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The Relationship Between Glucose Intolerance and Blood Pressure, 
Body Mass Index, and Waist to Hip Ratio in Tehran Urban 
Population: "Tehran Lipid and Glucose Study" 

Saadat N, Salehi P, Emami H, Azizi F. 

Endocrine Research Center,Bhaheed Beheshti University of Medical Sciences, Tehran, Iran 

G
lucose intolerance, hypertension, and 
obesity are important risk factors for 
cardiovascular diseases. In this study 
we aim at assessing the association be­

tween WHR, BMI, and blood pressure and glu­
cose tolerance status. 
Materials and Methods: Of 15000 urban indi­
viduals, 3-69 years old, chosen by cluster random 
sampling in the cross-sectional phase of a longi­
tudinal study in the east of Tehran, 2886 men 
and 4013 women, between 30-69 years of age, 
underwent a 2-hour oral glucose tolerance test. 
Diabetes mellitus (OM) and impaired glucose 
tolerance (IGT) were defined using WHO crite­
ria. Blood pressure, weight, height, and hip and 
waist circumferences were measured according 
to standard protocols, and BMI and WHR were 
calculated. 
Results: 911 subjects (13.2%) had IGT and 372 
(5.4%) had diabetes. Obesity (BMI;:O:30 k&,m2) 
was more common in OM and IGT than healthy 
individuals (45.1% and 39.1% vs 22.9%, respec­
tively, p<O.OOl). There was no significant differ­
ence among the prevalence of overweight 
(25<BMI<30 k&,m2) in different glucose toler­
ance categories. Truncal obesity (WHR>0.8 in 
females and WHR>0.95 in males) was present in 
82.7, 75.6 and 53.7% of diabetics, IGT, and nor­
mal subjects respectively (p<O.OOl). In forward 
stepwise logistic regression adjusted for age and 
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sex, the following variables, in order of entering 
the model, were significantly associated with 
OM: age OR=4.4) 95% CI: 3-6.5, p<O.OOl); Truncal 
obesity OR=1.8 (95% CI: 1.3-2.4, 0.001); obesity 
OR=3 (95% CI: 2-4.3, p<O.OOl); and overweight 
OR=2 (1.4-2.9, P<O.OOl). Prevalences of hyperten­
sion in OM, IGT, and healthy subjects were 51.9, 
39.5, and 18.8%, respectively (p<O.OOl) and when 
adjusted for age, sex, BMI, and WHR, all types of 
glucose disorders were significantly associated 
with hypertension: IGT OR=1.8 (95% CI: 1.5-2, 
p<O.OOl) and OM OR=2.4 (95% CI: 1.9-3, 
p<O.OOl). 
Conclusion: Hypertension, obesity, and high 
WHR are more prevalent in individuals with 
diabetes and IGT than in normal population. 
Furthermore, truncal obesity is more often asso­
ciated with glucose intolerance than with gener­

alized obesity. 

Key Words: Blood pressure, Body mass index, 
Diabetes mellitus, Impaired glucose tolerance, 
Waist to hip ratio, Glucose intolerance 

Introduction 
Hyperglycemia has long been recognized -as a strong risk factor for card iovascular dis­

eases (CVD). Increased liability to 
atheroscelerotic vascular disease occurs with 
abnonnal glucose tolerance. 1-3 However, 
identification of the glucose thresholds above 
which the risk of CYD begins to increase has 
been controversial.4

.
5 A recent systemic over­
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view and metaregression analyses of several 
epidemiologic studies also confirmed a 
graded relationship between fasting and post­
prandial glucose levels and cardiovascular 
risk.6 Asymptomatic hyperglycemia is a sig­
nificant public health problem. Those with 
undiagnosed diabetes may develop micro- or 
macrovascular complications and are espe­
cially prone to CVD. For people with im­
paired glucose tolerance (IGT) or undiag­
nosed diabetes, cardiovascular risk factors 
are equal and in some cases, greater than in 
patient with diagnosed diabetes. 7

-
9 Although 

several studies reported strong effects of 
WHR, BMI, and blood pressure on the de­
velopment of diabetes,1 0- 14 there are a few 
studies focusing on the association of IGT 
with these CVD risk factors. IS- IS 

Over the last few years, diabetes and CVD 
have been accorded priority status in Iranian 

. . 1920 . d'commumttes,' as some prevIOus stu les 
have clearly shown a high prevalence of di­
agnosed and especially undiagnosed diabetic 
and IGT patients in lran 2 1 

,22 

The objective of this study is to investigate 
the association between blood pressure, BMI, 
and WHR and different glucose tolerance 
status in an adult Iranian population. 

