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ABSTRACT

Introduction: Isometric Hand Grip (IHG) strength measurement
is extensively used in many areas of medicine and sport science
as a functional test of overall strength. By testing the IHG
strength, maximum isometric strength of the hand and forearm
muscles can be estimated. Weak hand grip strength is a key
component of sarcopenia and is associated with subsequent
disability and mortality.

Aim: To evaluate the role of handedness, gender, ethnicity,
Body Mass Index (BMI) on hand grip strength and to examine
the acute effect of grip strength test on blood pressure in young
adults.

Materials and Methods: This cross-sectional study was done
between November 2018-November 2019 on normal healthy
participants (n=83; average age 20.24+0.21 years) representing
various ethnicities. Participants’ demographic data was collected
and their IHG strength was determined in both dominant and non
dominant hand. Blood pressure was recorded before and after
the IHG strength test. A correlation analysis was performed to

INTRODUCTION

Isometric Hand Grip (IHG) strength measurement is extensively used
in many areas of medicine and sport science as a functional test of
overall strength [1]. Grip strength is also used as an indicator of general
health [2], nutritional status [3], and has been recently suggested as
a risk-stratifying method for all-cause death [4-7]. Widespread use of
the IHG strength results from its practical utility and feasibility, such
as availability and high reliability of the measurements [8]. Moreover,
evaluating IHG strength using a hand-held dynamometer is non
invasive, inexpensive, and simple to implement [9,10].

Exercise, in which contraction chiefly causes a change in the tension
of the muscle with slight change in the length, is considered as
isometric or static. This phenomenon is seen during lifting or pushing
heavy weights and contracting muscles against fixed objects, in
contrast to isotonic or dynamic exercises in which contraction of the
skeletal muscle causes a change in the length of muscle, such as
during running, swimming, etc. By testing the IHG strength, maximum
isometric strength of the hand and forearm muscles can be estimated.
Weak hand grip strength is a key component of sarcopenia and is
associated with subsequent disability and mortality [11]. Hand grip
strength has been found to be associated with several factors such
as demographics, body construct, socioeconomic variables and
physical and psychosocial variables [12]. A study has also investigated
whether hand length and individual training status affect hand grip
strength [13]. The influence of the dynamometer’s handle position on
grip strength has been evaluated in school children [14]. In addition,
whether there is a difference in grip strength between the preferred
and non preferred hand in developing children has also been studied
[15]. The reference values for IHG strength between 35-70 years
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determine the association between resting blood pressure/BMI
with IHG strength.

Results: A total of 83 subjects of different ethnicities and both
male and female genders were included in the study. The IHG
strength was not influenced by handedness in both the sexes.
Amongst males, IHG strength was found to be slightly higher in
the Arab population as compared to South-asian and Emirati.
A lower IHG strength was observed in females compared to
males in every ethnicity studied. Moderate positive correlation
was found between IHG strength with BMI (dominant hand IHG
strength vs BMI: r=0.34; p-value <0.001, non dominant hand
IHG strength vs BMI: r=0.35; p-value <0.001) and with Systolic
Blood Pressure (SBP) (r=0.55; p-value <0.0001) (SBP). Both the
SBP and Diastolic Blood Pressures (DBP) were observed to be
reduced after IHG strength test.

Conclusion: Handedness did not influence IHG strength, but,
ethnicity mildly and gender significantly influenced it. Blood
pressure was reduced by IHG test. The IHG strength was
positively correlated with BMI and SBP.

Keywords: Body mass index, Ethnicity, Handedness, Muscle

of age in Middle Eastern population was reported [7]. However, a
comprehensive evaluation of various factors determining IHG strength
in different ethnic groups has not been well documented. Additionally,
there are no reported reference values for this population outside 35-
70 years of range. This has to be read along with the recent report,
which suggest an immediate need for region-specific cut points for
hand grip strength in developing regions [16].

