CI 
−4.4 to −4.0) mm Hg and −2.0 (95% CI −2.2 to −1.9) mm 
Hg, respectively, and over −10 mm Hg and −5 mm Hg reduc-
tions, respectively, based on measures taken at later follow-up 
periods. Similar patterns were seen for placebo-controlled trials 
(and BP difference trials, details shown in online supplemental 
figure S3), although this group achieved smaller magnitudes in 
mean BP reduction across all follow-up periods. Mean reduc-
tions were least for drug class comparison trials.

Estimating overall achieved BP reduction between 
comparison groups
The time-related BP differences between comparison groups 
affected the overall achieved reduction in BP. Estimates based 
on BP measures obtained across all follow-up period were rela-
tively smaller in magnitude than when the treatment phase 
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of <12 months was excluded (figure 2, further details in online 
supplemental figure S3 and table S10). For example, for BP-low-
ering intensity and placebo-controlled trials, the overall mean 
systolic/diastolic BP reductions across the whole follow-­up time 
were −7.6 (95% CI −7.7 to −7.4)/−3.7 (95% CI −3.8 to 
−3.6) mm Hg and −4.0 (95% CI −4.1 to −3.9)/−1.9 (95% CI 
−2.0 to −1.8) mm Hg, respectively; when using measurements 

taken  ≥12 months from baseline, the achieved reductions 
were −11.1 (95% CI −11.3 to −10.8)/−5.6 (95% CI −5.7 to 
−5.4) mm Hg and −5.1 (95% CI −5.3 to −5.0)/−2.3 (95% CI 
−2.4 to −2.2) mm Hg, respectively.

Table 1  Characteristics of trials and participants

Characteristics

Blood pressure (BP) difference trials Drug class comparison 
trials All trialsBP-lowering intensity Placebo controlled All BP difference trials

Trials

No. of trials 9 21 30 29 52*

No. of trials by year of 
end of study

Before 1990 1 2 3 0 3

1990–1999 2 7 9 7 14

2000–2009 2 10 12 19 27

After 2009 4 2 6 3 8

Mean (SD) trial duration 
(years)

4 (2) 4 (2) 4 (2) 4 (2) 4 (2)

Mean (median) no. of 
follow-up BP measures

14 (13) 7 (6) 8 (8) 8 (7) 8 (8)

Participants

No. of participants (% 
women)

35 934 (45) 112 934 (35) 148 873 (38) 224 038 (44) 363 684 (42)

% (n/N) Caucasian/
European ethnicity

46 (15 863/34 823) 68 (58 851/86 908) 61 (74 714/121 731) 64 (118 128/185 351) 63 (188 948/297 852)

% (N) current smoker at 
baselineb

22 (8238/35 908) 16 (17 702/111 190) 18 (25 940/147 098) 20 (44 173/220 708) 19 (68 360/359 719)

Mean (SD) baseline SBP/
DBP

151 (21)/88 (15) 146 (21)/83 (11) 147 (21)/84 (12) 156 (21)/90 (12) 152 (21)/87 (12)

% (N) participants by baseline SBP (mm Hg)

<120/<70 4 (2870)/11 (3806) 8 (9176)/9 (10 037) 7 (10 650)/9 (13 843) 3 (7027)/5 (10 410) 5 (17 128)/7 (23 803)

120–129/70–79 9 (6228) / 17 (6075) 13 (15 063)/24 (26 927) 13 (18 448)/22 (33 002) 6 (12 969)/14 (31 330) 9 (30 720)/17 (63 091)

130–139/80–89 18 (11,289) / 24 (8593) 17 (19 674)/39 (43 738) 18 (26 077)/34 (50 623) 11 (23 906)/28 (62 292) 14 (48 820)/30 (109 589)

140–149/90–99 19 (11 393)/29 (14 890) 18 (20 590)/21 (24 043) 19 (27 386)/23 (34 324) 18 (41 220)/30 (67 403) 19 (66 928)/27 (98 994)

150–159/100–109 17 (10 050)/14 (6342) 14 (16 246)/7 (7355) 14 (21 107)/8 (12 264) 19 (42 509)/18 (39 839) 17 (61 495)/14 (51 014)

≥160/≥110 33 (19 050)/6 (2696) 28 (32 114)/1 (750) 30 (43 396)/2 (2994) 43 (95 833)/5 (12 188) 38 (136 226)/4 (14 810)

Mean (SD) age (years) at 
baseline

61 (12) 65 (10) 64 (11) 65 (9) 65 (10)

% (N) of participants by 
age at baseline

<50 years 16 (7146) 5 (5596) 8 (11 256) 4 (9542) 5 (19 122)

50–59 years 34 (18 465) 22 (24 668) 25 (36 978) 24 (52 819) 24 (86 699)

60–69 years 27 (18 005) 39 (44 374) 36 (54 016) 39 (87 144) 38 (137 849)

70–79 years 18 (13 313) 26 (28 921) 24 (35 264) 28 (63 119) 27 (97 290)

≥80 years 6 (3999) 8 (9342) 8 (11 321) 5 (11 369) 6 (22 638)

% (N) with condition at 
baseline†

Cardiovascular disease 16 (5617/35 934) 66 (72 209/110 020) 54 (78 738/145 945) 45 (98 944/221 993) 49 (175 519/359 357)

