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Abstract: The literature suggests that high-intensity interval training (HIIT) is more effective than
moderate-intensity continuous training (MICT) to improve functional ability. However, there is no
evidence on including HIIT in a circuit programme (HIICT). Our objective was to determine what
type of training (HIICT or MICT) induces greater adaptations in the functional ability and body
mass index of middle-aged and older women. The study used a quasi-experimental randomized
controlled trial with 54 participants (age = 67.8 ± 6.2 years). Participants were randomly allocated
to HIICT (n = 18), MICT (n = 18) or a non-exercise control group (CG; n = 18). The participants in
the HIICT or MICT groups trained twice a week (1 h/session) for 18 weeks. Forty-one subjects were
analysed (HIICT; n = 17, MICT; n = 12, CG; n = 12). Five subjects presented adverse events during
the study. Strength, gait, cardiorespiratory fitness, balance and body mass index were measured.
A significant training x group interaction was found in the arm curl test, where HIICT was statistically
better than MICT and CG. Likewise, HIICT was statistically better than the CG in the BMI interaction.
In lower limb strength, gait/dynamic balance and cardiorespiratory fitness, both HIICT and MICT
were statistically better than the CG. In conclusion, HIICT generated better adaptations in upper
limb strength than MICT. Likewise, HIICT generated better adaptations in body mass index than
CG. Finally, both HIICT and MICT had a similar influence on strength, cardiorespiratory fitness and
gait/dynamic balance.

Keywords: high-intensity interval training; circuit training; older; middle-aged; women; functional
ability

1. Introduction

The world population aged over 65 years has increased considerably in recent years [1]. Due to
hormonal changes (i.e., menopause), the effect of ageing in women is resulting in chronic diseases,
functional dependence, the prevalence of sarcopenia and frailty and the risk of falls and injuries,
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increasing the risk of hospitalization and mortality [2–6]. This generates significant economic cost for
health systems to prevent or treat age-related chronic diseases and dependency situations [1].

Recently, physical exercise has become relevant for the maintenance of health and functional
ability in middle-aged and older women [4,7,8], functional ability being understood as the capacity
to carry out activities of daily living [9]. This has been evidenced in recent studies indicating that
maintaining high levels of strength, balance, gait and cardiorespiratory fitness are the main objectives
for the optimal achievement of the basic and instrumental daily living activities for middle-aged and
older women, as well as to delay the onset of sarcopenia and frailty [3,4,7,10]. Similarly, physical
exercise also helps maintain healthy body mass index (BMI) values, which is an important factor in
their relationship to chronic diseases that cause dependence in older women populations [11].

For these reasons, governments and the healthcare system are implementing physical exercise
programmes for middle-aged and older people at day centres [12]. As the training sessions are usually
in groups, circuit training is one of the most common types of training [13–15]. Circuit training consists
of performing a series of exercises for all muscle groups, allowing strength and cardiorespiratory
fitness to be influenced simultaneously [16,17]. Body weight-based circuit training can be considered a
functional training method because they are based on the imitation of daily living activities in which
only body weight is used (i.e., body weight squats and lunges).

Some research involving the elderly has shown that moderate-intensity circuit training (MICT)
has positive effects on strength, cardiorespiratory fitness, balance, body composition and quality of
life [18–22]. Furthermore, during recent years a new type of training called high-intensity interval
training (HIIT) has been included as an alternative method of training in healthy people and as part of
the treatment of pathologies, especially in cardiac rehabilitation programmes [23–25]. HIIT consists of
intermittent short high-intensity work periods (85–100% of maximal oxygen uptake) and relative rest
periods [26]. Some research has shown strong evidence that HIIT is an effective method for improving
maximal oxygen uptake [23], strength [27,28], cardiorespiratory fitness [27,29], gait [27,30] and body
composition [31] in older people with pathologies. In fact, there is a trend that indicates that health
indices and markers are more favourable after HIIT than after MICT [26]. Otherwise, this is still not
clear regarding other functional parameters [32–34].

However, although the benefits of HIIT are known, there is little evidence on including HIIT
methodology in circuit training (HIICT) in healthy middle-aged and older women. In this sense,
HIICT is an alternative form of training for improving physical condition and performance in daily
living activities due to integrated multiplanar-based movements (squatting, pulling, etc.) performed at
maximal speed, which makes it very functional and with high transfer in older adults [14,35].

For these reasons, the main objective of the present study was to determine what type of training
(HIICT or MICT) induces greater adaptations in the functional ability and BMI of middle-aged and older
women. Based on the previous research, our hypothesis was that HIICT would significantly improve
the strength, gait, cardiorespiratory fitness, static and dynamic balance and BMI in middle-aged and
older women. In addition, it was hypothesized that HIICT would induce greater adaptations in these
variables than MICT.

