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Abstract
The National Institute for Health and Care Excellence (NICE) has acknowledged the value of waist-to-height ratio (WHtR) as an indicator for
‘early health risk’. We used recent UK data to explore whether classification based on WHtR identifies more adults at cardiometabolic risk than
the ‘matrix’ based on BMI and waist circumference, currently used for screening. Data from the Health Survey for England (4112 adults aged
18þ years) were used to identify cardiometabolic risk, indicated by raised glycated Hb, dyslipidaemia and hypertension. HbA1c, total/HDL-
cholesterol and systolic blood pressure (BP) were more strongly associated with WHtR than the ‘matrix’. In logistic regression models for
HbA1c≥ 48 mmol/mol, total/HDL-cholesterol> 4 and hypertension (BP> 140/90 mmHg or on medication), WHtR had a higher predictive
value than the ‘matrix’. AUC was significantly greater for WHtR than the ‘matrix’ for raised HbA1c and hypertension. Of adults with raised
HbA1c, 15 %would be judged as ‘no increased risk’ using the ‘matrix’ in contrast to 3 % usingWHtR< 0·5. For hypertension, comparative values
were 23 and 9 %, and for total/HDL-cholesterol> 4, 26 and 13 %. Nearly one-third of the ‘no increased risk’ group in the ‘matrix’ hadWHtR≥ 0·5
and hence could be underdiagnosed for cardiometabolic risk. WHtR has the potential to be a better indicator of cardiometabolic risks associated
with central obesity than the current NICE ‘matrix’. The cut-off WHtR 0·5 in early screening translates to a simple message, ‘your waist should be
less than half your height’, that allows individuals to be aware of their health risks.
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Waist-to-height ratio (WHtR) is a proxy for central (visceral) adi-
pose tissue(1–4). It has recently received attention as an indicator
of ‘early health risk’. Several systematic reviews and meta-
analyses of data in adults of all ages(5–8) and in children and
adolescents(9,10) have supported the superiority of WHtR over
the use of BMI and waist circumference (WC) in predicting early
health risk. More than 20 years ago, a boundary value of WHtR
0·5 was first suggested as a risk assessment tool and this trans-
lates into the simple message ‘keep your waist to less than half
your height’(1,11–13). Studies in many populations have supported
the premise that WHtR is a simple and effective anthropometric
index to identify health risks in adults of all ages(6,7,14–25) and in
children and adolescents(26–29). Not only doesWHtR have a close
relationship with morbidity, but also it has a clearer relationship
with mortality compared with BMI(13,30).

In relation to screening, two very large prospective studies in
USA have shown that WHtR is better than BMI in predicting dia-
betes risk(31) in all adult age groups. Similar findings have been

found in Korea(32). Further, prospective data from the Avon
Longitudinal Study of Parents and Children (ALSPAC) in the
UK have shown that WHtR in children aged 7–9 years predicts
adolescent cardiometabolic risk better than BMI(33). In a compre-
hensive narrative review, Yoo(34) concluded that ‘additional use
of WHtR with BMI or WC may be helpful because WHtR consid-
ers both height and central obesity. WHtR may be preferred
because of its simplicity and because it does not require sex-
and age-dependent cut-offs’. In 2006, the National Institute for
Health and Care Excellence (NICE) tried to overcome the limita-
tion of BMI by suggesting thatWC is measured alongside BMI(35).
Public Health England then built on this suggestion to produce a
comprehensive cross-classification ‘matrix’ to categorise risk(36).
For simplicity and clarity, we will refer to this as the ‘matrix’ (see
Box 1). NICE has recently published a surveillance document on
obesity which includes a section on the ‘Identification and clas-
sification of overweight and obesity’(37). In relation to its previous
clinical guidance on obesity (CG189), this notes new evidence
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and expert feedback indicating the superior discriminatory value
of WHtR as an alternative measure of adiposity. We have previ-
ously used data from the UK National Diet and Nutrition Survey
to show that, within the adult UK population, the use of a simple
boundary value for WHtR (0·5) identifies more people at ‘early
health risk’ than does the ‘matrix’, which is based on a combina-
tion of BMI and WC(38). We have now used more recent data
(2016) from the Health Survey for England (HSE)(39) to assist
NICE by comparing the risk estimated by the ‘matrix’ with that
estimated by WHtR.

