Prediction of hypertension by anthropometric parameters in primigravidae
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Abstract

BACKGROUND: The present study was conducted to determine the efficacy of various
anthropometric indices in prediction of hypertension risk in primigravidae.

METHODS: In this cross-sectional survey, 183 primigravidae who had referred to health care
centers in Rasht (Iran) were recruited at their first antenatal visits. Using standardized methods,
the researchers determined the weights, heights, waist to hip ratio (WHR), and waist
circumferences (WC) of all women. Body mass index (BMI) was then calculated as weight
divided by height squared. Data was analyzed with SPSS;;. Step-wise linear regression models
were fitted for systolic and diastolic blood pressure as dependent variables and BMI, WHR, WC
as independent variables.

RESULTS: The mean systolic and diastolic blood pressure were 111.2 mmHg and 73.0 mmHg,
respectively. There was a significant positive correlation between obesity indicators and both
systolic and diastolic blood pressure. Linear regression models suggested that BMI, WC, and
WHR were important indicators of hypertension.

CONCLUSION: WC seemed to have a strong association with the risk of hypertension and

preeclampsia.
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Introduction

The increasing prevalence of obesity worldwide has
prompted the World Health Organization (WHO) to
designate obesity as one of the most important global
health threats. The epidemic is especially pronounced
in young people including women of reproductive
age. Pre-pregnancy obesity is an independent risk
factor for maternal and neonatal morbidity and
mortality.!

It is well-known that overweight and obesity are
increasing worldwide, in all populations, and in all age
categories. In recent years, obstetricians have been
more frequently confronted with overweight and
obese pregnant women. Obesity among American
pregnant women ranges from 185% to 38.3%,
depending on the study design and cut-off points
used.?

Obesity is known to increase the risk of
pregnancy-induced hypertension and preeclampsia.
Frederick et al. found that every unit increase in pre-
pregnancy body mass index (BMI) resulted in an 8%
increase in the risk of pre-eclampsia.> Obviously, a
significant decrease in risk is also noticed when BMI
decreases.*

Pregnancy-induced hypertension and preeclampsia
affect 10% and 2-8% of pregnancies, respectively.>
Obesity is a rapidly growing health problem in both
developed and developing countries.® Obesity has
been reported to be associated with preeclampsia and
other hypertensive disorders of pregnancy and future
cardiovascular diseases.”

Anthropometric indices of body fat are widely
used to predict increased chronic disease risk at
individual and population levels.® The efficacy of
different anthropometric measurements and indices
in predicting obesity-related outcomes has been
addressed in several reports.” Most previous studies
have evaluated the association of different
measurements of fat distribution with other risk
factors and prevalence of diseases using cross-
sectional designs.!0:!1

While BMI is a good indicator for body fatness in
adults at the population level, waist circumference
(WC)2 and waist to hip ratio (WHR) provide
additional information about central fat distribution.!?
Waist circumference is closely related to BMI but
relates better than BMI to health risks because it also
contains information about central distribution of
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body fat and is not influenced by height.!4

Few longitudinal studies have compatred the
usefulness of anthropometric parameters in predicting
hypertension in different populations during
pregnancy. Moreover, there is no related data from
Iranian people in this regard. Therefore, this study
aimed to determine whether anthropometric
parameters at the first antenatal visit could predict the
risk of pregnancy-induced hypertension.

Materials and Methods

In a cross-sectional survey during 2009-12, 183
normotensive  primigravidae ~ with  singleton
pregnancies were recruited. The subjects had referred
to health care centers in Rasht, Iran for their first
antenatal visit (6-10 weeks of gestation). Gestational
age was estimated from the first day of the mothers’
last menstrual period and was confirmed by
ultrasound scanning in the late first trimester.

