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Abstract

Background—Gender and ethnicity are factors which influence strength, and hand dominance
could be a critical component of handgrip strength (HGS) testing. Providing such HGS percentiles
across the lifespan may help to identify weakness-related health concerns. We sought to generate
growth charts and curves for HGS by gender and ethnicity in a nationally-representative sample of
Americans aged 6-80 years.

Methods—Data from 13,617 participants in the 2011-2012 and 2013-2014 waves of the
National Health and Nutrition Examination Survey were analyzed. HGS was measured with a
handgrip dynamometer. Age, gender, ethnicity, and hand dominance were self-reported. Body
Mass Index (BMI) was calculated from height and body mass. Measures of absolute HGS and
HGS normalized to BMI were separately included in parametric quantile regression analyses for
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determining the 10th—90th percentiles across ages by gender and ethnicity. Similar models were
also conducted by hand dominance.

Results—Differences in absolute HGS and HGS normalized to BMI quantiles across ages
existed for each ethnicity regardless of gender. In men, absolute HGS generally increased until
about 25 years of age, began to decline around age 30 years, and regressed into older adulthood. In
women, absolute HGS appeared to rise starting at age 6 years, peaked between 20 and 30 years of
age, but was maintained into mid-life before declining in older adulthood. Similar results were
found for HGS normalized to BMI.

Conclusions—Our findings provide percentile charts for HGS capacity that could be utilized for
comparing individual measures of HGS to those from a United States population-representative
sample.
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aging; epidemiology; hand strength; human development; muscle weakness

INTRODUCTION

Muscle strength can be conveniently assessed by measuring maximal handgrip strength
(HGS) with a handgrip dynamometer [1]. Those that have lower levels of muscle strength
earlier in life often experience poor health outcomes related to weakness later in life [2].
Similarly, health consequences related to low muscle strength, as measured by HGS, occur
throughout the lifespan [3]. For example, the presence of pediatric sarcopenia, as
characterized by low skeletal muscle mass and function at childhood, places children at
higher risk for several adverse health outcomes [4]. Low muscle strength in adolescents is
linked to psychiatric diagnoses, suicide, cardiovascular diseases, and all-cause mortality at
young adulthood [5]. Leong et al. [6] also found that every 5-kilogram decrease in HGS was
associated with 16% greater risk for all-cause mortality at a median 4-year follow-up in
142,861 adults aged 3570 years. The 2018 Physical Activity Guidelines for Americans
highlight the importance of participating in muscle-strengthening activities for health at
childhood, adolescents, adulthood, and older adulthood [7]. Moreover, strength capacity is a
subdomain in the intrinsic capacity construct [8], and handgrip strength is part of decision
algorithms for diagnosing sarcopenia [9]. Therefore, muscle strength should be considered a
critical health indicator across the lifespan.

Gender and ethnicity are important factors that may influence muscle strength. For example,
Silva et al. [10] showed that lifespan skeletal muscle mass was higher in men than women,
and non-Hispanic Blacks had the highest skeletal muscle mass, followed by non-Hispanic
Whites, Hispanics, and non-Hispanic Asians. These muscle mass differences may help to
explain why HGS thresholds for determining weakness have emphasized stratification by
gender and ethnicity [11-13]. Additional research is also recommended for developing
predictive regression models for HGS that emphasize age, gender, and ethnicity [14].
Similarly, as HGS protocols continue evolving, examining the HGS of the dominant and
non-dominant hands may provide important insights into how HGS is measured and data are
used, especially because handedness changes throughout the lifespan [2,15]. Given the
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positive health aspects of muscle strength over the lifespan, along with the role gender and
ethnicity have on strength capacity, assessments of strength could be individualized to
gender and ethnicity. Creating lifespan muscle strength centiles by gender and ethnicity
across ages will help to provide a detailed norm-referenced standard for comparing
individual HGS measures to those from an American population-representative sample.
Further, normative data for HGS is a high research priority for developing validated cut-
points that improve how we diagnose sarcopenia [9]. The purpose of this study was to
generate growth charts and curves for HGS by gender and ethnicity in a nationally-
representative sample of Americans aged 6-80 years.

MATERIALS AND METHODS

Participants

Secondary analyses of data from participants in the 2011-2012 and 2013-2014 waves of the
National Health and Nutrition Examination Survey (NHANES) were performed for this
investigation. The NHANES is designed to assess the health and nutrition status of
American children, adolescents, and adults [16]. Trained interviewers performed health
interviews in respondents’ homes using computer-aided interview systems and participants
visited mobile examination centers for enhanced assessments. Interviewers and mobile
examination centers traveled to locations throughout the United States to diversify sampling
[17].

Oversampling for those aged at least 60-years, Hispanics, non-Hispanic Asians, non-
Hispanic Blacks occurred to create reliable data that represented all ages and ethnicities in
the United States [16]. Overall interview response rates for the NHANES were relatively
high for each waved included in our analyses [18]. The NHANES uses an intricate, 4 stage
probability sampling design to produce a representative sample of non-institutionalized
persons in the United States. Written informed consent was provided by participants and
NHANES protocols were approved by the National Center for Health Statistics Research
Ethics Review Board (Protocol #2011-17).

Measures

A digital handgrip dynamometer (Takei Dynamometer Model T.K.K.5401; Akiha-Ku,
Japan) was used to measure HGS. All personnel that administered HGS tests received
training and calibration procedures, and a calibration log. Before testing, participants were
asked about their ability to complete HGS protocols, including if they had surgery to the
hand or wrist within the previous 3 months that prohibited them from HGS testing, or if they
were unable to hold the dynamometer with either hand. Interviewers verbally explained and
demonstrated the HGS protocols. Participants were instructed to stand with their feet hip
width apart and hold the dynamometer away from their body and in line with the forearm, at
thigh level so that the dynamometer did not touch the body (unless physically unable). An
emphasis was made on squeezing the handle of the dynamometer hard and quickly [19].

