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Abstract

Central obesity is abdominal fat that accumulates and affects the health status. The present study aims
to estimate some blood biomarkers among normal-weight females with central obesity and determine
the prevalence of central obesity. The method: healthy females with normal body weight and age group
of (33-44 y) have participated and their body anthropometric parameters were determined. The Navy
formula detected the body composition. Serum glucose, lipid profile, insulin, and cortisol hormone
were tested. The results: a high prevalence has been found of the central obesity among females with
normal weight (71.098%). Central obesity is characterized by increasing WC, WHR, and WHtR with
high-fat percentage and fat mass (40.55%, 25.6 kg) than females without central obesity (31.5%, 19.4
kg, respectively). The central obesity females showed significant elevation in serum glucose 8.937
mmol/L, insulin 177.884 pmol/L, and HOMI 10.216 with dyslipidemia than the ones with the non-
central obesity. A high significant cortisol level (29.126 pg/dl) was observed in the normal weight
central obesity group. Conclusions: the incidence of central obesity among normal-weight females has
been associated with changes in some blood profiles, which may contribute to increasing adiposity-

related risk factors and health outcomes and the effect on body shape.
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Introduction

The local body fat distribution revealed an
important role in initiating health problems . The
distribution of body fat is identified as the android
shape (central) and ganoid shape (peripheral) .
Central obesity is one of the regional fat accumulations
that contribute mainly to metabolic abnormalities
like hypertension, diabetes type2, and cardiovascular
diseases B! by promoting mediating factors including

inflammations, insulin resistance, and dyslipidemia
[4]

Central (abdominal) obesity was observed in
subjects with normal body weight (BMI < 25 Kg/m?)
[5], which resulted from many factors, mainly diet
type and lifestyle modifications © The central fat
is characterized by excessive abdominal fat deposit

even among the subjects with normal weight 1. The
abdominal fat has been considered as the optimal
criterion for the prediction of the fitness and for the
metabolic syndrome incidence, especially visceral fat
type (8.9,

Abdominal obesity is gender-specific obesity
[19] that is affected by the age ™ in the females,
abdominal obesity showed a specific android pattern
(apple shape) with increasing WC 11121,

The modern direct measurement for abdominal
obesity is magnetic resonance imaging or computer
tomography scan ™3, Since they are expensive, not
available, and limited in use, the simple alternative
is using the anthropometric indicators including
WC, WHR, and WHTR [" 4. These indicators were
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suggested by many epidemiological studies and health
organizations 5 261,

The most widely used obesity index measurement
is the BMI method. Still, with some limitations,
represented in the fact that it does not provide
the pattern of body fat distribution, therefore the
combination between abdominal measurements with
BMI was recommended ™). In general, the regional
fat depots were assessed among overweight and obese
people and not considered in normal-weight subjects,
which isanimportant indicator for the health condition.
This study aims to determine the prevalence of central
obesity among females with normal body weight,
assess the risk factors associated with abdominal fat
deposits through blood biomarkers, and detect the
correlation between WC and some blood parameters.

Materials and Methods

The population sample of the study consists of
healthy females (n=173) with normal body weight
(BMI>25 kg/m?) and age (33-44) years. The subjects
were divided according to age into two age groups,
the first age group: (33- 38 years) and the second age
group (39- 44 years). The data has been collected from
the participants according to the protocol of the ethical
committee of Biology Department-Science College-
Basrah University. The data has been collected firstly
by questioner forms and then the anthropometric
parameters and blood samples have been taken.
Questioner forms asked all participants about social
status, diet type, lifestyle, physical activity, smoking,
drugs, hormonal therapy, allergy condition, and
polycystic ovaries syndrome. The exclusion criteria
were pregnancy, athletic females, hormonal therapy,
females with diseases, and medications. The study
was carried out from July 2019 to February 2021.

