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Abstract

Objective: To determine the differences in kinematic, cardiopulmonary, and metabolic responses between overweight and
healthy weight runners at a self-selected and standard running speed.

Design: Comparative descriptive study.

Setting: Tertiary care institution, university-affiliated research laboratory.

Participants: Overweight runners (n = 21) were matched with runners of healthy weight (n = 42).

Methods: Participants ran at self-selected and standardized speeds (13.6 km/h). Sagittal plane joint kinematics were captured
simultaneously with cardiopulmonary and metabolic measures using a motion capture system and portable gas analyzer,
respectively.

Main Outcome Measurements: Spatiotemporal parameters (cadence, step width and length, center of gravity displacement,
stance time) joint kinematics, oxygen cost, heart rate, ventilation and energy expenditure.

Results: At the self-selected speed, overweight individuals ran slower (8.5 + 1.3 versus 10.0 + 1.6 km/h) and had slower cadence
(163 versus 169 steps/min; P < .05). The sagittal plane range of motion (ROM) for flexion-extension at the ankle, knee, hip, and
anterior pelvic tilt were all less in overweight runners compared to healthy weight runners (all P < .05). At self-selected speed and
13.6 km/h, energy expenditure was higher in the overweight runners compared to the their healthy weight counterparts (P < .05).
At 13.6 km/h, only the frontal hip and pelvis ROM were higher in the overweight versus the healthy weight runners (P < .05), and
energy expenditure, net energy cost, and minute ventilation were higher in the overweight runners compared to the healthy
weight runners (P < .05).

Conclusion: At self-selected running speeds, the overweight runners demonstrated gait strategies (less joint ROM, less vertical
displacement, and shorter step lengths) that resulted in cardiopulmonary and energetic responses similar to those of healthy
weight individuals.

Introduction

The popularity of running is growing in the United
States, and the demographics of this active group are
shifting [1]. Runners of diverse body sizes and ages are
participating in running, with more than 35% of new
runners falling into the overweight classification [1,2].
Approximately 16% of runners may start running spe-
cifically because of weight concerns [1]. An assumption
has been that overweight persons who run are at
inherent risk for musculoskeletal injury due to their
modified body geometry [3] and elevated mechanical

stress on the load-bearing joints of the body [4]. It is not
known, however, whether overweight people adjust
motion strategies to control joint excursion and meta-
bolic cost to maintain physical comfort. Despite the
known benefits of running on cardiovascular fitness,
metabolic and endocrine profiles, and mental outlook
[5], there is a scientific gap regarding the simultaneous
effects of running on joint kinematics and cardiopul-
monary and metabolic responses in overweight runners
compared to their healthy weight counterparts.

Weight management programs may use interval ex-
ercise in which running is performed at relatively low

1934-1482/$ - see front matter © 2015 by the American Academy of Physical Medicine and Rehabilitation

http://dx.doi.org/10.1016/j.pmrj.2015.06.441


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://dx.doi.org/10.1016/j.pmrj.2015.06.441
http://dx.doi.org/10.1016/j.pmrj.2015.06.441
http://www.pmrjournal.org
http://dx.doi.org/10.1016/j.pmrj.2015.06.441

2 Kinematics and Metabolism of Overweight Runners

and high speeds. Alternating running intensities may
enhance the weight loss benefits of exercise [6,7]. It is
not currently known whether the energy cost and lower-
body joint kinematics differ between overweight and
healthy weight runners during self-selected and faster
running speeds, such as those used in interval-style ex-
ercise. The available research that examined the energy
cost of exercise and joint motion in obese persons has
used only treadmill walking [8-11], or walking and
jogging [12]. Other investigations have examined ener-
getics and mechanics in obese children [7,13]. Biome-
chanics have been identified as a potential variable that
may affect the energy cost during running [14]. Quan-
tifying how overweight status affects the kinematics of
running at both a self-selected and a standardized
faster pace will provide important insight into the as-
sociations between metabolic and mechanical ener-
getics and the related risk for injury or musculoskeletal
pathology.

The aim of this study was to address this scientific gap
by determining the differences in kinematic, cardio-
pulmonary, and metabolic responses between runners
who are overweight and healthy weight. Due to rela-
tively larger segmental volumes and masses [15], we
hypothesized that overweight runners would generate
less joint range-of-motion excursion during running at
self-selected and standardized running speeds and
would have a higher cadence compared to healthy
weight runners. Moreover, we anticipated that the
cardiopulmonary responses and oxygen cost would be
greater for the overweight runners [15] than for the
healthy weight runners at self-selected and standard-
ized speeds.

