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BACKGROUND AND OBJECTIVES: Studies have shown a strong association between excess weight and risk
of incident diabetes in Iranian women. Therefore, we investigated anthropometric indices in the prediction of
diabetes in Iranian women.

SUBJECTS AND METHODS: We examined 2801 females aged >20 years (mean [SD] age, 45.2 [12.9] years) in
an Iranian urban population who were non-diabetic or had abnormal glucose tolerance at baseline. We esti-
mated the predictive value of central obesity parameters (waist circumference [WC], waist-to-hip ratio [WHR],
waist-to-height ratio [WHtR], body mass index [BMI]) in the prediction of diabetes. We classified each parameter
in quartiles and compared the lowest with the highest quartile after adjusting for confounding variables, includ-
ing age, hypertension, triglyceride levels, HDL-cholesterol, family history of diabetes, and abnormal glucose
tolerance in a multivariate model. Receiver operator characteristic (ROC) curves were used to determine the
predictive power of each variable.

RESULTS: Over a median follow up of 3.5 years (11 months-6.3 years), 114 individuals developed diabetes
(4.1%). The risk for developing diabetes was significantly higher for the highest quartile of BMI, WC, WHR and
WHIR, respectively, compared to the lowest quartile, and the risk decreased but remained statistically significant
when abnormal glucose tolerance was included in the multivariate model. WHtR had the highest area under
the ROC curve.

CONCLUSIONS: In Iranian women, BMI, WC, WHR, WHtR were predictive of development of type 2 diabetes,

but WHtR was a better predictor than BMI.

besity, which increases the risk of coronary

heart disease, stroke and type 2 diabetes mel-

litus (DM), is an important determinant of
health."” The prevalence of obesity and overweight is
increasing in developing countries, including Iran.?
DM receives more attention than other related diseases
both clinically and in public health.> A prospective epi-
demiological study showed that increased abdominal fat
accumulation is an independent risk factor for cardiovas-
cular disease.* Some studies have suggested that waist
circumference (WC) is a better predictor for DM than
other indicators of obesity.>® Others have shown that
the waist-to-hip ratio (WHR) is the best predictive an-
thropometric variable for development of type 2 DM.”*
In a recent meta-analysis, Vazquez et al showed that
body mass index (BMI), WC and WHR had a similar
association with incident diabetes.” The ability of obe-
sity indicators to predict diabetes may differ by ethnic-

ity, age and sex.'®!! Our recent study in Iran showed that
incident type 2 diabetes is largely attributable to being
overweight, particularly in women.'” In the Pima Indian
population, BMI and waist-to-height ratio (WHtR) in
men, and BMI, WC and WHtR in women were the best
predictors of incident diabetes.” Recently, we showed
that WHtR was better than BMI in identifying men at
risk of diabetes."* This study was designed to determine
the best anthropometric predictor of diabetes in a popu-
lation-based study in urban Iranian women.

METHODS

This study was conducted within the framework of the
Tehran Lipid and Glucose Study (TLGS), a prospec-
tive study conducted on a representative sample of resi-
dents of district 13 of Tehran (the age distribution and
socioeconomic status of the population in district 13
is representative of the overall population of Tehran),
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with the aim of determining the prevalence of non-com-
municable disease risk factors and developing a healthy
lifestyle to improve these risk factors.”® In the TLGS,
15010 people aged 3 years and older living in district 13
of Tehran were selected by a multistage cluster random-
sampling method.”” They included 10368 subjects aged
>20 years evaluated in the cross-sectional phase 1 of
TLGS. Phase 1 was a cross-sectional prevalence study
of non-communicable diseases and associated risk
factors implemented from March 1999 to December
2001. Phase 2 was a prospective follow-up study which
had begun from 2002 to 2005, aiming to determine
the trend of non-comunicable disease risk factors and
incidence in a representative population. By the end of
September 2005, 6246 individuals (59% females and
41% males) had participated in phase 2 of TLGS with
a median follow-up duration of 3.5 years (11 months-
6.3 years). From this population, 743 with diabetes
(271 subjects with current use of a hypoglycemic agent
and 472 with newly diagnosed diabetes according to the
oral glucose tolerance test results [OGTT]) and 448
with missing data were excluded. Subjects with other
forms of glucose intolerance such as impaired GT'T or
impaired fasting glucose were not excluded. Thus, from
5055 non-diabetic subjects (2085 males and 2970 fe-
males) at baseline, 2801 females with full data were in-
cluded in this study. The main reasons for lack of atten-
dance at follow up examinations despite repeated calls
were either immigration (30%) or personal reasons. The
Ethical Committee of The Endocrine Research Center
of Shahid Beheshti University of Medical Sciences ap-
proved the protocol for this study. Informed written
consent was obtained from all subjects.