The anthropometric measurements:

The body mass index (BMI) is measured by
weight kg/height m? I8, Waist circumference (WC)
was measured at the umbilicus region (cm), hip
circumference (HC) was measured at iliac ridge over
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the buttocks (cm), the neck circumference at the neck
place. All measurements were done by plastic strip
(191 The WHR ratio by WC/HC, the WHtR by WC/
height. The central obesity was determined according
to WC, WHR and WHtR: WC >80 cm, WHR > 0.85,
and WHTR > 0.50 %, Basing on questioners and
medical history, all participants have been considered
in good health. The participants were classified to
normal body weight with central obesity and normal
body weight without central obesity. The percentage
of body fat (%BF) has been measured according to the
formula of American Navy: females= 163.205 x log10
(waist + hip - neck) - 97.684 xlog10 (height) - 78.387
[21] Using a digital scale to measure the weight. The
blood pressure was taken in a sitting position.

The Blood Sample

The venous blood sample (5ml) from all
participants was drawn after overnight fasting (at 8-
10 Am). Serum specimens were collected in a gel
tube after blood clotting for 15 minutes at room
temperature and then centrifuged at 3000 rpm for 10

minutes. The serum was stored at deep freeze -70 °C
[22],

The serum assays:

Serum glucose and lipid profiles (triglycerides TG,
total cholesterol T-ch, and high-density lipoprotein
HDL) were measured by using the commercial Kits
(Biolab, France). According to the formula, low-
density lipoprotein (LDL) is Tch- HDL- TG/5 %], The
insulin has been measured by Elisa kit (Abcam, USA)
and cortisol by Elisa Kit (Crystal Chem, USA). The
homeostatic index of insulin resistance (HOMI) by
the formula: [glucose (mmol/L) x insulin (pmol/L)]
+ 155 [24],

The Statistical Analysis

The data were analyzed by ANOVA test by SPSS
version 22. T-Test was used for the two groups, Chi-
square was used for obtaining values of percentage,
and a general linear model was used for groups with
many factors. The correlation by bivariate analysis.
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The data has been expressed by mean * standard
deviation SD.

Results

The female participants of this study had a normal
body mass index (23-24 kg/m?) (Table 1). A group of
females revealed a significant (p < 0.05) increase in
WC (94.189 cm), WHR (0.908), and WHtR (0.579)
than other female participants, therefore, they have
been divided to normal BMI with central obesity
and normal BMI without central obesity. The female
group without central obesity showed normal ranges
in WC (78.419 cm), WHR (0.778), and WHtR (0.479)
values.

According to anthropometric parameters, the
healthy females with normal body weight showed a
high prevalence of central obesity 123 (71.098 %),
while the females without central obesity reveal less
occurrence 50 (28.901%), table (2).

The Navy formula (table 1) revealed that the
females with normal weight and central obesity are
considered obese as they showed higher body fat
percentage (% BF) and higher fat mass 40.55%, 25.6
kg, respectively with significantly (p < 0.05) compared
to the non-central obesity females group (31.5%, 19.4
kg respectively). The lean body mass that has been
displayed by this formula showed that the non-central
obesity females had more lean mass, 42.1 kg, than the
females with central obesity 37.4 kg.

The systolic and diastolic pressure were
significantly (p < 0.05) elevated in normal weight-
central obesity group 123.927 mmHg and 80.893
mmHg respectively compared to normal weight
without central obesity 119.371 mmHg and 77.440
mmHg.

According to age groups (table 3), in the central
obesity group, the second age group, 39-44y of
central obesity displayed a higher WC (95.588),
WHR (0.917), WHtR (0.585) with significantly (p
< 0.05) than the first age group (33-38 y). The Navy
formula also displays insignificant differences in the

percentage of body fat, fat and lean mass between the
two age groups. There were significant differences (p
< 0.05) between the systolic and diastolic pressure
between the two age groups.

In normal weight without central obesity, the
second age group showed higher significance (p <
0.05) values in the ratio of WC, WHR, and WHIR than
the first age group. According to the Navy formula, the
second age group considers obese by high significant
body fat percentage and fat mass values than the first
age group, which have been considered with average
body fat. No significance was observed in lean mass
between the two age groups. The systolic and diastolic
pressure showed insignificant differences.

