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THE APPEAL OF HIGH-INTENSITY INTERVAL TRAINING (HIIT) IS OBVIOUS:
It promises equal or better results in less time than traditional training programs.
Couple that with the fact that “lack of time” is a primary reason people give for not
exercising regularly and you see why evaluating the effectiveness of HIIT has been
the topic of a considerable amount of research in recent years.
Much of the focus of HIIT in both research and practice has been on aerobic
exercise, and for good reason. HIIT aerobic exercise has repeatedly been shown to
improve cardiorespiratory fitness and vascular function in a time-efficient manner.
However, there has been a lack of research that looks at resistance training through
this same lens.
To address that gap in the literature, ACE enlisted the help of Lance Dalleck, Ph.D.,
and his team of researchers in the High Altitude Exercise Physiology Program at
Western State Colorado University to evaluate the effectiveness of applying the
HIIT paradigm to resistance training. The purpose of this study was to (1) compare
muscular fitness and cardiometabolic outcomes between HIIT resistance exercise
(HIIT-RE) and traditional moderate-intensity exercise (MI-RE) and (2) compare the
timing of training adaptations between HIIT-RE and MI-RE.
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What Is High-intensity Interval Training?

1-RM and 5-RM Testing Protocols

HIIT, which has traditionally been used with aerobic
modalities, involves alternating between brief bouts
of high-intensity exercise lasting 30 seconds to five
minutes with either rest or lower-intensity work during
an exercise session. This type of training allows for
shorter workouts, yet provides results that are equal
to, and often better than, traditional moderateintensity steady-state training.

The following protocol was used for 1-RM and
5-RM testing:
ÎÎ As a warm-up, each participant performed
10 repetitions with a weight he or she felt
comfortable lifting (40 to 60% of an estimated
1-RM), followed by a one-minute rest period.
ÎÎ As a second warm-up, the participant
performed five repetitions at a weight

The Study
The researchers recruited 48 nonsmoking men and
women ranging in age from 21 to 59 years old. All
participants were low-to-moderate risk and reported no
resistance training within the previous six months. They
were instructed to maintain their dietary habits for the
duration of the study and to avoid any exercise beyond
that required for the research.
The following measurements were obtained before and
after the six-week resistance-training program:

equivalent to 60 to 80% of his or her estimated
5-RM, followed by a two-minute rest period.
ÎÎ A 5-RM attempt was made at a weight 2.5
to 20 kg greater than was used in the second
warm-up. If this first lift was deemed successful
by the researcher, the weight was increased
until the maximum weight the participant could
lift was established, with three minutes of rest
between attempts. If the first lift was deemed
unsuccessful by the researcher, the weight was

ÎÎ Resting heart rate and blood pressure

decreased until the participant successfully

ÎÎ Anthropometric measures (height, weight, waist
circumference and skinfold measurements)

lifted the heaviest weight possible.

ÎÎ Fasting blood lipid and blood glucose

ÎÎ A 1-RM attempt was then made at a weight
2.5 to 20 kg greater than the participant’s

In addition, each participant’s muscular fitness was
assessed before the study began, after three weeks of
training, and after the six-week program ended.

5-RM weight. If the first 1-RM lift was deemed

Prior to the onset of the study, participants performed onerepetition maximum (1-RM) and five-repetition maximum
(5-RM) testing for the following 10 exercises:

participant could lift was established, with

ÎÎ Back extension
ÎÎ Biceps curl
ÎÎ Chest press

increased until the maximum weight the
three minutes of rest between attempts. If the
first 1-RM lift was deemed unsuccessful by the
researcher, the weight was decreased until
the participant successfully lifted the heaviest
weight possible.

ÎÎ Lat pull-down

There were two to three minutes of rest between

ÎÎ Leg curl

1-RM and 5-RM attempts and a maximum of three

ÎÎ Leg extension

attempts each to determine the 1-RM and 5-RM.

