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Abstract

The National Institute for Health and Clinical Excellence (NICE) has recently released obesity guidelines for health risk. For
the first time in the UK, we estimate the utility of these guidelines by relating them to the established cardiovascular disease
(CVD) risk factors. Health Survey for England (HSE) 2006, a population-based cross-sectional study in England was used with
a sample size of 7225 men and women aged =35 years (age range: 35-97 years). The following CVD risk factor outcomes
were used: hypertension, diabetes, total and high density lipoprotein cholesterol, glycated haemoglobin, fibrinogen, C-
reactive protein and Framingham risk score. Four NICE categories of obesity were created based on body mass index (BMI)
and waist circumference (WC): no risk (up to normal BMI and low/high WC); increased risk (normal BMI & very high WC, or
obese & low WC); high risk (overweight & very high WC, or obese & high WC); and very high risk (obese | & very high WC or
obese II/Ill with any levels of WC. Men and women in the very high risk category had the highest odds ratios (OR) of having
unfavourable CVD risk factors compared to those in the no risk category. For example, the OR of having hypertension for
those in the very high risk category of the NICE obesity groupings was 2.57 (95% confidence interval 2.06 to 3.21) in men,
and 2.15 (1.75 to 2.64) in women. Moreover, a dose-response association between the adiposity groups and most of the
CVD risk factors was observed except total cholesterol in men and low HDL in women. Similar results were apparent when
the Framingham risk score was the outcome of interest. In conclusion, the current NICE definitions of obesity show utility for
a range of CVD risk factors and CVD risk in both men and women.
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Introduction them to both CVD risk factors and a CVD risk score (the
Framingham index) using data from the Health Survey of
England, a large, representative sample of that country’s
population.

It is very well documented that the prevalence of overweight
and obesity in England and other high-income countries is
increasing at all ages: almost two-thirds of adults and a third of
children are so classified [1]. A series of studies have established Methods
that obesity, typically indexed by body mass index (BMI), is

associated with premature mortality [2,3-6] elevated rates of Data
cardiovascular disease (CVD) risk [7,8], selected cancers [9,10,11], The Health Survey for England (HSE) comprises a series of
disability [12-14] and, potentially, mental health problems [15— annual surveys beginning in 1991. HSE is a repeat, cross-sectional
17]. More recently, investigators have shown that waist circum- survey of independent samples designed to ascertain the preva-
ference (WC), an indicator of visceral fat, is also associated with lence of chronic diseases and their risk factors. Each year, a new,
these health outcomes [18-25]. representative sample of the population living in private house-
The National Institute for Health and Clinical Excellence holds is selected. Herein, we utilised data from the 2006 survey as
(NICE), a UK agency established in 1999 to assist health care this focused on cardiovascular disease risk factors. In the multi-
professionals in providing the best care based on current scientific stage stratified sampling process, 13,680 addresses were randomly
evidence, has endorsed using combined measures of general and identified. Up to 10 resident adults (aged 16 and over) at each
central adiposity in estimating the ‘health’ risks associated with selected private household address were eligible for inclusion in the
overweight and obesity [26]. However, the utility of these survey. Interviews were held in 8,614 households with 14,142
recommendations has yet to be assessed. Accordingly, we adults aged 16 or over, of which 10,489 adults had a nurse visit

examined the predictive utility of these guidelines by relating [27]. Full details of sampling method can be found elsewhere [27].
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Nurses obtained written consent from adults before taking blood
samples. This study is an analysis of previously collected data and
therefore ethical approval was not required for this study. Ethical
approval for this survey was obtained by the Health Survey for
England team from the London Multi-centre Research Ethics
Committee.

Assessment of Body Mass Index and Waist Circumference

At the interview stage, participants had their height measured
using a portable stadiometer. Measurement was taken without
shoes, with the participant stretching to their maximum height and
the head positioned in the Frankfort plane. Readings were taken to
the nearest millimetre. BMI was calculated using the usual
formulae: weight in kilograms divided by the square of height in
meters (kg/m?). The waist measurement was taken at the midpoint
between the lower rib and the upper margin of the iliac crest.
Measured using a tape with an insertion buckle at one end, two
readings were taken with the mean used in the present analysis.
Data from those who were considered by the interviewer to have
unreliable measurements, for example those who had excessive
clothing on, or women who were pregnant were excluded from the
analysis. We used the combined categories of BMI and WC as
defined by the NICE [26] which are based on three thresholds for
WC and five for BMI (table 1). For the current analyses, we used
the following four risk categories: no risk, increased risk, high risk and
very high risk.

