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Abstract

Background: Anthropometry is emerging as a useful tool in assessing the future risk of chronic diseases such as
type 2 diabetes mellitus (and diabetic nephropathy, diabetic neuropathy, diabetic retinopathy), hypercholester-
olemia, atherosclerosis, coronary artery diseases, nonalcoholic fatty liver disease (NAFLD). Body mass index (BMI)
and waist-hip ratio (WHR) are used extensively in the forecast of cardio-vascular diseases. The main risk factor for
such diseases is hypertension and the correlation of hypertension with BMI and/or WHR gives one the ability to
forecast the diseases as risk assessment from a young age and proper techniques can be utilized to delay them. The aim
of this study was to correlate BMI and WHR with hypertension in young adults and adolescents.

Material and methods: A cross sectional, record-based study of adolescents from age group 17-19 (n = 946) was
done and analyzed.

Results: Data of a total of 465 males and 481 females (n = 946) were analyzed. In both males and females, mean
blood pressure [both systolic (SBP) and diastolic blood pressure (DBP)] showed a positive correlation with increas-
ing ranges of BMI and WHR. Values of Pearson correlation coeflicient and p-value: Males: SBP -> BMI = 0.236
(p<0.0001); DBP -> BMI = 0.187 (p < 0.0001); Males: SBP -> WHR = 0.194 (p < 0.0001); DBP -> WHR = 0.148
(p < 0.0001); Females: SBP -> BMI = 0.249 (p <0.0001); DBP -> BMI = 0.267 (p < 0.0001); Females: SBP ->
WHR = 0.090 (p < 0.0001); DBP -> WHR=0.116 (p < 0.0001). The correlation between BMI and WHR in males
was 0.234 (p < 0.0001) and in females, it was 0.172 (p < 0.0001).

Conclusion: A steady increase in SBP and DBP is correlated with an increase in BMI and WHR. This leads to the ef-
ficacy of these methods in assessing future risks. It was found that hypertension was correlated with BMI and WHR;
there was also a correlation between BMI and WHR.
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Introduction in life expectancy is one of the most important

and the biggest achievement in the medical field.

Medical field in recent years has underwent se-  With increasing life expectancy, some chronic sys-

rial new modifications and is evolving everyday temic diseases have shown a higher prevalence rate
catering to humans and battling diseases. Increase than before.
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These chronic diseases namely coronary artery
disease, atherosclerosis, myocardial infarction, hy-
pertension, type 2 diabetes mellitus (and diabetic
nephropathy, diabetic neuropathy, diabetic retinopa-
thy), hypercholesterolemia, non-alcoholic fatty liver
disease (NAFLD) are now prevalent in every country
in every continent. Risk assessment of developing
these has become the utmost priority in modern
science. Assessing the chances of developing these
diseases and working towards decreasing the modifi-
able factors is the key.

The prevalence of hypertension in young adults
and adolescents is alarmingly increasing as per var-
ious news outlets. However, no specific study has
confirmed this so far, although the prevalence of
obesity and stress and other factors contributing
to hypertension have significantly increased.

Anthropometry is currently emerging as one of
the most useful tools to assess the risk of these dis-
eases. Anthropometry refers to the use of height,
weight, and hip and waist circumferences to derive
specific value such as body mass index (BMI) or
waist-hip ratio (WHR) to assess the health of any
individual.

BMI and WHR are used extensively in forecast-
ing cardio-vascular diseases. Waist circumference
alone can also be used as an indicator of visceral
fat. The main risk factor for the diseases mentioned
above is hypertension [1]. The correlation of hyper-
tension with BMI and/or WHR makes it possible to
predict the risk of diseases from an early age and ap-
ply appropriate strategies to delay them.

More than half a century has passed since Ger-
tler et al. reported in 1951 that young men at risk
for coronary artery disease were about 5cm shorter
than their healthy counterparts [2, 3].

