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Grip strength reference values for Canadians aged 6 to 79:
Canadian Health Measures Survey, 2007 to 2013

by Suzy L. Wong

Abstract

Background: Grip strength is a measure of overall muscular strength and has been associated with disability, morbidity and mortality. Normative data are
used to interpret an individual’s grip strength measurements, but Canadian reference values are not available for a wide age range.

Data and methods: The data pertain to 11,108 respondents aged 6 to 79 to the 2007-t0-2013 Canadian Health Measures Survey, whose right-hand and
left-hand grip strength were measured with a handgrip dynamometer. Quantile regression was used to develop reference equations for males and females for
maximum, right-hand and left-hand grip strength for selected percentiles as a function of age, height and weight.

Results: Reference values for grip strength increased through childhood and adolescence, peaked around age 40, and then declined. Reference values were
higher for males than for females; differences between the sexes were smaller during childhood than in adolescence and adulthood. Differences between
reference values for maximum, right-hand and left-hand grip strength varied by age and sex.

Interpretation: Based on a large, healthy, nationally representative sample, reference equations were developed for grip strength of Canadians from childhood
to older adulthood. These equations can be used to determine the reference values that correspond to an individual of a given age, sex, height and weight.

Keywords: Dynamometer, handgrip strength, muscular strength, normative data, norms, reference equations

rip strength is a simple, fast and reliable measure of the

maximum voluntary force of the hand.'? Itis used to assess
hand injuries® and is an indicator of overall muscular strength,
nutritional status, muscle mass and walking performance.!
Grip strength is also a marker of hypertension and type
2 diabetes® and a predictor of all-cause, cardiovascular and
non-cardiovascular mortality, heart attack, stroke,* disability,
and surgical complications.’

Based on normative data, the grip strength of an individual
can be assessed relative to a reference population. Grip strength
norms, or reference values, have been established to evaluate
hand injuries, set treatment goals, evaluate surgical outcomes,
and assess a patient’s ability to return to employment.® Such
norms are presented separately for each hand— left and right, or
dominant and non-dominant. More recently, as interest in grip
strength has extended beyond the evaluation of hand function
to overall muscular strength, nutritional status and disability,'*
norms have been presented as the maximum grip strength meas-
ured from either hand.!

Grip strength norms are stratified by age and sex; height and
weight may also be taken into account to provide more refined
norms.! Generally, the reference population is healthy, although
norms have been published for specific populations, such as
older adults with chronic conditions.’

Numerous studies have provided grip strength norms, but
some studies were based on samples that were small and/or not
nationally representative.' In addition, most studies focussed on
adults, particularly older adults; relatively few examined child-
hood, adolescence and early adulthood.!

National variations in grip strength suggest that norms
developed for one country are not applicable to other countries.?
In Canada, the grip strength of people aged 15 to 69
has been interpreted using the Canadian Physical Activity,
Fitness and Lifestyle Approach (CPAFLA) musculoskeletal
fitness norms, which categorize total grip strength values into
five Health Benefit Ratings ranging from “Excellent” to “Needs
Improvement.” ® However, the methods and reference popula-
tion used to derive the CPAFLA norms are not documented.
Further, the use of total grip strength (sum of right- and left-
hand grip strength) is inconsistent with other norms and does not
allow comparisons with previous studies.

The purpose of this analysis was to use data from the 2007-
to-2013 Canadian Health Measures Survey to develop reference
equations for maximum, right-hand and left-hand grip strength
for Canadians aged 6 to79, based on a healthy, nationally repre-
sentative population. These equations can be used to determine
reference values against which to assess an individual’s grip
strength.

Data and methods

Canadian Health Measures Survey

Data are from the first three cycles of the Canadian Health
Measures Survey (CHMS), an ongoing survey conducted by
Statistics Canada in partnership with the Public Health Agency
of Canada and Health Canada. The CHMS provides comprehen-
sive direct health measures at the national level for the household
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population. It involves an in-person
household interview and a subsequent
visit to a mobile examination centre
(MEC). The household interview gathers
general demographic and socioeconomic
data and detailed health, nutrition and
lifestyle information. At the MEC,
direct physical measurements are taken,
including grip strength, height and
weight. Ethics approval for the CHMS
was obtained from Health Canada’s
Research Ethics Board.

