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Abstract

Background: Identifying the best marker for appropriate screening of risk factors of chronic diseases seems necessary in any soci-
ety.
Objectives: This study aimed at performing a comparative evaluation of anthropometric indices to determine a better marker for
prediction of high blood pressure in adolescents.
Methods: This cross-sectional study was done during 2013 on 1046 students, aged 11 to 19 year old in Kashan, who were chosen by
cluster and class sampling method. Height, waist circumference (WC), waist-to-hip ratio (WHR), waist-to-high ratio (WHtR), systolic
blood pressure (SBP), and diastolic blood pressure (DBP) of the subjects were measured. Blood pressure of all subjects, who had their
blood pressures measured during the first visit, was measured during the second and third visit again, and the three measured blood
pressure averages was considered as subjects’ blood pressure.
Results: This study showed a significant positive correlation between BP and body mass index (BMI), WC, WHR, and WHtR indices
(P < 0.001). Receiver operating characteristic curve (ROC) analysis was performed. Area under the curve (AUC) was obtained for BMI
(0.62 to 0.73), WC (0.67 to 0.76), WHR (0.57 to 0.67), and WHtR (0.63 to 0.77) in diastolic blood pressure and BMI (0.66 to 0.76), WC (0.68
to 0.78), WHR (0.57 to 0.67) and WHtR (0.67 to 0.77) in systolic blood pressure. The WHtR in adolescents had better distinguishing
power than other anthropometric indices.
Conclusions: The WHtR, as a relatively simple, inexpensive, and convenient measurement method is the best anthropometric index
for determination of blood pressure in these subjects.
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1. Background

Hypertension causes 1 in 8 deaths worldwide, being the
third leading cause of death worldwide (1). In 2000, there
were nearly one billion adults with hypertension around
the world, and it is predicted that their number would
reach 1.56 billion people in 2025 (2). Studies have shown
that blood pressure problems may begin in adolescence
and even in childhood and continue to adulthood (3-5). In
other words, the root of blood pressure in adulthood often
starts from childhood (4). Body mass index, as an index of
obesity recommended by the world health organization, is
a risk factor for high blood pressure (6, 7). Much attention
has also been paid to the use of waist circumference (WC)
for cardiovascular disease (CVD) risk assessment and man-
agement in adults (8, 9), as WC is strongly correlated with
abdominal fat (10). Some studies have proposed waist as a
better index than BMI and WHR to detect abdominal obe-
sity and cardiovascular risk factors (11-13). However, this re-

sult was not confirmed in Asian countries, and still the best
index for obesity predicting cardiovascular disease risk is
yet to be determined (14, 15). Waist-to-high ratio (WHtR) is
introduced as a better index than BMI and WC for screen-
ing blood pressure and diabetes in adults (16, 17). Although
WHtR was widely used in adults, yet there is little informa-
tion about WHtR in children and adolescents.

Given that to the best of our knowledge there were no
studies on the investigation of the best anthropometric
index to predict high blood pressure in adolescents, and
that the predictive power of anthropometric indices for
cardiovascular risk factors depends on the population of
each region and varies from race to race, thus identifying a
better marker for appropriate screening for risk factors of
chronic diseases is necessary in any society.
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2. Objectives

This study was performed to investigate the following
objectives:

1- Determining the relationship between blood pres-
sure and anthropometric indices in female teenage school
students.

2- Comparative evaluation of anthropometric indices
to determine a better marker for prediction of high blood
pressure in adolescents.

3. Methods

This cross sectional study was done on female teenage
students, aged 11 to 19 years old in Kashan (a city in the cen-
ter of Iran), during year 2013, who were selected by clus-
ter and class sampling. All the schools in Kashan city were
divided to 5 regions (North, South, East, West and Cen-
ter), and then from every region, the number of middle
and high schools, depending on the number of schools
in each region, was randomly selected and maximum of
two classes from each level were selected randomly. De-
mographic information of all enrolled students was ob-
tained before data collection; anthropometric indices of
each participant, including weight, height, waist, and hip
sizes, were measured and recorded using standard meth-
ods by a trained researcher.

