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ABSTRACT

Objective: High blood pressure and diabetes mellitus account for over 50% of annual visits to health
facilities in Trinidad and Tobago. This study investigates the ability of various absolute and relative
body composition variables to predict elevated fasting blood sugar (FBS) and blood pressure (BP).
Subjects and Methods: Participants had overnight fasting finger-stick blood glucose analysed with a
hand-held automated glucometer (Basic One-touch Ultra). Two blood pressure tests were taken on the
right arm after ten minutes of rest in the sitting position using an automated blood pressure (Omron
HEM 712C). Participation in the study was voluntary. Waist, height and weight circumferences were
measured using standard procedure. Percentage body fat (%BF) was measured with a foot-to-foot
bioelectric body fat analyser (Tanita UM026).

Results: One hundred and fifty-seven persons (90 females and 67 males) participated in the investi-
gation. Approximately 23% of participants had BP, FBS and waist circumference levels that were above
recommended cut-offs. In correlation, analyses controlling for ethnicity and age-adjusted FBS were
significantly positively correlated with waist circumference, BMI, weight, fat mass and %BF. Receiver-
operator curve analyses suggest that cut-off values based on BMI, waist circumference and waist-height
ratio were significant predictors of elevated FBS among females while those based on waist
circumference and %BF were significant predictors of elevated FBS among males.

Conclusion: The findings suggest similar predictive ability among the various absolute and relative
body composition measures in predicting FBS and BP.
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Evaluacion de la Utilidad Diagnostica de los Valores Limites de Composicion
Corporal y Antropométrica a la Hora de Evaluar la Glucosa alta en Ayunas

y la Presion Sanguinea
SD Nichols, H Crichlow

RESUMEN

Objetivo: La presion arterial alta y diabetes mellitus constituyen la causa de mas de 50% de visitas
anuales a los centros de salud en Trinidad y Tobago. Este estudio investiga la capacidad de varias
variables de composicion corporal absolutas y relativas para predecir la glucosa en sangre en ayunas
(GSA) y la presion arterial (PA) altas.

Sujetos y Métodos: Se analizo la glucosa en sangre de los participantes tras una noche en ayunas
mediante puncion de la yema del dedo usando un glucometro automatico portable (Basic One Touch
Ultra). Se hicieron dos tests de presion arterial en el brazo derecho luego de diez minutos de reposo
en posicion sentada, usando un monitor de presion arterial de inflado automatico Omron HEM-712C.
La participacion en el estudio fue voluntaria. Las circunferencias de cintura, altura y peso fueron
medidas usando procedimientos estandar. Se midio el indice de grasa corporal (IGC) mediante un
monitor Tanita UM026 para el andlisis bioeléctrico de grasa corporal de pie a pie.
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Resultados: Ciento cincuenta y siete personas (90 hembras y 67 varones) participaron en la inves-
tigacion. Aproximadamente 23% de los participantes tenian PA, GSA, y niveles de circunferencia de

cintura por encima de los limites recomendados.

En la correlacion, los andlisis que controlan la

etnicidad, y la GSA ajustada por edad, guardaron una correlacion significativamente positiva con la
circunferencia de cintura, el IMC, el peso, la masa grasa y el IGC. Los andlisis de la curva receptor-
operador sugieren que los valores limites basados en el IMC, la circunferencia de cintura y el indice
cintura/altura fueron predictores significativos de GSA elevada entre las hembras, en tanto que los
basados en la circunferencia de cintura y el IGC fueron predictores significativos de GSA elevada entre

los varones.

Conclusion: Los hallazgos sugieren una capacidad predictiva similar entre las diversas medidas de
composicion corporal absoluta y relativa a la hora de predecir la GSA y la PA.

