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Waist Circumference Above 80 cm Predicts Increased Systolic Blood Pressure in Healthy
Young Adult Women

Gilberto Reis Agostinho Silva,"™ Maria Sebastiana Silva,?™ Lidia Andreu Guillo?

Universidade Salgado de Oliveira - Campus de Goidnia,” Goidnia, GO — Brazil
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Abstract

Background: Among anthropometric measures for assessing adiposity-related risk, waist circumference (WC) is
simple and fast to perform. Cut-off values for WC proposed by the International Diabetes Federation (IDF), and
the Adult Treatment Panel III of the National Cholesterol Education Program (NCEP-ATP III) are categorized by
gender and are not age-specific.

Objective: To analyze the association between WC and cardiometabolic risk factors in adult women.

Methods: A total of 164 healthy adult women were grouped by WC according to IDF and NCEP-ATP III cutoff
values. Continuous variables were described as mean + standard deviation or median (interquartile range). The
Shapiro-Wilk test was used to assess the normality of data. Variables were analyzed by unpaired Student’s t-test,
Mann-Whitney U and Kruskal-Wallis tests. The correlation of WC categories with systolic (SBP) and diastolic
(DBP) blood pressure, fasting blood glucose, high-density lipoprotein cholesterol (HDL-c), and triglycerides were
examined by Spearman’s rho correlation coefficient and linear regression analysis. A p value <0.05 was considered
statistically significant.

Results: Increased WC showed a significant correlation with SBP, DBP, glucose, HDL-c, and triglycerides. In
bivariate linear regression, approximately 63.0 % of the variability of SBP (> 130 mmHg) among the age group 20-40
years was predicted by increased WC according to both criteria.

Conclusion: A WC above 80 cm in women aged 20-40 years strongly predicted variability in SBP, calling attention
to the importance of measuring WC for the monitoring and prevention of cardiovascular and metabolic diseases in
women in this age group. (Int ] Cardiovasc Sci. 2020; 33(4):340-347)

Keywords: Body Weight and Measures; Anthropometry/instrumentation; Young Adult; Women,; Abdominal
Circumference; Blood Pressure; Risk Factors.

Introduction

For a long time, several studies have indicated a
correlation of waist circumference (WC) with abdominal
(subcutaneous and intra-abdominal) fat mass'? and
accumulation of visceral adipose tissue.** Subsequent
studies have confirmed that WC, a simple measurement,
is the best surrogate marker of visceral adiposity.>® In
fact, a panel promoted by the Association for Weight

Management and Obesity Prevention (NAASO), the
Obesity Society, the American Society for Nutrition, and
the American Diabetes Association has encouraged the
use of WC in clinical practice.”

It has become evident that WC is more linked to
cardiovascular risk factors than body mass index (BMI).
A survey assessing 168,000 primary care patients across
63 countries® has demonstrated that BMI, and particularly
WG, are strongly associated with cardiovascular disease
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and diabetes mellitus. Similarly, a recent population-based
Australian survey with 4,487 women aged 20-69 years has
concluded that central obesity measures (mainly WC) are
more strongly correlated with cardiovascular risk when
compared with measures of general obesity like BMIL.°

In addition to WC, blood pressure, fasting glucose,
HDL-cholesterol, and triglyceride levels have become
important allies in clinical practice due to the increasing
prevalence of metabolic disorders, such as overweight,
obesity, and hypertension. All these risk factors are
present in metabolic syndrome (MS), which has become
a concern for many health organizations.

Following the World Health Organization (WHO)'s
recommendations, the National Cholesterol Education
Program Adult Treatment Panel III (NCEP-ATPIII)
and the International Diabetes Federation (IDF) have
emphasized the importance of fat in the etiology of MS,
and WC is a crucial component of MS definition.

In addition, it is interesting to note that the cut-off
values for WC proposed by the IDF and NCEP-ATPIII
are categorized by gender but are not age-specific,
although changes in WC with age have been reported
for many years."

