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ABSTRACT 

Purpose: Event-based clinical outcome trials have shown limited evidence to support 

guidelines recommendations to lower blood pressure (BP) to < 130/80 mmHg in middle-aged 

and elderly hypertensive patients with diabetes mellitus or with general high cardiovascular 

(CV) risk. We addressed this issue by post-hoc analyzing the risk of CV events in patients 

who participated in the Valsartan Antihypertensive Long-term Use Evaluations (VALUE) 

trial and compare the hypertensive patients with type-2 diabetes mellitus (DM) with all high-

risk hypertensive patients. 

Materials and methods: Patients were divided into 4 groups according to the proportion of 

on-treatment visits before the occurrence of an event (< 25% to ≥ 75%) in which BP was 

reduced to < 140/90 or < 130/80 mmHg. Patients with DM (n=5250) were compared with the 

entire VALUE population with high CV risk (n=15,245). 

Results: After adjustments for baseline differences between groups a reduction in the 

proportion of visits in which BP was reduced to < 140/90 mmHg, but not to < 130/80 mmHg, 

was accompanied by a progressive increase in the risk of CV morbidity and mortality as well 

stroke, myocardial infarction and heart failure in both DM and in all high-risk patients. Target 

BP < 130/80 mmHg reduced stroke risk in the main population but not in the DM patients. 

Patients with DM had higher event rates for the primary cardiac endpoint and all-cause 

mortality driven by a higher rate of heart failure. 

Conclusion: In the high-risk hypertensive patients of the VALUE trial achieving more 

frequently BP < 140/90 mmHg, but not < 130/80 mmHg, showed principally the same 

protective effect on overall and cause specific cardiovascular outcomes in patients with 

diabetes mellitus and in the general high-risk hypertensive population. 
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Introduction 

Randomized event-based clinical intervention trials have proven little evidence to support the 

recommendations of guidelines [1-3] that in hypertensive people at high cardiovascular (CV) 

risk, with or without type-2 diabetes mellitus (DM), blood pressure (BP) should be treated to 

< 130/80 mmHg rather than to <140/90 mmHg [4-6]. The Hypertension Optimal Treatment 

(HOT) Study randomized almost 19,000 hypertensive patients from the general population to 

three different diastolic BPs targets, ≤ 80, ≤ 85 and ≤ 90 mmHg while systolic BPs remained 

above 140 mmHg. The primary endpoint was unchanged, possibly because of lack of 

statistical power [7]. Hypothesis generating analysis of secondary endpoint suggested that 

target diastolic BP ≤ 80 mmHg prevented myocardial infarction in the general hypertensive 

population and the subgroup of DM benefitted markedly from the lower diastolic BPs [7]. 

After HOT, no randomized clinical trial has investigated the optimal BP target in the general 

hypertensive population but narrowed the focus to DM patients [8-10], stroke survivors [11] 

and other patients without these groups [12]. 

In the lack of clinical outcome trials designed to investigate the optimal BP target, 

investigating achieved BPs in relation to CV events and adjusting for confounders have 

become a feasible alternative [13-15]. In the present study we analyzed patients in the large 

database provided by the Valsartan Antihypertensive Long-term Use Evaluation (VALUE) 

trial in high-risk hypertensive patients [16]. We aimed to test the hypothesis promoted by 

guidelines [1-3] that the effects of BP reduction < 130/80 mmHg are better than < 140/90 

mmHg for CV protection in general and that optimal BP target is similar in patients with DM 

compared to hypertensive patients with general high CV risk for a variety of reasons including 

DM. 
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Material and methods 

Participants 

The design and main results of the VALUE trial have been reported in detail previously [16]. 

Briefly, VALUE was a multicenter, randomized, double-blind trial which compared the long-

term effect of an antihypertensive treatment based on the angiotensin receptor blocker 

valsartan or the calcium-antagonist amlodipine on cardiac morbidity and mortality in 

hypertensive patients of any ethnicity with an age ≥ 50 years and with high CV risk. The 

qualifying risk factors for recruitment were predefined combinations of male gender, age and 

other risk factors or the presence of ECG-based left ventricular hypertrophy (with or without a 

strain pattern), proteinuria, increased serum creatinine, DM or a verified coronary, 

cerebrovascular or peripheral artery disease. Patients with renal artery stenosis, clinically 

relevant valvular disease, a recent (3 months) cerebrovascular event, coronary angioplasty or 

by-pass surgery, congestive heart failure requiring an ACE inhibitor and coronary disease 

requiring a beta-blocker were not included. Exclusion extended to pregnant women and 

individuals with severe hepatic disease. 

