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Assessing Indicators of Central Obesity as Hypertensive
Risk Factors

Alexis Stamatikos® and Farzad Deyhim”

Hypertension, colloquially known as high blood pressure, is a severe public health concern in the United States. Nearly one in
three American adults aged 20 or over suffers from hypertension. Hypertension may lead to left ventricular hypertrophy, heart
failure, myocardial infarction, cerebral vascular accident, retinopathy, and renal failure. Risk factors for hypertension are
numerous and include age, gender, ethnicity, sedentary lifestyle, excessive sodium intake, smoking, diabetes, heavy alcohol
consumption, and recreational drug abuse. One of the most familiar markers used as a risk factor for hypertension is obesity
based on body mass index. However, while body mass index is easy and inexpensive to apply, it has disadvantages and may not
be the best suited marker for certain populations. A better predicting marker for hypertension instead of body mass index may be
to measure or estimate intra-abdominal adiposity, commonly known as visceral fat. The clinical name of excessive amounts of
adipose tissue around the midsection is central obesity. There are many techniques and procedures to evaluate central obesity,
ranging from taking simple measurements and performing straightforward calculations, to utilizing high technologically
advanced and expensive equipment. The purpose of this review is to thoroughly assess the rationality of employing central
obesity as a risk factor for hypertension and to analyze which diagnostic tests and criteria, if any, are superior compared to others
during the testing of both general and special populations.
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Introduction

Hypertension (HTN) is currently considered a public
health crisis in America, as nearly one in three American
adults aged 20 or over suffers from the condition (National
Center for Health Statistics, 2010).  Additionally, the
socioeconomic burdens related to HTN are tremendous, as
direct and indirect costs for HTN in the United States are
estimated to be 76.6 billion dollars annually (Lloyd-Jones et
al., 2010). Furthermore, the dangers of HTN are quite
prominent since developing HTN may result in left
ventricular hypertrophy, heart failure, myocardial infarction,
cerebral vascular accident, retinopathy, and renal failure
(Dunn & Pfeffer, 1999; Ong, Cheung, Man, Lau, & Lam,
2007; Tso & Jampol, 1982).

With HTN now being classified as an epidemic in the
United States (Choudhry, Fischer, & Shrank, 2007; Egan,
2004; Fields et al., 2004), it is paramount to set specific risk
factors (RF) associated with HTN, so more suitable
preventive measures and associated treatments can be
appropriately applied to people suffering from HTN. Age,
sex, race, lack of physical activity, high dietary sodium
intake, heavy use of alcohol, diabetes, smoking, and abuse of
recreational drugs are all known to be RF for HTN (Bowman,
Gaziano, Buring, & Sesso, 2007; Burt et al., 1995; Chamarthi,
Williams, & Williams, 2010; Ferdinand, 2000; Ferdinand,
2006; Ghuran & Nolan, 2000; MacMahon, 1987; Reckelhoff,
2001; Waeber, Feihl, & Ruilope, 2001; Whelton, Chin, Xin,
& He, 2002). Arguably the most renowned RF for HTN is
obesity (Van lItallie, 1985; Steinberger & Daniels, 2003)
defined by body mass index (BMI) (Calle, Thun, Petrelli,
Rodriguez, & Heath Jr., 1999). Research though has shown
that BMI may not be a suitable marker for diverse ethnicities
and special populations (Deurenberg, Yap, & van Staveren,

1998; Owen et al., 1990; Deurenberg-Yap, Schmidt, van
Staveren, & Deurenberg, 2000). And while it should be noted
that the positive correlation between obesity and HTN is well
established (Sharma & Chetty, 2005), recent findings and
hypotheses are starting to address central obesity’s (CO)
potential role in promoting HTN (Mathieu, Poirier, Pibarot,
Lemieux, & Despres, 2009; Schutte et al., 2010; Balistreri,
Caruso, & Candore, 2010; Pausova et al., 2010; Matsuzawa,
2010; Ibrahim, 2010; Aucouturier, Meyer, Thivel, Taillardat,
& Duche, 2009).