To address this issue, this study aimed to investigate
the relationship between WC and individual components
of cardiometabolic diseases and to assess the ability of
WC to predict cardiometabolic risk factors across age
groups in adult women.

Methods

This observacional, cross-sectional study was
approved by the Research Ethics Commitee of the Federal
University of Goids with protocol number 784.446/2014.
The cohort comprised 164 women aged 20-78 years, who
responded to an invitation to participate in physical
exercise program for women'’s health, promoted by the
university and the municipal administration of the city
of Santo Antdnio de Goias (Goias, Brazil).

A sample size of 164 participants was calculated
considering a number of 850 women in this age range
(online data published by the Instituto Brasileiro de Geografia
e Estatistica, IBGE"), with a margin of error of 7% and
confidence interval of 95%. When the sample was divided
into age groups, the margin of error increased to 15%.

The exclusion criteria comprised women younger than
19 years, pregnant women, and women with a diagnosis
of infectious or contagious disease, neurological or
cognitive deficit, cardiac disease, or hypertension.

Anthropometric and blood pressure measurements

All WC measurements were performed by the same
researcher using a flexible, inelastic tape placed directly
on the skin, with the participant in a standing position
and with abdominal muscles relaxed. WC was measured
by placing the measuring tape around the abdomen at a
midpoint between the top of the iliac crest and the lowest
rib. Blood pressure measurements at rest were obtained
with a sphygmomanometer by the same researcher with
the patient in the sitting position. Two measurements
were obtained from each patient, and average of both
measurements was used in the analysis.

Biochemical analysis

Fasting blood was collected before breakfast for
measurement of glucose, HDL-cholesterol, and
triglycerides. Eight milliliters of blood was collected by
venipuncture and aliquoted in two Vacutainer® tubes
with EDTA (Vacuplast CRAL, Sao Paulo/Brazil). Samples
were conditioned in a refrigerated thermal box and
transported in less than one hour to our laboratory to
separate plasma by centrifugation. Levels of glucose were
measured by the glucose oxidase (GOD) -Trinder and of
HDL-cholesterol and triglycerides by glycerol phosphate
oxidase (GPO) -Trinder commercial colorimetric
methods using an automated analyzer (LabMax 240).

International Diabetes Federation and National
Cholesterol Education Program Adult Treatment
Panel III cut-off values

Both IDF"? and NCEP-ATPIII* adopt similar cut-off
values for all MS components, with the exception of WC. In
order to include both WC cut-off values in our analysis, we
divided the participants into two groups: “increased WC,”
defined by WC 2 80 cm (IDF) or > 88 cm (NCEP-ATPIII);
and “normal WC,” defined by WC levels below those
mentioned above. Other values considered to be “altered”
for the purpose of this study included SBP > 130 mmHg,
DBP > 85 mmHg, fasting glucose >100 mg/dL, triglycerides
> 150 mg/dL, and HDL-cholesterol < 50 mg/dL according
to both IDF and NCEP-ATPIII criteria.

Statistical analysis

Continuous variables with normal distribution are
presented as mean + standard deviation (SD) and as
median and interquartile range (IQR) when data followed
a non-normal distribution. Initially, participants were
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distributed into two WC categories according to the
IDF and NCEP-ATPIII cut-off values. The Shapiro-Wilk
test was used to assess the normality of all dependent
variables (age, WC, SBP, DBP, serum glucose, HDL-
cholesterol, and triglycerides) distributed into the WC
categories and age groups. Comparison of data between
WC categories were made by unpaired Student’s ¢ test
(with Levene’s test for equality of variance) and the
Mann-Whitney U-test for data with normal and non-
normal distribution, respectively. Values between age
groups were compared with Kruskal-Wallis test.

For correlation and regression analyses, WC was the
independent variable and SBP, DBP, glucose, HDL-
cholesterol, and triglycerides the dependent variables.
The strength of the association between WC (categorized
as normal or increased) and the variables SBP, DBP,
serum glucose, HDL-cholesterol, and triglycerides was
measured by Spearman’s rho (o) correlation coefficient.
The size of the correlation coefficient was interpreted
according to Mukaka' in which the correlation between
0.00 and 0.30 was considered as negligible, 0.30 and 0.50
as low, 0.50 and 0.70 as moderate, 0.70 and 0.90 as high,
and 0.90 and 1.00 as very high.