Methods

Survey design and participants

The HSE 2016 sample comprised of a core general population
sample of 9558 addresses selected at random in 531 postcode
sectors, issued over 12 months from January to December
2016. Fieldwork was completed in March 2017. Where an
address was found to have multiple dwelling units, one dwelling
unit was selected at random. A total of 8011 adults (aged 16 years
and over) and 2056 co-residing children were interviewed
(household response rate 59 %), and about two-thirds of adults
had a nurse visit for measurements of height and weight, blood
pressure (BP) and waist and hip circumference. Nurses obtained
written consent for sampling and sending results to general prac-
titioners. Weight (in bare feet and minimal clothes) was mea-
sured to the nearest 100 g using calibrated scales. Height was
measured with a portable stadiometer with the head in horizon-
tal Frankfort plane. WCwas measured with a standard tape mea-
sure to the nearest millimetre at the midpoint between the lower
rib and the upper margin of the iliac crest. Themeasurement was
taken twice, with a third taken if they differed bymore than 3 cm.
Themean of the two closest valid measurements was used in the
analysis. Participants were excluded fromwaist measurements if
they reported that they were pregnant, had a colostomy or ileos-
tomy or were unable to stand. All those with measurements con-
sidered unreliable by the nurse, for example, due to excessive
clothing or movement, were also excluded from the analysis.
Adults were also asked to provide non-fasting blood samples
for the analysis of total cholesterol and HDL-cholesterol and

glycated Hb. Systolic BP (SBP) and diastolic BP were measured
using a standardmethod (Omron;mean of threemeasurements).
Full details of the HSE sampling design and procedures,
response and weighting are given at https://files.digital.nhs./
publication/m/3/hse2016-methods-text.pdfuk.

Statistical methods

Data and documentation were obtained from the UK Data
Archive. Our analysis was based on adults aged 18 years and
over with valid measurements for the combination of weight,
height andWC. HbA1c, HDL-cholesterol, total/HDL-cholesterol,
SBP and diastolic BP were used to represent cardiovascular risk
factors; for high risk cut-offs, we used HbA1c of 48 mmol/mol
and over; HDL-cholesterol< 1 mmol/l, total/HDL-cholesterol>
4 and for hypertension, we used the diagnostic criterion of
SBP> 140 mmHg or diastolic BP over 90 mmHg or on antihyper-
tensivemedication. ANOVAwas used to comparemean levels of
risk factors across the tiers of anthropometric risk in separate
models for WHtR and for the ‘matrix’. Logistic regression was
used to assess the power of WHtR or ‘matrix’ to predict people
at high risk; the area under the receiver operating characteristic
curve was used to assess discrimination. Data were weighted to
adjust for unequal selection and non-response to the nurse visit;
percentages are based on weighted sample n of 4112. P< 0·05
(two-sided) was taken to indicate statistical significance.

Classification of respondents by anthropometric indicators
(‘matrix’ of BMI and waist circumference and waist-to-
height ratio)

The ‘matrix’ ofWC and BMI (produced by Public Health England
and NICE) categorises health risk as: ‘no increased risk’,
‘increased risk’, ‘high risk’ and ‘very high risk’, as shown in
Box1(36). Underweight adults are unclassified, but for the
purpose of the present study, they were counted as ‘no
increased risk’.

