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Abstract
Obesity is recognized as a disease entity due to the dam-
age that dysfunctional abdominal visceral fat can cause. 
Body shape and fat distribution are more predictive of fu-
ture disease than Weight and Body Mass Index (BMI). An 
apple-shaped figure, as opposed to a pear-shaped figure, 
correlates to a greater Waist-To-Hip ratio and greater health 
risk for Type 2 Diabetes Mellitus (T2DM). The Centers for 
Disease Control defines obesity in relation to the BMI. How-
ever, the BMI can overestimate obesity since it neglects 
accounting for lean body muscle. The Waist-To-Hip Ratio 
(WHR) and Waist Circumference (WC) are better alterna-
tives than the BMI to measure body shape. An innovative 
taxonomy called the ‘Riopelle Fat Type Level’ has been pro-
posed to describe the hybrid measurements of WHR and 
WC, relate them to disease risk, and provide a motivational 
strategy to help middle-aged men navigate towards health-
ier lifestyles and longevity.
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[6,7]. Diabesity is a new term recognized within the last 
few decades to describe how intertwined and metaboli-
cally damaging these two diseases are [8,9]. Since 1980, 
the rates of diabesity in the US have more than dou-
bled; men of normal weight and without diabetes are 
now in the minority [1]. There is a lack of knowledge in 
the literature about what evidence-based approaches 
will help motivate overweight males to start and contin-
ue on a weight loss regimen [10]. Though the literature 
indicates that there are effective weight loss methods, 
there is often a lack of adequate attention and prepa-
ration from the primary care setting [11]. Frequently, 
educational strategies can be too complex or esoteric 
for patients to grasp their true intent, inhibiting positive 
behavior changes. In turn, this can result in unmotivat-
ed or confused at-risk patients unable to make much 
needed behavior changes [12].

Abdominal visceral adiposity is currently recognized 
as a primary contributing factor to the rising incidence 
of metabolic disease [13-15]. Accurate, yet convenient 
and economical methods to measure central fat are 
under scrutiny due to the multitude of currently avail-
able tools to measure obesity and body composition 
[16]. While methods such as the magnetic resonance 
imaging computerized tomography scans, dual energy 
x-ray absorptiometry and total body water scans report 
visceral abdominal fat with greater reliability, there is a 
lack of easy to use and cost-effective obesity evaluation 
measures for use on a wide scale basis for the busy pri-
mary care clinician. Anthropometric measurements of 
body composition, specifically central, truncal adiposity 
are commonly used in clinical settings and offer a good 
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Introduction

Body shape and fat distribution are more predictive 
of future disease than are Weight and Body Mass In-
dex (BMI) [1-5]. An apple-shaped figure, as opposed to 
a pear-shaped figure, correlates to a body silhouette 
with a greater Waist-To-Hip ratio and greater health risk 
for metabolic syndrome, T2DM, heart disease, dyslipid-
emia, sleep apnea, nonalcoholic liver disease, cancer, 
and other comorbidities [1,4]. In the U.S. two-thirds of 
the population are either overweight or obese; of these 
individuals, 80-90% are already diabetic or prediabetic 
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proxy for estimating obesity and its related comorbid-
ities [16]. While there is potential for intra-rater and 
inter-rater error with anthropometric measurements, 
they offer an inexpensive and easy to learn methodolo-
gy that can be implemented across broad ranges of clin-
ical settings and research settings enforcing its practical 
applications for assessment [16].

The purpose of this review is to introduce and ex-
amine the utility of implementing an innovative, sim-
ple tool that is based on anthropometric measures of 
both the WHR and the WC called the ‘Riopelle Fat Type 
Level’, to help educate and motivate overweight males 
who are prediabetic or diabetic. The Riopelle Fat Type 
Level is derived from a person’s WHR and WC and con-
sists of six levels, e.g., 1-6 (Appendix A and Appendix B). 
The greater the WHR and WC, the greater the Riopelle 
Fat Type Level and subsequent risk for disease. Many 
studies report that the greater the WHR and WC, and 
hence the Riopelle Fat Type Level, the greater the risk 
for metabolic disease, including T2DM and cardiovas-
cular disease [3,16,17]. Use of the BMI as a screening 
tool for obesity has been the “gold standard” in recent 
decades, frequently used in both research and clinical 
settings. The BMI offers a quick and easy assessment 
for generalized fatness, but can frequently under- or 
over-estimate the degree of obesity and associated risk 
for comorbidities. All measurements including the BMI, 
WHR, WC, and the newly proposed ‘Riopelle Fat Type 
Level’ have advantages and disadvantages, and vary in 
their precision of estimating adiposity [18].