Participants were divided into three age groups:
< 40, 40-50, and > 50 years, and correlations between
WC and other variables were also assessed according to
these groups. Simple and hierarchical linear regression
analysis was used to examine the relationship between

increased WC and cardiometabolic risk factors, and to
estimate the explained variance (R square, R2) of these
risk factors by WC. First, on simple linear regression
analysis, the anthropometric measure (normal and
increased WC) was included as an independent variable,
and then each variable (SBP, DBP, serum glucose, HDL-
cholesterol, and triglycerides) was tested as a dependent
variable. All data related to cardiometabolic risk factors
were also divided into normal and altered groups
according to the IDF and NCEP-ATPIII criteria. On
regression studies, all variables were log transformed
to meet the requirements of the analysis. A p value
< 0.05 was considered statistically significant.

Results

The study included 164 participants with a median age
of 44.0 years [IQR13.75]. Median [IQR] of WC, SBP, DBP,
glucose, HDL-c and triglycerides in the overall cohort
was 94.2 [IQR18.5]cm, 127.0 [IQR 20] mm Hg, 81.0 [IQR
14] mm Hg, 86.0 [IQR 18] mg/dL, 48.0 [IQR 13] mg/dL
and 117.5 [IQR 68.5] mg/dL, respectively.

Results of the median or mean + SD of age, SBP, DBP,
glucose, HDL-c and triglycerides values were compared
according to WC categories defined by IDF and NCEP-
ATP 1III criteria (Table 1). Compared with normal WC
participants, the group with increased WC was older,
and showed higher levels of WC, SBP and DBP (all
p <0.05). In contrast, levels of glucose, HDL-cholesterol,

Table 1 - Distribution of clinical characteristics of women’s participants (n = 164) by WC categories according to IDF

and NCEP-ATPIII cutoff points

IDF NCEP-ATPIII
WC <80 cm WC = 80 cm WC < 88 cm WC > 88 cm
n =26 n =138 n =53 n=111

Age (years) 35.11+£10.5 44.6 +10.1* 39.7+10.8 447 £10.3*
WC (cm) 733 +44 100.4 + 14.3* 79.3+7.0 104.1 +13.5*
SBP (mmHg) 116.0 £10.7 128.7 +15.3* 120.4 £15.2 129.7 + 14.4*
DBP (mmHg) 74.7 + 8.4 84.9 +11.0* 77.3+9.4 86.1 £10.9*
Glucose (mg/dL) 93.1+57.3 90.7 + 40.0# 88.9+42.1 92.1+43.5
HDL-c (mg/dL) 49,2+94 49.2+11.2* 50.6 £9.0 48.5+11.6
Triglycerides (mg/dL) 111.4+51.6 130.4 + 74.5* 115.2 +47.1 133.2+80.3

Data are expressed as mean = SD. WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-c: high density
lipoprotein-cholesterol. # p < 0.05, compared with normal WC (Student’s t test), assuming equal variances. * p < 0.05, compared with normal WC

(Mann-Whitney U test).
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and triglycerides showed no difference between the two
categories of WC defined by both criteria.

Values of age, SBP, DBP, fasting glucose, HDL-c and
triglycerides values in the overall cohort was distributed
by age group (Table 2). Significant changes were observed
between the three age groups in WC (p = 0.036), SBP
(p <0.001) and DBP (p = 0.011).

Table 3 shows the correlation coefficients of the
studied variables with each WC category according to
the IDF and NCEP-ATPIII cut-off values. For participants
with increased WC, the analysis showed that the WC
categorized by IDF criteria had low correlation with
DBP (o = 0.425, p = 0.000) and a negligible correlation
with SBP, HDL-cholesterol (o =0.285, p <0.01; 0 =-0.270,
p <0.001, respectively). As for the WC defined by the IDF

criteria, we observed a low correlation with SBP, DBP
(0=0.315, p=0.001; and 0 =0.442, p=0.000, respectively)
and a negligible correlation with HDL-cholesterol and
triglycerides (0=-0.227, p=0.017; and 0 =0.225, p=0.018,
respectively), by the NCEP-ATPIII criterion.

