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Abstract Background: Weak Handgrip Strength (HGS) is associated with poor functional performance capacity and
frailty especially among older adults. This study compared HGS among elderly individuals with chronic illnesses and healthy
controls. Methods: 176 (88 patients and 88 healthy controls) participants were purposively recruited for this case-control
study. World Health Organization’s definition of old adult (i.e. 65 years and older) was adopted for the inclusion criteria. A
handheld dynamometer was used to assess HGS. Anthropometric parameters were measured following standard procedures.
Clinical bio-data of the patients were gleaned from case notes. Data were analyzed using descriptive and inferential statistics.
Alpha level was set at p<0.05. Results: The participants’ ages ranged between 65 and 84 years. The patient group had
significant higher anthropometric measures (p<0.05). The controls had higher Dominant HGS (DHGS) (22.8 = 7.12 vs. 26.5
+4.76 Kgf; p=0.001) and Non-Dominant HGS (NDHGS) (22.0 + 6.21 vs. 25.4 + 4.65 Kgf; p=0.00) respectively. The control
group ‘males’ had significantly higher DHGS and NDHGS (p<0.05) while the patients’ group females had the least DHGS
and NDHGS scores (p<0.05). Patients with neuromuscular conditions or multimorbidity had significantly lower DHGS and
NDHGS (p<0.05). There was significant association between level of HGS and each of sex, age group and BMI classification
(p<0.05). There were higher number of participants with weak and intermediate HGS in the patient group compared with
controls (p=0.001). Regression analysis revealed that age, weight, height, BMI and duration of illness were significant
predictors of DHGS and NDHGS respectively (p<0.05). The variability of the predictive model for DHGS and NDHGS was
37.7% and 52.2% respectively. (R* =52.2). Similarly, only ‘age (p=0.011) and ‘duration of illness (p=0.001) were significant
predictors of dominant HGS. Conclusion: Elderly individuals with chronic illnesses have poorer HGS than healthy controls.
Having a neuromuscular conditions or multimorbidity significantly impaired HGS than illnesses of musculoskeletal origin.
Age, gender and anthropometric measures significantly influence HGS. Age, weight, height, BMI and duration of illness
seems to be moderate predictors of HGS but not without significant errors.
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Hand grip strength is extremely important to carry out
1. Introduction daily activities, such as holding objects, carrying out
domestic tasks, and self-care activities. There is a gamut of
physiologic and pathologic events that may negatively
impact on HGS and consequently on functional performance.
Of the physiological factors, studies have identified that
HGS has a curvilinear relationship with age [1-2, 9]. The
inverse relationship between HGS and aging process
significantly influences the living activities of elderly
[10, 11]. As a result, low HGS is linked with premature
mortality in middle-aged and elderly subjects [12-14].
Therefore, HGS in the elderly is a wvalid predictor of
functional limitations and disability and it is associated with

] disability and other health complications [12, 13].
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Weak Handgrip Strength (HGS) is associated with poor
functional performance capacity and frailty especially
among older adults [1-3]. Therefore, HGS has become an
important surrogate measure of total body strength and a
biomarker of other systems such as the endocrine system [4].
Consequently, HGS assessment is a common procedure
among clinicians and researchers to measure functional
integrity of the upper extremity [5-7], diagnose impairment
of hand muscle power, and it is also a rehabilitation outcome
tool [8].
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measurement methods, which may be used to assess
maximum HGS. These include: cable tensiometer, handheld
dynamometer,  modified  sphygmomanometer  and
subjectively using the examiner’s hand pressure. However,
the dynamometry method is the most widely used in the HGS
assessment method in the clinical settings as well as for
research purposes based on its good psychometric properties
[15-17]. Although, the Jamar dynamometer is reported to
give the most accurate and acceptable measures of HGS,
nonetheless, recent advancements in technology, have
heralded many modified and simpler types of dynamometers
such as digital dynamometers, hydraulic dynamometers, the
Lode grip dynamometer, and the Takei Kiki Kogyo
dynamometer among others. These new dynamometers have
been reported to have good psychometric properties,
cost-effective and also with high clinical research usability
[5-7, 10, 18]. Thus, HGS measured by dynamometry has
good correlation with upper limb functional level and
general health status, and it is widely used to select
therapeutic procedures and for functional rehabilitation
follow-up [10, 18, 19].