ÎÎ Leg press
ÎÎ Seated row
ÎÎ Shoulder press
ÎÎ Triceps extension
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successful by the researcher, the weight was
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There were three minutes of rest between the
1-RM and 5-RM testing of each resistance exercise.
The researchers watched for proper lifting form
throughout these assessments.

After the completion of baseline testing, the participants
were randomly assigned to one of three groups: a nonexercise control group, a HIIT-RE group or a MI-RE
group. Those placed in the resistance exercise groups
performed six weeks of exercise training. The MI-RE
group completed a moderate-intensity resistancetraining program based on standard industry guidelines,
while the HIIT-RE group completed workouts based on
their 5-RM at each exercise (Table 1).

two sets of 12 repetitions for the second half. According to
Dalleck, the HIIT-RE workouts took 20 minutes or less to
complete, while the MI-RE workouts took about 45 minutes
to complete.

The Results
The physical and physiological characteristics for the 45
participants who completed the study (three dropped out for
reasons unrelated to the research) are presented in Table
2. Note that body-fat percentage decreased significantly
for both resistance-exercise groups, while systolic blood
pressure and low-density lipoprotein (“bad”) cholesterol
decreased significantly in the HIIT-RE group only.

As you can see, the HIIT-RE group performed one set of
five repetitions of each of the 10 exercises for the duration
of the program, while the MI-RE group performed one set
of 10 repetitions for the first half of the program and then

Table 1
Exercise program for HIIT-RE and MI-RE groups throughout the intervention
HIIT-RE group
Week

MI-RE group

Days/week

Sets/Reps

Intensity

Days/week Sets/Reps

Intensity

1–3

2

1/5

100% 5-RM

2

1/10

60% 1-RM

3–6

3

1/5

100% 5-RM

3

2/12

70% 1-RM

Table 2
Physical and physiological characteristics at baseline and 6 weeks for control,
MI-RE and HIIT-RE groups (mean ± SD)
Parameter

Control group (n=14)

MI-RE group (n=15)

HIIT-RE group (n=16)

Baseline

6 weeks

Baseline

6 weeks

Baseline

6 weeks

Age (yr)

30.6 ± 9.3

____

38.2 ± 9.1

____

36.9 ± 8.5

____

Height (cm)

168.5 ± 6.3

____

166.1 ± 5.5

____

172.2 ± 9.7

____

Weight (kg)

71.4 ± 13.0

72.1 ± 12.6

68.8 ± 10.7

68.7 ± 10.8

77.0 ± 12.4

76.4 ± 12.2

Waist circumference (cm)

76.8 ± 10.7

77.7 ± 10.6

77.3 ± 9.0

77.1 ± 8.9

84.2 ± 9.9

83.9 ± 9.0

Body fat (%)

29.4 ± 2.0

28.7 ± 3.4

32.7 ± 6.1

28.3 ± 4.6*†

28.5 ± 5.2

23.6 ± 4.8*†

Resting HR (beats/min)

61.3 ± 6.1

61.7 ± 6.3

60.6 ± 10.4

60.9 ± 8.8

61.9 ± 6.3

65.3 ± 8.1

Systolic BP (mmHg)

114.1 ± 7.0

113.4 ± 6.3

113.3 ± 10.7

113.6 ± 12.2

119.9 ± 6.7

116.3 ± 9.5*

Diastolic BP (mmHg)

83.1 ± 8.7

86.0 ± 10.5

80.8 ± 8.1

82.1 ± 6.7

85.3 ± 6.3

83.8 ± 6.8

Total cholesterol (mg/dL)

190.2 ± 37.3

193.9 ± 40.8

175.1 ± 22.8

170.9 ± 19.2

195.4 ± 34.9

183.8 ± 30.7

HDL cholesterol (mg/dL)

63.2 ± 17.1

64.8 ± 15.8

63.7 ± 16.1

62.9 ± 13.5

56.4 ± 15.3

55.7 ± 12.2

LDL cholesterol (mg/dL)

