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Handgrip Strength and Ideal Cardiovascular Health among Colombian
Children and Adolescents
Robinson Ramírez-Vélez, PhD1, Alejandra Tordecilla-Sanders, Msc1, Jorge Enrique Correa-Bautista, PhD1,
Mark D. Peterson, PhD2,3, and Antonio Garcia-Hermoso, PhD4,5
Objective To evaluate the association between handgrip strength and ideal cardiovascular health (CVH) in Colombian children and adolescents.

Study design During the 2014-2015 school years, we examined a cross-sectional component of the FUPRECOL
(Association for Muscular Strength with Early Manifestation of Cardiovascular Disease Risk Factors among Colombian Children and Adolescents) study. Participants included 1199 (n = 627 boys) youths from Bogota (Colombia).
Handgrip strength was measured with a standard adjustable hand held dynamometer and expressed relative to
body mass (handgrip/body mass) and as absolute values in kilograms. Ideal CVH, as defined by the American
Heart Association, was determined as meeting ideal levels of the following components: 4 behaviors (smoking status,
body mass index, cardiorespiratory fitness, and diet) and 3 factors (total cholesterol, blood pressure, and glucose).
Results Higher levels of handgrip strength (both absolute and relative values) were associated with a higher
frequency of ideal CVH metrics in both sexes (P for trend ≤ .001). Also, higher levels of handgrip strength were
associated with a greater number of ideal health behaviors (P for trend < .001 in both boys and girls), and with a
higher number of ideal health factors in boys (P for trend < .001). Finally, levels of handgrip strength were similar
between ideal versus nonideal glucose or total cholesterol groups in girls.
Conclusions Handgrip strength was strongly associated with ideal CVH in Colombian children and adolescents, and thus supports the relevance of early targeted interventions to promote strength adaptation and preservation as part of primordial prevention. (J Pediatr 2016;■■:■■-■■).
See related article, p •••

ow muscular strength, as determined by handgrip dynamometry, is a recognized marker of poor health during adolescence,1,2
and is associated with disease and mortality in adulthood.3-5 Numerous studies support an inverse relationship between
muscular strength and cardiovascular disease (CVD) risk factors in young populations, and generally express muscular
strength relative to body mass.1,6 Epidemiological studies indicate that muscle weakness has been associated with a higher frequency of adverse health consequences including obesity, systemic low-grade inflammation, and insulin resistance.7-10 CVD events
occur most frequently during or after the fifth decade of life, and yet the precursors of disease originate in childhood and adolescence.1,11
In response to the increasing burden of CVD risk factors, the American Heart Association established several strategic goals.12
In 2010, the American Heart Association released a set of cardiovascular health metrics for adults and children that were
intended to prioritize cardiovascular health, as opposed to CVD.12 Population-representative studies have shown a low prevalence of ideal cardiovascular health (CVH) metrics in US children and adolescents, particularly for achieving physical activity
recommendations and dietary intake.13,14 Data from the Cardiovascular Risk in
Young Finns Study and The Healthy Lifestyle in Europe by Nutrition also demonstrated that children and adolescence with a higher number of ideal CVH components had a reduced risk for hypercholesterolemia, hypertension, and elevated
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Obesity and physical inactivity are leading CVD risk factors
among Hispanic/Latino adults, raising concerns about whether
an increased risk of these conditions also is manifested at
younger ages.19 Previous research has demonstrated an independent association between muscle weakness and increased
cardiometabolic risk factors.20,21
In Colombia, a region that has undergone a well-documented
epidemiologic transition and epidemic of CVD,19-22 relatively
little research on physical activity22 and physical fitness exists.23,24
Therefore, describing the magnitude of these risk factors in
youth is important for prioritizing prevention and public health
efforts.19 Nevertheless, there have been no studies to date to
determine the association between handgrip strength and ideal
CVH in Latin American youth. Therefore, the objective of the
present study was to investigate the relationship between
handgrip strength and ideal CVH among Colombian children and adolescents.

