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Abstract

By this study we seek the expectable range of waist cir-
cumference (WC) for every degree of body mass index
(BMI), which will serve to studies targeting ascertaining
the health risk. We studied 2,932 patients (39.6 % men
and 60.4% women, between 18 and 96 years ) of the same
ethnic group who consecutively attended outpatient
departments of our clinics between 2000 and 2004.. BMI
correlated linearly with the WC (cc: 0.85; p <0.001). The
men, the obese, and diabetics were older (p <0.001). BMI
was greater in women and WC in men. The women had a
greater WC if they had diabetes (p < 0.01), being equal to
diabetic males. The men had greater WC when they had
diabetes (p < 0.001). Waist at risk was detected (men > =
102 cm and women > = 88 cm) in 94.3% of the obese, in
32.3% of overweight patients, in 3.8 % of patients with
BMI < 25, in 84.3 % of diabetics, and in 72.6 % of patients
without diabetes. We made graphic standardisation of
WC with regard to BMI, and we calculated the per-
centiles 10, 25, 50, 75 and 90, grouping in ranges of
2 kg/m?of BMI. The diabetic patients are grouped in
ranges of 4 kg/m>. As conclusion we present a standardis-
ation of the WC measurement of patients attended to in
our Endocrinology and Nutrition practices distributed in
percentiles as a clinically usable tool to define the ranges
of WC for every BMI value.
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ESTANDARIZACION DE LA CIRCUNFERENCIA
DE CINTURA (WC), PARA CADA RANGO
DE INDICE DE MASA CORPORAL (BMI)
EN PACIENTES ADULTOS ATENDIDOS EN UN
SERVICIO DE ENDOCRINOLOGI{A
Y NUTRICION

Resumen

En este estudio hemos buscado el rango de circunfe-
rencia de cintura (WC) para cada grado de indice de
masa corporal (BMI), que sirva para estudios que deter-
minen riesgos de salud. Estudiamos 2.932 pacientes
(39,6 % varones y 60,4% mujeres, entre 18 y 96 afios) del
mismo grupo étnico que consecutivamente asistieron a
consultas externas de nuestras clinicas entre 2000 and
2004. E1 BMI correlacioné linealmente con la WC (cc:
0,85; p <0,001). Eran mayores los varones, los obesos y
los diabéticos. El BMI era mayor en mujeres y la WC en
varones. Las mujeres tenian mayor WC si eran diabéticas
(p <0,01), igualando a los hombres. Los varones tenian
mayor WC si eran diabéticos (p <0,001). La circunferen-
cia de riesgo (varones > =102 cm y mujeres > =88 cm) la
presentaban el 94,3% de los obesos, el 32,3% de los
pacientes con sobrepeso y el 3,8 % de pacientes con BMI <
25, el 84,3% de diabéticos y el 72,6 % de pacientes sin dia-
betes. Elaboramos una estandarizacion grafica de WC en
relacion con BMI y calculamos los precentiles 10, 25, 50,
75y 90, agrupados en rangos de 2 kg/m*> de BMI. Como el
nimero de diabeticos es menor, los agrupamos en rangos
de 4 kg/m*. En conclusion presentamos una estandariza-
cion de la WC de pacientes atendidos en nuestra consulta
de endocrinologia y nutricion distribuidos en percentiles
como herramienta utilizable clinicamente para definir
rangos de WC para cada valor de BMI.

(Nutr Hosp.2010;25:262-269)
DOI:10.3305/nh.2010.25.2.4520

Palabras clave: Obesidad. Diabetes mellitus. Circunferen-
cia de cintura. Indice de Masa Corporal. Estandarizacion.



Materials and methods

The study included a total of 2,932 patients (39.6%
men and 60.4% women) who consecutively attended
outpatient departments of the Endocrinology and
Nutrition Services of the Spanish hospitals Virgen de
las Nieves (Granada), Juan Canalejo (La Corufia) and
Dr. Peset (Valencia) between 2000 and 2004. Patient
age was comprised between 18 and 96 years, with no
differences by sexes (45.9 + 12.4 years men and 43.8 +
14.3 years women).

BMI correlated linearly with the WC (cc: 0.85; p <
0.001), whereby the greater the BMI the greater the
WC. The age, BMI and WC of the population studied
and of the group of obese subjects are presented in table
1. The men were older than the women, the obese
(obese 45.4 + 13.8, non-obese 42.9 + 13.1 years, p <
0.001) and diabetics (p <0.001).