97.8 ± 8.2

93.3 ± 11.5

94.6 ± 31.4

90.0 ± 23.4

116.5 ± 34.0

100.6 ± 33.8*

114.3 ± 49.4

101.1 ± 42.2

97.4 ± 67.1

87.9 ± 29.9

129.9 ± 79.0

124.8 ± 68.9

84.4 ± 4.3

88.9 ± 7.9

85.7 ± 11.2

84.9 ± 7.9

91.2 ± 8.0

88.8 ± 7.5

Triglycerides (mg/dL)
Blood Glucose (mg/dL)

* Within-group change is significantly different from baseline, p < 0.05; † Change from baseline is significantly different than control group, p < 0.05
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In terms of muscular fitness, there were significant
improvements to all 1-RM and 5-RM values for all
resistance exercises for both training groups (Tables 3
and 4). A few notes on the results:
ÎÎ For the HIIT-RE group, all measures increased
significantly from both baseline-to-midpoint and
again from midpoint-to-6 weeks.

Resistance exercise 1-RM values at baseline,
midpoint, and 6-week for control, MI-RE and HIITRE groups (values are mean ± SD)
Control group (n=14)

Resistance exercise

Baseline

Midpoint

6 weeks

ÎÎ In the MI-RE group, nearly all 1-RM and 5-RM
measures increased significantly from both
baseline-to-midpoint and again from midpointto-6 weeks; the exceptions can be seen in Tables
3 and 4 (i.e., those exercises without asterisks).

Back extension (lb)

205.0 ± 59.8

____

205.0 ± 67.1

Biceps curl (lb)

86.9 ± 43.1

____

88.1 ± 42.3

Chest press (lb)

131.3 ± 47.5

____

133.8 ± 44.9

Lat pull-down (lb)

120.0 ± 31.5

____

120.6 ± 35.9

ÎÎ HIIT-RE elicited greater improvements than
MI-RE for the following exercises and measures:

Leg curl (lb)

133.1 ± 40.6

____

130.0 ± 40.9

Leg extension (lb)

191.3 ± 62.3

____

186.9 ± 61.9

Leg press (lb)

318.1 ± 78.5

____

319.4 ± 67.4

Seated row (lb)

123.1 ± 43.8

____

121.1 ± 43.7

Shoulder press (lb)

71.3 ± 30.9

____

72.5 ± 30.6

Triceps extension (lb)

85.6 ± 30.9

____

86.3 ± 30.8






Seated row: 1-RM and 5-RM
Chest press: 5-RM
Leg press: 1-RM and 5-RM
Lat pull-down: 5-RM

The Bottom Line
There are three key takeaways from this research:
ÎÎ HIIT-RE is equally effective as (and in some
instances more effective than) traditional
MI-RE at improving cardiometabolic health and
muscular fitness.
ÎÎ HIIT-RE improved muscular fitness in a timeefficient manner, as it required less than half the
time of MI-RE to achieve favorable adaptations.
The average HIIT-RE session (including warmup) was 20 minutes in duration. In contrast,
the average MI-RE session was 45 minutes in
duration.
ÎÎ Preliminary evidence suggests that HIIT-RE
improves muscular fitness in a more rapid
timeframe when compared to traditional
MI-RE. Indeed, for a few MI-RE exercises (i.e.,
chest press and leg extension) there were no
significant improvements in 1-RM and 5-RM
values until after six weeks of training. In
contrast, all 1-RM and 5-RM values improved
significantly at three weeks in the HIIT-RE
group. The achievement of such rapid results is
important to highlight, as seeing these gains in
only three weeks may improve the motivation
levels of many clients during the early phase of
a new workout, when they are typically most
prone to frustration and dropout.

