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Abstract
The concept of treatment of hypertension has gone 
through wide swings over the years. From ignoring 
blood pressure (BP) treatment initially, to aggressive 
BP control recently. As newer and more effective drugs 
were developed, it was possible to lower BP to very 
low levels. However, recent studies have shown that 
aggressive BP control might not be in the best interest 
of the patient. Low levels of diastolic BP (DBP) have 
been associated with increased cardiovascular events, 
a situation known as the J-curve effect. This has been 
seen mostly with low DBP, since the coronary arteries 
are perfused during the diastolic phase of the cardiac 
cycle. Due to an autoregulatory mechanism, the heart 
is protected against wide fluctuations of BP. However, 
the presence of coronary heart disease, hypertension, 
especially with left ventricular hypertrophy, shift the 
curve to higher BP levels and makes the heart more li-
able to DBP fluctuations. The J-Curve effect has been 
reported by most investigators, but not by others. Re-
cently, a J-Curve effect has been observed with systolic 
BP (SBP), as well. In contrast to the heart, the brain 
is very infrequently subjected to J-curve effect, and in 
contrast to the heart, the brain’s blood flow autoregula-
tion depends mostly on the SBP. A Medline search of 
the English literature on this subject was conducted 
between 1992 and 2010 and 11 pertinent articles were 
selected. These articles with collateral literature will be 
discussed in this concise review.
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INTRODUCTION
The concept of  hypertension treatment has gone through 
severe extremes over the years. The basic premise for 
these was the original concept that hypertension is an 
essential condition and therefore should not be treated. 
The term “essentielle hypertonie”, i.e. essential hyperten-
sion, was first quoted by the German physician Frank E 
in 1911 and continues to be used today[1]. Because of  this 
concept, treatment of  hypertension was resisted and sev-
eral prominent academic physicians admonished primary 
care physicians who attempted to treat hypertension[2-4]. 
Statements such as, “The greatest danger to anyone with 
high blood pressure (BP) lies in its discovery, because 
then some fool is certain to try to reduce it” by Hay[2] 
in England, and “For mild benign hypertension, or BP 
below 200/100 mmHg, there is no indication for use of  
hypertensive drugs” by Friedberg[4] in the US, were not 
unusual. However, as time progressed, and more effec-
tive treatments for hypertension were available, physi-
cians began to treat the condition. The great impetus 
for treatment were the pivotal Veterans Administration 
studies conducted under Ed Freis which showed that 
lowering the BP reduced strokes, heart failure and kidney 
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failure[5]. Subsequent studies showed the benefits of  BP 
lowering with respect to stroke, kidney and cardiovas-
cular disease complications which led to National and 
International guidelines recommending reduction of  BP 
to < 140/90 mmHg for uncomplicated hypertension or 
< 130/80 mmHg for subjects with concomitant diabetes 
mellitus, coronary heart disease (CHD) or chronic kidney 
disease[6-8]. However, recent large outcomes trials have 
found that more aggressive control of  BP may cause 
a J-curve effect, especially in patients with preexisting 
CHD and lead to increased cardiovascular morbidity 
and mortality[9,10]. For this review, a Medline search of  
the English literature was conducted from 1992 to 2010 
and 11 pertinent articles were selected. These articles 
with collateral literature will be discussed in this concise 
review, as they pertain to aggressive BP control and the 
incidence of  cardiovascular and stroke complications.