Cycle 1 collected information from
respondents aged 6 to 79 from March
2007 through February 2009. Cycles 2
and 3 collected information from
respondents aged 3 to 79 from August
2009 through November 2011, and from
January 2012 through December 2013,
respectively. For the three cycles com-
bined, 16,606 respondents completed the
MEC component. After adjustments for
the sampling strategy, the final response
rate for 6- to 79-year-olds was 52.9%.
Details about the survey are available at
www.statcan.gc.ca/chms.

Grip strength measurement

Grip strength was measured using
handgrip dynamometry. Respondents
were not eligible for testing if they
were younger than 6, or had an acute or
chronic condition that would likely make
grip strength measurement unsafe or the
results unreliable or unrepresentative of
their usual grip strength.

Grip strength was measured to the
nearest kilogram (kg) twice on each
hand (alternating) using a Smedley III
handgrip dynamometer (Takei Scientific
Instruments, Japan). The testing pro-
cedure was based on the Canadian
Physical Activity Fitness and Lifestyle
Approach (CPAFLA), Third Edition®
Respondents stood with feet slightly
apart and the dynamometer held in line
with the forearm away from the body at
the level of the thigh. They were asked
to squeeze the dynamometer as hard
as possible, exhaling while squeezing.
The highest values attained by each hand
were considered the right-hand and left-
hand grip strength scores. Maximum grip
strength was the highest value attained

from either hand, which is less likely than
the mean to be affected by the number of
trials.’

Other measures

Age was self-reported age at the MEC
visit. Height was measured to the nearest
0.01 cm using a ProScale M 150 digital
stadiometer (Accurate Technology Inc.,
Fletcher, USA). Weight was measured
to the nearest 0.01 kg using a Mettler
Toldedo VLC with a Panther Plus ter-
minal scale (Mettler Toledo Canada,
Mississauga, Canada). Body mass index
(BMI) was calculated as kg/m?.

Statistical analysis

Initially, 16,572 respondents were
eligible for grip strength testing.
Respondents were excluded from

the statistical analysis if they were
80 years old at the time of the MEC visit
(n = 2); their grip strength results were
outliers based on visual inspection of
scatterplots (n = 8); or test results were
not obtained for both hands (n = 135).
According to previous studies*”!° and
preliminary analyses, people with some
chronic conditions have significantly
lower grip strength compared with their
healthy peers. Therefore, respondents
were excluded if they had asthma, fibro-
myalgia, arthritis, high blood pressure
(or took medication for high blood
pressure in the past month), chronic bron-
chitis, emphysema, chronic obstructive
pulmonary disease, type 2 diabetes or
heart disease; ever had a heart attack; had
cancer or ever had cancer; suffered from
the effects of a stroke; usually walked
with difficulty and mechanical support;
or were unable to grasp and handle small
objects (n = 5,319). This left a final
sample of 11,108 (5,438 male; 5,670
female).

All analyses were based on weighted
data using the CHMS sample weights for
combining cycles 1, 2 and 3.!! Descriptive
statistics were calculated with SAS
version 9.3 and SUDAAN version 11.
Standard errors, coefficients of variation
and 95% confidence intervals were cal-
culated with the bootstrap technique.'>"
The number of degrees of freedom was

specified as 35 to account for the CHMS
sample design.!!

Quantile regression was used to derive
reference equations for the 5%, 109,
25m 501, 75h 90" and 95" percentiles
of maximum, right-hand and left-hand
grip strength for males and females aged
6 to 79. Quantile regression enables esti-
mation of the conditional median and
other percentiles, rather than the con-
ditional mean,"* and produces similar
estimates to the LMS method when used
to develop growth charts.!> An advantage
of quantile regression is that it does not
rely on distributional assumptions, such
as normality, and is, therefore, robust
to outliers and skewness.”* Polynomial
regression models using different com-
binations of integer powers of age,
height and weight were evaluated using
Wald tests, the sum of squared residuals,
graphical representation of fitted values,
and comparison of fitted and observed
percentile values.

