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Introduction

E xisting epidemiologic evidence shows a growing trend in 
the prevalence of obesity and overweight, worldwide.1–3 It 
has been well established that excess body weight is posi-

tively associated with various chronic diseases, including type 2 
diabetes, hyperlipidemia, coronary heart diseases (CHD), and hy-
pertension (HTN).4,5 Although general obesity is considered as a 
risk factor of various chronic diseases, it has been frequently 
shown that central obesity is a better predictor of chronic diseases, 
such as HTN.6,7

However, the etiology of chronic diseases is a multi factorial 
fact which might be affected by several lifestyle components like 
physical activity levels, tobacco smoking, dietary habits, and salt 
intake.8–11 Previous studies have suggested that higher amount of 
salt intake is directly associated with the incidence of stroke, renal 
disease, osteoporosis and HTN.10–12

Nationally representative data from Iran have shown a grow-

ing prevalence of HTN, an important risk factor of CHD events, 
as well as obesity over recent years.13,14 Previous studies sug-
gest that overweight and obese subjects, especially abdominal 
obese, are more likely to be affected by HTN than normal- 
weight subjects.6,7,15 The favorable effect of weight loss on 
blood pressure has been reported by a meta-analysis on clinical 
trials studies.16 Furthermore, the amount of salt intake is more 
than the physiologic need worldwide,17 which is considered as 
another concern to increase the prevalence of HTN. Available 
data in respect to the etiology of HTN have mostly been lim-
ited to the association of either body weight or salt intake with 
HTN. To the best of our knowledge, there are limited studies 
which assessed the amount of salt intake among subjects with 
different categories of body mass index (BMI). On the other 
hand, few investigations have concomitantly assessed salt in-
take and the above- mentioned risk factors. It is not clear that 
high amount of salt intake leads to HTN by its own or might be 
depended on the body weight and waist circumference (WC). 
Notably, it has been thought that overweight and obese subjects 
have higher amount of salt intake due to higher consumption of 
foods. Therefore, in the present study we assessed the amount 
of salt intake among normotensive (NT) and prehypertensive 
(PHT) subjects and determined whether the association be-
tween salt intake and blood pressure is correlated with body 
weight and WC or is independent.        

Methods

Study population
This cross-sectional study was conducted among a subsample of 
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Isfahan Healthy Heart Program (IHHP) in Isfahan in 2007. IHHP 
is a community trial which was performed by Isfahan Cardiovas-
cular Research Center (a WHO collaborating center).18,19 IHHP 
was started in 2001 and included three counties Isfahan and Naja-
fabad (as interventional areas; which included 2,170,940 subjects) 
and Arak (as reference areas; which included 668,531 subjects). 
Detailed information regarding the methods of this program has 
been described elsewhere.18,20 In the current study, participants 
were selected using a randomized systematic method and a total 
of 806 subjects were included in this analysis. The present study 
was approved by the Ethical Committee of Isfahan Cardiovascu-
lar Research Center. 

We excluded subjects with one of the following risk factors: 
HTN, type 2 diabetes, diabetes insipidous, consuming diuretic 
medicines, renal disorders, being in the menstrual period at the 
time of the study, bleeding disorders, and the nonavailability of 
24-hour urinary specimen.

Information regarding the sociodemographic status was ob-
tained using a standard questionnaire which was completed by 
trained and professional health interviewers at home. In order 
to estimate the amount of salt intake, all participants provided a 
24-hour urinary specimen according to INTERSALT (INTERna-
tional study of SALT and blood pressure) protocol.20 The accurate 
method of urinary specimen collection was educated to all par-
ticipants using both oral and written instructions by clinic staff. 
After voiding the spot urine, the collection of 24-hour urine was 
started. Twenty-four-hour urinary samples were collected on the 
day of blood sampling for those who were not capable to deliver 
the urinary specimens to the Health Centers, data were collected 
by interviewers at home. 

Anthropometric Assessments
 Body weight was evaluated to the nearest 100 g using a balance 

scale while subjects were minimal clothing without shoes. Height 
 were 

standing without shoes and shoulders were in normal state and 
recorded to the nearest 0.5 cm. BMI was calculated as dividing 
body weight (kg) by the square of height (m2). WC was measured 
at the narrowest level over light wearing by using an unstretched 
tape without any pressure to body surface and recorded to the 
nearest 0.1 cm. Blood pressure assessment: To measure blood 
pressure, the subjects were 
minutes. Then, a professional clinic staff evaluated blood pres-
sure using a standard mercury sphygmomanometer. Blood pres-
sure was measured two times while the participants were sitting 
and their arms were placed at the heart level. We considered 30 
seconds interval between two measurements. First blood pressure 
measurement was done on both hands while second measurement 
was done only on the one with higher blood pressure. Finally, the 
mean values of two measurements were considered as the par-
ticipant’s blood pressure. The systolic blood pressure (SBP) was 

of Korotkoff sound while the 
phase of Korotkoff sound) was 

considered as diastolic blood pressure (DBP).  
 
