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Purpose of Review: The treatment of hypertension has changed dramatically over the last 
century, with recent trials informing clinical guidelines that recommend aiming for lower 
blood pressure (BP) targets than ever before. However, a “J”- or “U-shaped curve” in the 
association between diastolic BP and cardiovascular events has been observed in epide
miological studies, suggesting that both high diastolic BPs and diastolic BPs below 
a certain nadir are associated with higher risk of cardiovascular disease (CVD) events. 
Despite the potential for confounding and reverse causation, this association may caution 
against overly intensive BP lowering in some hypertensive adults who also have a low 
baseline diastolic BP.
Recent Findings: Recent post-hoc analyses of the landmark Systolic Blood Pressure 
Intervention Trial (SPRINT) appear to contradict these J-curve concerns, finding that the 
benefit of more intensive BP treatment did not differ based on baseline blood pressure. 
Similarly, sensitivity analyses of The Strategy of Blood Pressure Intervention in the 
Elderly Hypertensive Patients (STEP) randomized controlled trial found that patients 
experienced similar benefits from an intensive BP goal, regardless of whether their 
diastolic BP was above or below 60 mm Hg. Finally, several Mendelian randomization 
analyses, which are less susceptible to confounding and reverse causation, demonstrated 
a clear linear relationship between diastolic BP and cardiovascular events. These studies 
indicate that a potential reduction in CVD risk is possible, irrespective of baseline 
diastolic BP values.
Summary: Sufficient recent evidence indicates that low diastolic BP is not causal of 
worse cardiovascular outcomes but rather represents confounding or reverse causation. 
Therefore, while low diastolic BP can be considered a marker of CVD risk, this risk is 
not expected to increase with further BP lowering when necessary to control conco
mitant elevations of systolic BP. Indeed, BP reduction in this setting appears 
beneficial.
Keywords: diastolic blood pressure, cardiovascular disease, J-curve

Introduction
Hypertension is a major cause of premature death worldwide.1 It is a known risk 
factor for myocardial infarction (MI), stroke, chronic kidney disease (CKD) and, 
more recently, has been the most prevalent underlying medical condition in adults 
hospitalized with COVID-19.2,3 Longitudinal and epidemiological studies have 
shown that hypertension is a major cause of cardiovascular disease (CVD) 
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accounting for 9.4 million deaths and 9.3% of global 
disability adjusted life-years.1,4–6 A large pooled-cohort 
analysis published in the Lancet in 2003 showed the epi
demiologic risk of CVD increases above a blood pressure 
(BP) of 115/75 mm Hg.7 The most recent data now sug
gest that mortality risk from CVD events may increase 
linearly from BP levels as low as 90/75.8 While evidence 
from epidemiologic studies is important, guidelines have 
traditionally focused primarily on evidence from rando
mized clinical trials (RCTs) when deciding on both BP 
thresholds to define hypertension and BP targets for drug 
treatment.6 Consequently, guideline-based BP targets have 
reduced over time, reflecting a continually evolving evi
dence base on the topic. Current hypertension guidelines 
generally recommend more intensive BP control than ever 
before to reduce CVD events, aiming for target values as 
low as 130/80 mm Hg.2,4,9

Despite the overwhelming evidence for treating systo
lic BP to levels of <130 mm Hg in most adults, these 
targets are often not met.10 A systematic review of popula
tion-based studies in over 90 countries published in 2010 
showed that fewer than half of patients with hypertension 
were aware of their diagnosis.1 Furthermore, 36.9% were 
treated with antihypertensive medication and just 13.8% 
had their blood pressure within target.1 These numbers 
have undoubtedly worsened since the most recent 
American Heart Association/American College of 
Cardiology (AHA/ACC) and European Society of 
Cardiology (ESC) Hypertension guidelines, which lowered 
the BP threshold to define hypertension.2,9 Concern for 
iatrogenic harm in those with lower diastolic BP, is one 
possible explanation for this poor attainment of BP goals. 
The observation that lower diastolic BP is associated with 
higher risk for CVD events and mortality – also known as 
the J or U Curve – is a potential cause for hesitation 
among physicians who are considering more intensive 
control of systolic BP in their patients.11–14 This differs 
from the relationship between systolic BP and CVD events 
where the “lower is better” paradigm tends to hold true 
and where most studies, with few exceptions, show 
a linear trend between lower systolic BP and reduced 
cardiovascular events, even for systolic BPs as low as 
90 mm Hg.14–16

