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The influence of obesity and metabolic risk
variables on brachial-ankle pulse wave
velocity in healthy adolescents
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Measurement of brachial-ankle pulse wave velocity
(baPWV) is recognized as a simple and practical method
for assessing arterial stiffness. We determined whether
the baPWV of adolescents is affected by obesity and its
associated metabolic risk variables. A cross-sectional
sample of 754 apparently healthy adolescents (383 men
and 371 women), aged 15–17 years, was recruited for this
study. baPWV was measured by a simple automatic
oscillometric technique. Adiposity measures, blood
pressure, serum lipoproteins, fasting glucose and insulin
were evaluated. The baPWV of the adolescents was
significantly higher in men than in women and increased
with age in both genders. After being statistically
adjusted for age and gender, baPWV was significantly
correlated with body mass index, percent body fat, waist-
to-height ratio, systolic and diastolic blood pressures,
mean arterial pressure, triglycerides, high-density lipo-

protein cholesterol (HDL-C), atherogenic index, glucose,
insulin, and homoeostasis model assessment of insulin
resistance (HOMA-IR). In the multivariate regression
analysis, mean arterial pressure, atherogenic index,
HOMA-IR, systolic blood pressure and age were found
to be significant determinants of baPWV (Po0.001). An
increasing number of clustered risk variables, including
high values (4gender-specific top quartiles) of waist-to-
height ratio, mean arterial pressure, atherogenic index
and HOMA-IR showed a graded association with baPWV
(Po0.001 for trend). These results suggest that obesity
and its associated metabolic abnormalities are important
factors in the increased baPWV of adolescents and that
baPWV may be useful in investigating early arterial wall
changes in this population.
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Introduction

Increasing arterial stiffness, one of the pathological
symptoms of vascular damage, is believed to play a
part in the development of atherosclerotic cardio-
vascular diseases.1,2 Obesity in adults is often
associated with such complications as hyperten-
sion, glucose intolerance and dyslipidaemia.3 Clus-
tering of these metabolic disturbances contributes to
the acceleration of vascular stiffening and athero-
sclerosis.4 In recent decades, the prevalence of
childhood obesity has been increasing in developed
countries.5,6 Some studies have shown that severe
obesity in teenagers is associated with an adverse
metabolic profile7,8 and produces endothelial dys-
function and reduced arterial distensibility.9,10

Furthermore, the early structural changes are a sign
of an increased risk of developing atherosclerosis in
adulthood.11,12 These observations emphasize not
only the importance of strategies to control obesity
and its metabolic consequences but also the need to
evaluate arterial wall properties early in life.

Arterial stiffness can be assessed by pulse wave
velocity (PWV),13 which is associated with systemic
atherosclerosis at various sites in the vascular tree.14

In recent years, brachial-ankle PWV (baPWV) has
been utilized as a simple, convenient and automatic
method of measuring PWV, and it is considered
useful for screening arterial stiffness in primary care
settings and in large populations.15,16 Therefore,
baPWV measurement may be suitable for the
assessment of arterial wall properties in adolescents,
although few studies have been conducted in this
generation.17–19 The purpose of this study was to
determine whether baPWV is affected by obesity
and its associated metabolic abnormalities and
whether baPWV is applicable to the investigation
of the early progression of arterial stiffness in
healthy adolescents.
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Materials and methods

Study subjects
We conducted health-screening examinations of ado-
lescents in high schools in Japan between 2002 and
2007. From the participants, a cross-sectional sample
of apparently healthy adolescents (383 male and 371
female subjects aged 15–17 years) was included in the
analyses of this study. The subjects had no history of
hypertension, syndromal obesity, diabetes mellitus,
dyslipidaemia or renal disease. Individuals who had
electrocardiographic evidence of coronary disease or
cardiac arrhythmia were also excluded.

Written informed consent as well as clearance for
the examination data to be used were obtained from
the subjects and their guardians after they had
received an explanation of the study aim and
procedures. The protocol was approved by the
Ethics Committee of Wakayama Medical University.

