
Objective: The objective of the current study was 
to determine the effect of body mass index (BMI) on 
fatigability of three different muscle groups at four dif-
ferent work intensities.

Methods: Forty-nine normal-weight, 50 over-
weight, and 43 obese adults (32.1 ± 9.2 years; 50% 
males) performed fatiguing handgrip, shoulder flexion, 
and trunk extension exertions at 20%, 40%, 60%, and 
80% of the associated maximum voluntary contrac-
tions.

Results: Obese adults demonstrated 22% to 30% 
shorter endurance times than normal-weight adults, 
but this was only observed at lower intensities and 
with larger and more postural muscles of the shoulder 
and low back. Strength and fatigue-related strength loss 
remained comparable across BMI groups in both males 
and females in these task-specific conditions. Obesity 
was associated with faster progression in perception 
of effort at low-intensity shoulder and trunk exer-
tions. While males were stronger than females across 
all muscle groups, females exhibited greater shoulder 
fatigue resistance than males at lower intensity levels.

Conclusion: Findings indicate that the relationship 
between obesity and fatigability is task dependent.

Application: These findings provide initial evi-
dence on the impact of obesity on worker capacity. 
Future work that extends the current investigation 
to include more occupationally relevant scenarios are 
needed to facilitate occupational task (re)design and 
assessment practices, such that altered work capacities 
of two-thirds of the working population are accommo-
dated.

Keywords: obesity, endurance, strength loss, overex-
ertion, exhaustion

Introduction
Work-related musculoskeletal disorders 

(WMSDs), particularly overexertion injuries, 
represent a significant economic burden and 
involve substantial adverse personal outcomes. 
Approximately one-third of all workplace inju-
ries and illnesses requiring days away from 
work are WMSDs, and workers’ compensation 
claims for overexertion injuries exceed $13 
billion each year (Bureau of Labor Statistics, 
2012; Liberty Mutual Research Institute for 
Safety, 2013). In particular, injuries to the 
shoulder, wrist, and back account for some of 
the most severe injuries (~61% of all WMSDs), 
with a median of 21, 17, and 7 days away from 
work for each incident, respectively (Bureau of 
Labor Statistics, 2012). It is necessary to evalu-
ate personal risk factors that may contribute 
to the current and future incidence and sever-
ity levels of these injuries. One demographic 
change over the past 30 years that is expected 
to continue over the next 20 years is a dramatic 
increase in the prevalence of overweight and 
obesity, defined as having a body mass index 
(BMI) ≥25 kg/m2 and ≥30 kg/m2, respectively 
(Flegal, Carroll, Ogden, & Johnson, 2002; Levy 
et al., 2013). Higher levels of obesity have 
been correlated to higher rates of injury risk 
(Finkelstein, Chen, Prabhu, Trogdon, & Corso, 
2007; Finkelstein, Fiebelkorn, & Wang, 2005; 
Werner, Albers, Franzblau, & Armstrong, 1994; 
Withrow & Alter, 2011); therefore, an increas-
ing obesity prevalence may increase the future 
incidence of WMSDs.

Obesity is linked to increased absolute quadri-
ceps and trunk muscle strengths (Hulens et al., 
2001; Maffiuletti et al., 2007; Rolland et al., 2004), 
but relative muscle strengths (scaled to body mass) 
are about ~10% lower in the obese (Hulens et al., 
2001). Studies have examined obesity-related 
changes in muscle strength; however, little is 
known on its effect on endurance and fatigue. 
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While a causal relationship between fatigue and 
injury is yet to be determined, muscle fatigue and 
incomplete recovery can lead to decreased muscle 
capacity that can potentially result in an increased 
risk of injury and decline in work efficiency (de 
Looze, Bosch, & van Dieen, 2009; Kumar, 2001; 
Visser & van Dieën, 2006).