3.1. Measurements

Height was measured to the nearest 0.5 cm when the
subjects stood wearing socks and with their heads in the
Frankfort horizontal plane. Weight was measured to the
nearest 0.1 kg with a Seca scale (model 762, made in Ger-
many). Every day before use of the Seca scale, accuracy of
the system was controlled using standard weights. Height
and weight were measured in duplicate, and the average
of the 2 measurements was used to calculate the body mass
index (BMI). Body mass index was calculated as weight (kg)
divided by height (m) squared. Waist circumference was
measured in triplicates, midway between the lowest rib
and the superior border of the iliac crest, with a flexible
tape. The average of the 3 waist circumference measure-
ments was used in all analyses. The measurement was car-
ried out at the end of a normal expiration while the subject
stood upright with their feet together and arms hanging
freely on their sides. Hip circumference was measured at
the maximum point below the waist, without compressing
the skin.

The WHtR was calculated from waist-to-height division
and WHR was calculated from waist-to-hip division. Mea-
surement of blood pressure was done according to the

America heart association recommendations, in the sit-
ting position from right arm after 5 minutes rest by using
an appropriate cuff. A pressure cuff was used that covers
at least two-thirds of the arm. Pressure cuff was closed 20
mm above the bend of the elbow and in all cases, the blood
pressure of a person was measured by a Riester mercury
manometer (made in Germany) with 5 mmHg precision.
The manometer was inspected on a daily basis. In order to
prevent errors between observers, measuring blood pres-
sure and anthropometric indices was trained one person.
For more accurate results, the following factors were con-
sidered:

- To reduce anxiety in all steps before the start.
- Subjects had no strenuous physical activity or exercise

at least half an hour before blood pressure measurement.
- To reduce the error due to uncomfortable bladder di-

latation, subjects were asked to evacuate the bladder be-
fore measuring blood pressure.

- Subjects did not eat chocolate, tea, coffee or heavy
food during the one hour before measurement of blood
pressure.

All subjects, who had a high blood pressure in the first
visit, had their blood pressure measured on another visit
(second time) and finally if in the second time they had
high blood pressure, their blood pressure was measured
on their third visit and the average of three measured
blood pressures was considered as subjects’ blood pres-
sure. New guidelines were used for blood pressure classi-
fication of subjects, provided by the fourth report on the
diagnosis, evaluation, and treatment of high blood pres-
sure in children and adolescents. According to the guide-
lines that are adjusted based on age, gender, and height, if
the average of three measurements of systolic or diastolic
blood pressure was equal or above 95% to 99%, it was con-
sidered as hypertension and if the average of three mea-
surements of systolic or diastolic blood pressure was above
90% but less than 95%, it was considered as prehyperten-
sion, and blood pressure less than 90% was considered as
normal blood pressure. The teens whose blood pressure
was equal to or higher than 120/80 but less than 95% were
considered to have prehypertension (18).

In order to determine underweightness and obesity,
specific age-gender percentages of centers for disease con-
trol and prevention were used (19, 20). According to this
classification, body mass index less than 5% was consid-
ered as underweight, 5% and above 85% was considered
normal, 85% and above 95% was considered overweight
(20). Waist of more than 75% was considered as abdominal
obesity based on specific age and gender (21-23).

The WHtR was calculated by dividing waist to height
and was classified in four groups: less than 0.4 (probably
underweight), 0.4 to 0.5 (appropriate), 0.5 to 0.6 (proba-
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bly needs to take action to reduce this ratio), more than 0.6
(there is a need to take action to reduce this ratio) (24). Also
greater than 0.5 was considered as abdominal obesity (25,
26). All data was measured by one of the researchers.

Sample size was calculated on the basis of a previ-
ous study, which recorded prevalence of hypertension in a
school-aged adolescent population as 10.3% (27). Consider-
ing 95% confidence interval, the required sample size was
920. However, a total of 1046 subjects were included in the
study.