Materials and Methods 
Study population 

The Tehran Lipid and Glucose Study 
(TLGS) is a study to determine the risk fac­
tors for atherosclerosis among Tehran's ur­
ban popUlation and to develop population­
based measures to change the life-style of the 
population and to prevent the rising trend of 
diabetes mellitus and dyslipidemias.23 The 
design of this study encompasses two major 
components: phase 1 is a cross-sectional 
prevalence study of coronary artery disease 
(CAD) and associated risk factors and phase 
2 is a prospective interventional study, cur­
rently underway planned for the most 20 
years. A cluster random sampling was used 
to recruit 15000 people aged 3-69 years from 

urban district 13 of Tehran, the capital of the 
Islamic Republic ofIran. 

Among this population, 6899 adults, aged 
30-69 years, including 2886 men and 4013 
women were the subjects of this study. All 
subjects were studied at the TLGS clinic be­
tween February 1999 and Aug 2001. 

The appropriate Research Ethics Commit­
tee approved this st-udy. 

Medical history and clinical examination 
All paliicipants invited, after signing in­

formed written consent, were examined by 
trained physicians according to a uniform 
protocol. Demographic, and lifestyle infor­
mation were obtained by the use of a stan­
dard and validated questionnaire. 

For blood pressure calculation, the paJiici­
pants remained seated for 15 minutes, when a 
qualified physician measured blood pressure 
two times after one more measurement for 
detennining peak inflation level using a stan­
dard mercury sphygmomanometer calibrated 
by the Iranian Institute of Standards and In­
dustrial Researches. The cuff was placed on 
the right am1, at the heart level, and inflated 
at as high a rate as possible, until the cuff 
pressure was 30 mmHg above the level at 
which the radial pulse disappeared . There 
was at least a 30 second interval between 
these two separate measurements, and the 
mean of two measurements was considered 
to be the participant's blood pressure. The 
systolic blood pressure was defined as the 
appearance of the first sound (Korotkoff 
phase 1), and the diastolic blood pressure was 
defined as disappearance of the sound 
(Korotkoff phase 5) during deflation of the 
cuff at a 2-3 mm per second decrement rate 
of mercury column. 

Anthropometric measurements were made 
with shoes removed and theparticipant wear­
ing lightweight clothing. Weight and height 
were measured according to the standard pro­
tocol. Waist circumference was measured at 
the level of the umbilicus and hip circumfer­
ence was measured over light clothing at the 
widest girth of the hip. Body mass index was 
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calculated by dividing the weight in kilo­
grams by the square of height in meters . 

According to the JNC-VI (Joint National 
Committee) criteria,24 hypeltension was de­
fined as mean systolic blood pressure (SBP) 
~ 140 mmHg, mean diastolic blood pressure 
(DBP)~ 90 mmHg, or current treatment with 
antihypertensive medications at the time of 
interview or in the previous one month. 
Awareness of hypertension reflects any prior 
diagnosis of hypertension by a physician and 
was defined as a positive answer to the rele­
vant question at the time of the interview. A 
BMI of 25 to 29.9 kg/m2 was considered as 
overweight and BMI equal to or more than 
30 kg/m2 was defined as obesity. Truncal 
obesity was defined as WHR more than 0.95 
in men and WHR more than 0.8 in women. 