This review will focus on the evidence base for the 
J-curve and highlight the theory explaining why myocar
dial perfusion may be particularly susceptible to low dia
stolic BP. We will discuss the ESC guideline 
recommendation to avoid lowering diastolic BP beyond 

a threshold, in certain patients based on their comorbid
ities. We will then comment on how recent randomized 
trials and Mendelian randomization studies have provided 
crucial insight on the causal relationship – or lack thereof – 
between low diastolic BP and cardiovascular events. 
Finally, we will suggest an approach to the hypertensive 
patient with low diastolic blood pressure (ie, isolated sys
tolic hypertension with wide pulse pressure).

Methods
PubMed was used to identify relevant references using the 
title and abstract search terms “Blood Pressure” and 
“J-Curve” or “U-Curve”. We also searched all the refer
ences in systematic reviews and meta-analyses on this 
topic. Only articles published in English between 
January 1970 and June 2021 were included in this narra
tive review.

Evidence from Traditional 
Observational Studies
In 1987, Cruickshank et al demonstrated a J-shaped rela
tionship between diastolic BP and MI in those with evi
dence of ischemic heart disease (Table 1).17 These 
findings were corroborated by Farnett et al four years 
later, with a meta-analysis of 13 studies that found 
increased cardiac events with diastolic BP levels below 
85 mm Hg.18 Over time, the nadir of diastolic BP tested in 
J-curve analyses has tended to fall, as evidence for more 
intensive treatment of hypertension has emerged 
(Figure 1). In 2006, a secondary analysis of data from 
the International Verapamil–Trandolapril Study (INVEST) 
looked at the incidence of cardiovascular morbidity and 
mortality with decreasing diastolic BP.19 The analysis 
found CVD events to be reduced to a nadir at a diastolic 
BP of 84 mm Hg. Below this value, a progressive increase 
in CVD events was seen, such that the primary outcome 
doubled for those with a diastolic BP <70 mm Hg and 
tripled for those with a diastolic BP <60 mm Hg. The 
Treating to New Targets (TNT) Trial demonstrated greater 
efficacy in preventing cardiovascular events, with a higher 
dose of atorvastatin among patients with stable coronary 
artery disease and hyperlipidemia.20 A subsequent analy
sis in 2010 found that those with systolic BP <110– 
120 mm Hg and a diastolic BP <60–70 mm Hg were at 
increased risk of cardiovascular events, except for 
stroke.21
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Table 1 Selected Observational Data Demonstrating a Diastolic BP J-Curve

Investigators Trial Data 
Analysed

Type of 
Observational 
Analysis

Number of 
Participants

Nadir of 
DBP 
J-Curve 
Reported

Inclusion and Exclusion Criteria

Cruickshank 
et al 198717

HTN clinic at 
Clatterbridge 

Hospital

Prospective, 
cohort

932 90mmHg Included “all-comers” design, hypertensive patients. No 
exclusion criteria

Farnett et al 

199118

13 Studies Meta-analysis >48,000 85mmHg 13 Studies selected from 478 indexed through MEDLINE 

between 1966 and 1989. Studies included had at least 

1 year of htn treatment, had MACE as the endpoint, 
stratified to at least 3 levels of BP and were either 

retrospective cohort or RCT

Messerli et al 

200619

INVEST Retrospective 

analysis of RCT

22,576 84mmHg Included hypertensive patients with CAD over 50yo. 

Excluded MI within 3 months and class IV or V congestive 
heart failure

Bangalore et al 
201021

TNT Retrospective 
analysis of RCT

10,001 81.4mmHg Included 35–75yo patients with CAD. Excluded statin 
allergy, pregnant women, liver disease, nephrotic 

syndrome, unstable angina, MI within 1 month, 

malabsorption, malignancy, alcohol abuse and 
uncontrolled hypertension, diabetes or hypothyroidism

Mancia et al 
201136

ONTARGET Retrospective 
analysis of RCT

31,546 72mmHg Included patients with known atherosclerotic disease or 
diabetes. Excluded those with heart failure or 

uncontrolled hypertension (>160/100)

Tsujimoto 

et al 201824

TOPCAT Retrospective 

analysis of RCT

3417 70mmHg Included patients with known hypertension over 50yo. 