Biochemical Assessments
 Blood samples were collected to measure the concentration of 

sodium, potassium, blood urea nitrogen (BUN), and creatinine. In 
order to assess the accuracy of urinary samples as 24-hour speci-
mens, we measured the concentration of creatinine using Jaffe 

method (Technical SMA 12 – 60).21 To avoid underestimating di-
etary sodium intake, the content of sodium in urinary samples was 
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The status of body weight was categorized according to the BMI 

using the measures of WC. Women with WC more than 88 cm 
and men with WC more than 102 cm were considered as abdomi-
nal obese. The 
on JNC-7 (Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure) cut off.23 Ac-

as which SBP was 120 – 139 mmHg 
or DBP 80 – -
ing to dietary score which described in details elsewhere.24

Statistical Analysis 
Data entry was carried out using EPI 2000. Data were analyzed 

by SPSS (SPSS Inc., Chicago, IL, USA; Version 15). Quantitative 
variables were expressed as mean ± SD, and qualitative variables 
as frequencies. Qualitative variables were compared between NT 
and PHT subjects using the chi-square test and quantitative vari-
ables were compared by using Student t- test. Logistic regression 
was performed between PHT vs. NT status as dependent variable 
and tertiles of salt intake as independent variables. To determine 
P-values for trend across tertiles of salt intake, we assigned the 
median intake of salt to individuals variable as continuous vari-
able in logistic regression model for PHT vs. normal status. P-
values

Results

General characteristics of this population-based sample of Irani-
ans are shown in Table 1. The mean age was 35.92 ± 11.97 years 
in NT and 44.73 ± 12.55 years in PHT (P < 0.001). The mean 

PHT than NT 
(BMI: 27.95 ± 3.83 kg/m2 and WC: 90.19 ± 8.59 cm vs. BMI: 
25.09 ± 4.28 kg/m2 and WC: 81.19 ± 11.23 cm, respectively). 
Furthermore, PTH participants were 
than NT. 

The distribution of subjects based on various variables by 
blood pressure status is presented in Table 2. While most of the 
NT participants had normal weight, most of the PHT were over-
weight. Conversely, the lowest prevalence rate among NT and 
PHT were related to the obese and normal weight, respectively. 
The prevalence of central obesity was also higher among PHT 
(13.4% vs. 31.0; P < 0.001). Compared to NT subjects, PHT had 
higher amount of salt intake (10.38 ± 6.19 vs. 12.76 ± 7.11 g/d; P 
= 0.003) and higher mean values of SBP and DBP (SBP: 101.01 
± 8.68 vs. 124.76 ± 6.48 mmHg; P < 0.001 and DBP: 67.27 ± 
7.10 vs. 82.09 ± 4.98 mmHg; P < 0.001, respectively). Urinary 
concentrations 
in PHT subjects. 

Multivariate-adjusted odds ratios (ORs) for PHT across salt in-
take tertiles are reported in Table 3. Model 1 presents the crude 
model. In model 2, the effects of age, sex, education, and occupa-
tion were adjusted. Model 3 is a further adjusted model for smok-
ing, physical activity, and dietary score, which increased ORs than 
model 1. In models 4 and 5, we adjusted the effect of BMI and 
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WC values that 

Discussion

obese, and abdominal obese subjects. Furthermore, the amount 
of salt intake and risk of PHT was positively related; however, 
further adjustments for potential confounders such as BMI and 
WC in separated models attenuated the risk of PHT. Therefore, it 
seems that the positive association between salt intake and PHT is 
related to body weight, BMI, and WC.

