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Anthropometric measures as predictors of cardiovascular risk
in a population of employees
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Abstract

Background: There are several scales to calculate the cardiovascular risk of patients at the outpatient level; however, most of
them require the measurement of parameters that involve high costs or waiting time for the results. Objective: The objective of
this study was to show the capacity of some anthropometric measures for the prediction of cardiovascular risk in an adult po-
pulation of a Colombian State University. Materials and methods: Ninety-eight working individuals of a State university with an
average age of 50.6 + 7.5 years were evaluated in 2014. For each person, the variables gender, age, height, weight, percen-
tage body fat (%BF), body mass index, blood pressure (BP), percentage of hand grip strength (%HGS), midline level waist
circumference (MLW), waist-to-hip ratio, waist-to-height ratio, fruit and vegetable portions ingested per day, and cigarette smoking
were recorded. Subsequently, in 2018, the participants were contacted and were asked about new medical diagnoses of car-
diovascular type that they would have had in the time elapsed since the evaluation. Results: Eighty-three individuals participa-
ted in the new evaluation (2018). The MLW was an independent risk factor associated with type 2 diabetes mellitus (DM) OR:
1214 (95% ClI, p = 0.010) and the %BF associated with high BP (HBP) OR: 1137 (95% ClI, p = 0.028). Conclusion: MLW and
%BF are economic anthropometric measurements techniques that can help predict the risk of developing DM and HBP at 4 years.
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Resumen

Antecedentes: Existen varias escalas para calcular el riesgo cardiovascular de los pacientes a nivel ambulatorio; sin em-
bargo, la mayoria requieren de la medicion de parametros que implican altos costos o un tiempo de espera para obtener los
resultados. Objetivo: Demostrar la capacidad de algunas medidas antropométricas para predecir el riesgo cardiovascular en
una poblacién adulta de una universidad publica en Colombia. Metodologia: 98 empleados de una universidad publica con
una edad media de 50.6 + 7.5 afios fueron evaluados en el afio 2014. Para cada persona, se registraron las variables de
género, edad, estatura, peso, porcentaje de grasa corporal (% GC), indice de masa corporal (IMC), tension arterial (TA),
porcentaje de fuerza de agarre (% FA), circunferencia de la cintura a nivel de la linea media (CCM), indice cintura-cadera
(ICC), indice cintura-estatura (ICE), porciones de frutas y verduras (PFV) ingeridas al dia, y tabaquismo. Después, en el
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2018, se contactaron los participantes y se les preguntd por nuevos diagnésticos médicos de tipo cardiovascular que hubie-
ran tenido en el lapso desde la evaluacién. Resultados: 83 individuos participaron en la nueva evaluacion (2018). La CCM
fue un factor de riesgo independiente asociado a la diabetes tipo 2 (DM), OR = 1,214 (IC 95%, p = 0.010) y el %GC asocia-
do a la tension arterial alta (TAA), OR = 1,137 (IC 95%, p = 0.028). Conclusiéon: La CCM y el %GC son técnicas de medi-
das antropométricas econémicas que pueden ayudar a predecir el riesgo de desarrollar DM y TAA a 4 afios.

Palabras clave: Enfermedad cardiovascular. Antropometria. Hipertension. Diabetes mellitus. Riesgo cardiovascular.

Introduction

The World Health Organization (WHO) defines car-
diovascular diseases (CVD) as a group of disorders of
the heart and blood vessels. It is considered the leading
cause of death worldwide. More than three quarters of
CVD deaths occur in low- and middle-income countries
and it is expected that by 2030 they will cause around
23.6 million deaths'. Most CVD can be prevented using
strategies that cover the entire population and impact
behavioral risk factors, such as tobacco use, unhealthy
diets that induce obesity, physical inactivity, or harmful
alcohol consumption. There are several scales to deter-
mine the cardiovascular risk of each patient, most of
them requiring data that involve some cost and waiting
time such as lipid profile and certain inflammatory mark-
ers. This means that, in patients from low-income coun-
tries, there is greater difficulty in estimating this risk and
the interventions are performed late. In addition, access
to health services is more difficult and scarcer, which
means that, in many cases, this evaluation is not even
carried out?. That is why, in these cases, it is pertinent
to use anthropometric measures as a cost-effective al-
ternative to predict cardiovascular risk in all population
groups regardless of their socioeconomic status. Other
advantages of these techniques are their easy applica-
tion and the fact that the measurement protocols are
part of the training of health personnel in countries such
as Colombia. The objective of the present study, then,
is to show the capacity of some anthropometric mea-
sures for the prediction of cardiovascular risk in an adult
population of a Colombian State University.

