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Aims: To determine optimal waist circumference cutoff values for predicting metabolic syndrome (MetS)
among adults aged 60 years and older in Ecuador.

Material and methods: The National Survey of Health, Wellbeing, and Aging survey was used to describe
the prevalence of MetS according to standard definitions. Receiver operating characteristics (ROC) curve
analyses and the Younden index J (YI) were performed to examine optimal waist circumference cutoff
values for predicting MetS. Moreover, the prevalence of MetS according to country-specific waist
circumference cutoff values was compared with those using standard definitions.

Results: Among 2306 participants with a mean age of 70.6 years, the optimal waist circumference cutoff
value for predicting MetS was 90.7 cm in women with a sensitivity of 66.1%, specificity of 65.6% and YI of
0.31. In men, a waist circumference of 91.2 cm with a sensitivity of 73.2%, specificity of 62.8%, and YI of
0.36 was the optimal cutoff point for predicting MetS. In general, applying country-specific cutoff values
decreased the prevalence of MetS among older Ecuadorian women. In men, except with the ATP III
definition, similar MetS prevalence rates were seen whether the country-specific or standard waist
circumference cutoff values were applied.

Conclusions: The optimal waist circumference cutoff values for predicting metabolic syndrome among
older Ecuadorians adults were 90.7 cm for women and 91.2 cm for men. Moreover, current standard
definitions of abdominal obesity may overestimate the prevalence of MetS, particularly in Latin American
women.
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1. Introduction consensus makes the presence of abdominal obesity necessary for

the diagnosis of MetS, this adipose component is specified by na-

The Metabolic syndrome (MetS) is a cluster of cardio metabolic
risk factors characterized by abdominal obesity, elevated blood
pressure, dyslipidemia, and elevated fasting glucose, associated
with higher risk of cardiovascular disease, type 2 diabetes mellitus,
and mortality [1,2]. In Ecuador, previous studies have described
that the prevalence of MetS among older women varies from 66% to
81% [3—5]. Moreover, abdominal obesity was the most frequently
reported MetS components among older Ecuadorians with a
prevalence of 60.8% and 87.5% of older men and women, respec-
tively [3]. Although the International Diabetes Federation (IDF)
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tionality or ethnicity according to the best available population
estimates. In general, the MetS definition of abdominal obesity
applied to Latin American populations has been based on waist
circumference (WC) cutoff values from South Asians who have
different cultural and genetic backgrounds [1,6,7].

Of relevance, a previous study conducted by Aschner et al. in five
Latin American countries demonstrated that the optimal WC cutoff
value was 94 cm in men and between 90 and 92 cm in women,
using as the reference test for abdominal obesity an area of visceral
adipose tissue >100 cm? measured by computed tomography scan
(CT) [8]. Similarly, a large cross-sectional study among Latin
American patients seen in primary care clinics reported a mean WC
of 96.4 cm for men and 89.7 cm for women, which was markedly
larger than those described among South and East Asians. More-
over, the authors concluded that a WC cutoff value of 80 cm may
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overestimate the prevalence of abdominal obesity in Latin Amer-
ican and Caribbean women [9]. Therefore, the present study aimed
to determine optimal WC cutoff values for predicting MetS among
older adults in Ecuador. A secondary objective was to compare the
prevalence of MetS according to country-specific WC values with
those using standard definitions.

2. Methods

The present study was based on data from participants in the
National Survey of Health, Wellbeing, and Aging (Encuesta National
de Salud, Bienestar, y Envejecimiento, SABE). Briefly, this survey is a
probability sample of households with a least one person aged 60
years or older residing in the Andes Mountains and coastal regions
of Ecuador. The methodology of the sampling design has been
previously described [3]. Between April and August 2010, partici-
pants underwent biochemical evaluation to determine their
metabolic risk profile. Laboratory data were processed at NetLab
laboratory (Quito, Ecuador). Survey data, including operation
manuals are publicly available [10].

