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Anthropometric indexes and cardiovascular risk in Ecuadorian university 
students: A comparison with international references
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Luisa Valeria Guevara-Flores6, Yan Duarte-Vera1,2

Abstract: Some anthropometric measures help evaluate the cardiovascular (CV) risk and body fat areas considered more 
critical for CV risk than excess weight. This research aims to obtain anthropometric measurements from university students 
to establish risk predictors of cardio-metabolic alterations or cardiovascular disease (CVD). A descriptive cross-sectional 
study was carried out. Variables studied were height (m), weight (kg), body mass index (BMI), abdominal perimeter, waist-
hip ratio (WHR), and waist-to-height ratio (WHtR). One thousand two hundred fifty young adults participated; 62.4% were 
women, 31.04% were overweight, and 14.32% were obese. Mean values of all the evaluated parameters were lower 
in women than in men [height (1.58m vs. 1.70m), weight (61.46 kg vs. 76.38 kg), BMI (24.66 Kg/m2 vs. 26.32 Kg/m2), 
abdominal perimeter (78.49 cm vs. 88.81 cm), WHR (0.79 vs. 0.87), and WHtR (0.50 and 0.52)]. The mean BMI in men 
was overweight but normal in women. There were no significant differences between both genders concerning abdominal 
perimeter and WHR. Finally, mean WHtR was high in both women and men, establishing a prediction of CVD risk for both 
genders.

Key words: Body Mass Index, Waist-Hip Ratio, Waist-Height Ratio, Medical Students, Cardiovascular Diseases, 
Cardiometabolic Risk Factors.
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Introduction
The fat compartment, adipose tissue, or storage fat 

representing 20% of an individual's weight comprises adi-
pocytes1. Fat, also called fat tissue, which is usually consi-
dered metabolically inactive, has a critical reserve role and 
intervenes in hormone metabolism, among other functions2. 
According to its location, the fat found under the skin is ca-
lled subcutaneous fat, and the one around the organs is fat 
of visceral or internal location1. Its excessive accumulation 
may be assessed through anthropometric measurements3,4. 
Obesity is a chronic, multifactorial and complex disease that 
has become one of the world's most significant public health 
problems. Its increasing prevalence implies an increment 
in some of the most common diseases, such as diabetes, 
gestational diabetes mellitus, steatohepatitis, high BP (BP), 
sleep apnea syndrome, and atherogenic dyslipidemia, 
which are the cause of high cardiovascular morbidity and 
mortality3-14.

Anthropometric indicators in some research can relate 
to body composition and assess the CVD risk for individuals 
with overweight or obesity15. For example, the Framingham 
study prospectively showed that for every 10% increase in 
weight, BP increases by 6.5 mmHg, plasma cholesterol by 
12 mg/dl, and glycemia by 2 mg/dl16. Thus, central abdomi-
nal obesity is an indispensable criterion for diagnosing me-
tabolic syndrome. Moreover, its presence, accompanied by 

a series of physical, physiopathological, and epigenetic ma-
nifestations17, provides an increased cardiovascular risk in 
all epidemiological series, both in developed countries and 
in countries such as Ecuador, in the developing world18,19.

The WHR, also known as the Body Adiposity Index 
(BAI), accurately indicates visceral fat volume in the indi-
vidual13,20. Extensive studies have used it as an indicator 
of abdominal obesity and CV risk, especially the study by 
Salim Yusuf et al. (2004) called INTERHEART21, in which 
the WHR was shown to determine a gradual and highly 
significant association with the risk of myocardial infarction 
throughout the world. Furthermore, the redefinition of obe-
sity based on WHR instead of BMI increases the estimate 
of myocardial infarction attributable to obesity in most eth-
nic groups13. Another large study that assessed WHR was 
the INTERSTROKE study, where this rate was determined 
to be a significant factor for ischemic stroke, and it was of 
significant risk for intracerebral hemorrhagic stroke22. This 
research was a standardized case-control study in 22 coun-
tries worldwide, being hypertension, smoking, waist-to-hip 
ratio waist-to-hip ratio (OR 1.65, 99% CI 1.36-1.99); 26.5%, 
18.8-36.0, diet, and alcohol intake the most significant risk 
factors for intracerebral hemorrhagic stroke23. Therefore, 
the WHR remains an essential anthropometric index in as-
sessing some populations concerning CVD and endocrine 
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risk factors24, providing information on the possible develo-
pment or future suffering of metabolic syndrome and other 
pathologies25-27.  

