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Background: Hand grip strength (HGS) is gaining the attention of researchers and clinicians,

including geriatricians as a readily available, inexpensive, and useful measure ofmuscle strength.

Objective: To identify the indicators of abnormal HGS as measured by a Jamar handheld

dynamometer in community-dwelling Egyptian senior citizens.

Study Design: The study was approved by the relevant ethical committee. This cross-

sectional study included 200 randomly selected older adults of both sexes who attended

geriatric and internal medicine outpatient clinics. Informed consent was obtained, and

comprehensive geriatric assessment was performed, including assessment of the health-

related quality of life by the 12-Item Short-Form Health Survey (SF-12).

Measurement: HGS was measured, and values of 20 kg or less in females and 30 kg or less

in males were considered abnormal.

Statistical Methods: IBM SPSS statistics v25.0 was used for data analysis. Data were

expressed as the mean ± SD for quantitative parametric measures and as the number and

percentage for categorical data. Student’s t-test, the chi-squared test, the diagnostic validity

test, and multiple logistic regression analysis were performed. The ROC (receiver operating

characteristic) curve was constructed, and the AUC (area under the curve) was also calculated.

Results: The subjects’ ages ranged from 60 to 95 years with a mean age of 69 ± SD 7.1

years. The sample consisted of 117 females (58.5%) and 83 males (41.5%). The chi-squared

test showed that abnormal findings for grip strength were significantly more common among

females than males (67.7% vs 32.3%). Student’s t-test showed that both height and weight

were significantly lower among subjects with abnormal than normal HGS, while body mass

index (BMI) showed a non-significant difference. Stepwise multiple logistic regression

analysis showed that there was no actual relationship between sex and abnormality of HGS.

Conclusion: The best indicators of abnormal HGS were found to be a general health score

below 25 points on the SF-12 and a height of less than 178 cm. As the values of general

health and height decrease below those cut-off points, HGS decreases as well, and vice

versa.
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Introduction
Hand grip strength (HGS) is gaining the attention and interest of researchers and

clinicians, including geriatricians, as a readily available, inexpensive, and useful

measure of muscle strength. Pluijm et al have stated that HGS is thought to reflect

general body strength.1 Tests of HGS can be performed efficiently in older adults,

and according to Andersen-Ranberg et al, measurement is easily carried out even by

trained survey interviewers in nonclinical settings.2 The availability of HGS data, of

course, improves clinical practice.
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Body mass index (BMI) is defined as a person’s body

mass divided by the square of his or her height [BMI

in kg/m2 = mass in kg ÷ (height in m)2]. Because BMI is

easy to measure and calculate, it is the most widely used

diagnostic tool for determining whether an individual is

underweight, overweight, or obese.3,4

The relationship between BMI and grip strength is

unclear. Although several studies have focused on the corre-

lation between grip strength and stature or grip strength and

body weight, the covariance among sex, BMI, height, and

weight has rarely been analysed statistically.5–7

Aim of the Study
To identify the indicators of abnormal HGS (20 kg or less

in females and 30 kg or less in males) as measured by

a Jamar handheld dynamometer in community-dwelling

Egyptian senior citizens.

Methodology
Sample and Methods
The study was approved by the ethical committee of the

Faculty of Medicine, Ain Shams University, Cairo, Egypt.

This cross-sectional study included 200 randomly selected

older adults (60 years old or above) of both sexes who

attended the outpatient clinic of the geriatric medicine

department and the outpatient clinic of the internal medi-

cine department at Ain Shams University hospital. The

study period was 6 months starting from April 2017 to

October 2017. Before participation, oral informed consent

was obtained from each participant. Then, a comprehensive

geriatric assessment was performed, including an assess-

ment of health-related quality of life using the 12-Item

Short-Form (SF-12) Health Survey. This survey is

a subset of the larger SF-36 and monitors health in general

and specific populations; translations and adaptations of the

SF-36 currently being evaluated in over 40 countries have

also yielded translations of the SF-12.8 For example,

selected questions from the Arabic version of the SF-36

have been used to address the domains of the SF-12 test.

The SF-12 measures 8 aspects of health, namely, physical

functioning, role limitations due to physical health pro-

blems, body pain, general health, vitality (energy/fatigue),

social functioning, role limitations due to emotional pro-

blems, and mental health (psychological distress and psy-

chological well-being). Two subscales are derived from the

SF-12: the physical component summary (PCS) and the

mental component summary (MCS).8

According to the Utah Health Status Survey,9 the mean

for each summary scale in the general population is 50 points

with an SD of 10 points. Higher scores indicate a better

HRQoL (health-related quality of life). The number of poten-

tial participants approached was 227older adults; excluded

from them twelve who refused to participate in the study and

excluded also additional fifteen participants who had one or

more of the other exclusion criteria for the current study

which is restricted mobility of the upper limbs, functional

decline due to any history of inflammatory joint diseases of

the upper extremities, functional decline due to any neurolo-

gical disorder that affects upper limb activity, any injury to

the upper extremities, and body oedema. After the volunteers

were screened according to these criteria, HGS was mea-

sured using a Jamar handheld dynamometer. According to

the Southampton protocol for grip strength measurement, the

following steps were performed for each participant:

1. Seat the participant comfortably in a standard chair

with leg, back support and fixed arms.