To make the data manageable for analysis, we combined the
‘matrix’ categories of ‘increased risk’ and ‘high risk’ to obtain
three tiers: Tier 0 ‘no increased risk’ (including underweight),
Tier 1 ‘increased’/‘high risk’ and Tier 2 ‘very high risk’. WHtR

Box 1. Categorisation by BMI and waist circumference (WC) – the ‘matrix’

Categories for WC within the ‘matrix’ are: Low (men <94 cm, women <80 cm), High (men 94–102 cm, women 80–88 cm);
Very high (men >102 cm, women >88 cm).
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was also classified into three tiers: Tier 0 ‘no increased risk’
(WHtR< 0·5), Tier 1 ‘increased risk’ (WHtR≥ 0·5 and <0·6)
and Tier 2 ‘very high risk’ (WHtR ≥ 0·6). The boundary value
for Tier 1 (WHtR= 0·5) was suggested more than 20 years ago
and is now used routinely to indicate the first level of risk for
WHtR because of the wealth of data which has accrued to sup-
port it. The boundary value for Tier 2 (WHtR 0·6) is a pragmatic
decision justified by many studies which show there is a linear
association between WHtR and cardiometabolic risk factors.

Results

Table 1 shows participant characteristics, according to their clas-
sification under the WHtR criteria and matrix criteria. Both
showed that higher risk adults were more likely to be older
and on lower income. However, WHtR classified more women
in the low risk tier (Tier 0), whereas the matrix showed no sex
differential.

Classification of participants by anthropometric indicators

Table 1 shows that the ‘matrix’ categorised 43 % of the adults
sampled as Tier 0 (‘no increased risk’), 33 % as Tier 1 (‘increased
risk’ or ‘high risk’) and 24 % as Tier 2 or ‘very high risk’. By con-
trast, WHtR categorised the same population as 30 % ‘no
increased risk’ (Tier 0), 44 % ‘increased risk’ (Tier 1) and 26 %
as ‘very high risk’ (Tier 2). Compared with the ‘matrix’, WHtR
put more participants in Tier 1 (44 v. 33 %) and fewer in Tier
0 (30 v. 43 %). This is because the ‘matrix’ underplays risk in nor-
mal BMI people with a moderately high WC (Box 1), many of
whom have high WHtR.

Cross-classification of participants by anthropometric
indicators

The cross tabulation in Table 1 shows that 32% of the adult group
who were judged to be at ‘no increased risk’ according to the
‘matrix’ had WHtR equal to or greater than 0·5. Conversely,
31% judged at increased risk (Tier 1) according to WHtR were
classified as Tier 0 (‘no increased risk’) by the ‘matrix’. This cross
classification is illustrated graphically in Fig. 1.

Waist-to-height ratio is a better indicator of
cardiometabolic risk factors than the ‘matrix’

Table 2 shows the mean values with their standard errors of the
cardiometabolic risk factors by risk tier. WHtR was a stronger
predictor than the ‘matrix’ in models for HbA1c and SBP, as indi-
cated by higher F values in ANOVA (Table 2). Mean values of
HbA1c between highest and lowest risk tiers differed by
7·2 mmol/mol for WHtR compared with 5·2 mmol/mol for the
‘matrix’; the difference in SBPwas 12 mmHg forWHtR compared
with 9mmHg for the ‘matrix’ (Table 2). For total and HDL-
cholesterol and diastolic BP, there was little difference between
the indicators. Results are shown without adjustment for covari-
ates, in order to compare the anthropometric indicators as they
might be used in primary assessment. However, adjustment for
age and sex slightly attenuated the effect sizes for bothWHtR and
the ‘matrix’ to a similar extent (data not shown).

Logistic regression was used to assess how well each of
the two anthropometric indicators predicted raised HbA1c
(≥48 mmol/mol), low HDL-cholesterol (<1 mmol/l), high total/
HDL-cholesterol (>4) and overall hypertension (BP> 140/
90 mmHg or on medication).

Table 3 shows that WHtR had a higher predictive value than
the ‘matrix’ for raised HbA1c, high total/HDL-cholesterol and
hypertension, based on the percentage of variance explained
(14–16 % for WHtR v. 6–12 % for matrix) and higher OR. For
low HDL-cholesterol, both classifications explained about 6 %
of the variance.