The biochemical parameter between the two
main groups (table 4) showed significant (P<0.005)
elevation in serum lipid profiles of central obese
females TG, T-ch, LDL: 163.420 mg/dl, 177.656 mg/
dl, 112.7 mg/dl, and a decrease in the HDL 47.233
mg/dl compared to non-central obesity.

There was a significant (p < 0.05) increase in
serum glucose and insulin levels in females with
normal weight and central obesity group 8.937
mmol/L, 177.884 pmol/L respectively compared to
normal weight without central obesity 8.079, 171.464.
Therefore, the homeostatic index of insulin resistance
was significantly higher in the central obesity group
10.216 than the non-central obesity group 8.937.

The results observed an increased level of serum
cortisol in normal weight-central obesity females
29.126 pg/dl with significant difference (p < 0.05)
than the non-central obesity females 21.621 pg/dl.

From table (5), according to age groups, in normal
weight-central obesity females, it was observed that
the second age group (39-44 y) showed significant (p
< 0.05) elevation in glucose, TG, T-ch, and LDL levels
compared with the second age group. Also, there was
an increase in the insulin level 179.629 pmol/L and
HOMI (10.316) with significant differences compared
to the first age group 176.140 pmol/L and 10.116,
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respectively. The serum cortisol level displayed
significant elevation in the second age group 30.531
pg/dl compared to the first age group 27.721 pg/dl.

There were significant differences in normal
weight without central obesity (p < 0.05) in the levels
of glucose, TG, insulin, and HOMIR between the two
age groups. A significant elevation in these parameters
characterizes the second age group. No significant

differences were observed in the levels of T-ch, HDL,
LDL, and cortisol between the two age groups.

The results of the bivariate correlation analysis
(table 6) showed that BMI had a positive correlation
with fat mass percentage. The WC displayed a positive
correlation with WHR and serum cortisol level. There
was a positive correlation between WHR and HOMIR
and between serum fasting glucose and TG level.

Table 1: The Anthropometric parameters in normal weight females with and without central obesity.

Parameter Normal B_MI w_ith central Normal BMI _without central (Sign:?‘i\éz:ieat n<
obesity (n=123) obesity (50) 0.05)
Weight 63.367+1.501 61.838+1.643 0.532
Height 162.478+1.731 163.325+1.309 0.231
BMI 24.004+1.567 23.183+1.537 0.819
WC 94.189+2.773 78.419+1.842 0.003
HC 103.680+5.171 100.737+3.192 0.420
WHR 0.908+0.058 0.778+0.087 0.001
WHItR 0.57940.093 0.479+0.097 0.001
NC 33.810+1.218 33.362+1.063 0.530
% BF 40.55+1.040 31.5+1.624 0.000
Fat mass (kg) 25.6+1.537 19.4+1.857 0.000
Lean mass (kg) 37.4£1.978 42.1+1.607 0.001

Body category obese average -

SBP mmHg. 123.927+3.863 119.371+1.118 0.032
DBP mmHg. 80.893+2.674 77.440+£1.311 0.044
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Table 2: the prevalence of central obesity among normal weight females in the study population.

Normal BMI with central obesity

Normal BMI without central obesity

The prevalence

123 (71.098 %)

50 (28.901 %)

Chi-Square=17.640, Sig= 0.000

Table 3: the anthropometric parameters in normal weight females with and without central obesity
according to each groups.

Parameter

Normal BMI with central obesity (n=123)

Normal BMI without central obesity (50)

