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Abstract: Objective: To assess the association of obesity related indices with hypertension among adults in
Mashhad, Iran. Materials and Methods: It was a descriptive, observational study. Participants were 126 healthy
inactive individuals which referred to the cardiovascular department of Imam Reza hospital for the normal
checkup. The examination included blood pressure and anthropometric measurements (height, weight, body
mass index, waist to hip ratio, waist to thigh ratio, waist to height ratio and circumferences of hip, waist, neck
and thigh). Results: Significant differences were observed for anthropometric indices between male and female
individuals and males were taller anda heavier than females. Any significant relationship between
anthropometric indices and blood pressure was not observed in the female group. There was a significant direct
relationship between waist to hip ratio, waist to thigh ratio, waist to height ratio and systolic blood pressure,
diastolic blood pressure and mean arterial pressure. Conclusion: waist to hip ratio, waist to thigh ratio and waist
to height ratio were good predictors for hypertension. We recommend that waist to height ratio should be used
to detect persons at high risk of hypertension.
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INTRODUCTION routinely used in addition to BMI to detect persons at

The prevalence of obesity is increasing widely in correction of the circumference of waist for stature and
developed and developing countries [1]. Hypertension reported that the correction improves its performance in
(typically obesity related) is a risk factor for the prediction of incidence of hypertension [6].
cardiovascular disease [2]. Obesity is defined by different The aim of this study was to assess the relationship
anthropometric measurements and indices. Body mass between hypertension and anthropometric indices among
index (BMI), waist circumference (WC), waist to hip ratio adults in Mashhad, Iran.
(WHR), waist to thigh ratio, subscapularis to triceps
skinfold ratio, neck circumference (NC) and waist to MATERIALS AND METHODS
height ratio (WHtR) are among anthropometric indices
that are used widely [3]. This was a descriptive, observational study.

Hypertension is defined with systolic blood pressure Participants were 126 healthy and inactive individuals
greater than 139 mm Hg and diastolic blood pressure living in Mashhad, who referred to the cardiovascular
greater than 89 mmHg [4]. Esmaillzadeh et al., (2004) used department of Imam Reza hospital for a normal checkup
WHR as an index for predicting of cardiovascular disease under supervision of a heart surgeon, who confirmed that
risk [1]. Kaur et al., (2008) reported that BMI and WC were they had no clinical evidence of cardiovascular disease.
good predictors for hypertension in male individual Individuals were weighted with precision of 100 g in
population; they also recommended that WHR should be an orthostatic position, with the arms stretched along the

high risk of hypertension [5]. Fuchs et al., (2005) made a
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body without shoes and wearing light clothes. A tape was
used for measuring circumferences of neck, hip, thigh and
waist. WHR, waist to thigh ratio, WHtR and BMI were
calculated too. To measuring WC, at the minimum
respiration, the tape was applied below the lowest rib and
above the iliac crest, at the narrowest part of trunk, For
determining the hip circumference, the tape was used at
the widest point of buttocks, NC was measured at the mid
neck height, thigh circumference was measured at the mid
distance  between  the  groin  fold  and above the patella
[7, 8].

Morning fasting blood samples were taken and kept
for subsequent assay. Serum concentrations of glucose,
TC, HDL, LDL and TG were evaluated. Systolic blood
pressure, diastolic blood pressure and mean arterial
pressure were determined by a heart surgeon using a
sphygmomanometer.

All data obtained were analyzed using a statistical
package for social science (SPSS version 16.0) PC
program. A P-value less than 0.05 was considered as
statistically significant. To determine the relationship
between anthropometric indices with systolic blood
pressure, diastolic blood pressure, mean arterial pressure,
serum glucose and serum lipids, Pearson's correlation
coefficient was used. Independent samples T test was
used for comparison of blood pressure and blood
lipoproteins with anthropometric indices.

RESULTS

A summary of the characteristics of each variable is
shown in the Table 1 and Table 2. Significant differences
were observed for anthropometric indices (weight, height,
neck circumference and BMI) between male and female
individuals and males were taller and heavier than females,
but the amount of BMI in female was significantly greater
than males.

Table 3 shows blood test parameters according to sex
and the results of the Pearson correlation coefficient
analysis is shown in Table 4. In women, none of the
anthropometric indices was related to systolic blood
pressure, diastolic blood pressure and mean arterial
pressure (P<0.05).