The BMI has been refuted in the literature as having 
flaws in both under-reporting and over-estimating disease 
risk, especially for men and older individuals [19-21]. Since 
the BMI is based solely on height and weight of the indi-
vidual, it can lead to errors in defining obesity as it doesn’t 
distinguish lean muscle from adipose tissue [21]. The WHR 
and WC offer a more focused estimate of abdominal obe-
sity than the BMI. While the WHR and WC measure both 
intra-abdominal and total abdominal fat above the muscle, 
they are only a rough estimate of the metabolically damag-
ing visceral fat [14]. Studies have been mixed on the validi-
ty of using the WHR and WC, but these measurements still 
provide better proxies to help estimate obesity-related dis-
ease risk than the BMI [14,16,22,23] In addition, the visual 
picture of excessive abdominal fatness can provide a su-
perior motivating tool to help counsel men to lose weight 
(Appendix B).

Aging Men and Obesity

Aging men are at greater risk for obesity than are 
aging women: 74% versus 64%, respectively [24]. Older 
men are more likely to develop excessive truncal and 
visceral fat, thus increasing diabetes risk [25]. Specifi-
cally, overweight men with a waist size larger than 102 
centimeters (cm), have a 10-year incidence of T2DM 
and are 22 times more likely to develop diabetes than 
are men with normal BMIs (18.5 kg/m² to 22.4 kg/m²) 

and smaller waist sizes (< 93 cm) [18]. High concentra-
tion of visceral fat exposes the liver to higher degrees 
of free fatty acids, which impair the liver’s ability to 
metabolize fatty acids and other compounds [26]. This 
leads to increased levels of apolipoprotein B and insu-
lin, which lead in turn to hypertriglyceridemia and hy-
perinsulinemia [13]. Men with elevated fat percentages 
above 23.5% but of normal weight were seven times 
more likely to have metabolic syndrome [20,21]. Dys-
functional central fat is associated with increased risk 
for T2DM, fatty liver and cardiovascular disease [19]. A 
decrease in physical activity leads to a decrease in basal 
metabolic rate, a 40-50% decrease in lean muscle mass, 
and a consequential decrease in calorie-burning ability 
[27]. Further in the older population, the BMI is often 
inaccurate as it can over-report disease risk due to the 
loss of stature in aging [19]. Thus, risk factors increase at 
a greater rate in aging men in comparison to both wom-
en of comparable age and younger men [24].

Providers and Counseling

Primary Care Providers (PCPs) often use various 
methods, such as weight; BMI; circumferences of waist, 
hip, neck, chest or thigh; and ratios such as Waist-To-
Hip (WHR), Waist-To-Height, and Waist-To-Chest to 
help diagnosis and educate men about weight and 
health risk [3,11,16,17]. Common anthropometric mea-
sures include weight; BMI; various circumferences such 
as waist, hip, neck, chest and thigh various ratios includ-
ing Waist-To-Hip, Waist-to-Height, Waist-to-Chest, and 
skin-fold thicknesses [28]. Other more cumbersome and 
costly, yet discriminating, measures include magnetic 
resonance imaging computerized tomography scans, 
dual energy x-ray absorptiometry and total body water 
or hydrometry which estimates body fluid distribution, 
fat mass, fat free mass, and bone [1,3]. However, these 
tools can often be confusing for patients and clinicians 
to understand due to many technical classifications 
and a lack of a universally and well-accepted diagnos-
tic measure to evaluate weight and health risk [16,29]. 
Since most comorbid diseases resulting from being over-
weight and obese are asymptomatic in early stages, it is 
even more imperative that PCPs accurately assess and 
intervene early in men’s lives to prevent future health 
problems and help fight the US obesity epidemic [11].

Definition: Type 2 Diabetes and Prediabetes

Diabetes is a chronic and progressive disease charac-
terized by the body’s inability to produce or use insulin 
effectively [6]. Dysregulation of insulin and/or glucose 
uptake results in hyperglycemia, which in turn causes 
tissue damage and complications of the disease. Unfor-
tunately, many at-risk patients remain undiagnosed for 
ten to twenty years during which long-term injury is al-
ready occurring [6]. Diagnosis of prediabetes and T2DM 
is measured by laboratory and clinical assessment (Ap-
pendix C) [6]. The ADA recommends that adults over 
40-years-old have a screening blood test to detect hy-
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perglycemia every two to three years after the age of 
40 or, depending on other risk factors, at a younger 
age. Outcomes for monitoring glycemic control include 
weight, BMI, WC, and WHR, triglycerides, fasting plasma 
glucose, and glycated hemoglobin [6]. Complications of 
T2DM can be reduced by intervening before its onset 
[30]. Even modest changes in weight and exercise can 
result in improvements in glycemic control [31,32].

Prediabetes and Prevention

A major opportunity exists to control the rising in-
cidence of T2DM impacting patients’ quality of life and 
healthcare systems [30]. Ali, et al. [33] reported that 33-
49% of patients in the U.S. do not meet targets for gly-
cemic, blood pressure, or cholesterol control. According 
to Dunkley, et al. [30] and Paulweber, et al. [34], there 
is substantial evidence to show that the rates and com-
plications of diabetes are reduced by intervening before 
its onset. Several seminal, high-grade scientific trials 
demonstrate that modest changes in diet, weight, and 
physical activity result in improvements of more than 
50% in parameters of glycemic control among individu-
als at risk [35-37]. In the Diabetes Prevention Program 
(DPP), researchers compared using lifestyle interven-
tions to metformin [36,38]. They found that, in the life-
style intervention group, patients were able to reduce 
their risk of developing T2DM by 58%, while the met-
formin group reduced risk by only 31% (p < 0.001) [36]. 
In the landmark Finnish Diabetes Prevention Study, Tu-
omilehto, et al. [32] reported that lifestyle intervention 
reduced the incidence of diabetes by 58% (p < 0.001), 
compared to the control group.