CVD Risk Factors

A (non-fasting) sample of blood was taken by venepuncture from
study members aged 16 and over. The blood sample was analysed
for total and HDL cholesterol, glycated haemoglobin, fibrinogen,
and C-reactive protein. The following risk categories were used for
low HDL (<1.0 mmol/l in men, <I1.3 mmol/l in women),
hypertension (systolic blood pressure: =140 mmHg, diastolic
blood pressure: =90 mmHg), and total cholesterol (=5.0 mg/
dL). The Framingham risk score was calculated based on the
values of total cholesterol, HDL cholesterol, systolic and diastolic
blood pressure, diabetes, age, gender and smoking status [28].

Covariates

Participants were asked about their smoking behaviour during
the face to face interview and categorised as: never smokers, ex-
smokers and current smokers. The physical activity levels were
assessed by questions on occupational activity, walking, and sport
and recreation. Participants were asked about frequency, duration,
and intensity of the different types of activity which last for at least
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15 minutes in the 4 weeks prior to interview. They were classified
as high (30 min or more of moderate intensity activity at least five
days a week), medium (30 min or more of moderate intensity
activity at least on 1 to 4 days a week), or low (lower levels of
activity) [27]. Alcohol consumption was reported in terms of units
of alcohol consumed on the heaviest drinking day in the past week;
one unit of alcohol corresponds to 10 ml by volume of pure
alcohol. Alcohol consumption was categorised into four groups:
none; low (up to and including four units); medium (=5 units but
=8 units) and high (>8 units). Respondents were assigned
occupational categories according to the National Statistics
Socioeconomic Classification (NS-SEC) [29] on the basis of their
most recent occupation. The following three categories of NS-SEC
were used: managerial and professional, intermediate, and routine
and manual occupations.

Statistical Analysis

In the present analyses we utilise data from men and women
aged 35 years or older. A total of 7225 individuals had data on
BMI and WC, while the analytical sample varied according to the
outcome under consideration (range: 4079 for complete data for
the Framingham risk score to 7225 for HDL). Data were weighted
for nonresponse to make the sample representative of the general
population; when analysing blood sample data, weights were
further corrected for nonresponse to the blood samples to reduce
bias and produce results that remained nationally representative.
In preliminary analyses, there was evidence that sex modified the
relation of NICE categories with BMI and WC (p<<0.05) with the
biomarkers; as such, we present gender-specific results. Normality
of biomarkers was assessed with CRP log transformed; geometric
means are presented, and the natural log of the concentrations was
used in the regression models. The relationship between each of
the continuous outcomes and NICE was explored using ANOVA;
for dichotomous outcomes, chi-squared test was used. Unadjusted
and adjusted associations of NICE obesity categories with each of
the outcome variables were estimated by using simple and multiple
regression analysis. Logistic regression analyses were used when
the outcome was categorical (for example hypertension: yes or no);
linear regression when it was continuous (such as CRP). In
multivariable analyses we controlled for smoking status, physical
activity, alcohol consumption and occupational class. Analyses
were carried out using STATA (version 11.0 for Windows; Stata
Clorporation, College Station, TX).

Table 1. NICE obesity categories based on combined BMI and WC.

BMI classification

Waist circumference*

Low

High Very high

Normal weight (up to 30 kg/m?)
Overweight (25 to less than 30 kg/m?)
Obesity | (30 to less than 35 kg/m?)
Obesity Il (35 to less than 40 kg/m?)
Obesity 11l (40 kg/m? or more)

Increased risk
Very high risk
Very high risk

No increased risk

No increased risk

Increased risk

High risk

No increased risk
Increased risk

High risk Very high risk
Very high risk Very high risk

Very high risk Very high risk

BMI: body mass index.