Excluded those with Ejection Fraction <45% or 

uncontrolled systolic hypertension (>140 or >160 mm Hg 
if on 3 different meds)

Böhm et al 
201716

ONTARGET/ 
TRANSCEND

Meta-analysis 29,179 75mmHg Included patients over 55yo with CAD, PVD, CVA or 
Diabetes. Excluded CCF, ACE intolerance, Syncope, 

Planned CABG, Recent PCI, Uncontrolled HTN, heart 

transplant, liver disease, other major illness expected to 
reduce life expectancy or participation in the trial

Flint et al 
201925

KNPC Retrospective, 
cohort

1,300,000 80–90mmHg All patients over 18yo in 2009 and enrolled in KPNC for 
the 8 year observation period were included. Excluded 

those without a baseline BP reading and at least 2 further 

BP readings during the observation period

McEvoy et al 

201622

ARIC Retrospective 

analysis of RCT

11,565 80mmHg Included patients >50yo, with SBP ≥130 mmHg and CVD 

10-year Risk ≥15%, or LVH by ECG, or ABPi <0.9, or 
eGFR between 20 and 59 mL/min/1.73 m2. Excluded 

patients with known CVD or HF

Böhm et al 

202026

EPHESUS Retrospective 

analysis of RCT

5929 70mmHg Included patients with recent MI and associated HF or 

diabetes. Excluded unstable patients, uncontrolled 

hypotension, alcohol abuse, ICD implantation, using 
potassium sparing diuretics

Li et al 202131 SPRINT/ 
ACCORD

Retrospective 
analysis of RCT

7515 60mmHg SPRINT included patients with known hypertension over 
50yo and increased CV risk. Excluded those diabetes or 

CVA
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Further exploring the role of low diastolic BP and 
coronary artery disease, an analysis in 2016 of the 
Atherosclerosis Risk in Communities (ARIC) cohort 
found an increase in subclinical myocardial damage (mea
sured by high-sensitivity troponin I [hsTnI]), CVD events 
and mortality at low diastolic BP. This finding was inde
pendent of baseline anti-hypertensive treatment. The 
authors concluded that it may be prudent to ensure diasto
lic BP levels do not fall below 60mm Hg with those 
patients who had wider pulse pressures thought to be 
particularly at risk.22 A 2016 analysis of the CLARIFY 
registry which enrolled 22,672 patients with stable coron
ary artery disease found that a systolic blood pressure of 
less than 120 mm Hg and a diastolic blood pressure of less 
than 70 mm Hg were associated with an increased risk of 
cardiovascular death, MI and stroke.23

In 2017, a meta-analysis published in The Lancet com
bined the data from the Ongoing Telmisartan Alone and in 
Combination With Ramipril Global Endpoint Trial 
(ONTARGET) and Telmisartan Randomised Assessment 
Study in ACE intolerant subjects with cardiovascular 
Disease (TRANSCEND) studies to show that diastolic BP 
less than 70mm Hg was associated with an increased risk for 
CVD events and MI, but not stroke.16 Interestingly, a low 
systolic BP (120 mm Hg or less) during treatment was 
associated with increased risk of CVD events other than MI 
and CVA. This represents one of the few studies to suggest 
a link between low systolic BP and increased CVD risk. The 
2018 post hoc analysis of the dataset from the Treatment of 
Preserved Cardiac Function Heart Failure with an 
Aldosterone Antagonist trial (TOPCAT) found that the 
adjusted risks for CVD events were higher at diastolic BP 
of less than 70 mm Hg, especially with a wider pulse 

pressure. It also found, as expected, adjusted risks for CVD 
events to be higher at diastolic BP greater than 90mm Hg.24 

This relationship was present in patients both with and with
out coronary artery disease.

