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Abstract: This review focuses on the rationale behind the charts that have been used as public health tools to assess the 
health risks of obesity, with special emphasis on where the boundary values are placed. A chart based on body mass index 
(BMI) was introduced in the 1980s to replace Tables of best weights for heights and this BMI chart (based on adult weight 
for height) is still very much in use today. Although the importance of the distribution of body fat, as opposed to the total 
amount of body fat, in determining health risks of obesity was first suggested in the 1940s, it was not until the mid 1990s 
that a chart based on Shape was suggested. The Ashwell® Shape Chart was based on the use of waist-to-height ratio 
(WHtR) as a proxy for abdominal obesity. The chart contains three boundary values for WHtR: 0.4, 0.5 and 0.6; originally 
set on pragmatic decisions. Substantial evidence from a recent systematic review now supports the global boundary value 
WHtR of 0.5 for Consider Action. WHtR of 0.6 has been proposed for Take Action. An exciting prospect is that the same 
Shape Chart might be used to assess risk for adults and children in several ethnic groups. Use of the Shape Chart could 
also improve the efficiency for screening for cardiometabolic risk and could provide substantial cost savings in terms of 
obesity treatment. The public health message could not be simpler: "Keep your waist circumference to less than half your 
height". 
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TABLES AND CHARTS WHICH ASSESSED RISK 
BASED ON WEIGHT 

 The public health approach to communicating the risks of 
obesity was, for a long time, firmly rooted in the use of 
appropriate body weights for height. Tables of appropriate 
weight for height for men and women, originally derived 
from Insurance Company data [1], were used until the mid 
1980s. The Metropolitan Life Insurance Company's sex-
specific tables were the standard; they used minimum and 
maximum weights associated with the lowest mortality 
among men and women between 25 and 59 years old, hence 
they were not suitable for children. The table creators 
attempted to use "frame size" as a way to compensate for the 
differences between people with different skeletal muscle 
mass. But in practice, the definition of frame size was too 
difficult for people to use, so virtually nobody used it as 
intended. Instead, people subjectively chose their own 
categories. Those tables survived well into the 1970s and 80s 
when the Quetelet index (QI), later to be called the ‘Body 
Mass Index’ (BMI), provided the option of displaying 
optimal weights for men and women on the same chart. QI is 
a formula which is used to estimate a healthy body weight 
based on a person's height. It is defined as the individual's 
body weight divided by the square of his or her height; the 
unit of measure is invariably expressed as kg/m2. 
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 While the Quetelet formula dates back to the 19th cen-
tury [2], the term ‘body mass index’ for the same ratio and 
its popularity date back to a 1972 paper by Ancel Keys who 
found the BMI to be the best proxy for body fat percentage 
among ratios of weight and height [3]. BMI was explicitly 
cited by Keys as being appropriate for population studies, 
and inappropriate for individual diagnosis. Nevertheless, due 
to its simplicity, it came to be widely used for individual 
diagnosis. George Bray began to advocate for the use of 
BMI about 1973 at the time of the Fogarty Center Con-
ference in Washington when he wrote about methods for 
assessing obesity [4]. Later, Bray prepared a nomogram for 
BMI with recommended levels based on the upper and lower 
limits of BMI for men and women (medium frame) in the 
1959 Metropolitan Life Insurance Tables [5]. These BMI 
levels were close to 19-24 kg/m2 for women and 20-25 
kg/m2 for men. 
 The first BMI chart, which displayed BMI as a function 
of weight (horizontal axis) and height (vertical axis) using 
contour lines for different values of BMI or colours for 
different BMI categories, first appeared in 1981 in John 
Garrow’s book "Treat obesity seriously” [6]. Garrow used 
the term Quetelet index, rather then BMI, and made it clear 
that the grades of obesity had arbitrary boundaries at 25, 30 
and 40 kg/m2, since different treatments are needed for 
different severities. Minimal risk was denoted between the 
boundary values of BMI between 20 to 25 kg/m2 since 
mortality was lowest here in the U-shaped relationship. Risk 
therefore increased from BMI 25 onwards and since the 
increased risk was linear, BMI=30 was designated to be the 
next boundary value for risk, probably because it was five 
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units above BMI=25 kg/m2. The first representative survey 
of obesity in the UK, also published in 1981, took 30 kg/m2 
as the threshold of "obesity" [7]. Further justification for 
Garrow’s boundary values of 20 and 25 kg/m2 for minimum 
risk came from recalculations on morbidity and mortality 
data from insurance company data [8] and the BMI chart 
gradually became accepted in public health practice in the 
late 1980s and the 1990s. 
 At the beginning of the 1990's the UK’s Health Educa-
tion Authority (HEA) considered whether there should be a 
definite cut-off at BMI 20 between 'OK' and 'underweight. 
There were concerns that this did not really reflect the 
natural variability in healthy body weight, and that some 
people who had a BMI of, say, 19 kg/m2 were healthy. As a 
consequence, HEA 'graded' the ‘OK’ band: BMI 20-25 was 
shown as a darker yellow band and 18.5-20 was shown as a 
lighter yellow band [9]. HEA also added a cautionary note: 
‘if you are at the lower end of the OK band, make sure you 
maintain weight and don't be tempted to aim for the 
underweight category'. 
 In 1995 and 1997, The World Health Organization 
(WHO) [10, 11] began using the BMI as a standard to 
determine not only overweight, but also added cut-offs for 
categories of underweight, preobese, and three classes of 
obese. They used a BMI of 18.5 to 25 kg/m2 to indicate 
optimal weight; a BMI lower than 18.5 kg/m2 suggested the 
person was underweight (this cut-off had been used for this 
purpose previously in reports on under nutrition) while a 
BMI above 25 kg/m2 indicated the person was overweight or 
pre-obese; and a BMI above 30 kg/m2 suggested the person 
was obese (over 40, morbidly obese). Thereafter, virtually all 
BMI charts tended to use these cut-off values. 

