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This paper evaluates the relationship of blood
pressure (BP) levels at Women’s Health Initiative
(WHI) baseline, treatment of hypertension, and
white matter abnormalities among women in

conjugated equine estrogen (CEE) and
medroxyprogesterone acetate and CEE-alone
arms. The WHI Memory Study—Magnetic
Resonance Imaging (WHIMS-MRI) trial scanned
1424 participants. BP levels at baseline were
significantly positively related to abnormal white
matter lesion (WML) volumes. Participants
treated for hypertension but who had BP
�140 ⁄ 90 mm Hg had the greatest amount of
WML volumes. Women with untreated BP
�140 ⁄ 90 mm Hg had intermediate WML
volumes. Abnormal WML volumes were related
to hypertension in most areas of the brain and
were greater in the frontal lobe than in the
occipital, parietal, or temporal lobes. Level of BP
at baseline was strongly related to amount of
WML volumes. The results of the study reinforce
the relationship of hypertension and BP control
and white matter abnormalities in the brain. The
evidence to date supports tight control of BP
levels, especially beginning at younger and middle
age as a possible and perhaps only way to
prevent dementia. J Clin Hypertens (Greenwich).
2010;12:203–212. ª2010 Wiley Periodicals, Inc.

Hypertension is the primary risk factor for
vascular disease in the brain and especially

for small vessel disease, which subsequently leads
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to white matter abnormalities, brain infarction,
and possibly loss of gray matter neurons.1–4 The
small blood vessels in the brain and kidneys are
more susceptible to even moderately elevated
blood pressure (BP).5,6 Hypertensive renal disease
is strongly related to white matter abnormalities
in the brain.7 Longitudinal studies have now
documented that white matter abnormalities are a
probable independent risk factor for dementia,8–11

lower extremity functional abnormalities,12 clini-
cal stroke,13,14 and survivorship among older
individuals.15 Prevalence of elevated BP is very
high in the United States and in many other
countries, and good control of BP remains
poor.16,17 Elevated BP, especially in midlife, has
been associated with an increased risk of demen-
tia, including both vascular and Alzheimer
disease.18–24 The evidence that lowering BP in
clinical trials will reduce the risk of dementia or
Alzheimer disease is limited.25–29 There is also
little evidence that better control of BP slows the
progression of white matter lesions (WMLs) in
the brain.25,30 BP lowering is associated with sub-
stantial reduction in risk of stroke, renal failure,
and congestive heart failure.31,32

The Women’s Health Initiative Memory
Study—Magnetic Resonance Imaging (WHIMS-
MRI) trial has provided an important opportunity to
evaluate the relationship of BP levels, treatment of
hypertension in the context of hormone therapy, and
WML volume. Does the higher BP among women on
hormone therapy increase the volume of WMLs?
Does baseline BP at entry to the trial 8 years prior to
magnetic resonance imaging (MRI) or changes in BP
during the trial predict WML volumes? Is there any
relationship between control of BP by antihyperten-
sive drug therapy and WML volumes?

We have reported in the WHIMS-MRI trial that
the mean WML volume was slightly larger for the
conjugated equine estrogen (CEE) and CEE with
medroxyprogesterone acetate (CEE+MPA) active
compared with their placebo. The differences were
not statistically significant.33 There was no differ-
ence in the extent of WML volume in the CEE-
alone trial between placebo and active treatment.
Increased WML volumes were significantly related
to baseline age, smoking, history of cardiovascular
disease (CVD), and hypertension as well as scores
on the Modified Mini-Mental State Examination
(3MSE) and development of mild cognitive impair-
ment (MCI) or probable dementia during or after
the trial but prior to MRI.33

In this paper, we focused primarily on the
relationships that BP levels at baseline and at

follow-up, hypertension, treatment, and control of
hypertension have with total and region-specific
brain white matter abnormalities in the WHIMS-
MRI trial.

