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AbsTRACT: The perception of pain, encompassing pain threshold and tolerance levels, is a  complex 
phenomenon influenced by biological, psychological, and sociocultural factors. Notably, age and sex have 
consistently emerged as pivotal determinants in modulating pain perception. The study aimed to examine 
age and sex differences in pain threshold and tolerance levels. Furthermore, it delved into exploring whether 
age-related differences in pain threshold and tolerance levels vary between males and females. This study 
incorporated 484 healthy Santal tribal individuals aged 18–88 years (male 203 and female 281) living 
in Howrah and Purba Bardhaman Districts of West Bengal State, India, who reported no chronic or 
significant pain at the time of data collection. Pain threshold and tolerance levels were assessed using 
a digital algometer. Results of two-way ANOVA revealed significant main effects of age and sex on every 
pain threshold and tolerance level assessed in this study, indicating that older individuals had lower pain 
threshold and tolerance levels than younger ones. Males demonstrated greater levels of pain threshold and 
tolerance relative to females. Age and sex showed a significant interaction effect on pain tolerance levels, 
but not on pain threshold levels demonstrating the age-associated declining trend in pain threshold levels 
was consistent for either sex; however, such a  tendency in pain tolerance levels was more pronounced 
in men. These findings highlight the importance of considering age and sex factors when assessing pain 
perception.
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Introduction

In 2020, the International Association 
for the Study of Pain (IASP) revised the 
definition of pain to describe it as ‘an un-
pleasant sensory and emotional experi-
ence associated with, or resembling that 
associated with, actual or potential tissue 
damage’ (Stevens 2021). Pain is one of 
the vital signs that signal the body about 
potential threats. Pain presents a dual na-
ture, providing the body with protection 
(Belfer 2013), while also engendering 
discomfort, interfering with daily activ-
ities, and potentially leading to depen-
dency and institutionalization in severe 
cases (Yağci et  al. 2014). These facets 
underscore the multidimensional nature 
of pain. Prompt responses to pain not 
only safeguard the body against further 
damage but also contribute to sustaining 
a healthy existence (Lorusso et al. 2018). 
Therefore, the perception of pain emerg-
es as a crucial aspect for human survival 
and overall well-being (Swift 2018).

Pain perception, encompassing pain 
threshold and tolerance levels, along with 
the management of pain, represent foun-
dational aspects of human well-being and 
healthcare (DiMatteo and Martin 2002). 
The minimal stimulus required to elicit 
a painful sensation is denoted as the pain 
threshold (Schmitz et al. 2013), while the 
maximum amount of pain an individual 
can endure is defined as the pain toler-
ance (Cimpean and David 2019). Gain-
ing insights into the factors that influ-
ence an individual’s pain threshold and 
tolerance is of paramount importance for 
devising successful approaches to pain 
management (Roy et al. 2013).

Pain perception is a multifaceted phe-
nomenon influenced by a  myriad of bi-
ological, psychological, and sociocultural 
factors (Bartley and Fillingim 2013; Ship-

ton 2013; Ferreira et  al. 2015). Among 
these, age has consistently emerged as 
a critical factor in shaping an individual’s 
response to pain (Yezierski 2012). Gen-
erally, age-related changes in the nerv-
ous system, such as alterations in nerve 
conduction velocity and decreased pain 
modulation, have been proposed as con-
tributors to variations in pain sensitivi-
ty across the lifespan (Yezierski 2012). 
While it is recognized that older indi-
viduals might experience reduced pain, 
comprehending exactly how age affects 
pain thresholds and tolerance remains 
significant in this context. For example, 
the frequent absence of pain in older pa-
tients with conditions like myocardial 
infarction or peptic ulcer disease suggests 
potential alterations in pain thresholds 
(Moore and Clinch 2004). Despite these 
observations, the older adults reported ex-
periencing frequent pain. Chronic pain 
becomes more prevalent as individuals 
age (Domenichiello and Ramsden 2019), 
affecting more than half of older adults re-
siding in the community (Gibson 2003). 
This incident emphasizes the complex 
nature of age-related changes in pain. 
Moreover, the findings of the previous 
experimental studies on age-associated 
changes in pain threshold and tolerance 
are inconsistent and equivocal (Pickering 
et  al. 2002; Lautenbacher et  al. 2005; 
Cole et al. 2010; Petrini et al. 2015). For 
that reason, the precise nature and extent 
of these age-related alterations and their 
relevance for pain management remain 
areas of active investigation.