The IHG training is reported to reduce blood pressure in hypertensive
patients [17,18]. Hence, the American Heart Association had
classified IHG training as a potential therapy for these patients.
Nonetheless, they recommend further research to prove the efficacy
of such clinical implementations (Level of Evidence C) [19]. Studies
which analysed the acute effects of isometric exercise observed
increased [20,21], maintained [22], or decreased [23] blood pressure
after exercise. These observed discrepancies could be attributed to
variations in exercise protocols (which used different volumes and
intensities) followed in these studies. Hence, a better understanding
of cardiovascular response to a single short IHG session is relevant
even in normotensive individuals as it will be helpful to understand
its acute effects. The current study was designed to evaluate the
role of handedness, gender, and ethnicity in influencing the IHG
strength in young adults. Additionally, relationship of IHG strength
with BMI and blood pressure and the immediate effect of IHG
strength test on blood pressure was evaluated.

MATERIALS AND METHODS

This cross sectional study was performed among the ‘University’
student population at Ras Al Khaimah Medical and Health Sciences
University from November 2018-November 2019. Eighty-three, normal
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healthy participants (Average age 20.24+0.21 years) representing
various ethnicities were recruited after obtaining their written informed
consent. All procedures used in the study were approved by the
Institutional Research and Ethics Committee (REC-065-2018-UG-M
dated 22.11.2018). All participants enrolled into the study voluntarily
agreed to take part in the study and signed an informed consent
form before any study procedure in compliance with the Declaration
of Helsinki.

Inclusion criteria: South Asian, Emiratis, and Arabs ethnicity students
of both male and female genders, were included in the study.

Exclusion criteria: People with any history of injury of the upper
limbs, fatigue, motor neuron diseases, use of drugs that affect the
Central Nervous System (CNS), hand pain and/or arthritis were
excluded from the study.

Sample size calculation: The calculated sample size for one-way
analysis of variance test was determined to be 30 per ethnic group.
Convenience sampling was followed in the present study.

Study Procedure

Each participant was invited to the physiology laboratory for the hand
grip strength test after obtaining theirinformed consent. The participant
was seated comfortably and requested to fill a form regarding his/
her demographic details, dominant hand, general physical activity,
details of hypertension (if any)/hypertensive family members, and any
upper limb injury. After taking the participant’s consent, his/her height,
weight and basal blood pressure were recorded. Participants BMI was
calculated and they were categorised according to the International
Classification of adult BMI values- normal (BMI-18.5-24.9), overweight
(BMI- 25.0-29.9), and obesity (BMI-30.0 and above). The participant
was then asked to sit and relax to prepare for the IHG strength test.
Each volunteer was given a brief explanation of the procedure of IHG
test following which the test was conducted.

A hand dynamometer (SS25LA, BIOPAC Systems, CA, USA)
connected to a desktop installed with Biopac Student Lab Software
(BIOPAC Systems, version 4.0; CA, USA) was used for performing
the IHG strength test. During the procedure, each participant was
instructed to hold the dynamometer in the dominant hand with the
arm at a right angle and the elbow by the side of the body. For
proper grip, participants were asked to place the palm across the
shorter bar and wrap fingers to center the force. They were then
asked to squeeze the dynamometer with maximum isometric effort,
which was maintained for about three seconds. Three consecutive
recordings were done with an interval of three seconds between
each test. They were also told to avoid any other body movement
during the test. The best clench force generated was recorded
and saved for further analysis. The test was first performed on
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the dominant hand, immediately after this; blood pressure of the
participant was recorded using a digital blood pressure monitor
(Omron, Kyoto, Japan). Hand grip test was then repeated on the
other hand and blood pressure was determined again.

STATISTICAL ANALYSIS

Descriptive statistics of the various outcome measures were
represented as Mean+SD. To determine the mean difference on
grip strength among various groups, one-way or/and repeated
measures of ANOVA and Tukey’s tests were used. Pearson’s
correlation coefficient test was used to measure the strength of
association of hand grip with BMI/blood pressure. GraphPad Prism
software (version 5.0) was used to analyse the data.

RESULTS

The mean age, height, weight and BMI of the participants (all ethnic
group data pooled) were 20.2+0.2 years, 166.8+1.0 cm, 71.1+1.9 kg
and 25.3+0.5 kg/m? respectively. The basal blood pressure was
also measured and the mean values were 119.9+1.6 mmHg,
69.8+0.9 mmHg for SBP and DBP, respectively. The participant’s
characteristics and various other parameters were stratified by ethnicity
and are represented [Table/Fig-1].

