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Abstract

Handgrip strength, a component of physical fitness tests and a bi-
omarker of future health, is typically measured annually. How-
ever, no studies have looked at the consistency of these measure-
ments over time. We investigated the reliability of handgrip
strength measurements among university students who take the
test annually. Our data included 3649 students (2769 males and
880 females) who were tested annually over their four years in
university. Results showed a significant difference in absolute er-
rors across the three test-retest intervals (p < 0.001). Specifically,
the 1-year longitudinal reproducibility was significantly better
than the reproducibility at 2-years and 3-years. There were no dif-
ferences in longitudinal reproducibility between the 2-year and 3-
year time points (p = 0.490). The minimal difference values at the
1-year, 2-year, and 3-year time points were 7.70, 8.33, and 8.35
kg, respectively. When comparing the percentage of coefficient
variation (%CV) values, the reliability was better in males than in
females (p = 0.025). The difference in the %CV between sexes
was 0.27 (95% CI: 0.03 - 0.52) %. When examining the results
using absolute error, the results were reversed, with females hav-
ing lower absolute error values than males (p < 0.001). The relia-
bility values were better for the digital handgrip device as com-
pared to the analog device (p < 0.001). These findings can help
evaluate the consistency of handgrip strength measurements
made annually. When measured annually in young adults, a
change of at least approximately 20% (calculated using %MD in
both sexes) in the measured values is necessary to indicate a
change confidently.

Key words: Absolute reliability, biomarker, grip strength, repro-
ducibility.

Introduction

Handgrip strength is a component of physical fitness tests
and a biomarker for future health in children and adoles-
cents (Abe et al., 2023a; O’Keeffe et al., 2020; Ortega et
al., 2025), typically assessed annually in elementary and/or
middle schools in Japan and other countries. It is also used
to diagnose sarcopenia and frailty in middle-aged and older
adults (Chen et al., 2020; Cruz-Jentoft et al., 2019) and may
be measured regularly (i.e., annually or monthly). How-
ever, an individual’s handgrip strength can vary daily (i.e.,
biological variability), and the extent of these changes may
differ based on specific moderating factors such as age,
sex, test-retest interval, dynamometer type, and physical
activity. Therefore, measurement error should be consid-

ered when comparing the measured handgrip strength val-
ues with the evaluation or diagnostic criteria.

The reliability of handgrip strength measurements
includes both absolute and relative reliability. Absolute re-
liability, assessed by the standard error of measurement
(SEM) and minimal difference (MD), refers to the con-
sistency of individual scores when measured repeatedly.
Conversely, relative reliability, indicated by the intraclass
correlation coefficient (ICC), examines how individuals
maintain their relative positions within a group over re-
peated measurements (Weir, 2005). Absolute reliability is
often preferred and more useful; it is remarkably functional
when comparing handgrip strength values against standard
values, taking into account measurement error.

We recently conducted a systematic review with
meta-analysis on the absolute test-retest reliability of hand-
grip strength measurements (Abe et al., 2025). The find-
ings from this systematic review demonstrated considera-
ble variation among studies reporting MD and the percent-
age of MD to measured value (%MD) across each age
group. Neither age, test-retest interval nor handgrip device
served as significant moderators of MD and %MD reliabil-
ity. However, most studies have focused on test-retest in-
tervals of less than two weeks; therefore, longer intervals
(such as one year) should be considered. Since health-re-
lated physical fitness tests targeting healthy individuals are
conducted annually, test-retest reliability results need to
account for the impacts of a one-year interval or longer.
Therefore, this study examined the absolute reliability of
test-retest handgrip strength measurements when univer-
sity students repeated the test annually.

Methods

Study design and participant

Juntendo University has been conducting physical fitness
tests (J-Fit Plus Study), including handgrip strength, as part
of its university curriculum. The School of Physical Edu-
cation (later the School of Sports and Health Science) has
compiled the test results into a database since 1973. This
study involved a secondary data analysis using the J-Fit
Plus Study database and was approved by the University's
Institutional Review Board (#HSS-2025-74). The univer-
sity began as a medical and physical education school,
serving only male students until 1991, when it began
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accepting female students. Privacy measures were main-
tained throughout the university, and all data were anony-
mized prior to analysis. We utilized a database of 10,633
individuals who participated in the measurements upon
university enrollment. Of these students, 4,029 participated
in four measurements each year until their fourth year. Ad-
ditionally, 380 students did not comply with valid anthro-
pometry and/or handgrip strength data. Finally, the data in-
cluded 3649 students, comprising 2769 males and 880 fe-
males (Table 1). The data utilized in this study included a
history of sports activities during school days. All students
who participated in the measurement were asked to list the
sports and cultural clubs they had participated in each year
at the time of the measurement. No students in the final
sample changed their sport affiliation during the period.
Students who participated in all cultural clubs or had no
activities were classified as the non-sports group. For sta-
tistical analysis, each sports event and the non-sporting
group were treated as an item.