A retrospective observational study in 2019 of the 
Kaiser Permanente Northern California (KPNC) cohort 
showed a linear trend for reducing systolic BP in 
terms of CVD events but also showed an unadjusted 
J-curve phenomenon in patients with low diastolic 
BP.25 The J-curve disappeared when adjusted for 
potential confounders such as age and race. The 
authors hypothesised that the low incidence of coron
ary artery disease in the patient cohort may be 
a contributing factor. A 2020 retrospective analysis 
of the EPHESUS (Eplerenone Post-Acute Myocardial 
Infarction Heart Failure Efficacy and Survival Study) 
dataset showed that patients with left ventricular dys
function and heart failure following MI, who had low 
diastolic BP, had increased CVD risk.26 It was also 
observed that, in patients who underwent revascular
isation, this association was lost. The authors con
cluded that low diastolic BP in patients with 
untreated coronary stenosis are at higher risk of CVD 
events and that reperfusion appeared to reduce this 
risk. However, as revascularization was not rando
mized in the original EPHESUS trial and because 
revascularization is considered a gold standard, the 
presence of a J-curve in patients with systolic heart 
failure after recent MI only among non-revascularised 
patients could represent the fact that these patients 
were deemed to be too unwell for the coronary inter
vention, thereby potentially confounding the results 
due to selection bias.27

Figure 1 Selected reports demonstrating a temporal reduction in the nadir of diastolic BP reported in observational analyses testing the diastolic BP J-curve phenomenon.
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Evidence from Randomized 
Controlled Trials
The 1998 Hypertension Optimal Treatment (HOT) trial is 
the only randomized clinical trial, which has evaluated the 
optimum target diastolic blood pressure.28 In this trial of 
18,790 predominantly primary prevention patients, greater 
reductions in cardiovascular events were seen in those who 
had greater reductions in diastolic BP, and appeared to be 
safe as low as diastolic values of 70 mm Hg. The trial was 
limited by the small differences in the blood pressure reduc
tion between the three groups. Despite this, a statistically 
nonsignificant increase in cardiovascular mortality was 
seen in those at the lowest level of blood pressure.

Three other RCTs compared cardiovascular outcomes 
by systolic BP – Strategy of blood pressure intervention in 
the elderly hypertensive patients (STEP), Systolic Blood 
Pressure Intervention Trial (SPRINT) and the Action to 
Control Cardiovascular Risk in Diabetes blood pressure 
trial (ACCORD-BP). Although none of the three trials 
titrated antihypertensive therapy to diastolic BP, observa
tions from these studies are nonetheless useful. A 2018 
analysis of the SPRINT data demonstrated a J-curve rela
tionship between diastolic BP and cardiovascular events in 
both the intensive systolic BP goal group (<120 mm Hg) 
and the standard goal group (<140 mm Hg), but there was 
no evidence that the benefit of the intensive systolic BP 
lowering differed by baseline diastolic BP. This indicates 
that the diastolic BP “J-curve” relationship does not appear 
to be casual.6,29

The 2021 STEP trial was an RCT comparing cardio
vascular outcomes among 8511 older Chinese patients 
who were randomized to either a target BP of 110– 
130 mm Hg or 130–150 mm Hg.5 The composite primary 
outcome was met with an absolute risk reduction of 1.1% 
after a median follow-up of 3.34 years. Unsurprisingly, 
hypotension was higher in the intensive treatment group. 
However, a sensitivity analysis, which included patients 
who had a diastolic blood pressure of less than 60 mm Hg, 
or a pulse pressure of 60 mm Hg, demonstrated results that 
were similar to the primary analysis.

The Action to Control Cardiovascular Risk in Diabetes 
(ACCORD) trial evaluated the effects of intensive blood- 
pressure control in type 2 diabetes mellitus. It found no 
improvement in cardiovascular outcomes apart from 
decreased stroke in the intensive treatment arm, but this 
was at the expense of more serious adverse events.30 In 
a 2021 cohort study of the SPRINT and ACCORD 

datasets, Li et al found an association between diastolic 
BP below 60 mm Hg and increased CVD events in 
patients whose systolic BP was reduced to below 
130 mm Hg. The lowest risk observed in this cohort 
study was seen in patients with a diastolic BP value 
between 70 and 80 mm Hg.31 The Stroke in 
Hypertension Optimal Treatment Trial (ESH-CHL- 
SHOT), which aimed to evaluate the optimum blood pres
sure target in patients with a history of stroke or transient 
ischemic attack, was unfortunately terminated early in 
2020 due to difficulty in enrolling post-stroke patients.32

