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BMI= BURY ME
IMMEDIATELY!

WHtR=0.5
One simple strategy to help the global obesity
epidemic:
Focus prevention and treatment on those with
central obesity- screened using WHtR

“You should keep
your waist
circumference to
less than half your
height!”
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Why goodbye BMI? BMI measures muscle as well as fat.
Arnie and Danny have same BMI,
but only Danny has WHtR well over 0.5

Arnold
Schwarzenegger

Danny de Vito

Ht=188 cm

Ht=154 cm

120kg

85 kg

BMI 34

BMI 35

Waist = 90cm

Waist =110

WHtR=0.47

WHtR=0.71
München, 11.3.2009
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Why is central fat harmful?
It wraps itself around the heart, liver, kidneys and pancreas

Visceral (central)adipose tissue

Subcutaneous adipose tissue
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BMI
(Total obesity)
The Titanic
can only see the tip of
the iceberg

Many more risk factors for
CVD can be detected earlier by
measuring central body fat
rather than BMI
Diabetes
Increased insulin
The submarine (any
proxy for central body
fat) can see below the
surface
Prevent the
major
problems by
early detection
of risk factors

Release of
free fatty
acids(FFA) and
inflammatory
factors

Glucose
Intolerance
Low HDL

Increased
blood pressure

Heart
disease

Insulin
resistance
Increased
oxidised
LDL

Increased
triglycerides

Increased
platelet
aggregation

Only sees
the
established
conditions

Increased
pro-coagulant
activity

Small,
Dense LDL
Increased
homocysteine

Despres,1999
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Increased release of FFA and inflammatory factors from central
adipose tissue disrupts mitochondrial biogenesis
and raises cardiometabolic risk
Inflammatory
factors
reactive oxygen
species (ROS)
damage to
mitochondrial DNA
and disruption to
mitochondrial
biogenesis
disruption of
oxidative
phosphorylation.
insulin resistance,
dyslipidemia and
CVD

Studies on
mitochondrial
biogenesis.
Ashwell, M; PhD
thesis, 1970

Dyslipidemia
CVD

Liu et al, 2009
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So, if central fat is harmful, how do we
screen for it in a public health context?
1.
2.
3.
4.

Is there a simple anthropometric proxy
measure for central fat?
Is there a good link between this proxy
measure and morbidity?
Is there a good link between this proxy
measure and mortality?
Is this proxy measure the simplest?
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‘Central’ body fat can be measured by CT (Ashwell et al. 1985
BMJ. 290: 1692-4) and MRI

Visceral (central)adipose tissue

Subcutaneous adipose tissue

TOFI- thin on outside, fat on inside
?? TOFI apples??

FOTI- fat on outside, thin on inside
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Back to the last century (1996): three studies led
to the first Ashwell (R) Shape Chart
1.Cross-sectional HSE analysis (Ashwell, Lejeune & McPherson, BMJ 1996)

1996
2. Prospective analysis of HALS UK prospective (10yr)
data (Cox and Whichelow, BMJ, 1996)
3. Re-analysis of CT data
14
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women

BMI
WHtR

2014
1

2

3
Quintiles

4
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Stronger link for mortality with WHtR than with BMI

(Ashwell, Cole and Dixon, BMJ 1996)

Fast forward to 21st century
Waist-to-height ratio is a better screening tool than waist
circumference or BMI for adult cardiometabolic risk factors:
systematic review and meta-analysis

Margaret Ashwell, Pippa Gunn and Sigrid Gibson
Obesity Reviews ( 2012)
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Meta-analyses of papers from
systematic reviews
Systematic review
Using an objective and
transparent approach to
collate pertinent scientific
papers, with the aim of
minimizing bias

Meta-analysis
Pooling pertinent individual
studies to give a mean
effect size with confidence
limits

13

ROC analysis allows us to
compare screening tools
•

Receiver operating characteristic (ROC)
curves are used to see how good a
measure can be as a screening tool

•

They plot sensitivity against 1-specificity.

