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Abstract
Sarcopenia and disability in older adults are often characterized by body composi-
tion measurements; however, the gold standard of body composition measurement, 
dual-energy X-ray absorptiometry (DEXA), is expensive to acquire and maintain, 
making its use in low and middle income countries (LMIC) it out-of-reach in devel-
oping nations. Because these LMIC will bear a disproportionate amount of chronic 
disease burden due to global aging trends, it is important that reliable, low-cost sur-
rogates need to be developed. Handgrip strength (HGS) is a reliable measure of 
disability in older adults but has not been used widely in diverse populations. This 
study compared HGS to multiple measurements of body composition in older adults 
from the US (Kansas) and a middle-income country (Costa Rica) to test if HGS is a 
cross-culturally appropriate predictive measure that yields reliable estimates across 
developed and developing nations. Percent body fat (%BF), lean tissue mass index 
(LTMI), appendicular lean soft tissue index (ALSTI), body fat mass index (BFMI), 
bone mineral density (BMD), and HGS were measured in older Costa Ricans 
(n = 78) and Kansans (n = 100). HGS predicted lean arm mass with equal accuracy 
for both samples (p ≤ 0.05 for all groups), indicating that it is a reliable, low-cost 
and widely available estimate of upper body lean muscle mass. Older adults from 
Costa Rica showed different body composition overall and HGS than controls from 
Kansas. Handgrip operates equivalently in the US and Mesoamerica and is a valid 
estimate of lean arm muscle mass as derived by the more expensive DEXA.
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Introduction

Sarcopenia is a reliable predictor of disability, frailty, and mortality, especially in 
the oldest-old. Sarcopenia is an age-related change in body composition, begin-
ning in middle age (Cherin et al., 2014) where muscle mass decreases and fat mass 
increases. For most practicioners, body mass index (BMI) is their primary assess-
ment of body composition; however, BMI does not discriminate between muscle 
and adipose tissue and does not directly assess regional adiposity. Sarcopenia is best 
appreciated by measuring lean soft tissue, body fat, and bone density. Dual-energy 
X-ray absorptiometry (DEXA) is currently considered the gold standard (Blake & 
Fogelman, 2010) for measuring these separate components and a superior index of 
sarcopenia. DEXA works by comparing and interpolating the absorption of vary-
ing energy levels of X-rays as they pass through the body to appreciate lean, fat and 
bone masses. Because of the high costs associated with purchasing and maintaining 
DEXA machines to measure sarcopenia, they are not readily available in low and 
middle-income countries (LMIC). Thus, multiethnic and cross-cultural validation 
of an alternate, low cost and reliable measure of body composition would acceler-
ate clinical research and practice in developing nations, where population aging will 
have a significant impact on the world-wide burden for chronic age-related disease.

While girth indices such as waist-to-hip and waist-to-height (Flegal et al., 2009) explain 
malnutrition (Briend et al., 1989) and frailty (Landi et al., 2013, 2014), they may be inac-
curate for predicting percent body fat (%BF). Other methods used to measure muscle 
mass include bioelectrical impedance, computed tomography, magnetic resonance imag-
ing, urinary excretion of creatinine, anthropometric assessments, and neutron activation 
assessments (Morley, 2008). Body composition can also be measured with low-cost, easy-
to-administer and objective measures of muscle strength like the short physical perfor-
mance battery (Guralnik et al., 1994), gait speed (Buchner et al., 1996), timed get-up-and-
go test (Podsiadlo & Richardson, 1991), and the stair climb power test (Bean et al., 2007).

In the current cross-cultural research we investigated if handgrip strength (HGS) was 
associated with DEXA equivalently in healthy aging Costa Ricans (CR) versus healthy 
aging Kansans (KS) (Vidoni et al., 2015) and if HGS added predictive value to BMI to 
predict DEXA values. We chose this widely accepted measure of upper body strength 
(indexed by dynamometer) because it shares a similar profile of association with dis-
ability (Newman et  al., 2003) and mortality (Y. H. Kim et  al., 2016; Sobestiansky 
et al., 2019) as DEXA. Furthermore, HGS has been associated with cognitive decline 
(McGrath et al., 2019; Rogers & Jarrott, 2008) and may also be a low-cost index to help 
stratify older adults at risk to lose their independence. HGS may prove to be an excel-
lent and low-cost index of muscle mass that will add precision to traditional measures of 
body composition. Further, we want to test if the association between HGS and DEXA 
is not influenced by well-documented differences in height and body weight distribu-
tion across ethnic groups. In this context, ethnic-specific heterogeneity of risk factors 
for sarcopenia, disability, and frailty calls for culturally sensitive and reliable prediction 
of DEXA values using low-cost alternatives like HGS. Thus, HGS is a variable of great 
interest in this multiethnic comparison of predictors of health and disability in older 
adults, as it has been used primarily in the US and EU with majority white populations.
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The primary purpose of this paper is to describe the efficacy of HGS as a predic-
tive tool for health outcomes in both European Americans and Central Americans by 
comparing the relationship between HGS and measurements of body composition 
and upper body strength using the DEXA across race and gender. We hypothesize the 
HGS predicts DEXA values equally well in Meso-Americans as in Euro-Americans.

