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Background: Sex differences exist in pain sensitivity, however, the underlying mechanism(s) that explain these differences are not 
fully understood. Pain sensitivity has been shown to be influenced by body mass index, but limited data exist on the role of body 
composition on pain sensitivity. The purpose was to examine the influence of body composition on pain sensitivity in males and 
females.
Methods: This cross-sectional study design used pressure pain thresholds (PPT) of 87 participants (45 female) who were assessed in 
the vastus lateralis (leg PPT) and brachioradialis (arm PPT) using a pressure algometer. Fat and lean tissue were assessed via dual- 
energy X-ray absorptiometry (DXA). A two group by two limb, repeated measured ANOVA was used to assess differences between 
limbs and sex. Spearman correlations and hierarchical regression analyses were employed to determine the association between body 
composition and PPT.
Results: Males had higher PPTs then females (P<0.05) and had higher DXA assessed lean and lower levels fat mass (P<0.05). Total 
body and limb specific lean mass was associated with PPTs (r≥0.34; P<0.05). Hierarchical regression analysis revealed lean mass was 
a significant predictor of 8% of the variance in arm PPT (P<0.006) and 18% of the variance in leg PPT (P<0.001). However, lean mass 
was not found to statistically mediate the observed sex differences in PPT.
Conclusion: This finding suggests lean mass may play a previously unknown role in sex differences in pressure pain sensitivity. 
Future studies are needed to confirm this finding and a larger sample size is likely required to have sufficient power to perform the 
mediation analysis.
Keywords: lean mass, fat mass, pressure pain thresholds, sex differences

Introduction
Sex differences in clinical and experimental pain have been well-established.1–4 Females tend to report lower pain 
threshold and higher ratings of common noxious stimuli1–4 and are at a higher risk of developing chronic pain conditions 
compared to their male counterparts.1,5–8 Despite this clear and consistent disparity, females remain understudied.9,10 To 
date a mechanism(s) underlying the commonly observed sex differences has not been definitively established. Proposed 
explanations include gender role expectations,11 differences in psychological states12 such as anxiety13 and 
catastrophizing,14 differences in past pain experiences,15,16 sex-related hormone differences,17 and a greater density of 
sensory nerve fibers associated with skeletal muscle.18

The potential influence of weight status and body composition on pain outcomes in general and on sex differences in 
pain in particular has not been widely studied. Obesity (defined by body mass index; BMI) and abdominal fat distribution 
are associated with chronic pain.19–24 Results are inconsistent (for review see25 when comparing BMI groups and 
experimentally induced pain with some of the variance likely related to differences in the location (arm, leg, hand, finger, 
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abdomen, etc.) and type of noxious stimuli (pressure, thermal, or electrical) applied.25 These regional (abdominal vs 
forehead and hand) differences in pain sensitivity observed between obese and normal weight individuals highlights 
a key limitation of BMI – that it treats all body tissue as homogenous and does not account for tissue type (fat, muscle, 
bone) and distribution of body weight.26 Males and females have whole body and site-specific differences in lean 
(muscle) and adipose tissue mass, with females tending to have lower lean and higher relative fat mass at similar 
BMIs.27,28 One method to dichotomize tissue type (fat mass vs lean mass) is to use dual-energy X-ray absorptiometry 
(DXA), and this may help clarify the complex relationship between body weight, tissue type, and pain sensitivity.29 

Several recent studies have found arm-specific lean mass from DXA imaging to be associated with conditioned pain 
modulation (CPM) and exercise-induced hypoalgesia (EIH) in adolescents30 and to mediate the sex difference in 
temporal summation in healthy young adults.31 Heightened levels of pro-inflammatory cytokines, such as IL-6 and 
TNF-α, due to increases adipose tissue in obese individuals has been suggested as a potential mechanism by which 
obesity and increased body fat may lead to greater pain sensitivity.24,32 To our knowledge, no study has examined 
whether the established sex differences in lean and adipose tissue mass (ie reduced lean mass and greater adipose mass in 
females compared to males)27 might play a role in the commonly observed sex differences in pain sensitivity whereby 
females tend to be more sensitive to pain.1–4

The aim of this study was to examine the impact of DXA-assessed total body and regional lean and adipose tissue 
mass on pressure pain sensitivity in healthy, adult males and females. We hypothesized (1) that males would be less 
sensitive to pain than females and (2) based upon the limited available evidence from studies of pain modulation30,31,33 

that lean tissue mass, but not adipose tissue mass would be related to pressure pain sensitivity.