Age groupl Age group 2 (Sliag]:ﬁlil::nt Age groupl Age group 2 (Sigi;;?ézst at
33-38y,n=53 39-44y,n=70 | . 0 < 0.05) 33-38y, n=32 39-44y,n=18 D < 0.05)
Weight 62.554+1.499 64.181+1.545 0.840 60.498+1.500 63.179+1.533 0.790
Height 161.751+1.520 163.205+1.698 0.477 162.293+1.714 164.358+1.703 0.500
BMI 23.912+1.614 24.096+1.102 0.693 22.976+1.679 23.390+1.100 0.661
wcC 92.791+2.527 95.588+3.502 0.033 77.377+£3.505 79.462+3.548 0.050
HC 103.202+1.528 104.159+2.485 0.525 99.872+.3108 101.603+3.503 0.417
WHR 0.899+0.010 0.917£0.010 0.010 0.774%0.050 0.782+0.064 0.039
WHIR 0.573+0.068 0.585+0.076 0.040 0.476+0.072 0.483+0.051 0.041
NC 32.901+0.551 34.720+0.863 0.700 33.451+0.742 33.274+0.670 0.653
% BF 40.5+0.400 40.6+0.503 0.680 30.8+0.115 32.2+0.251 0.039
FM (kg) 25.1+0.100 26.1+0.129 0.511 18.5+0.151 20.3+0.208 0.045
LM (kg) 36.9+£0.476 37.9+0.208 0.583 41.5+£0.264 42.7£0.378 0.733
ca?;);gry obese obese - average obese -
SBP mmHg 121.424+5.532 126.430+5.389 0.033 118.390+6.190 120.352+6.144 0.740
DBP mmHg 79.113+3.706 82.673+3.487 0.046 78.128+2.594 76.752+2.731 0.668
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Table 4: the serum assays in normal weight females with and without central obesity.

. . P value
Parameter Normal BMI with central Normal BMI without central (Significant at p <
obesity (n=123) obesity (50) g P=
0.05)
Glucose mmol/L 8.937+1.837 8.079+1.508 0.000
TG mg/dl 163.420+2.780 145.933+1.678 0.001
T-ch mg/dl 177.656+1.247 173.830£1.841 0.000
HDL mg/dI 47.233+1.231 51.44+1.088 0.003
LDL mg/dl 112.7+1.830 106.25+1.390 0.000
Insulin poml/L 177.884+1.982 171.464+1.369 0.040
HOMI 10.216+0.215 8.937+0.151 0.001
Cortisol pg/dl 29.126+0.818 21.621+0.872 0.000

Table 5: the serum assays in normal weight females with and without central obesity according to age

groups.

Parameter

Normal BMI with central obesity (n=123)

Normal BMI without central obesity (50)

Age groupl Age group 2 (SiFg);r\I/i?::aent Age groupl Age group 2 (S;:i?ilraent

33-38y,n=53 39-44y,n=70 at p <0.05) 33-38y,n=32 39-44y,n=18 at p < 0.05)
Glucose mmol/L 8.902+1.115 8.972+1.321 0.011 8.019+1.141 8.139+1.307 0.007
TG mg/dl 160.310£3.615 | 166.530+4.586 0.012 141.651+2.154 150.215+£2.577 0.031
T-ch mg/di 176.802+3.527 | 178.510+3.577 0.051 173.230£1.577 174.431+1.386 0.341
HDL mg/dl 48.768+2.358 45.699+1.732 0.030 50.560+2.886 52.320+2.886 0.602
LDL mg/dl 110.442.577 115+2.309 0.001 106.6+1.970 105.9+2.081 0.719
Insulin pmol/L 176.140+£2.732 | 179.629+5.196 0.032 170.301+£3.114 172.628+2.154 0.042
HOMI 10.116+0.166 10.316+0.329 0.045 8.810+0.240 9.064+0.121 0.002
Cortisol pg/dl 27.721+1.577 30.531+1.100 0.003 20.881+1.154 22.362+1.732 0.320
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Table 6: the observed significant correlations among the variables in the study.

Variables Pearson Correlation
Sig. (p <0.05)
BMI-Fat mass ggg)
WC-WHR -?2?(()*)
WC-Cortisol 9(())2(:)
WHR-HOMIR -9.(());2*)
Glucose -TG 9‘(‘)21(7*)
Discussion: age. Also, this formula was effective in expressing fat

The general anthropometric parameter to
diagnose obesity in the population uses the body
mass index BMI 8, In this study, we found that the
healthy females with normal body weight showed
central obesity by increasing WC, WHR, and WHtR
despite lowering their BMI (18.5-24.9 kg/m?). The
high prevalence of central obesity among the study
participants suggests the importance of detecting the
WC, WHR, and WHItR in normal-weight subjects to
determine regional obesity as critical measurements
for body fat distributions [?°],