Methods

Participants

Seventy-eight CR participants (26 men and 52 women) were recruited from the Epi-
demiology and Development of Alzheimer’s Disease Project (EDAD), the Costa 
Rican Gerontological Association (AGECO), and the Integral Program for Older 
Adults (PIAM) from the University of Costa Rica (UCR). These participants were 
given a measurement appointment at the Human Movement Sciences Research 
Center at the UCR in San José, CR (CIMOHU). In the US, a sample of 100 Euro-
pean Americans from KS were recruited (35 men and 65 women) and were given 
a measurement appointment at the Alzheimer’s Disease Center at the University of 
Kansas. The Scientific Ethics Committee at the UCR and the Institutional Review 
Board at the University of Kansas approved their respective research protocols.

Instruments and procedures

Participants underwent body height (cm), mass (kg), and body composition assess-
ment using standard protocols (American College of Sports Medicine, 2010, 2014; 
Nana et al., 2015). Body height was measured to the nearest 0.1 cm using a stadiom-
eter. Individuals stood still with their heads in the Frankfort horizontal plane, bare-
foot, feet together, and the back surfaces of the calcaneus, pelvic, pectoral girdles 
and occipital regions in contact with the wall. Body mass was measured on a digital 
platform scale where individuals remained in light clothing, barefoot, feet positioned 
in the center of the platform, and arms next to their bodies.

In both testing sites, dual-energy X-ray absorptiometry (DEXA; Lunar Prodigy 
(GE Medical Systems, Madison, WI, USA) was used to determine regional and 
total body composition variables of fat mass, lean mass, and bone material den-
sity (BMD). Scans were performed according to the laboratory standard protocol 
following safety precautions and quality control according to international stand-
ards (Lewiecki et  al., 2016). The appendicular lean soft tissue (ALST) in kilo-
grams was considered equivalent to the sum of total lean soft tissue in both right 
and left arms and legs. Intermuscular adipose tissue-free skeletal muscle mass 
(IMAT-F SMM) was determined by the equation developed from magnetic reso-
nance imaging scans (Kim et al., 2004) as follows: 1.19 (ALST)—1.65 ± 1.46 kg. 
In addition, body fat mass index (BFMI; total fat mass/height2), lean tissue mass 
index (LTMI; total lean mass/height2), and ALST index (ALSTI; ALST/height2) 
were calculated.
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Handgrip strength (HGS) was measured with a hand-held dynamometer. The KS 
sample used a JAMAR hydraulic dynamometer (Patterson Medical, Warrenville, 
IL, USA) and the CR sample an electronic CAMRY, model EH-101 dynamometer 
(CAMRY, City of Industry, CA, USA). HGS was measured in a seated position with 
the elbow flexed at 90°, forearm in neutral position, and wrist between 0° and 30° 
dorsiflexion and between 0° and 15° ulnar deviation. Participants were encouraged to 
squeeze the dynamometer as hard as they could and to maintain it that way for 3–5 s. 
HGS was measured three times on the dominant hand. The final score was the average 
of the three attempts, which has been reported to provide the highest test–retest reliabil-
ity (Haidar et al., 2004; Shiratori et al., 2014). HGS values were transformed to z-scores 
(z-score = (raw score – mean) / standard deviation) for statistical analysis given that two 
different dynamometer brands were used during data collection (Amaral et al., 2012).

Statistical analysis

Statistical analysis was performed with the IBM-SPSS Statistics, version 22 (IBM 
Corporation, Armonk, NY, USA). Descriptive statistics are presented as mean and 
standard deviation (M ± SD), unless otherwise noted. Inferential analysis was per-
formed by 2 × 2 (sample by gender) ANOVA on anthropometric, body composi-
tion and strength variables. Post-hoc analysis was completed using Tukey com-
parisons. Because of an observed difference between mean age in the CR and KS 
groups, a single factor ANOVA was conducted to assess the between group dif-
ferences. Because body composition and strength change across a lifespan, age 
was included as a covariate in all analyses to equate the CR and KS groups on all 
outcomes. Adjusted Pearson correlations were then computed between HGS and 
anthropometric and body composition variables controlling for age and BMI.

Results

Descriptive statistics were collected to characterize the two racial groups by body com-
position, and gender (Appendix Table 1). In general, the KS sample was older than the 
CR sample (72.84 ± 5.59 vs. 68.91 ± 4.79 yr.; p ≤ 0.001). The CR sample was shorter 
than the KS sample (158.63 ± 8.77 vs. 167.39 ± 9.72  cm; p ≤ 0.001), and women 
were shorter than men (158.54 ± 7.21 vs. 172.99 ± 8.39  cm; p ≤ 0.001). A signifi-
cant interaction between samples and genders in body weight was found (p = 0.046). 
Post hoc analysis showed that within KS and CR samples, men were heavier than 
women (84.27 ± 16.15 vs. 69.05 ± 11.61  kg; p < 0.05). In addition, between sam-
ples, KS participants had a higher body weight than CR participants (78.60 ± 15.28 
vs. 68.84 ± 13.17 kg; p < 0.05). No significant interactions (p = 0.293) or main effects 
between samples (p = 0.222) and genders (p = 0.511) were found on BMI.