Methods
Study Design

The present investigation was a subset of participants
from a larger cross-sectional study (institutional review
board [IRB] no. 672-11). A total of 63 runners comprised
this analysis. This study and its procedures were
approved by the University of Florida Institutional Review
Board and comply with the guidelines of the Declaration
of Helsinki for the treatment of human subjects.

Participants

Participants were recruited using Web-based adver-
tisements, study flyers, and the clinical trials registry.
Participants were required to meet the following
criteria: age 25-75 years; currently running at least
12 km/wk; able to run on a treadmill continuously for at
least 20 minutes; free of acute musculoskeletal injury;
free of medical restriction for running; free of symp-
tomatic cardiovascular disease; not taking medications
that could affect balance; and free of dementia or other

neurodegenerative diseases. All runners who met the
definition of overweight comprised the overweight
group. Overweight was classified as having body mass
index (BMI) values exceeding 25.0 kg/m?. The pool of
runners was screened to identify 2 healthy weight run-
ners; all were matched for age and gender. Participants
were stratified based on BMI values for the statistical
analysis of study outcomes.

Demographics and Running Histories

An electronic health and training history survey was
completed for self-reporting of demographics, comor-
bidities, previous injuries, and running experience.
Additional information included self-classification of
running competition (elite, recreational competitive,
recreational, high school or college competitive). A
detailed running history was documented on this
electronic record and included preferred training sur-
face, average weekly running distance, average dis-
tance of long runs, participation in and frequency of
speed work, and current running shoes. Characteristics
of the running shoe worn during the testing session
were recorded (weight, and heel to toe drop [the dif-
ference in height from the heel to the toe]) to account
for potential variables that could affect kinematic
parameters. The purpose of these histories was to
ensure that participants were relatively well matched
for multiple factors that could potentially confound
the analyses.

Body Composition

Body composition measures were collected using air
plethysmography (using the BOD POD; Life Measurement
Inc, Concord, CA). This method is a reliable technique
for measuring body volume and composition, and is
highly correlated with the gold standard of underwater
weighing [16]. The percentage of fat and lean mass
values were obtained, and body fat mass and lean mass
were calculated.

Experimental Protocol

Participants performed a treadmill running protocol
during a single laboratory session. A static resting period
of 3 minutes permitted capture of cardiopulmonary and
metabolic data before running. During a 5-minute
acclimatization period, participants walked on the
treadmill. The speed of the treadmill was then
increased to the participants’ self-selected long-dis-
tance running pace. Participants ran for 10 minutes.
Each of the participants then ran at a standardized
speed of 13.6 km/h for 1 minute [17]. This standardized
speed is within the range of previously tested speeds
used by recreational runners [17,18]. The self-selected
running speed has been used in previous studies of
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running kinetics and kinematics [19] to represent each
participant’s typical long-distance training pace [20].
Similar to previous work, the order of the 2 running
speeds was incremental rather than randomized for
practical reasons [18]. The grade of the treadmill was
maintained at 0° for both speeds. The coefficient of
multiple comparisons has been documented for similar
testing protocols ranging from 0.706 to 0.989 for kine-
matic variables tested [21].

Data Collection

A high-speed, 12-camera, optical motion analysis
system (Motion Analysis Corp, Santa Rosa, CA) was used
to collect motion values during the last 30 seconds of
each running speed to ensure that the runner obtained
a steady pattern of motion before data capture. A high-
speed camera captured motion at a sampling rate of
200 Hz from the sagittal and frontal planes. Reflective
markers were applied to anatomical landmarks and
body segments using a modified Helen Hayes Markers
Set [22]. For the static calibration trials, markers were
placed bilaterally on the acromion processes, triceps,
lateral elbows, forearms, wrists, posterior superior
iliac spine, anterior superior iliac spine, anterior thigh,
medial, and lateral condyles of the femur, tibial
tuberosity, medial and lateral malleoli, calcaneus,
lateral to the head of the fifth metatarsal, and medial
to the base of the hallux. An offset marker was placed

FRONTAL PLANE VIEW

on the right scapular inferior angle (Figure 1). For the
running trials, medial knee and ankle markers were
removed.

