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Purpose: The aim of the current study was to measure grip strength along with correlates, to inform recommendations to protect 
students entering the nursing workforce and increase career longevity, as well as health, among working nurses.
Participants and Methods: A convenience sample of nursing staff and students (18 to 59 years) at a large teaching hospital (N = 316) 
participated in a cross-sectional study. A brief survey included sociodemographic questions, the Perceived Stress Scale (PSS-4), and the 
Nordic Musculoskeletal Questionnaire (NMQ). Anthropometric measures included height, weight, waist circumference, and hand grip 
strength using a Jamar digital dynamometer.
Results: Only 22.5% of the participants met Indian normative grip strength parameters by age and gender, and on average had 
a normal body mass index (M = 22.31, SD 4.15). Grip strength was significantly associated with BMI and waist circumference, which 
explained 76% of the variance in grip strength.
Conclusion: This study provides a baseline measurement of grip strength among Indian nursing staff and students, and documents 
grip strength among young adults (18–20 years of age) who were not included in published normative grip strength data among 
healthy Indian participants. Data from the current study demonstrates that very few participants met normative grip strength, thus 
indicating the need for strengthening. Variance in grip strength was largely explained by waist circumference, pointing to the 
importance of nutrition. Interventions are needed to improve physical performance of nursing duties and prevent on-the-job injuries.
Keywords: nurses, occupational health, musculoskeletal disorders, on-the-job injuries

Introduction
Globally, nurses are at risk for on the job (OTJ) injuries or musculoskeletal disorders (MSD), contributing to disability, 
and leaving the nursing workforce.1–4 Nurses who are not physically fit or do not lead an active lifestyle may be at 
increased risk.4,5 Additional factors contributing to OTJ injuries or MSD include fatigue, compressed shift schedules, 
variability of shifts, physical capacity, and upper body strength.6–9 Grip strength is an upper body strength measure 
indicating overall muscle strength, which also predicts musculoskeletal health, disease development and progression, 
disability and mortality, or healthy ageing.10–12

A review of normative data for grip strength across different countries reveals a common pattern throughout the 
course of life with an increase across childhood to a peak in early adult life, a relatively constant maintenance in midlife, 
and a decline from midlife on. Differences between grip strength peak and decline may have slight immediate effects on 
health but could also pose long-term consequences such as premature aging, disability and higher mortality.11 Average 
grip strength also varies geographically.13 A systematic review examining global variation in grip strength indicated clear 
differences in mean values between developed and developing regions, with lower grip strength in developing regions. 
Grip strength of healthy Indian adults to age and gender matched adults with similar physical activity levels in the USA, 
Europe, and Australia found significantly lower grip strength among Indian men and women.14 The authors indicated that 
differences in body size and composition likely explain the regional differences in normative grip strength. Factors 
affecting body size include early growth, nutrition and genetics.14 Body composition including greater waist 
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circumference, may indicate central obesity, a characteristic for metabolic syndrome, and associated with back and joint 
pain, decreased performance on physical fitness tests, and weaker grip strength.15–17 In addition to body mass index 
(BMI) and body composition, factors that may affect grip strength include age, gender, hours worked, years in 
profession, consecutive shifts, stress, exercise habits, and physical demand of clinical work.9,11,14,18,19

India faces a shortage of over one million nurses,20 therefore, preserving the current workforce of nurses is essential, 
in addition to training more nurses to fulfill the needs of the Indian population. Studies in India have indicated that nurses 
are at risk; Singh et al found 75% of the nurses observed to be at increased risk for MSDs and OTJ injuries due to the 
physical nature of the work and rapid movements required,20 Anap et al indicated that back and extremity MSDs and 
OTJ injuries are common, with 89.1% of the nurses in their sample having experienced work-related musculoskeletal 
symptoms,21 Paul et al using the standardized Nordic questionnaire found that more than half of the nurses had 
musculoskeletal complaints, preventing many of them from being able to do their work,22 and Yasobant indicated that 
compared to other healthcare workers, nurses are at the highest risk for MSDs and OTJ injuries.23 These risks may result 
in nurses leaving the profession or shortening their career, yet awareness, ergonomic training, and preventive efforts to 
protect nurses in India are lacking.20–24

Considering the current global nursing shortage, as well as the critical shortage of nurses anticipated in India,20,25 

preparing students for the physically demanding aspects of nursing may be advantageous. A study in Australia indicated 
that nursing students experienced musculoskeletal symptoms, and despite regular exercise, most of the students had poor 
to average fitness levels. Most of the students also had poor to fair grip strength.19

Measurement of grip strength may provide the opportunity for intervention needed to improve performance and 
prevent future OTJ injuries8,26 As grip strength is correlated with overall body strength and specifically upper extremity, 
grip strength measurement can serve as a needs assessment as well as efficacy of intervention.26 Recent determination of 
normative reference values of hand-grip strength among healthy individuals (ages 21–80 year-old men and women) in 
India may aid in interpreting grip-strength values for nursing students and staff, serving as a basis for comparison.27,28 

The aim of the current study was to measure grip strength along with correlates, to inform recommendations to protect 
students entering the nursing workforce and increase career longevity, as well as health, among nurses already working.