In males aged 15-19 years, there seem to be defi-
nite tendency for systolic blood pressure to increase
with height. In the older age-groups there may be
a slight tendency for systolic pressure to decrease
with increasing height. Systolic blood pressure is
always higher in the shortest height groups than
in the tallest groups. This may be accidental, but
the tendency is so systematic that it may reveal a bio-
logical fact. Since such a relationship is not observed
in the middle age-groups, this is especially related to
old age [4].

Shorter individuals have higher BP levels than
taller individuals. This may at least partly explain
the inverse association between height and cardiovas-
cular disease (CVD) [5]. Short people may be more
susceptible to the effects of ageing on the arterial
tree. Childhood growth may contribute to tracking
of cardiovascular risk throughout life [6].

In adults of Western societies, the positive re-
lationship between blood pressure and body
weight has often been demonstrated, both cross-sec-
tionally and longitudinally. This correlation is even
stronger in children and young adults [7].

Tracking of blood pressure: If blood pressure lev-
els of an individual were followed up for over a peri-
od of years from early childhood into adult life, then
those individuals whose pressure were initially high
in the distribution, would probably continue in
the same track as adults. In other words, low blood
pressure levels tend to remain low, and high levels
tend to become higher as individuals grow older [8,
9]. This means that if blood pressure is on the slight-
ly higher side.

The main aim of the study was to see if height,
weight, waist circumference, and hip circumferenc-
es have any impact on a person’s blood pressure. It
can be stated with no doubt here that young pop-
ulation has a more vibrant cardiovascular system
that can withstand the hypertensive stress and any
other type of insults done on it. With increasing
age, resilience and compliance along with elasticity
of the cardiovascular system decreases. If, in young
adolescents, it can be found that height and weight
of individuals has a significant effect on blood pres-
sure, it can be understood that with ageing, the im-
pact of height and weight will only increase leading
to higher changes in blood pressure and the rela-
tion between height and weight with blood pres-
sure will only grow stronger. BMI and WHR are
the main indices of height and weight measurement
and are the impacting factors on blood pressure. We
also wanted to see what is more reliable between
BMI and WHR in assessing risk of chronic diseases
and mainly hypertension.

Material and methods

Community Medicine Department afhliated
with the Medical College every year collects data
of new students admitted to the institute for re-
search purposes of the department itself. The de-
partment here gathers wide range of data related
to height, weight, waist and hip circumferences
and blood pressure.

A cross-sectional study was designed to collect
data. The records of last 4 years (records of the data
collected by the department of the students who
were admitted in the medical college in the last 4
years) obtained from Community Medicine De-
partment were used in the study. At the time of data
recording, the students signed informed consent
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form for the data they are providing. Yet, in the data
acquisition for this research, identity of the subjects
were not revealed.

All subjects belonged to the age group of 17-19
when the data was recorded at given point of time
in last 4 years. This data from physical files was col-
lected and digitalized so that proper statistical tests
could be applied and results could be achieved.

As the data had been collected already and no
interaction was done with the actual participants,
the Ethical Board gave oral permission and no writ-
ten permission was taken. The head of the Com-
munity Medicine Department gave her permission
for the use of the said records for the purpose of this
research.

Study design
Record-based cross-sectional study (records were
collected originally by the Community Medicine
Department).

Study population
Records of 946 students were included in
the study, of them 481 were females and 465
were males.
Exclusion criteria were as follows:
¢ data was not recorded of any student having any
predisposed or known medical conditions that
are chronic in nature;
* who did not give consent at the time of data
recording.

Measurements done on every subject

They all were made to sit in a classroom for
30 minutes for form filling to record all data
that had to be gathered by the Community Med-
icine Department. The measurements were tak-
en with the use of measure tapes which were put
around the waist and hip for their circumference.
A carefully calibrated weighing scale was used for
the measurement of weight and for height, properly
calibrated vertical instrument was used. The mea-
surements included:
* heighg
* weight;
* circumference at hips;
* circumference at waist
* blood pressure (both systolic and diastolic).

