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Abstract 

Background: The aim of this study was to assess the effectiveness of hand grip strength (HGS) test in identifying 
highly stressed individuals and to examine the effect of exercise and lifestyle on HGS and stress measures. Mate-
rial and method: It is cross-sectional study. Students of the Medical University of Gdańsk, Poland were asked to 
fill out a questionnaire, undergo body composition analysis, perform HGS test and provide a saliva sample for cor-
tisol measurement. Results: Self-rated stress (SRS) was significantly higher in pre-clinical years (PCY) compared 
to clinical years (CY). HGS was significantly lower in PCY males than CY males. Participants who performed some 
form of exercise had significantly higher HGS compared with those who did not exercise. A positive correlation 
between HGS and BMI was noted. Students with low HGS were found to have lower levels of salivary cortisol (SC). 
However, there was no significant difference in SC levels between PCY and CY students. Conclusions: HGS may 
be a reliable method of identifying stressed individuals and promoting healthy lifestyle behaviors. HGS testing is 
a safe, cheap and easy to perform method for a large number of participants while being time economical.
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 Abbreviations

•	 BMI – body mass index
•	 CY – clinical years 
•	 ELISA – enzyme-linked immunosorbent assay
•	 HGS – hand grip strength
•	 HPAA – hypothalamic-pituitary-adrenal axis 
•	 MUG – Medical University of Gdańsk
•	 PCY – pre-clinical years 
•	 SC – salivary cortisol
•	 SRS – self-rated stress

Introduction

It is a widely accepted that medical studies are challeng-
ing and can put medical students under high stress. Several 
factors contribute to the psychological stress amongst med-
ical students, such as their competitive environment, hier-
archical student-teacher/consultant relationships, personal 
and social expectations, reduced leisure time, facing death 
and suffering [1-3]. According to the literature, nearly a 1/3 
of medical students are suffering from psychological distress, 
depression and/or anxiety [4-6]. Exposure to chronic levels 
of stress may have detrimental effects on the individual’s 
physical, mental and immunological functioning and predis-
pose them to chronic illnesses, e.g. cardiovascular diseases, 
diabetes, depression, metabolic syndrome and autoimmune 
diseases [7-8]. 

Hand grip strength (HGS) has become an increasing-
ly popular measurement to assess the physical fitness and 
well-being, particularly in the elderly population [9]. It is de-
fined as the force generated by squeezing one’s hand. HGS 
indicates strength, muscle mass and protein levels, thereby 
may be used clinically as a proxy for overall health profile [10]. 
A hand-held dynamometer is a simple, inexpensive and relia-
ble tool for HGS measurement [11]. In the elderly population, 
HGS was found to predict the risk of all-cause mortality as 
well as disease-specific causes such as cardiovascular diseas-
es, cancer, strokes and others [10-12]. HGS is also associated 
with injury from falls, cognitive function, depression, age- 
-related disability, severity of several diseases, comorbidities 
and hospitalization rates [9, 12-15]. The associations of HGS 
seen in the elderly are primarily derived from the effect of 
sarcopenia (low muscle mass), which is a major issue in this 
population. Musculoskeletal aging is a public health concern, 
which results in sarcopenia and is also associated with the 
factors mentioned above [16]. Recently, the assessment of 
HGS was extended into younger populations, including chil-
dren, with the goal of finding normative reference values in 
different regions of world [17]. According to Doods et al., HGS 
increased during 4-30 years of age and slowly decreased start-

ing from 40 years of age, independently of sex and country. 
The impact of HGS on the general health of young people is 
not fully known. Most recently, an analysis of the correlations 
between muscle mass, HGS and cardiovascular markers in 
young adults indicated that gaining body muscle is an impor-
tant factor for avoiding heart disease [18].