CO has been established as a core component of the
metabolic syndrome (Alberti, Zimmet, & Shaw, 2006; Balkau
& Charles, 1999; National Cholesterol Education Program,
2001; World Health Organization, 1999) which is important
for two reasons; one is that CO replaced obesity as a core
component of metabolic syndrome (National Cholesterol
Education Program, 2001; Alberti, Zimmet, & Shaw, 2006;
Balkau & Charles, 1999) and two, HTN is also considered a
core component of metabolic syndrome (National Cholesterol
Education Program, 2001; Alberti et al., 2006; Balkau &
Charles, 1999; World Health Organization, 1999). Moreover,
since it is hypothesized that CO is a chief factor in initiating
the pathogenesis of other conditions associated with
metabolic syndrome (Alberti et al., 2006), with research
supporting this (Cameron et al., 2008), it seems plausible to
assume that these two conditions are somehow connected
with one another in terms of pathophysiology and CO may
play a direct role in the development of HTN.

Though CO is generally recognized as the clinical term
for excessive accumulation of abdominal fat, other names
have been presented to label this anomaly, such as abdominal
obesity, truncal obesity, and android obesity. This type of
obesity is in contrast to peripheral obesity, which is associated

11

a.  Department of Nutrition, Hospitality, and Retailing, Texas Tech University, TX
b.  Department of Human Sciences, Texas A&M University- Kingsville, TX



Journal of Student Research (2012) 2: 11 - 18

with high amounts of subcutaneous adipose tissue. While
obesity as a whole is thought to lead to more potentially
negative health outcomes than being considered a “healthy
weight”, CO is regarded as a greater detriment to health than
peripheral obesity. The primary reasoning behind this is
assumed to be differences in fat disposition, since fat
accumulation in CO is likely due to high levels of visceral
adipose tissue. However, while directly appraising visceral
adiposity can only be conducted with certain imaging
techniques, measuring and diagnosing CO can simply be
performed using anthropometric data.

The two specific aims of this review are 1) to assess if
CO is a stronger marker at predicting HTN than obesity and
2) evaluating which CO techniques, if any, are superior over
one another in predicting HTN in both general and special
populations. The exclusive obesity indicator analyzed in this
review is BMI, an easy, inexpensive, and widely applied
formula used to establish obesity (Smalley, Knerr, Kendrick,
Colliver, & Owen, 1990). The CO methods being evaluated
in this review are imaging scans, waist circumference (WC),
waist-to-hip ratio (WHR), and waist-to-stature ratio (WSR).

Body Mass Index

BMI first originated in 1832 as the Quetelet Index from
the Belgian statistician, mathematician, and astronomer
Adolphe Quetelet (Eknoyan, 2008). In 1972, the Quetelet
Index was coined BMI by Ancel Keys (Eknoyan, 2008),
which is what it’s universally referred to as of present time.
Both Quetelet Index and BMI are simply calculated by
kilograms in weight over height in meters squared (Eknoyan,
2008). In clinical settings, BMI is a procedure used
extensively to determine obesity due to its ease and low
economical cost (Smalley et al., 1990).

Though BMI may sometimes be an adequate marker for
obesity diagnosis in the general public, certain populations
would more than likely result in misdiagnoses when utilizing
BMI. These populations include muscular individuals, ascites
patients, pregnant females, people with edema, and elderly
suffering from either sarcopenia or sarcopenic obesity. The
rationale behind BMI not being a valuable marker for these
individuals lies in the fact that Adolphe Quetelet invented his
Quetelet Index to identify distinctiveness of average weight to
height and provide distribution around what is considered
average weight to respecting height, not be exploited to
establish obesity (Eknoyan, 2008).

