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ABSTRACT

Background: A handgrip dynamometer is a simple, inexpensive and quick method to assess muscle 
strength. Sequential decrease in handgrip strength has been shown in various studies as a strong predictor 
of stroke. Therefore, this study aimed to measure muscular strength and determined its association with 
co-morbidities to predict critical illness in a community based setting of Punjab, Pakistan. 

Methods: The study participants (n=152), were recruited through convenient sampling, during a 
community-based survey. Muscle strength was assessed with the handgrip dynamometer and quantified 
according to high, average and low percentile. Chi-square test was done to assess the distribution and 
multinomial logistic regression analysis to identify the factors associated with them.

Results: Out of 152 participants, mean age 44.5±15.3 years, 95(62.5%) were females and 57(35.5%) males. 
Handgrip strength measurement showed that 38(25%) of participants had high muscle strength, 80(52.6%) 
average and 34(22.4%) had low muscle strength. Low muscle strength was significantly higher among 
females (OR: 7.9, 95% CI: 2.4-27.1) as compared to the males. In general participants having diabetes had 
low muscle strength (p<0.011), but in hypertensive the association was not significant (p<0.21).

Conclusion: Overall patients at risk of stroke such as diabetics had significant low muscle strength but in 
hypertensive the association was not significant (p<0.21). More studies with bigger sample size are required 
to make it a predictive marker for stroke and cardiovascular diseases. It is easy to measure and is a low-cost 
technique for risk scoring and risk prediction in a community-based setting at an early stage.
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INTRODUCTION

The importance of muscle mass, strength, and 
metabolic function in the performance of exercise 
is a well recognized fact. Loss of muscle strength or 
changes in skeletal muscles may cause physical 
weakness and metabolic variations such as insulin 
resistance, hyperlipidemia and increase in blood 
pressure1,2.

Lower muscular fitness is emerging as a recognized 

determinant, in addition to previous evidence-based 
contributing common risk factors for non-communi-
cable diseases (NCDs) such as low physical activity, 
obesity, poor diet, tobacco use, increased blood 
pressure, high blood sugar and increased blood 
cholesterol level3,4. Epidemiological studies suggest 
that declining muscle strength is well linked as one of 
the potential risk factors for cerebrovascular and 
cardiovascular diseases including arterial stiffness4-6. 

Various studies have shown that handgrip is a 
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reliable proxy measure of upper extremity muscle 
strength and declining handgrip strength has been 
proved to be a strong predictor of all-cause and 
cardiovascular mortality in a large multi-country 
longitudinal study i.e. Prospective Urban-Rural 
Epidemiology (PURE) study7-9. Therefore, handgrip 
strength is used as an indicator of muscular fitness, 
nutritional status, and walking performance and 
muscle mass10-12.

Moreover, adding handgrip strength (HGS) mea-
surement to traditional office-based risk factors 
(age, gender, blood pressure, obesity, diabetes 
mellitus and smoking) in resourced limiting 
under-served community settings and low and 
middle-income countries would be beneficial 
where blood-based measurements are difficult to 
perform because HGS measurement improves the 
prediction of office-based risk screeningprocess9,13. 
Whereas, non-communicable diseases (NCDs) 
have been on the rise and are contributing progres-
sively to the global and local disease burden and 
need to be identified and prevented early14. 

Keeping in mind the rise of non-communicable 
diseases among the Pakistani population, the prev-
alence of coronary artery disease is found to be 
29.6%, whereas, males and females are found at 
equal risk15. The situation for stroke in Pakistan is even 
worse since the risk factors contributing to stroke are 
massive and projections reported that Pakistan 
would be the fourth densely populated country 
concerning diabetic patients and every third 
person with 45 years of age would be hypertensive 
by 2020 16. Some potential risk factors associated 
with the declining of handgrip strength includes 
gender, age, body size, smoking and low physical 
activity have been reported in neighboring 
regions17. 