In general, KS older adults showed higher total adiposity (29.59 ± 8.83 vs. 
25.59 ± 8.40  kg; p = 0.001), regional arms adiposity (2.62 ± 0.93 vs. 2.30 ± 0.82  kg; 
p = 0.003), legs adiposity (9.62 ± 3.63 vs. 7.96 ± 3.22 kg; p = 0.001), and trunk adipos-
ity (29.59 ± 8.83 vs. 25.59 ± 8.40 kg; p = 0.001) than CR older adults. Within genders, 
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women showed higher regional arms (2.62 ± 0.79 vs. 2.20 ± 1.01  kg; p = 0.001) and 
legs (9.88 ± 3.25 vs. 7.02 ± 3.33 kg; p ≤ 0.001) adiposity than men. However, no signifi-
cant interaction was found between samples and genders on fat arm mass (p = 0.058), 
fat leg mass (p = 0.814), or total fat mass (p = 0.173). A significant interaction was 
found between samples and genders on fat trunk mass (p = 0.042). Follow-up analy-
sis indicated that within men, fat trunk mass was lower in the CR older adult than 
in the KS older adult (p = 0.004). Fat trunk mass was similar between KS and CR 
women (p = 0.774). In addition, men had lower %BF than women (31.24 ± 7.02 vs. 
41.28 ± 5.87%; p ≤ 0.001), but no significant interaction was found between samples 
and genders on %BF (p = 0.182). In this study, regardless of the sample, women had 
higher BFMI than men (11.3 ± 3.2 vs. 8.9 ± 3.2 kg/m2; p ≤ 0.001). There was also no 
significant interaction found between samples and genders on BFMI (P = 0.264).

In this study, men showed more lean mass tissue than women (Appendix Table 1). Com-
pared to women, men had higher lean arm mass (6.34 ± 1.60 vs. 3.72 ± 0.59 kg; p ≤ 0.001) 
and higher lean trunk mass (27.08 ± 9.05 vs. 18.95 ± 2.48  kg; p ≤ 0.001). Additionally, 
women had lower LTMI (15.0 ± 1.7 vs. 18.0 ± 1.7 kg/m2; p ≤ 0.001) and ALSTI (6.2 ± 0.8 
vs. 8.1 ± 1.0 kg/m2; p ≤ 0.001) than men. No significant interactions were found between 
samples and genders on lean arm mass (p = 0.251), lean trunk mass (p = 0.593), LTMI 
(p = 0.527), or ALSTI (p = 0.668). However, regardless of gender, KS participants showed 
higher lean arm mass than CR participants (4.85 ± 1.51 vs. 4.34 ± 1.75  kg; P = 0.002). 
Also, regardless of gender, lean leg mass (p = 0.017), total lean mass (p = 0.030), and 
IMAT-F SMM (p = 0.025) was lower in the CR group than in the KS group. Follow-up 
analysis indicated that within men, lean leg mass (p ≤ 0.001), total lean mass (p ≤ 0.001), 
and IMAT-F SMM (p ≤ 0.001) was lower in the CR participants than in the KS partici-
pants, and within women, lean leg mass (p = 0.095), total lean mass (p = 0.174), and IMAT-
F SMM (p = 0.180) was similar. Within the KS sample and within the CR sample, men had 
higher lean leg mass, total lean mass, and IMAT-F SMM than women (p ≤ 0.001 for all).

In general, KS older adults showed higher total BMD (1.16 ± 0.11 vs. 1.08 ± 0.11 g/
cm2; p ≤ 0.001) than CR older adults. Additionally, regional head (2.23 ± 0.27 vs. 
2.07 ± 0.30  g/cm2; p = 0.001), arms (0.83 ± 0.12 vs. 0.78 ± 0.09  g/cm2; p ≤ 0.001), legs 
(1.26 ± 0.18 vs. 1.14 ± 0.16  g/cm2; p ≤ 0.001), ribs (0.69 ± 0.10 vs. 0.64 ± 0.07  g/cm2; 
p ≤ 0.001), pelvis (1.11 ± 0.13 vs. 1.04 ± 0.12  g/cm2; p ≤ 0.001), and spine (1.08 ± 0.18 
vs. 1.04 ± 0.14 g/cm2; p = 0.034) BMD were higher in KS older adults than CR older 
adults. For all BMD measures, men showed higher BMD than women. No significant 
interactions were found between samples and genders for all BMD measures (Appendix 
Table 1).

No significant interaction was found between samples and genders on HGS 
z-scores (p = 0.843). Men had higher HGS than women (1.01 ± 0.87 vs. -0.55 ± 0.48 
z-score; p ≤ 0.001). Significant correlations were obtained between HGS and age 
(r = -0.18, 95% CI [-0.03, -0.32], p ≤ 0.05). HGS was also significantly associated 
(p < 0.001 for all) with body height, body weight, fat trunk, head BMD, legs BMD, 
ribs BMD, pelvis BMD, spine BMD, total BMD, lean arms mass, lean legs mass, 
lean mass trunk, total lean mass, and %BF, BFMI, LTMI, and ALSTI. The correla-
tions between HGS and anthropometric and body composition variables were dif-
ferent between men and women from CR and KS (Appendix Table  2). HGS was 
significantly predictive of age in CR men (r = -0.27, 95% CI [-0.01, -0.43], p ≤ 0.05), 
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CR women (r = -0.47, 95% CI [-0.23, -0.66], p ≤ 0.001), KS men (r = -0.44, 95% CI 
[-0.12, -0.67], p ≤ 0.01) and KS women (r = -0.28, 95% CI [-0.04, -0.49]).