Coronary heart disease 11 (4120/35 934) 41 (45 591/110 008) 34 (49 711/145 942) 38 (67 766/177 363) 37 (115 562/316 125)

Stroke 3 (966/34,840) 34 (32 650/95 800) 28 (36 521/130 643) 11 (17 830/168 003) 18 (51 320/292 559)

Diabetes 24 (8540/35 934) 36 (36 179/100 697) 33 (44 719/136 631) 26 (58 404/223 654) 28 (99 375/351 357)

Chronic kidney disease 33 (4854/14 799) 9 (2845/25 789) 19 (7699/40 588) 17 (18 917/108 612) 17 (24 289/145 895)

% (N) previously on BP-
lowering medication†

34 (12 141/35 934) 71 (73 833/103 766) 65 (73 237/126 502) 77 (119 454/155 069) 69 (202 428/293281)

Mean (SD) body mass 
index† (kg/m2)

29 (6) 28 (5) 28 (5) 28 (5) 28 (5)

*Some trials provided data to more than one trial design.
†Data limited to those with relevant information and N refers to the denominator for number of participants with information on the relevant variable.
SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Effects of treatment on BP reduction across different 
subgroups
Focusing on BP differences from ≥12 months from baseline, 
figure  3 and online supplemental figure S4 show treatment 
effects by different baseline characteristics. There were some 
variations in the magnitudes of BP reductions, notably by body 
mass index categories in BP-lowering intensity trials. Some trials 
disproportionately contributed more data in some subgroups 
so the results reflected features of these trial characteristics and 
design. For example, the Systolic Blood Pressure Intervention 
Trial (SPRINT) and the Action to Control Cardovascular Risk 
in Diabetes (ACCORD) trial, which achieved substantive BP 
reductions, included participants with higher mean baseline 
body mass index whereas Hypertension Objective Treatment 
Based on Measurement by Electrical Devices of Blood Pressure 
(HOMED-BP) and Valsartan in Elderly Isolated Systolic Hyper-
tensioon Study (VALISH) trials, which achieved modest BP 
reductions, included those with lower mean baseline body mass 
index (online supplemental table S6). While there were varia-
tions in treatment effects across different subgroups, BP reduc-
tions were evident across these subgroups, even among those 
with baseline systolic BP <120 mm Hg and diastolic BP <70 mm 
Hg. For drug class comparison trials, BP differences overall and 
across subgroups were consistently small (figure 3).

Sensitivity analyses
BP differences achieved by each trial are reported in online 
supplemental figure S5. Results after excluding one trial at a time 
largely showed similar results as the overall estimates within 

each trial type (online supplemental figure S6). There were little 
differences in the achieved BP reductions by study period except 
in placebo-controlled trials that achieved greater reductions in 
trials that ended before 2000 than in newer trials (online supple-
mental table S11), due to some older trials that had far higher 
starting mean baseline BP values than the newer trials but with 
comparable treatment goals (online supplemental table S6 and 
figure S5). Finally, online supplemental table S12 shows how the 
models we used fitted the data better and gave more conservative 
estimates than models that did not take into account time-related 
variations and other individual-level factors in treatment effects.

DISCUSSION
The analysis of individual-level data of 363 684 randomised 
participants of 52 large-scale RCTs, the largest of such meta-
analysis to date, provides evidence to the overall and stratified 
effects of antihypertensive treatment on relatively long-term 
BP reduction. The magnitude of BP reduction varied by time 
after randomisation and the intended trial intervention. The 
predicted maximum effect of intervention became apparent 
about a year from randomisation, with some gradual attenua-
tion several years later during follow-up. The net achieved BP 
reduction varied by trial design, with BP-lowering intensity trials 
achieving the largest mean reduction of over 11 mm Hg systolic 
BP after the first year of treatment. The effects were evident 
across patient subgroups, as defined by their baseline BP, age, 
sex, body size, history of cardiovascular disease or diabetes and 
prior use of antihypertensive treatment.