2.1. Characteristics of participants

Age and sex were self-reported. Literacy was defined by
answering affirmatively to the question “Can you write and read a
message?” Smoking status was classified as current, former, and
never. The average use of alcohol per week during the previous
three months was classified as none, one day, or two or more days
per week. Vigorous physical activity was evaluated by the question,
“Have you exercised such as jogging, dance, or performed rigorous
physical activity for the past year”. Participants’ physical activity
status was classified as inactive, < 150 min, or >150 min per week
based on the reported average the number of days and minutes of
vigorous physical activity. Subjects were defined as having diabetes
if they had been previously diagnosed by a physician with this
condition or a fasting plasma glucose was >126 mg/dl [11]. Waist
circumference was measured at the midpoint between the lower
ribs and the iliac crest and the mean of two measures was used in
the present analysis.

2.2. MetS definitions

The 2009 Harmonizing Joint Scientific Statement defines MetS if
subjects meet 3 of the following risk factors: 1) WC cut-points >
90 cm in men and >80 cm in women; 2) systolic blood pressure
130 mmHg or diastolic blood pressure 85 mmHg; 3) HDL choles-
terol 40 mg/dl for men, 50 mg/dl for women; 4) triglycerides
150 mg/dl; 5) fasting glucose 100 mg/dl [1].

The IDF consensus requires subjects to have central obesity
defined by ethnic and sex specific WC cut-points (men > 90 cm,
women > 80cm), plus two of the four other components: 1)
elevated triglycerides(>150 mg/dL), 2) elevated blood pressure
(systolic BP > 130 or diastolic BP > 85 mm Hg), 3) elevated fasting
blood glucose (>100 mg/dL); 4) low HDL cholesterol (<40 mg/dL
for men or < 1.30 mmol/L or < 50 mg/dL for females) [6].

The Adult Treatment Panel IIl 2001 (ATP III) definition requires
the presence of three or more of the following criteria: 1) elevated
WC (>102 cm for men and >88 cm for women); 2) elevated tri-
glycerides (>150 mg/dL); 3) low HDL cholesterol (<40 mg/dL for
men and <50 mg/dL for females); 4) elevated blood pressure (sys-
tolic BP > 130 or diastolic BP > 85 mm Hg); 5) elevated fasting
glucose (>110 mg/dL) [12].

3. Statistical analysis

The demographic characteristics and cardiometabolic risks of
participants by gender were compared with the chi-squared and ¢-
test for categorical and continuous variables, respectively. Receiver
operating characteristic (ROC) curve analysis by gender was per-
formed to determine optimal WC cutoff values for predicting > 2
non-adipose MetS components according to the 2009 Harmonized
Joint Scientific Statement. The area under the curve (AUC) measures
the discriminatory ability of the model, and values>0.7 are
considerate acceptable. Moreover, the cutoff value of each model
was used to calculate the sensitivity, specificity, and the Youden
index J (YI) of the test. The YI is a measure of overall diagnostic
effectiveness and defined as (sensitivity + specificity-1). YI with
values closer to 1 indicate a perfect diagnostic test [13]. Subse-
quently, gender-specific MetS prevalence rates were examined
according to the ATP III, the IDF, and the Harmonizing Joint Scien-
tific Statement definitions. Similarly, the prevalence of MetS using
optimal country-specific WC cutoff values was compared with
standard definitions. Statistical analyses were performed using
SPSS, V.17 (SPSS Inc, Chicago, Illinois, USA) and MedCalc Statistical
Software version 18.10.2 (MedCalc Software bvba, Ostend, Belgium.
For all analyses, sample weights were incorporated to account for
the survey design and to estimate MetS nationwide prevalence
rates.

4. Results

A total of 2306 participants with a mean age of 70.6 (SD 8) years
comprised the sample size, representing 1.1 million older adults in
Ecuador. Of those, women accounted for 55.5% of the subjects.
Table 1 shows the demographic characteristics and cardio meta-
bolic profile of participants. In general, more men were literate,
smokers, and drink alcohol regularly. Moreover, a higher propor-
tion of men engaged in vigorous physical activities than women. In
contrast, the prevalence of elevated fasting glucose, elevated blood
pressure, elevated triglycerides, and reduced HDL cholesterol was
significantly increased among women.

