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Abstract
Background: The relationship between muscle strength and cardiometabolic risk factors in youth, and the potential
influence of vitamin D status on this relationship, is not well understood. This study examined associations between
muscle strength and dyslipidemia, serum 25-hydroxyvitamin D [25(OH)D], and weight status in diverse schoolchildren.
Methods: Measures of hand-grip strength (standardized for sex and body weight), anthropometrics (height and
weight converted to BMI z-score [BMIz]), sociodemographics, and fasting blood concentrations of plasma HDL-C
and triglycerides and serum 25(OH)D were collected from 350 4th-8th grade schoolchildren (11.2 ± 1.3 y, 49.4%
female, 56.3% non-white/Caucasian). Logistic regression was used to measure associations between standardized
tertiles of grip strength and blood lipids, 25(OH)D, and weight status along with associations between 25(OH)D and
dyslipidemia and weight status.
Results: Children with higher grip strength had lower odds of overweight/obesity (OR: 0.03, 95% CI: 0.01-0.06, in the
highest tertile of grip strength vs. lowest, p for trend< 0.0001), borderline/low HDL-C (OR: 0.28, 95% CI: 0.16-0.50, p for
trend< 0.0001), and borderline/high triglycerides (OR: 0.48, 95% CI: 0.25-0.92, p for trend< 0.05), adjusting for covariates.
Associations between blood lipids and grip strength became non-significant after further adjustment for BMIz. No
association was observed between grip strength and 25(OH)D, nor between 25(OH)D and borderline/low HDL-C or
weight status; however, vitamin D sufficiency was associated with lower odds of borderline/high triglycerides compared
with vitamin D deficiency (OR: 0.26, 95% CI: 0.09-0.74, p for trend< 0.05) before BMIz adjustment.
Conclusion: Among racially/ethnically diverse children, muscle strength was associated with lower dyslipidemia.
Longitudinal studies are needed to explore whether changes in muscle strength impact this relationship in children,
independent of weight status.
Trial registration: This study was registered at www.clinicaltrials.gov (No. NCT01537809) on February 17, 2012.
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Background
In both children and adolescents, studies have demonstrated adverse effects of low cardiorespiratory fitness on
individual and clustered cardiometabolic risk factors,
including body mass index (BMI), triglycerides,
HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C),
and blood pressure [1–6]. These studies determined
that higher cardiorespiratory fitness in children is
associated with healthier lipid profiles and a reduced
occurrence of cardiometabolic risk factors in adulthood.
Another key component of fitness is muscular strength,
although its links to cardiometabolic risk are less well
studied. While a growing body of evidence has
demonstrated protective effects of muscle strength on
cardiometabolic risk factors in adults [7, 8], fewer studies
have examined this relationship in children and
adolescents [1, 9, 10].
One prospective cohort study suggested that greater
isometric back and abdominal strength in Danish youth is
associated with lower levels of cardiometabolic risk factors
in young adulthood independent of cardiovascular fitness
and adiposity [10]. A systematic review concluded that
muscle strength improvements between childhood and
adolescence are inversely associated with overall changes
in adiposity. However, evidence for the association
between changes in muscle strength and other
cardiometabolic risk factors was inconclusive given
the limited number of studies [6]. Furthermore, the
Institute of Medicine’s (IOM) 2012 Fitness Measures
and Health Outcomes in Youth report highlighted the
dearth of literature examining the association between
musculoskeletal fitness and health outcomes in youth,
independent of potential modifiers [9]. As such, the
report called for robust analyses of this relationship
and recommended grip strength as a valid measure of
musculoskeletal fitness in youth. While evidence is
emerging for an association between muscle strength and
various health outcomes in children and adolescents
[1, 10], additional research is warranted to determine
whether an association between grip strength and
cardiometabolic risk factors in these age groups exists.
A separate body of literature has demonstrated a positive
relationship between muscular strength and vitamin D
status (assessed using serum 25-hydroxyvitamin D
[25(OH)D]) in adults, [11, 12] but this relationship is
inconsistent in studies of children and youth [13, 14].
Vitamin D adequacy has also shown beneficial relationships with several cardiometabolic outcomes, including
blood pressure, serum lipids, and insulin and glucose
metabolism. Evidence for a direct cause-and-effect
relationship between vitamin D status and cardiometabolic
risk factors in youth is still under investigation [15]; however some proposed mechanisms include the presence of
vitamin D receptors on pancreatic β cells, as well as cells
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of the blood vessel wall. By binding to its receptors, 1,25
dihydroxyvitamin D may confer vasculoprotection,
decreased insulin resistance, as well as anti-inflammatory
effects [16, 17]. Given the potential positive impact of vitamin D
status on both muscle strength and cardiometabolic risk, it is
important to consider whether vitamin D may play a role in the
relationship between muscle strength and cardiometabolic risk.
The primary aim of the present study was to examine
associations between muscle strength and dyslipidemia
(HDL-C, triglycerides) in addition to weight status
among a diverse sample of urban schoolchildren.
Furthermore, as vitamin D has known relationships with
both muscle strength [18] and cardiometabolic risk [19]
in adults, we investigated whether serum 25(OH)D may
modulate the strength/cardiometabolic risk relationship
by examining associations between vitamin D status and
both muscle strength and dyslipidemia.