J-CURVE PHENOMENON AND 
CARDIOVASCULAR COMPLICATIONS
The J-curve phenomenon describes an inverse relation-
ship between low diastolic BP (DBP) and cardiovascular 
morbidity and mortality. It was originally described by 
Stewart[11] in 1979 where 169 well matched hyperten-
sive patients were treated and followed for 6.25 years. 
At the end of  the study, the incidence of  myocardial 
infarction was 5 times higher in the patients with DBP 
< 90 mmHg, compared with those with a DBP 100- 
109 mmHg (P < 0.01). Similar observations were re-
ported later by Cruickshank et al[12], on 902 hypertensive 
patients treated with atenolol in combination with other 
drugs, and were followed for a mean of  6.1 years. They 
observed a J-curve relationship between a DBP of  85- 
90 mmHg, and myocardial infarction and death in pa-
tients with ischemic heart disease, and the cardiovascular 
complications rose on either side of  the DBP range. Sev-
eral other investigators followed with similar results[13-25]. 
In a review by Farnett et al[14], of  13 studies comprising 
48 000 hypertensive subjects treated for a minimum of  
1 year, they observed a definite J-curve effect between 
a DBP of  85 mmHg and cardiovascular morbidity and 
mortality, but not stroke. They also found that the J-curve 
effect was steeper in patients with preexisting ischemic 
heart disease and in older hypertensive patients. In most 
older studies the J-curve effect has been observed with a 
low DBP. However, 2 recent large clinical outcomes tri-
als have observed a J-curve effect with low SBP besides 
low DBP, and cardiovascular and stoke complications[9,10]. 
In these studies, a J-curve effect was observed with SBP 
≤ 130 mmHg, and a DBP ≤ 80 mmHg. In the Interna-
tional Verapamil-Trandolapril study (INVEST), 22 576 
hypertensive patients with CHD were randomized into 2 
treatment regimens, a calcium channel blocker-based regi-
men (verapamil), or a β-blocker-based regimen (atenolol) 
and were followed for 24 mo[9]. In this study, the adjusted 
models for the time of  primary outcome (all-cause death, 
non-fatal myocardial infarction, and non-fatal stroke), the 

nadir of  BP for the J-curve effect was 129/74 mmHg 
(Figure 1). The incidence of  stroke was much less than 
that of  myocardial infarction and correlated with low 
SBP, whereas the incidence of  myocardial infarction was 
correlated with low DBP. The other study is a sub-analy-
sis of  the Ongoing Telmisartan Alone and in Combina-
tion with Ramipril Global Endpoint Trial (ONTARGET) 
Study. In this study, 25 620 high risk patients aged 55 years 
or older were equally randomized into 3 treatment regi-
mens, telmisartan 80 mg/d, ramipril 10 mg/d, or their 
combination and were followed for 56 mo[10]. A J-curve 
effect was observed with a SBP ≤ 130 mmHg for myo-
cardial infarction, but not for stroke (Figure 2). With 
respect to DBP, the highest risk for myocardial infarction 
occurred with an average initial DBP of  67 mmHg[10]. All 
studies showing a J-curve effect are summarized in Table 1.

STUDIES WITH NO CLEAR EVIDENCE 
BETWEEN DBP AND J-CURVE EFFECT
Although the great majority of  studies have demonstrat-
ed a J-curve effect between cardiovascular complications 
and DBP, there are several studies where such an effect 
has not been clearly demonstrated[26-31]. These studies are 
summarized in Table 2. Coope et al[27] did not observe any 
increase in cardiovascular complications with decreases 
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Figure 1  The J-curve effect for diastolic and systolic blood pressure and 
the first occurrence of all cause death, non-fatal myocardial infarction and 
non-fatal stroke. Adapted and modified with permission[9].
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Table 1  Clinical trials demonstrating a J-curve effect for myocardial infarction, but not for stroke

Author Subjects Age (yr) Follow-up (yr) Baseline 

(DBP mmHg)

CAD 

(present)

J-curve event

MI Stroke DBP (mmHg)

Messerli et al[9] 22 576 66   2.7   86 Yes Yes No 76-86
Sleight et al[10] 25 620 55   4.7   82 Yes Yes No 75-79
Stewart et al[11]      169 44   6.3 124 No Yes - 100-109
Cruickshank et al[12]      902 55   6.1 109 Yes Yes No 80-90
Waller et al[13]    3350 50   6.5 110 Yes Yes - 91-98
Fletcher et al[18]    2145 51   4.0 107 Yes Yes No 86-91
Alderman et al[19]    1765 51   4.2 102 Yes Yes No 84-88
Samuelsson et al[20]      686 52 12.0 106 Yes Yes No 81
McCloskey et al[21]      912 30-79   3-21 104 Yes Yes No 84
Lindblad et al[22]    2574 59   7.4   92 Yes Yes No 84
Pastor-Barriuso et al[23]    7830 54 15.0   82 No Yes No 80
Protogerou et al[24]      331 85 3-4 - Yes Yes No < 70
Fagard et al[25]    4695 70 1-8   85 Yes Yes No 70-75

CAD: Coronary artery disease; DBP: Diastolic blood pressure; MI: Myocardial infarction.

