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Abstract

Objective: This study evaluated the optimal systolic blood pressure (SBP) target for older patients with hypertension.
Method: A Bayesian network meta-analysis was conducted. The risk of bias of the included studies was assessed by 
using a modified version of the Cochrane risk of bias. The trial outcomes comprised the following clinical events: ma-
jor adverse cardiovascular events (MACE), cardiovascular mortality, all-cause mortality, myocardial infarction, heart 
failure and stroke.
Results: A total of six trials were included. We reclassified all treatment therapies into three conditions according 
to the final achieved SBP after intervention (<130 mmHg, 130–139 mmHg and ≥140 mmHg). Our results demon-
strated that anti-hypertensive treatment with an SBP target <130 mmHg, compared with treatment with an SBP target 
≥140 mmHg, significantly decreased the incidence of MACE (OR 0.43, 95%CI 0.19–0.76), but no statistical difference 
was found in other comparisons. Although the results showed a trend toward more intensive anti-hypertension therapy 
having better effects on preventing cardiovascular mortality, all-cause mortality, myocardial infarction, heart failure, 
and stroke, no significant differences were found among groups.
Conclusions: Our meta-analysis suggested that SBP <130 mmHg might be the optimal BP control target for patients 
≥60 years of age; however, further evidence is required to support our findings.
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Introduction

Hypertension is an independent risk factor for 
cardiovascular disease and it is closely associated 

with conditions such as hemorrhagic stroke, heart 
failure, renal insufficiency and aortic dissection 
[1–3]. Hypertension is also an age-related disease 
with a prevalence that increases with aging [4]. 
Observational data from the Framingham Study 
have indicated that the risk of developing hyper-
tension exceeds 90% for adults 55–65 years of age 
[5]. Data from the National Health and Nutrition 
Examination Survey suggest that nearly 70% of 
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older patients have hypertension, whereas only 32% 
of adults 40–59 years of age have hypertension [6]. 
Although patients may benefit from lower BP treat-
ment, older patients with hypertension tend to have 
more isolated systolic hypertension, elevated pulse 
pressure, blood pressure (BP) fluctuation, numer-
ous and serious complications, and higher mortality 
rates than younger patients [7, 8]. The treatment of 
hypertension in older people is challenged by the 
very high functional heterogeneity in this popula-
tion [9]. Therefore, the BP target and intensity of 
anti-hypertensive treatment recommended for 
young patients may be improper for older people. 
The debate regarding the optimal BP target for anti-
hypertensive treatment in older patients with hyper-
tension remains ongoing.

Several previous guidelines have listed the BP 
targets for older patients separately, but the rec-
ommended BP targets substantially vary among 
these guidelines. The BP target recommended in 
the 2017 Guidelines for the prevention and treat-
ment of hypertension in adults in the United States 
is less than 130/80 mmHg [10]. A BP target of 130–
139/70–79  mmHg for patients ≥65  years of age 
(including ≥80 years) is recommended in the 2018 
ESC/ESH Guidelines for the management of arte-
rial hypertension [11]. Canada’s 2020 Guidelines 
suggest that high-risk patients 50 years or older with 
systolic blood pressure (SBP) ≥130 mmHg should 
consider intensive management to an SBP target 
<120 mmHg [12]. These different recommendations 
for BP control targets in older patients make clinical 
decision-making difficult and confusing. Therefore, 
the optimal SBP target for older patients with hyper-
tension must be determined. This Bayesian network 
meta-analysis was designed to explore this issue by 
considering all existing evidence.

Methods

Search Strategy and Selection Criteria

The electronic databases PubMed, Embase and 
Cochrane Central Registry of Controlled Trials 
(CENTRAL) were searched for randomized con-
trolled trials (RCTs) investigating the effects 
of different blood pressure control strategies in 
older patients, published until January 2022. The 

inclusion criteria were as follows: 1) clinical RCTs; 
2) all eligible patients ≥60 years of age; 3) patients 
diagnosed with hypertension; 4) trials designed to 
compare the effects of different treatments within 
commensurately different SBP targets; 5) trial 
outcomes including the following clinical events: 
major adverse cardiovascular events (MACE), car-
diovascular mortality, all-cause mortality, myocar-
dial infarction, heart failure and stroke. We excluded 
data from patients younger than 60 years and trials 
in which the follow-up was less than 3 months.