Figs. 1 and 2 shows the optimal WC cutoff values for discrimi-
nating the presence of >2 non-adipose MetS components in women
and men, respectively. In women, the optimal WC cutoff value was
90.7 cm with a sensitivity of 66.1% (95% CI, 62.0, 69.3), specificity of
65.6% (95% CI, 60.6, 70.5), and YI of 0.31 (95% CI, 0.25, 0.36). In men,
based on a WC cutoff value of 91.2 cm for WC, the sensitivity was
73.2% (95% Cl, 69.5, 76.8), the specificity was 62.8% (95%, 58.3, 67.3),
and the YI was 0.36 (95% CI, 0.29, 0.40). Moreover, these WC cutoff
values corresponded to an AUC in women and men of 0.696 (95% (I,
0.663, 0.728) and 0.733 (95% CI, 0.702, 0.764), respectively. Table 2
shows the gender-distribution of selected WC cutoff values with
their corresponding sensitivity, specificity, and YI. Overall, as the WC
cutoff values increased, the sensitivity of the WC for predicting MetS
decreased with a corresponding increase in the specificity of the
measurement. Indeed, a WC>90cm in both genders was the
optimal cutoff value for defining MetS according to the highest YL

As shown in Table 3, the prevalence of abdominal obesity
differed considerably according to the WC cutoff values used to
define it. Overall, the prevalence of abdominal obesity applying
optimal country-specific WC cutoff values was 56.3% in men and
58.3% in women. In women, using a WC cutoff of >90.7 cm signif-
icantly decreased the prevalence of MetS from 64.6% to 45.6% ac-
cording to the IDF consensus and from 65.8% to 56.7% by the 2009
Harmonizing Joint Scientific Statement definition. In men, the
prevalence of MetS was similar using standard or country-specific
WC values. However, significant lower Mets prevalence rates
were seen according to the ATP definition.
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Table 1
Characteristics of participants in the SABE survey.

Men (n = 1049) Women (n =1257)

Age (years), mean (SD) 71.6 (8.1) 71.5(8.2)

Region, % (SE)

Urban Andes Mountains 28.3(1.3) 314(1.7)
Urban Coast 35.9(1.9) 36.6 (1.7)
Rural Andes Mountains 20.5 (1.5) 203 (1.5)
Rural Coast 153 (14) 11.7 (1.2)

Literacy,% (SE) 77.3 (1.6) 63.5 (1.8)*

Smoking,% (SE)

Current 20.3(1.7) 3.3(0.7)*
Former 49.6 (2.0) 12.0(1.2)
Never 30.2 (1.7) 84.7 (1.3)

Alcohol intake per week, % (SE)

None 63.1(1.9) 89.3 (1.2)*
<1day 31.5(1.9) 10.1(1.2)
> 2 days 5.4 (1.0) 0.6 (0.3)

Physical activity per week (min),% (SE)

None 54.3 (2.0) 76.6 (2.0)*
<150 min 21.7 (1.6) 154 (1.3)
> 150 min 24.0 (1.0) 8.0 (1.0)

Waist circumference (cm), mean (SD) 92.9 (10.6) 93.4 (14.1)

Elevated blood pressure (mmHg),% (SE)? 61.6 (1.9) 69.2 (1.7)*

Elevated fasting glucose (mg/dl), % (SE)" 39.6 (1.9) 51.5 (1.8)*

Elevated triglycerides (mg/dl), % (SE)" 38.3(1.9) 476 (1.8)*

Reduced HDL cholesterol (mg/dl),% (SE)* 36.1(1.8) 55.0 (1.8)*

Non-adipose Mets components, % (SE)

0 143 (1.4) 5.9 (0.7)*

1 32.2(1.9) 24.1 (1.5)

2 25.9(1.7) 27.7 (1.7)

3 18.8 (1.4) 25.2 (1.6)

4 8.8 (1.0) 17.1 (1.4)
*P <.0001.