At baseline, complete measurements of
demographics, anthropometrics parameters, blood
pressure, and other risk factors of hypertension were
performed. Incident hypertension was defined as
blood pressure equal or higher than 140/90 mmHg.
Right-arm blood pressure was measured three times
in a seated position by a trained health provider who
followed a standardized procedure using a regularly
calibrated mercury  sphygmomanometers — with
appropriate-sized cuffs. Systolic blood pressure was
measured at the first appearance of a pulse sound
(Korotkoff phase 1) and diastolic blood pressure at
the disappearance of the pulse sound (Korotkoff
phase 5). The three measurements of systolic or
diastolic blood pressure were averaged to minimize
the effects of measurement error.

Body weight was measured (to the nearest 0.5 kg)
with the subject standing motionless on a bathroom
weighing  scale.’> Each weighing
standardized every day with a weight of 50 kg. Height
was measured (to the nearest 0.5 cm) with the subject
standing in an erect position against a portable
stadiometer. The head was appropriately positioned
so that the top of the external auditory meatus was in
level with the inferior margin of the bony orbit. BMI
was calculated as weight (kg) divided by height
squared (m?). BMI values of 26-29 and greater than
29 kg/m? were taken as cut-off for overweight and
obesity, respectively.

Waist circumference was measured at the mid-
point between the iliac crest and the costal margin in
the midauxiliary line. Measurements were performed
after exhalation while the subject was in standing
position. Hip circumference was measured at the level

scale  was

of greater trochanters with the subject in standing
position and keeping the feet together. Two
consecutive recordings (to the nearest 0.5 cm) were
made for each site using a non-stretch fiberglass
measuring tape on a horizontal plane without
compression of skin. The mean of the two sets of
values was used in analyses.!0 WC and WHR cut-off
points for obesity were considered as > 80 and
> (.80, respectively.

Data was analyzed using SPSS for Windows 17.0
(SPSS Inc., Chicago, IL, USA). The population
characteristics, anthropometric ~parameters, and
systolic and diastolic blood pressure were shown as
mean T standard deviation (SD). Step-wise linear
regression models were fitted for systolic and diastolic
blood pressure as dependent variables and BMI,
WHR, WC as independent variables. Receiver
operating  characteristics (ROC) analysis  was
conducted to identify the cut-off wvalues of
anthropometric indices in calculating the risk of
hypertension.

The authors had full access to all of data and were
responsible for the integrity of data and the accuracy
of analyses. Written informed consents were obtained
from all participants. We certify that all applicable
institutional regulations concerning the ethical use of
human volunteers were followed during this research.

Results

Of the total 183 individuals above 18 year of age, 142
individuals were analyzed. The mean systolic and
diastolic blood pressure was 111.2 = 15.3 mmHg and
73.0 + 122 mmHg (Table 1). The prevalence of
hypertension was 18%.

Table 1. Baseline characteristics of the study population

Characteristic Mean * SD
Age (years) 29.0+8.1
Height (cm) 151.2+6.9
Weight (kg) 50.0 £11.0
Body mass index (kg/m?) 22.2+£2.71
Waist to hip ratio 0.770 £ 0.107
Waist circumference (cm) 65.4+139
Systolic blood pressure (mmHg) 111.2+15.3
Diastolic blood pressure (mmHg) 73.0+12.2

The cut-off values for all anthropometric indices
were worked out by ROC analysis to identify the risk
of hypertension. The prevalence of overweight and
obesity (defined as BMI > 26-29 and > 29 kg/m2)
was found to be 9% and 6%, respectively. WC and
WHR values higher than the cut-off points were
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detected in 8% and 28% of the participants,
respectively (Table 2). Mean values of BMI, WHR,
and WC were significantly higher among hypertensive
individuals (Table 3).

In univariate regression analysis, WC, WHR, and
BMI were all significantly and positively correlated
with hypertension. To assess the relative strength of
these associations, we used non-nested regression
models. There was no significant difference between
WHR and BMI in predicting hypertension. WC was a
stronger predictor of hypertension (P < 0.01) and
preeclampsia (P < 0.001) than WHR. In fact, the
correlation coefficient for systolic blood pressure was
0.23 with BMI, 0.27 with WC, and 0.23 with WHR.
For diastolic blood pressure, the correlation
coefficient was 0.11 with BMI, 0.15 with WC, and
0.12 with WHR. WHR was also a stronger predictor
of hypertension (P = 0.03) and preeclampsia
(P = 0.04) than BMI. However, the relative strengths
of WHR and BMI in predicting hypertension and
preeclampsia did not differ significantly (P > 0.05).
Logistic regression analysis showed that WC was the
most important anthropometric factor associated with
the risk of hypertensive.

