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Abstract 

Background: Hypertension is a risk factor for various 
cardiometabolic diseases. Obesity is associated with 
hypertension,for which various pathophysiological pathways  
have been found.Hence getting an anthropometric measurement 
which correlates best with blood pressure will help in early 
diagnosis of obesity. Many new anthropometric measurements 
have been suggested due to the shortcomings identified with using 
Body Mass Index like Abdominal Volume Index, A body Shape 
Index and Body Roundness Index.Methods: After taking approval 
from institutional scientific and ethics committee this study was 
started. 55 adolescent students were selected by cyclic stratified 
random sampling. Physical parameters like Blood pressure, height, 
weight, waist circumference, hip circumference were taken. These 
values were put into various formulae to derive the anthopometric 
measurements like Waist Hip Ratio, Body Mass Index, Abdominal 
Volume Index, A body Shape Index and Body Roundness Index. 
These measurements were correlated with systolic and diastolic 
blood pressure.Results: 69.1% girls and 30.9% boys were a part of 
the study. A significant positive correlation was found between 
Systolic Blood Pressure and Waist circumference, Hip 
circumference, Waist hip ratio, Body Mass Index, Abdominal 
Volume Index and Body Roundness Index. The maximum 
correlation was found with Waist circumference.Conclusion: It is 
necessary that anthropometric measurements which take adiposity 
into consideration be used so that obesity can be picked up much 
before it exerts its ill effects like  systemic Hypertension. 
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INTRODUCTION 

According to the global burden of disease 
2019 report of Lancet, one of the highest 
jump in risk factor prevalence for 
hypertension was in the form of increased 

Body Mass Index (BMI). Also the level 2 risk 
factor globally for attributable death was 
high systolic blood pressure, which 
accounted for 10·8 million of all deaths in 
2019.1 

 In 2019, ischaemic heart disease and stroke 
were the top-ranked causes of DALYs in 
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both the 50–74-year and 75-years-and-older 
age groups. Since 1990, there has been a 
marked shift towards a greater proportion of 
burden due to non-communicable diseases 
and injuries. In 2019, there were 11 countries 
where non-communicable disease and injury 
constituted more than half of all disease 
burden.[1] 

Many longitudinal studies conducted over 
decades have concluded that childhood 
hypertension correlates with adult 
hypertension. In that case taking care of risk 
factors of hypertension at an early stage will 
definitely help in preventing or even the 
extending the time of onset of hypertension. 

Hypertension itself is a risk factor for 
cardiovascular diseases. Many studies have 
shown that prevalence of hypertension is 
increasing in younger population in the age 
group of 18-39 years which is being pointed 
at obesity at young age due to unhealthy 
eating habits.[2,3]Prehypertension and 
hypertension among this age group can be 
extrapolated to cardiovascular events at a 
later age. Previous studies have shown that 
obesity was mainly responsible for 
development of hypertension in 15% males 
and 20% females.[4]Obesity which is divided 
into various classes based on Body Mass 
Index (BMI) is foreseen as an important and 
preventable risk factor for various 
cardiometabolic disorders. The World Health 
Organization adopted the classification of 
BMI to identify persons with not only 
underweight but also obesity and Morbid 
obesity.According to WHO factsheet dated 
April 1, 2020 the prevalence of obesity has 
tripled since 1975. Also, overweight and 
obesity are killing more number of people 
than underweight .The prevalence of obesity 
among children of age 5-19 years increased 
from 4% in 1975 to 19% in 2016. The low to 

middle income countries are fighting a war 
not only with communicable diseases but 
also non communicable diseases. Almost half 
of children below 5 years of age with obesity 
were from Asia. This has been attributed to 
calorie dense, micronutrient poor, high sugar 
food items which are available at a lower 
cost.[5]All these points prove that we need to 
be extra vigilant in order to not only 
diagnose but also prevent obesity.  

