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Is sleep time associated with handgrip strength in adolescents 
from the 1997/1998 São Luís Birth Cohort?

O tempo de sono está associado à força de preensão manual 
em adolescentes da Coorte de São Luís de 1997/1998? 

Resumo  O objetivo deste artigo é analisar a as-
sociação entre tempo de sono e força de preensão 
manual em adolescentes da Coorte de Nascimen-
tos de São Luís 1997/1998. Estudo transversal 
aninhado a um estudo de coorte de nascimentos. 
Mil duzentos e sessenta e nove indivíduos (18 e 19 
anos) usaram um acelerômetro Actigraph® GTX3 
+ em seu pulso 24 horas/dia por sete dias consecu-
tivos. A força de preensão manual foi medida por 
meio de um dinamômetro digital de mão. Usou-se 
gráficos acíclicos direcionados (DAG) para identi-
ficar variáveis ​​de confusão. A amostra de adoles-
centes foi composta em sua maioria por homens, 
de cor da pele parda, classe econômica C, que não 
trabalhava, não consumiam álcool, não fumavam 
e nunca usaram drogas. O valor médio da força de 
preensão manual foi de 28,2 (±9,3) kgf, e a média 
do tempo de sono foi de seis (±1,0) horas por dia. 
A análise bruta mostrou associação entre tempo 
de sono e força muscular. O aumento de uma hora 
de sono reduziu a força de preensão manual em 
1,95 kgf (IC95%:-2,51;-1,39). No entanto, após o 
ajuste para fatores de confusão, a associação não 
foi mantida (β:-0,07; IC95%:-0,48;0,36). O tem-
po de sono não foi associado à força de preensão 
manual em adolescentes de São Luís.
Palavras-chave Força muscular, Sono, Adoles-
centes

Abstract  This article aims to analyze the associ-
ation between sleep time and handgrip strength in 
adolescents belonging to the 1997/1998 São Luís 
Birth Cohort. This was a cross-sectional study 
nested in a birth cohort study.  One thousand 
two hundred sixty-nine individuals (18 and 19 
years) wore an Actigraph® GTX3+ accelerometer 
on their wrist 24 hr/day for 7 consecutive days. 
Handgrip strength was measured using a digi-
tal hand dynamometer. We used directed acyclic 
graphs (DAG) to identify confounding variables. 
This sample of adolescents was mostly composed 
of men, with brown skin color, economic class C, 
which did not work, did not consume alcohol, did 
not smoke, and never used drugs. The mean value 
of handgrip strength was 28.2 (±9.3) kgf, and the 
mean of sleep time was 6 (±1.0) hours per day. 
The crude analysis showed an association between 
sleep time and muscle strength.  An increase of one 
hour of sleep reduced the handgrip strength by 
1.95 kgf (95%CI:-2.51;-1.39). However, after ad-
justment for confounders, the association was not 
maintained (β:-0.07; 95%CI:-0.48;0.36).   Sleep 
time is not associated with handgrip strength in 
adolescents in São Luís.
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Introduction 

Muscle strength is an essential fitness component 
that enables the execution of various daily activ-
ities and sport participation throughout the life 
span1. Handgrip strength (HGS) is an indicator 
of general health2, which tends to reflect overall 
muscle strength1. This indicator has clinical val-
ue, is associated with muscle mass, nutritional 
status, health/morbidity, and physical function1,2. 
HGS can also predict future outcomes, such as 
reduced functional capacity and mortality2, even 
in  adolescents3.

Several factors can interfere with muscle 
strength, such as age, sex, economic status, smok-
ing, physical activity, and sleep4. Sleep plays a de-
terminant role in the process of growth and de-
velopment. Particularly, adolescents not getting 
enough sleep show changes in the sleep/wake 
cycle, including a delay in the sleep phase5. 

Adverse sleep patterns can affect the func-
tion of trophic factors, such as reduction of 
insulin-like growth factor-1 (IGF-1). IGF-1 is 
thought to mediate the development of muscle 
mass and muscle function6 and promotes the 
synthesis of muscle proteins7. In this sense, there 
may be biological plausibility that sleep affects 
muscle strength.