Figure 1  Blood pressure (BP) trajectories according to different trial designs. Results are in red for active group and black for control group, from 
3 months to 5 years of follow-up. Estimates were based on separate models for treatment and control groups, with random intercepts at individual 
and trial levels, a random slope for time at the individual level (see Method for details) and adjusted for baseline BP, age and sex. Baseline systolic/
diastolic BP for active and control groups were: BP-lowering trials=151/88 mm Hg; placebo-controlled trials=146/83 mm Hg and drug class 
comparison trials=156/90 mm Hg. Estimated BP at specific time points are shown in online supplemental table S8). Results for all BP difference trials 
are shown in online supplemental figure S2.
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Figure 2  Effects of blood pressure (BP)-lowering treatment on mean BP at fixed follow-up time points and across all follow-up period. (A) Systolic 
BP; (B) Diastolic BP. For mean difference at fixed follow-up time periods, estimates were based on separate models for each time period with a fixed 
treatment effect and random intercept for individuals. For mean difference achieved across all time period (showing results based on all follow-up 
BP measures and measures obtained from 12 months until end of follow-up), estimates were based on fixed treatment effect and random intercepts 
at individual and trial levels, a random slope for time at the individual level. All mean difference values were adjusted for baseline BP, age and sex. 
The area of the square is inversely proportional to the variance of the estimated difference. Negative values indicate lower BP in the active than 
in the control group. Additional information provided in online supplemental table S9 and S10), and results for all BP difference trials are in online 
supplemental figure S3.
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Figure 3  Effects of blood pressure (BP)-lowering treatment on mean BP, by baseline characteristics. (A) mean systolic BP difference; (B) mean 
diastolic BP difference. Estimates based on fixed treatment effect and random intercepts at individual and trial levels, a random slope for time at the 
individual level (see Method for details) and adjusted for baseline BP), age and sex except when these variables are used as stratification factors. The 
area of the square is inversely proportional to the variance of the estimated difference. Negative values indicate lower BP in the active than in the 
control group. Results for all BP difference trials are in online supplemental figure S4. To provide context of background BP levels, baseline BP by these 
subgroups are shown in online supplemental table S2.
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Randomised evidence on the expected effect of antihyperten-
sive drugs on BP has been largely based on published informa-
tion from efficacy trials. In a meta-­analysis of 354 trials (N≈56 
000),20 half-standard dosages of one, two or three antihyperten-
sive drugs led to systolic BP reductions of 6.7 mm Hg, 13.3 mm 
Hg and 19.9 mm Hg, respectively, from a pretreatment systolic/
diastolic BP of 150/90 mm Hg. Our study is not directly compa-
rable with this work, but it is notable that, in our study, the mean 
BP reductions were less pronounced than their estimates and that 
the full effects became evident only after a several months after 
initiating therapy. This discrepancy could be due to a number of 
reasons. Their meta-analysis included trials with relatively short 
follow-up duration (around 2–16 weeks), with some trials having 
potentially restricted their analysis to fully adherent participants. 
In contrast, we included large-scale trials with 4-year mean 
follow-up and performed analysis as per intention to treat. By 
design, many trials included in our study focused on achieving 
a target BP level or reduction, so the maximal physiologically 
feasible effect on BP reduction may not have been achieved. A 
substantial proportion of participants were on antihypertensive 
drugs at baseline, which could have further underestimated the 
magnitude of achieved BP reduction, although it should not have 
an impact on the net between-group BP reductions.

Current clinical practice guidelines typically recommend 
a gradual intensification of antihypertensive treatment over 
several weeks and monitoring of its response for the treated 
individual.1–6 However, there is no clear guidance as to the 
expected change in BP on initiating treatment. To gauge treat-
ment response without a counterfactual or ‘standard’ to compare 
against is difficult because of the multitude of other causes of BP 
change.17 18 Estimates of longitudinal BP changes in our study 
may help mitigate exaggerated attributions of change in BP to 
treatment, while providing reassurance about achievable reduc-
tions in various groups of ‘at-risk’ individuals. Clinical guidelines 
also typically define specific BP targets that should be achieved 
for hypertension to be considered as ‘controlled’, although target 
levels set by different national guidelines vary.1–6 While setting 
a target has practical advantages, it assumes that it is achievable 
on full implementation of the guidelines. However, population 
BP follows a distribution, with mean systolic BP≈130 mm Hg in 
Western populations and over 60% by age ≥60 years have values 
>140 mm Hg.25 26 Among the most intensive treatment strate-
gies in the clinical outcome trials were able to achieve an average 
of 10–15 mm Hg systolic BP reductions within a few months to 
several years (eg, SPRINT achieved 15 mm Hg systolic BP reduc-
tion (online supplemental figure S5). With current evidence-
based treatment recommendations, achieving a controlled BP 
for people with very high BP (eg, >150 mm Hg systolic), would 
be difficult to attain with the trialled regimens of pharmacologic 
treatment.27 We do not imply that physiologically larger BP 
reductions are unachievable but rather intend to flag the limited 
evidence on pharmacological BP reductions of over 20 mm Hg 
in the long term. The achieved BP reduction estimated in our 
pooled analysis has implications not just for patients but also for 
healthcare providers whose performance will be assessed based 
on their patients achieving ‘controlled’ BP. Alternative moni-
toring strategies, such as the number of prescribed antihyperten-
sives28 for an individual as opposed to using a single BP target 
for all, are needed. Some translational implications of this study 
are described further in the online supplemental file 1– clinical 
perspectives.

Recommendations for BP management in specific patient 
groups also remains controversial. The US guidelines suggest 
similar recommendations for people with and without 

pre-existing cardiovascular disease,1 but the UK guidelines use 
a higher BP threshold for people without cardiovascular disease 
due to lack of any direct evidence of efficacy in this patient 
group.29 Although there were some variations in the treatment 
effects in our stratified analyses, which were likely an artefact of 
trial design, BP reductions were evident across a wide range of 
baseline BP and other personal characteristics. Unsurprisingly, 
there was little difference in magnitude of BP reduction between 
comparison arms of drug comparison trials (overall and across 
subgroups). The BP values substantially fell from baseline in both 
arms, which is likely due to regression to the mean given the high 
baseline BP of patients in these trials.17 The extent to which the 
estimated BP reductions will have an impact on existing evidence 
base, which have either been based on published information 
on average BP differences for each trial8 or have not adjusted 
for achieved BP differences between trials,30 requires further 
investigation.

