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ABSTRACT. Drummond, M.J., P.R. Vehrs, G.B. Schaalje, and
A.C. Parcell. Aerobic and resistance exercise sequence affects
excess postexercise oxygen consumption. J. Strength Cond. Res.
19(2):332–337. 2005.—Excess postexercise oxygen consumption
(EPOC) may describe the impact of previous exercise on energy
metabolism. Ten males completed Resistance Only, Run Only,
Resistance-Run, and Run-Resistance experimental conditions.
Resistance exercise consisted of 7 lifts. Running consisted of 25
minutes of treadmill exercise. V̇O2 was determined during tread-
mill exercise and after each exercise treatment. Our findings
indicated that treadmill exercise V̇O2 was significantly higher for
Resistance-Run compared with Run-Resistance and Resistance
Only at all time intervals. At 10 minutes postexercise, V̇O2 was
greater for Resistance Only and Run-Resistance than for Resis-
tance-Run. At 20 and 30 minutes, V̇O2 following Resistance Only
was significantly greater than following Run Only. In conclu-
sion, EPOC is greatest following Run-Resistance; however,
treadmill exercise is more physiologically difficult following re-
sistance exercise. Furthermore, the sequence of resistance and
treadmill exercise influences EPOC, primarily because of the ef-
fects of resistance exercise rather than the exercise combination.
We recommend performing aerobic exercise before resistance ex-
ercise when combining them into 1 exercise session.
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INTRODUCTION

C
ombining cardiovascular and strength training
is common in physical fitness training (1) and
athletic programs (28) because of time con-
straints and convenience. However, research

has not clearly identified the acute effects that one form
of exercise has on another.

Oxygen consumption (V̇O2) remains elevated above
resting values following various modes of exercise, such
as treadmill jogging, bicycle ergometry, circuit weight
training, and non–steady-state heavy resistance training
(5, 7, 17, 21, 24, 25, 30). The increased oxygen consump-
tion following exercise is referred to as excess postexer-
cise oxygen consumption (EPOC). A review of the litera-
ture suggests that exercise intensity, particularly work-
loads of at least 70% of maximal oxygen consumption
(V̇O2max) and 70% of 1 repetition maximum (1RM) for
aerobic and resistance exercise, respectively (4, 5, 15, 21,
24, 30), is a major determinant of the magnitude of
EPOC.

Longer durations of EPOC have been reported after
resistance exercise compared with moderate aerobic ex-
ercise (12) and have been attributed to a greater alter-
ation of homeostasis (7). Several physiological conse-
quences may occur following heavy resistance training in-

cluding reduced glycogen content in both slow- and fast-
twitch muscle fibers (13, 14, 18, 29, 33), alterations in
muscle pH (33), accumulation of cortisol and catechol-
amines (9, 20, 33), and skeletal muscle damage (3).

Either resistance or treadmill exercise alone is known
to elevate EPOC. When a large amount of work is accu-
mulated, such as combining treadmill and resistance ex-
ercise, EPOC may be elevated to a greater degree than
through either treadmill or resistance exercise alone (25).
However, V̇O2 following combined resistance and tread-
mill exercise has not yet been determined. Thus, it is un-
clear what effect combining both of these exercises into a
single exercise session may have upon EPOC.

Due to the physiological consequences that resistance
exercise has on muscle function, the order in which resis-
tance and treadmill exercise are sequenced may also af-
fect the magnitude and duration of EPOC. Aerobic exer-
cise immediately following resistance exercise may be al-
tered such that muscle metabolism and contraction might
be impaired, possibly leading to premature fatigue. Re-
sistance exercise performed after treadmill exercise may
not be as limiting, as blood flow dynamics during aerobic
exercise may have less fatiguing effects on the second
bout of exercise (10, 16, 19). Collins and Snow (8) indicate
that subjects were able to maintain the intensity and du-
ration of running regardless of whether running was per-
formed before or after resistance exercise. However, ex-
ercise intensity was determined by exercise heart rate
(HR) and not by velocity, and training was logged by the
subject and not closely monitored by the researcher.