Methods and Materials
Sample
This study was part of a larger cross sectional study on sex differences in pain sensitivity and modulation.34 A total of 
102 participants were recruited and completed all testing (51 males, 51 females) for the larger study. An outlier analysis 
was performed using Cook’s distance on total body lean mass and fat mass as well as pressure pain thresholds (PPT) at 
each of the four assessment sites and six participants were excluded (Cook’s distance >4/n). Nine additional participants 
were removed from the analysis for this study due to being over the age of 40. In the fifth decade of life, many of our 
measures become more variable due to muscle mass decline, hormonal changes particularly in females, and pain 
sensitivity tends to vary as we age, thus we wanted to limit age as a confounding factor. Thus a final sample of 87 
(42 males, 45 females) was used for analysis. A sample of 87 was sufficient to detect a small effect (Cohen’s d of 0.22 
SD) using a two group (males vs females), two assessment site (arm and leg) mixed-model analysis of variance 
(ANOVA; for the interaction), assuming a correlation between repeated measures of 0.9.

All participants self-reported being free of any musculoskeletal injuries, chronic pain conditions, and other diseases 
known to affect sensory processing at the time of data collection. Potential participants who had a current diagnosis of 
depression, were experiencing amenorrhea, or were taking medications known to affect pain sensitivity were excluded. 
The participants provided written informed consent prior to the experiment, and all testing procedures were approved by 
the University of Oklahoma IRB board and ethics committee and complied with the Declaration of Helsinki.

Experimental Design
Participants completed three testing visits in the Sensory and Muscle Function Lab at the University of Oklahoma. 
During visit one informed consent and medical history were obtained. Next, participants completed questionnaires 
concerning their self-reported physical activity (International Physical Activity Questionnaire, IPAQ); pain catastrophiz-
ing (Pain Catastrophizing Scale, PCS;35 and their attitudes toward pain (Pain Attitudes Questionnaire, PAQ).36 These 
questionnaires were administered as physical activity,37–39 pain catastrophizing,40 and pain attitudes, especially stoicism 
and cautiousness41 have been shown to relate to pain experiences. Female participants were tested during the luteal phase 
of their menstrual cycle which was self-reported and were required to complete a pregnancy test to confirm they were not 
pregnant in order to perform a whole body DXA scan. After the measures of body composition were taken, the 
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participants were then familiarized to the PPT protocol as we have shown this improves assessment reliability.42 During 
visits two and three, PPTs were measured on the right and left brachioradialis (BR) and vastus lateralis (VL). This was 
done as part of a larger study and as such PPTs at each site were averaged between visit two and three. At least 24 
h separated visit two from visit three.

Assessment of PPT
An FDIX Force One Pressure Algometer (Wagner Instruments, Greenwich, CT, USA) with a 1 cm diameter circular 
rubber tip interfaced with Medoc Algomed Software (Medoc Ltd, Ramat Yishai, Israel) was used to assess PPT. 
Assessments were performed over the belly of the BR of the left and right forearm (L-BR and R-BR, respectively) 
and the belly of the VL of the left and right leg (L-VL and R-VL, respectively). Two marks were placed approximately 
one inch apart over the belly of each tested muscle with indelible ink to ensure accurate algometer placement for each 
assessment across the multiple trial in each visit. Assessments were made while participants were seated in a chair and 
rested their arms on a solid, flat surface for determination of BR PPT in both arms. Participants remained seated with 
their feet flat on the ground, knees flexed at approximately 90° with both legs relaxed for assessment of VL PPT in both 
legs. The algometer was placed perpendicular to the muscle being tested and pressure was applied at a rate of ~30 
kilopascals (kPa) per second. Visual feedback was provided to the researcher via Medoc software to ensure a consistent 
rate of pressure application. Participants indicated when the pressure first became painful (described as the point at which 
the pressure went from uncomfortable to painful/hurting) by pressing a handheld button that stopped the Medoc Algomed 
Software which then indicated the pressure when the button was pressed. Two trials were performed in all four limbs, 
unless a difference of more than 20% between the two trails was observed, then a third PPT was conducted. The two 
trails in each limb were then averaged as the PPT for that testing visit and the values from test visit two and test visit 
three were averaged as they showed good reliability across visit two and visit three (ICC3, 1 >0.82 for day-to-day 
reliability across the four testing sites). The values from the right and left side were similar, thus they were averaged to 
yield a criterion value for PPT in the arm (PPT arm) and PPT in the leg (PPT leg). The reliability of PPTs in our study 
were similar to previous work.42