Methods
This study aimed to examine the relationships between physical fitness levels, healthy and unhealthy behaviors, and
cardiometabolic risk factors in Colombian children and adolescents. During the 2014-2015 school years, we examined a
cross-sectional component of the FUPRECOL (Association for
Muscular Strength with Early Manifestation of Cardiovascular
Disease Risk Factors among Colombian Children and Adolescents) study25-27 (in Spanish, Asociación de la FUerza PREnsil
con Manifestaciones de Riesgo Cardiovascular Tempranas en
Niños y Adolescentes COLombianos). The sample consisted
of children and adolescents (boys n = 4000 and girls n = 4000)
aged 9-17.9 years. Blood sampling was randomly performed
in one-third of the recruited subjects (n = 2775). From this subgroup, 1199 schoolchildren (52.2% boys) had valid data muscular strength and all components included in the ideal CVH
concept. There were no differences in the study key characteristics (ie, age, sex distribution, body mass index [BMI], and
muscular strength) between the current study sample and the
original FUPRECOL (Association for Muscular Strength with
Early Manifestation of Cardiovascular Disease Risk Factors
among Colombian Children and Adolescents) study sample
(n = 8000; all P > .100). The children and adolescents were of
low to middle socioeconomic status (1-3 defined by the
Colombian government), enrolled in public elementary and
high schools (grades 5-11), and from the capital district of
Bogota in a municipality in the Cundinamarca Department
in the Andean region. A convenience sample of volunteers was
included and grouped by sex and age with 1-year increments
(a total of 9 groups).
Measurements
Handgrip Strength Assessment. Consistent with
recommendations,28,29 we restricted our analysis to the following
health-related30 field-based tests that have demonstrated adequate levels of criterion-related validity, and reliability27-29 in
the assessment of 2 dimensions of muscular strength: handgrip
strength and normalized handgrip strength in kg/body mass
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in kg.31-33 Handgrip was measured using a standard adjustable
hand held dynamometer (Takei Digital Grip Strength Dynamometer Model T.K.K. 540, Takei Scientific Instruments Co,
Ltd, Niigata, Japan). Participants were given a brief demonstration and verbal instructions for the test and, if necessary,
the dynamometer was adjusted to the participant’s hand size
according to predetermined protocols.27 Handgrip strength was
measured with the subject in a standing position, with the shoulder adducted and neutrally rotated, and arms parallel but not
in contact with the body. The participants were asked to squeeze
the handle as hard as possible for a maximum of 3-5 seconds,
and no verbal encouragement was given during the test.
Handgrip strength performance was recorded as the best score
from either hand, without consideration for hand dominance. Because there is substantial covariance between strength
capacity and body mass—and, moreover, the links between
muscle strength and both physical function and chronic health
are mediated by the proportion of strength relative to body
mass—grip strength was normalized as strength per body mass
[ie, (grip strength in kg)/(body mass in kg)]. Handgrip measurements in a subsample (n = 229; median age: 12.8 ± 2.4 years;
46.2 ± 12.4 kg; 1.50 ± 0.1 m; 19.9 ± 3.1 kg/m2) were recorded
to ensure reproducibility on the day of the study. The reproducibility of our data was R = 0.96. Intrarater reliability was
assessed by determining the intraclass correlation coefficient
(0.98; 95% CI, 0.97-0.99). Monthly, each dynamometer was
tested using a standardized calibration procedure that showed
that the device was within 1 kg of accuracy over the whole measuring range (from 0 to 100 kg), and with a 100-g sensitivity.
Anthropometric Measurements. Body weight was measured
in the subjects’ underwear and with no shoes, using electronic
scales (Tanita BC544, Tokyo, Japan) with a low technical error
of measurement (technical error of measurement = 0.510%).
Height was measured using a mechanical stadiometer platform (Seca 274, Hamburg, Germany; technical error of measurement = 0.01%). BMI was calculated as the body weight in
kilograms divided by the square of height in meters (kg/m2).
Obesity status was defined as having a BMI above the age- and
sex-specific thresholds of the International Obesity Task Force.34
Participants who had a BMI < 85th percentile were categorized as meeting the ideal CVH criteria for BMI.
Biochemical Determinations. Blood samples were collected between 6:00 a.m. and 8:00 a.m. by 2 experienced pediatric phlebotomists after ≥12 hours fasting. Before the
extraction, fasting condition was confirmed by the child and
parents. Blood samples were obtained from an antecubital vein,
and analyses were subsequently completed within 1 day from
collection. In children and adolescence, levels of total cholesterol have been defined as “ideal” < 4.40 mmol/L (<170 mg/dL),
or “nonideal” ≥ 4.40 mmol/L (≥170 mg/dL). Fasting serum
glucose concentrations were analyzed enzymatically and also
classified as ideal < 5.6 mmol/L (<100 mg/ dL), or nonideal
≥ 5.6 mmol/L (≥100 mg/dL). Interassay reproducibility (coefficient of variation) was determined from 80 replicate analyses
of 8 plasma pools over 15 days, and shown to be 2.6% for total
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cholesterol and 1.5% for serum glucose. None of the study
youths were on any drug treatments.
Resting Blood Pressure. Blood pressure was measured using
an electronic oscillometric device (Riester Ri-Champion model,
Jungingen, Germany) after being seated in a quiet room for
10 minutes with their back supported and feet on the ground.
Two blood pressure readings were taken with a 10-minute interval of quiet rest. Before blood pressure session monitoring,
the accuracy of the device was tested against a standard mercury
sphygmomanometer in a random subsample (n = 25) to ensure
that there was no consistent difference of >10 mm Hg in measured blood pressure; interobserver variability was R = 0.96.
Mean systolic blood pressure was defined as ideal (<90th percentile and mean diastolic blood pressure of <90th percentile),
or nonideal (systolic blood pressure ≥ 90th percentile or diastolic blood pressure ≥ 90th percentile). All percentile-based
threshold limits were sex and age specific, and selected on the
basis of the International Diabetes Federation35 and the modified De Ferranti et al36 definitions of the metabolic syndrome.
Dietary Assessment. Dietary intake and food consumption
was assessed by the Kidmed questionnaire.37 This tool consists of 16 questions related to the principles of Mediterranean dietary patterns. The score ranges from −4 to 12 points,
because questions with negative connotations with respect to
the Mediterranean diet are assigned a value of −1 (frequent
intake of fast food, increased consumption of sweets, skipping breakfast, frequent intake of pastries for breakfast). Variables with positive connotations are assigned +1 point (eg, takes
a fruit or fruit juice every day, consumes fish regularly [≥2-3
times/week]), as indicated previously.37 As suggested by SerraMajem et al,37 the total score was divided into 3 categories of
Mediterranean diet quality: (1) ≤ 3 points = poor diet quality,
(2) 4-7 points = average diet quality, and (3) ≥8 points = good
diet quality (optimal Mediterranean diet style). Participants
who had ≥8 points were categorized as having an ideal healthy
diet, whereas children and adolescents with <7 points were classified as having a nonideal healthy diet.
Cardiorespiratory Fitness. Although the American Heart Association relied on physical activity to determine active habits,
we used estimated CRF owing to its robust association with
cardiovascular risk factors,38 and ideal CVH12,17 in this population. We estimated CRF with the 20-meter shuttle run test,
as previously described by Leger et al.39 Participants ran in a
straight line between 2 lines 20 meters apart, while keeping pace
with prerecorded audio signals. The initial speed was 8.5 km/h
and increased by 0.5 km/h each minute. The test was finished
when the participant failed to reach the end lines, keeping pace
with the audio signals on 2 consecutive occasions, or when the
subject stopped because of fatigue. Results were recorded to
the nearest stage (minute) completed. Healthy CRF was defined
by using either the cutoff by sex and age (shuttle-runs or estimated peak rate of oxygen consumption) listed in the healthy
fitness zone (needs improvement and health risk). The
FITNESSGRAM40 has been shown to have cardiometabolic