Based on the results of these pre-
liminary analyses, grip strength was
modeled as a function of age, age?
height, height? and weight for males, and
as a function of age, age’?, height’ and
weight for females. Quantile regression
was conducted using the QUANTREG
procedure in SAS version 9.3 with the
method of confidence interval estimation
specified as resampling with 500 repeats.

To examine model fit, graphs were
created using three sets of values of
the 50" percentile of maximum grip
strength at each age. One set of values
employed an extension to the World
Health Organization (WHO) Growth
Charts Adapted for Canada'® to deter-
mine median height and weight by age
and sex for 6- to 19-year-olds; for 20- to
79-year-olds, median height and weight
were assumed to stay constant. These
height and weight values were used in
the reference equations to obtain values
of grip strength (WHO-fitted values).
Another set of values was obtained
by calculating the median height and
weight, by age and sex, of the study
population and using them in the refer-
ence equations to obtain grip strength
values (CHMS-fitted values). The last
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set of values was obtained by calculating
the median maximum grip strength of
the study population (observed values).
The three sets of values were then plotted
by age.

To compare maximum, right-hand
and left-hand grip strength, values for
the 50% percentile were fitted using the
WHO growth charts'® values for median
height and weight by age and sex for
6- to 19-year-olds; median height and
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weight were assumed to stay constant
for people aged 20 to 79. Values for
maximum, right-hand and left-hand grip
strength were plotted by age.

If precision is not required and
ease of use is important, a table of
reference values may be preferred over
calculating person-specific values based
on reference equations. Therefore,
5t 10M, 25%, 50h, 75h 90", and 95"
percentile reference values for maximum

2007 to 2013 * Research Article

grip strength were calculated using the
WHO growth charts'® values for median
height and weight by age and sex for
6- to 19-year-olds, and median height
and weight were assumed to stay con-
stant for 20- to 79-year-olds. Reference
values were calculated for each year for
those aged 6 to 19, and for five-year age
groups for those aged 20 to 79.

To compare reference values from
this study with those from other coun-

Table 1
Mean and standard deviation of maximum grip strength in kilograms (kg), by sex and age group, healthy household population
aged 6 to 79, Canada excluding territories, 2007 to 2013 (combined)

Total Males Females
95% 95% 95%

confidence confidence confidence
Mean  _interval  giangard Mean _inteval  gtandard Mean _interval  giangard
Age group (years) (kg) from to deviation (kg)  from to deviation (kg) from to deviation
Total 6 to 79 345 339 35.0 13.2 42.8 421 435 13.0 26.2** 258 26.5 6.6
61011 13.6 13.3 140 2.9 141 13.6 145 2.9 13.2* 128 137 2.8
12t019 31.2 305 31.8 8.0 36.7 356 37.7 8.4 25.6 ** 25.0 26.1 4.1
201039 38.7 379 395 14.8 48.5 47.7 493 10.3 28.4* 27.8 29.1 6.0
40 t0 59 37.7 36.9 385 14.6 475 46.3 48.6 9.9 28.2** 276 28.8 6.5
60 to 79 32.3 31.4 332 10.2 41.2 401 423 7.2 24.2** 23.7 247 44

* significantly different from males (p < 0.01)
** significantly different from males (p < 0.001)
Source: 2007 to 2013 Canadian Health Measures Survey (combined).

Table 2
Reference equation coefficients for selected percentiles for maximum, right-hand and left-hand grip strength for ages 6 to 79,
by sex, based on a healthy household population, Canada excluding territories, 2007 to 2013 combined

Sex and Grip strength

g? ;cr?: tile Maximum Right hand Left hand

strength |ntercept Age Age? Height Height? Weight Intercept Age Age? Height Height? Weight Intercept Age  Age? Height Height? Weight
Males