Studies that analyzed the association between 
sleep and HGS showed that prolonged sleep la-
tency, insomnia8, poor sleep quality, and short 
sleep duration9 were associated with lower HGS 
in adults8 and university students9. 

Researches that studied the relationship be-
tween sleep and muscle strength usually evalu-
ated young adults and used self-reported ques-
tionnaires on sleep quality9 and duration and 
hours of sleep per day4. In Brazil, only Lima et 
al.4 assessed this relationship in young adults 
(average age: 45.5 years) from Florianópolis and 
found no association. However, according to our 
knowledge, the literature on the association be-
tween sleep and handgrip strength in adolescents 
is scarce, especially with sleep assessed using ac-
celerometry. Recently, Al-Rasheed and Ibrahim10 
showed that poor sleep did not affect isometric 
muscle strength of adolescents. However, the 
study involved only 62 adolescents, suggesting 
the need for further studies.

The identification of the relationship be-
tween sleep time and handgrip strength can 
provide useful information on the global health 
of adolescents, enabling health promotion strat-
egies, so that adolescents maintain strength and 
muscle mass across the life span. Thus, this study 

aimed to analyze the association between sleep 
time, measured by accelerometry, and handgrip 
strength in adolescents in São Luís, Northeast of 
Brazil.

Methods

A cross-sectional study nested in a birth cohort 
study was carried out in São Luís, Maranhão 
State. Baseline data were collected in 1997/1998, 
with follow-up in 2005 (7 to 9 years) and 2016 
(18 and 19 years). The current study used data 
referring to individuals in the epidemiological 
research entitled “Determinants throughout the 
life cycle of obesity, precursors to chronic diseas-
es, human capital, and mental health” (Determi-
nantes ao longo do ciclo vital da obesidade, precur-
sores de doenças crônicas, capital humano e saúde 
mental), called the RPS Consortium of the Ri-
beirão Preto, Pelotas, and São Luís birth cohorts.

At the baseline, a systematic stratified sample, 
according to the number of births in each of the 
ten maternity hospitals, was carried out in the 
city of São Luís (March 1997 to February 1998). 
Non-hospital births and those occurring in hos-
pitals with less than 100 births per year were 
excluded. Two thousand five hundred forty-one 
births were considered eligible, and 48 stillbirths 
and 50 twin births were excluded. The final sam-
ple consisted of 2,443 births. More detailed in-
formation on location, population, and sampling 
have been previously published11.

In 2016, from January to December, the third 
phase of the cohort was carried out. All partic-
ipants included in the initial phase of the study 
were sought through telephone contact, enroll-
ment records at schools and universities, as well 
as through military enlistment, the latter only 
for male adolescents. We identified six hundred 
eighty seven adolescents, and they agreed to par-
ticipate in the study11. Because of the difficulty 
in locating participants in the stages after the 
baseline and to expand the size and power of the 
sample, it was decided to include, to be part of 
the birth cohort, non-randomized adolescents 
born in the municipality in 1997. A search for 
adolescents was carried out using the database 
of the Live Birth Information System (SINASC) 
as the first stage, being considered as an inclu-
sion criterion having been born, in a maternity 
hospital located in São Luís – MA in 1997. From 
this list, a random draw was carried out, making 
a total of 4,593 births in 1997. Of these, 1,133 
adolescents were contacted by phone or in per-
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son. Subsequently, 695 volunteers were identified 
through schools, universities and social media. In 
this stage, 1,828 individuals were included, total-
ing 2,515 participants. Data collection was car-
ried out through structured questionnaires using 
a face-to-face interview11. All those involved in 
data collection participated in training conduct-
ed by the research coordinators, including the use 
of accelerometers.

Handgrip strength (dependent variable) 

Handgrip strength was measured using a 
digital hydraulic dynamometer Jamar Plus + (by 
Sammons Preston) adjusted, for each individu-
al, according to the size of the hands. During the 
execution of the test12, the interviewee remained 
seated, with his feet resting on the floor, keeping 
the elbow of the tested arm, in 90-degree flexion, 
forearm in the neutral position, and palm facing 
upwards, exercising as much grasp as possible. 
Two measurements were taken for each arm, with 
1-minute interval between measurements. The 
average strength of the dominant hand was used, 
in kilogram strength (Kgf), since the dominant 
hand is stronger than non-dominant hand13.

