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Abstract

Background: Obesity is linked to an unhealthy diet and lack of exercise, elevating the risk of
hypertension. Elevated blood pressure and a higher risk of hypertension are linked to an increased BMI.
Lifestyle changes in adults, like inactivity and poor diet, contribute to the rise in cardiovascular diseases
among younger people. Objectives: This study aimed to evaluate the relationship in a young adult
population between Mean Arterial Pressure (MAP) and Body Mass Index (BMI), Relative Fat Mass
(RFM), Waist-to-Hip Ratio (WH ratio), and Waist-to-Height ratio (WHtR). Additionally, the study
objective was to determine the predictive value of BMI and RFM for hypertension in young adults.
Methods: Participants were selected using opportunistic sampling of medical students presenting for the
Physiology practical as a representative sample of young adults in this cross-sectional study. The
anthropometric measurements of BMI, RFM, WH ratio, and WHtR were measured and compared
between subjects with MAP<90 mmHg and MAP>90 mmHg. Results: The chi-square test revealed a
strong association between obesity and elevated mean arterial pressure (>90 mmHg). Employing a BMI
cut-off (>25kg/m?) demonstrated 67.74% sensitivity and 77.78% specificity for hypertension detection,
while RFM (cut-off 36.6) exhibited 52.17% sensitivity and 64.52% specificity. There was a significant
positive correlation of BMI with MAP (r = 0.408, p < 0.001) and a significant difference between groups
(p <0.001). Conclusion: The effectiveness of BMI and WHtR in our study underscore the significance of
multiple anthropometric indices for comprehensive obesity and cardiovascular risk assessment. Future
prospective studies play a crucial role in uncovering the clinical importance of modern anthropometric
measurements and biomarkers, providing valuable information to improve tools for assessing obesity and
accurately representing public health.
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Graphical Abstract

Anthropometric Measures for Predicting the Risk of Hypertension in Young Adults:

Insights from a Representative Population
Kanyakumari DH, Rudramurthy KG, Suresh U Kadli, Harish Rangareddy

ﬂms & Objectives \
This study aimed to evaluate the relationship in a young adult population
between Mean Arterial Pressure (MAP] and Body Mass Index (BMI),
Relative Fat Mass (RFM), Waist-to-Hip Ratio (WH ratio), and Waist-to-
Height ratio (WHtR). Additionally, the study objective was to determine
the predictive value of BMI and RFM for hypertension in young adults.

Material and Methods:

A cross sectional study invelving 85 medical undergraduates selected
using opportunistic sampling of students presenting for the Physiology
practical as a representative sample of young adults in this cross-sectional
study. The anthropometric measurements of BMI, RFM, WH ratio, and

QmR were measured and compared between subjects wi‘kh/

BMI with MAP
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Scatter plot showing positive correlation of
WHtR with MAP

Linear regression of MAP with WHtR as a predictor

MAP<30mmHg and MAP>30mmHg.

The chi-square test revealed a strong association between obesity and
elevated mean arterial pressure (>90mmHg). Employing a BMI cut-off
(25kg/m2) demonstrated 67.74% sensitivity and 77.78% specificity
for hypertension detection, while RFM (cut-off 36.6) exhibited 52.17%
sensitivity and 64.52% specificity. Linear regression analysis indicated
that BMI (F-statistic = 16.54, p = 0.0001) significantly influences MAP.
Similarly, linear regression analysis d ated the significance of
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\nf BMI and WHtR as predictors of MAP.
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Conclusions:

Effectiveness of BMI and WHtR in our study underscore the significance of multiple anthropometric indices
for comprehensive obesity and cardiovascular risk assessment. Future prospective studies play a crucial
role in providing valuable information to improve tools for assessing obesity and accurately representing

public health.

Introduction

Cardiovascular diseases remain a
global concern, requiring thorough risk
assessment. Anthropometric measurements
are significant indicators, associated with
cardiovascular risk factors [1]. The
classification of overweight and obesity is
done by body mass index (BMI), a trend that
is on the rise worldwide. Obesity is
associated with a poor diet and lack of
physical activity, increasing the chance of
developing hypertension [2]. Higher BMI is
linked to elevated blood pressure and greater
chance of developing hypertension [3,4].
Changes in lifestyle, such as lack of physical
activity and unhealthy eating habits, are
leading to an increase in cardiovascular
diseases among younger individuals [5].
Relative fat mass (RFM) calculates body fat
circumference,

percentage using waist
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height, and gender. RFM is more effective at
anticipating dyslipidemia and metabolic
syndrome [6]. Our study explores the link
between anthropometric and
hypertension in young adults. The primary
objectives of this study were to assess the
correlation between Body Mass Index
(BMI), Relative Fat Mass (RFM), Waist-to-
Hip Ratio (WH ratio), and Mean Arterial
Pressure (MAP) in a young adult population.
Additionally, the study aimed to determine
the predictive value of BMI and RFM for
hypertension in young adults.

