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THE debate about the blood pressure (BP) range that 
would minimize the risk of stroke is ongoing. Although 

some studies describe a linearly decreasing risk of stroke 
with decreasing BP, others suggest a J-shaped or U-shaped re-
lationship. Optimal BP levels for older adults (≥65 years)—
the most prone to stroke population [75% of all strokes 
(1)]—may differ from those of younger people (2,3). It has 
been argued that some 85 years and older people may fare 
better with higher BP than with “normal” BP (4), possibly 
due to reduced vascular compliance and cerebral blood 
flow (5). Additionally, diurnal BP fluctuations and severe 
nocturnal BP drops tend to increase among older adults (6). 
Nocturnal BP drops of more than 20% (“extreme dipping”) 
have been associated with hypoperfusion and ischemic 
stroke (IS) (7,8).

Hypoperfusion is characterized by transient moderate 
drops in regional cerebral blood flow that induce an incom-
plete form of cerebral infarction (9). Over time, this process 
may clinically manifest as rarefactions in the brain’s white 
matter or “white matter lesions” (WML) (10). People with 

WML had a 38% reduction in cerebral blood flow com-
pared with those who did not have them (13.40 vs 21.74 
mL/min/100 grams of tissue, p = .002) (11). WML are prev-
alent mostly after age 60 (9,12,13) and have been shown to 
increase considerably as perfusion declines (10,13). They 
can be reliably detected by magnetic resonance imaging 
(MRI) (14) and have been shown to predict stroke (15).

Using MRI-detected WML as a marker for cerebral isch-
emic disease and poor perfusion (10,11,16), we considered 
the possibility that older adults with such ischemic injuries 
could be more vulnerable to BP lowering compared with 
those without this condition. Such individuals may be likely, 
therefore, to experience an IS, if their BP is reduced below 
a certain threshold, still considered tolerable by people 
without such ischemic vulnerabilities. We hypothesized that 
(a) in older adults with little or no WML, the risk of IS will 
increase linearly with increasing BP. On the other hand, 
(b) the relationship between BP and IS incidence among 
older adults with moderate-to-severe grades of WML would 
be J-shaped, after holding confounding variables constant.
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Background.  The optimal blood pressure level to minimize the risk of ischemic stroke (IS) in older adults is undeter-
mined. Cerebral white matter lesions (WML), prevalent in older adults, may be a marker for vulnerability to IS. We aimed 
at determining the relationship between diastolic blood pressure (DBP) levels and IS in the presence of WML.

Methods.  The Cardiovascular Health Study population (N = 3,345, age ≥ 65 years, N = 3,345) was followed between 
1989 and 2002 for IS incidence. Survival analysis included quintiles of DBP analyzed within WML levels controlling for 
age and cardiovascular disease.

Results.  DBP had no effect on IS incidence in low WML levels but had a marginally significant J-curve relationship 
with IS in high WML levels: the adjusted hazard ratio for IS in the lowest (<63 mmHg) and highest (≥80) DBP quintiles 
compared with the third (nadir, 69–73 mmHg) was 1.64 (95% confidence interval: 0.93–2.9) and 1.83 (95% confidence 
interval: 1.06–3.15), respectively.

Conclusions.  In older adults with low-grade WML, low DBP may not pose a risk for IS. However, in high-grade 
WML, IS risk may increase in DBP less than 69 mmHg but is highest more than 80 mmHg. People with high-grade WML 
may be at risk of IS in high and low DBP.
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J-curved relationships have been previously described 
mostly between diastolic blood pressure (DBP) and heart 
disease or cardiovascular disease (CVD) (17–21). Fewer 
studies described a J-curve relationship of BP with stroke 
(22,23), and none had information on WML. Although 
the association between WML and stroke has been dem-
onstrated (12,24), the relationship between BP level and 
IS, in older adults, in the presence of WML, is yet to be 
elucidated.