METHODS
WHIMS is an ancillary study to the Women’s Health
Initiative (WHI); 38 of 40 WHI clinical centers partic-
ipated in WHIMS. WHIMS recruited women age 65
or older from among those randomized into the CEE-
alone or CEE+MPA arms of the WHI. To be enrolled
in WHIMS, women must have participated in either
of the hormone trials of the WHI, free of probable
dementia, and willing to undergo annual cognitive
assessment.34,35 Of age-eligible WHI participants,
2947 (92.1%) of the CEE-alone women and 4532
(92.6%) of the CEE +MPA women consented to
enroll in the WHIMS CEE-alone and CEE+MPA
arms, respectively. All WHIMS participants under-
went cognitive screening with the modified 3MSE at
baseline, and women who scored below a certain
cutpoint on the 3MSE (�80 for�8th grade education
or 88 for >8th grade education) underwent
more comprehensive neuropsychologic evaluation.
Details of WHIMS have previously been pub-
lished.34,35,36 At the conclusion of the WHI
hormone trials, participants continued to be followed
annually for cognitive testing and for adjudication of
possible dementia and MCI in the WHIMS Extension
Study.

The WHIMS-MRI trial was designed to contrast
MRI findings among women older than 70 who
had been assigned to either active vs placebo ther-
apy in both the CEE-alone and CEE+MPA arms
during the WHIMS ancillary study of the
WHI.34,35 It was conducted in 14 of the original
38 centers that participated in the WHIMS.
Recruitment began in January 2005 and was com-
pleted in April 2006. The description of recruit-
ment has been previously published (Figure).33,37 A
standardized protocol was used in all 14 of the
clinical centers. No baseline (entry to the WHI)
MRI scans are available. The average time from
the WHIMS CEE+MPA and CEE-alone trial ran-
domization to the MRI scans was 8.02 and
7.97 years, respectively, and from termination of
the trial to scanning was 3.03 and 1.36 years,
respectively. The details of the MRI scanning pro-
tocol have been previously published and include
the following33,38,39:
• Series 1: Three-plane gradient echo localizer for

positioning
• Series 2: Sagittal T1-weighted spin echo

(300 ⁄0 ⁄8 ⁄1 ⁄5TR ⁄TI ⁄TE ⁄ slicethickness)mid-slice
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image to demonstrate anatomical location of the
AC ⁄PC for slice angle and slice position

• Series 3: Oblique axial spin density ⁄T2-weighted
spin echo (3200 ⁄0 ⁄30,120 ⁄3) images from the
vertex to skull base parallel to the AC ⁄PC plane

• Series 4: Oblique axial fluid-attenuated inver-
sion-recovery (FLAIR) T2-weighted spin echo
(8000 ⁄2000 ⁄100 ⁄3) images matching slice posi-
tions in series 2

• Series 5: Oblique axial 3D T1-weighted gradient
echo (flip angle 30; 21 ⁄0 ⁄8 ⁄1.5) images from
the vertex to the skull base parallel to the
AC ⁄PC plane (field of view: 22 cm; matrix:
256�256 for all scans)
Detailed training was done prior to the begin-

ning of the WHIMS-MRI trial, and all of the MRI
technologists at the centers were certified prior to
the beginning of the study.

The primary outcome measures of the WHIMS-
MRI trial are total white matter brain lesion vol-
umes measured in cubic centimeters as detected
from a standardized imaging and reading protocol.
The lesion volume as defined and identified by this
methodology generally corresponds to what has
been called, for example, leukoaraiosis, ischemic
white matter disease, and small vessel ischemia.
The methodology for detecting and quantifying
ischemic tissue used in the WHIMS-MRI was auto-
mated quantitative computerized digital imaging
analytical techniques that have been previously
described.33,38,39 These are correlated with human
observations and by semiquantitative scoring sys-
tems. The methodology for detecting and quantify-
ing ischemic tissue used in this report reflects the
evolution in image processing from manual human
observer to automatic quantitative computerized

Figure. Enrollment and flow of participants through the Women’s Health Initiative Memory Study— Magnetic
Resonance Imaging (WHIMS-MRI). MRIs indicates magnetic resonance images; CEE, conjugated equine estrogen;
MPA, medroxyprogesterone acetate.
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digital image analytical techniques that are not only
correlated with human observers and the semiquan-
titative scoring systems, but are very reproducible
and offer a greater dynamic range.40,41

The automated segmental technique for WML
volume was validated in 44 patients compared with
the Cardiovascular Health Study (CHS) grading of
WMLs. This CHS grading system was developed by
Dr Bryan who was also director of the WHIMS-MRI
trial.42–44 Brain infarcts based on MRI were not
measured.