Materials and methods

A prospective study was conducted with a sample of
employees, both genders, from the University of Caldas
in Manizales (Caldas, Colombia). The study consisted
of two phases, the first in 2014 and the next in 2018.
Ninety-eight people over 30 years of age were included
who agreed to participate in this study and formed the
informed consent form. They did not have a previous
diagnosis of the pathologies under evaluation such as

coronary heart disease, stroke, peripheral vascular dis-
ease, high blood pressure (HBP —Hypertension—),
type 2 diabetes mellitus (DM), heart failure, angina
pectoris, or aneurysm.

The study variables were gender, age, height, weight,
percentage body fat (%BF), body mass index (BMI),
blood pressure (BP), percentage of hand grip strength
(%HGS) of the dominant side, midline level waist circum-
ference (MLW), waist-to-hip ratio (WHR), waist-to-height
ratio (WHtR), fruit and vegetable portions (FVP) ingested
per day, and cigarette smoking were recorded.

In addition, the calculation of the risk of suffering a car-
diovascular episode in the next 10 years, fatal or not, was
made taking into account the WHO/ISH Region B risk
prediction table (AMR B) for the contexts, in which it is
not possible to measure blood cholesterol in order to
compare it with our prediction based on anthropometric
variables. This table includes: sex, age, systolic BP, smok-
ing, and presence or absence of DM (the WHO, 2008).

Four years later (2018) of the first evaluation, people
were contacted again by telephone and were asked if
they had had new diagnoses of DM or CVD during this
period (2014-2018).

The weight was measured with an ICOB® digital scale
model PP20.00. For the stature or size, a SECA®
Heigthronic TM digital stadiometer was used. The mea-
surements were made according to the protocol of
Lohman et al.®. The BMI was determined with the
weight ratio in kilograms (kg), over the height in meters
squared (m?) and the WHO classification was used*.

A stethoscope and a LORD® brand tensiometer were
used for the measurement of BP under the recom-
mended semiological standards. Subsequently, individ-
uals were categorized according to the classification
proposed by JOINT VI,

The %HGS was evaluated three times with a Base-
line® digital dynamometer on the dominant side; each
time, with a duration of 5 seconds (sec) with 30 sec
rest intervals between them. The highest measurement
of the three was compared with reference data accord-
ing to Mathioweitz, 1985°. A value > 85% is classified
as normal grip strength; in the same way, a lower result
was considered as altered.
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Table 2. Normal or pathological result of the %HGS, WHtR, WHR, MLW, %BF, FVP, and BP

mnmmmm o R T

Normal 37.5% (6) 6.25% (1) 56.25% (9) 56.25% (9) 6.25% (1) 6.25% (1) 68.75% (11)
Pathological 62.5% (10) 93.75% (15)  43.75% (7)  43.75% (7) 93.75% (15)  93.75% (15) 31.25% (5)
Women 67 Normal 65.67% (44) 11.94% (8)  79.1% (53)  64.18% (43) 20.9% (14) 17.9% (12) 76.12% (51)
Pathological ~ 34.33% (23)  88.06% (59)  20.9% (14)  35.82% (24) 79.1% (53) 82.1% (55) 23.88% (16)
Total 83  Normal 60.24% (50) 10.84% (9)  74.7% (62)  62.65% (52)  18.07% (15)  15.66% (13) 74.7% (62)
Pathological ~ 39.76% (33)  89.16% (74)  25.3% (21) ~ 37.35% (31)  81.93% (68)  84.34% (70) 25.3% (21)

%HGS: Percentage of handgrip strength, WHtR: waist-to-height ratio, WHR: waist-to-hip ratio, MLW: midline level waist circumference, %BF: percentage body fat,

FVP: number of fruit and vegetable portions, and BP: blood pressure.