These findings were confirmed in a receiver operating charac-
teristic analysis based on all five categories of the ‘matrix’ v. three
categories for WHtR. The AUC was greater with WHtR than with
the ‘matrix’, for raised HbA1c (0·75 v. 0·69) and hypertension
(0·68 v. 0·65). AUC were nearly identical on both indicators for
low HDL (0·66) and total/HDL-cholesterol (0·65) (see Table 4).

Underestimation of cardiometabolic risk is greater using
the ‘matrix’ than waist-to-height ratio

Fig. 2 shows that Tier 0 of the ‘matrix’ (no increased risk) was
most likely to underestimate the actual risk. One in seven adults
(15 %) with raised HbA1c would have been judged as at ‘no
increased risk’ using the ‘matrix’, compared with only 3 % using
WHtR< 0·5. Similarly, for hypertension (BP> 140/90), 23 % of
those with hypertension would have been judged as ‘no
increased risk’, compared with 9 % missed using WHtR. For
low HDL-cholesterol and high total/HDL-cholesterol, about
twice as many were missed using the ‘matrix’ than using WHtR.

Discussion

Principal findings

Among adults surveyed in the HSE 2016, important cardiometa-
bolic risk factors representing glycaemia, dyslipidaemia and
hypertension were more strongly associated with anthropomet-
ric classification using the simple cut-off for WHtR than with the
‘matrix’. Prevalence data showed that nearly one-third of the ‘no
increased risk’ group in the NICE ‘matrix’ had WHtR≥ 0·5 and
could therefore be under-diagnosed for cardiometabolic risk.

Comparison with analyses of previous UK data

These findings support previous studies(38,41,42) where we
showed that men and women with a BMI in the ‘healthy’ range
but WHtR≥ 0·5 had increased levels of cardiometabolic risk
factors, not only when compared with participants with ‘healthy’
BMI and WHtR< 0·5, but also when compared with overweight
participants (BMI> 25 kg/m2) with low WHtR< 0·5. In the
present study, we suggest that the ‘matrix’ underperforms com-
pared with WHtR because it considers individuals with moder-
ately high WC (80–88 cm for women, 94–102 cm for men) not
to be at risk unless they are also overweight.

Normal weight central obesity

Our results support other data showing that normal weight cen-
tral obesity (NWCO) is linked with cardiometabolic risk. NWCO
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Table 1. Participant numbers and characteristics in the Health Survey for England sample*
(Total number and percentage in each group)

WHtR ‘Matrix’

Total
weighted
count %

Tier 0:
<0·5

Tier 1:
0·5< 0·6

Tier 2:
0·6þ

Tier 0:
no

increased
risk

Tier 1:
increased

risk/high risk

Tier 2:
very high

risk

n 1240 1801 1072 1755 1377 980 4112
% in each WHtR/‘matrix’ category 30 % 44 % 26 % 43 % 33 % 24 % 100 %
Sex
Male 42% 56% 51% 52% 50% 48% 2067 50
Female 58% 44% 49% 48% 50% 52% 2046 50

Age group (n 4112) (years)
18–24 25% 6% 2% 18% 6% 3% 436 11
25–34 27% 16% 9% 24% 12% 13% 720 18
35–44 19% 18% 14% 19% 15% 17% 709 17
45–54 15% 20% 21% 15% 21% 21% 763 19
55–64 8% 17% 20% 10% 18% 19% 619 15
65–74 5% 14% 19% 8% 16% 16% 513 12
75þ 2% 9% 15% 6% 12% 9% 351 9

Income group (n 3262)
Lowest tertile (≤£19 044) 25% 29% 37% 27% 30% 36% 984 30
Middle tertile (>£19 044–£36 229) 29% 31% 36% 29% 32% 34% 1026 31
Highest tertile (>£36 229) 46% 40% 27% 44% 38% 30% 1252 38

Socio-economic group (individual) (n 4047)
Managerial and professional 40% 38% 30% 40% 36% 31% 1632 36
Intermediate occupations 24% 26% 24% 24% 25% 26% 980 25
Routine and manual occupations 29% 34% 46% 31% 37% 41% 1367 35
Other 7% 3% 1% 6% 3% 2% 130 4

