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Abstract

Background: Endothelial dysfunction measured via flow-mediated dilation (FMD) is associated with greater risk
of future hypertension and cardiovascular events in postmenopausal women. Aerobic exercise training has been
shown to improve endothelial function in Caucasian populations, but has not been evaluated specifically in
African Americans. This has clinical importance due to the increased prevalence of cardiovascular disease in
African Americans.
Methods: In the present pilot study, 8 African American (age: 55.8 – 1.7 years, peak oxygen uptake [VO2 peak]:
21.0 – 3.9 mL/kg/minute, body mass index [BMI]: 30.1 – 6.3 kg/m2) and 16 Caucasian (age: 57.2 – 5.9 years, VO2

peak: 21.8 – 3.7 mL/kg/minute, BMI: 29.3 – 5.2 kg/m2) sedentary postmenopausal women underwent brachial
artery FMD measurements before and after 12 weeks of aerobic exercise training. FMD was quantified by
comparing B-mode ultrasound images of the brachial artery at rest and following reactive hyperemia after 5
minutes of forearm occlusion. Participants performed aerobic exercise training 4 days per week for 12 weeks.
Results: Despite improvements in fitness in both groups, aerobic exercise training did not significantly improve
FMD in African American (5.8% to 5.7%, p = 0.950) or Caucasian postmenopausal women (5.7% to 6.6%,
p = 0.267). In women with the greatest impairment in endothelial function at baseline (FMD < 4.5%), a significant
improvement in FMD was observed, independent of race, following exercise training (2.2% to 6.2%, p = 0.007).
Conclusion: The benefits of aerobic exercise training on endothelial function in postmenopausal women are most
pronounced in women with endothelial dysfunction prior to training and do not appear to be affected by race.

Introduction

African American women are at a substantially greater
risk of cardiovascular disease (CVD) compared to their

Caucasian counterparts.1 Specifically, the overall prevalence of
CVD in the United States for African American women and
Caucasian women are 47.3% and 33.8%, respectively.1 Similar
to the epidemiologic data showing health disparities in CVD
prevalence, several studies have shown that African Americans
have a greater risk of impaired endothelial function compared
with Caucasians, which has been reported in a variety of
populations,2–5 including postmenopausal women.4 En-
dothelial dysfunction is a subclinical event in atherogenesis
that precedes the development of overt CVD6 and has been
shown to be predictive of future hypertension7 and cardio-

vascular events in postmenopausal women.8 Potential eti-
ologies for these racial differences include higher levels of
oxidative stress,9 endothelin-1,2 and asymmetric dimethy-
larginine10 in African Americans compared with Caucasians.
Specifically, Loehr et al.4 found lower brachial artery flow-
mediated dilation (FMD) in African American (2.9%) com-
pared with Caucasian (3.5%) postmenopausal women in the
Cardiovascular Health Study. Therefore, improving endothe-
lial function should have a beneficial effect on overall cardio-
vascular risk in African Americans.

Aerobic exercise training has been shown to improve en-
dothelial function, especially in populations with CVD
risk.6,11,12 However, to our knowledge no data exist specifi-
cally investigating the effect of aerobic exercise training on
endothelial function in African American women, which has
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clinical importance due to the increased risk of CVD in Afri-
can Americans13 and postmenopausal women in general.14

Thus, the purpose of the present pilot study was to examine
the effect of 12 weeks of aerobic exercise training on endo-
thelial function in sedentary postmenopausal African Amer-
ican and Caucasian women. As many physiological responses
to exercise training are affected by baseline levels and because
African American postmenopausal women have a greater risk
of impaired endothelial function,4 we hypothesized that both
Caucasian and African American women would improve
endothelial function with exercise training, with greater im-
provements observed in African American women.

Methods

Study design

Prior to intervention, participants underwent a maximal
incremental treadmill protocol and body composition as-
sessment. On a separate occasion, endothelial function was
assessed by FMD. Following completion of baseline measure-
ments, all participants began a 12-week supervised aerobic
exercise training program that consisted of walking/jogging
on an indoor track or treadmill. Following the completion of
exercise training, participants repeated the maximal incre-
mental treadmill protocol, body composition, and endothelial
function measurements from baseline. The primary dependent
variable of the study was the change in FMD following exercise
training in African American and Caucasian women. Ad-
ditionally, we evaluated changes in peak oxygen uptake (VO2

peak), weight, percent body fat, and waist circumference. This
study was approved by the Institutional Review Board for
Health Sciences Research at the University of Virginia.