This study determined the physiological effects of
combining exercises, as well as effects of the order of re-
sistance and aerobic exercise, as determined by HR, rat-
ing of perceived exertion (RPE), and oxygen consumption
(V̇O2). We hypothesized that (a) EPOC would be greatest
when combining resistance and aerobic exercise com-
pared to a single exercise EPOC response, (a) EPOC
would be greatest when resistance exercise was placed
before treadmill exercise, and (c) treadmill exercise would
be more difficult when resistance exercises is performed
prior to treadmill exercise as determined by exercise HR,
RPE, and V̇O2.

METHODS

Experimental Approach to the Problem

There were 2 phases of data collection (Table 1). Prelim-
inary assessments (Phase 1) involved measuring body
composition, 1-repetition maximum (1RM), and V̇O2max.
During the day of the exercise sessions (Phase 2), resting



EPOC AND EXERCISE SEQUENCE 333

TABLE 1. Simplified protocol design.*

Phase 1 Day 1: Body composition and 1RM
Day 2: V̇O2max

Phase 2 Day 1: Meals duplicated and recorded
Day 2: 0600 hours: Breakfast 1 energy bar (duplicated and recorded)

0900 hours: RMR (30 min)
0930 hours: One of the following exercise sessions:

HR and RPE Run-Resistance, Resistance-Run, Resistance Only, or Run Only
1000 or 1100 hours: HR, RPE, and EPOC (2 hours)

* 1RM 5 1 repetition maximum; V̇O2max 5 maximal oxygen consumption; RMR 5 resting metabolic rate; HR 5 heart rate; RPE
5 rating of perceived exertion; EPOC 5 excess postexercise oxygen consumption.

TABLE 2. Subject characteristics.*

Variable Mean 6 SE

Age (y)
Height (cm)
Weight (kg)
% body fat
V̇O2max (L·min21)

26 6 0.9
178 6 2.4
75 6 3.3
13 6 1.4
4.1 6 0.2

V̇O2max (ml·kg21·min21)
HRmax (b·min21)

53 6 1.6
190 6 2.9

* V̇O2max 5 maximal oxygen consumption; HRmax 5 maximal
heart rate.

metabolic rate (RMR), and HR were measured followed
by 1 of 4 exercise trials. The 4 exercise trials were Resis-
tance Only, Run Only, resistance followed by treadmill
exercise (Resistance-Run), and treadmill followed by re-
sistance exercise (Run-Resistance). The combined groups
(Resistance-Run and Run-Resistance) were used to an-
swer the question of whether order has an effect on
EPOC, and single exercise groups (Run Only and Resis-
tance Only) were used to determine whether combined
exercise affects EPOC responses.

Resistance and treadmill exercise intensities and pro-
tocols were designed to simulate what would be per-
formed by the average recreational exerciser. Previous lit-
erature has indicated that exercise intensities of at least
70% V̇O2max and 1RM enhance the magnitude of EPOC
(4, 5, 15, 21, 24, 30). The order of the exercise sessions
was determined by a double 4 3 4 randomized Latin
square crossover with 2 additional randomized crossover
subjects. After each exercise session, HR, RPE, and EPOC
were measured. All 10 subjects completed all 4 exercise
trials. At least 2 days separated all tests.

Subjects

Ten physically active male college students (Table 2) par-
ticipated in this study. All subjects were currently phys-
ically active, which was defined as engaging in strength
training and jogging at least 2 days each per week for the
past 6 months. All subjects read and signed an informed
consent form and completed a physical activity and med-
ical history questionnaire. In addition, all men were in-
structed to refrain from engaging in any strenuous phys-
ical activity (e.g., running, weight lifting, and recreational
activities) for 48 hours before all testing and to record and
duplicate the meals for 24 hours before the exercise trials.
The Human Subjects Institutional Review Board com-
mittee approved all procedures and safety guidelines.

Preliminary Assessments
Body Composition. Estimates of body composition were
made using whole body air displacement plethysmogra-

phy (BOD POD, Life Measurements Inc., Concord, CA).
Each subject wore a swim cap and spandex shorts during
the procedure. Two body volume measurements were col-
lected. A third was measured if the first 2 values were
not within 150 ml of each other. Body density was cal-
culated using body volume and weight, and percent body
fat was computed using the Siri equation (31).