health predictive value,41 and peak rate of oxygen consumption cutoff points were validated against the presence of metabolic syndrome using nationally representative US data.41,42
Smoking Habits. Data on smoking were collected via selfreported questionnaires (number of cigarettes smoked per day).
Students who reported that they had never smoked were
categorized as having an ideal smoking status and those who
reported having smoked one or more cigarettes were categorized as presenting a nonideal smoking status.
Sexual Maturation. Sexual maturation was classified based on
Tanner staging,43 which uses self-reported puberty status to classify participants into stages I-V.44 Each volunteer entered an
isolated room where they categorized the development of their
own genitalia (for boys), breasts (for girls), armpits (for boys),
and pubic hair (for both sexes) using a set of images exemplifying the various stages of sexual maturation. The reproducibility of our data reached R = 0.78.
Ideal CVH
The metrics for ideal CVH in children and adolescents defined
by the American Heart Association12 were followed as precisely as possible (Table I; available at www.jpeds.com). Finally,
each participants was categorized into 5 health levels based on
the number of ideal CVH metrics in the ideal range: the healthiest level (favorable ideal CVH score) was defined as having ≥5
metrics, the intermediate levels as 2 to 4 metrics in the ideal
range, and the unfavorable level as having 0-1 ideal CVH metrics.
We collapsed 0 with 1 and 5 with 7 ideal metrics owing to relatively few youths who had 0 (2% of total cohort) or 6 (8% of
total cohort) and 7 (2% of total cohort) ideal CVH metrics.
Ethics Statement. The Review Committee for Research on
Human Subjects at the University of Rosario (Code N° CEIABN026-000262) approved all of the study procedures. A comprehensive verbal description of the nature and purpose of the
study and its experimental risks was given to the participants
and their parents/guardians. Written informed consent was obtained from parents and subjects before participation in the
study. The protocol was in accordance with the latest revision of the Declaration of Helsinki and current Colombian laws
governing clinical research on human subjects (Resolution
008430/1993 Ministry of Health).
Statistical Analyses
Data are presented as mean values, standard deviations, and
percentages. The t test was used to compare unadjusted means
by sex. Differences on handgrip strength (both absolute and
normalized handgrip strength in kg/body mass in kg) between
ideal and nonideal CVH components were assessed by
ANCOVA, with handgrip strength as a dependent variable, the
CVH component (ideal vs nonideal) entered as a fixed factor,
age as a covariate, and sexual maturation as a random factor.
The association between handgrip strength and ideal CVH
metrics, as well as with ideal CVH behaviors and factors separately, was assessed by ANCOVA, as discussed. Analyses were
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Table II. Characteristics of children and adolescents in
Bogota, Colombia (mean [SD] or frequencies), by sex
Girls
(n = 572)

Boys
(n = 627)

All
(n = 1199)