Early intervention also has a lasting effect on diabe-
tes risk reduction. In a study by Li, et al. [39], there was a 
43% decrease in the conversion to diabetes at 20 years. 
In a study by the Finnish Diabetes Prevention Trial, there 
was a 43% reduction in conversion at 7 years [37]; in 
a study by the U.S. Diabetes Prevention Program, con-
version to diabetes was reduced 34% at 10 years [38]. 
These results provide good evidence that primary care 
clinicians can have a great effect on diabetes preven-
tion.

Obesity Calculations

The Centers for Disease Control [40] defines obesi-
ty in relation to the BMI, which has been the accepted 
“gold standard” for measuring weight, first introduced 
over two hundred years ago by Quetelet [3]. BMI is de-
fined as mass in kilograms divided by height in meters 
squared [28]. According to data from the Prospective 
Studies Collaboration, which tested over 900,000 par-
ticipants, there is a 30% increase in all-cause mortali-
ty for every increase of 5 units above a BMI of 25 kg/
m² [41]. However, there are limitations to calculating 
obesity using BMI. An individual with excess fat but nor-
mal weight may be overlooked as overweight or obese; 
conversely, a person with a high BMI but low body fat 

may be diagnosed as obese [18]. Using BMI has been an 
easy, economical way to measure adiposity in a variety 
of settings. However, there are limitations to using BMI, 
particularly in epidemiological research; it can overesti-
mate obesity because it does not take into account lean 
muscle or bone mass [18,42]. Men who have more lean 
muscle may be classified as being overweight or obese 
when, in actuality, they are otherwise healthy adults [3].

Since it is expensive and impractical to do magnet-
ic resonance imaging, computed axial tomography, or 
bone densitometry on most patients, there is a need to 
find a reliable proxy to complement the deficiencies of 
the BMI [16]. While the WC and the WHR are not ex-
act measures of visceral abdominal fat, they are reliable 
proxies for screening patients who present to the PCPs 
office with weight and obesity-related concerns. The 
WHR and the WC are trustworthy substitutes for BMI 
and can provide men with a realistic and practical pic-
ture of their health status [4,16,43,44]. Taken together, 
the WHR and WC are better alternatives than the BMI 
for measuring body shape, adiposity, determine health 
risk [4,45]. Both the WHR and WC are simple and inex-
pensive methods that correlate well with more precise 
imaging studies of dysfunctional truncal fat [45]. The 
greater the WHR, the greater the risk of metabolically 
damaging fat located in the abdominal area [46]. The 
use of a simple and innovative tool, called “Riopelle Fat 
Type Level”, to help educate and motivate overweight 
males with prediabetes or diabetes has the potential to 
provide an accurate, cost-effective assessment of obe-
sity.

Riopelle Fat Type Levels - An Obesity Assessment 
Tool

Fat Type Levels, a novel taxonomy, was developed 
by the first author and has been used in a primary care 
clinic since 2013 in over 800 patients [47] (Appendix A). 
The taxonomy is based on identifying body shape, that 
is, apple versus pear shape, as defined by Savard [4]. 
The classification converts WHR and WC to a score from 
1 to 6 and assigns a disease risk to the score. The taxon-
omy was developed as a way of categorizing overweight 
and obesity metrics into a simpler and more compre-
hensible format to promote more effective patient ed-
ucation and motivation by the healthcare practitioner. 
Terms used to describe weight, such as BMI, WC, or 
WHR and their scales, may be confusing for patients to 
understand and retain. A simple value of 1 through 6 is 
easier to understand. The 1 to 6 scale is based on WHR 
and WC values, which have been shown to correlate 
well with disease risk and body composition [4,48,49].

Truncal fat and mortality

Data from the Prospective Studies Collaboration [48] 
reported a strong linear relationship between BMI and 
mortality, but there is an even stronger correlation be-
tween truncal fat and mortality [50,51]. The greater the 
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‘Riopelle Fat Type Levels’, suggests that abdominal adipos-
ity may provide a more reliable and motivating marker for 
assessing and counseling patients about obesity than the 
BMI. A more comprehensive, yet practical, evaluation of 
fat type and metabolic activity needs to be recognized to 
enable more effective and efficient interventions at the 
level of both populations and individuals. The ‘Riopelle Fat 
Type Level’ incorporating the WHR and the waist circum-
ference was created to close this gap and offer a simpler, 
economical tool to use in PCP offices to help motivate at-
risk pre-diabetic or diabetic middle-aged persons to lose 
weight.
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Dysfunctional adiposity

With advancing knowledge about adiposity, there is 
a need to further define how fat tissue functions as an 
endocrine organ influencing glucose and lipid metabo-
lism and promotes damaging inflammation in the body 
[19]. Fat tissue is an endocrine organ and responds to 
different stimuli. Abdominal adipocytes hypertrophy 
with weight gain, while subcutaneous femoral fat cells 
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There is a strong correlation between hypertrophied fat 
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and percentage, rather than just weight in pounds or 
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ical [53]. The PCP has the unique advantage of seeing 
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primary care providers offer weight loss counseling to 
obese patients because of time constraints, inadequate 
knowledge, ill-prepared counseling skills, and difficulty 
explaining technical language [52].

