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Background and Purpose: The use of anthropometric indicators as discriminators of
hypertriglyceridemia has not been thoroughly investigated. The purpose of this article
is to comparatively evaluate anthropometric indicators as discriminators of hypertriglyc-
eridemia in older Brazilian adults. Methods: This cross-sectional study derived from
population-based epidemiological research involving 316 community-dwelling older
adults (60-105 years old). Results: Except for the conicity index and the body adiposity
index in the group of women, all other anthropometric indicators (i.e., body mass index,
waist and calf circumferences, triceps skinfold thickness, and waist—stature and waist-hip
ratios) were sufficient to identify hypertriglyceridemia in the population. Conclusions: We
endorse anthropometric indicators for use in screening for hypertriglyceridemia in older
Brazilian adults.
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blood (Pejic & Lee, 2006), results from the accumulation of very low-density

lipoproteins (VLDLs) and/or chylomicron in the blood plasma (Xavier et al.,
2013). In the Brazil, the prevalence of this form of dyslipidemia is approximately 25%
in adults (Garcez, Pereira, Fontanelli, Marchioni, & Fisberg, 2014; Moraes, Checchio, &
Freitas, 2013), reaching approximately 41% in the older adults (Coqueiro et al., 2014).
Hypertriglyceridemia is considered to be an important public health problem because
besides the high prevalence is associated with cardiometabolic disorders (Christian,
Bourgeois, Snipes, & Lowe, 2011), diabetes (D’Agostino et al., 2004), pancreatitis
(Athyros et al., 2002) and is an independent risk factors for cardiovascular diseases
(Abdel-Maksoud, Eckel, Hamman, & Hokanson, 2012), which account for 30% of deaths
worldwide (Mendis, Puska, & Norrving, 2011).

Plasma triglyceride levels are determined by several key metabolic pathways, which
include the intestinal absorption of dietary fat, chylomicron remnants, production, and
hepatic clearance of VLDL, as well as via the remodeling of triglyceride-rich lipoproteins
induced by peripheral lipolysis (Hassing et al., 2012). Abnormalities in these pathways
may be determined by genetic defects (primary hypertriglyceridemia) or acquired causes
(secondary hypertriglyceridemia), such as a high-fat diet, obesity, diabetes, hypothyroid-
ism, and certain medications (Pejic & Lee, 2000).

Among the acquired conditions that influence a lipid profile, the excessive accumula-
tion of body fat is a major factor associated with hypertriglyceridemia in adults and older
adults (Karaouzene et al., 2011; Lee et al., 2013). Longitudinal study originated evidence
showed that for every increment in body fat mass of 1kg/m?, there is an increase of approx-
imately 12 mg/dL in the levels of plasma triglycerides of middle-aged adults (Schubert
et al., 2006). The increase obesity-induced in levels of triglyceride is because the accumu-
lation of body fat, particularly the visceral type, increases the rate of lipolysis and results
in high levels of free fatty acids that contribute to the development of insulin resistance
in various tissues. Insulin resistance is the cardinal metabolic defect underlying the early
development of obesity-induced hypertriglyceridemia because it interferes with the ability
of adipocytes to adequately store excess triglycerides (Subramanian & Chait, 2012).

Several methods exist for assessing body fat mass. Although methods such as dual-
energy x-ray absorptiometry, computed tomography, and magnetic resonance imaging are
considered to be the most accurate (Heyward, 2001), anthropometry is more applicable to
epidemiological research. Anthropometric assessment is a practical and low-cost method
(Coqueiro, Barbosa, & Borgatto, 2009) recommended by the World Health Organization
(WHO) to evaluate the body fat mass in individuals and populations and can be used in
household surveys, clinical practices, and primary health care (WHO, 2000).