A number of limitations need to be considered when inter-
preting our findings. Investigators or data custodians of some 
eligible trials could not be contacted (particularly for older 
trials) or were unwilling to take part in the collaboration. Never-
theless, the trials included in our collaboration generally have 
low risk of bias. Short-term effects of BP-lowering agents are 
well established,20 and our findings extend these effects over a 
relatively longer period of follow-up of 4 years on average (few 
trials had over 5 years of follow-up). We could not compare drug 
classes based on standardised dosages, as most treatment inter-
ventions allowed titration or addition of other drug classes to 
achieve specific treatment goals (online supplemental table S3). 
Investigators were allowed to add non-study antihypertensive 
treatment in some trials, which could have led to the dilution of 
treatment effects between trial arms or subgroups. Adherence to 

Key messages

What is already known on this subject?
	► Randomised evidence of the effects of antihypertensive drugs 
on achievable blood pressure reduction has been based on 
trials with small sample sizes and short treatment periods 
of several weeks; pooled analysis of randomised evidence 
to provide reliable estimates of achievable long-term blood 
pressure reduction from pharmacological treatment is 
lacking.

What might this study add?
	► This large-scale individual participant-level data meta-
analysis has shown that the patterns of blood pressure 
reduction differed over time, with the maximum effect seen 
in intensive treatment strategies that achieved 11 mm Hg 
systolic blood pressure reduction on average after the first 
year of treatment. Beneficial effects were demonstrable over 
wide ranges of baseline blood pressure, ages and body sizes, 
in women and men, by history of cardiovascular disease or 
diabetes and by prior use of antihypertensive treatment.

How might this impact on clinical practice?
	► The efficacy of antihypertensive drugs was demonstrable 
across different population subgroups, although the achieved 
blood pressure reductions, even with trialled intensive 
regimens, were relatively modest. These findings could guide 
setting realistic treatment goals in the pharmacological 
management of raised blood pressure.
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treatment had fallen towards the end of follow-up in most trials 
(online supplemental table S5), which could partly explain why 
treatment effects were lower in these latter follow-up periods. 
We did not have full access to individual-level information about 
use of non-study drugs nor on adherence to treatment to be able 
to quantify their effects. Yet an important strength of our study is 
that it permitted comparison across subgroups while maintaining 
the advantage of the random allocation to treatment groups.

Our study highlights the role of pharmacological agents in 
effectively reducing BP over several years across individuals with 
a wide range of characteristics, although the achieved between-
group reductions, even with the intensive BP-lowering regimens, 
were relatively modest. Given that large-scale trials have shown 
the effects of pharmacological BP reduction on improving clin-
ical outcomes, the modest BP reductions estimated in our study 
should still be clinically meaningful.14 Indeed, the estimates of 
long-term BP reduction in this study could inform treatment 
strategies and help in setting realistic treatment goals in the phar-
macologic management of raised BP.

Author affiliations
1Deep Medicine, Nuffield Department of Women’s and Reproductive Health, 
University of Oxford, Oxford, UK
2NIHR Oxford Biomedical Research Centre, Oxford University Hospitals NHS 
Foundation Trust, Oxford, UK
3National Perinatal Epidemiology Unit, Nuffield Department of Population Health, 
University of Oxford, Oxford, UK
4School of Population Health and Environmental Sciences, Faculty of Life Sciences 
and Medicine, King’s College London, London, UK
5Department of Community Medicine, Centre for Health Technology and Services 
Research, University of Porto, Porto, Portugal
6The George Institute for Global Health, University of New South Wales, Sydney, New 
South Wales, Australia
7The George Institute for Global Health India, Hyderabad, India
8Vanderbilt University Medical Center, Nashville, Tennessee, USA
9Endocrinology and Metabolism Institute, Tehran University of Medical Sciences, 
Tehran, Iran (the Islamic Republic of)
10Department of Medical Sciences, Uppsala Universitet, Uppsala, Sweden
11The George Institute for Global Health UK, Imperial College London, London, UK
12Department of Biostatistics, University of Texas School of Public Health, Houston, 
Texas, USA