Serum glucose analysis 
A blood sample was drawn between 7:00 

and 9:00 AM into vacutainer tubes from all 
srudy participants after a 12-14 hour over­
night fast. 82.5 g glucose monohydrate solu­
tion (equivalent to 75 g anhydrous glucose; 
Cerestar EP, Spain) was administered orally. 
Blood sample was obtained 120 minutes after 
the ingestion of of glucose load. Blood sam­
ples were taken in sitting position according 
to the standard protocol and centrifuged 
within 30 to 45 minutes of collection. All 
blood glucose analyses were carried out at 
the TLGS research laboratory on the day of 
blood collection by Selectra 2 auto-analyzer 
(Vital Scientific, Spankeren, Netherlands), 
using glucose kits (Pars Azmun Inc ., Iran). 
Glucose was assayed using enzymatic col­
orimetric method with glucose oxidase tech­
nique. Assay performance was monitored 
every 20 tests using the glucose control se­
rum, Precinorm (normal range) and Precipath 
(pathologic range) wherever applicable 
(Boehringer Mannheim, Germany; cat. no. 
1446070 for Precinorm and 171778 for Pre­
cipath). Glucose standard (C.f.a.s, Roche, 
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Germany; cat. no. 759350) was used to cali­
brate the Selectra 2 auto-analyzer each day of 
laboratory analyses. All samples were ana­
lyzed when internal quality control met the 
acceptable criteria. Inter- and intra-assay co­
efficient of variations were both 2.2%. 

The results of the oral glucose tolerance 
test of each subject were used to classify glu­
cose metabolism starus according to WHO 
criteria,25 and subjects were classified as 
normal glucose (2h postload plasma glucose­
2hPG< 140 mg/dl), IGT (200) 2 hPG ~ 140), 
or diabetic (2h PG :::: 200 mg/dl). 

Statistical analysis 
For analysis of the data, the study popula­

tion was divided into 4 age groups: 30-39, 
40-49, 50-59, and 60-69 years. Serum fasting 
glucose concentration and the prevalence of 
diabetes me.llitus and IGT were compared 
among different age strata in both sexes. Be­
cause of history of dlllg cosumption and 
probability of related interventions in known 
DM patients, they were excluded from our 
analyses. Statistical analysis was performed 
using the SPSS 9.05 statistical software 
package (SPSS Inc., Chicago, IL), and quan­
titative dat.a were presented as mean and 
standard deviation and qualitative data as 
number and percentage. Mean values were 
compared by t-test and analysis of variance 
(ANOVA). Forward stepwise logistic regres­
sion controlling for age and sex was under­
taken to identify the associated variables with 
diabetes mellirus. P<0.05 were considered to 
be statistically significant. 

Results ­
There were 6899 adults, 2886 males and 

4013 females. Thirty-five percent of the 
srudy population was between 30-39 years, 
26% between 40-49 years, 21 % between 50­
59 years, and 18% between 60-69 years. The 
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age distribution in different oral glucose tol­
erance statuses appeared uneven (Table 1). 
Accordingly, age was intToduced as a covari­
ate in the data analysis. 

Table 1. Characteristics of subjects in different 
oral glucose tolerance categories; TLGS 

N 
Age BMI (Kg/m2) 
~ 

AU 
Healthy 5242 44 (11) 27 (4) 
IGT 911 50(11)' 29 (5)" 
NewDM 372 52 (10)* 31 (12)* 
Known OM 374 55 (10)' 28 (5)" 
Total 6899 47(11) 28 (5) 

Males 
Healthy 2282 45 (11) 26 (4) 
IGT 337 52(11)­ 28 (4)' 
NewDM 144 53 (10)' 29 (4)' 
Known OM 123 56 (10)" 27 (4) 
Total 2886 47 (12) 26 (4) 

Females 
Healthy 2960 44 (II) 28 (5) 
IGT 574 49 (10)' 30(5)" 
NewDM 228 52 (10)" 32 (15)' 

Known OM 251 54 (10)" 29 (5)' 
Total 4013 46 (11) 29 ~6) 

IGT: Impaired glucose tolerance; BMI: Body 

mass index (adjusted for age). 

Values are means (SD). 

* P<O. OOI , Compared with healthy subjects. 