IHG strength in dominant (DH) vs non dominant hand (NDH):
There was no significant influence of handedness on IHG strength
test among males and females. Mean IHG strength value for males
was ~40 kg when tested for dominant and non dominant hand
[Table/Fig-2a]. In females also, the mean IHG strength value was
comparable when tested on both dominant and non dominant
hands [Table/Fig-2b]. However, the mean IHG strength value was
significantly lesser in females compared to males. Comparison of the
pooled IHG strength data revealed no difference between dominant
and non dominant hand irrespective of the gender. Although the
mean IHG strength value (28.32+1.3) for non dominant hand was
not as much as for dominant hand (29.78+1.3kg), this difference
was observed to be statistically insignificant [Table/Fig-2c].

IHG strength in different ethnic populations: Even though the
IHG strength values were slightly different among the different ethnic
groups, this difference did not appear to be statistically significant
for the dominant hand in both males [Table/Fig-3a] and females
[Table/Fig-3b]. One-way analysis of variance (ANOVA) test revealed
no significant differences of the mean values of IHG strength among
different ethnicities. The same pattern was evident for the non
dominant hand as well (males; [Table/Fig-3c], females; [Table/Fig-3d]).
However, IHG strength values in the Arab group was observed to
be higher compared to the other ethnic groups studied, but this
difference was not statistically significant.

[Table/Fig-1]: Participants characteristics and other parameters stratified by ethnicity.

Arab South Asian Emirati

Ethnicity Men Women Men Women Men Women
Age (Years) 19.67+0.28 19.47+0.35 20.47+0.42 20.67+0.47 21.38+1.37 20.33+0.41

Dominant hand 44.25+2.56 20.96+1.07 38.16+2.40 19.23+1.46 38.68+3.10 21.54+1.47
IHG strength (kg)

Non dominant hand 41.65+2.99 18.57+1.02 38.19+2.36 18.85+1.44 36.12+2.78 20.17+1.21

Resting SBP 129.9+3.26 110.5+2.47 129.4+4.48 109.7+1.94 133.5+5.11 112.5+2.36

Resting DBP 70.87+2.59 66.27+1.69 73.27+2.69 66.93+1.47 75.25+3.92 69.27+1.62

SBP after IHG test on DH 127.7+3.61 108.7+1.92 127.1£3.84 107.1£2.67 134.3+4.32 111.3+3.39
Blood pressure (mmHg)

DBP after IHG test on DH 66.73+2.06 65.07+1.48 72.60+2.54 66.53+1.68 71.50+2.83 66.36+1.68

SBP after IHG test on NDH 126.8+3.28 107.9+2.43 126.5+3.42 107.3+2.18 126.9+4.96 118.7+2.26

DBP after IHG test on NDH 66.80+1.69 62.93+1.89 71.87+3.23 65.67+2.04 74.50+2.27 67.53+1.67
Height (cm) 176.5+1.90 160.5+0.96 172.4+1.26 160.0+1.68 172.8+3.25 161.5+1.58
Weight (kg) 84.19+4.21 54.87+2.27 77.55+4.21 68.73+3.32 85.38+7.59 62.73+£2.19
BMI (kg/m?) 26.93+1.13 21.20+0.79 26.07+1.38 26.79+1.20 28.26+1.63 24.07+0.86

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; IHG: Isometric hand grip; DH: Dominant Hand; NDH: Non dominant hand; BMI: Body mass index
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[Table/Fig-2]: IHG strength in dominant and non dominant hands in males (a),
females (b) and in both the genders data pooled (c).
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[Table/Fig-3]: IHG strength in different ethnic groups. IHG strength of dominant (a)
and non dominant hands (c) in males of different ethnic populations. IHG strength
of dominant (b) and non dominant hands (d) in females of different ethnic groups.