Methods
Study design and study sample

The study sample utilized for this analysis was a
sub-sample of children participating in the Daily D
Health Study (DDHS), which was a randomized, doubleblind trial that assessed the impact of 6 months of daily
vitamin D3 supplementation (600 IU, 1000 IU, or
2000 IU) on serum 25(OH)D and cardiometabolic risk
factors in a multi-ethnic sample of schoolchildren in the
fourth through eighth grades during the 2011-2012 and
2012-2013 school years. Children were recruited from
public elementary and middle schools in four urban
school districts in the greater Boston, MA area. Detailed
descriptions of the DDHS study protocol and recruitment
have been published elsewhere [20].
Grip strength measures were collected during the
2012-2013 school year at the baseline study visit (prior
to vitamin D supplementation) on 381 children.
Children diagnosed with diabetes, missing grip strength
data, or who were underweight at baseline were
excluded (N = 31), leaving 350 children (11.2 ± 1.3 y;
49.4% female) in the analytic sample. All study visits
were conducted in person at the school of enrollment.
The protocol was reviewed and approved by the Tufts
University Institutional Review Board. Both written
parental informed consent and the child’s written assent
were obtained before inclusion in the study.
Grip strength

Grip strength was measured using a digital handgrip
dynamometer (T.K.K.5401, Takei Scientific Instruments
Co., Ltd., Niigata, Japan). The machine was adjusted to
an appropriate setting to ensure that the second joint of
the index finger was at a 90-degree angle on the handle
(90° flexion between proximal and middle phalangeal
joint). Children were instructed to stand with feet hip-
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width distance apart, not to hold their breath, and to
squeeze for 10-15 s, or until the force generated
plateaued. Research assistants conducted a practice test
on each subject’s dominant hand prior to the actual test.
Two measures were then conducted on each hand,
either switching hands in cases where grip size was the
same on each hand, or with a 60 s rest interval between
measures when it was not. The average grip strength
was calculated from all four trials. Grip strength was
subsequently expressed per kilogram of body weight to
account for differences in body size. Based on prior literature, grip strength was further standardized by sex
and age [21, 22], creating a z-score to remove the effect
of age and sex differences. The z-score was calculated by
first subtracting the study population’s mean grip
strength per kilogram of body weight from each subject’s
grip strength per kilogram of body weight. This value
was subsequently divided by the grip strength standard
deviation for each sex and age group. Lastly, the z-score
was categorized into tertiles of low (<− 0.45 kg),
moderate (− 0.45 to 0.33 kg), and high grip strength
(> 0.33 kg) [10].

intra-assay coefficient of variation is 6.0%. Serum
25(OH)D status was classified as deficient (< 20 ng/ml),
insufficient (≥20 to < 30 ng/ml), or sufficient (≥ 30 ng/mL)
according to IOM criteria [25].

Blood measures

Anthropometric measures and pubertal status

Blood was drawn from the antecubital vein on the study
morning following an overnight fast for measurement of
plasma HDL-C and triglycerides, and serum 25(OH)D.
Concentrations of HDL-C and triglycerides were measured with the Hitachi 917 analyzer using reagents and
calibrators from Roche Diagnostics (Indianapolis, IN) in
a laboratory certified by the Centers for Disease Control
and Prevention (CDC)/National Heart, Lung, and Blood
Institute Lipid Standardized Program. HDL-C and triglyceride concentrations were categorized according to the
National Cholesterol Education Program (NCEP)
cut-points [23]; HDL-C was classified as borderline/low
(≤45 mg/dL) or normal (> 45 mg/dL). Triglycerides were
standardized by age and classified as borderline/high
(≥75 mg/dL for children ≤9 years; ≥90 mg/dL for
children > 9 years) or normal (< 75 mg/dL for children
≤9 years; < 90 mg/dL for children > 9 years).
Total serum 25(OH)D was measured using the
validated liquid chromatography-mass spectrometry
(LC-MS/MS) method including fractionation of 25(OH)D3
and 25(OH)D2 in serum [24]. 25(OH)D samples from
study subjects were prepared and analyzed through a turbulent flow LC system (Cohesive Technologies, Franklin,
MA) followed by traditional laminar flow chromatography.
The study samples were then analyzed relative to the
control solutions (NIST vitamin D standard references) for
detection and quantification of the 25(OH)D3 and
25(OH)D2 component of each sample. The analysis was
performed using a TSQ Quantum Ultra triple massspectrometer (Thermo Finnigan Corp., San Jose, CA). The

Height and weight were measured in triplicate with light
clothing and no shoes. Height was measured using a
portable stadiometer (Model 214, Seca Weighing and
Measuring Systems, Hanover, MD), and weight was
measured using a digital platform scale (Model 803, Seca
Weighing and Measuring Systems, Hanover, MD). BMI
z-score (BMIz) was calculated using the CDC sexspecific growth charts. Weight status was classified into
two groups: healthy weight (BMI < 85th percentile for
age) and overweight/obese (BMI ≥ 85th percentile for
age) based on the CDC cut-points.
Pubertal status was classified into two groups: prepuberty/early puberty or late puberty/post-puberty.
Using a brief, validated questionnaire [26], female subjects were asked if they had reached menarche (yes/no)
and male subjects were asked if their voice had changed
(not yet started/barely started/definitely underway/seems
complete). If a girl answered, “yes” for menarche or a
boy answered “definitely underway” or “seems complete”
for voice change, then the child was categorized as late
pubertal/post-pubertal.

