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Abstract

Introduction: Although decline in muscle mass and quality and resulting declines in muscle
strength are associated with aging, more research is needed in general populations to assess the
utility of handgrip strength as an indicator of muscle strength and cardiovascular disease risk.

Methods: Data from 4,221 participants aged =20 years in the 2011-2012 cycle of National
Health and Nutrition Examination Survey were analyzed during 2014-2015. Standing isometric
relative handgrip strength (calculated as maximal absolute handgrip strength from both hands
divided by BMI) was used to predict cardiovascular biomarkers, including blood pressure
(measured systolic and diastolic blood pressure); serum lipids (total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, and triglycerides); and plasma insulin
and glucose.

Results: Results from regression analyses showed that higher relative grip strength was
significantly associated with lower systolic blood pressure, triglycerides, and plasma insulin and
glucose, and higher high-density lipoprotein cholesterol in male and female participants (p<0.05
for all). Secondary descriptive analyses found that absolute handgrip strength increased
significantly with increasing weight status, but relative handgrip strength decreased significantly
with increasing weight status.

Conclusions: Results suggest that increased relative handgrip strength may be associated with a
better profile of cardiovascular health biomarkers among U.S. adults. Relative grip strength, which
both adjusts for the confounding of mass and assesses concomitant health risks of increased body
size and low muscle strength, may be a useful public health measure of muscle strength.

Introduction

Handgrip strength has shown prognostic utility in the assessment of a number of healthy
aging and chronic disease outcomes in older adults. Specifically, studies have supported
associations of grip strength with frailty,! physical activity,2 diabetes,? functional
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limitations,? nutritional status,> metabolic syndrome,® and mortality.”-® Grip strength may be
important to examine in all adults given its relation with overall muscular strength and
fitness.> That is, when performed in a standing position, grip strength also captures lower
body and core muscle strength used in balance and exertion of force. By contrast, grip
strength performed in a seated position targets relatively smaller muscle groups and is more
localized to the upper body. Although decline in muscle mass and quality and resulting
declines in muscle strength are associated with aging,® more research is needed in general
populations to assess the utility of grip strength as an indicator of muscle strength and
chronic disease development such as cardiovascular disease.

Previous research?6:10 in older adults has shown that grip strength is associated with
physiologic and clinical cardiovascular biomarkers. A study® of adults aged 59-73 years
showed that grip strength was associated with individual markers and summary definitions
of metabolic syndrome. This study and others2319 document a link between impaired
muscle strength and cardiovascular disease risk factors in older adults; however, few studies
have examined this in a general adult population. One recent study!! of more than 139,000
adults aged 35-79 years supported grip strength as a prognostic tool for all-cause death,
cardiovascular death, and cardiovascular disease but did not include U.S. adults. In
participants aged 15-69 years, one study2 showed equivocal patterns in mean differences
across grip strength normative categories and a number of cardiovascular health indicators.
These studies'?~14 indicate that one difficulty with understanding the associations between
grip strength and cardiovascular health is the confounding of body size. Relative grip
strength (absolute strength corrected for a measure of body size such as BMI) has been
recommended to address both the confounding of strength by body mass and concomitant
health risks of increased body weight and low muscular strength.1® Relative grip strength is
comparable to laboratory-based approaches!® and may increase the translational value of
grip strength as a prognostic tool.

The purpose of the current study was to examine associations of grip strength with
biomarkers of cardiovascular disease risk, including blood pressure, serum lipids, and
plasma insulin and glucose, in U.S. adults in 2011-2012. A secondary aim was to compare
differences in absolute and relative grip strength by weight status in U.S. adults.