Conclusion

Changes in body fat distribution with weight gain or 
weight loss have become targets for debate in recent years. 
Therapeutic goals for weight reduction often include WC 
and WHR reductions, as well as lowering BMI. There has 
been strong epidemiological evidence linking inflamma-
tory illnesses such as T2DM and cardiovascular disease to 
obesity, but there is still debate on the best measure to as-
sess adiposity and risk. Robust evidence and practicality of 
using anthropometric measures of WHR, WC, and hence 

https://doi.org/10.23937/2572-4010.1510017
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755383/
http://circ.ahajournals.org/content/124/7/840
http://circ.ahajournals.org/content/124/7/840
http://circ.ahajournals.org/content/124/7/840
https://www.ncbi.nlm.nih.gov/pubmed/26811617
https://www.ncbi.nlm.nih.gov/pubmed/26811617
https://www.ncbi.nlm.nih.gov/pubmed/26811617
http://www.strandbooks.com/diet-nutrition/apples-and-pears-the-body-shape-solution-for-weight-loss-and-wellness
http://www.strandbooks.com/diet-nutrition/apples-and-pears-the-body-shape-solution-for-weight-loss-and-wellness
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://ajcn.nutrition.org/content/4/1/20?ijkey=bd47f0346ff9ee8930c1b37feb3f7b06c846a58a&keytype2=tf_ipsecsha&cited-by=yes&legid=ajcn;4/1/20
http://care.diabetesjournals.org/content/suppl/2014/12/23/38.Supplement_1.DC1/January_Supplement_Combined_Final.6-99.pdf
http://care.diabetesjournals.org/content/suppl/2014/12/23/38.Supplement_1.DC1/January_Supplement_Combined_Final.6-99.pdf
https://link.springer.com/chapter/10.1007/978-1-60327-043-4_2
https://link.springer.com/chapter/10.1007/978-1-60327-043-4_2
https://link.springer.com/chapter/10.1007/978-1-60327-043-4_2
https://link.springer.com/chapter/10.1007/978-1-60327-043-4_2
https://www.ncbi.nlm.nih.gov/pubmed/11742409
https://www.ncbi.nlm.nih.gov/pubmed/11742409
http://journals.sagepub.com/doi/abs/10.1177/1474651412471689?journalCode=dvda
http://journals.sagepub.com/doi/abs/10.1177/1474651412471689?journalCode=dvda
https://www.karger.com/Article/Pdf/353433
https://www.karger.com/Article/Pdf/353433
https://www.karger.com/Article/Pdf/353433
https://www.ncbi.nlm.nih.gov/pubmed/22819710
https://www.ncbi.nlm.nih.gov/pubmed/22819710
https://www.ncbi.nlm.nih.gov/pubmed/22819710
https://www.ncbi.nlm.nih.gov/pubmed/22819710
https://www.ncbi.nlm.nih.gov/pubmed/21692966
https://www.ncbi.nlm.nih.gov/pubmed/21692966
https://www.ncbi.nlm.nih.gov/pubmed/21692966
https://www.ncbi.nlm.nih.gov/pubmed/21692966
https://www.ncbi.nlm.nih.gov/pubmed/21692966
http://onlinelibrary.wiley.com/doi/10.1038/oby.2006.277/abstract
http://onlinelibrary.wiley.com/doi/10.1038/oby.2006.277/abstract
http://onlinelibrary.wiley.com/doi/10.1038/oby.2006.277/abstract
https://www.ncbi.nlm.nih.gov/pubmed/17494056
https://www.ncbi.nlm.nih.gov/pubmed/17494056
https://www.ncbi.nlm.nih.gov/pubmed/17494056
https://www.ncbi.nlm.nih.gov/pubmed/17494056
https://www.ncbi.nlm.nih.gov/pubmed/23885045


ISSN: 2572-4010DOI: 10.23937/2572-4010.1510017

Riopelle and Van. J Obes Weight-Loss Medic 2017, 3:017 • Page 5 of 6 •

Care 34: 1419-1423.

32. Tuomilehto J, Lindstrom MS, Eriksson JG, Valle TT, Hämäläin-
en H, et al. (2001) Prevention of type 2 diabetes mellitus by 
changes in lifestyle among subjects with impaired glucose tol-
erance. N Engl J Med 344: 1343-1350.