The use of anthropometric indicators as discriminators of hypertriglyceridemia has not
been thoroughly investigated. In our review of the literature (PubMed, Scopus, CINAHL,
Medline, Web of Science, etc.) we found only two studies focused on this subject (Lee et al.,
2013; Gharipour et al., 2014). The study by Lee et al. (2013) was conducted with adults rang-
ing in age from 19 to 64 years, and focused on body mass index (BMI) and waist circumfer-
ence. Gharipour et al. (2014) evaluated older adult men and included only a few indicators
(BMI, waist circumference, waist-hip ratio [WHR] and waist—stature ratio [WSR]) in their
investigation. Thus, it is possible to conclude that older women have not yet been investi-
gated in this regard. In addition, other important anthropometric indicators have been over-
looked. It is important to note that the cutoff values of anthropometric indicators obtained
from populations younger than 60 years may not be suitable for older adults. Changes in

l l ypertriglyceridemia, defined as an abnormal concentration of triglycerides in the
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the amount and distribution of body fat are inherent in the aging process, as are increased
visceral fat deposits and decreased subcutaneous fat stores (Coqueiro et al., 2009), which
particularize the use of anthropometry in older adults. Likewise, the use of anthropometry
should always consider gender, ethnic groups, and populations (de Onis & Habicht, 1996).

Considering the absence of these studies involving Brazilian older adults, the best
anthropometric indicators to discriminate hypertriglyceridemia in older adults are not
known. Furthermore, it remains to be determined if the predictive ability of these indica-
tors differs according to gender.

Here, we comparatively evaluate anthropometric indicators as discriminators of hyper-
triglyceridemia in older Brazilian adults of both genders.

METHOD

Setting and Study Population

This study is based on data from an epidemiologic cross-sectional, population-based house-
hold survey entitled “Nutritional status, risk behaviors, and health conditions of the older
adults of Lafaiete Coutinho-Bahia, Brazil”. Details about the location, study population,
and the data collection have been previously published (Leal Neto et al., 2013). Briefly,
a census was conducted in Lafaiete Coutinho in January 2011 to identify older adults
(=60 years). Their places and their residences were identified using information from The
family health strategy, a program that covers the entire county and aims to increase the
population’s access to primary health care (Brandao, Gianini, Novaes, & Goldbaum, 2011).
All older adults residing in urban areas (N = 355) were contacted. Of the 355 individu-
als who comprised the study population, 316 (89%) participated in the study; 17 refusals
were recorded (4.8%); and 22 individuals (6.2%) could not be located after three visits on
alternate days and were therefore considered to be sample loss. The study was conducted
in compliance with the Declaration of Helsinki, and the study purpose and protocol was
reviewed and approved by the Research Ethics Committee of the Universidade Estadual do
Sudoeste da Bahia (number 064/10). Before the data were collected, the participants signed
a consent form acknowledging that they understood the purpose of the study.

Measures

Hypertriglyceridemia. We used the Accutrend Plus system (Roche Diagnostics,
Germany) to measure triglycerides after 12 hours of fasting. This technique was previ-
ously validated by Coqueiro et al. (2014). We collected capillary blood samples via a
transcutaneous puncture on the medial side of the tip of the middle finger using a dispos-
able hypodermic lancet. Prior to puncture, 70% alcohol was applied to promote antisep-
sis. Hypertriglyceridemia (triglycerides =150 mg/dL) was defined according to current
Brazilian guidelines (Xavier et al., 2013).

Anthropometric Indicators. We assessed the following anthropometric indicators: BMI
(kg/m?), waist circumference, calf circumference, triceps skinfold thickness (TST), WHR,
WSR, conicity index (Valdez, 1991), and body adiposity index (BAI; Bergman et al., 2011).

Details about the procedures and techniques used and the precision and accuracy of the
evaluators have been previously published (Coqueiro et al., 2013). Briefly, body mass was
measured using a portable digital scale (Zhongshan Camry Electronic, G-Tech Glass 6,
China) with the individual having taken his or her shoes off and wearing as little clothing

Copyright © Springer Publishing Company, LLC



218 Alves Jiinior et al.

as possible. Stature was measured according to the Frisancho technique (Frisancho, 1984)
using a compact portable stadiometer (Wiso, China) installed in a suitable place according
to the manufacturer’s instructions. TST was measured with an adipometer (WCS, Brazil),
according to Harrison et al. (1988). Waist circumference was measured at the level of the
umbilical scar; the hip, and calf circumferences were measured as proposed by Callaway
et al. (1988) using an anthropometric inelastic tape (ABN, Brazil).