There is contradictory information about BMI, which is 
ambiguous as a risk factor for CVD, being an anthropome-
tric indicator inversely correlated with cholesterol-HDL and 
positively with arterial hypertension and body fat, so the in-
dices to be studied provide beneficial information28.

Finally, the information obtained by Bermúdez et al., in 
a cross-sectional study with 2.230 participants, where the 
application of BMI, abdominal circumference, WHR, and 
WHtR was estimated to identify which of these best-detec-
ted CVD. Their Analysis showed that the WHtR was the va-
riable most associated with the presence of CV risk factors, 
demonstrating the positive predictive power of this index, 
proposing it as a good predictor of CV risk29. Additionally, it 
strongly correlates with BP in young adult subjects30. More 
recently, the WHtR has begun predicting metabolic risk over 
general obesity31-33. Given that height hardly changes du-
ring the adult stage of life, it is assumed that the WHtR will 
change only when there is a change in the waist circumfe-
rence measurement. In contrast, the WHR is more sensitive 
to changes in body size since both the waist and the hip 
increase or decrease proportionally34.

On the other hand, the importance of age as an inde-
pendent predictor factor for CVD is well known. The risks 
associated with CVD increase with age, mostly related to 
an overall decline in sex hormones, but less has been des-
cribed CVD risk factors in young adults; however, they are 
not exempted from incident premature CVD, considering 
some group-related factors such as familial hypercholes-
terolemia, drug or tobacco consumption and elevated BP/
hypertension, family history of premature atherosclerotic 
cardiovascular diseases (ASCVD) among others35. On the 
contrary, a prospective study on late adolescence or young 
adulthood has described that high cardiovascular health 
(CVH) is associated with meager rates of premature CVD 
and mortality over 32 years of follow-up. This research aims 
to analyze the body composition of university students, di-
vided by gender, using different anthropometric indices to 
assess their nutritional status and the risk to their health or 
CVD since the latter are among the five leading causes of 
death in Ecuador.

Materials and methods 

Subjects and study protocol
This is a descriptive character of cross-sectional and 

comparative study. It was conducted at the Center for the 
Prevention of CVD within the School of Medicine of the Uni-
versity of Guayaquil (FCM-UG), created to research cardio-
metabolic character. The data were collected directly by the 
investigators. University students from the FCM-UG were 
invited to participate in the study. The students were infor-
med of the purpose of this study before giving their written 
consent. The Ethics Committee from Luis Vernaza Hospital 
in Guayaquil approved the study protocol. Also, it was cer-
tified by the National Agency for Regulation, Control, and 
Sanitary Surveillance (ARCSA). The study started data co-
llection on July 5, 2017, on December 22, 2019.

The following inclusion criteria were considered: stu-
dents of the FCM-UG, over 18 years old, signed informed 
consent and completed all the procedures established in 

the protocol. Subjects who did not match the inclusion cri-
teria and refused to participate in the study were excluded 
from it. Considering these criteria, the population that par-
ticipated in the study was 1450 subjects, 780 women and 
470 men. (Supplementary Materials, S1).

Measurements and calculations

Anthropometry
The students were summoned for the evaluations be-

tween 07:00 am and 3:00 pm, fasting for 2 to 4 hours in 
comfortable clothes. Data were collected on age, gender, 
and semester level. Three measurements were taken, se-
parated by two minutes, of their systolic and diastolic BP 
and pulse rate with an OMRON model HEM-741CINT au-
tomatic BP monitor, according to the AHA technique for 
monitoring BP. The anthropometric data were obtained by 
previously well-trained staff and researchers to minimize 
the coefficients of variation. The weight (kg) and height (cm) 
were assessed using a scale of 0.1 kg and a stadiometer of 
1 mm, RICE LAKE brand. The person was measured bare-
foot with the heels together, arms next to the body, and the 
head in the Frankfurt position. The waist circumference was 
measured at an intermediate distance between the edge of 
the last rib and the iliac crest and the hip at the maximum 
posterior buttock bulge level, as previously reported37-41.