3.2. Data Analysis

Data were analyzed with SPSS software v.16.0 (SPSS Inc.,
Chicago, IL, USA). Kolmogorov-Smirnov test showed that
the distribution of data was normal (P < 0.05). Results
are expressed accordingly with means and standard de-
viations (SD). Quantitative variables were associated with
analysis of variance (ANOVA). Receiver operator character-
istic (ROC) for the different indexes and their combina-
tions were used to identify the best cut off point with 95%
confidence intervals. A P < 0.05 was considered significant.

3.3. Ethical Considerations

This study was approved by the ethics committee of
Kashan University of Medical Sciences (grant no. 9092).
The study participants were informed about the aim and
the course of the study, being free to participate in the
study, being free to withdraw from the study at any stage,
and confidentiality of personal information. After obtain-
ing consent from school administrators and receiving con-
sent from parents and students, information was obtained
from the participants.

4. Results

The study included a sample of 1046 female adoles-
cents aged 11 to 19 years. The mean age was 15.33 years (SD
= 1.51); the general characteristics of the participants are
shown in Table 1. Analysis of variance (ANOVA) statistical
test showed a significant positive correlation between BP
and BMI, waist, WHR, and WHtR, all correlations were sig-
nificant at P < 0.001 (Table 2). The area under the ROC
curve (AURC) was obtained for BMI (0.67), WC (0.714), WHR
(0.62), and WHtR (0.72) in diastolic blood pressure and BMI
(0.71), WC (0.73), WHR (0.62) and WHtR (0.73) in systolic
blood pressure. Tables 3 and 4 depict the best cut off val-
ues, sensitivity, specificity, likelihood ratio, positive (PPV)
and negative (NPV) predictive values and the percentage of
correctly classified patients with each index. Likelihood ra-
tios were used for assessing the value of performing these
tests. A PPV higher than 1 indicated that the test could

be used to confirm the disease while a lower LR-indicates
the test could be used to rule out the disease. The cut-off
points were selected using Youden index, at which (sensi-
tivity + specificity -1) is maximized (Youden index is the dif-
ference between the true positive rate and the false posi-
tive rate). Maximizing this index allows to find, from the
ROC curve, an optimal cut-off point independently from
the prevalence.

Table 1. General Characteristics of the Studied Subjects (n = 1046)

Variable Mean ± SD Levels Min Max

Age, y 15.33 ± 1.51 11 19

Menarche age 11.72 ± 3.36 0 16

Height, cm 159.49 ± 6.21 135 183

Weight, kg 55.50 ± 11.88 30 106

BMI, kg/m2 21.77 ± 4.27 12.96 41.15

Waist circumference, cm 73.57 ± 10.67 52 120

Waist-to-hip ratio, WHR 0.8 ± 0.07 0.53 1.21

Waist-to-high ratio, WHtR 0.46 ± 0.07 0.32 0.76

Systolic blood pressure, mmHg 71.23 ± 10.39 70 170

Diastolic blood pressure, mmHg 110.60 ± 15.68 50 106.67

5. Discussion

Early determination of pre-hypertension and high
blood pressure cause early interference and likely prevent
further complications and mortality of individuals (18).
Our study showed that the best Anthropometric index for
prediction of high blood pressure among female adoles-
cents is WHtR. The prevalence of pre-hypertension in fe-
male adolescents in schools of Kashan was 6.8%, and over-
all prevalence of hypertension (high diastolic and systolic
blood pressure) was 6.3%. In this study, 25.3% of studied
subjects were overweight or obese, and the ANOVA statis-
tical test showed a statistical relationship between dias-
tolic and systolic blood pressure with BMI (P <0.001), so
that BMI increased with an increase in systolic and dias-
tolic blood pressure, and the highest average blood pres-
sure in adolescents with BMI was 95%. The relationship
between blood pressure and BMI was expressed in several
studies (28-32). Blood pressure in overweight and obese
adolescents may be due to increased cardiac output, phys-
ical inactivity, high sodium intake, and alteration in recep-
tors for various presser substances (27). Also, physiologi-
cal changes, such as high activity of the sympathetic ner-
vous system, the renin-angiotensin system (33, 34), and in-
sulin resistance could be the cause of the relationship be-
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Table 2. Relationship Between Systolic and Diastolic Blood Pressure by Anthropometric Indicesa