Alterations in muscle fiber type composition 
may influence fatigue resistance capacity in indi-
viduals who are obese. With obesity, greater pro-
portions have been observed for fast twitch fibers 
that are more fatigable, compared to slow twitch 
or fatigue-resistant fibers (Hickey et al., 1995; 
Kriketos et al., 1997; Krotkiewski, Grimby, Holm, 
& Szczepanik, 1990; Tanner et al., 2002). Thus, 
obesity-related differences in endurance may 
depend on muscles that have distinct functions 
(executive vs. postural) or different fiber type 
compositions (fast vs. slow twitch). However, 
similar obesity-related decrements in fatigue resis-
tance were reported during sustained isometric 
grip contractions at 30% of maximum strength 
(Eksioglu, 2011) and modified Sørensen back 
endurance test (Fogelholm et al., 2006; Kankaanp 
et al., 1998). It should be noted that these studies 
were limited to a single intensity level. A recent 
study by Mehta and Cavuoto (2015) reported that 
obese adults exhibited ~32% shorter endurance 
across multiple submaximal hand grip fatigue 
exercises, ranging from 20% to 80% of maximal 
voluntary contractions (MVCs), when compared 
to non-obese adults. It is unclear to what extent 
fatigue resistance of the different upper extremity 
muscles and trunk musculature (muscle groups 
that are associated with high injury rates) is 
impaired in overweight and obese individuals and 
whether this relationship is task (i.e., intensity and 
muscle) dependent.

The aim of the current study was to determine 
the effects of BMI on fatigability of multiple 
upper extremity and trunk muscle groups at dif-
ferent work intensities. Establishing these obe-
sity effects on functional work capacity will 
facilitate a better understanding of the capabili-
ties of individuals who are overweight or obese 
when performing tasks that require extensive use 
of the upper body and the low back. The muscle 
groups tested in this study are commonly afflicted 
by work-related injuries (accounting for >60% of 
all nonfatal injuries in the workplace). It was 

hypothesized that adults with higher BMIs will 
exhibit greater fatigability and that this relation-
ship will be task dependent (i.e., muscle group 
employed and intensity level).

Methods
Participants

One hundred and forty-two participants were 
recruited from the university and local communi-
ties in Texas and New York. A convenience strati-
fied sampling, by gender and BMI, was adopted 
to obtain around 33% of participants (balanced by 
gender) in three BMI groups: normal weight (18.5 
≤ BMI < 25 kg/m2), overweight (25 ≤ BMI < 30 
kg/m2), and obese (BMI ≥ 30 kg/m2). All three 
groups of BMI class were assessed since each 
one currently represents approximately one-third 
of the U.S. population. Group assignment was 
first based on BMI collected by self-report during 
participant recruitment and confirmed through 
anthropometric measurements in the laboratories 
during the first experimental session, described 
later. Participants were recruited using emails, 
posted fliers, newspaper announcements, and 
visits to local organizations. Efforts were made 
to recruit equal numbers of males and females in 
each obesity group to control for the differences 
in body composition and body fat distribution 
(Nedungadi & Clegg, 2009; Taylor, Grant, Wil-
liams, & Goulding, 2010). Participants who were 
involved in regular aerobic or resistance training 
(more than 3 sessions of 30 minutes each per 
week) were excluded from the study. Participants 
were also excluded if they reported musculoskel-
etal disorders, current or in the past one year, that 
interfered with upper extremity and low back 
exercises. Individuals who were hypertensive 
(>160/90 mm Hg) or diabetic, based on self-
report, were also excluded from the study. This 
research complied with the tenets of the Declara-
tion of Helsinki and was approved by the Institu-
tional Review Boards at Texas A&M University 
and University at Buffalo. Informed consent was 
obtained from each participant prior to testing.

Experimental Procedures
The study sites in College Station, Texas,  

and Buffalo, New York, utilized the same 
experimental protocols and equipment to avoid  
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methodological and equipment-related dis-
crepancies. Participants at each site completed 
four experimental sessions, and each session 
included a series of MVC testing and an isomet-
ric fatiguing exertion of each muscle group at a 
specified relative intensity level. The sessions 
(i.e., the presentation of work intensity) for each 
participant were counterbalanced and separated 
by at least 48 hours each to reduce any residual 
effects of fatigue or soreness. The order of 
muscle group presentation in each session was 
also counterbalanced to minimize learning and 
fatigue effects.