Twitter Dexter Canoy @drdcanoy and Kazem Rahimi @kazemr

Collaborators  The Blood Pressure Lowering Treatment Trialists’ Collaboration 
Working Group: Dexter Canoy, Emma Copland, Milad Nazarzadeh, Rema 
Ramakrishnan, Ana-Catarina Pinho-Gomes, Abdul Salam, Jamie P Dwyer, Farshad 
Farzadfar, Johan Sundström, Mark Woodward, Barry R Davis and Kazem Rahimi. 
Steering committee: Kazem Rahimi (Chair) (Nuffield Department of Women’s and 
Reproductive Health, University of Oxford, Oxford, UK), Koon Teo (Population 
Health Research Institute, McMaster University, Hamilton, Ontario, Canada), 
Barry R Davis (The University of Texas School of Public Health, Houston, Texas, 
USA), John Chalmers (The George Institute for Global Health, University of 
New South Wales, Sydney, Australia), Carl J Pepine (Department of Medicine, 
University of Florida, Gainesville, Florida, USA). Collaborating triallists: A Adler 
(UK Prospective Diabetes Study (UKPDS)), L Agodoa (African-American Study of 
Kidney Disease and Hypertension), A Algra (Dutch Transient Ischemic Attack Study), 
F W Asselbergs (Prevention of Renal and Vascular End-stage Disease Intervention 
Trial (PREVEND-IT)), N S Beckett (Hypertension in the Very Elderly Trial (HYVET)), 
E Berge (deceased) (Valsartan Antihypertensive Long-term Use Evaluation trial 
(VALUE trial)), H Black (Controlled Onset Verapamil Investigation of Cardiovascular 
End Points (CONVINCE)), F P J Brouwers (PREVEND-IT), M Brown (International 
Nifedipine GITS Study: Intervention as a Goal in Hypertension (INSIGHT)), C J 
Bulpitt (European Working Party on High Blood Pressure in the Elderly, HYVET), R 
P Byington (Prospective Randomized Evaluation of the Vascular Effects of Norvasc 
Trial (PREVENT)), J Chalmers (Action in Diabetes and Vascular Disease: Preterax and 
Diamicron MR Controlled Evaluation (ADVANCE), Perindopril Protection Against 
Recurrent Stroke (PROGRESS)), W C Cushman (Action to Control Cardiovascular Risk 
in Diabetes), Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack 
Trial (ALLHAT), Systolic Blood Pressure Intervention Trial (SPRINT)), J Cutler (ALLHAT), 

B R Davis (ALLHAT), R B Devereaux (Losartan Intervention For Endpoint Reduction 
in Hypertension (LIFE)), J P Dwyer (Irbesartan Diabetic Nephropathy Trial (IDNT)), R 
Estacio (Appropriate Blood Pressure Control in Diabetes (ABCD)), R Fagard (SYSTolic 
Hypertension in EURope (SYST-EUR)), K Fox (European Trial on Reduction of Cardiac 
Events with Perindopril among Patients with Stable Coronary Artery Disease), T Fukui 
(Candesartan Antihypertensive Survival Evaluation in Japan (CASE-J)), A K Gupta 
(Anglo-Scandinavian Cardiac Outcomes Trial – Blood Pressure Lowering Arm (ASCOT-
BPLA), R R Holman (UKPDS), Y Imai (Hypertension Objective Treatment Based on 
Measurement by Electrical Devices of Blood Pressure (HOMED-BP)), M Ishii (Japan 
Multicenter Investigation for Cardiovascular Diseases-B (JMIC-B)), S Julius (VALUE), Y 
Kanno (Efficacy of Candesartan on Outcome in Saitama Trial (E-COST)), S E Kjeldsen 
(VALUE and LIFE), J Kostis (Systolic Hypertension in the Elderly Program (SHEP)), 
K Kuramoto (National Intervention Cooperative Study in Elderly Hypertensives), J 
Lanke (Swedish Trial in Old Patients with Hypertension-2 (STOP Hypertension-2), 
Nordic Diltiazem (NORDIL)), E Lewis (IDNT), J B Lewis (IDNT), M Lievre (Non-insulin-
dependent diabetes, hypertension, microalbuminuria or proteinuria, cardiovascular 
events, and ramipril study), L H Lindholm (Captopril Prevention Project), STOP 
Hypertension-2 and NORDIL), S Lueders (The Morbidity and Mortality After Stroke, 
Eprosartan Compared With Nitrendipine for Secondary Prevention (MOSES)), S 
MacMahon (ADVANCE), G Mancia (INSIGHT), M Matsuzaki (The Combination 
Therapy of Hypertension to Prevent Cardiovascular Events (COPE)), M H Mehlum 
(VALUE), S Nissen (Comparison of Amlodipine vs Enalapril to Limit Occurrences 
of Thrombosis), H Ogawa (Heart Institute of Japan Candesartan Randomized Trial 
for Evaluation in Coronary Heart Disease), T Ogihara (CASE-J, Combinations of 
OLMesartan and COPE), T Ohkubo (HOMED-BP), C R Palmer (INSIGHT), A Patel 
(ADVANCE), C J Pepine (International Verapamil SR-Trandolapril Study), M A 
Pfeffer (Prevention of Events with Angiotensin-Converting Enzyme Inhibition), B 
Pitt (PREVENT), N R Poulter (Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT)), 
H Rakugi (CASE-J and Valsartan in Elderly Isolated Systolic Hypertension Study 
(VALISH)), G Reboldi (CARDIOvascolari del Controllo della Pressione Arteriosa 
SIStolica (Cardio-Sis)), C Reid (The Second Australian National Blood Pressure 
Study (ANBP2)), G Remuzzi (BErgamo NEphrologic DIabetes Complications Trial 
(BENEDICT)), P Ruggenenti (BENEDICT), T Saruta (CASE-J), J Schrader (MOSES), R 
Schrier (deceased) (ABCD), P Sever (ASCOT-BPLA), P Sleight (deceased) (CONVINCE, 
Heart Outcomes Prevention Evaluation (HOPE), Ongoing Telmisartan Alone and 
in Combination with Ramipril Global Endpoint Trial (ONTARGET), Telmisartan 
Randomized AssessmeNt Study in ACE iNtolerant subjects with cardiovascular 
Disease (TRANSCEND)), J A Staessen (SYST-EUR), H Suzuki (E-COST), L Thijs 
(SYST-EUR), K Ueshima (CASE-J and VALISH), S Umemoto (COPE), W H van Gilst 
(PREVEND-IT), P Verdecchia (Cardio-Sis), K Wachtell (LIFE), P Whelton (SPRINT), L 
Wing (ANBP2), M Woodward (ADVANCE and PROGRESS), Y Yui (JMIC-B), S Yusuf 
(HOPE, ONTARGET, PRoFESS and TRANSCEND), A Zanchetti (deceased) (European 
Lacidipine Study on Atherosclerosis, Verapamil in Hypertension and Atherosclerosis 
Study), Z Y Zhang (SYST-EUR). Other members: C Anderson, C Baigent, BM Brenner, R 
Collins, D de Zeeuw, J Lubsen, E Malacco, B Neal, V Perkovic, A Rodgers, P Rothwell, 
G Salimi-Khorshidi, J Sundström, F Turnbull, G Viberti and J Wang.