Variable Definitio Diastolic blood Pressure,
mmHg

Systolic Blood Pressure, mmHg P Valueb

BMI

< 5th 66.50 (10.21) 103.21 (15.93)

P < 0.001
≥ 5th to 85th 70.06 (9.77) 108.15 (14.46)

≥ 85th to 95th 74.24 (10.28) 116.81 (14.72)

95th < 78.27 (11.25) 123.67 (16.36)

WAIST
75th 70.26 (9.92) 109.31 (14.90)

P < 0.001
75th < 78.51 (10.10) 120.21 (17.91)

WHR

< 0.80 69.71 (9.67) 108.42 (15.05)

P < 0.001
0.80 to 0.85 72.13 (10.35) 112.83 (15.02)

0.85 - 0.90 73.13 (11.96) 112.73 (15.49)

0.90 < 74.72 (10.25) 116.33 (17.76)

WHtR

0.4 > 67.51 (8.85) 104.82 (13.43)

P <0.001
0.4 - 0.5 70.49 (1.03) 110.08 (15.01)

0.5 - 0.6 76.02 (1.03) 116.96 (15.68)

0.60 < 79.20 (1.10) 119.94 (22.89)

aValues are expressed as mean (SD).
bAnova.

Table 3. Areas Under the ROC Curve, Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of BMI, WC, WHR and WHtR for the Prediction of Diastolic
Hypertension

Variable Diastolic Blood Pressure, mmHg

AURC (95%CI) Cut off Sen (95% CI) Spe (95% CI) PPV (95% CI) NPV (95% CI) Youden index

BMI, kg/m2 0.67 (0.62 - 0.73) 24.3 0.50 (041 - 0.59) 0.80 (0.77 - 0.83) 0.23 (0.18 - 0.28) 0.93 (091 - 0.95) 0.30

Waist circumference, cm 0.71 (0.67 - 0.76) 79.5 0.58 (0.49 - 0.67) 0.75 (0.72 - 0.78) 0.23 (0.18 - 0.28) 0.94 (0.92 - 0.96) 0.34

waist-to-hip ratio (WHR) 0.62 (0.57 - 0.67) 0.79 0.71 (0.63 - 0.79) 0.59 (0.56 - 0.62) 0.15 (0.12 - 0.18) 0.93 (0.91 - 0.95) 0.22

waist-to-high ratio (WHtR) 0.72 (0.63 - .77) 0.48 0.71 (0.63 - 0.79) 0.67 (0.64 - 0.7) 0.21 (0.17 - 0.25) 0.95 (0.93 - 0.97) 0.39

Abbreviations: AURC, Areas Under the ROC Curve; NPV, Negative Predictive Value; PPV, Positive Predictive Value; Sen, Sensitivity; Spe, Specificity.

Table 4. Areas Under the ROC Curve, Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of BMI, WC, WHR and WHtr for the Prediction of Systolic
Hypertension

Variable Systolic Blood Pressure

AURC (95%CI) Cut off Sen (95% CI) Spe (95% CI) PPV (95% CI) NPV (95% CI) Youden index

BMI, kg/m2 0.71 (0.66 - 0.76) 23.4 0.59 (0.5 - 0.68) 0.74 (0.71 - 0.77) 0.24 (0.19 - 0.29) 0.93 (0.91 - 0.95) 0.33

Waist circumference, cm 0.73 (0.68 - 0.78) 78.5 0.62 (0.54 - 0.7) 0.73 (0.7 - 0.76) 0.24 (0.19 - 0.29) 0.93 (0.91 - 0.95) 0.35

waist-to-hip ratio (WHR) 0.62 (0.57 - 0.67) 0.79 0.70 (0.62 - 0.78) 0.51 (0.48 - 0.54) 0.16 (0.13 - 0.19) 0.93 (0.91 - 0.95) 0.22

waist-to-high ratio (WHtR) 0.73 (0.67 - 0.77) 0.48 0.71 (0.63,0.79) 0.66 (0.62,0.7) 0.225 (0.18 - 0.27) 0.94 (0.92 - 0.96) 0.37