Hence, measuring an HSG which provides a quick, 
reliable and budgeted procedure for measuring 
muscle strength may be useful for risk screening of 
NCDs, and has the potential to apply as a filtering 
technique in a clinical setting and thus must have a 
clinical utility9. Herein, Pakistan, there is only one 
study available which was carried out for finding 
normative data for handgrip strength among Kara-
chi resident18. In addition, up to the best of our 
knowledge, there is no exploration of the factors 
associated with lower handgrip strength. Therefore, 
this study aims to assess the handgrip strength and 
factors associated with lower handgrip strength 
among adults residing at the urban squatter settle-
ment of Lahore, Punjab.

METHODS

This is a community-based cross-sectional study 
conducted in two selected Union Councils -120 and 
122 of urban Punjab from February to March 2019. 

During the health camp, the eligibility criteria to 
recruit study participants included all adults aged 
18 years and above of both genders. A total of 152 
participants were recruited through a non-probabil-
ity convenient sampling method.

Informed verbal and written consent was obtained 
from each participant. The interview was conduct-
ed using a structured questionnaire to extract the 
information about age, gender, present co-morbid-
ities related to diabetes and hypertension, physical 
activity. That was defined as walk for 30 minutes 
daily, current medication history in the form of 
anti-hypertensive, anti-glycemic and lipid-lowering 
agents, tobacco use defined as current smoking 
and/or smokeless tobacco use and frequency of 
consumption of fruits and vegetables per week. 

Anthropometric measurements were recorded 
including height and weight. Measurements of 
systolic and diastolic blood pressure and random 
blood sugar were performed according to 
standardized methods. Institutional Review Board 
(IRB) of Shalamar Medical and Dental College, 
Pakistan approved the study (SMDC/IRB/11-12/140).

A hand-held dynamometer could easily be used in 
clinical settings to measure the trunk muscle 
strength in patients with stroke because of its accu-
racy and affordability19. Analog handgrip dyna-
mometer was used. Muscle strength was defined 
and measured with respect to handgrip strength by 
handgrip dynamometer with a protocol according 
to a standardized approach where a hand is 
placed in a vertical position and 90-degree elbow 
flexion and the whole procedure takes 5 minutes to 
be completed. The measurement is repeated two 
times with an interval for a while20. Participants with 
any physical limitations were excluded. Since there 
was variability in the cutoffs for defining handgrip 
strength therefore mean standardized score of 
muscle strength was used in terms of percentiles 
according to standard method i.e., standardized 
score was computed by subtracting individual 
value by mean scores and then divided by the 
standard deviation. Later, we categorized the 
sample into high, average and low strength based 
on the percentile cut-offs i.e. 25th, 50th and 75th 

respectively21. 

Statistical analysis was carried out using SPSS. 
Mean± SD for continuous variable and percentage 
(%) were calculated for categorical variables. 
Chi-square test was done to assess the sample 
distribution according to the outcome (handgrip 
strength) variable and p-value less than 0.05 was 
considered significant. Univariate regression analy-
sis was done and variables with p-value <0.05 in 
univariate analysis were kept further in multinomial 
regression model for further assessment. Multinomial 
regression analysis was done since muscle strength 
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was characterized into three categories i.e. high, 
average and low muscle strength and therefore to 
estimate the adjusted odds ratios for associated 
factors of muscle strength.

RESULTS

A total of 152 participants with mean±SD age of 
study participants i.e. 44.5 (±15.3), 95 (62.5%) of 

females and 57(37.5%) males. Overall, 66(43.4%) of 
them were currently on medications for chronic 
diseases. Out of the total, 52(34.2%) were consum-
ing fruits for ≥ 3 days per week, while, 101(66.4%) of 
participants were consuming vegetables for more 
than three days per week. Participants who walk 
daily for thirty minutes were 66(43.4%) and those 
who use any kind of tobacco product currently 
were 25 (16.4%) (Table 1). 

Table 1:  Comparison of factors associated with hang grip strength study participant’s ≥18 years in urban
Punjab, Pakistan.