Materials and Methods
Research Design
We conducted this study using a cross-sectional survey design with anthropometric measures and convenience sampling.

Setting and Sample
At a large teaching hospital and university, staff nurses and nursing students were invited to participate. Data collection 
stations were set up on site and staff/students present were recruited using convenience sampling technique and 
participants self-selected to participate. Convenience sampling is efficient and effective in settings with participants 
readily available,29 such as in a school or hospital. Inclusion criteria were being a staff nurse (performing bedside patient 
care), faculty with dual appointment (College of Nursing and clinical post), or enrolled as a nursing student. Exclusion 
criteria consisted of being physically unable to perform the grip strength test (eg due to existing hand injury, anomaly, or 
recent hand/wrist surgery). Participants immediately completed a short survey and anthropometric measures. The data 
collection period lasted June 29 through July 5, 2022. A priori sample size calculation was based on pilot data, where the 
proportion of nurses meeting Indian grip strength norms was 35.1%. Using the formula 4PQ/d2 keeping the precision at 
6, the calculation is 35.1×64.9 x 4/36 = 253.

Data Collection
Using a paper survey, responses to sociodemographic questions and validated scales were collected and measurements 
documented on the same form. No identifiable information was collected and because anthropometric measures were 
documented on the participants’ surveys, no mechanism to link data was required. Sociodemographic questions included 
age, gender, indication of staff or student role, work hours, length on the job, and self-reported leisure and physical 
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activity. Validated scales included the Perceived Stress Scale 4-item version (PSS-4), and the Nordic Musculoskeletal 
Questionnaire (NMQ).

Leisure activity was assessed by self-report with a dichotomous (yes/no) question regarding a regular practice of 
meditation/relaxation, and if yes, followed by an open-ended question regarding the type of meditation/relaxation 
activities practiced, and how many times per week. Physical activity was assessed with questions regarding the typical 
number of days per week exercise was performed, length of time spent exercising per week, type of exercise (eg cardio, 
stretching), and self-rated exercise intensity (low, medium, high).

The PSS-4 has been used in many settings, including India, and measures the degree to which one perceived one’s life 
situations as stressful in the last month. Responses range from 0 = never to 4 = very often. Items are summed, with higher 
scores indicating higher levels of perceived stress.30–32 The PSS-4 had an acceptable level of internal consistency in the 
current study (Cronbach’s alpha = 0.74).

The NMQ is used to evaluate location and severity of self-rated musculoskeletal symptoms during the past week to 12 
months. Items are summed, with higher scores indicating greater musculoskeletal symptoms. NMQ items ask about 
problems in the neck, shoulders, elbows, wrists/hands, upper and lower back, hips/thighs, knees, and ankles/feet; the 
effect of problems on leisure and work activities; and whether or not healthcare was sought.33 The NMQ has been shown 
test-retest reliability and validity when compared to clinical history,34 has previously been used and found reliable in 
India,35 and is commonly used among nurses.36–38

Anthropometric measures included height, weight, waist circumference, using the same stadiometer, digital scale, and 
tape measure for all participants. Waist circumference of 85cm for men and 80cm for women, and a BMI of 23 kg/m2 

were used as the normal cutoff values for Asian Indian Adults.39 Dominant hand grip strength was measured three times 
and averaged for each participant, using a Jamar digital dynamometer. A standard protocol was followed for grip strength 
measurement, which included having participants seated in a chair without armrests, dynamometer held in the dominant 
hand, with the elbow flexed at a right angle, forearm rotation 0° with the wrist in a neutral position.40

Statistical Analysis
Data analysis was completed using IBM SPSS Statistics version 27. Descriptive analyses were conducted using 
frequencies for nominal variables (student or staff status, gender, exercise intensity, routine practice of meditation/ 
relaxation, orthopedic problem reported) or mean and standard deviation for continuous variables (hours worked per 
week, number of years working, age, BMI, waist circumference, hours of exercise per week, frequency of meditation/ 
relaxation practice, perceived stress scale, total number of musculoskeletal symptoms, and grip strength), followed by 
Chi square or t-tests respectively to determine statistically significant differences between subgroups (students vs staff). 
Grip strength data was compared to Indian normative reference ranges and were separated into below vs meeting or 
exceeding normative values for age groups with published reference values. (For younger aged participants averages are 
reported, establishing a baseline, as the published reference values are for ages 21 years and older.) Pearson’s correlations 
indicating significant bi-variable associations between the continuous independent variables and grip strength (outcome 
variable) informed model building for multivariate analysis.