Data from National Health and Nutrition Examination Survey (NHANES) 2011-2012 were
used. The survey uses a complex sampling design to produce a nationally representative
sample of the U.S. civilian non-institutionalized population. This cycle included
oversampling of subgroups, including some racial/ethnic minorities (Hispanic, non-Hispanic
black, and non-Hispanic Asian); non-Hispanic white people aged >80 years; and low-
income non-Hispanic white people. The survey includes an in-person home interview.
Examination data, including physiologic, laboratory, and anthropometric measures, are
collected during a separate visit to a Mobile Examination Center. The National Center for
Health Statistics Research Ethics Review Board approved the protocol, and informed
consent was obtained for all adult participants. The overall survey examination response rate
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for 2011-2012 Was 69.5%. Additional National Health and Nutrition Examination Survey
details are available elsewhere.1’

For this analysis, non-pregnant participants aged =20 years who visited the Mobile
Examination Center were considered eligible (N=5,291). Participants missing grip strength
data (primarily because of coming late/leaving early/lack of time) were excluded from
analyses (7=650). The fasting subsample was used for fasting laboratory analyses (/7=2,053).
Each participant was randomly assigned to either a morning or an afternoon/evening Mobile
Examination Center exam session. Morning session participants were instructed to fast
overnight. Participants missing data on covariates and any non-fasting (/7=420) or fasting
(m7=130) biomarker outcomes were excluded, leaving a final sample size of 4,221 and a final
fasting subsample size of 1,923. Unweighted sample sizes by sex, age, and race/Hispanic
origin are shown in Table 1.

Anthropometric measures (height, weight, waist circumference) were collected using
standardized protocols. BMI was calculated as weight in kilograms divided by height in
meters squared rounded to one decimal place. Weight status was defined as normal weight/
underweight (BMI<25); overweight (30<BMI>25); and obese (BMI1=30).

Isometric handgrip strength was measured using a hand-held Takei dynamometer (Model
T.K.K.5401) in a standing position with the arm extended straight down to the side unless
the participant was physically limited. After completing a practice trial in one hand, each
hand was tested three times, alternating hands between trials with 60-second rests between
measurements on the same hand. Participants were randomly assigned to begin trials with
their dominant or non-dominant hand and were excluded if they reported hand or wrist
surgery in the preceding 3 months or were unable to hold the dynamometer with either hand
(e.g., paralyzed in both hands, missing limbs). Absolute grip strength was calculated as the
sum of the largest reading from each hand and expressed in kilograms. Relative grip strength
was calculated as absolute grip strength divided by BMI. Previous work>:16 supported
strength corrected for BMI over other relative strength measures. To aid in cross-study
comparisons, both absolute and relative grip strength were presented.

Biomarker outcomes included systolic blood pressure, diastolic blood pressure, total
cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, triglycerides, plasma glucose, and plasma insulin.1” Blood pressure was
averaged from up to three measures (or four measures if an interrupted/incomplete measure
was made). A fasting subsample was used to measure LDL cholesterol, triglycerides, plasma
glucose, and plasma insulin. All other biomarkers were tested using the full sample.
Biomarkers were analyzed as continuous outcomes in order to facilitate clinical
interpretation of effect sizes associated with grip strength. The current study defined “more-
favorable” cardiometabolic outcomes to mean lower systolic and diastolic blood pressure,
lower fasting insulin and glucose, lower total and LDL cholesterol, and higher HDL
cholesterol.
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Covariates used in all models included age (years), race/Hispanic origin, self-reported statin
use, and physical activity. Race/Hispanic origin was categorized as: non-Hispanic white,
non-Hispanic black, non-Hispanic Asian, Hispanic (regardless of race), and other (including
all non-Hispanic individuals reporting more than one race). Those in the “other” group were
included in calculations of the total population but were not reported separately. Research’8
has shown that a side effect of statin use may be muscle pain or weakness. Participants
reported whether their doctor had prescribed statin medication for the treatment of high
cholesterol and if they were currently taking the medication (coded yes if currently taking,
no otherwise). Physical activity was measured based on the Global Physical Activity
Questionnaire.1® Time spent in moderate-intensity and vigorous-intensity work and leisure
activities were summed for each day, averaged across the participants’ reported days per
week of engaging in the activities, and divided by ten, providing one measure of average 10-
minute bouts of moderate to vigorous physical activity per day.

Previous studies have included anthropometric variables as covariates with absolute
strength12:20.21 or ysed relative strength.1522 Therefore, secondary analyses with absolute
strength included BMI as a covariate. Alternative anthropometric covariates in the absolute
strength analyses were also considered, including height, weight, and waist circumference
(correlations with absolute strength were 0.73, 0.42, and 0.17, respectively, p<0.001 for all).
The choice of anthropometric covariate made little difference in the outcomes, so only
results with BMI (correlation with absolute strength, 0.08; p<0.001) are presented. Self-
reported use of doctor-prescribed blood pressure medication (for blood pressure outcomes
only) was initially included as a covariate. Results with and without inclusion of this
covariate were similar, and only results without this covariate are presented. Sensitivity
analyses excluding individuals reported to be on blood pressure or statin medications were
similar to those presented.