Subjects in each phase were interviewed privately
and face-to-face by trained interviewers using pre-test-
ed questionnaires. Initially, information on age, smoking
habits, family history of diabetes, and medication use
was collected. Subjects who reported a parent or sibling
with diabetes were considered to have a positive fam-
ily history of diabetes and those with a current or past
history of smoking were designated as smokers. Weight
was recorded to the nearest 100 grams while minimally
clothed without shoes using digital scales. Height was
measured in a standing position, without shoes, using
a tape stadiometer with a minimum measurement of 1
mm, while the shoulders were in a normal state. BMI
was calculated as weight in kilograms divided by height
in meters squared. WC was recorded to the nearest 0.1
cm at the umbilical level and hip circumference at the
maximal level over light clothing, using an unstretched
tape meter, without pressure on the body surface. WHR
was calculated as WC divided by hip circumference and
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WHIR as WC (cm) divided by height (¢cm). To avoid
interobserver error, all measurements were taken by
the same person. After the patient rested for 15 min,
a qualified physician measured blood pressure, taking
two measurements (one initial measurement for deter-
mining the peak inflation level) in a seated position us-
ing a standard mercury sphygmomanometer. There was
at least a 30-second interval between these two sepa-
rate measurements, and thereafter the mean of the two
measurements was considered the participant’s blood
pressure. At baseline and at each phase of the study, a
blood sample was taken after a 12-14 hour overnight
fast. Blood samples were taken in a sitting position ac-
cording to the standard protocol and centrifuged within
30-45 min of collection. All blood analyses were done
at the TLGS research laboratory on the day of blood
collection. For the oral glucose tolerance test (OGTT),
82.5 g of glucose monohydrate solution (equivalent to
75 g anhydrous glucose) was administered orally to all
subjects in each phase (excluding those with current
use of a hypoglycemic agent) and plasma glucose was
measured 2 hours later. The analysis of samples was
performed using the Selectra 2 auto-analyzer (Vital
Scientific, Spankeren, Netherlands). Fasting plasma
glucose (FPG) and 2-hour post-load glucose (2hPQG)
were measured on the day of blood collection by the en-
zymatic colorimetric method using glucose oxidize. For
lipid measurements, total cholesterol (TC) and triglyc-
eride (TQG) kits (Pars Azmoon Inc., Iran) were used.
TC and TG were assayed using enzymatic colorimetric
tests with cholesterol esterase and cholesterol oxidase,
and glycerol phosphate oxidase, respectively. HDL-
cholesterol (HDL-C) was measured after precipitation
of the apolipoprotein B containing lipoproteins with
phosphotungistic acid. All samples were analyzed when
internal quality control met the acceptable criteria.
Inter-and intra-assay coeflicients of variation were 0.5%
and 2 for TC and HDL-C and 0.6% and 1.6 for TG,

respectively.