BMI was greater in women and WC in men. The
women had a greater WC if they had diabetes (p <
0.01), being equal in this parameter to diabetic males
The men had greater WC when they had diabetes (p <
0.001). Waist at risk was detected (men >= 102 cm and
women > = 88 cm) in 94.3% of the obese (men 91.8%,
women 95.7%), in 32.3% of overweight patients (men
22.2%, women 43.9%), in 3.8% of patients with BMI <
25 (men 2%, women 5.3%), in 84.3% of diabetics (men
74.6%, women 94%), and in 72.6% of patients without
diabetes (men 63.7%, women 78.2%).

To obtain a graphic standardisation of WC with
regard to BMI, we calculated the percentiles 10, 25, 50,
75 and 90, grouping in ranges of 2 kg/m?of BMI
(including patients that exceed a BMI value until the

next one). We thus obtain the distribution from table 2
and figures 1, 2 and 3. Due to the difference found in
BMI and WC between men and women, and between
diabetic and non-diabetic patients, distribution is pre-
sented by sexes, and separately for diabetic patients.
Since there were no significant differences in terms of
WC between diabetic men and women, no different by-
sex graphics are provided for them. As the number of
these patients is lower, they are grouped in ranges of 4
kg/m>.

Introduction

Obesity is the most frequent metabolic disease in the
western world. Although prevalence data in Europe are
variable (from 4% to 28% in males and from 6.2% to
36.5% in women), the prevalence in Spain and Italy is
particularly high.!

The importance of obesity is derived fundamentally
from its relationship with cardiovascular diseases and
with type 2 diabetes mellitus, among others, with seri-
ous medical and economic consequences for public
health, ranging from 0.09% to 0.61% of the gross
domestic product of every country.?

Obesity is defined by a Body Mass Index (BMI)
value of 30 kg/m?> or greater, calculated as
weight/height> (BMI),® and overweight by a value
between 25 and 30 kg/m2 BMI has been chosen as a
surrogate measurement of body fat content because it
presents a good correlation with total body fat, and is
an indicator of morbidity and mortality, even in the
degree of overweight.*” In different works, the rela-
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Fig. 1.—Percentiles of WC for each range of BMI in the whole group.
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tionship with mortality describes a J curve, increasing
progressively as of the degree of overweight.”s

The risk entailed in obesity varies depending on the
fat compartment considered, so that the visceral fat
compartment is a better predictor of cardiometabolic
risk and mortality than accumulated subcutaneous fat,
whereby its determination is deserving of increasingly
greater interest in clinical practice,*'” and it may also be
a better indicator of health expenditure than the BMI.*®
The measurement of the waist circumference (WC) is a
simple way of deducing a patient’s level of visceral fat,
and complements the information provided by the
BMI."**20 BMI, WC and the relationship of both of the
latter with morbidity and mortality depend on multiple
factors, which include age, gender and ethnic group.?'?

Thresholds of WC that can be used as markers of
morbidity and mortality have been sought with great
interest, and a WC equal to or higher than 102 cm in
men and 88 cm in women has been proposed as patho-
logical, although the usefulness of these thresholds as
predictors as a risk for health is still under debate.'"'"

The definition of a given threshold of WC may be of
interest in individuals with a slightly high BMI, but this
does not add further information when the BMI is
frankly high, since the majority of obese patients have
a WC above the risk threshold. It is therefore insuffi-
cient to consider a single threshold of WC for all indi-
viduals,""” and the information provided by the com-
bined determination of the WC must be associated with
the BML.

Our intention was to progress in this idea, seeking
the expectable range of WC for every degree of BMI,
which will serve to subsequently address studies tar-
geting ascertaining the health risk. For this purpose we
have chosen diabetic and non-diabetic patients that we
see in endocrinology and nutrition clinics, which is
where cardiometabolic diseases are concentrated. The
population considered here is white people, of the same
ethnic group, and the results are presented distin-
guished by gender and type 2 diabetes mellitus.

Materials and methods

The study included a total of 2,932 patients (39.6%
men and 60.4% women) who consecutively attended
outpatient departments of the Endocrinology and
Nutrition Services of the Spanish hospitals Virgen de
las Nieves (Granada), Juan Canalejo (La Corufia) and
Dr. Peset (Valencia) between 2000 and 2004. Patient
age was comprised between 18 and 96 years, with no
differences by sexes (45.9 + 12.4 years men and 43.8 +
14.3 years women).