Regional Circulation and 
Susceptibility to Low Diastolic 
Blood Pressure
The J-curve phenomenon has roots in a biologically plau
sible mechanism. As blood pressure falls, a threshold is 
reached, beyond which perfusion of important organs such 
as the heart, brain and kidneys becomes inadequate. This 
threshold varies between organs and between individuals 
as a result of arterial stenosis, temporal fluctuations in 
blood pressure, and variation in regional circulation and 
autoregulation of key organs.33 When considering myo
cardial perfusion, diastolic BP is particularly important 
given coronary artery filling primarily occurs during dia
stole (Figure 2). This is especially true for patients with 
obstructive coronary artery disease or left ventricular 
hypertrophy, as these individuals are more susceptible to 
the effects of a reduced coronary perfusion pressure.34 

This unique regional circulation contrasts with cerebral 
and renal perfusion, which consistently appear less sus
ceptible to lower diastolic BP. This helps to explain the 
increased rates of MI, without an increase in stroke, asso
ciated with lower diastolic BP, seen in the ARIC, INVEST 
and ONTARGET/TRANSCEND analyses discussed 
above. Similar findings were seen in analyses of the 
ACCORD-BP and STEP trials. A 2011 analysis of the 
ONTARGET RCT, which demonstrated telmisartan to be 
noninferior to ramipril, found that blood pressure target 
attainment was associated with cerebrovascular and renal 
protection, but did not increase cardiac protection.35,36 

Park et al provided a notable exception to this consistent 
theme when they reported an increased risk of stroke with 
diastolic BP <70 mm Hg and pulse pressure >60 mm Hg 
in patients who had sustained a recent non-cardioembolic 
stroke.37
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SYSTOLE SYSTOLEDIASTOLE

DBP >70

DBP <70

Particularly in the setting of 
coronary artery disease, or left 
ventricular hypertrophy, or 
elevations in end diastolic left 
ventricular pressure, the 
pressure gradient for coronary 
flow could theoretically become 
compromised red arrow) when 
diastolic BP is < 70 mm Hg

A

B

Figure 2 Hypothesised pathophysiological mechanism underpinning the diastolic BP J-curve. (A) Coronary blood flow occurs only during diastole; hence, diastolic BP is an 
important determinant of coronary perfusion pressure. (B) Particularly in the setting of coronary artery disease, or left ventricular hypertrophy, or elevations in end diastolic 
left ventricular pressure, the pressure gradient for coronary flow could theoretically become compromised red arrow when diastolic BP is <70 mm Hg.

https://doi.org/10.2147/IBPC.S286957                                                                                                                                                                                                                                 

DovePress                                                                                                                                              

Integrated Blood Pressure Control 2021:14 184

Gaffney et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Current J-Curve Guideline 
Recommendations
Observational studies have suggested different nadirs for 
the J-curve ranging from 60 up to 85 mm Hg.14 Prompted 
by concerns regarding a J-curve, the 2018 ESC guidelines 
provided a class I recommendation to target a systolic BP 
≤130 mm Hg (but not <120mm Hg) and a diastolic BP 
<80 mm Hg (but not <70 mm Hg) in particularly suscep
tible hypertensive patients such as those with coronary 
artery disease or diabetes mellitus.9 Specific ranges are 
also provided for those with left ventricular hypertrophy 
and those ≥65 years old. Notably, the 2021 ESC 
Prevention guideline similarly provided lower limits to 
systolic BP targets, but omitted any lower diastolic BP 
threshold, instead recommending that all should have 
a diastolic BP <80 mm Hg.4 By contrast, current AHA 
guidelines do not suggest a lower limit of target BP.2

Mendelian Randomization as 
a Strategy to Evaluate Causality
The totality of the evidence discussed thus far confirms that 
the relationship between diastolic blood pressure and CVD 
events is J-shaped. However, the causality of this relationship 
is unclear – particularly because the strength of this J-curve 
association is vulnerable to adjustment for confounding fac
tors, which include arterial stiffness, comorbid conditions, 
sarcopenia, and age. The diastolic BP J-curve is particularly 
observed in older patients with hypertension and wider pulse 
pressures due to increased arterial stiffness.8,33 Arterial stiff
ness is a well-recognised independent risk factor for CVD 
events.38 Other comorbid states such as coronary artery dis
ease, diabetes, heart failure and atrial fibrillation all increase 
risk of CVD events and all have potential effects on blood 
pressure and treatments. Given the complexity in accounting 
for these linked conditions, there is a potential for reverse 
causality in the above studies. Knowledge of the fact that 
diastolic BP trends downwards as we age further adds to this 
complexity, as it makes bias towards more elderly patients 
difficult to exclude.39 Mendelian randomization has emerged 
as a research method, with which associations noted in 
traditional observational studies can be evaluated.