The positive associations between HTN and general as well as 
central obesity have been frequently shown in earlier studies6,7,15,16 

and in longitudinal studies a dose-response association have been 
suggested for the incidence of HTN with BMI. Neter, et al.16 in a 
meta-analysis of randomized controlled trials showed that a reduc-
tion of 5.1 kg in body weight resulted in a reduction of -4.4 mmHg 
and -3.57 mmHg in SBP and DBP, respectively. Furthermore, the 
prevalence of high SBP among central obese boys and girls (WC 
> 75th percentile) were 3.9 and 2.2 times more than noncentral 
obese ones (WC < 75th percentile), respectively. The prevalence of 

high DBP was 3.4 and 2.0 times more among central obese boys 
and girls, respectively.25 The exact mechanism underlying higher 
blood pressure in obese subjects rather than normal- weight sub-
jects is unclear. It seems that the hyperactivity of renin-angioten-
sin-aldosterone system and consequently higher levels of renin 
and aldosterone26–28 in obese subjects is a probable mechanism. 
Furthermore, the sympathetic nervous system is hyperactivated 
in obese subjects28–30 which may inhibit the vasodilatation and 
natriuresis effects of natriuretic peptides system.28,31,32 Leptin and 
insulin resistance, and
considered as further mechanisms.33,34 However, comparing the 
amount of salt intake between normal- weight and overweight 
subjects might be another mechanism which has poorly been as-
sessed. Consuming salty snacks or fast food and drinking more 
soft drinks may lead to excess body weight and higher blood pres-
sure in consumers.35

We reported higher salt intake and urinary creatinine among 
overweight and obese subjects in our previous study using the 
same sample.36,37 Although both studies were based on the same 
data, the aims of these studies were different. In the present study, 
we aimed to assess if the risk of PHT in different tertiles of salt 

NT PHT P-value
 Sex (men)(%)1 42.2 54.1 0.05
Education (year)(%)1 < 0.001

5–0 23.3 47.9
12–6 54.6 32.9
> 12 22.1 19.2

BMI (kg/m2)2 25.09 ± 4.28 27.95 ± 3.83 < 0.001
WC(cm)2 81.19 ± 11.23 90.19 ± 8.59 < 0.001
Job(%)1 0.91

Employed 38.1 42.5
Housewife 49.2 45.2
Retired 6.0 5.5
Unemployed, student 6.6 6.8

Physical activity* (active )(%)1 35.3 30.1 0.38
Ever smoke** (no)(%)2 84.4 84.7 0.95
Diet*** (consuming healthy diet )(%) 1 20.1 15.1 0.30

 1 Data are expressed as percentage and P-values obtained from chi- square test; 2 Data are expressed as mean ± SD and P-values obtained from t-test; * Physically
 ** No smoker: Subjects who did not smoke at least one cigarette/day at the active: Any

Table 1. General characteristics of the Isfahan Healthy Heart Program participants in 2007 by blood pressure status

Variables
Blood pressure status

P- valueNT (N = 732) PHT (N = 74)
BMI categories < 0.001

Normal- weight (%)1 50.3 24.3
Overweight (%)1 38.0 48.6
Obese (%)1 11.7 27.1

Abdominal obese2 < 0.001
Yes (%)1 13.4 31.0
No (%)1 86.6 69.0

intake (mg/d)3 Sodium 139.02 ± 3.17 139.70 ± 3.16 0.08

Urinary sodium (mg/d)3 164.81 ± 67.40 192.91 ± 78.39 0.004

Potassium intake (mg/d)3 4.06 ± 0.31 4.13 ± 0.37 0.10

Urinary potassium (mg/d)3 61.75 ± 32.03 65.63 ± 34.09 0.32

Sodium intake /potassium intake 34.45 ± 2.47 34.05 ± 2.65 0.19

 Urinary sodium: potassium 3.04 ± 1.39 3.29 ± 1.39 0.14
Blood urea nitrogen (BUN) (mg/d)3 15.13 ± 3.60 15.39 ± 3.31 0.54
Creatinine (mg/d)3 0.96 ± 0.19 1.02 ± 0.20 0.017
Urinary creatinine (mg/d)3 1318.33 ± 474.59 1446.85 ± 525.47 0.029
 1P-values obtained from chi- square test; 2 3 Data are expressed
as mean ± SD and P-values obtained from t-test.

Table 2.
pressure status
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intake is affected by BMI and WC or not, whereas the aim of 
our previous study was assessing the relation between salt intake 
and PHT among different categories of BMI.36,37 However, incon-
sistent with some earlier studies23,38 -
cant difference in dietary intake of sodium between NT and PHT 
groups. In a meta-analysis of 11 long- term and controlled clinical 
trial studies, the median of SBP decreased 1.1 mmHg after a re-
duction in dietary sodium intake.38 Additionally, it has been well 
established that salt consumption (sodium chloride) is associated 
with HT not sodium by itself.