Age (y)
12.9 (2.2)
13.3 (2.2)
13.1 (2.2)
Body mass (kg)
42.1 (9.0)
45.8 (11.3)
44.0 (10.4)
†
Height (cm)
149.3 (10.2) 155.7 (13.7) 152.6 (12.5)
18.6 (2.3)
18.5 (2.0)
18.6 (2.2)
BMI (kg/m2)
Tanner stage prepuberty/
7/89/4
6/84/10
6/86/8
puberty/postpuberty, (%)
Resting blood pressure (mm Hg)
Systolic
106.4 (11.1) 109.6 (12.4) 108.0 (11.9)
Diastolic
66.3 (7.7)
66.0 (8.0)
66.1 (7.8)
Glucose (mg/dL)
78.3 (13.3) 79.7 (12.9)
79.1 (13.1)
†
Total cholesterol (mg/dL)
140.9 (21.9) 133.3 (24.6) 136.9 (23.6)
Mediterranean diet adherence
7.1 (2.0)
7.0 (1.8)
7.0 (2.1)
(−4 to 12 points)
43.5 (4.9)
CRF (mL/kg/min)
41.1 (3.9)
45.6 (4.7)†
Muscular strength
22.6 (8.2)
Handgrip strength (kg)
19.6 (5.4)
25.3 (9.2)†
Normalized grip strength*
0.47 (0.08) 0.54 (0.11)† 0.51 (0.10)
*Handgrip strength/body mass.
†The t-test was applied to compare unadjusted means by sex (P < .001).

conducted for boys and girls separately. The associations
between normalized handgrip strength in kg/body mass in kg
and 4 behaviors (smoking status [number of cigarettes smoked
per day], BMI, CRF [shuttle-runs], and diet [score ranges from

Volume ■■
−4 to 12 points]) and 3 factors (total cholesterol, blood pressure, and glucose) were tested by means of Pearson correlation coefficients. All analyses were performed using the
Statistical Package for Social Sciences (v. 22.0 for Windows,
Chicago, Illinois), and the level of significance was set to .05.

Results
The 1199 subjects included 627 boys, and mean age was 13.1
(2.2) years. Boys had lower levels of total cholesterol than girls
(P < .001), and girls had lower CRF, handgrip strength, and
normalized handgrip strength (P < .001) (Table II). Higher
levels of handgrip and normalized handgrip strength were associated with an higher number of ideal CVH components in
both boys (P for trend < .001) and girls (P for trend < .001)
(Figure 1). Higher levels of handgrip strength were associated with a higher number of ideal health behaviors (P for trend
< .001 in both boys and girls), and with a higher number of
ideal health factors in boys (P for trend < .001) (Figure 2).
Levels of handgrip strength (both handgrip and normalized handgrip strength) were different between ideal versus
nonideal components except for glucose or total cholesterol
groups in girls (Table III). Overall, similar results were observed
when we included physical activity instead of CRF (data not

A
0.8

50

Handgrip (kg)/kg body mass

40

Handgrip (kg)

p for trend 0.001

p for trend 0.001

45

35
30
25
20
15
10

0.7

0.6

0.5

0.4

5
0.3

0
0-1

2

3

4

0-1

5

2

3

4

5

Ideal cardiovascular health metrics

Ideal cardiovascular health metrics

B
50

0.8

p for trend 0.001

Handgrip (kg)/kg body mass

45

Handgrip (kg)

40
35
30
25
20
15
10

p for trend 0.001

0.7

0.6

0.5

0.4

5
0

0.3
0-1

2

3

4

Ideal cardiovascular health metrics

5

0-1

2

3

4

5

Ideal cardiovascular health metrics

Figure 1. Association between handgrip strength and normalized grip strength (measured as grip strength in kg/body mass in
kg) across ideal CVH metrics in schoolchildren. A, Boys and B, girls.
4

Ramírez-Vélez et al
FLA 5.4.0 DTD ■ YMPD8645_proof ■ October 5, 2016

■■ 2016

ORIGINAL ARTICLES
A
50

0.8

p for trend 0.001

Handgrip (kg)/kg body mass

45

Handgrip (kg)

40
35
30
25
20
15
10

p for trend 0.001

0.7

0.6

0.5

0.4

5
0

0.3
0

1

2

3

4

B
50

1

2

3

4

Ideal cardiovascular behaviors metrics
0.8

p for trend 0.008

Handgrip (kg)/kg body mass

45
40

Handgrip (kg)

0

Ideal cardiovascular behaviors metrics

35
30
25
20
15
10

p for trend 0.330

0.7

0.6

0.5

0.4

5
0

0.3
0

1

2

3

0

Ideal health factors metrics

1

2

3

Ideal health factors metrics

C
50

0.8

p for trend 0.001

Handgrip (kg)/kg body mass

45

Handgrip (kg)

40
35
30
25
20
15
10

p for trend 0.001

0.7

0.6

0.5

0.4

5
0.3

0
0

1

2

3

1

50

2

3

4

Ideal cardiovascular behaviors metrics

Ideal cardiovascular behaviors metrics

D

0.8

p for trend 0.001

Handgrip (kg)/kg body mass

45
40

Handgrip (kg)