1-Repetition Maximum. A 1RM was determined for
each of the 7 resistance exercises. A 1RM was defined as
the maximum amount of weight lifted during 1 full range
of motion. The procedures used to determined 1RM are
described elsewhere (32). The 7 exercises were bench
press (F20SB, Nautilus, Independence, VA), barbell bi-
ceps curl (RUBO, Ivanko, Reno, NV), hamstring curl
(S108, Body Masters Sports Industry Inc., Rayne, LA),
triceps extension (MD 212A, Body Masters), latissimus
pull down (MD 212A, Body Masters), leg press (LX 740,
Body Masters), and knee extension (S109, Body Masters).
The bench press and bicep curl were performed using free
weights, while the remaining exercises were performed
on machines. Briefly, a warm-up was followed by an at-
tempt to lift an estimated exercise weight determined by
the investigator. The weight was progressively increased
by 5 pounds after each successful attempt until the 1RM
was achieved. Two minutes was allowed between at-
tempts and 5–10 minutes between each resistance exer-
cise. 70% of the 1RM was used for the exercises during
the resistance exercise phase.

Maximal Aerobic Capacity. Each subject completed a
maximal graded exercise test on the treadmill. Subjects
walked at a self-selected pace at 0% grade for 3 minutes
after which they jogged at a moderate intensity, self-se-
lected pace for 3 more minutes. The grade was then in-
creased by 1.5% every minute while speed remained con-
stant, continuing until the subject reached volitional fa-
tigue. The maximal graded exercise test was considered
a valid test if 3 or more of the following 4 criteria were
met: (a) maximal HR within 6 15 b·min21 of age-predicted
maximum HR or a HR that failed to increase with in-
creased workload, (b) respitory exchange ratio . 1.10, (c)
RPE greater than 17 (6–20 scale), and (d) plateau of ox-
ygen consumption (, 2.0 ml·kg21·min21) despite an in-
crease in workload (2). V̇O2 and HR were measured
throughout the graded exercise test using a metabolic
cart (True Max 2400, Consentius Technologies, Sandy,
UT) and a heart rate monitor, respectively.

Meals

The subjects recorded and duplicated their diets before
each of the 4 exercise sessions. Subjects recorded food
consumption for the day before and the morning of each
exercise trial. The men were asked to consume the last
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FIGURE 1. Data represent oxygen consumption over 90
minutes of recovery for Run-Resistance, Resistance-Run,
Resistance Only, and Run Only treatments. Values were
averaged over 10-minute intervals. * indicates that Resistance
Only and Run-Resistance treatments were significantly greater
than Run Only and Resistance-Run. † indicates that
Resistance-Run was significantly greater than Run Only at 10
minutes. ‡ indicates that Resistance Only was significantly
greater than Run Only at 20 minutes. § indicates that
Resistance Only was significantly greater than Run Only at 30
minutes. Baseline data were averaged over 25 minutes.
Significance was determined to be p , 0.05.

meal of the day prior to testing no later than 1700 hours
and the morning meal the day of testing at 0600 hours.
The morning meal was complemented with a nutritional
bar (260 kcal, 7 g protein, 5 g fat, 47 g carbohydrates;
Gatorade Energy Bar, Frito-lay Inc., Plano, TX) to ensure
a positive caloric balance.

Measurements

Pre-exercise. Before each exercise session, RMR was mea-
sured by indirect calorimetry using the True Max 2400
metabolic cart. Subjects drove to the lab and arrived fully
rested in a fasted condition and free from prior physical
activity for 48 hours. At 0900 hours, subjects were asked
to lie down on the exam table in a supine position for 5
minutes. To minimize environmental stresses, the cur-
tains were draped around the examine table and lights
were dimmed. External noise was reduced by closed
doors, posted signs, and earplugs issued to the subject.
RMR was then measured for 30 minutes, discarding the
first 5 minutes of RMR data. RMR was determined from
steady-state V̇O2 values during the last 25 minutes of the
test. HR at the end of the 30-minute RMR test was con-
sidered the subjects’ resting HR. Heart rate was mea-
sured using a heart rate monitor (Polar T31, Polar Elec-
tro, Kempele, Finland).