Sociodemographic measures

Age was determined from the parent-reported birth date.
Race/ethnicity was reported by parent questionnaire as
white/Caucasian, black/African American, Mexican/
Mexican American, other Hispanic/Latino, Asian/
Asian American, Native American, multi-racial, or
other race/ethnicity. For these analyses, race/ethnicity
was consolidated into white/Caucasian, black/African
American, Hispanic/Latino, Asian, or multiracial/other
categories. Parents also reported whether their child
was eligible for free or reduced-price school meals, as
a proxy measure of socioeconomic status. Sedentary
time was ascertained using the Block Kids Physical
Activity Screener (NutritionQuest, Berkeley, CA) and
was calculated based on the number of hours per day
spent watching television or videos, or using a
computer.

Statistical analyses

Pearson’s Chi-square test was used to determine the
distribution of children for each categorical variable
across tertiles of grip strength. Continuous variables
were compared by grip strength tertiles using ANOVA if
the covariate was normally distributed; otherwise, the
Kruskal Wallis test was applied. Covariates were selected
based on prior literature investigating grip strength and
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cardiometabolic risk factors [10, 27], and included age,
sex, pubertal status, sedentary time, free/reduced price
lunch, race/ethnicity, and BMIz.
To examine whether there were any significant
associations between tertiles of grip strength and the
four outcomes of interest (HDL-C, triglycerides,
BMIz, and vitamin D status), four models were built
for each outcome variable, with each model adjusted
for a specific set of covariates. The first model was
adjusted for age and sex. Model two was additionally
adjusted for pubertal status, sedentary time, free/reduced
price lunch, and race/ethnicity. The third model for each
outcome was further adjusted for BMIz, [10] except when
obesity was the outcome of interest. Tolerance tests were
performed to assess collinearity of variables within the
second and third models. In a fourth model, vitamin D
status was added to the covariates in model two to further
examine whether vitamin D status modulates the relationship between grip strength and cardiometabolic risk [27].
For each model, a test for linear trend across tertiles of
grip strength was performed by assigning children within
each tertile the median value of grip strength for that
tertile and including these values as a continuous variable
in regression models [28].
Similarly, to examine associations between vitamin D
status and borderline/low HDL-C, borderline/high
triglycerides, and BMIz, three separate logistic regression
models were constructed for each outcome. Each model
was adjusted for the aforementioned covariates. All
analyses were performed using SAS statistical software
(version 9.3; SAS Institute, Cary, NC), and values of
p < 0.05 were considered statistically significant.

Results
In the overall sample of 350 schoolchildren (49.4%
female, 11.2 ± 1.3 y, 56.3% non-white/Caucasian), 48.6%
of children were overweight/obese, 66.9% were eligible
for free/reduced price lunch, and 58.6% reported being
sedentary for ≥2 h/day. Serum vitamin D status was
classified as sufficient in 11.4% (n = 40) of schoolchildren,
while 52.6% (n = 184) were vitamin D insufficient and 36%
(n = 126) were vitamin D deficient. Plasma HDL-C was
considered borderline/low in 41.1% (n = 144) of
schoolchildren, while triglycerides were borderline/high in
25.1% (n = 88).
Additional sociodemographic and other characteristics
are shown by tertile of grip strength in Table 1. Grip
strength was inversely associated with weight, height,
and BMIz (p < 0.0001). Among those with high grip
strength, more children were normal weight (82.1%)
than overweight/obese (18%); the inverse weight status
distribution was observed in the low grip strength tertile.
Children with higher grip strength demonstrated higher
HDL-C (p = 0.0001) and a trend toward lower
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triglycerides (p = 0.07). Other characteristics such as sex,
age, race/ethnicity, pubertal status, sedentary time, and
free/reduced price lunch did not differ by grip strength
tertile (p > 0.05).
Table 2 shows the odds ratios for borderline/low
HDL-C, borderline/high triglycerides, overweight/
obesity, and vitamin D deficiency for those with a
moderate or high grip strength compared to those with a
low grip strength. A significant trend across tertiles of grip
strength was found for the three cardiometabolic risk
factors, with higher grip strength associated with lower
odds of borderline/low HDL-C (72% lower, p for trend<
0.0001), borderline/high triglycerides (52% lower, p for
trend = 0.03), and overweight/obesity (100% lower, p for
trend< 0.0001) after adjustment for covariates except
BMIz. After additional adjustment for BMIz, grip strength
was no longer associated with odds of borderline/low
HDL-C or borderline/high triglycerides (p for trend >
0.05). The addition of vitamin D as a covariate did not
attenuate associations between grip strength and each
cardiometabolic risk factor. No significant association was
observed between higher grip strength and vitamin D deficiency after basic and multivariable adjustment; however,
when BMIz was added as a covariate, there was a trend
toward a direct relationship (p for trend = 0.06).
Table 3 presents the odds ratios for borderline/low
HDL-C, borderline/high triglycerides, and overweight/
obesity for those with vitamin D sufficiency and insufficiency compared to those with vitamin D deficiency. No
significant associations were observed between vitamin
D status and borderline/low HDL-C nor between
vitamin D status and overweight/obesity (p > 0.05). A
significant trend across tertiles of vitamin D status was
found for triglycerides, with vitamin D sufficiency associated with lower odds of borderline/high triglycerides
(74% lower, p for trend = 0.046). After additional adjustment for BMIz, vitamin D status no longer showed a
significant trend with odds of borderline/high
triglycerides (p for trend > 0.05).