2. Rest the participant’s forearms on the arms of the

chair with each wrist in a neutral position just over

the end of the armrest, thumb facing upwards.

3. Demonstrate how to use the Jamar handgrip dynam-

ometer to show that gripping very tightly registers

the best score.

4. Position the hand so that the thumb is around one

side of the handle and the other four fingers are

around the other side. The instrument should feel

comfortable in the hand.

5. The observer should rest the base of the dynam-

ometer on the palm of his or her hand as the subject

holds the dynamometer. The aim is to support the

weight of the dynamometer (to negate the effect of

gravity on peak strength), but care should be taken

not to restrict its movement.

6. Encourage the participant to squeeze as long and as

tightly as possible or until the needle stops rising.

Once the needle stops rising, the participant can be

instructed to stop squeezing.

7. Starting with the right hand, read grip strength in

kilograms from the outside dial and record the result

to the nearest 1 kg on the data entry form. Repeat

measurement for the left hand.

8. Collect two further measurements per hand, alternat-

ing sides to give three readings in total for each side,

and then calculate the mean of the three trials for

each hand.
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9. Record hand dominance, i.e., right, left or ambidextrous

(people who can genuinely write with both hands).10

The reference values for normal grip strength are >30 kg for

males and >20 kg for females, according to the European

Working Group on Sarcopenia in Older People 2010.

Statistical Methods
IBM SPSS statistics (v25.0, IBM Corp., USA, 2017) was

used for data analysis. Data were expressed as the mean ±

SD for quantitative parametric measures and as the num-

ber and percentage for categorical data.

The following tests were performed:

1. For parametric data, Student’s t-test was used to

compare the means of 2 independent groups.

2. For categorical data, the chi-squared test was used

to examine the association between 2 variables or to

compare 2 independent groups.

Results with a P value below 0.05 were considered sig-

nificant, while those with P values below 0.01 were

deemed highly significant.

3. Diagnostic validity testing included the following:

a. The diagnostic sensitivity is the percentage of

diseased cases (ie, cases with abnormal HGS)

truly diagnosed (true positive [TP]) among

total diseased cases (TP + false negative

[FN]).

b. The diagnostic specificity is the percentage of

non-diseased truly excluded by the test (true

negative [TN]) among total non-diseased cases

(TN + false positive [FP]).

c. The predictive value for a positive test is the percen-

tage of cases correctly diagnosed among all positive

cases.

d. The predictive value for a negative test is the

percentage of cases that correctly tested negative

among all negative cases.

e. The effectiveness, or diagnostic accuracy, of the

test is the percentage of cases correctly identified

as diseased plus those correctly identified as non-

diseased among all cases.

The ROC (receiver operating characteristic) curve was

constructed to identify the most sensitive and specific cut-

off for each indicator. AUC (area under the curve) can also

be calculated to evaluate the markers that discriminate

most effectively between the compared groups.

1. Multiple logistic regression analysis was used to

search for a panel of parameters (independent vari-

ables) that can indicate the target parameter (depen-

dent variable). By stepwise multiple logistic

regression analysis, we identified the most sensitive

indicators of the dependent variable. These indica-

tors can be sorted by P value to gauge their sensi-

tivity in discriminating the target parameter.

Results
We tested a sample of 200 randomly selected subjects

who agreed to join the study and did not meet any of

the exclusion criteria. The participants comprised 117

females (58.5%) and 83 males (41.5%) and ranged

from 60 to 95 years old (the mean age was 69 years

± SD 7.1).

The chi-squared test was used to study the relationship

between sex and grip strength; this test showed that abnor-

mal findings for grip strength were significantly more

common among females than among males (67.7% vs

32.3%) (Table 1).

Additionally, Student’s t-test was used to study the

comparison between subjects with normal and abnor-

mal grip strength; the test showed that both height and

weight were decreased significantly among subjects

with abnormal in comparison to normal grip strength,

while BMI showed a non-significant difference

(Table 2).

Stepwise multiple logistic regression analysis was

used to study the actual indicators of grip strength. Six

serial models were used to identify and eliminate the

least sensitive indicators; the final model (Model 6)

revealed height and general health to be the most

sensitive independent indicators of grip strength

(F-ratio= 42.9, p<0.001) (Table 3).

Finally, the results revealed no actual relation between

sex and HGS abnormality; height and general health were

the most sensitive determinants of abnormal HGS

(Table 4).

The area under the curve (AUC) is 0.79 for height,

0.826 for general health, and 0.902 for the ROC for both

variables combined (Figure 1).

Thus, the best indicator of abnormal hand grip strength

was found to be a general health score below 25 points (as

measured by the SF-12 Health Survey) combined with
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a height of less than 178 cm. As the values of general

health and height decrease below those cutoff points, HGS

decreases, and vice versa.