Obesity and metabolic risk variables
Anthropometric measurements were made with each
subject in light clothing without shoes. Weight was
measured with a precalibrated digital scale and
height was measured with a portable stadiometer.
Body fat mass was estimated from total the body
resistance, measured with a bioelectrical impedance
analyzer (TBF-310, TANITA Co., Tokyo, Japan).
Waist circumference was measured at the end of
normal expiration at the midpoint between the iliac
crest and the lower edge of the ribs in the midaxillary
line using a standard non-stretchable flexible
measuring tape. Waist-to-height ratio (WHR) was
calculated as an index of visceral fat accumulation.

When the subject was in a supine position, brachial
arterial blood pressure (BP) was measured three times
in the right arm with a digital BP monitor (HEM907,
OMRON Co., Tokyo, Japan). The average of the last
two readings was used to derive the representative
value for systolic BP (SBP) and diastolic BP (DBP).
The mean arterial pressure (MAP) was calculated as
MAP¼DBPþ (SBP�DBP)/3.

After the subjects had fasted for more than 8h
overnight, blood samples were obtained from the
antecubital vein for the measurement of serum
concentrations of total cholesterol (TC), high-den-
sity lipoprotein cholesterol (HDL-C), triglycerides,
fasting plasma glucose and fasting serum insulin.
The atherogenic index was calculated as a measure
of dyslipidaemia using the following formula: (TC
(mmol l�1) �HDL-C (mmol l�1))/HDL-C (mmol l�1).
Insulin resistance was estimated by the homoeos-
tasis model assessment of insulin resistance
(HOMA-IR) from glucose and insulin values. The
calculations were performed as follows: fasting
insulin (mUml�1)� fasting glucose (mmol l�1)/22.5.

Pulse wave velocity
Brachial-ankle PWV was measured using a volume-
plethysmographic apparatus (form ABI/PWV Colin

Co., Komaki, Japan) with an appropriate cuff size.
Before the test, each subject lay in a supine position
for more than 10min in a temperature-controlled,
quiet room. Measurements obtained with this
apparatus have been shown to have good reprodu-
cibility and to be highly correlated with aortic PWV
measured using a catheter-tipped manometer.15

Briefly, with this apparatus, waveform data were
obtained from a volume plethysmographic sensor
placed in cuffs on both brachia and both ankles, and
time intervals (T) between the wave fronts of the
brachia and those of the ankles were calculated. The
distance (L) between the heart and sampling points
was calculated automatically according to the sub-
ject0s height. The baPWV was calculated using the
following formula: baPWV¼L/T (L¼La�Lb, where
‘La’ is the path length from the heart to the ankle and
‘Lb’ is the path length from the heart to the
brachium). The mean of the right and left baPWV
was used for the analysis because there was a highly
significant positive correlation between the left and
right baPWVs (r¼ 0.94, Po0.001).

Statistical analyses
Results are expressed as mean±s.d. unless other-
wise stated. The gender-based differences in the
population were compared using the t-test. The
correlations of baPWV with obesity and metabolic
risk variables were assessed with univariate analysis
and multivariate linear regression analysis adjusted
for age and gender. Furthermore, multivariate
regression analyses were performed to investigate
significant determinants of baPWV. The following
recognized relevant factors were entered in the
models as explanatory variables: body mass index,
body fat mass, WHR, SBP, DBP, MAP, triglycerides,
TC, HDL-C, atherogenic index, glucose, insulin and
HOMA-IR. In the analyses, age and gender were
forced into the models as covariates because the
baPWV of adolescents may be influenced by these
factors. Univariate one-way analysis of covariance
was used to test the differences in baPWV among
subgroups who were divided according to the
presence or absence of metabolic risk variables,
with age included as a covariate. The null hypoth-
esis was rejected at Po0.05 as the level of
significance. All calculations were performed using
the SPSS statistical package 12.0 for Windows
(SPSS Software Inc., Chicago, IL, USA).

Results

The anthropometric, haemodynamic and blood
biochemical characteristics by gender are shown in
Table 1. There were no significant differences in
mean age, triglycerides or atherogenic index be-
tween male and female subjects. Height, body mass
index, waist circumference, SBP, DBP, MAP, baPWV
and glucose were significantly higher in male

PWV and metabolic risk variables in healthy adolescents
N Miyai et al

445

Journal of Human Hypertension



subjects. In contrast, percent body fat, heart rate, TC,
HDL-C, insulin and HOMA-IR were significantly
higher in female subjects than in male subjects.