When controlled for age, the only significant correlation that extended across both 
samples and genders was between HGS and lean arms mass (CR men r adj = 0.36, 
CR women r adj = 0.48, KS men r adj = 0.64, KS women r adj = 0.42; p ≤ 0.05 for 
all). As expected, BMI was heavily correlated with a majority of anthropometric and 
body composition variables across samples and gender groups (Appendix Table 2). 
When controlled for BMI, lean arms mass (CR men r adj = 0.44, CR women r 
adj = 0.46, KS men r adj = 0.71, KS women r adj = 0.48; p ≤ 0.05 for all) and total 
lean mass (CR men r adj = 0.42, CR women r adj = 0.39, KS men r adj = 0.50, KS 
women r adj = 0.56; p ≤ 0.05 for all) were significantly correlated with HGS across 
samples and gender (Appendix Table 2 and Fig. 1).

Discussion

Body composition measures differed between older adults from the US and CR. HGS 
was a dominant predictor of age and the upper body strength biomarker, lean arm 
mass, in both samples. Men had higher HGS than women and KS women’s biomark-
ers of upper body strength showed the greatest relationship to HGS. From the strong 
correlations between HGS and measures of body composition across sample and gen-
der, we expected a similarly robust predictive relationship when controlled for age. 
However, only lean arm mass was significantly related to HGS across cultural groups 
and gender. ALSTI showed the potential of a subtle effect, but the relationship was 
unclear or lost due to its addition of lean leg mass, indicating the effect to lie with lean 
arm mass alone. This weakened relationship suggests that age confounded for some of 
the original associations seen with HGS and the biomarkers of upper body strength. 
These findings converge with previously published reports from international cohorts, 
suggesting that lean arm mass may be an indicator of overall health in aging across 
racial groups that have characteristically varying body composition measures.

Significant race and gender differences in adiposity were observed in the present 
study, a previously reported finding (Silva et al., 2010). However, the absence of dif-
ferences in BMI between men and women from CR and KS supports the discussion 
regarding the appropriateness of this marker as a phenotypic proxy of adiposity across 
populations differing in race and ethnicity (Heymsfield et al., 2016; Natale & Rajago-
palan, 2014). Based on the findings of this study, BMI may be a questionable measure 
of adiposity across racial groups.

To find that women are shorter than men in both samples, and that Caucasians are 
taller and heavier than Mexican and Central Americans follows established patterns since 
childhood, where approximately 20% of variation in body height is attributed to, but not 
limited, to environmental variation (e.g., nutrition, diseases) (Clark et al., 2016; Dodds 
et al., 2016; Heymsfield et al., 2016; Natale & Rajagopalan, 2014; Silventoinen, 2003). To 
further contextualize the variation in body composition and HGS across racial and ethnic 
groups, a thorough literature review across international cohorts is presented in Appendix 
B. A larger cross-cultural comparison enhances the understanding of the pragmatic appli-
cation of HGS as a translation of previous methods for multiethnic populations.
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Limitations

The primary limitation experienced was the wide difference between the mean ages 
of the two sample groups. Age was found to have a robust effect on the relationship 
seen between HGS and the measures of body composition and biomarkers of upper 
body strength. This limitation was mitigated by controlling for age in our analyses. 
Another limitation in the make-up of the samples was the low number of partici-
pants. This may have impacted the power of the relationships between HGS and 
biomarkers of upper body strength. In the future, multiethnic comparisons should 
be made between large sample sizes of demographically comparable groups to 
amplify all subtle effects. Never-the-less these data indicate that comparing BMD 
between different groups also requires the development of ethnic-specific reference 
data. Most DEXA equipment usually reports European American reference values, 
which have been shown to misclassify other populations (e.g., Chinese) (Lo et al., 
2016). In this study, we used the same DEXA equipment brand, software (i.e., refer-
ence standards) and calibration process; therefore, we reduced the variation between 
DEXA equipment brands influencing BMD scores and classification (Schousboe 
et al., 2014).

A source of potential error or variance also came from measuring HGS with two 
different dynamometer brands. Strong associations have been reported between dif-
ferent dynamometer brands and the JAMAR dynamometer, considered a benchmark 
in hand dynamometry (r > 0.77); however, the agreement between HGS was poor 
(Guerra & Amaral, 2009). We corrected potential bias in this measure as best as 
possible by z-transforming raw scores for analysis.