5 53.709 1.123 -0.013 -0.921 0.004 0.076 44638 1.089 -0.013 -0.806 0.003 0.075 44688 1.007 -0.012 -0.782 0.003 0.071
100 50.786 1.098 -0.013 -0.887 0.004 0.078 45134 1.041 -0.012 -0.818 0.004 0.069 46.105 1.040 -0.012 -0.817 0.003 0.075
25 53.209 1.061 -0.012 -0.936 0.004 0.091 47149 0992 -0.012 -0.858 0.004 0.091 46.588 0.979 -0.011 -0.842 0.004 0.083
50" 50.164 1.076 -0.013 -0.915 0.004 0.100 50.441 1.049 -0.012 -0.924 0.004 0.106 46.955 1.025 -0.012 -0.862 0.004 0.106
75" 40.693 1.058 -0.013 -0.798 0.004 0.139 40.838 1.030 -0.012 -0.802 0.004 0.140 43.449 1.061 -0.013 -0.829 0.004 0.121
9qt 35.128 1.092 -0.013 -0.727 0.004 0.170 40.950 1.127 -0.013 -0.815 0.004 0.150 46.441 1.074 -0.013 -0.881 0.004 0.149
95" 35.881 1.083 -0.013 -0.754 0.004 0.172 43928 1.040 -0.012 -0.871 0.004 0.155 34.059 1.037 -0.012 -0.723 0.004 0.159
Females

50 -8.951 0.478 -0.006 0.001 0.038 -9.393 0.448 -0.006 0.001 0.030 -8.717 0.437 -0.006 0.001  0.022
100 -9.142 0.443 -0.006 0.001 0.046 -9.474 0.447 -0.006 0.001 0.042 -8.305 0.475 -0.006 0.001  0.031
25 -8.657 0.435 -0.005 0.001 0.060 -9.348 0.420 -0.005 0.001 0.053 -8.633 0.435 -0.005 0.001  0.051
50" -9.214 0.453 -0.006 0.001 0.069 -9.589 0.453 -0.006 0.001 0.065 -8.257 0.455 -0.006 0.001 0.063
750 -8.697 0.483 -0.006 0.001 0.088 -8.449 0.485 -0.006 0.001 0.093 -8.187 0.455 -0.006 0.001 0.083
90" -8.083 0.499 -0.006 0.001 0.118 -8.051 0.508 -0.006 0.001 0.110 -8.428 0.507 -0.006 0.001 0.100
95 -7.352 0.555 -0.007 0.001 0.128 -7.430 0.556 -0.007 0.001 0.126 -7.496 0.555 -0.007 0.001 0.113

... not applicable

Notes: Age in years, height in centimetres (cm), and weight in kilograms (kg). For example, the 50th percentile maximum grip strength reference value for a 45-year-old man, 180 cm tall who weighs
90 kg, maximum grip strength = 50.164 + (1.076 * (45)) + ( -0.013* (45*45)) + (-0.915 * (180)) + (0.004 (180*180)) + (0.100* (90))

Source: 2007 to 2013 Canadian Health Measures Survey (combined).
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tries, values for the 50" percentile for
maximum grip strength were fitted using
the WHO growth charts'® as described
above. Although reference values for
other countries were available from a
large number of studies, only four were
selected for comparison,'”* based on
sample size, a wide age range, represent-
ativeness, measurement of grip strength
in kilograms or pounds, and date of publi-
cation. Multiple studies were not selected
from the same country. For studies pre-
senting reference values by right and left
hand, the right-hand values were selected
for comparison. For studies presenting
reference values by age group, the age in
the middle of the range was selected as
the data point. Values were then plotted
by age.

Results

The mean age of the study population
was 35.1 years (95% CI: 34.6 to 35.6)

Table 3

Figure 1

Median grip strength (in kilograms) for observed and fitted population, by age, sex
and source of fitted data, Canadian reference equations for the healthy population

aged 6 to 79
Maximum grip strength (kg)
60
50
40
30 P J'!,...lhgﬁ’*qwo.‘oicm,.~
c""".k‘r"' v ~ * ‘*?."'.‘;“:‘z-‘.\;"‘f ’.‘:.n’*t.-.-
20 . oL
0
0 10 20 30 40 50 60 70 80 90
Age (years)
—e— Fitted WHO (males) Fitted CHMS (males) —e— Observed CHMS (males)
---+-- Fitted WHO (females) Fitted CHMS (females) --e-- Observed CHMS (females)

Notes: Fitted World Health Organization (WHO) = based on reference equations fit with median height and weight from World Health

Organization Growth Charts Adapted for Canada'®

Fitted Canadian Health Measures Survey (CHMS) = based on reference equations fit with median height and weight from a healthy

household population aged 6 to 79, Canada excluding territories, 2007 to 2013
Observed CHMS = healthy household population aged 6 to 79, Canada excluding territories, 2007 to 2013
Source: 2007 to 2013 Canadian Health Measures Survey (combined).