At baseline and annual clinic visits, women sat
quietly for 5 minutes before BP was measured with
a mercury manometer. Two measures, taken
30 seconds apart, were recorded. The average of
the 2 measurements was used in these analyses.
Appropriate cuff bladder size was determined at
each visit based on arm circumference.45

Hypertension was defined as baseline a systolic
BP (SBP) �140 mm Hg or diastolic BP (DBP)
�90 mm Hg or being on antihypertensive drug
therapy.45

Statistical Analysis
Three outcomes were examined, including WML
volume in cubic centimeters, specific basal ganglia
WML volume, and WML volumes by specific
region of the brain. There were 10 regions of inter-
est included in the number of anatomic locations
with WMLs: frontal, occipital, parietal, temporal
white matter, frontal matter, occipital matter, parie-
tal gray matter, temporal gray matter, limbic gray
matter, and corpus callosum. Presence of WML tis-
sue in any of the 10 regions of interest generated a
count of 1, with all regions summed for a maxi-
mum of 10 for the outcome number of white mat-
ter abnormalities. A very small percentage of the
total lesion volume probably represents cortical
pathology, ie, grey matter, similar to white matter
pathology. The small lesions found in the grey mat-
ter resemble WMLs and are grouped as such in the
results. Due to extreme skewness of the data, log-
transformations were performed on white matter
and basal ganglia lesion volumes. The mean lesion
volume in frontal occipital, parietal, temporal lobes;
right and left and limbic lobes; and corpus callosum
was also reported. Analysis of covariance was per-
formed to examine relationships between baseline
hypertension status, WHI treatment assignment, a
combination of treatment, and BP control. Hyper-
tension was defined as baseline use of antihyperten-
sive medication, SBP �140 mm Hg, or DBP
�90 mm Hg. We also examined the relation of
alternate definitions of hypertension, including �1

post-baseline BP �140 ⁄90 mm Hg or use of antihy-
pertensive medication, with white matter abnormal-
ities. Fourteen participants were excluded from all
analyses because of history of clinical stroke during
the trial but prior to MRI. Change in BP (last visit
– baseline visit) was analyzed to determine whether
a treatment effect existed, using t tests. Analyses
were performed using SAS version 9.1 (SAS Insti-
tute, Cary, NC). All tables were adjusted for age,
race, treatment assignment, cranial volume, time
between termination of study and MRI, and clinic.

RESULTS
There were 2345 women who were contacted for
participation in the WHIMS-MRI trial; 72% of
these women consented to undergo screening for
the WHIMS-MRI trial. Scanning was completed in
1424 (61%) participants, and 1403 were included
in this analysis. Of the 1403 participants, 883 had
been randomized in the CEE+MPA study (436
active and 447 placebo) and 520 in the CEE-alone
study (257 active and 263 placebo). Detailed char-
acteristics of the women who were included in the
WHIMS-MRI trial have been published,33,46 as
well as comparison between women who did or
did not have an MRI (Figure).37 Factors that are
independently associated with having an MRI were:
younger age (odds ratio [OR], 1.7), 70–75 vs 82–
88; education, college vs < high school (OR, 0.51);
no history of CHD (OR, 1.58); no diabetes (OR,
1.5); and never smokers (OR, 1.9). Therefore, the
participants tended to be healthier than the popula-
tion from which they were selected. The percent
accepting the MRI (71%) and actually completing
the MRI (61%) is similar to findings in the CHS
(88% and 72%), the Atherosclerosis Risk In Com-
munities Study (ARIC) (73% and 67%), the Rot-
terdam Study (90% and 57%), the Framingham
Heart Study (80% and 71%), and the Honolulu-
Asia Aging Study (71% and 68%). Similarly, the
determinants of accepting the MRI are very similar
across these studies.37

Key variables at the time of enrollment into WHI
are listed in Table I, comparing hypertensive with
nonhypertensive patients. The mean age was
78.5 years at time of MRI. We have previously
reported that age and smoking were significantly
related to WML volumes.33 The low prevalence of
current smoking and diabetes precluded further
detailed evaluation of these two variables. There were
no measures of kidney function. Electrocardiographic
estimate of left ventricular hypertrophy (LVH) by
Minnesota code criteria 3.1–3.3 was only 93 (6.9%):
38 (0.3%) for those not on antihypertensive drug
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therapy and 55 (5.6%) for those on antihypertensive
drug therapy. Prevalence of LVH by voltage criteria
was also very low. Echocardiography was not per-
formed.