(>88 cm).
doi:10.1371/journal.pone.0067764.t001
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*Waist circumference is defined as: For men: low (<94 cm); high (94-102 cm); very high (>102 cm); For women: low (<80 cm); high (80-88 cm) and very high
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Results

The characteristics of participants with respect to the NICE
categories of adiposity are shown separately in men (table 2) and
women (table 3). Participants in the low risk category were
younger and had more favourable levels of CVD risk factors than
those with high or very high risk category. For example, in the no
risk category compared to those in the very high risk category, the
levels of systolic blood pressure were 7 mm/Hg and 9 mm/Hg
lower in men and women, respectively. HDL levels were also
raised in the higher risk groups; the pattern of association for total
cholesterol was less clear. The concentration levels of fibrinogen
and CRP were significantly higher among those in very high
obesity risk category compared to those in no risk category. The
Framingham risk score was also highest among those with very
high risk category (p-value for trend <0.001). In general, there was
a graded linear relationship between risk categories of NICE and
CVD risk factors such that the beta coefficients or the odds ratios
of CVD risk factors increased in a step-wise manner with the
increase in the risk category.

Next, we present regression models for the association of the
NICE adiposity groupings with CVD risk factors. Unadjusted and
adjusted regression analyses of CVD risk factors in relation to the
adiposity categories of NICE are presented in Table 4. In both
men and women, for hypertension, the odds ratios were higher
across the three risk categories compared to no risk both. For
example, the odds ratios were 2.57 (95% confidence interval 2.06
to 3.21) of hypertension for those in very high risk category
compared to men in no risk category. A dose-response was also
observed across the three categories such that odds ratios of
hypertension increased with the increase in risk category (OR:
1.69, 1.95, 2.57 respectively for increased, high and very high risk
categories). The odds ratios remained unchanged when covariates
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were added to the multivariable model. Likewise, HDL levels were
lowest in very high risk category among men both in unadjusted
and adjusted associations. The odds ratios were almost 6 times
higher (95% confidence interval 3.59 to 8.76) for diabetes for those
in very high risk category compared to no risk. Similarly, the levels
of fibrinogen and CRP increased with the increase in the risk
category and were highest for those in ‘very high risk category’.
The total cholesterol levels were not associated with risk categories
in men.

Similar results were obtained for women with the exception that
total cholesterol levels were associated with the risk categories
while HDL levels were not. Adjustments decrease the magnitude
of the association with diabetes in women but still the dose-
response along the risk categories was observed. When Framing-
ham risk score was used as an outcome, as expected, similar results
were obtained for men and women as were obtained for the risk
factors which comprise this risk algorithm. Again, a gradient across
the NICE adiposity categories was observed, with very high risk
category found to have the highest coefficient of score. This trend
was observed for men and women with much bigger beta
coefficients for women than men.

Discussion

Our main objective was to investigate the association of the
NICE obesity guidelines for cardiovascular disease risk factors,
and, in so doing, their predictive utility. Our results indicate that
using the NICE categories of BMI and WC are useful in
identifying people with increased risk of selected CVD risk factors.
Using the NICE categories of obesity risk, there were less
favourable levels of CVD risk factors in the ‘higher risk’ groups;
these effects were generally linear.

PLOS ONE | www.plosone.org

Table 2. Characteristics of participants (mean [sd]) by NICE obesity categories in the Health Survey of England (2006) - men.
p-value for
n NICE adiposity categories trend
No risk Increased risk High risk Very high risk
Age (years) 3344 54.14 (14.13) 56.54 (13.26) 59.39 (13.33) 56.62 (12.53) <0.001
BMI kg/m? 3344 24.15 (2.12) 27.23 (1.33) 28.67 (1.51) 33.51 (3.14) <0.001
WC (cm) 3344 88.94 (5.56) 98.11 (2.44) 105.07 (4.10) 113.88 (8.37) <0.001
Systolic blood pressure (mm/Hg) 2836 129.24 (15.30) 133.49 (16.27) 134.84 (15.72) 136.99 (16.95) <0.001
Diastolic blood pressure (mm/Hg) 2836 73.51 (10.24) 75.62 (10.54) 76.10 (10.84) 78.29 (11.87) <0.001
Total Cholesterol (mg/dL) 2526 5.44 (1.10) 5.63 (1.17) 5.52 (1.16) 5.49 (1.14) 0.50
HDL cholesterol (mg/dL) 2526 1.46 (0.37) 1.34 (0.32) 1.31 (0.32) 1.23 (0.29) <0.001
HbA1C (mmol/l) 2499 5.49 (0.56) 5.61 (0.75) 5.80 (1.01) 5.88 (1.02) <0.001
Framingham risk score* 1860 5.13 (3.10) 6.30 (2.93) 6.78 (2.94) 6.92 (2.66) <0.001
Inflammatory markers
Fibrinogen (g/L) 1952 2.86 (0.71) 2.96 (0.70) 3.03 (0.69) 3.13 (0.78) <0.001
CRP (mg/L) 2526 1.10 (3.25) 1.60 (3.00) 2.06 (2.92) 244 (2.71) <0.001
Prevalence (%)
Hypertension 2836 22 32 35 40 <0.001
Type 2 diabetes 2872 3 5 7 13 <0.001
High cholesterol 2526 65 72 68 66 0.04
Low HDL levels 2526 4 7 1" 13 <0.001
BMI: body mass index; WC: waist circumference; HDL: high density lipoprotein; HbA1C: glycated haemoglobin; CRP: C-reactive protein.
*Lower scores denoted lower risk of CVD.
doi:10.1371/journal.pone.0067764.t002
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Comparison with Previous Studies