Methods

Study Population
Our hypotheses were examined within the Cardiovascular 

Health Study, a prospective study of cardiovascular risk 
factors and outcomes among community-dwelling older 
adults (25). Full details of the selection process of the 
Cardiovascular Health Study cohort and its core character-
istics are described elsewhere (25). Briefly, eligible men and 
women were sampled from Medicare eligibility lists in 
four U.S. counties: Forsyth, North Carolina; Sacramento, 
California; Washington, Maryland; and Pittsburgh, Penn-
sylvania. An initial sample of 5,201 participants was recruited 
during 1989/1990 and an additional sample of 687 African 
Americans was recruited during 1992/1993. Eligible per-
sons were 65 years or older at the time of examination, non
institutionalized, expected to remain in the area for the next 
3 years, able to give informed consent, and did not require 
a proxy respondent at baseline. Individuals who were 
wheelchair bound in the home at baseline or were receiving 
hospice treatment, radiation therapy, or chemotherapy for 
cancer were excluded.

The annual examination cycles began in June 1989. Semi
annual interim contacts were scheduled to ascertain and 
verify the incidence of CVD events, frequency of recurrent 
events, and sequelae of CVD. Extensive physical and labo-
ratory evaluations were performed at baseline to identify 
the presence and severity of CVD risk factors. Evaluation 
included standardized questionnaires, BP measurements in 
upper and lower extremities, anthropometric measurements, 
12-lead resting electrocardiogram, fasting lipid analyses, 
glucose and insulin measurements, pulmonary function 
tests, carotid sonography, and M-mode echocardiography. 
BP was measured in the right arm of seated participants 
after a 5-minute rest, using an appropriately sized cuff and 
a conventional mercury sphygmomanometer. The average 
of two measurements of the first (systolic) and fifth (dia-
stolic) Korotkoff sounds was used for analysis (25).

MRI Evaluation
MRI was utilized to provide information on the prevalence 

and severity of WML. The first cranial MRI was imple-
mented between years 2 and 5 of the study (1991–1994), pro-
viding data for this study while evaluating 3,660 participants, 

of whom 3,630 had a complete white matter grading. MRI 
was performed on General Electric or Picker 1.5-T scan-
ners at three field centers and on a 0.35-T Toshiba instru-
ment at the fourth center. Imaging data were archived on 
magnetic tape and sent to a single reading center for inter-
pretation by neuroradiologists trained in the Cardiovascular 
Health Study protocol and blinded to participants’ identi-
fying information. A method was developed to quantify white 
matter findings and grade them from barely detectable �
(Grades 0–1) to extensive and confluent (Grades 8–9). The 
inter-reader intra-class correlation coefficient for grade was 
0.76 and the intra-reader coefficient was 0.89 (12,26).

Stroke Evaluation
The outcome measure was incident IS between the first 

MRI evaluation time and Year 12 (2002) of the study 
(over 9 years of follow-up). Stroke was defined as an abrupt 
onset of a new neurological deficit, lasting at least 24 hours, 
with specific localizing findings confirmed by unequivocal 
physical examination or laboratory data and without evi-
dence for underlying nonvascular cause (25). Stroke events 
were identified semiannually and were adjudicated by a 
committee of neurologists, neuroradiologists, and internists, 
with information from patient interviews, medical records, 
and brain imaging studies (26). Stroke events were classi-
fied as ischemic when there was evidence of focal neuro-
logical deficit occurring without evidence of hemorrhage by 
neuroimaging, lumbar puncture, or autopsy and as hemor-
rhagic if there were evidence of blood in the subarachnoid 
space, ventricles, or parenchyma by neuroimaging that 
was not due to secondary hemorrhage into an infarct, or 
upon autopsy findings of bloody spinal fluid or evidence of 
hemorrhage (27).

Of the 3,630 participants with complete WML grading, 
285 had a stroke or transient ischemic attack prior to the 
first MRI evaluation and were excluded from this research, 
leaving 3,345 qualifying participants. To obtain reliable es-
timates of IS risk (15), the 10 WML grades were collapsed 
into two categories of severity: low-grade WML = Grade 2 
or lower and high-grade WML = Grade 3 or higher.