Figure 2  The J-curve effect for systolic blood pressure and the incidence of the primary outcome, cardiovascular mortality and stoke in treated hyperten-
sive patients. Adapted with permission[10].
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Table 2  Clinical trials without clear evidence of J-curve effect

Author Subjects Age (yr) Follow-up (yr) Baseline (DBP mmHg) CAD (present) J-curve effect MI Stroke DBP (mmHg)

Wilhelmsen et al[26]    6569 40-60   3.9 107 Yes Yes2 No 88-89
Coope et al[27]      884 60-79   4.4 98 Yes Yes1 No 80-89
Lubsen et al[29]    7661 63.0   4.9 85 Yes Yes3 No 85
Psaty et al[30]    4702 72.6   6.7 71 No No No 62
Glynn/PHS[31] 22 071 53.2 13.0 79 Yes No No 65
Glynn/WHS[31] 39 876 53.8   6.2 78 No No No 70

1Present in female smokers; 2Present for trend; 3Present for trend. CAD: Coronary artery disease; DBP: Diastolic blood pressure; MI: Myocardial infarction.
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in SBP or DBP. In contrast, strokes were decreased by 
58%. Similar findings have also been reported by other 
investigators[26-31]. In the physicians and women’s studies 
conducted by Glynn et al[31], no J-curve effect was noted. 
However, most of  these studies were observational and 
were not designed to show whether there was a J-curve 
effect observed between DBP or SBP and cardiovascular 
complications.

HEMODYNAMIC INTERRELATIONSHIPS 
BETWEEN BP, CORONARY ARTERY 
BLOOD FLOW AND J-CURVE EFFECT
Pathophysiologically, there is no argument regarding the 
occurrence of  a J-curve effect and cardiovascular com-
plications, because a BP of  0 mmHg is associated with 
100% cardiovascular mortality. The question is at what 
pathophysiologic BP range the J-curve occurs. Since 
coronary artery perfusion occurs during the diastolic 
phase of  the cardiac cycle, there should be an association 
between DBP and coronary artery perfusion. Studies in 
the dog have shown that the flow to the coronary arter-
ies ceases when the DBP drops to 50 mmHg or lower, 
depending on the complete vasodilation or not of  the 
coronary vascular bed[32,33]. In patients with hypertension 
and especially in those with left ventricular hypertrophy 
(LVH), there is an upward shift of  the coronary perfu-
sion pressure to 70 mmHg for hypertensive patients and 
80-90 mmHg for those with hypertension and LVH, 
compared to normotensive controls of  60 mmHg, un-
der maximum vasodilation with intravenous infusion 
of  sodium nitroprusside[34]. Below these pressures the 
coronary blood flow decreases and the oxygen extraction 
increases, especially in hypertensive patients with LVH[34]. 
Studies in dogs with hypertension and LVH showed that 
the lower range of  coronary autoregulation is severely 
impaired below a perfusion pressure of  40 mmHg for 
the subendocardial myocardium and predisposes it to 
severe ischemia or myocardial infarction[35]. The normal 
epicardial coronary arteries are conductance vessels and 
do not provide any resistance to blood flow and there is 
no detectable pressure drop along their entire length[36]. 
The coronary pressure autoregulation provides a rela-
tively constant perfusion to the myocardium over a fairly 
wide perfusion pressures ranging from 45-125 mmHg[37]. 
Consequently, the coronary pressure autoregulation will 
protect the myocardium over a fairly wide epicardial pres-
sure changes. However, in patients with CHD, the auto-
regulation will be compromised and a fall in DBP might 
lower the perfusion pressure distal to the epicardial artery 
stenosis below a critical level at which the autoregulation 
is no longer functional and the fractional flow reserve will 
be compromised and may lead to myocardial ischemia 
and myocardial infarction. This is further aggravated with 
the coexistence of  hypertension and LVH[34,35]. There-
fore, patients with CHD, hypertension and LVH are at a 
greater risk of  manifesting a J-curve effect with low DBP 
than normal persons.