measures

Methods
Study setting and design
Cross-sectional study conducted at a
tertiary medical center and teaching hospital.
Sample size was determined using
the formula:
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where, at 95% Confidence Interval (CI), Z=
1.96 and n=minimum necessary sample size
When calculating the maximum sample size,
p= prevalence is taken to be 50%.

q = 1-p, e = 10% margin of error

For a finite population, the sample was
modified as follows:

97 / [1+{97-1) / 600}] =n'=n/ [1+{(n-1) /
N}]=83.6

In this case, n'= modified sample size

N= finite population of medical students in
the Medical College, 600

The calculated minimum required sample
size was 84.

Participants

The study involved a sample of 85
young adults (aged 18-21 years) recruited
from Basaveshwara Medical College
Hospital and Research Center, Chitradurga.
Participants were selected using
opportunistic sampling of medical students
presenting for the Physiology practical and
is a representative sample of young adults.
Subjects suffering from any cardiovascular
disease, respiratory illness any other chronic
illness were excluded. Young adults were
defined as age spanning between 18 to 26
years according to the Committee on
Improving the Health, Safety, and Well-
Being of Young Adults; Board on Children,
Youth, and Families; Institute of Medicine;
National Research Council of United States
of America [7].

Data Collection
Anthropometric Measurements

The waist and hip circumferences
were measured with a flexible tape measure.
Waist circumference (WC) was calculated
by measuring the horizontal distance across
the abdomen at the navel level. Hip
circumference (HC) was measured as the
horizontal distance between the two top hip
bones (ilia).

Height was measured with a roll
ruler wall-mounted growth stature meter and
body weight was measured using a medical
scale with SECA 803 digital flat scale
respectively, by a standardized procedure
with an accuracy of 0.1 kg and 0.1 cm,
respectively. Participants stood with their
backs straight, heels together, barefoot, and
in light clothing for both measurements.

Indicators of Obesity
To assess obesity in women, the

following factors were examined:

o BMI was computed using the
formula: BMI = body weight
(kg)/height (m) 2. Participants were
classified as underweight (<18.5
kg/m?), normal weight (18.5-22.9
kg/m?),  overweight  (23.0-24.9
kg/m?), or obese (>25 kg/m?) based
on consensus guidelines for the
diagnosis of obesity among Asian
Indians [8].

o The relative fat mass (RFM) index
was calculated using the formula:

RFM = 76 — [20 x {height (m)/waist
circumference (m)}] [9]

RFM aims to provide a more
accurate assessment of body fat percentage,
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particularly in individuals with different

body shapes or proportions.

. The waist-to-hip ratio (WH ratio)
was computed using the following
formula:

Waist circumference (WC) in cm /
Hip measurement in cm

o The waist-to-height ratio (WHtR)
was obtained using the formula:
(WC) (cm)/height (cm)

Blood Pressure Measurement

The method of Korotkoff sound was
utilized for blood pressure measurement
using a digital sphygmomanometer.
Measurements were conducted based on the
guidelines provided by the American Heart
Association. The right upper limb artery was
examined while sitting. Before measuring
blood pressure, it was ensured that the body
was in the correct position, a period of rest
was taken, an appropriately-sized cuff was
used, and external factors that could affect
blood pressure (such as drinking coffee and
tea) were minimized. The Mean Arterial
Pressure (MAP) was determined by using
the equation: MAP = DBP + 1/3 (SBP -
DBP).

Data Analysis

The normality of the data was
evaluated using the Kolmogorov-Smirnov
test and was determined to be normally
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distributed. Mean = SD was used to present
descriptive  statistics. The researchers
performed independent samples t-tests to
compare anthropometric measures between
individuals ~ with  hypertension  and
individuals with normal blood pressure.
Correlations between BMI, RFM, WH ratio,
and MAP were evaluated using Pearson
correlation coefficients. A significance level
of p < 0.05 was established. Data analysis
was performed using Statistical Product and
Service Solutions (SPSS), SPSS Statistics
for Windows, version 16.0 (SPSS Inc.,
Chicago, Ill., USA).