BMI has also come into question when being used for
different races to establish obesity. In particular, evidence has
shown that BMI may not be a reliable obesity marker for the
Chinese, African Americans, Indians, Malays, Ethiopians,
Thais, Polynesians, and Indonesians (Deurenberg-Yap et al.,
2000; Deurenberg et al., 1998). The reason for BMI being
such a poor indicator in these ethnicities might be because the
data pooled by Adolphe Quetelet to construct his Quetelet
Index was mainly from Anglo-Saxon populaces (Eknoyan,
2008). Additionally, in direct relation to this review, not only
has data supported possibly establishing different BMI cut-out
points for various ethnicities to use as a RF for HTN (Bell,
Adair, & Popkin, 2002), there have also been inconsistencies
to link a positive association between HTN and BMI
(Kaufman et al., 1997; Hu et al., 2004; Tesfaye et al., 2007).

Central Obesity Diagnostic Criteria

Imaging Scans

Magnetic resonance imaging (MRI), computed
tomography (CT), dual-emission X-ray absorptiometry
(DXA), and ultrasonography (US) are different types of
imaging scans that can all be employed to appraise CO. Both
MRI and CT scans are highly dependable and extremely
accurate when measuring CO (Ohsuzu et al., 1998; Seidell,
Bakker, & van der Kooy, 1990). Briefly, MRI works by
utilizing the signal from hydrogen atoms nuclei to produce
images (Weishaupt, Kochli, & Marincek, 2008). CT operates
by using data acquired from the measurements of the
attenuation of x-rays along numerous cross sectional lines to
generate images of the human body (Herman, 2009).

Downfalls to MRI and CT scans are the lack of general
accessibility and expense of the procedures. Additionally, CT
runs the risk of patients being exposed to ionizing radiation,
which is officially recognized to be a known human
carcinogen (United States Department of Health and Human
Services, 2005), and appears to be less accurate than MRI for
numerous conditions (Kidwell et al., 2004; Lubovsky,
Liebergall, Mattan, Weil, & Mosheiff, 2005; Aisen et al.,
1986). Though, in terms of assessing visceral adipose tissue,
it is debatable as to whether MRI or CT appears to be the
most accurate technique to employ out of all the imaging
scans for measuring CO (Ohsuzu et al., 1998; Ross, Leger,
Morris, de Guise, & Guardo, 1992; Wajchenberg, 2000;
Cascella et al., 2008). However, MRI procedures are known
to last longer than CT scans and generally cost more, too.

An easier, cheaper, and more accessible technique than
both MRI and CT to appraise abdominal adiposity is DXA
(Vatanparast et al., 2009). While DXA does emit ionizing
radiation as it employs the use of x-rays, the exposure is much
less than that of a CT scan (Njeh, Fuerst, Hans, Blake, &
Genant, 1999). Furthermore, DXA is less time consuming
compared to MRI. A disadvantage to DXA on top of
exposing patients to ionizing radiation is that it is not as
accurate and reliable as CT or MRI when evaluating
abdominal fat mass (Taylor, Jones, Williams, & Goulding,
2000), particularly visceral adiposity (Browning et al., 2011,
Jensen, Kanaley, Reed, & Sheedy, 1995), the type of fat
presumed to lead to an array of health problems, including
HTN.

US, a procedure using sound waves that is well known to
be implemented during pregnancy to produce images of
embryos and fetuses, can also be used to measure abdominal
fat. Advantages to US are it’s a relatively inexpensive
procedure compared to MRI and CT, plus doesn’t emit any
ionizing radiation. US has also been shown to effectively
evaluate CO appreciable to CT and MRI measurements
(Cucchi et al., 1997; Gong et al., 2007; Ribeiro-Filho et al.,
2001), but typically takes longer to perform than CT scans
and DXA. However, a recent accurate technique to measure
visceral fat via US has made the procedure comparable, or
even faster than both DXA and CT (Zhou et al., 2010).

Imaging scans are considered superior compared to
anthropometric values when analyzing visceral adipose tissue
(lacobellis, 2005). Therefore, if a precise CO evaluation is
warranted, then employing imaging scans should be top
priority. To the authors’ knowledge, there have been no
studies conducted with prime interest to directly assess the

12



Journal of Student Research (2012) 2: 11 - 18

variability and reliability of imaging scans on visceral adipose
tissue in pertinence to provide a positive correlation with
HTN. However, it seems plausible to assume that CO
diagnoses by imaging scans to be highly associated with
HTN, since CO is thought to promote the initiation of HTN
and other core components of the metabolic syndrome
(Alberti et al., 2006).