DXA Scan
Body composition was determined with a whole body DXA scan (Lunar Prodigy Advance; GE-Medical Systems, Madison, 
WI, USA) and corresponding analysis software (enCore 2011, version 13.60, GE-Healthcare). Scans and analysis were 
performed according to the manufacturer’s instructions. A urine sample was taken prior to the scan to assess urine specific 
gravity, and females were subjected to a pregnancy test. Once hydration and pregnancy status were established, participants 
were instructed to lie in a supine position with their arms resting against the sides of the body approximately 6.5–7 cm away 
from their torso. A block was placed between their feet and the participants were instructed to maintain a stationary position 
for the duration of the scan. DXA equipment was calibrated on a daily basis according to the protocol provided by the 
manufacturer. The operators defined the regions of interest (ROI) for the limb specific measures and custom ROI boxes 
were draw for the two specific sites. The ROI for the legs followed the inguinal line (cutting through the neck of the femur) 
to the bottom of the femur and the ROI for the arms followed the head of the radius (at the elbow) and dissected at the 
radiocarpal joint (of the wrist).

Statistical Analysis
All statistical analyses were performed using SPSS 27 (IBM Corporation, Armonk, NY USA). Independent measure 
t-tests were used to compare values for measures of body size and composition (eg height, weight, BMI, total and limb- 
specific body fat percent, total lean and fat mass, etc), PCS, PAQ and its associated subscales, and IPAQ domains 
between males and females. PPTs were compared using a two group (male vs female) × two PPT testing site (PPT leg 
and PPT arm) repeated measures ANOVA. Findings of a significant interaction comparing the two assessment sites 
within males and females, using simple comparisons at a given site between males and females and among the individual 
sites performed using a Bonferroni correction for multiple comparisons. Bivariate relationships among PPTs, body 
composition measures, psychological measures and physical activity were examined using Spearman ρ (rho) correlation 
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coefficients. In addition, hierarchical linear regressions were performed to determine the association between body 
composition and PPT while controlling for factors such as age, physical activity, PCS, and PAQ that have been shown to 
potentially influence experimentally assessed pain. Age was entered in the first block, vigorous intensity physical activity 
in the second, PCS in the third, and PAQ in the fourth block as they have been shown to potentially influence 
pain.37,39,43–45 Total and limb specific fat and lean tissue mass were entered in blocks 5 and 6, respectively.

Using the Hayes PROCESS macro (model 4) that was downloaded into IBM SPSS 27, linear regression-based 
mediation analyses were used to assess biological sex and its association with pressure pain sensitivity in the arm and leg 
with body composition variables (ie whole body lean, whole body fat mass, limb specific fat mass and limb-specific lean 
mass) as separate mediators. Using this pathway analysis, we input sex as the independent variable (X), the body 
composition variables as the mediators (M), and pressure pain thresholds as the dependent variable (Y). This model 
calculated the indirect effects of X on Y through M. To overcome potential unmet assumptions commonly found in 
mediation analysis, bootstrapping procedures were employed for all analyses with 5000 samples and reported as 
estimates and standard errors or as 95% bootstrapped confidence intervals.

Statistical significance was set a priori at α <0.05. Effect sizes were calculated as a Cohen’s d statistic as the 
differences in means divided by the pooled standard deviation of the means. Effects of ~0.20 are judged to be small, 
~0.50 are judged to be moderate, and ≥0.80 are judged to be large. In addition, effect sizes for η2 and ηp

2 were calculated 
for ANOVA models. Values are reported as means ±SD.

Results
Descriptive Statistics
Descriptive characteristics of the two groups are shown in Table 1. Males were taller (P<0.001; d=1.36), and weighed 
more (P<0.001; d=1.38) than females. Females had a higher percentage of body fat (P<0.001; d=−1.33), and had less 
total lean mass (P<0.001; d=3.39) than their male counterparts. Total fat mass did not differ between males and females 
(P=0.11; d=−0.34) nor did BMI (P=0.11; d=0.35).

