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Abstract

The present study examined the relationship between handgrip strength (HGS) and pulmonary functions of
healthy children and the aim was to use regression model and hand grip strength as a practical tool to predict
pulmonary functions. The study was designed as cross-sectional and analytical. A total of 755 healthy children
(age= 9.38+0.48) participated in the study voluntarily. Hand grip strength and respiratory function tests were
applied to the children. In statistical analysis, pearson correlation and linear regression model were used. A
significant correlation was found between right and left hand grip strength and FVC, FEV1 and PEF (p<0.05). In
addition, while the left hand grip strength had a significant effect on the lung function parameters FVC, FEV and
PEF (p<0.05), it was found that the right hand grip strength was not a significant predictor of the parameters (p>
0.05). As a result, it was concluded that there are correlations between HGS and functional respiratory
parameters in children, just as in adults and patient groups. In order to analyse the correlations between HGS and
respiratory functions more clearly, it is recommended to examine important factors such as different age, activity
levels and gender together in new studies.
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Saglikl ¢ocuklarda el kavrama kuvveti pulmoner fonksiyonu etkiler mi?

0z

Arastirmada saglhkli ¢ocuklarin el kavrama kuvveti (EKK) ve pulmoner fonksiyonlart arasindaki iliski
arastirdarak regresyon modeli ile el kavrama kuvvetinin pulmoner fonksiyonlari tahmin etmede pratik bir ara¢
olarak kullanilmasi1 amaclandi. Calisma kesitsel ve analitik olarak dizayn edildi. Arastirmaya 755 saglhkl ¢ocuk
(vas= 9.38+0.48) goniillii olarak katildi. Cocuklara el kavrama kuvveti ve solunum fonksiyonlar: testleri
uyguland:. Istatistiksel analizde pearson korelasyonu ve dogrusal regresyon modeli kullanmildi. Sag ve sol el
kavrama kuvveti ile FVC, FEVI ve PEF arasinda anlamli bir iliski bulundu (p<0,05). Ayrica sol el kavrama
kuvveti akciger fonksiyon parametreleri olan FVC, FEV ve PEF iizerinde anlamli bir etkiye sahipken (p <0,05),
sag el kavrama kuvvetinin parametrelerin anlamli bir yordayicisi olmadigi gériildii (p>0,05). Sonug¢ olarak
¢ocuklarda da tipki yetiskin ve hasta gruplarinda oldugu gibi EKK ile fonksiyonel solunum parametreleri
arasindaki iligkilerin bulundugu sonucu ortaya ¢ikmistir. EKK ve solunum fonksiyonlar: arasindaki iliskilerin
daha net analiz edilebilmesi agisindan yapilacak yeni ¢calismalarda farkl yas, aktivite diizeyleri ve cinsiyet gibi
onemli faktorlerin bir arada incelenmesi onerilmektedir.

Anahtar Kelimeler: Cocuk, el kavrama kuvveti, solunum fonkiyon
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INTRODUCTION

Handgrip strength (HGS) is used to assess muscle strength of individuals as well as
potential conditions related to overall health (Mcgrath et al., 2018). It is a functional and
inexpensive method that provides results in a very short time with uncomplicated equipment
in clinical settings (Ruiz et al., 2011; Da Silva et al., 2018; Smith et al., 2018; Porto et al.,
2019). HGS has been associated with milder potential health indicators. However, although
the use of handgrip strength as a tool to monitor progression of disease indices has not
attracted much attention (Mgbemena et al., 2022), after controlling for puberty status, country
of residence, body mass index, and waist circumference, it was reported that handgrip
strength was negatively associated with fasting insulin (Jiménez-Pavon et al., 2012). In an
important study conducted in Europe, it was stated that it is independently associated with
metabolic risk (Artero et al., 2011). In a study conducted with young people in adolescence,
low muscle strength (as measured by grip, knee extension, and elbow flexion) was shown to
be one of the factors for major causes of death in young adulthood (Ortega et al., 2012).
Besides being a general indicator of health for children, grip strength was reported to be
correlated with better spirometric lung function (Smith et al., 2018) in some studies conducted
on adults (Rozek-Piechura et al., 2014; Leong et al., 2015) and healthy children (Bae et al.,
2015).