High amount of salt intake is considered as a worldwide concern 
for public health.17 Consistently, in this subsample of Iranians we 
found that the mean intake of salt is higher than recommended 
amounts by WHO.39 Additionally, Toghiani, et al.36 in this sub-
sample showed that the probability of being PHT increased by 5% 
per one gram increment of daily salt intake.

Although in many populations17 like Iranians,36 dietary intake 
of sodium is higher than recommended values by WHO, the cur-
rent study suggests that the association of salt intake and SBP and 
DBP are related to body weight status and WC. In our previous 
study,36 we assumed that it might be related to consuming more 
foods. However, Radhika, et al.40 showed that adjusting the effects 
of energy intake and dietary
amount of salt intake in adults and after further adjustment for the 
effects of sociodemographic characteristics and some potential 
confounders such as physical activity and dietary score, the ORs 
for PHT did not change

This study has several limitations. First of all, the cut off points 
for categorizing BMI and WC may affect
has been shown that Asian ethnicities have higher amount of to-
tal body fat,41,42 abdominal, and visceral body fat43,44 than other 
ethnicities. Hence, the cut off points for incidence of HT may be 

lower amount among Asian ethnicities.45

that the positive association be-
tween salt intake and high blood 
which may be related to consumption of more foods and conse-
quently higher amount of salt consumption.

References

1. Ogden CL, Carroll MD, Cutin LR, McDowell MA, Tabak CJ, Flegal 
KM. Prevalence of overweight and obesity in the United States, 1999 
– 2004. JAMA. 2006; 295: 1549 – 1555.

2. Sarrafzadegan N, Kelishadi R, Siadat ZD, Esmaillzadeh A, Solhpour 
A, Shirani Sh, et al. “Obesity and cardiometabolic risk factors in a 
representative population of Iranian adolescents and adults in com-
parison to Western population: IHHP”. Public Health Nutrition. 2010; 

13(3): 314 – 323. 
3. Kelishadi R. Childhood overweight, obesity, and metabolic syndrome 

in developing countries.  Epidemiol Rev. 2007; 29: 62 – 76.
4. Sullivan PW, Ghushchyan VH, Ben-Joseph R. The impact of obesity 

on diabetes, hyperlipidemia, and hypertension in the United States. 
Qual Life Res. 2008; 17: 1063 – 1071.

5. Wannamethee SG, Shaper AG, Walker M. Overweight and obesity 
and weight change in middle- aged men: impact on cardiovascular 
disease and diabetes. J Epidemiol Community Health. 2005; 59: 134 
– 139.

6. Díaz ME, Jiménez S, García RG, Bonet M, Wong I. Overweight, obe-
sity, central adiposity, and associated chronic diseases in Cuban adults. 
MEDICC Rev. 2009; 11: 23 – 28.

7. Reis JP, Macera CA, Araneta MR, Lindsay SP, Marshall SJ, Wing-
ard DL. Comparison of overall obesity and body fat distribution in 
predicting risk of mortality. Obesity (Silver Spring). 2009; 17: 1232 
– 1239.

8. Tsuchihashi T  of hyperten-
sion. Nihon Rinsho. 2011; 69: 1977 – 1981.

9. Pedrozo W, Rascón MC, Bonneau G, de Pianesi MI, Olivera CC, de 
Aragón SJ, et al. Metabolic syndrome and risk factors associated with 
lifestyle among adolescents in a city in Argentina, 2005. Rev Panam 
Salud Publica. 2008; 24: 149 – 160.

10. He FJ, MacGregor GA. A comprehensive review on salt and health 
and current experience of worldwide salt reduction programmes. J 
Hum Hypertens. 2009; 23: 363 – 384.

11. Schmieder RE, Messerli FH, Garavaglia GE, Nunez BD. Dietary salt 
intake. A determinant of cardiac involvement in essential hyperten-
sion. Circulation. 1988; 78: 951 – 956.

12. Hooper L, Bartlett C, Davey SG, Ebrahim S. Advice to reduce dietary 
salt for prevention of cardiovascular disease. Cochrane Database Syst 
Rev. 2004; CD003656.

13. Khosravi A, Mehr GK, Kelishadi R, Shirani S, Gharipour M, Tavas-
soli A, et al. The impact of a six-year comprehensive community trial 
on the awareness, treatment, and control rates of hypertension in Iran: 
experiences from the Isfahan Healthy Heart Program. BMC Cardio-
vasc Disord. 2010; 10: 61.