Definition of variables and outcomes

Based on the fasting and 2-hour plasma glucose
(2hPQ@) results, subjects were categorized according to
American Diabetes Association (ADA) criteria as hav-
ing impaired fasting glucose (IFG) (100 mg/dL <FPG
<126 mg/dL), impaired glucose tolerance (IGT) (140
mg/dL <2hPG <200 mg/dL ), or diabetes (current use
of hypoglycemic agent or FPG >126 mg/dL and/or
2hPG >200 mg/dL. Abnormal glucose tolerance was
defined as having IFG or IGT.*® Hypertension was de-
fined as a systolic blood pressure >140 mm Hg and/
or diastolic blood pressure >90 mm Hg, or current
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use of an antihypertensive medication based on JNC7
(Joint National Committee 7).” BMI was categorized
according to WHO recommendations as overweight

(BMI=25-<30) and obese subjects (BMI1>30).'¢

Statistical Analysis

Baseline variables were presented by follow-up diabetes
status, Data with normally distributed parameters are
presented as means and standard deviations, whereas
values for trigylcerides (TG) were log-transformed
because of a skewed distribution and expressed as a
geometric mean. The mean value and proportions of
the baseline variables were compared between subjects
who developed diabetes and those who did not using
the ¢t test and chi-square test, respectively. To identify
predictive factors for FPG over the period of follow-up,
multiple linear regression analysis was carried out. A
logistic regression analysis using a stepwise conditional
method was used to calculate the odds ratio (OR) and
95% confidence intervals (CI) for incident diabetes as-
sociated with quartiles of anthropometric variables in 2
models: Model 1 was a multivariate model adjusted for
age, family history of diabetes, hypertension, HDL-C
and TG. Model 2 was a full model, adjusted for the pre-
vious variables plus abnormal glucose tolerance at the
time of enrollment, considering that the latter is an im-
portant risk factor for diabetes. In each model, the sub-
jects were categorized according to their WC, WHR,

Table 1. Baseline characteristics by follow-up diabetes status.

Diabetic Nondiabetic

Variable (n=114) (n=2687) P

Age (years) 47.5(11.98) 41.1(12.7) <.001
Body mass index (kg/m?) 30.3 (4.3) 27.4 (5.1) <.001
Waist circumference (cm) 95.9(9.7) 87.2(12) <.001
Waist-hip ratio 0.89 (0.06) 0.83(0.08) <.001
Waist-height ratio 0.61 (0.06) 0.55 (0.08) <.001
HDL-C (mg/dL) 40.9 (9.0) 45.4(11.2) <.001
Triglycerides (mg/dL) 181 (1.67) 129 (1.70) <.001
Family history of diabetes (n, %) 49 (43) 722 (26.9) <.001
Hypertension (n, %) 47 (41.1) 508 (18.9) <.001
Smoking (n, %) 7(6.1) 109 (4.0) 2

::’gzi)red glucose tolerance 74 (64.9) 352 (13.1) <001
Impaired fasting glucose (n, %) 66 (57.9) 321(11.9) <.001

Data are mean (SD) (geometric mean for triglycerides) or number (percent). HDL-C: HDL-cholesterol; family history of

diabetes: having a parent or sil

bling with diabetes; hypertension: blood pressure >140/90 mm Hg or usage of anti-

hypertensive agents; smoking: being either current or ex-smoker.
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WHEtR, and BMI quartiles. The first quartile was con-
sidered as a reference category with DM as outcome
variable. Receiver operator characteristic (ROC) curves
were used to compare the predictive power of each an-
thropometric variable after adjustment for age. All the
statistical analyses except area under ROC comparisons
were performed by SPSS 11.5 software package. The
STATA software package version 8 was used to cal-
culate the ROC curve of each anthropometric variable
and 95% confidence intervals. P values (2-sided) less
than .05 were considered statistically significant.

RESULTS

The mean (SD) age of the women was 45.2 (12.9) years.
Incident diabetes was diagnosed in 114 of participants
(4.1%, 114/2801) at a median follow up 3.5 years (11
months to 6.3 years). We diagnosed diabetes in 15 sub-
jects by FPG, in 53 subjects by 2hPG, in 19 subjects by
both FPG and 2hPG, and in 27 subjects by noting use
of hypoglycemic agents. In comparison to the subjects
who did not attend the follow-up visit, those who at-
tended had higher baseline values for age (42.6 vs. 40.2
years), BMI (27.6 vs. 26.8 kg/m?), WC (88.4 vs. 86.5
cm), WHR (0.84 vs. 0.83), and WHtR (0.56 vs. 0.55)
(P<.05 for all comparisons). However, the prevalence
of hypertension and a family history of diabetes and the
mean level of TG and HDL-C were not different be-
tween participants and non-participants.