Upon consent, demographic information, 
health history, and anthropometric and body 
composition assessments were obtained at the 
first session. Participants’ heights and weights 
(without shoes) were measured to the nearest 
0.1 cm and 0.1 kg using a standard stadiometer 
and a digital metric scale, respectively. A stan-
dard flexible, inelastic measuring tape was 
used to measure waist and hip circumference 
to the nearest 0.1 cm at the level of the iliac 
crest and the maximum extension at the but-
tocks level, respectively. BMI was calculated 
as weight (kg) divided per squared height 
(meters). Bioelectric impedance analyses were 
carried out using the Tanita BC 418 MA Seg-
mental Body Composition Analyzer (Tanita, 
Japan) according to the manufacturer’s manual 
to obtain body fat percentage.

At each session, depending on the muscle 
group order within the session, participants per-
formed testing on each muscle group with a 
15-minute break between testing of the subse-
quent muscle groups. The testing included 
warm-up exercises, MVC testing, and fatiguing 
exertions for each muscle group.

Hand grip testing. Participants performed a 
2-minute intermittent gripping warm-up exer-
cise using a stress ball. For hand grip MVC test-
ing, participants were seated upright with their 
upper arm at their side. A digital grip dynamom-
eter (BIOPAC Systems, Inc., Goleta, CA, USA) 
was held in the dominant hand, and the partici-
pant maintained the standardized grip testing 
posture depicted in Figure 1a (Innes, 1999; Mital 
& Kumar, 1998; Nicolay & Walker, 2005; 
Roman-Liu, Tokarski, & Kowalewski, 2005). 
To minimize the possible effects of fatigue in the 
surrounding muscles due to the support of body 
segment mass (Price, 1990; Rohmert, Wangen-
heim, Mainzer, Zipp, & Lesser, 1986), the 
weight of the arm and dynamometer were sup-
ported. A series of three handgrip MVC trials 
were collected, with 2 minutes between each 
MVC trial. During each MVC trial, participants 
were instructed to maximally grip the hand 
dynamometer for 4 seconds based on standard 
strength testing procedures (Caldwell et al., 
1974). For each participant, the maximum of the 
three repeated MVCs determined the maximum 

Figure 1. Postures employed during (a) handgrip, (b) shoulder flexion, (c) and trunk extension 
testing.
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handgrip MVC. Real-time visual feedback and 
verbal encouragement were provided during the 
MVC trials. While the MVC values obtained 
during the first session were used to determine 
the intensity level for each participant’s fatigu-
ing tasks for all four sessions, MVC values 
obtained during each of the four sessions were 
employed to compute strength loss for that 
session.

After sufficient rest from the MVC testing, par-
ticipants began the submaximal handgrip fatigu-
ing task at 20%, 40%, 60%, or 80% (depending on 
the order of presentation for that session) of their 
MVC. The targeted intensity level was presented 
as a red line on a computer screen at eye height, 
and participants were instructed to track their gen-
erated force against the target level as closely as 
possible for as long as they could. Verbal encour-
agement was provided during the fatiguing task. 
The fatiguing task ended when either the partici-
pant indicated he or she could no longer continue 
or his or her exerted force/moment dropped >10% 
below the required effort level for more than 5 sec-
onds. Participants provided ratings of perceived 
exertion (RPEs) using a 10-point scale (Borg, 
1990) for the relevant body part(s) every 30 sec-
onds during the 20% and 40% MVC tasks and 
every 10 seconds for the 60% and 80% MVC 
tasks (Garg, Hegmann, Schwoerer, & Kapellusch, 
2002). The scale ranged from 0 = nothing at all to 
10 = extremely strong, almost maximum. Different 
collection rates were used since shorter endurance 
times were expected at higher percent MVC. 
Immediately after an endurance time was assessed, 
a post-MVC was measured to quantify strength 
loss based on the MVC value obtained at the start 
of that session. The RPE scores generated from 
the fatiguing task were plotted against time using 
linear regressions to obtain the slope coefficient, 
namely, RPE rate, that examined differences in 
fatigue progression.