4 Systolic > 130 mmHg and/or diastolic > 85 mmHg; antihypertensive drug treatment is an alternate indicator.
b Fasting glucose > 100 mg/dl; drug treatment of elevated glucose is an alternate indicator.

¢ Triglycerides > 150 mg/dl.
4 HDL cholesterol < 40 mg/dl in men and <50 mg/dl in women.

5. Discussion

The present findings indicate that a WC of 90.7 cm for women
and 91.2 cm for men were optimal cutoff values for predicting MetS
among older adults in Ecuador. The study results are consistent
with those reported by Blumel et al. in which a WC of 88 cm was the
optimal cutoff point for defining MetS among Latin American
postmenopausal women [14]. Similarly, Aschner et al. demon-
strated that among middle-aged subjects in five Latin American
countries, WC cutoffs of 94 cm for men and between 90 and 92 cm
for women were highly discriminative of excess visceral adipose
tissue identified by abdominal CT. Moreover, the authors concluded
that WC cutoff values for defining abdominal obesity in Latin
America were similar between men and women, which is in
agreement with our findings [8]. More recently, a cross-sectional
study of 318 subjects with a mean age of 42.8 years from Cuenca,
Ecuador demonstrated that a WC of 91.5 cm for women and 95.5 cm
for men were the optimal cutoff values for predicting MetS [15]. In
contrast, studies among postmenopausal Asians women have re-
ported WC cutoff values for detecting MetS of 81.9cm in South

Korea, 79.9 cm in China, and 83.0 cm in Japan [16—18]. In men, a WC
cutoff value of 85 cm also predicted cardiometabolic risk among
Japanese aged 60—69 years [18]. Notably, these WC cutoff values for
defining MetS in Asian women were considerably lower than those
described in middle-aged and older women in Cuenca, Ecuador
[15].

We previously reported that the prevalence of abdominal
obesity among older Ecuadorians was 65.9% in women and 16.3% in
men according to a WC cutoff value of >88 cm and >102 cm for
women and men, respectively [19]. Notably, the present findings
also suggest that a WC>80cm, as defined in the MetS 2009
Harmonized definition and the IDF consensus may significantly
increase the prevalence of abdominal obesity among Ecuadorian
women. Moreover, the mean WC among older Ecuadorians was
92.8 for men and 93.4 cm for women.

In general, previous studies have reported that abdominal
obesity (WC>90 cm in men and >80 cm in women) was the most
prevalent MetS component among older adults in Ecuador with
rates between 75% and 87.5% in women and from 37% to 60.8% in
men [3,4]. Similarly, among participants aged 20 years and older in



1018

Sensitivity

C.H. Orces et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 1015—1020

100—]

WC cutoff value 90.7 cm

AUC = 0.696
P <.0001

10 20 30 40 50 60 70 80 90
100-Specificity

Fig. 1. WC cutoff value for predicting >2 non-adipose MetS components in older women.
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Fig. 2. WC cutoff value for predicting >2 non-adipose MetS components in older men.

the Mexican National and Nutrition Survey 2006, the prevalence of
abdominal obesity according to the IDF consensus was 83.8% in
women and 62.9% in men, which is consistent with our study re-
sults [20]. Thus, it appears that higher WC cutoff values to define
abdominal obesity may decrease the prevalence of MetS, particu-
larly in older women. For instance, 65.8% of women were defined as
having MetS according to the 2009 Harmonizing Statement defi-
nition (WC>80cm) compared with 57.7% according to the
country-specific WC cutoff value of >90.7 cm. In men, similar MetS
prevalence rates were seen across standard definitions and using
optimal country-specific WC cutoff values, except for lowest MetS
prevalence according to the IDF consensus, which may be explained
by a decrease in the prevalence of abdominal obesity with a waist
circumference cutoff value of >102 cm. Since the initial report in
the early 1980's that an abdominal distribution of fat for a given
BMI was associated with increased insulin resistance and risk of
developing type 2 diabetes and cardiovascular disease, the corre-
lation between abdominal fat and metabolic dysfunction has been
validated in numerous studies [22]. Of relevance, a previous study
conducted among non-diabetic older Ecuadorians also

demonstrated that abdominal obesity was the MetS component
with the highest prevalence of insulin resistance. Notably, after
adjustment for potential confounders, older women and men
defined with abdominal obesity were 3.7 and 3.2 times more likely
to have insulin resistance compared with their non-abdominally
obese counterparts, respectively [3].