In male subjects, the mean values of baPWV at 15,
16 and 17 years were 979±121, 1002±105 and
1052±102 cms�1, respectively. In female subjects,
the mean values were 934±97, 951±96 and
980±94 cms�1, respectively. A significant differ-
ence in baPWV was observed between genders in
all age groups (Po0.01).

The correlations of baPWV with adiposity mea-
sures and metabolic risk variables by univariate
regression analyses are shown in Table 2. In both
male and female subjects, all variables except TC or
glucose were significantly associated with baPWV.
However, the magnitude of the correlation with
baPWV differed between genders. After age and
gender were adjusted for, baPWV was significantly
correlated with body mass index, percent body fat,
WHR, SBP, DBP, MAP, triglycerides, HDL-C, athero-
genic index, glucose, insulin and HOMA-IR.

The results of stepwise multiple linear regression
analysis investigating significant determinants of
baPWV in each component of metabolic syndrome
criteria are shown in Table 3. In the regression
model, using adiposity indices of this study as
explanatory variables, body fat mass and WHR, but
not body mass index were significant determinants
of baPWV. Among the parameters of BP, both MAP
and SBP were selected in the model. However, the
standardized regression coefficient for MAP was
much greater than that for SBP. The atherogenic
index and triglycerides were the lipoprotein para-
meters that determined baPWV. A stronger associa-
tion was found in the atherogenic index, one of the
measures of dyslipidaemia. Similarly, HOMA-IR, an
estimation of insulin resistance, was selected,
instead of glucose and insulin, as the best predictor
of baPWV in the model.

The selected parameters in each component of
metabolic syndrome together with age and gender
were used to examine the independent associations
with baPWV (Table 4). In the multivariate regression
model, the MAP, atherogenic index, HOMA-IR, SBP
and age were found to be factors that were
independently associated with baPWV. Other vari-
ables, such as body fat mass, WHR, triglycerides and
gender were not selected as significant determi-
nants.

On the basis of the results of the multivariate
analysis, we used WHR, MAP, atherogenic index

Table 1 Anthropometric, haemodynamic and blood biochemical characteristics of the study population

Variables Male subjects (n¼ 383) Female subjects (n¼371) P-value

Age (years) 16.3±0.8 16.2±0.8 0.612
Height (cm) 170.7±6.3 159.3±5.8 o0.001
Body mass index (kg/m2) 21.2±2.8 20.6±2.5 0.004
Body fat mass (%) 18.9±5.4 25.8±4.8 o0.001
Waist circumference (cm) 72.6±7.5 69.1±5.7 o0.001
Brachial-ankle pulse wave velocity (cms�1) 1012±114 963±103 o0.001
Systolic blood pressure (mmHg) 116.6±10.3 106.2±8.3 o0.001
Diastolic blood pressure (mmHg) 60.7±7.4 57.6±6.1 o0.001
Mean arterial pressure (mmHg) 79.3±7.7 73.8±6.3 o0.001
Heart rate (beat per min) 63.7±9.8 65.4±10.4 0.039
Triglycerides (mmol l�1) 0.69±0.39 0.64±0.29 0.097
Total cholesterol (mmol l�1) 4.29±0.65 4.60±0.70 o0.001
High-density lipoprotein cholesterol (mmol l�1) 1.67±0.34 1.83±0.39 o0.001
Atherogenic index 1.65±0.58 1.58±0.50 0.103
Fasting plasma glucose (mmol l�1) 4.90±0.38 4.83±0.39 0.022
Fasting serum insulin (pmol l�1) 50.6±27.9 61.1±27.8 o0.001
HOMA-IR 1.61±1.00 1.91±0.92 o0.001

Abbreviations: HOMA-IR, homoeostasis model assessment of insulin resistance.
Values are mean± s.d.