Shoulder flexion testing. For the shoulder 
muscle group, participants performed a series of 
intermittent shoulder flexion/extension and 
abduction/adduction exercises for a 2-minute 
warm-up period, following which shoulder 
MVC testing was conducted. Participants were 
situated in a supine position in a commercial 
dynamometer (Humac NORM, Computer 
Sports Medicine, Stoughton, MA, USA), with 

their dominant shoulder flexed at 90° (Figure 
1b). The dynamometer’s center of rotation was 
aligned with the arm and the glenohumeral joint. 
During each MVC trial, participants were 
instructed to maximally flex their shoulder by 
gripping the dynamometer handle using similar 
MVC testing procedures described earlier. For 
each participant, the maximum of the three 
repeated MVCs was used as the maximum 
shoulder flexion strength, which determined the 
intensity level for each participant’s fatiguing 
task. After sufficient rest from the MVC testing, 
participants began the submaximal shoulder 
fatiguing task at 20%, 40%, 60%, or 80% 
(depending on the order of presentation for that 
session) of their shoulder MVC. At the end of 
the fatiguing task, which was similar to that 
described earlier, shoulder endurance times, 
strength loss, and RPE rates were obtained.

Trunk extension testing. For the trunk muscle 
group, participants performed a series of inter-
mittent trunk flexion/extension and rotational 
exercises for a 2-minute warm-up period, follow-
ing which trunk extension MVC testing was con-
ducted. Participants stood upright on the 
dynamometer footplate with slightly flexed (< 
5°) trunk against the sacral pad. Participants’ feet 
were positioned against the footplate heel cups 
separated at about shoulder width (Figure 1c). 
The thigh pad, tibial pad, and pelvic belt were 
used to firmly secure the lower body and mini-
mize the contributions of other muscles during 
trunk extension. The dynamometer’s axis of 
rotation was aligned based on participants’ iliac 
crest and L5/S1 location. During each MVC trial, 
participants were instructed to maximally extend 
their torso by pushing back against the dyna-
mometer pad using similar MVC testing proce-
dures described earlier. For each participant, the 
maximum of the three repeated MVCs deter-
mined the maximum trunk extension strength, 
which determined the intensity level for each 
participant’s fatiguing tasks. After sufficient rest 
from the MVC testing, participants began the 
submaximal trunk fatiguing task at 20%, 40%, 
60%, or 80% (depending on the order of presen-
tation for that session) of their trunk MVC. At the 
end of the fatiguing task, which was similar to 
that described earlier, trunk endurance times, 
strength loss, and RPE rates were obtained.
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Statistical Analyses
First, parametric model assumptions were 

assessed across all demographic (age, height, 
weight, BMI, percentage body fat, waist and 
hip circumference, and muscle strength) and 
fatigue (endurance time, strength loss, and RPE 
rate) measures. Except for endurance times and 
RPE rates, all study measures were normally 
distributed. Log transformations of endurance 
times and RPE rates were used to achieve 
homoscedasticity. Separate two-way analyses 
of variance (ANOVAs) were used to assess the 
main and interactive effects of gender (male or 
female) and BMI (normal weight, overweight, 
or obese) on demographic measures. Separate 
mixed-factor ANOVAs were used to assess the 
main and interactive effects of gender (male or 
female), BMI (normal weight, overweight, or 
obese), and intensity level (20%, 40%, 60%, or 
80% MVC) on endurance times, strength loss, 
and RPE rates during handgrip, shoulder, and 
trunk fatiguing tasks. The level of statistical 
significance was set at p < .05 for all analyses. 
Significant interaction effects were examined 
using Bonferroni corrections as needed.