It was in the 1900s that medical importance 
of body fatness came into the limelight. The 
insurance companies used a weight to height 
ratio to give an approximation of overweight 
and obese people. But it was realised after 
many years that this does into take into 
consideration the bone mass. It was noted 
that a person’s leg length has an effect on 
weight adjusted for person’s weight. Hence a 
mathematical formula was searched which 
would negate the leg length issue. Thus was 
born the concept of BMI, which till today 
boasts of a high position in anthropometric 
measurements and is used to classify a 
person as obese and non obese. The World 
Health organization too uses this parameter 
to classify persons under different 
classifications of body weight. BMI earlier 
known as quetelet index is calculated as 
Body mass in kg divided by square of ht in 
meters. By squaring the height, body mass 
distribution is achieved at each level of 
height as it decreases the effect of leg length. 
Recently though some points are coming 
forward which are making the extensive use 
of BMI as an anthropometric measurement 
questionable.For example it has been noted 
that there has been an upward population 
trend with regards to body weight and 
height and the author suggests that tuning of 
BMI ranges is necessary to accommodate the 
same. Also BMI gives no information 
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regarding body fat location as according to 
the study conducted years ago by Dr Jon 
Vogue, it was found that body fat location in 
the upper part was much more linked to 
cardiovascular events compared to lower 
body fat. Also visceral fat accumulation, 
abdominal girth have been most linked to 
coronary heart disease, hypertension. In this 
case BMI as a measurement falls short in 
identifying the same. Hence other 
measurements which give an idea about fat 
distribution need to be looked into. In this 
regard various measurements like Waist 
Circumference (WC), Waist Hip 
Ratio(WHR), Body Roundness Index (BRI), A 
body shape Index(ABSI),Abdominal Volume 
Index (AVI) have come into forefront which 
use mathematical formulae to identify body 
fat distribution and possible risks of future 
comorbidities.[6] 

 
What becomes the need of the hour is to find 
out which anthropometric measurement 
gives the closest estimate of risk due to 
obesity so that precautions can be taken to 
prevent future development of associated 
diseases. If such measurements are used 
from a young age it may be possible to slow 
disease progression. 

Body roundness index (BRI) was developed 
by Thomas et al to quantify height 
independent individual body shape. It was 
found to have a better prediction of percent 
body fat (derived from Dual Energy X ray 
Absorptiometry  and percentage of  visceral 
adipose tissue (derived from MRI) compared 
to BMI or waist circumference and hip 
circumference.[7] Body Adiposity Index (BAI) 
was developed to  reflect percent body fat for 
different ethnicities without correction.Dual 
energy X-ray absorptiometry was used as 
gold standard. Hip circumference and height 

were taken as bases for creating the 
mathematical equation,BAI= (Hip 
circumference/height1.5)-18. 

Although BMI is used at a large scale but it 
has many shortcomings. BMI does not 
indicate the body fat distribution and is 
affected by gender, ethnic differences and 
age. Hence finding anthropometric 
measurements which are able to identify 
body fat and especially central body fat 
distribution will go a long way in identifying 
the people who actually have risk factor for 
cardiometabolic events. In this regard 
various measurements like Waist 
circumference(WC), Waist Hip Ratio(WHR), 
Body Adiposity Index(BAI), a body Shape 
Index (ABSI), Abdominal Volume Index 
(AVI) have been developed to give a clearer 
picture of the same. 

This study was done to know the correlation 
of various anthropometric 
measurementswith blood pressure of 
Adolescent medical students of PK Das 
Medical College. 

 

MATERIALS AND METHODS 

The primary objective of this study was to 
determine the correlation of blood pressure 
with various anthropometric measurements. 

The study was started after getting approval 
from the institutional scientific committee 
and ethics committee. 

The sampling strategy used for this study 
was Circular Systematic Random Sampling. 
As the study was conducted in a Medical 
College setting, the sample size was 
determined after making necessary 
corrections for determination of sample size 
for a finite population. The prevalence of 
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hypertension among adolescents was taken 
as 15.3% based on a previous study.[8] 

As the study included only adolescents, a list 
of all adolescent students studying in PK Das 
Medical College was prepared. There were a 
total of 150 students at the point when the 
study was conducted. The list of students 
was selected from the attendance roll that 
was available. All the students were listed 
alphabetically. Every 2nd student was 
selected from the list by employing circular 
systematic random sampling method.Hence 
a total of 55 students were involved in the 
study. 