Bivariate regression analysis showed that for both
criteria, IDF and NCEP-ATPII], only the variability of
SBP, DBP, and HDL-cholesterol levels could be explained
by increased WC (Table 4). Among them, DBP showed
the highest percentage of variability in the age group > 50
years (27% and 30.5%, respectively). A total of 22.7% and
18.4% in the SBP variability was explained by increased
WC in participants aged <40 years, while 9.8% and 8.5%
of the variability in HDL-cholesterol levels was explained
by increased WC among participants aged 40-50 years.

Table 2 - Distribution and comparison of clinical characteristics between age groups

Age groups
<40 yrs 40-50 yrs > 50 yrs p-values
n =54 n =69 n =41
WC (cm) 91.9+16.7 97.7+17.9 99.0+12.8 0.036
SBP (mmHg) 120.9 +13.14 126.4+15.3 134.7 £ 14.9 <0.001
DBP (mmHg) 80.6 = 10.6 82.7£10.6 87.7+119 0.011
Glucose (mg/dL) 96.8 +61.3 88.9+20.7 86.9 +41.6 0.077
HDL-c (mg/dL) 479+8.5 48.9+10.3 51.3 +14.0 0.562
Triglycerides ( mg/dL) 126.7 +62.3 117.8 +63.3 144.5+92.1 0.162

*Kruskal Wallis test.

Table 3 - Spearman’s rho correlation coefficients () between increased waist circumference according to the IDF and

NCEP-ATPIII criteria and blood pressure, fasting glucose, lipoprotein levels and triglycerides values

IDF NCEP-ATPIII
Total
n =164 WC <80 cm WC = 80 cm WC < 88 cm WC > 88 cm
n =26 n =138 n=>53 n =111
o p-value [o) p-value o) p-value [o) p-value o p-value

SBP (mmHg) 0.411 0.000 0.520 0.006 0.285 0.001 0.406 0.003 0.315 0.001
DBP (mmHg) 0.506 0.000 0.411 0.037 0.425 0.000 0.406 0.003 0.442 0.000
Glucose (mg/dL) 0.184 0.018 0.011 0.957 0.183 0.032 0.09 0.524 0.224 0.018
HDL-c (mg/dL) -0.213 0.006 0.026 0.901 -0.270 0.001 0.215 0.122 -0.227 0.017
Triglycerides

0.172 0.028 -0.031 0.879 0.164 0.056 0.059 0.676 0.225 0.018

(mg/dL)
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Table 4 - Bivariate linear regression analysis

IDF
Variables <40 yrs 40-50 yrs > 50 yrs
R? p-value R? p-value R? p-value
SBP 0.227 0.002 0.096 0.016 0.009 0.553
SBP > 130 mmHg 0.638 0.002 0.002 0.826 0.000 0.921
DBP 0.227 0.003 0.147 0.002 0.270 0.001
DBP =85 mmHg 0.057 0.393 0.145 0.061 0.361 0.003
HDL 0.076 0.093 0.098 0.015 0.054 0.150
HDL-cholesterol < 50 mg/dL 0.031 0.554 0.17 0.014 0.059 0.274
NCEP-ATPIII
<40 yrs 40-50 yrs > 50 yrs
R? p-value R? p-value R? p-value
SBP 0.184 0.023 0.080 0.044 0.084 0.107
SBP > 130 mmHg 0.630 0.011 0.000 0.980 0.063 0.286
DBP 0.212 0.014 0.124 0.011 0.305 0.001
DBP > 85mmHg 0.263 0.025 0.079 0.163 0.359 0.005
HDL 0.028 0.391 0.085 0.038 0.048 0.228
HDL-cholesterol < 50 mg/dL 0.077 0.471 0.180 0.031 0.023 0.525