Data Analysis

Absolute and relative frequencies and means and standard deviations were used for descrip-
tive analysis of the sample characteristics. The discriminative ability of anthropometric
indicators, as well as their best cutoff points for identifying hypertriglyceridemia, were eval-
uated using the parameters provided by the receiver operating characteristic (ROC) curve—
the area under the ROC curve (AUC), sensitivity, and specificity. The level of significance
adopted was 5% (o = .05). The data were analyzed using MedCalc (Version 9.1.0.1, 2006).

RESULTS

We analyzed data from 173 women (54.7%) and 143 men (45.3%) ranging in age from
60 to 105 years old (M = 74.2 = 9.8 years). The mean age of the women was 74.9 *
10.0 years and the mean age of the men was 73.4 = 9.4 years. The prevalence of hyper-
triglyceridemia was 40.6%, and the prevalence was higher in women (47.9%) than in men
(31.7%). Anthropometric characteristics, according to gender, are listed in Table 1. The
women exhibited higher mean values of BMI, waist circumference, WSR, conicity index,
TST, and BAIL. However, men exhibited higher mean calf circumference values.

The AUC between anthropometric indicators and hypertriglyceridemia from older
adult women is presented in Figure 1. Anthropometric indicators, except for the conicity
index and BAI, showed discriminative power for hypertriglyceridemia. For women, the

TABLE 1. Anthropometric Characteristics According to Gender of the
Older Adults

Women Men Total
Variable M = SD M = SD M = SD
BMI (kg/m?) 253 +49 23.7 £ 4.1 245 + 4.7
Waist circumference (cm) 94.7 £ 12.5 899 £ 15.1 92.5 £ 13.6
Calf circumference (cm) 326 £3.5 339 £ 3.7 332 *36
WHR 0.97 = 0.06 0.97 £ 0.14 0.97 = 0.10
WSR 0.64 = 0.09 0.56 = 0.09 0.60 = 0.10
Conicity index 1.42 £ 0.10 1.34 £ 0.19 1.38 £ 0.16
TST (mm) 209 =94 11.3 =50 163 =84
BAI 36.0 = 6.6 272 + 39 319 = 7.1

Note. BMI = body mass index; WHR = waist-hip ratio, WSR = waist—stature ratio;
TST = triceps skinfold thickness; BAI = body adiposity index.
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TABLE 2. Receiver Operating Characteristic Curve Parameters of Different
Anthropometric Indicators Used as Discriminators of Hypertriglyceridemia in
Older Adults Sorted According to Gender

Variable AUC [CI, 95%] Cutoff point  Sensitivity Specificity

Women
BMI 0.60 [0.52, 0.68] 20.9 92.3 27.1
Waist circumference 0.61 [0.53, 0.69] 95.0 60.3 63.1
Calf circumference 0.60 [0.53, 0.68] 31.1 78.7 39.8
WHR 0.59 [0.51, 0.67] 0.99 51.3 75.0
WSR 0.60 [0.52, 0.68] 0.58 82.1 36.9
Conicity index 0.54 [0.46, 0.62] — — —
TST 0.64 [0.56, 0.71] 18.5 66.2 58.6
BAI 0.57 [0.49, 0.65] — — —

Men
BMI 0.77 [0.69, 0.84] 26.2 56.8 88.2
Waist circumference 0.81 [0.74, 0.87] 92.4 70.5 81.7
Calf circumference 0.68 [0.60, 0.76] 32.3 90.9 442
WHR 0.78 [0.70, 0.85] 1.01 50.0 93.5
WSR 0.78 [0.70, 0.84] 0.58 61.4 84.9
Conicity index 0.77 [0.70, 0.84] 1.36 65.9 84.9
TST 0.76 [0.68, 0.83] 13.8 52.3 89.5
BAI 0.67 [0.59, 0.75] 27.4 61.4 71.0

Note. AUC = area under the curve; CI 95% = 95% confidence interval; BMI = body
mass index; WHR = waist-hip ratio, WSR = waist—stature ratio; TST = triceps skinfold
thickness; BAI = body adiposity index.

parameters from the ROC curve indicated that BMI was the indicator with the highest
sensitivity; WHR had higher specificity. A cutoff of 95 cm for waist circumference showed
the best balance between sensitivity and specificity (Table 2).