0

4

35
30
25
20
15
10

p for trend 0.001

0.7

0.6

0.5

0.4

5
0

0.3
0

1

2

Ideal health factors metrics

3

0

1

2

3

Ideal health factors metrics

Figure 2. Levels of handgrip strength and normalized grip strength (measured as grip strength in kg/body mass in kg) across
ideal CVH behaviors (smoking, BMI, CRF, and Mediterranean diet adherence) and ideal health factors (total cholesterol, blood
pressure, and plasma glucose) in schoolchildren; A, B, Boys and C, D, girls.
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*From analysis of covariance with age as covariate and Tanner stage as random factor.
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Volume ■■
shown). Finally, in both sexes, we found an inverse correlation between normalized grip strength and number cigarettes smoked per day (r = −0.356; P < .01), BMI (r = −0.604;
P < .01), CRF (r = −0.424; P < .01), diet score (r = −0.104;
P = .45), total cholesterol (r = −0.238; P < .01), blood pressure (r = −0.220; P < .05), and glucose (r = −.016; P < .01).
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Table III. Handgrip (kg) and normalized grip strength (measured as handgrip strength/body mass) mean and SE estimates by ideal CVH metrics, by sex
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The findings of the present study indicate that handgrip strength
is associated positively with the ideal CVH index among
Colombian children and adolescents. The importance of muscular strength is recognized in most current recommendations
for maintaining and improving health status, and preventing
chronic diseases.45 A recent meta-analysis highlights the importance of developing muscular strength in youth for a number
of health-related benefits in young population.32 Also, our study
suggests a positive link between ideal CVH metrics and handgrip
(for both absolute and relative values). Although there are very
few studies on this topic, Ruiz et al17 showed that higher levels
of CRF were associated with a higher number of ideal CVH
components in both boys and girls. These findings together
with our results confirm that physical fitness should be considered a hallmark factor for meeting ideal CVH components.
Several studies have showed the relationship between individual components included in the ideal CVH and handgrip
strength in children and adolescents. Because the American
College of Sports Medicine recently recommended the
incorporation of grip strength testing as a component of musculoskeletal fitness assessment in children,46 it is important to
not only understand the link between variability in this measured outcome and that of health risks, but also from the
context of translating meaningful risk stratification information to clinical and public health audiences. Moreover, a recent
systematic review and meta-analysis revealed strong evidence for an inverse association between musculoskeletal fitness
and cardiometabolic risk factors among adolescents.32
Regarding health behaviors, there is a well-established link
between BMI, physical activity, CRF, and muscular strength.47
However, there is less evidence pertaining to the relationship
between handgrip strength and healthy dietary adherence in
younger populations. Therefore, considering the limited number
of studies that have previously examined these associations, it
is difficult to compare our results. A cross-sectional study in
Spanish adolescents showed that there was no relationship
between handgrip strength and ideal diet; the authors hypothesized that results seemed to be more associated with physical
activity levels and aerobic capacity at these ages.48 Regarding
smoking habits, the small number of available studies has shown
inconsistent results. A previous study reported that smoking
habits were not related with handgrip strength48; however,
another Spanish study in children and adolescents suggests that
those who had muscle weakness had a significantly higher odds
ratio of reporting smoking tobacco sometimes.49 In our study,
we found an inverse correlation between normalized grip
strength and number cigarettes smoked per day (r = −0.356;
P < .01). Cross-sectional and longitudinal studies showed that
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smoking affects the body through, for example, increased
oxidative stress, which negatively influences the muscles.3,5,50
Circulating cigarette smoke constituents seem to play an important role in the underlying molecular mechanisms of muscle
damage, such as reduced oxygen delivery and impair mitochondrial function.51
These findings are particularly important from a public
health perspective, given the well-known negative consequences of smoking and the fact that this behavior starts already
at young ages. Regarding health factors, the role of muscular
strength in prevention of CVD has become increasingly
recognized.39 Our results show higher values of handgrip
strength in children and adolescents who had ideal health factors
as compared with peers who did not meet that ideal condition. The exception for this was for total cholesterol and glucose
in girls, which could be explained by the small number of youth
with nonideal factors (2% and 6%, respectively).
The present findings lend strong support to the growing body
of literature revealing a link between muscle weakness and increased cardiometabolic risk factors7-10; and yet, the mechanisms underlying this association are still to be determined. It
has been hypothesized that a possible mechanism by which
healthy muscular strength exerts favorable health effects may
be its capacity to reduce chronic low-grade inflammation. In
the Pan-American HELENA study (Healthy Lifestyle in Europe
by Nutrition in Adolescents), Artero et al9 found an inverse association between muscular strength with lower levels of markers
of chronic inflammation such as C-reactive protein, complement factors C3 and C4, leptin, and white blood cell counts in
adolescents, even after adjusting for sex, age, CRF, maturation, and socioeconomic status. In addition, Steene-Johannessen
et al,7 Cohen et al,8 and Peterson et al52 reported strong evidence of the inverse associations between muscular strength
and cardiometabolic risk factors such as Homeostasis Model
Assessment index, triglycerides, and blood pressure, positive
associations with markers of endothelial function, and lower
arterial stiffness. Differences in body distribution of excess adiposity could be another explanation; studies suggest that
muscular strength is a stronger influence on cardiometabolic
abnormalities.17,19,31,33 However, further research is needed to
confirm these mechanisms, especially in the pediatric population.
The observations of our study are limited by the descriptive and cross-sectional design; therefore, direction of causality cannot be determined.Another limitation was that adherence
to the Mediterranean diet was measured by a self-administered
questionnaire, so some of the questions may have been misinterpreted deliberately or unintentionally by some participants.
Future research is needed to better describe the age- and sexspecific trajectories of strength as a predictor of comorbidities
across the lifespan and, perhaps just as important, to apply robust
analyses that can compartmentalize risk into hierarchical
categories.52 Finally, it should also be noted that the formation of the ideal CVH metrics relies on the use of binary variables and on the assumption that all health behaviors and factors
contained in this index contribute the same to the final score.17
The findings of this study indicate that handgrip strength
is positively associated with ideal CVH metrics in Colombian