Participants

After providing written informed consent, each participant
underwent an outpatient history, physical examination, and
vital signs, height, and weight measurements. Blood was
drawn for biochemical screening tests of hepatic, renal, he-
matological, endocrine, and metabolic function. In addition,
follicle-stimulating hormone was measured to confirm post-
menopausal status. Exclusion criteria included taking ace in-
hibitors, cholesterol lowering medications, or estrogen
replacement medications; participating in aerobic exercise
more than two times per week; having type 1 or 2 diabetes;
being premenopausal; or having other medical conditions
that contraindicated exercise training.

Body composition and anthropometry

Body density was measured using air displacement pleth-
ysmography (Bod-Pod, Life Measurement Instruments) cor-
rected for thoracic gas volume as described previously.15 In
Caucasian participants, the Siri equation16 was used to de-
termine percent body fat from body volume measurements.
For African American women, a race specific equation was
used to determine percent body fat.17 Weight was evaluated
on a calibrated scale. Waist circumference measurements
were evaluated at the level of the umbilicus and the natural
waist (narrowest region of the waist between the lower rib
and the iliac crest). At each site, we evaluated waist circum-
ferences in triplicate, and the average of these measurements
was used for data analysis.

Exercise testing

Aerobic fitness was measured using an incremental maxi-
mal treadmill test. Each woman began walking at an initial
velocity of 60 meters per minute and the treadmill velocity
was increased by 10 meters per minute every 3 minutes (the
duration of each stage) until volitional exhaustion. Pul-
monary ventilation and gas exchange were measured with
standard open-circuit spirometry (VMax 29 series, Cardinal
Health). Peak oxygen uptake (VO2 peak) was defined as the
highest 1-minute oxygen uptake obtained prior to volitional
exhaustion.

Endothelial function

Women were tested after an overnight fast at the University
of Virginia General Clinical Research Center in the morning
(between 7:00 and 9:00 am) in a quiet, temperature controlled
room. In addition, participants were asked not to consume
caffeine during this fasting period and not to exercise 24 hours
prior to measurements. Brachial artery assessments were ob-
tained using 2D and Doppler ultrasound measurements (HDI
5000, Philips Ultrasound). Brachial artery diameter was as-
sessed using Brachial Analyzer Software (Brachial Analyzer,
Medical Imaging Applications), and the brachial artery mean
blood velocity was measured using a pulse-wave Doppler
with online angle correction and analysis software. All im-
aging was performed in the long axis approximately 4 cm
proximal of the antecubital fold in the anterior/medial plane,
and were triggered to the R wave of the cardiac cycle. Arterial
diameters (mm) were calculated as the mean distance be-
tween the anterior and posterior wall at the vessel–blood in-
terface. Flow mediated dilation measurements were defined
as the percent change in vessel diameter from rest to peak
dilation after treatment.

Prior to baseline measurements, participants were asked to
rest in a supine position for 15 minutes. After the baseline
measurements were performed, a blood pressure cuff was
placed 4–5 cm distal of the antecubital fold and inflated to
50 mm Hg above resting systolic blood pressure for 5 minutes.
The cuff was then rapidly deflated (reactive hyperemia) and
measurements were obtained at peak dilation (60 to 90 sec-
onds after cuff release).

All brachial artery images were captured and stored to an
optical disk and recorded on a super-VHS videotape to allow
for data analysis by using a custom designed edge-detection
and wall-tracking software (Brachial Analyzer, Medical
Imaging Applications). This software significantly minimizes
investigator bias and has a mean reported intraobserver co-
efficient of variation of 6.7% for repeated measures of FMD,
which is significantly lower than the traditional manual, on-
line caliper method.18 The digital images were acquired and
analyzed in accordance with the guidelines offered by the
International Brachial Artery Reactivity Task Force.19 The
same blinded investigator analyzed the data from all FMD
measurements after the completion of the study. In our lab,
the intraobserver variability is 2.93% [CV¢ = SDD/(100 + l);
l = mean absolute change in diameter. The coefficient of var-
iation of our laboratory for FMD measurements is 27.5%.