The prevalence (95% CI) of newly diag­
nosed diabetes was 5% (4.2-5.8) in males and 
5.7% (5~6.4) in females, and that oflGT was 
11.7% (10.5-12.9) and 14.3% (13.2-15.4) in 
males and females, respectively. The preva­
lence of known diabetes was 4.1 % (3.9-4.2) 
in males and 6.1 % (5.9-6.3) in females. Age 
specific prevalence rates of glucose disorders 
are shown in Table 2. As shown in this Table, 
there is a consistent increase in 2hPG with 
age, in both males and females. 

Mean systolic and diastolic blood pressures 
were greater in the OM and IGT subjects as 
compared to the healthy group: 131 ± 19 
mmHg in OM and 125±18 mmHg in IGT vs 
116± 16 mmHg in healthy group for systolic 
and 84±11 mmHg in OM and 81±11 in IGT 
vs 77±10 mmHg in healthy for diastolic BP, 
respectively, p<O.OOI (Table 3). The overall 
prevalence of hypertension was significantly 
higher in OM and IGT than in the healthy 
group: 51.9% in OM and 39.5% in IGT vs 
18.8% in healthy, p<O.OOI (Fig. 1). The 
prevalence of hypertension increased by age 
in all tlu'ee groups (Table 4). 

The mean BMI was higher in OM and IGT 
than in healthy subjects: 31±4 Kg/m2 in OM 
and 29±5 in IGT vs 27±4 kg/m2 in healthy 
individuals, p<O.OOI. Age-specific preva­
lence rates of obesity and overweight in dif­
ferent oral glucose categories in men and 
women are shown in Table 5. The prevalence 
of obesity was significantly higher in OM 
and IGT than in normal subjects; males: 
33.1 % in DM and 24.7% in IGT vs 12.9% in 
healthy, p<O.OO 1; and females: 52.7% in OM 
and 47.7 %in IGT vs 30.8% in healthy sub­
jects, p<O.OO 1. 

The prevalence of truncal obesity was sig­
nificantly higher in OM and IGT than in the 
healthy group: 82.7% in DM and 75.6% in 
IGT vs 53.5% in healthy, p<O.OOI. Age­
specific prevalence of truncal obesity in men 
and women is illustrated in Table 6. 

In forward stepwise logistic regression ad­
justed for age and sex, the following vari­
ables were significantly associated with OM: 
age OR=4.4 (CI %95, 3-6.5; p<O.OOI); trun­
cal obesity OR=1.8 (95% CI: 1.3-2.4, 
p<O.OOI); obesity OR=3 (95% CI:2-4.3, 
p<O.OOI); and overweight OR= 2 (95% 
CI: 1.4-2.9, p<O .OO 1). 
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Table 2. Age-specific prevalence rate of oral glucose tolerance categories and mean, SD, and percen­
tiles of2hPG for each age group in men and women (adjusted for age and BMI): TLGS 

2hPG ~ercentiles (mg/dL} 
Age groups IGT New Known Mean# SD 10 25 50 75 90
(Years) (%2* DM{%) DM(%) 
All 

30-39 8.2 (196) 1.6 (39) 0.6 (16) 105 i 37 71 83 100 118 140 
40-49 14.2 (258) 6.2(113) 3.4 (65) 1241 56 76 93 1 I 1 138 182 
50-59 16.2 (234) 8 (116) 8.4 (126) 134§ 64 80 97 118 149 203 
60-69 18 (223) 8.4 (104) 13 .2 (167) 145 78 84 103 124 160 226 
Total 13.2(911) 5.4 (372) 5.2 (374) 122 58 75 90 109 135 176 

Males 
30-39 6.1 (60) 1.3(13) 0.4(4) 99·r 37 64 77 93 114 134 
40-49 11.7 (87) 5.3 (39) 2.3 (18) l17 t 60 68 85 103 127 170 
50-59 14 (78) 9 (50) 6.0 (35) I32~ 70 73 92 114 146 215 
60-69 18.8 (112) 7 (42) 10.8 (66) 141 80 78 96 120 159 218 
Total 11.7 (337) 5 (144) 4.1(123) 118 62 68 84 104 129 174 