Chronic levels of psychological stress are known to cause 
dysregulation in the functioning of the hypothalamic-pitui-
tary-adrenal axis (HPAA) [19-20]. Repeated or prolonged ex-
posure to a similar stressor, over a period of time, may result 
in changes of baseline HPAA activity as well as the body’s 
responsiveness to the stressor, resulting in cumulative glu-
cocorticoid burden. Although the exact mechanisms of HPAA 
dysregulation in chronic stress remains unclear, a new model 
developed by Karin et al. suggests that prolonged activation 
of the adrenal glands results in their hypertrophy and leads 
to overproduction of cortisol [21]. Stress response is also me-
diated by the sympathetic nervous system and its continuous 
stimulation may result in high systemic levels of catabolic stress 
hormones such as cortisol, epinephrine and glucagon [19].  
The catabolic effects of cortisol, particularly when in excess, 
are well-known. Persistent stress may induce chronic eleva-
tion of cortisol levels, which via its catabolic effect may result 
in decreased muscle mass, increased fat mass, insulin resist-
ance and other metabolic changes [22]. Moreover, hypercor-
tisolism-induced abdominal obesity may increase the oxida-
tive stress and inflammatory cytokine levels resulting in the 
development of processes such as sarcopenia [23].

 Considering all of the above, we raised the question of 
whether HGS test may be a reliable indicator of stress levels 
amongst medical students. We hypothesized that low HGS 
may be associated with increased levels of stress in medical 
students with the aim of assessing the effectiveness of HGS 
test in identifying highly stressed individuals. Specifically we 
aimed to measure the HGS and stress levels subjectively, via 
self-reported stress (SRS) and objectively (via salivary cortisol, 
SC) as well as body composition of medical students in order 
to find any potential associations with their lifestyle factors. 
The secondary aim of the study was to examine the effect of 
exercise habits of medical students on HGS and stress meas-
ures. 

    Materials and methods

We implemented a cross-sectional study design and re-
cruited medical students at the Medical University of Gdańsk 
(MUG) in Poland. During normal working days, the students 
were invited to our laboratory on campus, where they were 
explained the purpose and objectives of our study. All students 
volunteered and signed written informed consent forms. Data 
were collected while maintaining the students’ anonymity by 
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remove all material which could affect the bioelectrical im-
pedance analysis of the scale. 

Hand grip strength test

HGS was measured using a Saehan Squeeze Dynamom-
eter (#SH5008, Saehan Corporation, Incheon-City, South Ko-
rea). While sitting down, the participants were instructed to 
place their forearm parallel to the table, and to form a 90º 
angle with their arm, then asked to squeeze the bulb of the 
dynamometer as hard as possible with each hand twice. The 
participants also indicated their dominant hand during the 
data collection process. The maximum HGS measurement 
(kilogram force), obtained with the dominant hand was used 
for statistical analysis. 

Salivary cortisol measurement

The participants were asked to provide their saliva sam-
ples at least 2 hours after their last meal. Before collecting the 
samples, all participants were asked to rinse their oral cavity 
with water to remove any residual food. The saliva samples 
were collected using Salivette Cortisol tubes (Sarstedt, Nüm-
brecht, Germany). They were then processed according to 
the instructions provided by the manufacturer [22]. SC levels 
were analyzed using Salimetrics Salivary Cortisol ELISA kit (Sal-
imetrics, Carlsbad, CA, USA) in accordance with the manufac-
turer’s instructions. The level of SC was used as an objective 
measure of stress of each participant in this study. 

Statistical analysis

Normality distribution was analyzed using Shapiro-Wilk 
Test. This analysis did not confirm normal distribution for 
most of the data. Therefore, Mann-Whitney U test and Chi-
square test were used to analyze these data, for continuous 
and categorical variables, respectively. Interestingly, when 
data concerning saliva cortisol, HGS, SRS and BMI were 
grouped based on different exercise habits of participants (Ta-
ble 2) they displayed normal distribution (Shapiro-Wilk test) 
which allowed for use of the ANOVA test. Type of test used 
for each parameter is provided in the legend of each table. 
Significance of the analysis was assumed if two-tailed P-value 
was less than 0.05. Additionally, correlation analysis between 
stress measures, body composition and HGS were performed 
using Spearman’s rank correlation test. Microsoft Excel (ver-
sion 16.0.1, Microsoft Corporation, Redmond, WA, USA) and 
GraphPad Prism (version 8.0.1, GraphPad Software Inc., Bos-
ton, MA, USA) software were used for data computation and 
statistical analysis.