Sex, too, has been implicated in the 
modulation of pain perception. Similar 
to age, investigations into sex-related dif-
ferences in pain sensitivity have yielded 
a  multitude of diverse findings (Racine 
et al. 2012). Several experimental inves-
tigations have documented variations 
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in pain sensitivity across sexes (Pelfort 
et  al. 2015; Cámara et  al. 2020), sug-
gesting that hormonal, genetic, and psy-
chosocial factors may contribute to these 
disparities (El Tumi and Tashani 2017). 
However, it is well documented that fe-
males tend to report a higher prevalence 
and intensity of pain compared to males 
(Lue et al. 2018; Overstreet et al. 2023). 
This sex-related variation in pain per-
ception has prompted intriguing argu-
ments over whether they are biologically 
determined versus socially constructed 
and if they should inform gender-specific 
approaches to pain management (Gaze-
rani et al. 2021).

The exploration of age- and sex-re-
lated differences in pain perception has 
garnered significant research attention, 
with numerous attempts to elucidate 
these complexities. However, whether 
age-related alterations in pain perception 
vary between males and females remains 
largely unexplored. Females under-
go pronounced hormonal fluctuations 
across their life span, with hormonal 
levels rising and falling cyclically during 
the menstrual cycle. These fluctuations 
have been associated with varying levels 
of pain sensitivity (Fillingim et al. 1997). 
Additionally, the occurrence of meno-
pause in females leads to a  substantial 
reduction in estrogen levels, with a less-
er impact on progesterone levels (Burger 
et al. 2007). Notably, research has shown 
that estrogen has analgesic properties, 
and the increased pain sensitivity during 
menopause is linked to a drop in estro-
gen levels (Nikolov and Petkova 2010). 
Consequently, because of this increased 
pain sensitivity, women may be more 
susceptible to conditions like chronic 
pain, headaches, and joint pain (Merig-
giola et al. 2012). In contrast, males do 
not experience analogous fluctuations in 

their primary sex hormone, testosterone, 
throughout different life stages, which is 
considered to play an anti-nociceptive 
role (Vincent and Tracey 2008). Besides, 
a  recent study uncovered variations in 
age-related alterations in the endoge-
nous opioid system across genders. Spe-
cifically, females demonstrated a decline 
in the functionality of the descending 
pain modulatory system (a  network of 
neural pathways in the central nervous 
system that regulates pain perception), 
while males exhibited an upward trend 
in the activity of this system (Failla et al. 
2024). Therefore, it is plausible to an-
ticipate that age-related changes in pain 
threshold and tolerance levels may not 
exhibit a uniform pattern between males 
and females.

In India, there is a  scarcity of re-
search among the tribal communities 
concerning pain sensitivity and its as-
sociated factors, specifically age and 
sex. Moreover, the distinction between 
males and females extends beyond bi-
ological factors to include social and 
cultural dimensions. The term “tribe” 
typically refers to an ethnic group that 
is geographically isolated or semi-iso-
lated, associated with a specific territo-
ry, and characterized by unique social, 
economic, and cultural traditions and 
practices (Singh and Singh 2017). Tribal 
communities in India exhibit distinct 
cultural characteristics, setting them 
apart from the rest of the general pop-
ulation (Boro and Saikia 2020).  It re-
mains unknown how these two factors 
influence their pain threshold and toler-
ance levels. Given the clinical relevance 
of age and sex as potential modifiers of 
pain perception, the present study in-
tended to determine whether there ex-
ists any difference in the pain threshold 
and tolerance level across different age 
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groups and between two sexes belong-
ing to the Santal tribal community.  
Furthermore, the investigation aimed to 
determine whether the age-associated 
difference in pain threshold and toler-
ance levels exhibits variations between 
males and females. In other words, the 
study investigated the main effects as 
well as the interaction effects of age and 
sex among the Santal tribal people re-
siding in West Bengal, India.

Materials and methods

The data utilized in this study were de-
rived from a  large community-based 
study centered on exploring different 
aspects of pain, such as pain sensitivi-
ty, musculoskeletal pain-related cogni-
tions, and treatment-seeking behavior 
for musculoskeletal pain (Santra et  al. 
2024). Participants were recruited from 
the Santal tribal community residing in 
two districts, namely Howrah and Pur-
ba Bardhaman, within the state of West 
Bengal, India. Within each district, set-
tlements of Santals were chosen based 
on their higher population density or nu-
merical representation in the area. The 
selection of study participants from such 
eight settlements followed a  two-step 
process. In the first step, a demographic 
survey was conducted through door-to-
door visits, during which socio-demo-
graphic information of all adult house-
hold members was collected. When an 
adult member was absent during this 
survey, the head of the household or any 
senior member of the same household 
provided the details. While collecting the 
details, the objectives and purpose of the 
study were explained to every household 
head and adult individual in the house-
holds, and verbal consent was obtained. 
This step covered 343 households and 