Kinematics and Spatiotemporal Parameters

Joint range of motion (ROM) of the ankle, knee, hip,
and pelvis represented the angular excursion of the
joint in the sagittal plane during 1 gait cycle (flexion/
extension motion for the ankle, knee, and hip). The
amount of change in anterior pelvic tilt during a gait
cycle was also calculated. A pelvis segment was
created from the anterior and posterior superior iliac
spine markers, and the anterior orientation was
expressed relative to the horizontal as 0° of anterior
tilt. The difference of the maximal and minimal value
for the anterior tilt was the overall tilt ROM. ROM of
each joint are presented, as these represent the
overall motion achieved during the whole gait cycle
rather than using angles achieved at discrete gait cycle
time points [23]. Cadence, center of gravity (COG)
displacement, step length, step width, and ROM in the
sagittal plane were calculated using commercially
available software (Visual3D; C-motion, Inc, German-
town, MD). The COG was calculated using estimated
body segmental masses and lengths, with segmental
mass adjustments as described by de Leva [24]. A bone
model of each runner was generated with the individ-
ual COG location.

SAGITTAL PLANE VIEW

Figure 1. Testing setup for kinematic, spatiotemporal, and metabolic measures viewed in the frontal and sagittal planes. The metabolic device on

the harness is a K4b? unit (COSMed, Rome, Italy).
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Cardiopulmonary and Metabolic Measures

Cardiopulmonary and metabolic assessments were
captured using a portable oxygen consumption device
(K4b?; COSMed, Rome, Italy). A telemetric heart rate (HR)
monitor relayed the HR signal directly into the K4b? de-
vice. The K4b? unit acquired a breath-by-breath mea-
surement of gas exchange via a rubberized facemask and
a turbine for gas collection. Before testing, the K4b? unit
was warmed up for a minimum of 30 minutes. After the
warm-up period, the O, and CO, analyzers were cali-
brated using reference gases of known concentrations.
Participants wore the K4b? unit continuously during a
5-minute pre-exercise baseline period, during the
treadmill warm-up, and during the self-selected and
standardized running speeds. The relative rate of oxygen
consumption (VO,) and minute ventilation (Ve) were
captured from the K4b? device. Measurements were
collected after 5 minutes when a metabolic steady state
had been achieved [9]. Breath-by-breath VO, was aver-
aged every 30 seconds. The last minute of each speed was
considered the steady state, as the change in VO, did not
rise more than 100 mL [25]. The mean HR value was
calculated as the average HR achieved during the final 30
seconds of the stage. The relative intensity of the running
was reported as a percentage of the maximal HR and was
calculated as follows: percentage of maximum HR(beats/
min) = (mean HR/[220 — age]) x 100.

The energy cost of running per unit body mass and
distance was determined as previously described: Gross
energy cost (J/kg*m) = (rate of energy expenditure in
J*min)/ (body weight in kg)*(running speed in meters/
min), and net energy cost was then derived from the
subtraction of the resting standing energy cost from the
exercise energy cost [26,27].

Statistical Analysis

Data were managed using REDCap (Research Elec-
tronic Data Capture) [28]. Statistical analyses were
performed using the Statistical Package for the Social
Sciences (v. 22.0; IBM SPSS, Armonk, NY). Data are
expressed as means + standard deviations (SD) or as
percentages of the study groups. Descriptive statistics
and frequencies were obtained to characterize the
2 groups using ? tests for categorical variables and
Mann-Whitney U tests for continuous variables.
Kolmogorov-Smirnov testing revealed normality of the
participant characteristics, cardiopulmonary measures,
metabolic variables, sagittal plane kinematics, and
spatiotemporal parameters. Due to the unequal sample
sizes, kurtosis, and skewness of some of the kinematic
ROM variables, nonparametric Mann-Whitney U tests
were used to determine whether differences existed
between groups. The study group was the independent
variable (overweight and healthy weight) and the car-
diopulmonary, metabolic, and kinematic variables were

the dependent variables (HR, rates of energy expendi-
ture, VO,, Ve, spatiotemporal parameters, and joint
ROM values).