providing each participant a unique code, used to label their 
information and samples. The students were asked to fill out 
an online questionnaire, undergo body composition analy-
sis, perform HGS test and provide their saliva samples. The 
data was collected during the months of October-December, 
between 12:00-18:00 hours. The study was approved by the 
Independent Bioethics Committee for Scientific Research at 
MUG (NKBBN/120/2018).

Study group

A  total of 161 students were initially recruited for the 
study. Three participants were excluded from the study be-
cause they did not perform HGS test, thus 158 students were 
included: 80 females (50.6%) and 78 males (49.4%). There 
were 27 1st year students, 20 2nd year students and 42 3rd 

year students (together included in the pre-clinical years 
(PCY) group of 89 students) and 38 4th year, 9 5th year and 
22 6th year students (included in the clinical years (CY) group 
of 69 students). This grouping was based on the curriculum 
and workload of medical studies at the MUG. The PCY tend 
to involve longer class schedules per day with higher number 
of exams during a semester as compared to the CY of studies. 
Additionally, during the PCY the international students are 
also getting used to life on their own and in a new country, 
while also managing their workflow and approach towards 
medical studies, all of which are an additional stressor. The 
intention of such grouping was to establish two groups with 
contrasting amount of stressful environment.

Self-reported stress and lifestyle habits 

We created an 18-item questionnaire, consisted of 
open-ended and multiple-choice questions, which included 
questions about demographic data of the participants (age, 
sex, year of study), lifestyle factors (diet, water intake, smok-
ing, alcohol use, type and intensity of exercise, vitamin D  
supplementation and sleep (duration and pattern), rela-
tionship status, the number of upcoming exams in the on-
going semester and self-rated stress (SRS). The participants’ 
SRS was measured on a  10-point scale (1 = least stressed,  
10 = extremely stressed). 

Body composition 

The TANITA SC-240 medical bioimpedance analyzer (Tan-
ita Corporation, Tokyo, Japan), was used for the body com-
position examination (weight, fat%, fat-free% and muscle 
mass%). Body mass index (BMI) was calculated from the par-
ticipants’ self-reported height. For each scan, the participants 
were asked to remove their shoes, excess clothing as well as 
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 Males (n = 78) Females (n = 80)

PCY (n = 46) CY (n = 32) PCY (n = 43) CY (n = 37)

Mean (SD) Mean (SD) p-valueA Mean (SD) Mean (SD) p-valueA

Age 22.35 (3.23) 24.78 (3.45) 0.0006 21.93 (2.04) 23.86 (1.69) < 0.0001

HGS (kgf) 23.04 (6.63) 28.25 (10.1) 0.0207 17.23 (5.92) 18.3 (4.78) 0.1104

Stress parameters

Cortisol (µg/dl) 0.21 (0.17) 0.22 (0.16) 0.3549 0.19 (0.17) 0.23 (0.18) 0.5281

SRS 5.35 (2.48) 4.28 (2.81) 0.0432 5.83 (1.77) 4.41 (2.3) 0.004

Body composition

BMI (kg/m2) 22.78 (2.99) 25.56 (3.16) 0.0002 22.93 (3.40) 21.84 (2.68) 0.1259

Fat Free Mass 
(kg) 61.48 (6.04) 64.74 (7.02) 0.0707 45.31 (4.75) 44.78 (3.09) 0.9713