Palabras claves: Antropometria, presion arterial, composicion corporal, glucosa en ayunas

INTRODUCTION

Hypertension, diabetes mellitus and their co-morbid condi-
tions are major contributors to adult illness and death, as well
as, hospitalization in the Caribbean region. In Trinidad and
Tobago, both conditions are quite prevalent and place tre-
mendous economic burden on healthcare as they account for
a large percentage of annual healthcare visits (1-3). The
association of these diseases with overweight and obesity are
major risk factors which suggest that body composition
might be important in their pathogenesis (4). Several anthro-
pometric measures and body composition measures have
been used to assess adiposity. These include body mass
index, body fat, percentage body fat and waist circumference
to name a few. Recent studies suggest that abdominal fat as
assessed by waist and waist-to-hip ratio is a better index for
predicting the development of diabetes mellitus than mea-
sures such as BMI (5, 6). Other studies suggest that the
ability of these indicators to predict disease outcome such as
diabetes or cardiovascular disease is dependent on age, ethni-
city and gender (7-9). There is an urgent need for a
quantitative and practical evaluation of the various indices in
predicting the risk of diabetes and hypertension in the popu-
lation. In this study, we investigated the diagnostic utility of
standard anthropometric and body composition measure-
ments on fasting blood sugar (FBS) and blood pressure (BP).

SUBJECTS AND METHODS

The study was conducted in Government Ministries in
Trinidad and Tobago. The study was confined to four branch
offices, one each located in Port-of-Spain, Arima, San
Fernando and Tobago. At the initial meeting, the aim and
objectives of the study were explained. Those persons who
gave both oral and written consent were enrolled in the study.
All participants were volunteers. Participants were advised
to refrain from eating any foods and drinking any liquids
except water after 10:00 pm on the night prior to their FBS
measurements. On the day of interview, finger-stick fasting
blood glucose (FBS) was measured using blood from the
middle finger with a hand-held glucose meter (Basic One
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Touch Ultra). This device has been shown to have acceptable
validity and reliability in measuring blood sugar from serum
(10, 11). In fact, the results of multi-centre study showed
that the accuracy of blood sugar measurement taken yearly
over a four-year period with this device exceeded the Inter-
national Organization for Standardization (ISO) criteria (12).

Finger-stick blood sugar measurements require only a
very small drop of blood and is feasible and reliable under
routine clinical conditions (13). Participants were then
seated for five to ten minutes and two BP readings were taken
two minutes apart with the Omron HEM 712C. This auto-
mated blood pressure monitor has met the criteria established
for home blood pressure monitoring (14). The Omron HEM
712C device records brachial BP oscillometrically. Systolic
and diastolic blood pressure and heart rate are displayed on a
LCD read-out. The inflation is performed using a fuzzy-
logic electric pumping system and the deflation by an auto-
matic pressure release valve. Adult cuffs which fit both stan-
dard and large arm circumferences were used. The subjects
were seated in a quiet room and BP measurements started
after a 10-minute rest period. Upper mid-arm circumference
was measured and the appropriate brachial BP cuff size was
placed on the arm as recommended. All measurements were
made on the left arm at the level of the heart. The average of
two readings was recorded as the BP for the individual.
Standard recommended procedures were used for the selec-
tion of the position and size of cuffs used (15). Participants
then had weight, height and waist circumference measured
using standard procedure (16). Percentage body fat (%BF)
was estimated using a foot-to foot body fat analyzer (Tanita
UMO26) according to the manufacturer’s procedure manual.
Percentage BF estimated by these monitors for groups are
comparable to those estimated by the established gold stan-
dards (17-19). All measurements were taken by HC who
underwent training sessions to ensure proper technique
before and during the data collection phase. The entire study
took approximately two months to be completed. Parti-
cipants then filled out a questionnaire consisting of socio-
demographic items. Elevated blood pressure was defined as
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blood pressure > 130/85 mmHg and elevated fasting blood
glucose > 100 mg/dL (20, 21). Body mass index (BMI) was
calculated as the weight in kilogram divided by the height in
metres squared. Fat mass Index (FM) was calculated as the
fat mass in kilogram divided by height in metres squared.
Also, fat-free mass index was calculated as the fat-free in
kilogram divided by the height in meters squared. Waist-to-
height ratio was calculated as the waist circumference in
centimetres divided by height in centimetres (22, 23).

Statistical analyses were performed by using SPSS for
Windows (version 10; SPSS Inc., Chicago, IL, USA). The t-
test was used to determine differences in anthropometric and
physiological variables by gender. Correlation analyses were
used to assess the strength of the associations between an-
thropometric and physiological variables of interest. In addi-
tion, the sensitivities, specificities and likelihood ratio values
were determined for these cut-offs. A positive likelihood
ratio > 10 suggests that persons with anthropometric values
greater than and equal to the recommended cut-off value are
10 times more likely to have elevated levels of FBS or BP,
than a person with anthropometric values below the recom-
mended cut-off value (24, 25).