Discussion
These findings suggest that improved muscle strength
may confer cardiometabolic risk benefits, including
lower triglycerides and BMIz, as well as higher HDL-C.
While longitudinal analyses are necessary to determine
causality, these findings suggest muscle strength may be
important for improved cardiometabolic health and
should be considered in the development of youth physical
activity programs and recommendations. Given that
dyslipidemia and weight status in youth strongly predicts
cardiometabolic health in adulthood [29, 30], improved
muscle strength during childhood may be important for
the reduction of cardiometabolic risk factors later in life.
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Table 1 Sociodemographic, behavioral, and health status characteristics by tertile of grip strength in schoolchildren aged 9-14
(N = 350)
Tertiles of grip strength
p value

Low (N = 116)

Moderate (N = 117)

High (N = 117)

−0.95 (− 1.32, − 0.66)

−0.02 (− 0.23, 0.15)

1.04 (0.67, 1.36)

Male

60 (51.7)

61 (52.1)

56 (47.9)

Female

56 (48.3)

56 (47.9)

61 (52.1)

11.4 ± 1.3

11.1 ± 1.3

11.2 ± 1.3

0.12

0.64

Grip strength (kg)a
Sex

Age (y)

0.77

Race/ethnicity
White/Caucasian

48 (41.4)

51 (43.6)

54 (46.2)

Black/African American

13 (11.2)

15 (12.8)

22 (18.8)

Hispanic/Latino

27 (23.3)

28 (23.9)

19 (16.2)

Asian

7 (6.0)

7 (6.0)

6 (5.1)

Multiracial/Other

21 (18.1)

16 (13.7)

16 (13.7)

Pubertal statusb
Pre-puberty/early puberty

80 (69.0)

78 (66.7)

75 (64.1)

Late puberty/post-puberty

36 (31.0)

39 (33.3)

42 (35.9)

Yes

75 (64.7)

84 (71.8)

75 (64.1)

No

41 (35.3)

33 (28.2)

42 (35.9)

< 2 h/day

43 (37.4)

48 (41.0)

53 (45.7)

≥ 2 h/day

72 (62.6)

69 (59.0)

63 (54.3)

0.73

Free/reduced price lunch
0.38

Sedentary timec
0.44

Weight (kg)

63.3 ± 18.4

47.0 ± 11.0

42.8 ± 10.2

< 0.0001

Height (cm)

155 ± 11.7

149 ± 9.4

150 ± 11.2

< 0.0001

BMIz d

1.7 (1.3, 2.2)

0.9 (0.4, 1.4)

0.2 (−0.3, 0.8)

< 0.0001

Normal weight

17 (14.7)

67 (57.3)

96 (82.1)

< 0.0001

Overweight/obese

99 (85.3)

50 (42.7)

21 (18.0)

45.3 ± 11.4

50.9 ± 12.6

50.7 ± 9.6

0.0001

Borderline/low

65 (56.0)

49 (41.9)

30 (25.6)

< 0.0001

Normal

51 (44.0)

68 (58.1)

87 (74.4)

69.0 (52.0, 96.5)

63.0 (47.0, 90.0)

62.0 (49.0, 77.0)

0.07

0.06

Weight Status

HDL-C (mg/dL)
HDL-C statuse

Triglycerides (mg/dL)d
Triglyceride statusf
Normal

80 (69.0)

86 (73.5)

96 (82.1)

Borderline/high

36 (31.0)

31 (26.5)

21 (18.0)

21.9 ± 6.8

22.1 ± 6.1

22.6 ± 6.7

0.71

Deficient

43 (37.1)

42 (35.9)

41 (35.0)

0.96

Insufficient

58 (50.0)

63 (53.9)

63 (53.9)

Sufficient

15 (12.9)

12 (10.3)

13 (11.1)

Serum 25(OH)D (ng/mL)
Vitamin D statusg

Differences between tertiles of grip strength were determined using chi-square test and ANOVA. Data are mean ± standard deviation or n (%), unless otherwise stated; level of
significance was p < 0.05
Abbreviations: BMIz BMI z-score, HDL-C HDL-cholesterol, 25(OH)D 25-hydroxyvitamin D
a
Tertiles of grip strength are standardized for age, sex, and body weight and are the median (IQR)
b
Late puberty/post-puberty defined as reported voice change (male) or menarche (female)
c
Sedentary time defined as the number of hours per day spent watching television, videos, and using a computer
d
Differences between tertiles of grip strength were determined using the Kruskal Wallis test and data are the median (IQR)
e
Borderline/Low defined as ≤45 mg/dL; normal defined as > 45 mg/dL
f
Normal defined as < 75 mg/dL for children ≤9 years and < 90 mg/dL for children older than 9 years; borderline/high defined as ≥75 mg/dL for children ≤9 years and ≥90 mg/dL for
children older than 9 years
g
Deficient defined as < 20 ng/mL; insufficient defined as ≥20 and < 30 ng/mL; sufficient defined as ≥30 ng/mL
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Table 2 Odds ratios for cardiometabolic risk factors and vitamin
D deficiency with a moderate or high grip strength relative to a
low grip strength (N = 350)
Low

Moderate

High

OR (95% CI)

OR (95% CI)

OR (95% CI)

p value
for
trend

1.00

0.58 (0.35, 0.98)

0.28 (0.16, 0.48)

0.78 (0.49, 1.24)

0.79 (0.38, 1.64)

0.34

0.66 (0.40, 1.09)

0.61 (0.28, 1.33)