IHG strength in different genders: The effect of gender on IHG
strength of dominant and non dominant hand was evident in every
ethnic group studied [Table/Fig-4a-fl. The mean value for IHG
strength of Arab males was 44.25+2.56 kg and that of females was
20.96+1.0 kg, indicating significantly higher IHG strength in males
compared to females. This pattern was evident among the South
Asian and Emirati ethnicity as well. Student t-test revealed significant
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differences in IHG strength values of dominant and non dominant
hands in Arab male vs female [Table/Fig-4a] and d; p<0.0001), south
Asian male vs female [Table/Fig-4b and e]; p<0.0001), and Emirati
male vs female [Table/Fig-4c] and f; p<0.0001).
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[Table/Fig-4]: IHG strength of both the genders in different ethnic groups. IHG
strength of dominant hand (a, b, ¢) and non dominant hand (d, e, f) in different
ethnic groups.

IHG strength’s relationship with BMI: In order to understand the
relationship between IHG strength and BMI, a correlation analysis
was carried out between IHG strength values and BMI. Two
correlations were performed. First, IHG strength values of dominant
hand vs BMI. Second, IHG strength values of non dominant hand
vs BMI. As depicted in [Table/Fig-5a,b], a positive correlation was
observed between IHG strength and BMI (dominant hand IHG
strength vs BMI: r=0.34; p<0.001, non dominant hand IHG strength
vs BMI: r=0.35; p<0.001). From the results below, it is evident that
the IHG strength moderately correlates with BMI values.

IHG strength’s relationship with resting blood pressure and acute
effect of IHG strength test on blood pressure: To understand the
relationship between IHG strength and blood pressure, a correlation
analysis was carried out between resting blood pressure (systolic
and diastolic) with IHG strength value of their dominant hand. It was
evident from the results that a positive correlation exists between
resting SBP with IHG strength (r=0.55; p<0.0001; [Table/Fig-6a]). In
contrast, the correlation was not very evident between resting DBP
with IHG strength (r=0.25; p-value <0.026; [Table/Fig-6b]).
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To understand the acute effect of IHG test on blood pressure, SBP
and DBP were recorded immediately after each IHG strength test and
these values were compared with that of the resting blood pressure.
Repeated measures of ANOVA and Tukey’s test revealed that both
systolic [Table/Fig-6¢] and diastolic [Table/Fig-6d] blood pressures
were significantly decreased immediately after the IHG strength tests.
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[Table/Fig-5]: IHG strength relationship with body mass index. Relationship of IHG

strength of dominant (a) and non dominant hands (b) with BMI in young adults.
BMI: Body mass index
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[Table/Fig-6]: IHG strength and its relationship with resting systolic (a) and
diastolic (b) blood pressure and acute effect of IHG strength test on systolic (c) and
diastolic (d) blood pressure in young adults.

HGT: Hand grip strength test

DISCUSSION

Mounting evidences indicate that IHG strength is of prognostic
importance in the general population and in those with existing
disease condition [24,25]. Reports regarding hand grip strength
and the factors influencing it in younger populations are scarce
in the United Arab Emirates (UAE) population. The results of this
study demonstrate that IHG strength is slightly greater in the
dominant hand compared to the non dominant hand in individuals
of three ethnicities regardless of the gender. Reports suggest that
handedness has an important role in determining IHG strength
in the aged population. Hernandez-Martinez J et al., found that,
IHG strength was significantly higher in the dominant than the non
dominant hand in aged population [26]. In another study, conducted
on the American and Greek volunteers, it was found that grip
strength of the dominant hand was higher compared to the non
dominant hand for right-handed people, but was equal in both
hands for left-handed people [27].

Considerable number of evidences suggests that IHG strength is
influenced by geographical region and ethnicity. In the current study,
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a difference was observed in IHG strength values of people from
different ethnicities. However, the difference was not statistically
significant. Although a variation in IHG strength is evident across
different ethnicities, the potential reason for this variation is still
debatable and not resolved completely. It is plausible that the genetic
makeup of an ethnicity can determine the muscular makeup and
thereby the muscle strength of that ethnicity. Although this is true,
the significant role played by environmental factors such as diet and
physical activity in influencing IHG strength cannot be ruled out. Yet,
some uncertainty still remains in this matter as to which factor (ethnic
and genetic vs environmental) primarily determines the grip strength.
Although a moderate difference in the IHG strength values between
different ethnicities was observed in this study, further studies are
required to unravel the potential influence of environmental factor
such as diet, which was not assessed in the current study.