JUSTIFICATION FOR METABOLIC RISK 
ASSESSED BY SHAPE INSTEAD OF WEIGHT 

 The importance of the distribution of body fat, as 
opposed to the total amount of body fat, in determining 
health risks of obesity was first suggested more than 50 years 
ago [12, 13] but it was only in the late 1980s and early 1990s 
that the importance of abdominal obesity in determining risk 
in cross-sectional and from prospective epidemiological 
surveys became convincing. Originally the evidence was 
gathered from the relationship between a variety of anthro-
pometric indices and indices of morbidity and mortality, but 
gradually the use of the waist-to-hip ratio (WHpR) became 
the most popular ‘shape’ index [14-21]. Further attempts to 
use other anthropometric indices as proxies for abdominal 
obesity produced suggestions such as the 'conicity index' 
[22] and the saggital diameter [23]. 
 Bjorntorp [24] proposed in 1990 that the definition for 
obesity should be changed and suggested that only abdo-
minal obesity is distinguished as obesity, not only because it 
would help the study of obesity to be taken more seriously if 
it excluded cosmetic problems, but also because a definition 
for abdominal obesity might generate the risk factors for 
cardiovascular disease (CVD) and diabetes and therefore 
constitute an important primary pathogenetic factor for these 
diseases. However, proxy measures for abdominal obesity 
were never really fully accepted in a public health context 
and, at most, guideline values for WHpR appeared alongside 

BMI risk categories and nomograms for the calculation of 
WHpR appeared alongside nomograms for the calculation of 
BMI [25]. Standard values that allow direct inter-individual 
or interpopulation comparisons were never ‘officially set’ for 
WHpR although it became popular to split populations at 
WHpR of 0.8 for women and WHpR=0.95 for men [11]. 
 WHpR fails in one major respect as a public health 
measure in that, although it is a convenient risk assessment 
tool, it is not suitable as a risk management tool. WHpR is a 
ratio of two circumference measurements and the very likely 
covariance of waist circumference (WC) with the hip cir-
cumference means that WHpR does not necessarily change 
with either weight increase or weight decrease [26, 27]. For 
similar reasons, the waist to thigh ratio which was proposed 
by several groups [28, 29] was also unsuitable for use as a 
risk management tool since it is also the ratio of two 
circumference measurements. 