33. Ali MK, Bullard KM, Saaddine JB, Cowie CC, Imperatore G, 
et al. (2013) Achievement of goals in U. S. diabetes care, 
1999-2010. N Engl J Med 368: 1613-1624.

34. Paulweber B, Valensi P, Lindström J, Lalic NM, Greaves 
CJ, et al. (2010) European evidence-based guidelines for 
the prevention of type 2 diabetes. Hormone and Metabolic 
Research 42: S3-S36.

35. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, et 
al. (2002) Acarbose for prevention of type 2 diabetes mellitus: 
the STOP-NIDDM randomized trial. Lancet 359: 2072-2077.

36. Knowler WC, Barrett Connor E, Fowler SE, Hamman RF, 
Lachin JM, et al. (2002) Reduction in the incidence of type 
2 diabetes with lifestyle intervention or metformin. N Engl J 
Med 346: 393-403.

37. Lindström J, Ilanne Parikka P, Peltonen M, Aunola S, Eriksson 
JG, et al. (2006) Sustained reduction in the incidence of type 2 
diabetes by lifestyle intervention: follow-up of the Finnish Dia-
betes Prevention Study. Lancet 368: 1673-1679.

38. Knowler WC, Fowler SE, Hamman RF, Christophi CA, Hoff-
man HJ, et al. (2009) 10-year follow-up of diabetes inci-
dence and weight loss in the Diabetes Prevention Program 
Outcomes Study. Lancet 374: 1677-1686.

39. Li G, Zhang P, Wang J, Gregg EW, Yang W, et al. (2008) 
The long-term effect of lifestyle interventions to prevent di-
abetes in the China Da Qing Diabetes Prevention Study: A 
20-year follow-up study. The Lancet 371: 1783-1789.

40. De Lorenzo A, Soldati L, Sarlo F, Calvani M, Di Lorenzo N, 
et al. (2016) New obesity classification criteria as a tool for 
bariatric surgery indication. World Journal of Gastroenterol-
ogy 22: 681–703.

41. Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson 
J, et al. (2009) Body-mass index and cause-specific mortal-
ity in 900,000 adults: Collaborative analyses of 57 prospec-
tive studies. Lancet 373: 1083-1096.

42. Okorodudu DO, Jumean MF, Montori VM, Romero-Cor-
ral A, Somers VK, et al. (2010) Diagnostic performance of 
body mass index to identify obesity as defined by body ad-
iposity: A systematic review and meta-analysis. Int J Obes 
(Lond) 34: 791-799.

43. Kartheuser AH, Leonard DF, Penninckx F, Paterson HM, 
Brandt D, et al. (2013) Waist circumference and waist/hip 
ratio are better predictive risk factors for mortality and mor-
bidity after colorectal surgery than body mass index and 
body surface area. Ann Surg 258: 722-730.

44. Meisinger C, Döring A, Thorand B, Heier M, Löwel H (2006) 
Body fat distribution and risk of type 2 diabetes in the gen-
eral population: Are there differences between men and 
women? The MONICA/KORA Augsburg cohort study. The 
American Journal of Clinical Nutrition 84: 483-489.

45. Cameron AJ, Magliano DJ, Shaw JE, Zimmet PZ, Carstensen 
B, et al. (2012) The influence of hip circumference on the re-
lationship between abdominal obesity and mortality. Int J Epi-
demiol 41: 484-494.

46. Nazaire J, Smith J, Borel A, Aschner P, Barter P, et al. (2015) 
Usefulness of measuring both body mass index and waist 
circumference for the estimation of visceral adiposity and 
related cardiometabolic risk profile (from the INSPIRE ME 
IAA Study) American Journal of Cardiology 115: 307-315.

risk factors and obesity: does it matter whether BMI or waist 
circumference is the index of obesity? Am J Clin Nutr 98: 
637-640.

16. Duren DL, Sherwood RJ, Czerwinski SA, Lee M, Choh AC, 
et al. (2008) Body composition methods: comparisons and 
interpretation. Journal of Diabetes Science and Technology 
(Online) 2: 1139–1146.

17. Evert A, Boucher JL, Cypress M, Dunbar S, Franz MJ, et al. 
(2014) Nutrition therapy recommendations for the manage-
ment of adults with diabetes. Diabetes Care 37: S120-S143. 

18. Grundy SM, Neeland IJ, Turer AT, Vega GL (2013) Waist 
circumference as measure of abdominal fat compartments. 
J Obes 2013: 454285.

19. Després J, Lemieux I, Bergeron J, Pibarot P, Mathieu P, et 
al. (2008) Abdominal obesity and the metabolic syndrome: 
Contribution to global cardiometabolic risk. Arterioscler 
Thromb Vasc Biol 28: 1039-1049. 

20. De Lorenzo A, Del Gobbo V, Premrov M, Bigioni M, Galvano 
F, et al. (2007) Normal-weight obese syndrome: Early inflam-
mation? Am J Clin Nutr 85: 40-45.