Analysis
Univariable survival analysis was applied to study the 

crude incidence of IS by the two WML categories. IS was 
also regressed separately on systolic blood pressure (SBP), 
DBP, and pulse pressure, as continuous variables. The effect 
of WML on the relationship between each BP index and IS 
was then estimated. During multivariable analysis, interac-
tion terms, quadratic terms, and categorical variables for BP 
and age were implemented to detect nonlinearity. Propor-
tionality assumption was verified (STATA tvc and stphtest 
options) by ruling out interaction of time-dependent covari-
ates with log (time). Survival analysis models were used to 
describe the relationship between BP and IS, controlling for 
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sociodemographic and cardiovascular risk factors. The fit of 
the models to the data was evaluated by generating the Cox–
Snell residuals and then a cumulative hazard function (Nelson–
Aalen), with the residuals at the abscissa. The graphed 
cumulative hazard function line created a 45° angle with the 
residuals indicating a good fit of the models to the data.

The following demographic and cardiovascular risk fac-
tors, traditionally associated with stroke and BP, reported at 
the clinic visit closest to the first MRI were initially treated 
as potential confounders: age (<74, 75–79, ≥80), gender, 
race (black/white), education (≤12 years, >12 years), 
current smoking status, weekly alcoholic beverages con-
sumption (none, ≤2, >3), fasting serum cholesterol level 
(continuous millimeters per deciliter), body mass index 
(continuous), angina pectoris, serum creatinine (continu-
ous), myocardial infarction, atrial fibrillation, orthostatic 
hypotension, and diabetes (impaired fasting glucose [blood 
glucose 110–126 mg/dL]) or a diagnosis of diabetes (blood 
glucose ≥126 mg/dL or insulin intake or oral hypoglycemic 
intake).

Potential confounders were excluded if their (two sided) 
p values were more than .10, unless they had a large coef-
ficient (>1.5). Forward stepwise regression was used as an 
exploratory tool. Some age categories were not statistically 
significant in the high-grade WML group but were kept in 
the models due to the significance of age as a sociodemo-

graphic indicator and an established risk factor of stroke. 
Gender, race, education, alcohol consumption, and current 
smoking status were not informative at the outset and were 
removed from further models.

Some variables had a fraction (<3%) of their values missing 
and were estimated through single imputations (28). The data 
were analyzed using STATA statistical software: STATA 
Corporation 2003, Release 8.1 (College-Station, TX).

Results

Descriptive Information
A total of 287 (8.58%) adjudicated incident strokes �

occurred among the 3,345 qualifying participants. Of them, 
236 (82.2%) were ischemic, 34 (11.8%) hemorrhagic, and 
17 (6%) unclassified. The unclassified strokes were in-
cluded as ISs, generating a total of 253 (88.2%) outcomes. 
The MRI results indicated that 2,215 participants had WML 
grades of 0–2. They were classified as the “Low-Grade 
WML” group and experienced 108 (4.9%) incident ISs. The 
remaining 1,096 individuals had WML grades of 3–9 and 
were classified as the “High-Grade WML” group with 145 
(13.2%) incident ISs (Supplementary Appendix 1). Compar-
ative information on the two groups is displayed in Table 1. 
Figure 1 describes the cumulative incidence of IS by WML 
category, which was 13% and 5% in the high-grade vs 

Table 1.  Characteristics of Cardiovascular Health Study Participants by WML Grade, 1989–2002

Continuous values

Risk factor Low-grade WML (N = 2,215) High-grade WML (N = 1,096) p

M SD Median Percentile M SD Median Percentile

5th 95th 5th 95th

Age 74.1 4.7 73 68 83 76.8 5.4 76 69 87 <.001
BMI 22.1 3.9 21.9 16.3 28.9 21.4 3.7 21.1 15.9 27.8 <.001
SBP 132.5 20 131 103 168 138.7 21.1 137 106 178 <.001
DBP 70.4 10.3 70 55 88 71.3 11.1 71 53 89 .014
SBP in ISH* (N = 1,001) 146.2 (N = 663) 18.7 144 119 179 149.4 (N = 438) 19.3 148 120 184 .004
Pulse pressure 62.2 17.1 60 38 93 67.4 18.9 66 38 93 <.001
Depression† 4.8 4.6 4 0 14 5.4 4.9 4 0 15 .003
Person years 9.4 1.3 10 6.5 10 8.9 1.7 10 5 10 <.001