Derivations of measurements used in analysis
BMI [kg/m’] was defined as the body mass divid-
ed by the square of the body height, and is expressed

in units of kg/ m’, resulting from mass in kilograms
and height in meters [10]. Formula:

mass [kg]l[height (in meters)’]

Normal values:
* < 18.5 — underweight;
¢ 18.5-21.75 — normal (lower range);
¢ 21.75-25 — normal (upper range);
¢ 25-30 — overweight;
* > 30 — obese.
WHR was defined as the dimension less of the cir-
cumference of the waist to that of the hips [11].
Formula:

Circumference of waist/Circumference of hip

Normal values:
* <0.75 underweight;
* 0.75-0.8 normal (lower range);
* 0.8-0.85 — normal (upper range);
* 0.85-0.9 — overweight;
* >0.9 — obese.

Blood pressure [mm Hg], systolic (SBP) and di-
astolic (DBP), was taken three times and all three
values were denoted in the records. The authors
entered all three values and calculated the mean of
it to put for further statistical analysis and results.

Statistical analysis was done with Microsoft Excel
and SPSS 20. Statistical tests conducted:

* average;

e standard deviation;

* comparative analysis across ranges;

 standard error of the mean (SEM);

* confidence interval (95% CI);

o Pearson correlation (r value);

* statistically significant test (unpaired t test)
(p-value);

* analysis of variance (ANOVA) (f statistics);

* charts and tables.

Results

Gender distribution in the study population is
presented in Table 1.

Table 1. Sex distribution in the study population

Females Males Total
Number of participants 481 465 946
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Table 2. Blood pressure (BP) in females in different body mass index (BMI) ranges

BMI ANOVA F-statistics
< 18.50 18.50-21.75 21.75-25.00 25.00-30.00 > 30.00 (p-value)

SBP
Average 115.97 116.27 119.69 127.25 121.73
SD 13.65 11.79 12.18 11.89 14.10
N 126.00 157.00 102.00 67.00 26.00 14.18 (< 0.0001)
SEM 1.22 0.94 1.21 1.45 2.71
95% Cl 2.38 1.84 2.36 2.85 5.42
DBP
Average 74.98 75.05 18.17 84.49 85.23
SD 11.24 9.70 11.00 8.29 13.32
N 123.00 155.00 101.00 67.00 26.00

12.59 (< 0.0001)
SEM 1.01 0.78 1.09 1.01 2.61
95% Cl 1.99 1.53 2.15 1.99 5.12
p < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

R value = 0.249 (BMI vs. SBP) - R values = 0.267 (BMI vs. DBP)

NR — normal; SBP — systolic blood pressure; DBP — diastolic blood pressure; SD — standard deviation; SEM — standard error of the mean; Cl — confidence interval

Table 3. Blood pressure (BP) in males in different body mass index (BMI) ranges

BMI ANOVA F-statistics
< 18.50 18.50-21.75 21.75-25.00 25.00-30.00 > 30.00 (p-value)
SBP
Average 125.19 127.91 131.12 133.30 133.41
Standard deviation 11.51 11.44 12.35 12.31 11.93
N 79.00 105.00 132.00 97.00 39.00 6.92 (< 0.0001)
SEM 1.29 1.12 1.08 1.25 1.91
C195 2.54 2.19 2.11 2.45 374
DBP
Average 77.41 80.50 82.43 83.14 83.53
D 11.83 10.69 7.0 8.79 6.97
N 75.00 105.00 129.00 94.00 36.00
SEM 137 1.04 0.68 0.91 1.16 532 (< 00000
95% Cl 2.68 2.04 133 178 2.28
P < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
R value = 0.236 (BMI vs. SBP) - R values = 0.187 (BMI vs. DBP)

NR — normal; SBP — systolic blood pressure; DBP — diastolic blood pressure; SD — standard deviation; SEM — standard error of the mean; Cl — confidence interval

All data from the participants were gathered
when they entered the Medical College as first-year
students and hence all were from 17-19 age group.