A practice trial at sub-maximal effort was performed by participants to determine if the
dynamometer was properly fitted to their hand size and to confirm understanding of the
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HGS protocol. Each person squeezed the dynamometer with maximal effort, exhaling while
squeezing, and then released the muscle contractions. Participants reported their hand
dominance and the decision to begin HGS testing on the dominant or non-dominant hand
was randomized. Each hand was tested 3 times, alternating hands between trials, with 60
seconds of rest between measures on the same hand. The highest recorded HGS value on
either hand was included in the analyses. More details about the HGS protocols are
published elsewhere [20,21].

Age, gender, and ethnicity (Hispanic, non-Hispanic Asian, non-Hispanic Black, non-
Hispanic White) were self-reported. A fixed stadiometer was used to collect standing height
and a digital scale (Mettler-Toledo International; Columbus, OH) was used to collect body
mass. Body mass index (BMI) was calculated as body mass in kilograms divided by height
in meters-squared. Given that body composition may impact strength capacity, we included
both absolute HGS and HGS normalized to BMI (HGS normalized to BMI = HGS (kg)/BMI
(kg/m?2)) in our analyses [14]. A diagram for participant exclusions is presented in Figure 1.

Statistical Analysis

All analyses were conducted with SAS 9.4 software (SAS Institute; Cary, NC, USA).
Parametric quantile regression models were run to generate absolute HGS and HGS
normalized to BMI growth charts for the 10th-90th percentiles by gender and ethnicity for
Americans aged 6-80 years. The same procedures were also performed for HGS data from
the dominant and non-dominant hands. These 10 quantiles were pre-specified by
investigators to bolster the interpretability of the results in the free-living environment. Fitted
values for absolute HGS and HGS normalized to BMI were estimated at each ascertained
age. Utilizing parametric quantile regression to create growth curves allows the models to fit
conditional quantiles of strength capacity without assuming a parametric distribution,
estimate the entire conditional distribution of the response, and reveal the effects of
predictors on various parts of the response distribution, thereby making quantile regression
feasible for analyses of datasets with larger amounts of observations such as NHANES [22].

The PROC QUANTREG procedure was used to determine the gender- and ethnicity-specific
growth patterns of absolute HGS and HGS relative to BMI with 6 powers of age (age, age?,
age3, age™1, Vage, Vage x age) [23]. Sample weights were utilized in the PROC
QUANTREG procedure to acknowledge the NHANES sampling methods and generate an
unbiased national estimate [24]. The PROC SGPLOT procedure created the absolute HGS
and HGS relative to BMI growth curves by gender and ethnicity across ages from each
quantile regression output [25].

RESULTS

The descriptive characteristics of the 13,617 participants (/7= 6723 (49.4%) men (age range:
6-80 years); 7= 6894 (50.6%) women (age range: 6-80 years)) included are in Table 1. To
make comparisons for the descriptive characteristics by gender and ethnicity, the means and
95% confidence intervals are in Supplementary File 1. Table 2 shows the number of
participants by age group for each gender and ethnicity. Figures 2 and 3 show the 10
percentile curves for absolute HGS with polynomials together and scatterplots by ethnicity
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for men and women, respectively. Differences in absolute HGS quantiles across ages existed
for each ethnicity regardless of gender. In men, there were mostly rapid increases in absolute
HGS beginning at 7 years of age until about 25 years of age. Declines in absolute HGS
appeared to occur at around 30 years of age and accelerated reductions in absolute HGS
seemingly started at about 70 years of age. Absolute HGS looked to rise starting at 6 years
of age and peaked between 20-30 years of age for women. Non-Hispanic Asian women
appeared to uniquely maintain their peak absolute HGS into mid-life (i.e., 40 years of age).
Table 3 shows an abbreviated amount of information for absolute HGS quantiles by age
group, gender, and ethnicity, while Supplementary File 2 presents specific absolute HGS
quantile values for each age, gender, and ethnicity.

The 10 percentile curves for HGS relative to BMI with polynomials together and scatterplots
by ethnicity for men are women are presented in Figures 4 and 5, respectively. There were
differences in HGS normalized to BMI quantiles across ages for each ethnicity irrespective
of gender. After a small dip in BMI normalized HGS from age 6-7 years in men, HGS
normalized to BMI appeared to increase at 7 years and peaked at about 23 years of age, but
began to decline at around 25 years of age for each ethnicity. Interestingly, HGS relative to
BMI generally increased starting at 6 years of age but peaked before 20 years of age for
women. This was then followed by observed reductions of BMI adjusted HGS occurring
after 20 years of age. Table 4 presents an abbreviated amount of information for BMI
normalized HGS quantiles for each age, gender, and ethnicity; whereas, Supplementary File
3 provides specific HGS normalized to BMI quantile values for each age, gender, and
ethnicity.

Similar results were observed when evaluating the dominant and non-dominant absolute
HGS and BMI normalized HGS quantiles. HGS was generally stronger on the dominant
hand compared to the dominant hand, regardless of gender and ethnicity. Figures 6 and 7
present the 10 percentile curves for absolute dominant HGS with polynomials together and
scatter plots by ethnicity for men and women, respectively; whereas, Figures 8 and 9 show
the 10 percentile curves for absolute non-dominant HGS with polynomials together and
scatter plots by ethnicity for men and women, respectively. Table 5 shows an abbreviated
amount of information for dominant absolute HGS quantiles by gender and ethnicity (full
results are in Supplementary File 4); whereas, Table 6 presents an abbreviated amount of
information for non-dominant absolute HGS quantiles by gender and ethnicity (full results
are in Supplementary File 5). The 10 percentile curves for dominant HGS normalized to
BMI with polynomials together and scatter plots by ethnicity for males and females are in
Figures 10 and 11, respectively, while the 10 percentile curves for non-dominant HGS
normalized to BMI with polynomials together and scatter plots by ethnicity for males and
females are in Figures 12 and 13, respectively. Table 7 displays an abbreviated amount of
information for BMI normalized dominant HGS quantiles by gender and ethnicity (full
results are in Supplementary File 6) and Table 8 shows an abbreviated amount of
information for BMI normalized non-dominant HGS quantiles by gender and ethnicity (full
results are in Supplementary File 7).
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DISCUSSION

This investigation provided absolute HGS and HGS normalized to BMI percentiles by
gender and ethnicity for Americans aged 6-80 years. Individuals could use these HGS
centiles for comparing their HGS capacity to their American peers. Acknowledgement
should be given to how gender and ethnicity factor into strength capacity throughout the
lifespan, and how health outcomes from low muscle strength impact each gender and
ethnicity differently. Moreover, utilizing both absolute HGS and HGS normalized to BMI in
assessments of strength capacity will provide more detailed insights into how body
composition influences muscle strength.