As depicted in the results, we found that gender plays a significant
role in determining the IHG strength across different ethnicities.
This pattern is evident in the IHG strength of both dominant and
non dominant hands, indicating that, sex related difference in IHG
strength might be common to contralateral limbs. Further research
is needed to corroborate, if this can be extrapolated to lower limb
muscles of various age groups. The observed gender difference in
IHG strength of young adults of various ethnicities in the current
study corroborates with a few earlier reports. In a report, Leong DP
et al. showed that males had higher hand grip strength compared
to females across all ages [7]. Hernandez-Martinez J et al., reported
that Maximal Voluntary IHG Strength (MVIHS) was found to be
significantly lower in older females (>65-year-old) than males [26].

Correlation of BMI and IHG strength was performed to understand
the relationship of BMI to IHG strength. As seen from the results,
a weak positive correlation was observed between BMI and IHG
strength indicating a positive relationship between these two variables.
However, whether an increase in one factor leads to an increase of the
other requires further investigations. In other words, knowing a factor
(BMI) value helps to possibly predict the other (hand grip strength value)
would requires further investigation.

A correlation analysis was carried out to appraise the relationship
between IHG strength and blood pressure. As depicted in the results,
the relationship of the subjects’ IHG strength with resting SBP was
stronger than its relationship with that of DBP. Shin JY and Ha CH
observed similar findings that, the relationships between SBP and heart
rate, muscle endurance, power, and agility are stronger compared to
the relationships between these variables to the DBP among Asian
obese and normal weight middle-aged women [28].

Acute effects of isometric exercise on blood pressure have been
evaluated in multiple studies. However, consensus is not seen with
these reports as researchers have either observed increased [20,21],
maintained [22] or decreased [23] blood pressure after the isometric
exercise. In the current study, a reduction was observed in both the
SBP and DBP immediately after the IHG strength test. Although this
decrease was statistically significant, the clinical significance of this
reduction has to be further appraised. This partially corroborates with
an earlier report which demonstrated that isometric exercise can be
effectively used for reducing DBP and mean arterial blood pressure at
rest [29]. Evidences suggest that most of the protocols involving IHG,
necessitated less time commitment to produce effective reduction in
BP (~33 min/wk total) compared with other exercise modalities (for
e.g., typically 150 min/week (wWk) with aerobic dynamic exercise) [19].
In the current study, before recording the blood pressure, each subject
underwent three trials of IHG strength test trials. Additionally, before
the next measurement, another three trials were also performed on
the other hand. Further careful analysis can help establish the possible
mechanisms that lead to a decrease in blood pressure. Brook RD et
al., suggest that, isometric exercise lead to an acute stimulation of
the metaboreflex in a physiological attempt to restore muscle blood
flow [19]. This and other responses may lead to a reduction in tissue
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oxidative stress, improved vascular endothelial function, favorable
changes in baroreflex sensitivity, as well as an autonomic balance over
a long-term. Although this may be possible, available studies in this
regard offer mixed findings. Therefore, the responsible mechanistic
pathways have not been fully clarified [30].

Another important aspect of the current study is basically, it is the
first report to provide normative value of IHG strength in normal
young adults (late adolescents) of different ethnic groups of United
Arab Emirates. However, future research may also provide insight on
the other possible factors affecting muscle strength and endurance
in this population.

Limitation(s)

The limited sample size prevented additional evaluations of how
other factors may influence IHG strength, primarily the role of clinical
conditions. The specific characteristics of the sample population
may limit the generalisability of the results to other populations that
differ in age, sex, or health status. The authors have included only
male and female young adults and not studied other age groups
and therefore it may not be possible for the results (primarily related
to cardiovascular parameters and their underlying mechanisms)
to be generalised with the other age groups for both the genders.
Additionally, there is a minor methodological difference in the current
study which has to be kept in mind while extrapolating these results
or comparing these results with other studies. There is a difference
in the choice of equipment used for measuring grip strength in
the current study. There is evidence that variation in equipment
and methodological approach can affect the values recorded [7].
The authors of the present study have used a hand dynamometer
connected to a desktop installed with Biopac Student Lab Software,
whereas the Jamar hand dynamometer is the most widely used.
Nonetheless, its test-retest, inter-rater and intra-rater reliability were
established. Furthermore, the study used the maximum strength
values measured from three attempts tested on both dominant and
non dominant hands.