The baseline characteristics of the study subjects ac-
cording to their follow-up diabetes status are shown in
Table 1. Subjects who had developed diabetes at follow
up had a significantly higher age, BMI, WC, WHR,
WHEtR, and a higher level of TG as well as lower HDL-
C concentrations than nondiabetics. Diabetic women
also had a higher prevalence of hypertension and a posi-
tive family history of diabetes, IGT and IFG. Smoking
status was not significantly different in those who devel-
oped diabetes compared with those who did not devel-
op diabetes. Each anthropometric index explained only
about 11% of the variance in FPG after follow-up in a
multiple regression analysis (Table 2). When baseline
FPG was added to this analysis, this variance increased
by about 17% (R*=28%) (data not shown). In Table 3
the estimated OR and 95% CI for incident diabetes by
quartiles of the anthropometric variables are presented
for the two logistic regression models before and after
adjustment for abnormal glucose tolerance. In the logis-
tic regression analysis, the ORs (and 95% Cls) in model
1 were 4.8 (2.1-10.9), 6.7 (2.6-17.1), 8.7 (3.0-24.7),
and 8.0 (3.1-20.6) for the fourth quartile versus the first
quartile for BMI, WC, WHR and WHEtR, respectively.
Also, the OR of incident diabetes increased across all
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quartile of anthropometric indices (P for trend <.001).
After further adjustment for abnormal glucose tolet-
ance (model 2) the OR (95% CI) of the highest quartile
of BMI, WC, WHR and WHItR, decreased to 3.1(1.3-
7.2),3.1(1.1-8.3), 4.0, 3.3 respectively, compared to val-
ues in model 1, but remained significant. However, the
OR for incident diabetes increased across all quartiles
of anthropometric indices in the second model (P for
trend <.05), except for WHR which remained margin-
ally significant (P for trend=0.05).

The baseline obesity indicators in this study were
highly correlated with each other. BMI showed high
correlation with WC (r=0.83), WHtR (r=0.83) and
modest correlation with WHR (r=0.40). WHtR
showed high correlation with both WC (r=0.96) and
WHR (r=0.79) and finally WHR showed high corre-
lation with WC (r=0.77) (data not shown). Therefore,
because of the problem of co-linearity it was not pos-
sible to include them in the same regression model and
ROC curve analysis was used to compare the predictive
power of the different anthropometric variables. Figure
1 showed that only WHtR had a higher area under the
ROC curve than BMI after adjustment for age (0.72 vs.
0.69). WC and WHR were considered equal to BMI in
their power to predict type 2 diabetes. When the analy-
sis was restricted to overweight and obese subjects,
none of the central obesity indicators was confirmed to
be superior to BMIL

DISCUSSION

This prospective study in Iranian women showed that
BMI, WC, WHR and WHtR can predict incident
diabetes. Our model identified those with a 3- to 4-fold
increase in likelihood of developing diabetes during a
median follow up of 3.5 years (11 months to 6.3 years);
however, the overall predictive discrimination, (as the
area under the ROC curves showed), for diabetes was
better for WHtR than BMI.

Excess body fat is a main cause of metabolic dis-
turbances such as type 2 DM.> As a simple and non-
invasive method, anthropometric measurements have
been used to assess general obesity (BMI) and central
obesity (WC, WHR, WHtR).”” BMI is reported as
an indicator for identifying adults at risk of diabetes
in many studies.”*” However, it has limitations be-
cause it does not distinguish overweight due to excess
fat mass from lean mass.?! In addition, some studies
have shown that a high proportion of abdominal fat,
particularly visceral fat, is a major risk factor for type
2 DM.? Therefore, other anthropometric parameters
are used to assess excess visceral fat, WC and WHR
are frequently used to estimate abdominal adipose tis-
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Table 2. Multiple linear regression analyses between anthropometric and other independent variables with fasting plasma glucose as dependent variable.