Sleep Time (independent variable) 

Sleep measurements were assessed using an 
accelerometer (model GTX3 +, Actigraph®), pre-
viously calibrated. This instrument is valid and 
reliable, providing information on useful mea-
sures of the sleep-wake cycle, by detecting limb 
movements for 24 hours14.

We invited the participants to use the accel-
erometer for seven consecutive days, 24 hours a 
day, on the non-dominant wrist, except during 
bath and water activities.

Data were collected in epochs of 5 seconds 
with a frequency of 60 Hz. We used the ActiLife 
software (version 6.12) to extract the raw data 
from the accelerometer. The data were processed 
in the R statistical package (GGIR package ver-
sion 1.11-0), using the filtering of non-human 
movements, as well as the validation of time of 
use, and a recalibration process for each data. The 
processing also generated data quality graphs for 
each participant. 

Data from 1,363 participants were processed. 
However, we excluded data from those who had 
any error or defect: n = 35, due to a calibration 
error greater than 0.02, patterns not compatible 
with human movement, incomplete 24-hour cy-

cle and for presenting quality problems after vi-
sual inspection of the plots; n = 84, incomplete 
data (less than 4 days).

The Spearman-Brown formula was applied 
to test reliability. The minimum days of the ac-
celerometer used to measure sleep parameters15 
were defined as at least 4 nights, with a value of 
0.52, being the best result of reliability so as not 
to lose a large number of individuals in the sam-
ple. The algorithm proposed by Van Hess et al.16 
was used as a basis to identify sleep parameters by 
automatic detection17. We defined sleep episodes 
as periods of inactivity sustained in the sleep pe-
riod window, and the algorithm detects the bases 
of sleep in changes in the angle related to the hor-
izontal plane (z-axis)17. We used a 5-minute time 
window and a 3-degree wrist angle change to de-
tect sleep parameters. For this study, the variable 
total sleep time in hours was used, which resulted 
from the total number of minutes classified by 
the algorithm as sleep.

	
Complementary variables 

Complementary variables included age (in 
continuous years), sex (male and female), skin 
color (white, black and brown), education (ele-
mentary, middle, technical or vocational, college) 
and socioeconomic class according to the ABEP 
- Brazil Economic Classification 2016:  A, B (B1 
+ B2), C (C1 + C2), D / E, with class A being the 
richest and most educated and classes D / E is 
the poorest and least educated18. Current work 
(yes / no), marital status (no partner - single, di-
vorced, widowed / consensual union - married, 
stable union), current smoking (yes / no) and 
alcohol consumption [low risk: <8 / high risk: 
≥8, using the instrument Alcohol Use Disorder 
Identification Test (AUDIT)]19. Carbohydrate (g 
/ day) and protein (g / day) intake were collected 
using a food frequency questionnaire (FFQ) vali-
dated for the Brazilian population20. We used the 
accelerometer (minutes/day) to assess moderate 
and vigorous physical activity using a validated 
cut-off point21. We used the Self-Administered 
Physical Activity Checklist (SAPAC)22  to assessed 
leisure physical activity (insufficiently active, 
physically active). Illegal drug use was catego-
rized as never used / has used or currently uses. 
The M.I.N.I (Mini International Neuropsychi-
atric Interview - Brazilian version 5.0.0 - DSM 
IV)23 assessed major depressive episodes or de-
pression (yes/no).
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Data analysis

Descriptive analyzes were performed for 
all variables, estimating absolute and relative 
frequencies. To compare the mean handgrip 
strength between groups, we used Student’s t-test 
and ANOVA One-Way. To verify the correlation 
between the outcome and the continuous vari-
ables, Pearson’s correlation was used. The associ-
ations between sleep time and handgrip strength 
were estimated using crude and adjusted linear 
regression models, with an estimate of the re-
gression coefficient and 95% confidence interval 
(95% CI). The Linear Regression model did not 
show an interaction between sleep time and sex 
on muscle strength; therefore, we did not stratify 
the sample by sex. Despite this, there was a differ-
ence in mean muscle strength and sleep between 
genders.