Table 2 Correlation coefficients of brachial-ankle PWV with
variables by univariate regression analysis

Variables Male subjects
(n¼ 383)

Female subjects
(n¼371)

Study subjectsa

(n¼ 754)

Age 0.182* 0.124* —
BMI 0.329** 0.243** 0.278**
Body fat mass 0.340** 0.327** 0.387**
WHR 0.347** 0.283** 0.307**
SBP 0.594** 0.495** 0.610**
DBP 0.523** 0.504** 0.508**
MAP 0.597** 0.542** 0.594**
TG 0.266** 0.239** 0.244**
TC 0.099 0.021 0.050
HDL-C �0.265** �0.244** �0.255**
AI 0.339** 0.319** 0.318**
GLU 0.251** 0.040 0.147**
IRI 0.333** 0.262** 0.302**
HOMA-IR 0.352** 0.258** 0.311**

Abbreviations: AI, atherogenic index; BMI, body mass index; DBP,
diastolic blood pressure; GLU, fasting plasma glucose; HDL-C, high-
density lipoprotein cholesterol; HOMA-IR, homoeostasis model
assessment of insulin resistance; IRI, fasting serum insulin; MAP,
mean arterial pressure; PWV, pulse wave velocity; SBP, systolic blood
pressure; TC, total cholesterol; TG, triglycerides; WHR, waist-to-
height ratio.
aCorrelation coefficients are adjusted for age and gender.
*Po0.05, **Po0.001.
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and HOMA-IR as the representatives in each
component of metabolic syndrome. Subjects were
defined as having components of metabolic syn-
drome if they had high values (4gender-specific top
quartiles) for the four metabolic syndrome variables.
For male subjects, the cutoff points for WHR,
MAP (mmHg), atherogenic index and HOMA-IR
were 0.45, 85, 2.0 and 2.0, respectively; for female
subjects, the cutoff points were 0.47, 80, 2.0 and
2.5, respectively. As shown in Figure 1, mean

values of baPWV increased proportionally with an
increasing number of clustered risk variables
(941±96, 983±97, 1020±101, 1079±110 and
1192±104 cms�1; Po 0.001 for trend).

When a metabolic syndrome was identified by the
presence of a high value of WHR together with two
high values of MAP, atherogenic index or HOMA-IR,

Table 3 Associations of brachial-ankle PWV with the parameters in each component of metabolic syndrome by stepwise multivariate
regression analysis

Variablesa Regression coefficient s.e. b t P-value

Adiposity index (R2¼ 0.170, Po0.001)
Body fat mass 4.357 1.226 0.243 3.553 o0.001
WHR 418.651 154.027 0.153 2.718 0.007
Age 14.944 4.837 0.111 3.090 0.002
Genderb 82.696 11.121 0.372 7.436 o0.001

Blood pressure (R2¼0.364, Po0.001)
MAP 6.470 0.914 0.447 7.077 o0.001
SBP 1.493 0.693 0.146 2.156 0.031
Age 13.771 3.246 0.114 4.243 o0.001
Genderb �0.163 6.990 �0.001 �0.023 0.981

Lipid profile (R2¼ 0.172, Po0.001)
AI 52.624 8.218 0.260 6.403 o0.001
TG 39.716 13.106 0.123 3.030 0.003
Age 15.742 4.823 0.117 3.264 0.001
Genderb 42.553 7.983 0.191 5.330 o0.001

Glucose tolerance index (R2¼ 0.155, Po0.001)
HOMA-IR 34.913 4.110 0.311 8.496 o0.001
Age 19.514 4.874 0.145 4.004 o0.001
Genderb 57.691 8.146 0.259 7.082 o0.001

Abbreviations: AI, atherogenic index; HOMA-IR, homoeostasis model assessment of insulin resistance; MAP, mean arterial pressure; PWV, pulse
wave velocity; SBP, systolic blood pressure; TG, triglycerides; WHR, waist-to-height ratio.
Body mass index, diastolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, fasting plasma glucose and fasting serum
insulin were not selected as a significant determinant in the relevant model.
aAge and gender were forced into all regression models as a covariate.
bMale subjects: 1, female subjects: 0.

Table 4 Associations of brachial-ankle PWV with the selected
parameters in each component of metabolic syndrome by
stepwise multivariate regression analysis

Variablesa Regression coefficient s.e. b t P-value

MAP 5.097 1.041 0.347 4.895 o0.001
AI 33.952 6.434 0.168 5.277 o0.001
HOMA-IR 15.138 3.622 0.135 4.179 o0.001
SBP 2.120 0.782 0.204 2.711 0.007
Age 13.482 4.039 0.100 3.338 0.001
Genderb �1.322 8.010 �0.006 �0.165 0.869

Abbreviations: AI, atherogenic index; HOMA-IR, homoeostasis model
assessment of insulin resistance; MAP, mean arterial pressure; PWV,
pulse wave velocity; SBP, systolic blood pressure.
aValues entered in the model were body fat mass, waist-to-height ratio,
mean arterial pressure, systolic blood pressure, atherogenic index,
triglycerides and homoeostasis model assessment of insulin resis-
tance. Age and gender were forced into the model as a covariate.
bMale subjects: 1, female subjects: 0.
Adjusted R2¼ 0.425, Po0.001.