Limb specific fat and lean tissue mass are also shown in Table 1. In the leg females had greater fat mass (P<0.001; d= 
−0.88) and lower lean mass (P<0.001; d=2.61) compared to males. However, in the arm fat mass did not differ between 
males and females (P=0.30; d=−0.34), but females had reduced lean mass compared to males (P<0.001; d=2.63). PCS 

Table 1 Sex Differences in Body Composition, Psychological Outcomes, and 
Physical Activity

Measure Males (42) Females (45) P-value

Age (year) 25.5 ± 5.1 24.1 ± 4.3 0.18
Height (cm) 180.9 ± 6.4 160.8 ± 23.3a <0.01

Weight (kg) 81.8 ± 13.3 63.7 ± 12.8a <0.01

BMI 24.9 ± 4.0 23.6 ± 3.7 0.11

Body Composition (DXA)

Total fat percentage (%) 20.0 ± 9.3 31.4 ± 7.8a <0.01
Total fat mass (kg) 17.1 ± 10.1 20.3 ± 8.4 0.11

Total lean mass (kg) 61.7 ± 6.8 41.1 ± 5.4a <0.01

Arm fat mass (g) 154.3 ± 115.0 192.5 ± 107.1 0.30
Arm lean mass (g) 1337.6 ± 256.5 770.0 ± 175.2a <0.01

Leg fat mass (g) 2465.8 ± 1240.9 3541.9 ± 1193.3a <0.01

Leg lean mass (g) 7074.6 ± 993.4 4685.3 ± 837.2a <0.01

Pain Attitudes

Total score 70.2 ± 11.6 69.4 ± 13.3 0.74
Stoic – fortitude 16.6 ± 4.2 16.1 ± 4.2 0.56

(Continued)
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scores did not differ between males and females (P=0.13; d=−0.18; Table 1) nor did the total score on the pain attitudes 
scale (P=0.70; d=0.06; Table 1). Self-reported physical activity data from IPAQ are also included in Table 1. No 
differences were observed in total (P=0.31; d=−0.14), walking (P=0.17; d=−0.23), moderate (P=0.70; d=0.02), or 
vigorous intensity MET∙min−1∙wk−1 (P=0.74; d=−0.04) between males and females.

Pain Sensitivity
Figure 1 shows mean values for PPT in the arm and leg between males and females. A significant group × testing site 
interaction was found (P<0.001). Pairwise comparisons demonstrated males had higher values (less sensitivity) compared 
to females in arm (P<0.001; d=0.87) and in the leg (P<0.001; d=1.2). In addition, PPT values in the leg were significantly 
higher than in the arm in both females (P<0.001) and males (P<0.001).

Relationship Between Body Composition and Pain Sensitivity
Spearman rho correlations coefficients are displayed in Table 2. PPTs in the arm and leg were highly correlated 
(P<0.001). Age, weight, and BMI did not correlate with arm PPT (P>0.16), however, leg PPT did correlate with weight 

Figure 1 Sex differences in absolute pressure pain threshold (PPT) for each of the arm and leg. *Significant difference between males and females in that limb. **Significant 
difference between PPT values in the arm and leg.

Table 1 (Continued). 

Measure Males (42) Females (45) P-value

Stoic – concealment 12.4 ± 2.6 11.7 ± 3.5 0.23

Stoic – superiority 14.3 ± 2.8 13.2 ± 3.8a 0.04
Cautious – self doubt 13.4 ± 4.4 15.0 ± 4.2 0.06

Cautious – reluctance 13.6 ± 2.8 13.7 ± 2.9 0.98

Pain catastrophizing (total) 11.9 ± 9.3 13.5 ± 8.5 0.35

Self-reported Physical Activity

IPAQ total (met∙min−1∙wk−1) 5053.7 ± 3862.8 5739.7 ± 4697.5 0.31
IPAQ walking (met∙min−1∙wk−1) 1578.2 ± 1993.9 2024.9 ± 1852.8 0.17

IPAQ moderate (met∙min−1∙wk−1) 1559.5 ± 1595.0 1526.4 ± 1543.7 0.70

IPAQ vigorous (met∙min−1∙wk−1) 2086.1 ± 1735.5 2188.6 ± 3132.0 0.74

Note: aIndicates a significant difference between males and females. 
Abbreviations: BMI, Body mass index; IPAQ, international physical activity questionnaire.
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(P=0.006). Total body adipose tissue mass was inversely correlated with arm PPT (P=0.03), but not leg PPT (P=0.18). 
Total body lean mass correlated with arm PPT and leg PPT (P<0.001 for both). Limb-specific fat mass was inversely 
related to leg PPT (P=0.03), but was not related to arm PPT (P=0.10). Limb-specific lean was positively correlated with 
both arm and leg PPT (P<0.001 for both). No significant relationships were observed between arm PPT and leg PPT and 
PCS, PAQ-total, and each dimension of physical activity (P>0.15 for all). Figure 2 displays the significant correlations 
found between arm and leg PPT and whole body and limb-specific lean mass.