Mendelian randomisation (MR) is a research method 
that can provide evidence about possible causal relations 
between modifiable risk factors and disease, using genetic 
variants as natural experiments.40 It is thought MR studies 
are less likely to be affected by confounding or reverse 
causation compared to conventional observational studies 

provided a number of assumptions are met, as they mimic 
the biological link between a proposed exposure and 
disease.41 Genome-wide association studies are used to 
identify single nucleotide polymorphisms, which place 
a person at risk. These are then are gathered to make an 
allele score – effectively a single instrumental variable that 
can be used to predict the risk factor in the MR analysis. It 
is also generally accepted that Mendelian randomisation 
studies, which evaluate innate parameters using a more 
causal framework, do tend to provide results that align 
quite well with RCT data, suggesting that the CVD effects 
of innate (treatment naïve) diastolic BP and on-treatment 
diastolic BP are similar.

In 2021, two studies using linear and nonlinear MR 
techniques further explored the association between dia
stolic BP and CVD events.42,43 The first of these studies 
was performed on five large population cohorts to more 
definitively establish the causal direction and shape of the 
relationship between diastolic BP and CVD, particularly 
MI.42 The second MR analysis was performed using MR 
methods within the comprehensive UK Biobank resource 
to study genetically proxied systolic and diastolic BP with 
incident CVD.43 Both analyses found that the effect of 
diastolic BP on CVD was linear, with no genetic evidence 
for a J- or U-shaped association between diastolic BP and 
CVD outcomes identified. There was also no evidence of 
a nonlinear genetic effect of systolic BP on CVD. The MR 
study shows the effect of a lifelong reduction in blood 
pressure on the primary prevention of CVD.

Conclusion
In the absence of adequate randomized controlled trial data 
to ascertain the optimal target diastolic BP, we have had to 
rely on an assortment of observational data. These data 
have, to date, clearly demonstrated that individuals with 
very low diastolic BP are at increased cardiovascular risk. 
Some individuals such as elderly patients with stiff arterial 
vessels, and those with underlying coronary artery disease, 
diabetes mellitus, and left ventricular hypertrophy, are at 
particularly high risk. However, Mendelian randomization 
data and post-hoc analyses of the SPRINT and STEP trials 
indicate that low diastolic blood pressure is not necessarily 
a cause of the increased risk of CVD it accompanies, but 
rather that the increased risk is mediated confounding 
factors or reverse causation.

In summary, how might you approach a hypertensive 
patient who comes to your clinic with a low diastolic blood 
pressure? First, interpret this as a poor prognostic sign from 
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a cardiovascular perspective, which should prompt you to 
optimize them from a prevention standpoint. Second, discuss 
the risks and benefits of guideline-recommended BP goals 
with the patient and consider whether a more lenient blood 
pressure goal might be indicated; for example, are they frail or 
do they have chronic kidney disease. Third, up-titrate antihy
pertensive therapy as you deem appropriate, particularly for 
individuals with persistent elevations in systolic BP, without 
worrying as much about dropping the diastolic BP too low.

Main Learning Points
1. Numerous observational studies have documented 

a J-curve association between diastolic blood pressure 
(DBP) and adverse cardiac events, with increased risk 
for events observed at very high and very low levels of 
DBP.

2. This finding may deter physicians from more intensive 
treatment of systolic hypertension in the setting of low 
DBP

3. More recent analyses using both Mendelian randomi
sation and post-hoc examination of the SPRINT and 
ACCORD trials suggest that the association of low 
DBP with adverse cardiac events is due to confound
ing or reverse causation and, thus, the diastolic BP 
J-curve does not appear to be a causal phenomenon.

4. These findings suggest that antihypertensives should 
not be withheld or reduced in those with systolic 
hypertension and low DBP.
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