In this study, we compared the results of the
Navy formula with the WC, WHR, and WHtR and
found that the normal weight females with central
obesity showed more fat percentage in both age
groups. Simultaneously, the normal weight females
without central obesity also showed a fat ratio and
were considered obese in older age (39-43y). These
results indicate that the Navy formula was adequate
to determine body fitness by including all body
anthropometric parameters in addition to sex and

accumulation in the normal body weight. The Navy
formula is an adequate and certain formula for the
detection of the body composition with similar results
as using the bioelectrical analysis % 27} and suitable
for use any time even after the physical activity 2 it
has also been considered as a screening tool for body
fitness and obesity complications 2,

The normal-weight females without central
obesity showed high-fat percentage, especially in the
second age, this may related that the Navy formula
reflect the fitness degree of these participants. In our
study, all participants showed a sedentary lifestyle.
In the central obesity females, the formula showed a
higher fat percentage as expected with increasing the
abdominal fat deposit in this group.

The total body mass, including the fat and non-
fat mass, was expressed by BMI. In contrast, the WC
expressed only the fat accumulation in the abdominal
region and HC revealed the fat tissue in peripheral
body parts [20]. In normal BMI with central obesity,
the increase in WC and decrease in the HC may
decrease fat deposits in hips and legs [,
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In this study, the females with central obesity
showed elevation in lipid profile, glucose, insulin, and
HOMII, indicating that the central fat accumulation
causes a disturbance in lipid and glucose metabolism
and developing the risk factors leading to glucose
intolerance,  dyslipidemia, hypertriglyceridemia,

insulin resistance, and then systematic inflammation
ul
The lipolytic activity resulting from lipids

disturbance, causing high TG production and
transferring to the liver, which in turn increases
VLDL synthesis and TG elevation in the blood
circulation, enhances the exchange of the cholesterol
esters and TG hydrolyzing, leading to lower HDL
levels B% High TG production in liver during
hyperglycemia decreases the insulin clearance and
causes hyperinsulinemia B,

Some previous studies revealed the importance
of determining the central obesity among people with
normal weight [7, 32] as it is pointed to developed
morbidities like that in obese people with central
obesity [7, 33]. These because of a strong association
between the central obesity and CVD, regardless of
BMI [34]; also, the WC and WHR are more
correlated with the risk factors of metabolic
problems beyond the BMI [34, 35].

The excessive visceral fat depots in the
abdominal region may cause metabolic alternations,
including dyslipidemia and hyperinsulimia that
elevated risk factors of cardiovascular diseases CVD
[36, 37, 38]. The presence of hypertension and
diabetes type 2 in normal-weight central obese
individuals leading to develop cardiovascular
diseases (CVD) was more than the individuals
without the central obesity [39, 40].

In this study, the elevated systolic and diastolic
blood pressure in normal-weight—central obesity
females may be explained by the fact that the ratio of
body adiposity was an independent risk factor for
hypertension [41]. The risk factor of hypertension
was 63% in normal-weight Malaysian women [42].
The normal weight subjects with high-fat
percentages showed elevated blood pressure and
were more expected to develop CVD [43].

The study results showed that the normal BMI
with central obesity has high serum cortisol
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compared to female without central obesity, this may
be related to increased visceral fat accumulation [44],
or the elevated cortisol in blood circulation that
caused abdominal obesity [45]. The visceral adipose
tissues are supplied with more blood vessels than the
peripheral  adipose tissues and with more
glucocorticoid receptors; therefore, the visceral fat
was more sensitive to TG and glucocorticoids. The
glucocorticoids, like cortisol stimulate proliferation
and differentiation of human adipose tissue that
causes a redistribution of fat cells from peripheral to
central accumulation [46].

Conclusions

Inclusion of central adiposity measurementsand
body fat percentage with BMI are important
parameters for detecting body fat deposition and body
fitness even in the absence of whole-body obesity. It
is important to consider the metabolic alternations
associated with central obesity in normal BMI to
avoid the risk factors of metabolic complications.
Considering normal weight subjects as a control in
clinical studies based only on BMI and regardless the
abdominal obesity will lead to misclassification and
underestimation of blood metabolites like lipid profile
and hormones that will affect the study results.