Baseline data for the entire high-risk population and for patients with DM for both BP target < 

140/90 and < 130/80 mmHg have previously been published [15, 17] and therefore included 

here in the Online Supplemental Tables 1-4. 

Blood pressure measurements and treatment 

Both treated and untreated hypertensive patients were considered for the trial. Untreated 

patients were recruited if their systolic BP was between 160 and 210 mmHg and diastolic BP 

was < 115 mmHg. Treated patients were recruited if their systolic BP was < 210 mmHg and 

diastolic BP < 115 mmHg. The recruited patients were rolled-over into one or the other arm of 
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the trial after randomization without a run-in phase. For valsartan treatment started with 80 

mg daily and for amlodipine with 5 mg daily. The dose of either drug was doubled and 

hydrochlorothiazide (12.5 mg and 25 mg daily) and other antihypertensive drugs were added 

in sequential steps if BP was not reduced < 140/90 mmHg. Angiotensin receptor blockers 

were excluded from the treatment algorithms and ACE inhibitors and calcium antagonists 

only allowed if required for conditions other than hypertension. Patients were followed for 4-6 

years with visits performed monthly during the initial 6 months of treatment and at 6 months 

intervals thereafter. Blood pressure was measured at each visit by a recently calibrated 

sphygmomanometer 24 hours post-dose with the patient being quietly seated for 5 min at each 

visit. 

Outcome 

The primary endpoint of the study was time to first cardiac event, i.e. a composite of fatal or 

non-fatal myocardial infarction, sudden cardiac death or death from revascularization 

procedures or heart failure, heart failure requiring hospitalization and emergency procedures 

to prevent myocardial infarction. Secondary endpoints were all events, fatal and non-fatal 

stroke, myocardial infarction, hospitalized heart failure, and CV, non-CV and all-cause 

mortality. An endpoint committee blind to treatment allocation adjudicated events. 

Data availability statement 

The data that support the findings of this study are available from the corresponding author, 

S.E.K. upon reasonable request. 

Statistical analyses 

Because the primary endpoint was not significantly different between the two treatment 

groups, data were pooled. From the total number of patients (n=15,245), and similarly from 
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the study participants with DM (n=5250), four groups were considered according to the 

percentage of on-treatment visits in which BP was below 140/90 mmHg up to the occurrence 

of an event: < 25%, 25 to 49%, 50 to 74% and ≥ 75%, as done in previous trials [13-15]. The 

same four group subdivisions were used for the percentage of visits in which BP was reduced 

< 130/80 mmHg, i.e. the target BP recommended by guidelines in a high CV risk condition 

[1-3]. On the assumption that the BP found at a given visit reflected the value existing during 

the preceding between-visit interval data were expressed as the percentage of time in which 

BP was reduced below the higher or lower value. For each group calculation was made of the 

incidence of the primary and secondary endpoints. The relative risk of each endpoint was 

assessed separately for the higher and lower BP target, using the Cox proportional hazard 

model and taking the group in which BP control covered ≥ 75% of the on-treatment time as 

reference. To reduce the impact of potential confounders hazard ratios were adjusted for 

baseline covariates (age, gender, systolic BP, diastolic BP, body mass index, high serum total 

cholesterol [6 mmol/L, 240 mg/dl], diabetes in the total group, smoking, proteinuria, history 

of CV events and left ventricular hypertrophy). For baseline systolic BP and diastolic BP, the 

5th degree polynomials were used to capture an extended range of possible relationships 

between BP and events. The same analyses were done in patients with DM at baseline 

(n=5250) and this group was visually compared to the main group in Figures 1-3. Two-sided 

p-values were calculated for trends versus the subgroup with ≥ 75% of the time with BP 

control. P < 0.05 was considered statistically significant without adjustment for multiplicity. 

Data are shown as means ± standard deviation (SD) or estimates with 95% confidence interval 

(CI). 