Receivers operating characteristic (ROC) curves were
used to assess the performance of the various recommended
anthropometric and body composition cut-off values in de-
tecting elevated fasting blood sugar and blood pressure. Cut-
off values of interest were as follows: percentage body fat (%
BF) > 25% in males and > 30% in females, BMI > 25 (over-
weight) and > 30 (obese), waist circumference > 88 cm in
females and > 102 cm in males and waist circumference to-
height ratio > 0.5 (23, 26, 27). The ROC curve tests the
ability of a variable to predict an outcome by plotting sen-
sitivity against 1-specificity. Sensitivity and specificity were
computed assuming that each variable was positively related
to the FBS and BP. The area under the curve represents the
probability of being able to identify an individual with ele-
vated FBS and BP based on established anthropometric and
body composition cut-offs. For anthropometric and body
composition cut-offs that positively predict elevated FBS and
BP, areas under the ROC curve vary from > 0.5 to 1.0 (with
1.0 representing perfect prediction). An area of 0.5 (50% of
the AUC) indicates that the recommended anthropometric
and body composition cut-off values cannot predict elevated
FBS and BP. A value of < 0.5 indicates that the recommended
anthropometric and body composition cut-off values
negatively predict elevated FBS and BP (28, 29). Age-
adjusted FBS was computed as a person’s observed FBS
minus predicted FBS (from the regression of age on FBS)
plus the mean FBS 87.5 mg/dL for female or 96.6 mg/dL for
males). That is, a person’s age-adjusted FBS is his residual
from the regression of age on FBS plus the mean gender-
specific FBS.

Table 1 shows the characteristics of participants by
gender. Males had significantly higher weight, height, waist
circumference, FBS and blood pressure than females. Fe-
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Table 1:  Characteristics of participants by gender
Variable Females Males p-value

n=90 n=67
Mean (SD) Mean (SD)

Age (years) 34.0 (11.6) 36.7 (13.2) 0.18
Height (cm) 162.8 (8.2) 176.6 (9.0) <0.01
Weight (kg) 69.7 (15.6) 84.6 (17.5) <0.01
Waist circumference (cm) 84.6 (13.2) 95.1 (15.0) <0.01
Fat mass (kg) 52.9(24.0)  47.9 (30.0) 0.25
Body fat (%) 33.1(10.1) 24.5(12.6) <0.01
Fat mass index (kg/m?) 9.1 (4.2) 7.0 (4.5) <0.01
Body mass index (kg/m?) 26.3 (6.0) 27.1(5.4) 0.50
Waist-to-height ratio 0.52 (.09) 0.39 (0.19) <0.01
Fasting blood sugar (mg/dL) 87.5(22.2) 96.6 (27.4) <0.05
Systolic blood pressure (mmHg) 123.1 (19.4) 134.1(17.3) <0.01
Diastolic blood pressure (mm Hg)  77.0 (12.0) 81.9 (15.5) <0.05

SD = standard deviation

males had significantly higher adiposity than their male
counterparts. Table 2 shows the results of correlation ana-

Table 2: Correlation coefficients for anthropometric measures with age-adjusted

fasting blood sugar and blood pressure

Females Males

n= 90 n=67
SBP DBP FBS SBP DBP FBS
Height r 0.07 -0.16  -16 -0.09 -0.08  -0.06
p 0.53 0.14 0.14 048 0.54  0.66
Weight r 0.49 0.32 026  0.13 0.06  0.30
p <0.01 0.002 0.01 0.27 0.61 0.01
Waist circumference r 0.46 0.33 0.34  0.11 0.30 0.28
p <001 <001 <001 037 0.01 0.02
Fat mass r 0.57 0.42 0.30  0.09 024 032
p <001 <001 <001 0.50 0.05 <0.01
Body Mass Index r 0.52 0.40 0.35  0.18 0.09 0.36
p <001 <001 <001 O0.16 048 <0.01
Fat Mass Index r 0.59 0.46 0.36  0.10 024 035
p <001 <001 <001 040 0.05 <0.01
Body fat r 0.48 0.38 0.31 0.21 0.33 0.18
p <001 <001 <001 080 <0.01 0.14