While our investigation provided HGS centiles for Americans aged 6-80 years by gender
and ethnicity, other investigations have found similar results in cohorts from other countries.
Kenny et al. [26] provided percentiles for absolute HGS by gender for Irish adults aged 50—
85 years, whereas Dodds et al. [27] revealed normative centiles for British persons aged 4—
90 years. HGS values for Canadians aged 6—79 years are also comparable to our findings
[28]. Further, our findings parallel with those from Peterson and Krishnan [29], who
provided gender-specific HGS percentiles for Americans aged 6-80 years with NHANES
data. Although our results mostly align with previous investigations that have evaluated
gender-specific HGS centiles at different ages [19,26,27,29,30], our findings show that
ethnicity is also a factor that influences strength in Americans during the lifespan. The
differences we observed in our HGS percentiles for each ethnicity support those who
suggest demographic characteristics such as ethnicity need to be considered for risk
stratification related to weakness and interventions aiming to improve strength capacity [31].
Therefore, we agree with previous conclusions that suggest different standards for skeletal
muscle and strength capacity should be applicable to each ethnicity [10,14].

Although absolute HGS provides easily interpretable information that is associated with a
variety of health outcomes [2], body composition also factors into muscle strength and
should be accounted for when evaluating HGS [14,32]. Our findings also provide HGS
normalized to BMI quantiles by gender and ethnicity for Americans aged 6-80 years. While
muscle strength changes throughout the life course for each gender and ethnicity, BMI also
changes [33]. For example, BMI is a surrogate measure of body fat that is often used in
population-based studies [34], and the higher BMI seen at older age is often attributed to
age-related reductions in muscle mass and increases in adipose tissue [35]. The results of our
investigation showed that measures of absolute HGS mostly tended to peak at around 30
years of age regardless of gender and ethnicity, but measures of HGS relative to BMI peaked
earlier in life, especially for women (i.e., before 20 years of age). This further demonstrates
the importance of acknowledging the role of body composition on strength capacity. Our
findings are also in agreement with those from Wang et al. [36] such that HGS is generally
stronger in the dominant hand compared to the non-dominant hand; however, handedness
may change over the lifespan [15], and HGS can also be greater in the non-dominant relative
to the dominant hand at older age [36]. We recommend that both absolute HGS and HGS
normalized to BMI be evaluated for any thresholds and centiles of HGS, and consideration
be given to what hand is being measured during HGS testing. We also recommend that our
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results be used to help develop validated cut-off points for appropriate sarcopenia diagnoses

[9].

Some limitations of the reported data should be acknowledged. Although our HGS centiles
are generalizable for Americans, the HGS protocols in the NHANES may differ from other
HGS protocols, which in turn, may influence HGS values. The dip seen from 6-7 years of
age for our quantiles may be best explained by model fitting in our analyses. Sampling was
also higher for certain ages, genders, and ethnicities than others. Although HGS was used in
this investigation for measuring muscle strength, data for other measures of strength capacity
such as knee extension strength were not available in the NHANES and could not be
analyzed. While HGS normalized to BMI helps to account for the role of body composition
in strength capacity, it is challenging to determine if differences in HGS relative to BMI
across the lifespan are due to changes absolute HGS, BMI, or both. Nevertheless, the use of
BMI is still recommended when normalizing HGS to a measure of body composition [14].
We recommend that HGS centiles continue to be monitored and updated in Americans of all
ages, genders, and ethnicities, including the creation of HGS centiles in special (e.g., persons
with disabilities) and morbid populations. Evaluating HGS centiles for morbid populations
may help to distinguish strength capacity in populations that are “healthy” and “not-
healthy”.

CONCLUSIONS

Our findings provide percentile charts for absolute HGS and HGS normalized to BMI by
gender and ethnicity for Americans aged 6-80 years. The role of age, gender, and ethnicity
should be acknowledged when evaluating strength capacity. Consideration should also be
given to the hand being measured during HGS testing. We recommend that health
practitioners working with persons of all ages utilize measures of HGS for determining
strength capacity, and compare their HGS values to the appropriate population-
representative growth charts. Understanding such information may help to better identify
those at risk for future weakness. Changing strength capacity trajectories through
interventions aiming to improve muscle strength may help to prevent adverse health
outcomes associated with low muscle strength.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Diagram of Participant Exclusions.
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Figure 2.

Absolute Handgrip Strength Centile Curves with Polynomials and Scatterplots for Men by
Ethnicity. (A) non-Hispanic Asian; (B) non-Hispanic Black; (C) Hispanic; (D) non-Hispanic
White. Note: kg = kilograms.
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Figure 3.

Absolute Handgrip Strength Centile Curves with Polynomials and Scatterplots for Women
by Ethnicity. (A) non-Hispanic Asian; (B) non-Hispanic Black; (C) Hispanic; (D) non-
Hispanic White. Note: kg = kilograms.
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Figure 4.

Handgrip Strength Normalized to Body Mass Index Centile Curves with Polynomials and
Scatterplots for Men by Ethnicity. (A) non-Hispanic Asian; (B) non-Hispanic Black; (C)
Hispanic; (D) non-Hispanic White. Note: kg = kilograms.
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Figure 5.