Females 
30-39 9.7 (136) . 1.9 (26) 0.8 (12) 109 i 36 76 88 102 122 145 
40-49 15.8 (171) 6.9 (74) 4.2(47) 128~ 53 84 98 115 142 186 
50-59 17.5 (156) 7.4 (66) 10.0 (91) 136§ 60 86 101 122 151 200 
60-69 17.3(111) 9.7 (62) 15.5 (101) 149 76 92 107 128 161 229 
Total 14.3 (574l 5.7 (228) 6.1 (2512 126 55 81 95 113 138 178 

prevalence 	 *Numbers in parenthesis show number of subjects; tp<O.OO 1, compared with 40-49, SO-59, 60-69 age 
groups; tP<O.OOI, compared with 50-59 and 60-69 age groups; §P<O.OO 1, compared with 60-69 age groups; er in DM 
W <0.05, compared with 60-69 age group.; #Previously diagnosed diabetic patients not included because 

ts; males : 
OGTT was not performed for them 

; 12.9% in 

7% in DM 
althy sub-

Table 3. Age and BMI adjusted mean systolic and diastolic blood pressures in different glucose toler­
ance categories in Tehran urban population: TLGS

, was sig­

1an in the Healthr IGT NewDM KnownDM 
75.6% in All 
01. 	 Age- SBP (mmHg) 116(16) 125 (18)' 131 (19)* 128 (20)' 

DBP (mmHg) 77 (10) 81 (11)' 84 (11)' 81 (10)''y in men 
Males 

SBP (mmHg) 117 (16) 126 (18)* 132 (21)' 127 (20)' 
ssion ad- DBP (mmHg) 77 (10) 81 (12)' 83 (12)' 80 (11), 
mg van­ .Females 
vith DM: SBP (mmHg) 115 (15) 124(18), 130 (18)' 128 (19)' 
11); trun- DBP ~mmH~) 77 ~ 10) 81 (102' 84 ~10)' 81 ~102' 

1.3-2.4, SBP: systolic blood pressure; DBP: diastolic blood pressure 

CI:2-4.3, Values are mean (SO) 

2 (95% *p<O.OOI , compared with healthy subjects 
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Table 4. Age-specific prevalence of hypertension in different oral glucose categories: TLGS 
Ta 
dif 
TL 

Age groups Number 
Healthy (%) IGT* (%) NewDM* (%)

(Years) 
AAll 

30-39 2392 7 13 33 
40-49 1822 16 33 32 AU 
50-59 1448 32 50 60 3 
60-69 1237 46 60 71 4 
Total 6899 19 40 52 5 

Males 6 
30-39 991 8 15 31 1 
40-49 742 14 27 34 Ma 
50-59 557 25 45 58 3 
60-69 596 42 53 62 4 
Total 2886 17 38 50 5 

Females 6 
30-39 1401 7 12 35 1 
40-49 1080 18 36 31 Fel 
50-59 891 37 52 61 3 
60-69 641 49 66 77 4 
Total 4013 20 41 52 5 

6*The prevalence of hypeltension was higher in IGT and diabetic than healthy subjects in all age strata and 
both sexes, p<O .OO 1. 
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Fig. 1. The prevalence of hypertension, obesity, and truncal obesity in various oral glucose tolerance 
categories in Tehran'S urban population: TLGS 
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Table 5. Age-specific prevalence of obesity (BMI~30 kg/mz) and overweight (25<BMI<30 Kg/mz) in 
different oral glucose categories in men, women, and total population in Tehran urban population: 
TLGS 

Age groups 
(years) 

Health~ 

Normal overweight 
(%) (%) 

obese 
(%) 

Normal 
(%) 

IGT 
overweight 

(%) 
obese 
(%) 

Normal 
(%) 

NewDM 
overweight 

(%} 
obese 
(%) 

All 
30-39 
40-49 

40 
30 

42 
46 

19 
25 

25 
10 

41 
44 

34' 
46' 

8 
13 

51' 
42 

41 ' . 
45 

50-59 24 46 30 15 40 45' 7 38 55' 
60-69 33 43 24 23 47 30t 16 49t 35* 
Total 33 44 23 18 43 39' II 44 45' 