Dichotomous values

Risk factor Low-grade WML (N = 2,215) High-grade WML (N = 1,096) p

% n/N‡ % n/N‡

White race 84.11 1,863/2,215 84.3 924/1,096 .883
Female gender 57.8 1,281/2,215 62.2 682/1,096 .007
Income <$50,000 83.4 1,743/2,090 90 916/1,018 <.001
Smokers 10.3 227/2,215 7.9 87/1,096 .027
Angina pectoris 16.1 356/2,215 19.4 213/1,096 .016
Atrial fibrillation 2.3 51/2,215 3.3 36/1,096 .096
Myocardial infarction 6.7 148/2,215 9.2 101/1,096 .009
Congestive heart failure 3.8 83/2,215 5.1 56/1,096 .080
Orthostatic hypotension 14.2 314/2,208 18.1 198/1,096 .004

Notes: BMI = body mass index; DBP = diastolic blood pressure; ISH = Isolated Systolic Hypertension; SBP = systolic blood pressure; WML = white matter lesions.
* Systolic BP in people with ISH (millimeter of mercury).
† Center for Epidemiological Studies–Depression scale of 1–28.
‡ Number of people with the characteristic (n) over number in WML category (N).
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low-grade WML categories, respectively, in the presence 
of competing risks (nonstroke death and hemorrhagic 
stroke). The incidence rates of IS events per 1,000 person 
years in high-grade and low-grade WML were 14.6 and 5.1, 
respectively.

The crude hazard ratios (HRs) of IS associated with DBP, 
SBP, and pulse pressure, in the presence and absence of 
WML, are presented in Table 2. DBP had the highest HR 
with IS, followed by SBP, both before and after stratifying 
by WML compared with pulse pressure, and the first two 
were implemented in further modeling. DBP was also the 
only index with a statistically significant quadratic term 
throughout. High-grade WML was associated with about a 
threefold crude increase in the risk of IS (HR = 2.92, 95% 
confidence interval [CI]: 2.3–3.7) compared with low-grade 
WML.

BP indices were evenly distributed across age with a few 
extreme values that were clinically plausible. DBP had val-
ues as low as 40 mmHg across all age groups. This value 

was assigned when Korotkoff Phase 5 persisted during the 
BP measurement. The mean SBP among people with low-
grade and high-grade WML was 132.5 and 138.7 and the 
mean DBP was 70.3 and 71.3 mmHg, respectively (Table 1). 
All BP indices were normally distributed. DBP ranged from 
40 to 110 mmHg in the low-grade WML group and from 40 
to 115 mmHg in the high-grade WML group. Mean DBP 
differed significantly between WML groups in the lowest 
quintiles (Supplementary Appendix 2). A 1-mmHg linear 
increase in DBP was associated with a 1.4% (p = .126, 
95% CI: 1–1.03) crude average increase in the HR in the 
low-grade WML group and a 1.8% (HR = 1.018, p = .02, 
95% CI: 1–1.03) increase in the high-grade WML group 
(Table 2).