Handgrip Strength Normalized to Body Mass Index Centile Curves with Polynomials and
Scatterplots for Women by Ethnicity. (A) non-Hispanic Asian; (B) non-Hispanic Black; (C)
Hispanic; (D) non-Hispanic White. Note: kg = kilograms.
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Figure 6.
Absolute Dominant Handgrip Strength Centile Curves with Polynomials and Scatterplots for

Men by Ethnicity. (A) non-Hispanic Asian; (B) non-Hispanic Black; (C) Hispanic; (D) non-
Hispanic White. Note: kg = kilograms.
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Figure 7.
Absolute Dominant Handgrip Strength Centile Curves with Polynomials and Scatterplots for

Women by Ethnicity. (A) non-Hispanic Asian; (B) non-Hispanic Black; (C) Hispanic; (D)
non-Hispanic White. Note: kg = kilograms.
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Figure 8.

Absolute Non-Dominant Handgrip Strength Centile Curves with Polynomials and
Scatterplots for Men by Ethnicity. (A) non-Hispanic Asian; (B) non-Hispanic Black; (C)
Hispanic; (D) non-Hispanic White. Note: kg = kilograms.
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Figure 9.

Absolute Non-Dominant Handgrip Strength Centile Curves with Polynomials and
Scatterplots for Women by Ethnicity. (A) non-Hispanic Asian; (B) non-Hispanic Black; (C)
Hispanic; (D) non-Hispanic White. Note: kg = kilograms.
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Figure 10.
Dominant Handgrip Strength Normalized to Body Mass Index Centile Curves with

Polynomials and Scatterplots for Men by Ethnicity. (A) non-Hispanic Asian; (B) non-
Hispanic Black; (C) Hispanic; (D) non-Hispanic White. Note: kg = kilograms.
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Figure 11.

Dominant Handgrip Strength Normalized to Body Mass Index Centile Curves with
Polynomials and Scatterplots for Women by Ethnicity. (A) non-Hispanic Asian; (B) non-
Hispanic Black; (C) Hispanic; (D) non-Hispanic White. Note: kg = kilograms.
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Figure 12.
Non-Dominant Handgrip Strength Normalized to Body Mass Index Centile Curves with

Polynomials and Scatterplots for Men by Ethnicity. (A) non-Hispanic Asian; (B) non-
Hispanic Black; (C) Hispanic; (D) non-Hispanic White. Note: kg = kilograms.

Adv Geriatr Med Res. Author manuscript; available in PMC 2020 January 10.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

McGrath et al.

Page 22

A) 30 B) 30
25 25

Z 20 2 20

-] 2

® ®

2 2

E] £

5 3

& &

£ ]

_g 10 g

@ @

50

Q) 30 D) 30

25 25

20

Strength Relative to BMI
o

Strength Relative to BMI
&

00 00
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70
Age (Years) Age (Years)
Quantile Quantile
10 20 30— 40— 50 10 20 30— 40— 50
—e B0 70 80— 90 60 70 80 20
Figure 13.

Non-Dominant Handgrip Strength Normalized to Body Mass Index Centile Curves with
Polynomials and Scatterplots for Women by Ethnicity. (A) non-Hispanic Asian; (B) non-
Hispanic Black; (C) Hispanic; (D) non-Hispanic White. Note: kg = kilograms.
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Table 1.

Descriptive Characteristics of the Participants.

Variables Age (years) Absolute HGS (kg) BMI (kg/m?)  Right Handed (n (%))
Men
Non-Hispanic Asian (n=827) 35.1+20.2 37.3+11.9 235+4.7 760 (91.9%)
Non-Hispanic Black (7=1718)  34.4+22.5 40.6 £15.1 26.1+7.6 1494 (86.9%)
Hispanic (7= 1666) 305+21.1 358+144 25.7+6.6 1544 (92.6%)
Non-Hispanic White (n=2512)  40.8 +23.2 40.9+13.8 26.7+7.0 2282 (90.8%)
Women
Non-Hispanic Asian (1= 826) 35.0+£20.0 25.1+6.5 227+49 777 (94.0%)
Non-Hispanic Black (7=1800)  34.6 +22.1 28.7+85 28.6+9.2 1629 (90.5%)
Hispanic (n=1737) 316+214 249+74 266+75 1633 (94.0%)
Non-Hispanic White (n=2531)  42.6 + 23.0 271472 274 +8.0 2320 (91.6%)

Page 23

Note: Results are presented as mean + standard deviation or frequency (percentage) where indicated. BMI = body mass index; HGS = handgrip

strength; kg = kilograms; kg/m2 = kilograms per meters-squared.
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Table 2.

Frequencies of Participants by Age Group for Each Gender and Ethnicity.

Page 24

Variables 6-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80+
Years Years Years Years Years Years Years Years Years
Men
Non-Hispanic 82 167 120 118 118 99 78 33 12
Asian
Non-Hispanic
Black 223 433 209 161 160 187 223 91 31
Hispanic 266 491 184 160 166 152 176 52 19
Non-Hispanic
White 232 408 301 338 299 294 239 217 184
Women
Non-Hispanic 79 176 110 128 118 96 73 36 10
Asian
Non-Hispanic
Black 226 438 214 159 204 220 213 91 35
Hispanic 247 510 186 182 182 152 183 73 22
Non-Hispanic
White 174 378 287 342 317 309 280 257 187
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Abbreviated Absolute Handgrip Strength Percentiles by Gender and Ethnicity.

Table 3.