•

The area under the curve (AUC)
offers the best combination of sensitivity
and specificity

•

Higher AUC = better discriminator
(1=perfect; 0.5 = no better than chance)
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Overview of 31 studies in
meta-analysis (Ashwell, Gunn and Gibson 2012)
•Studies were conducted between 1985 and 2008, in 18 different countries
including Asia and South America.
•Study population size ranged from less than 200 to over 45,000
participants with a total of 123,231 men and 182,620 women.
•Age limits for inclusion into each of the individual studies ranged from 18
to 100 yr.
•Cardiometabolic outcomes were grouped into five broad categories:
–diabetes (D),
–hypertension (HT),
– dyslipidaemia,

– metabolic syndrome (MS)
–CVD outcomes (includes CHD and CVD outcomes and includes calculations of High
Coronary Risk Score).

15

Discrimination of diabetes
is better for waist-to-height
ratio (p<0.001 compared with
BMI)

pooled area under
the curve (AUC) for
BMI
0.66 (0.64,0.69)

Results shown for men;
similar results for women

pooled AUC for
WHtR
0.71(0.69,0.73)
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AUC for waist circumference and WHtR for
all health outcomes shows they are
statistically better than BMI
All health outcomes
(mean of all measured outcomes for each study)
Men
Women
(n=33groups)
Mean

(n=33groups)
Mean

AUC
BMI

0.66

WC

0.69

WHtR 0.71

AUC
BMI

0.68

0.026

WC

0.71

0.002

WHtR 0.72 0.002

0.022
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But is waist-to-height ratio a
better discriminator than waist
circumference ?
•Used more powerful statistical method:
•Calculated the difference in AUC between the two
paired indices for each study.
• Tested this against the null hypothesis that the
difference is zero.
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Discrimination of risk for WHtR is significantly better than that for
waist circumference
in men and women within studies
for diabetes, hypertension, dyslipidaemia and CVD outcomes.

No.
studies

Improvement in AUC
(WHtR>WC)
mean
P value

MEN
Diabetes
22
P<0.0001
0.016
Hypertension
18
P<0.0001
0.014
Dyslipidaemia
16
0.005 evidence P=0.036
For
the
first
time,
robust
statistical
from 31 studies
Metabolic syndrome
12
0.003
P=0.662
involving
more than 300,000
adults
in several
ethnic groups,
CVD
6
P<0.0001
0.039

shows
the superiority
over WC and
BMI for detecting
All outcomes
32of WHtR0.012
P<0.0001
cardiometabolic risk factors in both sexes
WOMEN (Ashwell, Gunn and Gibson, 2012).
Diabetes
Hypertension
Dyslipidaemia
Metabolic syndrome

24
19
17
13

0.011
0.014
0.008
0.009

P<0.0001
P<0.0001
P=0.001
P=0.04

CVD

6

0.020

P=0.002

33

0.010

P<0.0001

All outcomes
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Systematic review needed relating
waist-to-height ratio in children to
metabolic risk
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Latest published research

PLOS One September 8th 2014
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Early edition
Sunday Times 7/9/14

Spot the
difference
competition

Later edition
Sunday Times
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Ashwell M, Mayhew L, Richardson J, Rickayzen B
(PLOS One , September 2014)
Waist-to-height ratio is more predictive of years of life lost than body mass
index.
To compare the effect of :
• central obesity (measured by waist-to-height ratio-WHtR)
• and total obesity (measured by body mass index-BMI)
on life expectancy ( expressed as years of life lost, YLL) using data from
British adults.
For what values of BMI and WHtR is YLL at a minimum?
• The number of years of life lost (YLL) for men and women (aged 30, 50 and
70 years) was found by comparing the life expectancies of ‘obese’ lives
with those lives at optimum levels of BMI and WHtR.
• Data used:
– Prospective 20yr Health and Lifestyle Survey (HALS, 2005)
– cross sectional Health Survey for England (HSE, 2006)
– interim life tables for the United Kingdom (ONS, 2006)

Stronger link between WHtR and mortality rates
than between BMI and mortality rates
(using HALS 20 year follow up data, 1985 to 2005)
BMI deciles

Waist-to-height ratio deciles
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There is a clearer correlation between WHtR and mortality rates than BMI
and mortality rates(P<0.01).