At baseline, 435 (31%) of the participants had
an SBP �140 mm Hg and 270 of these 435 (62%)
were not on antihypertensive drug therapy
(Table II). Only 215 (57%) of the 380 women tak-
ing antihypertensive medication had SBP control
<140 mm Hg.

SBP levels at baseline (entry to the WHI) for
patients both on and not on antihypertensive drug
therapy were significantly positively related to
WML volumes (Table II). There was little differ-
ence in WML volumes by BP level <140 mm Hg
SBP for women not on antihypertensive drug ther-
apy. There was no difference within either the
CEE+MPA or CEE-alone arms on the volume of
WML volumes by whether the women were ran-
domized to the active or placebo group (not
shown). Abnormal WML volumes were substan-
tially greater for the CEE-alone arm vs the
CEE+MPA arm for the nonhypertensive women
only (not shown). Women on antihypertensive ther-
apy tended to have greater WML volumes than

those not on antihypertensive therapy (P=.03). Note
that there were only 11 women on antihypertensive
therapy with SBPs <110 mm Hg (Table II).

We repeated this analysis based on the last on-
trial BP data and antihypertensive medication status
(Table II). There were now 659 (47%) of the 1389
women on antihypertensive drug therapy. Approxi-
mately two thirds of the 659 women on antihyper-
tensive drug therapy had an SBP <140 mm Hg. A
higher percentage compared with baseline (223 of
378, 72.3%) of women with BP �140 mm Hg
were on antihypertensive drug therapy. WML
volumes were still significantly related to BP levels
for the women not on antihypertensive drug
therapy, but not among women on antihypertensive
therapy.

Hypertension as defined in this study was signifi-
cantly related to total WML volumes, basal gan-
glion lesion volumes, and number of regions
containing WML volumes after adjustment for age,
race, total cranial volume, time between termina-
tion of study and MRI, and clinic.

Participants who were treated for hyperten-
sion but had uncontrolled BP, defined as BP
�140 ⁄90 mm Hg (n=172) (Table III), had the
greatest amount of total WML volumes, basal gan-
glion lesion volumes, and number of regions con-
taining WMLs, while women who had BP
<140 ⁄90 mm Hg (with or without treatment) had
the least. There were no significant differences in
number of regions containing WMLs, volume of
WMLs, or basal ganglion lesion volumes between

Table I. WHI Baseline Demographic, Socioeconomic

Status, and Lifestyle Characteristics of WHIMS-MRI Trial
Women by Hypertension Status

Variable

No Hypertension

(N=735)

Hypertension

(N=668)

Age, y, No. (%)

65–69 402 (55) 313 (47)
70–74 245 (33) 247 (37)
75+ 88 (12) 108 (16)

Ethnicity, No. (%)

American ⁄ Indian 2 (0) 2 (0)
Asian ⁄ Pacific
Islander

12 (2) 11 (2)

Black ⁄ African
American

21 (3) 43 (6)

Hispanic ⁄ Latina 14 (2) 7 (1)

White,
non-Hispanic

679 (93) 597 (90)

Other 6 (0) 5 (1)
Smoking status,

No. (%)
Never 412 (57) 394 (59)
Former 279 (38) 247 (37)

Current 35 (5) 24 (4)
Diabetes 23 (3) 52 (8)

Abbreviation: WHIMS-MRI, Women’s Health Initiative

Memory Study—Magnetic Resonance Imaging.

Table II. White Matter Lesion Volumes in Cubic

Centimeters (SE) by Baseline BP Levelsa

SBP,

mm Hg No. Baseline No. Last BP

Not on antihypertensive drug therapy
<100 102 4.07 (0.44) 108 3.25 (0.35)

100–119 187 4.11 (0.32) 136 4.13 (0.37)
120–139 450 3.89 (0.20) 331 3.86 (0.22)
140+ 270 5.20 (0.33) 155 4.82 (0.40)

P=.0044 P=.03

On antihypertensive drug therapy
<100 11 5.56 (1.75) 50 4.52 (0.71)
100–119 33 2.73 (0.56) 91 4.25 (0.50)

120–139 171 5.01 (0.40) 295 5.10 (0.32)
140+ 165 6.09 (0.48) 223 5.76 (0.41)