A pre tested semi structured questionnaire 
was administered to the students with prior 
written consent from them. 

Study Design: After getting approval from 
institutional scientific and ethics committee 
this study was started. 55 students,both girls 
and boys in age group of 19-20 years were 
made a part of the study. 

Blood pressure was measured using 
Sphygmomanometer.Blood pressure was 
checked using standard protocol, wherein 
the average of last two readings of the three 
readings was taken.Weight was measured to 
the nearest 0.1 Kg using a calibrated 
analogue weighing machine. Height was 
measured using stadiometer to nearest 1 cm. 
Waist circumference was measured using a 
non-stretchable tape in horizontal plane, 
midway between the lowest rib margin and 
iliac crest at the mid axillary line at maximal 
point of normal expiration. Hip 
circumference was measured at the 
maximum extension of the buttocks 
posteriorly and pubic symphysis anteriorly 

using a non-stretchable tape in horizontal 
plane. Body mass index was calculated as 
body mass in kg divided by square of height 
in metres. WHR or waist hip ratio was 
calculated by dividing waist circumference 
in cm by hip circumference in cm. Weight 
classification based on BMI (kg/m2)was as 
follows: < 18.5: underweight; 18.5–24.9: 
normal; 25.0–29.9: overweight; ≥ 30.0: obese 
{class I: 30.0–34.9;class II: 35.0–39.9; class III: 
≥ 40)9. 
 

Following formulae were used to calculate 
Body adiposity index, A body shape index, 
Abdominal Volume Index and Body 
Roundness Index. These were entered in 
excel sheets and formulae were used to 
derive the results. 

a. Body adiposity index (BAI): {hip 

circumference (cm)/height1.5 (m1.5)} – 

18 

b. A body shape Index (ABSI): 

WC(m)/[BMI2/3(kg/m2)Height1/2(m)] 

c. Abdominal Volume Index(AVI): 

[WC2(cm)+0.7(WC-HC)2(cm)]/1000 

d. Body Roundness Index(BRI): 364.2-

365.5[1-π-2WC2 (m)Height-2 (m)]1/2 

 
 
Data analysis: 
 Data was entered in Microsoft excel and 
cleaned. It was then copied into SPSS version 
15.0 for analysis.The relation between 
anthropometric indices and blood pressure 
were examined using Pearson’s correlation 
analysis. Level of significance was set at a 
two-tailed p value of < 0.05. 
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RESULTS 

This study was conducted among 55 first 
year adolescent MBBS students after taking 
permission from scientific and ethics 
committee. Out of the 55 students, 17 that is 
30.9 % were boys and 69.1% were girls.  

Mean BMI among females was found to be 
20.5 ± 4.15 kg/m2 compared to males where 
it was found to be 23.6 ± 2.9 kg/m2. Mean 
Waist Circumference among females was 
found to be lower (72.7 ± 8.55 cm) compared 
to males which was 79.8 ± 7.7 cm. On the 
other hand mean waist hip ratio among 
females was found to be 0.7 ± 0.05 whereas 
in males it was found to be 0.8± 0.04. The 
mean values of Waist circumference, Hip 
circumference, waist hip ratio, BMI, BRI, AVI 
were found to be higher in males compared 
to females whereas BAI and ABSI were 
found to be higher in females.The difference 
in means between males and females was 
found to be significant in case of BMI, AVI, 
WC, WHR, SBP and BAI. 

It was found that on the whole there was a 
positive and significant correlation of systolic 
BP with Waist circumference, Hip 
circumference,and Waist hip ratio, BMI, AVI 
and BRI. The maximum correlation was 
found with Waist circumference. No 
significant correlation was found between 
these physical parameters and Diastolic 
blood pressure. 

As for girls, SBP was found to have a 
positive correlation with WC, WHR, AVI 
and BRI, the maximum being with waist 
circumference.Again DBP showed no 
correlation with any physical parameter.In 
boys both SBP and DBP showed no 
correlation with any parameter. BMI which 
has been used as a gold standard to rate 
obesity was found to have a positive 
significant correlation with all the physical 
parameters except ABSI with which it 
showed a significant negative 
correlation.Maximum correlation was found 
with BRI. 