identified 1155 eligible participants (546 
males and 609 females) who were aged 
18–88 years and permanent residents of 
the selected areas. In the second step, 
the collection of all the required data be-
gan after compiling a comprehensive list 
of eligible participants. Prior to assessing 
pain threshold and tolerance, the proce-
dure of testing with the instrument was 
clearly demonstrated to every individu-
al we approached, and written consent 
was obtained. At this phase of data col-
lection, 390 individuals were unavaila-
ble, and 67 individuals withdrew their 
participation. 685 individuals agreed to 
participate in the study and completed 
the survey, providing the required data. 
They also consented to the measure-
ment of pain threshold and tolerance 
levels. However, for the purpose of the 
present study, we fixed some inclusion 
criteria: (1) currently experiencing no 
pain; (2) free from chronic illnesses like 
diabetes, hypertension, chronic pain, 
etc.; and (3) no disability or existing in-
jury in the body at the time of the survey. 
Following these criteria, 13 individuals 
were eliminated for having an injury or 
disability. Further, to maintain homoge-
neity, we dropped 201 individuals with 
any known chronic conditions or who 
were afflicted with pain during the time 
of the survey. Eventually, a total of 484 
individuals, including 203 males and 
281 females, were incorporated into the 
present study.

Socio-demographic data that in-
cluded participants’ present age (in 
years), sex (categories: male and fe-
male), educational attainment, mari-
tal status (categories: unmarried, mar-
ried, and widowed/separated/divorced), 
working status (categories: working 
and non-working), household charac-
teristics (e.g., house type, toilet facil-
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ities, and other related factors), and 
possession of household assets (e.g., 
television, refrigerator, car, and other 
similar aspects) (IIPS and ICF 2017) 
were obtained using a  structured ques-
tionnaire. Age was further subdivided 
into three age groups viz. young (18–
34 years), middle-aged (35–49 years), 
and old (50 years and older) based on 
an adaptation of a prior study that uti-
lized finer age categories (e.g., 18–34, 
35–49, 50–64, 65–74, and 75 and older) 
(Elgaddal et  al. 2024). However, in the 
present study, the sample sizes in the 
older age groups were relatively small, 
particularly in individuals aged 65 years 
and above. To ensure sufficient sample 
sizes within each group and maintain 
statistical power for the analyses, the 
age categories were consolidated into 
three broader groups.  Education level 
was further categorized into five lev-
els: having no formal education, pri-
mary (had education between classes 
1–4), secondary (had education between 
classes 5 and 10), higher secondary (had 
education between classes 11 and 12), 
and graduation and above (had educa-
tion up to graduation level and beyond). 
Following the Demographic and Health 
Surveys (the DHS program), a  wealth 
index was constructed for each partic-
ipant based on their respective house-
hold assets and characteristics using 
a  principal component analysis with 
varimax rotation (Rutstein 2008). The 
first principal component (PC) (eigen-
value > 1), which was able to explain the 
largest proportion of the total variance 
(33.22%), was taken to represent the 
wealth index. Further, the factor scores 
of the first PC were divided into three 
equal segments. Participants scoring be-
low the 33rd percentile were categorized 
in the lower stratum; those scoring be-

tween the 34th and 66th percentile were 
placed in the middle stratum; and those 
scoring above the 66th percentile were 
assigned to the upper stratum of socio-
economic class.

A  digital pressure algometer (Model: 
ALGO-DS, Orchid Scientific, India) was 
used to measure the pain threshold and 
tolerance levels of the participants. The 
instrument has a 1 cm2 rounded, blunt 
metal tip. Pain threshold levels were as-
sessed on eight muscles bilaterally, in-
cluding the right extensor carpi radialis, 
right biceps brachii, right triceps brachii, 
right upper trapezius, left extensor carpi 
radialis, left biceps brachii, left triceps 
brachii, and left upper trapezius muscles 
(Walton et  al. 2011; Duan et  al. 2014; 
Georgoudis et al. 2014). The participants 
were asked to sit comfortably on a chair 
with a  straight back and relaxed arms, 
and the instrument was placed perpendic-
ularly with its tip on the muscle points. 
After holding the instrument properly, 
pressure was gradually increased at a con-
stant rate. They were asked to say ‘stop’ 
or ‘pain’ when they sensed the applied 
pressure as painful for the first time. The 
instrument was removed immediately 
from the muscle point, and the value (in 
kg) was recorded as the pain threshold 
level. The same protocol was followed for 
every threshold measurement. The pain 
tolerance level was measured at only one 
muscle point (flexor carpi radialis) on the 
right forearm. While measuring it, the 
participants were asked to report ‘stop’ 
or ‘pain’ when they were no longer able 
to withstand the pain, and the value 
was (in kg) taken as their pain tolerance  
level. Every measurement was taken 
with an interval of approximately two 
minutes.