Our descriptive statistics revealed significant differ-
ences in self-selected running speed and weekly
distance. To account for baseline differences in self-
selected speed and weekly running distance, univariate
analyses of variance were performed on these same var-
iables used in the non-parametric tests, with preferred
running speed and weekly distance as covariates. The
independent factor was the study group (overweight,
healthy weight). Both parametric and nonparametric
tests identified the same variables that were different
between the overweight and healthy weight runners.
Therefore, we present the nonparametric test results in
the following sections. Significance was established at
P < .05 a priori for all statistical tests.

Results
Participant Characteristics

Characteristics are shown in Table 1. Participants in
the 2 groups were well-matched in several respects,
except for the body composition parameters (P < .05).
As expected, the BMI, body fat, and lean mass values
were higher in the overweight group compared to the
healthy weight group (all P < .05). The weekly distance
was less in the overweight group compared to the
healthy weight group (P < .05). The characteristics of
the shoes worn were similar between the healthy weight
and overweight groups.

Spatiotemporal Parameters of Running Gait

Table 2 provides the spatiotemporal and parameters
of running gait at both speeds. At the self-selected

Table 1
Participant characteristics

Overweight Healthy Weight

Characteristic (n=21) (n = 42) P

Age (y) 41.9 + 11.0 43.6 + 12.4 .637
Women (%) 55.6 59.6 .942
Height (cm) 170.8 + 11.9 170.9 + 9.4 973
Weight (kg) 86.2 + 15.6 64.1 + 9.9 .0001*
BMI (kg/m?) 29.4 + 3.1 21.8 £ 1.9 .0001*
Body fat (%) 33.7 + 8.6 19.3 + 8.1 .0001*
Fat mass (kg) 28.1 £9.9 12.2 +£ 5.1 .0001*
Lean mass (kg) 55.7 + 16.9 51.8 + 10.4 .276
Running experience (y) 8.3+ 8.9 14.2 + 121 .070
Weekly distance (km) 23.5+ 8.5 36.9 + 25.4 .037*
Shoe weight (0z) 9.4+ 1.4 9.6 + 1.4 .669
Heel-to-toe drop (mm) 7.3 +£3.1 8.1+ 3.6 474

Values are mean =+ standard deviation or percentage of group.

BMI = body mass index; Heel to toe drop = height differential from
heel to toe.

* Asterisks in P column denote significant difference between
groups.
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Table 2
Spatiotemporal parameters during an average gait cycle at a self-
selected and standardized speed

Overweight  Healthy Weight

Parameter (n=21) (n = 42) P
Self-selected speed (km/h) 8.5+ 1.3 10.0 £ 1.6 .001*

Cadence (step/min) 163 +9 169 + 9 .035*

Step length (cm) 85.8 +5.0 79.9 +22.1 .406

COG displacement (cm) 7.7 £1.7 8.6 +1.4 .017*

Stance time (% of gait cycle) 32.7 +7.0 323+ 4.6 .842

Stride width (cm) 10.1 +£ 2.2 8.7 +2.2 .021*
Running speed, 13.6 km/h

Cadence (step/min) 167 + 18 176 + 11 .132

Step length (cm) 121.8 £12.2 119.7 £ 221 .806

COG displacement (cm) 8.9 +1.7 8.9 +1.7 .357
Stance time (% of gait cycle) 33.3 +2.9 31.0 £+ 3.1 .071
Stride width (cm) 8.4+ 3.7 8.4+23 .988

Values are mean + standard deviation.

COG = center of gravity displacement.

* Asterisks in P column denote significant difference between
groups.

speed, overweight runners preferred a slower running
speed and cadence than runners with healthy weight
(P < .05). COG vertical displacement was an average of
0.9 cm lower, and cadence was 3.6% slower, in the
overweight runners compared to the healthy weight
runners (both P < .05) . At the standardized speed,
there were no differences in any spatiotemporal
parameter between the 2 groups.

Kinematic Parameters of Running Gait

The kinematic parameters of running gait in the 3
planes of motion are shown in Table 3. At the self-
selected speed, the overweight runners demonstrated
lower ROM excursions during an average gait cycle in the
sagittal plane for ankle (plantar-dorsiflexion), knee
(flexion-extension), hip (flexion-extension), and ante-
rior pelvic tilt than the healthy weight runners (all
P < .05). At the standardized speed of 13.6 km/h, the
overweight runners did not demonstrate any differences
in kinematic variables except for greater hip and pelvis
ROM in the frontal plane compared to those of healthy
weight runners (P < .05).