Figure 1 Comparisons of baPWV among subjects grouped
according to the number of clustered metabolic risk variables.
Vertical bars indicate mean±s.d. Values in parentheses are
numbers of subjects. Data were analysed using univariate one-
way analysis of covariance, with age as a covariate. The P for
trend was o0.001.
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a total of 54 subjects (7.2%) satisfied the criteria for
metabolic syndrome. The mean value of baPWV was
significantly higher in the subjects with metabolic
syndrome than in those without metabolic
syndrome (1129±122 vs 976±103 cms�1, one-way
analysis of covariance Po0.001).

Discussion

The present cross-sectional study of healthy adoles-
cents showed that baPWV was closely correlated
with age and differed between genders, but BP, lipid
profiles, insulin resistance and all adiposity mea-
sures were significantly related to baPWVafter being
statistically adjusted for the impact of age and
gender. Clustering such metabolic risk variables
contributed to the acceleration of an increase in
baPWV. Therefore, obesity and its associated meta-
bolic abnormalities are considered as important
determinants of the baPWV of adolescents. The data
lend support to the idea that the baPWV measure-
ment is applicable to the assessment of the early
progression of arterial stiffness and can provide
useful information on the atherosclerotic cardiovas-
cular risk of individuals during adolescence.

In population studies, there are several non-
invasive ways to assess atherosclerotic vascular
damage.15,16,20,21 PWV is one of the functional
markers of vascular wall changes and mainly related
to arterial elastic properties.22 PWV is generally
measured between the carotid and femoral arteries
(carotid–femoral PWV). There are some reports
showing that the carotid–femoral PWV is a maker
of the severity of vascular damage and the prognosis
of cardiovascular diseases.2,23 BaPWV has been
utilized as a simple, convenient and automatic
method of PWV measurement. Because the baPWV
is determined by brachial-ankle arterial pressure
wave measurements using a fully automated device,
it does not agree with the carotid–femoral PWV.
However, the baPWV has been shown to have high
correlation with invasively derived carotid–femoral
PWV.15 Likewise, although the carotid–femoral PWV
is an established method of measuring PWV, this
parameter cannot be obtained simply enough for
screening of a general population. The measurement
of baPWV has an advantage in primary care settings
and in large population studies because its admin-
istration does not require special skills and is easy,
quick and relatively free from operator bias com-
pared with the other vascular assessments.24,25

The baPWV of adolescents in this study increased
gradually with increasing age in both male and
female subjects. Moreover, in multivariate regres-
sion analyses, age was a significant determinant of
baPWV. In adults, the increase in PWV with age is
mainly due to a decrease in elasticity caused by the
degeneration of the arterial wall.22 It is speculated,
however, that the baPWV in adolescence is more
strongly associated with the increase in cardiac
output than with the decrease in elastin and

increase in collagen. Adolescents are growing
physically; therefore, increased cardiac output due
to the development of cardiovascular system in-
creases the arterial BP and also affects the baPWV. It
is well known that BP directly affects pulse waves,
and variations of BP are associated with PWV. In
addition, some studies have reported that baPWV is
strongly influenced by gender in adults and that the
difference is due to the beneficial effect of female
hormones on arterial stiffness.26,27 In this study, the
baPWV of adolescents was higher in male than in
female subjects, and the difference was more
evident with increasing age. This finding suggests
that the influence of sex hormones contributes to
arterial stiffness in postpubertal female adolescents.
However, the relatively low cardiac output and
arterial BP in female subjects appeared to account
for an appreciable part of the gender difference in
the PWV of adolescents.