21. Romero Corral A, Somers VK, Sierra Johnson J, Thomas 
RJ, Collazo Clavell ML, et al. (2008) Accuracy of body mass 
index in diagnosing obesity in the adult general population. 
Int J Obes 32: 959-966.

22. Huxley R, Mendis S, Zheleznyakov E, Reddy S, Chan J 
(2010) Body mass index, waist circumference and waist:hip 
ratio as predictors of cardiovascular risk-a review of the lit-
erature. EJCN 64: 16-22.

23. Ross R, Berentzen T, Bradshaw AJ, Janssen I, Kahn HS, 
et al. (2008) Does the relationship between waist circum-
ference, morbidity and mortality depend on measurement 
protocol for waist circumference? Obes Rev 9: 312-325.

24. Flegal KM, Carroll MD, Kit BK, Ogden CL (2012) Preva-
lence of obesity and trends in the distribution of body mass 
index among US adults, 1999-2010. JAMA 307: 491-497. 

25. Cartwright MJ, Tchkonis T, Kirkland JL (2007) Aging in ad-
ipocytes: potential impact of inherent, depot-specific mech-
anisms. Exp Gerontol 42: 463-471.

26. Després JP (2011) Excess Visceral Adipose Tissue/Ecto-
pic Fat The Missing Link in the Obesity Paradox? JACC 57: 
1887-1889.

27. Murphy RA, Patel KY, Kritchevsky SB, Houston DK, Newman 
AB, et al. (2014) Weight change, body composition, and risk 
of mobility disability and mortality in older adults: A popula-
tion-based cohort study. J Am Geriatr Soc 62: 1476-1483.

28. Petursson H, Sigurdsson JA, Bengtsson C, Nilsen TI, Getz L 
(2011) Body configuration as a predictor of mortality: Compar-
ison of five anthropometric measures in a 12-year follow-up of 
the Norwegian HUNT 2 study. PloS One 6: e26621.

29. Post R, Mendiratta M, Haggerty T, Bozek A, Doyle G, et al. 
(2015) Patient understanding of body mass index (BMI) in 
primary care practices: A two-state practice-based research 
(PBR) collaboration. J Am Board Fam Med 28: 475-480.

30. Dunkley AJ, Bodicoat DH, Greaves CJ, Russell C, Yates 
T, et al. (2014) Diabetes prevention in the real world: Ef-
fectiveness of pragmatic lifestyle interventions for the pre-
vention of type 2 diabetes and of the impact of adherence 
to guideline recommendations. Diabetes Care 37: 922-933.

31. Sacks DB, Arnold M, Bakris GL, Bruns DE, Horvath AR, 
et al. (2011) Position statement executive summary: guide-
lines and recommendations for laboratory analysis in the 
diagnosis and management of diabetes mellitus. Diabetes 