The minimum adjustment set for confound-
ing was identified in a directed acyclic graph 
(DAG), using the DAGitty program (Figure 1)24. 
The interrelationships between variables were 
built on a theoretical basis according to the cur-
rent literature on the subject. The back-door cri-
terion selected the following variables: sex, skin 
color, socioeconomic class, work, protein intake, 

carbohydrate intake, smoking, alcohol consump-
tion, physical activity, drug use.

All statistical analyses were performed using 
the statistical program Stata 13.0 (Stata Corp., 
College Station, USA). 

Ethical aspects

The 1997/98 São Luís birth cohort followed 
the criteria and ethical resolutions of the Nation-
al Health Council and its complementary clauses. 
Everyone who agreed to participate in the stud-
ies signed the Free and Informed Consent Form. 
The Research Ethics Committee of the University 
Hospital of the Federal University of Maranhão 
(Consubstantiated Opinion number 1,302,489 of 
10/29/2015) approved the project. The investiga-
tors declare that they have no conflicts of interest.

Results

Table 1 shows the distribution of the partici-
pants, according to wearing or not an accelerom-
eter. There were differences between the catego-
ries of age (p≤0.001), sex (p = 0.003), education 
(p≤0.001), economic class (p = 0.018), leisure 

Figure 1. Directed Acyclic graph for the association between sleep and handgrip strength.

Source: Authors.
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physical activity (p ≤0.001) and drug use (p = 
0.031). Most participants who used the acceler-
ometer were aged 18, had less education, were 
males, poorer, more physically active, and not 
drug users.

We evaluated 1,269 individuals, and the pro-
portion of men was 50.3%. The mean value of 
handgrip strength was 28.2 (± 9.3) kgf, and the 
mean sleep time was 6 (± 1.0) hours per day. 
There was a higher percentage of brown-skinned 

Table 1. Distribution of the adolescents (n = 2,515), according to wearing or not an accelerometer. São Luís, 
Maranhão, Brazil, 2016-2017.

Variable

Accelerometer

p-valueNo Yes

n % n %

Age <0.001

  18 600 50.0 1142 86.8

  19 600 50.0 173 13.2

Sex 0.003

   Male 533 44.4 663 50.4

   Feminine 667 55.6 652 49.6

Education <0.001

   Fundamental 12 1.0 15 1.1

   Medium 742 61.9 941 71.6

   Technical or vocational course 63 5.2 68 5.2

   College 382 31.9 290 22.1

Skin Color 0.099

   White 252 21.1 243 18.6

   Black 208 17.5 208 15.9

   Brown 732 61.4 857 65.5

Economic Class <0.018

    A/B 336 31.4 324 28.1

    C 545 50.8 571 49.5

    D/E 191 17.8 259 22.4

Marital Status 0.234

    No companion 1.150 95.8 1.272 96.7

    Consensual union 50 4.2 43 3.3

Currently working 0.232

   No 1152 96.0 1274 96.9

   Yes 48 4.0 41 3.1

Physical Activity in Leisure <0.001

  Insufficiently active 781 65.1 751 57.1

  Physically active 419 34.9 564 42.9

Alcohol consumption 0.456

   No 687 57.7 772 59.2

   Yes 503 42.3 532 40.8

Smoking 0.232

   No 1152 96.0 1274 96.9

   Yes 48 4.0 41 3.1

Major depressive episode 0.373

   No 274 83.0 838 85.1

   Yes 56 17.0 147 14.9

Use of drugs 0.031

   Never used 856 72.3 989 76.1

   Have used or currently use 328 27.7 311 23.9
Source: Authors.
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individuals (65.3%) belonging to socioeconomic 
class C (49.6%), who did not work (84.1%) did 
not consume alcohol (59.1%), did not smoke 
(96,9%) or have used or are currently using 
drugs (76.4%). The mean daily carbohydrate 
consumption was 482.9 (± 262.5) grams, and 
the average daily protein intake was 106.9 (± 
62.4) grams. The mean time of physical activity 
(moderate and vigorous) was 31.2 minutes/day. 
Women, those belonging to the socioeconomic 
class D/E, those who did not work, those who 
did not smoke, and those who have not used or 
are using drugs had lower mean values of hand-
grip strength. There was a positive correlation 
between handgrip strength and carbohydrate 
intake, protein intake, and physical activity. The 

handgrip strength showed a negative correlation 
with total sleep time (Table 2).