14. Esteghamati A, Khalilzadeh O, Mohammad K, Meysamie A, Rashidi 
A, Kamgar M, et al. Secular trends of obesity in Iran between 1999 
and 2007: National Surveys of Risk Factors of Non-communicable 
Diseases. Metab Syndr Relat Disord. 2010; 8: 209 – 213.

15. Kotchen TA. Obesity-related hypertension: epidemiology, pathophys-
iology, and clinical management. Am J Hypertens. 2010; 23: 1170 – 
1178.

16. Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM
weight reduction on blood pressure: a meta-analysis of randomized 
controlled trials. Hypertension. 2003; 42: 878 – 884.

17. 17. Brown IJ, Tzoulaki I, Candeias V, Elliott P. Salt intakes around the 
world: implications for public health. Int J Epidemiol. 2009; 38: 791 
– 813.

18. Sarraf-Zadegan N, Sadri G, Malek Afzali H, Baghaei M, Mohammadi 
Fard N, Shahrokhi S, et al. Isfahan Healthy Heart Program: a compre-
hensive integrated community-based program for cardiovascular dis-
ease prevention and control. Design, methods, and initial experience. 
Acta Cardiologica. 2003; 58(4): 309 – 320.

19. Sarrafzadegan N, Baghaei AM, Sadri GH, Kelishadi R, Malekafzali 
H, Boshtam M, et al: Isfahan Healthy Heart Program: Evaluation of  
comprehensive, community-based interventions for non-communica-

Models
Tertiles of salt intake P – value

for trend1 ( < 7.05) 2 (7.05–11.95)

Model 1 1 1.26 (0.65 , 2.44) 1.94 (1.04 , 3.59)* 0.028

Model 2 1 1.35 (0.67 , 2.71) 1.97 (1.03 , 3.77)* 0.036

Model 3 1 1.36 (0.67 , 2.77) 1.97 (1.02 , 3.81)* 0.04

Model 4 1 1.26 (0.59 , 2.69) 1.89 (0.93 , 3.81) 0.063

Model 5 1 1.22 (0.58 , 2.57) 1.79 (0.89 , 3.56) 0.082

 Model 1:  Unadjusted ORs; Model 2:  ORs adjusted for age, sex, education, occupation; Model 3: ORs adjusted for age, sex, education, occupation, smoking,
 physical activity and dietary score; Model 4: All the adjusted variables in model 3 + further adjustment for BMI; Model 5: All the adjusted confounders model
3 + further adjustment for WC; * Indicates: P-value < 0.05.

Table 3. 



Archives of Iranian Medicine, Volume 16, Number 3, March 2013 171

ble disease prevention. Prevention and Control. 2006, 2: 73 – 84.
20. 20.  Sarraf-Zadegan N, Baghaei AM, Kelishadi R, Rabiei K, Sadri 

GH, Talaei M. First annual evaluation of Isfahan Healthy Heart Pro-
gram (IHHP): full report [serial online]. Available from: URL: http://
www.ihhp.mui.ac.ir/articles/enarchives/1stihhpreport.htm (Accessed 
Date: March 2005).

21. Hedayati SS, Minhajuddin AT, Ijaz A, Moe OW, Elsayed EF, Reilly 
RF, et al. Association of urinary sodium/potassium ratio with blood 
pressure: sex and racial differences. Clin J Am Soc Nephrol. 2012; 7: 
315 – 322.

22. Chobanian AV, Hill M. National Heart, Lung, and Blood Institute 
Workshop on sodium and blood pressure. Hypertension. 2000; 35: 
858 – 863.

23. Huggins CE, O’Reilly S, Brinkman M, Hodge A, Giles GG, English 
DR, et al. Relationship of urinary sodium and sodium-to-potassium 
ratio to blood pressure in older adults in Australia. Med J Aust. 2011; 
195: 128 – 132.

24. Sarrafzadegan N, Kelishadi R, Esmaillzadeh A, Mohammadifard N, 
Rabiei K, Roohafza H, et al. Do lifestyle interventions work in devel-
oping countries? Findings from the Isfahan Healthy Heart Program in 
the Islamic Republic of Iran. Bull World Health Organ. 2009; 87(1): 
39 – 50.

25. Bose K, Ghosh A, Roy S, Gangopadhyay S. The relationship of age, 
body mass index, and waist circumference with blood pressure in 
Bengalee Hindu male jute mill workers of Belur, West Bengal, India. 
Anthropol Anz. 2005; 63: 205 – 212.