Discussion
BMI, WC, and WHR are known to be important in
estimating  cardiovascular disease risk factors,

particularly due to their positive association with
hypertension.!® Similar to the findings of previous
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research,!” mean values of all of these anthropometric
parameters in the present study were significantly
higher in hypertensive individuals than the
normotensive population. We also found significant
positive  correlations  between all of these
anthropometric parameters and systolic and diastolic
blood pressure. Many investigators have eatlier
reported the significant positive correlation of BMI
with systolic and diastolic blood pressure.!8-20 Dalton
et al. found that BMI, WC, and WHR were equally
related with hypertension.?! Lear et al. reported better
correlations of BMI and WC with blood pressure
than that of WHR.?? In contrast, Pavey et al. reported
WC, and not BMI, to explain obesity-related health
risk including hypertension.??

In the present study, we detected BMI and WC as
the significant predictors of both systolic and diastolic
blood pressure. BMI and WHR were also found to
have independent associations with systolic/diastolic
blood pressure. Chobanian et al. reported that waist
to height ratio was a better obesity index than BMI
and WHR for predicting hypertension.” Similatly,
Tesfaye et al. suggested that waist to height ratio may
be a better indicator for screening obesity-related
cardiovascular disease risk factors including blood
pressure than BMI, WC, and WHR.?* Colin et al.
indicated that BMI, WC, and WHR were all positively
associated with risk of coronary heart disease in
Chinese women.?

Table 2. Prevalence of overweight/obesity based on different anthropomettic indicators

Anthropometric indicators n (%) Sensitivity (95% confidence interval)
BMI (kg/m2)
<18.5 56 (40%)
18.5-25.9 63 (45%) 0.831 (0.809-0.850)
26-29 13 (9%)
>29 9 (6%)
Waist circumference
<80 131 (92%) 0.591 (0.571-0.611)
>80 11 (8%)
Waist hip circumference ratio
<0.80 102 (72%) 0.698 (0.645-0.751)
>0.80 40 (28%)

Table 3. Anthropometric indices in normotensive and hypertensive individuals

Parameter Normotensive group Hypertensive group
Body mass index 20.7+3.1 23.1+58
Waist to hip ratio 0.76 £0.95 0.80 +0.20"
Waist circumference 65.1+11.3 70.1 £12.3"

*P < 0.001 compared to the normotensive group
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Our findings showed a significant trend of
increased prevalence of hypertension with increased
BMI, WC, and WHR. However, WC was the best
predictor for hypertension among our participants.
Visscher et al. reported similar findings.?0 Increased
BMI is associated with increased blood pressure. In
fact, higher body weight and thus BMI are related
with increases in body fluid volume and cardiac
output. In addition, peripheral resistance will also
increase since hyperinsulinemia, cell membrane
alteration, and hyperactivity of the rennin-angiotensin
system lead to functional constriction and structural
hypertrophy.?” The positive correlations between WC
and WHR and the prevalence of hypertension could
be explained by an increase in visceral fat that in turn
increases leptin and insulin resistance and worsens
lipid profile.?® Self-measurements of WC and WHR
are relatively simple and repeatable. Moreover,
measuring techniques in this study have been found
to be acceptable in recent epidemiologic studies.?
Further studies are needed to determine whether WC
and WHR are as sensitive as BMI in predicting other
pregnancy complications of maternal obesity such as
macrosomia, cesarean delivery, and neural tube
defects. If the efficacy of WC and WHR is
established, they could form the basis of health
promotion programs that aim to raise public
awareness about the importance of weight reduction
for women planning to be pregnant.

Conclusion

In this study, WC was the best predictor of
hypertension. BMI and WHR were also good
predictors of hypertension. We recommend that not
only BMI but also WC should be routinely measured
in clinical settings during the first prenatal care.