youths. These results provide an important public health
message that children and adolescents do not necessarily have
to reach all 7 metrics to gain CVH benefits. Moreover, the data
suggest that preventive efforts should be focused on those with
few ideal health behaviors or factors, and should target early
development of handgrip strength to reduce the risk of premature health problems. ■
The authors thank the children and adolescents who participated in the
study and their parents and teachers for their collaboration. The authors
also acknowledge the members involved in fieldwork for their efforts,
particularly physical activity and health masters students for their work
in the field-based fitness assessment.
Submitted for publication May 27, 2016; last revision received Jul 25, 2016;
accepted Aug 30, 2016
Reprint requests: Robinson Ramírez-Vélez, PhD, Universidad del Rosario,
Bogotá, DC, Colombia. E-mails: robin640@hotmail.com; robinson.ramirez
@urosario.edu.co

References
1. Peterson MD, Krishnan C. Growth charts for muscular strength capacity with quantile regression. Am J Prev Med 2015;49:935-8.
2. Ortega FB, Ruiz JR, Castillo MJ, Snowstorm M. Physical fitness in childhood
and adolescence: a powerful marker of health. Int J Obes (Lond) 2008;32:111.
3. Ortega FB, Silventoinen K, Tynelius P, Rasmussen F. Muscular strength
in male adolescents and premature death: cohort study of one million
participants. BMJ 2012;20:345, e7279.
4. Ruiz JR, Sui X, Lobelo F, Morrow JR Jr, Jackson AW, Sjöström M, et al.
Association between muscular strength and mortality in men; prospective cohort study. BMJ 2008;337:a439.
5. Silventoinen K, Magnusson PK, Tynelius P, Batty GD, Rasmussen F. Association of body size and muscle strength with incidence of coronary
heart disease and cerebrovascular diseases: a population-based cohort study
of one million Swedish men. Int J Epidemiol 2009;38:110-8.
6. Ruiz JR, Castro-Piñero J, España-Romero V, Artero EG, Ortega FB, Cuenca
MM, et al. Field-based fitness assessment in young people: the ALPHA
health-related fitness test battery for children and adolescents. Br J Sports
Med 2011;45:518-24.
7. Steene-Johannessen J, Anderssen SA, Kolle E, Andersen LB. Low muscle
fitness is associated with metabolic risk in youth. Med Sci Sports Exerc
2009;41:1361-7.
8. Cohen DD, Gómez-Arbeláez D, Camacho PA, Pinzon S, Hormiga C,
Trejos-Suarez J, et al. Low muscle strength is associated with metabolic
risk factors in Colombian children: the ACFIES Study. PLoS ONE
2014;9:e93150.
9. Artero EG, Ruiz JR, Ortega FB, España-Romero V, Vicente-Rodríguez G,
Molnar D, et al. Muscular and cardiorespiratory fitness are independently associated with metabolic risk in adolescents: the HELENA study.
Pediatr Diabetes 2011;12:704-12.
10. Magnussen CG, Schmidt MD, Dwyer T, Venn A. Muscular fitness and clustered cardiovascular disease risk in Australian youth. Eur J Appl Physiol
2012;112:3167-71.
11. Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd, Tracy RE, Wattigney
WA. Association between multiple cardiovascular risk factors and atherosclerosis in children and young adults. The Bogalusa Heart Study. N
Engl J Med 1998;338:1650-6.
12. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van HL,
et al. Defining and setting national goals for cardiovascular health
promotion and disease reduction: the American Heart Association’s
strategic impact goal through 2020 and beyond. Circulation 2010;121:586613.
13. Shay CM, Ning H, Daniels SR, Rooks CR, Gidding SS, Lloyd-Jones DM.
Status of cardiovascular health in US adolescents: prevalence estimates

Handgrip Strength and Ideal Cardiovascular Health Among Colombian Children and Adolescents
FLA 5.4.0 DTD ■ YMPD8645_proof ■ October 5, 2016