Waist Circumference

WC is a very common procedure for measuring CO.
Moreover, WC is recognized to be the approved method to
measure CO for the International Diabetes Federation,
European Group for the Study of Insulin Resistance, and the
National Cholesterol Education Program (Balkau & Charles,
1999; Alberti et al., 2006; National Cholesterol Education
Program, 2001). Since CO diagnosis using WC only needs
one simple measurement to be performed, it can be
considered the easiest, quickest way to identify CO. Well
known CO cutoff measurements in America advised by both
the United States Department of Agriculture and American
Heart Association are 102 cm for males and 88 cm for
females (Zhang, Rexrode, van Dam, Li, & Hu, 2008).

Using WC to detect CO correlating with HTN has shown
to produce favorable results (Guagnano et al., 2001; Janssen,
Katzmarzyk, & Ross, 2002; Poirier et al., 2005). However,
diagnosis of CO utilizing WC appears to be different in
various races (Lee et al., 2007; Tan, Ma, Wai, Chew, & Tai,
2004; Snehalatha, Viswanathan, & Ramachandran, 2003;
Examination Committee of Criteria for 'Obesity Disease' in
Japan, 2002), suggesting that different cutoff points should be
incorporated for specific populations (Misra, Wasir, &
Vikram, 2005). To potentially counter this, WC values have
been modified for different ethnicities by the International
Diabetes Federation to try and establish more precise
diagnostic criteria for CO in diverse populations (Alberti et
al., 2006). However, having different cutoffs for various
races may pose a problem for lay people as the racial and
ethnic classifications set in place by the International Diabetes
Federation may be confusing. Another quandary of WC is its
strong correlation with BMI for certain conditions (van Dis,
Kromhout, Geleijnse, Boer, & Verschuren, 2009; Farin,
Abbasi, & Reaven, 2005), which may sometimes make
measuring WC inane. And though it may seem conceivable
to contemplate as WC increases, so would HTN. However,
this assertion is not always true mainly due to height
differences.

Waist-to-Hip Ratio

WHR is another technique to measure CO that takes into
account height disparities among individuals. Additionally,
adipose tissue surrounding the hips, buttocks, and thighs that
gives a “pear shape” appearance is thought to be less harmful
to health than fat located in the midsection which gives a
more “apple shape” figure (Arner, 1997; Kissebah &
Krakower, 1994). A more clinical name for pear shape is
gynoid shape and for apple shape it is android shape. Pear
shape fat distribution is predominately seen more in
premenopausal women than men or postmenopausal women
likely due to hormonal differences between the three groups
(Tchernof, 2010; Sites & McKinney, 2008; Blouin, Boivin, &
Tchernof, 2008; Ley, Lees, & Stevenson, 1992; Lindberg,
Crona, Silfverstolpe, Bjorntorp, & Rebuffe-Scrive, 1990).

Furthermore, the risk of cardiovascular disease is far less
for premenopausal women compared to men, but once women
experience menopause, cardiovascular risk significantly rises
(Rosano, Vitale, Marazzi, & Volterrani, 2007). Though a
WHR cutoff of 0.95 for men and 0.88 for women were
recommended by the American Heart Association and the US
Department of Agriculture (Zhang et al., 2008), the World
Health Organization identifies CO diagnosis using > 0.90 for
men and > 0.85 for women (World Health Organization,
1999). WHR has displayed extreme variability at predicting
HTN when used as a CO marker (Janssen et al., 2002; Faria,
Ribeiro Filho, Gouveia, Sr., & Zanella, 2002; Esmaillzadeh,
Mirmiran, & Azizi, 2004; Bonora et al., 1996; Stevens,
Gautman, & Keil, 1993; Nemesure, Wu, Hennis, & Leske,
2008; Guagnano et al., 2001). Speculations by the authors as
to why such variability may be found using WHR as a CO
marker to diagnose HTN is explained in detail later in the
“discussions” section.