Exercise Sessions and EPOC

Resistance Only Session. The men began the Resistance
Only session by performing 3 sets of 10 repetitions at 70%
of 1RM with a 105-second rest between sets and exercis-
es. The resistance exercises were performed in the same
order for each subject: bench press, leg press, barbell bi-
ceps curl, triceps extension, hamstring curl, latissimus
pull down, and knee extension. The men were well in-
formed about how to properly perform the exercises and
were under direct supervision by the investigator. Im-
mediately following each successful resistance exercise,
HR and RPE were recorded. Five minutes after comple-
tion of the resistance only session, EPOC was measured
as described below.

Run Only Session. Subjects ran for 25 minutes at a
pace that corresponded to 70% of V̇O2max. Oxygen con-
sumption and HR were measured throughout the exercise
period. Heart rate, RPE, and 1-minute averages of V̇O2

measured at the 10th, 20th, and 25th minute were used
for statistical analysis. Five minutes after the Run Only
session, EPOC was measured as described below.

Combined Exercise. There were 2 separate days of
combined exercise: resistance exercise (as described
above) before treadmill exercise (as described above) (Re-
sistance-Run) and treadmill exercise before resistance ex-
ercise (Run-Resistance). Approximately 5 minutes lapsed
between resistance exercise and treadmill exercise in the
combined exercise sessions.

Postexercise. Five minutes after completion of the ex-
ercise protocol, EPOC was measured for a total of 90 min-
utes in the supine position. EPOC was recorded for the
first 60 minutes and at 2 15-minute intervals at the 75-
and 105-minute mark. At the time marks of 60 and 90
minutes, the mouthpiece was removed and subjects rest-
ed quietly until the next EPOC measurement.

Statistical Analyses

A 4 3 9 fixed and random effects mixed model analysis
of covariance was used to analyze postexercise V̇O2.

Means were determined for 10-minute intervals, and out-
liers were eliminated using graphical analysis. Resting
V̇O2 for each exercise group was treated as a covariate.
For resistance exercise, a 3 3 7 fixed and random effects
mixed model was used for HR, RPE, and the total number
of repetitions performed during resistance exercise
(REPS). A 3 3 3 fixed and random effects mixed model
was used for treadmill exercise. Least square means and
differences as well as descriptive statistics were computed
for all data. All tests used Kenward-Roger denominator
degrees of freedom approximation. Statistical significance
was accepted at p # 0.05.

RESULTS

Following all treatments, V̇O2 returned to baseline within
40 minutes (Figure 1). Postexercise V̇O2 for Resistance
Only remained elevated above baseline longer (30 min-
utes) than the other treatments (p , 0.05). Postexercise
V̇O2 remained elevated for 10 minutes for Run Only and
for 20 minutes above baseline for Resistance-Run and
Run-Resistance (p , 0.05). During the first 10 minutes
following exercise, Resistance Only (5.8 6 0.2
ml·kg21·min21) and Run-Resistance (5.7 6 0.1
ml·kg21·min21) were significantly elevated beyond that of
Resistance-Run (5.1 6 0.2 ml·kg21·min21) and Run Only
(4.7 6 0.1 ml·kg21·min21) with Resistance-Run being sig-
nificantly greater than Run Only (p , 0.05). At 20 and
30 minutes postexercise V̇O2, Resistance Only (4.5 6 0.2
and 4.3 6 0.2 ml·kg21·min21, respectively) was elevated
beyond that of Run Only (4.1 6 0.1 and 3.8 6 0.1
ml·kg21·min21, respectively; p , 0.05).

There were no significant differences (p . 0.05) in HR,
RPE, or V̇O2 at any of the time intervals between Run
Only and Run-Resistance during treadmill exercise (Ta-
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TABLE 3. Running responses at 10, 20, and 25 minutes during treadmill exercise.†

HR (b·min21)

10 min 20 min 25 min

RPE

10 min 20 min 25 min

V̇O2 (ml·kg21·min21)