Financial Disclosure: There is no financial
disclosure.

Conflict of Interest: None to declare.

Ethical Clearance: “All experimental protocols
were approved under the College of Science and
carried out in accordance with approved guidelines”.

References

[1] Bhaskaran K, Douglas I, Forbes H, dos-Santos-
Silva I, Leon DA, Smeeth L. Body-mass index
and risk of 22 specific cancers: a population-based
cohort study of 5- 24 million UK adults. The
Lancet. 2014 Aug 30;384(9945):755-65.

[2] James WP. The epidemiology of obesity: the size of
the problem. J Intern Med 2008;263:336-52.

[3] Bastien M, Poirier P, Lemieux |, Després JP.
Overview of epidemiology and contribution of



3068 Indian Journal of Forensic Medicine & Toxicology, October-December 2021, Vol. 15, No. 4

obesity to cardiovascular disease. Progress in
cardiovascular diseases. 2014 Jan 1;56(4):369-81.

[4] Zhang C, Rexrode KM, Van Dam RM, Li TY, Hu
FB. Abdominal obesity and the risk of all-cause,
cardiovascular, and cancer mortality. Circulation.
2008 Apr 1;117(13):1658-67.

[5] Mainous AG, Tanner RJ, Jo A, Anton SD.
Prevalence of prediabetes and abdominal obesity
among healthy-weight adults: 18-year trend. The
Annals of Family Medicine. 2016 Jul
1;14(4):304-10.

[6] Sun Y, Liu B, Snetselaar LG, Wallace RB,
Caan BJ, Rohan TE, Neuhouser ML, Shadyab
AH, Chlebowski RT, Manson JE, Bao W.
Association of normal-weight central obesity with
all-cause and cause-specific mortality among
postmenopausal women. JAMA Network Open.
2019 Jul 3;2(7):€197337-.

[7] Sahakyan KR, Somers VK, Rodriguez-Escudero
JP, Hodge DO, Carter RE, Sochor O, Coutinho T,
Jensen MD, Roger VL, Singh P, Lopez-
Jimenez
F. Normal-weight central obesity: implications
for total and cardiovascular mortality. Annals of
internal medicine. 2015 Dec 1;163(11):827-35.

[8] Ashwell M, Gibson S. Waist to height ratio is a
simple and effective obesity screening tool for
cardiovascular risk factors: analysis of data from
the British National Diet and Nutrition Survey of
adults aged 19-64 years. Obesity facts.
2009;2(2):97-103.

[9] Ashwell M, Gibson S. A proposal for a primary
screening tool:Keep your waist circumference to
less than half your height’. BMC medicine. 2014
Dec;12(1):1-6.

[10] Blouin K, Boivin A, Tchernof A. Androgens
and body fat distribution. The Journal of steroid
biochemistry and molecular biology. 2008 Feb
1;108(3-5):272-80.

[11] Mastaglia SR, Solis F, Bagur A, Mautalen C, Oliveri
B. Increase in android fat mass with age in
healthy women with normal body mass index.
Journal of Clinical Densitometry. 2012 Apr
1;15(2):159-64.

[12] Kurniati N. Obesity and central obesity. Medical
Journal of Indonesia. 2018 Sep 9;27(2):69a-70.

[13] Ajonuma BC, Onuoha FM, Ebirim CC, Okezue OS,
Eseigbe P, Alabi NA. Correlation between central
obesity and blood pressure in an adult Nigerian
population. Journal of Insulin Resistance. 2016 Dec
30;1(1):1-5.

[14] Liu Y, Tong G, Tong W, Lu L, Qin X. Can body
mass index, waist circumference, waist-hip ratio and
waist-height ratio predict the presence of multiple
metabolic risk factors in Chinese subjects?. BMC
public health. 2011;11(1):1-0.

[15] National Institute for Health and Clinical Excellence
(Great  Britain).  Obesity: The Prevention,
Identification, Assessment and Management of
Overweight and Obesity in Adults and Children:
NICE Guideline. NICE; 2006.