SHAPE CHART BASED ON WAIST-TO-HEIGHT 
RATIO 

 The principle of a consumer-friendly Shape Chart, to 
replace a Weight Chart, was proposed as early as 1995 [30]. 
The suggestion was made after national survey data showed 
the subgroup of the English population who had high BMI 
and high WHpR had the most classical risk factors for CVD 
[31]. The prototype chart suggested that a ‘shape number’ 
based on WHpR might be plotted against BMI so that 
different bands of ‘WHpR and BMI’ could be distinguished. 
As it happened, this prototype was never developed because 
a much simpler basis for a shape chart (waist circumference 
on the x axis and height on the y axis) suggested itself very 
soon afterwards [32] (see Fig. 1). 
 In 1995, Lean et al. [33, 34] proposed that the waist cir-
cumference alone could be used as a measure for indicating 
need for weight management and to define suitable values 
for risk groups. They suggested Action Level One for a waist 
circumference ≥94 cm for men and ≥80 cm for women and 
Action Level Two for a waist circumference of ≥102 cm for 
men and ≥88cm for women. At about the same time, three 
other groups were using a cross-sectional analysis to relate 
anthropometric indices to metabolic risk factors and con-
cluded that WHtR was superior to waist circumference 
(WC). Hsieh and Yoshinaga [35, 36] studied over 3000 men 
and 1000 women and related anthropometric variables to 
levels of coronary heart disease (CHD) risk factors and a 
'risk factor morbidity index' based on simple summation of 
five cardiometabolic risk factors. Multiple regression ana-
lysis showed that WHtR was a better predictor of multiple 
CHD risk factors than WHpR or WC alone. Also in Japan, 
Lee and colleagues [37] showed that WHtR (actually waist : 
stature ratio) was the anthropometric index with the highest 
correlation with coronary risk factors in nearly 1000 men. In 
UK, Ashwell et al. [38] used data for 1411 men and 1481 
women (aged between 30 and 74 years) from the 1992 
Health Survey for England [39]. For each person, anthropo-
metric measurements and ratios were compared with the 
logarithm of the 'CHD risk' for that individual, calculated 
from sex, age, blood pressure, cholesterol, smoking and 
diabetic status [40]. Stepwise regression showed that WHtR 
was the two-factor parameter which accounted for the 
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greatest variation in 'CHD risk' for both sexes. Prospective 
data from UK Health and Lifestyle Survey [41] also helped 
to provide important reinforcement to the suggestions about 
WHtR made on the basis of cross-sectional data. Interest-
ingly, WHtR had been shown a few years before to be as 
good as BMI in predicting CHD and stroke morbidity in the 
Framingham prospective study [42]. Those authors admitted 
they calculated WHtR as a ‘second best’ because they did 
not have hip circumference measurements to calculate 
WHpR. 
 The realisation that WHtR was as good, if not a better, 
predictor of health outcomes as WC and WHpR, provided 
the motivation to produce a simple ‘Shape Chart’ of waist 
circumference (along the x axis) against height (on the y 
axis) [32, 43]. A pragmatic public health approach was used 
in suggesting WHtR boundary values in the chart. Boundary 
value was also preferred as a term rather than cut-off values 

to reflect this approach. The value 0.5 was chosen as one 
boundary value, partly because this had already been used by 
others [36, 37] in their cross-sectional population studies and 
partly because WHtR of 0.5 translates into the easily under-
stood message of 'keep your waist circumference measure-
ment to less than half your height’. The lower value of 
WHtR 0.4 was chosen pragmatically. The upper value of 
WHtR≥0.6 was chosen partly for simplicity, in the same way 
that BMI=30 kg/m2 was chosen as the next boundary value 
above BMI of 25 [6]. However, coincidentally WHtR > 0.6 
put 17% UK men and 13% UK women in the highest 
metabolic risk category whereas the traditional BMI Action 
Level (BMI ≥ 30 kg/m2) identified 13% men and 17% 
women. The Ashwell® Shape Chart therefore allowed 
scientifically-based, but easily understood, risk assessment 
and helped to emphasise the relative importance of risk 
management for men who tend to suffer greater metabolic 
risks of obesity than women [32]. 

 
Fig. (1). The Ashwell® Shape Chart based on waist-to-height ratio. (Copyright is held by Margaret Ashwell).  