Multivariable Analysis

Low-grade WML population.—In an initial analysis of 
this population, both the systolic and DBP indices were 
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Figure 1.  Cumulative incidence of ischemic stroke by white matter lesions (WML) and diastolic blood pressure (DBP) categories 1989–2002, Cardiovascular 
Health Study participants with cranial magnetic resonance imaging screening.
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included as continuous variables. Angina pectoris was 
somewhat correlated with a history of myocardial infarction 
(r = .41), whereas the latter was a stronger predictor of 
risk and was kept in further modeling. Orthostatic hypo-
tension (p = .12, 95% CI: 0.9–2.36) and body mass index 
(p = .94, 95% CI: 0.95–1.06) were excluded due to large 
p values. DBP was centered at 72 mmHg, and a quadratic 
term for DBP in this group was not statistically significant 
(p = .49, 95% CI: 0.999–1.001). Modeling quintiles of DBP 
in low-grade WML (Table 3 and Figure 2) in the presence of 
SBP indicated a monotonic relationship with IS. The re-
spective HR’s by quintiles were 0.65, 0.84, 1.0, 0.9, and 
0.99. Atrial fibrillation was the strongest predictor of risk, 
almost tripling the hazard of IS in people with the condition, 
compared with those free of it. Increasing age was the next 
strongest predictor followed by myocardial infarction (MI).

High-grade WML population.—The same confounders 
considered for the low-grade WML model were included 
in the high-grade WML model (Table 3). However, con-
siderable heterogeneity in the predictors of IS was noted 
between the two populations, especially with regard to 

DBP, age, and diabetes mellitus. In addition, when DBP 
was included as a continuous variable (model not shown), 
the quadratic term was statistically significant (p = .013, 
95% CI: 1.001–1.002).

Modeling quintiles of DBP in high-grade WML (Table 3) 
indicated a J-shaped trend in relation to IS, after control-
ling for all other covariates. The risk in the fifth (DBP > 80 
mmHg) quintile was significantly higher (HR = 1.83, p = 
.031, 95% CI: 1.06–3.15) than that in the third (reference, 
nadir), followed by the first quintile (HR = 1.64, p = .088). 
The respective HRs by quintiles were 1.64, 1.16, 1.0, 1.15, 
and 1.83 (Figure 2). The HRs of IS in the first DBP quintile 
in high WML were qualitatively different from those in the 
corresponding low WML (1.64 vs 0.65, respectively, Figure 2), 
and their confidence intervals barely overlapped (0.93–
2.9 vs 0.35–1.2, respectively). SBP was linearly associated 
with IS risk (HR = 1.014 per each 1 mmHg BP increase, 
p = .001, 95% CI: 1.006–1.02). Atrial fibrillation increased 
the hazard of stroke fivefold (p < .001, 95% CI: 2.8–8.9). 
MI was the next strongest IS predictor (HR = 2.23, p < .001, 
95% CI: 1.4–3.4). Unlike in the low-grade WML popula-
tion, increasing age was not a predictor of IS in this group.

Table 2.  Models of Crude Hazard Ratios of Ischemic Stroke by WML and Blood Pressure (per 1 mmHg)

Univariable models

Model Predictor HR 95% CI (p)*

1 WML 2.920 2.277–3.748 (<.001)
2 DBP 1.019 1.007–1.031 (.002)
3 SBP 1.017 1.011–1.022 (<.001)
4 PP 1.016 1.009–1.023 (<.001)
5 DBP 1.015 1.005–1.026 (.005)

DBP2 1.001 1.000–1.001 (.002)
6 SBP 1.013 0.948–1.051

SBP2 1.000 1.000–1.000
7 PP 1.018 1.004–1.031 (.010)

PP2 1.000 1.000–1.000

Bivariable models

1 DBP 1.016 1.004–1.028 (.007)
WML 2.874 2.240–3.690 (<.001)

2 SBP 1.014 1.008–1.020 (<.001)
WML 2.694 2.095–3.465 (<.001)

3 PP 1.014 1.008–1.020 (<.001)
WML 2.694 2.095–3.465 (<.001)

Univariable models by WML grade

Model Predictor Low-grade WML High-grade WML

HR 95% CI (p)* HR 95% CI (p)*

1 DBP 1.014 1.000–1.030 1.018 1.000–1.030
2 DBP 1.013 1.000–1.030 1.013 1.000–1.030 (.05)

DBP2 1.0006 1.000–1.002 1.0009 1.000–1.002 (.007)
3 SBP 1.011 1.000–1.020 (.014) 1.015 1.010–1.020 (.001)
4 SBP 1.009 0.990–1.020 1.009 0.990–1.020

SBP2 1.000 1.000–1.000 1.000 1.000–1.000

Notes: DBP = diastolic blood pressure centered at 72 mmHg, SBP = systolic blood pressure centered at 120 mmHg, PP = pulse pressure centered at 48 mmHg, 
DBP2 = quadratic term for diastolic blood pressure, SBP2 = quadratic term for systolic blood pressure. CI = confidence interval; HR = hazard ratios; WML = white 
matter lesions.