The search terms included the following: hyper-
tension, hypertensive patients, high blood pressure, 
optimal blood pressure control, intensive blood 
pressure control, intensive antihypertension ther-
apy, blood pressure targets, target blood pressure, 
elderly, old patients, older patients, gerontal patients 
and senile patients. A highly sensitive search strat-
egy for RCTs was also applied. Two investigators 
independently searched the electronic databases 
and retrieved all eligible trials by viewing the title 
and abstract, then the full text. Disagreements were 
resolved by discussion and seeking advice from a 
third party.

Data Extraction and Quality Assessment

Two investigators independently extracted detailed 
basic characteristics of all included trials, includ-
ing study type, patient population characteristics, 
baseline blood pressure, antihypertension strate-
gies in the intervention and control groups, blood 
pressure levels after treatment, and clinical out-
comes. The extracted data were compared, and dif-
ferences in opinion were resolved by discussion 
or involvement of a third party to achieve consen-
sus, as needed. Bias risk evaluation tools from the 
Cochrane Collaboration for assessment of risk of 
bias in RCTs were used, which contained the fol-
lowing items: random sequence generation, allo-
cation concealment, blinding, incomplete outcome 
data, selective reporting and other bias.

Data Analysis

Dichotomous data were calculated with odds ratios 
(ORs) and 95% confidence intervals (CIs). Because 
the antihypertensive therapies varied in intensity 
among the included trials, all treatment therapies 
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were reclassified according to the final achieved 
SBP level, and the effects of these antihyperten-
sive strategies were compared with a mixed com-
parison method that allowed us to consider all trials 
simultaneously and integrate direct evidence from 
head-to-head trials with indirect evidence. We used 
Bayesian hierarchical random-effects models for 
mixed treatment comparison, using four chains, and 
running 50,000 iterations with 20,000 tuning itera-
tions. Analyses were performed with Markov Chain 
Monte Carlo simulation implemented with the gemtc 
package in R4.2.0 software. Node-splitting method 
was used to evaluate the presence of inconsistency.

Result

The trial selection flow chart is displayed in 
Figure  1. A total of 575 potential primary trials 
were obtained from electronic databases through 
manual searching. After careful screening and 
evaluation, six trials (including a total of 19,567 
patients) met our eligibility criteria and were 
included in the analysis. The detailed information 
on these included trials is presented in Table 1. 

The JATOS [13] trial included patients ≥65 years 
of age; VALISH [14] and Wei et al. [15] included 
patients ≥70 years of age; SPRINT-SENIOR [16] 
and INFINITY [17] included patients ≥75  years 
of age; and the STEP [18] trial included patients 
≥60  years of age. The median follow-up periods 
ranged from 2 to 4 years.

Among these six trials, the SBP was decreased to 
139.3 mmHg on average in the intensive treatment 
group and 146.5 mmHg in the control group in the 
JATOS trial. In the SPRINT-SENIOR trial, the mean 
SBP after intensive treatment was 123.4  mmHg 
and 134.8  mmHg after standard treatment. In the 
VALISH trial, the SBP reached 136.6 mmHg in the 
intensive group and 142.0  mmHg in the standard 
group. In Wei et  al., the mean achieved SBP was 
135.7 mmHg and 149.7 mmHg for the intensive and 
control groups, respectively. In the INFINITY trial, 
the mean SBP was 127.7 mmHg in the intensive-
treatment group after a median treatment period of 
3  years and 144  mmHg in the standard-treatment 
group. In the STEP trial, the mean SBP reached 
126.7  mmHg in the intensive-treatment group 
and 135.9 mmHg in the standard-treatment group 