There are a large number of studies which show that handgrip strength is related to
pulmonary functions and respiratory muscle strength (Rozek-Piechura et al., 2014; Sillanpaa
et al., 2014; Bae et al., 2015; Schweitzer et al., 2017; Smith et al., 2018; Zhu et al., 2020). In
terms of athletes, adaptation of respiratory, circulatory and musculoskeletal systems to
increasing loads is very important for cardiovascular health and exercise capacity (Wilson,

2016). In addition to this, mental exercises are quite important (Cankaya et al., 2020).

Aerobic performance of athletes is usually limited by respiratory muscle fatigue (Romer
& Polkey, 2008). The diaphragm and other muscles that assist breathing become stronger
through inhaling or exhaling against resistance during breathing (llli et al., 2012). This
situation leads to higher inspiratory and expiratory flow rates in both healthy (llli et al., 2012)
and diseased (Sahin et al., 2004) populations. An increasing number of epidemiological
studies have established an association between HGS and a variety of harmful health
outcomes among seniors. Having fewer skeletal muscles as a result of aging also leads to
respiratory muscle mass and strength loss and therefore it is thought that it may lead to
deterioration in lung functions (Son et al., 2018). Many studies have been conducted on the
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relationship between HGS and pulmonary functions. These studies generally focused on the
elderly and patient groups (Shah et al., 2013; Bae et al., 2015; Smith et al., 2018). Despite
this, there is still no consensus on the mechanism of the relationship between HGS and
pulmonary function in healthy children. This comprehensive study is among the first studies

conducted on healthy children.

The present study examines how handgrip strength and pulmonary functions of healthy
children are correlated and it was hypothesized that handgrip strength would be a practical

tool to predict pulmonary functions.

METHOD

Study design and participants

This study was designed as a cross-sectional analytical study. A total of 755 healthy
children aged 9-10 in Gaziantep and Kilis provinces participated in the study (Table 1).
Subjects were excluded by following exclusion criteria: respiratory diseases, obesity, and
chronic diseases. Age, gender, weight and height parameters were obtained by applying a
short survey at the onset of the study, and BMI was calculated. Those with a history of disease
were not included in the study. Before each measurement, the participants were explained the
correct posture and the procedure. Afterwards, handgrip strength and pulmonary function tests
were applied to the participants. Kilis 7 Aralik University Ethics Committee (2023/14)
approved the study.

Handgrip strength

Handgrip strength was assessed by using a handgrip strength dynamometer (Takeli,
Japan) with a precision of 0.1 kg for both the right and left hands. After the participants
performed the test twice, their best result was recorded (Aksoy, 2019).

Pulmonary function

After adequate explanation was given to the participants about how tools are used and
about the method, the participants took the tests in sitting position with a nose clip attached.
Pulmonary function was performed using forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), FEV1/FVC and peak expiratory flow (PEF), measured with an
electronic spirometer (Clement Clarke, Harlow, UK). The researchers carried out all
pulmonary tests in accordance with American Thoracic Society/European Respiratory Society

standards.
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Data analysis

SPSS statistical package program (SPSS 21.0, IBM Chicago, Illinois, USA) was used
for the analysis of data. Mean and standard deviation were used to present data. The
relationship between HGS and pulmonary functions was examined with Pearson correlation
test. Right and left handgrip strength were designed as independent variable, while each of the
respiratory function parameters was designed as dependent variable, and four different
multiple linear regression models were created. The multicollinearity between the
independent variables was examined with variance increase factor (VIF) and tolerance value.

P<0.05 significance level was used in analyses.

FINDINGS
Table 1. Characteristics of the study participants (N= 755)

Variables Mean Sd
Age (years) 9.38 0.48
Height (cm) 132.03 6.68
Weight (kg) 30.78 7.19
BMI (kg/m?) 17.49 2.89
FVC (L) 1.72 0.43
FEV1 (L) 1.50 0.33
FEV1/FVC 0.89 0.16
PEF (L/sec) 170.29 61.28
Right hand grip (kg) 13.34 3.08
Left hand grip (kg) 12.89 2.95

BMI: body mass index; SD: standart deviation, FVC: forced vital capacity, FEV1: forced expiratory volume in
one second, PEF: peak expiratory flow

Table 2. The correlation between HGS and pulmonary function

Variables FVC FEV  FEVI/FVC PEF
‘ 013" 0437 20.007 0.134"
Right hand grip (k
ight hand grip (kg) 0 0.000 0.000 0.853 0.000
et hand gt (k) ‘ 0.158"  0.158" 0.002 0.167"
grip tg 0 0.000 0.000 0.953 0.000
*p<0.05