The Ashwell® Shape Chart is suitable for adults (men and women) and children over 5y. It has waist circumference measurement (cm) on x 
axis and height (cm) on the y axis. The boundary values for waist-to-height ratio are set at WHtR 0.4 (brown to green), 0.5 (green to yellow) 
and 0.6 (yellow to red). The Green area indicates OK; Yellow area indicates Consider Action for adults and Take Action for children; Red 
area indicates Take Action. Brown area indicates Take Care – you will not need to decrease your waist circumference and might even be 
underweight. 
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CORROBORATION OF WAIST-TO-HEIGHT RATIO 
AS THE BASIS OF ASHWELL® SHAPE CHART AND 
OF WAIST-TO-HEIGHT RATIO=0.5 AS A 
BOUNDARY VALUE 

 The Ashwell® Shape Chart continued to be available in 
the public domain and appeared in publications advocating 
the use of WHtR [44]. Several studies were published which 
used WHtR≥0.5 to analyse risk in populations. The sug-
gestion to adopt an index of central obesity (namely waist-
to-height ratio) was made by Parikh and colleagues in 2007 
because it could obviate the need for numerous gender and 
race specific WC cut-offs in adults and, maybe, in children 
[45, 46]. An important meta-analysis of ten studies was 
published in 2008 which concluded that statistical evidence 
supported the superiority of measures of central obesity, 
especially WHtR, over BMI, for detecting CVD risk in both 
men and women [47]. By the beginning of 2009, there were 
enough peer reviewed publications in the scientific literature 
to allow us to undertake a systematic review of WHtR, WC 
and BMI in relation to metabolic health risk [48]. This 
systematic review collated seventy-eight studies exploring 
WHtR and WC or BMI as predictors of diabetes and CVD 
published in English between 1950 and 2008. Twenty-two 
prospective analyses showed that WHtR and WC were 
significant predictors of these cardiometabolic outcomes 
more often than BMI, with similar odds ratios; sometimes 
being significant predictors after adjustment for BMI. 
Observations from cross-sectional analyses, forty-four in 
adults, thirteen in children, supported these predictions. 
Receiver operating characteristic curve (ROC) analysis 
revealed mean area under ROC curve values of 0.704, 0.693 
and 0.671 for WHtR, WC and BMI, respectively. Mean 
boundary values (weighted) for WHtR, covering all cardio-
metabolic outcomes, from studies in 14 different countries 
and including Caucasian, Asian and Central American 
subjects, were 0.50 for men and 0.50 for women. The area 
under ROC curve analyses indicate that WHtR may be a 
more useful global clinical screening tool than WC, with a 
weighted mean boundary value of 0.5, supporting the simple 
public health message “keep your waist circumference to 
less than half your height”. A recent meta-analysis of ROC 
data from papers published up to mid 2010 has concluded 
that WHtR was better at discriminating adverse outcomes 
(diabetes, CVD) than BMI or WC [49]. 

COMPARISONS OF BOUNDARY VALUES BASED 
ON BMI, WAIST CIRCUMFERENCE AND WAIST-
TO-HEIGHT RATIO: PREVALENCE OF OBESITY IN 
UK ADULT POPULATION. IMPLICATIONS FOR 
SCREENING AND COST OF TREATMENT 

 It is possible to compare boundary values, based on 
different anthropometric indices, for assessing the preva-
lence of different grades of obesity using data from the 
nationally representative surveys such as the National Diet 
and Nutrition Survey, collected in Britain in 2000-2001 [50]. 
Table 1 shows how the boundary values would split the 
population of 806 men and 970 women. It is reassuring to 
see that WHtR≥0.6 would identify fewer men and women at 
risk than BMI≥30 kg/m2 and considerably fewer people than 
Waist Action Level 2. This has implications for cost- 
 

effective savings in the public health budget. Using figures 
for the cost of treating obesity in England [51], it would have 
cost one billion pounds to have treated 22% of the 
population (assessed as obese by BMI) compared with a cost 
of 0.75 billion (16.5% of the population at risk by WHtR). 
Projections from the Foresight report of expected obesity 
levels into 2025 [52] shows these costs (assumed constant 
per obese person) would rise to 5.3 billion pounds (41.5% 
population obesity by BMI) compared with 4 billion pounds 
(31% at risk by WHtR). 
 
Table 1. Adults in British National Diet and Nutrition Survey 

Classified by Boundary Values of Body Mass Index, 
Waist Circumference and Waist-to-Height Ratio 

 

Description  Definition  % Men % Women 

Overweight  BMI≥25 67 53 

Obese  BMI≥30 24 20 

Central fat distribution  ≥waist action level 1* 53   54 

Central obesity  ≥waist action level 2* 30 28 

Central fat distribution  WHtR≥0.5 76 50 

Central obesity  WHtR≥0.6 20 13 
Data from [50]. *NICE guidelines [65]: Waist Action Level 1, waist 
circumference≥80cm for women or waist circumference≥94cm for men; Waist Action 
Level 2, waist circumference≥88cm for women or waist circumference ≥ 102cm for 
men. BMI: body mass index, WHtR: waist-to-height ratio. 
 