0.25

Model 3

1.00

0.77 (0.45, 1.33)

0.93 (0.40, 2.17)

0.88

Model 3

1.00

1.19 (0.64, 2.22)

0.98 (0.47, 2.04)

0.93

0.28 (0.16, 0.49)

< 0.0001

Borderline/High Triglycerides (n = 88)
Model 1

1.00

0.79 (0.44, 1.40)

0.47 (0.25, 0.88)

0.02

Model 2

1.00

0.80 (0.44, 1.46)

0.48 (0.25, 0.92)

0.03

Model 3

1.00

1.36 (0.69, 2.68)

1.24 (0.54, 2.82)

0.62

Model 4

1.00

0.75 (0.41, 1.39)

0.44 (0.23, 0.86)

0.02

Overweight/Obese (n = 170)
0.12 (0.06, 0.22)

OR (95% CI)

1.00

< 0.0001

1.00

OR (95% CI)

1.00

0.28 (0.16, 0.50)

Model 1

OR (95% CI)

p
value
for
trend

Model 2

0.57 (0.34, 0.98)

0.57 (0.33, 0.97)

Sufficient

Model 1

1.00

1.00

Insufficient

< 0.0001

Model 2

Model 4

Deficient

Borderline/Low HDL-C (n = 144)

Borderline/Low HDL-C (n = 144)
Model 1

Table 3 Odds ratios for cardiometabolic risk factors by vitamin
D status (N = 350)

0.04 (0.02, 0.07)

< 0.0001

Model 2

1.00

0.11 (0.06, 0.21)

0.03 (0.01, 0.06)

< 0.0001

Model 3

–

–

–

–

Model 4

1.00

0.10 (0.05 0.20)

0.03 (0.01, 0.06)

< 0.0001

Vitamin D Deficient (n = 126)
Model 1

1.00

1.03 (0.62, 1.70)

0.95 (0.57, 1.56)

0.82

Model 2

1.00

1.01 (0.60, 1.70)

0.90 (0.53, 1.52)

0.68

Model 3

1.00

1.60 (0.90, 2.85)

1.90 (0.99, 3.65)

0.06

Model 4

–

–

–

–

Data are odds ratios from logistic regression models. Tertiles of grip strength
are standardized for age, sex, and body weight. N represents the number of
participants with that risk factor
Abbreviation: HDL-C HDL-cholesterol
Model 1 was adjusted for age and sex
Model 2 was additionally adjusted for pubertal status, sedentary time, free/
reduced-price lunch, and race/ethnicity
Model 3 was further adjusted for BMIz
Model 4 was adjusted for the covariates in model 2 as well as for vitamin D
status. BMIz was not included in the model

Consistent with prior studies [1, 10, 31], we found that
children with higher grip strength were at lower risk for
poor cardiometabolic health, as measured by borderline/
low HDL-C, borderline/high triglycerides, and
overweight/obesity. Similarly, Artero and colleagues [1]
computed a muscular strength score from handgrip
strength and the standing long jump, and found an inverse association between muscular fitness and clustered
metabolic risk. In the present study, the significant relationship between grip strength and both HDL-C and triglycerides was eliminated after adjustment for BMIz.
This attenuation by weight status is consistent with a
previous study [31] that used the sum of voluntary
contractile force at four sites (hand-grip, shoulder
(extension and flexion), and leg) to determine the association between muscular strength and a clustered cardiovascular risk factor score. This is not surprising given

Borderline/High Triglycerides (n = 88)
Model 1

1.00

0.89 (0.53, 1.49)

0.38 (0.14, 1.06)

0.11

Model 2

1.00

0.66 (0.38, 1.16)

0.26 (0.09, 0.74)

0.046

Model 3

1.00

0.73 (0.40, 1.30)

0.31 (0.10, 0.93)

0.13

Overweight/obese (n = 170)
Model 1

1.00

0.68 (0.43, 1.09)

0.55 (0.27, 1.15)

0.06

Model 2

1.00

0.67 (0.41, 1.09)

0.53 (0.25, 1.15)

0.08

Model 3

–

–

–

Data are odds ratios from logistic regression models. N represents the number
of participants with that risk factor
Abbreviation: HDL-C HDL-cholesterol
Model 1 was adjusted for age and sex
Model 2 was additionally adjusted for pubertal status, sedentary time, free/
reduced-price lunch, and race/ethnicity
Model 3 was further adjusted for BMIz