Assessment of handgrip strength and anthropometry
In the J-Fit Plus Study, a calibrated Smedley hand dyna-
mometer (Takei Kiki, Niigata, Japan) was used to measure
the handgrip strength of the left and right hands. Initially,
the hand dynamometer was analog, but it was later replaced
with a digital type (Takei Grip-D) in 1996. Before testing,
the grip span (the distance between the dynamometer grip
bars) was adjusted to the hand size of the students (the in-
dex fingers formed a right angle). All students were in-
structed to follow standard protocol and maintain an up-
right standing position with their arms down by their sides,
holding the dynamometer without squeezing. The students
were then asked to squeeze the handle of the dynamometer
as hard as possible. The measurement was completed twice
for each side, with about a 1-minute break in between (al-
ternating sides; the right side was tested first). The highest
values from both the right and left sides were averaged for
data analysis.

Standing height was measured barefoot using a sta-
diometer (YG-200, Yagami, Nagoya, Japan). Body mass
was measured with minimal clothing (i.e., shorts) using a
digital scale (WB-150, Tanita, Tokyo, Japan), and body
mass index (BMI) was calculated as body mass divided by
height squared (in kg/m?).

Statistical analysis

To assess reliability, we calculated three statistics, which
included the absolute error, MD, and the percent coeffi-
cient of variation (%CV). The absolute error and %CV val-
ues were calculated at the individual level to allow for com-
puting inferential statistics. The absolute error was calcu-
lated as the absolute value of the difference score between
the two handgrip tests. The %CV was calculated as the
standard deviation of all 4 handgrip test values divided by
the mean. This was then multiplied by 100 to display as a
percentage. A one-way repeated measures ANOVA was
computed to determine how the absolute errors changed as
the test-retest duration increased. We elected to use the ab-
solute errors as they were all performed by the same indi-
viduals, and therefore, did not need to account for differ-
ences in absolute strength. We also reported the minimal
difference values at the group level, which were calculated
as 1.96 x the standard deviation of the change score be-
tween the two tests. To assess the influence of sex and
handgrip device on reliability, an independent t-test was
computed on the %CV values and absolute errors. To as-
sess the influence of sports involvement, a one-way
ANOVA was computed on the %CV values and absolute
errors across sports. To assess whether there was any sys-
tematic bias between the two handgrip devices, independ-
ent t-tests were computed on the mean handgrip strength
values between devices.

Results

Descriptive statistics are expressed as mean (standard de-
viation), and inferential statistics are expressed as mean
[95% confidence interval (CI)].

Descriptive statistics

A total of 3,649 individuals (2,769 males and 880 females)
completed the study. Means for age, height, and body mass
were as follows: 18.1 (0.5) years, 170.4 (8.2) cm, 63.8 (9.5)
kg at the time of the first measurement (Table 1). A total of
2,671 individuals completed the handgrip test using the
digital handgrip device, and 978 individuals used the ana-
log device. The most common sports participated in were
soccer (n = 442), long-distance track and field events (n =
293), volleyball (n =251), and baseball (n =211) in males.
For females, the most common sports were basketball (n =
124), volleyball (n = 110), and soccer (n = 98).

Table 1. Anthropometric measurements at baseline and handgrip strength over
four years in male and female students. Data are means (SD).

Variables Males Females Overall
N 2769 880 3649
Age (year) 18.1 (0.4) 18.1 (0.5) 18.1 (0.5)
Height (cm) 173.4 (6.5) 161.0 (5.6) 170.4 (8.2)
Body mass (kg) 66.4 (8.9) 55.9 (6.2) 63.8 (9.5)
Body mass index
(ke/m2) 22.1(24) 21.5(1.9) 21.9(2.3)
Handgrip strength (kg)t
First year 46.4 (6.7) 30.0 (4.4) 42.4 (9.4)
Second year 46.7 (6.8) 30.2 (4.4) 42.7 (9.5)
Third year 47.1 (6.9) 30.0 (4.5) 43.0 (9.8)
Fourth year 47.3 (7.0 29.7 (4.5) 43.0(9.9)

+tHandgrip strength is the mean of both hands.
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Table 2. Moderators of handgrip strength reproducibility. Longitudinal Stability (T1, baseline; T2, second year;

T3, third year; T4, fourth year).