 However, this table with prevalence data does not tell the 
whole story. Further analysis of the data from the UK survey 
[50] showed that screening health risk by BMI alone would 
‘miss’ 35% of men and 14% of women who are within the 
normal BMI range (18.5 to 25 kg/m2) but have central fat 
distribution, defined by WHtR greater than 0.5. In the total 
population this equates to 11% of all men and 6% of all 
women who would be inadequately screened by BMI alone 
[53]. 

EXTENSION OF ASHWELL® SHAPE CHART TO 
CHILDREN 

 In the twentieth century, childhood obesity was always 
assessed against age-specific BMI centiles. This approach 
was slightly simplified in year 2000 with the introduction of 
centile curves which had been drawn so that at age 18 years, 
they passed through the widely used BMI cut off points of 
25 and 30 kg/m2 for adult overweight and obesity [54]. An 
exciting thought for the future is that assessment of 
childhood obesity could become even simpler. WHtR may 
allow the same boundary value for children and adults. There 
is now growing evidence that WHtR can be used to predict 
risk in children [55-61]. Since the height and WC of children 
normally increases continually as they age, the same 
boundary value (WHtR=0.5) could be used to indicate 
increased risk across all age groups [62-64]. 
 The latest version of the Ashwell ® Shape Chart (Fig. 1) 
has been modified to include heights and waist circum-
ferences appropriate to children aged five years and upwards.  
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The Chart still has boundary values set at WHtR 0.4 (brown 
to green), 0.5 (green to yellow) and 0.6 (yellow to red). 
However, the words used to describe action steps for WHtR 
greater than 0.5 and less than 0.6 have now been modified to 
indicate that this value should indicate ‘Take Care’ or 
‘Consider Action’ for adults, whereas for children it 
indicates ‘Take Action’. The implicated difference in health 
risk was based on the proportion of UK children and adults 
who fall above the boundary values of 0.5 and 0.6 [64]. 
Further research is needed to confirm the suitability of these 
boundary values for children. Although there is now good 
global evidence for using WHtR 0.5 as the first boundary 
value for risk (see above and [48]), the boundary values at 
0.4 and 0.6 were set on pragmatic reasoning and it is 
essential to have data from many other population groups to 
corroborate these decisions. 

DISCUSSION 

 Considering the increasing interest (medical, commercial 
and self help) in preventing and treating obesity over the past 
four decades, it is surprising that only two Charts have been 
used for public health purposes. One reason could be the 
enormous global popularity of the BMI, and its chart, after 
its introduction in the early 1980s. Once established, BMI 
became the norm and many obesity treatments had to show 
evidence that they could make worthwhile reductions to BMI 
to be allowed on the market. 
 Although there has been gradual scientific recognition of 
the importance of abdominal obesity, this has been slow to 
make a public health impact. The 2006 NICE guidance [65] 
stated that BMI should be used as a measure of overweight 
in adults, but needed to be interpreted with caution because it 
is not a direct measure of adiposity. NICE added that “Waist 
circumference may be used, in addition to BMI, in people 
with a BMI less than 35 kg/m2”. 
 Maybe the advice to use waist circumference as a proxy 
for abdominal obesity has hindered the adoption of the shape 
message into a public health context? Waist circumference 
boundary values do not convert into an easy chart format, 
and they are not the same for men and women. Further, those 
developed for Caucasians cannot be used globally; they can 
differ between genders, ethnics and even countries [66]. 
There have been WHO expert consultations to discuss cut-
off values for waist circumference. But the simple step of 
including height as well as waist circumference which avoids 
some of the problems for other ethnic groups who, for 
example in the case of Asians, tend to be shorter [45], as 
well as more centrally obese, has usually been overlooked. 
 There is no doubt that the simplicity of the BMI chart has 
been a factor in drawing attention to the importance of 
obesity as a public health problem. Its use in screening has 
made it easy for health professionals and individuals to be 
alerted to the need for checking the presence of underlying 
cardiometabolic risk factors. The adoption of a Shape Chart 
in public health practice would have all the advantages of a 
simple Chart and also detect people at metabolic risk who 
would not be identified as at risk on the BMI chart [53]. 
There are also substantial cost saving implications for the 
public health budget as indicated in this paper. I urge health 

practitioners to use the Chart in their own population groups 
and to report comments to the author. 