The study followed ethical standards
by obtaining permission from the
Institutional ~ Ethics ~ Committee.  All
participants provided consent prior to taking
part in the study, with only the 85
individuals who volunteered being included.
Information was made anonymous in order
to safeguard the privacy of participants.

Results

This cross-sectional study involved a
sample of 85 young adults aged 18-21 years,
comprising 48 males and 37 females. The
subjects were classified considering the
MAP as Group 1 MAP<90mmHg and
Group 2 MAP>90mmHg. The means were
compared using the Independent 't' test as
shown in Table 1.
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Table 1. Comparison of means between the two groups using the Independent 't' test

Parameter Group 1, n=51 Group 2, n=34 ‘p’ value
(MAP<90mmHg) | (MAP>90mmHg)
Mean = SD Mean + SD

Mean arterial pressure (mmHg) 83.41+5.03 94.79+2.47 <0.001
Body mass index (kg/m?) 22.31+2.84 26.44+4.78 <0.001
Relative fat mass (%) 29.83+7.32 31.46+7.07 0.311
Waist-hip ratio 0.83+0.06 0.84+0.05 0.253
Waist-to-Height ratio 0.4782+0.0577 0.5224+0.0651 <0.01

Out of the 34 students with specificity of 64.52% for predicting
MAP>90mmHg, 7 had family history of hypertension.
either the father or mother having Regarding BMI, a  positive
hypertension.  Chi-square  test  results correlation was noted with MAP (r = 0.408,

indicated a robust association between
obesity and increased mean arterial pressure
(>90mmHg). Utilizing a BMI cut-off of
>25kg/m?, we observed a sensitivity of
67.74% and specificity of 77.78% for
detecting hypertension in young adults.
Conversely, RFM with a cut-off of 36.6%

p < 0.001) which was statistically significant
as shown in Figure 1. The t-test revealed a
notable difference in BMI between groups (t
-4.986, df = 83, p < 0.001). However, for
RFM, no significant correlation with MAP
was found (r = -0.039, p = 0.725), and the t-
test indicated no significant difference in

exhibited a sensitivity of 52.17% and RFM between groups (t =-1.019, df = 83, p
=0.311).
* ¢ 8 : .... L] L] ¢ L ]
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Figure 1. Scatter plot showing the positive correlation of BMI with MAP
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Similarly, there was no significant
correlation between the WH ratio and MAP
(r=0.102, p = 0.353), and the t-test revealed
no notable variation in WH ratio between
the groups (t = -1.151, df = 83, p = 0.253).

WHtR showed a significant positive
correlation with MAP (r=0.2623, p=0.015)
as shown in Figure 2, Independent ‘t’ test
revealed significant difference between
groups (t=-3.279, p<0.01).
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Figure 2. Scatter plot showing the positive correlation of WHtR with MAP

The linear regression analysis using
BMI as a predictor and MAP as the
dependent variable showed an F-statistic of
16.54 (Y = 0.2468*X + 2.252) with a p-
value of 0.0001, indicating a significant
impact of body fat mass on MAP. Moreover,
when conducting linear regression analysis
using WHIR as an independent variable and

MAP as the target variable, the F-statistic
yielded 6.134 (Y = 0.002408*X + 0.2841)
with a significant p-value of 0.0001.
Therefore, BMI and WHtR were found to be
important predictors of MAP the
examination, as demonstrated in Figure 3
and Figure 4, respectively.
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Figure 3. Linear regression of MAP with BMI as a predictor
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Figure 4. Linear regression of MAP with WHtR as a predictor

These findings shed light on the
complex relationships
anthropometric measures and hypertension
risk in young adults, emphasizing the
importance of BMI and WHtR as predictors
of increased mean arterial pressure.

between

Discussion

Our study revealed that
approximately 40% of medical students fell
into the category of obesity based on the
BMI cut-off. This finding is slightly higher
compared with the prevalence reported in a
study conducted in Nepal by Aryal V et al,
estimating obesity prevalence as 31.67%
[10]. However, our results show a lower
prevalence compared to the Korean
population, where obesity prevalence
reached around 50% [11]. In contrast,
studies conducted in a teaching hospital in
northern Israel and an urban slum of Karachi
reported much higher obesity prevalence,
reaching 83.70% and 89%, respectively,
surpassing the prevalence observed in our
study [12,13]. Gender-based distribution of
obesity in our study revealed a higher
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proportion in males (41.66%) compared to
females (29.72%) which contrasts the
findings by Aryal et al. [10]. The diversity in
obesity  prevalence  underscores  the
importance of understanding regional and
population-specific variations in
anthropometric ~ measures. A study
conducted by Purohit G et al found that BMI
showed negative correlation with SpO2 (r= -
0.0504, p<0.05) and pulse rate, but positive
correlation with systolic blood pressure
(r=0.2736) and diastolic blood pressure
(r=0.0275) [14].