Characteristics

Total 
Participants

Muscle Strength
p-Value

High
n (%)

Average
n (%)

Low
n (%)

n= 152 38 (25.0) 80 (52.6) 34 (22.4)

Gender

Male 57 (37.5) 28 (73.7) 21 (26.3) 08 (23.5) 0.00**

Female 95 (62.5) 10 (26.3) 59 (73.8) 26 (76.5)

Age

<40 years 58 (38.2) 13 (34.2) 36 (45.0) 09 (26.5) 0.14

 40 years 94 (61.8) 25 (65.8) 44 (55.0) 25 (73.5)

Hypertensive 54 (35.5) 9 (23.7) 31 (38.7) 14 (41.2) 0.21

Diabetic 53 (34.9) 13 (34.2) 21 (26.3) 19 (55.9) 0.01**

Physical Activity      66 (43.4) 21 (55.3) 31 (38.8) 14 (41.2) 0.23

Diastolic Blood Pressure

Raised 37 (24.3) 33 (86.8) 57 (71.3) 25 (73.5) 0.17

Normal 115 (75.7) 05 (13.2) 23 (28.7) 09 (26.5)

Systolic Blood Pressure

Raised 39 (25.7) 31 (81.6) 57 (71.3) 25 (73.5) 0.48

Normal 113 (74.3) 07 (18.4) 23 (28.7) 09 (26.5)

Blood Sugar Level

Normal 74 (48.7) 17 (44.7) 45 (56.3) 12 (35.3) 0.11

Raised 78 (51.3) 21 (55.3) 35 (43.7) 22 (64.7)

Taking Medications 66 (43.4) 14 (36.8) 34 (42.5) 18 (52.9) 0.37

Tobacco Use 25 (16.4) 13 (34.2) 10 (12.5) 02 (5.9) 0.00**

Consumption of Fruits per Week

< 3 days 100 (65.8) 24 (63.2) 51 (63.7) 25 (73.5) 0.56

 3 days 52 (34.2) 14 (36.8) 29 (36.3) 09 (26.5)

Consumption of Vegetables per Week

> 3 days 101 (66.4) 28 (73.7) 50 (62.5) 23 (67.6) 0.47

> 3 days 51 (33.6) 10 (26.3) 30 (37.5) 11 (32.4)
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Muscle strength among study participants was 
found as high 38(25%), average 50(52.6%) and low 

34(22.4%) muscle strength while measured 
according to the percentile (Figure 1). 

Among the total sample, 26(76.5%) of females have 
low muscle strength compared to only 8(23.5%) of 
males and had significant results as the p-value 
<0.001). Similarly, 28(73.7%) of males have high 
muscle strength as compared to 10(26.3%) of 
females with significant results. The difference 
between muscle strength of non-diabetic and 
diabetic participants was statistically non-significant 
(p-value=0.17). Those who are not hypertensive 
have high muscle strength compared to those who 
have hypertension (76.3% vs. 23.7%). In this study 
participants with no tobacco use 25(65.8%) have 

high muscle strength compared to 13(34.2%) of 
tobacco users (<0.05) (Table 1).

Multinomial logistic regression analysis (Table 2) for 
factors associated with average and low muscle 
strength shows females are 7.9 times more likely to 
have low muscle strength as compared to males 
and the result is statistically significant (p-value 
<0.001). With reference to the analogue handgrip 
dynamometer (Figure 2), two significant aspects 
were presented which were showing an original 
position vs. handgrip strength measurement.

** p-value < 0.05 

Figure 1: Proportion (%) of with handgrip strength among study participant’s ≥18 years in urban Punjab,
Pakistan.
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Figure 2: Analogue handgrip dynamometer (Image A: Original position; Image B: Measuring handgrip
strength).

Table 2: Multinomial logistic regression analysis for factors associated with hang grip strength among study
participant’s ≥18 years.

DISCUSSION

In this exploratory study, overall 80 adult participants 
have an average (52.6%) and low (22.4%) muscle 
strength and findings are comparable to those 
reported for Malaysian populations22. Similar 
findings were reported for European and American 

adults where weaker handgrip strength was found 
overall in the study population23, 24. 