ACKNOWLEDGEMENTS  

 I thank Dr Shiun Dong Hsieh and Mrs. Sigrid Gibson 
who have been collaborators over many years. 

CONFLICT OF INTEREST 

 The author devised and copyrighted the Ashwell ® Shape 
Chart, based on WHtR, which is distributed to health 
professionals on a non profit making basis. 

ABBREVIATIONS 

BMI = Body mass index 
CHD = Coronary heart disease 
CVD = Cardiovascular disease 
HEA = UK Health Education Authority 
QI = Quetelet index 
ROC = Receiver operating characteristic curve 
WC = Waist circumference 
WHO = World Health Organization 
WHpR = Waist-to-hip ratio 
WHtR = Waist-to-height ratio 

REFERENCES  
[1] Lew EA, Garfinkel L. Variations in mortality by weight among 

750,000 men and women. J Chronic Dis 1979; 32: 563-76. 
[2] Eknoyan G. Adolphe Quetelet (1796-1874)--the average man and 

indices of obesity. Nephrol Dial Transplant 2008; 23: 47-51. 
[3] Keys A, Fidanza F, Karvonen MJ, Kimura N, Taylor HL. Indices 

of relative weight and obesity. J Chronic Dis 1972; 25: 329-43. 
[4] Bray G. Standards for definitions of overweight and obesity. In: 

Bray G, editor. Obesity in Perspective Fogarty International Center 
Series on Preventive Medicine DHEW publication No (NIH) 75-
708: DHEW; 1975. 

[5] Bray GA. Definition, measurement, and classification of the 
syndromes of obesity. Int J Obes 1978; 2: 99-112. 

[6] Garrow JS. Treat Obesity Seriously - a clinical manual. Edinburgh: 
Churchill Livingstone 1981. 

[7] Office of Population Censuses and Surveys. OPCS Monitor ref 
SS81/1. 1981. 

[8] Society of Actuaries. Build Study 1979. Association of Life 
Insurance Medical Directors of America; 1979. 

[9] Health Education Authority. Enjoy Healthy Eating 1995. 
[10] World Health Organization. Physical status: the use and 

interpretation of anthropometry. Report of a WHO expert 
committee. World Health Organization Technical Report Series; 
854. Geneva: World Health Organization 1995. 

[11] World Health Organization. Obesity. Preventing and managing the 
global epidemic. Report of a WHO Consultation on obesity, 
Geneva 3-5 June 1997. Geneva: World Health Organization 1998. 

[12] Vague J. Le Traitment des obesities. Marseille Médicine 1946; 83: 
210-25. 

[13] Vague J. La differenciation sexuelle humaine: ses incidences en 
pathologie. Paris: Masson 1953. 

[14] Ashwell MA, McCall SA, Cole TJ, Dixon AK. Fat distribution and 
its metabolic complications: interpretations. In: Norgan N, editor. 
Euronut Workshop No 8: Hum Body Composit Fat Distribut 1987. 
p. 227-42. 



Charts to Assess the Health Risks of Obesity The Open Obesity Journal, 2011, Volume 3     83 

[15] Bjorntorp P. The associations between obesity, adipose tissue 
distribution and disease. Acta Med Scand Suppl 1988; 723: 121-34. 

[16] Seidell JC. Prevalence of obesity in Europe. Bibl Nutr Dieta 1989; 
44: 1-7. 

[17] Despres JP, Lamarche B. Effects of diet and physical activity on 
adiposity and body fat distribution: implications for the prevention 
of cardiovascular disease. Nutr Res Rev 1993; 6: 137-59. 

[18] British Nutrition Foundation. Briefing paper no 27. The nature and 
risks of obesity. London: British Nutrition Foundation. 1992. 

[19] Bjorntorp P. Visceral obesity: a "civilization syndrome". Obes Res 
1993; 1: 206-22. 

[20] Bouchard C, Despres JP, Mauriege P. Genetic and nongenetic 
determinants of regional fat distribution. Endocr Rev 1993; 14: 72-
93. 

[21] Kissebah AH, Krakower GR. Regional adiposity and morbidity. 
Physiol Rev 1994; 74: 761-811. 

[22] Valdez R. A simple model-based index of abdominal adiposity. J 
Clin Epidemiol 1991; 44: 955-6. 