Results
Detailed demographic information of the 

study participants, pooled across both sites, is 
presented in Table 1. Significant group-level 
differences, across male and female participant 
pools, in percentage body fat and waist circum-
ference support that BMI differences were due 
to obesity rather than other confounding factors 
such as high muscularity. Handgrip, shoulder 
flexion, and trunk extension strength were found 
comparable across all BMI groups. Males dem-
onstrated greater muscle strength than females 
across all muscle groups. Mean and standard 
deviation values for endurance times, strength 
loss, and RPE rates are listed in Table 2.

Handgrip Fatigability
A significant main effect of intensity was 

found on endurance time, F(3, 399) = 603.31, 
p < .0001; strength loss, F(3, 408) = 100.21,  
p < .0001; and RPE rate, F(3, 399) = 953.13, p < 
.0001, during handgrip exertions. In general, 
intensity showed a negative relationship with 

endurance time and strength loss and a positive 
relationship with RPE rate. BMI and gender or 
their interactions with intensity did not impact 
handgrip endurance times, strength loss, or RPE 
rates (all p > .25).

Shoulder Fatigability
A significant main effect of intensity was found 

on endurance time, F(3, 390) = 322.21, p < .0001; 
strength loss, F(3, 408) = 67.89, p < .0001; and 
RPE rate, F(3, 390) = 875.53, p < .0001, during 
shoulder exertions. Additionally, females exhib-
ited 22.4% longer endurance times than males, 
F(1, 130) = 8.01, p = .005, and normal-weight 
adults demonstrated 21.7% longer endurance 
times than obese adults, F(2, 130) = 2.54, p = .08. 
A significant Intensity × Gender interaction, F(3, 
390) = 7.46, p < .0001, was found; post hoc analy-
ses revealed that the females demonstrated 21% 
to 25% longer endurance times than males during 
20% and 40% MVC intensity levels. Similarly, 
a significant Intensity × BMI interaction, F(6, 
390) = 3.20, p = .004, indicated that decrements 
in endurance times in obese adults were found 
statistically significant at 20% MVC intensity 
level. A significant Intensity × Gender × BMI 
interaction, F(6, 390) = 2.23, p = .039, revealed 
that during the 20% MVC exercise, while both 
normal-weight and overweight males demon-
strated 32% to 34% longer endurance times than 
obese males, normal-weight females exhibited 
24% to 30% longer endurance times than over-
weight and obese females. Strength loss remained 
comparable across gender and BMI groups across 
all intensity levels (all p > .32). RPE rates were 
significantly faster for males than females, F(1,1 
30) = 8.43, p = .004. Additionally, a significant 
Intensity × Gender × BMI interaction on RPE 
rates was found, F(6, 390) = 2.36, p = .03. During 
the 20% MVC exertion, RPE rates were signifi-
cantly faster in obese females than normal-weight 
females; these differences were not observed in 
males or during other intensity levels.

Trunk fatigability
Increasing levels of work intensity was found 

to significantly decrease trunk endurance times, 
F(3, 366) = 161.93, p < .0001, and strength 
loss, F(3, 363) = 27.45, p < .0001, and increase 
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RPE rates, F(3, 354) = 327.06, p < .0001. All 
three trunk fatigue measures, namely, endurance 
times, strength loss, and RPE rates, were found 
to be comparable across both gender and BMI 
groups (all p > .60). However, significant Inten-
sity × BMI interaction was found on endurance 
times, F(6, 366) = 3.36, p = .003, and RPE rates, 
F(6, 354) = 3.99, p = .001. Post hoc analysis 
revealed that during the 20% MVC exertion, 
normal-weight adults demonstrated 30% longer 
endurance times and 46.2% slower RPE rates 
than obese adults.