At baseline and follow-up, FMD measurements were sep-
arated from exercise testing measurements by at least 24
hours. At follow-up, the FMD measurement was performed
between 24 and 72 hours after the last exercise session.
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Exercise intervention

Women participated in a 12-week supervised exercise in-
tervention (walking/jogging). Each participant was asked to
complete four exercise sessions (days) per week at alternating
exercise intensities; two at moderate intensity (rating of per-
ceived exertion [RPE] * 10–12), and two at high intensity
(RPE * 15–17). The duration/distance of each exercise ses-
sion was adjusted based on each participant’s individual
VO2–velocity relationship so that each participant would ex-
pend approximately 250 kcal per training session during
weeks 1–2, 300 kcal per training session during weeks 3–4,
and 350 kcal per training session during weeks 5–12. As each
participant’s fitness improved and the velocity required to
maintain the assigned RPE increased, exercise duration/dis-
tance was readjusted to maintain kcal requirement. Partici-
pant’s weight was measured every 2 weeks in order to adjust
exercise duration/distance to the correct caloric expenditure.
All sessions were supervised by the research team. Training
compliance was calculated by dividing the number of at-
tended sessions by the total number of scheduled sessions.

Statistical analysis

Baseline subject characteristics and exercise training com-
pliance were compared between the African American and
Caucasian study groups using Wilcoxon rank sum test. The
baseline to post-intervention changes in VO2 peak and waist
circumference were analyzed using repeated measures anal-
ysis of covariance (ANCOVA), with participant race (African
American, Caucasian) functioning as the ANCOVA model
factor, and baseline value functioning as the ANCOVA model
covariate.

The FMD data were analyzed using repeated measures
ANCOVA. The response measurements denoted the change
in FMD from baseline to follow-up. Two sources of variation
in the response measurements were examined: participant
race (African American, Caucasian), and study phase (base-
line, follow-up). The baseline response measurements were
utilized in the analysis as covariate adjustment information.
With regard to hypothesis testing, linear-contrasts of the
ANOVA least squared means were utilized to estimate the
means for the baseline to post-intervention changes in FMD,
and to estimate the means for between-phase and between-
race difference in the changes in FMD.

Analyses were also performed to evaluate the change in
FMD in participants categorized with impaired FMD at
baseline ( < 4.5%) and participants with normal FMD ( > 4.5%)
at baseline. We selected these criteria based on data published
by Rossi et al.,8 which found that FMD values below 4.5%
were associated with the highest relative risk of cardiovas-
cular events in postmenopausal women.8 An ANOVA of re-
peated measures was used to determine the change in FMD
from baseline to follow-up. For confirmation purposes, a
similar analysis was performed for participants in the lower
50th percentile (impaired) and the upper 50th percentile (not
impaired) in baseline FMD (median split).The median of our
sample for baseline FMD was 5.7%. Baseline demographic
characteristics of women classified as impaired and not im-
paired (for 4.5% and the median split criteria) were compared
with a Wilcoxon rank sum test for continuous variables. A
Fisher’s exact test was used to compare the proportion of
African Americans compared to Caucasian who were classi-

fied as impaired at baseline for 4.5% and the median split
criteria. For each statistical test, a p value £ 0.05 was the cri-
terion for rejecting the null hypothesis.

Results

Participants

Demographic information is displayed in Table 1. At
baseline, no significant differences were observed for age,
VO2 peak, BMI, percent fat, or body weight between African
American and Caucasian participants (all p values > 0.05). No
significant differences were observed in exercise training
compliance ( p = 0.690) between the African American (83.3%)
and Caucasian (86.6%) women.

Exercise training

VO2 peak. Significant improvements in VO2 peak were
observed in both African American (21.0 to 23.8 mL/kg/
minute, p = 0.05) and Caucasian participants (21.8 to 25.8 mL/
kg/min, p < 0.001, Table 2). However, no significant differ-
ences in the change in VO2 peak between African American
(13.5%) and Caucasian (18.3%) women were observed
( p = 0.445) (Table 2).

Body composition. No significant within- or between-
group changes in BMI, body weight, percent body fat, or
waist circumference were observed (Table 2).

FMD. Baseline FMD was not significantly different be-
tween African American and Caucasian participants (5.77%
vs. 5.75%, p = 0.695). Similarly, no significant changes in FMD
were observed following aerobic training in African Ameri-
can or Caucasian women (all p values > 0.05) (Fig. 1A).