P=.002 P=.12

Abbreviations: BP, blood pressure; SBP, systolic blood
pressure; SE, standard error. aNot on Antihypertensive
drug therapy (n=1009) or on antihypertensive drug therapy
(n=380) at baseline and at last on-treatment visit.
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untreated normotensive women and treated
women, as long as the baseline BP was controlled
<140 ⁄90 mm Hg. Thus, control of hypertension
appeared to attenuate the adverse effects of hyper-
tension on lesion volume and number of regions
containing WML volumes. Further adjustment for
smoking, CVD, and education did not impact these
results. We repeated this analysis (Table III) using
last on-trial BP. Women on antihypertensive drug
therapy with controlled elevated BP had the highest
prevalence of white matter and basal ganglia lesion
volumes, but there was no difference by BP level
and treatment for number of regions containing
WMLs (Table III).

Baseline pulse pressure was significantly related
to white matter (P=.002) and basal ganglia
(P=.000) volumes and number of regions contain-
ing WML volumes (P=.03). However, none of these
relationships were significant when hypertension
was included in the model. There was a significant
interaction of pulse pressure and hypertension only
for WML volumes (P=.02).

WML volumes were related to hypertension in
most areas of the brain (Table IV). Lesion volumes
among hypertensives and nonhypertensives were
substantially greater in the frontal lobe than the
occipital, parietal, or temporal lobes of the brain.

There was about a 1.5-mm difference in SBP in
women assigned to active therapy compared with
those given placebo in the CEE+MPA arm and
about a 1-mm difference in the CEE-alone active vs
placebo groups during the course of the trials.47,48

There were no statistically significant differences in
change in SBP between hormone therapy users
(active) and nonusers (placebo) in this relatively
small sample size from the WHIMS-MRI trial.

There were only 75 diabetics and no significant dif-
ferences in white matter volumes by diabetes status.

DISCUSSION
The results of the WHIMS-MRI trial indicate that
increased WML volumes were significantly related
to the elevated BP at entry to the trial. These results
of the WHIMS-MRI trial are consistent with previ-
ous observations in WHI of the relationship of BP
levels to risk of CVD even among women with
‘‘prehypertension.’’45

The WHI clinical trial previously reported that
there was an increased risk of stroke in both
women taking CEE or CEE with MPA.47,48 The
incidence of stroke was substantially higher in the
women in the CEE-alone compared with the
CEE+MPA arms of the trial for the women both
taking the active hormone therapy and placebo.

We reported that there were no significant differ-
ences between ischemic volumes and 3MSE scores
at WHI baseline. Women who scored highest on
the 3MSE measured closest to MRI scores had
smaller mean ischemic lesion volumes.33 Also,
women who developed post-trial MCI or dementia
had larger ischemic lesion volumes.33

The primary determinants of total WML volume
were BP levels and the degree of control of BP at
baseline. Women in the CEE-alone arm in both the
active and placebo groups had significantly higher
WML volumes consistent with their higher levels of
BP prior to randomization, as previously reported
in the WHI, and greater risk of stroke.48

The volunteer participants in the WHI clinical
trial were probably more likely to be in good
health, have access to the health care system, and
to be adherent to various medical therapies. In spite

Table IV. Mean (SE) Lesion Volumes by Hypertension Status After Adjustment for Age, Race, Total Cranial Volume, Time

Between Termination of Study, and MRI

Analysis

Hypertension

(n=661)

No Hypertension

(n=728)

P Value

Hypertension vs No Hypertension

Left frontal lobe 1.21 (0.05) 0.90 (0.04) <.0001
Right frontal lobe 1.31 (0.05) 1.02 (0.04) <.0001

Left occipital lobe 0.20 (0.01) 0.19 (0.01) .5140
Right occipital lobe 0.20 (0.01) 0.19 (0.01) .5837
Left parietal lobe 0.72 (0.04) 0.55 (0.03) .0002
Right parietal lobe 0.66 (0.03) 0.51 (0.03) .0011

Left temporal lobe 0.69 (0.03) 0.54 (0.03) <.0001
Right temporal lobe 0.62 (0.03) 0.50 (0.02) .0005
Limbic lobe 0.05 (0.00) 0.03 (0.00) .0052