Waist circumference Waist-hip ratio Waist-height ratio

Body mass index

SE

3.53

SE

SE

SE

<.001

15.71 3.50 <.001 23.44

<.001

0.02

0.17

<.001

0.05

0.35

Anthropometric variables

<.001

<.001 0.14 0.23
0.53
0.66

0.02
0.53

<.001 0.14 0.02 <.001 0.160
0.66

0.02

0.17

Age (years)

.001

1.80

<.001

0.52 <.001 1.80 0.52 .001 1.94

il

Family history of diabetes

1.09

.03

0.66 0.1 1.08 0.66 0.1 1.39

1.06

Hypertension

<.001

0.003
0.02

0.003 <.001 0.01 0.003 <.001 0.01 0.003 <.001 0.01
0.02
RZ

0.02

0.01

Triglycerides

.001

-0.07

.001

0.02

-0.08

.002

-0.07

.001

-0.07

HDL-C

0.110

0.102

Re=

0.113

Ri=

0.113

R
*Median follow-up 3.5 years (11 months-6.3 years): Anthropometric variables (body mass index, waist circumference, waist-to-hip ratio, waist-to-height ratio) each included separately in four different models.
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Table 3. 0dds ratios (95% confidence intervals) for incident diabetes according to quartiles of anthropometric variables before and after abnormal glucose

tolerance adjustment.

. . . Model 1° Model 2°
Variables Quartiles Diabetes (%) OR (95% C) Pfor trend OR (95% CI) Pfor trend
16.2-24.4 1.0 1.0 1.0
Body mass index 24.5-27.4 35 2.6(1.1-6.1) 001 1.8 (0.7-4.5) .
(kg/m?) 215-305 36 22(0.9-5.3) 1.6(0.6-4.0)
30.6-48 8.2 4.8(2.1-10.9) 3.1(1.3-7.2)
58-79.9 0.7 1.0 1.0
Waist 80-86.9 2.7 3.2(1.2-8.9) 2.2(0.7-6.3)
circumference .001 .04
(cm) 87-95.9 55 5.7 (2.2-14.8) 3.7(1.4-9.9)
96-130 1.3 6.7 (2.6-17.1) 3.1(1.1-8.3)
0.57-0.78 0.6 1.0 1.0
0.79-0.83 2.8 4.0(1.3-12.1) 2.6(0.8-8.1)
Waist-hip ratio .001 .05
0.84-0.89 5.6 6.9 (2.4-19.7) 3.6(1.2-10.7)
0.90-1.11 15 8.7 (3.0-24.7) 4.0(1.3-11.8)
0.36-0.50 0.7 1.0 1.0
0.51-0.55 2.1 2.4(0.8-6.7) 1.4 (0.5-4.2)
Waist-height ratio .001 .01
0.56-0.61 5.2 5.1(1.9-13.4) 2.7(1.0-7.4)
0.62-0.84 8.7 8.0 (3.1-20.6) 3.3(1.2-8.8)

“Model 1: multivariate logistic regression model adjusted for age, hypertension, family history of diabetes, HDL-C and TG; ®"Model 2: full model adjusted for variables in model 1 plus abnormal glucose tolerance.

All

Obese

Overweight

[ Waist-to-height ratio

[ Waist-to-hip ratio

O Waist circumference

[C] Body mass index

0 0.1 0.2 0.3

0.4 0.5
Area under the curve

0.6 0.7 0.8

Figure 1. Area under the ROC curve for anthropometric variables in predicting diabetes after age-adjustment. BMI: body mass index,
WOC: waist circumference, WHR: waist —to-hip ratio, WHtR: waist-to-height ratio, Overweight: BMI=25-29.9 kg/m?, Obese: BMI>30 kg/