Statistical Analysis

Results

All analyses were conducted using the Survey package in R, version 3.0.3. Fasting
subsample weights were used for analyses of LDL cholesterol, triglycerides, and plasma
glucose and insulin. SEs were estimated using Taylor series linearization. Multiple linear
regression analyses were used to test the relations of grip strength and covariates regressed
on individual biomarker outcomes. Analyses were stratified by sex owing to large
differences in men and women’s strength values. Analyses stratified by age (>40 years, <40
years) and sex were generally consistent with those presented and are therefore not shown.
Statistical significance was set at £<0.05 using a two-tailed #statistic. Descriptive means and
SEs for absolute and relative grip strength were calculated by weight status within sex and
age groups. Linear trends were examined using contrasts of normal and obese weight status
categories with a £statistic.

Sample participants were aged 47.5 (SE=0.82) years, and 18.3% reported taking statin
medications. Unadjusted mean values and SEs for biomarker outcomes, grip strength,
physical activity, and BMI are shown by sex in Table 2. Absolute grip strength ranged from
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11.4 to 169.6 kg (interquartile range [IQR]=78.2, 101.2 kg) in men and 12.5 to 104.4 kg
(IQR=48.6, 63.1 kg) in women. Relative grip strength ranged from 2.7 to 3.7 kg/BMI
(IQR=0.69, 6.4 kg/BMI) in men and 1.6 to 2.4 kg/BMI (IQR=0.4, 4.6 kg/BMI) in women.
Results showed men and women differed significantly on mean values of grip strength,
physical activity, blood pressure, total cholesterol, HDL cholesterol, and glucose. Results
from linear regressions are shown in Table 3. In both male and female participants, higher
relative grip strength was significantly associated with more favorable systolic blood
pressure, HDL cholesterol, triglycerides, and plasma insulin and glucose. In men, relative
grip strength was positively associated with LDL. Secondary analyses assessing absolute
strength and including BMI as a covariate are shown in Appendix Table 1 (available online).
When including BMI as a covariate, some significant adverse associations (higher absolute
grip strength associated with higher diastolic BP and some lipids) between absolute grip
strength and biomarker outcomes were observed, including diastolic blood pressure in men
and women and total cholesterol and LDL in men only. These significant adverse
associations remained regardless of the anthropometric covariate that was included or when
no anthropometric covariate was included with absolute strength (data not shown).
Secondary analyses defining relative strength as absolute strength divided by waist
circumference and using absolute strength with waist circumference as a covariate showed
results similar to those using BMI (data not shown).

Mean values of absolute and relative grip strength by weight status within sex and age
groups are shown in Figure 1 and Appendix Table 2 (available online). Results showed
differences in the patterns of absolute versus relative strength by weight status. Absolute
strength increased significantly with increasing weight (linear trend tests, p<0.05 for all
except women aged 40-49 and 50-59 years), whereas relative strength decreased
significantly with increasing weight (linear trend tests, p<0.05 for all).

Discussion

The current study examined associations between relative handgrip strength and
cardiovascular health biomarkers in a nationally representative sample of U.S. adults, with
two key findings.

First, the current study found significant associations between higher relative muscular
strength and more-favorable cardiovascular disease biomarkers, including systolic blood
pressure, HDL cholesterol, triglycerides, and plasma insulin and glucose in men and women.
These findings are in line with physiologic research on functional and metabolic benefits of
muscle strength, including potential causal pathways,23 and are consistent with studies in
older adults.2:6:10.24 However, these findings are inconsistent with three studies that included
younger adults and showed some counterintuitive associations of grip strength (absolute)
with poorer lipids,12:21 higher blood pressure, and increased waist circumference,? and no
correlation with glycated hemoglobin.3:12.21 Another study?? using relative strength showed
the expected beneficial association with lower metabolic syndrome prevalence. The current
study’s findings expand on research on resistance training and blood lipids,2® insulin action,
26 and cardiovascular health?” by including a nationally representative sample and using
relative grip strength as a feasible measure of muscular strength.