It was taken using a SILUET HERGOM medical tape 
measure. The World Health Organization (WHO) sets the 
standard value at <82 cm and <95 cm, a high-risk value 
between 82 - 88 cm and 95 - 102 cm, and a very high risk 
>88 cm and >102 cm in women and men, respectively. The 
WHR obtained with the equation waist (cm) / hip (cm) was 
considered an index greater than 0.85 in women and 0.95 
in men as the risk of CVD (14). BMI was calculated with the 
weight (kg) divided by the height (m) squared (kg / m2). The 
criteria used to define the nutritional category were those 
of the WHO, which considers overweight ≥ 25 kg/m2 and 
obesity when the BMI ≥ 30 kg / m2. Finally, the WHtR was 
established by dividing the waist circumference (cm) by the 
height (cm). As an independent predictor of CVD and dys-
glycemia, the optimal cut-off value of the WHtR was 0.50 in 
women and 0.49 in men. The population was divided into 
2 groups, female and male, with a mean age of 23.09 (SD 
2.83), ranging from 18 to 40 years.

Statistical Analysis
The results are expressed as means, standard devia-

tions (±), and percentages when required. The Kolmogo-
rov-Smirnov test assessed the normality of the variables. 
The Student t-test for unpaired data evaluated differences 
in anthropometric characteristics between genera (Table 1). 
Statistical significance was defined as a value of p <0.05. All 
the collected data were input into an Excel reference table, 
and the IBM SPSS 23 statistical system was used to con-
duct the statistical Analysis, the output of which would be 
tables and graphs exported in Word format.

Results
Anthropometric variables showed normal behavior since 

they did not show statistically significant differences between 
the role of the empirical data and the normal distribution mo-
del. Table 1 shows the evaluated variables distributed by sex, 
where it is evident that women have a normal mean BMI whi-
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le men are in the overweight range, according to the WHO 
classification. All anthropometric parameters found signifi-
cant differences (p<0.05) between men and women. As ex-
pected, men were taller, heavier, and had higher BMI values. 
The WHtR is also statistically significant in favor of men, but 
its average level implies risk prediction in both genders.

In table 2, it is specified according to the BMI catego-
ries. For female participants, it was found that most of the 
sample was located at the normal weight level, 56.3 %, in 
the category of low weight, which is also considered a risk 
to health (not related to this work), was 4.7 %.

Although 3 % of them were overweight, regarding obe-
sity, they joined the category of obesity I-II-II in a single 
percentage, representing 12.7 %. These data show us that 
approximately 1 of every 4 women in this study is overwei-
ght, and more than 1 of each 10 presents some degree of 
obesity; according to this parameter, the female sample is 

considered relatively healthy. About the male sex, 42.6% 
had normal weight, only 1.5% were underweight, and 38 % 
were overweight. 9 % and 17 % had some degree of obesi-
ty, less than half of the university men evaluated were at the 
adequate weight level, a low percentage at the underwei-
ght level, and a little more than 55 % in the overweight and 
obesity categories. Hence, the male sample is presented 
as less healthy, considering many subjects with increased 
weight levels. If we consider the total number of students, 
it can be seen in Table 2 that 51% had normal weight, and 
45% were overweight or obese. Thus, as a whole, it was not 
shown as a healthy population.

The distribution by gender according to their abdomi-
nal circumference and cardiometabolic risk category is es-
tablished; in the group of women, 67.95% have a normal 
category, the high risk was present in 17.82%, and 14.23% 
are considered very high risk. On the other hand, in men, 

Anthropometric indexes and cardiovascular risk in Ecuadorian university students: A comparison with international references

Table 1. Mean and standard deviation of variables distributed according to sex.

Table 2. Distribution of the sample by sex and according to BMI nutritional category.

Table 3. Distribution of the sample by sex according to abdominal circumference and cardiometabolic risk category.
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72.98%, 14.26%, and 12.77% present a normal, high, and 
very high-risk category, respectively (Table 3).

Similarly, about WHR, 83.8% had no risk in the group of 
women, and only 16.2% had a CV risk level. (Figure 1); in the 
group of men, only 9.4% had a level of risk, and 90.6% had 
no risk. (Figure 2). Therefore, according to this anthropome-
tric parameter, they were placed as a low-risk group for CVD.

Finally, an anthropometric parameter that is less widely 
used in our environment but is scientifically supported is the 
WHtR24. In university women, 49.4%, and in men, 57.2% 
had a cardiometabolic risk, according to this parameter 
(Figures 3 and 4). Therefore, these findings mean that a 
significant percentage could be at risk of the pathologies 
mentioned above, being in the area of health risk.