Preliminary results and analysis
Table 2 and Table 3 provide sufficient evidence
that in both males and females the average levels
of both SBP and diastolic DBP are increasing with
increasing ranges of BMI. Pearson’s correlation test

results [R value = 0.249 (BMI w»s. SBP); R val-
ue = 0.267 (BMI vs. DBP)] (Fig. 1 and 2; Tab. 2)
show that both SBP and DBP is positively correlat-
ed with BMI in female participants (p < 0.0001). In
addition, the results of Pearson’s correlation test [R
value = 0.236 (BMI vs. SBP); R values = 0.187 (BMI
vs. DBP)] (Fig. 3 and 4; Tab. 3) demonstrate con-
siderable increases in SBP and DBP with increasing
ranges of BMI in male participants (p < 0.0001).
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Figure 1. Confidence interval (Cl) range and average in females. Figure 2. Confidence interval (Cl) range and average in females.
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Figure 3. Confidence interval (Cl) range and average in males. Figure 4. Confidence interval (Cl) range and average in males.
Systolic blood pressure (SBP) vs. body mass index (BMI) Diastolic blood pressure (DBP) vs. body mass index (BMI)

Table 4. Blood pressure (BP) in females in different waist-to-hip ratio (WHR) ranges

WHR ANOVA F-statistics
<0.75 0.75-0.80 0.80-0.85 0.85-0.90 > 0.90 (p-value)
SBP
Average 117.44 119.32 120.17 122.29 12412
SD 11.47 14.20 12.55 12.40 12.64
N 95.00 135.00 133.00 66.00 42.00 2.69 (0.031)
SEM 1.18 1.22 1.09 1.53 1.95
95 % Cl 2.31 2.40 2.13 2.99 3.82
DBP
Average 74.97 18.37 78.38 79.70 81.02
SD 10.55 12.16 9.09 10.16 10.66
N 93.00 134.00 133.00 64.00 41.00
SEM 1.09 1.05 0.79 127 1.66 32000013
95% CI 2.14 2.06 1.54 2.49 3.26
P < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
R value = 0.090 (WHR vs. SBP) - R values = 0.187 (WHR vs. DBP)

NR — normal; SBP — systolic blood pressure; DBP — diastolic blood pressure; SD — standard deviation; SEM — standard error of the mean; Cl — confidence interval

Table 4 and Table 5 are sufficient to infer that in ranges of WHR. Pearson’s correlation test results [R
both males and females the average levels of both value = 0.090 (WHR us. SBP); R values = 0.1157
SBP and DBP are increasing with the increasing (WHR vs. DBP)], (Fig. 5 and 6; Tab. 4) show that
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Table 5. Blood pressure (BP) in males in different waist-to-hip ratio (WHR) ranges

WHR

<0.75 0.75-0.80 0.80-0.85 0.85-0.90 > 0.90 ANOVAF stat
SBP
Average 122.50 125.66 128.60 131.53 132.85
SD 1.60 11.44 13.06 11.35 12.73
N 16.00 47.00 87.00 136.00 145.00 5.67 (<0.0001)
SEM 1.90 1.67 1.40 0.97 1.06
95% Cl 3.72 3.27 2.74 1.91 2.07
DBP
Average 11.817 79.45 80.28 81.13 83.16
SD 7.69 8.08 10.81 11.01 8.44
N 15.00 47.00 83.00 134.00 141.00

2.40 (0.049)
SEM 1.99 1.18 1.19 0.95 0.7
95% Cl 3.89 2.31 2.33 1.86 1.39
p < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
R value = 0.194 (WHRvsSBP) - R values = 0.148 (WHRvsDBP)

NR — normal; SBP — systolic blood pressure; DBP — diastolic blood pressure; SD — standard deviation; SEM — standard error of the mean; Cl — confidence interval
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Figure 5. Confidence interval (Cl) range and average in females.
Systolic blood pressure (SBP) vs. waist-hip ratio (WHR)