Traditionally, HGS tests have been used in rehabilitation
to evaluate the physical fitness of the upper limbs, by
measuring the strength of hand and forearm muscles in
health and disease. HGS assessments have been carried out
in chronic illnesses affecting upper extremities such as
rheumatoid arthritis, carpal tunnel syndrome, lateral
epicondylitis, stroke, traumatic injuries and neuromuscular
diseases. Results of HGS assessments in these patients are
used in the clinical and rehabilitation settings to determine
the extent of injury or disease process and also to measure
the progress of rehabilitation [19]. On the other hand, some
studies have established normative values for HGS with
which to compare scores obtained from patients’ groups [5-7,
10, 18]. However, the generalizability of normative data on
HGS are limited by methodological differences with respect
to equipment and research protocols and lack of ubiquitous
cut-points. In addition, other factors such as gender, age,
dominance, evaluation time, body positioning and
anthropometric characteristics may limit the external validity
of normative values of HGS.

Despite the foregoing, HGS, especially in the elderly
represent a surrogate measure and valid predictor of
functional limitations, frailty, incident mobility limitations,
disability and it is associated with other health complications
[12, 13]. In addition, aging and development of chronic
illnesses are mutually related events. However, the toll of
chronic illnesses on HGS among older adults needs to be
investigated. Therefore, it is necessary to determine the
contribution of chronic illnesses on HGS among older adults.
The objective of this study was to compare HGS between
elderly individuals with chronic illnesses and healthy
controls; and also to establish a prediction model for HGS
based on age, anthropometric parameters and duration of
illnesses.
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2. Methods

This study adopted a case-control research design. World
Health Organization’s definition of old adult (i.e. 65 years
and older) was adopted for the inclusion criteria. 176 (88
patients and 88 healthy controls) participants were
purposively recruited for the study. The patients’ group were
elderly individuals receiving physiotherapy at the Geriatric
Physiotherapy Outpatient Clinic, University College
Hospital, Ibadan, Nigeria. The patients were recruited based
on physician’s diagnosis of musculoskeletal/orthopedics
conditions (including musculoskeletal pain, cervical
spondylosis and osteoporosis) and neurological conditions
(cervical myelopathy etc.). Multimorbidity  was
operationalized in this study as having co-occurrence of
musculoskeletal and neurological conditions within the same
person [20]. The healthy controls in this study were elderly
individuals who reported no history of musculoskeletal joint
disease, neurological disorder or injury to the upper
extremity, in addition to having no obvious restriction of
movement in the upper extremities.

Handgrip Strength Assessment

Handgrip strength was measured using a standard
handheld dynamometer (Haoyue, China) according to the
standard protocol of the American Society of Hand
Therapists (ASHT) recommendations [21]. The HGS
assessment protocol involved asking the participant to sit on
a chair with shoulder adducted and neutrally rotated and
elbow in 90° flexion with no radioulnar deviation. The
participant was instructed to squeeze the handle maximally
and to sustain this for 3-5 seconds. Each participant
performed three maximum attempts with one-minute rest
between attempts for each dominant and non-dominant HGS
assessment in order to reduce minimize fatigue effects. No
verbal encouragements were given during the assessment.
The mean value of these trials was used in the final analysis.
Results were recorded in kilogram force (kgf). Dominant
hand was determined as by asking about the preferred hand
for daily activities like cleaning, sweeping, making home
chores and eating [22].

Anthropometric parameters assessed in this study include
height, weight and Body Mass Index. Body weight was
measured using a portable weighing scale to the nearest 0.1
kg. Height was measured with a height meter to the nearest
0.1 cm. Body mass index (BMI) was computed as the ratio of
weight and height squared. Data were also obtained on
socio-demographics of all participants and clinical
characteristics of the patients.

Statistical analysis

Data were summarized using descriptive statistics of
frequency, mean and standard deviation. Inferential statistics
of Chi-Square, Independent t-test, One-Way ANOVA and
multiple regression analysis were used. The SPSS version
16.0 programme (SPSS Inc., Chicago, IL, USA) for
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Windows was used for statistical analysis. Apha level was
set at p<0.05.

Computation
Hand Grip Strength Classification-

In men, a grip strength of 26-32 kgf was classified as
“intermediate” and less than 26 kgf as “weak”; while >32 kgf
was classified as normal. In women, a grip strength of 16-20
kg was classified as “intermediate” and less than 16 kg as
“weak”; while > 20 kg was classified as normal [3, 23].