Contributors  DC, EC and KR have full access to the study data and take 
responsibility for the integrity of the data and the accuracy of the data analysis. All 
authors gave final approval of the version to be published. Concept and design: DC 
and KR. Data acquisition: KR, EC and DC. Data analysis or interpretation of data: DC, 
EC, RR, MN, A-C P-G, AS, JPD, FF, JS, MW, BRD and KR. Drafting of the manuscript: 
DC, EC, MW and KR. Critical revision of the manuscript for important intellectual 
content: MN, RR, A-C P-G, AS, JD, FF, JS and BRD. Statistical analysis: EC, RR, DC and 
MW. Obtained funding: KR and DC. Guarantor: KR and DC.

Funding  This research was funded by the British Heart Foundation 
(PG/18/65/33872 and FS/19/36/34346), the National Institute for Health Research 
(NIHR) Oxford Biomedical Research Centre and the Oxford Martin School. This 
manuscript was prepared using ACCORD, ALLHAT, HDFP, PEACE and SHEP Research 
Materials obtained from the NHLBI Biologic Specimen and Data Repository 
Information Coordinating Centre and does not necessarily reflect the opinions 
or views of the ACCORD, ALLHAT, HDFP, PEACE and SHEP or the NHLBI. We 
acknowledge original depositors of the ANBP data and the Australian Data Archive 
and declare that those who carried out the original analysis and collection of the 
data bear no responsibility for the further analysis or interpretation of the data.

Disclaimer  The funders had no role in the design or conduct of the study, data 
analysis, manuscript preparation or approval to submit for publication The views 
expressed are those of the authors and not necessarily those of the National Health 
Service, the NIHR or the Department of Health and Social Care.

Competing interests  DC reports grants from the British Heart Foundation, 
during the conduct of the study. MN and AP reports grants from the British Heart 
Foundation outside the submitted work. JS reports ownership in companies 

 on N
ovem

ber 24, 2022 at N
ew

castle U
niversity. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2021-320171 on 20 January 2022. D

ow
nloaded from

 

https://dx.doi.org/10.1136/heartjnl-2021-320171
https://twitter.com/drdcanoy
https://twitter.com/kazemr
http://heart.bmj.com/


9Canoy D, et al. Heart 2022;0:1–9. doi:10.1136/heartjnl-2021-320171

Cardiac risk factors and prevention

providing services to Itrim, Amgen, Janssen, Novo Nordisk, Eli Lilly, Boehringer, Bayer, 
Pfizer and AstraZeneca outside the submitted work. MW reports personal fees from 
Amgen, Kyowa Kirin and Freeline outside the submitted work. KR reports grants 
from the British Heart Foundation, UK Research and Innovation Global Challenges 
Research Fund, Oxford Martin School, and National Institute for Health Research 
Oxford Biomedical Research Centre, during the conduct of the study, and personal 
fees from BMJ Heart and PLOS Medicine, outside the submitted work. EC, RR, AS, JD, 
FF and BRD declare no competing interests.

Patient consent for publication  Not applicable.

Ethics approval  The Blood Pressure Lowering Treatment Trialists’ Collaboration 
(BPLTTC) obtained approval to conduct this collaborative research from the Oxford 
Tropical Research Ethics Committee (OXTREX Reference: 545–14).

Provenance and peer review  Not commissioned; internally peer reviewed.

Data availability statement  Data may be obtained from a third party and are 
not publicly available. The governance of the BPLTTC have been reported previously. 
The BPLTTC is governed by the University of Oxford’s policies on research integrity 
and codes of practice and follows the university’s policy on the management of 
research data and records. Scientific activities using the BPLTTC data resource are 
overseen by the Steering Committee of the collaboration. All data shared with the 
BPLTTC are considered confidential and will not be provided to any third party. 
Requests for data should be made directly to the data custodians of individual trials.