Conclusion

Results of this study show that there are significant physiological differences between 
older US Euro-American and Meso-American adults. A comparison across nations 
highlights the potential of HGS to serve as an effective, universal predictor of upper 
body strength, and the corresponding health outcomes in older adults. Biological and 
environmental factors may affect aspects of physical health like muscle function, body 
mass, and bone mineral density, which could play a role in explaining variation in car-
diovascular disease, hypertension, diabetes mellitus, asthma, and mortality across racial 
groups (Dodds et al., 2016; Leong et al., 2016; Silverman, 2015; Stenholm et al., 2012). 
Furthermore, the observed ethnic-specific heterogeneity on biologic factors and phys-
ical-related performance creates a need for culturally diverse prevention programs for 
older adults. While the gold standard of body composition measurement is currently 
DEXA, this methodology is expensive to acquire and maintain, limiting the accuracy 
of reference values used to predict health outcomes in low and middle income coun-
tries. HGS is a reliable, low-cost alternate to DEXA for the measurement of proxies of 
age-related disability across cultures. The results of this study justify further investiga-
tion into developing HGS as a standardized tool for healthcare providers for a global 
population.
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Appendix A

Descriptive Statistics and Analysis of Body Composition and Handgrip Strength 
Measures Between Kansans and Costa Ricans.

Table 1  Descriptive statistics (Mean ± SD) for anthropometric and upper body strength of older adults 
from Costa Rica and Kansas (n = 178). * 

Note: BMI = Body mass index; IMAT-F SMM = Intermuscular adipose tissue-free skeletal muscle mass; 
BFMI = Body fat mass index; LTMI = Lean tissue mass index; ALSTI = Appendicular lean soft tissue 
index; BMD = Bone mineral density
* a−d  Differences in superscripts across row indicate a significant difference (p < 0.003)

Variable Costa Rica (n = 78) Kansas (n = 100)

Men
(n = 26)

Women
(n = 52)

Men
(n = 35)

Women
(n = 65)

Age (yr.) 68.9 ± 4.5a 68.9 ± 5.0a 73.6 ± 6.4b 72.5 ± 5.1b

Body height (cm) 166.8 ± 7.3a 154.5 ± 6.2b 177.6 ± 5.9c 161.8 ± 6.3d

Body weight (kg) 75.8 ± 14.3a 65.3 ± 11.1b 90.5 ± 14.7c 72.1 ± 11.2d

BMI (kg/m2) 27.1 ± 3.9a 27.4 ± 5.0a 28.8 ± 5.0a 27.5 ± 4.2a

Fat mass (kg)
• Arms 1.81 ± 0.68a 2.54 ± 0.78b 2.49 ± 1.11c 0.81d

• Legs 5.94 ± 2.51a 8.97 ± 3.07b 7.82 ± 3.66c 10.61 ± 3.23d

• Trunk 14.11 ± 5.63a 15.07 ± 5.71b 18.01 ± 6.06c 15.42 ± 4.75d

Total fat mass (kg) 22.98 ± 8.71a 26.90 ± 8.01a 29.83 ± 10.38b 29.64 ± 7.95b

BFMI (kg/m2) 8.2 ± 2.8a 11.3 ± 3.4b 9.4 ± 3.5a 11.3 ± 3.0b

DEXA body fat (%) 30.6 ± 7.4a 42.2 ± 6.3b 31.7 ± 6.8a 40.5 ± 5.4b

Lean mass (kg)
• Arms 5.94 ± 2.21a 3.55 ± 0.53b 6.64 ± 0.86c 0.60d

• Legs 16.24 ± 2.37a 11.08 ± 1.49b 19.17 ± 2.53c 1.50d

• Trunk 26.98 ± 13.71a 18.32 ± 2.21b 27.15 ± 2.53a 19.46 ± 2.58b

• IMAT-F SMM 24.75 ± 4.36a 15.75 ± 2.24b 29.06 ± 3.76c 17.88 ± 2.41d

Total lean mass (kg) 49.79 ± 6.63a 35.65 ± 4.02b 57.19 ± 5.55c 39.10 ± 4.32d

LTMI (kg/m2) 18.8 ± 1.6a 15.0 ± 2.0b 18.2 ± 1.9a 14.9 ± 1.5b

ALSTI (kg/m2) 7.9 ± 1.0a 6.1 ± 0.9b 8.2 ± 1.0a 6.3 ± 0.7b

BMD (g/cm2)
• Head 2.10 ± 0.28a 2.05 ± 0.32b 2.23 ± 0.29c 2.23 ± 0.26d

• Arms 0.88 ± 0.06a 0.73 ± 0.07b 0.95 ± 0.10c 0.77 ± 0.08d

• Legs 1.30 ± 0.12a 1.10 ± 0.11b 1.44 ± 0.13c 1.17 ± 0.10d

• Ribs 0.70 ± 0.08a 0.62 ± 0.05b 0.76 ± 0.08c 0.65 ± 0.08d

• Pelvis 1.12 ± 0.12a 1.00 ± 0.10b 1.20 ± 0.13c 1.07 ± 0.10d

• Spine 1.13 ± 0.20a 1.00 ± 0.12b 1.21 ± 0.19c 1.02 ± 0.13d

Total BMD (g/cm2) 1.17 ± 0.10a 1.04 ± 0.10b 1.30 ± 0.11c 1.10 ± 0.08d

Handgrip strength (kg) 33.2 ± 6.4a 21.3 ± 3.5b 39.6 ± 8.2a 24.6 ± 4.6b
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Table 2  Zero order correlations 
of body mass index and 
handgrip strength and regression 
coefficients of hand grip after 
covarying age and BMI in older 
adult men and women from 
Costa Rica (n = 78) and Kansas 
(n = 100)