m?. * P<.05 compared to BMI.
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sue. Recently, the Obesity in Asia Collaboration study
showed that in white females measures of central obe-
sity (WC, WHR) were more strongly associated with
diabetes than BML* Also, WC was reported by Ford
et al as a better predictor than BMI for prediction of
metabolic syndrome, diabetes, cardiovascular disease
and all-cause mortality.** However, other reports have
shown conflicting results.”?* Lakka et al in prospective
study, suggested WHR is a better index to predict coro-
nary heart disease than WC and BML?* Our full model
(Table 3) showed that the OR for incident diabetes
for the highest quartile versus the lowest quartile was
greater for WHR followed by WHtR, WC and BMI,
although the confidence intervals are wide and overlap-
ping. In addition, despite a lower correlation with BMI
and WC (r=0.40 and r=0.77, respectively), the WHR
showed the same ability to predict diabetes as both BMI
and WG, as discovered by Vazquez et al in a meta anal-
ysis.® However, our data confirmed that none of these
anthropometric parameters are good measures for pre-
dicting future FPG (even when we considered baseline
FPQ). Considering the limitations of the OR (or rela-
tive risks or hazard ratio) as a method of assessing the
importance of risk factors and for a more comprehen-
sive picture of the clinical and public health relevance of
anthropometric variables, we used ROC curve analyses
to compare the predictive validity of these variables.”
Among the central obesity variables only WHtR had
a significantly larger area under the ROC curve than
BML. In line with our findings, Lin et al showed that in
a Taiwanian population WHtR may be a better indica-
tor for predicting cardiovascular risk factors than WC,
WHR and BM], especially for women.?® Also, Lorenzo
et al showed that area under the ROC curve for WHtR
was better than WC for identifying diabetic women.”
In a cross-sectional analysis, Schneider et al showed
that WHtR may predict prevalent cardiovascular risk
better than BMI, WC, and WHR.*°

Furthermore, our study highlights that in overweight
and obese subjects no central obesity variable is supe-
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rior to BMI. Other studies suggest a stronger effect of
body fat distribution on metabolic abnormality risk in
normal-weight individuals compared with overweight
or obese subjects.’"*> Our data indicate that the WHtR
appears to be a better predictor of DM risk than BMI
in the population of women as a whole. The WHtR is
simple to assess and is easier to calculate (no squared
term is used in the formula) and WC requires only the
removal of clothing around the waist. In addition, waist
measurement is more sensitive to diet and exercise than
BMI because any increase in muscle mass might cause
a slight change in BMI, but result in definite changes in
WC and thus in WHtR.

This study had some limitations. First, about 40%
of the participants in our baseline cohort were excluded
from analysis due to loss at followup. This group was
healthier in their baseline characteristics; therefore, we
may have overestimated the incidence of diabetes in our
population. Second, the duration of follow-up was rela-
tively short. Using a longer term follow up would pro-
vide stronger evidence although a similarly short follow
up was seen in other studies.’>** Finally, since chronic
diseases are heterogeneous and multifactorial, factors
other than anthropometric variables, such as hereditary
factors and menopausal state and lifestyle-related fac-
tors, should be considered.”” This was the first popula-
tion-based prospective study in Middle Eastern white
women, which enhances the validity of our findings. In
conclusion, abdominal obesity as measured by WHtR
may be better predictors of type 2 diabetes compared to
BMI in Iranian women. These simple, inexpensive and
noninvasive measures of abdominal obesity is proposed
to be incorporated in type 2 DM risk assessment.

Acknowledgments

This study supported by grant No. 121 from the National
Research Council of Islamic Republic of Iran and by com-
bined support of the National Research Council of Islamic
Republic of Iran and Endocrine Research Center of Shahid
Beheshti University of Medical Sciences.

199



200

REFERENCES

1. Passos VM, Barreto SM, Diniz LM, Lima-Costa
MF. Type 2 diabetes: prevalence and associated
factorsin a Brazilian community-the Bambui health
and aging study. Sao Paulo Med J. 2005;123:66-71.
2. Hajian-Tilaki K.0, Heidari B. Prevalence of obe-
sity, central obesity and the associated factors in
urban population aged 20-70 years, in the north of
Iran: a population- based study and regression ap-
proach. Obes Rev. 2007;8:3-10.

3.Hogan P, Dall T, Nikolov P. Economic costs of dia-
betesin the US in 2002. Diabetes Care. 2003;26:917-
932.