Conflict of Interests

Authors have no conflict of interests.

References

1. WHO. Global Strategy on Diet, Physical Activity and
Health, Diet, nutrition and the prevention of chronic
diseases, Report of the joint WHO/FAO expert
consultation. Geneva, Swetzerland: WHO; 2002.

2. Galtier-Dereure F, Boegner C, Bringer J. Obesity and
pregnancy: complications and cost. Am J Clin Nutr
2000; 71(5 Suppl): 1242S-8S.

3. Frederick 10, Rudra CB, Miller RS, Foster JC,
Williams MA. Adult weight change, weight cycling,
and prepregnancy obesity in relation to risk of
preeclampsia. Epidemiology 2006; 17(4): 428-34.

4. Villamor E, Cnattingius S. Interpregnancy weight
change and risk of adverse pregnancy outcomes: a

population-based study. Lancet 2006; 368(9542):
1164-70.

5. Ogunyemi D, Hullett S, Leeper J, Risk A.
Prepregnancy body mass index, weight gain during
pregnancy, and perinatal outcome in a rural black
population. ] Matern Fetal Med 1998; 7(4): 190-3.

6. Benetou V, Bamia C, Trichopoulos D, Mountokalakis
T, Psaltopoulou T, Trichopoulou A. The association
of body mass index and waist circumference with
blood pressure depends on age and gender: a study of
10,928 non-smoking adults in the Greek EPIC cohort.
Eur J Epidemiol 2004; 19(8): 803-9.

7. Wildman RP, Gu D, Reynolds K, Duan X, He J.
Appropriate  body mass index and waist
circumference  cutoffs for categorization of
overweight and central adiposity among Chinese
adults. Am J Clin Nutr 2004; 80(5): 1129-36.

8. Lin WY, Lee LT, Chen CY, Lo H, Hsia HH, Liu IL,
et al. Optimal cut-off values for obesity: using simple
anthropometric indices to predict cardiovascular risk
factors in Taiwan. Int J Obes Relat Metab Disord
2002; 26(9): 1232-8.

9. Chobanian AV, Bakris GL, Black HR, Cushman WC,
Green LA, Izzo JL, et al. The Seventh Report of the
Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure:
the INC 7 report. JAMA 2003; 289(19): 2560-72.

10.Sibai BM, Ewell M, Levine RJ, Klebanoff MA,
Esterlitz J, Catalano PM, et al. Risk factors associated
with preeclampsia in healthy nulliparous women. The
Calcium for Preeclampsia Prevention (CPEP) Study
Group. Am J Obstet Gynecol 1997; 177(5): 1003-10.

11.Kaplan N. Primary hypertension: pathogenesis. In:
Kaplan NM, Victor RG, Editors. Kaplan's Clinical
Hypertension. Philadelphia, PA: Lippincott Williams
& Wilkins; 2009. p. 50-121.

12.Han TS, Van Leer EM, Seidell JC, Lean ME. Waist
circumference action levels in the identification of
cardiovascular risk factors: prevalence study in a
random sample. BMJ 1995; 311(7017): 1401-5.

13.Popkin BM, Kim S, Rusev ER, Du S, Zizza C.
Measuring the full economic costs of diet, physical
activity and obesity-related chronic diseases. Obes
Rev 2006; 7(3): 271-93.

14.Ho SY, Lam TH, Janus ED. Waist to stature ratio is
more strongly associated with cardiovascular risk
factors than other simple anthropometric indices. Ann
Epidemiol 2003; 13(10): 683-91.

15.Hsieh SD, Yoshinaga H, Muto T. Waist-to-height
ratio, a simple and practical index for assessing
central fat distribution and metabolic risk in Japanese
men and women. Int J Obes Relat Metab Disord
2003; 27(5): 610-6.

16. Gus M, Fuchs SC, Moreira LB, Moraes RS, Wiehe
M, Silva AF, et al. Association between different
measurements of obesity and the incidence of
hypertension. Am J Hypertens 2004; 17(1): 50-3.