Corpus callosum 0.17 (0.01) 0.17 (0.01) .6667

Abbreviations: MRI, magnetic resonance imaging; SE, standard error.
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of this, BP control at baseline was very poor, the
majority of women with SBP �140 mm Hg were
not on antihypertensive drug therapy and only just
over half of those on antihypertensive therapy had
SBP controlled to <140 mm Hg. There was a sub-
stantial association between the BP levels and lack
of control of BP on drug therapy and the extent of
white matter abnormalities. The level of the BP
prior to randomization is a primary determinant of
the WML volumes possibly leading to increasing
risks of dementia and cognitive decline in this
study.34,35 The association of BP levels with white
matter abnormalities years before the MRI is con-
sistent with a long incubation period for the devel-
opment of the white matter abnormalities and the
observation, as previously noted, that midlife BP
levels are associated with an increased risk of
dementia at older ages but BP levels measured at
older ages have a much weaker relationship with
dementia that has its onset within a few years of
the BP measurements. The association of WML
volume also with BP measured at the end of the
trial is a function of the high tracking of BP over
time. A greater percentage of participants were on
antihypertensive therapy at the last visit in the
study than at entry to the trial. However, BP
remained poorly controlled, as 34% of patients on
BP therapy at the end of the trial still had a BP
>140 mm Hg in spite of repeat BP measurements
and information to the participants. Furthermore,
participants with poorly controlled BP, as noted in
Table II and Table III, have a higher prevalence of
abnormal WML volumes. The higher prevalence of
WMLs in the frontal as compared with the
occipital lobes is consistent with the literature and
is possibly related to differences in perfusion, espe-
cially of the frontal and posterior ventral horn.49–51

This higher prevalence of white matter abnor-
malities in the frontal lobe is consistent with
the reported characteristics of vascular-related
dementia and abnormal cognitive tests and the
reported relationship of BP levels to cognitive
abnormalities.52–55

STUDY LIMITATIONS
We did not include a measure of brain infarcts on
MRI. The risk factors for silent brain infarcts are
very similar to white matter abnormalities, includ-
ing hypertension, diabetes, and cigarette smoking.
In a recent report from the Framingham Study,
approximately half of the infarcts were located in
the basal ganglia and 35% subcortical.56 There is
also a high correlation of white matter abnormali-
ties and brain infarcts.57,58 The separation of small

infarcts from white matter abnormalities may be
difficult.59

The smaller MRI sample size as compared with
the entire randomized hormone therapy trial pre-
cluded any analysis of changes in BP levels during
the trial by active vs placebo treatment assignments
in the hormone trial, and we therefore could not
answer the question as to whether the small
increase in BP among women on hormone therapy
contributed to their WMLs.

CONCLUSIONS
The results of this study reinforce the importance
of hypertension in etiology of WML volumes in the
brain. We do not know whether treatment of ele-
vated BP will prevent the development of white
matter abnormalities, how low the BP needs to be
lowered, and whether a class of antihypertensive
drugs is better than other drugs. We have only sug-
gestive evidence that the progression of WMLs can
be slowed by BP-lowering therapy.

Further clinical trials are needed to better deter-
mine whether white matter abnormalities can be
prevented or progression slowed by antihyperten-
sive therapy, the specific drug therapy, and BP lev-
els. Whether prevention of vascular disease in the
brain will reduce risk of dementia is an important
unanswered question, perhaps the most important
for current hypertension treatment.60 The preven-
tion of WMLs and then progression should there-
fore be a high priority in future hypertension
treatment and prevention studies. Therefore, it is
clear that even moderately elevated BP is associated
with silent vascular disease in the brain that con-
tributes to risk of dementia. A prudent clinical
approach at present would encourage maintaining
as low a BP as possible, especially beginning in
young and middle ages, in order to possibly prevent
dementia as well as stroke. There are no other
potentially effective preventive therapies.

Disclosures: The Women’s Health Initiative program is
funded by the National Heart, Lung, and Blood Institute of
the National Institutes of Health and the US Department of
Health and Human Services through contracts N01WH22110,
24152, 32100-2, 32105-6, 32108-9, 32111-13, 32115, 32118-
32119, 32122, 42107-26, 42129-32, and 44221. The Women’s
Health Initiative Memory Study was funded in part by Wyeth
Pharmaceuticals, Inc, St Davids,PA. ClinicalTrials.gov identifier:
NCT00000611.
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