Our results essentially accord with other reports, mostly from
the North American population [19,30-32]. Using the National
Institute of Health (NIH) clinical guidelines in the US population,
Janssen et al [30] have shown that within the three BMI
categories, those with higher WC values were likely to have
unfavourable CVD outcomes compared with those with normal
WC values; again, these effects were stepwise. Likewise, Arden
et al. [31] have reported that the OR for the prediction of the
metabolic syndrome were elevated in overweight and obese
women but not men with a high WC compared with overweight
and obese women with a low WC, respectively. Zhu et al [19] by
using the National Health and Nutrition Examination Survey have
shown that combined measures of BMI and WC may provide a
higher overall test performance for CVD risk factors and may be
useful in some ethnic groups as a means of screening subjects for
further evaluation in the clinical setting. However, in a recent
study of 58 cohorts from 17 countries, Wormser et al. [33] argued
that BMI, waist circumference, and waist-to-hip ratio, whether
assessed singly or in combination, do not importantly improve
CVD risk prediction in people in developed countries when
additional information is available for systolic blood pressure,
history of diabetes, and lipids. The disagreement of these results
might be due to the difference from race, age, study design,
measurement method of WC, continuous or dichotomized
variable for WC or using different categories of WC than what
we have used in the current study.

Mechanisms and Policy Implications

It is generally recognised that the central deposition of fat
(abdominal or visceral obesity) is closely associated with chronic
diseases and is a key constituent of the metabolic syndrome, a
disorder characterised by increased risk of developing diabetes,
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Table 3. Characteristics of participants (mean [sd]) by NICE obesity categories in the Health Survey of England (2006) — women.
n NICE adiposity categories p-value for trend
No risk Increased risk High risk Very high risk
Age (years) 3881 52.89 (13.31) 55.92 (13.71) 59.25 (13.88) 56.83 (13.38) <0.001
BMI kg/m? 3881 22.83 (2.08) 26.43 (1.67) 28.00 (1.47) 34.72 (4.11) <0.001
WC (cm) 3881 76.69 (5.31) 85.39 (3.87) 93.59 (4.96) 104 17 (9.79) <0.001
Systolic BP (mm/Hg) 3375 123.83 (18.68) 127.26 (18.68) 132.05 (20.47) 132.27 (18.25) <0.001
Diastolic BP (mm/Hg) 3375 71.93 (10.22) 73.66 (10.27) 74.77 (10.66) 77.38 (10.93) <0.001
Total Cholesterol (mg/dL) 2934 5.56 (1.06) 5.71 (1.11) 5.83 (1.24) 5.81 (1.19) <0.001
HDL cholesterol (mg/dL) 2934 1.78 (0.42) 1.67 (0.36) 1.56 (0.35) 1.49 (0.32) <0.001
HbA1C (mmol/l) 2906 5.43 (0.49) 5.48 (0.44) 5.65 (0.65) 5.80 (0.86) <0.001
Framingham risk score* 2219 1.61 (4.17) 2.83 (4.16) 453 (4.32) 4.83 (4.23) <0.001
Fibrinogen (g/L) 2337 291 (0.72) 3.08 (0.62) 3.16 (0.68) 3.39 (0.69) <0.001
crpf (mg/L) 2931 0.97 (3.26) 1.51 (2.87) 1.94 (2.76) 3.56 (2.56) <0.001
Prevalence %
Hypertension 3375 19 23 31 33 <0.001
Type 2 diabetes 3354 2 2 6 9 <0.001
High cholesterol 2934 70 74 76 76 0.009
Low HDL levels 2934 1.11 0.80 1.48 237 0.078
BMI: body mass index; WC: waist circumference; HDL: high density lipoprotein; HbA1C: glycated haemoglobin; CRP: C-reactive protein.
*Lower scores denoted lower risk of CVD.
fGeometric means are reported.
doi:10.1371/journal.pone.0067764.t003