Figure 1  Flow Diagram of Included Trials.
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throughout follow-up. We reclassified all treatment 
therapies into three groups according to the final 
achieved SBP after intervention (<130 mmHg, 130–
139  mmHg and ≥140  mmHg). JATOS, VALISH 
and Wei et  al. compared the effects of achiev-
ing SBP 130–139  mmHg versus ≥140  mmHg. 
SPRINT-SENIOR and STEP compared the results 
of treatment targeting SBP <130 mmHg and 130–
139 mmHg. The INFINITY trial compared the dif-
ference between the intensive intervention group, 
with an achieved SBP <130  mmHg, and the con-
trol group, with an achieved SBP ≥140  mmHg. 
Subsequently, we compared the effects of the three 
antihypertensive strategies with a mixed compari-
son method. The network of eligible comparisons 
for our mixed comparison meta-analysis is shown 
in Figure 2.

As shown in Figure 3, antihypertensive treatment 
with an SBP goal <130 mmHg, compared with treat-
ment with an SBP goal ≥140 mmHg, significantly 
decreased the incidence of MACE in older patients 
with hypertension (OR 0.43, 95% CI 0.19–0.76), 
but no statistical difference was found in the other 
comparisons. Although the results showed a trend 
in which more intensive antihypertension therapy 
had better effects on preventing cardiovascular 
mortality, no significant differences were found 
among groups. Similar results were also obtained 
in evaluation of the risk of all-cause mortality, myo-
cardial infarction, heart failure and stroke (Figure 
3). We also analyzed the rank probability of each 
antihypertension strategy, and found that SBP 
<130 mmHg correlated with the lowest probability 
of the occurrence of all included clinical outcomes 
(Figure 4).

For inconsistency evaluation, analyses for 
MACE, all-cause mortality, myocardial infarc-
tion, heart failure and stroke were successfully per-
formed through the node-splitting method, except 
for cardiovascular mortality with open loop of 
eligible comparison. Lacking direct comparison 
between the treatment with target SBP <130 mmHg 
and SBP ≥140  mmHg, made the inconsistency 
assessment not applicable. As shown in Figure 5, 
no significant inconsistency between direct and 
indirect evidence was found for MACE, all-cause 
mortality, heart failure and stroke with P < 0.05. 
However, a significant inconsistency was detected 
in the mixed comparison of myocardial infarction; 
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Figure 2  Evidence Network of Eligible Comparison for the Mixed Comparison Meta-Analysis.
The cumulative number of enrolled studies for each direct comparison was indicated by the numbers by the lines.

Compared with SBP <130 mmHg
A B

D E F

C
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1.22 (0.71, 2.17)
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therefore, the pooled results should be interpreted 
with caution. When we performed pair-wise com-
parison, the results also indicated a trend toward 
significance, suggesting that treatment with tar-
get SBP <130 mmHg might benefit older patients 
(SBP <130 mmHg vs. SBP ≥140 mmHg: OR 0.12, 
95% CI 0.01–2.33; SBP <130 mmHg vs. SBP 130–
139 mmHg: OR 0.45, 95% CI 0.45–1.06).

Discussion

Our meta-analysis is the first trial designed to deter-
mine the optimal SBP target for older patients with 
hypertension by using a mixed treatment compari-
son method. The results indicated that antihyper-
tensive treatment with an SBP target <130 mmHg 
tended to provide greater benefit than other anti-
hypertensive treatments with different SBP targets 
in preventing clinical events; however, the com-
parison results did not show statistical significance. 

Further clinical evidence is still required to address 
this issue.