Percentile (kilograms)

Variables
10 20 30 40 50 60 70 80 90
Males
Non-Hispanic Asian
10 Years Old 141 162 172 182 194 210 220 228 252
20 Years Old 326 354 374 396 417 433 449 472 510
30 Years Old 36.2 385 414 431 455 470 494 516 542
40 Years Old 364 392 415 431 447 461 485 508 534
50 Years Old 355 383 40.0 418 429 445 465 487 513
60 Years Old 328 350 36.8 387 402 421 435 455 474
70 Years Old 281 297 321 336 354 374 387 406 428
Non-Hispanic Black
10 Years Old 159 181 199 211 223 236 246 262 279
20 Years Old 36.8 40.8 437 467 496 516 534 565 59.6
30 Years Old 423 464 494 519 542 568 591 623 66.0
40 Years Old 428 456 483 502 523 546 57.0 594 635
50 Years Old 40.3 429 454 471 494 513 537 559 600
60 Years Old 351 393 419 436 460 480 507 532 570
70 Years Old 279 344 372 391 412 438 464 492 527
Hispanic
10 Years Old 150 166 177 188 199 209 222 237 259
20 Years Old 345 384 409 429 456 482 50.7 538 569
30 Years Old 395 432 457 470 495 519 538 570 60.6
40 Years Old 387 416 438 452 469 488 50.6 534 572
50 Years Old 355 382 404 424 437 455 4777 501 538
60 Years Old 311 345 367 391 408 429 453 475 510
70 Years Old 269 302 323 345 369 39.0 413 433 465
Non-Hispanic White
10 Years Old 146 166 178 190 201 215 226 250 268
20 Years Old 371 402 425 448 466 489 512 550 594
30 Years Old 428 462 484 505 525 544 568 599 637
40 Years Old 411 449 474 494 510 528 548 572 605
50 Years Old 38.0 421 448 469 483 500 518 539 572
60 Years Old 352 393 419 440 454 471 491 509 543
70 Years Old 320 353 376 397 414 431 452 469 50.1
Females
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Percentile (kilograms)

Variables
10 20 30 40 50 60 70 80 90
Non-Hispanic Asian
10 Years Old 136 150 158 165 175 184 192 203 225
20 Years Old 221 239 251 260 270 286 298 315 335
30 Years Old 224 240 251 258 272 281 293 320 340
40 Years Old 227 243 257 270 283 292 304 328 346
50 Years Old 229 244 259 274 286 299 309 325 343
60 Years Old 215 228 242 253 264 279 287 298 319
70 Years Old 176 195 206 213 229 245 252 261 285
Non-Hispanic Black
10 Years Old 163 179 192 199 211 223 234 251 272
20 Years Old 26.7 289 304 317 333 347 368 388 422
30 Years Old 280 303 318 336 351 366 386 408 433
40 Years Old 268 298 312 330 346 359 378 399 426
50 Years Old 249 285 30.0 316 332 344 361 379 413
60 Years Old 228 259 279 294 307 322 334 349 384
70 Years Old 201 221 245 261 270 288 299 314 341
Hispanic
10 Years Old 142 155 167 174 181 189 203 216 238
20 Years Old 238 259 273 289 299 310 323 340 360
30 Years Old 247 268 280 295 305 315 326 344 363
40 Years Old 239 262 275 286 295 307 320 337 363
50 Years Old 226 249 262 274 283 296 311 327 352
60 Years Old 204 224 237 252 264 274 288 304 321
70 Years Old 175 190 204 221 233 239 251 267 278
Non-Hispanic White
10 Years Old 145 157 169 181 188 195 205 220 234
20 Years Old 253 275 290 298 311 322 333 350 377
30 Years Old 269 288 301 313 322 333 345 363 389
40 Years Old 262 282 294 308 317 237 240 360 389
50 Years Old 250 272 284 297 307 317 330 349 376
60 Years Old 232 253 265 274 287 296 309 325 341
70 Years Old 200 220 231 238 251 261 274 287 298
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Abbreviated Body Mass Index Normalized Handgrip Strength Percentiles by Gender and Ethnicity.

Table 4.

Percentile
Variables
10 20 30 40 50 60 70 80 90
Males
Non-Hispanic Asian
10 Years Old 079 085 090 094 100 103 114 125 137
20 Years Old 130 153 161 172 179 189 199 212 231
30 Years Old 135 154 166 177 185 195 203 214 230
40 Years Old 139 149 163 172 181 188 196 203 219
50 Years Old 139 145 158 166 174 181 188 196 210
60 Years Old 128 137 146 155 163 170 176 188 1.98
70 Years Old 1.06 119 127 136 145 152 158 171 177
Non-Hispanic Black
10 Years Old 0.86 094 101 1.06 113 121 128 134 144
20 Years Old 128 151 166 181 194 206 220 233 253
30 Years Old 135 155 166 181 192 205 220 234 254
40 Years Old 131 147 159 172 182 192 205 219 237
50 Years Old 121 137 150 162 173 181 193 208 225
60 Years Old 1.06 125 138 150 162 170 182 200 217
70 Years Old 089 113 124 136 147 156 1.69 186 202
Hispanic
10 Years Old 070 079 085 093 099 105 112 119 1.30
20 Years Old 122 140 154 165 179 190 201 213 231
30 Years Old 122 140 152 160 172 183 195 208 222
40 Years Old 122 135 145 152 160 170 178 193 2.09
50 Years Old 118 130 138 146 152 161 168 182 2.00
60 Years Old 1.06 119 127 134 142 151 159 171 186
70 Years Old 090 105 113 118 127 135 146 153 1.62
Non-Hispanic White
10 Years Old 0.78 0.89 095 1.02 107 115 123 132 144
20 Years Old 136 155 167 181 194 206 216 228 250
30 Years Old 138 154 170 182 193 204 212 223 246
40 Years Old 130 143 159 171 180 189 196 206 2.26
50 Years Old 121 136 148 161 170 178 186 195 213
60 Years Old 113 128 140 151 160 167 177 189 204
70 Years Old 1.03 118 129 137 146 153 163 176 1.89
Females
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Percentile
Variables
10 20 30 40 50 60 70 80 90
Non-Hispanic Asian
10 Years Old 073 079 086 0.89 094 098 104 114 122
20 Years Old 096 109 116 123 129 133 141 148 162
30 Years Old 091 101 108 114 121 128 136 143 155
40 Years Old 0.88 097 104 111 118 127 134 142 153
50 Years Old 086 095 102 110 116 124 131 138 148
60 Years Old 079 089 094 101 108 113 121 125 134
70 Years Old 064 076 0.82 086 095 098 106 111 1.19
Non-Hispanic Black
10 Years Old 072 084 092 100 107 111 117 123 134
20 Years Old 090 1.02 111 119 125 131 140 149 164
30 Years Old 077 090 098 104 110 118 123 136 152
40 Years Old 0.68 0.80 0.90 097 105 113 120 132 147
50 Years Old 065 077 086 094 103 112 119 129 144
60 Years Old 064 075 0.82 089 097 104 110 118 1.36
70 Years Old 059 070 076 0.80 0.86 091 096 104 1.23
Hispanic
10 Years Old 066 074 0.80 0.86 090 094 101 106 1.16
20 Years Old 0.83 094 103 109 116 123 131 142 153
30 Years Old 074 086 093 099 105 112 120 131 141
40 Years Old 071 082 087 094 099 106 115 123 137
50 Years Old 069 077 082 089 093 100 110 117 1.32
60 Years Old 062 068 074 079 085 091 099 106 1.18
70 Years Old 054 058 0.64 069 076 080 084 094 099
Non-Hispanic White
10 Years Old 076 084 0.89 094 098 102 107 114 1.23
20 Years Old 084 102 111 121 128 136 143 148 159
30 Years Old 081 09 106 115 122 129 136 144 157
40 Years Old 078 090 101 109 117 125 132 140 154
50 Years Old 0.74 085 095 103 112 119 126 136 149
60 Years Old 069 078 0.86 094 102 108 113 124 137
70 Years Old 061 069 075 0.82 088 092 097 108 1.20
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Abbreviated Dominant Absolute Handgrip Strength Percentiles by Gender and Ethnicity.