Diabetic condition was defined by the American
Diabetes Association.*

The anthropometric parameters included weight,
height, BMI, WC was measured using standard meth-
ods. Weight was measured in kilograms, and height
was measured in centimetres using stadiometer, both

measurements of the subject in light clothing and no
shoes. BMI was calculated by dividing the weight in
kilograms by the height in square meters. The WC in
cm was measured with a tape measure at a point mid-
way between the last rib and the iliac crest, with the
patient standing and on expiration.

Statistical analysis: The data were pooled together
and managed on an Excel spreadsheet. A descriptive
analysis was performed of all the variables collected,
and 95% confidence intervals were calculated. Mean
and standard deviations summarized the continuous
variables. The percentiles of 10, 25, 50, 75 and 90 were
calculated for every range of BMI (with patients that
exceeded one BMI value being grouped into each
range until the next value).

A Student’s t-test or a Mann-Whitney test was used
to compare between-group numerical parameters, after
checking normality with the Kolmogorov-Smirnov
test. Values of p <0.05 were considered significant. All
the tests were two-sided.

Correlation and linear regression analyses by Pear-
son’s correlation coefficient were performed to study
the association of BMI with WC in diabetic and not
diabetic patients.

The statistical analysis was carried out with SPSS
12.0 for Windows.

Results

BMI correlated linearly with the WC (cc: 0.85; p <
0.001), whereby the greater the BMI the greater the
WC. The age, BMI and WC of the population studied
and of the group of obese subjects are presented in table
1. The men were older than the women, the obese
(obese 45.4 + 13.8, non-obese 42.9 + 13.1 years, p <
0.001) and diabetics (p < 0.001).

BMI was greater in women and WC in men. The
women had a greater WC if they had diabetes (p <
0.01), being equal in this parameter to diabetic males
The men had greater WC when they had diabetes (p <
0.001). Waist at risk was detected (men >= 102 cm and
women > = 88 cm) in 94.3% of the obese (men 91.8%,
women 95.7%), in 32.3% of overweight patients (men
22.2%, women 43.9%), in 3.8% of patients with BMI <
25 (men 2%, women 5.3%), in 84.3% of diabetics (men
74.6%, women 94%), and in 72.6% of patients without
diabetes (men 63.7%, women 78.2%).

To obtain a graphic standardisation of WC with
regard to BMI, we calculated the percentiles 10, 25, 50,
75 and 90, grouping in ranges of 2 kg/m?of BMI
(including patients that exceed a BMI value until the
next one). We thus obtain the distribution from table I
and figures 1, 2 and 3. Due to the difference found in
BMI and WC between men and women, and between
diabetic and non-diabetic patients, distribution is pre-
sented by sexes, and separately for diabetic patients.
Since there were no significant differences in terms of
WC between diabetic men and women, no different by-
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Table I
Distribution of percentiles for each range of BMI

BMI N Mean STD 10.0 250 50.0 75.0 90.0
All

20-22 64.0 76.6 7.4 67.0 72.0 75.0 81.8 85.5
22-24 75.0 82.6 7.8 72.0 78.0 82.0 87.0 954
24-26 186.0 86.9 79 76.7 82.0 87.0 92.0 98.0
26-28 239.0 90.4 8.55 79.0 85.0 91.0 97.0 100.5
28-30 261.0 94.2 9.0 81.0 87.8 95.0 101.0 105.8
30-32 343.0 98.5 9.6 86.0 91.0 99.0 105.0 111.0
32-34 297.0 103.5 8.9 92.0 97.5 104.0 110.0 114.0
34-36 265.0 107.0 10.7 95.0 99.5 106.5 114.0 120.0
36-38 229.0 110.3 9.5 99.0 104.0 110.0 116.0 123.0
38-40 202.0 114.6 10.0 101.0 108.0 114.3 122.0 128.7
40-42 164.0 119.3 9.6 107.5 113.1 119.0 125.0 132.0
42-44 149.0 123.9 11.0 110.0 117.0 124.0 131.0 138.0
44-46 120.0 125.1 9.7 113.1 118.3 123.0 133.0 139.0
46-48 79.0 127.1 11.1 111.0 118.0 126.0 136.0 143.0
48-50 78.0 133.6 11.6 116.8 128.0 133.0 142.3 150.0
Men