Figure 6. Confidence interval (Cl) range and average in females.
Diastolic blood pressure (DBP) vs.waist-hip ratio (WHR)
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Figure 7. Confidence interval (Cl) range and average in males.
Systolic blood pressure (SBP) vs. waist-hip ratio (WHR)

both SBP and DBP are positively correlated with
WHR in female participants (p < 0.0001). In ad-
dition, the results of Pearson’s correlation test [R
value = 0.194 (WHR vs. SBP); R value = 0.148

Figure 8. Confidence interval (Cl) range and average in males.
Diastolic blood pressure (DBP) vs. waist-hip ratio (WHR)

(WHR »s. DBP)] (Fig. 7 and 8; Tab. 5) demon-
strate considerable increases in SBP and DBP with
increasing ranges of WHR in male participants
(p < 0.0001).
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Table 6. Relation between body mass index (BMI) and waist-to-hip

ratio (WHR) in female patients

ratio (WHR) in male patients

Table 7. Relation between body mass index (BMI) and waist-to-hip

BMI WHR BMI WHR
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Figure 9. Relation between body mass index (BMI) and waist-to-hip
ratio (WHR) in female patients

Table 6 and Figure 9 show the relation between
BMI and WHR in female patients, assessed using
Pearson’s correlation coeflicient (R value), and Ta-
ble 7 and Figure 10 show the relation between BMI
and WHO in male patients.

Table 6, Figure 9, Table 7 and Figure 10 show
that in both males and females BMI is correlated
with WHR and both show similarity in trends, as
the Pearson’s correlation coeflicient although weak
is still positive.

Discussion

While formulating comparison with research pa-
pers which try to show relationship between blood
pressure and BMI, it was found that the results are
aligned with a similar study on older study sample in
Chinese population (mean age was 55.7 +9.8) [12],
on ltalian population (mean age was 55.4 + 15)
[13], and in Ghana (age groups 30-50) [14]. All of
these studies indicate a direct increase in both SBP
and DBP with increasing BMI ranges.

In a comparative study conducted by WHO [15]
between different ethnicities of developing coun-
try, it was seen that BP was positively correlated
with age and BMI, but almost no correlation was
found between BMI and age itself or it was negative.
A comparative study conducted in Africa [16] on
lean population (BMI range 20-28) from Nigeria,

Figure 10. Relation between body mass index (BMI) and waist-to-hip
ratio (WHR) in male patients

Cameroon, Zimbabwe and Jamaica, a nonlinear
(instead of linear [15]) was found between BMI
and BP, which is the same trend as seen in our
study. Similar trends of BMI and BP relations are
seen in studies conducted in South Asia (stron-
ger correlation at low cut off points of overweight)
[17] and in Delhi, India (age group 18-50 show-
ing pre-hypertensive conditions are correlated with
BMI) [18] and in North-East India (where odd
ratios showed overweight/obese subjects to be more
likely to have hypertension than those with normal
BMI) [19].

A study conducted on urban population of In-
dia suggested that BP correlates with BMI, weight
and WHR but not with age and height[20] in con-
trast to papers [12—14, 18] where age was a fac-
tor affecting BP. A South African study on young
women both waist circumference and hip circum-
ference were correlated with pre-hypertension
and hypertension [21]. Another study suggested
that WC and WHR are positive correlation with BP
and hence concludes that abdominal obesity may
be considered as an important risk factor of CVD.
The study suggested that WC and WHR has posi-
tively correlated with BP and hence concludes that
abdominal obesity may be considered as an import-
ant risk factor of CVD [22].

A research conducted at NTB general hospital
in Indonesia [23] found that BMI was not cor-
related with BP (was not statistically significant;

www.ah.viamedica.pl



Dev Himanshubhai Desai, Aparajita Shukla BP in adolescents and its correlation with anthropometric measurements

the results were mainly because study sample was
smaller (61) and all patients were selected based on
the criterion that they were already in the cardiolo-
gy department due to hypertension), and another
research found that in middle-aged men, a central
distribution of body fat is associated with increased
BP, independently of body mass index and insulin
resistance [24].