Hierarchical Regressions
Regression analysis revealed that when controlling for age, vigorous PA, PCS, and PAQ-total, that total body fat 
mass was a significant predictor (7% of the variance) of arm PPT (β= −0.25; P=0.02), but not for leg PPT (P=0.15 
for β; Table 3). Total body lean mass was a significant predictor of 8% of the variance in arm PPT (β=0.30; 
P=0.005) and 18% of the variance in leg PPT (β=0.44; P<0.001). Age (P≥0.12), vigorous PA (P≥0.49), PCS 
(P≥0.53), and PAQ-total (P≥0.68) were not found to be significant predictors of arm PPT or leg PPT. When limb- 
specific fat and lean mass were used in the model, limb-specific fat mass was not a significant predictor of arm 
PPT (P=0.19) or leg PPT (P=0.07; Table 3). Limb-specific lean mass was a significant predictor of 9% of the 
variance in arm PPT (β=0.31; P=0.004) and 12% of the variance in leg PPT (β=0.36; P<0.001). Age (P≥0.07), 
vigorous PA (P≥0.42), PCS (P≥0.62), and PAQ-total (P≥0.64) were not found to be significant predictors of arm 
PPT or leg PPT.

Mediation Analysis
A schematic of the mediation analysis can be seen in Figure 3. Since lean mass was associated with both sex and pressure 
pain sensitivity, follow-up exploratory analysis were run to determine if certain body composition variables mediated the 
relationship found between sex and PPTs. Sex predicted whole body lean mass and limb-specific lean mass in both the 
arm and the leg, however sex predicted fat mass in the leg only (Table 4). Despite the hierarchical regression analysis 
revealing an association between lean mass pressure pain thresholds, none of the body composition measures in this 

Table 2 Spearman Rho Correlations Among 
Selected Variables and Pain Sensitivity

PPT Arm PPT Leg

PPT arm – 0.89**

PPT leg –

Age 0.15 0.16

Weight 0.15 0.30**

BMI −0.06 0.07
Total body fat tissue mass −0.23* −0.15

Total body lean tissue mass 0.35** 0.47**
Limb-specific fat mass −0.18 −0.24*

Limb-specific lean mass 0.34** 0.42**

Pain catastrophizing 0.01 0.02

Pain attitudes total 0.10 0.10

IPAQ total 0.13 0.002

IPAQ walking 0.05 −0.11

IPAQ moderate 0.07 0.02
IPAQ vigorous 0.15 0.08

Notes: *Significant correlations at P<0.05. **Significant correla-
tions at P<0.001. 
Abbreviations: PPT, pressure pain threshold; BMI, body mass 
index; IPAQ, international physical activity questionnaire.
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pathway analysis predicted arm or leg PPTs (Table 5). With arm and leg PPTs as the dependent variables, neither fat mass 
or lean mass mediated the effect of sex and therefore was not statistically significant (ie, included zero) as evaluated with 
the bootstrapped confidence interval method (Table 6).

Figure 2 Correlations of total lean mass to arm PPT (A) and leg PPT (C) and of limb-specific lean mass to arm PPT (B) and leg PPT (D). In all instances, greater lean mass 
was associated with higher (less sensitive) PPTs.

Table 3 Summary of Hierarchical Regression Analysis for PPT with Total and Limbspecific Fat 
and Lean Mass