20-22 16.0 81.3 5.7 72.7 75.3 83.0 85.8 88.3
22-24 38.0 85.6 79 76.7 79.8 83.5 92.0 96.1
24-26 113.0 90.0 6.3 82.0 85.0 90.0 94.0 98.5
26-28 131.0 94.6 59 87.0 90.0 95.0 98.0 101.8
28-30 118.0 100.3 6.2 91.0 96.8 100.5 105.0 107.0
30-32 140.0 104.5 8.3 95.1 101.0 104.0 109.0 114.9
32-34 127.0 108.5 7.5 99.0 103.0 109.0 113.0 118.0
34-36 87.0 114.5 6.3 107.8 110.0 114.0 120.0 122.2
36-38 77.0 117.1 7.8 106.0 112.0 116.0 123.0 127.0
38-40 76.0 122.4 6.5 115.0 118.0 122.0 127.0 131.0
40-42 51.0 127.7 7.6 118.0 123.0 127.0 133.0 137.0
42-44 44.0 132.5 8.9 120.5 126.0 132.5 138.8 142.0
44-46 35.0 132.3 7.4 120.0 127.0 134.0 137.0 142.0
46-48 25.0 138.0 7.2 127.6 134.0 138.0 144.0 147.0
48-50 24.0 140.0 10.0 125.0 133.5 140.5 148.0 150.0
Women

20-22 47.0 74.8 7.2 66.8 71.0 74.0 79.0 84.0
22-24 37.0 79.6 6.5 71.6 76.0 79.0 83.0 86.4
24-26 72.0 82.0 7.8 74.0 77.3 82.0 87.0 92.1
26-28 100.0 85.1 8.7 75.0 79.0 85.0 91.0 96.0
28-30 133.0 88.7 7.8 78.4 82.3 88.0 95.0 99.0
30-32 197.0 94.2 7.8 84.0 89.0 94.0 100.0 105.0
32-34 163.0 994 79 90.2 94.0 99.0 105.0 109.0
34-36 168.0 102.6 9.8 92.9 97.0 102.0 106.9 113.1
36-38 147.0 106.4 79 96.0 102.0 107.0 111.0 117.0
38-40 123.0 109.8 8.7 99.0 105.0 109.0 114.0 122.0
40-42 110.0 115.5 7.7 104.1 110.8 116.5 121.0 125.0
42-44 104.0 120.4 9.8 107.5 114.0 121.5 127.8 131.0
44-46 83.0 122.2 9.1 110.7 116.0 122.0 126.0 138.3
46-48 53.0 122.2 8.8 109.4 117.0 123.0 128.0 133.6
48-50 53.0 130.8 11.2 114.2 124.0 132.0 136.8 143.6
Diabetics

22-26 33.0 89.4 8.3 79.0 82.5 91.0 95.5 100.0
26-30 92.0 98.7 7.1 90.0 94.3 99.0 103.0 107.0
30-34 138.0 104.5 8.7 92.9 99.0 105.5 111.0 115.1
34-38 113.0 112.5 10.9 99.0 106.0 112.0 118.0 125.0
38-42 70.0 119.5 8.8 107.1 114.8 119.0 126.0 131.0
42-46 58.0 126.7 10.6 111.9 118.8 125.0 136.0 142.0
46-50 36.0 128.9 11.8 112.4 121.0 130.0 139.0 145.7
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BMI and WC in men
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Fig.2.—Percentiles of WC for each range of BMI in men and women.

sex graphics are provided for them. As the number of
these patients is lower, they are grouped in ranges of 4
kg/m>.

Discussion

The direct relationship between BMI and WC is
well-known.” The first is an indicator of the degree of

corporality and the second of visceral fat. These para-
meters are measured in routine fashion in clinical prac-
tice as they are regarded as independent indicators of
body fat content®® and predictors of cardiovascular
risk."?2 Moreover, both BMI and WC help to predict
the risk of developing type 2 diabetes mellitus. BMI is
a good predictor of the development of type 2 diabetes
mellitus® and of insulin resistance.' Fat distribution
can even predict progression to type 2 diabetes mellitus

266 Nutr Hosp. 2010;25(2):262-269
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BMI and WC in diabetics
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Fig.3.—Percentiles of WC for each range of BMI in diabetics.

better than BML.* It is assumed that the accumulation
of visceral fat plays an important role in the aetiology
of this type of diabetes to subject the liver to an excess
of free fatty acids, producing insulin resistance and
hyperinsulinaemia.’’*? Our study verified the direct
relationship between BMI and WC, both in diabetics
and non-diabetics, as well as the relationship between
age, BMI and WC and gender and the presence of dia-
betes mellitus. Our diabetic patients presented greater
BMI, WC and age.

Levels of normality, overweight and obesity were
established for BMI (BMI less than 25, between 25 and
30, and 30 or above, respectively).® These thresholds
have been maintained, whereby the different studies
have defined a J curve where mortality increases pro-
gressively with the different degrees of overweight and
obesity.