When dependent variables were categorized according
to the cut-off value of each criterion, the percentage
of variability of the risk factor in the altered category,
explained by increased WC, was always greater than the
variability of the non-categorized variable (as observed
in Table 4). Thus, increased WC (= 80 cm by the IDF or
> 88 cm by the NCE-ATPIII) correlated only with three
health risk factors — SBP, DBP, and HDL-cholesterol.
Increased WC explained 63.8% and 63% of the variability
of increased SBP (in women aged <40 years), 36.1% and
35.9% of that of increased DBP (in women > 50 years),
and 17% and 18% of that of altered HDL-c (in women
aged 40-50 years), respectively for IDF and NCEP-ATPIII.

Discussion

The women participating in the present study were
grouped according to categories of WC based on cut-
off values determined by the IDF and NCEP-ATPIII
criteria. The purpose of this distribution was to assess the
association of WC categories with the following health

risk factors: age and levels of SBP, DBP, HDL-cholesterol,
fasting glucose, and triglycerides.

The prevalence of increased WC categorized according
to the IDF criteria (= 80 cm) was superior to that of
increased WC categorized according to the NCEP-ATPIII
criteria (> 88 cm): 84% versus 68%, respectively. This
was already expected, considering the lower cut-off
recommended by the IDF compared with the NCEP-
ATPIIIL Considering that the WC is a crucial criteria for
the diagnosis of MS, the higher prevalence of increased
WC found in this population of women is concerning.

We also observed that median SBP, DBP, and WC
values increased significantly with age. These results
are aligned with data from the literature that show a
continuous increase in SBP between the ages of 30 and
84 years and over. Although DBP values have a varying
pattern with aging, they also increased until the fifth
decade.” In contrast, increases in WC with increasing
age are more difficult to evaluate, since this evaluation
require longitudinal studies and repeated measures
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analysis, which are uncommon in cross-sectional
studies.!® A 5-year longitudinal cohort study including
Australian adults reported an increase in mean WC of
0.46 cm/year." In our study, we observed that, in addition
to the increase in mean WC with increasing age, mean
WC values were above the normal values in all groups
(for both IDF and NCEP-ATPIII criteria), corroborating
the high prevalence of increased WC in our study.

In the association analysis, we showed a significant
correlation between WC and all risk factors evaluated.
The same was also observed with increased WC.

Several studies have reported a relationship between
WC and risk factors for cardiovascular disease. A classic
study, conducted with 70 women aged 23-50 years,
reported that WC correlates moderately with plasma
triglycerides and HDL-cholesterol levels and weakly with
fasting glucose levels (blood pressure was not evaluated
in the study).* Significant correlations between WC
and cardiovascular risk factors (HDL-cholesterol, total
cholesterol, SBC, and DBP) have also been reported in
subjects aged 20-59 years.?

Some authors have reported correlations of WC with
indicators of MS. Shen et al.,'® evaluated 1,010 healthy
men and women and found weak but significant
correlations between WC and each MS component (SBP,
DBP, and serum levels of glucose, TG, HDL-cholesterol,
and insulin). Another population-based study published
in 2002 by Zhu et al.,”” including 9,019 American men
and women found that WC correlated weakly but
significantly with SBP, DBP, and levels of serum LDL-
cholesterol, HDL-cholesterol, and plasma glucose.

A substantial limitation of all the studies mentioned
above was the lack of WC categorization, as done in our
study. Only a few authors have assessed individuals
grouped into normal and increased WC categories.
For example, Elbassuoni® reported an association of
increased WC with cardiovascular risk factors (SBP,
DBP, fasting glucose, triglycerides, and HDL-cholesterol)
among 68 pre-menopausal women with a mean age of
32 years. Also, using previous data from a large cohort
representative of the US population (US Department
of Health and Human Services, National Center) and
gender-specific WC cut-off points according to the NIH
guidelines, Janssen et al.,' showed that the health risks
associated with increased WC (> 102 cm for men and >
88 cm for women) in men were limited to overweight
individuals, but in women, the risks affected those with
normal weight, overweight, and class 1 obesity. This

finding emphasizes the importance of incorporating WC
measurements into clinical practice.