3. Results

The participants’ ages ranged between 65 and 84 years.
All the participants in this study were right hand dominant
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participants by group are presented in table 1. The result
shows that the patient group had significant higher
anthropometric measures (weight, height and BMI) (p<0.05).
However, the controls had higher Dominant HGS (DHGS)
(22.8 £ 7.12 vs. 26.5 £ 476 Kgf; p 0.001) and
Non-Dominant HGS (NDHGS) (22.0 £ 6.21 vs. 25.4 + 4.65
Kgf; p = 0.00) respectively. The result of the One-Way
ANOVA and LSD post-hoc comparison of the
anthropometric characteristics and HGS of participants by
group and sex is presented in table 2. The result showed that
there were significant gender differences in anthropometric
variables by group and by sex (p<0.05). The female patients’
group had significantly higher BMI (p<0.05), however, the
control group males had significantly higher DHGS and
NDHGS (p<0.05) followed by the patients’ group males.

(100%).  The  socio-demographics,  anthropometric =~ The female patients’ group had the least DHGS and NDHGS
parameters, clinical characteristics and HGS of the scores (p<0.05).
Table 1. Socio-demographics, anthropometric parameters, clinical characteristics and hand grip strength of the participants by group
Variable Patient Control
(n=388) (n=388) Statistics value p-value

Non-parametric Variables

Age group
<70 years 44 39
70-80 years 33 28
>80 years 11 21

Sex
Male 37 37
Female 51 51

BMI Classification
Normal weight 25 39 Chi-Square 14.554 0.001%*
Overweight 29 37
Obese 34 12

Condition Classification
Musculoskeletal 33 -
Neuromuscular 32 -
Multiple morbidity 23 -

HGS Classification
Weak 33 11 Chi-square 15.252 0.001%*
Intermediate 26 31
Normal 29 46

Parametric Variables
Age 70.5 £ 6.20 69.3+7.44 t-test 1.145 0.254
Weight (Kg) 72.1 +14.0 68.7 +8.23 t-test 1.972 0.050%*
Height (m) 1.59+0.08 1.64 +0.06 t-test -5.201 0.001%*
BMI (Kg/m?) 28.4+6.07 25.6+3.78 t-test 3.606 0.001*
DHGS (Kgf) 22.8+7.12 26.5+4.76 t-test -4.083 0.001%*
NDHGS (Kgf) 22.0+6.21 254 £4.65 t-test -4.152 0.001*

Key: BMI- Body Mass Index; DHGS-Dominant Hand Grip Strength; NDHGS-Non-Dominant Hand Grip Strength

*Significant difference at alpha level p< 0.05
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One-Way ANOVA and LSD post-hoc comparison of
HGS by type of chronic illness is presented in table 3. The
LSD post-hoc comparison showed that participants with
musculoskeletal conditions had higher DHGS and NDHGS
compared with those with neuromuscular or multimorbidity
(p<0.05). However, there were no significant differences in
the overall F-ratios for DHGS and NDHGS across the groups
(p>0.05). Chi-square comparison of level of HGS by group,
age, sex, BMI classification and type of chronic illness is
presented in table 4. There was significant association
between level of HGS and each of sex, age group and BMI
classification (p<0.05). There were higher number of
participants with weak and intermediate HGS in the patient
group compared with controls (p=0.001). There was no
significant association between level of HGS and type of
morbidity (p>0.05).

Multiple regression model for predicting HGS among the
patient group is presented in table 5. Regression analysis
revealed that age, weight, height, BMI and duration of illness
were significant predictors of DHGS and NDHGS
respectively. The variability of the predictive model for
DHGS was 37.7% (R? =37.7). However, only ‘age (p=0.025)
and ‘duration of illness’ (p=0.003) were significant
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predictors of DHGS. On the other hand, the variability of the
predictive model for dominant NDHGS was 52.2% (R’
=52.2). Similarly, only ‘age (p=0.011) and ‘duration of
illness (p=0.001) were significant predictors of dominant
HGS.

Prediction equation for DHGS is thus-

Predictors: (Constant), Age, Weight, Height, BMI and
Duration of illness (days).
Y=BO+Blx1+B2x2+B3x3+B4x4+B5x5
Y =20.375 + (-0.269xB1) + (0. 279xB2) + (12.070 xB3)
+(-0. 507 xB4) + (-0. 054 xB5)

Dominant HGS =20.375 -0.269(Age) + 0. 279 (Weight) +
12.070 (Height) -0. 507 (BMI) -0. 054 (duration of illness)

Prediction equation for NDHGS is thus-

Predictors: (Constant), Age, Weight, Height, BMI and
Duration of illness (days).
Y=BO+BlIx1+B2x2+B3x3+B4x4+B5x5
Y =-42.891+ (-0. 234xB1) + (-0.160xB2) + (52.298xB3)
+ (0.486xB4) + (-0.065xB5)

Dominant HGS = -42.891-0. 234 (Age) + 0.160 (Weight)
+ 52.298 (Height) +0.486 (BMI) -0.065 (duration of illness)