Ethnicity (n 4112)
White 86% 87% 88% 85% 88% 89% 3567 87
Black 4% 3% 3% 4% 2% 4% 139 3
Asian 7% 8% 6% 8% 8% 5% 297 7
Mixed 3% 1% 2% 2% 1% 1% 71 2
Other 1% 1% 1% 1% 1% 1% 32 1

‘Matrix’ classification (n 4112)
Tier 0: no increased risk 96% 31% 0% 100% 0% 0% 1755 43
Tier 1: increased risk/high risk 4% 59% 25% 0% 100% 0% 1377 33
Tier 2: very high risk 0% 10% 75% 0% 0% 100% 980 24

WHtR classification (n 4112)
Tier 0: <0·5 100% 0% 0% 68% 4% 0% 1240 30
Tier 1: 0·5< 0·6 0% 100% 0% 32% 77% 18% 1801 44
Tier 2: 0·6þ 0% 0% 100% 0% 20% 82% 1072 26

BMI (kg/m2) (n 4112)
Under 18·5 5% 0% 0% 4% 0% 0% 63 2
18·5 and below 25 80% 26% 1% 80% 5% 0% 1471 36
25 and below 30 15% 61% 23% 17% 90% 0% 1527 37
30 and below 40 0% 13% 67% 0% 5% 90% 954 23
Over 40 0% 0% 9% 0% 0% 10% 98 2

HDL-cholesterol (mmol/l) (n 3183)
≥1 97% 92% 84% 96% 91% 84% 2914 92
<1 3% 8% 16% 4% 9% 16% 270 8

TC:HDL > 4 (n 3182)
≤4 86% 63% 53% 81% 62% 51% 2148 68
>4 14% 37% 47% 20% 38% 49% 1034 33

HbA1c (mmol/mol) (n 3139)
<48 99% 95% 82% 98% 92% 86% 2922 93
48þ 1% 5% 18% 2% 8% 14% 217 7

HbA1c and medication (n 3139)
<48 no medication 99% 94% 81% 98% 92% 84% 2902 92
48þ or on medication 1% 6% 19% 2% 8% 16% 237 8

High BP (mmHg) (n 3545)
<140/90 94% 80% 71% 89% 79% 72% 2887 81
140/90 and above 6% 20% 29% 11% 21% 28% 658 19

High BP (mmHg) or BP medication (n 3545)
<140/90 no medication 92% 70% 52% 85% 67% 56% 2549 72
140/90 and above or medication 8% 30% 48% 15% 33% 44% 996 28

WHtR, waist-to-height ratio; TC, total cholesterol; BP, blood pressure.
* Adults aged 18 years and over including classification by WHtR and the ‘matrix’ tiers. Column percentages have been rounded to the nearest integer.
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is usually defined on the basis of BMI and WC measurements.
Participants with NWCO show increased morbidity in relation
to cardiometabolic risk greater than those in normal weight peo-
ple without central obesity(43,44). Further, their mortality is also
increased as shown in several studies(45,46). Others diagnose
NWCO from BMI and WHtR and have shown that it can be asso-
ciated with increase morbidity(47–50) and increased mortal-
ity(51,52). The extent of NWCO in UK has previously been
estimated as nearly one-third of the adult population, based
on those in normal BMI range with WHtR> 0·5(42). Results of
the present study show that evenwhenWC is taken into account,
more than 30 % of the participants in the ‘no increased risk’
category (based on the ‘matrix’) have WHtR> 0·5.

We are only aware of one other country where risk identified
by WHtR has been compared with ‘matrix’ based on BMI and
WC. The New Zealand Ministry of Health showed from their
National Survey data that WHtR 0·5 classified more people, par-
ticularlymen, as being at ‘early increased risk’ comparedwith the
‘matrix’. WHtR is a measure that is reported on by the Ministry of
Health in its annual reports(53).

Practicality of measuring waist circumference

In general, WC is measured at one of the two places: either
halfway between the iliac crest and the lower rib (WHOmethod)
or at the umbilical level, just above the right iliac crest at the
mid-axillary line. However, measurements of WHtR by either
protocol similarly estimated current and prospective cardiome-
tabolic risk biomarkers among youth with recently diagnosed
diabetes(54).