Fat Mass (kg) 10.96 (5.46) 16.13 (6.85) 0.0003 17.79 (8.18) 16.09 (5.95) 0.6432

Muscle Mass (kg) 58.4 (5.74) 59.56 (11.6) 0.1776 43.01 (4.52) 42.5 (2.93) 0.9675

n (%) n (%) p-valueB n (%) n (%) p-valueB

Status

In a relationship 17 (36.96) 13 (40.63) 0.8149 10 (23.26) 18 (48.65) 0.0207

Single 29 (63.04) 19 (59.38) 33 (76.74) 19 (51.35)

Place of living

City 43 (93.48) 28 (87.5) 0.4363 32 (74.42) 27 (72.97) > 0.999

Countryside 3 (6.52) 4 (12.5) 11 (26.58) 10 (27.03)

Table 1. Demographic characteristics, hand grip strength (HGS), stress measures and body composition parameters dichotomized accor-
ding to the year of study and sex 

Results are shown as mean (SD) or number (%). Statistical tests used are Mann-Whitney U test (A), Chi-square test (B).  
BMI – body mass index; CY – clinical years; HGS – hand grip strength; kgf – kilogram-force; PCY – preclinical years; SRS – self-rated stress
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 Males (n = 78) Females (n = 80)

PCY (n = 46) CY (n = 32) PCY (n = 43) CY (n = 37)

Mean (SD) Mean (SD) p-valueA Mean (SD) Mean (SD) p-valueA

Diet

Vegetarian 4 (8.7) 3 (9.38) > 0.999 12 (27.91) 8 (21.62) 0.6087

Non-
vegetarian 42 (91.3) 29 (90.63) 31 (72.09) 29 (78.38)

Water/day

< 1 Litre 10 (21.74) 3 (9.38) 0.3402 14 (32.56) 10 (27.03) 0.7512

1-3 Litres 33 (71.74) 26 (81.25) 27 (62.79) 26 (70.27)

> 3 Litres 3 (6.52) 3 (9.38) 2 (4.65) 1 (2.7)

Smoking

Yes 10 (21.74) 7 (21.88) > 0.999 11 (25.58) 2 (5.41) 0.0168

No 36 (78.26) 25 (78.13) 32 (74.42) 35 (94.59)

Alcohol

Yes 32 (69.57) 25 (78.13) 0.4474 32 (74.42) 32 (86.49) 0.2629

No 14 (30.43) 7 (21.88) 11 (25.58) 5 (13.51)

Caffeine

Yes 37 (80.43) 28 (87.5) 0.5417 34 (79.07) 29 (78.38) > 0.999

No 9 (19.57) 4 (12.5) 9 (20.93) 8 (21.62)

Exercise  

Yes 25 (54.35) 26 (81.25) 0.0166 21 (48.84) 25 (67.57) 0.1146

No 21 (45.65) 6 (18.75) 22 (51.16) 12 (32.43)

Exercise  (days/week)

1-4 Days 20 (80) 14 (53.85) 0.0746 16 (76.19) 21 (84) 0.7114

5-7 Days 5 (20) 12 (46.15) 5 (23.81) 4 (16)

Table 1. Demographic characteristics, hand grip strength (HGS), stress measures and body composition parameters dichotomized accor-
ding to the year of study and sex (continued)
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 Males (n = 78) Females (n = 80)

PCY (n = 46) CY (n = 32) PCY (n = 43) CY (n = 37)

Mean (SD) Mean (SD) p-valueA Mean (SD) Mean (SD) p-valueA

Exercise  (type)

Aerobic 8 (32) 5 (20) 0.6166 9 (42.86) 9 (36) 0.3734

Strength 9 (36) 10 (40) 4 (19.05) 2 (8)

Mixed 8 (32) 10 (40) 8 (38.1) 14 (56)

Sleep (pattern)

During the night 45 (97.83) 32 (100) > 0.999 40 (93.02) 35 (94.59) > 0.999

During the day 1 (2.17) 0 3 (6.98) 2 (5.41)

Sleep (duration)