CEREBRAL BLOOD FLOW 
AUTOREGULATION
Like the heart, the brain also possesses the intrinsic abil-
ity to regulate its blood flow through a wide range of  BP 
levels[38]. Under normal conditions, the cerebral blood 
flow (CBF) autoregulation typically operates at mean ar-
terial pressures (MAP) in the order of  60-150 mmHg[38]. 
However, these limits are not entirely fixed, and can be 
moderated by sympathetic nervous system activity, the 
vascular renin-angiotensin system and arterial CO2 ten-
sion. In contrast to the coronary circulation, which de-
pends on DBP, the cerebral circulation depends mostly 
on SBP. In a recent study using transcranial Doppler 
imaging, CBF autoregulation varied between a MAP of  
40 and 125 mmHg[39]. These studies show that the CBF is 
not seriously affected by low DBP and could explain the 
lack of  a J-curve effect regarding strokes at low DBP in 
contrast with cardiovascular complications. In a pivotal 
study, Strandgaard et al[40] studied CBF autoregulation 
in either untreated or ineffectively treated severe hyper-
tensive patients, effectively treated severe hypertensive 
patients, or normotensive controls, and found that the 
lower limit of  CBF autoregulation was a MAP of  113 
± 17, 96 ± 17 and 73 ± 9 mmHg, respectively, in the 3 
groups. He concluded that CBF autoregulation is shifted 
to higher BP levels in untreated or ineffectively treated 
hypertensive patients compared with effectively treated 
hypertensives or normal controls, and also, that effective 
BP control in previously severe hypertensive patients, 
adjusts the CBF autoregulation towards normotensive 
controls[40].