Variables R ΔR2 Std β P for β P for Model

Arm PPT

1. Age 0.15 0.02 0.17 0.12 0.005*
2. Vig. PA 0.22 0.03 0.08 0.49

3. PCS 0.22 0.001 0.05 0.66
4. PAQ-total 0.22 0.002 0.02 0.82

5. Total fat mass 0.34 0.07 −0.25 0.02*
6. Total lean mass 0.45 0.08 0.30 0.005*

Arm PPT

1. Age 0.15 0.02 0.20 0.07 0.004*
2. Vig. PA 0.22 0.03 0.09 0.42
3. PCS 0.22 0.001 0.03 0.75

4. PAQ-total 0.22 0.002 0.02 0.88

5. Arm fat mass 0.29 0.03 −0.14 0.19
6. Arm lean mass 0.42 0.09 0.31 0.004*

(Continued)
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Normalized PPTs
To further explore the observed relationships between body weight and body composition and pain sensitivity we 
normalized arm and leg PPTs by expressing them relative to body weight, total body fat and lean tissue, and limb-specific 
fat and lean mass. Values for normalized PPTs can be seen in Figure 4. When normalized to body weight there was 
a significant limb by sex interaction (P=0.009). Follow-up analysis found no sex differences between males and females 
for arm PPT (P=0.49) or leg PPT (P=0.09), however values in the leg were greater for males (P<0.001) and females 
(P<0.001). When normalized to total body fat mass (Panel C) or limb-specific fat mass (Panel E) there was a significant 
limb × sex interaction (P<0.001). The sex difference persisted when normalized to fat mass, with females having lower 
values in the arm (P<0.002) and leg (P<0.001). The limb difference also persisted when normalized to total or limb- 
specific fat mass (P<0.001). When normalized to total body lean mass there was no limb × sex interaction (P=0.17). 
There was no main effect for sex (P=0.65), but there was an effect for limb (P<0.001) with higher values observed in the 
leg. When normalized to limb specific lean mass the limb × sex interaction was significant (P=0.009). The sex difference 
in PPT persisted in the arm (P=0.03), but females were found to be less sensitive than males. The sex difference did not 
persist in the leg (P=0.99). Again the limb difference remained for both males and females (P<0.001 for both), but when 
normalized to limb lean mass the arms demonstrated less sensitivity than the legs.

Table 3 (Continued). 

Variables R ΔR2 Std β P for β P for Model

Leg PPT

1. Age 0.16 0.03 0.13 0.24 <0.001*
2. Vig. PA 0.18 0.01 0.00 0.99

3. PCS 0.18 0.001 0.06 0.53

4. PAQ-total 0.19 0.01 0.04 0.68
5. Total fat mass 0.27 0.03 −0.15 0.15

6. Total lean mass 0.50 0.18 0.44 <0.001*
Leg PPT

1. Age 0.16 0.03 0.15 0.16 0.002*
2. Vig. PA 0.18 0.01 0.02 0.85

3. PCS 0.18 0.001 0.05 0.62
4. PAQ-total 0.19 0.01 0.05 0.64

5. Leg fat mass 0.32 0.07 −0.19 0.07

6. Leg lean mass 0.48 0.12 0.36 <0.001*

Note: *P<0.05. 
Abbreviations: Vig. PA, vigorous physical activity; PCS, pain catastrophizing; PAQ-total, pain attitudes total score.

Figure 3 Schematic of mediation analysis using sex as the predictor for pressure pain thresholds, and body composition variables (ie whole body lean, whole body fat mass, 
limb-specific fat mass and limb-specific lean mass) as the mediators.
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Discussion
The primary findings of the present study were that (1) as expected, males and females differed in pressure pain 
sensitivity with males being less sensitive, (2) whole body and site-specific lean mass were positively correlated with 
pressure pain sensitivity and explained a small (8–18%), but significant portion of the variation in PPT when controlling 
for age, physical activity, and psychological variables, and (3) despite the association, neither total body nor limb specific 
lean mass mediated PPTs.

Table 4 Path A – Effect of Sex (Independent Variable) on Body 
Composition Variables (Mediator)

Coefficient CI P-value

Whole body fat mass 3.44 −0.54; 7.43 0.09

Whole lean mass −20.69* −23.28; −18.10* <0.001*
Arm fat mass 38.19 −8.62; 85.00 0.11
Arm lean mass −567.57* −658.91; −476.23* <0.001*
Leg fat mass 1076.11* 561.79; 1590.43* <0.001*
Leg lean mass −2389.26* −2775.16; −2003.43* <0.001*

Note: *P<0.001. 
Abbreviation: CI, confidence interval.

Table 5 Path B – Effect of Body Composition Variable (Mediator) on Pressure Pain Variable (Dependent 
Variable)

Arm PPT Leg PPT

Coefficient CI P-value Coefficient CI P-value

Whole body fat mass −2.68 −5.86; 0.51 0.09 −1.23 −5.54; 3.08 0.57
Whole lean mass 0.50 −4.48; 5.47 0.84 2.13 −4.49; 8.75 0.52

Arm fat mass −0.16 −0.43; 0.12 0.26 – – –
Arm lean mass 0.02 −0.12; 0.16 0.75 – – –

Leg fat mass – – – −0.01 −0.04; 0.03 0.72

Leg lean mass – – – 0.00 −0.04; 0.05 0.86

Abbreviations: CI, confidence interval; PPT, pressure pain threshold.