RFM, utilizing height and waist
circumference, emerged as a simple model
for assessing obesity in our study. The mean
RFM values for MAP<90 mmHg and
MAP>90mmHg individuals were
29.83+7.32 and 31.46+7.02, respectively.
The values in this study are similar to those
found by Paek et al. in the Korean adult
population, where RFM displayed a
diagnostic accuracy in identifying excess
body fat percentage that was similar to BMI
[15]. Despite the promising aspects of RFM,

our study did not demonstrate @ its
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effectiveness in predicting hypertension
when compared to BMI. Notably, our study
did not include other parameters, preventing
a comprehensive assessment of RFM's
superiority in predicting different risk
factors. These findings are similar to the
study in the Chinese population by Yu P et
al who prospectively observed that both men
and women showed that WHtR and RFM
had the highest area under the curve (AUC)
values in analysis of ROC, but they were not
statistically different from BMI and WC in
men or women. The predictive ability of the
RFM-based model was similar to that of the
anthropometric measures viz., BMI, WC,
and WHtR in predicting hypertension in the
Chinese population, indicating that RFM
could be a reliable predictor. However, in
terms of predictive accuracy it does not
outperform WC, WHtR and BMI [16].
Kankaria et al, observed that among
the residents of Manipur, boys and
hypertensive individuals exhibited elevated
mean Waist-to-Height Ratio (WHtR), with
WHtR positively correlating with weight
and male gender; however, the diagnostic
efficacy of WHtR for hypertension, as
indicated by the AUC in ROC was low [17].
In the CASPIAN-IV study by Payab
M et al, the intake of sweetened beverages
showed a notable relationship with both
body measurements and blood pressure
readings.  Furthermore, an important
relationship was found between fast food
intake, blood pressure, and body
measurements (except for WHtR and
WHR). Consuming sweetened beverages
showed a strong connection with
anthropometric while
consuming salty snacks was only linked

measurements
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significantly to height, hip circumference,
and waist-to-hip ratio (WHR). Individuals
who rarely ate sweets had a reduced chance
of developing overall obesity and abdominal
obesity in comparison to those who ate them
every day. Likewise, students who rarely
drank sweetened beverages were less likely
to be generally obese compared to those
who consumed them every day [18]. In our
study dietary history was not considered.
However, following the study the students
with obesity and MAP>90mmHg were
advised to exercise regularly and diet charts
were provided.

Armitage et al. conducted
experimental study using rabbits equipped
with telemetric devices to measure renal
sympathetic activity and hemodynamic
parameters. They found that rabbits on a
high-fat diet exhibited a rapid increase in
renal sympathetic tone, blood pressure, and
heart rate, along with a decrease in
baroreflex function [19]. the
mechanisms underlying renal denervation

an

However,

influencing blood pressure regulation in
obesity remain unclear. It
whether disrupting sympathetic vasomotor
connections outside the kidneys could lead
to improvements in blood pressure and other
cardiovascular  alterations in  obesity.
Additionally, animal models with obesity-
related mutations in the ob gene or LepR
often develop heart failure, suggesting a
potential connection between leptin and
cardiovascular disease [20]. Studies have
shown that blocking leptin receptor
signaling in pro-opiomelanocortin (POMC)

1S uncertain

neurons can prevent exogenous leptin from
elevating blood pressure, reinforcing the role



National Board of Examination - Journal of Medical Sciences, Volume 2, Issue 4

of leptin as a crucial hormone linking
hypertension and obesity [21].

Obesity is characterized by increased
plasma volume and sodium accumulation,
which are relevant factors in the
development of high blood pressure. Studies
conducted over time have demonstrated that
changes in kidney excretory function
precede the onset of obesity-related
hypertension in both animals and humans,
suggesting that kidney dysfunction may
contribute to elevated blood pressure in
obesity [22,23,24].