[23] Kahn HS. Choosing an index for abdominal obesity: an opportunity 
for epidemiologic clarification. J Clin Epidemiol 1993; 46: 491-4. 

[24] Bjorntorp P. How should obesity be defined? J Intern Med 1990; 
227: 147-9. 

[25] American Obesity Association. Shape up America: Guidance for 
treatment of adult obesity. 1996. 

[26] Garrow JS. Is body fat distribution changed by dieting? Acta Med 
Scand Suppl 1988; 723: 199-203. 

[27] Krotkiewski M. Can body fat patterning be changed? Acta Med 
Scand Suppl 1988; 723: 213-23. 

[28] Ashwell M, Chinn S, Stalley S, Garrow JS. Female fat distribution-
a simple classification based on two circumference measurements. 
Int J Obes 1982; 6: 143-52. 

[29] Seidell JC, Cigolini M, Charzewska J, Ellsinger BM, di Biase G. 
Fat distribution in European women: a comparison of 
anthropometric measurements in relation to cardiovascular risk 
factors. Int J Epidemiol 1990; 19: 303-8. 

[30] Ashwell M. The need for a new shape chart for assessing the risks 
of obesity. Proc Nutr Soc 1995; 54: 86A. 

[31] White A, Nicolaas G, Foster K, Browne F, Carey S. Health Survey 
for England 1991. London: HMSO1993. 

[32] Ashwell M. The Ashwell Shape Chart-a public health approach to 
the metabolic risks of obesity. Int J Obes 1998; 22: S213. 

[33] Lean ME, Han TS, Morrison CE. Waist circumference as a 
measure for indicating need for weight management. BMJ 1995; 
311: 158-61. 

[34] Han TS, van Leer EM, Seidell JC, Lean ME. Waist circumference 
action levels in the identification of cardiovascular risk factors: 
prevalence study in a random sample. BMJ 1995; 311: 1401-5. 

[35] Hsieh SD, Yoshinaga H. Abdominal fat distribution and coronary 
heart disease risk factors in men-waist/height ratio as a simple and 
useful predictor. Int J Obes Relat Metab Disord 1995; 19: 585-9. 

[36] Hsieh SD, Yoshinaga H. Waist/height ratio as a simple and useful 
predictor of coronary heart disease risk factors in women. Intern 
Med 1995; 34: 1147-52. 

[37] Lee JS, Aoki K, Kawakubo K, Gunji A. A study on indices of body 
fat distribution for screening for obesity. Sangyo Eiseigaku Zasshi 
1995; 37: 9-18. 

[38] Ashwell M, Lejeune S, McPherson K. Ratio of waist circumference 
to height may be better indicator of need for weight management. 
BMJ 1996; 312: 377. 

[39] Breeze E, Maidment A, Bennet N, Flatley J, Carey S. Health 
Survey for England 1992. London: HMSO 1994. 

[40] Anderson KM, Odell PM, Wilson PW, Kannel WB. Cardiovascular 
disease risk profiles. Am Heart J 1991; 121: 293-8. 

[41] Cox BD, Whichelow M. Ratio of waist circumference to height is 
better predictor of death than body mass index. BMJ 1996; 313: 
1487. 

[42] Kannel WB, Cupples LA, Ramaswami R, Stokes J, 3rd, Kreger BE, 
Higgins M. Regional obesity and risk of cardiovascular disease; the 
Framingham Study. J Clin Epidemiol 1991; 44: 183-90. 

[43] Ashwell M. The Ashwell Shape Chart-a new millennium approach 
to communicate the metabolic risks of obesity. Obes Res 1997; 5: 
45S. 

[44] Ashwell M, Hsieh SD. Six reasons why the waist-to-height ratio is 
a rapid and effective global indicator for health risks of obesity and 
how its use could simplify the international public health message 
on obesity. Int J Food Sci Nutr 2005; 56: 303-7. 

[45] Parikh RM, Joshi SR, Menon PS, Shah NS. Index of central obesity 
- A novel parameter. Med Hypotheses 2007; 68: 1272-5. 

[46] Parikh RM, Joshi SR, Pandia K. Index of central obesity is better 
than waist circumference in defining metabolic syndrome. Metab 
Syndr Relat Disord 2009; 7: 525-7. 

[47] Lee CM, Huxley RR, Wildman RP, Woodward M. Indices of 
abdominal obesity are better discriminators of cardiovascular risk 
factors than BMI: a meta-analysis. J Clin Epidemiol 2008; 61: 646-
53. 