Right and left handgrip strength and FVC, FEV1 and PEF were found to be
significantly correlated low level (p<0.05). Right and left handgrip strength and FEV1/FVC
were not significantly different (p>0.05).
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Table 3. The effect of HGS on pulmonary function

D\(;pe_ndent Preglictor B Standart B D R R? Isztfpociag;
ariable Variables Error .
Estimate
Constant 1.402 0.075 0.000
FVC (L) Right hand grip 0.006 0.007 0.043 0.377 0.161 0.026 0.42
Left hand grip 0.019 0.007 0.129 0.009
Constant 1.245 0.058 0.000
FEV (L) Right hand grip 0.006 0.005 0.055 0.262 0.163 0.027 0.33
Left hand grip 0.014 0.006 0.120 0.014
Constant 0.893 0.029 0.000
FE\&’) )FVC Right hand grip -0.001 0003 -0015 0759 0011  0.000 0.16
Left hand grip 0.001 0.003 0.013 0.801
Constant 122.481 10.659 0.000
PEF (L/sec) Right hand grip 0.745 0.971 0.038 0.443 0.170 0.029 60.47
Left hand grip 2.937 1.014 0.142 0.004

FVC: forced vital capacity, FEV1: forced expiratory volume in one second, PEF: peak expiratory flow

While left handgrip strength had a significant effect on the lung function parameters
FVC, FEV and PEF (p<0.05), it was found that right handgrip strength was not a significant
predictor of the parameters (p>0.05). According to standardized beta (B) coefficients, it was
found that left handgrip strength explained 2.6% of the variance in the FVC value, 2.7% of
the variance in the FEV value, and 2.9% of the variance in the PEF value. According to the
results, it was found that left handgrip strength explained the variance on the PEF value at the
highest rate (2.9%) and the variance on the FVC value at the lowest rate (2.6%). It can be seen
that both right and left handgrip strength do not affect FEV1/FVC parameter significantly
(Model 3, p>0.05).

DISCUSSION AND CONCLUSION

In this study, which was conducted to predict pulmonary function in healthy children by
using HGS, right and left HGS, FVC, FEV1 and PEF were measured in 755 children (age=
9.38+0.48). As a general result, significant correlations were found between HGS and
functional respiratory parameters in healthy children. Since HGS is among the determinants
of pulmonary functions, a regression model was proposed in the study. As a result of the
regression, it was found that while the left handgrip strength had a significant effect on the
pulmonary function parameters FVC, FEV and PEF (p<0.05), right handgrip strength was not

a significant predictor of the parameters (p>0.05).

While studies evaluating the relationships between HGS and functional respiratory
parameters in patient and healthy adult groups are quite common in the literature, studies
evaluating possible relationships in children are very limited (Bae et al., 2015). When the

findings in our study were evaluated, positive significant correlations were found between
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HGS in both hands and functional respiratory parameters FVC, FEV1 and PEF in children
(p<0.05). In their study Bae et al. (2015) performed HGS, FVC and FEV1 measurements in
240 healthy subjects between the ages of 6 and 17, they found significant correlations
between HGS and functional respiratory parameters. In this context, similar results were
found between this study, which was carried out with a child subject group, and our current
study. However, since sufficient number of studies were not found in the literature review on
the relationship between HGS and functional respiratory parameters, especially in children,

new studies on this subject are important in terms of obtaining more reliable results.

In a great majority of studies in the literature examining the relationships between HGS
and functional respiratory parameters in healthy subject groups, significant relationships were
found similar to our current study (Davies, 1992; Burchfiel et al., 1997; Hornby et al., 2005;
Deary et al., 2006; Rozek-Piechura et al., 2014; Sillanpaa et al., 2014; Schweitzer et al., 2017;
Mgbemena et al., 2019; Zhu et al., 2020). HGS may represent overall skeletal muscle
strength, which indirectly contributes to pulmonary function. The fact that skeletal muscle
strength and diaphragm and other respiratory muscle strength are strongly correlated explains
the physiological mechanism of the present study. The consistent results of our current study
and many similar studies in the literature indicate a significant correlation between HGS and
functional respiratory parameters. However, it is important to carry out studies with different
parameters in order to understand the effects of HGS and lung functions more clearly.