26. Engeli S, Sharma AM. The renin-angiotensin system and natriuretic 
peptides in obesity-associated hypertension. J Mol Med. 2001; 79: 21 
– 29.

27. L, Kledzik G, Maxwell M. The effect 
of weight reduction on blood pressure, plasma renin activity, and aldo-
sterone levels in obese patients. N Engl J Med. 1981; 304: 930 – 933.

28. Reisin E, Frohlich ED. Effects of weight reduction on arterial pres-
sure. J Chronic Dis. 1982; 35: 887 – 891.

29. Hall JE, Brands MW, Henegar JR. Mechanisms of hypertension and 
kidney disease in obesity. Ann N Y Acad Sci. 1999; 892: 91 – 107.

30. Grassi G, Seravalle G, Cattaneo BM, Bolla GB, Lanfranchi A, Colom-
bo M, et al. Sympathetic activation in obese normotensive subjects. 
Hypertension. 1995; 25: 893 – 897.

31. Levin ER, Gardner DG, Samson WS. Natriuretic peptides. N Engl J 
Med. 1998; 339: 321 – 328.

32. Wang TJ, Larson MG, Levy D, Leip EP, Benjamin EJ, Wilson PW, 
et al. Impact of age and sex on plasma natriuretic peptide levels in 
healthy adults. Am J Cardiol. 2002; 90: 254 – 258.

33. Kaplan N. Primary hypertension: pathogenesis. In: Kaplan N, editor. 
Kaplan’s Clinical Hypertension. 9th ed. Philadelphia: Lippincott Wil-
liams & Wilkins; 2006. 50 – 121.

34. Sniderman AD, Bhopal R, Prabhakaran D, Sarrafzadegan N, Tchernof 
A. Why might South Asians be so susceptible to central obesity and its 

Int J Epidemiol. 2007; 36: 220 – 225.
35. Kelishadi R, Pour MH, Sarraf-Zadegan N, Sadry GH, Ansari R, 

Alikhassy H, et al
factors in Iranian adolescents: Isfahan Healthy Heart Program - Heart 
Health Promotion from Childhood. Pediatr Int. 2003; 45: 435 – 442.

36. Khosravi A, Toghianifar N , Sarrafzadegan N, Gharipour M, Azad-
bakht L. Salt intake, obesity, and pre-hypertension among Iranian 
adults: A cross-sectional study. Pak J Med Sci. 2012; 28: 297 – 302.

37. Khosravi AR, Kelishadi R, Sarrafzadegan N, Boshtam M, Nouri 
Zarfeshani S. Impact of a comprehensive healthy lifestyle program 
on Bblood pressure and salt intake in normotensive adults: the IHHP 
study. Journal of Research in Medical Sciences(JRMS). (In Press.)

38. Dumler F. Dietary sodium intake and arterial blood pressure. J Ren 
Nutr. 2009; 19: 57 – 60.

39. Joint WHO/FAO expert consultation on diet, nutrition, and the prevention 
of chronic diseases.  2003.

40. Radhika G, Sathya RM, Sudha V, Ganesan A, Mohan V. Dietary salt 
intake and hypertension in an urban south Indian population--[CURES 
- 53]. J Assoc Physicians India. 2007; 55: 405 – 411.

41. Deurenberg P, Deurenberg–Yap M, Guricci S. Asians are different 
from Caucasians and from each other in their body mass index/body 
fat per cent relationship. Obes Rev. 2002; 3: 141 – 146.

42. Pierson 
RN Jr. Asians have lower body mass index (BMI) but higher percent 
body fat than do whites: comparisons of anthropometric measure-
ments. Am J Clin Nutr. 1994; 60: 23 – 28.

43. 43. Lear SA, Humphries KH, Kohli S, Chockalingam A, Frohlich 
JJ, Birmingham CL. Visceral adipose tissue accumulation differs ac-
cording to ethnic background: results of the Multicultural Community 
Health Assessment Trial (M-CHAT). Am J Clin Nutr. 2007; 86: 353 
– 359.

44. . Larger amounts 
of visceral adipose tissue in Asian Americans. Obes Res. 2001; 9: 381 
– 387.

45. Nguyen TT, Adair LS, He K, Popkin BM. Optimal Cutoff Values for 
Overweight: Using Body Mass Index to Predict Incidence of Hyper-
tension in 18- to 65-Year-Old Chinese Adults. J Nutr. 2008; 138: 1377 
– 1382.