[16] Czernichow S, Kengne AP, Huxley RR, Batty
GD, De Galan B, Grobbee D, Pillai A, Zoungas
S, Marre M, Woodward M, Neal B. Comparison
of waist-to-hip ratio and other obesity indices as
predictors of cardiovascular disease risk in people
with type-2 diabetes: a prospective cohort study
from ADVANCE. European Journal of Preventive
Cardiology. 2011;18(2):312-9.

[17] Shields M, Tremblay MS, Connor Gorber S, Janssen
I. Abdominal obesity and cardiovascular disease
risk factors within body mass index categories.
Health Rep. 2012 Jun 1;23(2):7-15.

[18] World Health Organization. BMI classification.
2006. http://www.who.int/bmi/index.jsp?intro page
= intro_3.html.

[19] Aras S, Ustiinsoy S, Armutgu F.
central and peripheral obesity; anthropometric
measurements and laboratory parameters of
metabolic syndrome and thyroid function. Balkan
medical journal. 20;32(4):414.

[20] World Health Organization. Waist circumference
and waist-hip ratio: report of a WHO expert
consultation, Geneva. 2008.

[21] Peterson DD. History of the US Navy body
composition  program.  Military = medicine.
2015;180(1):91-6.

[22] Bhatnagar N. Dacie and Lewis Practical
Haematology By BJ Bain, I. Bates and MA Laffan,
Elsevier, London, 2017.

[23] d WT, Levy  RI, Fredrickson DS.
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clinical chemistry.
1972;18(6):499-502.

[24] Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin  resistance and  B-cell
function from fasting plasma glucose and insulin

Indices of

concentrations in  man. diabetologia. 1985
Jul;28(7):412-9.
[25] Owolabi EO, Ter Goon D, Adeniyi OV.


http://www.who.int/bmi/index.jsp?intro

Indian Journal of Forensic Medicine & Toxicology, October-December 2021, Vol. 15, No.4 3069

Central obesity and normal-weight central
obesity among adults attending healthcare
facilities in  Buffalo City  Metropolitan
Municipality, South Africa: a cross- sectional
study. Journal of Health, Population and
Nutrition. 2017;36(1):1-0.

[26]Wang L, Hui SS, Wong SH. Validity of
bioelectrical ~ impedance  measurement in
predicting fat-free mass of Chinese children and
adolescents. Medical science monitor:
international medical journal of experimental
and clinical research. 2014; 20:2298.

[27] Shaheen A, Javed N, Azam F, Liaquat A, Khan
M, Alam SM, Mumtaz S. Comparison of
bioelectrical impedance and navy seal formula to
measure body composition in medical students.
Cureus. 2019 May;11(5).

[28] Androutsos O, Gerasimidis K, Karanikolou
A, Reilly JJ, Edwards CA. Impact of eating

and  drinking on body composition
measurements by bioelectrical impedance.
Journal of human nutrition and dietetics.

2015;28(2):165-71.

[29] Muralidhara DV, Pui C. An evaluation
of overweight/obesity and body fat status in
medical students. Integr Obes Diabetes.
2015;1(1):7-10.

[30] Berndt J, Kloting N, Kralisch S, Kovacs
P, Fasshauer M, Schon MR, Stumvoll M,
Bliher
M. Plasma visfatin concentrations and fat
depot— specific mRNA expression in humans.
Diabetes. 2005;54(10):2911-6.

[31] Tourniaire F, Romier-Crouzet B, Lee
JH, Marcotorchino J, Gouranton E, Salles J,
Malezet C, Astier J, Darmon P, Blouin E,
Walrand S. Chemokine expression in inflamed
adipose tissue is mainly mediated by NF-kB.
PloS one. 2013
;8(6):e66515.

[32] [32] Hamer M, O'Donovan G, Stensel D,
Stamatakis E. Normal-weight central obesity and
risk for mortality. Annals of internal medicine.
2017 Jun 20;166(12):917-8.

[33] [33] Ko GT, Tang JS. Waist circumference and
BMI cut-off based on 10-year cardiovascular risk:
evidence for “central pre-obesity”. Obesity. 2007
Nov;15(11):2832-9.