Whether strict BP control may benefit older 
patients more than younger patients, and what the 
optimal BP target might be have long been a matter 
of intense debate. The JATOS study was designed to 
compare the effects of strict antihypertensive treat-
ment to maintain an SBP <140 mmHg with treat-
ment to maintain an SBP 140–159 mmHg in older 
patients (65–85 years old) with essential hyperten-
sion; the incidence of the primary endpoint and total 
deaths were found to be similar between groups. The 
same result has also been observed in the VALISH 
study, which aimed to determine whether inten-
sive BP control (<140 mmHg) is superior to mod-
erate BP control (≥140 mmHg to <150 mmHg) in 
decreasing cardiovascular mortality and morbidity 
in patients 70–84 years of age with isolated systolic 
hypertension. No significant difference in the rate 
of the primary composite endpoint between groups 
was found. Most earlier published antihypertension 
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guidelines recommend a loose BP control strategy 
(BP <150/90 mmHg) for older patients with hyper-
tension, although the age range substantially varies 
among guidelines. For example, NICE 2011 [19], 
ISH 2014 [20] and CHEP 2013 [21] provide recom-
mendations for patients ≥80 years of age, whereas 
JSH 2014 [22] provides recommendations for 
patients ≥75 years of age, and JNC8 [23] provides 
recommendations for patients ≥60 years of age.

However, this variation is gradually chang-
ing with the emergence of new clinical evidence. 

Wei et  al. have discovered that Chinese patients 
>70  years with hypertension benefit from inten-
sive antihypertensive treatment with a BP target 
≤140/90 mmHg, which is associated with decreased 
incidence of major cardiovascular events. The 
SPRINT-SENIOR trial has also reported that among 
ambulatory people 75 years of age or older, treating 
to achieve an SBP target <120 mmHg (although the 
final achieved SBP was 123 mmHg) was superior to 
an SBP target <140 mmHg in decreasing the inci-
dence of the primary composite outcome by 34% 
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and all-cause mortality by 33%. Our head-to-head 
meta-analysis assessed the efficacy and safety of 
intensive BP-lowering strategies in 10,857 patients 
with ≥65 years of age with hypertension in JATOS, 
VALISH, SPRINT-SENIOR and Wei et al. [24]. The 
pooled analysis demonstrated that older patients 
may benefit more from lower blood pressure level, 
which decreased the risks of MACE by 29%, of 
cardiovascular mortality by 33% and of heart fail-
ure by 37%. However, although all trials mentioned 
above suggest that older patients with hypertension 
may benefit more from intensive blood control, the 
optimal BP target for these patients remains unclear, 
because clinical trials have suggested different rec-
ommendations. The ACC/AHA 2017 guidelines 
recommend intensive anti-hypertensive treatment, 
with SBP <130 mmHg as a target goal for hyper-
tensive patients ≥65 years of age [10], whereas the 
ESH/ESC 2018 and JSH 2019 guidelines suggest an 
SBP <140 mmHg for older patients (including very 
old patients), and the ESH/ESC 2018 guidelines 
recommend an SBP target less than 130 mmHg, if 
tolerated, for older patients [11, 25]. However, most 
of these recommendations have come from expert 
opinions and experience. The extent to which the 
BP goal or target should be achieved, and the opti-
mal BP target for older patients remain unclear, and 
further exploration is required. Our meta-analysis 
was designed to address this issue. The results 
showed a trend in which older patients may benefit 
more from intensive anti-hypertensive therapy with 
an SBP target <130 mmHg, thus indicating that this 
SBP target might be optimal for older patients with 
hypertension.

Although our trial demonstrated that anti-hyper-
tensive treatment with an SBP goal <130 mmHg, as 
compared with an SBP goal ≥140 mmHg, signifi-
cantly decreased the incidence of MACE; no statis-
tical difference was found in the other comparisons. 
Several factors are speculated to have influenced the 
mixed results after detailed analysis. A slight differ-
ence in age range was found among the included 
trials: 65–85 years of age in JATOS; 70–84 years 
of age in VALISH; ≥70 years of age in Wei et al.; 
≥75 years in SPRINT-SENIOR and INFINITY; and 
60–80 years of age in STEP. Small age discrepancies 
could not be ruled out as a factor potentially affect-
ing our conclusions. Moreover, the mean baseline 
SBP level varied considerably, from 171.0 mmHg 

to 141.6 mmHg, among the six included trials, thus 
potentially making the magnitude of SBP reduc-
tion vary greatly across trials and influencing our 
analysis. Additional factors among our included tri-
als probably affected our mixed comparison results; 
for example, SPRINT-SENIOR excluded patients 
with diabetes, and INFINITY required patients to 
have a diagnosis of systolic hypertension and vis-
ible white matter hyperintense lesions on magnetic 
brain imaging screening. Therefore, more clinical 
evidence is needed to support our findings and to 
support further exploration of the optimal BP target 
for older patients.