Considering that in the present study the cut-off values
for WC in both IDF and NCEP-ATPIII criteria showed
correlations with SBP, DBP, and HLD-cholesterol levels,
WC values > 80 cm (which would also include those
above 88 cm), could potentially be included as a regular
measurement in clinical practice.

On regression analysis, we found that increased
WC could explain the variability of high SBP (> 60%),
high DBP (> 35%) and low HDL-cholesterol levels
(2 17%) among young adult women. To the best of our
knowledge, this is the first study to report such finding.

In 2010, Stevens et al.,'® pointed out that the inclusion
of separate cut-off values by gender was appropriate and
that the same is not adequate for age, since the inclusion
of age-specific WC cut-off values in adults would require
an examination of disease risk and use of different cut-
off values for different age groups, compromising the
simplicity of this useful health risk indicator.

Limitations of the present study include the small
sample size, which does not allow inference of a causal
relationship. Future studies with greater sample size
should be conducted to confirm our findings.

The results from our study, if confirmed in a larger
cohort, emphasize the importance of categorizing WC
values by age groups and indicate that two simple
measurements — blood pressure and WC - should
be performed in young adult women in preventive
health programs.

Conclusions

This study showed an association of WC >80 cm with
SBP, DBP, and HDL-cholesterol levels in adult women
and is in line with population-based studies aimed at
simplifying the identification of health risk factors in
daily practice. Additionally, the detection of SBP > 130
mmHg and WC >80 cm in a young adult women patient
should trigger further investigation of health risks factors,
particularly cardiometabolic ones.

Acknowledgments

We would like to express our thanks to all women who
kindly volunteered to donate blood. We also would like
to thank the Postgraduation Program in Health Sciences
at UFG, for partially financing the study.



Int J Cardiovasc Sci. 2020; 33(4):340-347
Original Article

Silva etal

Waist circumference and increased blood pressure

Author contributions

Conception and design of the research: Silva GRA,
Silva MS, Guillo LA. Acquisition of data: Silva GRA.
Analysis and interpretation of the data: Silva GRA, Silva
MS, Guillo LA. Statistical analysis: Silva GRA, Guillo LA.
Obtaining financing: Silva MS. Writing of the manuscript:
Silva GRA, Guillo LA. Critical revision of the manuscript
for intellectual content: Silva MS, Guillo LA.

Potential Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Sources of Funding

This study was partially funded by Research Support
Foundation of Goias State.

References

1. Lean ME, Han TS, Morrison CE. Waist circumference as a measure for
indicating need for weight management. BMJ. 1995;311(6998):158-61.

2. 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. BM]J. 1995;311(7017):1401-5.

3. Pouliot MC, Després JP, Lemieux S, Moorjani S, Bouchard C, Tremblay
A, et al. Waist circumference and abdominal sagittal diameter: best
simple anthropometric indexes of abdominal visceral adipose tissue
accumulation and related cardiovascular risk in men and women. Am J
Cardiol. 1994;73(7):460-8.

4. Sangi H, Mueller WH. Which measure of body fat distribution is
best for epidemiologic research among adolescents? Am ] Epidemiol.
1991;133(9):870-83.

5. OnatA, Avci GS, Barlan MM, Uyarel H, Uzunlar B, Sansoy V. Measures
of abdominal obesity assessed for visceral adiposity and relation to
coronary risk. Int ] Obes Relat Metab Disord. 2004;28(8):1018-25.

6. Borruel S, Molt6 JF, Alpanés M, Fernandez-Duran E, Alvarez-Blasco F,
Luque-Ramirez M, et al. Surrogate markers of visceral adiposity in young
adults: waist circumference and body mass index are more accurate than
waist hip ratio, model of adipose distribution and visceral adiposity
index. PLoS One. 2014;9(12):e114112.