Since previous studies have established a correla-
tion between muscle strength and age where it 
highlighted that muscle strength increases till the 
age of 38 years and then decreases steadily after-
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Characteristics

Average muscle 
strength p-Value

Low muscle 
strength p-Value

OR (95% CI) OR (95% CI)

Gender

      Male

      Female

Age 

     <40 years

     ≥ 40 years

Hypertensive 

Non-hypertensive

Diabetic   

Non-diabetic 

Physically Active

Physically Inactive 

Tobacco user 

Tobacco Avoidance

1

6.4 (2.3-17.2)

1

1.3 (0.4-3.8)

1.5 (0.5-4.9)

1

1.1 (0.3-3.7)

1

1

1.5 (0.5-3.7)

1.5 (0.4-4.9)

1

 

0.00

0.66

0.38

0.89

0.38

0.49

1

7.9 (2.4-27.1)

Age 

1

2.4 (0.6-9.7)

1.1 (0.3-3.5)

1

3.1 (0.7-13.2)

1

1

1.4 (0.4-4.3)

3.2 (0.5-19.1)

 

0.00 **

0.19

0.91

0.11

0.51

0.18

** p-value < 0.05 
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wards22. In our study, odds ratio of low handgrip 
strength is high (OR: 2.5) among participants age 40 
years and above. However, the association could 
not be significantly established which might be due 
to the small sample size. A study showed a pooled 
data from six cohort studies reporting low handgrip 
strength as a potential risk factor for all-cause 
mortality among older age population 25.

Concerning gender, our study is showing significant 
association and reporting higher odds of low hand-
grip strength among females compared to males 
(OR: 6.7). These results are similar to several other 
previous findings. However, another study has 
demonstrated a comparative finding among 
Malaysian adults where male participants had 
consistently stronger handgrip measurement with 
an odds ratio of 1.75 times higher compared to 
females across all age group22. Factors underlying 
the difference in handgrip strength among genders 
were body mass index and waist circumference, 
which mediate the effect of handgrip strength. 
These factors may play role in developing cardio-
vascular diseases among males and females, which 
was evaluated in a study conducted among 
Korean adult population26. 

Abundant evidence suggests that low handgrip 
strength is significantly linked with a high risk of 
cardiovascular diseases (CVD) and its related risk 
factors such as diabetes, hypertension, dyslipid-
emia and obesity 26,27. In our study, low strength is 
higher among those participants who had hyper-
tension (OR: 1.1), diabetes (OR: 2.7) and tobacco 
users (OR: 3.4). In accordance with our study 
findings, there are other surveys conducted among 
Korean and Hispanic population, which is also 
showing that low handgrip strength is significantly 
related to cardiovascular risk factors and cardio-
vascular fitness respectively, among adults 4,26,28. 
However, studies have also reported that low hand-
grip strength is not a predictor of cardiovascular 
risk29. Therefore, the contrary findings among differ-
ent studies appeal for further large-scale communi-
ty-based research with a robust methodology.   

Physical activity increases muscular functional 
capacity and cardio-respiratory fitness (CRF) and 
the latter one is an established predictor for cardio-
vascular disease morbidity in the future30. Similarly, in 
our study multinomial regression result is showing 
that odds of low strength is higher (OR: 1.5) among 
participants with no physical activity. Other robust 
cohort studies reporting similar findings that low 
physical fitness is significantly associated with low 
muscular strength21,30. 

The strength of the study includes the participants 
were selected from a community, which is challeng-
ing in terms of refusals. The measurement of handgrip 
strength with respect to percentile is representing the 

meaningful result of the outcome and can be used 
further for applying certain interventions in a specific 
community. However, there are some limitations of 
participants selection in the study were at-risk popula-
tion; hence, the results cannot be generalized to a 
healthy population. It is an exploratory study among 
people who attended the health camp and having 
co-morbidities so findings cannot be generalized to 
the whole population and cannot be conclusive. 
However, the findings can generate only the hypoth-
esis, which can be explored further in future studies. 
Up to the best of our knowledge, this study is novel for 
assessing muscle strength in a community-based 
setting in Punjab

CONCLUSION

The participants are having either average and low 
muscle strength and regression analysis showed 
that females are at high risk of having low muscle 
strength. Therefore, it can be suggested that the 
handgrip dynamometer, an economic tool, used as 
a proxy measurement of upper extremity muscle 
strengthen a community based clinical settings. It is 
easy to measure and a low-cost technique for 
risk-scoring and risk-prediction of cardiovascular 
disease and cerebrovascular disease such as 
stroke, as evident by literature, and thus to identify 
high-risk people beforehand. 
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