SPSS version 24.0 (IBM Corpora-
tion, Armonk, NY, USA) was utilized 



74 Arpita Santra, Subrata Kumar Roy, Monali Goswami, Diptendu Chatterjee

for statistical analyses. Descriptive sta-
tistics (frequency and percentage, and 
mean and standard deviation) were em-
ployed to summarize the socio-demo-
graphic and pain threshold and tolerance 
data. 𝜒2 test was performed to compare 
categorical variables. Two-way ANOVA 
was implemented to evaluate both the 
main effects and interaction effects of 
age and sex on every pain threshold and 
tolerance level, considering age and sex 
as independent variables and the pain 
measurements as dependent variables. 
Further, post hoc pairwise comparisons 
with Bonferroni adjustments were per-
formed to compare the mean difference 
across groups upon receiving significant 
main effects or interaction effects. Par-
tial Eta squared values (denoted as η2) 
represent the effect size, i.e., the mag-
nitude of variability in dependent var-
iables explained by independent vari-
ability. Partial η2 values of 0.01, 0.06, 
and 0.14 indicate low, medium, and 
large effects, respectively (Cohen 1988). 
A p value of ≤0.05 was considered sta-
tistically significant.

Results

Table 1 shows the socio-demographic 
characteristics of the study participants. 
A  significantly higher proportion of fe-
male participants belonged to the “mid-
dle-aged” group, whereas the distribution 
of males across the three age categories 
was quite similar. The majority of the 
participants were married, but the fre-
quency of widowed/separated/divorced 
individuals was found to be considerably 
greater in females. Notably, a significant 
difference existed in educational attain-
ment between the sexes, with nearly 
30% of the males having completed their 
education up to the graduation level or 
above, while a substantial number of fe-
males lacked formal education. Regard-
ing working status, although over half 
of the males and females were working, 
a  significantly greater number of males 
were found to be employed when com-
pared with the females. No significant 
difference was noted in the distribution 
of participants based on their respective 
wealth indexes.

Table 1. Socio-demographic characteristics of the study participants

 Characteristics
Male Female

𝜒2 value (p value)
n (%) n (%)

Age groups      

Young (18–34 years) 66 (32.51) 98 (34.88) 6.18 (0.05)

Middle-aged (35–49 years) 66 (32.51) 113 (40.21)  

Old (50 years and older) 71 (34.98) 70 (24.91)  

Marital status      

Unmarried 41 (20.20) 26 (9.25) 29.03 (<0.001)

Married 158 (77.83) 216 (76.87)  

Widowed/Separated/Divorced 4 (1.97) 39 (13.88)  

Educational attainment      

No formal education 36 (17.73) 99 (35.23) 25.44 (<0.001)

Primary 26 (12.81) 29 (10.32)  
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 Characteristics
Male Female

𝜒2 value (p value)
n (%) n (%)

Educational attainment (cont.)

Secondary 50 (24.63) 78 (27.76)  

Higher secondary 34 (16.75) 30 (10.68)  

Graduation and above 57 (28.08) 45 (16.01)  

Working status     

Non-working 59 (29.06) 125 (44.48) 11.89 (<0.001)

Working 144 (70.94) 156 (55.52)  

Wealth index

Lower 67 (33.00) 104 (37.01) 0.88 (0.65)

Middle 69 (33.99) 92 (32.74)

Upper 67 (33.00) 85 (30.25)

The descriptive statistics of pain 
threshold and tolerance levels measured 
on different muscle points of the body are 
presented in Table 2. It shows that males 

had relatively higher mean values for 
every threshold and tolerance level than 
those of the females.

Table 2. Sex wise distribution of pain threshold and tolerance levels

Muscle points
Male Female

Mean (SD) Mean (SD) 

For pain threshold (kg)

Right extensor carpi radialis 3.62 (1.22) 2.73 (0.88) 

Right biceps brachii 3.17 (1.10) 2.47 (0.88) 

Right triceps brachii 3.87 (1.33) 2.79 (0.91) 

Right upper trapezius 3.84 (1.44) 2.90 (0.91) 

Left extensor carpi radialis 3.40 (1.34) 2.61 (0.82) 

Left biceps brachii 3.08 (1.12) 2.52 (0.86) 

Left triceps brachii 3.57 (1.32) 2.65 (0.87) 

Left upper trapezius 3.68 (1.52) 2.80 (0.89) 

For pain tolerance (kg)

Right flexor carpi radialis 9.67 (3.22) 7.10 (1.81) 

The age group-wise distribution 
of pain threshold and tolerance val-
ues is portrayed in Table 3. Both the 

pain threshold and tolerance values 
show inconsistent values across all age 
groups.
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Table 3. Age group wise distribution of pain threshold and tolerance level

 Muscle points
Young Middle-aged Old

Mean (SD) Mean (SD) Mean (SD)

For pain threshold (kg)

Right extensor carpi radialis 3.07 (1.12) 3.19 (1.15) 3.02 (1.09) 

Right biceps brachii 2.79 (0.99) 2.86 (1.12) 2.62 (0.97) 

Right triceps brachii 3.19 (1.17) 3.35 (1.27) 3.17 (1.22) 