Table 1: Distribution of participants based on gender 

Gender 

 

Number Percent 

Males 

 

17 30.9 

Females 

 

38 69.1 

Table 2: Pearson correlation table for whole group (n=55) 

 WC HC WHR BMI BAI ABSI AVI BRI 

SBP 0.456** 0.383** 0.367** 0.369** 0.003 -0.022 0.453** 0.296* 

DBP 0.012 0.075 -0.063 0.030 -0.069 -0.085 0.012 -.054 

** Correlation is significant at the 0.01 level (2 tailed) 
*Correlation is significant at the 0.05 level (2- tailed) 
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Table 3: Pearson correlation table for females (n=38) 

 WC HC WHR BMI BAI ABSI AVI BRI 

SBP 0.385* 0.274 -0.366* 0.261 0.189 0.137 0.384* 0.345* 

DBP -0.061 -0.057 -0.047 -0.066 -0.072 0.002 -0.066 -.060 

** Correlation is significant at the 0.01 level (2 tailed) 
*Correlation is significant at the 0.05 level (2- tailed) 
 

Table 4: Pearson correlation table for males (n=17) 

 WC HC WHR BMI BAI ABSI AVI BRI 

SBP 0.261 0.425 -0.067 0.249 0.863 0.846 0.279 0.740 

DBP -0.001 0.317 -0.360 0.144 0.142 -0.284 0.015 -0.100 

** Correlation is significant at the 0.01 level (2 tailed) 
*Correlation is significant at the 0.05 level (2- tailed) 

 

DISCUSSION 

In this study it was found that there was 
a positive and significant correlation of 
systolic BP with Waist circumference, 
Hip circumference, waist hip ratio, BMI, 
AVI and BRI. No significant correlation 
was found between these physical 
parameters and Diastolic blood 
pressure. In females was found to have 
a positive correlation with WC, WHR, 
AVI and BRI. No significant correlation 
found between DBP and 
anthropometric measurements. In case 
of males no significant correlations 
found between SBP, DBP with 
anthropometric measurements. 

Similar to our study, a study done on 
Iranian primary school students a 
positive and significant correlation was 
found between Blood Pressure and 
waist circumference compared to other 
anthropometric measurements.[10] 

In a study on Brazilian Men, a linear 
significant correlation was found 

between both systolic and diastolic 
blood pressure and all anthropometric 
measurements except systolic blood 
pressure and waist hip ratio. Also 
anthropometric measurements were 
larger in hypertensives compared to 
normotensives.The difference from our 
study could be due to a smaller sample 
size and also the age group under 
consideration wherein we have taken an 
adolescent population and other studies 
have included adult population.[11] 

This study was conducted in a medical 
college set up. Hence it would not be 
wrong to assume that the students 
involved in this study may have been in 
a better position to have knowledge 
about lifestyle diseases such as 
hypertension and its effects. Hence the 
results cannot be extrapolated to a 
general adolescent population. 
Although all precautions were taken to 
not allow any bias to creep in, 
Systematic Random sampling 
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inherently may cause bias in sample 
selection. 
 
In a study wherein Prevalence and 
associated risk factors of Hypertension 
were studied among UrbanSchool 
Adolescents in Lady Bhore Catchment 
Area of Bhopal City it was found that 
the Prevalenceof hypertension among 
adolescents was 15.3 %(14.04% among 
boys and 17.3 % among girls) and the 
prevalence of pre hypertension was 
19.8% (19.0% of boys and 20.9% of girls 
were pre hypertensive).[8] 

 
Obese individuals are found to be at 
increased risk for diabetes, 
hypertension, renal failure, and other 
cardiovasculardiseases.[12] At the level of 
kidneys various factors like activation of 
sympathetic nervous system and Renin 
Angiotensin System and increase in 
aldosterone associated with obesity can 
cause abnormal sodium retention and 
raised arterial pressure, also renal 
damage can be caused by compression 
of kidneys by surrounding fat.[13] 