Table 5.

Percentile (kilograms)

Variables
10 20 30 40 50 60 70 80 90
Males
Non-Hispanic Asian
10 Years Old 141 156 168 179 190 202 216 226 244
20 Years Old 322 351 370 385 411 428 445 471 511
30 Years Old 36.3 384 407 427 450 467 491 515 552
40 Years Old 36.1 380 412 43.0 446 459 483 502 535
50 Years Old 346 365 400 415 43.0 441 461 478 507
60 Years Old 319 335 362 379 398 411 428 445 471
70 Years Old 27.7 290 308 325 346 36.0 375 395 423
Non-Hispanic Black
10 Years Old 155 177 193 209 218 228 239 26.0 275
20 Years Old 36.1 405 431 458 483 504 529 555 589
30 Years Old 412 456 482 509 530 556 583 607 653
40 Years Old 40.7 446 474 495 510 538 56.0 585 63.0
50 Years Old 37.7 416 446 464 480 506 527 556 594
60 Years Old 331 377 405 425 446 469 49.7 527 559
70 Years Old 270 324 353 376 402 424 454 482 507
Hispanic
10 Years Old 147 162 173 184 195 206 218 231 253
20 Years Old 33.6 374 403 424 449 477 495 532 56.6
30 Years Old 38.0 420 449 466 484 511 529 563 603
40 Years Old 372 407 430 446 46.1 477 500 524 56.5
50 Years Old 342 378 399 416 432 444 471 492 529
60 Years Old 30.0 340 367 384 402 421 444 472 50.2
70 Years Old 260 296 322 341 358 386 398 433 461
Non-Hispanic White
10 Years Old 145 161 176 187 197 213 224 246 265
20 Years Old 36.3 39.6 420 441 462 485 50.7 541 589
30 Years Old 415 452 476 492 517 536 561 591 63.0
40 Years Old 39.6 437 462 481 501 518 54.0 565 60.0
50 Years Old 36.7 40.9 435 458 474 489 510 532 568
60 Years Old 343 379 407 43.0 448 461 482 504 538
70 Years Old 312 339 367 387 409 423 445 466 494
Females
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Percentile (kilograms)

Variables
10 20 30 40 50 60 70 80 90
Non-Hispanic Asian
10 Years Old 135 147 155 163 17.0 181 19.0 206 224
20 Years Old 217 238 249 254 268 283 296 311 328
30 Years Old 216 236 249 254 268 280 290 315 333
40 Years Old 219 239 252 263 277 289 301 323 343
50 Years Old 223 242 254 267 279 293 307 320 344
60 Years Old 212 228 238 248 256 273 285 294 318
70 Years Old 170 192 201 211 222 242 251 259 281
Non-Hispanic Black
10 Years Old 158 175 189 198 209 221 230 250 272
20 Years Old 263 287 300 312 329 344 363 385 417
30 Years Old 271 297 311 328 348 361 378 403 428
40 Years Old 259 286 305 325 343 356 370 396 421
50 Years Old 240 269 293 313 329 342 354 376 407
60 Years Old 215 247 271 288 304 317 329 347 380
70 Years Old 183 214 235 250 265 277 293 310 338
Hispanic
10 Years Old 140 151 163 171 179 186 200 216 237
20 Years Old 235 256 271 286 296 308 322 337 359
30 Years Old 242 262 279 292 303 313 323 343 362
40 Years Old 233 254 272 281 291 303 316 336 361
50 Years Old 217 239 258 267 278 291 307 325 351
60 Years Old 196 216 232 246 258 271 286 303 321
70 Years Old 171 185 199 216 229 237 249 267 279
Non-Hispanic White
10 Years Old 143 155 168 178 187 194 204 216 234
20 Years Old 249 272 287 297 309 319 332 346 376
30 Years Old 263 283 297 31.0 320 332 344 359 386
40 Years Old 253 276 291 304 314 326 337 356 385
50 Years Old 239 265 281 292 304 314 326 346 373
60 Years Old 221 246 260 271 282 293 305 321 341
70 Years Old 191 213 225 236 246 257 271 283 296
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Abbreviated Non-Dominant Absolute Handgrip Strength Percentiles by Gender and Ethnicity.

Table 6.