[48] Browning LM, Hsieh SD, Ashwell M. A systematic review of 
waist-to-height ratio as a screening tool for the prediction of 
cardiovascular disease and diabetes: 0.5 could be a suitable global 
boundary value. Nutr Res Rev 2010; 23: 247-69. 

[49] Ashwell M, Gunn P, Gibson S. Indices of abdominal obesity , 
especially waist-to-height ratio, are better screening tools for the 
prediction of adult cardiometabolic risk factors than BMI: 
systematic review and meta-analysis. in preparation 2011. 

[50] Ruston D, Hoare J, Lynne Henderson, et al. The National Diet and 
Nutrition Survey: adults aged 19-64 years. Volume 4: Nutritional 
status (anthropometry and blood analytes), blood pressure and 
physical activity. London: The Stationery Office 2004. 

[51] The Health and Social Care Information Centre. Statistics on 
obesity, physical activity and diet: England, February 2009. 2009. 

[52] Department of Trade and Industry. Foresight - Tackling Obesities - 
Future Choices 2007. 

[53] 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. Obes Facts 2009; 2: 97-103. 

[54] Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a 
standard definition for child overweight and obesity worldwide: 
international survey. BMJ 2000; 320: 1240-3. 

[55] Garnett SP, Baur LA, Cowell CT. Waist-to-height ratio: a simple 
option for determining excess central adiposity in young people. Int 
J Obes (Lond) 2008; 32: 1028-30. 

[56] Mirzaei M, Taylor R, Morrell S, Leeder SR. Predictors of blood 
pressure in a cohort of school-aged children. Eur J Cardiovasc Prev 
Rehabil 2007; 14: 624-9. 

[57] Savva SC, Tornaritis M, Savva ME, et al. Waist circumference and 
waist-to-height ratio are better predictors of cardiovascular disease 
risk factors in children than body mass index. Int J Obes Relat 
Metab Disord 2000; 24: 1453-8. 

[58] Lee K, Song YM, Sung J. Which obesity indicators are better 
predictors of metabolic risk? healthy twin study. Obesity (Silver 
Spring) 2008; 16: 834-40. 

[59] Hara M, Saitou E, Iwata F, Okada T, Harada K. Waist-to-height 
ratio is the best predictor of cardiovascular disease risk factors in 
Japanese schoolchildren. J Atheroscler Thromb 2002; 9: 127-32. 

[60] Kahn HS, Imperatore G, Cheng YJ. A population-based 
comparison of BMI percentiles and waist-to-height ratio for 
identifying cardiovascular risk in youth. J Pediatr 2005; 146: 482-8. 

[61] Maffeis C, Banzato C, Talamini G. Waist-to-height ratio, a useful 
index to identify high metabolic risk in overweight children. J 
Pediatr 2008; 152: 207-13. 

[62] McCarthy HD, Ashwell M. Waist:Height ratios in British children 
aged 5-16 years: a suggestion for a simple public health message-
keep your waist circumference to less than half your height. Proc 
Nutr Soc 2002; 61: 116A. 

[63] McCarthy HD, Ashwell M. Trends in waist:height ratios in British 
children aged 11-16 years over a two-decade period. Proc Nutr Soc 
2003; 62: 46A. 

[64] McCarthy HD, Ashwell M. A study of central fatness using waist-
to-height ratios in UK children and adolescents over two decades 
supports the simple message--'keep your waist circumference to 
less than half your height'. Int J Obes (Lond) 2006; 30: 988-92. 

[65] National Institute for Health and Clinical Excellence. NICE 
Clinical Guideline 43: Obesity: guidance on the prevention, 
identification, assessment and management of overweight and 
obesity in adults and children. Available at: 
http://guidance.nice.org.uk/CG43. 



84     The Open Obesity Journal, 2011, Volume 3 Margaret Ashwell 

[66] Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the 
metabolic syndrome: a joint interim statement of the International 
Diabetes Federation Task Force on Epidemiology and Prevention; 
National Heart, Lung, and Blood Institute; American Heart 

Association; World Heart Federation; International Atherosclerosis 
Society; and International Association for the Study of Obesity. 
Circulation 2009; 120: 1640-5. 

 

Received: August 18, 2010 Revised: November 29, 2010  Accepted: January 07, 2011 
 
© Margaret Ashwell; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http: //creativecommons.org/licenses/by-
nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

 
 