Table 6 Indirect Effect Estimates of Sex and Body Composition 
Variables on Pressure Pain Variables, with Bootstrapped Confidence 
Intervals

Indirect Effect CI

Arm PPT
Whole body fat mass −9.22 −23.96; 3.06

Whole lean mass −10.26 −107.58; 93.35

Arm fat mass −5.99 −21.49; 3.52
Arm lean mass −13.07 −113.53; 86.59

Leg PPT

Whole body fat mass −4.24 −20.02; 15.82
Whole lean mass −44.09 −191.51; 114.56

Leg fat mass −6.54 −42.45; 28.24

Leg lean mass −9.56 −125.30; 117.08

Abbreviations: CI, confidence interval; PPT, pressure pain threshold.
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Our finding that males exhibit a higher pressure pain threshold than females (indicating less sensitivity) has been 
demonstrated in a host of previous research on experimentally induced pain.1–4,46–48 We found large and consistent 
differences with Cohen’s d ranging from 0.87 to 1.20 SDs between males and females in the arm and legs, respectively. 
Studies examining sex differences in experimental pain, especially older studies, have often lacked sufficient statistical 
power due to small sample sizes.49 Using the findings from their meta-analysis Riley et al49 suggest groups of at least 41 
(our sample included 45 females and 42 males) were needed to achieve adequate statistical power. A meta-analysis of 
only studies with sufficient power found males had higher PPTs compared to females with effect sizes ranging from 0.46 
to 1.19 with a mean adjusted effect size of 0.59 SD.49 As such, the findings of the present study add to the growing 
consensus that females overwhelmingly demonstrate greater sensitivity to pressure pain than males do. Multiple 

Figure 4 Absolute (A) and arm and leg PPTs normalized relative to body weight (B), total body fat mass (C), total body lean mass (D), limb-specific fat mass (E), and limb- 
specific lean mass (F). *Significant difference between males and females in that limb. **Significant difference between limbs for both males and females.
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explanations have been suggested to underlie females’ greater sensitivity to noxious stimuli. Two of those are reduced 
physical activity37,39,45 in females and differences in psychosocial variables such as greater catastrophizing and reduced 
stoicism compared to males.50 In the present study, males and females did not differ in their PCS scores nor was PCS 
correlated to arm or leg PPT. Females exhibited reduced stoic-superiority compared to males, but no other differences 
were observed in the individual dimensions of the PAQ-R and males and females had similar PAQ-total scores. Sex 
differences were also not observed for any domain of self-reported physical activity in the present study. Taken together 
these finding suggest the males and females in the present study were very similar in these areas and therefore these 
variables likely played little to no role in our observed sex differences in PPT. As such, other variables are likely 
mediating the observed differences in our sample.

To our knowledge, this was the first study to examine the relationship between body composition (total and limb- 
specific lean and fat mass) pressure pain sensitivity to determine if differences in tissue composition might be related to 
and/or mediate sex differences in pain sensitivity. In agreement with previous studies51,52 we found males had greater 
absolute and relative lean mass and females had a greater relative fat mass, although their BMIs were similar. Several 
previous studies have grouped participants as “obese” and “non-obese” based upon BMI53–56 in an effort to determine the 
role of body fat and its distribution on pain sensitivity. Inconsistent results have been found with obese (by BMI) 
individuals being more,53,54 less,56 or not different55 from normal weight individuals to pressure stimuli. However, none 
of these studies accounted for sex differences in body composition at similar BMI levels. Therefore, based upon limited 
evidence30,31,33 demonstrating a relationship between DXA derived arm specific lean mass and pain modulatory function 
as well as that arm-specific lean mass mediated the difference in temporal summation between males and females,31 we 
hypothesized lean mass, but not fat mass would be related to PPTs in our study sample. We found that lean mass, both 
whole body and limb specific, consistently demonstrated a weak (in the arm) and moderate (in the leg), positive 
relationships with PPTs. Interestingly, a weak negative relationship was observed between total fat mass and Arm PPT 
and leg-specific fat mass and leg PPT. When controlling for age, physical activity, catastrophizing and pain attitudes, we 
found that lean mass uniquely predicted between 8 and 18% of the variance in PPTs. Despite the variance explained, total 
or limb specific lean mass did not statistically mediate the differences in pain sensitivity.