Right upper trapezius 3.13 (1.01) 3.43 (1.28) 3.30 (1.44) 

Left extensor carpi radialis 2.93 (1.10) 3.00 (1.26) 2.88 (1.02) 

Left biceps brachii 2.80 (1.02) 2.81 (1.03) 2.63 (0.98)

Left triceps brachii 3.05 (1.16) 3.11 (1.25) 2.94 (1.08) 

Left upper trapezius 3.03 (1.04) 3.28 (1.32) 3.19 (1.44) 

For pain tolerance (kg)

Right flexor carpi radialis 8.75 (2.96) 8.36 (2.92) 7.28 (2.18) 

The results of two-way ANOVA are 
shown in Table 4. It is observed that 
except for two values taken on the left 
extensor carpi radialis and left upper tra-
pezius muscle points, age had a  signifi-
cant main effect on all the pain threshold 
levels measured on the right extensor 
carpi radialis, right biceps brachii, right 
triceps brachii, right upper trapezius, left 
biceps brachii, and left triceps brachii 
muscle points. However, the partial η2 

values exhibited a small effect of age on 
pain threshold levels. In the case of pain 
tolerance level, age also exhibited a  sig-
nificant main effect with a medium effect 
size. Regarding the main effects of sex, 

at every threshold and tolerance level, 
sex was found to have a significant main 
effect. Here, partial η2 indicated a medi-
um-to-high effect of sex. Furthermore, 
the table indicates that there was a sig-
nificant interaction effect of age and sex 
on the given pain tolerance level but not 
on any of the pain threshold levels. Over-
all, the findings suggest that males had 
significantly higher pain threshold and 
tolerance levels compared to females; 
pain tolerance as well as the majority of 
the pain threshold values considered in 
this study differed across the age groups; 
and the age-related changes in the pain 
tolerance levels varied between the sexes.

Table 4. Results of two-way ANOVA

Source Muscle points Type III sum 
of squares df F p value Partial η2

Main effect 
of age

For pain threshold          

Right extensor carpi radialis 6.30 2 2.96 0.05 0.01

Right biceps brachii 9.08 2 4.79 0.01 0.02

Right triceps brachii 8.17 2 3.38 0.03 0.01

Right upper trapezius 10.56 2 3.97 0.02 0.02
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Source Muscle points Type III sum 
of squares df F p value Partial η2

Main effect 
of age

Left extensor carpi radialis 3.83 2 1.68 0.19 0.01

Left biceps brachii 6.08 2 3.20 0.04 0.01

Left triceps brachii 7.04 2 3.02 0.05 0.01

Left upper trapezius 7.92 2 2.79 0.06 0.01

For pain tolerance          

Right flexor carpi radialis 277.61 2 25.08 <0.001 0.09

Main effect 
of sex

For pain threshold

Right extensor carpi radialis 96.92 1 91.15 <0.001 0.16

Right biceps brachii 61.43 1 64.90 <0.001 0.12

Right triceps brachii 143.02 1 118.26 <0.001 0.20

Right upper trapezius 108.38 1 81.56 <0.001 0.15

Left extensor carpi radialis 74.78 1 65.46 <0.001 0.12

Left biceps brachii 38.53 1 40.56 <0.001 0.08

Left triceps brachii 104.64 1 89.86 <0.001 0.16

Left upper trapezius 94.94 1 66.74 <0.001 0.12

For pain tolerance

Right flexor carpi radialis 821.57 1 148.45 <0.001 0.24

Interaction 
effects of age 
and sex

For pain threshold

Right extensor carpi radialis 0.44 2 0.21 0.81 0.00

Right biceps brachii 1.15 2 0.61 0.55 0.00

Right triceps brachii 0.00 2 0.00 1.00 0.00

Right upper trapezius 3.03 2 1.14 0.32 0.00

Left extensor carpi radialis 2.66 2 1.16 0.31 0.00

Left biceps brachii 0.14 2 0.07 0.93 0.00

Left triceps brachii 0.12 2 0.05 0.95 0.00

Left upper trapezius 1.41 2 0.50 0.61 0.00

For pain tolerance          

Right flexor carpi radialis 101.68 2 9.19 <0.001 0.04

The pairwise comparison of pain 
threshold and tolerance levels with Bon-
ferroni adjustment between different age 
groups (presented in Table 5) illustrates 
that the old group reported the lowest pain 
threshold values compared to the young 
and middle-aged groups. Moreover, Fig-

ure 1 demonstrates that the middle-aged 
individuals experienced increased pain 
threshold levels, and the values declined 
thereafter. The trend was similar for both 
sexes. Additionally, the findings highlight 
a declining trend in the pain tolerance lev-
el with the advancement of age.
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Table 5. Pairwise comparisons of pain threshold and tolerance levels between age groups

 Muscle points
Age groups Mean  

difference 
(I-J)