Correlation Matrix

Handgrip_z
Age Pearson’s r -0.176 *

95% CI Upper -0.029
95% CI Lower -0.315

Height Pearson’s r 0.627 ***
95% CI Upper 0.709
95% CI Lower 0.528

Weight Pearson’s r 0.485 ***
95% CI Upper 0.591
95% CI Lower 0.364

Fat Arms Pearson’s r -0.127
95% CI Upper 0.021
95% CI Lower -0.269

Fat Legs Pearson’s r -0.259
95% CI Upper -0.116
95% CI Lower -0.392

Fat Trunk Pearson’s r 0.137 ***
95% CI Upper 0.278
95% CI Lower -0.011

Total Fat Pearson’s r -0.020
95% CI Upper 0.127
95% CI Lower -0.167

BFMI Pearson’s r -0.249
95% CI Upper -0.105
95% CI Lower -0.382

%BF Pearson’s r -0.486 ***
95% CI Upper -0.365
95% CI Lower -0.591

Lean mass arms Pearson’s r 0.771 ***
95% CI Upper 0.825
95% CI Lower 0.704

Lean mass legs Pearson’s r 0.752 ***
95% CI Upper 0.810
95% CI Lower 0.680

Lean mass trunk Pearson’s r 0.441 ***
95% CI Upper 0.553
95% CI Lower 0.314

Total Lean Mass Pearson’s r 0.766 ***
95% CI Upper 0.821
95% CI Lower 0.698

LTMI Pearson’s r 0.608 ***
95% CI Upper 0.693
95% CI Lower 0.506
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Table 2  (continued) Correlation Matrix

ALST_I Pearson’s r 0.695 ***
95% CI Upper 0.764
95% CI Lower 0.610

Head BMD Pearson’s r 0.064 ***
95% CI Upper 0.209
95% CI Lower -0.084

Arms BMD Pearson’s r 0.638
95% CI Upper 0.718
95% CI Lower 0.541

Legs BMD Pearson’s r 0.574 ***
95% CI Upper 0.665
95% CI Lower 0.465

Ribs BMD Pearson’s r 0.502 ***
95% CI Upper 0.605
95% CI Lower 0.383

Pelvis BMD Pearson’s r 0.459 ***
95% CI Upper 0.568
95% CI Lower 0.334

Spine BMD Pearson’s r 0.418 ***
95% CI Upper 0.533
95% CI Lower 0.288

Total BMD Pearson’s r 0.502 ***
95% CI Upper 0.605
95% CI Lower 0.383

Note. * p < 0.05, ** p < 0.01, *** p < 0.001
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Fig. 1  Scatterplots for the 
association between handgrip 
strength and body composition 
indexes in older adults (n = 178). 
Lines are best fit and  CI95%
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Appendix B
Comparison of Body Composition and Measures of Handgrip Strength to Previous 
International Research. Table 4

Table 3  Body composition values and comparison with previous studies. Values are means

Note: NHANES: The National Health and Nutrition Examination Survey 1999–2004; %BF: Body fat percent-
age; BFMI: Body fat mass index; LTMI: Lean tissue mass index; ALSTI: Appendicular lean soft tissue index

Variable Sample Age group (yr.) Reference

60–69 70–79

Men Women Men Women

%BF Costa Rica 30.7 42.2 Present study

Kansas 31.7 40.5 Present study

Ireland 28.1 38.3 (Toomey et al., 2016)

Italy 26.1 36.0 26.0 36.6 (Coin et al., 2008)

China 23.4 34.0 24.6 34.6 (Xiao et al., 2017)

China 26.7 27.0 (Jiang et al., 2015)

NHANES White 32.5 45.8 33.0 45.7 (Fan et al., 2014)

NHANES Mexican 32.1 46.7 32.6 46.7 (Fan et al., 2014)

Korea 23.7 36.0 (C. H. Kim et al., 2011)

Australia 28.1 40.7 28.9 41.4 (Shaw et al., 2007)

BFMI(kg/m2) Costa Rica 8.2 11.3 Present study

Kansas 9.4 11.3 Present study

Mexico 8.1 11.8 7.6 11.2 (Clark et al., 2016)

Ireland 7.6 9.8 (Toomey et al., 2016)

Italy 7.1 9.7 7.1 9.6 (Coin et al., 2008)

China 5.3 7.6 5.4 7.7 (Xiao et al., 2017)

China 6.4 6.8 (Jiang et al., 2015)

NHANES White 9.3 13.0 9.1 12.5 (Fan et al., 2014)

NHANES Mexican 9.1 13.7 8.7 13.2 (Fan et al., 2014)

Korea 5.7 8.8 (C. H. Kim et al., 2011)