17. Sakurai M, Miura K, Takamura T, Ota T, Ishizaki M,

S172 ARYA Atherosclerosis Journal 2012; Volume 8, Special Issue in National Hypertension Treatment

WWW.Mmui.ac.ir



Morikawa Y, et al. Gender differences in the
association between anthropometric indices of
obesity and blood pressure in Japanese. Hypertens
Res 2006; 29(2): 75-80.

18.Rothman K, Greenland S, Lash T. Precision and
statistics in epidemiologic studies. In: Rothman KJ,
Greenland S, Lash TL, Editors. Modern
Epidemiology. Philadelphia, PA: Lippincott Williams
& Wilkins; 2008. p. 148-67.

19. Greenland S, Rothman K. Introduction to stratified
analysis. In: Rothman KJ, Greenland S, Lash TL,
Editors. Modern epidemiology. 3™ ed. Philadelphia,
PA: Lippincott Williams & Wilkins; 2008. p. 258-82.

20.Zweig MH, Campbell G. Receiver-operating
characteristic (ROC) plots: a fundamental evaluation
tool in clinical medicine. Clin Chem 1993; 39(4):
561-77.

21. Dalton M, Cameron AJ, Zimmet PZ, Shaw JE, Jolley
D, Dunstan DW, et al. Waist circumference, waist-
hip ratio and body mass index and their correlation
with cardiovascular disease risk factors in Australian
adults. J Intern Med 2003; 254(6): 555-63.

22.Lear SA, Humphries KH, Kohli S, Chockalingam A,
Frohlich JJ, Birmingham CL. Visceral adipose tissue
accumulation differs according to ethnic background:
results of the Multicultural Community Health
Assessment Trial (M-CHAT). Am J Clin Nutr 2007;
86(2): 353-9.

23. Pavey B, Plalmer J, Sowers J, Stump C. Hypertension
and diabetes mellitus. In: Re RN, Editor. Molecular
Mechanisms in Hypertension. London, UK: Taylor &
Francis; 2006. p. 361-74.

Z. Bostani Khalesi, M. Niknami, A. Ghorbani

24, Tesfaye F, Nawi NG, Van MH, Byass P, Berhane Y,
Bonita R, et al. Association between body mass index
and blood pressure across three populations in Africa
and Asia. J Hum Hypertens 2007; 21(1): 28-37.

25. Colin BA, Adair LS, Popkin BM. Ethnic differences
in the association between body mass index and
hypertension. Am J Epidemiol 2002; 155(4): 346-53.

26. Visscher TL, Seidell JC, Molarius A, van der Kuip D,
Hofman A, Witteman JC. A comparison of body
mass index, waist-hip ratio and waist circumference
as predictors of all-cause mortality among the elderly:
the Rotterdam study. Int J Obes Relat Metab Disord
2001; 25(11): 1730-5.

27.Weng X, Liu Y, Ma J, Wang W, Yang G, Caballero
B. Use of body mass index to identify obesity-related
metabolic disorders in the Chinese population. Eur J
Clin Nutr 2006; 60(8): 931-7.

28. Stone JL, Lockwood CJ, Berkowitz GS, Alvarez M,
Lapinski R, Berkowitz RL. Risk factors for severe
preeclampsia. Obstet Gynecol 1994; 83(3): 357-61.

29. Thadhani R, Stampfer MJ, Hunter DJ, Manson JE,
Solomon CG, Curhan GC. High body mass index and
hypercholesterolemia: risk of hypertensive disorders
of pregnancy. Obstet Gynecol 1999; 94(4): 543-50.

How to cite this article: Bostani Khalesi Z,
Niknami M, Ghorbani A. Prediction of hypertension
by anthropometric parameters in primigravidae.
ARYA Atherosclerosis Journal 2012; 8(Special Issue
in National Hypertension Treatment): S169-S173.

ARYA Atherosclerosis Journal 2012; Volume 8, Special Issue in National Hypertension Treatment S173

WWW.Mmui.ac.ir