SBP = Systolic blood pressure; DBP = Diastolic blood pressure

lyses between body composition and anthropometry vari-
ables with age-adjusted fasting blood sugar and blood pres-
sure. In correlation, analyses controlling for ethnicity, age-
adjusted FBS were significantly positively correlated with
waist circumference, BMI, weight, fat mass and %BF. The
correlation between waist circumference and adjusted FBS
became non-significant after controlling for either, BMI,
%BF or Fatmass index. These variables were significantly
associated with systolic and diastolic BP among females.
Among males, diastolic blood pressure was significantly
associated with weight, waist circumference, fat mass and
%BF.
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Waist circumference was signiﬁcantly associated with  Table 3:  Diagnostic ability of absolute and relative body composition measures

Weight per cent body fat. fat mass BMI and FMI in both in detecting the presence of excess visceral adiposity (waist
’ . ’ i fi .

male confidence interval CI (0.77, 0.80) and females CI circumference)
(0.68, 0.86). There were no gender differences in the magni- Sensitivity ~ Specificity ~ Area under the
tude of the correlation coefficient in these analyses. This receiver-operator
relation between waist circumference and fasting blood sugar curve
became non-significant after controlli.ng for adipositxas % Body Fat (BF)
measured by any of the absolute or relative body composition  Male (BF > 25%) 92 (62, 100) 63 (48, 75) 78 (65, 90)
variables. Results of the diagnostic tests suggest that among  Female 97 (84, 100) 60 (45, 73) 79 (69, 88)
females %BF > 30, waist-to-height ratio < 0.5 and BMI > 25 . . )
had llent tiviti in detecti | ted st Waist-to-height ratio (< 0.5)

ad excellent sensitivities in detecting elevated waist ;. 69 (39,90) 72 (58, 83) 70 (55, 87)
circumference while BF > 30 and BMI > 25 had excellent  Female 100 (88, 100) 66 (51, 78) 83 (75, 92)
sensitivities in detecting elevated waist circumference
adiposity among males (Table 3). Persons with BMI > 25  Body Mass Index

ignificantl likely than those with BMI <25 to ot~ >
were significantly more likely than those wi 0 Male 100 (72, 100) 53 (40, 67) 77 (66, 88)
have elevated systolic (Odds ratio (OR) =5.5,95% (CI): 2.0,  Female 97 (87, 100) 69 (55, 81) 86 (75, 92)
15.0) and diastolic blood pressures (OR = 4.0, 95% CI: 1.4,
BMI > 30

11.2). Persons with waist circumferences above the cut-off

L s . ) Male 84(53,97) 89(76,95) 86 (74,99)
were significantly more likely than their counterparts with . - 59 (42.75) 96 (86, 99) 78 (67, 89)
normal waist circumference to have fasting blood sugar

> 100 mg/dL (38% vs. 6.5%; p < 0.001).

Table 4:  Diagnostic utility of various anthropometric and body composition recommended BMI
cut-offs in assessing fasting blood sugar (FBS) and blood pressure (BP) by gender

SEX BMI=>25 BMI > 30 Waist Waist-Height % body fat
Circumference Ratio Males > 25
Male >102 cm <0.5 Females > 30%

Females > 88 cm

FBS
Se M 69(39,90) 53 (26, 80) 58 (29, 84) 61 (32, 85) 85 (53, 97)
F  100(78,100) 61 (32, 84) 92(62,99) 100 (71,100) 100 (78, 100)
Sp M 46(32,60) 81 (68, 90) 88 (75, 95) 70 (56, 82) 61 (46, 73)
F 49 (35,58) 79 (68, 87) 68 (55, 77) 45 (34, 57) 42 (31, 54)
AUC M 55(41,69) 64 (48,81) 71 (54, 89) 61 (46, 76) 64 (51,78)
F 63(51,74) 63 (49, 77) 65 (53, 77) 62 (51,73) 69 (46, 91)
4LR M 13(08,20) 29(14,6.1) 50(20,12.1) 2.1(1.1,3.8)  22(1.4,3.3)
F 1.9(1.5,23) 3.0(1.6,55  28(2.0,41) 1.8(1.5,22) 1.7(1.4,2.1)
BP
Se M 72(50,88) 40 (21, 63) 35 (16, 59) 45 (25, 67) 63 (41, 82)
F  100(77,100) 52 (28,76) 82 (55, 95) 40 (21, 630) 94 (69, 100)
Sp M 51(36,66) 82(67,91) 86 (71, 94) 68 (53, 81) 60 (44, 74)
F 49 (37,61) 79 (68, 87) 68 (56, 79) 82 (67,91) 43 (31, 55)
AUC M 62(48,76) 62 (47,77) 62 (48, 76) 57 (42, 72) 62 (48, 76)
F 75 (64,85) 66 (51, 82) 66 (51, 82) 70 (59, 82) 69 (56, 81)
+LR M 1.6(1.0,220) 2.3(1.0,5.1)  2.5(1.0,6.5)  1.4(0.8,2.7) 1.6 (1.0, 2.6)
F 20(1.6,2.5 2.6(1.4,49)  17(1.4,23) 2.0(1.0,5.1) 1.7(1.3,2.1)