The results of the crude analysis showed an 
association between sleep time and handgrip 
strength (Table 3). The increase of one hour 
of sleep reduced handgrip strength by 1.89 kgf 
(95% CI: - 2.45; -1.32). However, after adjusting, 
the association was not maintained (β: -0.07; 
95% CI: - 0.50; 0.35).

Discussion 

This study is the first population-based Brazilian 
survey, carried out with a sample of adolescents, 
to analyze the association between sleep time and 

Table 2. Characterization of the sample and mean values (standard deviation) of handgrip strength according to 
demographic and socioeconomic characteristics. São Luís, Maranhão, Brazil, 2016-2017.

n %
Handgrip strength 

Mean(SD)
p-value

Sex (n=1,269) <0.001*

    Male 638 50.3 35.0(7.6)

    Feminine 631 49.7 21.2(4.7)

Skin Color (n=1,262) 0.491**

    White 236 18.7 27.8(9.1)

    Black 202 16.0 28.9(9.1)

    Brown 824 65.3 28.1(9.5)

Economic Class (n=1,111) 0.009**

    A/B 309 27.8 28.4(9.0)

    C 551 49.6 28.5(9.2)

    D/E 251 22.6 26.6(9.4)

Currently working (n=1,269) 0.014*

   No 1,069 84.1 27.9(9.3)

   Yes 202 15.9 29.7(9.7)

Alcohol consumption (n=1,258) 0.287*

   No 744 59.1 28.0(9.3)

   Yes 514 40.9 28.4(9.0)

Smoking (n=1,269) 0.017*

   No 1,229 96.9 28.1(9.3)

   Yes 40 3.1 32.0(9.5)

Use of drugs (n=1,254) <0.001*

   Never used 957 76.4 27.7(9.3)

   Have used or currently use 297 23.6 29.8(9.2)

n Mean(±SD) r (r2) p-value

Carbohydrate intake (g / day) 1,269 482.9±262.5 0.12(1.4) <0.001***

Protein intake (g / day) 1,244 106.9±62.4 0.13(1.7) <0.001***

Physical activity (minutes per day) 1,268 31.2±26.1 0.20(4.0) <0.001***

Total sleep time (hours) 1,269 6.0±1.0 -0.20(4.0) <0.001***
*Student’s t-test; **ANOVA One-Way; *** Pearson’s correlation.

Source: Authors.
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handgrip strength. The association did not re-
main statistically significant after adjustment for 
confounding.

The non-association between sleep time and 
handgrip strength values in adolescents, found 
in the present study, is consistent with data from 
adolescents from Saudi Arabia10, and other stud-
ies carried out with young4,7,9 and older adults8. 
Al-Rasheed e Ibrahim10 evaluated 63 adolescents 
(convenience sample), aged 12 to 15 years, and 
reported that there was no difference in handgrip 
strength parameters, between groups of adoles-
cents with poor and regular sleep, analyzed by the 
Pittsburgh sleep quality index10.       

According to the search in databases, the 
study by Al-Rasheed e Ibrahim10 is the only one 
that evaluated this relationship in adolescents. 
However, unlike the present study, the authors 
assessed poor sleep quality using a questionnaire. 
Also, an important point to be highlighted is the 
difference in the age of the participants in the two 
studies, which can have implications in the sexu-
al maturation stages. It is well-known that sexu-
al maturation interferes with body composition 
and that this has repercussions on both muscle 
strength 25 and sleep duration26. 