Absolute Error (kg) %CV MD (kg)
T1vs T2 3.00 (95% CI: 2.92 — 3.09)* 5.0 (95% CI: 4.9, 5.2)* 7.7
1-year interval T2 vs T3 3.09 (95% CI: 3.01 - 3.09)* 5.1 (95% CI: 5.0, 5.3)* 8.1
T3 vs T4 3.04 (95% CI: 2.96 - 3.13)* 5.1 (95% CI: 4.9, 5.2)* 7.9
2-year interval T1vs T3 3.25 (95% CI: 3.16 — 3.34) 5.4 (95% CI: 5.3, 5.6) 8.3
T2 vs T4 3.21 (95% CI: 3.12 - 3.30) 54 (95% CI: 5.2,5.5) 8.3
3-year interval T1vs T4 3.29 (95% CI: 3.20 — 3.38) 5.5(095%CI:54,5.7) 8.3
Sex Male 3.5(95% CI: 3.4, 3.5)* 6.0 (95% CI: 5.9 - 6.1)* 8.9
Female 23(95%CI:2.2,2.4) 6.3 (95% CI: 6.1 — 6.5) 5.9
Handgrip device Digital 2.9 (95% CI: 2.9, 3.0)* 5.9 (95% CI: 5.8 — 6.0)* 7.8
Analog 3.8 (95% CI: 3.7, 4.0) 6.5 (95% CI: 6.3 - 6.7) 9.3

* indicates statistical significance; CV, coefficient of variation; MD, minimal difference.

Test-retest interval

There was a significant difference between absolute errors
spanning the three test-retest intervals (p < 0.001) (Table
2). Specifically, the 1-year longitudinal reproducibility was
significantly better than the reproducibility at 2-years and
3-years. There were no differences between the longitudi-
nal reproducibility at the 2-year and 3-year time points (p
= 0.490). The MD values at the 1-year, 2-year, and 3-year
time points were 7.70, 8.83, and 8.85 kg, respectively. Re-
sults were not different when assessing reproducibility as
the absolute error or %CV.

Difference between males and females

When comparing the %CV values, the reliability was better
in males than in females (p = 0.025). The difference in the
%CYV between sexes was 0.27 (95% CI: 0.03 - 0.52) %.
When examining the results using absolute error, the re-
sults were reversed, with females having lower absolute er-
ror values than males (p < 0.001) (Table 2).

Handgrip device

The reliability values were better for the digital handgrip
device as compared to the analog device (p <0.001) (Table
2). The difference in the %CV between devices was 0.57
(95% CI: 0.34 - 0.80) %. The results were not different
when examining reliability using the %CV or absolute er-
TOr.

Sport participation
There was no evidence for an influence of sports participa-
tion on the reliability of handgrip strength (p = 0.140).

Discussion

This study examined the absolute longitudinal reproduci-
bility of handgrip strength measurements involving 3,649
male and female university students who repeated the tests
four times at annual intervals. We used absolute error,
%CV, and minimal difference (MD) as indicators of abso-
lute reliability and obtained the following results: 1) longi-
tudinal reproducibility in the first year was significantly
better than the reproducibility in the second and third years,
2) females had lower absolute error values than males,
while %CV was reversed, 3) the reproducibility values
were better for the digital handgrip device compared to the
analog device, and 4) there was no impact of sports partic-
ipation on handgrip strength reliability.

Impact of test-retest interval

Considering that health-related physical fitness tests are of-
ten administered annually to healthy individuals in schools
and public places, corresponding reliability studies may be
necessary. However, as mentioned earlier, most studies on
the test-retest reliability of handgrip strength measure-
ments have reported relatively short-term results, with the
test interval being less than two weeks (Abe et al., 2025).
The findings of this study indicated that the long-term ab-
solute reliability of handgrip strength measurements was
better in the first year than in the second and third years.
For instance, the MD in the first year was 7.7 kg, which
corresponds to approximately 18% of the measured value
when calculating the percentage of MD (%MD). The MD
in the second and third years was 8.3 kg, resulting in a
%MD of approximately 20%. In contrast to the yearly reli-
ability results from this study, short-term reliability con-
ducted in relatively short intervals (mainly within two
weeks) reported, on average, 4.0 kg and 11.6% in the MD
and %MD for young adults (Abe et al., 2025). Those re-
sults suggest that the reliability of handgrip strength meas-
urements may decrease as the test-retest interval increases.
There has been one study to date comparing test-retest re-
liability between short and long (one year) intervals (Abe
et al., 2018), which observed that MD and %MD values