 

 



 7 

Results 

Baseline characteristics in relation to time achieving target < 140/90 mmHg 

Supplemental Tables 1 and 2, for all patients and DM patients, respectively, show the baseline 

characteristics of the patients achieving a BP < 140/90 mmHg over different proportions of 

the on-treatment period prior to the occurrence of the primary endpoint. Systolic BP and 

diastolic BP were progressively greater, and most CV risk factors progressively more 

common, from the longest to the shortest time (≥ 75% to < 25%) with a BP < 140/90 mmHg, 

with an expected concomitant progressive increase of average on-treatment BP. 

Fractions of smokers and fractions of study participants with coronary disease were inversed, 

while heart rate was unchanged in DM, and baseline antihypertensive treatment, body mass 

index and fraction of patients with previous stroke or transient ischemic attack were 

unchanged. Results were similar when groups were stratified according to BP values prior to 

the occurrence of secondary endpoints. 

 

Event incidence and risk for a BP < 140/90 mmHg 

Both for the primary and for all secondary endpoints the event incidence increased 

progressively as the time with BP < 140/90 mmHg decreased (Figure 1). Patients with DM 

had higher event rates for the primary cardiac endpoint and all-cause mortality driven by 

higher rate of heart failure but not by higher rate of myocardial infarction. 

With exception of non-CV mortality in the total group, the risk of any event also showed a 

steep progressive increase as the time with a BP < 140/90 mmHg decreased when data were 

adjusted for baseline covariates, including systolic BP and diastolic BP values (Figure 2). 
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Non-CV mortality followed the same pattern in DM, likely explaining why all-cause death did 

not follow this pattern in DM (Figure 2). 

 

Baseline characteristics in relation to time achieving target < 130/80 mmHg 

Supplemental Tables 3 and 4 show the baseline characteristics of the patients achieving BP < 

130/80 mmHg over different proportions of the on-treatment period prior to the occurrence of 

the primary endpoint. Although the between-group differences were less pronounced and not 

invariably significant, baseline systolic BP and diastolic BP values as well as prevalence of 

several CV risk and disease factors increased progressively from the group with the longest to 

the group with the shortest time at BP < 130/80 mmHg. There was an expected concomitant 

progressive increase of the on-treatment average BP values. 

At variance from the findings shown in Supplemental Tables 1 and 2, fractions with 

antihypertensive treatment at baseline increased with BP control ≥ 75%. This was also the 

case for fractions of participants with coronary disease but not for fractions of smokers. 

 

Event incidence and risk for a BP < 130/80 mmHg 

From the longest to the shortest time with BP < 130/80 mmHg the incidence of stroke 

continued to show a progressive increase in the total group but not in the DM group. With the 

exception of a progressive increase in the risk of stroke, the risk of all other events did not 

show any consistent trend from the longest to the shortest time with BP < 130/80 mmHg 

when data were adjusted for baseline covariates, including systolic BP and diastolic BP values 

(Figure 3). 
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Discussion 

In the high-risk hypertensive patients participating in the VALUE  trial, both in the entire 

population and in the DM patients, the risk of CV morbidity and mortality, as well as 

myocardial infarction, heart failure and stroke, showed a progressive steep increase as the rate 

of BP control < 140/90 mmHg decreased from ≥ 75% to < 25% of the on-treatment time. We 

found a concomitant steep increase in the risk of these events when we adjusted the risks of 

these events for between-group differences in a large number of demographic and clinical 

variables. This was not the case, however, for the different rates of BP control < 130/80 

mmHg. For patients below these BP values, the adjusted overall morbidity and mortality risk, 

as well as (with the exception of stroke in the entire group, see below) the risk of cause-

specific events, were unaffected by the frequency of BP control.  Thus, while more frequent 

BP reductions < 140/90 mmHg were highly protective, no further protection appeared by 

more frequent BP reductions < 130/80 mmHg. Our findings provide evidence in support of 

the general BP target < 140/90 mmHg in all middle-aged and elderly hypertensive patients 

with high CV risk, but does not support the need of pursuing an intensive BP target in these 

high-risk hypertensive patients as currently recommended by guidelines [1-3]. 