4. Larsson B, Svardsudd K, Welin L, Wilhelmsen
L, Bjorntorp P, Tibblin G. Abdominal adipose tissue
distribution, obesity, and risk of cardiovascular
disease and death: 13 year follow up of partici-
pants in the study of men born in 1913. Br Med J
(Clin Res Ed). 1984;288:1401-1404.

5. Wang Y, Rimm EB, Stampfer MJ, Willett WC, Hu
FB. Comparison of abdominal adiposity and overall
obesity in predicting risk of type 2 diabetes among
men. AM J Clin Nutr. 2005;81:555-563.

6. Grievink L, Alberts JF, 0°Niel J, Gerstenbluth I.
Waist circumference as a measurement of obesity
in the Netherlands Antilles; associations with hy-
pertension and diabetes mellitus. Eur J Clin Nutr.
2004;58:1159-1165.

7. Esmailzadeh A, Mirmiran P, Azizi F. Waist-to-hip
ratio is a better screening measure for cardio-
vascular risk factors than other anthropometric
indicators in Tehranian adult men. Int J Obes.
2004;28:1325-1332.

8. Kaye SA, Folsom AR, Sprafka JM, Prineas RJ,
Wallace RB. Increased incidence of diabetes
mellitus in relation to abdominal adiposity in older
women. J Clin Epidemiol. 1991;44:329-334.

9. Vazquez G, Duval S, Jacobs Jr, Silventoinen K.
Comparison of body mass index, waist circum-
ference, and waist/hip ratio in predicting inci-
dent diabetes: a meta-analysis. Epidemiol Rev.
2007;29:115-128

10. Razak F, Anand S, Vuksan V, Davis B, Jacobs
R, Teo KK, et al. Ethnic differences in the relation-
ships between obesity and glucose-metabolic
abnormalities: a cross-sectional population-based
study. Int J Obes (lond). 2005;29:656-667.

11. Nakagami T, Qiao Q, Carstensen B, Nhr-Han-
sen C, Hu G, Tuomilehto J, et al. Age, body mass
index and type 2 diabetes-associations modified
by ethnicity. Diabetologia. 2003;46:1063-1070.

12. Hosseinpanah F, Rambod M, Azizi F. Popula-
tion attributable risk for diabetes associated
with excess weight in Tehranian adults: a pop-
uation-based cohort study. BMC Public Health.

2007;14:328

13. Tulloch-Reid MK, Williams DE, Looker HC,
Hanson RL, Knowler WC. Do measures of body
fat distribution provide information on the risk of
type 2 diabetes in addition to measures of general
obesity? Comparison of anthropometric predictors
of tyoe 2 diabetes in Pima Indians. Diabetes Care.
2003;26:2556-2561.

14, Hadaegh F, Zabetian A, Azizi . Waist/height
ratio as a better predictor of type 2 diabetes com-
pared to body mass index in Tehranian adult men:
a 3.6-year prospective study. Exp Clin Endocrinol
Diabetes. 2006;114:310-315.

15. Azizi F, Rahmani M, Emami H, Mirmiran P, Ha-
jipour R, Madjid M, et al. Cardiovascular risk fac-
tors in an Iranian urban population: Tehran lipid
and glucose study (phase 1). Soz Praventivmed.
2002;47:408-426.

16. American Diabetes Association. Diagnosis and
classification of diabetes mellitus. Diabetes Care.
2004;27:S5-S10.

17. Chobanian AV, Bakris GL, Black HR, Cushman
WC, Green LA, |zzo JL Jr, et al. The Seventh Report
of the Joint National Committee on prevention,
detection, evaluation, and treatment of high blood
pressure: the JNC 7 report. JAMA. 2003;289:2560-
2572.

18. World Health Organization, Obesity. Prevent-
ing and managing the global epidemic. Report of
WHO consultation on obesity. Geneva: WHO, 1998
Edited by: WHO Geneva 2006; 3-5 June 1997.

19. Ho SC, Chen YM, Woo JL, Leung SS, Lam TH,
Janus ED. Association between simple anthropo-
metric indices and cardiovascular risk factors. Int
J Obes Relat Metab Disord. 2001;25:1689-1697.