Discussion
The present study aimed to quantify the 

effects of BMI on fatigue measures during sus-
tained submaximal fatiguing tasks across three 
different muscle groups (handgrip, shoulder, 
and trunk). The major findings suggest that 
obese adults exhibit greater fatigability than 
normal-weight adults at the lower work inten-
sity levels, particularly during shoulder and 
trunk exertions.

Consistent with existing literature on the non-
linear relationship between intensity and fatigue 
(Garg et al., 2002; Rohmert et al., 1986), increas-
ing work intensities were associated with shorter 
endurance times, greater decreases in force gen-
erating capacity, and faster progression in per-
ception of effort. This was evident across all the 
three muscle groups and across the entire study 
sample.

Females were found to be weaker but more 
fatigue resistant than males, particularly during 
shoulder exertions. This finding is consistent with 
existing evidence of gender differences on fatiga-
bility during isometric contractions at similar con-
traction intensities (Clark, Manini, Thé, Doldo, & 
Ploutz-Snyder, 2003; Hunter & Enoka, 2001). 
Additionally, the magnitude of gender differences 
in skeletal muscle fatigability decreased as con-
traction intensity increased; namely, males and 
females exhibited comparable endurance times at 
60% to 80% MVC levels. During low-force sus-
tained isometric contractions, females have shown 
greater muscle perfusion than males for some 

Table 1: Participant Demographics

Males Females

 
Normal Weight 

(N = 24)
Overweight  

(N = 25)
Obese  

(N = 22)
Normal Weight 

(N = 25)
Overweight  

(N = 25)
Obese  

(N = 21)

  M SD M SD M SD M SD M SD M SD

Age (years) 28.88 5.24 30.96 8.09 30.91 8.33 33.76 10.30 35.84 10.84 31.95 10.69
Height (cm) 175.38 6.69 174.22 6.58 173.73 5.52 163.47 5.15 162.11 5.01 165.62 7.03
Weight (kg) 70.41 5.60 82.13 6.37 106.24 15.60 59.43 7.09 71.15 5.64 95.18 15.04
BMI (kg/m2)a 22.88 1.92 27.04 1.31 35.11 3.93 22.16 2.20 27.12 1.52 34.56 3.79
BF (%)a,b 14.47 4.50 23.37 4.85 30.31 4.01 28.64 5.59 36.39 2.85 43.08 3.72
WC (cm)a,b 84.06 6.18 92.98 6.93 113.05 12.58 75.74 12.39 88.55 8.08 103.11 8.68
HC (cm)a 97.54 6.31 103.91 6.98 120.99 14.83 93.12 16.20 102.53 7.93 116.82 12.06
Handgrip 

MVC (Nm)b
399.10 109.60 395.30 91.90 399.20 82.30 268.70 57.60 253.60 70.00 274.40 69.80

Shoulder 
MVC (Nm)b

56.40 15.10 59.10 13.10 61.40 13.50 33.60 8.70 33.80 7.70 35.80 8.30

Trunk MVC 
(Nm)b

133.50 51.10 142.40 61.20 140.10 60.20 86.20 36.20 83.90 39.40 77.90 34.10

Note. BMI = body mass index; BF = body fat; WC = waist circumference; HC = hip circumference; MVC = maximal 
voluntary contractions; Nm = Newton meter.
aSignificant BMI group difference (p < .0001).
bSignificant gender difference (p < .0001).
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muscle groups due to the lower levels of intramus-
cular pressure placed onto the feed arteries, which 
may have contributed to longer endurance times 
(Hicks, Kent-Braun, & Ditor, 2001; Hunter, 2009; 
Hunter et al., 2006; Maughan, Harmon, Leiper, 
Sale, & Delman, 1986).