7

THE JOURNAL OF PEDIATRICS • www.jpeds.com

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

from the National Health and Nutrition Examination Surveys (NHANES)
2005-2010. Circulation 2013;127:1369-76.
Shay CM, Ning H, Allen NB, Carnethon MR, Chiuve SE, Greenlund KJ,
et al. Status of cardiovascular health in US adults: prevalence estimates
from the National Health and Nutrition Examination Surveys (NHANES)
2003-2008. Circulation 2012;125:45-56.
Laitinen TT, Pahkala K, Magnussen CG, Viikari JS, Oikonen M, Taittonen
L, et al. Ideal cardiovascular health in childhood and cardiometabolic outcomes in adulthood: the Cardiovascular Risk in Young Finns Study. Circulation 2012;125:1971-8.
Pahkala K, Hietalampi H, Laitinen TT, Viikari JS, Rönnemaa T, Niinikoski
H, et al. Ideal cardiovascular health in adolescence: effect of lifestyle intervention and association with vascular intima-media thickness and elasticity (the Special Turku Coronary Risk Factor Intervention Project for
Children [STRIP] study). Circulation 2013;127:2088-96.
Ruiz JR, Huybrechts I, Cuenca-García M, Artero EG, Labayen I, Meirhaeghe
A, et al. Cardiorespiratory fitness and ideal cardiovascular health in European adolescents. Heart 2015;101:766-73.
Younus A, Aneni EC, Spatz ES, Osondu CU, Roberson L, Ogunmoroti O,
et al. a systematic review of the prevalence and outcomes of ideal cardiovascular health in us and non-US populations. Mayo Clin Proc
2016;91:649-70.
Isasi CR, Parrinello CM, Ayala GX, Delamater AM, Perreira KM, Daviglus
ML, et al. Sex differences in cardiometabolic risk factors among Hispanic/
Latino youth. J Pediatr 2016;doi:10.1016/j.jpeds.2016.05.037.
Garber MD, Sajuria M, Lobelo F. Geographical variation in healthrelated physical fitness and body composition among Chilean 8th graders:
a nationally representative cross-sectional study. PLoS ONE 2014;9:e108053.
Rodríguez Valero FJ, Gualteros JA, Torres JA, Umbarila Espinosa LM,
Ramírez-Velez R. Association between muscular fitness and physical health
status among children and adolescents from Bogotá, Colombia. Nutr Hosp
2015;32:1559-66.
González SA, Sarmiento OL, Cohen DD, Camargo DM, Correa JE, Páez
DC, et al. Results from Colombia’s 2014 report card on physical activity
for children and youth. J Phys Act Health 2014;11:S33-44.
Arsenault JE, Mora-Plazas M, Forero Y, Lopez-Arana S, Jáuregui G, Baylin
A, et al. Micronutrient and anthropometric status indicators are associated with physical fitness in Colombian schoolchildren. Br J Nutr
2011;105:1832-42.
Gualteros JA, Torres JA, Umbarila-Espinosa LM, Rodríguez-Valero FJ,
Ramírez-Vélez R. A lower cardiorespiratory fitness is associated to an unhealthy status among children and adolescents from Bogotá, Colombia.
Endocrinol Nutr 2015;62:437-46.
Rodríguez-Bautista YP, Correa-Bautista JE, González-Jiménez E, SchmidtRioValle J, Ramírez-Vélez R. Values of waist/hip ratio among children and
adolescents from Bogotá, Colombia: the FUPRECOL Study. Nutr Hosp
2015;32:2054-61.
Ramírez-Vélez R, Morales O, Peña-Ibagon JC, Palacios-López A, PrietoBenavides DH, Vivas A, et al. Normative reference values for handgrip
strength in Colombian schoolchildren: the FUPRECOL study. J Strength
Cond Res 2016;doi:10.1519/JSC.0000000000001459.
Ramírez-Vélez R, Rodrigues-Bezerra D, Correa-Bautista JE, Izquierdo M,
Lobelo F. Reliability of health-related physical fitness tests among Colombian children and adolescents: the FUPRECOL Study. PLoS ONE
2015;10:e0140875.
Committee on Fitness Measures and Health Outcomes in Youth, Food
and Nutrition Board, Institute of Medicine, Pate R, Oria M, Pillsbury L,
eds. Fitness measures and health outcomes in youth. Washington (DC):
National Academies Press (US); 2012.
Ruiz JR, Castro-Pinero J, Espana-Romero V, Artero EG, Ortega FB, Cuenca
MM, et al. Field-based fitness assessment in young people: the ALPHA
health-related fitness test battery for children and adolescents. Br J Sports
Med 2011;45:518-24.
Ruiz JR, Castro-Pinero J, Artero EG, Ortega FB, Sjostrom M, Suni J, et al.
Predictive validity of health-related fitness in youth: a systematic review.
Br J Sports Med 2009;43:909-23.
Artero E, Ruiz J, Ortega F, España-Romero V, Vicente-Rodríguez G, Molnar
D, et al. Muscular and cardiorespiratory fitness are independently

Volume ■■

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.
51.

52.