DISCUSSION
The treatment of  hypertension has gone through major 
extremes over the years, from the early advice of  promi-
nent cardiologists not to attempt to treat the disease[2-4], 
to recent national and international guidelines to treat 
hypertension aggressively and the “lower the better”[6-8]. 
Initially hypertension was considered an essential condi-
tion for survival and the term “essentielle hypertonie” 
was coined by the German physician Frank in 1911[1], 
which continues to be used today. The French used to 
refer to hypertension as “fièvre essentielle”, which liter-
ally means essential condition, or an ailment of  life that 
strives to delay death[41]. However, as more effective and 
safe drugs were developed the treatment of  hypertension 
was successful and led to significant reductions in cardio-
vascular complications and strokes. This success eventu-
ally led to more aggressive BP control. This aggressive 
BP control has resulted in a higher incidence of  cardio-
vascular complications and strokes in recent large clinical 
outcomes trials[9,10]. First, Stewart[11] and later Cruickshank 
et al[12] noted an increase in cardiovascular complications 
after lowering the DBP below a certain level and coined 
the term “J-curve effect”. This effect was subsequently 
noted by several investigators[13-25], but not by others[26-31]. 
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What has transpired from these studies is that the heart is 
more vulnerable to BP changes, but not the brain, which 
has a much wider BP autoregulatory range. The coronary 
arteries are perfused during the diastolic phase of  the 
cardiac cycle and are more vulnerable to low DBP and 
this situation is aggravated with the coexistence of  CHD, 
hypertension and LVH where the coronary artery reserve 
is decreased[34-37]. The question here is not whether there 
is a J-curve effect with low DBP, but what is a safe DBP 
that will provide benefits instead of  increasing the risk of  
the treated patient. Regarding the guidelines advocating 
reduction of  BP to < 140/90 mmHg for uncomplicated 
hypertensive patients and to < 130/80 mmHg for those 
who have coexisting CHD, diabetes or chronic kidney 
disease, there is no hard evidence for these recommenda-
tions as discussed by Zanchetti et al[41,42], and these rec-
ommendations were mostly based on wisdom, and not 
facts. In addition, most clinical trials that have produced 
benefits from the treatment of  hypertension, the BP was 
seldom lowered to below 140/90 mmHg. Support for 
these observations comes from a recent Japanese (JATOS) 
Study[43]. In this study, 4418 older hypertensive Japanese 
patients were randomized to either an SBP reduction to 
< 140 mmHg (n = 2212) or to ≥ 140 mmHg (n = 2206) 
and followed for 2 years. At the end of  the study, there 
was no difference in the primary endpoint of  cardio-
vascular disease or renal failure between the 2 groups. 
If  anything, a trend for higher cardiovascular compli-
cations was noted in the group randomized to SBP <  
140 mmHg[43]. Similar observations were recently re-
ported from the Action to Control Cardiovascular Risk in 
Diabetes (ACCORD) study, which tested the aggressive 
SBP control in 4733 patients with type 2 diabetes melli-
tus[44]. In this study the patients were randomized to SBP 
< 120 mmHg, or < 140 mmHg and were followed for 
4.7 years. There was no difference between the aggres-
sively and less aggressively treated groups with respect to 
cardiovascular events, and the more aggressively treated 
patients had significantly more side effects than the less 
aggressively treated patients. However, the incidence of  
strokes was significantly lower in the aggressively treated 
patients. Also, a subanalysis of  6400 diabetic patients 
from the INVEST study, showed that aggressive BP 
control was not associated with improved cardiovascular 
outcomes compared with the usual BP control. In addi-
tion, in their studies, Messerli et al[9], and Sleight et al[10], 
observed a J-curve effect for cardiovascular complica-
tions, for DBP < 80 mmHg and SBP < 130 mmHg. 
In a subanalysis of  the PROVE IT-TIMI 22 trial[45] in 
patients with acute coronary syndromes, a J-curve effect 
was noted for SBP and DBP of  < 130 and < 80 mmHg, 
respectively. Based on the existing recommendations of  
professional guidelines for aggressive BP control and 
the recent evidence that aggressive BP control might not 
be beneficial, the caring physician may reach a quandary 
regarding decisions as to how aggressively he should 
treat his hypertensive patients. Since the recent evidence 
points towards a less aggressive control of  BP, modera-

tion should be adapted. The classic Greeks used to say 
“παν μετρον αριστον” that is, “moderation is the best 
thing”. Regarding this matter, Mancia et al[46] in a revised 
statement of  the European Society of  Hypertension 
guidelines stated, “On the basis of  current data, it may 
be prudent to recommend lowering SBP/DBP to values 
within the range of  130-139/80-85 mmHg”. Along the 
same line of  reasoning, Sleight et al[10], proposed that 
“future trials should be designed to test the value of  SBP 
lowering in high risk patients in the range of  130-150 
mmHg”. To this point, Kannel et al[47], caution against 
aggressive attempts to reduce a stubborn SBP of  ≥ 140 
mmHg in older individuals, because such attempts will 
further reduce the DBP, widen the pulse pressure (PP) 
and increase the cardiovascular complications. Wide PP 
is considered a significant afterload factor besides SBP 
in older individuals, causing structural cardiac changes 
and eventually heart failure. There is no doubt that addi-
tional prospective studies are needed to resolve this issue. 
Hopefully, the Systolic Blood Pressure Intervention Trial, 
which has similar design with the ACCORD study, with 
the exception that does not involve diabetic subjects, will 
provide the needed information when completed[48].

In conclusion, based on the evidence presented, the 
onset of  the J-curve effect with low BP is not uniform 
across all patients. Older and high risk patients with pre-
existing CHD, diabetes and hypertension with LVH are 
more prone to develop the J-curve effect when their BP 
is decreased below a critical level. On the other hand, 
younger healthier individuals with uncomplicated hyper-
tension can tolerate much lower BP without developing 
the J-curve effect. However, when physicians are dealing 
with older and high risk patients, they should refrain from 
aggressive BP treatment, and not lower their SBP and 
DBP < 130 and < 80 mmHg till new evidence becomes 
available.
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