CONCLUSION(S)

The IHG strength was not influenced by handedness in both the
sexes. Although the IHG strength values were slightly higher in
the Arab population compared to others, this difference was not
significant for both the dominant and non dominant hands in either
sexes. The IHG strength was significantly lesser in females of all
ethnicities studied. This gender effect was evident in both the
dominant and non dominant hands. A positive correlation was
found between IHG strength with BMI and/resting SBP. In contrast,
only a weak positive correlation was detected between IHG strength
with resting DBP. Additionally, both the SBP and DBP decreased
immediately after the IHG strength test. Future studies that focuses
on generating IHG strength reference values for UAE population
outside 35-70 years of range is required to elucidate the clinical
significance of findings and to unravel the possible underlying
mechanisms. Along with this, a comprehensive evaluation of
various other factors determining IHG strength in different UAE
ethnic groups would be worth investigating.

Acknowledgement

The authors would like to thank all student participants for their
generous participation in this study. The great support received
from Dr S. Gurumadhva Rao, President, RAKMHSU is gratefully
acknowledged. Help and encouragement received from Dr K.
L. Bairy, Dean-RAKCOMS and Acting Chief Academic Officer,
RAKMHSU is gratefully acknowledged.

REFERENCES
[11 Wind AE, Takken T, Helders PJ, Engelbert RH. Is grip strength a predictor for

total muscle strength in healthy children, adolescents, and young adults? Eur J
Pediatr. 2010;169:281-87. Doi: 10.1007/s00431-009-1010-4.

Journal of Clinical and Diagnostic Research. 2021 Nov, Vol-15(11): CC01-CC06

[2
[3]

[4]

[5]
[6]

[71

(8]
[9]

[10]

1]

N2

[13]

[14]

18]

[e]

7]

e

L)

[20]

[21]

[22]

[23]

[24]

[28]

[26]

Noor Abdullatif et al., Factors Influencing Hand Grip Strength and Grip Strength Test Effect on BP

Bohannon RW. Hand-grip dynamometry predicts future outcomes in aging adults.
J Geriatr Phys Ther. 2008;31:03-10. Doi: 10.1519/00139143-200831010-00002.
Norman K, Stob&us N, Gonzalez MC, Schulzke JD, Pirlich M. Hand grip strength:
Outcome predictor and marker of nutritional status. Clin Nutr. 2011;30:135-42.
Doi: 10.1016/j.cInu.2010.09.010.

Metter EJ, Talbot LA, Schrager M, Conwit R. Skeletal muscle strength as a
predictor of all cause mortality in healthy men. J Gerontol A BiolSci Med Sci.
2002;57(10):B359-65.

Sasaki H, Kasagi F, Yamada M, Fujita S. Grip strength predicts cause-specific
mortality in middle-aged and elderly persons. Am J Med. 2007;120(4):337-42.
Lopez-Jaramillo P, Cohen DD, Gomez-Arbelaez D, Bosch J, Dyal L, Yusuf
S, et al. Association of hand grip strength to cardiovascular mortality in pre-
diabetic and diabetic patients: A sub analysis of the ORIGIN trial. Int J Cardiol.
2014;174(2):458-61.

Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A Jr, Orlandini A, et
al. Prognostic value of grip strength: Findings from the Prospective Urban Rural
Epidemiology (PURE) study. Lancet. 2015;386:266-73. Doi: 10.1016/S0140-
6736(14)62000-6.