In the subgroup of DM patients the relationship of the higher and lower BP targets with the 

incidence and adjusted risk of CV morbidity and mortality was similar to that of the entire 

VALUE population, i.e. maximal CV protection was achieved by reducing BP < 140/90 

mmHg with no further protection < 130/80 mmHg. Our finding does not support the 

recommendation of guidelines of intensive BP reduction to < 130/80 mmHg in DM [1-3].  
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In the case of target BP < 130/80 mmHg, the risk of CV event surprisingly does not increase 

(except for stroke in the general population) as the percentages of visits with a BP < 130/80 

mmHg decreases. In fact, the trend is even reverse, particularly in the diabetic population. As 

shown in Fig. 3, it seems that diabetic patients have less events when the percentage of visits 

with a BP > 130/80 mmHg is increasing. This could suggest that in these patients the ideal 

target should be between 130/80 and 140/90 mmHg. 

One could also argue that the impact of the percentage of visits with an uncontrolled BP is 

less important when the target is defined at a lower level such as <130/80 mmHg. As 

adherence to therapy is probably the main determinant of the variability of BP control during 

the study, people in favor of a low target BP could argue that a target < 130/80 mmHg makes 

patients less sensitive to variations in adherence (at least in terms of events). Yet, we have to 

admit that the number of patients below 130/80 mmHg is rather small. 

Systolic BP reduction < 120 mmHg in DM was not accompanied by prevention of CV 

morbidity and mortality except for stroke, the risk of which was reduced by 41% as a 

hypothesis generating secondary endpoint compared to patients remaining at systolic BP  ≥ 

130 mmHg in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study [10]. 

As in the HOT Study [7] and in the SPS3 study of previous stroke survivors [11] in which 

similar secondary analyses or analyses in sub-groups showed CV protection, ACCORD may 

have been underpowered for the primary endpoint. However, taken together, in patients with 

DM and hypertension no study has ever shown benefit of intensive lowering of BP < 130/80 

mmHg and intensive BP lowering in DM remains an unproven hypothesis. Interestingly, the 

by far largest study to investigate BP target in DM patients with hypertension, the Action in 

Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled 

Evaluation (ADVANCE) factorial trial (ADVANCE BP, n=11,140) [9], observed significant 
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reduction in the primary CV endpoint. However, the achieved BPs in ADVANCE averaged 

136/73 vs. 142/75 mmHg in the active treatment arm and in the placebo arm, respectively. 

Thus, neither the ADVANCE BP findings support intensive BP control < 130/80 mmHg in 

DM patients. 

However, secondary stroke reduction in several studies including in the overall high-risk 

population in the present study may suggest that “the lower the on-treatment BP the better” 

may hold for cerebrovascular protection. Thus, intensive BP target < 130/80 mmHg could be 

indicated whenever the risk of stroke represents a predominant component of the overall CV 

risk, such as in Asian patients [18], or in patients with a previous cerebrovascular event in 

whom the risk of stroke recurrence exceeds that of cardiac events [19]. 

Only 33% of the total VALUE patients achieved a BP < 140/90 mmHg for ≥ 75% of the 

overall treatment duration, and in more than 45% of the patients this highly protective target 

BP remained unachieved for half of the treatment time. This confirms that consistent BP 

control is a difficult target to reach even in the context of randomized clinical trials with 

patients followed by expert investigators, and follow-up is more intensive than in clinical 

practice. Given the evidence that visit-to-visit BP variability may be an independent CV risk 

factor in this high-risk population [20-22], the inconsistency of BP control may be one of the 

factors responsible for the persistently high residual risk in treated hypertensive patients [23]. 

We compared DM patients with the entire population of high-risk hypertensive patients and 

not with the high-risk hypertensive patients with DM patients excluded. Our approach was 

therefore different from that of another study organization supported by the National Institute 

of Health in the US [10-12]. Statistically we could have excluded the DM patients from the 

entire high-risk population, but this feels unnatural to do as the DM patients otherwise are 

usually included in high-risk hypertension populations. Analyzing the DM patients as a 
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separate group on the other side feels natural because there are separate studies that include 

DM patients only [8-10] and there are special guidelines for DM patients including treatment 

of hypertension [1]. 