< 5 hours 11 (23.91) 1 (3.13) 0.0339 10 (23.26) 6 (16.22) 0.7342

6-9 hours 34 (73.91) 29 (90.63) 32 (74.42) 30 (81.08)

> 9 hours 1 (2.17) 2 (6.25) 1 (2.33) 1 (2.7)

Number of exams

0-1 3 (6.52) 15 (46.88) < 0.0001 5 (11.63) 13 (35.14) 0.0003

2-4 23 (50) 15 (46.88) 18 (41.86) 21 (56.76)

5+ 20 (43.48) 2 (6.25) 20 (46.51) 3 (8.11)

Vitamin D supplementation

Yes 17 (51.52) 16 (48.48) 0.3516 12 (27.91) 24 (64.86) 0.0015

No 29 (64.44) 16 (35.56) 31 (72.09) 13 (35.14)

Table 1. Demographic characteristics, hand grip strength (HGS), stress measures and body composition parameters dichotomized accor-
ding to the year of study and sex (continued)
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Results

Pre-clinical year (PCY) vs clinical year 
(CY) participants 

 A  total of 158 medical university students (mean age 
23.07 years) were included in this study. The demographic 
characteristics along with questionnaire responses, HGS, SC 
and body composition values dichotomized according to the 
groups based on the year of study (PCY vs CY) and sex are 
presented in Table 1. 

Among the male participants, the HGS was significantly 
lower, while the SRS was significantly higher in the PCY as 
compared to the CY. The questionnaire responses indicated 
that during the PCY males were significantly less likely to exer-
cises, significantly fewer of them slept 6-9 hours per night and 
they had significantly higher number of exams in the ongoing 
semester compared to the CY male participants. There was 
no significant difference between the two groups in terms 
of SC levels. In contrast, the BMI and fat mass of PCY male 
participants was significantly lower than that of CY male par-
ticipants. 

Similar to males, the female participants in their PCY of 
studies had significantly higher SRS than the females in their 
CY. However, there was no significant difference seen in the 
HGS and SC levels between females in PCY and CY. Based on 
the lifestyle questionnaire, it appeared that females in the PCY 
were significantly more likely to smoke, supplement vitamin D 
and had more exams in the ongoing semester in comparison 
to females in CY. Additionally, the questionnaire revealed that 
females in PCY were significantly more likely to be single as 
compared to those in CY of studies. 

Effect of exercise on HGS, stress meas-
ures and body composition 

Data related to exercise habits and their effect on HGS, 
stress measures and BMI are presented in Table 2. Regardless 
of gender, participants who performed some form of exercise 
had significantly higher HGS when compared with those who 
did not exercise. Additionally, male participants who exercised 
had significantly higher BMI than those who did not exercise. 
No significant difference was seen in either stress measure 
(SRS and SC levels) between participants who exercised and 
those who did not. These four parameters were also com-
pared based on the number of days the participants exercise 
in a week. In this analysis, the only significant difference was 
seen in the HGS of males, with those who exercise 5-7 days/
week having higher HGS than those who did it 1-4 days/week. 

In addition, we analyzed the effect of exercise type 
(strength, aerobic or mixed (strength + aerobic)) on these pa-

rameters. The BMI of males who did primarily strength train-
ing was significantly higher in comparison to those who did 
aerobic or mixed training. Moreover, the HGS of both male 
and female participants was found to be stronger in those do-
ing mixed training than only aerobic or strength training. 

Correlation analyses

The univariate analyses revealed no significant correlation 
between the subjective stress measure (SRS) and objective 
stress measure (SC) in the entire study group. There was no 
significant correlation between SC levels and HGS SRS or BMI 
when the entire study group was taken into consideration 
(Table 3). Additionally, no significant correlation was noticed 
between HGS and SRS. However, it was found that HGS had 
a positive correlation with BMI and age of the participants, 
seen as the entire study group (Table 3). 