Cardiopulmonary and Metabolic Responses

The cardiopulmonary and metabolic responses to
running at the 2 speeds are shown in Table 4. At the self-
selected speed, there were no significant differences
between the 2 groups in the energy cost, Ve, RER, HR, or
percentage of the maximal HR. The ventilation rate was
significantly higher in the overweight runners (P < .05).
At the standardized speed, the rate of energy use, net
energy cost, and Ve were significantly higher in the
overweight runners compared to the healthy weight
controls (all P < .05).

Table 3
Joint range of motion (ROM) in the sagittal, frontal, and transverse
planes during an average gait cycle at self-selected and standardized
speeds

Overweight Healthy Weight
(n=21) (n = 42) P
Self-selected speed (km/h)
Sagittal plane
Ankle ROM (°) 441 + 7.1 49.4 + 71 .005*
Knee ROM (°) 75.0 + 10.8 84.1 +12.8 .003*
Hip ROM (°) 52.4 + 6.4 56.0 + 6.4 .011*
Pelvis ROM (°) 7.2+24 83+1.9 .033*
Frontal plane
Ankle ROM (°) 14.1 £+ 3.1 14.9 + 4.3 .698
Knee ROM (°) 10.3 + 4.7 9.9 +£3.4 .978
Hip ROM (°) 22.9 + 5.1 20.9 +5.3 .244
Pelvis ROM (°) 11.8 £ 3.7 11.5 £ 3.3 .854
Transverse plane
Ankle ROM (°) 13.6 + 2.7 13.7 £ 3.2 .999
Knee ROM (°) 21.4+ 6.4 19.5 + 4.6 .406
Hip ROM (°) 20.8 + 6.5 19.5 £ 6.1 .305
Pelvis ROM (°) 14.2 +£ 5.6 13.8 +£ 4.6 .803
Standardized speed, 13.6 km/h
Sagittal plane
Ankle ROM (°) 49.1 £ 4.6 52.8 £7.3 128
Knee ROM (°) 99.6 + 15.4 97.8 + 12.1 .865
Hip ROM (°) 72.5 + 10.5 67.7 £ 6.0 .154
Pelvis ROM (°) 8.6 +2.7 9.1+ 2.2 .410
Frontal plane
Ankle ROM (°) 15.2 + 3.1 16.8 +£ 5.2 .525
Knee ROM (°) 11.2 £ 3.8 11.0 £ 3.3 .988
Hip ROM (°) 29.8 + 6.9 23.6 + 5.6 .040*
Pelvis ROM (°) 18.8 £ 4.3 14.5 + 3.8 .008*
Transverse plane
Ankle ROM (°) 15.1 £+ 2.1 15.9 + 4.1 .745
Knee ROM (°) 17.6 + 3.5 19.2 + 5.6 .745
Hip ROM (°) 23.6 + 6.4 20.5 + 7.6 137
Pelvis ROM (°) 20.3 +£ 6.5 17.0 +£ 5.0 .206

Values are mean + standard deviation.

ROM = range of motion (difference between maximum and minimum
joint angles for ankle, knee and hip, and pelvis during gait cycle).

* Significant differences between groups.

Discussion

The novel findings of this study were that trained
overweight runners prefer to run at a slower speed
associated with less COG vertical displacement and
sagittal plane ROM excursion in the lower body joints at
self-selected speed. Moreover, the energetic cost and Ve
were higher in overweight runners at the standardized
speed compared to the healthy weight runners. At rela-
tively faster standardized speeds, however, overweight
runners are capable of running with lower extremity ki-
nematics similar to those of runners with healthy weight.
These findings are in partial agreement with our hy-
potheses, showing that overweight runners can achieve
similar sagittal and frontal plane joint ROM excursions.
These data suggest that trained overweight individuals
prefer to self-modulate movement strategies that con-
trol the metabolic expense [29] of running and poten-
tially reduce joint forces [29,30]. The general runner
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Table 4
Cardiopulmonary and metabolic responses at the self-selected and
standardized running speeds