that the negative impact of overweight and obesity on
cardiometabolic health in both children and adults is
well established [29, 32]. Further research is needed,
however, to examine the physiological pathway by which
weight status influences the impact of muscle strength
on HDL-C and triglycerides. Improved grip strength
may result from greater muscle mass or enhanced
muscular health and performance, both of which could
confer protective effects on lipid metabolism and be
reduced in overweight and obese children. Longitudinal
studies are therefore also necessary to further elucidate
and clarify potential causal pathways.
Our finding of an inverse relationship between grip
strength and BMIz is noteworthy. Typically, increased
body size confers greater absolute strength [9, 33], which
can be explained by adaptive increases in muscle mass
to support excess body weight. Greater muscle mass,
however, may not equate to improved muscular health or
efficiency, which could be implicated in the relationship
between muscle strength and cardiometabolic health
outcomes. In the present study, when grip strength was
not standardized to body weight, the expected positive
relationship between BMIz and grip strength was
observed (data not shown). However, when grip strength
was expressed per kilogram of body weight, the relationship notably changed, and children with lower BMIz
demonstrated improved grip strength, suggesting that
leaner children may be more muscularly fit. While the
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odds ratio for overweight/obesity was unusually strong,
which could be explained by the standardization of both
BMIz and grip strength to body weight, the association
should not be discounted and further research should
express muscle strength measures in both absolute terms
and relative to body weight.
Despite the significant findings for grip strength and
cardiometabolic risk factors, we did not observe a significant association between grip strength and vitamin D
status. This is surprising given that vitamin D deficiency
has been associated with muscle myopathy and
weakness, and vitamin D receptor activation by vitamin
D has been shown to increase muscle protein synthesis
[11]. Possible explanations may be that our study did
not include enough children that were vitamin D sufficient (> 30 ng/ml) in this baseline analysis to identify
these relationships and that a longitudinal vitamin D
supplementation study is warranted. Research examining
the association between grip strength and vitamin D in
youth is limited and inconsistent due to varying populations examined (sex, race/ethnicity, pre- vs. post-pubertal),
baseline serum 25(OH)D levels and strength measures
utilized [13, 14, 18, 34, 35]. One study observed a significantly greater grip strength in girls with adequate
vitamin D compared to those who were deficient or
severely deficient [14], while one small vitamin D
supplementation study in post-menarchal females
demonstrated no impact of vitamin D supplementation
on grip strength [35].
Our results suggest that vitamin D may not modulate
the strength/cardiometabolic risk factor relationship
even though studies in children and youth have demonstrated a link between serum 25(OH)D and multiple cardiometabolic risk factors [15, 36]. Proposed mechanisms
for the impact of vitamin D on cardiometabolic function
include the presence of vitamin D receptors on the pancreatic β cells and inflammatory cells [17] and vasculoprotective effects [16]. One vitamin D supplementation
study did show promise in improving arterial stiffness
among otherwise healthy adolescents with vitamin D deficiency [37]. In the present study, we observed a significant association between vitamin D sufficiency and
lower likelihood of borderline/high triglycerides (p <
0.05). We also observed a trend toward significance between vitamin D sufficiency and lower odds of overweight/obesity after controlling for covariates (p < 0.10).
With its known role in muscle contraction [38] and
muscle strength in in older adults [39–41], future studies
examining the impact of vitamin D supplementation on
muscle strength and cardiometabolic risk are warranted.
To our knowledge, this is the first study to examine
associations between grip strength and cardiometabolic
risk factors, as well as vitamin D status, among a diverse
sample of children and adolescents. Due to its cross-
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sectional design, longitudinal analyses are necessary to
draw conclusions about the effect of grip strength on
cardiometabolic risk factors. As this study was a secondary
analyses of a larger clinical trial, our sample size may be
limited to detect relationships between grip strength,
blood lipids, and vitamin D status given the relatively low
levels of dyslipidemia and vitamin D sufficiency in this
population. More specific measures of body composition
beyond the use of BMIz would have been useful to better
understand the inter-relationships between adiposity, lean
mass, strength and dyslipidemia, but we were limited by
measurements within the school setting. Furthermore, the
measurement of grip strength, although a valid measure of
whole body strength, may benefit from additional muscle
strength measures, along with other measures such as cardiorespiratory fitness which could contribute to residual
confounding. Our analysis, however, was strengthened by
the socioeconomic and racial/ethnic diversity of the study
population, along with inclusion of a nearly equal percentage of children who were normal weight and overweight/
obese. In addition, the age of schoolchildren ranged from
9 to 14 years, allowing both children and adolescents to
be included in analyses. Furthermore, the detailed collection of lifestyle factors, sociodemographic characteristics,
and anthropometric measures allowed for consideration
of various potential confounders. Lastly, grip strength data
were robust, as multiple trials were recorded for each
hand.

Conclusion
In conclusion, our findings suggest that greater grip
strength is associated with healthier triglyceride and
HDL-C concentrations in youth, although these relationships were not independent of BMIz, which implies that
it is likely that BMIz is on the causal pathway between
these variables. Randomized trials are needed to help
delineate which of these explanations holds true. In
addition, there was no relationship between grip
strength and vitamin D status, suggesting that serum
25(OH)D may not play a role in the relationship
between grip strength and cardiometabolic risk factors
in this population. While longitudinal analyses are
warranted to determine whether grip strength is
independently predictive of triglyceride and HDL-C
status, muscle-strengthening exercise should nonetheless
be considered for enhancing health outcomes in youth.
Abbreviations
25(OH)D: 25-hydroxyvitamin D; BMI: Body mass index; BMIz: BMI z-score;
CI: Confidence interval; DDHS: Daily D Health Study; HDL-C: High-density
lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; OR: Odds
ratio
Acknowledgements
The authors would like to thank the DDHS team, including co-investigators
Virginia Chomitz, Christina Economos, Elizabeth Goodman, Catherine Gordon,

Blakeley et al. BMC Pediatrics (2018) 18:23

and Michael Holick, along with the study participants, data programmer
Peter Bakun, and Tufts University graduate research assistants who helped
with data collection.
Funding
The DDHS was funded by the National Heart, Lung, and Blood Institute of
the National Institutes of Health under Award Number R01HL106160.
Funding from the National Institutes of Health T32 Predoctoral Student
Award for Nutrition and Cardiometablic Disorders supported NSS authorship
contributions. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institutes of
Health.
Availability of data and materials
The datasets analysed during the current study are available from the
corresponding author on reasonable request.