Table 2 and Figure 2 shown that, for men, all anthropometric indicators exhibited dis-
criminative power for hypertriglyceridemia. The parameters from the ROC curve showed
that calf circumference had the highest sensitivity; WHR had the highest specificity.
A cutoff point of 92.4 cm for waist circumference showed the best balance between sen-
sitivity and specificity (Table 2).

DISCUSSION

To the best of our knowledge, this study is the first household-based investigation of vari-
ous anthropometric indicators as discriminators of hypertriglyceridemia in older adults of
both gender. We found that all of the evaluated anthropometric indicators were able to
discriminate hypertriglyceridemia for men. For women, the conicity index and BAI failed
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in their discriminatory power. Moreover, according to the AUC, the discriminative power
of all anthropometric indicators was higher for men than for women.

There have been few studies investigating the use of anthropometric indicators as
discriminators of hypertriglyceridemia. Lee et al. (2013) evaluated 5,036 Koreans, aged
19-64 years, and demonstrated that BMI (AUC = 0.69) and waist circumference (AUC =
0.72) have similar predictive abilities. These findings were similar to ours, because we
found a similarity between these two indicators for both men (BMI, AUC = 0.77 vs. waist
circumference, AUC = 0.81) and women (BMI, ASC = 0.60 vs. waist circumference,
ASC = 0.61). Despite this congruence of results, it is important to highlight two important
methodological differences that are cause for caution in making comparisons: Lee et al.
(2013) studied adults within a large age range (19-64 years) and the ROC curve analysis
was grouped for all participants; in this study, however, we investigated exclusively older
adults (=60 years) and the ROC curve analysis was stratified according to gender.

Only one study (Gharipour et al., 2014) has assessed the discriminative ability of four
anthropometric indicators (BMI, waist circumference, WHR, and WSR) in older men.
These authors studied 206 older Iranian men and did not find significant differences in the
discriminative ability of anthropometric indicators; the AUC ranged from 0.59 (WHR) to
0.63 (waist circumference). Similarly, we did not observe any significant differences in the
discriminative abilities of these four anthropometric indicators. However, these indicators
had higher predictive abilities than those observed by Gharipour et al. (2014), with the
AUC ranging from 0.77 (BMI) to 0.81 (waist circumference). The absence of studies that
have the same purposes and that include older women limits other comparisons.

Body fat distribution seems to be more important than the total amount of fat for the
determination of the lipid profile. Subcutaneous adipose tissue apparently does not con-
tribute significantly to increased levels of triglycerides. Therefore, it does not result in
a significant increase in cardiometabolic risk (Wajchenberg, 2000). Moreover, visceral
adiposity may be primarily responsible for the increased cardiometabolic risk, second-
ary to increased rates of lipolysis in the intra-abdominal fat deposits (Subramanian &
Chait, 2012).

It is postulated that intra-abdominal fat is highly vascularized and drains directly into
the portal vein. In addition, the ability of insulin to suppress lipolysis and reesterify free
fatty acids is significantly lower in visceral adipocytes (Zierath et al., 1998). Therefore, it
is plausible to hypothesize that anthropometric indicators commonly used as markers of
abdominal adiposity—such as waist circumference, WHR, WSR, and conicity index—are
more likely to discriminate hypertriglyceridemia. However, our results showed that these
anthropometric indicators, which focused on abdominal adiposity, did not have significant
advantages compared with indicators of overall (BMI) and subcutaneous (TST) adiposity.
Although this result may seem surprising, it is justified because BMI and TST, although
not direct indicators of visceral fat accumulation, are positively correlated with indicators
of abdominal adiposity (dos Santos & Sichieri, 2005).