SE = Sensitivity, SP = Specificity, AUC = Area under the receiver operator curve, +LR = Positive
Likelihood Ratio
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Area under the ROC curve and 95% CI suggest that
cut-off values based on BMI > 25, waist circumference and
waist-height ratio were significant predictors of elevated FBS
among females while waist circumference and %BF were
significant predictors of elevated FBS among males. Among
females, cut-off values based on all of the anthropometric
and body composition variables were better than chance at
predicting elevated blood pressure. For males, all of the 95%
confidence intervals of AUC for BP based on the cut-off
values for the anthropometric indices included 0.5. The 95%
confidence intervals for AUC for the various anthropometric
and body composition cut-off values suggest that there was
significant difference in the predictive ability of the various
measures in this group.

DISCUSSION

In this investigation, the ability of established cut-off values
based on absolute and relative body fat measurements to pre-
dict elevated FBS and BP were gender dependent. Among
females, BMI > 25, waist circumference and waist-height
ratio were significant predictors of elevated FBS while waist
circumference and %BF were significant predictors of ele-
vated FBS in males. These findings suggest that cut-off
values based on these relative and absolute body fat measure-
ments may be useful in screening for elevated risk of FBS in
this population (30). The findings also point to the need for
developing population specific cut-off values based on em-
pirical data (31, 32). The results of ROC analyses among
males were notable in which none of the established cut-off
values based on absolute and relative body composition
measurement were significant predictors of elevated BP. This
has been demonstrated in other studies and may reflect the
cut-off values in the components of body composition be-
tween genders that predict BP (33). This becomes especially
important with the clustering of chronic noncommunicable
diseases and the increasing probability of metabolic syn-
drome.

It is important to note that almost all of the absolute and
relative measures were significantly correlated with FBS in
both males and females. Also, many of the positive like-
lihood ratios approach 2.0. This reinforces the need to use a
variety of diagnostic tests when assessing candidate variables
for use in screening. This is also supported by the fact that
there was considerable overlap in many of the 95% confi-
dence intervals for the positive likelihood ratios. Also, many
of the positive likelihood ratios approach 2.0. Notwithstand-
ing, there were no significant differences in the AUC for the
various cut-off values. This suggests that waist circum-
ference might not be superior to other relative and absolute
body composition measures in screening for elevated FBS in
this population (34-37). In fact, waist circumference was
highly related to all of the absolute and relative body com-
position measures. Moreover, controlling for any of these
absolute and relative body composition measures in corre-
lation analyses rendered the association between glucose and

waist circumference non-significant. Fat free mass was not
significantly associated with fasting blood sugar levels (38).
Taken together, these might reflect impaired glucose toler-
ance with total adiposity rather than regional adiposity. In
this study, waist circumference was strongly correlated with
BMI in both males (r = 0.7) and females (r = 0.9). Similar
correlation coefficient values have been observed in studies
using more sophisticated methods of assessing FBS (39, 40).

This study has several limitations. The fact that parti-
cipation was voluntary precludes generalization of the results
to the targeted population. Secondly, the cross-sectional
nature of the study suggests that simple cause-effect relations
between relative and absolute body composition and FBS
and BP cannot be imputed. Thirdly, the sample size might
not be representative of the population. Notwithstanding
these limitations, the correlation coefficients between abso-
lute and relative measures of body composition and FBS and
BP are similar to those observed in studies using more
sophisticated measures of these variables. Clearly, there is a
need to investigate these associations in a larger and more
representative population.