Page 8 of 9

9.

10.

11.
12.
13.

14.
Authors’ contributions
CEB performed the statistical analyses, interpreted the results, and wrote the
initial manuscript. MIV and JMS were involved in the design and data
analysis, and JMS is the principal investigator of the DDHS. MIV, JMS, and
NSS were involved in writing the manuscript, made substantial contributions,
and revised the manuscript critically. All authors have read and approved the
final version.
Ethics approval and consent to participate
The protocol was reviewed and approved by the Tufts University Institutional
Review Board. Both parental written informed consent and the child’s
written assent were obtained before inclusion in the study.

15.

16.
17.

18.

Consent for publication
Not applicable.

19.

Competing interests
The authors declare that they have no competing interests.

20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

21.
22.

Received: 15 December 2015 Accepted: 18 January 2018

References
1. Artero EG, Ruiz JR, Ortega FB, Espana-Romero V, Vicente-Rodriguez G,
Molnar D, Gottrand F, Gonzalez-Gross M, Breidenassel C, Moreno LA, et al.
Muscular and cardiorespiratory fitness are independently associated with
metabolic risk in adolescents: the HELENA study. Pediatr Diabetes. 2011;
12(8):704–12.
2. Ferreira I, Twisk JWR, van Mechelen W, Kemper HCG, Stehouwer CDA.
Development of fatness, fitness, and lifestyle from adolescence to the age
of 36 years: determinants of the metabolic syndrome in young adults: the
amsterdam growth and health longitudinal study. Arch Intern Med. 2005;
165(1):42–8.
3. Kvaavik E, Klepp K-I, Tell GS, Meyer HE, Batty GD. Physical fitness and
physical activity at age 13 years as predictors of cardiovascular disease risk
factors at ages 15, 25, 33, and 40 years: extended follow-up of the Oslo
youth study. Pediatrics. 2009;123(1):e80–6.
4. 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(4):352–9.
5. Ortega FB, Ruiz JR, Castillo MJ, Sjöström M. Physical fitness in childhood and
adolescence: a powerful marker of health. Int J Obes. 2008;32(1):1–11.
6. Ruiz JR, Castro-Piñero J, Artero EG, Ortega FB, Sjöström M, Suni J, Castillo
MJ. Predictive validity of health-related fitness in youth: a systematic review.
Br J Sports Med. 2009;43(12):909–23.
7. Bohannon RW. Hand-grip dynamometry predicts future outcomes in aging
adults. J Geriatr Phys Ther (2001). 2008;31(1):3–10.
8. Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner V, Franklin BA,
Gulanick M, Laing ST, Stewart KJ. Resistance exercise in individuals with and
without cardiovascular disease: 2007 update: a scientific statement from the

23.
24.

25.

26.
27.

28.

29.

30.

31.