It is interesting to note the low performance of BAI for discriminating hypertriglyc-
eridemia because it was unable to discriminate hypertriglyceridemia among women.
BAI furthermore had the lowest discriminating power of the evaluated anthropometric
indicators for men. BAI is a promising anthropometric indicator that has recently been
proposed as an indicator of body fat percentage; it is calculated based on measurements
of hip circumference and stature (Bergman et al., 2011). Some qualifications should be
made in regard to BAI: (a) This index was developed based on data from American adults,
aged 18-67 years (Bergman et al., 2011) and, despite having provided valid estimates
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for older Americans, its accuracy in people with extreme percentages of fat (i.e., high or
low percentages of fat) is not good (Chang, Simonsick, Ferrucci, & Cooper, 2014); (b) as
far as we know, the validity of BAI has not yet been tested in Brazilian older adults.
Therefore, it is possible that BAI does not adequately reflect the body composition of
Brazilian older adults and, perhaps, it could be necessary adequate the equation to use in
Brazilian people.

We observed in the perspective of clinical nursing that none of the recommended cutoff
points of the anthropometric indicators simultaneously showed high sensitivity and speci-
ficity for women. For men, only waist circumference showed high and balanced sensitivity
and specificity (sensitivity = 70.5%; specificity = 81.7%). Thus, we suggest that a cutoff
of 92.4 cm for waist circumference is a good criterion for identifying older men at risk for
developing hypertriglyceridemia in the population that we studied. For women, perhaps
an alternative identification system could be adopted consisting of anthropometric indica-
tors that display high sensitivity combined with indicators that show high specificity (e.g.,
using both BMI >20.9 kg/m? [sensitivity = 92.3%] + WHR >0.99 [specificity = 75.0%]
as a diagnostic criterion).

From the perspective of health monitoring and/or community-based nursing where
the most important focus is screening and not the identification of potential patients with
hypertriglyceridemia, it would be appropriate to invest in high sensitivity indicators. High
sensitivity is more important than specificity for screening purposes (Rothman, Greenland,
& Lash, 2008). Therefore, based on our results, we suggest that good screening tools for
hypertriglyceridemia in the population studied here are a cutoff point for BMI of 20.9 kg/
m? for women and a cutoff point for calf circumference of 32.3 cm for men.

The characteristics of this study do not allow us to deduce the reasons for the better
performance of the anthropometric indicators in discriminating hypertriglyceridemia in
older men than in older women. However, there is evidence indicating that menopause
is closely associated with an increase in plasma levels of triglycerides, independent of
obesity (Stevenson, Crook, & Godsland, 1993). It is therefore possible to hypothesize that
a deficiency of sex hormones, specifically estrogen decline owing to ovarian failure, may
influence the predictive ability of anthropometric indicators for hypertriglyceridemia in
older women. Further studies should investigate this issue by comparing postmenopausal
older women who are or are not taking hormonal replacement therapy.

The limitations of this study are inherent in its cross-sectional design, which did not
allow for tracing a causal relationship between changes in anthropometric indicators and
hypertriglyceridemia. However, it is important to note that this study enhances the appre-
ciation and encouragement of the use of anthropometric indicators in clinical practice by
nurses and other health professionals, particularly in primary care, to monitor lipid levels
in older adults.

According to our results, we can conclude that (a) all studied anthropometric indica-
tors, except for the conicity index and BAI in older women, can be used as discriminators
of hypertriglyceridemia in an older population; (b) the studied anthropometric indicators
were better discriminators of hypertriglyceridemia in older men than in women; (c) the
choice of the best indicator must take into account the purpose of the application (clinical
practice or health surveillance) and the gender of the individuals.

Considering the low cost and the ease of obtaining anthropometric measures, we sug-
gest that these anthropometric indicators and their identified cutoffs be used by nurses and
other health professionals in primary care for screening and monitoring lipid levels in older
Brazilian adults until more comprehensive studies are conducted in Brazil.
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