7. Klein S, Allison DB, Heymsfield SB, Kelley DE, Leibel RL, Nonas C, et
al. Waist circumference and cardiometabolic risk: a consensus statement
from Shaping America’s Health: Association for Weight Management and
Obesity Prevention; NAASO, The Obesity Society; the American Society
for Nutrition; and the American Diabetes Association. Am J Clin Nutr.
2007;85(5):1197-202.

8. Balkau B, Deanfield JE, Després JP, Bassand JP, Fox KA, Smith SC Jr, et
al. International Day for the Evaluation of Abdominal Obesity (IDEA):
a study of waist circumference, cardiovascular disease, and diabetes
mellitus in 168,000 primary care patients in 63 countries. Circulation.
2007;116(17):1942-51.

9. Goh LG, Dhaliwal SS, Welborn TA, Lee AH, Della PR. Anthropometric
measurements of general and central obesity and the prediction of

Study Association

This article is part of the thesis of Doctoral submitted
by Gilberto Reis Agostinho Silva, from Universidade
Federal de Goids.

Ethics approval and consent to participate

This study was approved by the Ethics Committee
of the Universidade Federal de Goids under the protocol
number 784.446/2014. All the procedures in this study
were in accordance with the 1975 Helsinki Declaration,
updated in 2013. Informed consent was obtained from
all participants included in the study.

cardiovascular disease risk in women: a cross-sectional study. BMJ Open.
2014;4(2):e004138.

10. Stevens J, Knapp RG, Keil JE, Verdugo RR. Changes in body weight
and girths in black and white adults studied over a 25 year interval. Int
J Obes. 1991;15(12):803-8.

11. Instituto Brasileiro de Geografia e Estatistica (IBGE). [internet]. Panorama
Santo Antonio de Goids [acesso em 10 dez 2018]. Disponivel em: https://
cidades.ibge.gov.br/brasil/go/santo-antonio-de-goias/panorama.

12. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA,
et al. Harmonizing the metabolic syndrome: a joint interim statement
of the International Diabetes Federation Task Force on Epidemiology
and Prevention; National Heart, Lung, and Blood Institute; American
Heart Association; World Heart Federation; International Atherosclerosis
Society; and International Association for the Study of Obesity.
Circulation. 2009;120(16):1640-5.

13. National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel IIT). Third Report of the National
Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation. 2002;106(25):3143-421.

14. Mukaka, MM. Statistics corner: a guide to appropriate use
of correlation coefficient in medical research. Malawi Med J.
2012;24(3):69-71.

15. Pinto E. Blood pressure and ageing. Postgrad Med J. 2007;83(976):109-14.

16. Stevens J, Katz EG, Huxley RR. Associations between gender, age and
waist circumference. Eur J Clin Nutr. 2010;64(1):6-15.

17. Peeters A, Magliano DJ, Backholer K, Zimmet P, Shaw JE. Changes in
the rates of weight and waist circumference gain in Australian adults
over time: a longitudinal cohort study. BMJ Open. 2014;4(1):e003667.

18. Shen W, Punyanitya M, Chen ], Gallagher D, Albu ], Pi-Sunyer X, et al.
Waist circumference correlates with metabolic syndrome indicators better
than percentage fat. Obesity (Silver Spring) 2006;14(4):727-36.

346



347

Silva etal Int J Cardiovasc Sci. 2020; 33(4):340-347

Waist circumference and increased blood pressure Original Article

19. Zhu S, Wang Z, Heshka S, Heo M, Faith MS, Heymsfield SB. Waist 21. JanssenI, Katzmarzyk PT, Ross R. Body mass index, waist circumference,
circumference and obesity-associated risk factors among whites in the and health risk: evidence in support of current National Institutes of
third National Health and Nutrition Examination Survey: clinical action Health guidelines. Arch Intern Med. 2002;162(18):2074-9.
thresholds. Am J Clin Nutr. 2002;76(4):743-9.

20. Elbassuoni E. Better association of waist circumference with insulin
resistance and some cardiovascular risk factors than body mass index.
Endocr Regul. 2013;47(1):3-14.

@' This is an open-access article distributed under the terms of the Creative Commons Attribution License