REFERENCES

1. Pan American Health Organization Publication and the Caribbean
Community Secretariat (CARICOM). (2006) Report of the Caribbean
commission on health and development. Jamaica; Ian Randle
Publishers.

2. Patrick AL, Boyd-Patrick HA, Vaughan JP. Cardiovascular risk factors
in Tobagonians. Comparisons with other African populations. West
Indian Med J 1986; 35: 149-56.

3. Thomas CN, Titus G, Williams D, Simeon D, Pitt-Miller P. Two-year
mortality and its determinants following acute myocardial infarction in
Trinidad and Tobago. West Indian Med J 2000; 49: 112-4.

4. Ordovas JM, Corella D. Metabolic syndrome pathophysiology: the role
of adipose tissue. Kidney Int Suppl 2008 111 (Suppl): S10-4.

5. Janiszewski PM, Janssen I, Ross R. Does waist circumference predict
diabetes and cardiovascular disease beyond commonly evaluated
cardiometabolic risk factors? Diabetes Care 2007; 30: 3105-9.

6. Bray GA, Jablonski KA, Fujimoto WY, Barrett-Connor E, Haffner S,
Hanson RL et al. Relation of central adiposity and body mass index to
the development of diabetes in the Diabetes Prevention Program. Am J
Clin Nutr 2008; 87: 1212-8.

7. Lear SA, Toma M, Birmingham CL, Frohlich JJ. Modification of the
relationship between simple anthropometric indices and risk factors by
ethnic background. Metabolism 2003; 52: 1295-301.

8. Razak F, Anand S, Vuksan V, Davis B, Jacobs R, Teo KK et al. Ethnic
differences in the relationships between obesity and glucose-metabolic
abnormalities: a cross-sectional population-based study. Int J Obes
(Lond) 2005; 29: 656-67.

9. Sumner AE. The relationship of body fat to metabolic disease:
Influence of sex and ethnicity. Gend Med 2008; 5: 361-71.

10. Rivers SM, Kane MP, Bakst G, Busch RS, Hamilton RA. Precision and
accuracy of two blood glucose meters: FreeStyle Flash versus One
Touch Ultra. Am J Health Syst Pharm 2006; 63: 1411-6.

11. Fedele D, Corsi A, Noacco C, Prisco F, Squatrito S, Torre E et al.
Alternative site blood glucose testing: a multicenter study. Diabetes
Technol Ther 2003; 5: 983-9.

12. Report OneTouch Ultra. www.uib.no/isf/noklus/skup/pdf/otuglu.pdf.
Accessed October 20, 2008.

13. One Touch Ultra System Accuracy. www.lifescan.com/pdf/uk/AW_
085-322.pdf. www.uib.no/isf/noklus/skup/pdf/otuglu.pdf. Accessed
October 20, 2008.



258

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Anthropometric and Body Composition in Elevated Fasting
Blood Sugar and Blood Pressure

Yarows SA, Brook RD. Measurement variation among 12 electronic
home blood pressure monitors. Am J Hypertens 2000; 13: 276-82.
Perloff D, Grim C, Flack F, Frohlich ED, Hill M, McDonald M et al.
Human blood pressure determination by sphygmomanometry. Circu-
lation 1993; 88: 2460-70.

Lohman T, Roche A and Martorell R. Anthropomelric Standardization
Reference Manual. Champaign, Illinois, Human Kinetics Book; 1988.
Jebb SA, Cole TJ, Doman D, Murgatroyd PR , Prentice AM. Evaluation
of the novel Tanita body-fat analyser to measure body composition by
comparison with a four-compartment model. Br J Nutr 2000; 83:
115-22.

Hosking J, Metcalf BS, Jeffery AN, Voss LD, Wilkin TJ. Validation of
foot-to-foot bioelectrical impedance analysis with dual-energy X-ray
absorptiometry in the assessment of body composition in young
children: the EarlyBird cohort. Br J Nutr 2006; 96: 1163-8.

Lazzer S, Boirie Y, Meyer M, Vermore M. Evaluation of two foot-to-
foot bioelectrical impedance analysers to assess body composition in
overweight and obese Adolescents. Br J Nutr 2003; 90: 987-92.
Expert Panel on Detection, Evaluation and Treatment of High Blood
Cholesterol in Adults: Executive summary of the third report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation and treatment of High Cholesterol. JAMA 2001;
285: 2486-97.