https://doi.org/10.23937/2572-4010.1510017
https://www.ncbi.nlm.nih.gov/pubmed/21617111
http://www.nejm.org/doi/full/10.1056/NEJM200105033441801
http://www.nejm.org/doi/full/10.1056/NEJM200105033441801
http://www.nejm.org/doi/full/10.1056/NEJM200105033441801
http://www.nejm.org/doi/full/10.1056/NEJM200105033441801
http://www.nejm.org/doi/full/10.1056/NEJMsa1213829
http://www.nejm.org/doi/full/10.1056/NEJMsa1213829
http://www.nejm.org/doi/full/10.1056/NEJMsa1213829
http://researchonline.lshtm.ac.uk/3811/
http://researchonline.lshtm.ac.uk/3811/
http://researchonline.lshtm.ac.uk/3811/
http://researchonline.lshtm.ac.uk/3811/
http://dx.doi.org/10.1016/S0140-6736(02)08905-5
http://dx.doi.org/10.1016/S0140-6736(02)08905-5
http://dx.doi.org/10.1016/S0140-6736(02)08905-5
https://www.ncbi.nlm.nih.gov/pubmed/11832527
https://www.ncbi.nlm.nih.gov/pubmed/11832527
https://www.ncbi.nlm.nih.gov/pubmed/11832527
https://www.ncbi.nlm.nih.gov/pubmed/11832527
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(06)69701-8/fulltext
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(06)69701-8/fulltext
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(06)69701-8/fulltext
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(06)69701-8/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/19878986
https://www.ncbi.nlm.nih.gov/pubmed/19878986
https://www.ncbi.nlm.nih.gov/pubmed/19878986
https://www.ncbi.nlm.nih.gov/pubmed/19878986
http://www.thelancet.com/journals/lancet/article/PIIS0140673608607667/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140673608607667/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140673608607667/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140673608607667/abstract
https://www.ncbi.nlm.nih.gov/pubmed/26811617
https://www.ncbi.nlm.nih.gov/pubmed/26811617
https://www.ncbi.nlm.nih.gov/pubmed/26811617
https://www.ncbi.nlm.nih.gov/pubmed/26811617
https://www.ncbi.nlm.nih.gov/pubmed/19299006/
https://www.ncbi.nlm.nih.gov/pubmed/19299006/
https://www.ncbi.nlm.nih.gov/pubmed/19299006/
https://www.ncbi.nlm.nih.gov/pubmed/19299006/
https://www.ncbi.nlm.nih.gov/pubmed/20125098
https://www.ncbi.nlm.nih.gov/pubmed/20125098
https://www.ncbi.nlm.nih.gov/pubmed/20125098
https://www.ncbi.nlm.nih.gov/pubmed/20125098
https://www.ncbi.nlm.nih.gov/pubmed/20125098
https://www.ncbi.nlm.nih.gov/pubmed/24096768
https://www.ncbi.nlm.nih.gov/pubmed/24096768
https://www.ncbi.nlm.nih.gov/pubmed/24096768
https://www.ncbi.nlm.nih.gov/pubmed/24096768
https://www.ncbi.nlm.nih.gov/pubmed/24096768
http://ajcn.nutrition.org/content/84/3/483.long
http://ajcn.nutrition.org/content/84/3/483.long
http://ajcn.nutrition.org/content/84/3/483.long
http://ajcn.nutrition.org/content/84/3/483.long
http://ajcn.nutrition.org/content/84/3/483.long
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3324456/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3324456/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3324456/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3324456/
http://www.ajconline.org/article/S0002-9149(14)02074-8/abstract
http://www.ajconline.org/article/S0002-9149(14)02074-8/abstract
http://www.ajconline.org/article/S0002-9149(14)02074-8/abstract
http://www.ajconline.org/article/S0002-9149(14)02074-8/abstract
http://www.ajconline.org/article/S0002-9149(14)02074-8/abstract
https://www.ncbi.nlm.nih.gov/pubmed/23885045
https://www.ncbi.nlm.nih.gov/pubmed/23885045
https://www.ncbi.nlm.nih.gov/pubmed/23885045
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2769821/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2769821/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2769821/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2769821/
http://care.diabetesjournals.org/content/37/Supplement_1/S120
http://care.diabetesjournals.org/content/37/Supplement_1/S120
http://care.diabetesjournals.org/content/37/Supplement_1/S120
https://www.ncbi.nlm.nih.gov/pubmed/23762536
https://www.ncbi.nlm.nih.gov/pubmed/23762536
https://www.ncbi.nlm.nih.gov/pubmed/23762536
https://www.ncbi.nlm.nih.gov/pubmed/18356555
https://www.ncbi.nlm.nih.gov/pubmed/18356555
https://www.ncbi.nlm.nih.gov/pubmed/18356555
https://www.ncbi.nlm.nih.gov/pubmed/18356555
https://www.ncbi.nlm.nih.gov/pubmed/17209175
https://www.ncbi.nlm.nih.gov/pubmed/17209175
https://www.ncbi.nlm.nih.gov/pubmed/17209175
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2877506/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2877506/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2877506/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2877506/
http://www.nature.com/ejcn/journal/v64/n1/full/ejcn200968a.html
http://www.nature.com/ejcn/journal/v64/n1/full/ejcn200968a.html
http://www.nature.com/ejcn/journal/v64/n1/full/ejcn200968a.html
http://www.nature.com/ejcn/journal/v64/n1/full/ejcn200968a.html
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-789X.2007.00411.x/abstract;jsessionid=7DA70503FAFB1DDB99F3D48754A106E5.f03t01
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-789X.2007.00411.x/abstract;jsessionid=7DA70503FAFB1DDB99F3D48754A106E5.f03t01
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-789X.2007.00411.x/abstract;jsessionid=7DA70503FAFB1DDB99F3D48754A106E5.f03t01
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-789X.2007.00411.x/abstract;jsessionid=7DA70503FAFB1DDB99F3D48754A106E5.f03t01
https://www.readbyqxmd.com/read/22253363/prevalence-of-obesity-and-trends-in-the-distribution-of-body-mass-index-among-us-adults-1999-2010
https://www.readbyqxmd.com/read/22253363/prevalence-of-obesity-and-trends-in-the-distribution-of-body-mass-index-among-us-adults-1999-2010
https://www.readbyqxmd.com/read/22253363/prevalence-of-obesity-and-trends-in-the-distribution-of-body-mass-index-among-us-adults-1999-2010
https://www.ncbi.nlm.nih.gov/pubmed/17507194
https://www.ncbi.nlm.nih.gov/pubmed/17507194
https://www.ncbi.nlm.nih.gov/pubmed/17507194
http://www.onlinejacc.org/content/57/19/1887.full?etoc=
http://www.onlinejacc.org/content/57/19/1887.full?etoc=
http://www.onlinejacc.org/content/57/19/1887.full?etoc=
http://www.onlinejacc.org/content/57/19/1887.full?etoc=
http://www.onlinejacc.org/content/57/19/1887.full?etoc=
https://www.ncbi.nlm.nih.gov/pubmed/25039391
https://www.ncbi.nlm.nih.gov/pubmed/25039391
https://www.ncbi.nlm.nih.gov/pubmed/25039391
https://www.ncbi.nlm.nih.gov/pubmed/25039391
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.290.210&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.290.210&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.290.210&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.290.210&rep=rep1&type=pdf
https://www.ncbi.nlm.nih.gov/pubmed/26152438
https://www.ncbi.nlm.nih.gov/pubmed/26152438
https://www.ncbi.nlm.nih.gov/pubmed/26152438
https://www.ncbi.nlm.nih.gov/pubmed/26152438
https://www.ncbi.nlm.nih.gov/pubmed/24652723
https://www.ncbi.nlm.nih.gov/pubmed/24652723
https://www.ncbi.nlm.nih.gov/pubmed/24652723
https://www.ncbi.nlm.nih.gov/pubmed/24652723
https://www.ncbi.nlm.nih.gov/pubmed/24652723
https://www.ncbi.nlm.nih.gov/pubmed/21617111
https://www.ncbi.nlm.nih.gov/pubmed/21617111
https://www.ncbi.nlm.nih.gov/pubmed/21617111
https://www.ncbi.nlm.nih.gov/pubmed/21617111