10 min 20 min 25 min

Run Only
Resistance-Run
Run-Resistance

155 6 4.0
168 6 4.0*
154 6 4.0

162 6 4.0
170 6 4.0*
160 6 4.0

164 6 4.0
172 6 4.0*
161 6 4.0

12 6 1.0
14 6 1.0*
11 6 1.0

13 6 1.0
15 6 1.0*
13 6 1.0

13 6 1.0
15 6 1.0*
14 6 1.0

36.3 6 1.3
39.3 6 1.3*
36.9 6 1.3

37.2 6 1.3
39.7 6 1.3*
37.6 6 1.3

37.8 6 1.3
40.0 6 1.3*
38.0 6 1.3

† Values are mean 6 SE and were measured at the selected time points. HR 5 heart rate; RPE 5 rating of perceived exertion;
V̇O2 5 oxygen consumption.

* Significant differences from each of the treatment groups (p , 0.05).

TABLE 4. Resistance exercise responses.*

HR (b·min21) RPE REPS

Resistance Only
Resistance-Run
Run-Resistance

142 6 7.0
140 6 9.0
144 6 5.0

16 6 1.0
16 6 1.0
16 6 1.0

9 6 0.4
9 6 0.4
9 6 0.5

* Values are mean 6 SE. Variables were measured immedi-
ately after each of the 7 exercises and then averaged to repre-
sent the entire exercise session. There were no statistical differ-
ences between any of the treatments for each of the variables (p
. 0.05). HR 5 heart rate; RPE 5 rating of perceived exertion;
REPS 5 repetitions.

ble 3). During Resistance-Run, HR, RPE, and V̇O2 during
treadmill exercise were significantly elevated (p , 0.05)
above that of Run-Resistance and Run Only at 10, 20, and
25 minutes. HR for Resistance-Run showed a 5–8% in-
crease above Run-Resistance and Run Only HR values. It
is also interesting to note that Run Only and Run-Resis-
tance had a V̇O2 of approximately 70% V̇O2max while Re-
sistance-Run was 75% even though treadmill speed and
grade were the same.

There were no treatment effects (p . 0.05) during re-
sistance exercises for any of the dependent variables be-
tween Resistance Only, Resistance-Run, or Run-Resis-
tance (Table 4).

Discussion

It is quite common to see recreational exercisers combine
exercise modalities into 1 exercise session. However, the
physiological response to combining exercise is not clear.
Specifically, it is unknown if previous exercise influences
the quality of the secondary activity and if EPOC respons-
es differ with the order of exercise. In the present study,
Run-Resistance elevated EPOC to a greater degree than
the opposite sequence despite similar exercise workloads
between the 2 groups. Oxygen consumption following
Run-Resistance (5.7 6 0.1 ml·kg21·min21) was significant-
ly greater than V̇O2 following Resistance-Run (5.1 6 0.2
ml·kg21·min21) for the first 10 minutes of EPOC but were
the same at 20 minute (4.36 6 0.2 and 4.44 6 0.2
ml·kg21·min21), respectively (Figure 1). This data support
the idea that the exercise combination of running then
lifting weight results in greater energy expenditure than
the opposite sequence.

Differences in EPOC following Run-Resistance and
Resistance-Run may be explained in part by treadmill ex-
ercise being performed after resistance exercise. The
treadmill exercise may have acted as a recovery period
during which metabolic systems were able to come closer
to steady-state levels, thus reducing the magnitude of
EPOC. Although treadmill and resistance exercises were
set at a workload of 70% V̇O2max and 70% 1RM, respec-

tively, treadmill exercise was presumably less intense
than resistance exercise, as noted by differences in EPOC
following Run Only and Resistance Only (Figure 1). Aer-
obic exercise is known to increase blood flow to the active
muscle (16), thus enhancing oxidative metabolism (10,
19). Performing aerobic exercise after resistance exercise
may have reduced the metabolic and muscular distur-
bances of resistance exercise that may have otherwise
contributed to a greater EPOC.

The difference in EPOC responses with combined ex-
ercise may also be partially explained by the ordering of
resistance exercise at the end of the sequence. Kraemer
(20) and Dudley (9) reported that after a brief bout of
resistance exercise there were hormonal and metabolic
disturbances that contributed to a longer recovery. Resis-
tance exercise may also lead to near depletion of creatine
phosphate (CP) stores (9, 33). The resynthesis of CP after
exercise may contribute to the duration of EPOC (11). The
differences in EPOC with combined exercise could have
been due to moderate aerobic exercise and its ability to
possibly enhance recovery, the metabolically disruptive
nature of resistance exercise, or a combination of the two.