Training effects on endothelial function in participants
with impaired FMD at baseline

We evaluated the effect of exercise training on endothelial
function in participants with impaired FMD prior to training in
order to determine the efficacy of exercise training in women
with the greatest CVD risk.8 Participants with baseline FMD
< 4.5% (n = 8) were classified as having impaired endothelial
function. The remaining participants (n = 16) were classified as
not impaired. Results for baseline FMD before and after exer-
cise training are presented in Fig. 1B. In participants with im-
paired baseline FMD, ANOVA revealed a significant
improvement in FMD following exercise training (2.2% to 6.2%,

Table 1. Participant Baseline Characteristics

African American Caucasian
(n = 8) (n = 16)

Age (years) 55.9 – 1.7 57.2 – 5.9
Height (cm) 162.7 – 3.5 162.8 – 6.8
Weight (kg) 79.5 – 16.6 78.0 – 15.4
BMI (kg/m2) 30.1 – 6.3 29.3 – 5.2
VO2 peak (mL/kg/minute) 22.0 – 3.9 23.8 – 3.7
Body fat (%) 43.0 – 8.0 44.0 – 3.8

Values are presented as mean – standard deviation (SD).
BMI, body mass index; VO2 peak, peak oxygen uptake.
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p = 0.007). Participants with normal FMD at baseline did not
improve FMD after training (7.8% to 6.7%, p = 0.508) (Fig. 1B).

We performed a similar analysis for participants with
baseline FMD < 50th percentile (n = 12) and > 50th percentile
(n = 12) of our study sample (Fig. 1C). The 50th percentile for the
baseline FMD in the present study was 5.7%. Similarly, we
found that participants with FMD < 50th percentile increased
FMD significantly following exercise training (3.2% to 5.9%,
p = 0.029), whereas participants above the 50th percentile did
not improve (7.6% to 6.9%, p = 0.399). No significant differences
were observed in demographic baseline characteristics of the
women categorized as impaired and not impaired (by both
the 4.5% and the median criteria) shown in Table 3. In addition,
no significant differences were observed in the proportion of
African Americans or Caucasians who were classified as impaired
by the 4.5 criteria ( p = 1.00) or median split criteria ( p = 0.715).

Discussion

The primary finding of the present pilot study was that
aerobic exercise training did not improve endothelial function

in African American or Caucasian postmenopausal women.
However, we observed a significant improvement in FMD in
women with the greatest degree of endothelial dysfunction
prior to training. The clinical implications are that aerobic
exercise training improves endothelial function in individuals
with heightened CVD risk (e.g., individuals with impaired
endothelial function), but may not further increase FMD in
participants with normal endothelial function prior to train-
ing. Future studies should evaluate African Americans and
Caucasians with greater levels of cardiovascular risk or en-
dothelial dysfunction.

Lack of racial differences in baseline endothelial
function prior to exercise training

In contrast to previous studies,3,4,9 we observed no signif-
icant differences in baseline FMD between African Americans
and Caucasians women. Specifically, Loehr et al.4 observed
impaired endothelial function in postmenopausal African
Americans (2.9%) compared with Caucasians (3.4%) with
CVD or suspected CVD. However, Gokce et al.20 reported no

Table 2. The Effect of Exercise Training on Fitness and Body Composition in African American

and Caucasian Postmenopausal Women

Baseline Follow-up Change p-value

African Americans (n58)
VO2 peak (mL/kg/minute) 21.0 – 3.9 23.8 – 8.0 + 2.8 0.05
Weight (kg) 79.5 – 16.5 79.0 – 15.2 - 0.4 NS
BMI (kg/m2) 30.0 – 6.3 29.9 – 5.8 - 0.2 NS
Umbilicus waist circumference (mm) 98.1 – 14.9 95.7 – 12.6 - 2.4 NS
Natural waist circumference (mm) 93.9 – 13.5 90.4 – 9.1 - 3.6 NS
Percent fat (%) 42.9 – 8.0 41.2 – 8.7 - 1.7 NS

Caucasians (n516)
VO2 Peak (mL/kg/min) 21.8 – 3.7 25.8 – 5.2 + 4.0 < 0.001
Weight (kg) 78.0 – 15.4 76.8 – 14.8 - 1.2 NS
BMI (kg/m2) 29.3 – 5.2 28.8 – 4.8 - 0.6 NS
Umbilicus waist circumference (mm) 102.0 – 12.5 101.5 – 13.8 - 0.4 NS
Natural waist circumference (mm) 93.9 – 13.5 92.3 – 13.0 - 1.5 NS
Percent fat (%) 44.0 – 3.9 43.4 – 4.6 - 0.6 NS

Values are presented as mean – SD.
NS, not significant.