Implications for screening

There is good evidence from around the world that screening
for WHtR could prevent the metabolic implications of mis-
diagnosis by BMI alone in children(15,55), adolescents(56,57) and
adults(6,13,58). Further, recent reports from the US Army(59) and

US Air Force(60) have recommended screening of body fat and
cardio fitness in military personnel using WHtR instead of other
anthropometric measures.

Very simple screening based on waist-to-height ratio 0·5:
the ‘String Test’

Although many authors have produced specific WHtR boundary
values for populations(24,27,61,62), many suggest that the simple
boundary value of 0·5 can be used to indicate increased
risk and used universally for primary screening(29). Since it
was first advocated in 2006(63), the simple message ‘Keep your
waist to less than half your height’ has been recommended
often(20,34,64–66). More recently, the ‘Ashwell® String Test’(67),
which can broadly assess if the WHtR is below 0·5, even without
a tape measure, has been suggested. This simple method is cur-
rently Government policy in Thailand(18).

Central obesity is increasing; screening is needed

Many studies have shown that the prevalence of high WC
in adults has increased over time. In England, mean WC has
risen from 93 to 98 cm in men and from 82 to 89 cm in women
from 1993 to 2017(36). WC has increased more rapidly than
BMI in adolescents(68), and future predictions are that this
gap will widen further(69) reflecting the increase in central,
rather than total, obesity. Studies in China and Australia have
shown there to be an acceleration in the prevalence of NWCO
even without a corresponding increase in BMI(22,70,71). The
time has surely come to include routine screening for central
obesity.

In terms of cost-effectiveness,measuring BMI requiresweigh-
ing scales as well as stadiometer for measuring height. WHtR
only requires a tape measure, making use of WHtR more cost-
effective. For the simplest dichotomous assessment (WHtR
above 0·5), a piece of string is sufficient(67).
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Fig 1. Cross-classification of subjects by waist-to-height ratio (WHtR) and the ‘matrix’. Matrix = ‘matrix’ based on BMI and waist circumference. ‘No increased risk’
includes unclassified (underweight) adults. Percentages refer to the proportion of individuals in each group (x-axis). Total 4112, data are weighted. Numbers in
Matrix categories: no increased risk= 1755; increased risk/high risk= 1379; very high risk = 980. Numbers inWHtR groups:<0·5= 1240; 0·5< 0·6= 1801; 0·6þ= 1072.
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Strengths and limitations of our study

Strengths
• The use of the WHtR addresses a current dilemma of how

to best identify ‘early health risk’ with a very simple, low-
cost, anthropometric measure. This UK study provides
further evidence for NICE to consider regarding alternative
measures of adiposity.

• HSE is designed to be nationally representative of the
population in England. The method includes assessment
for a range of cardiovascular risk factors, including
blood lipids and BP, which were investigated in our study.

The anthropometric data are highly reliable (measured not
self-reported).

• There are no studies comparing the predictive value of the
‘matrix’ v. other anthropometric indicators. This paper
highlights a potential problem with the existing ‘matrix’
(i.e. underestimating risk in normal BMI adults with

Table 2. HbA1c, HDL-cholesterol and systolic blood pressure (SBP), by
risk tier of anthropometric indicators: waist-to-height ratio (WHtR) and
the ‘matrix’
(Mean values with their standard errors)