ISSN: 2572-4010DOI: 10.23937/2572-4010.1510017

Riopelle and Van. J Obes Weight-Loss Medic 2017, 3:017 • Page 6 of 6 •

52. Grave R, Calugi S, Domizio S, Marchesini G (2009) Psy-
chological variables associated with weight loss in obese 
patients seeking treatment at medical centers. Journal of 
the American Dietetic Association 109: 2010-2016. 

53. Dutton G, Tan F, Perri M, Stine C, Dancer Brown M, et al. 
(2010) What words should we use when discussing excess 
weight? J Am Board Fam Med 23: 606-613. 

54. Joslin Diabetes Center & Joslin Clinic (2011) Clinical nutri-
tion guideline for overweight and obese adults with type 2 
diabetes, prediabetes or those at high risk for developing 
type 2 diabetes. Joslin D Center.

55. Volger S, Vetter ML, Dougherty M, Panigrahi E, Egner R, et 
al. (2012) Patients’ preferred terms for describing their ex-
cess weight: Discussing obesity in clinical practice. Obesity 
20: 147-150.

47. Riopelle D (2013) Fat Type Level. DNP Capstone Project. 
Samuel Merritt University. Unpublished raw data.

48. Després J, Lemieux I (2006) Abdominal obesity and meta-
bolic syndrome. Nature 444: 881-887.

49. Prospective Studies Collaboration, Whitlock G, Lewington 
S, Sherliker P, Clarke R, et al. (2009) Body-mass index and 
cause-specific mortality in 900 000 adults: Collaborative 
analyses of 57 prospective studies. Lancet 373: 1083-1096.

50. Berrington de Gonzalez A, Hartge P, Cerhan JR, Flint AJ, 
Hannan L, et al. (2010) Body-mass index and mortality among 
1.46 million white adults. N Engl J Med 363: 2211-2219.

51. Cohen SS, Signorello LB, Cope EL, McLaughlin JK, 
Hargreaves MK, et al. (2012) Obesity and all-cause mortal-
ity among black adults and white adults. American Journal 
of Epidemiology 176: 431-442.

Appendix A: Identification of weight status and associated health risk by Riopelle Fat Type Level, Waist-To-Hip ratio, and body 
shape in men. 

Riopelle Fat Type Level Whr Body shape Weight status Health risk
1 > 0.80-0.85 --- Normal Low
2 > 0.85-0.90a --- Overweight Moderate
3 > 0.90-0.95 --- Overweight Moderately highb

4 > 0.95-1.00 Pear Obesity High to very highc

5 > 1.00-1.05 Avocado Severe obesity Very high
6 > 1.05 Apple Very severe obesity Extremely high
aWHR < 0.90 and waist circumference > 40 inches/102 cm is Riopelle Fat Type Level 3; bIncreased risk if WC is ≤  40 inches/102 
cm; high risk if WC is > 40 inches/102 cm; cHigh risk if WC is ≤ 40 inches/102 cm; very high risk if WC is > 40 inches/102 cm. 
Adapted from Cornier, et al. [2], and Riopelle (unpublished data) [47].

Appendix C:  Criteria for the diagnosis of prediabetes and dia-
betes.

Prediabetes Diabetes
A1c 5.7-6.4% > 6.5% 
FPG 100-125 mg/dL > 126 mg/dL
OGTT 140-199 mg/dL > 200 mg/dL

Note: In the absence of unequivocal hyperglycemia, results 
should be confirmed by repeat testing. Adapted from ADA [6].
Abbreviations: A1c: Hemoglobin A1c; FPG: Fasting Plasma 
Glucose; OOGT: Oral Glucose Tolerance Test

         

Appendix B: Fat type level: Waist-hip ratio & associated risk.

0.80-0.85 0.85-0.90 0.90-0.95 0.95-1.00 1.00-1.05 >1.05

Low Moderate Moderate High Very High Extremely High

1      2     3      4     5     6
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