In men WHR, waist to thigh ratio and WHtR were
significantly correlated to systolic blood pressure,
diastolic blood pressure and mean arterial pressure
(P<0.05). In women, significant correlations were observed
between  BMI  with  TC/HDL  and  TG/HDL,  NC  with TG,

Table 1: Averages and standard deviations of descriptive variables according
to sex

Sex
----------------------------------------------------------

Variable Male Female

Age 48.59 ± 11.4 48.82 ± 8.7
Height (cm) 168.3 ± 8 153.6 ± 5.6*

Weight (kg) 75.21 ± 13 69.49 ± 14.9*

SBP (mm Hg) 145.61 ± 21.14 150.4 ± 27.28?

DBP (mm Hg) 92.27 ± 12.48 94.46 ± 11.9?

MAP (mm Hg) 110.34 ± 14.15 113.11 ± 16.23?

* Significant differences between sexes at P<0.05, • SBP = systolic blood
pressure, DBP = diastolic blood pressure, MAP = mean arterial pressure.

Table 2: Averages and standard deviations of anthropometric indices
according to sex

Sex
----------------------------------------------------------

Variable Male Female

BMI (kg/m ) 26.76 ± 4 29.32 ± 5.52 *

NC (cm) 39.29 ± 3.42 34.46 ± 2.54*

WC (cm) 95.07 ± 12.78 94.68 ± 16.61
HC (cm) 99.69 ± 12.26 102.16 ± 13.47?

WHR 1.06 ± 0.96 0.93 ± 0.13
WTR 1.97 ± 1.61 1.72 ± 0.33
WHtR 0.6 ± 0.47 0.61 ± 0.1

* Significant differences between sexes at P<0.05; • HC = hip circumference.

Table 3: Averages and standard deviations of blood test parameters

according to sex

Sex

----------------------------------------------------------

Variable Male Female

LDL (mg/dl) 115.76 ± 34.2 108.05 ± 26.66

HDL (mg/dl) 44.59 ± 9.34 42.96 ± 5.96

TC (mg/dl) 190.87 ± 37.27 201.93 ± 41.89

TG (mg/dl) 158.62 ± 74.2 165.06 ± 71.97

LDL/HDL 2.68 ± 0.85 2.59 ± 0.87

TC/HDL 4.44 ± 1.03 4.78 ± 1.22

TG/HDL 3.8 ± 2.2 3.79 ± 1.64

Glucose (mg/dl) 116.42 ± 57.45 103.12 ± 35.52

TC/HDL and TG/HDL, WC with glucose and TG, WHR
with glucose and LDL/HDL, waist to thigh ratio with
glucose and WHtR with glucose, TG and TG/HDL
(P<0.05). In women, significant correlations were observed
between NC with LDL, TC, TG, TC/HDL and TG/HDL, WC
with LDL, TC, TG, LDL/HDL, TC/HDL and TG/HDL, hip
circumference with LDL, TC and TG, WHR with HDL,
waist to thigh ratio with HDL and WHtR with HDL
(P<0.05).
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Table 4: Correlation coefficients of anthropometric indices and cardiovascular risk factors
Indices NC WC WTR BMI WHR WHtR

-------------------- -------------------- -------------------- ------------------ ------------------ ------------------
Variables M F M F M F M F M F M F
HDL 0.1 -0.29 0.02 -0.02 -0.26 -0.1 0.11 -0.2 -0.23 0.15 -0.3 -0.01* * *

LDL 0.23 0.03 0.36 -0.1 -0.01 -0.17 0.13 0.14 0.00 -0.21 -0.01 -0.1* *

LDL/HDL 0.12 0.22 0.23 -0.04 0.17 -0.06 0.00 0.27 0.12 -0.33 0.2 -0.05* *

TC 0.35 0.12 0.37 0.04 -0.06 -0.05 0.15 0.2 -0.1 -0.15 -0.05 0.1? ?