Reconciling these disparate findings is difficult. Females have been shown to have greater epidermal nerve fiber 
density57–59 and greater nerve fiber density in connective tissue associated with skeletal muscle.60 It has been suggested 
these differences may play a role in females’ greater sensitivity to pressure pain.59 Although not measured in the present 
study, greater nerve fiber density could explain our lack of a mediating effect of lean mass on PPTs. If females have 
greater nociceptors per unit area of tissue (regardless of the tissue) then the relative amounts of lean mass would not be 
expected mediate PPTs. However, our results do not necessarily fit this explanation. We explored this idea by normal-
izing PPTs to lean mass (see Figure 4). However, when we did so the sex difference was eliminated. If the difference was 
primarily mediated by receptor density, given the similarity in our sample on PCS, PAQ-total, and physical activity, then 
the difference should have persisted when normalizing to lean mass. This finding does not lend support to the idea that 
sex differences in PPTs are related to differences in receptor density. Another issue to consider in regard to our mediation 
analysis is the collinearity of sex and lean mass. Strong correlations were found between sex and total body (r=0.87), leg 
(r=0.80), and arm (r=0.80) lean mass. Strong correlations between mediators (lean mass in this study) and independent 
variables (sex) can dramatically reduce the statistical power of the mediation analysis due to an increase in the standard 
error of the product test.61 Therefore, it is possible that our study was underpowered to detect a mediation effect of lean 
mass on the sex differences in PPT. Conversely, it is also possible that factors inherent to biological sex such as 
differences in estrogen and testosterone influence both lean mass and pressure pain sensitivity. As such, there may not be 
a true mechanistic relationship between lean mass per se and PPT, but rather lean mass functions as a proxy for biological 
sex and some other sex-related variable that was not tested in the current study mediates the difference in PPT. 
Furthermore, while our sample size for this study was greater than previous studies, we were still below the recom-
mended size for mediation analysis (N=100). Our confidence intervals were trending towards zero on several variables 
and larger sample sizes could aid future studies employing a similar design.

A more apt explanation of our findings may be more methodologically explained rather than focusing on a mechanism. 
Pressure pain algometry is a reliable technique for the assessment of mechanical pain sensitivity of deep somatic structures. 
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However, it is highly variable between participants. We demonstrated an association between measures of body composition 
and pressure pain sensitivity whereby those who were heavier and had more muscle mass, per se, were less sensitive to pain. 
Raw data are difficult to interpret and summarize due to individualized differences in body size. Summary scores created 
from normalized data can be used to control for these differences, reduce variance and minimize the chance of finding false- 
positive results. Neuromuscular and cardiovascular research has answered challenges associated with interpreting raw values 
in both clinical practice and research by normalizing variables to body mass. Therefore, we demonstrate why it might be 
beneficial for pain researchers that use algometry to normalize pressure pain measures that assess somatic pressure pain to 
body weight or lean mass in order to accommodate the high variability that we see in pressure pain sensitivity measures.

This study has several experimental considerations of note. First, we had a relatively young group of adults who 
participated with an age range of 18–40 years old with all females being premenopausal. Age has been shown to 
influence pain sensitivity with older adults showing greater sensitivity.44 The age range was similar between males and 
females, and was not a significant predictor of PPT therefore, we are confident it did not influence the results of the 
present study. However, further study is required to determine if sex differences persist and are related to lean tissue mass 
in older adults. Second, our participants were very active by self-report. Only one participant did not meet the American 
College of Sports Medicine recommended guidelines for weekly PA. Recent estimates indicate nearly 50% of adults do 
not meet these recommendations. Thus, it is also unclear the extent to which our findings would generalize to a less 
active group who might have reduced lean mass and greater fat mass.

Conclusions
This study examined the influence of body composition on sensitivity to noxious pressure. Total body and limb specific 
lean mass, but not fat mass, were associated with and a significant predictor of a small portion of the variance in PPT 
between males and females. However, lean mass did not statistically mediate the sex difference. This finding suggests 
that lean mass may play a previously under studied role in pain sensitivity. Future studies with larger samples are needed 
to confirm our finding. In addition, studies examining whether interventions designed to alter lean mass, such as 
resistance training, or bed rest could provide important insights into this relationship as well. It may be useful for future 
studies using pressure pain sensitivity to “normalize” or “control” for body composition variables to assess differences 
across groups that may be contributing to the variability observed in pressure pain assessments.
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