20. Gallagher D, Visser M, Sepulveda D, Pierson
RN, Harris T, Heymsfield SB. How useful is body
mass index for comparison of body fatness across
age, sex, and ethnic groups? Am J Epidemiol.
1996;143:228-239.

21. Willett WC, Dietz WH, Colditz GA. Guidelines
for healthy weight. Nejm. 1999;6:427-434.

22. Sparrow D, Borkan GA, Gerzof SG, Wisniewski
C, Silbert CK. Relationship of fat distribution to glu-
cose tolerance: Results of computed tomography
in male participants of the normative aging study.
Diabetes. 1986;35:411-415.

23. Obesity in Asia Collaboration, Huxley R, Barzi F,
Lee CM, Lear S, Shaw J, Lam TH, Caterson |, Azizi
F, Patel J, Suriyawongpaisal P, Oh SW, Kang JH,
Gill T, Zimmet P, James PT, Woodward M. Waist
circumference thresholds provide an accurate
and widely applicable method for the discrimina-
tion of diabetes. Diabetes Care. 2007;30:3116-3118.

DIABETES IN IRANIAN WOMEN

24. Ford ES, Mokdad AH, Giles WH. Trends in
waist circumference among U.S. adults. Obes Res.
2003;11:1223-1231.

25. Seidell JC, Bjorntorp P, Sjostrom L, Sannerstedt
R, Krotkiewski M, Kvist H. Regional distribution of
muscle and fat mass in men- new insight into the
risk of abdominal obesity using computed tomog-
raphy. Int J Obes. 1989;13:289-303.

26. Lakka HM, Lakka TA, Tumilehto J, Salonen JT.
Abdominal obesity is associated with increased
risk of acute coronary events in men. Eur Heart J.
2002;23:706-713.

27. Pepe MS, Janes H, Longton G, Leisenring W,
Newcomb P. Limitations of the odds ratio in gaug-
ing the performance of a diagnostic, prognostic, or
screening marker. Am J Epidemiol. 2004;159:882-
890.

28. Lin W-Y, Lee L-T, Chen C-Y, Lo H, Hsia H-H,
Liu I-L, et al. Optimal cut-off values for obesity:
using simple anthropometric indices to predict
cardiovascular risk factors in Taiwan. Int J Obes.
2002;26:1232-1238.

29. Lorenzo C, Serrano-Rios M, Martinez-Larrad
MT, Gonzalez-Villalpand C, Williams K, Gabril R, et
al. Which obesity index best explains prevalence
differences in type 2 diabetes mellitus? Obes.
2007;15:1294-1301.

30. Schneider HJ, Glaesmer H, Klotsche J,
bohler S, Lehnert H, Zeiher Am, et al. Accuracy
of anthropometric indicators of obesity to predict
cardiovascular risk. J Clin Endocrinol Metab.
2007;92:589-594.

31. Sargeant LA, Bennett FI, Forrester TE, Coo-
per RS, Wilks RJ. Predicting incident diabetes in
Jamaica: the role of anthropometry. Obes Res.
2002;10:792-798.

32. Zhang X, Shu X0, Yang G, Li H, Gao YT, Zheng
W. Abdominal adiposity and mortality in Chinese
women. Arch Intern Med. 2007;167:886-892.

33.Ko GT, Chan JC, Chow CC, Yeung VT, Chan WB,
So WY, et al. Effects of obesity on the conversion
from normal glucose tolerance to diabetes in Hong
Kong Chinese. Obes Res. 2004;12:889-895.

34. Bergstrom RW, Newell-Morris LL, Leonetti DL,
Shuman WP, Wahl PW, Fujimoto WY. Association
of elevated fasting C-peptide level and increased
intra-abdominal fat distribution with development
of NIDDM in Japanese-American men. Diabetes.
1990;39:104-111.

35. Lofgren I, Herron K, Zern T, West K, Patalay
M, Shachter NS ,et al. Waist circumference is a
better predictor than body mass index of coronary
heart disease risk in overweight premenopausal
women. J Nutr. 2004;134:1071-1076.

Ann Saudi Med 29(3) May-June 2009 www.kfshrc.edu.sa/annals