FIG. 1. Change in flow-mediated dilation (FMD) following aerobic exercise training in (A) African American and Cau-
cassian participants; (B) participants with impaired ( < 4.5%) and not impaired ( > 4.5%) FMD at baseline; (C) participants with
impaired FMD (lower 50th percentile) and not impaired (upper 50th percentile) based on median split. Changes in FMD are
expressed as adjusted least square means – 95% confidence intervals. *Significantly greater change in FMD in women who
had impaired FMD at baseline compared to those that had normal FMD levels at baseline.
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differences in FMD between healthy African American and
Caucasian participants, but a racial difference in hypertensive
subjects, suggesting that racial differences in endothelial
function become more apparent in higher risk populations.

A potential limitation of previous studies observing racial
differences between African Americans and Caucasians in
endothelial function is that fitness/physical activity levels were
not measured.3,4,9 This may represent an important confounder
as fitness level in some studies has been shown to be positively
associated with endothelial function,21–23 and fitness differ-
ences exist between African Americans and Caucasians.24,25

Our findings suggest that in postmenopausal women without
cardiovascular disease and similar fitness levels, no racial dif-
ferences in baseline endothelial function are present.

Effects of exercise training on endothelial function

In mostly Caucasian populations, aerobic exercise training
has been shown to improve endothelial function in individ-
uals with significant cardiovascular disease risk (e.g., diabe-
tes, coronary artery disease (CAD), metabolic syndrome),11,26,27

but responses to exercise training have been less consistent in
healthy individuals.6,28 The results of the present study indi-
cate that aerobic exercise training did not improve endothelial
function in apparently healthy African American or Cauca-
sian postmenopausal women. Our results are consistent with
exercise training studies in apparently healthy postmeno-
pausal populations without cardiovascular disease.29–31

Casey et al.30 found no significant change in FMD after 18
weeks of treadmill training in healthy subjects (n = 10). Simi-
larly, Black et al.32 reported no significant change in FMD after
12 weeks of aerobic training in sedentary postmenopausal
women (n = 6), but an improvement in FMD approached
significance ( p = 0.07) after 24 weeks of training. Pierce and
colleagues31 reported that 8 weeks of aerobic exercise training
was associated with a significant improvement in FMD in
older men (from 4.6 to 7.1%) but had no effect on FMD in

estrogen-deficient postmenopausal women, despite similar
improvements in maximal exercise treadmill time after
training. Although no specific mechanism was identified ex-
plaining these gender differences, the authors indicated that
differences in peak shear rate or area under the shear rate
curve did not explain the lack of an exercise training effect on
FMD in postmenopausal women.31

It is unlikely that the lack of a significant improvement in
FMD observed in the present study is explained by the fact
that walking/jogging exercise is predominately a lower-body
exercise. Other studies have observed increased FMD with
walking/jogging exercise and brachial artery FMD mea-
sures.11,33 In addition, increased blood flow/antegrade shear
stress (the stimulus for improvements in endothelial function
after exercise training)34 are present in the non-working
musculature/vasculature (i.e., brachial artery) during pre-
dominately lower-body aerobic exercise.35,36 Although im-
provements in endothelial function only occurred in subjects
with impaired endothelial function in the present study, we
observed improvements in fitness levels in both African
American and Caucasian women, which is associated with
reduced risk for CVD and type 2 diabetes.37

Exercise training in women with impaired endothelial
function at baseline

The impact of aerobic exercise training on endothelial
function may be dependent on whether endothelial dys-
function is present at baseline. Based on consistent observa-
tions of improved endothelial function in subjects with
cardiovascular risk, and inconsistent results in apparently
healthy participants, Green et al.6 suggested that baseline
endothelial function may be an important factor determining
whether FMD can be increased with aerobic training. Pierce
et al.31 also speculated that exercise training may be more
effective for postmenopausal women with more severely
impaired endothelial function. The only report addressing