Ethical Considerations
The Institutional Review Boards of both institutions, Christian Medical College-Vellore, and Loma Linda University, of 
the respective affiliated authors approved the study, and it was conducted in accordance with the Declaration of Helsinki. 
Recruited individuals were provided with study information and all questions answered. Consent was obtained from 
study participants prior to data collection. After completion of the survey participants approached research team members 
for anthropometric measurements, including grip strength measurement, of their own accord.

Results
The total sample (N = 312) consisted of 148 students (47.4%) and 164 staff (52.6%). Both groups were primarily composed of 
female participants, (96.6% and 95.7% respectively). The participants ranged in age from 18 to 59 years (M = 23.61, SD = 5.77). 
Overall, the average BMI was below 23 with a range of 14.2 to 38.8. Waist circumference averaged < 80 cm, with a range of 58.0 
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to 117.0 cm. While only 127 participants (40.7%) reported regular exercise, these participants averaged over three hours of 
exercise per week with 45 (35.4%) reporting low-intensity, 80 (63%) medium-intensity, and 2 (1.6%) high-intensity. Only 70 
(22.4%) reported practicing meditation or relaxation during leisure time, and those who did reported doing so an average of 4.58 
(SD = 2.70) times per week. There were significant differences between students and staff in terms of age, waist circumference, 
and total number of musculoskeletal symptoms reported, which were all higher among staff nurses (see Table 1). Of note, mean 
grip strength did not significantly differ between students and staff.

The mean grip strength for male participants 18–20 years of age was 36.68 kg (SD = 6.33), with a range of 27.81 to 
45.45 kg. The mean grip strength for female participants 18–20 years of age was 23.11 kg (SD = 5.62), with a range of 
6.76 to 38.15 kg.

Grip strength data for participants over the age of 21 were divided as below vs meeting or exceeding normative 
reference by age group and gender,27 with those in the latter group designated as having normal grip strength. In total, 
only 71 (22.5%) of the participants were found to have normal grip strength. On average, the few male participants (3.8% 
of total sample) exceeded normative values by age group, whereas female participants, on average, were below 
normative values in every age group (see Table 2).

Correlations
While mean grip strength did not significantly differ between staff and students, these groups were statistically different 
in terms of age, waist circumference, and total number of musculoskeletal symptoms reported, therefore, we conducted 
Pearson’s correlations on these variables to see if they needed to be controlled for in multivariate analysis. Age was 
significantly positively correlated with waist circumference (r = 0.278, p < 0.001). However, age was not significantly 
associated with the number of musculoskeletal symptoms (r = −0.048, p < 0.395).

Table 1 Characteristics of Participants

Characteristic All Participants (N = 312) Students (n = 148) Staff (n = 164)a X2 t-test
N (%) or M (SD) N (%) or M (SD) N (%) or M (SD) P value P value

Students in GNM program 46 (31.1%)

Students in BSc program 102 (68.9%)

Typical hours worked/week 45.81 (5.87)
Total length on job (years) 4.40 (6.87)

Gender 0.772

Female 300 (96.2%) 143 (96.6%) 157 (95.7%)
Male 12 (3.8%) 5 (3.4%) 7 (4.3%)

Age 23.61 (5.77) 20.05 (1.67) 26.74 (6.35) 0.000

BMI 22.31 (4.15) 22.18 (3.69) 22.42 (4.54) 0.623
Waist circumference 79.49 (9.82) 77.64 (8.35) 81.15 (10.74) 0.001

Hours of exercise/week 3.16 (3.72) 3.09 (4.50) 3.16 (2.95) 0.917

Exercise intensity (n = 127) 0.927
Low 45 (35.4%) 18 (12.2%) 27 (16.5%)

Medium 80 (63.0%) 33 (22.3%) 47 (28.7%)

High 2 (1.6%) 1 (0.7%) 1 (0.6%)
Practices meditation/relaxation (n = 70) 70 (22.4%) 31 (20.9%) 39 (24.1%) 0.687

Times per week 4.58 (2.70) 4.97 (2.39) 4.25 (2.92) 0.286

Perceived Stress Scale 6.92 (2.67) 7.20 (2.87) 6.68 (2.48) 0.144
Orthopedic problem reported 248 (79.5%) 119 (80.4%) 129 (78.7%) 0.950