The HGS of our study group was dichotomized according 
to sex and year of study (PCY vs CY) and compared with SC, 
SRS and body composition parameters (Table 4). Regardless of 
the group, we noticed that the HGS had a significant positive 
correlation with fat-free mass. Similarly, a significant correla-
tion between HGS and muscle mass was seen in all groups 
except for males in the CY group. Additionally, an isolated 
significant correlation was noticed between HGS and BMI of 
males in the PCY group (R = 0.517, p = 0.0003). Finally, we 
analyzed the results obtained for students with high SC/low 
HGS in comparison to those with low SC/high HGS. These 
groups were identifies by analyzing students with outlying SC 
and HGS results. The results of this analysis are presented in 
Table 5.

    Discussion

It is well-recognized that medical school is a stressful en-
vironment [2, 24-25]. In our study, we found that the SRS was 
significantly higher in the PCY participants, regardless of the 
sex. We expected such result based on our initial assumption 
that PCY tend to be more stressful for MUG students, based 
on reasons stated in the Methods section. These assumptions 
were further verified by the findings of PCY participants be-
ing less likely to get adequate sleep, exercise and having more 
exams. Almojali et al. have previously highlighted the impor-
tance of adequate sleep and its effect on increasing stress lev-
els in medical students [5]. Furthermore, Heinen et al. corrob-
orated the fact that perceived stress is quite high, particularly 
among 1st year medical students. [24]. We found lower HGS 
in the “more stressed” PCY males than in the “less stressed” 
CY suggesting a potential relationship between HGS and the 
SRS. However, such associations were not observed in female 
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Table 2. HGS, stress and BMI in terms of exercise habits of the male and female participants

Results are reported as means (SD). Statistical tests used are Mann-Whitney U test (A) and ANOVA test (B).
BMI – body mass index; HGS – hand grip strength; kgf – kilogram force; SRS – self- rated stress

 Males (n = 78) Females (n = 80)

Exercise  
(n = 51)

No exercise 
(n = 27)

Exercise  
(n = 46)

No exercise  
(n = 34)

Mean (SD) Mean (SD) p-valueA Mean (SD) Mean (SD) p-valueA

HGS (kgf) 26.25 (8.55) 23.15 (8.38) 0.0278 18.96 (6.37) 16.06 (16.06) 0.0046

Stress parameters

Cortisol (µg/dl) 0.22 (0.18) 0.2 (0.13) 0.8469 0.18 (0.13) 0.25 (0.23) 0.1927

SRS 4.52 (2.38) 5.7 (2.97) 0.0855 4.89 (2.26) 5.4 (2.05) 0.3359

Body composition

BMI (kg/m2) 24.6 (3.23) 22.82 (3.42) 0.0272 22.37 (2.99) 22.56 (3.24) 0.4709

Exercise (days per week)

1-4 days  
(n = 34)

5-7 days 
(n = 17)

1-4 days  
(n = 37) 5-7 days (n = 9)

HGS (kgf) 24.32 (6.96) 30.12 
(10.23) 0.0242 19.03 (7.02) 18.67 (2.5) 0.5985

Stress parameters

Cortisol (µg/dl) 0.20 (0.16) 0.25 (0.21) 0.5087 0.18 (0.13) 0.21 (0.10) 0.2142

SRS 4.65 (2.36) 4.18 (2.51) 0.5138 4.92 (2.18) 5.22 (2.44) 0.8224

Body composition

BMI (kg/m2) 24.09 (3.36) 25.32 (2.69) 0.1936 22.46 (3.25) 21.93 (1.97) 0.644
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 Males (n = 78) Females (n = 80)

Exercise type

Aerobic  
(n =1 3)

Strength  
(n = 19)

Mixed  
(n = 18) p-valueA Aerobic  

(n =1 8)
Strength  
(n = 6)

Mixed  
(n = 22) p-valueA

HGS 
(kgf)

22.69 
(7.66)

25.94 
(6.38)

29.47 
(10.03) 0.1387 17.18 

(3.89) 18.5 (2.81) 20.39 
(8.09) 0.3099

Stress parameters

Cortisol 
(µg/dl)