Table 3. Baseline Characteristics of Participants with Impaired FMD at Baseline

Based on the 4.5% Criteria and Median Split Criteria

Impaired criteria: FMD < 4.5% Not impaired (n = 16) Impaired (n = 8) p-value

African American/Caucasian (n) 6/10 2/6
Age (years) 55.7 (3.9) 58.0 (4.9) 0.31
BMI (kg/m2) 28.6 (5.7) 31.8 (3.5) 0.19
Body fat (%) 42.8 (5.8) 45.3 (4.8) 0.28
VO2 peak (mL/kg/minute) 22.1 (4.5) 21.0 (1.9) 0.42
Waist circumference (umbilicus) 98.0 (12.3) 105.9 (12.4) 0.23
Waist circumference (natural waist) 90.6 (11.3) 99.1 (13.0) 0.17
FMD (%) 7.0 (1.7) 2.2 (2.3) < 0.001

Impaired criteria: lower 50th percentile Not impaired (n = 12) Impaired (n = 12) p-value

African American/Caucasian (n) 5/7 3/9
Age (years) 55.3 (3.9) 57.6 (4.6) 0.25
BMI (kg/m2) 29.8 (6.1) 29.5 (5.9) 0.75
Body fat (%) 43.5 (6.2) 43.8 (4.9) 0.90
VO2 peak (mL/kg/minute) 21.8 (5.2) 21.6 (1.9) 0.91
Waist circumference (umbilicus) 100.1 (13.3) 100.1 (12.3) 0.99
Waist circumference (natural waist) 92.5 (12.3) 94.0 (12.7) 0.78
FMD (%) 7.6 (1.5) 3.2 (2.3) < 0.001

FMD, flow-mediated dilation.
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this issue directly was performed by Swift et al.38 who found
that in postmenopausal women with elevated blood pressure
or hypertension, the greatest improvement in FMD was found
in women with endothelial dysfunction at baseline. In the
present study, we observed a similar relationship in a sample
of healthier postmenopausal women. In order to reduce bias
when classifying participants with endothelial dysfunction,
we performed two separate analyses based on (1) previous
data in the literature (above and below 4.5%),8 and (2) the
median FMD value of our study sample (upper and lower
50th percentile).

No significant differences were observed in the demo-
graphic characteristics (age, waist circumference, fitness,
body fat, weight) between women with impaired or normal
FMD at baseline. A limitation of the analysis is the possibility
of a ‘‘regression to the mean’’ phenomenon. However, in
support of our conclusions, we did not observe a significant
decrease in endothelial function in women without impaired
FMD at baseline. Therefore, aerobic exercise appears to be an
effective intervention to improve endothelial function in ap-
parently healthy postmenopausal women with endothelial
dysfunction who have the greatest risk of future hyperten-
sion7 and CVD events8 based on epidemiological data. For
sedentary individuals who begin an aerobic exercise program
with normal FMD, exercise may help to preserve healthy
endothelial function.

Several limitations exist in the present study. Due to diffi-
culty in participant recruitment, we were unable to have a
non-exercise training control group. Additionally, there was a
small sample of postmenopausal African American partici-
pants. However, we feel that the sample size is appropriate
considering the pilot nature of this trial. In addition, we did
not measure endothelial-independent dilation. Pierce et al.31

reported that exercise training did not affect endothelial-in-
dependent dilation in their postmenopausal subjects. Lastly,
FMD values were not corrected for shear AUC. However,
evidence exists that shear stress normalization may only be
appropriate for young adults, as Thijssen et al.39 observed no
significant correlation between FMD and various methods of
shear stress correction in older adults. Additionally, previous
studies have observed significant relationships between FMD
uncorrected for shear and cardiovascular disease risk.8,40

In conclusion, the present study suggests that in sedentary
African American and Caucasian postmenopausal women,
improvement in endothelial function in the response to aer-
obic exercise training is related to the severity of brachial ar-
tery FMD impairment prior to initiating the training program,
but not by race. The results of this pilot study suggest that
future studies should evaluate responses to exercise training
on endothelial function in higher risk populations (e.g., adults
with cardiovascular disease, diabetics, etc.) in which endo-
thelial dysfunction may be more prevalent.
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