Males 
30-39 43 43 14 35 38 27' 69' 31' 
40-49 43 46 11 14 57 f 29' 18 53 29' 
50-59 39 47 14 23 48 29' 6 50 44' 
60-69 44 44 12 26 56t 18t 17 59' 24' 
Total 42 45 13 24 51 t 25 " 12 55; 33' 

Females 
30-39 37 41 22 20 43 37' 12 43 46' 
40-49 20 45 35 8 38 54' 10 36' 54' 
50-59 14 45 41 10 371 53' 8 29t 63' 
60-69 21 42 36 20 38 42 15 43 43 
Total 26 43 31 14 39 48 ' 11 37 ; 53' 

DM: diabetes mellitus 
*p<O.OOl, tp<0.05, compared with healthy subjects 

Table 6. Age-specific prevalence of truncal obesity (WHR>O.95 in men and WHR>O.8 in women): 
TLGS 

http:WHR>O.95
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Discussion 
In this study we found a close relationship 

between truncal and generalized obesity and 
the glucose intolerance state in an adult popu­
lation of Tehran. Impaired glucose tolerance 
is a heterogeneous state and may predispose 
to CVD and in subjects with glucose intoler­
ance, a higher BP, FPG, and BMI is present 
as compared to subjects with normal glucose 
tolerance.7,26-31 Since IGT subjects comprise 
approximately 80% of the total glucose intol­
erant population,32-36 it is important to con­
sider if IGT subjects are at increased cardio­
vascular risk. The results of this study dem­
onstrate a linear upward trend in age, WHR, 
BMI, and systolic and diastolic blood pres­
sure, with a shift from normal glucose me­
tabolism to IGT and DM in the Tehran adult 
residents, 

The proportion of IGT and DM in this 
study i.e, 3-12% for DM and 7-15% for IGT 
was not much different from those reported 
in adults elsewhere in Iran and other coun­
tries. 21,37,38 

Impaired glucose tolerance is more fre­
quent in obese than in non-obese subjects and 
is frequently associated with hyperinsuline­
mia and insulin resistance. 39 It has been al­
most consistently reported that truncal obe­
sity is equally or more important than gener­
alized obesity in the development of DM in 
men and women in both cross-sectional and 
prospective studies.4o-42 In the present study, 
WHR was the strongest modifiable factor as­
sociated with DM, In a cross-sectional study 
in Japan, Iso et al43 found a significant posi­
tive correlation between WHR and HbA I c, 
which reflects the condition of plasma glu­
cose. Few studies have examined the relation 
between WHR and IGT.41 .43 Silverstein re­
ported a highly significant association be­
tween WHR and IGT and a positive, insig­
nificant association between BMI and IGT in 
separate analyses for WHR and BML42 In our 

study the association of IGT with WHR was 
stronger than with BML 

In the present study, the prevalence of hy­
pertension was significantly higher in DM 
and IGT than normal subjects. This finding is 
in accordance with findings of other stud­
ies.44 ,45 Some investigations have implicated 
insulin resistance as the mechanisms that 
mediates BP elevation through the action of 
insulin on increasing sympathetic nervous 
system activit/6

-4B or on increasing renal so­
dium reabsorption.49 On the other hand, in 
subjects with normal glucose tolerance, insu­
lin has a vasodilator effect, resulting in an in­
crease in blood flow and a decrease in vascu­
lar resistance 50 Studies by Baron et al have 
shown that, there is a blunted vasodilator re­
sponse to insulin as well as an attenuated ef­
fect of insulin in decreasing vascular resis­
tance in insulin resistance associated with 
diabetes. Moreover endothelium-dependent 
vasodilation is abnormal in diabetic pa­
tients. 5o.51 Endothelial dysfunction may be 
secondary to underlying mechanisms that re­
sult in reduced bioavailibility of nitric ox­
ide.52 

In conclusion, our data suggest that truncal 
obesity is an important contributor not only 
for diabetes mellitus but also to impaired glu­
cose tolerance. Primary prevention of cardio­
vascular disease at the community level using 
simple and inexpensive tools, to screen and 
control truncal and generalized obesity, two 
modifiable risk factors, may prove to be 
highly cost-effective. 
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