Percentile (kilograms)

Variables
10 20 30 40 50 60 70 80 90
Males
Non-Hispanic Asian
10 Years Old 126 138 158 170 179 19.0 202 220 237
20 Years Old 29.7 324 343 366 385 403 419 445 469
30 Years Old 325 362 376 397 415 432 451 484 513
40 Years Old 338 364 382 398 412 427 447 470 508
50 Years Old 333 352 371 386 398 414 433 447 480
60 Years Old 29.7 321 337 353 369 386 401 421 437
70 Years Old 243 272 287 303 323 338 353 383 397
Non-Hispanic Black
10 Years Old 153 167 183 195 208 219 234 244 266
20 Years Old 336 37.0 404 432 454 477 499 526 56.3
30 Years Old 39.0 419 458 494 513 532 558 587 626
40 Years Old 387 418 447 480 495 515 538 565 60.6
50 Years Old 353 39.2 413 441 458 484 503 530 571
60 Years Old 300 349 371 399 421 450 471 499 535
70 Years Old 245 297 326 354 381 403 430 457 487
Hispanic
10 Years Old 136 151 165 175 186 19.7 208 220 24.6
20 Years Old 325 358 379 402 427 448 471 502 539
30 Years Old 371 401 425 444 461 481 506 535 572
40 Years Old 357 386 409 424 438 457 477 504 542
50 Years Old 323 354 377 393 413 429 447 474 508
60 Years Old 284 317 339 362 387 399 422 449 475
70 Years Old 239 276 295 320 344 352 386 407 430
Non-Hispanic White
10 Years Old 137 152 162 17.7 190 204 214 234 262
20 Years Old 334 369 395 416 438 458 482 512 550
30 Years Old 39.2 424 451 470 490 513 533 555 595
40 Years Old 382 421 447 465 480 499 519 540 577
50 Years Old 355 39.8 426 444 458 474 493 516 550
60 Years Old 328 36.7 393 413 431 446 461 485 517
70 Years Old 294 323 346 368 389 406 419 440 469
Females
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Percentile (kilograms)

Variables
10 20 30 40 50 60 70 80 90
Non-Hispanic Asian
10 Years Old 126 135 144 150 16.0 168 179 190 20.0
20 Years Old 19.7 212 229 239 249 261 278 291 315
30 Years Old 203 217 230 237 250 262 281 293 318
40 Years Old 213 225 238 248 257 271 289 302 322
50 Years Old 210 227 242 254 261 275 289 302 318
60 Years Old 180 21.0 225 236 246 257 266 277 294
70 Years Old 138 175 187 198 216 224 230 237 262
Non-Hispanic Black
10 Years Old 148 161 175 187 196 204 219 233 252
20 Years Old 240 262 279 294 306 320 339 360 385
30 Years Old 248 278 291 306 320 339 354 373 397
40 Years Old 240 269 285 300 316 333 348 367 391
50 Years Old 229 254 273 289 304 317 333 353 377
60 Years Old 211 235 254 270 282 294 309 327 349
70 Years Old 183 207 223 239 252 265 280 292 309
Hispanic
10 Years Old 129 142 153 161 168 178 189 202 219
20 Years Old 218 232 247 262 275 288 297 312 336
30 Years Old 227 243 258 271 281 292 303 319 343
40 Years Old 214 237 255 267 275 286 300 317 341
50 Years Old 199 225 244 256 265 276 29.0 306 330
60 Years Old 183 205 221 233 245 255 266 279 302
70 Years Old 161 175 187 197 211 221 233 241 257
Non-Hispanic White
10 Years Old 128 145 157 164 174 181 187 201 222
20 Years Old 228 247 262 273 286 295 310 323 350
30 Years Old 243 261 276 288 298 309 320 334 364
40 Years Old 236 257 271 283 294 306 317 332 359
50 Years Old 224 248 262 272 284 297 310 325 346
60 Years Old 209 232 245 254 263 275 289 303 320
70 Years Old 180 201 214 223 230 241 253 267 284
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Table 7.

Page 33

Abbreviated Body Mass Index Normalized Dominant Handgrip Strength Percentiles by Gender and Ethnicity.