were higher at a 1-year interval (6.4 kg and 21.1%) than at
a 24-hour interval (3.97 kg and 10.1%), even though the
tests were performed on different participants. On the other
hand, there is variability in the MD and/or %MD among
studies for young adults (Abe et al., 2025), with some stud-
ies indicating values comparable to those in the present
study (Biasini et al., 2023; Maurya et al., 2023; Savva et
al., 2013). Noteworthy about the participants in this study
is that the data involved university students with a back-
ground in sports. Details of training and nutrition for each
sport were not recorded; however, some study participants
competed at national and/or international levels. Handgrip
strength in adults has been reported to be less affected by
physical activity and sports, including resistance training
(Abe et al., 2023b; Labott et al., 2019). Furthermore, the
effect of nutritional intake on handgrip strength is restricted
(Hanach et al., 2019; Nunes et al., 2022). Taking these fac-
tors into consideration, the long-term reliability results of
handgrip strength measurements obtained in this study are
considered to be values that may serve as a reference for
measurements conducted on an annual basis.
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Difference between males and females

We found that reliability results differed between males
and females, depending on whether the ratings were rela-
tive or absolute. This difference mainly results from varia-
tions in handgrip strength values by sex. Our results
showed that males had approximately 55% greater hand-
grip strength than females (Table 1). Previous studies have
reported similar findings in normative young adults of both
sexes (Abe et al., 2016; Ramirez-Velez et al., 2021). If the
percentage of absolute reliability measures is the same for
males and females, males with stronger handgrip strength
will show lower absolute stability values. This was evident
in the results, which indicated that absolute errors were
larger in males than in females. However, what remains
puzzling is that the relative values of the absolute reliability
(%CV) differ between sexes, with females showing higher
values than males. This difference is likely the result of
lower handgrip values present in females (Table 2). In this
study, we did not measure any direct variables to explain
why the relative value of absolute reliability was higher in
females.

Impact of device types

Our results indicated that the digital dynamometer is more
reliable than the analog one. In the J-Fit Plus study, the dy-
namometer switched from analog to digital in 1996. Con-
sequently, data from the analog device were collected be-
fore 1996, while data from the digital device were collected
afterward. The study's data do not include students who
had their handgrip strength measured with both types of
dynamometers. Analog devices used before 1996 differ in
materials and shape from current digital devices (Yoshi-
mura and Hayashi, 2016). In a previous systematic review
(Abe et al., 2025), however, we noted that the device did
not impact the overall longitudinal reproducibility of hand-
grip strength measurements, despite the differences in
shape and material between the Jamer and Takei models.
Therefore, the reasons for the differences observed in
measurement reliability between analog and digital devices
remain unclear. One possible explanation is that the analog
display presents results in 1 kg increments, whereas the
digital display shows results in 0.1 kg increments. Cur-
rently, analog devices are made of the same materials and
have the same shape as digital devices.

Sports participation

We expected that athletes would have a better ability to
consistently exert maximal strength, which might be re-
flected in the long-term reliability of handgrip strength
measurements. However, the expected results were not ob-
served in this study. Thus, no evidence was found to sug-
gest that sports experience has better longitudinal stability
in handgrip strength measurements.

Conclusion

Since handgrip strength tests are typically performed annu-
ally, this study assessed the longitudinal stability of hand-
grip strength measurements in university students. Our
findings revealed differences in long-term reliability in
terms of retest interval, sex, and device, but sports experi-
ence did not impact reliability. In particular, reliability (as

assessed by absolute error, %CV, and MD) was better in
the first year than in the second and third years. Females
had lower absolute errors and slightly higher %CV than
males. Modern digital devices have better reliability com-
pared with analog devices. These results may help evaluate
handgrip strength measurements when performed on an an-
nual basis.
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Key points

e Absolute reliability, assessed by the standard error of
measurement and minimal difference, indicates the con-
sistency of individual scores across multiple measure-
ments.

e Most previous studies have focused on test-retest intervals
of less than two weeks; therefore, longer intervals, such as
one year, should be considered.

e We evaluated the absolute reliability of handgrip strength
measurements in university students who repeated the test
annually.

e Qur results can help assess handgrip strength measure-
ments conducted annually.
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