Risk tier ANOVA statistics

0* 1† 2‡ F P
Effect
size§

HbA1c (mmol/mol) (n 3139)
WHtR

Mean 35·7 38·3 42·9 180 0·0001 0·099
SE 0·14 0·19 0·43

‘Matrix’
Mean 36·6 39·1 41·8 104 0·0001 0·060
SE 0·15 0·24 0·44

HDL-cholesterol‖ (mmol/l) (n 3183)
WHtR

Mean 1·7 1·5 1·3 172 0·0001 0·093
SE 0·02 0·01 0·01

‘Matrix’
Mean 1·6 1·5 1·3 150 0·0001 0·083
SE 0·01 0·01 0·02

TC‖ (mmol/l) (n 3182)
WHtR

Mean 4·9 5·3 5·2 50 0·0001 0·029
SE 0·03 0·03 0·04

‘Matrix’
Mean 5·0 5·3 5·3 34 0·0001 0·020
SE 0·03 0·03 0·04

TC:HDL ratio‖ (n 3182)
WHtR

Mean 3·1 3·8 4·2 223 0·0001 0·139
SE 0·04 0·03 0·05

‘Matrix’
Mean 3·2 3·9 4·3 192 0·0001 0·122
SE 0·03 0·04 0·05

SBP (mmHg) (n 3545)
WHtR

Mean 118 127 130 191 0·0001 0·093
SE 0·4 0·4 0·5

‘Matrix’
Mean 121 127 130 112 0·0001 0·057
SE 0·4 0·5 0·5

DBP (mmHg) (n 3545)
WHtR

Mean 69 74 76 102 0·0001 0·052
SE 0·3 0·3 0·4

‘Matrix’
Mean 70 74 77 108 0·0001 0·055
SE 0·3 0·3 0·4

TC, total cholesterol; DBP, diastolic blood pressure.
* Risk tier 0=WHtR< 0·5 or ‘no increased risk’ in ‘matrix’.
† Risk tier 1=WHtR 0·5< 0·6 or ‘increased/high risk’ in ‘matrix’.
‡ Risk tier 2=WHtR 0·6þ or ‘very high risk’ in ‘matrix’.
§ Partial Eta squared or proportion of variance explained (0·1= 10%).
‖ Includes adults on lipid-lowering medication.

Table 3. Logistic regression models showing odds of high level of risk
factors, as predicted by waist-to-height ratio (WHtR) or the ‘matrix’*
(Odds ratios and 95% confidence intervals)

Risk factor Indicator

Risk tier

R 2†0 1 2

HbA1c≥
48mmol/mol

WHtR
OR 1 7·0 27·5 0·151
95% CI 3·2–15·1 12·9–58·5

‘Matrix’
OR 1 3·4 6·9 0·085
95% CI 2·2–5·1 4·6–10·4

HDL-cholesterol
< 1mmol/l

WHtR
OR 1 2·8 5·8 0·063
95% CI 1·9–4·2 3·9–8·8

‘Matrix’
OR 1 2·2 4·5 0·062
95% CI 1·6–3·1 3·3–6·3

Total:HDL-
cholesterol> 4

WHtR
OR 1 3·9 7·0 0·142
95% CI 3·2–4·9 5·5–9·0

‘Matrix’
OR 1 2·9 4·6
95%CI 2·4–3·5 3·7–5·7 0·114

BP> 140/90mmHg,
or medication

WHtR
OR 1 4·5 9·8 0·158
95% CI 3·5–5·8 7·6–12·6

‘Matrix’
OR 1 2·8 4·4 0·098
95% CI 2·3–3·3 3·6–5·4

BP, blood pressure.
* Percentage of adults at risk: HbA1c 48mol/mol and over (7·4%) (total n 3139); HDL-
cholesterol< 1mmol/L (8·5%) (total n 3183); total:HDL-cholesterol >4 (33%) (total
n 3182) BP > 140/90mmHg or on medication (28·1%) (total n 3544).

† R 2 (Nagelkerke) = proportion of variance explained by the indicator.