Percentile
Variables
10 20 30 40 50 60 70 80 90
Males
Non-Hispanic Asian
10 Years Old 079 084 089 094 098 103 113 122 136
20 Years Old 127 150 158 170 176 187 197 210 228
30 Years Old 132 151 165 175 183 193 202 212 229
40 Years Old 136 147 162 170 178 185 195 202 219
50 Years Old 135 144 155 163 171 177 187 194 210
60 Years Old 123 135 142 151 159 168 174 186 1.97
70 Years Old 1.00 115 124 133 142 151 156 169 175
Non-Hispanic Black
10 Years Old 0.83 091 098 1.04 110 117 124 133 142
20 Years Old 126 148 164 178 187 202 217 230 249
30 Years Old 134 153 163 176 188 201 215 231 251
40 Years Old 129 143 153 168 179 188 199 218 233
50 Years Old 118 132 144 159 169 177 187 207 220
60 Years Old 1.03 122 134 146 155 165 177 195 211
70 Years Old 0.88 110 121 130 139 152 165 179 197
Hispanic
10 Years Old 0.68 0.77 084 091 098 104 1.09 116 1.28
20 Years Old 118 136 153 164 175 185 197 211 228
30 Years Old 116 136 150 158 167 178 192 205 221
40 Years Old 118 133 143 150 156 1.67 176 189 2.08
50 Years Old 115 129 136 143 150 159 166 179 198
60 Years Old 1.02 116 125 132 141 148 157 169 184
70 Years Old 0.85 1.00 110 115 124 131 142 152 161
Non-Hispanic White
10 Years Old 0.77 085 093 1.00 106 113 120 130 1.43
20 Years Old 135 152 165 180 193 204 215 227 248
30 Years Old 138 153 166 179 191 200 210 222 245
40 Years Old 126 142 155 166 175 1.85 192 203 224
50 Years Old 115 133 145 155 165 174 182 193 210
60 Years Old 1.07 124 135 145 157 164 173 186 201
70 Years Old 098 114 124 133 145 150 160 174 1.87
Females
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Percentile
Variables
10 20 30 40 50 60 70 80 90
Non-Hispanic Asian
10 Years Old 071 077 084 088 092 099 104 111 1.23
20 Years Old 096 109 116 122 127 131 139 147 160
30 Years Old 0.89 1.00 107 113 119 127 133 143 152
40 Years Old 085 094 103 109 117 125 132 142 151
50 Years Old 083 092 101 107 115 122 129 137 147
60 Years Old 076 0.88 094 099 105 112 118 125 1.33
70 Years Old 061 075 079 085 091 098 105 111 118
Non-Hispanic Black
10 Years Old 071 082 0.89 099 104 110 115 123 135
20 Years Old 088 099 109 118 125 131 137 147 161
30 Years Old 075 086 097 103 108 117 122 133 149
40 Years Old 066 079 0.89 096 103 112 118 129 146
50 Years Old 063 0.76 084 093 102 110 117 126 143
60 Years Old 061 072 079 087 096 102 109 117 1.33
70 Years Old 057 065 072 0.78 0.84 089 095 103 1.20
Hispanic
10 Years Old 065 072 079 085 090 094 099 105 116
20 Years Old 082 094 101 108 115 123 130 140 152
30 Years Old 0.74 085 090 097 103 111 119 130 141
40 Years Old 070 0.80 085 092 097 103 113 123 137
50 Years Old 066 075 081 087 093 098 108 116 1.32
60 Years Old 060 068 073 0.77 084 089 097 105 117
70 Years Old 051 057 0.63 067 074 080 084 091 098
Non-Hispanic White
10 Years Old 073 081 087 093 098 102 106 113 1.22
20 Years Old 084 099 110 119 126 135 142 148 159
30 Years Old 079 095 104 113 120 128 135 142 157
40 Years Old 075 089 099 107 116 123 130 140 153
50 Years Old 072 084 094 101 110 117 125 136 147
60 Years Old 066 076 085 092 100 106 113 124 136
70 Years Old 059 068 074 081 086 091 096 107 119
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Table 8.
Abbreviated Body Mass Index Normalized Non-Dominant Handgrip Strength Percentiles by Gender and
Ethnicity.
Percentile
Variables
10 20 3 40 50 60 70 80 90
Males
Non-Hispanic Asian
10 Years Old 071 078 081 086 091 099 107 113 133
20 Years Old 118 137 149 159 165 173 185 195 212
30 Years Old 120 137 153 164 170 178 188 196 211
40 Years Old 126 138 152 160 165 174 18 189 204
50 Years Old 128 138 147 153 160 168 175 182 196
60 Years Old 117 126 134 141 150 158 164 171 182
70 Years Old 096 103 115 124 135 141 146 153 164
Non-Hispanic Black
10 Years Old 077 086 093 098 105 114 119 129 134
20 Years Old 117 139 153 166 179 190 204 219 236
30 Years Old 125 140 156 169 180 1.89 206 222 238
40 Years Old 122 135 146 158 167 178 194 210 220
50 Years Old 111 126 136 146 155 168 1.82 198 209
60 Years Old 096 113 126 136 146 157 169 185 203
70 Years Old 080 099 116 126 136 143 154 168 192
Hispanic
10 Years Old 063 074 080 086 092 099 105 112 123
20 Years Old 114 128 142 153 165 176 188 201 218
30 Years Old 114 128 139 150 158 170 1.82 194 213
40 Years Old 114 126 134 142 149 159 169 179 200
50 Years Old 110 120 129 136 144 151 160 170 190
60 Years Old 096 106 117 125 134 140 150 159 177
70 Years Old 078 091 102 110 117 124 134 143 156
Non-Hispanic White
10 Years Old 073 081 088 092 099 107 117 125 137
20 Years Old 121 143 156 169 180 193 203 214 234
30 Years Old 126 145 157 170 180 191 199 210 228
40 Years Old 120 136 148 161 170 178 187 196 213
50 Years Old 112 128 139 153 162 169 178 187 203
60 Years Old 102 119 130 143 151 158 169 180 194
70 Years Old 092 108 118 128 135 143 153 167 177
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Percentile
Variables
10 20 30 40 50 60 70 80 90
Females
Non-Hispanic Asian
10 Years Old 068 073 077 082 085 092 097 100 116
20 Years Old 085 094 106 111 118 124 131 140 151
30 Years Old 083 089 100 106 112 118 127 136 147
40 Years Old 081 090 097 104 110 115 124 131 142
50 Years Old 076 088 09 102 108 113 121 127 1.36
60 Years Old 065 079 087 095 099 106 112 119 1.25
70 Years Old 052 064 074 082 08 094 101 107 110
Non-Hispanic Black
10 Years Old 066 078 086 092 099 104 108 114 1.25
20 Years Old 081 094 100 108 115 120 129 138 152
30 Years Old 070 082 090 09 101 106 115 125 140
40 Years Old 063 075 0.83 0.88 09 102 110 122 139
50 Years Old 060 071 079 085 094 102 109 120 1.36
60 Years Old 0.58 0.67 074 082 090 09 102 110 1.23
70 Years Old 052 062 070 076 081 084 091 097 1.08
Hispanic
10 Years Old 0.60 069 074 079 084 083 092 099 111
20 Years Old 076 085 092 098 107 114 120 129 142
30 Years Old 070 078 085 092 099 105 112 119 1.30
40 Years Old 066 074 081 088 094 099 107 114 125
50 Years Old 062 070 076 082 088 093 102 110 121
60 Years Old 056 064 068 074 079 085 093 099 110
70 Years Old 049 055 058 064 069 075 079 084 092
Non-Hispanic White
10 Years Old 0.68 077 081 086 090 095 101 106 1.14
20 Years Old 079 093 102 110 117 123 130 138 146
30 Years Old 075 087 097 105 112 119 126 134 143
40 Years Old 071 082 092 101 108 115 123 132 142
50 Years Old 067 077 087 095 103 110 119 127 139
60 Years Old 061 071 079 086 093 100 108 117 1.27
70 Years Old 054 063 069 075 081 08 092 101 111
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