Waist-to-Stature Ratio

WSR, also known as waist-to-height ratio, is a relatively
new concept using anthropometric data to measure CO
compared to WC and WHR. Since height is a routine medical
measurement in the clinical field, WSR is very comparable to
WC in terms of convenience and likely patients would feel
more comfortable with only having a waist measurement
taken instead of both their waist and hip measurements. Since
WSR is a rather novel tool to diagnose CO, general consensus
on a universal cutoff value as well as if ratios should change
for age, gender, and race/ethnicity have yet to be determined.

WSR has shown promise to be a dependable RF for
HTN. Studies have supported a correlation between CO
diagnosis from WSR and HTN (Ashwell & Gibson, 2009;
Hsieh & Muto, 2006; Rodrigues, Baldo, & Mill, 2010).
Overall, WSR may appear to be the best CO diagnostic
instrument to incorporate in the medical field due to its
simplicity, cost-effectiveness, and potential reliability in
diverse populations, since it takes height into account.

Discussions

From literature reviewed, it is suggested by the authors
that CO should replace BMI as a RF for HTN and BMI
should only be aptly substituted in the case where information
to diagnose CO cannot be obtained, or when CO may be
falsely recorded, such as with ascites. Not only are CO and
HTN linked to one another with the metabolic syndrome
(World Health Organization, 1999; Balkau & Charles, 1999;
Alberti et al., 2006; National Cholesterol Education Program,
2001), it is hypothesized that CO may trigger the pathogenesis
of all other metabolic syndrome conditions, which would
include HTN (Alberti et al., 2006). Evidence has even
supported the notion of CO initiating HTN and other
metabolic syndrome conditions (Cameron et al., 2008).

Information presented in this review may be pertinent to
clinicians. CO can be considered more of a visual and
physical RF, which provides clinicians more objective
material as compared to subjective information, such as diet
and exercise history. Therefore, it offers clinicians who have
patients diagnosed with CO who are also hypertensive a
marker for both the patient and clinician to properly assign
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unique strategies, goals, and objectives to reduce CO with the
intent to decrease patient blood pressure

There are mechanisms of action pertaining to visceral
fat, the type of adipose tissue attempted to be measured for
CO diagnosis, that could potentially contribute to developing
HTN. Visceral adipose tissue is thought to increase activity
of the sympathetic nervous system (Duvnjak, Bulum, &
Metelko, 2008), that may cause vasoconstriction and raise
blood pressure. Additionally, it has been suggested that
visceral obesity may negatively alter the renin-angiotensin
system (Mathieu, Poirier, Pibarot, Lemieux, & Despres,
2009), possibly resulting in raising blood pressure via
vasoconstriction. Evidence has supported visceral adipose
tissue to express mRNA angiotensinogen markedly higher
than subcutaneous fat (Giacchetti et al., 2000; Giacchetti et
al., 2002), as well as exhibit significantly higher mRNA levels
of angiotensin 11 receptor type 1 (Giacchetti et al., 2002). The
vasoconstrictive characteristics of visceral fat that arise from
abnormalities in the sympathetic nervous system and renin-
angiotensin system may have a synergistic effect upon
increasing blood pressure that may result in HTN.

It is still questionable as to which CO marker should be
used as a RF for HTN. In light of this review it appears that
diagnosing CO by utilizing WSR in the clinical setting may
be the best predictor for HTN. However, since WSR is a
relatively novel indicator of CO, it is too soon to presume it is
superior to other anthropometric measurements. Furthermore,
CO measurement value cutoffs for different age groups,
gender, and races/ethnicities haven’t be agreed upon for
WSR, let alone a general standard cutoff value. Future
studies may discover copious optimal CO cutoff values for
WSR in various populations, which might make employing
WSR for clinical use infeasible.