Quantification of YLL at different values of BMI
and WHtR for men for three representative ages
(30, 50 and 70 yrs)
BMI

Waist-to-height ratio
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24
age 30
age 50
age 70
years of life lost (YLL)

years of life lost (YLL)

20
16
12
8

Minimum YLL
at BMI 24

4

16
12
8

Minimum YLL
at WHtR 0.5

4

≥ 0.8

0.78

0.76

0.74

0.72

Similar results for women

0.7

Waist-to-height ratio (WHtR)

0.68

0.66

0.64

0.62

0.6

0.58

0.56

0.54

0.52

0.5

0.48

Body mass index (BMI)

0.46

0.44

0.42

0.4

0.38

0.36

≥45

44

43

42

41

40

39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

< 0.36

0
<17

0

age 30
age 50
age 70
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Some examples of YLL for men and women (non-smokers)
aged 30, 50 and 70 years

Sunday Times

Daily Mail

YLL data for men lends supports to the boundary values
on Ashwell (R) Shape Chart
men
24
OK
WHtR
0.40.5

Consider
action
WHtR
0.5-0.6

Take
action
WHtR>0.6

age 30
age 50
age 70

20

years of life lost (YLL)

Take
care
WHtR
<0.4

16

Minimum
YLL at
WHtR 0.4
to 0.5
‘OK’

12
8

4

≥ 0.8

0.78

0.76

0.74

0.72

0.7

0.68

0.66

0.64

0.62

0.6

0.58

0.56

0.54

0.52

0.5

0.48

0.46

0.44

0.42

0.4

0.38

0.36

< 0.36

0

Slight
Increased
YLL at
WHtR <0.4
‘Take Care’

Much
increased YLL
at WHtR >0.6
‘Take action’

Slightly
Increased YLL
at WHtR 0.5
to 0.6
‘Consider
action’

Waist-to-height ratio (WHtR)
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YLL data for women lends supports to the ‘unisex’ boundary values
on Ashwell (R) Shape Chart
women

24
age 30
age 50

20
OK
WHtR Consider
0.4- action
0.5
WHtR
0.5-0.6
Take
action
WHtR>0.6

Slightly
Increased
YLL at WHtR
0.5 to 0.6
‘Consider
action’

age 70
years of life lost (YLL)

Take
care
WHtR
<0.4

16

12

8

4

Slight
Increased
YLL at
WHtR <0.4
‘Take Care’

Minimum
YLL at
WHtR 0.4
to 0.5
‘OK’

Much
increased YLL
at WHtR >0.6
‘Take action’

0
≥ 0.8

0.78

0.76

0.74

0.72

0.7

0.68

0.66

0.64

0.62

0.6

0.58

0.56

0.54

0.52

0.5

0.48

0.46

0.44

0.42

0.4

0.38

0.36

<.36

WHTR tenths
WHtR
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Questions relating to choice of screening:
BMI or WHtR or the ‘NICE matrix’?
1. What proportion of the UK population with ‘normal’
BMI have WHtR >0.5 (missed by BMI screening)?
2. What proportion of the UK population with increased
BMI have WHtR <0.5 (need reassurance they are OK)?
3. What proportion of the UK population fall into the
different categories of BMI and WHtR and the new
NICE dual system (BMI plus waist circumference )?
4. What proportion of the UK population are ‘missed’
using the dual system (BMI plus waist circumference)?

Latest research shows
BMI misclassifies ~28% of ‘normal’ population

•
•
•
•
•

National Diet and Nutrition Survey (NDNS) rolling survey – 4yr data
Data collected 2008-2012
Total sample n=4156 (aged 4-99y)
N= 1655 adults aged 19-64y
Of whom, 1170 had measures of Wt, Ht, and waist circumference

Answer to Question 1:
28% of adults classified as ‘normal’ by BMI have WHtR>0.5
They would be misclassified as ‘not at risk’ by BMI screening
Gibson and
Ashwell
( BMC
Medicine
(2014)

Answer to Question 2:
11% of adults classified as ‘overweight’ or ‘obese’ by BMI have ‘normal’
WHtR (<0.5)
They can be reassured they are currently ‘not at risk’