stroke and cardiovascular disease [34]. Combined measures of
BMI and WC can help identify more adults who might have
elevations in CVD risk factors. Thus, results from our study have
strengthened the fact that both BMI and WC are the screening
CVD risk tools in England. Furthermore, the National Institutes of
Health (NIH) [35] guidelines found that BMI gave a reasonable
approximation of adiposity in most people and that waist
circumference was the most practical measurement for assessing
abdominal fat. The NICE evidence-based guidelines on obesity
include details on prevention, identification, assessment and
management of overweight and obesity, with one aim being to
increase health professionals’ awareness of how to manage
overweight and obesity in primary care. Our analyses have shown
associations of overweight and obesity along with high or very high
waist circumference on various risk factors of CVD. These results
confirm the need for healthcare professionals to incorporate into
clinical decision-making the NICE obesity guidelines which take
into account both the waist circumference measurements and
BMI. Treatment of overweight and obesity should be implement-
ed through effective evidence-based weight management inter-
ventions such as those highlighted in the NICE guidelines,
alongside broader preventive strategies at the population level.

Strengths and Weaknesses of the Study

This study has several strengths. First, the findings were based
on a large scale national level survey in England and this particular
sample of HSE (2006) was especially designed to study cardiovas-
cular disease risk in the population. By using the NICE obesity
categories, we have validated the effectiveness of using the
combined categories of BMI and WC in identifying the CVD
risk factors. Additionally, we have shown that in the setting of
England, the NICE obesity categories work more effectively than
the combined categories of BMI and WC used in the US as
recommended by NIH [35]. There are a number of limitations to
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Table 4. Odds ratios or 3 coefficients (95% Cl) for the relation of NICE obesity categories with CVD risk factors in the Health Survey

Increased risk
High risk

Very high risk

P for trend
Diabetes

No risk

Increased risk
High risk

Very high risk

P for trend
Raised total cholesterol
No risk

Increased risk
High risk

Very high risk

P for trend

Low HDL

No risk

Increased risk
High risk

Very high risk

P for trend
HbA1C (mmol/l)
No risk

Increased risk
High risk

Very high risk

P for trend
Framingham risk score
No risk

Increased risk
High risk

Very high risk

P for trend
Fibrinogen (g/L)
No risk

Increased risk
High risk

Very high risk

P for trend
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1.69 (1.34 to 2.14)
1.95 (1.52 to 2.51)
2.57 (2.06 to 3.21)
<0.001

Odds ratios

1 (ref)

1.89 (1.11 to 3.21)
2.60 (1.53 to 4.43)
5.61 (3.59 to 8.76)
<0.001

Odds ratios

1 (ref)

1.51 (1.19 to 1.92)
1.34 (1.04 to 1.74)
1.18 (0.94 to 1.49)
0.13

Odds ratios

1 (ref)

0.69 (0.43 to 1.12)
0.40 (0.25 to 0.64)
0.33 (0.21 to 0.50)
<0.001

B coefficients*

0 (ref)

0.13 (0.05 to 0.21)
0.32 (0.19 to 0.45)
0.40 (0.29 to 0.51)
<0.001

B coefficients*

0 (ref)

1.11 (0.73 to 1.49)
1.62 (1.20 to 2.05)
1.86 (1.52 to 2.21)
<0.001

B coefficients*

0 (ref)