EPOC following Resistance Only was similar to that
of Run-Resistance (5.77 6 0.2 and 5.70 6 0.2
ml·kg21·min21, respectively) and greater than that follow-
ing Resistance-Run (5.77 6 0.2 and 5.14 6 0.2
ml·kg21·min21, respectively). Based on previous reports
(25), a large volume of work, such as combining treadmill
and resistance exercise, may elevate EPOC to a greater
degree than either Run Only or Resistance Only alone.
Interestingly, Resistance Only appeared to influence
EPOC more so than Resistance-Run. Based on our pre-
vious assumption of the ability of aerobic exercise to en-
hance recovery, we suspect that EPOC was greatest fol-
lowing Resistance Only alone due to the absence of tread-
mill exercise.

The current data demonstrate that when combining
resistance and treadmill exercise (Resistance-Run), HR,
RPE and V̇O2 for treadmill exercise were significantly
higher at all 3 time points (10, 20, and 25 minutes) than
for Run-Resistance or Run Only (Table 4; p , 0.05) de-
spite lower EPOC measurements than for the opposite
sequence (Figure 1). Performing treadmill exercise before
resistance exercise appears to improve the quality of ex-
ercise compared with performing treadmill exercise at the
end of the exercise sequence.

Resistance exercise increases the magnitude of EPOC
beyond that of the resting state (6, 12, 15, 27, 30). This
is attributed to an alteration in homeostasis (7). Aerobic
exercise also increases the magnitude of EPOC above rest
(6, 12, 22, 23). However EPOC is less for aerobic exercise
compared to that of resistance exercise when matched for
energy expenditure (12). Resistance exercise is known to
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damage skeletal muscle tissue (3) and deplete muscle gly-
cogen in type I and type II muscle fibers (13, 14). This
may result in reduced exercise performance for subse-
quent bouts of exercise. A change in pH could alter gly-
colytic flux, thus slowing energy availability (33), and ac-
cumulation of potassium could result in a reduced force
of contraction (26). Consequently, performing aerobic ex-
ercise immediately after moderate resistance exercise
may increase the difficulty of exercise. Thus, a lower in-
tensity of aerobic exercise may be selected following re-
sistance exercise. This response may occur in exercise
programs that are moderate and focus on general fitness.
Whether this physiological response for subsequent ex-
ercise occurs with a more or less rigorous aerobic or re-
sistance exercise protocol would need further research.

In conclusion, performing treadmill exercise before re-
sistance exercise resulted in a greater EPOC than the
reverse sequence. However, Resistance Only generated
an EPOC greater than all the other treatments. Further-
more, resistance exercise appeared to make subsequent
exercise more difficult. These data suggest that the con-
current exercise sequence affects physiological response
and that resistance exercise seems to be the primary fac-
tor involved in determining the degree of EPOC. How-
ever, it is unknown whether changes in exercise intensity
for treadmill or resistance exercise can negate or further
influence EPOC and subsequent activity.

PRACTICAL APPLICATIONS

For a common recreational exercise regimen, resistance
exercise produces greater energy expenditure after exer-
cise than aerobic exercise. When resistance exercise fol-
lows aerobic exercise within a single exercise session, en-
ergy expenditure after exercise is greater than the oppo-
site sequence. If individuals desire to expend more calo-
ries, they should consider starting resistance exercise,
and if they are performing aerobic and resistance exercise
in a single exercise session, they should consider the or-
der of the exercises.

In addition, the order of resistance and aerobic exer-
cise affects physiological response of the secondary activ-
ity. Specifically, when resistance precedes aerobic exer-
cise in a single exercise session, aerobic exercise is more
difficult. This effect of resistance exercise may therefore
impair aerobic exercise performance and potentially in-
fluence adherence to an exercise regimen. These data are
of primary interest to those involved in general fitness
activities. For those combining both resistance and aero-
bic activities into a single exercise session, we recommend
performing aerobic exercise first followed by resistance
exercise.
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