Similar studies conducted were examined and in a study, conducted on individuals by
Smith et al. (2018), handgrip strength was found to be positively correlated with lung volumes
and flows corresponding to 250-300 mL FEV1 per standard deviation in a cohort of healthy
adolescents who were not doing regular physical activity, spirometry was used to determine
grip strength (Smith et al., 2018). A cross-sectional study conducted with elderly women in
Korea on the relationship between handgrip strength and respiratory function and found
handgrip strength to be positively and independently correlated with FVC in a dose-dependent
manner (Son et al., 2018). In an acute medical service, 50 individuals older than 70 years of
age were evaluated to find out the correlation between handgrip strength and respiratory
function. Of the spirometry measurements such as FEV1, FVC, highest expiratory flow and
highest cough flow, only the highest cough flow was associated with handgrip strength, and
the correlation between handgrip strength and respiratory functions was low (Holmes et al.,
2017).
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In different studies conducted on healthy elderly individuals, handgrip strength and
respiratory muscle strength, both of which depend on skeletal muscle tissue, were reported to
be positively correlated (Shin et al., 2017). In a study conducted on individuals with three
different COPD, handgrip strength and lung function were found to have significant
correlations ranging from weak to moderate (r = 0.20-0.47) (Shah et al, 2013; Strandkvist et
al., 2016; Martinez et al., 2017).

It has been reported that various factors such as age, gender, height, weight, body fat
percentage, ethnicity, nutritional status and physical activity levels are important in both HGS
and lung functions (Jung et al., 2010; Kubota & Demura, 2011; Ren et al., 2012; Bhatti et al.,
2014; Koopman et al., 2015). In a large number of studies evaluating gender, which is one of
these factors, it has been found that HGS is significantly higher in men compared to women
(Moy et al., 2015; Ro et al., 2015; Vivas-Diaz et al., 2016; Holmes et al., 2017).

In conclusion, it can be said that there are relations between HGS and functional
respiratory parameters in children, just as in adults and patient groups. Nevertheless, it is
recommended to examine important factors such as different age, activity levels and gender
together in new studies to be able to analyse the relations between HGS and respiratory

functions more clearly.

Study limitations

This study several limitations. First, this study only included subjects belonging to the
Gaziantep and Kilis population. Second, the spirometer could not calculate other pulmonary
parameters.

GENISLETILMIS OZET

GIRIS

El kavrama kuvveti (EKK) viicutta genel kas giiciiniin bir belirteci olarak kabul edilmistir ve
ozellikle kolay uygulanabilirligi bakimindan yayginlik kazanmistir (Ortega ve ark., 2011; Rantanen ve
ark., 2012; Bohannon, 2015). Ayrica EKK’nin kas giiciiniin yani sira genel saglik sonuglarinin da
potansiyel bir gostergesi olabilecegi belirtilmistir (Mcgrath ve ark., 2018). Bu nedenle aragtirmacilar
ozellikle akciger hastaligi, inme ve diyabet gibi cesitli hastaliklar1 bulunan kiigiik 6rneklemli gruplarda
EKK ile fonksiyonel solunum parametreleri arasindaki iliskileri incelemislerdir (Johansson-
Strandkvist ve ark., 2016; Holmes ve ark., 2017; Lee ve ark., 2017; Jeong ve ark., 2017; Cichosz ve
ark., 2018; Kim, 2018). Fakat saglikli ¢ocuklarda bu iliskinin mekanizmasi hala belirsizligini
korumaktadir. Saglikli ¢ocuklar iizerinde bu kapsamli yapilan ilk arastirmalar arasinda yer almaktadir.

Arastirmada saglikli c¢ocuklarin el kavrama kuvveti ve pulmoner fonksiyonlar1 arasindaki iligki
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aragtirilarak el kavrama kuvvetinin pulmoner fonksiyonlar1 tahmin etmede pratik bir ara¢ olabilecegi

hipotezlenmistir.

YONTEM

Calisma kesitsel ve analitik olarak dizayn edilmistir. Arastirmaya 9-10 yas araligindaki
Gaziantep ve Kilis ilinde bulunan saglikli toplam 755 ¢ocuk goniillii olarak katilmistir. Caligmanin
baglangicinda kisa bir anket uygulanarak yas, cinsiyet, kilo ve boy parametreleri elde edilmistir.
Hastalik 6ykiisii bulunanlar arastirma dist birakilmigtir. Tiim katilimcilara dogru durus ve her 6l¢timiin
prosediirii hakkinda tam bir agiklama yapilarak el kavrama kuvveti ve solunum fonksiyon testleri

uygulanmistir. Arastirmamin etik kurul izni Kilis 7 Aralik Universitesi Etik Kurulundan alinmstir
(2023/14).