Table 2. One-Way ANOVA and LSD post-hoc comparison of the Anthropometric characteristics and Hand Grip Strength of participants by Group and Sex

Patients Group Control Group

Male Female Male Female

(n=40) (n=48) (n=40) (n=48)
Variable X+£SD X+£SD X+£SD X£SD F-ratio p-value
Age 70.8+6.23° 70.3+6.20° 71.6+7.20° 67.3+7.11° 3.534 0.016*
WT (Kg) 73.4+12.6° 71.1+15.0° 67.7+8.82° 69.5+7.72° 1.733 0.162
HT (m) 1.65+0.06" 1.54+0.06° 1.66+0.05" 1.62+0.05° 46.98 0.001*
BMI (Kg/m?) 27.144.48° 29.3+6.90° 24.6+4.03¢ 26.543.36° 6.952 0.001*
DHGS (Kgf) 26.1+7.82° 20.4+5.50° 29.5+5.21° 24.2+2.58¢ 21.628 0.001%*
NDHGS (Kgf) 25446.78"  19.45+4.34>  28.7+4.40° 22.9+2.94¢ 30.440 0.001*

Superscripts (“*“) represent pair wise post-hoc comparison between groups. For a particular variable, mean values with different
superscript are significantly (p<0.05) different. Mean values with same superscripts are not significantly (p>0.05) different.

Key: S.D- Standard Deviation; WT — Weight; HT — Height; BMI- Body Mass Index; DHGS- Dominant Hand Grip Strength; NDHGS-
Non-Dominant Hand Grip Strength. *Significant difference at alpha level p< 0.05

Table 3. One-Way ANOVA and LSD post-hoc comparison of Hand Grip Strength by type of chronic illness (N=88)

Musculoskeletal Neuromuscular Multimorbidity
(n=33) (n=32) (n=23)
Variable X+SD X+SD X+SD F-ratio p-value
DHGS (Kgf) 24.0+£6.47" 21.9+8.87° 22.2+5.02° 0.763 0.470
NDHGS (Kgf) 23.4 +7.36 21.44591° 20.7+4.42° 1.505 0.228

Superscripts (“°) represent pair wise post-hoc comparison between groups. For a particular variable, mean values with different
superscript are significantly (p<0.05) different. Mean values with same superscripts are not significantly (p>0.05) different.
Key: S.D- Standard Deviation; DHGS- Dominant Hand Grip Strength; NDHGS- Non-Dominant Hand Grip Strength.
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Table 4. Chi-square comparison of level of hand grip strength of participants by group, age, sex, BMI classification and type of chronic illness

Variable Classification of hand grip strength
Weak Intermediate Normal
n n n X2 p-value

Case-Control
Patient 33 26 29 15.252 0.001*
Control 11 31 46

Sex
Male 25 39 13 38.419 0.001*
Female 19 18 62

Age Group
<70 years 15 26 46 16.351 0.003*
70-80 years 17 26 24
>80 years 12 5 5

BMI Classification
Normal 06 27 45 40.500 0.001*
Overweight 12 20 21
Obese 26 10 09

Type of illness
Musculoskeletal 11 23 32 6.553 0.153
Neurologic 15 17 27
Multiple 18 17 16

*indicate significant association

Table 5. Multiple regression model for predicting HGS among the patient group
Item Df SEE F p
Dominant HGS

Multiple -
R 0.614 Regression 5 5.78718 9.929 0.001
R2 0.377 Residual 82
Adjusted
R2 0.339

Non-Dominant HGS
ghﬂnple 0.722 Regression 5 442738 17.897 0.001
R2 0.522 Residual 82
ﬁ;ijusted 0.493

p is significant at 0.05

Keys: SS = Sum of Square; MS = Mean Square; SEE = Standard Error of Estimate

4. Discussion

Most studies among the elderly individuals seems not to
take into account the mutual effects of the inter-relationships
between chronic illnesses and aging on HGS. Therefore, it is
necessary to determine the contribution of chronic illnesses
on HGS among older adults. This study compared HGS
among elderly individuals with chronic illnesses and healthy
controls. The finding of the study showed that the patient
group had significant higher anthropometric measures and
BMI distribution of overweight and obesity (especially
among the female patients). The patients’ group had
significantly lower HGS compared with the healthy controls
with poorer grip strength among the female patients. This

finding is consistent with earlier studies that have reported
reduced HGS in elderly patients with chronic illnesses
[24-26]. The finding of this study, is consistent with previous
reports showing that elderly female patients had significantly
higher BMI [27-29] and lower HGS for the dominant and
non-dominant hand compared with their age-matched male
counterparts [4]. However, in addition to the specific effect
of morbidity on HGS, it is adduced that the significantly
higher BMI among the patient group could have contributed
to the lower HGS among them.