SE p value
95% confidence interval

 (I)  (J) Lower 
bound

Upper 
bound

For pain 
threshold

Right extensor 
carpi radialis

Young Middle-aged -0.14 0.11 0.71 -0.41 0.14

Young Old 0.15 0.12 0.62 -0.14 0.44

Middle-aged Old 0.29 0.12 0.05 0.00 0.57

Right biceps 
brachii

Young Middle-aged -0.07 0.11 1.00 -0.33 0.19

Young Old 0.26 0.11 0.07 -0.01 0.53

Middle-aged Old 0.33 0.11 0.01 0.06 0.60

Right triceps 
brachii

Young Middle-aged -0.20 0.12 0.32 -0.49 0.10

Young Old 0.12 0.13 0.99 -0.18 0.43

Middle-aged Old 0.32 0.13 0.03 0.02 0.62

Right upper 
trapezius

Young Middle-aged -0.35 0.13 0.02 -0.65 -0.04

Young Old -0.08 0.13 1.00 -0.41 0.24

Middle-aged Old 0.26 0.13 0.14 -0.06 0.58

Left biceps 
brachii

Young Middle-aged -0.04 0.11 1.00 -0.30 0.22

Young Old 0.23 0.11 0.13 -0.04 0.50

Middle-aged Old 0.26 0.11 0.05 0.00 0.53

Left triceps 
brachii

Young Middle-aged -0.10 0.12 1.00 -0.39 0.19

Young Old 0.20 0.13 0.33 -0.10 0.50

Middle-aged Old 0.30 0.12 0.05 0.00 0.60

For pain 
tolerance              

Right flexor 
carpi radialis

Young Middle-aged 0.32 0.26 0.67 -0.31 0.95

Young Old 1.82 0.27 <0.001 1.16 2.47

Middle-aged Old 1.50 0.27 <0.001 0.85 2.15

Table 6. Pairwise comparisons of pain tolerance levels between age groups for males and females

Male

Age groups Mean  
difference 

(I-J)
SE p value

95% confidence interval

(I) (J) Lower 
Bound

Upper 
Bound

Young Middle-aged 0.50 0.41 0.68 -0.49 1.48

Young Old 2.92 0.40 <0.001 1.95 3.88

Middle-aged Old 2.42 0.40 <0.001 1.45 3.38

Female
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Age groups
Mean 

difference SE p value
95% confidence interval

(I) (J) Lower 
bound

Upper 
bound

Young Middle-aged 0.14 0.32 1.00 -0.64 0.92
Young Old 0.72 0.37 0.15 -0.16 1.61
Middle-aged Old 0.58 0.36 0.31 -0.28 1.44

Table 6 and Figure 1 show that 
males and females exhibited differenc-
es in the age-associated changes in pain 
tolerance levels. The males had a sharp 
decline in pain tolerance level along 

with increasing age. The females also 
had a  similar trend but failed to show 
a  statistically significant difference in 
mean pain tolerance values across vari-
ous age groups.
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Figure 1. Results of two-way ANOVA with means and 95% confidence intervals for the pain threshold 
and tolerance levels taken on different muscle points among males and females of different age groups 
(A) Pain threshold on right extensor carpi radialis, (B) Pain threshold on right biceps brachii, (C) Pain 
threshold on right triceps brachii, (D) Pain threshold on right upper trapezius, (E) Pain threshold on 
left extensor carpi radialis, (F) Pain threshold on left biceps brachii, (G) Pain threshold on left triceps 
brachii, (H) Pain threshold on left upper trapezius, (I) Pain tolerance on right flexor carpi radialis
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Discussion

To date, research on pain thresholds has 
been equivocal, with several studies in-
dicating that the pain threshold either 
rises, declines, or remains unchanged 
with the aging process. Several investiga-
tions undertaken among diverse popula-
tions recognized a trend of elevated pain 
thresholds linked to aging, with older 
people found to have reduced pain sensi-
tivity irrespective of sex (Bek et al. 2002; 
González-Roldán et al. 2020). The age-re-
lated neurobiological changes result in 
diminishing functional capability, which 
in turn affects pain sensitivity as well (Ye-
zierski 2012). The aging process is related 
to a decline in functionality, structures, 
nerve conduction velocity, and density of 
both myelinated and unmyelinated nerve 
fibers, which are primarily responsible 
for carrying pain signals (Yezierski 2012). 
In addition, degeneration of the dorsal 
horn in the spinal cord and alterations in 
certain regions of the brain that are par-
ticularly specialized in nociception pro-
cessing, including the prefrontal cortex, 
primary and secondary somatosensory 
cortex, anterior cingulate, hippocampus, 
thalamus, and insula, are associated with 
aging (El Tumi and Tashani 2017). Also, 
there is evidence regarding the decreased 
amount of substance P in elderly people 
(Gibson and Farrell 2004). All of these 
age-associated physiological and struc-
tural alterations are hallmarks of reduced 
pain sensitivity in older individuals (El 
Tumi and Tashani 2017). Contrary to 
the above-described findings, the present  
study found lower pain threshold levels 
in older participants, indicating height-
ened pain sensitivity among them. How-
ever, studies conducted by Pickering 
et al. (2002), Lautenbacher et al. (2005), 
and Petrini et  al. (2015) validated this 