In concordance with the results of earlier stu-
dies,17,18 the baPWV of adolescents in this study was
influenced by age and gender. However, a multi-
variate regression analysis revealed that MAP,
atherogenic index, HOMA-IR and SBP were inde-
pendently associated with baPWV after statistically
adjusted for the impact of age and gender. The
findings are important for understanding the deter-
minants of baPWV in adolescence. It is suggested
that in addition to the development of cardiovas-
cular system that is accompanied by arterial pres-
sure increase, obesity and its associated metabolic
consequences contribute to the acceleration of
baPWV of adolescents. Although mechanisms by
which obesity is linked to arterial disease remain
unclear, excess body fat, accumulation of abdominal
visceral fat and large waist circumference have been
identified as risk factors for accelerated arterial
stiffening.28,29 Obesity in adults is often associated
with complications, such as hypertension, glucose
intolerance and dyslipidaemia.3 We found that
obesity was related to similar changes in the
metabolic profiles in adolescence and that all
adiposity measures were significantly correlated
with baPWV. Accordingly, the vascular effects of
obesity may occur even in adolescents, who are at a
very early stage of vascular aging. However, in a
stepwise multivariate regression model, none of the
adiposity measures was selected as an independent
determinant of baPWV. The result suggests that
relation of obesity to baPWV is largely mediated by
the presence of raised BP, dyslipidaemia, insulin
resistance and impaired glucose tolerance.

We also revealed a cumulative relationship be-
tween an increasing number of components of the
metabolic syndrome and baPWV. The graded nature
of the relationships occurred at levels that were low
as compared with the levels associated with high
atherosclerotic disease risk in adult population. In
accordance with the findings, some researchers have
shown inverse associations between arterial disten-
sibility measured with an ultrasound scanning
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technique and several risk factors, such as choles-
terol levels11 and atherosclerotic risk factors, in
children and adolescents.30,31 The observations in
the present and earlier studies indicate that arterial
wall structure and function can be influenced by
atherosclerotic risk factors as early as the second
decade of life, and the vascular changes in adoles-
cents may not be confined to individuals suffering
from severe obesity, hypertension, hyperlipidaemia
or diabetes mellitus. This fact emphasizes not only
the importance of strategies to control obesity and
its metabolic consequences but also the need to
evaluate arterial wall properties early in life.

The results of this study have indicated that
baPWV has potential as a useful indicator of
atherosclerotic cardiovascular risk over other con-
ventional indicators in adolescents. However, as
mentioned above, the baPWV of adolescents is
influenced by age and gender, and the impact of
obesity and metabolic risk variables on baPWV
might be masked by the effect of these factors. For
instance, an earlier study using children of wide age
range could not show the correlation of baPWV with
obesity index.17 We selected the adolescents, aged
15–17 years, as study population to clarify the
relationship of obesity and metabolic risk variables
with baPWV by eliminating the impact of age- and
development-related changes as much as possible.
The baPWV is obtained simply and non-invasively;
therefore, it can be applied for the screening of early
arterial wall changes in adolescent population.
However, some adjustments for age as well as gender
are required in the interpretation of baPWV values
compared with the normal standard. It is desirable
that a future study with the use of a large sample
size will be carried out to establish baPWV reference
values for adolescents based on age and gender.

Several potential limitations of this study should
be considered. First, the subjects we analysed were
school-based, healthy adolescents. Persons with
severe obesity, hypertension, hyperlipidaemia and
hyperglycaemia were not included. Thus, it may be
inappropriate to generalize all of the results ob-
tained in this study. Our data show the associations
between baPWV and the variables that may con-
tribute to the acceleration of vascular stiffening.
Therefore, baPWV is considered useful for identify-
ing early arterial wall changes in adolescents.
However, we did not compare the validity of baPWV
with the other available vascular assessment tech-
niques. In addition, because arterial stiffness is an
important cause of atherosclerotic cardiovascular
disease in adulthood, baPWV has the potential to
provide useful information on the risk of developing
such diseases. However, the prognostic significance
of baPWV in adolescents must be defined in
controlled long-term prospective studies.

In conclusion, increased baPWV in healthy ado-
lescents has a significant association with the
clustering of metabolic risk variables, including
high values of waist circumference, BP, lipid

profiles and insulin resistance. The findings suggest
the importance of obesity and its associated meta-
bolic abnormalities in the evolution of arterial
stiffness in adolescents and emphasize the need
for preventive strategies early in life. The baPWV
may be a useful method to estimate atherosclerotic
cardiovascular risk and, thereby, identify indivi-
duals who should be subject to further observation
and consideration of other risk factors.
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