This study found significant association between level of
HGS and each of sex, age group and BMI classification.
Literature is replete with studies showing strong correlation
between HGS and anthropometric traits [30]. Specifically,
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higher weight and BMI are associated with reduced HGS
without gender bias [31, 32]. Elderly patients with chronic
illnesses have higher risk of overweight and obesity owing to
morbidity-related decreased mobility, functional limitation
and sedentariness [33]. Increase in BMI could have
accounted for the reduced HGS observed among the elderly
patients in this study.

This study further reveals that patients with
neuromuscular  conditions or multimorbidity = had
significantly lower HGS. The finding of this study further
revealed that having a neuromuscular condition or
multimorbidity status led to significant lower HGS
compared with having a musculoskeletal condition.
Apparently, neuromuscular conditions have direct impact on
the nerves which grossly limit the ability of the muscles they
supply to contract and move the fingers to make a grip.
However, for musculoskeletal conditions, the nerves are
usually intact, but movement restriction may only be due to
pain, stiffness etc. which patients may still try to work
against, with much effort and endurance. It appears that more
studies have investigated the influence of orthopedic or
musculoskeletal  conditions on HGS [34] than
non-musculoskeletal conditions. However, there is
accumulating reports that suggest that HGS could be
influenced by neuromuscular system, endocrine or other
physiologic systems [35]. It is hypothesized that HGS is
associated with multiple physiological systems and as such,
impaired or reduced HGS could be associated with insulin
resistance and hyperthyroidism and increased interleukin-6
or reduced insulin-like growth factor I (IGF-I) among other
covert mechanisms. The finding of this study somewhat
contrasts the study by Cheung et al [26] who reported that a
number of chronic diseases influence HGS [36], where
co-occurrence of two or more chronic diseases or
multimorbidity was significantly associated with lower HGS
compared with a single disease condition (musculoskeletal
or neuromuscular). The present study found no significant
difference in HGS between elderly patients with
neuromuscular conditions and those with multimorbidities.
In addition, this study found a weak to moderate correlation
between the physical characteristics and HGS among elderly
patients with chronic illnesses, but not with controls.

The regression prediction models in this study suggest age,
weight, height, BMI and duration of illness could account for
DHGS and NDHGS. The variability of the predictive model
for DHGS and NDHGS was 37.7% and 52.2% respectively.
However, the variability level of 37.7% and 52.2% for
DHGS and NDHGS respectively was from low to moderate
and it thus indicate that the use of the regression prediction
models derived from this study for HGS could not be without
significant errors. Considering that there are other
important variables that determines HGS in elderly
which were not assessed in the current study. For
example, nutrition of the elderly people is a significant
predictor of HGS [37, 38] as well as lower socio-economic
class [39-41], reduced physical activity level [41], and
reduced cognition [12] among others. Therefore, the
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results of this study seem to shed more light on the
inter-relationships between chronic illnesses and aging on
HGS in the elderly. In addition, this study revealed the
pattern  and  association = between = HGS and
socio-demographic and anthropometric variables among
elderly individuals.

From this this study, routine evaluation of HGS among
older adults is recommended as it may have both diagnostic
and prognostic values. Also, case-control approach for the
evaluation of HGS among older adult may be helpful to
identify the elderly with weak and intermediate HGS who
may benefit from strength improvement interventions.
Furthermore, researchers and clinicians should take
cognizance of the impact of anthropometric parameters
(especially BMI) and type and duration of illness on HGS in
the elderly. However, further studies are needed to establish
normative database for HGS in the elderly and also validate
the predictive model proposed in this study. The potential
limitations of this study include, the inability to ascertain the
health status of the control participants as the state of health
was based on self-report and also eliminate the influence of
personal motivation in HGS tests. Also, the clinical status of
the patients’ group was based on data recorded in their case
notes and interviews. In addition, a heterogeneous sample
of elderly patients who were grouped based on
similarities of their medical conditions rather than being
homogenous were recruited in this study. Therefore,
future studies comparing homogenous elderly patient
samples are needed to validate the finding of this study.

5. Conclusions

Elderly individuals with chronic illnesses have poorer
HGS than healthy controls. Having a neuromuscular
conditions or multimorbidity significantly impaired HGS
than illnesses of musculoskeletal origin. Age, gender and
anthropometric measures significantly influence HGS. Age,
weight, height, BMI and duration of illness seems to be
moderate predictors of HGS but not without significant
eITOTS.
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