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Dexter Canoy http://orcid.org/0000-0003-4493-9901
Emma Copland http://orcid.org/0000-0001-9280-5241
Milad Nazarzadeh http://orcid.org/0000-0002-0576-8874
Rema Ramakrishnan http://orcid.org/0000-0002-6784-8319
Johan Sundström http://orcid.org/0000-0003-2247-8454
Mark Woodward http://orcid.org/0000-0001-9800-5296
Kazem Rahimi http://orcid.org/0000-0002-4807-4610

REFERENCES
	 1	 Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/

APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and 
management of high blood pressure in adults: a report of the American College of 
Cardiology/American heart association Task force on clinical practice guidelines. J Am 
Coll Cardiol 2018;71:e127–248.

	 2	 Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH guidelines for the management 
of arterial hypertension. Eur Heart J 2018;39:3021–104.

	 3	 Joint Committee for Guideline Revision. 2018 Chinese guidelines for prevention and 
treatment of Hypertension-A report of the revision Committee of Chinese guidelines 
for prevention and treatment of hypertension. J Geriatr Cardiol 2019;16:182–241.

	 4	 Umemura S, Arima H, Arima S, et al. The Japanese Society of hypertension guidelines 
for the management of hypertension (JSH 2019). Hypertens Res 2019;42:1235–481.

	 5	 Lee H-Y, Shin J, Kim G-H, et al. 2018 Korean Society of hypertension guidelines for the 
management of hypertension: part II-diagnosis and treatment of hypertension. Clin 
Hypertens 2019;25:20.

	 6	 Unger T, Borghi C, Charchar F, et al. 2020 International Society of hypertension global 
hypertension practice guidelines. Hypertension 2020;75:1334–57.

	 7	 Larson S, Cho M-C, Tsioufis K, et al. 2018 Korean Society of hypertension Guidelinefor 
the management of hypertension: a comparison of American, European, and Korean 
blood pressure guidelines. Eur Heart J 2020;41:1384–6.

	 8	 Ettehad D, Emdin CA, Kiran A, et al. Blood pressure lowering for prevention of 
cardiovascular disease and death: a systematic review and meta-analysis. Lancet 
2016;387:957–67.

	 9	 Neal B, MacMahon S, Chapman N. Blood pressure lowering treatment Trialists C. 
effects of ACE inhibitors, calcium antagonists, and other blood-pressure-lowering 
drugs: results of prospectively designed overviews of randomised trials. Lancet 
2000;356:1955–64.

	10	 Blood Pressure Lowering Treatment Trialists’ Collaboration. Blood pressure-lowering 
treatment based on cardiovascular risk: a meta-analysis of individual patient data. 
Lancet 2014;384:591–8.

	11	 Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the 
prevention of cardiovascular disease: meta-analysis of 147 randomised trials 
in the context of expectations from prospective epidemiological studies. BMJ 
2009;338:b1665.

	12	 Blood Pressure Lowering Treatment Trialists’ Collaboration, Turnbull F, Neal B, et al. 
Blood pressure-dependent and independent effects of agents that inhibit the renin-
angiotensin system. J Hypertens 2007;25:951–8.

	13	 Zanchetti A, Thomopoulos C, Parati G. Randomized controlled trials of blood pressure 
lowering in hypertension: a critical reappraisal. Circ Res 2015;116:1058–73.

	14	 Blood Pressure Lowering Treatment Trialists’ Collaboration. Pharmacological blood 
pressure lowering for primary and secondary prevention of cardiovascular disease 
across different levels of blood pressure: an individual participant-level data meta-
analysis. Lancet 2021;397:1625–36.

	15	 Burnier M. Hypertension guidelines. Eur Heart J 2018;39:908–10.
	16	 Mahdavi M, Parsaeian M, Mohajer B, et al. Insight into blood pressure targets for 

universal coverage of hypertension services in Iran: the 2017 ACC/AHA versus JNC 8 
hypertension guidelines. BMC Public Health 2020;20:347.

	17	 Salam A, Atkins E, Sundström J, et al. Effects of blood pressure lowering on 
cardiovascular events, in the context of regression to the mean: a systematic review of 
randomized trials. J Hypertens 2019;37:16–23.

	18	 Parati G, Stergiou GS, Dolan E, et al. Blood pressure variability: clinical relevance and 
application. J Clin Hypertens 2018;20:1133–7.

	19	 Bell KJL, Hayen A, Macaskill P, et al. Mixed models showed no need for initial 
response monitoring after starting antihypertensive therapy. J Clin Epidemiol 
2009;62:650–9.

	20	 Law MR, Wald NJ, Morris JK, et al. Value of low dose combination treatment 
with blood pressure lowering drugs: analysis of 354 randomised trials. BMJ 
2003;326:1427.

	21	 Rahimi K, Canoy D, Nazarzadeh M, et al. Investigating the stratified efficacy and 
safety of pharmacological blood pressure-lowering: an overall protocol for individual 
patient-level data meta-analyses of over 300 000 randomised participants in the new 
phase of the blood pressure lowering treatment Trialists’ collaboration (BPLTTC). BMJ 
Open 2019;9:e028698.

	22	 Kjaergard LL, Villumsen J, Gluud C. Reported methodologic quality and discrepancies 
between large and small randomized trials in meta-analyses. Ann Intern Med 
2001;135:982–9.

	23	 Rothwell PM, Howard SC, Dolan E, et al. Prognostic significance of visit-to-visit 
variability, maximum systolic blood pressure, and episodic hypertension. Lancet 
2010;375:895–905.