Reference values for selected percentiles for maximum grip strength (in kilograms), by sex and age, based on reference

equations for Canadians aged 6 to 79

Maximum grip strength

Males Females
Percentile Percentile
Age (years) 5t 10t 25" 50 75" 9t 95t 5t 10t 25" 50 75" 9ot g5t
6 5.3 5.9 7.0 8.0 9.0 10.1 10.7 4.2 47 5.9 6.9 8.4 9.7 10.6
7 6.2 7.0 8.3 9.6 11.0 124 13.1 5.7 6.3 7.6 8.8 104 1.8 12.7
8 7.4 8.3 9.7 11.3 13.0 14.7 15.6 7.3 79 9.3 10.7 12.4 13.9 14.9
9 8.9 9.9 1.5 134 15.5 174 18.4 8.7 9.5 10.9 125 14.3 16.0 17.0
10 10.3 1.5 13.3 15.4 17.7 198 21.0 10.4 1.2 12.8 14.6 16.5 18.3 19.3
11 12.3 13.6 15.6 18.1 208 232 246 124 13.3 15.0 1741 19.1 21.0 221
12 144 15.9 182 210 24.1 26.7 284 14.2 15.3 17.2 19.5 21.7 238 249
13 17.3 189 216 249 284 313 333 15.9 17.0 19.0 215 24.0 262 274
14 205 223 255 2941 33.1 36.3 386 17.3 18.5 20.6 23.3 25.8 282 294
15 236 256 291 33.2 374 410 435 18.2 194 21.6 244 27.0 294 307
16 26.1 28.2 321 36.4 40.9 447 47.4 18.7 20.0 22.2 25.0 27.7 30.2 31.6
17 278 300 339 384 43.1 47.0 498 19.0 20.3 225 25.3 28.0 30,6 320
18 29.1 313 353 399 447 487 516 19.3 20.6 22.8 25.6 28.4 309 323
19 303 325 366 412 46.1 50.2 532 19.6 20.8 23.0 25.9 28.7 313 327
20to 24 320 342 382 429 477 519 5438 20.2 215 23.7 26.6 29.4 320 335
251029 343 365 405 452 499 542 571 211 22.3 24.6 275 30.3 329 346
3010 34 359 382 421 46.9 515 558 587 21.7 22.9 25.2 28.1 31.0 336 353
351039 369 392 432 479 525 568 597 22.0 23.2 25.5 28.4 31.3 340 357
40 to 44 372 397 436 484 529 572  60.0 219 23.2 25.6 28.5 314 340 358
451049 369 394 434 4841 526 569 597 21.6 23.0 254 28.3 31.1 337 355
50 to 54 359 385 425 473 517 560 588 21.0 225 25.0 27.8 30.5 33.1 34.9
55t0 59 342 370 4141 45.9 50.1 544 572 20.0 21.7 24.2 27.0 29.7 322 339
60 to 64 318 349 390 438 480 521 55.0 18.7 20.6 233 25.9 28.5 31.0 326
65 to 69 28.8 321 36.3 4141 452 492 521 17.2 19.2 22.0 24.6 27.1 295 309
70t0 74 25.1 286 330 377 418 457 486 15.3 17.6 20.5 23.0 25.3 277 289
751079 207 245 294 33.7 378 415 444 13.1 15.7 18.7 21.1 23.3 255 266

Note: Reference equations fit with median height and weight from World Health Organization Growth Charts Adapted for Canada.'®
Source: 2007 to 2013 Canadian Health Measures Survey (reference equations).
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for males and 36.0 years (95% CI: 35.5
to 36.6) for females. Mean BMI was
25.7 (95% CI: 25.4 to 26.0) for males
and 26.0 (95% CI: 25.5 to 26.5) for
females. Males’ maximum grip strength
significantly exceeded that of females:
42.8 versus 26.2 kg (Table 1).