* p Value given in parenthesis is two sided and specified when ≤0.05.
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Discussion
This study focused on IS only as a subtype of stroke 

different from hemorrhagic stroke. This may help explain 
the emphasized role of DBP as a possible risk factor in IS 
compared with SBP in people with WML. However, 
achieved DBP and SBP were studied without taking into 
account the effect of HTN treatment, which may introduce 
a limitation.

The relationship between DBP and IS incidence in this 
population of older adults differed by the presence of WML. 
DBP had a monotonic effect on IS risk in low-grade WML 
but had a J-curve with borderline statistical significance in 
high-grade WML, after controlling for demographic and 
cardiovascular covariates. DBP less than 63 mmHg was not 
associated with risk in low-grade WML but indicated a 
possible hazard in high-grade WML (qualitative difference). 
DBP was a predictor of IS only in the presence of high-
grade WML. SBP was informative in high-grade WML, 
where the proportion of people with isolated systolic hyper-
tension was higher than in low-grade WML. The main pre-
dictors of IS among individuals with low-grade WML were 
atrial fibrillation, age, and diabetes.

It is plausible that high-grade WML would be associated 
with conditions conducive to increased IS incidence when 
DBP is low. WML may represent regions of the brain vul-
nerable to reduced perfusion pressure more likely to occur 
during diastole. In a healthy brain, the autoregulatory mech-
anism is able to adjust low or high mean (between 50 and 
150 mmHg) arterial BP fast enough to suit the needs of the 
various cerebral regions. In the presence of cerebral ischemic 
disease, this protective mechanism may become inadequate 
below a certain pressure level, considered normal for a 
healthy brain (29–31). Perfusion-compromised brain re-
gions exposed to further hemodynamic insufficiency may 
eventually experience a full-blown IS. Microemboli are 
often found in patients with severe arterial stenosis, and one 
accepted explanation is that hypoperfusion promotes for-
mation of emboli (32,33). It has also been postulated that 
decreased perfusion reduces the clearance (washout) of 
emboli that have entered the vascular bed of hypoperfused 
regions (32).

A recent Framingham study (34) associated low DBP 
with excess cardiovascular risk among people with isolated 
systolic hypertension and explained the finding by wide 

Table 3.  HR of Incident Ischemic Stroke by Two WML Grade Levels Among Cardiovascular Health Study Participants, 1989–2002

Risk Factor

Low-Grade WML High-Grade WML

HR p 95% CI HR p 95% CI

DBP 40–62 0.65 .17 0.35–1.2 1.64 .088 0.93–2.90
DBP 63–68 0.84 .55 0.47–1.49 1.16 .63 0.64–2.10
DBP 69–73 1 — — 1 — —
DBP 74–79 0.9 .74 0.49–1.65 1.15 .64 0.64–2.10
DBP ≥80 0.99 .96 0.54–1.82 1.83 .03 1.06–3.15
SBP per 1 mmHg increase 1.006 .25 1.00–1.017 1.014 .001 1.01–1.02
Atrial fibrillation 2.86 .013 1.25–6.58 5.02 <.001 2.80–8.90
Myocardial infarction 2.09 .006 1.23–3.55 2.23 <.001 1.40–3.40
Age 65–74 y 1 — — 1 — —
Age 75–80 y 2.02 .002 1.30–3.14 1.06 .79 0.70–1.60
Age >80 y 2.50 <.001 1.54–4.10 1.40 .10 0.92–2.10
Cholesterol/1 mm/dL increase 1.004 .015 1.001–1.008 1.003 .148 0.999–1.007
Diabetes mellitus 1.81 .013 1.13–2.89 1.17 .502 0.74–1.85