TC/HDL 0.24 0.36 0.3 0.07 0.11 0.04 -0.02 0.35 0.05 -0.26 0.2 0.1* * * *

TG 0.36 0.34 0.36 0.3 -0.01 0.27 0.18 0.27 0.00 0.12 -0.02 0.36? * ? * *

TG/HDL 0.35 0.43 0.37 0.26 0.08 0.23 0.1 0.31 0.08 0.01 0.08 0.3? ? ? * *

Glucose 0.04 0.28 0.21 0.35 -0.1 0.5 0.1 0.2 -0.1 0.41 -0.1 0.42* ? * *

M = male, F = female; * Significant at P<0.05; • Significant at P<0.01

DISCUSSION Ashton et al., (2001) also reported that fat at hip and thigh

Results of this study showed that no significant not hazardous for health [20].
relation was found between BMI with systolic blood WHR, WHtR and waist to thigh ratio had a direct
pressure, diastolic blood pressure and mean arterial significant relation with systolic blood pressure, diastolic
pressure, that was not in agreement with Zafar et al., blood pressure and mean arterial pressure. These
(2007),  Gupta  et al., (2007), Ben-Noun and Laor (2004), anthropometric  indices  are valid indices of obesity.
Hu et al.,  (2007),  Jung et al.,  (2009) and Ng et al., (2007) Obese individuals have more blood and use more oxygen
[9, 10, 11, 12, 13, 14]. A significant relation between neck in comparing to normal individuals that will lead to over
circumference and systolic and diastolic blood pressure load and according to Frank Starling mechanism, stroke
was not found, but Ben-Noun and Laor (2006) reported volume and heart output will increase, this will result in
that neck circumference was a valid index of obesity and hypertension. Furthermore, in obese individuals
had a direct significant relation with systolic and diastolic peripheral resistance may be elevated that lead to
blood pressure [3]. elevation of blood pressure. Obese persons tend to have

Analysis of our findings revealed that WHtR had a less physical activity and eat more salt and food; these
direct and significant relation with systolic blood risky daily habits are responsible for more blood pressure
pressure, diastolic blood pressure and mean arterial in these individuals. Impaired glucose tolerance in obese
pressure and in comparing to WHR, waist to thigh ratio individuals activates the response of the rennin-
and  BMI,  was  a stronger index. These findings were in angiotensin-aldosterone system. This process increase
agreement with Hara et al., (2002), Gelber et al., (2008) and blood pressure. Obesity induces hypoxy leads to
Park et al., (2009) [15, 16, 17]. Hara et al., (2002) reported elevation of red blood cells and blood volume [2].
that WHtR in comparing to BMI, fat percent, waist
circumference and WHR, had a stronger relation with CONCLUSION
cardiovascular risk factors such as LDL, HDL, TG,
systolic blood pressure and diastolic blood pressure [15]. In general, our results revealed that WHtR was the
Freedman et al., (2007) also reported that WHtR in best predictor for hypertension and can be used widely
comparing to BMI had a stronger relation with and easily for predicting obesity and hypertension in
cardiovascular risk factors and its measurement is easier clinical situations. Mechanisms of such associations and
[18]. effects of exercise on these mechanisms should be

Results of this research showed that there was a studied.
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pressure, diastolic blood pressure and mean arterial REFERENCES
pressure that is in agreement with findings of Ben-Noun
and Laor (2004), Widgern et al., (1992), Zafar et al., (2007) 1. Esmaillzadeh, A., P. Mirmiran and F. Azizi, 2004.
and Gupta et al., (2007) [9, 10, 11, 19]. Our results also Waist to hip ratio is a better screening measure for
showed that waist to thigh ratio in the male group had a cardiovascular risk factors than other anthropometric
direct significant relation with systolic blood pressure, indicators  in  Tehranian  adult  men.  Int.   J.  Obes,
diastolic blood pressure and mean arterial pressure. 28: 1325-1332.

region in comparing to fat of waist are less active and are



World Appl. Sci. J., 28 (12): 1971-1974, 2013

1974

2. Chiang, B.N., L.V. Perlman and F.H. Epstein, 1969. 12. Hu,  G.,  J.  Tuomilehto,   K.   Silventoinen,   C.  Sarti,
Overweight and Hypertension: A Review. S. Mannisto and P. Jousilahti, 2007. Body Mass
Circulation, 39: 403-421. Index, Waist Circumference and Waist-Hip Ratio on

3. Ben-Noun L. and A. Laor, 2006. Relationship the Risk of Total and Type-Specific Stroke. Arch
between changes in neck circumference and Intern Med., 167(13): 1420-1427.
cardiovascular  risk  factors.   Exp.   Clin  Cardiol., 13. Jung, C., N. Fischer, M. Fritzenwanger, J.  Pernow,
11(1): 14-20. B.R. Brehm and H.R. Figulla, 2009. Association of