LTMI(kg/m2) Costa Rica 17.9 15.0 Present study

Kansas 18.2 14.9 Present study

Mexico 17.6 14.6 17.0 14.5 (Clark et al., 2016)

Ireland 18.6 15.0 (Toomey et al., 2016)

Italy 20.3 16.9 19.4 16.0 (Coin et al., 2008)

China 16.6 14.0 16.2 14.0 (Xiao et al., 2017)

China 18.2 17.7 (Jiang et al., 2015)

NHANES White 18.3 14.5 17.6 14.2 (Fan et al., 2014)

NHANES Mexican 18.3 15.0 17.5 14.5 (Fan et al., 2014)

Korea 17.9 15.2 (C. H. Kim et al., 2011)

ALSTI(kg/m2) Costa Rica 8.0 6.1 Present study

Kansas 8.2 6.3 Present study

Mexico 7.8 6.1 7.4 5.9 (Clark et al., 2016)

Ireland 8.9 6.7 (Toomey et al., 2016)

China 7.2 5.8 6.9 5.6 (Xiao et al., 2017)

China/Hong Kong 7.4 6.1 7.1 6.0 (Auyeung et al., 2014)

NHANES White 8.0 6.0 7.5 5.8 (Fan et al., 2014)

NHANES Mexican 7.9 6.1 7.3 5.8 (Fan et al., 2014)
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Table 4  Handgrip strength values (kg) comparison with previous studies. Values are means

Note: M: Men; W: Women

Country Age group (yr.) Reference

60–69 70–79

M W M W

Costa Rica 33.2 21.3 Present study
Kansas 39.6 24.6 Present study
Iran 38.7 23.3 32.1 20.2 (Mohammadian et al., 2014)
China/Hong Kong 36.8 23.8 31.8 21.2 (Auyeung et al., 2014)
United Kingdom (UK) 38.0 22.0 40.0 24.0 (Spruit et al., 2013)
Argentina, Brazil, Chile, Colombia 41.0 27.0 (Leong et al., 2016)
Korea 37.1 23.3 35.7 23.1 (Shim et al., 2013)
Nigeria 22.8 26.2 (Adedoyin et al., 2009)
Brazil 31.3 19.1 (Budziareck et al., 2008)
Brazil 37.0 21.7 32.1 16.8 (Schlüssel et al., 2008)
Germany 45.0 26.0 38.0 21.0 (Günther et al., 2008)
Malaysia 19.6 14.3 (Kamarul and Ahmad, 2006)
USA, Australia, Canada, UK, Sweden 41.7 25.8 33.1 21.1 (Bohannon et al., 2006)
China/Hong Kong 36.2 20.9 (Tsang, 2005)
Australia 45.0 22.0 33.0 19.5 (Massy-Westropp et al., 2004)
USA 45.5 22.5 32.8 19.4 (Mathiowetz et al., 1985)

Fig. 2  Comparative handgrip strength values (kg) acquired from previous studies in international cohorts
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To encourage comparison of body composition and strength measures across 
multiethnic groups, the descriptive statistics of the Costa Rican and Kansan samples 
were compared to a non-exhaustive list of studies (Auyeung et al., 2014; Clark et al., 
2016; Coin et al., 2008; Fan et al., 2014; Jiang et al., 2015; C.-H. Kim et al., 2011; 
Shaw et al., 2007; Toomey et al., 2016; Xiao et al., 2017) reporting body composi-
tion values in older adults, which is presented in Table 3.

Comparing to previous literature in handgrip strength across multiethnic popula-
tions (Adedoyin et al., 2009; Bohannon et al., 2006; Budziareck et al., 2008; Crosby 
& Wehbé, 1994; Günther et al., 2008; Leong et al., 2016; Luna-Heredia et al., 2005; 
Massy-Westropp et al., 2004; Mathiowetz et al., 1985; Norman et al., 2011; Schlüs-
sel et al., 2008; Spruit et al., 2013), both the Kansas and Costa Rican scores report 
in this manuscript fall within range with other countries reviewed here (Figure 2).

Appendix C

Handgrip Strength

Handgrip strength (HGS) is an estimate of general strength and a strong predic-
tor for future health outcomes in aging populations (Bohannon, 2008; Bohannon 
et  al., 2006). Previous research has shown that handgrip strength declines with 
age, as demonstrated in a longitudinal study in Chinese participants aged 60 and 
older. After 4 years of follow-up, the loss in handgrip strength in males was smaller 
(-0.590 to -0.985 kg) than in women (-1.150 to -1.380 kg) (Auyeung et al., 2014). 
In a large cohort of 4,912 Japanese participants, grip strength was longitudinally 
studied to determine an association with mortality (Sasaki et al., 2007). Handgrip 
strength is also considered a powerful predictor of cause-specific and total mortal-
ity in older disabled women and cardiometabolic risk in aging populations (Bohan-
non, 2008; Günther et  al., 2008; Leong et  al., 2015). In a cohort of 927 Taiwan-
ese participants aged 53 and older, dominant handgrip strength showed a positive 
association with cardiometabolic risk factors (e.g., blood pressure, triglyceride, 
total cholesterol to high density cholesterol ratio, glycohemoglobin, uric acid, 
Framingham Risk Score, and fasting glucose) (Leong et  al., 2015). Grip strength 
was found to be stronger predictor of all-cause and cardiovascular mortality than 
systolic blood pressure in a large (n = 139,691) cohort of participants from Canada, 
Sweden, United Arab Emirates, Argentina, Brazil, Chile, Malaysia, Poland, South 
Africa, Turkey, China, Colombia, Iran, Bangladesh, India, Pakistan, and Zimbabwe 
(Leong et al., 2015). If handgrip strength correlated with the biomarkers for upper 
body strength, it could serve as a potentially more accessible alternative to using 
DEXA to predict health outcomes in older adults across ethno-racial populations.