According to the WHO/ISH AMR B risk prediction
table WHO 20082, the probability of suffering a cardio-
vascular episode, fatal or not, in a period of 10 years,
was less than 10% for all evaluated, indicating a very
low cardiovascular risk.

Despite this, the information obtained concluded that
17 individuals had been diagnosed with HBP, four peo-
ple had been diagnosed with DM, one other person had
coronary infarction, and another individual had periph-
eral arterial disease from the first evaluation.

After the statistical analysis, it was established the
MLW as a predictor of DM, this measurement had a
statistical significance of 0.010 and an odds ratio of
1.214 (95% Cl) indicating that the probability of suffer-
ing diabetes increased by 12.14% for each unit that
increased the measure of the hip with respect to an
individual with a lower value.

With regard to the HBP response variable, statistical
significance of 0.028 was found for the %BF as a pre-
dictor of this pathology. The odds ratio in this case was
1.137 (95% CI). This result indicated a probability of
suffering from HBP of 11.37% for each unit of percent-
age of fat above the value established as normal.

In this study, the other variables showed no rela-
tionship with the onset of DM or HBP. Nor was a re-
lationship found between these anthropometric
variables and any of the other CVD taken into account
in this study.

Discussion

Our results suggest that there is an association be-
tween the variable MLW and DM, as well as the %BF
and HBP. The other variables were not related to the
pathologies that were taken into account in the present
analysis.

That is, in less than 10 years after the first evaluation,
23 subjects (27.7%) had already presented a CVD or
had been diagnosed with DM. This leads us to suggest
that in a 10-year follow-up, this percentage could great-
ly exceed this figure.

%BF and BP

The findings of our study are related to others
previously published, as is the case of the relation-
ship between the %BF and BP. In a cross-sectional
study, conducted by Thang et al.,'® 50.436 individu-
als between men and women were analyzed. The
population was divided into five groups according to
their BP status, as follows: normotensive individuals,
with undetected HBP, with controlled HBP, with un-
controlled HBP and those with untreated HBP. Sub-
sequently, each group was compared with %BF. The
authors concluded that BP was inversely associated
with muscle mass, as well as positively with fat
mass's.

Trinidades et al.'"* evaluated 408 individuals be-
tween the ages of 20 and 59 years old in Brazil and
determined that the prevalence of HBP was 23.03%,
being higher among women. Likewise, they found a
significant association between HBP and smoking,
obesity, DM, and dyslipidemia. About 40.38% of hy-
pertensive individuals 50-59 years old had five or
more cardiovascular risk factors. Another study, con-
ducted by Alvarez Cortez et al., showed that those
who have HBP were at risk of suffering an acute
myocardial infarction approximately 3.8 times more
compared to those who did not suffer from this con-
dition. Thus, if HBP was controlled, 73.5% of cardio-
vascular accidents in the studied population would be
avoided™.
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MLW and DM

A study conducted in Bogota (Colombia) by Buendia
et al.'® evaluated 2200 patients attending endocrinology
consultation and found, using a multivariate analysis,
that male sex and increased MLW were independent
risk factors related to diabetes. In this study, the same
reference values were considered as in our analysis
(90 cm for men and 80 cm for women)'6.

A study, including 982 patients, determined that there
was a positive correlation between MLW and blood
glucose, uric acid and insulinemia values. MLW in both
genders was the variable with the highest predictive
power of hyperglycemia, with waist cutoff points of
86.75 cm in men and 80.5 cm in women. Above this
value, the risk of type 2 diabetes increased 8.7 times'”.