During intensive antihypertensive therapy, the 
potential for increased side effects associated with 
lower target BP levels must be carefully considered 
in older patients. A systematic review has concluded 
that lower BP targets are closely associated with 
hypotension, syncope, and greater medication bur-
den [26]. Unfortunately, our meta-analysis did not 
investigate adverse effects within the disparate data 
from all included trials. Whether controlling SBP to 
<130 mmHg in older patients is safe requires further 
exploration. The SPRINT-SENIOR trial showed no 
statistical differences in the absolute rate of side 
effects related to blood pressure control between 
the intensive treatment group (SBP <120  mmHg) 
and the control group (SBP <140  mmHg). The 
safety evaluation and renal outcomes from STEP 
also did not differ significantly between interven-
tion groups (target SBP 110–130  mmHg versus 
130–150  mmHg), except for the risk of hypoten-
sion, which was higher in the intensive group. 
Beyond the differences in the included populations 
and interventions, additional differences existed in 
the safety evaluation results between trials. Thus, 
more clinical evidence exploring this issue in depth 
is required, and more attention should be paid to 
older patients at high risk taking intensive antihy-
pertensive therapy.

With increasing age, patients ≥80  years of age 
with hypertension tend to have arteriosclerosis 
aggravation, decreased vascular elasticity and renal 
function, and endocrine impairment; therefore, 
the pathophysiological state of these patients dif-
fers from that in younger patients [27]. Moreover, 
most of these older patients have many concomi-
tant diseases and take a combination of drugs; these 
additional aspects must be considered during blood 
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pressure control. Patients ≥80  years of age have 
been shown to benefit from antihypertensive ther-
apy, on the basis of decreased cardiovascular events. 
The results of the HYVET study have demonstrated 
that anti-hypertensive treatment achieving a BP 
of 143.5/77.9  mmHg benefits patients older than 
80 years, on the basis of 30% lower incidence of 
stroke, 39% lower stroke mortality, 23% lower all-
cause death and 64% lower heart failure than that 
observed in the placebo group, with an achieved 
average BP of 158.4/84  mmHg [28]. Although 
some guidelines for hypertensive management rec-
ommend an SBP target <150  mmHg for very old 
people, no specific recommendations for antihyper-
tensive goals have been made for very old patients 
in other guidelines. However, only three trials 
included in our study included patients ≥80 years of 
age; thus it is difficult to make sure that whether the 
optimal SBP we discussed in the trial is also suit-
able for very old patients. Thus, research investigat-
ing the optimal BP goal for patients ≥80 years of 
age is much needed.

Limitation

This study has several limitations. Aggregated 
study-level data other than individual participant 
data were used in our trial, thus leading to discrep-
ancies between the results and real-world situa-
tions. Moreover, variability existed in the charac-
teristics of the included populations, in baseline 
BP, choice of different anti-hypertensive drugs, and 
definition of outcomes. Finally, the trials included a 
small number of patients with cerebrovascular and 
cardiovascular disease, thus making our findings 
potentially not applicable to high-risk patients.

Conclusion

Our results demonstrated that antihypertensive 
treatment with a target SBP <130 mmHg, compared 
with a target of ≥140 mmHg, provides a significant 
advantage in decreasing the risk of MACE. The 
observed trend suggesting that antihypertensive 
treatment with an SBP target <130 mmHg provides 
greater benefits to patients ≥60 years requires fur-
ther clinical exploration to provide confirmation 
and verification.
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