Total number of MSK symptoms 15.11 (2.78) 14.72 (2.60) 15.47 (2.90) 0.030

Grip strengthb 23.80 (6.20) 23.75 (5.78) 23.85 (6.59) 0.896

Notes: aStaff includes 39 participants that also hold a faculty position. bGrip strength in kilograms. 
Abbreviations: GNM, General Nurse Midwife; BSc, Bachelors of Science; MSK, musculoskeletal,
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Grip strength was significantly positively associated with BMI (r = 0.266, p < 0.001) and waist circumference 
(r = 0.274, p < 0.001) using Pearson’s correlations. Age, relaxation/mediation habits, exercise habits, length of time 
on the job, average number of hours worked per week, perceived stress, and musculoskeletal symptoms were not 
significantly associated with grip strength (see Table 3).

Analysis of Predictors of Grip Strength
Initial multiple linear regression analysis included control variables (age, number of musculoskeletal symptoms) and 
significant bivariates of grip strength (BMI and waist circumference). The control variables were not significant in the 
model, therefore, only BMI and waist circumference (significant correlates of grip strength) were included in the final 
model, which explained 76% of the variance in grip strength. Only waist circumference remained significant in the 
model; as waist circumference increased, grip strength increased. See Table 4 for details.

Table 2 Normative Hand Grip Strength for Healthy Adults in India and Grip Strength of Study Participants

Age Group Male n Female n

Normative Study Participants Normative Study Participants
M (SD) M (SD) M (SD) M (SD)

18–20 – 36.68 (6.33) 5 – 23.11 (5.62) 80
21–30 32.08 (2.39) 42.51 (8.54) 4 24.52 (2.09) 23.10 (4.95) 197

31–40 41.56 (2.24) 43.44 (2.99) 3 33.80 (1.99) 24.64 (6.88) 15

41–50 36.16 (1.50) 30.96 (2.32) 22.84 (3.61) 5
51–60 30.38 (1.93) 23.92 (1.99) 19.96 (0.96) 3

Notes: Normative values as published by Walankar et al.27 All values given in kilograms.

Table 3 Bivariate Correlations of Independent Variables with Grip Strength, 
(2-Tailed)

Independent Variable r

Age (n = 312) 0.055

BMI (n = 312) 0.271**

Waist circumference (n = 307) 0.278**
Number of times relaxation/meditation practiced per week (n = 72) −0.186

Number of hours of exercise per week (n = 127) 0.017
Length of time on the job (n = 164) 0.041

Average number of hours worked per week (n = 164) 0.095

Perceived stress (n = 312) 0.026
Number of musculoskeletal symptoms (n = 310) −0.006

Note: ** = p <0.01.

Table 4 Summary of Regression Analyses for Variables 
Predicting Grip Strength

Variable B SE B β

Constant 10.61 2.97
Body Mass Index 0.10 0.16 0.06

Waist Circumference 0.14 0.07 0.22**

R2 0.76

F for change in R2 12.38***

Notes: **p<0.01, ***p<0.001.
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Discussion
In this study, we measured grip strength among working staff nurses and nursing students at a large teaching hospital and 
college of nursing in South India. Typical of the nursing profession, the sample was predominantly female participants, 
within the age range of the nursing workforce in India41 (ages 18–59 years).

Less than half of the participants reported engaging in a regular exercise routine, and those who did exercise routinely 
reported low to medium intensity for an average of three hours per week. Less than a quarter of the participants reported 
regular meditation or relaxation during leisure time. This pattern of physical activity/inactivity and leisure activity/ 
inactivity is not inconsistent with findings from a recent systematic review among South-Asian adults.42 Of note, in the 
current study, grip strength was not significantly associated with exercise habits or meditation/relaxation habits, however, 
low participation in these activities may have contributed to less than a quarter of the participants meeting or exceeding 
normative grip strength.8,9,18 This study adds to the literature, providing data for healthy male and female participants 
18–20 years of age. Participants over 21 years of age were compared with normative data published by Walankar et al in 
201627 for a healthy Indian population, and less than a quarter of the participants were found to meet the normative 
values for their corresponding age and gender. On average, the small number of male participants in the 21–30 and 31–40 
age groups exceeded the normative values. However, female participants were, on average, below the normative values 
in every age group. Grip strength is expected to be greater for males compared to females,14,27 but the disparity in the 
percentage of male and female participants meeting or exceeding normative values is troubling. The gender difference in 
meeting respective normative values may reflect differences in early growth and nutrition.14 While it is important to 
adjust normative values for grip strength to body size,43 it is dismaying that the female participants in this study did not 
meet the normative grip values of their peers (healthy Indian women).27 Little variation in physical size among Indian 
ethnic groups would be expected.44 Therefore, we may presume our participants have similar body size and composition 
to Walankar et al’s sample of healthy Indian subjects, though BMI and waist circumference were not discussed. 
Nonetheless, male grip strength is greater than female grip strength, among our participants and the published normative 
grip strength values,27 therefore, given the looming shortage of over one million nurses in India,20 and the physically 
demanding nature of nursing,1–4 it may behoove the Indian Nursing Council and educational institutions to consider 
policies that would encourage greater entry and participation of males in the nursing profession.