A study published in International Journal of
Contemporary Pediatrics, which is very close to
our research design, showed that increased BMI
and WC are good predictors of the increase in SBP
and DBP. The authors suggested measurement of
WC as a screening tool for childhood hypertension,
because WC is easier to measure than blood pres-
sure in terms of training and access to equipment
[25]. Another similar study which was published in
Nature News also came to a conclusion that BMI
and WHR are strongly correlated with pre-hyper-
tensive and hypertensive conditions and they found
that BMI is superior than WHR in predicting ele-
vated BP [26].

The above discussion suggests that weak correla-
tion can be established between BMI and WHR,
which means that both are interdependent. BMI
and WHR are interdependent but the correlation
coefhicient is so weak that in clinical practice they
can be taken as independent factors without any
significant change in clinical outcome.

This also gives sufficient evidence to state that
blood pressure increases with increasing BMI
and WHR, even in healthy adolescents and young
adults without any type of co-morbidity. Now-
adays, it is generally seen that WHR is consid-
ered more important while assessing risk of chron-
ic diseases as, arguably, BMI does not differenti-
ate between fat weight, muscle weight and bone
weight. However, looking at the trends of Pearson’s
correlation coeflicient (R value), the correlation of
BMI with blood pressure (both SBP and DBP) is
stronger than that of WHR. Although R value for
both BMI and WHR is not that strong, R value
for BMI is higher in both males and females than
for WHR.

The point is that the cardiovascular system is
young and the most compliant and fresh without
any morbidity. It can be thought of as the healthiest
it will ever be. Most elastic and resilient it will ever
be, and yet, the variation in both SBP and DBP
was significant. With progressive damage and wear
and tear of cardiovascular system and end-organ
damage at multisystem level, in elderly the whole

situation would be seen amplified. If small changes
with different BMI and WHR ranges are so evi-

dent at young age, these changes will be multiplied
largely with small changes in BMI and WHR at
older ages when cardiovascular system’s function
will be diminished. This result and hypothesis can
be taken into consideration as an interventional
type of study to educate people in how main-
tenance of their health and body weight is im-
portant, as they can lead to disastrous outcomes
with passing of time. If adolescent show this much
changes of average +10 mm Hg with the whole
range of BMI and WHR, it would make a dif-
ference of hypotensive to hypertensive in elderly
which can alter their whole lifestyle and survival
rate. With diseases involving blood pressure, it
is a matter of time that a patient would succumb
to other chronic diseases namely coronary artery
disease, type 2 diabetes mellitus, nephropathies,
end-organ damage, vascular diseases, aneurysms,
and other deadly conditions with lesser and lesser
survival rate.

Conclusion

With increasing body weight or BMI or WHR,
average blood pressure (both SBP and DBP) in-
creases significantly even in young adults and ado-
lescents. BMI and WHR show a weak but positive
correlation with SBP and DBP and can be consid-
ered independent tools and separate entities when
the need of using them in clinical practice arises.
BMI has been found to be more reliable in assessing
future risk of chronic disease than WHR.

Limitations

There are limitations of this study:

* small sample size: anthropometric researches usu-
ally require a very large sample size and even
though we got statistically significant resul,
a larger sample size would mean a better es-
timation of actual average and hence a more
accurate model;

* less randomization in sample: students whose
data was actually used, although belonging to
a wide range of population and representative of
all strata, still the students belonged to the same
country; additionally similar data of various
countries could be taken here for a better appli-
cability of the model
Further studies and interventions are suggested:

* a larger sample size can be taken for anthropo-
metrical study like this;
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* interventional study can be taken up with similar
risk group and genetic disposition patient (future
patients) and can be compared with a control
group.

Longitudinal study on same study cohorts can
yield better and more accurate findings for future
predictions. (This study sample were medical students
and, in their training, they will have mainly sedentary
lifestyle resulting in weight gain. Another study can be
organized here with main focus on the effects of pri-
mary prevention (life style changes) and its efficacy.)
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