Abbreviations: AURC, Areas Under the ROC Curve; NPV, Negative Predictive Value; PPV, Positive Predictive Value; Sen, Sensitivity; Spe, Specificity.

tween obesity and hypertension. Effectively, endothelial-
dependent dilation, and arterial compliance in obese ado-
lescents is reduced similar to adults, an issue proposed as

an atherogenic process in any age when a person is ex-
posed to extreme obesity (34). This shows the importance
of clinical checking of BP and BMI from adolescence to
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adulthood.
The study results showed that an increase in waist-

to-height ratio is associated with increasing systolic and
diastolic blood pressure in female students of Kashan
and there is a significant relationship between them (P <
0.001).

In the current study, 24.6% of studied adolescents were
at risk for obesity and WHtR higher than 0.5. In Pakistani
students this amount was 16.5% (35), which indicates a
high prevalence of obesity in studied subjects. The ANOVA
test showed a positive relationship between WHtR and
mean systolic-diastolic blood pressure in adolescents (P <
0.001).

The findings were consistent with the results of some
previous studies. The study results of Kahn et al. showed
WHtR as a relatively simple ratio that requires no age or
gender characteristics, and had the capability to replace
specific percentage for age and gender, BMI to assess the
risk of cardiovascular diseases associated with overweight
and obesity (36). In a study done by Saeed et al., about an-
thropometric risk factors and predictors of hypertension,
it was shown that WHtR is the most important anthropo-
metric predictor of hypertension and blood pressure lev-
els (37). Also, other studies showed a strong relationship
between WHtR and cardiovascular diseases and metabolic
risk in children, and measurement of waist-to-height ratio
was recommended as a method to measure abdominal fat
in children, independent of age, especially for early child-
hood care and epidemiological studies (38, 39).

WHtR indicates visceral or intra-abdominal adipose tis-
sue mass that it is proved (for adults) to be associated with
subcutaneous body fat mass (40). Visceral fat mass in chil-
dren and adolescents is the lowest and in children is usu-
ally sporadic (41). Despite this, the presence of visceral fat
in children and adolescents is interpreted as a sign of ex-
cessive fat storage. That is, even among youth with low or
normal weight by BMI-percentile criteria, the emergence
of more or larger adipocytes in the visceral compartment
would indicate that these youth have already exceeded the
capacity of their peripheral adipoc and other tissues to
buffer and store normal amounts of lipid fuels (42). These
fats are usually burned, yet may cause increase in triglyc-
erides in the circulation (43). Ultimately their increase
causes different diseases in the future. Additional fat may
accumulate in fat storage tissues (such as muscle, liver and
pancreatic beta cells) and lead to a metabolic disorder (44,
45). As a result, WHtR may be a more useful tool for global
clinical screening with a weighted mean boundary value
of 0.5, supporting the simple public health message: keep
your waist circumference to less than half your height (16).

Study strengths and limitations: The strengths of this
study were the large sample size, extensive age includ-

ing adolescents aged 11 to 19 years old, comparison of the
four anthropometric indices and use of mercury sphyg-
momanometer that is considered a gold standard for non-
invasive BP measurements. Accurate and multiple blood
pressure measurement are other strengths of this study,
so that in subjects, who had high blood pressure, their
blood pressure was measured for a second or third time
and three measured blood pressure average was consid-
ered as subjects’ blood pressure. Limitations of the study
included a population sample limited to girls and not hav-
ing annual visits. Further studies are needed to determine
the relationship between blood pressure and anthropo-
metric indices in males. Future studies might also com-
pare anthropometric indices to determine a better marker
for prediction of high blood pressure in male adolescents.

5.1. Conclusion

The current study showed that WHtR was relatively
simple, inexpensive and convenient measurement
method, which is the best anthropometric index for
determination of risk factors that is CVD in subjects.
With regards to hypertension and obesity being health
problems in adolescent females, the design of training
programs for adolescent females and their parents is
essential. These should be educational programs on be-
havioral changes recommended by parents and students.

Additional work on other populations is required to
determine the generalizability of these thresholds.
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