contradictory finding. Considerable ar-
guments have been proposed regarding 
these inconsistent results, among which 
the utilization of different modalities to 
evoke pain in human subjects is notable. 
Generally, studies using heat pain stim-
ulus yielded an age-associated increase 
in pain threshold (Edwards and Fillingim 
2001; Helme et  al. 2004), whereas the 
use of pressure pain stimulus resulted 
in a  trend of decreasing pain threshold 
along with increasing age in multiple 
studies (Pickering et  al. 2002; Lauten-
bacher et al. 2005; Cole et al. 2010). Ac-
cording to Lautenbacher and colleagues 
(2005), the nociception processing in the 
spinal cord is not similar for pressure and 
heat pain stimulation. Both deep tissues 
and superficial tissues are involved when 
pressure pain is applied, while in heat 
pain stimulation, superficial tissues are 
predominantly activated. The descending 
inhibitory control appears to exert great-
er influence on spinal input from deep 
tissue nociception when compared to su-
perficial tissues. As a  result of this, the 
age-associated reduction in endogenous 
pain inhibition may act more effective-
ly on pressure pain nociception, leading 
to a  decline in age-related endogenous 
pain inhibition for pressure pain. This 
ultimately may cause a  lower threshold 
level as well as enhanced pain sensitivity 
in the elderly (Edwards et al. 2003; Laut-
enbacher et al. 2005; Cole et al. 2010). 
In contrast to previous research findings, 
this study showed that, regardless of sex, 
middle-aged adults exhibited slightly el-
evated pain threshold levels compared 
to younger adults, although the age-re-
lated differences in pain threshold were 
non-significant. However, these levels 
declined in older age groups, aligning 
with established trends. A  recent me-
ta-analysis concluded that, compared to 
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older adults, younger adults exhibited 
better pain inhibition, and a  decline in 
pain inhibitory capacity may begin in 
middle age (Hackett et  al. 2020). The 
different results found in our study may 
be due to the classification of age groups, 
since the age categories used in studies 
are varied. Moreover, the use of different 
pain modalities and locations to induce 
pain is not similar.

This study showed that older partici-
pants demonstrated a  lower mean toler-
ance value when compared to younger 
age groups, signifying a decrease in pain 
tolerance levels with advancing age. The 
results of other studies correspond with 
this pattern (Bek et al. 2002; Petrini et al. 
2015). It is noteworthy that age-related 
alterations in pain threshold and pain 
tolerance manifest bi-directionally, with 
pain threshold levels tending to increase 
and pain tolerance levels showing a  ten-
dency to decrease with age (Lautenbacher 
et  al. 2017). However, the mechanisms 
underpinning age-related changes in 
pain tolerance remain relatively under-
explored. One possible explanation could 
be the diminished capacity to activate the 
endogenous pain modulatory system in 
older individuals (Bodnar et al. 1988; Bek 
et al. 2002). Nonetheless, certain theoret-
ical frameworks regarding pain tolerance 
posit that pain tolerance levels are signif-
icantly influenced by cumulative experi-
ence; as individuals age, their exposure to 
and experience of pain may contribute to 
enhanced pain tolerance (Anderson and 
Losin 2016). However, the findings of our 
current study among the tribal population 
contradict these studies, as pain tolerance 
appears to decrease with advancing age in 
this specific population. This disparity de-
notes that the pain tolerance levels in this 
particular population may be impacted 
more by biology than culture.

This study revealed a  significant sex 
disparity in both pain threshold and 
pain tolerance levels, with females dis-
playing greater sensitivity to pain com-
pared to males. This finding is aligned 
with a number of previous investigations 
(Bek et al. 2002; Pelfort et al. 2015; Lue 
et al. 2018). Numerous biological mech-
anisms have been suggested to justify 
the increased sensitivity observed in fe-
males, including the influence of sex 
hormones and endogenous pain modula-
tion. Enhanced levels of the female go-
nadal hormone progesterone are linked 
with decreased pain threshold, whereas 
estrogen levels are linked to nociceptive 
modulation (Bartley and Fillingim, 2013; 
Archey et al. 2019). On the other hand, 
the testosterone hormone’s role in decre-
menting pain sensitivity has been report-
ed previously (Bartley et al. 2015). A less 
effective endogenous pain inhibitory ca-
pacity in females is one mechanism that 
has been suggested as an explanation for 
why females are less sensitive to pain 
than males (Bulls  et  al.  2015). Besides 
these, social factors, such as gender roles 
and psychological-cognitive variables also 
contribute largely to this disparity (Belfer 
2013). It is essential to recognize that so-
cial models and early learning experienc-
es influenced by family and culture play 
a distinct role in shaping gender-related 
behaviors (Koutantji et  al. 1998). For 
instance, societal expectations often en-
courage women to be more aware of pain 
and express it openly, potentially leading 
to a  greater willingness among women 
to report pain and, as a result, lowering 
their pain threshold. Conversely, men 
are often encouraged to adopt a stoic de-
meanor, suppressing their pain expres-
sion, potentially leading to an increase in 
their pain threshold (Defrin et al. 2009). 
It seems that this tribal community also 
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upholds this gender-stereotype perspec-
tive towards pain.