In general, BMI was found to adversely affect 
muscle fatigability; however, this relationship 
was task dependent. Adverse effects of BMI 
were found on endurance times and RPE rates 
during shoulder and trunk exertions but not dur-
ing handgrip exertions. The findings obtained 
here are generally consistent with existing evi-
dence on the negative impact of obesity on 
endurance (Cavuoto & Nussbaum, 2013; Maffi-
uletti et al., 2007; Mehta & Cavuoto, 2015). 
While the present study found large obesity 
effects in the postural muscles, similar to that 
reported by Maffiuletti et al. (2007), these effects 
were not markedly different during handgrip 
exertions. The obesity-related increases in pos-
tural muscle fatigability were mostly observed 
at lower work intensities (i.e., at 20% MVC). At 
higher intensity levels during shoulder and trunk 
exertions and across all intensity levels during 
handgrip exertions, endurance times were simi-
lar across the three BMI groups. It is possible 
that the added body segment mass in obese 
adults during shoulder and trunk exertions may 
have contributed to increased fatigability when 
compared to handgrip exertions (Garg et al., 
2002), particularly at the lower intensity levels 
when endurance times were longer.

Overweight males and females demonstrated 
similar magnitudes of fatigability as their nor-
mal-weight and obese counterparts across all 
intensity levels during handgrip and trunk exer-
tions. During shoulder exertions, normal-weight 
and overweight males demonstrated longer 
endurance times than obese males; however, 
overweight and obese females exhibited shorter 
endurance times than normal-weight females. 
However, this was only observed during 20% 
MVC intensity level.

The underlying physiological mechanisms 
causing obesity difference in muscle fatigability 
are not completely understood. The explanation 
for the observed obesity differences in this study 
likely involves a combination of muscular 
mechanisms that include potential obesity dif-

ferences in muscle fiber type composition and 
skeletal muscle capillarity. The postural muscles 
of the back and shoulder are made of greater 
proportions of slow twitch muscle fibers (Jør-
gensen, 1997; Manta, Kalfakis, Kararizou, Vas-
silopoulos, & Papageorgiou, 1996) when com-
pared to hand/arm muscles that have greater 
proportion of fast twitch muscle fibers (Sada-
moto, Mutoh, & Miyashita, 1992). It is possible 
that obesity-related increases in fatigability are 
related to the reductions in the proportion of 
slow twitch, namely, fatigue-resistant fibers 
(Lillioja et al., 1987; Tanner et al., 2002) in the 
postural musculature. Increased adiposity has 
also been linked to lower capillary densities in 
postural skeletal muscles (Lillioja et al., 1987). 
As such, it is possible that muscle perfusion in 
obese adults was affected during the low inten-
sity exertions, resulting in greater imbalance 
between blood supply and task demand (Kagaya 
& Homma, 1997; Sadamoto et al., 1992). While 
obesity-related changes in muscle physiology 
are documented, changes in muscle function and 
structure in overweight adults, namely, those 
with BMI ranging between 25 and 30 kg/m2, are 
relatively understudied. As such, the mecha-
nisms for greater fatigability in overweight 
females during low-force shoulder exertions 
remains unclear.

Because shoulder and trunk endurance times 
were generally longer than handgrip endurance 
times, particularly at the lower intensities, early 
onset of central fatigue may have also played a 
large role in modulating exercise cessation time 
with obesity. Previous studies have attributed obe-
sity-related changes in central drive, such as cen-
tral activation failure (Maffiuletti et al., 2007; 
Pajoutan, Mehta, & Cavuoto, 2016), corticomus-
cular changes (Mehta, 2015, 2016; Mehta & 
Shortz, 2014), and changes in effort perception 
and/or motivation (Cavuoto & Nussbaum, 2013; 
Mehta, 2015), as the limiting factor for intermit-
tent upper extremity endurance exercises. Because 
strength loss was comparable across all muscle 
groups within each BMI group, it is unlikely that 
differences in motivation between groups would 
have impacted the endurance times observed. 
Moreover, perceived effort rates remained compa-
rable across the BMI groups at the lower intensi-
ties. Thus, it is possible that previously reported 
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obesity-related impairments in central drive 
(Pajoutan et al., 2016; Zory, Boerio, Jubeau, & 
Maffiuletti, 2005) may have contributed toward 
the shorter endurance times seen here.