Shaw JE, Zimmet PZ, Alberti KG: Point: Impaired Fasting Glucose:
The Case for the New American Diabetes Association Criterion.
Diabetes Care 2006; 29: 1170-2.

Schutz Y, Kyle UU, Pichard C.Fat-free mass index and fat mass index
percentiles in Caucasians aged 18-98 y. Int J Obes Relat Metab Disord
2002; 26: 953-60.

Hsieh SD, Yoshinaga H, Muto T. Waist-to-height ratio, a simple and
practical index for assessing central fat distribution and metabolic risk
in Japanese men and women. Int J Obes Relat Metab Disord 2003; 27:
610-6.

Fletcher RH, Fletcher SW, Wagner EH. Clinical Epidemiology. The
Essentials, 3ed, Baltimore, Maryland, Williams and Wilkins;1996.
Gordis L (2004): Epidemiology, 3ed, Phildelphia, Pennsylvania, W B
Saunders Co; 2004.

Williams DP, Going SB, Lohman TG, Harsha DW, Srinivasan SR,
Webber LS et al. Body fatness and risk for elevated blood pressure,
total cholesterol, and serum lipoprotein ratios in children and adoles-
cents. Am J Public Health 1992; 82: 358-63.

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

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Zweig MH and Campbell G (1993): Receiver-operating characteristic
(ROC) plots: a fundamental evaluation tool in clinical medicine. Clin
Chem 1993; 39: 561-77.

Hanley JA and McNeil BJ (1982): The meaning and use of the area
under a receiver operating characteristic (ROC) curve. Radiology 1982;
143: 29-36.

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

Mirmiran P, Esmaillzadeh A, Azizi F. Detection of cardiovascular risk
factors by anthropometric measures in Tehranian adults: receiver
operating characteristic (ROC) curve analysis. Eur J Clin Nutr 2004;
58: 1110-8.

Al-Lawati JA, Jousilahti P. Body mass index, waist circumference and
waist-to-hip ratio cut-off points for categorisation of obesity among
Omani Arabs. Public Health Nutr 2008; 11: 102-8.

Al-Shayji IA, Akanji AO. Obesity indices and major components of
metabolic syndrome in young adult Arab subjects. Ann Nutr Metab
2004; 48: 1-7.

Dalton M, Cameron AJ, Zimmet PZ, Shaw JE, Jolley D, Dunstan DW
et al. Waist circumference, waist-hip ratio and body mass index and
their correlation with cardiovascular disease risk factors in Australian
adults. J Intern Med 2003; 254: 555-63.

Mukuddem-Petersen J, Snijder MB, van Dam RM, Dekker JM, Bouter
LM, Stehouwer CD et al. Sagittal abdominal diameter: no advantage
compared with other anthropometric measures as a correlate of
components of the metabolic syndrome in elderly from the Hoorn
Study. Am J Clin Nutr 2006; 84: 995-1002.

Bosy-Westphal A, Geisler C, Onur S, Korth O, Selberg O, Schrezenmeir
J et al. Value of body fat mass vs anthropometric obesity indices in the
assessment of metabolic risk factors. Int J Obes (Lond) 2006; 30:
475-83.

Farin HM, Abbasi F, Reaven GM. Body mass index and waist circum-
ference both contribute to differences in insulin-mediated glucose
disposal in nondiabetic adults. Am J Clin Nutr 2006; 83: 47-51.

Kuk JL, Kilpatrick K, Davidson LE, Hudson R, Ross R. Whole-body
skeletal muscle mass is not related to glucose tolerance or insulin
sensitivity in overweight and obese men and women. Appl Physiol Nutr
Metab 2008; 33: 769-74.

Vazquez G, Duvall S, Jacobs Jr DR, Silventoinen K. Comparison of
Body Mass Index, Waist Circumference, and Waist/Hip Ratio in
Predicting Incident Diabetes: A Meta-Analysis. Epidemiol Rev 2007;
29: 115-28.

Sargeant LA, Bennett FI, Forrester FE, Cooper RS, Wilks RJ.
Predicting incident diabetes in Jamaica: The Role of anthropometry
Obes Res 2002 10: 792-8.