Dual Energy X‑Ray Absorptiometry

Dual-energy x-ray absorptiometry (DEXA) is considered to be the gold-standard for 
body composition assessment. It has been proven highly reliable (Nana et al., 2015); 
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however, due to its high cost, such equipment was unavailable to low-income and mid-
dle-income countries until recently (Treviño-Aguirre et al., 2014). While several proxy 
adiposity measures and %BF prediction equations have been validated using DEXA 
as the criterion measure, under and overestimations have been also reported (Carpio-
Rivera et al., 2016; Chambers et al., 2014). Research has shown that the association 
between BMI and %BF varies among different ethnic groups (Deurenberg et al., 1998) 
and that girth measures are inaccurate for predicting %BF in individuals (Flegal et al., 
2009). Biased conclusions can be drawn from violating body composition assumptions 
that are not constant across ethnic groups (Deurenberg & Deurenberg-Yap, 2001). 
While accurate and reliable in predominately white populations, this technology does 
not serve as an accessible means of measurement in developing countries, and there-
fore has not been validated as a universal measure across racial and ethnic groups.

Muscle Strength

A relationship between handgrip strength and muscle strength can establish hand-
grip strength as an accessible alternative to DEXA can be used to predict disability 
in older adults. Differences in aging and rates of disability in older adults can be 
traced to biomarkers of upper body strength. Skeletal muscle function is a key com-
ponent of healthy aging and disease prevention. Muscular strength and increased 
muscle mass are positively related to overall health (Ruiz et  al., 2008). Reduced 
muscle mass and poor muscle strength have been related to increased mortality 
through its association with increased disability (Leong et al., 2015). A large pro-
portion of total-body skeletal muscle is found in the extremities, and a large pro-
portion of extremity lean soft tissue is skeletal muscle (J. Kim et  al., 2002). The 
appendicular lean soft tissue index (ALSTI) in kilograms is considered equivalent 
to the sum of total lean soft tissue in both right and left arms and legs, while lean 
tissue mass index (LMTI) is the quotient of lean mass and square of height. Lean 
mass measurements such as ALSTI and LMTI are strong biomarkers of upper body 
strength and can be used as a predictive tool in assessing overall health outcomes in 
older adults.

Body Fat

Previous research shows differences in body weight and fat distribution in diverse 
populations and may suggest cross-cultural differences in health outcomes in 
aging that require a translation of current methods. Body mass and fat can also 
act as a predictive tool for health and mortality outcomes in an aging population. 
Research in a cohort of 49,476 women and 4,944 men indicated that older adults 
aged more than 63 years with low body mass index (BMI = body weight in kg/
body height in  m2) and increased body fat percentage (%BF) showed increased 
mortality (Padwal et al., 2016). Differences in adiposity content and distribution 
have been reported among different ethnic groups (Gasevic et  al., 2015; Haldar 
et  al., 2015; Wells, 2012). Evidence suggests that Asian groups have a greater 
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predisposition towards  adiposity  at higher BMI than Caucasians (Haldar et  al., 
2015). (Gasevic et al., 2015) reported varying rates of higher obesity prevalence 
in African Americans and Hispanics living in the United States compared to 
Caucasians.

Bone Mineral Density

Bone loss or the reduction in bone mineral density (BMD), a biomarker of upper 
body strength, has been associated with increased morbidity and mortality in 
older adults (Edwards et  al., 2015). Reductions in BMD and fracture risk have 
been clearly described in the literature (Jiang et  al., 2015). Bone fractures related 
to osteopenia and osteoporosis are common in older adults and hip fractures have 
been linked to mortality (Danielson & Zamulko, 2015). In South Korea, 67.7% of 
women aged 65 years and older and 33.5% of men aged 75 years and older are at 
high risk of bone fractures (J. W. Kim et al., 2014). Increased bone fracture risk was 
observed in a sample of 3,301 men from six sites across the United States (Birming-
ham, AL; Minneapolis, MN; Palo Alto, CA; Pittsburgh, PA; Portland, OR; and San 
Diego, CA) (Chalhoub et al., 2016). However, ethnic and racial differences exist in 
bone fracture epidemiology. For instance, longitudinal data on Hispanics living in 
the United States have shown little to no change in hip fracture incidence compared 
to white women and men, and Black Americans and Asian Americans showed no 
significant decline in hip fracture incidence over 10 years of study (Wright et  al., 
2012). Previous data suggests there are some differences in these biomarkers across 
a multiethnic population, raising the question of whether the same long-term health 
effects are seen in aging.
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