[34] [34] Coutinho T, Goel K, Corréa de Sa D, Carter
RE, Hodge DO, Kragelund C, Kanaya AM,
Zeller M, Park JS, Kober L, Torp-Pedersen C.
Combining body mass index with measures of

central obesity in the assessment of mortality in
subjects with coronary disease: role of ‘“normal
weight central obesity”. Journal of the American
College of Cardiology. 2013 Feb 5;61(5):553-60.

[35] [35] Aye M, Sazali M. Waist circumference and
BMI cut-off points to predict risk factors for
metabolic syndrome among outpatients in a
district hospital. ethnicity. 2012 Aug 1;10:12.

[36] [36] Dong Y, Zhou J, Zhu Y, Luo L, He T, Hu H,
Liu H, Zhang Y, Luo D, Xu S, Xu L. Abdominal
obesity and colorectal cancer risk: systematic
review and meta-analysis of prospective studies.
Bioscience reports. 2017 Dec 22;37(6).

[37] [37] Caan BJ, Meyerhardt JA, Kroenke CH,
Alexeeff S, Xiao J, Weltzien E, Feliciano EC,
Castillo AL, Quesenberry CP, Kwan ML, Prado
CM. Explaining the obesity paradox: the
association between body composition and
colorectal cancer survival (C-SCANS Study).
Cancer Epidemiology and Prevention Biomarkers.
2017 Jul 1;26(7):1008-15.

[38] [38] Caan BJ, Feliciano EM, Prado CM, Alexeeff
S, Kroenke CH, Bradshaw P, Quesenberry CP,
Weltzien EK, Castillo AL, Olobatuyi TA, Chen
WY. Association of muscle and adiposity
measured by computed tomography with survival
in patients with nonmetastatic breast cancer.
JAMA oncology. 2018 Jun 1;4(6):798-804.

[39] [39] Guh DP, Zhang W, Bansback N, Amarsi Z,
Birmingham CL, Anis AH. The incidence of co-
morbidities related to obesity and overweight: a
systematic review and meta-analysis. BMC public
health. 2009 Dec;9(1):1-20.

[40] [40] Papaetis GS, Papakyriakou P, Panagiotou TN.
Central obesity, type 2 diabetes and insulin:
exploring a pathway full of thorns. Archives of
medical science: AMS. 2015 Jun 19;11(3):463.

[41] [41] He H, Pan L, Liu F, Ma J, Hu Z, Wang L, Li
Y, Shan G. Expanded normal weight obesity and
blood pressure in Chinese adults: a community-
based cross-sectional study. Australian journal of
primary health. 2019 Jul 19;25(3):256-63.

[42] [42] Moy FM, Loh DA. Cardiometabolic risks
profile of normal weight obese and multi-ethnic
women in a developing country. Maturitas. 2015
Jul 1;81(3):389-93.

[43] [43] Jia A, Xu S, Xing Y, Zhang W, Yu X, Zhao
Y, Ming J, Ji Q. Prevalence and cardiometabolic
risks of normal weight obesity in Chinese
population: a nationwide study. Nutrition,
Metabolism and Cardiovascular Diseases. 2018
Oct 1;28(10):1045-53.



3070 Indian Journal of Forensic Medicine & Toxicology, October-December 2021, Vol. 15, No. 4

[44] [44] Duclos M, Pereira PM, Barat P, Gatta B,
Roger P. Increased cortisol bioavailability,
abdominal obesity, and the metabolic syndrome
in obese women. Obesity research. 2005
Jul;13(7):1157-66.

[45] [45] Kyrou I, Tsigos C. Stress hormones:
physiological ~ stress and regulation  of
metabolism. Current opinion in pharmacology.
2009 Dec 1;9(6):787-93.

[46] [46] Hirata A, Maeda N, Nakatsuji H, Hiuge-
Shimizu A, Okada T, Funahashi T, Shimomura I.
Contribution of glucocorticoid—mineralocorticoid
receptor pathway on the obesity-related adipocyte
dysfunction.  Biochemical and biophysical
research communications. 2012 Mar
9;419(2):182-7.