Overweight Healthy Weight
(n=21) (n = 42) P
Self-selected speed (km/h)
Average VO, (mL/kg*min) 323 +6.3 35.7+6.7 .095
Rate of energy expenditure 54.2 +10.9 47.5+ 11.4 .440
(kJ/min)
Energy cost, net (J/m*kg) 4.7 +1.2 4.3 + 0.7 .336
Nonprotein RER 0.89 +0.06 0.92 + 0.11 .983
Ve (L/min) 72.9 £ 12.3 67.9 £ 12.7 .166
Heart rate (beats/min) 151 +£ 25 146 + 19 .299
% Maximal heart rate 85.1 +15.8 82.4 +10.0 .450
Standardized speed, 13.6 km/h
Average \702 (mL/kg*min) 40.4 + 6.7 40.2 + 6.7 .647
Rate of energy expenditure 70.6 + 12.2 54.6 + 10.4 .001*
(kJ/min)
Energy cost, net (J/m*kg) 7.1 +1.2 5.4+1.0 .001*
Nonprotein RER 1.08 £ 0.10 1.09 +0.13 .798
Ve (L/min) 95.4 + 15.4 83.8 +11.3 .050*
Heart rate (beats/min) 166 + 14 154 + 28 .651
% Maximal heart rate 92.8 £5.7 86.3+15.7 .300

Values are mean =+ standard deviation.

LBM = lean body mass; VO, = rate of oxygen consumption;
Ve = minute ventilation.

* Asterisks in P column denote significant differences between
groups.

self-modulates motion to an extent to manage energy
cost and perceived comfort. However, this modulation is
of particular importance to individuals with additional
mechanical challenges (eg, heavy limb segments,
abdominal girth, and higher joint moments) to increase
exercise comfort and to minimize joint stress over the
long term.

Few directly comparative metabolic data are avail-
able, but our data are not entirely supportive of our
hypotheses. We anticipated that the energy cost for the
overweight persons would be higher during running
(large displacement of body segments) than that of
persons with healthy weight, as was previously found by
Lafortuna et al [15]. In contrast, Taboga et al reported
no differences in energetic cost between obese and
nonobese persons (130.7 kg versus 64.1 kg) during
treadmill running at 8 km/h [31]. There were also no
differences in other metabolic values such as RER and
metabolic efficiency. The authors interpreted the find-
ings to mean that that higher body masses are not
associated with higher mechanical energy cost and that
less energy is consumed [31]. LeCheminant et al
collected metabolic responses from untrained obese/
overweight and healthy weight controls during a
1.609-km jog. The oxygen cost (VO,) values tended to be
lower in the obese-overweight group, but the net en-
ergy expenditure was higher in the overweight group
(431 kJ versus 336 kJ) [12]. In our study, the rate of
energy use and net energy cost were different only at
the standardized speed but not the self-selected speed.
We also did not find differences between groups

for nonprotein RER values, suggesting that the over-
weight runners used similar fat and carbohydrate pro-
portions while running at both speeds. Our findings did
not support the hypothesis that overweight runners
consistently run with faster cadence and less ROM in the
sagittal and frontal planes. Cadence was less at the self-
selected speed, and ROM was not different at the faster
speed. These findings suggest that the less rapid turn-
over of heavier limb segments of the overweight runners
at either speed may have been energetically more
efficient that fast turnover of heavy limb segments.

Several adaptations to regular running may have
occurred in our overweight runners to explain our find-
ings. First, connective tissue adaptations may have
occurred with overweight individuals to improve muscle
storage of elastic energy, and thereby attenuates the
amount of energy required for running [31]. Thicker
fascia may contribute to increased ability for energy
storage during stance phase of loading, and to transfer
of the stored energy into propulsion forward [32] during
running. Tendon stiffness can be increased with endur-
ance training and is related to lower oxygen cost during
running activity at different speeds [33]. Second, the
overweight runners might have improved muscle acti-
vation patterns that contained the energy cost of
running similar to those of healthy weight persons at
self-selected speeds. It is possible that our overweight
runners developed a passive gait strategy during their
training to help with energy recovery. Specifically,
overweight children have greater gastrocnemius acti-
vation during stance to help with stability and propul-
sion when compared to normal or underweight peers at
similar gait speeds [34]. During the swing phase, how-
ever, gastrocnemius, tibialis anterior, and vastus later-
alis muscle activation was significantly lower [34]. When
applied to our study, “self-optimization” of muscle
recruitment patterns might have controlled the meta-
bolic demand between the overweight and healthy
weight runners. Third, our trained overweight runners
likely experienced metabolic adaptations to running by
training regularly and habituating to the self-selected
pace. For example, short-term running/cycling exer-
cise increases fat use [35] and aerobic capacity in obese
persons [36]. Our participants are distinctly different
from sedentary overweight persons from other studies
that have examined walking gait [9,10,37-39] and
jogging in untrained individuals [12,31]. Additional
investigation of the connective tissue properties, elec-
tromyographic activity, and muscle cell adaptations
would address these possibilities.