Note: CI = confidence interval; DBP = diastolic blood pressure; HR = hazard ratios; SBP = systolic blood pressure; WML = white matter lesions.
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Figure 2.  Hazard ratios of ischemic stroke by white matter lesions (WML) grade and diastolic blood pressure quintiles 1989–2002, Cardiovascular Health 
Study participants with cranial magnetic resonance imaging screening. Controlled for systolic blood pressure, atrial fibrillation, history of myocardial infarction, 
diabetes mellitus, total serum cholesterol, and age
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pulse pressure. Increased stroke risk in low DBP has been 
explained by the presence of CVD (35). However, in the 
Rotterdam study, stroke risk in older adults with the lowest 
quartile of DBP (<65 mmHg) was still twice as high as in 
those with DBP of 65–74 mmHg, after controlling for 
CVD (3). Our findings suggest explaining the association 
between low DBP and IS, independently of overt CVD, by 
the presence of high-grade WML. The phenomenon of 
decreasing stroke risk with moderately increasing DBP 
(curve’s nadir) has been described before (3,36). Previous 
studies that investigated the issue of optimal DBP suggested 
a range between 69 and 90 mmHg depending on the popula-
tion and the cardiovascular outcome (37–40). The Hyper-
tension Optimal Treatment study (participants’ age ≥50 
years) investigators found that the optimal DBP for preven-
tion of major incident cardiovascular events was 82.5 mmHg 
and that a reduction of DBP up to 70 mmHg was still safe 
(37). The Systolic Hypertension in the Elderly Program 
study (participants’ age ≥60 years) found that the lowest 
safe DBP level for stroke prevention was 69 mmHg (38). 
Both studies were not able to demonstrate that reduction �
less than 69 mmHg was safe. The findings in this study sug-
gest that DBP less than 69 mmHg may still be safe in older 
adults with low-grade WML and may not be beneficial (and 
possibly associated with increased risk) only among people 
with high-grade WML. The finding of optimal DBP level 
of 69–73 mmHg is in agreement with the recommenda-
tions of the seventh report of the Joint National Committee 
on Prevention, Detection, Evaluation and Treatment of �
high BP (41).

At DBP ≥80 mmHg (right arm of the J-curve), the increase 
in IS risk is the steepest in older adults with high-grade WML. 
In atherosclerotic vessels, high BP may form turbulence—
especially at bifurcation points—which precipitates the 
formation of fresh thrombi and advances dislodged emboli 
into areas with narrowed vessels and compromised perfu-
sion, increasing the risk of infarcts (32).

When no conclusive outcome with regard to the existence 
of the J-curve was reached in the Hypertension Optimal 
Treatment study, Kaplan suggested in a commentary that 
“the J-curve has not been burnt off by the Hypertension 
Optimal Treatment study” (40,42). In response to the 
Hypertension Optimal Treatment and Systolic Hypertension 
in the Elderly Program findings, Hansson (43) concluded in 
a January 2000 review that, biologically, the J-curve has to 
exist, and the threshold is not above DBP of 70 mmHg but 
remains to be identified. In 1999, Voko and colleagues (3) 
described a J-shaped relationship between DBP and stroke 
incidence among a population of Rotterdam suburbs whose 
minimal age was 55 in 1990.

Conclusions
In older adults with low-grade WML, no threshold for IS 

risk was identified as DBP decreased. In comparison, in 

older adults with high-grade WML, there was no benefit in 
lowering DBP less than 69 mmHg and the optimal DBP 
level was 69–73 mmHg. There is moderate evidence to sug-
gest increased risk of incident IS in DBP less than 69 mmHg 
only in high-grade WML. In DBP more than 80 mmHg, the 
risk of IS was highest in the presence of WML. People with 
high-grade WML may therefore differ from people with 
low-grade WML with regard to IS risk and may be at in-
creased risk for this event in the presence of high as well as 
low DBP.
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