4. Zafar,  S.,  I. Haque, A.R. Butt, H.G. Mirza, F. Shafiq, waist circumference, traditional cardiovascular risk
A. Rehman, et al., 2007. Relationship of body mass factors and stromal-derived factor-1 in adolescents.
index and waist to hip ratio measurement with Ped. Diab, 10: 329-335.
hypertension in young adult medical students. Pak. 14. Ng,  V.W.S.,  A.P.S. Kong, K.C. Choi, R. Ozaki,
J. Med. Sci., 23(4): 574579. G.W.K. Wong, W.Y. So, et al., 2007. BMI and Waist

5. Kaur,  P.,  E. Radhakrishnan, S. Sankarasubbaiyan, Circumference in Predicting Cardiovascular Risk
S.R. Rao, S. Kondalsamy-Chennakesavan, T.V. Rao, Factor Clustering in Chinese Adolescents. Obesity,
et al., 2008. A comparison of anthropometric indices 15(2): 494-503.
for predicting hypertension and type 2 diabetes in a 15. Hara, M., E. Saitou, F. Iwata, T. Okada and K. Harada,
male industrial population of Chennai, South India. 2002. Waist to height ratio is the best predictor of
Ethn Dis., 18(1): 31-36. cardiovascular disease risk factors in Japanese

6. Fuchs,  F.D.,  M.  Gus,  L.B.  Moreira,  R.S.  Moraes, schoolchildren. J. Athero Thrombos, 9(3): 127-132.
M. Wiehe, G.M. Pereira, et al., 2005. Anthropometric 16. Gelber, R.P., J.M. Gaziano, E.J. Orav, J.A.E. Manson,
indices and the incidence of hypertension: a J.E. Buring and T. Kurth, 2008. Measures of Obesity
comparative analysis. Obes Res., 13: 1515-1517. and  Cardiovascular  Risk  Among Men and Women.

7. Rockville, 1988. National health and nutition J. Am. Coll Cardiol., 52: 605-615.
examination survey III: Body Measurements 17. Park, S.H., S.J. Choi, K.S. Lee and H.Y. Park, 2009.
(Anthropometry).     1650      Research   Boulevard, Waist Circumference and Waist-to-Height Ratio as
301: 2511500. Predictors of Cardiovascular Disease Risk in Korean

8. Ben-Noun, L. and A. Laor, 2003. Relationship of Adults. Circ J., 73: 1643-1650.
Neck Circumference to Cardiovascular Risk Factors. 18. Freedman, D.S., H.S. Kahn, Z. Mei, L.M. Grummer-
Obes Res., 11(2): 226-231. Strawn, W.H. Dietz, S.R. Srinivasan and G.S.

9. Zafar,  S.,  I. Haque, A.R. Butt, H.G. Mirza, F. Shafiq, Berenson, 2007. Relation of body mass index and
A. Rehman, et al., 2007. Relationship of body mass waist-to-height ratio to cardiovascular disease risk
index and waist to hip ratio measurement with factors in children and adolescents: the Bogalusa
hypertension in young adult medical students. Pak. Heart Study. Am. J. Clin Nutr., 86: 33-40.
J. Med. Sci., 23(4): 574579. 19. Widgren, B.R., H. Herlitz, J. Wikstrand, L. Sjostrom,

10. Gupta,   R., P.   Rastogi,   M.   Sarna,   V.P.  Gupta, G. Berglund and O.K. Andersson, 1992. Increased
S.K. Sharma and K. Kothari, 2007. Body-Mass Index, waist/hip ratio, metabolic disturbances and family
Waist-Size, Waist-Hip Ratio and Cardiovascular Risk history of hypertension. J. Hypertens, 20: 563-568.
Factors in Urban Subejcts. JAPI, 55: 621-627. 20. Ashton, W.D., K. Nanchahal and D.A. Wood, 2001.

11. Ben-Noun, L. and A. Laor, 2004. Relationship Body mass index and metabolic risk factors for
between Changes in Neck Circumference and coronary  heart  disease  in  women.  Eur.   Heart  J.,
Changes in Blood Pressure. AJH, 17: 409-414. 22: 46-55.