Gibson and
Ashwell
( BMC
Medicine,2014)

Questions relating to choice of screening:
BMI or WHtR or the ‘NICE matrix’?
1. What proportion of the UK population with ‘normal’
BMI have WHtR >0.5 (missed by BMI screening)?
2. What proportion of the UK population with increased
BMI have WHtR <0.5 (need reassurance they are OK)?
3. What proportion of the UK population fall into the
different categories of BMI and WHtR and the new
NICE matrix (BMI plus waist circumference )?
4. What proportion of the UK population are ‘missed’
using the NICE matrix (BMI plus waist circumference)?

The NICE matrix -BMI plus waist circumference (NICE,2011)

BMI
Underweight
2

(<18.5kg/m )
Healthy weight
(18.5-24.9kg/m2)
Overweight
(25-29.9kg/m2)
Obese
(30-34.9kg/m2)
Very obese
(≥40kg/m2)

Low
Men: <94cm
Women: <80cm

Waist circumference
High
Men: 94-102cm
Women: 80-88cm

Very high
Men: >102cm
Women: >88cm

Underweight
(Not Applicable)

Underweight
(Not Applicable)

Underweight
(Not Applicable)

No increased risk

No increased risk

Increased risk

No increased risk

Increased risk

High risk

Increased risk

High risk

Very high risk

Very high risk

Very high risk

Very high risk

Patterns and trends in adult obesity
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Answer to Question 3
All three measures show more than one quarter of the UK population in the highest risk category.
WHtR shows fewer people at ‘no increased risk’ than using BMI <25 or using
the ‘matrix’
BMI
plus
waist
circumf
BMI+WC
erence

27% very high
risk’

30% ‘increased or
high risk’

43 % ‘no increased risk’

(matrix)

BMIBMI

36% BMI 18.5-25

WHtR
WHtR

31% WHtR 0.4-0.5

0%

10%

20%

35% BMI 25-30

29% BMI>30

25% WHtR>0.6

44% WHtR 0.5-0.6

30%

40%

50%

60%

70%

80%

90%

100%

Gibson and Ashwell
( confidential and
unpublished)
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Answer to question 4: One third of those classified as “no increased risk” by ‘matrix’
(BMI+WC) are at early risk by WHtR

Cross tabs
analysis

Using the simple WHtR
measurement for primary
screening could identify
those at early metabolic
risk and potentially save
many years of life
Gibson and
Ashwell
( unpublished)

Answers relating to choice of primary
screening:
BMI or WHtR or the NICE ‘matrix’?
1. What proportion of the UK population fall into the
different categories of BMI and WHtR and the ‘NICE
matrix’ (BMI plus waist circumference)?
All three measures show more than one quarter of the UK population in
the highest risk category.
WHtR shows fewer people at ‘no increased risk’ than using BMI or
using the ‘matrix’

2. What proportion of the UK population are ‘missed’
using the ‘NICE matrix’ (BMI plus waist circumference)?
One third of those classified as “no increased risk” by ‘matrix’
(BMI+WC) are at slight risk by WHtR

Conclusions
The ‘NICE matrix’ system picks up less
people at risk than BMI. Waist-to-height
ratio picks up more people at early risk.
NICE should investigate the use of waistto-height ratio(WHtR), along with BMI,
for primary screening.
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New Zealand National Health Survey 2015
also shows WHtR detects early obesity
better than NICE matrix

Non-overweight ‘apples’ have higher cardiometabolic risk factors than overweight ‘pears’.
Waist-to-height ratio is a better screening tool than BMI
for blood levels of cholesterol and glycated haemoglobin
Sigrid Gibson and Margaret Ashwell, UK
Obesity Facts (2015) 8, 139.
Central obesity (apples, WHtR>=0.5)
carries greater health risks than
peripheral obesity (pears, WHtR <0.5)

A piece of string =
a simple, cheap,
primary screening
tool

•Health Survey for England (HSE)
• Population divided into 4 groups (2x2)
•Standard boundary values of BMI
(<>25kg/m2) and WHtR (<>0.5)
•Measure a person’s height
with a piece of string
• Fold it in half
•Check this fits around the
person’s waist
•Supports previous findings on the superiority of WHtR over BMI as a primary
•If it doesn’t, do more
screening method for morbidity
and mortality risk.
screening!