0.10 (0.01 to 0.19)
0.14 (0.04 to 0.24)
0.27 (0.18 to 0.37)
<0.001

1.67 (1.28 to 2.17)
1.73 (1.29 to 2.32)
2.54 (1.97 to 3.28)
<0.001

1

2.10 (1.06 to 4.17)
2.08 (1.00 to 4.32)
5.90 (3.28 to 10.64)
<0.001

1

1.58 (1.21 to 2.06)
1.63 (1.21 to 2.18)
1.28 (0.99 to 1.64)
0.03

1

0.55 (0.33 to 0.93)
0.36 (0.21 to 0.62)
0.26 (0.17 to 0.42)
<0.001

0

0.13 (0.05 to 0.21)
0.26 (0.14 to 0.39)
0.38 (0.27 to 0.49)
<0.001

0

0.91 (0.64 to 1.19)
1.08 (0.75 to 1.41)
1.67 (1.40 to 1.94)
<0.001

0

0.09 (0.01 to 0.18)
0.10 (0.01 to 0.20)
0.29 (0.19 to 0.39)
<0.001

1.31 (1.02 to 1.67)
2.00 (1.59 to 2.50)
2.15 (1.75 to 2.64)
<0.001

Odds ratios

1

1.04 (0.47 to 2.27)
3.85 (2.25 to 6.59)
5.83 (3.61 to 9.42)
<0.001

Odds ratios

1

1.31 (1.02 to 1.67)
1.39 (1.09 to 1.78)
1.36 (1.09 to 1.70)
0.002

Odds ratios

1

1.39 (0.40 to 4.81)
0.77 (0.29 to 2.08)
0.49 (0.23 to 1.08)
0.07

B coefficients*

0

0.05 (—0.00 to 1.00)
0.23 (0.16 to 0.30)
0.39 (0.31 to 0.46)
<0.001

B coefficients*

0

1.24 (0.71 to 1.76)
2.96 (2.43 to 3.49)
3.27 (2.80 to 3.75)
<0.001

B coefficients*

0

0.19 (0.10 to 0.27)
0.25 (0.16 to 0.33)
0.49 (0.41 to 0.56)
<0.001
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Men Women

Model 1 Model 2 Model 1 Model 2
Hypertension Odds ratios Odds ratios
No risk 1 (ref) 1 1 1

1.20 (0.90 to 1.60)
1.79 (1.38 to 2.34)
2.18 (1.71 to 2.77)
<0.001

1

0.73 (0.24 to 2.25)
3.67 (1.89 to 7.10)
4.05 (2.18 to 7.55)
<0.001

1

1.25 (0.96 to 1.63)
1.60 (1.21 to 2.12)
1.50 (1.17 to 1.91)
<0.001

1

1.23 (0.36 to 4.19)
0.69 (0.23 to 2.02)
0.72 (0.30 to 1.76)
0.39

0

0.01 (—0.04 to 0.06)
0.15 (0.08 to 0.23)
0.31 (0.24 to 0.39)
<0.001

0

0.74 (0.34 to 1.14)
1.94 (1.52 to 2.36)
2.64 (2.25 to 3.03)
<0.001

0

0.17 (0.08 to 0.25)
0.25 (0.16 to 0.33)
0.47 (0.39 to 0.55)
<0.001



Table 4. Cont.

Utility of the UK NICE Obesity Guidelines

Increased risk
High risk
Very high risk
P for trend

1.43 (1.27 to 1.62)
1.82 (1.58 to 2.08)
2.16 (1.92 to 2.44)
<0.001

1.45 (1.28 to 1.65)
1.77 (1.54 to 2.02)
2.17 (1.92 to 2.45)
<0.001

1.56 (1.38 to 1.77)
2.01 (1.79 to 2.25)
3.60 (3.25 to 3.97)
<0.001

Men Women

Model 1 Model 2 Model 1 Model 2
CRP (mg/L) B coefficients* B coefficients*
No risk 0 (ref) 0 0 0

1.58 (1.39 to 1.80)
2.01 (1.79 to 2.29)
3.49 (3.13 to 3.90)
<0.001

doi:10.1371/journal.pone.0067764.t004

this study which need to be considered It has been remained
unclear and not very much debated that whether there should be a
set of separate cut-offs for WC when used in combination with
BMI [36]. This aspect needs further investigation. Any future
research on this topic should address the associations of NICE
obesity categories with mortality. Also, we did not address the issue
of reverse causation, ie. the possibility that CVD risk factors
caused adiposity either independently or through other factors
such as dietary intake and other life style factors. We did not have
the data on other CVD risk factors such as IL6, triglycerides and
low-density lipoprotein cholesterol. Finally, we were unable to do
analysis stratified by race or ethnicity as the sample was 95%
white.

Conclusions
This is the first study in England which has demonstrated the
effectiveness of the combined categories of BMI and WC in

References

1. Tabassum F (2009) Adult anthropometric measures, overweight and obesity. In:
Craig R, Hirani V, editors. Health Survey for England 2009. Volume 1: Health
and lifestyles. Leeds, UK: The NHS Information Centre. 113-136.