In studies with other age groups, the results 
were conflicting. Lima et al.4, in a survey with 
705 adults (25 to 65 years), showed no associa-
tion between sleep duration (questionnaire) and 
the handgrip strength4. The study by Chen et al.9, 
conducted with 10,125 university students (16 
to 30 years old) from the city of Dalian (China), 
showed an association between poor sleep qual-
ity and lower muscle strength in both sexes, and 
between short sleep duration and reduced hand-
grip strength in men.

Another study carried out in China with 
19,434 adults7 found an association between 
self-reported excessive daytime sleepiness ac-
companied by snoring or apnea and lower hand-
grip strength, regardless of confounding factors. 
Also, in China, Auyeung et al.8 performed a study 

with 1,274 individuals (65 years or older), and 
the results showed that prolonged sleep latency, 
as well as insomnia, were associated with lower 
handgrip strength.

It is important to note that, unlike our study,  
Chen et al.9, Cao et al.7, and Auyeung et al.8 inves-
tigated different sleep parameters (duration, in-
somnia, latency, poor sleep quality, excessive day-
time sleepiness, etc.) using questionnaires, which 
can limit the comparison between studies. Like-
wise, the studies7-9 used different instruments to 
assess muscle strength. Thus, the divergent results 
may be due to sampling differences, adjustment 
characteristics, and age groups analyzed.

The present study, however, has limitations. 
One of the limitations refers to the use of self-re-
ported information of confounding variables, 
which may incur the interviewee’s misinterpreta-
tion and omission of legitimate responses, result-
ing in information bias. The second limitation 
was losses related to participants who used an 
accelerometer, which may lead to selection bias. 
Those losses may lead to selection bias since it is 
the adolescents in better health who may have at-
tended to assess the muscle strength, which may 
underestimate the handgrip strength values. An-
other limitation is in relation to the use of illicit 
drugs, which may have measurement bias. Ado-
lescents may be embarrassed to answer this ques-
tion, and thus underestimate the consumption 
of these drugs. The questionnaire on the subject 
was self-administered to alleviate the problem.

A relevant aspect to highlight is the differ-
ence between sleep duration measured by accel-
erometry and other sleep outcomes evaluated 
in different studies. Sleep duration based on ac-
celerometry may be briefly defined as a total of 
minutes without a movement in the wrist for a 
determined period. This definition and others 
used in studies with accelerometry are based only 
on a lack of body movement. Although the lack 
of body movement is a marked feature of non-
sleep, it is not the only one14,16. In long-term sleep 

Table 3. Crude and adjusted* analysis of the association between sleep time and handgrip strength in adolescents. 
São Luís, Maranhão, Brazil, 2016-2017.

Variable
Crude analysis Adjusted analysis*

β (95%CI) p β (95%CI) p 

Sleep time (hours) -1,95(-2,51;-1,39) ≤0,001 -0,07(-0,48;0,36) 0,760
*sex, skin color, socioeconomic class, work, protein consumption, carbohydrate consumption, smoking, alcohol consumption, 

physical activity, drug use. β = regression coefficient.

Source: Authors.
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monitoring and population studies, accelerom-
etry seems to be better than polysomnography 
(PSG), an expensive method that requires a labo-
ratory setting16. Still, the accelerometry is limited 
to the results of sleep architecture, not allowing 
the analysis of subjective aspects of sleep, such as 
sleep quality or satisfaction with sleep14,27. Based 
on these questions highlighted, our finding re-
garding no association between muscle strength 
and sleep duration should be interpreted with 
caution. This lack of association may be right 
for our type of measure, but sleep ascertained 
with subjective measures may be associated with 
handgrip strength. Studies exploring other sleep 
aspects remain necessary.

The strengths of our study include the evalu-
ation of handgrip strength, using and instrument 

and procedures adopted in studies involving dif-
ferent populations, including adolescents. An-
other strength was the construction of a concep-
tual, theoretical model to identify confounding 
factors with the implementation of the Directed 
Acyclic Diagram (DAG).

It is important to note that the study cannot 
have the results extrapolated to the population 
because the sample was not probabilistic.

Conclusion

In the present study, there was no statistically 
significant association between sleep time and 
handgrip strength in a sample of adolescents of 
São Luis, Northeast of Brazil.
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