	24	 R Foundation for Statistical Computing. R: A language and environment for statistical 
computing [program. Vienna, Austria, 2017.

	25	 British Heart Foundation. Heart and circulatory disease statistics 2021, 2021. 
Available: https://www.bhf.org.uk/statistics [Accessed 26 Jul 2021].

	26	 World Health Organization. High blood pressure - country experiences and 
effective interventions utilized across the European Region, 2013. Available: http://
www.euro.who.int/en/health-topics/noncommunicable-diseases/cardiovascular-​
diseases/publications/2013/high-blood-pressure-country-experiences-and-​
effective-interventions-utilized-across-the-european-region [Accessed 22 May 
2021].

	27	 Nazarzadeh M, Pinho-Gomes A-C, Rahimi K. Resistant hypertension in times of 
changing definitions and treatment recommendations. Heart 2019;105:96–7.

	28	 Salam A, Atkins ER, Hsu B, et al. Efficacy and safety of triple versus dual combination 
blood pressure-lowering drug therapy: a systematic review and meta-analysis of 
randomized controlled trials. J Hypertens 2019;37:1567–73.

	29	 National Institute for Health and Care Excellence. Hypertension in adults: diagnosis 
and management [NG136], 2019. Available: https://www.nice.org.uk/guidance/​
ng136 [Accessed 26 Oct 2021].

	30	 Brunström M, Carlberg B. Association of blood pressure lowering with mortality and 
cardiovascular disease across blood pressure levels: a systematic review and meta-
analysis. JAMA Intern Med 2018;178:28–36.

 on N
ovem

ber 24, 2022 at N
ew

castle U
niversity. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2021-320171 on 20 January 2022. D

ow
nloaded from

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4493-9901
http://orcid.org/0000-0001-9280-5241
http://orcid.org/0000-0002-0576-8874
http://orcid.org/0000-0002-6784-8319
http://orcid.org/0000-0003-2247-8454
http://orcid.org/0000-0001-9800-5296
http://orcid.org/0000-0002-4807-4610
http://dx.doi.org/10.1016/j.jacc.2017.11.006
http://dx.doi.org/10.1016/j.jacc.2017.11.006
http://dx.doi.org/10.1093/eurheartj/ehy339
http://dx.doi.org/10.11909/j.issn.1671-5411.2019.03.014
http://dx.doi.org/10.1038/s41440-019-0284-9
http://dx.doi.org/10.1186/s40885-019-0124-x
http://dx.doi.org/10.1186/s40885-019-0124-x
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15026
http://dx.doi.org/10.1093/eurheartj/ehaa114
http://dx.doi.org/10.1016/S0140-6736(15)01225-8
http://dx.doi.org/10.1016/S0140-6736(14)61212-5
http://dx.doi.org/10.1136/bmj.b1665
http://dx.doi.org/10.1097/HJH.0b013e3280bad9b4
http://dx.doi.org/10.1161/CIRCRESAHA.116.303641
http://dx.doi.org/10.1016/S0140-6736(21)00590-0
http://dx.doi.org/10.1093/eurheartj/ehy063
http://dx.doi.org/10.1186/s12889-020-8450-1
http://dx.doi.org/10.1097/HJH.0000000000001994
http://dx.doi.org/10.1111/jch.13304
http://dx.doi.org/10.1016/j.jclinepi.2008.07.018
http://dx.doi.org/10.1136/bmj.326.7404.1427
http://dx.doi.org/10.1136/bmjopen-2018-028698
http://dx.doi.org/10.1136/bmjopen-2018-028698
http://dx.doi.org/10.7326/0003-4819-135-11-200112040-00010
http://dx.doi.org/10.1016/S0140-6736(10)60308-X
https://www.bhf.org.uk/statistics
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/cardiovascular-diseases/publications/2013/high-blood-pressure-country-experiences-and-effective-interventions-utilized-across-the-european-region
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/cardiovascular-diseases/publications/2013/high-blood-pressure-country-experiences-and-effective-interventions-utilized-across-the-european-region
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/cardiovascular-diseases/publications/2013/high-blood-pressure-country-experiences-and-effective-interventions-utilized-across-the-european-region
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/cardiovascular-diseases/publications/2013/high-blood-pressure-country-experiences-and-effective-interventions-utilized-across-the-european-region
http://dx.doi.org/10.1136/heartjnl-2018-313786
http://dx.doi.org/10.1097/HJH.0000000000002089
https://www.nice.org.uk/guidance/ng136
https://www.nice.org.uk/guidance/ng136
http://dx.doi.org/10.1001/jamainternmed.2017.6015
http://heart.bmj.com/

	Antihypertensive drug effects on long-­term blood pressure: an individual-­level data meta-­analysis of randomised clinical trials
	Abstract
	Introduction
	Methods
	Statistical analysis
	Patient and public involvement

	Results
	Characteristics of trials and participants in the BPLTTC
	Temporal BP patterns by treatment allocation
	Achieved net BP reduction by follow-up period
	Estimating overall achieved BP reduction between comparison groups
	Effects of treatment on BP reduction across different subgroups
	Sensitivity analyses

	Discussion
	References