Discussion
The relations of both sex and BMI to HGS have been

considered in previous studies such as the work of Joris

et al,11 who studied children and adolescents, and Kun-Hsi

Liao,12 who did not consider age. However, are these

factors determinants of abnormal HGS?

These relations are still unclear. The aim of the current

study was to identify determinants of abnormal HGS

among older Egyptian adults. Statistical analysis of the

data from the current study shows that abnormal HGS is

significantly more common among females than among

males (P =0.011).

This result is consistent with a study by Vianna et al,13

which showed greater handgrip strength in men than in

women (p < 0.001).

A recent study by Mendes et al14 showed that handgrip

strength was higher among men than among women

(p < 0.001), and concerning anthropometric parameters,

height was the most significantly correlated with handgrip

strength (r = 0.34, p < 0.001, in women and r = 0.40,

p < 0.001, in men). In children, HGS showed strong associa-

tions with height, weight and sex.11

In the current study, abnormal HGS was significantly

related to weight and highly significantly related to height

but not significantly related to BMI.

Additionally, stepwise multiple regression analysis was

performed for the dependent variable (abnormal HGS),

starting with model 1 (F-ratio 5.165), which revealed

highly statistically significant relations with height, gen-

eral health, vitality, and hearing impairment and

a significant relation with incontinence but statistically

nonsignificant relations with sex, age, weight, and BMI.

Table 1 Relation Between Sex and Hand Grip Strength

Sex Hand Grip Strength Total

Normal Abnormal

Female

Count 52 65 117

% 50.0% 67.7% 58.5%

Male

Count 52 31 83

% 50.0% 32.3% 41.5%

Total

Count 104 96 200

% 100.0% 100.0% 100.0%

Chi-Square Tests

Value p

Pearson chi-square 6.448a 0.011

Notes: ais written here just to honestly refer to the presence of cells of SPSS (the

statistical program used in the current study) with expected value less than 5% but

the statistical significance is determined according to p value.

Table 2 Comparison Between Subjects with Normal and Abnormal Hand Grip Strength Regarding Weight, Height, and Body Mass

Index

Grip St. N Mean SD t P Sig.

Weight in kg

Normal 104 81.65 12.491

Abnormal 96 77.25 13.754 2.364 0.019 S

Height in cm

Normal 104 166.95 8.742

Abnormal 96 158.97 9.396 6.207 0.000 HS

Body Mass Index

Normal 104 30.27981 5.647327

Abnormal 96 31.67083 8.032564 −1.406 0.162 Not sig

Abbreviations: Grip st., Grip strength; N, Number; SD, Standard deviation; t, Student’s t-test; P, P-value; Sig., Significance.

Table 3 Model 6

Item Reg.

Coef.

t P Sig. F-Ratio P Sig.

(Constant) 3.157 6.267 0 HS

Height in cm −0.014 −4.347 0 HS

General health −0.009 −6.288 0 HS 42.917 0 HS

Abbreviations: Reg. coef., Regression coefficient; Sig., Significance; HS, Highly

significant.
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Subsequent models numbered 2 to 6 were generated to

identify the most sensitive indicators of abnormal HGS;

the final model, with an F-ratio of 42.917, consisted of

height and general health as the most sensitive indicators.

This study indicates that, among older Egyptian

adults, the probability of abnormal HGS increases as

height and general health decrease. The cutoff point

for general health alone was 25 points on the SF-12,

and the cutoff for height alone was 161 cm; however,

when a general health cutoff of 25 points was combined

with a height cutoff of 178 cm, the diagnostic perfor-

mance improved for discriminating normal from abnor-

mal HGS, as shown in the results and Figure 1. This

combination detected all subjects with abnormal HGS

(sensitivity 100%) and excluded 87.5% of subjects with

normal HGS (specificity 87.5%).

This study is the first to determine cutoff values for

indicators of abnormal HGS among older Egyptian adults,

and no cutoff points from similar research are available for

comparison.

Table 4 Diagnostic Validity Test for Hand Grip Strength Indicators

Indicators TN FP TP FN %Sp %Sn %PN %PP %Eff

76 28 58 38 73.1 60.4 66.7 67.4 67.0

General health: 25

91 13 51 45 87.5 53.1 66.9 79.7 71.0

Multi-ROC: gen. health 25 & height 178

91 13 96 0 87.5 100.0 100.0 88.1 93.5

Abbreviations: TN, True negative; FP, False positive; TP, True positive; FN, False negative; Sp, Specificity; Sn, Sensitivity; PN, Negative predictive value; PP, Positive predictive

value; Eff, Diagnostic effectiveness.

Figure 1 ROC curve analysis shows the diagnostic performance of height, general health and the two variables combined in discriminating between patients with abnormal

and normal grip strength.
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Recommendations
Physicians can infer a high risk of abnormal HGS in older

Egyptian adults shorter than 178 cm if those individuals’

general health is below 25 points (as measured by the SF-

12 Health Survey).
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