2. Jousilahti P, Tuomilehto J, Vartiainen E, Pekkanen J, Puska P (1996) Body
weight, cardiovascular risk factors, and coronary mortality. 15-year follow-up of
middle-aged men and women in eastern Finland. Circulation 93: 1372-1379.

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

4. Jee SH, Sull JW, Park J, Lee SY, Ohrr H, et al. (2006) Body-mass index and
mortality in Korean men and women. N Engl J Med 355: 779-787.

5. Kivimaki M, Ferrie JE, Batty GD, Davey SG, Elovainio M, et al. (2008) Optimal
form of operationalizing BMI in relation to all-cause and cause-specific
mortality: the original Whitehall study. Obesity 16: 1926-1932.

6. Batty GD, Shipley MJ, Jarrett R], Breeze E, Marmot MG, et al. (2006) Obesity
and overweight in relation to disease-specific mortality in men with and without
existing coronary heart disease in London: the original Whitehall study. Heart
92: 886-892.

7. Logue J, Murray HM, Welsh P, Shepherd J, Packard C, et al. (2011) Obesity is
associated with fatal coronary heart disease independently of traditional risk
factors and deprivation. Heart 97: 564-568.

8. Nanchahal K, Morris JN, Sullivan LM, Wilson PW (2005) Coronary heart
disease risk in men and the epidemic of overweight and obesity. Int J Obes 29:
317-323.

9. Calle EE, Rodriguez C, Walker-Thurmond K, Thun M]J (2003) Overweight,
obesity, and mortality from cancer in a prospectively studied cohort of U.S.
adults. N Engl J Med 348: 1625-1638.

10. Parr CL, Batty GD, Lam TH, Barzi I, Fang X, et al. (2010) Body-mass index
and cancer mortality in the Asia-Pacific Cohort Studies Collaboration: pooled
analyses of 424,519 participants. Lancet Oncol 11: 741-752.

11. Batty GD, Shipley M], Jarrett RJ, Breeze E, Marmot MG (2005) Obesity and
overweight in relation to organ-specific cancer mortality in London (UK):
findings from the original Whitehall study. Int J] Obes 29: 1267-1274.

PLOS ONE | www.plosone.org

BMI: body mass index; WC: waist circumference; HDL: high density lipo-protein; HbA1C: glycated haemoglobin; CRP: C-reactive protein.
Model 1: unadjusted; Model 2: associations adjusted for age, social class, alcohol consumption, physical activity and smoking.
*Each regression coefficient (B) represents the amount of change in concentration of the biomarkers (logarithmic in case of CRP) per increase the risk category.

relation to CVD risk factors. Additionally, this study has used three
cut-offs of WC instead of using a dichotomous WC allowing a
more fine grained analysis. Our study suggests that CVD health
risk is greater in overweight and obese for those who have high
and very high WC compared with people with normal WC values.

Acknowledgments

The authors have full access of the data and take responsibility for the
integrity of the data and accuracy of the analyses.

Author Contributions

Conceived and designed the experiments: FT. Analyzed the data: FT.
Contributed reagents/materials/analysis tools: FT. Wrote the paper: FT
GDB.

12. Ferraro KF, Su YP, Gretebeck RJ, Black DR, Badylak SF (2002) Body mass
index and disability in adulthood: a 20-year panel study. Am J Public Health 92:
834-840.

13. Launer LJ, Harris T, Rumpel C, Madans J (1994) Body mass index, weight
change, and risk of mobility disability in middle-aged and older women. The
epidemiologic follow-up study of NHANES I. JAMA 271: 1093-1098.

14. Larrieu S, Peres K, Letenneur L, Berr C, Dartigues JF, et al. (2004) Relationship
between body mass index and different domains of disability in older persons:
the 3C study. Int J Obes Relat Metab Disord 28: 1555-1560.

15. Tiffin PA, Arnott B, Moore HJ, Summerbell CD (2011) Modelling the
relationship between obesity and mental health in children and adolescents:
findings from the Health Survey for England 2007. Child Adolesc Psychiatry
Ment Health 5: 31.

16. Zhao G, Ford ES, Li C, Tsai J, Dhingra S, et al. (2011) Waist circumference,
abdominal obesity, and depression among overweight and obese U.S. adults:
National Health and Nutrition Examination Survey 2005-2006. BMC
Psychiatry 11: 130.