The present study has several limitations. First, the SABE survey
is a cross-sectional analysis. Therefore, the present findings do not
infer causation. Second, the discriminatory ability of WC cutoff
values to predict MetS in both genders was considered acceptable
based on the AUC results. Despite this evidence, further research is
needed to measure abdominal adipose tissue distribution among
older Ecuadorians and confirm our findings. Third, race/ethnicity-
specific WC cutoff values were not examined in the present anal-
ysis. However, Mestizos account for 71.9% of the population in the
country [21]. Fourth, the present findings may be generalizable to
older adults with similar demographic characteristics residing
along the coastal and Andes Mountains region in Latin America.

In conclusion, the optimal waist circumference cutoff values for
predicting MetS among older Ecuadorians were 90.7 cm for women
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Table 2
Waist circumference cutoff values predicting MetS among older adults in Ecuador.

Waist (cm)  >2 MetS components

Sensitivity % (95% CI)  Specificity % (95% CI) Younden index J
Men
>80 95.5 (93.5, 97.1) 17.9 (14,5, 21.7) 0.134
>85 90.2 (87.5, 92.5) 36.0 (31.7, 40.6) 0.262
>90 77.0 (73.4, 80.4) 57.2 (52.6, 61.8) 0.342
>95 57.8 (53.8,61.9) 75.8 (71.6, 79.6) 0.336
>100 34.0 (30.2, 38.1) 88.5(85.3,91.3) 0.225
Women
>80 91.9 (89.9, 93.7) 28.6 (24.1, 33.5) 0.205
>85 82.1(79.5, 84.7) 44.3 (392, 49.5) 0.264
>90 69.1 (66.0, 72.2) 62.1 (57.0, 67.1) 0.312
>95 50.7 (47.4, 54.1) 74.5 (69.8, 79.0) 0.252
>100 31.9 (28.8, 35.1) 87.3 (83.5, 90.5) 0.192

Numbers in bold are statistically significant.

Table 3
MetS prevalence rates according to standard definitions and country-specific WC
optimal cutoff values.

MetS definitions Abdominal obesity Standard WC Country-specific WC*

Women % (95% CI) % (95% CI) % (95% CI)

IDF? 88.0 (85.4,90.2) 64.6 (61.1, 68.0) 45.6 (42.1, 49.1)
ATP III° 66.7 (63.2, 70.1) 53.8 (50.2,57.3) 51.7 (48.2, 55.3)
Harmonizing® 88.0 (85.4,90.2) 65.8 (62.3,69.1) 57.7 (54.2,61.2)
Men

IDF? 62.1 (58.3, 65.9) 41.8 (38.1,45.5) 39.5(35.9,43.3)
ATP 1II® 19.7 (16.9, 22.9) 26.8 (23.7,30.0) 40.4 (36.8,44.2)
Harmonizing® 62.1 (58.3, 65.9) 46.9 (43.1,50.7) 45.7 (41.9, 49.5)

* MetS prevalence according to country-specific WC cutoff values of >90.7 cm for
women and >91.2 cm for men.

¢ IDF consensus and the 2009 Harmonizing Joint Scientific Statements definitions
(WC>80cm in women and >90 cm in men).

b ATP 111 2001 definition (WC > 88 cm in women and >102 cm in men).

and 91.2 cm for men. Moreover, current standard definitions of
abdominal obesity may overestimate the prevalence of MetS,
particularly in Latin American women.
Conflicts of interest
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