4

Table 3
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MI-RE group (n=15)

Resistance exercise

Baseline

Midpoint

6 weeks

Back extension (lb)

208.7 ± 51.1

224.3 ± 47.9*

233.0 ± 47.0†

Biceps curl (lb)

58.0 ± 12.4

67.7 ± 12.7*

73.3 ± 12.2†

Chest press (lb)

82.7 ± 22.0

89.7 ± 17.1

100.7 ± 19.8†

Lat pull-down (lb)

85.0 ± 15.6

98.3 ± 15.7*

103.0 ± 17.2†

Leg curl (lb)

114.3 ± 26.7

127.7 ± 26.1*

139.0 ± 24.6†

Leg extension (lb)

144.3 ± 33.4

155.7 ± 34.2

173.3 ± 34.7

Leg press (lb)

234.0 ± 58.0

285.7 ± 62.0*

310.7 ± 65.3†

Seated row (lb)

85.3 ± 13.0

98.3 ± 14.4*

104.7 ± 14.5

Shoulder press (lb)

39.7 ± 10.8

46.7 ± 8.1*

51.7 ± 8.0†

Triceps extension (lb)

61.0 ± 11.5

72.0 ± 12.1*

77.0 ± 13.7†

HIIT-RE group (n=16)

Resistance exercise

Baseline

Midpoint

6 weeks

Back extension (lb)

250.3 ± 55.9

263.4 ± 47.2*

271.9 ± 41.0†

Biceps curl (lb)

90.6 ± 37.5

102.5 ± 38.8*

111.8 ± 37.3†

Chest press (lb)

128.1 ± 52.1

142.2 ± 49.4*

158.4 ± 56.1†

Lat pull-down (lb)

123.1 ± 33.9

134.4 ± 36.6*

141.6 ± 36.9†

Leg curl (lb)

160.3 ± 51.3

173.8 ± 50.3*

181.9 ± 47.9†

Leg extension (lb)

213.1 ± 55.0

226.3 ± 58.0*

237.8 ± 49.9†

Leg press (lb)

310.9 ± 95.8

403.8 ± 155.3*

453.6 ± 190.8†‡

Seated row (lb)

120.3 ± 40.1

136.6 ± 38.0*

148.4 ± 39.3†‡

Shoulder press (lb)

66.9 ± 32.1

74.7 ± 32.6*

80.6 ± 32.9†

Triceps extension (lb)

95.0 ± 34.1

104.7 ± 36.1*

110.0 ± 37.8†

* Within-group change at midpoint is significantly different from baseline, p < 0.05;
† Within-group change at 6 weeks is significantly different from midpoint, p < 0.05;
‡ Main effect for resistance exercise intensity regimen – change in HIIT-RE group
significantly different than MI-RE group, p < 0.05

Table 4
Resistance exercise 5-RM values at baseline, midpoint
and 6-week for control, MI-RE and HIIT-RE groups
(values are mean ± SD)
Control group (n=14)

Resistance exercise

Baseline

Midpoint

6 weeks

Back extension (lb)

170.6 ± 52.5

____

173.1 ± 56.3

Biceps curl (lb)

68.8 ± 34.5

____

69.4 ± 33.9

Chest press (lb)

93.8 ± 30.3

____

96.9 ± 28.4

Lat pull-down (lb)

98.2 ± 29.4

____

100.4 ± 31.1

Leg curl (lb)

108.1 ± 34.9

____

106.3 ± 34.5

Leg extension (lb)

146.9 ± 51.9

____

145.3 ± 49.8

Leg press (lb)

276.9 ± 107.7

____

288.2 ± 85.9

Seated row (lb)

97.5 ± 41.1

____

98.2 ± 40.7

Shoulder press (lb)

51.8 ± 26.3

____

52.5 ± 25.2

Triceps extension (lb)

68.8 ± 29.5

____

69.4 ± 29.5

Resistance exercise

MI-RE group (n=15)
Baseline

Midpoint

6 weeks

Back extension (lb)

178.3 ± 43.5

194.3 ± 42.7*

205.0 ± 42.4†

Biceps curl (lb)