In terms of WC, a standard cutoff point may seem to be
appropriate for most populations of normal height in
determining CO status as a RF for HTN. However, evidence
does suggest that race influences the amount of visceral fat
present in a particular individual (Hill et al., 1999; Park,
Allison, Heymsfield, & Gallagher, 2001). If this proves to be
the case, then different CO cutoff values for various races and
ethnicities may need to be imposed to correctly diagnose CO.
And though the International Diabetes Federation has defined
CO cutoffs for basic ethnic groups (Alberti et al., 2006),
future studies need to be conducted so updates can be made
upon their general recommendations.

It appears that WHR may in fact have the largest
variability in being used as a RF for HTN when establishing
CO than any of the other anthropometric measurements
previously discussed.  The reason for this is rather
straightforward, as even someone with an excessive amount
of visceral fat contributing to a large waist circumference
might be overshadowed with an extremely sizeable hip
circumference, resulting in CO being undiagnosed. On the
contrary, individuals who naturally have very small hips,
buttocks, and thighs but a larger abdominal trunk that doesn’t
hold excessive visceral fat may get misdiagnosed as having
CO. It should also be addressed that recent evidence has
shown hip circumference to not have protective qualities
against male gender (Yang et al.,, 2010). This is an
importance implication in regards to WHR, since having a
larger hip circumference to waist circumference is in theory a
healthier trait to possess. This suggests that WHR may be a

better diagnostic instrument to employ in the clinical setting
with females only.

Although imaging scans may provide better analyses of
visceral fat in patients, it is too costly and unmanageable to
screen each patient for CO using imaging scans during routine
physician examinations. It is recommended by the authors
that imaging scans should only be incorporated during studies
that rely on the most accurate measurement of CO, when
anthropometric measurements are thought to be impractical to
properly diagnose CO due to certain diagnoses (e.g. edema),
or when a physician or general practitioner is still in doubt of
assessing a patient’s CO status even after anthropometric data
to evaluate WC, WHR, and WSR have been performed.

Conclusions

This review proposes the concept of CO replacing BMI
as a RF for HTN. However, which CO technique to employ
is still questionable. Until new data emerges in regards to
WSR to gender and various ethnicities and races, a default
standard of > 0.50 for WSR to diagnose CO in the clinical
setting is recommended, with the simple concept to
remember, “keep your waist circumference to less than half
your height” (Ashwell & Hsieh, 2005; McCarthy & Ashwell,
2006). Physicians using either WC or WHR to diagnose CO
should be proceed with caution due to potentially significant
discrepancies for height and gender respectively, in addition
to race and ethnicity as well, which may ultimately come
down to a “judgment call” diagnosis for general practitioners
who utilize these CO anthropometric markers.

In general, imaging scans should only be reserved for
when CO diagnosis is disputable after CO anthropometric
data has been evaluated or when the most precise CO
measurements are needed, as during specific studies. It is
advised by the authors that DXA and CT scans only be
limited to adults when assessing CO as they emit ionizing
radiation, which can cause cancer (United States Department
of Health and Human Services, 2005). Since the cells of
children and adolescents rapidly divide more so than adults on
top of cancer sometimes taking years or even decades to form,
employing CT scans or DXA just to measure CO in
adolescents and children seems ill-advised. More appropriate
means to measure CO in both children and adolescents when
imaging scans are warranted would be to use either MRI or
US. Three other main deciding factors to consider when
utilizing imaging scans to diagnose CO, only after ionizing
radiation issues, are reliability, time, and cost. Either MRI or
CT scan is most appropriate when the most precise CO
measurement needs to be performed, as differences between
the two are likely to be negligible. Unfortunately, if cost is a
concern, then employing either CT scans or MRI to assess CO
may be unrealistic due to the high operating rates of these
machines. Lastly, time needs to be addressed as well, since
the period needed to complete MRI or US will typically take
longer compared to CT scans or DXA. Fortunately, a novel
and accurate technique that employs US to appraise visceral
fat has been constructed, which rivals CT and DXA in
rapidity (Zhou et al., 2010). These four main factors, with
ionizing radiation especially being the prime concern with
adolescents and children, always need to be contemplated
when utilizing imaging scans to measure CO, whether if it is
for only one person, or one-thousand.
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