In the present study, the interaction ef-
fects of age and sex on the pain threshold 
were non-significant. The insignificant 
interaction effect of age and sex implies 
that the trend of an age-associated de-
crease in pain threshold level is similar in 
both males and females, even when con-
sidering the notable hormonal changes 
that occur in females during different re-
productive events and as they age. While 
some prior studies (Pickering et al. 2002; 
Petrini et al. 2015) contradicted this ob-
servation by suggesting that age-related 
changes in pain threshold levels were 
more pronounced in males than females, 
a  study by Lautenbacher and colleagues 
(2005) supports this result. Additionally, 
Lautenbacher et al. (2005) noted that the 
small sample size of their study might 
have influenced their findings. Howev-
er, this proposition doesn’t seem signifi-
cant in light of the large sample size used 
in the current research. Furthermore, 
while hormones like estrogen influence 
pain sensitivity, their impact might be 
complex and vary across individuals. 
Other factors might play a  more domi-
nant role in age-related pain changes. 
The similarity in age-related changes in 
pain threshold levels between males and 
females can be attributed to shared neu-
robiological mechanisms governing pain 
perception. The aging process appears to 
impact these common mechanisms sim-
ilarly across genders, resulting in a paral-
lel decline in pain threshold values. This 
underscores the overriding influence of 
age-related neurobiological changes on 
pain sensitivity, transcending sex-specific 
differences. Further research into the spe-
cific neurobiological pathways affected by 
aging could enhance our understanding 
of this convergence.

The male participants of this present 
study exhibited a sharp declining trend in 
pain tolerance with increasing age, while 
the females also indicated a similar trend, 
but no marked difference across the age 
groups of the females was observed. This 
finding aligns with the studies by Wood-
row et  al. (1972) and McEntarfer et  al. 
(2005), indicating that the decline in pain 
tolerance with age was evident in males 
but not in females. This finding may be 
attributed to not considering the men-
strual cycle phase in the study for female 
participants. It is likely that some young 
and middle-aged females were assessed 
during lower estrogen phases, possibly 
increasing pain sensitivity. Inclusion of 
these women may have lowered average 
pain tolerance in their respective groups, 
narrowing the difference in pain toler-
ance across the three age groups (McEn-
tarfer et al. 2005).

The present study has several lim-
itations. The cross-sectional design 
employed in the study lacks the ca-
pacity to capture individual changes in 
pain threshold and tolerance with age. 
Restricting the assessment of pain to 
a  single method (pressure pain) intro-
duces challenges in drawing robust in-
ferences from the study. Furthermore, 
the observed alterations in pain thresh-
old and tolerance levels are confined 
to specific muscle points, impeding 
generalization to other anatomical re-
gions. The current study did not con-
trol for the menstrual cycle phases of 
the female participants. Self-reported 
pain unpleasantness was not assessed, 
which could give a better insight. Addi-
tionally, variables, such as gender role 
expectations of pain, the role of fami-
ly, and participants’ upbringing, which 
could potentially influence pain percep-
tion, were not accounted for. 
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Conclusion

Our research on pain perception among 
the Santal people revealed substantial 
effects of age and sex on pain threshold 
and tolerance levels. Specifically, males 
exhibited significantly higher pain 
threshold and tolerance values com-
pared to females. Furthermore, a nota-
ble age-related decline in pain threshold 
and tolerance levels was observed. The 
interaction effect of age and sex was 
insignificant for pain threshold levels; 
however, the interaction effect of age 
and sex was significant for pain toler-
ance levels, indicating that the decline 
in pain tolerance with age was marked 
in males but not in females.  This re-
search primarily underscores the influ-
ence of biological factors and, to some 
extent, socio-cultural factors on pain 
perception within the Santal tribal com-
munity. These findings highlight the 
importance of considering both age and 
sex factors when assessing pain percep-
tion among the Santal population. In 
a  clinical context, these insights can 
guide healthcare professionals in tai-
loring pain management strategies that 
consider sex and age-specific variations, 
enhancing the effectiveness of interven-
tions, and contributing to more person-
alized and culturally sensitive health-
care practices.
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