BULGULAR

Sag ve sol el kavrama kuvveti ile FVC, FEV1 ve PEF arasinda pozitif yonde diisiik diizeyde
anlamli bir iligki bulunmustur (p<0,05). Sag ve sol el kavrama kuvveti ile FEV1/FVC arasinda ise
anlaml farklilik bulunamamistir (p>0,05). Sol el kavrama kuvveti akciger fonksiyon parametreleri
olan FVC, FEV ve PEF iizerinde anlaml bir etkiye sahipken (p<0,05), sag el kavrama kuvvetinin
parametrelerin anlamli bir yordayicist olmadigi gériilmektedir (p>0,05). Standardize edilmis beta (p)
katsayilarima gore, sol el kavrama kuvvetinin FVC degerindeki varyansin %2,6’sin1, FEV degerindeki
varyansin %2,7’sini, PEF degerindeki varyansin %2,9’unu agikladigi belirlenmistir. Bulgulara gore,
sol el kavrama kuvvetinin PEF degeri iizerindeki varyansi en yiiksek oranda (%2,9), FVC degeri

tizerindeki varyansi da en diisiik oranda (%2,6) agikladigi tespit edilmistir.

TARTISMA VE SONUC

Literatiirde hasta ve saglikli yetiskin gruplarda EKK ile fonksiyonel solunum parametreleri
arasindaki iligkilerin degerlendirildigi ¢alismalar olduk¢a yayginken cocuklardaki olasi iliskilerin
degerlendirildigi ¢alismalar oldukga kisithdir (Bae ve ark., 2015). Bae ve arkadaslar1 (2015) yapmus
olduklar1 ¢alismada 6-17 yas arasindaki 240 saglikli denek ile EKK, FVC ve FEV1 olglimleri
gerceklestirmis ve hem erkek hem de kadin gruplarda her iki elde de EKK ile fonksiyonel solunum
parametreleri arasinda anlamli iligki tespit etmislerdir. Bu baglamda cocuk denek grubuyla
gergeklestirilen bu ¢alisma ile mevcut ¢alismamiz arasinda benzer sonuglar ortaya ¢ikmistir. Ancak
literatiirde Ozellikle cocuklarda EKK ile fonksiyonel solunum parametreleri arasindaki iligkilerin
incelendigi calismalarin heniliz yeterli sayida olmamasindan dolayr bu konuda yapilacak yeni

caligmalar daha gilivenilir sonuglar elde edilmesi bakimindan énemlidir.

Literatiirde EKK ile fonksiyonel solunum parametreleri arasindaki iliskilerin saglikli denek
gruplarinda incelendigi birgok ¢alismada mevcut ¢aligmalarimiza benzer olarak anlaml iligkiler tespit
edilmigtir (Davies, 1992; Burchfiel ve ark., 1997; Hornby ve ark., 2005; Deary ve ark., 2006; Sillanp&a
ve ark., 2014; Rozek-Piechura ve ark., 2014; Schweitzer ve ark., 2017; Mgbemena ve ark., 2019; Zhu
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ve ark., 2020). Bu sonucun fizyolojik mekanizmast iskelet kas kuvveti ile diyafram ve diger solunum
kas kuvveti arasindaki giiclii iliski ile agiklanmaktadir. Mevcut ¢alismamiz ve literatiirde bulunan
birgok benzer c¢alismalar sonucu ortaya cikan tutarli sonuglar EKK ile fonksiyonel solunum
parametreleri arasinda anlamli iliskinin varligimi gostermektedir. Ancak EKK ve akciger
fonksiyonlarinin etkilerinin daha net anlagilabilmesi i¢in c¢alismalarin farklt parametrelerde

gergeklestirilmesi 6nemlidir.

Sonug olarak, ¢ocuklarda da tipk: yetigkin ve hasta gruplarinda oldugu gibi EKK ile fonksiyonel
solunum parametreleri arasindaki iligskilerin bulundugu sonucu ortaya c¢ikmistir. Yine de EKK ve
solunum fonksiyonlar1 arasindaki iliskilerin daha net analiz edilebilmesi agisindan yapilacak yeni
calismalarda farkli yas, aktivite diizeyleri ve cinsiyet gibi dnemli faktorlerin bir arada incelenmesi

Onerilmektedir.
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