0.22 
(0.23)

0.26 
(0.19)

0.19 
(0.13) 0.4876 0.20 

(0.12) 0.15 (0.13) 0.18 
(0.13) 0.6263

SRS 3.69 
(1.55)

4.28 
(2.49)

5.16 
(2.71) 0.2787 5.24 

(2.39) 6.33 (1.97) 4.44 
(2.02) 0.1045

Body composition

BMI  
(kg/m2)

22.85 
(2.91)

25.89 
(2.47)

24.57 
(3.37) 0.0251 22.07 

(3.75) 23.52 (3.94) 22.27 
(2.14) 0.6022

R p-value

Cortisol versus HGS 0.106 0.2324

SRS -0.057 0.5068

BMI 0.134 0.1226

Hgs versus SRS -0.145 0.0732

BMI 0.332 < 0.0001

Age 0.181 0.0259

Table 2. HGS, stress and BMI in terms of exercise habits of the male and female 

Table 3. Correlation analyses of cortisol and HGS with parameters such as SRS, BMI and age

The data shown are results from the entire study group regardless of year of study and gender. Statistical analyses were performed using 
Spearman’s rank correlation test.
BMI – body mass index; HGS – hand grip strength; SRS – self-rated stress
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Males Females

Hgs versus PCY (N = 46) CY (N = 32) PCY (N = 43) CY (N = 37)

R p-value R p-value R p-value R p-value

Cortisol 0.067 0.67 0.262 0.169 -0.295 0.089 0.173 0.345

SRS 0.105 0.493 -0.114 0.536 -0.218 0.165 0.121 0.477

Fat-free mass 0.341 0.022 0.409 0.019 0.384 0.012 0.445 0.006

Fat mass 0.424 0.004 0.209 0.250 0.238 0.129 0.055 0.748

Muscle mass 0.341 0.022 0.392 0.0292 0.384 0.012 0.443 0.006

BMI 0.518 0.0003 0.271 0.134 0.234 0.135 0.063 0.717

Table 4. Correlation analyses comparing HGS with stress measures and body composition parameters and comparing fat-free mass with 
BMI and muscle mass

Statistical analyses were performed using Spearman’s rank correlation test.
BMI – body mass index; CY – clinical years; HGS – hand grip strength; PCY – preclinical years; SRS – self-rated stress

participants. It is worth noting that male students in CY were 
older and exercised more often. 

Based on the HPAA dysregulation caused by chronic 
stress, we expected to find higher SC levels in the PCY than 
in the CY group. However, our results did not show any such 
correlations. Additionally, we did not notice any correlation 
between our subjective stress measure (SRS) and objective 
stress measure (SC). This may bring into question the effec-
tiveness of SC in estimating chronic stress levels. Cortisol in 
the saliva, as in other biological fluid (e.g. serum, plasma or 
urine) is modulated by several different factors such as time 
of testing, fluctuations due to acute stressors and recent use 
of stimulants such as caffeine or nicotine [26-29]. 

The beneficial effects of regular exercise are well-estab-
lished [30-31]. It has been consistently proven that physical 
activity has a positive effect on psychological well-being, while 
also reducing the risk of cardiovascular disease, obesity, hy-
pertension, diabetes, mental health problems as well as mor-

tality and morbidity [30-33]. In our study, the higher HGS seen 
in participants who exercise may suggest lower stress levels. 
However, we did not see any associations between SRS, SC 
and exercise type and habits (e.g. diet, smoking, water intake, 
alcohol use, caffeine intake). Contrary to our findings, but as 
expected, Nakandala et al. demonstrated that physical activity 
in young undergraduate students was associated with higher 
HGS [34]. A potential explanation for higher HGS with exercise 
may simply be the effect of strength training and increased 
muscle mass. This seems to be more likely in our case given 
that of male participants who exercised, 37% primarily did 
strength training compared to only 13% female participants. 
Looking at the entire sample, the majority of participants with 
low SC levels also had low HGS. It is worth noting the outliers 
in this group: those who had low SC and high HGS were mostly 
males (92.31%), who performed exercise (77%) and rated their 
stress an average of 5.23. We also observed that the majori-
ty of these participants supplemented vitamin D s (69.23%).  
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High cortisol – low hgs (n = 11) Low cortisol – high hgs (n = 13)