 

Study limitations 

Our study had some other limitations. Only a limited number of patients achieved BP below 

130/80 mmHg at rates greater than 50% or 75% of the treatment duration. This was 

particularly the case for the subgroup of DM patients, in whom the low rate of intensive BP 

control for 50% or more of the overall treatment duration may have been due to chance 

findings such as the lack of relationship between the BP reduction and the risk of stroke 

compared to the overall trial population. Because of post-hoc comparisons involving non-

randomized groups, there is a possibility that our results did not depend on the achievement 

rates of higher or lower BP values but rather on differences in baseline characteristics. 

However, our estimates of CV risk were adjusted for a large number of baseline variables, 

including markers of asymptomatic hypertension mediated organ damage (left ventricular 

hypertrophy and proteinuria), that have an important impact on CV risk [24, 25]. Although 

interpretation of post-hoc data requires caution, it seems reasonable to conclude that baseline 

confounders did not play a major role in our results. 

We investigated middle-aged and elderly people with high-risk hypertension and thus, our 

data may not apply to people below the age of 50 years and people with low-risk hypertension 

in whom the residual risk may be small or negligible. In such populations it might be 

hypothesized that BP should be normalized at the outset, which could possibly eliminate the 

risk in the future associated with treated hypertension. 
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Finally, our data do not support the findings of intensive BP lowering in meta-analyses of 

treatment of people with high CV risk [26]. We believe that this apparent discrepancy is 

explained by the fact that meta-analyses typically also include severely sick people with more 

advanced stages of the CV diseases including heart failure. 

 

Implications 

Our data provide evidence that in hypertensive patients at high CV risk a more consistent 

achievement of BP <140/90 mmHg leads to a major reduction in the risk of coronary events, 

heart failure, and stroke, a protective effect extending to cardiovascular and all-cause 

mortality and involving to a similarly degree patients with diabetes. With the possible 

exception of stroke, this does not occur for a more frequent control of BP < 130/80 mmHg. 

Our findings suggest that BP should be consistently stabilized < 140/90 mmHg during 

treatment in middle-aged and elderly patients with high-risk hypertension including patients 

with type-2 diabetes mellitus, but do not support the guidelines recommending the target < 

130/80 mmHg in these patients. Our findings are in line with a recent Cochrane analysis (27). 
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Legends to figures 

Figure 1 

Incidence of morbid and fatal events in 4 groups of patients divided according to the proportion of the overall treatment duration (< 25% to ≥ 75%) 

in which blood pressure (BP) was reduced < 140/90 mmHg prior to the occurrence of an event. Squares indicate diabetic patients (n=5250) and 

circles indicate all patients (n=15,245). The primary endpoint was a composite of a variety of cardiac morbid and fatal events (see Material and 

Methods); CV: cardiovascular; MI: myocardial infarction; CHF: congestive heart failure. 

Figure 2 

Percent increase taken from Hazard Ratios (HRs) of morbid and fatal events in 4 groups of patients divided according to the proportion of the 

overall treatment duration (<25% to ≥ 75%) in which blood pressure (BP) was reduced < 140/90 mmHg prior to the occurrence of an event. Squares 

indicate diabetic patients (n=5250) and circles indicate all patients (n=15,245). The groups in which BP was reduced < 140/90 mmHg for ≥ 75% of 

the time is taken as reference and shown by the empty square or circle.  Calculated HRs were adjusted for baseline covariates, i.e. age, sex, body 

mass index, history of CV events, diabetes (not DM group), smoking, left ventricular hypertrophy, hypercholesterolemia, proteinuria, systolic BP 

and diastolic BP. CV: cardiovascular; MI: myocardial infarction; CHF: congestive heart failure. 

Figure 3 

Percent increase taken from Hazard Ratios (HRs) of morbid and fatal events in 4 groups of patients divided according to the proportion of the 

overall treatment duration (< 25% to ≥ 75%) in which blood pressure (BP) was reduced < 130/80 mmHg prior to the occurrence of an event. 

Squares indicate diabetic patients (n=5250) and circles indicate all patients (n=15,245). The groups in which BP was reduced < 130/80 mmHg for ≥ 

75% of the time is taken as reference and shown by the empty square or circle. Calculated HRs were adjusted for baseline covariates, i.e. age, sex, 

body mass index, history of CV events, diabetes (not DM group), smoking, left ventricular hypertrophy, hypercholesterolemia, proteinuria, systolic 

BP and diastolic BP. CV: cardiovascular; MI: myocardial infarction; CHF: congestive heart failure.  
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