Am J Prev Med. Author manuscript; available in PMC 2020 July 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lawman et al.

Limitations

Page 6

One explanation for contradictory findings among previous studies may be the use of
absolute versus relative strength. Some health outcomes may be more strongly associated
with a relative measure that concomitantly assesses excess weight and poor strength, which
are distinct although related health risks. Previous research® on mobility demonstrated a
synergistic association using relative strength compared with examining strength and BMI
independently. The use of BMI and absolute strength measures as two variables in the same
model would aim to capture independent contributions of body composition and strength.
However, previous studies®22 and the current study support the utility of a joint measure of
strength and weight status, such as relative strength, to examine associations with
cardiometabolic health and aging. That is, rather than holding constant an independent effect
of weight status, strength relative to weight status may be conceptualized as an assessment
of concomitant health risks.

Next, and contrary to the study’s main findings, secondary analyses that assessed absolute
strength and included BMI as a covariate showed significant counterintuitive relationships,
with some cardiovascular biomarkers and null associations with others. Though the sex
difference found between grip strength and LDL cholesterol may be related to the fact that
testosterone is linked to both lipid levels and muscle tissue,8 differences in covariates may
explain differences in the literature. Controversy exists regarding the most appropriate
controls for body mass when assessing strength, 1314 and studies!2-20-21 have traditionally
assessed a variety of covariates and analytic strategies. Covariates have included waist
circumference,12:20 BMI,20.21 gbesity history,13 unadjusted body weight,13:21 height, 220
sum of seven skinfolds,2! and skeletal muscle mass from dual-energy x-ray absorption.?
Some!* have argued that two highly correlated independent variables (e.g., weight and
obesity history) statistically induce inverse associations with strength and confuse parameter
interpretation. Others!? have indicated that muscle strength only makes sense when body
size is taken into account, and additional risk factors or confounders may be important.
Absolute strength has been shown in some cases, but not all,22° to be positively associated
with BMI and adversely associated with some cardiovascular disease risk factors,12:20.21.30
The direct relation between mass and force (force = mass x acceleration) and the positive
association between fat mass and muscle mass limit the prognostic utility of absolute grip
strength. Use of relative strength or more sophisticated modeling techniques may be
appropriate in some cases.%15

Some researchers!2:23 have suggested that qualitative weakness is the primary concern when
assessing strength, and a threshold effect of sufficient muscle strength could be assessed
with the use of normative categories. However, previous research2 suggests that normative
categories for grip strength, regardless of body size covariate choice, may not be adequately
addressing the issue of body size when assessing cardiovascular health. Adequate treatment
of body size and consideration of relative strength may improve the prognostic utility of
handgrip strength.

Strengths of the current study include the recent data from a nationally representative
sample, investigation of a number of key cardiovascular biomarkers, and comparison of
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absolute strength to relative grip strength (a measure of muscle strength corrected for weight
status). Limitations include the use of handgrip strength as the sole indicator of muscular
strength, the smaller sample used in fasting outcomes, the lack of a direct adiposity measure,
and the cross-sectional design.

Conclusions

The current study shows that relative handgrip strength is significantly associated with some
more-favorable cardiovascular health biomarkers. Furthermore, the differences in results
across absolute and relative strength measures support the utility of relative grip strength to
simultaneously assess for health risks of increased body mass and low muscle strength.
Relative grip strength may be a feasible measure to use in future muscle strength and body
composition research given it is relatively simple, quick, reliable, and inexpensive to use.
More research in the general population may be needed to disentangle the relations among
body size; muscular strength, function, and quality; and meaningful cardiovascular health
outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Male

W Female

Male

W Female

Mean values of absolute grip strength (kg) versus relative grip strength (strength/BMI) by
weight status within sex and age groups in U.S. adults, 2011-2012.
Source: National Health and Nutrition Examination Survey, 2011-2012.
Note. Significant positive linear trends observed (p<0.05 for all) in absolute strength by

weight status in all sex and age groups except women in the 40-49- and 50-59-year age

groups. Significant negative linear trends observed (p<0.05 for all) in relative strength by
weight status in all sex and age groups. Norm, normal; overwt, overweight.
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