 
Perivascular fat has been proposed to 
have an important role in vascular 
events associated with obesity.Vascular 
tone modulation has been found as one 
of the actions of adipose tissue 
surrounding blood vessels.[14] 

 
High circulating free fatty acids have 
been found to activate sympathetic 
nervous system and hence increase 
blood pressure.[15] 

 
Leptin has its effect on appetite. It has 
been found now that it acts on 
hypothalamus to increase blood 

pressure by sympathetic nervous 
system activation, hence explaining the 
hypertension causation due to high 
leptin in obesity.This increase in 
sympathetic nervous system activation 
is mediated by ventromedial and 
dorsomedial hypothalamus.[16] 

 
Low Ghrelin and Adiponectin have also 
been found as independent risk factors 
for hypertension. Ghrelin acts in the 
nucleus of solitary tract to suppress 
renal sympathetic activity and to 
decrease arterial pressure.[17] 
Renin Angiotensin System of 
hypertension has shown its involvement 
in obesity hypertension.[18] 
 
In a meta-analysisof longitudinal 
studies which were done to track down 
blood pressure from childhood to 
adulthood it was found that elevated 
blood pressure in childhood predicts 
adult hypertension.[19] Keeping risk 
factors like obesity in check whose 
prevention can altogether delay or 
prevent the onset of hypertension in 
check is an essential component for 
good health. 

In a study by ShammiLuhar etal a 
forecast for prevalence of obesity by 
2040 in India was studied, by using 
system of multi-state life tables and it 
was found that the prevalence of 
overweight in Indian adults aged 20-69 
will be more than double between 2010 
and 2040, while the prevalence of 
obesity will triple . In this case it is more 
that clear that the plethora of other 
health issues like hypertension etc will 
also increase which are associated with 
obesity.[20] 
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CONCLUSION 

 

This study and many more studies are 
all pointing out to one statement and 
that is                    ‘prevention is better 
that cure’. We all need to come together 
to ensure preventive care by 
encouraging the younger generation to 
involve in physical activities like 
exercise, sports etc, to take a good 
balanced diet instead of indulging in 
palatal pleasure by consuming junk 

food and also learn the art of meditation 
and yoga. As is said, a stitch in time 
saves nine. Here what will be saved are 
our upcoming generations from health 
issues like obesity, hypertension, 
cardiovascular events. Our aim should 
be to wrong these forecasts which are 
nothing but mathematical and statistical 
calculations and take strong fruitful 
steps towards preventing obesity and 
associated diseases.  

 

REFERENCES 
 

1. https://www.thelancet.com/journals/lancet/

article/PIIS0140-6736(20)30752-2/fulltext) 

2. De Venecia T., Lu M., Figueredo V. M. 

Hypertension in young adults. Postgraduate Medicine. 

2016;128(2):201–207. 

3.  Tran CL, Ehrmann BJ, Messer KL, Herreshoff 

E, Kroeker A, Wickman L, et al. Recent trends in 

healthcare utilization among children and adolescents 

with hypertension in the United States. Hypertension 

2012; 60(6):296–302. 

4. Liszka HA, Mainous AG, King DE, Everett CJ, 

Egan BM. Prehypertension and cardiovascular 

morbidity. Ann Med Fam. 2005;3(4):294-299. 

5. https://www.who.int/news-room/fact-

sheets/detail/obesity-and-overweight 

6. Body Mass Index.Obesity, BMI, and Health: A 

Critical Review,Frank Q. Nuttall, MD, PhD Nutrition 

Today,Volume 50, Number 3, May-June 2015 

7. Diana M. Thomas1, Carl Bredlau1, Anja Bosy-

Westphal, Manfred Mueller, Wei Shen, Dympna 

Gallagher, Yuna Maeda1, Andrew McDougall, 

Courtney M. Peterson, Eric Ravussin, and Steven B. 

Heymsfield. Relationships between body roundness 

with body fat and visceral adipose tissue emerging 

from a new geometrical model. Obesity (Silver Spring). 