17. McCrea RL, Berger YG, King MB (2012) Body mass index and common mental
disorders: exploring the shape of the association and its moderation by age,
gender and education. Int J Obes 36: 414-421.

18. Zhu S, Wang Z, Heshka S, Heo M, Faith MS, et al. (2002) Waist circumference
and obesity-associated risk factors among whites in the third National Health
and Nutrition Examination Survey: clinical action thresholds. Am J Clin Nutr
76: 743-749.

19. Zhu S, Heshka S, Wang Z, Shen W, Allison DB, et al. (2004) Combination of
BMI and Waist Circumference for Identifying Cardiovascular Risk Factors in
Whites. Obes Res 12: 633-645.

20. Janssen I, Katzmarzyk PT, Ross R (2004) Waist circumference and not body
mass index explains obesity-related health risk. Am J Clin Nutr 79: 379-384.

21. Han TS, Lean ME, Secidell JC (1996) Waist circumference remains useful
predictor of coronary heart disease. BMJ 312: 1227-1228.

22. Lean ME, Han TS, Morrison CE (1995) Waist circumference as a measure for
indicating need for weight management. BMJ 311: 158-161.

July 2013 | Volume 8 | Issue 7 | e67764



23.

24.

26.

27.

28.

Koster A, Leitzmann MF, Schatzkin A, Mouw T, Adams KF, et al. (2008) Waist
circumference and mortality. Am J Epidemiol 167: 1465-1475.

Czernichow S, Kengne AP, Stamatakis E, Hamer M, Batty GD (2011) Body
mass index, waist circumference and waist-hip ratio: which is the better
discriminator of cardiovascular disease mortality risk?: evidence from an
individual-participant meta-analysis of 82 864 participants from nine cohort

studies. Obes Rev 12: 680—687.

. Czernichow S, Kengne AP, Huxley RR, Batty GD, de Galen B, et al. (2011)

Comparison of waist-to-hip ratio and other obesity indices as predictors of
cardiovascular disease risk in people with type-2 diabetes: a prospective cohort
study from ADVANCE. Eur J Cardiovasc Prev Rehabil 18: 312-319.
National Institute of Health and Clinical Excellence (2006) Obesity: the
prevention, identification, assessment and management of overweight and
obesity in adults and children. London.

Craig R, Mindell J (2008) Methodology and documentation: Health Survey for
England 2006: CVD and risk factors adults, obesity and risk factors children.
Leeds, UK: The Information Centre.

Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H (1998)
Prediction of coronary heart disease using risk factor categories. Circulation 97:
1837-1847.

. Office of National Statistics (2005) The National Statistics Socio-economic

Classification User Manual. London: Office of National Statistics.

PLOS ONE | www.plosone.org

30.

31.

32.

36.

Utility of the UK NICE Obesity Guidelines

Janssen I, Katzmarzyk PT, Ross R (2002) Body mass index, waist circumference,
and health risk: evidence in support of current National Institutes of Health
guidelines. Arch Intern Med 162: 2074-2079.
Ardern CI, Katzmarzyk PT, Janssen I, Ross R (2003) Discrimination of health
risk by combined body mass index and waist circumference. Obes Res 11: 135~
142.
Janssen I, Katzmarzyk PT, Srinivasan SR, Chen W, Malina RM, et al. (2005)
~ombined influence of body mass index and waist circumference on coronary
artery disease risk factors among children and adolescents. Pediatrics 115: 1623~
1630.
Wormser D, Kaptoge S, Di Angelantonio E, Wood AM, Pennells L, et al. (2011)
Separate and combined associations of body-mass index and abdominal
adiposity with cardiovascular disease: collaborative analysis of 58 prospective
studies. Lancet 377: 1085-1095.

. Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, et al. (2008)

General and abdominal adiposity and risk of death in Europe. N Engl J] Med
359: 2105-2120.

. National Institutes of Health (2000) The practical guide to the identification,

evaluation and treatment of overweight and obesity in adults. Bethesda,MD:
U.S. National Institutes of Health.

Ardern CI, Janssen I, Ross R, Katzmarzyk PT (2004) Development of Health-
Related Waist Circumference Thresholds Within BMI Categories. Obesity 12:
1094-1103.

July 2013 | Volume 8 | Issue 7 | e67764