Mean (SD) Mean (SD) p-valueA

HGS (kgf) 17.55 (4.34) 42.08 (6.71) < 0.0001

Stress parameters

Cortisol (µg/dl) 0.69 (0.14) 0.28 (0.13) < 0.0001

SRS 4.91 (2.63) 5.23 (3.03) 0.9885

Body composition p-valueB

BMI (kg/m2) 23.09 (3.07) 26.25 (2.35) 0.0024

Fat free mass (kg) 49.11 (9.316) 65.65 (6.98) 0.0002

Fat mass (kg) 15.84 (7.223) 17.51 (5.57) 0.3098

Muscle mass (kg) 46.64 (8.861) 57.55 (16.46) 0.0037

Sex n (%) n (%)

Male 4 (36.36) 12 (92.31) 0.0078

Female 7 (63.64) 1 (7.69)

Place of living

City 11 (100) 8 (61.54) 0.0411

Countryside 0 (0) 5 (38.46)

Vitamin D supplementation

Yes 1 (9.09) 9 (69.23) 0.0045

No 9 (90.91) 4 (30.77)

Table 5. Comparison of students with high cortisol-low HGS and low cortisol-high HGS

Results are reported in mean (SD) and number (%). Statistical tests used are Mann-Whitney U test (A), Chi-square test (B).
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On the contrary, those with high SC and low HGS were 
mostly females (63.64%), less than half of them exercised 
(45%), who reported lower SRS (4.91) and few of them 
supplemented vitamin D (9%). It is worth noting that a pro-
portion of participants (mainly females) had very low HGS 
(< 19), similar to the measurements seen in frail elderly [35]. 

Limitations

There are several limitations to our study. First, our study 
group was small and quite heterogenous, because it includ-
ed primarily international students of different ethnicities. 
Regarding this element, a recent meta-analysis showed that 
there are significant differences in HGS of people from de-
veloped countries and underdeveloped countries [17]. Dif-
ferences could be also related to differences in body size and 
composition including muscle mass. In our study, the majority 
of students had rather low muscle mass and size, which can 
partially explain the differences. It is noteworthy that medical 
students at the beginning of their studies were weaker and 
had lower knowledge regarding healthy lifestyle. Stress and 
long hours spent on studying could be responsible for not ex-
ercising enough. The CY group of participants seemed to have 
more knowledge regarding healthy lifestyle and more time to 
exercise. It is also worth to notice that this phenomenon re-
garding exercises occurs mostly in male students. 

Second, saliva samples were collected in the afternoon 
(12:00-18:00), which may have potentially influenced our 
findings. This time period was chosen due to the time con-
straints of the medical students’ schedules. For these reasons, 
our analysis might have resulted in less significant findings re-
garding cortisol. Lastly, we applied only univariate analyses 
which prevents taking into consideration the potential con-
founders. Regardless of these limitations, this appears to be 

the first study to examine the association between HGS and 
stress amongst medical students and their lifestyle. 

    Conclusions

Our findings suggest that HGS has some association with 
the perceived stress of medical students as seen by the sig-
nificantly lower values in the “more stressed” group (PCY) as 
compared to the “less stressed” group (CY), particularly in 
male students. Future studies are required to consolidate the 
association of HGS and stress in young, healthy individuals 
with a more focused assessment of objective stress measures, 
potentially hair cortisol. In conclusion, HGS may be a reliable 
method of identifying stressed individuals and promoting 
healthy lifestyle behaviors such as mixed-type (aerobic + 
strength) exercise and adequate sleep among others. 
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