American Heart Association Council on clinical cardiology and council on
nutrition, physical activity, and metabolism. Circulation. 2007;116(5):572–84.
Committee on Fitness M, Health Outcomes in Y, Food, Nutrition B, Institute of
M. In: Pate R, Oria M, Pillsbury L, editors. Fitness measures and health outcomes
in youth. Washington (DC): National Academies Press (US) Copyright 2012 by
the National Academy of Sciences. All rights reserved; 2012.
Grøntved A, Ried-Larsen M, Møller NC, Kristensen PL, Froberg K, Brage S,
Andersen LB. Muscle strength in youth and cardiovascular risk in young
adulthood (the European youth heart study). Br J Sports Med. 2013;49(2):90–4.
Bischoff-Ferrari HA. Relevance of vitamin D in muscle health. Rev Endocr
Metab Disord. 2012;13(1):71–7.
Halfon M, Phan O, Teta D. Vitamin D: a review on its effects on muscle
strength, the risk of fall, and frailty. Biomed Res Int. 2015;2015:953241.
Das G, Crocombe S, McGrath M, Berry JL, Mughal MZ. Hypovitaminosis D
among healthy adolescent girls attending an inner city school. Arch Dis
Child. 2006;91(7):569–72.
Foo LH, Zhang Q, Zhu K, Ma G, Hu X, Greenfield H, Fraser DR. Low vitamin
D status has an adverse influence on bone mass, bone turnover, and
muscle strength in Chinese adolescent girls. J Nutr. 2009;139(5):1002–7.
Dolinsky DH, Armstrong S, Mangarelli C, Kemper AR. The association
between vitamin D and Cardiometabolic risk factors in children a systematic
review. Clin Pediatr. 2013;52(3):210–23.
Pilz S, Tomaschitz A, Ritz E, Pieber TR. Vitamin D status and arterial
hypertension: a systematic review. Nat Rev Cardiol. 2009;6(10):621–30.
Holick MF. Sunlight and vitamin D for bone health and prevention of
autoimmune diseases, cancers, and cardiovascular disease. Am J Clin Nutr.
2004;80(6 Suppl):1678s–88s.
Grimaldi AS, Parker BA, Capizzi JA, Clarkson PM, Pescatello LS, White MC,
Thompson PD. 25(OH) vitamin D is associated with greater muscle strength
in healthy men and women. Med Sci Sports Exerc. 2013;45(1):157–62.
Hosseinpanah F, Yarjanli M, Sheikholeslami F, Heibatollahi M, Eskandary PS,
Azizi F. Associations between vitamin D and cardiovascular outcomes;
Tehran Lipid and Glucose Study. Atheroscler. 2011;218(1):238–42.
Sacheck JM, Rompay MIV, Olson EM, Chomitz VR, Goodman E, Gordon CM,
Eliasziw M, Holick MF, Economos CD. Recruitment and retention of urban
schoolchildren into a randomized double-blind vitamin D supplementation
trial. Clin Trials. 2014;12(1):45–53.
Kamide N, Shiba Y, Sato H. Assessment of grip strength in older people
needs standardization by age and sex. Geriatr Gerontol Int. 2017;17(2):352–4.
Ploegmakers JJ, Hepping AM, Geertzen JH, Bulstra SK, Stevens M. Grip
strength is strongly associated with height, weight and gender in
childhood: a cross sectional study of 2241 children and adolescents
providing reference values. J Phys. 2013;59(4):255–61.
Bamba V. Update on screening, etiology, and treatment of Dyslipidemia in
children. J Clin Endocrinol Metab. 2014;99(9):3093–102.
Holick MF, Siris ES, Binkley N, Beard MK, Khan A, Katzer JT, Petruschke RA,
Chen E, de Papp AE. Prevalence of vitamin D inadequacy among
postmenopausal north American women receiving osteoporosis therapy. J
Clin Endocrinol Metab. 2005;90(6):3215–24.
Institute of Medicine Committee to Review Dietary Reference Intakes for
Vitamin D, Calcium. The National Academies Collection: reports funded by
National Institutes of Health. In: Ross AC, Taylor CL, Yaktine AL, Del Valle HB,
editors. Dietary reference intakes for calcium and vitamin D. Washington
(DC): National Academies Press (US) National Academy of Sciences; 2011.
Carskadon MA, Acebo C. A self-administered rating scale for pubertal
development. J Adolesc Health. 1993;14(3):190–5.
Baron RM, Kenny DA. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J
Pers Soc Psychol. 1986;51(6):1173–82.
McKeown NM, Meigs JB, Liu S, Saltzman E, Wilson PW, Jacques PF. Carbohydrate
nutrition, insulin resistance, and the prevalence of the metabolic syndrome in the
Framingham offspring cohort. Diabetes Care. 2004;27(2):538–46.
Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS. Relationship
of childhood obesity to coronary heart disease risk factors in adulthood: the
Bogalusa heart study. Pediatrics. 2001;108(3):712–8.
Herman KM, Craig CL, Gauvin L, Katzmarzyk PT. Tracking of obesity and
physical activity from childhood to adulthood: the physical activity
longitudinal study. Int J Pediatr Obes. 2009;4(4):281–8.
Magnussen CG, Schmidt MD, Dwyer T, Venn A. Muscular fitness and
clustered cardiovascular disease risk in Australian youth. Eur J Appl Physiol.
2012;112(8):3167–71.

Blakeley et al. BMC Pediatrics (2018) 18:23

Page 9 of 9

32. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an
independent risk factor for cardiovascular disease: a 26-year follow-up of
participants in the Framingham heart study. Circulation. 1983;67(5):968–77.
33. Ervin RB, Fryar CD, Wang C-Y, Miller IM, Ogden CL. Strength and body
weight in US children and adolescents. Pediatrics. 2014;134(3):e782–9.
34. El-Hajj Fuleihan G, Nabulsi M, Choucair M, Salamoun M, Hajj Shahine C,
Kizirian A, Tannous R. Hypovitaminosis D in healthy schoolchildren.
Pediatrics. 2001;107(4):E53.
35. Ward KA, Das G, Roberts SA, Berry JL, Adams JE, Rawer R, Mughal MZ. A
randomized, controlled trial of vitamin D supplementation upon
musculoskeletal health in postmenarchal females. J Clin Endocrinol Metab.
2010;95(10):4643–51.
36. Reis JP, von Mühlen D, Miller ER, Michos ED, Appel LJ. Vitamin D status and
cardiometabolic risk factors in the United States adolescent population.
Pediatrics. 2009;124(3):e371–9.
37. Dong Y, Stallmann-Jorgensen IS, Pollock NK, Harris RA, Keeton D, Huang Y,
Li K, Bassali R, Guo DH, Thomas J, et al. A 16-week randomized clinical trial
of 2000 international units daily vitamin D3 supplementation in black youth:
25-hydroxyvitamin D, adiposity, and arterial stiffness. J Clin Endocrinol
Metab. 2010;95(10):4584–91.
38. Hazell TJ, DeGuire JR, Weiler HA. Vitamin D: an overview of its role in skeletal
muscle physiology in children and adolescents. Nutr Rev. 2012;70(9):520–33.
39. Annweiler C, Beauchet O, Berrut G, Fantino B, Bonnefoy M, Herrmann
FR, Schott AM. Is there an association between serum 25hydroxyvitamin D concentration and muscle strength among older
women? Results from baseline assessment of the EPIDOS study. J Nutr
Health Aging. 2009;13(2):90–5.
40. Bischoff HA, Stähelin HB, Dick W, Akos R, Knecht M, Salis C, Nebiker M,
Theiler R, Pfeifer M, Begerow B, et al. Effects of vitamin D and calcium
supplementation on falls: a randomized controlled trial. J Bone Miner Res.
2003;18(2):343–51.
41. Dhesi JK, Jackson SHD, Bearne LM, Moniz C, Hurley MV, Swift CG, Allain TJ.
Vitamin D supplementation improves neuromuscular function in older
people who fall. Age Ageing. 2004;33(6):589–95.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