In the current study, mean grip strength did not significantly differ between working staff nurses and nursing students. 
This result is seemingly in contrast to literature suggesting that hours worked, years in profession, consecutive/rotating 
shifts, and the stress and physical demand of clinical work negatively influenced grip strength.8,9,18 BMI and waist 
circumference were positively associated with grip strength, and explained 76% of the variance in grip strength. 
However, only waist circumference remained a significant predictor of grip strength in the regression model. 
Similarly, a previous study among 1005 healthy Indian adults found only a weak correlation between grip strength 
and BMI.28

On average, our participants had a BMI below 23, meeting the criteria for normal weight according to the revised 
consensus guidelines for Asian Indians, which categorizes overweight as a BMI of 23.0 to 24.9, and a BMI of ≥ 25.0 as 
obesity.45 Participant’s waist circumference on average was less than 80 cm. However, there were significant differences 
between staff and students on age, as with greater age (staff), BMI was slightly higher and waist circumference was 
significantly greater, indicating a trend toward central obesity. The low BMI among students, along with a significantly 
smaller waist circumference, again may reflect early growth and nutrition,14 while the increased girth of staff may reflect 
more availability of nutritious food as they are now earning an income,46 and improved nutrition would also align with 
the positive association noted between waist circumference and grip strength.

Several strengths and limitations should be considered in understanding the results of the current study. The 
participants were not a nationally representative sample of Indian nurses and nursing students. While the sample size 
was small, it exceeded the a priori minimum sample required for analyses. Participants were recruited from one 
institution, as a convenience sample, in a medium-sized city in South India, and may not have been representative of 
nurses everywhere in India. The small number of participants 18–20 years old limits the generalizability of average grip 
strength as normative parameters, but nevertheless adds to the literature for this age group. The small number of male 
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participants compared to female participants was representative of the institution where data were collected and of the 
nursing profession in general, but again, may not be representative of the entire Indian nursing workforce. Nonetheless, 
participants were from both rural and urban backgrounds, and included a varied ethnic composition because students 
hailing from across India study at this particular institution of national renowned. Self-report bias or inconsistencies may 
have obscured variations in exercise and relaxation activities, stress, and musculoskeletal symptoms, introducing the 
potential for a confounding influence on grip strength that was not detected. All grip strength measurements were taken 
using a Jamar hand dynamometer, which is a valid and reliable tool for measuring grip strength.47 One dynamometer was 
used for all measurements, using a standard protocol, and all measurements were taken by the same member of the 
research team, thus increasing reliability.

Despite these limitations, with so few participants (< 25%) meeting or exceeding Indian normative grip strength 
parameters, the need for interventional response is demonstrated. Interventions could include strategies to increase 
awareness, ergonomic training, exercise programs designed to increase nurses’ overall strength and fitness, as well as 
other safety measures such as implementing a patient lift team or equipment, which have been effective in efforts to prevent 
and limit nurse injuries, improve occupational health and reduce organizational costs resulting from injuries.22–24,38,48 Given 
the critical shortage of nurses globally, and in India, the need for intervention is compelling. We need to protect students 
entering the nursing workforce, and increase the career longevity, as well as health, of nurses already working.

Conclusion
This study presents the first measurement of grip strength among nursing staff and students in India, to the best of our 
knowledge, and adds to the literature by reporting grip strength for healthy Indian males and females 18 to 20 years of 
age. The average hand grip strength measurements for female nursing staff and students age 21–59 years were lower than 
the published Indian normative values by age. The importance of this baseline measurement is the demonstrated need for 
strengthening among female nurses, which are the vast majority in nursing. Variance in grip strength was largely 
explained by waist circumference, pointing to the importance of nutrition. Understanding the need provides an 
opportunity to develop informed interventions to improve physical performance of nursing duties and prevent future 
OTJ injuries. Preserving career longevity and attracting more males to the profession are essential strategies to help 
mitigate the anticipated critical shortage of nurses in India.
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