Coefficients for the reference equa-
tions for the 5th, 10th, 25th, 50th, 75th,
90th, and 95th percentiles of maximum,
right-hand and left-hand grip strength
are shown in Table 2. Reference values
based on these equations are presented
by age in Table 3. A comparison of
reference values based on fitted values
using the WHO growth charts,'® and the
CHMS study population with observed
median values of maximum grip strength
is shown in Figure 1.

Grip strength increased from child-
hood through adolescence, peaked in the
35-to-45 age range for men and in the
30-to-50 age range for women, and then
decreased. Differences in grip strength
between males and females were smaller
during childhood than in adolescence
and adulthood.

Fitted values for the 50" percentile
were compared for maximum, right-hand
and left-hand grip strength (Figure 2).
Among women, the right hand tended to
be stronger; among men, this tendency
was less pronounced. Among children,
right- and left-hand grip strength were
similar.

WHO-fitted values for the 50" per-
centile of maximum grip strength were
compared with the results for four other
countries'”? (Figure 3). Norms for
males in the United States’” and Great
Britain'® increased from childhood to
peak around age 30, and then decreased.
The CHMS norms increased more
steeply through adolescence, but there-
after, rose less sharply and peaked
around age 40. The CHMS norms were
among the lowest for 20- to 30-year-olds,
but among the highest for people aged
40 or older. Trends for females were
generally similar, except the CHMS
norms did not increase more sharply
through adolescence than did norms
from other studies.'”?

2007 to 2013 » Research Article

Figure 2
Maximum, right-hand and left-hand grip strength (in kilograms), by age and sex,
based on reference 50th percentile equations for Canadians aged 6 to 79

Grip strength (kg)
60
o __
40 == T IR~
s TS
30 A S
! e D L e e S e T T T i
20 oo ==
/f'
10 el
0
0 10 20 30 40 50 60 70 80 90
Age (years)
— — max (males) right (males) - - = left (males)
—— max (females) right (females)  ==--- left (females)

Note: Reference equations were fit with median height and weight values from World Health Organization Growth Charts Adapted
for Canada.’®

max = maximum grip strength

right = right-hand grip strength

left = left-hand grip strength

Source: 2007 to 2013 Canadian Health Measures Survey (reference equations).

Figure 3

Mean/Median grip strength reference values (in kilograms) for selected countries,
by age and sex, selected years, 2007 to 2015

Grip strength (kg)
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Sources: Canada (2007 to 2013 Canadian Health Measures Survey); Great Britain'®; United States'; Australia'®; Brazil.?
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Discussion

With data from the 2007-t0-2013 CHMS,
grip strength reference equations were
developed for Canadians aged 6 to 79.
These equations can be used to compare
an individual’s measured grip strength
with the predicted 5%, 10%, 25, 50, 754,
90™ and 95" percentiles of grip strength
for healthy individuals of the same age,
sex, height and weight. Unlike previous
reference values, these equations range
from childhood to older adulthood and
were based on a large, healthy, nationally
representative sample.

Patterns of grip strength norms through
the life course for males and females were
consistent with others studies.>!”'s Males
were stronger than females, although dif-
ferences were smaller during childhood
than in adolescence and adulthood.

The relationship with age was curvi-
linear. Grip strength increased from
childhood through adolescence, peaked
in mid-adulthood, and then declined.
The age at which grip strength peaked
varied among studies. The CHMS norms
for men were highest at ages 40 to 44,
which is within the range of 20 to 49
reported by Massey-Westropp et al.,”
and slightly older than the ages of 30,
30 to 39%° and 29 to 39 reported else-
where. For women, the CHMS norms
were highest at ages 30 to 49, which
is similar to studies reporting peaks
between ages 30 to 39'%% and ages 26 to
42" but slightly older than the 25-to-30
age range reported by others.'