Mathiowetz V. Comparison of Rolyan and Jamar dynamometers for measuring
grip strength. Occup Ther Int. 2002;9:201-09. Doi: 10.1002/0ti.165.
Ploegmakers JJ, Hepping AM, Geertzen JH, Bulstra SK, Stevens M. Grip
strength is strongly associated with height, weight and gender in childhood:
A cross sectional study of 2241 children and adolescents providing reference
values. J Physiother. 2013;59:255-61. Doi: 10.1016/S1836-9553(13)70202-9.
Taekema DG, Gussekloo J, Maier AB, Westendorp RG, de Craen AJ. Hand
grip strength as a predictor of functional, psychological and social health.
A prospective population-based study among the oldest old. Age Ageing.
2010;39:331-37. Doi: 10.1093/ageing/afq022.

Newman AB, Kupelian V, Visser M, Simonsick EM, Goodpaster BH, Kritchevsky SB, et
al. Strength, but not muscle mass, is associated with mortality in the health, aging and
body composition study cohort. J Gerontol A BiolSci Med Sci. 2006;61(1):72-77.

Lee JE, Kim KW, Paik NJ, Jang HC, Chang CB, Baek GH, et al. Evaluation of
factorsinfluencing grip strength in elderly Koreans. J Bone Metab. 2012;19(2):103-
10. Doi: 10.11005/jom.2012.19.2.103.

Wichelhaus A, Harms C, Neumann J, Ziegler S, Kundt G, Prommersberger KJ, et al.
Parameters influencing hand grip strength measured with the manugraphy system.
BMC Musculoskelet Disord. 2018;19(1):54. Doi: 10.1186/s12891-018-1971-4.
Gasior JS, Pawtowski M, Williams CA, Dabrowski MJ, Rameckers EA. Assessment
of maximal isometric hand grip strength in school-aged children. Open Medicine
(Warsaw, Poland). 2018;13:22-28. https://doi.org/10.1515/med-2018-0004.
Hepping AM, Ploegmakers JJ, Geertzen JH, Bulstra SK, Stevens M. The influence
of hand preference on grip strength in children and adolescents; a cross-sectional
study of 2284 children and adolescents. PLoS One. 2015;10(11):e0143476.
Doi: 10.1371/journal.pone.0143476.

Dodds RM, Syddall HE, Cooper R, Kuh D, Cooper C, Sayer AA. Global variation
in grip strength: A systematic review and meta-analysis of normative data. Age
Ageing. 2016;45(2):209-16. Doi: 10.1093/ageing/afv192.

Badrov MB, Bartol CL, DiBartolomeo MA, Millar PJ, McNevin NH, McGowan
CL. Effects of isometric hand grip training dose on resting blood pressure and
resistance vessel endothelial function in normotensive women. Eur J Appl Physiol.
2013;113(8):2091-100. http://dx.doi.org/10.1007/s00421-013-2644-5.

Farah BQ, Germano-Soares AH, Rodrigues SLC, Santos CX, Barbosa SS,
Vianna LC, et al. Acute and chronic effects of isometric hand grip exercise on
cardiovascular variables in hypertensive patients: A systematic review. Sports
(Basel). 2017;5(3)pii: E5S5. http://dx.doi.org/10.3390/sports5030055.

Brook RD, Appel LJ, Rubenfire M, Ogedegbe G, Bisognano JD, Elliott WJ, et al.
Beyond medications and diet: alternative approaches to lowering blood pressure:
A scientific statement from the american heart association. Hypertension.
2013;61(6):1360-83. Doi: 10.1161/HYP.0b013e318293645f.

Anyfanti P, Triantafyllidou E, Papadopoulos S, Triantafyllou A, Nikolaidis MG,
Kyparos A, et al. Smoking before isometric exercise amplifies myocardial stress
and dysregulates barorreceptor sensitivity and cerebral oxygenation. J Am Soc
Hypertens. 2017;11(6):376-84. http://dx.doi.org/10.1016/j.jash.2017.04.004.
Atkinson CL, Carter HH, Naylor LH, Dawson EA, Marusic P, Hering D, et al.
Opposing effects of shear-mediated dilation and myogenic constriction on
artery diameter in response to hand grip exercise in humans. J Appl Physiol.
2015;119(8):858-64. http://dx.doi.org/10.1152/japplphysiol.01086.2014.
OlherRdos R, Bocalini DS, Bacurau RF, Rodriguez D, Figueira A Jr, Pontes FL Jr,
et al. Isometric hand grip does not elicit cardiovascular overload or post-exercise
hypotension in hypertensive older women. Clin Interv Aging. 2013;8:649-55.
Doi: 10.2147/CIA.S40560. Epub 2013 Jun 5.