Others variables and CVD/DM

In the present study, 30.76% of the individuals eval-
uated had a %HGS altered. Despite this, no relation-
ship was found with the subsequent onset of CVD.
However, a systematic review highlights that the mea-
surement of %HGS has prognostic value for cardiovas-
cular disease, as well as being an important indicator
of fragility and vulnerability. The authors concluded that
this measurement could be a simple and useful tool to
identify individuals at risk of CVD that requires closer
clinical attention'®,

The Prospective Urban Rural Epidemiology study,
conducted in 2015, Corsi et al.,’® confirmed the prog-
nostic importance of the %HGS in adult populations of
all social strata in 17 countries. It was found that low
grip strength was associated with a high lethality rate
for a variety of incident diseases, including CVD. This
result suggests that %HGS could be an important
marker of the ability to resist or recover from a disease.
These data support the measurement of muscle
strength as a key indicator of frailty2°.

The %BF is not only associated with an increased
risk of HBP as evidenced in a study that included 182
subjects with a mean age of 38 years. The authors
demonstrated that excess BF increased the individual
risk of CVD and metabolic syndrome in the population
of subjects with no history of CVD. They also demon-
strated that the %BF was significantly related to bio-
chemical variables such as serum lipids, fasting blood
glucose, and BP?'.

We found that 84.34% of those evaluated do not
consume the recommended daily servings of fruits and
vegetables. It has been described that diets rich in fruit

and vegetables are associated with a reduced risk of
chronic diseases. In our country, healthy eating guide-
lines include the recommendation to consume at least
5 VFP daily, although the exact amount of recommend-
ed portions and descriptions of portion sizes vary by
country®2. A meta-analysis suggests an association be-
tween increased consumption of FVP intake and re-
duced risk of CVD and stroke??. Another study showed
that the intake of more than 8 FVP for 8 weeks de-
creased SBP by 2.8 mm Hg and DPB in 1.1 mm Hg?.

An investigation conducted by Valenzuela et al.?*
included 998 people between 22 and 28 years old. In
this study, the MLW and the WHtR index were directly
associated with both systolic and diastolic BP. The
WHtR and the WHR have been classified as better
predictors of cardiovascular risk than the BMI; however,
in our study, no significant relationship was found be-
tween them and the subsequent presentation of HBP?®.

The study by Mufioz-Mufioz et al.?® supports that this
relationship is that of who determined that high WHtR
was strongly associated with increased BP, excess
weight, increased MLW, fasting hyperglycemia, hyper-
triglyceridemia, and LDL-cholesterol > 2.6 mmol. Like-
wise, elevated WHtR was associated with the presence
of metabolic syndrome?®.

The study by Luengo-Pérez et al.?” showed a much
more important relationship. The research showed that
in men up to 50 years, the WHR remains the one that
shows the highest correlation with cardiovascular risk,
followed by WHtR. However, for men 50 years of age
and older, none of the indices showed a significant
correlation. In the case of women under 50, the WHtR
and BMI showed a greater correlation with cardiovas-
cular risk. For women 50 years of age and older, only
WHR presented a significant correlation®”.

The association between obesity and HBP is a per-
fectly established fact, although not all obese people
develop HBP. However, obesity has been indicated as
a contributing factor to the increase in BP, being more
frequent among overweight people than among those
with normal weight. This relationship is evidenced in
the study by Fernandez Diaz et al.?® who demonstrated
a predominance of obesity in hypertensive patients
who also had high values in the %BP. This relationship
was not observed in our study?®.

Despite the current evidence, based on other re-
search, some of the variables evaluated were not relat-
ed to the probability of developing CVD. We believe that
this could be related to the small sample that we used
for the present analysis and for the moderate period of
time that the study lasted.
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Conclusion

High MLW values may indicate an increased risk of
developing DM. Furthermore, high values in the %BF
would be associated with a higher risk of HBP, 4 years
after an initial evaluation.

The evaluated population is at risk of developing
CVD, although the WHO/ISH AMR, risk prediction ta-
bles have classified it as a very low risk.

The MLW and %BF measurements are economical,
fast, and safe to assess cardiovascular risk in individu-
als and should be used in routine medical consultations.
We recommend its application, especially in remote
regions of large urban centers, where access to tech-
nology and diagnostic techniques are more difficult.
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