2013 November; 21(11): 2264–2271. 

doi:10.1002/oby.20408.  

8. Nisha Singh, Seema Patel, Dinesh K Pal, 

AngelinPriya. Prevalence of Hypertension and 

Associated Risk Factors among Urban School 

Adolescents in Lady Bhore Catchment Area of Bhopal 

City National Journal of Community Medicine, 

Volume 8,Issue 6,June 2017.315-319. 

9.  World Health Organization. Physical status: 

the use and interpretation of anthropometry. Report of 

a WHO Expert Committee.Geneva, World Health 

Organization, (Technical Report Series, No. 854) 329. 

(1995). 

10. Zarrati M, Hojaji E, Razmpoosh E.et al. Is high 

waist circumference and body weight associated with 

high blood pressure in Iranian primary school 

children?Eat Weight Disord 1, 687-

93(2016).https://doi.org/10.1007/s40519-016-0301-3 

11. Roberta S.L. Cassani, Fernando 

Nobre, Antônio Pazin-Filho, André Schmidt, 

Relationship Between Blood Pressure and 

Anthropometry in a Cohort of Brazilian Men: A Cross-

Sectional Study,American Journal of Hypertension, 

Volume 22, Issue 9, September 2009, Pages 980–

984, https://doi.org/10.1038/ajh.2009.104. 

12. Kamal Rahmouni, Marcelo L.G. Correia, 

William G. Haynes, Allyn L. Mark.Obesity-Associated 

Hypertension New Insights Into Mechanisms 

.Hypertension. 2005;45:9-14. 

13. Hall JE. The kidney, hypertension, and 

obesity. Hypertension. 2003;41: 625–633. 

14. Verlohren S, Dubrovska G, Tsang SY, Essin K, 

Luft FC, Huang Y, Gollasch M. Visceral 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30752-2/fulltext)
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30752-2/fulltext)
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1038/ajh.2009.104


Annals of International Medical and Dental Research 

E-ISSN: 2395-2822 | P-ISSN: 2395-2814 

    Vol-7, Issue-4 | July-August, 2021 

  Page no- 23-31 | Section- Research Article (Biochemistry)  

 

31 
Copyright: ©The author(s), published in Annals of International Medical and Dental Research, Vol-7, Issue-4. This is an open 

access article under the Attribution-NonCommercial 2.0 Generic (CC BY-NC 2.0) license. 
(https://creativecommons.org/licenses/by-nc/2.0/) 

periadventitialadipose tissue regulates arterial tone of 

mesenteric arteries. Hypertension. 2004;44:271–276. 

15. Sironi AM, Gastaldelli A, Mari A, Ciociaro D, 

Postano V, Buzzigoli E, Ghione S, Turchi S, Lombardi 

M, Ferrannini E. Visceral fat in hypertension: influence 

on insulin resistance and beta-cell function. 

Hypertension.2004;44:127–133. 

16. Carlyle M, Jones OB, Kuo JJ, Hall JE. Chronic 

cardiovascular and renal actions of leptin: role of 

adrenergic activity. Hypertension. 2002;39:496–501. 

17. Lin Y, Matsumura K, Fukuhara M, Kagiyama 

S, Fujii K, Iida M. Ghrelin acts at the nucleus of the 

solitary tract to decrease arterial pressure in rats. 

Hypertension. 2004;43:977–982. 

18. Sharma AM. Is there a rationale for 

angiotensin blockade in the management of obesity 

hypertension? Hypertension. 2004;44:12–19 

19. Xiaoli Chen, Youfa Wang.Tracking of Blood 

Pressure From Childhood to Adulthood .A Systematic 

Review and Meta–Regression Analysis, Circulation. 

2008;117: 3171-3180. 

20. Luhar S, Timæus IM, Jones R, Cunningham S, 

Patel SA, Kinra S, et al. (2020) Forecasting the 

prevalence of overweight and obesity in India to 2040. 

PLoS ONE 15(2): e0229438. 

https://doi.org/10.1371/journal. pone.0229438 

Source of Support: Nil, Conflict of Interest: None declared 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1371/journal