Large prospective studies are
essential to uncover the long-term clinical
significance anthropometric
measurements, shedding light on their
potential  advantages over traditional
measures. These studies could provide
valuable insights into refining obesity
assessment tools for
representation of the population's health
status.

of newer

a more accurate

Conclusion

In conclusion, this study sheds light
on the intricate link between anthropometric
measurements and cardiovascular risk in a
representative young adult population. The
significant associations found, particularly
with BMI, WHtR, and MAP, advocate for

the inclusion of comprehensive
anthropometric assessments in
cardiovascular risk stratification models for
this demographic. Further research is

warranted to validate and extend these
findings, contributing  to
enhanced strategies  for
cardiovascular diseases in young adults.

ultimately
preventive

397

Acknowledgment

This study was approved by
Basaveshwara Medical College, Chitradurga
and the authors would like to express their
appreciation and gratitude to the Department
faculty and students who participated in this
study.

Authors’ contributions

KKDH and SUK were involved in
the  initial revision, idea
presentation, design, and data
collection and analysis of the manuscript.
RKG HR took part in reviewing the
manuscript, analyzing data, and making
revisions to the manuscript. Additionally, all
authors take on the responsibility for the
validity of the content in the current
manuscript and endorse the final draft of the
manuscript.

writing,
initial

Conflict of interests

The authors declares that they do not
have conflict of interest.

Funding
No funding was received for conducting this

study.

References

1. Hassan S, Oladele C, Galusha D, Adams
OP, Maharaj RG, Nazario CM, Nunez M,
Nunez-Smith M; ECHORN Writing
Group. Anthropometric measures of
obesity and associated cardiovascular
disease risk in the Eastern Caribbean
Health Outcomes Research Network
(ECHORN) Cohort Study. BMC Public
Health. 2021 Feb 25;21(1):399. doi:
10.1186/s12889-021-10399-3.

2. World Health Organization. Obesity and
Overweight Geneva: World Health



Organization; 2020. Apr 1, [2024 Mar
08;]. Available from:
http://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight.
Kaur M. Correlation between body mass
index and blood pressure in adolescents.
Pak J Physiol. 2016;12(1):47-50.

Weng C, Shen Z, Li X, Jiang W, Peng L,
Yuan H, Yang K, Wang J. Effects of
chemerin/CMKLR1 in obesity-induced
hypertension and potential mechanism.
Am J Transl Res. 2017 Jun 15;9(6):3096-
3104.

Raj M, Sundaram KR, Paul M, Deepa AS,
Kumar RK. Obesity in Indian children:
time trends and relationship with
hypertension. Natl Med J India. 2007
Nov-Dec;20(6):288-93.

Kobo O, Leiba R, Avizohar O, Karban A.
Relative fat mass is a better predictor of
dyslipidemia and metabolic syndrome
than body mass index. Cardiovasc
Endocrinol Metab. 2019 Sep 10;8(3):77-
81. doi:
10.1097/XCE.0000000000000176.
Committee on Improving the Health,
Safety, and Well-Being of Young Adults;
Board on Children, Youth, and Families;
Institute of Medicine; National Research
Council; Bonnie RJ, Stroud C, Breiner H,
editors. Investing in the Health and Well-
Being of Young Adults. Washington
(DC): National Academies Press (US);
2015 Jan 27. 1, Introduction. Available
from:
https://www.ncbi.nlm.nih.gov/books/NBK
284791/

Misra A, Chowbey P, Makkar BM,
Vikram NK, Wasir JS, Chadha D, et al.
Consensus statement for diagnosis of
obesity, abdominal obesity, and the
metabolic syndrome for Asian Indians and
recommendations for physical activity,

10.

1.

12.

13.

14.

398

National Board of Examination - Journal of Medical Sciences, Volume 2, Issue 4

medical and surgical management. J
Assoc Physicians India. 2009;57:163-70.
Woolcott OO, Bergman RN. Relative fat
mass (RFM) as a new estimator of whole-
body fat percentage — A cross-sectional
study in American adult individuals. Sci
Rep. 2018 Jul 20;8(1):10980. doi:
10.1038/s41598-018-29362-1.

Aryal V, Ghimire D, Kandel S, Majumder
A, Manna S. Obesity among Medical
Students of a Medical College: A
Descriptive Cross-sectional Study. INMA
J Nepal Med Assoc. 2022 Nov
2;60(255):943-946. doi:
10.31729/jnma.7519.