Table 4. AUC (receiver operating characteristic analysis) for models
based on waist-to-height ratio (WHtR) and the ‘matrix’
(Mean values, with lower and upper 95 % confidence limits)

AUC Lower Upper
Difference
in AUC

P (Z test
paired)*

HbA1c ≥ 48mmol/mol
WHtR (three groups) 0·75 0·72 0·77 0·05 0·0008
‘Matrix’ (five groups†) 0·69 0·66 0·72

BP> 140/90 or on medication
WHtR (three groups) 0·68 0·67 0·70 0·03 0·0002
‘Matrix’ (five groups) 0·65 0·63 0·67

HDL < 1mmol/l
WHtR (three groups) 0·66 0·63 0·69 –0·002 0·92
‘Matrix’ (five groups) 0·66 0·63 0·70

Total:HDL> 4
WHtR (three groups) 0·65 0·63 0·67 –0·003 0·76
‘Matrix’ (five groups) 0·65 0·63 0·67

* All five categories of thematrix were used in receiver operating characteristic analysis
(‘not applicable’/underweight, ‘no increased risk’, ‘increased risk’, ‘high risk’ and ‘very
high risk’).

† Calculated according to the method of Hanley et al.(40) for comparing AUC on the
same subjects.
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Fig. 2. Proportion of subjects at normal and high risk for cardiometabolic risk factors (HbA1c, HDL-cholesterol, total/HDL-cholesterol and hypertension). Classification by
categories of anthropometric index (‘matrix’ and waist-to-height ratio (WHtR)). (a) HbA1c by ‘matrix’ (n 3139). (b) HbA1c by WHtR (n 3139). (c) HDL-cholesterol by ‘matrix’
(n 3183). (d) HDL-cholesterol by WHtR (n 3183). (e) Total/HDL-cholesterol by ‘matrix’ (3182). (f) Total/HDL-cholesterol by WHtR (n 3182). (g) Hypertension by ‘matrix’
(n 3545). (h) Hypertension by WHtR (n 3545). Matrix: , no increased risk; , increased risk/high risk; , very high risk. WHtR three groups: , <0·5; , 0·5< 0·6;
, 0·6þ. BP, blood pressure (mmHg).
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moderate raised WC) and provides evidence that WHtR
would provide better accuracy and simplicity.

• The predictive value of WHtR is backed by systematic
reviews and meta-analyses in many different populations.
Prospective studies are also supportive.

• WC measurement is not difficult to do and could be done
by the subject.

• The simple cut-off WHtR> 0·5 may be particularly valu-
able as an indicator of ‘early health risk’, even in adults
in the normal BMI range.

Limitations
• Causality between anthropometric indicators and risk fac-

tors cannot be inferred from observational data. Body
weight and body shape are plausible causes or mediators
of higher levels of risk factors, but other genetic or envi-
ronmental factors may affect both anthropometric indices
and risk markers in tandem.

• The sample is restricted to households in England in 2016.
Other datasets could be used to test the reproducibility
and generalisability of our conclusions.

• WC measurement may be a sensitive issue for some
people and may be less precise than height or weight.
However, it is a proven risk indicator, hence its inclusion
in guidelines for assessment and monitoring of obesity.

• Further studies need to address the efficiency of using
WHtR as an alternative to the ‘matrix’ in primary care,
and its value as a public health message for all ages.

Conclusions

Although BMI, WC and WHtR are, by their very nature, strongly
correlated(72,73), the more important question is which anthropo-
metric proxy measure is the simplest and most accurate in help-
ing to indicate early cardiometabolic risk?

WHtR is a simple primary screening risk assessment tool that
identifies more people at ‘early health risk’ than the current
method of assessing risk, the ‘matrix’, which uses a combination
of BMI andWC. We recommend that the ‘matrix’ be amended to
show that having a high WC even in the ‘healthy’ range of BMI,
carries ‘increased’ risk. Further, we believe that serious consid-
eration should be given to the use of the simple cut-off WHtR
0·5 to replace the ‘matrix’.

Of course, any anthropometric measure is only the first step
in identifying people at ‘early health risk’. More complex scores
(e.g. for diabetes) include further risk factors such as sex, age,
ethnicity, socio-economic status and family history. Further
screening for clinical risk factors should follow for those deemed
at risk by these simpler measures.

Our results lend support to the opinion that clinicians should
look beyond BMI. Although assessing for total fat mass with BMI
to identify patients at greater cardiovascular risk is a good start, it
is not sufficient(74). It is therefore timely that, in UK, NICE intends
to investigate the potential use of WHtR(37).
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