van Assche T, Buys R, de Jaeger M, Coeckelberghs E, Cornelissen VA. One
single bout of low-intensity isometric hand grip exercise reduces blood pressure
in healthy pre- and hypertensive individuals. J Sports Med Phys Fitness.
2017;57(4):469-75. http://dx.doi.org/10.23736/S0022-4707.16.06239-3.
Silventoinen K, Magnusson PK, Tynelius P, Batty GD, Rasmussen F. Association
of body size and muscle strength with incidence of coronary heart disease
and cerebrovascular diseases: A population-based cohort study of one million
Swedish men. Int J Epidemiol. 2009;38(1):110-18.

Rantanen T, Harris T, Leveille SG, Visser M, Foley D, Masaki K, et al. Muscle
strength and body mass index as long-term predictors of mortality in initially
healthy men. J Gerontol A Biol Sci Med Sci. 2000;55(3):M168-73.
Hernandez-Martinez J, Cisterna D, Ramirez-Campillo R, Alvarez C, Guede-
Rojas F, de la Fuente C, et al. Association of maximal voluntary isometric hand
grip strength with age, gender and handedness in older people. Rev Med Chil.
2018;146(12):1429-37. Doi: 10.4067/s0034-98872018001201429.



Noor Abdullatif et al., Factors Influencing Hand Grip Strength and Grip Strength Test Effect on BP www.jcdr.net

[27] Crosby CA, Wehbe MA, Mawr B. Hand strength: Normative values. J Hand Surg [29] Ray CA, Carrasco DI. Isometric hand grip training reduces arterial pressure

[Am], 1994;19(4):665-70. at rest without changes in sympathetic nerve activity. Am J Physiol Heart Circ
[28] Shin JY, Ha CH. Relationships between blood pressure and health and fitness- Physiol. 2000;279(1):H245-49. Doi: 10.1152/ajpheart..279.1.H245.

related variables in obese women. J Phys Ther Sci. 2016;28(10):2933-37. [30] Millar Pd, Paashuis A, McCartney N. Isometric hand grip effects on hypertension.

Doi: 10.1589/jpts.28.2933. Curr Hypertens Rev. 2009;23(5):54-60.

PARTICULARS OF CONTRIBUTORS:

1. Student, Ras Al Khaimah College of Medical Sciences, Ras Al Khaimah Medical and Health Sciences University, Ras Al Khaimah, United Arab Emirates.
2. Student, Ras Al Khaimah College of Medical Sciences, Ras Al Khaimah Medical and Health Sciences University, Ras Al Khaimah, United Arab Emirates.
3. Associate Professor, Department of Physiology, Ras Al Khaimah Medical and Health Sciences University, Ras Al Khaimah, United Arab Emirates.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR: PLAGIARISM CHECKING METHODS: WanHetall ETYMOLOGY: Author Origin
Dr. Sareesh Naduvil Narayanan, e Plagiarism X-checker: Aug 08, 2021

Associate Professor, Department of Physiology, Ras Al Khaimah College of Medical * Manual Googling: Sep 08, 2021

Sciences Ras Al Khaimah Medical and Health Sciences University Ras Al Khaimah, e Thenticate Software: Oct 01, 2021 (10%)

PO Box: 11172, United Arab Emirates.

E-mail: sareeshnn@yahoo.co.in; sareesh@rakmhsu.ac.ae

AUTHOR DECLARATION:

e Financial or Other Competing Interests: None Date of Submission: Jun 27, 2021
® Was Ethics Committee Approval obtained for this study? Yes Date of Peer Review: Sep 01, 2021
* Was informed consent obtained from the subjects involved in the study? Yes Date of Acceptance: Oct 04, 2021
e For any images presented appropriate consent has been obtained from the subjects. NA Date of Publishing: Nov 01, 2021

Journal of Clinical and Diagnostic Research. 2021 Nov, Vol-15(11): CC01-CC06


http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