associated with metabolic risk in adolescents: the HELENA study. Pediatr
Diabetes 2011;12:704-12.
Smith JJ, Eather N, Morgan PJ, Plotnikoff RC, Faigenbaum AD.
Lubans DR. The health benefits of muscular fitness for children and adolescents: a systematic review and meta-analysis. Sports Med 2014;44:120923.
Ortega FB, Ruiz JR, Castillo MJ, Moreno LA, González-Gross M, Wärnberg
J, et al. Low level of physical fitness in Spanish adolescents. Relevance for
future cardiovascular health (AVENA study). Rev Esp Cardiol 2005;58:898909.
Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and obesity worldwide: international survey.
BMJ 2000;320:1240-3.
Zimmet P, Alberti KGMM, Kaufman F, Tajima N, Silink M, Arslanian S,
et al. The metabolic syndrome in children and adolescents – an IDF consensus report. Pediatr Diabetes 2007;8:299-306.
de Ferranti S, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, Rifai
N. Prevalence of the metabolic syndrome in American adolescents:
findings from the third national health and nutrition examination survey.
Circulation 2004;110:2494-7.
Serra-Majem L, Ribas L, Ngo J, Ortega RM, García A, Pérez-Rodrigo C,
et al. Food, youth and the Mediterranean diet in Spain. Development of
KIDMED, Mediterranean diet quality index in children and adolescents.
Public Health Nutr 2004;7:931-5.
Ortega FB, Ruiz JR, Castillo MJ, Sjöström M. Physical fitness in childhood and adolescence: a powerful marker of health. Int J Obes (Lond)
2008;32:1-11.
Leger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle
run test for aerobic fitness. J Sports Sci 1988;6:93-101.
Welk GJ, Laurson KR, Eisenmann JC, Cureton KJ. Development of youth
aerobic-capacity standards using receiver operating characteristic curves.
Am J Prev Med 2011;41:S111-6.
Lobelo F, Pate RR, Dowda M, Liese AD, Ruiz JR. Validity of cardiorespiratory fitness criterion-referenced standards for adolescents. Med Sci Sports
Exerc 2009;41:1222-9.
Lobelo F, Pate RR, Dowda M, Liese AD, Daniels SR. Cardiorespiratory
fitness and clustered cardiovascular disease risk in U.S. adolescents. J Adolesc
Health 2010;47:352-9.
Tanner JM, Whitehouse RH. Clinical longitudinal standards for height,
weight, height velocity, weight velocity, and stages of puberty. Arch Dis
Child 1976;51:170-9.
Matsudo SMM, Matsudo VKR. Self-assessment and physician assessment of sexual maturation in Brazilian boys and girls – concordance and
reproducibility. Am J Hum Biol 1994;6:451-5.
Wolfe RR. The underappreciated role of muscle in health and disease. Am
J Clin Nutr 2006;84:475-82.
Riebe D, Franklin BA, Thompson PD, Garber CE, Whitfield GP, Magal
M, et al. Updating ACSM’s recommendations for exercise preparticipation
health screening. Med Sci Sports Exerc 2015;47:2473-9.
Galavíz KI, Tremblay MS, Colley R, Jáuregui E, López y Taylor J, Janssen
I. Associations between physical activity, cardiorespiratory fitness, and obesity
in Mexican children. Salud Publica Mex 2012;54:463-9.
Grao-Cruces A, Fernández-Martínez A, Nuviala A. Association of fitness
with life satisfaction, health risk behaviors, and adherence to the Mediterranean diet in Spanish adolescents. J Strength Cond Res 2014;28:216472.
Padilla-Moledo C, Ruiz JR, Ortega FB, Mora J, Castro-Piñero J. Associations of muscular fitness with psychological positive health, health complaints, and health risk behaviors in Spanish children and adolescents.
J Strength Cond Res 2012;26:167-73.
Kok MO, Hoekstra T, Twisk JW. The longitudinal relation between smoking
and muscle strength in healthy adults. Eur Addict Res 2012;18:70-5.
Rom O, Kaisari S, Aizenbud D, Reznick AZ. Identification of possible cigarette smoke constituents responsible for muscle catabolism. J Muscle Res
Cell Motil 2012;33:199-208.
Peterson MD, Zhang P, Saltarelli WA, Visich PS, Gordon PM. Low muscle
strength thresholds for the detection of cardiometabolic risk in adolescents. Am J Prev Med 2016;50:593-9.

8

Ramírez-Vélez et al
FLA 5.4.0 DTD ■ YMPD8645_proof ■ October 5, 2016

■■ 2016

ORIGINAL ARTICLES

Table I. Definition of the ideal cardiovascular health metrics (<20 years of age) as defined by the American Heart Association and the criteria used in this study
Ideal metric, American Heart Association definition
Health behaviors
Smoking
BMI
Physical activity
Diet

Never tried; never smoked whole cigarette
<85th percentile
≥60 min of moderate- or vigorous-intensity activity
every day
4-5 components:
Fruit and vegetables: ≥ 4.5 cups/d

Ideal metric, definition in this study
Never smoked a cigarette
<85th percentile
Healthy CRF was defined by using either the cut-off by sex- and age
(shuttle-runs or estimated VO2peak) listed in the healthy fitness zone
Mediterranean diet quality
Participants who had ≥8 points were categorized as having an ideal
healthy diet

Fish: 2 or more 3.5-oz‡ servings/wk
Fiber-rich whole grains: 3 or more 1-oz-equivalent
servings/d
Sodium: < 1500 mg/d
Sugar-sweetened beverages: ≤ 450 kcal (36 oz)/wk
Health factors
Total cholesterol
Blood pressure
Plasma glucose

<170 mg/dL (<4.40 mmol/L)
<90th percentile
<100 mg/dL (<5.6 mmol/L)

<170 mg/dL
<90th percentile
<100 mg/dL

VO2peak, peak rate of oxygen consumption.
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