Yang YS, Han BD, Han K, Jung JH, Son
JW; Taskforce Team of the Obesity Fact
Sheet of the Korean Society for the Study
of Obesity. Obesity Fact Sheet in Korea,
2021: Trends in Obesity Prevalence and
Obesity-Related Comorbidity Incidence
Stratified by Age from 2009 to 2019. J

Obes  Metab  Syndr. 2022  Jun
30;31(2):169-177. doi:
10.7570/jomes22024.

Sahib AS, Majid HS, Mahdi TR, Hussein
RQ. Factors Associated With Incidence
Of Obesity And Overweight Among
Students Of Medical Sciences. British
Journal of Medical & Health Sciences
(BIMHS). 2020;2:602-615.

Amin F, Fatima SS, Islam N, Gilani AH.
Prevalence of obesity and overweight, its
clinical markers and associated factors in
a high-risk South-Asian population. BMC

Obes. 2015 Mar 18;2:16. doi:
10.1186/s40608-015-0044-6.
Purohit G, Shah T, Harsoda JM.

Prevalence of Obesity in Medical students
and its correlation with cardiovascular
risk factors: Emergency Alarm for Today?
Kathmandu Univ Med J (KUMJ). 2015
Oct-Dec;13(52):341-5. doi:
10.3126/kumj.v13i4.16834.



National Board of Examination - Journal of Medical Sciences, Volume 2, Issue 4

15.

16.

17.

18.

19.

Paek JK, Kim J, Kim K, Lee SY. The
usefulness of relative fat mass in
estimating body adiposity in Korean adult
population. Endocr J. 2019 Aug
29;66(8):723-729. doi:
10.1507/endocrj.EJ19-0064.

Yu P, Huang T, Hu S, Yu X. Predictive
value of relative fat mass algorithm for
incident hypertension: a 6-year
prospective study in Chinese population.
BMJ Open. 2020 Oct 16;10(10):e038420.
doi: 10.1136/bmjopen-2020-038420.
Kankaria A, Narang R, Saxena A,
Ramakrishnan S, Desai A, Thangjam RS,
Krishnan A. Determinants of Waist-to-
Height Ratio and Its Relation to
Hypertension among School Children in
India: A Multicenter Study. Indian J
Pediatr. 2022 Jun;89(6):546-552. doi:
10.1007/s12098-021-03879-2.

Payab M, Kelishadi R, Qorbani M,
Motlagh ME, Ranjbar SH, Ardalan G,
Zahedi H, Chinian M, Asayesh H,
Larijani B, Heshmat R. Association of
junk food consumption with high blood
pressure and obesity in Iranian children
and adolescents: the CASPIAN-IV Study.
J  Pediatr (Rio J). 2015 Mar-
Apr;91(2):196-205. doi:
10.1016/j.jped.2014.07.006.

Armitage JA, Burke SL, Prior LJ, Barzel
B, Eikelis N, Lim K, Head GA. Rapid
onset of renal sympathetic nerve
activation in rabbits fed a high-fat diet.
Hypertension. 2012; 60:163—171.

20.

21.

22.

23.

24.

Greer JJ, Ware DP, Lefer DJ. Myocardial
infarction and heart failure in the db/db
diabetic mouse. Am J Physiol Heart Circ
Physiol. 2006 Jan;290(1):H146-53. doi:
10.1152/ajpheart.00583.2005.

Dubinion JH, do Carmo JM, Adi A,
Hamza S, da Silva AA, Hall JE. Role of
proopiomelanocortin - neuron Stat3 in
regulating arterial pressure and mediating
the chronic effects of leptin.Hypertension.
2013; 61:1066-1074.

Grubbs V, Lin F, Vittinghoff E, Shlipak
MG, Peralta CA, Bansal N, Jacobs DR,
Siscovick DS, Lewis CE, Bibbins-
Domingo K. Body mass index and early
kidney function decline in young adults: a
longitudinal analysis of the CARDIA
(Coronary Artery Risk Development in
Young Adults) Study.Am J Kidney Dis.
2014; 63:590-597.

Kassab S, Kato T, Wilkins FC, Chen R,
Hall JE, Granger JP. Renal denervation
attenuates the sodium retention and
hypertension associated with obesity.
Hypertension. 1995; 25(4 Pt 2):893-897.
Yang S, Cao C, Deng T, Zhou Z. Obesity-
Related Glomerulopathy: A Latent
Change in Obesity Requiring More
Attention. Kidney Blood Press Res.
2020;45(4):510-522. doi:
10.1159/000507784.