Our data may indicate that overweight persons adopt
a running strategy that is most comfortable and has a
relative energy cost similar to that of healthy weight
persons. Importantly, the overweight runners chose a
running speed 1.5 km/h slower than the healthy weight
controls. However, both groups were running at
paces that yielded similar ventilation rates, heart rates,
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and intensities corresponding to 85% and 82% of their
age-predicted maximal HR values. One interpretation is
the recognition that these overweight runners were
simply slower runners. Another likely possibility is that
the slower speeds allowed self-regulation of joint
stresses with exercise participation over the long-term.
In studies of walking, adiposity adversely affects knee
flexion and extension velocities [39] and reduces the
range of motion of knee flexion-extension during the
gait cycle [40]. Anterior pelvic tilt during walking is also
exaggerated with obesity [40]. Browning and Kram [30]
postulated that adopting a slower walking speed may
reduce excessive knee joint moments. Excessive weight
affects walking gait patterns by decreasing knee ROM
excursion [41], increasing pelvic obliquity [38], and
shortening step lengths [29].

These collective motion strategies combined with
others may maximize dynamic stability in running. For
example, less sagittal ROM occurred in all lower body
joints, and wider step width and less vertical displace-
ment of the COG stabilize the landing in each gait cycle
by facilitating a wider base of support and foot strike
closer to vertical alignment with the COG. Additional
studies are needed to determine whether these
spatiotemporal and kinematic running characteristics
can attenuate ground reaction forces and joint mo-
ments. It is not yet clear how modifying each spatio-
temporal factor such as step length, width, cadence, or
stance time would change the lower extremity kinetics,
metabolic responses, and energy cost. However, this
information would be very valuable in developing safe
running programs for overweight runners.

The present findings agree with previous studies of
acute exercise responses in obese individuals. Obese
persons generated higher heart rates and metabolic
responses than persons with healthy weight at the same
walking or cycling exercise workload [42,43]. In another
study, untrained obese adults who jogged for a standard
test distance expended 31% more energy than their
nonobese counterparts [12]. Here, overweight runners
demonstrated a greater Ve and energy cost at the
relatively higher standardized running speed compared
to healthy weight runners. Prospective training research
that determined the time course and magnitude of the
cardiopulmonary adaptations to running among persons
of different BMI values would help to clarify the training
effects on the cardiopulmonary system and energy
expenditure.

Limitations and Strengths

This was a small secondary analysis from a large
cohort of runners, and the analysis was therefore not
powered to detect differences in all of the study vari-
ables if differences did exist. For example, interindi-
vidual differences in body weight distribution [14] and
skill of running technique may have contributed to

the variation in energy cost. We acknowledge the
challenges of kinematic measurements in persons with
excessive body fat. Additional work using joint center
determination could help to confirm whether the frontal
motion differences in the pelvis and hip at the stan-
dardized speed between the overweight and healthy
weight were due to soft tissue artifact or true differ-
ences in joint displacement. It would have been inter-
esting to have captured electromyographic data of
the patterns of muscle recruitment and perceptual
responses to workload to determine factors related
to muscle fatigue or energy cost. Other studies
have revealed that the self-selected walking in over-
weight and obese people does not meet the re-
quirements for moderate physical activity [10]. Thus,
the self-selected running speed that is the most meta-
bolically efficient by overweight runners in the long run
may not be the best for weight loss goals and overall
long-term joint health. Addressing these issues is clini-
cally important from the exercise prescription and
injury prevention perspectives. The strengths of the
study include the use of trained overweight runners
familiar with running on treadmills. This novel popula-
tion provided the first look at how overweight runners
respond metabolically and kinematically to different
running speeds. The simultaneous collection of meta-
bolic and motion data provides a strong combination of
information to help understand the exercise responses
to running in this population.

Conclusions

Overweight runners may adopt slower self-selected
speeds and gait strategies to minimize energy expendi-
ture and to reduce joint stress. From a kinematic and
metabolic perspective, overweight individuals who
participate regularly in moderate to vigorous running
are just as capable as healthy weight individuals of
running at a standard speed.
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