Cardiometabolic risk factors:
• total cholesterol (TC)
• glycated haemoglobin (HbA1c)

•Demonstrates the potentially severe implications of misclassification by BMI
alone“Keep
in screening
for cardiometabolic
your waist
circumferencerisk
tofactors.
less than half your height”

…and finally..keep it simple, stupid!
Many attempts made to get better and better
correlations of anthropometric indices with
visceral fat or with cardiometabolic risk
factors.
It all gets very complicated due to :
• Trying to improve the indices
• Trying to improve the boundary values for
indices
41

Examples of tweaking the Shape indices

Conicity index, CI (Valdez,1991)

Lipid accumulation product LAP ( Kahn , 2005)
Males, LAP = (WC [cm]–65)x(triglyceride concentration [mmol/L])
Females, LAP = (WC [cm]–58)x(triglyceride concentration[mmol/L]).
Visceral adipose index, VAI (Amato et al(2010) )
Males, VAI = (WC/36.58+(1.89xBMI)x(TG/0.81)x(1.52/HDL)
Females, VAI = (WC/39.68+(1.88xBMI)x(TG/1.03)x(1.31/HDL).
A Body Shape Index (ABSI)
(Krakauer, & Krakauer,2012)
The Body Roundness
Index (BRI)(Thomas et
al, 2013

Examples of
tweaking
values values
for waist
Example
of boundary
tweaking cut-off
(1)circumference

Caucasian adults

Other Ethnic groups

Japan

Caucasian
children

^94cm (M); ^80cm (F)

***90cm (M),***80 cm (F)

***90cm (M),***80 cm (F)

based on centiles
age specific

*102cm (M); *88cm(F)

# 85 (M), 90cm (F)

**94cm (M); **80cm(F)
***94cm (M);***80cm(F)

^ example given by WHO Expert Consultation on Obesity (2000)
* Adult Treatment Panel (ATPIII) under the aegis of the National Cholesterol Education
Program (NCEP) of the NIH’s National Heart, Lung, and Blood Institute(NHLBI) (2000)
** 2006 NICE guidance on obesity ;
***2006 International Diabetes Federation
#Japan Society of Obesity,2006
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Example of tweaking cut-off values for BMI and waist circumference
Use of ~500,000 Biobank subjects to define age-adjusted BMI and waist circumference cut-offs
equivalent to conventional thresholds, relating to the rate of diabetes, by ethnic group and sex
(Ntuk et al, 2014).

White
(reference)

South Asian
(Pakistani)

South Asian
(Indian)

Chinese

Black

Men
BMI

30

21.5

22

26

26

Waist

102cm/40ins

78/30.7

80/31.5

88/34.6

88/34.6

Women
BMI

30

21.6

22.3

24

26

Waist

88cm/34.6ins

68/26.7

70/27.5

74/29

79/31

Keep it even simpler, stupid!
How long is a piece of string?

Exactly half a child’s height if we want
to prevent global obesity !

SHINE Health Academy Sheffield take up the idea of simplicity!
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Three ‘Take Home Messages’
1.

Waist- to- height ratio (WHtR) is better discriminator of central obesity and better
predictor of cardiometabolic risk and mortality than waist circumference (WC)
and BMI.

2.

Using the simple WHtR measurement for primary screening instead of BMI, or
even the NICE matrix system, could reduce cardiometabolic risk and save many
Use a piece of string to measure child’s height.
years of Cut
life. it in two and see if it goes around the child’s

waist .
If it does
OK.We don’t need complicated indices in public health.
3. Keep it simple,
stupid!
If it does not- take care and do further screening.
WHtR 0.5 is a good boundary value for increased cardiometabolic risk and years of life lost. It is
probably suitable all ethnic groups and children.

A piece
of string is the simplest public health
“Keep your waist circumference to less than half your height” is a simple and global message
and only requires a piece of string to check!.
tool!.
www.ashwell.uk.com