47.7 ± 10.7

57.0 ± 12.1*

63.3 ± 11.6†

Chest press (lb)

66.7 ± 17.3

72.7 ± 15.6

82.1 ± 16.1†

Lat pull-down (lb)

70.3 ± 12.0

82.0 ± 14.6*

89.3 ± 15.5†

Leg curl (lb)

91.7 ± 21.2

105.3 ± 22.6*

117.7 ± 22.8†

Leg extension (lb)

115.0 ± 28.0

129.7 ± 27.6*

143.0 ± 28.1†

Leg press (lb)

189.7 ± 50.5

239.7 ± 56.8*

266.7 ± 58.5†

Seated row (lb)

70.0 ± 12.1

81.7 ± 11.9*

88.3 ± 13.2†

Shoulder press (lb)

29.0 ± 8.1

36.0 ± 8.3*

41.3 ± 8.1†

Triceps extension (lb)

48.7 ± 8.8

59.7 ± 11.3*

67.3 ± 13.3†

HIIT-RE group (n=16)

Resistance exercise

Baseline

midpoint

6 weeks

Back extension (lb)

214.7 ± 63.6

228.1 ± 55.2*

243.4 ± 49.4†

Biceps curl (lb)

73.8 ± 28.0

85.9 ± 29.6*

95.0 ± 31.8†

Chest press (lb)

103.1 ± 39.1

116.3 ± 41.9*

126.6 ± 43.4†‡

Lat pull-down (lb)

101.9 ± 31.4

115.9 ± 30.9*

125.9 ± 33.8†‡

Leg curl (lb)

123.8 ± 39.9

140.9 ± 40.1*

152.8 ± 39.8†

Leg extension (lb)

157.5 ± 42.7

178.1 ± 55.3*

191.6 ± 49.5†

Leg press (lb)

273.1 ± 110.0

345.7 ± 137.7*

406.0 ± 173.9†‡

Seated row (lb)

95.9 ± 33.1

112.2 ± 33.4*

122.8 ± 36.3†‡

Shoulder press (lb)

53.8 ± 27.2

62.2 ± 28.7*

68.2 ± 30.0†

Triceps extension (lb)

76.6 ± 31.6

88.4 ± 31.9*

95.6 ± 33.4†

* Within-group change at midpoint is significantly different from baseline, p < 0.05;
† Within-group change at 6 weeks is significantly different from midpoint, p < 0.05;
‡ Main effect for resistance exercise intensity regimen – change in HIIT-RE group
significantly different than MI-RE group, p < 0.05

Overall, the results of this study are encouraging
and support the tremendous potential to
implement HIIT-RE into the exercise programs
of adults who “lack time” to exercise. According
to Dalleck, HIIT resistance exercise is certainly a
viable option for clients who are strapped for time.
It’s important to note that muscular fitness is an
independent and powerful predictor of chronic
disease and premature mortality, so the benefits
of this type of workout extend far beyond strength
or aesthetics. These preliminary findings are
important for exercise physiologists, health and
exercise professionals, and others who design
exercise programs and promote physical activity in
the adult population.
Finally, by using the 5-RM protocol utilized by
the HIIT-RE group with their clients, health
and exercise professionals are providing
individualized programming based on the ability
and skill level of the client. Rather than using a
trial-and-error approach in the early stages of
a program, the 5-RM protocol allows you to get
results more quickly.

A Note About Safety
“There are three things that should guide exercise
programming,” explains Dr. Dalleck, “effectiveness,
time-efficiency and safety.”
As this study demonstrates, HIIT resistance
exercise certainly checks the first two boxes. While
there were no issues reported by the participants
in this study, safety should be a top priority for
anyone adding HIIT to their training regimen.
Health and exercise professionals should remind
clients to focus on proper lifting technique and
breathing patterns, not only when first learning
the movements, but also when performing them
during exercise sessions. 
______________________________________________
Daniel J. Green is an editorial consultant and freelance
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