WHO-fitted values and CHMS-fitted
values were close to observed median
values of maximum grip strength. The
values were most similar for children,
and generally more similar for females
than for males. Observed values varied
more from one age to the next for
males than for females. For male ado-
lescents, the WHO-fitted values were
slightly lower than the CHMS-fitted
and observed values. This suggests that
the median height and weight of the
healthy adolescents in this study slightly
exceeded the median height and weight
of the WHO growth charts.!® For men,
the WHO-fitted values were somewhat

lower than observed values from ages
20 to 40 and somewhat higher than
observed values from ages 40 to 60.
The WHO-fitted values were also a little
higher than the CHMS-fitted values for
those aged 70 or older. These differences
may be partly due to the use of a fixed
value for height and weight throughout
adulthood for the WHO-fitted values,
and suggest that median height and
weight varied by age for the adults in this
study. However, overall, the reference
equations fit the observed grip strength
measurements relatively well.

Results of the comparison between
norms for maximum, right-hand and left-
hand grip strength were consistent with
earlier research.”! For the vast majority
of right-hand-dominant people, the right
hand tends to be stronger than the left.
By contrast, for a substantial percentage
of left-hand-dominant people, the right
hand is stronger.?! The difference in
strength between hands tends to be
greater for those who are right-handed.
Men are also slightly more likely than
women to be left-handed.? Thus, it
would be expected that maximum grip
strength norms more closely resemble
those for the right hand than the left,
particularly among women.

While it may be more accurate to
present norms by both side and hand
dominance, because approximately
90% of people are right-handed,*
sample sizes have tended to be insuffi-
cient to do s0.!%**?¢ Therefore, norms
have been published for the right hand
and the left hand, or for dominant and
non-dominant hand, but not for side
and dominance together. Hand domin-
ance was not determined in the CHMS,
so norms are presented by side. If a
specific hand is of interest, such as
assessing the outcome of hand surgery,
separate norms for each hand may be
helpful. However, in most cases, use of
maximum grip strength norms avoids the
inaccuracy associated with norms pre-
sented by side or hand dominance.

When the 50" percentile reference
equation was fitted with data from the
WHO growth charts,'® the values were

What is already known
on this subject?

m  Grip strength is a measure of overall
muscular strength and has been
associated with disability, morbidity
and mortality.

= Normative data are used to
interpret an individual’s grip strength
measurements, but reference values
for a wide age range of the Canadian
population are not available.

What does this study
add?

m Based on alarge sample of nationally
representative data, reference
equations for grip strength were
developed for Canadians from
childhood to older adulthood.

m These equations can be used to
determine the reference values for
a person of a given age, sex, height
and weight.

within the range of other norms.'*

Differences may be partly attributable
to the norms being based on data from
the United States,'”” Great Britain,'®
Australia,’ and Brazil?® Previous
research’ has also noted differences
in norms between countries, which
supports the notion that norms should be
country-specific.

Differences among norms may also
reflect the composition of study samples.
The present study excluded respondents
who had chronic or other conditions that
would affect grip strength. By contrast,
Peterson and Krishnan'” and Dodds
et al.'”® did not exclude respondents
to obtain a healthy sample. Massy-
Westropp et al.”” and Schlussel et al.?
excluded respondents with conditions
such as hand pain and osteoarthritis, but
the exclusion criteria were not as strict as
those applied in this study. The higher
prevalence of chronic conditions such as
heart disease, type 2 diabetes and chronic
obstructive pulmonary disease at older



ages may explain why the WHO-fitted
values for the CHMS were higher than
for the other norms at age 40 or older.

Another difference is the manner
in which the norms were derived.
Peterson and Krishnan'” and Dodds
et al."® modelled grip strength as a func-
tion of age, whereas Massy-Westropp
et al.'” and Schlussel et al.?® calculated
mean grip strength from the sample
population. The CHMS reference equa-
tions were a function of age, height and
weight. Median height and weight values
from the WHO growth charts'® were used
to fit values that could be graphed for
comparison with other norms. Thus, the
resulting values do not represent the 50
percentile of the entire Canadian popu-
lation, but rather, the 50" percentile of
a healthy Canadian population with the
median height and weight from the WHO
growth charts.'® Median grip strength
values of the entire Canadian popula-
tion would vary to the extent that height
and weight differ from these values, and
from the inclusion of people with chronic
and other conditions that influence grip
strength.
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