The interest in establishing these thresholds is
derived from the need to detect cardiometabolic risk
with their help. In this regard, the thresholds of WC
make it possible to define “risk” groups for whom pre-
ventive activities can be indicated, even with normal or
slightly increased BMI.

The thresholds of normality of WC are the most
debated. A WC equal to or higher than 102 cm is
regarded as pathological in men and 88 cm in women,
as it corresponds to a BMI greater than or equal to
30 (kg/m?,* although others have been proposed.*** In
the IDEA study, this value was exceeded by 29% males
and 48% women among the 182,970 patients aged
between 18 and 80 years who attended primary care
facilities in 63 countries." Similarly, in the overweight
patients of our group, these thresholds have allowed us

to select 32.3% with a greater cardiovascular risk. But
the determination of WC is not sensitive enough to
detect the risk in the group of obese patients.!"'"* In our
study, 94.3% of the obese exceeded these values. Had
we applied the IDF criteria for European Caucasians
(94 cm in men and 80 cm in women) these percentages
would have been even greater.

We found a greater WC in men than in women, and
in both sexes when they are diabetic. In women with
diabetes, WC reaches values similar to diabetic
males, whom they surpass in BMI. This relationship
of WC with the male sex and with diabetes has been
broadly confirmed in other transversal and prospec-
tive studies.*3037-4

These differences justify the definition of different
risk thresholds for men and women in non-diabetic
individuals (NCEP/ATPIII),* but these thresholds
could not be extrapolated to the population that is
already diabetic, where we found no differences in WC
between sexes, and where cardiovascular risk increases
with the existence of diabetes. We have therefore
offered an individualised standardisation for the dia-
betic population.

On the other hand, WC and BMI should be consid-
ered separately. In the observational studies, the J
curve of the mortality study is progressive as BMI and
WC increase, from degrees below those considered to
be pathological.”$2

The greater or lesser importance attributed to BMI
and WC depends on the approach taken by the studies,
the population’s circumstances, age, gender and degree
of obesity."**% The true usefulness lies in combining
both determinations, as was demonstrated in the

Standardisation...
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Nurses Health Study,”® where the risk of coronary
artery disease adjusted for age throughout an 8-year
monitoring increases with WC for each tercile of BMI.
In this study, the incidence of coronary artery disease
was similar in women with lower BMI and greater WC
compared to those who had a greater BMI and lower
WC. The greater incidence was to be found in the
greater levels of BMI and WC. The joint usefulness of
BMI and WC in clinical practice was confirmed in sub-
sequent studies. For both parameters, WC cut-off lev-
els have been proposed in the different categories of
BMI with regard to cardiovascular risk, with risk deter-
mined by the Framingham scale, which predicts the
possibility of coronary events after 10 years. Optimal
thresholds can be defined as 98, 109 and 124 in men
and as 0f 92, 103 and 115 in women in the categories of
overweight, degree 1 obesity and degree 2 obesity or
higher, respectively. With these thresholds, Ardern et
al.® improve sensitivity and specificity to detect
patients at risk.

Our work seeks to further develop this idea, defining
the expectable range of WC for every degree of BMI,
which may serve for subsequent health risk studies.
With this purpose in mind, we chose a group of patients
with greater frequency of metabolic diseases, obesity
and diabetes, who attend Endocrinology and Nutrition
clinics, all of them Caucasian. This selection necessar-
ily assumes a limitation, since the results might not be
applicable to the general population.

In this study we offer the clinician the measurement of
WC graphically by means of WC percentiles for each
range of BMI (which may be translated to other disper-
sion values, such as the SDS). As WC depends on gender
and on the patient’s diabetic condition, the data must be
displayed separately. But WC did not present differences
between sexes in diabetics, and for this reason we do not
provide a graphic differentiation in this case

The percentiles of WC for each range of BMI inform
the clinician as to patients whose abdominal fat (and
therefore WC) is above or below the degree expected
for their degree of corporality (BMI). The percentile
that should be regarded as normal or pathological has
yet to be defined, and would be the one that distin-
guished between patients whose health risks increase,
and which will have to be determined in cross-sec-
tional, prospective and predictive studies that may be
performed by applying percentiles or other deviation
parameters.

In conclusion, we present a standardisation of the
WC measurement of patients attended to in our
Endocrinology and Nutrition practices distributed in
percentiles as a clinically usable tool to define the
ranges of WC for every BMI value.
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