An alternative, or supplementary, explanation 
of fatigue effects with obesity at lower work 
intensities may relate to varying cognitive pro-
cesses associated with target-matching tasks, 
such as those employed in the present study. 
Obesity has previously shown to impair motor 
performance requiring precision force control 
(Gentier et al., 2013; Mehta & Shortz, 2014), 
and recent evidence has demonstrated that neu-
ral processes in motor function–related cortical 
regions, which are responsible for sending 
downstream muscle activation commands, are 
compromised with obesity (Mehta, 2016). Thus, 
longer exposure to the cognitive demands asso-
ciated with maintaining target force/moment 
levels during the 20% MVC fatiguing task may 
have affected neuromuscular outcomes in obese 
adults.

There are several limitations in the present 
study. First, the study findings are limited to sus-
tained voluntary fatiguing tasks rather than the 
more occupationally relevant intermittent static/
dynamic tasks. Little was known regarding the 
impact of different task parameters on obesity-
related differences in fatigability. As such, we 
first aimed to understand voluntary fatigue dif-
ferences during sustained tasks. Second, while 
the four intensity levels, ranging from 20% to 
80% MVC, are likely not representative of the 
ranges of workplace demand levels, it provided 
valuable insights regarding the nature and extent 
to which obesity, categorized based on BMI 
ranges, impacted muscle fatigability across dif-
ferent force production levels. Third, while the 
handgrip and trunk postures were representative 
of commonly observed work postures, the shoul-
der posture was selected to minimize gravita-
tional impact of added body mass in the over-
weight and obese groups; however, shoulder  
testing lacked occupational relevance. Fourth, 
several mechanisms are presented that could 
potentially explain the obesity-related differ-
ences reported in this study; however, the inves-
tigation was largely descriptive in its approach. 
Fifth, the influence of chronic comorbidities with 
obesity, such as hypertension or diabetes, on 

muscle fatigability was not investigated in this 
study. Finally, while efforts were made to recruit 
workers, the study participants were largely uni-
versity students and residents from local commu-
nities. Thus, the study inferences should be 
approached with caution when translating the 
present findings to workforce practices.

Conclusion
Over two-thirds of the U.S. working popu-

lation is now overweight or obese; thus, it is 
critical that the influence of personal risk fac-
tors on fatigue and the subsequent likelihood of 
injury are determined to account for the chang-
ing workforce. The present study examined 
BMI-related differences on localized muscle 
fatigue that takes into account task param-
eters, such as work intensity levels and muscle 
groups employed. Obese adults demonstrated 
22% to 30% shorter endurance times than 
normal-weight adults, but this was observed 
only at lower intensities and with larger and 
more postural muscles of the shoulder and low 
back. Obesity differences in worker capacites 
at low-force contraction levels are more critical 
from an ergonomics perspective since it’s more 
likely that work tasks fall in this range rather 
than at higher (and near maximal) intensities. 
These findings provide initial evidence on the 
impact of obesity worker capacity. Future work 
is warranted to extend this investigation to 
include more occupationally relevant scenarios 
and testing of workers who have varying years 
of work experience and varied health statuses. 
Mechanistic investigations that provide better 
understanding of the nature and extent to which 
obesity impacts muscular capacities are also 
needed to inform effective strategies to mini-
mize worker fatigue.
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Key Points
•• Most existing ergonomic guidelines are derived 

from data with normal-weight participants, yet 
nearly two-thirds of the U.S. working population 
is overweight or obese.

•• This study involved testing worker capacities 
across 12 different task conditions (3 muscle 
groups and 4 intensities) matched by gender and 
BMI ranges.

•• Obese adults demonstrated 22% to 30% shorter 
endurance times than non-obese adults, but this 
was observed only at lower intensities and with 
larger and more postural muscles of the shoulder 
and low back.

•• Females demonstrated 21% to 25% longer endur-
ance times than males during shoulder exertions at 
lower intensities but not during handgrip or trunk 
exertions.
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