Discussion
The presence of overweight and obesity is associated 

with multiple conditions that affect health. The anthropome-
tric indicators that define obesity help to identify individuals 
or populations exposed to a particular risk of experiencing 

various health problems. When evaluating the diagnosis of 
the possibility of developing CVD due to BMI, an average 
of 24.66 and 26.32 kg/m2 was established in women and 
men, respectively. In the sample of university women, it is 
noteworthy that overweight and obesity make up 39%, while 
in the male group, it is 56%, significantly higher in men. The 
same occurs when both genders are added together. This 
result is higher than those reported in Mexican university 
students with an average age slightly younger than 20.9 
years, where a result of 31.6% was obtained, corresponding 
to an overweight and obesity category43.

Similarly, our sample shows more overweight or obe-
sity than the study in university engineering students with 
334 participants. The women obtained an average of 21.9 
kg/m2, where 15.8% were overweight and obese; likewise, 
men reached a BMI of 23.9 kg/m2, while 32.9% presented 
overweight or obesity figures. Compared to this study con-
ducted at the University of Carabobo, our results are higher 
in a population of students of both genders with equal ave-
rage age, where the male group had an excess weight of 
51.9%. In comparison, the female group had 19.1 %44. In 
the present report, the results of overweight or obesity of a 

Figure 1. Distribution 
of the female group 
with the waist/hip index 
variable (WHR).

Figure 2. Distribution 
of the male group with 
the waist/hip index va-
riable (WHR).
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total of 1450 students of the FCM-UG surpass those obtai-
ned by Arroyo M. et al.45, Boutahar K. et al.46, Soto N. et al.47 
and López-Sánchez et al.48, obtained 10.7 %, 11.4 %, 18.4 
%, and 22.75 %, respectively.       

About the WHR, as in other research carried out in popu-
lations similar to ours, the values obtained for most subjects 
were within normal limits: 83.5 % in women and 90.6 % in 
men. Only 16.2 % of women and 9.4 % of men were in the 
CV risk category. These WHR data are also similar to the Ra-
ya-Cano et al. study49, in which 98.7% of women and 96.0% 
of men presented values lower than those considered at risk. 
Thus, this anthropometric measure should not be used to 
classify them as at-risk populations. This research is related 
to the work of López-Sánchez et al.48, which was carried out 
with university students in Madrid, where both genders obtai-
ned values within the ranges reported as normal, in addition 
to having a slightly lower average age (22 years) and not 
considering this sample as being at risk of suffering CVD.

The WHtR assessment showed that 51.5% and 60.9% 
of women and men, respectively, were in the normal range, 
which means that more than half of the university popula-
tion has abdominal obesity and the future possibility of CVD 

using this anthropometric measure. On the other hand, it 
was very challenging to find studies with this variable in uni-
versity students 50; one of the few is the study by Corvos et 
al.44, where only 13.5% of the sample studied presents high 
values, comparatively lower than those found in our Faculty.

One of the highlights of the current report is that it in-
cludes a significant number of university students that sur-
passed the sample we had taken as a goal of 687 students 
for a population of 6500 students of the FCM-UG. It addi-
tionally represents the initial research project to assess the 
relationship of different anthropometric measures, inclu-
ding WHtR, to determine the health of university students 
in Ecuador. However, the limitations inherent in being a 
cross-sectional study therefore, the direction of the associa-
tion is subject to uncertainty, without establishing definitive 
judgments of causality due to temporal ambiguity. Other li-
mitations are that it only included young adults and that nu-
trition habits were not assessed, which could be investiga-
ted in future research since this is an important parameter 
to consider when evaluating CD risk, as well as the use of 
anti-obesity drugs, physical activity level, smoking, stress, 
and inadequate sleeping51. 

Figure 3. Distribu-
tion of the female 
group with the waist/
height index variable 
(WHtR).

Figure 4. Distribution 
of the male group with 
the waist/size index 
variable (WHtR).
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6

Conclusions
There are significant differences between the anthropo-

metric measures between women and men. The average BMI 
in men determines a category of overweight in this population. 
There were no differences in the average abdominal perimeter 
and WHR; both were within normal parameters. Remarkably, 
the altered average of the WHtR in both women and men pre-
dicts CVD risk. These findings mean that more than half of the 
university population presents abdominal obesity and risk of 
CVD using this anthropometric measure. Furthermore, indica-
tors of abdominal obesity showed a more significant associa-
tion with cardiometabolic risk. Therefore, strategies such as 
comprehensive nutrition talks are accompanied by anti-obesity 
drugs, depending on the case and counseling in being physi-
cally active, not smoking, managing stress and getting enough 
sleep, following most important AHA recommendations.

Supplementary Materials
Figure S1: Flowchart of study participants
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