2. Materials and Methods

2.1. Design

This was an 18-week quasi-experimental randomized controlled trial in which independent older
women were assigned to an HIICT group (n = 18), an MICT group (n = 18) or a no-exercise control group
(CG; n = 18). The trial design followed CONSORT guidelines and was approved by the University
of Almería Bioethics Committee (UALBIO2019/006). The study was registered prospectively with
ClinicalTrials.gov (NCT03840330).
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2.2. Participants

A total of 90 older women (67.8± 6.2 years) were invited to participate in the study. Recruitment was
from September to December of 2017 from elderly day care centres in Murcia (Spain). A general medical
evaluation was performed to ensure the women were physically and mentally able to participate in the
exercise programmes. The inclusion criteria were: 55–85-year-old women who were physically able to
develop the activities of daily living according to the scales of Lawton and Brody [36] and Katz [37],
with no positive answers in the physical activity readiness questionnaire or with a positive answer
in Item 6, in order to include women with controlled hypertension and without cardiac, respiratory
or joint diseases that could interfere in carrying out the exercise programmes. The exclusion criteria
were: Women who were currently participating or had previously participated in a similar exercise
programme in the past three months and women with uncontrolled hypertension. The participants
also had to maintain at least 80% compliance with the exercise session. All participants signed a
consent form before the beginning of the study and the data were collected at the daycare centres.

2.3. Interventions

The participants allocated to HIICT or MICT were required to train twice a week (1 h per session)
for 18 weeks from January to May 2018. The women assigned to CG were encouraged to maintain
their normal physical activity habits. The HIICT and MICT exercise programmes were conducted by
the same accredited exercise expert who was certified in therapeutic physical activity.

The programmes were divided into a 2-week familiarization period and four 4-week mesocycles
that were designed to be progressively more challenging. The sessions were given in three phases:
(1) the warm-up, (2) the HIICT or MICT exercise programmes and (3) the cool-down. Both the MICT
and HIICT were focused on the same movements of the lower limbs, combined with the movements of
the upper limbs with or without external load. However, MICT involved moderate speeds, with the
objective of working at 9–14 points of rating of perceived exertion (RPE) and HIICT involved high
speeds with the aim of working at 14–18 point of RPE. An example of the training and exercise
progression implemented is given in Tables 1 and 2, respectively.

Table 1. Training progression for HIICT and MICT group.

Mesocycle Group Volume (min) Work Effect (min) Intensity (p) Density (w/r)

Mesocycle 1
(weeks 3–6)

HIICT 18–32
(6–8 intervals) 6–12 W: 14–15 Börg

R: 7–8 Börg 0.5–1

MICT 18–32 18–32 9–12 Börg 1

Mesocycle 2
(weeks 7–10)

HIICT 32–40
(9–10 intervals) 12–15 W: 15–16 Börg

R: 7–8 Börg 0.5–0.6

MICT 32–40 32–42 9–12 Börg 1

Mesocycle 3
(weeks 11–14)

HIICT 40
(8–10 intervals) 10–15 W: 16–18 Börg

R: 9–10 Börg 0.6

MICT 40 40 11–13 Börg 1

Mesocycle 4
(weeks 15–18)

HIICT 28–40
(8–12 intervals) 15–18 W: 16–18 Börg

R: 10–11 Börg 0.6–0.75

MICT 40–50 40–50 12–14 Börg 1

HIICT—High-Intensity Interval Circuit Training; MICT—Moderate-Intensity Circuit Training; Börg—Börg Scale of
perceived exertion; p—points in Börg Scale; W/r—work/rest ratio.

Intensity was controlled using the Börg scale of perceived exertion. This scale establishes a
numerical code ranging from 6 to 20 points, where 6 is “very, very light” and 20 is “maximal exertion”,
to determine the level of effort and intensity of the exercise during a training session [7]. The first 2 weeks
of the study were used to familiarize the participants with the scale. During these familiarization
sessions, heart rate monitors were used to associate fatigue with the RPE values. From the first
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mesocycle, in order to control that the participant worked at the established intensity, they were asked
what their RPE were. This question was asked after each block of work and rest in HIICT and every
5 min in MICT. In the MICT group, the sessions began at a moderate intensity (6 or 7 points) and
finished at a moderate-to-vigorous intensity (12–14 points). In the HIICT group, 6–12 intervals of
moderate-to-vigorous intensity (12–14 points) and high intensity (16–18 points) were rotated in each
session. In addition, the duration of the work intervals was 1–1.5 min and the duration of the rest
intervals was 2–2.5 min.

Table 2. Exercise examples for HIICT and MICT groups in each mesocycle.

Mesocycle HIICT MICT

Mesocycle 1
(weeks 3–6)

work: grapevine; squat; step-touch; side
step; swinging grapevine; squat; gait; step-touch; side step; mambo

cha-cha-cha; swinging
rest: gait; mambo cha-cha-cha

Mesocycle 2
(weeks 7–10)

work: grapevine with shoulder and
elbow flexion; step-touch with shoulder

and elbow flexion; knee-up; chasse;
squats with shoulder-up

grapevine with shoulder and elbow flexion; step-touch with
shoulder and elbow flexion; gait; knee-up; chasse; squats with

shoulder-up; jogging
rest: gait; jogging

Mesocycle 3
(weeks 11–14)

work: grapevine with shoulder and
elbow flexion and external load;

jumping jack; step-touch with shoulder
and elbow flexion and external load;

chasse with shoulder-up.

grapevine with shoulder and elbow flexion and external load;
chasse; jogging; step-touch with shoulder and elbow flexion

and external load; chasse with shoulder-up; walking

rest: jogging; fast walking

Mesocycle 4
(weeks 15–18)

work: jumping jack with external load;
grapevine with shoulder and elbow

flexion and external load; knee-up with
shoulder and elbow flexion and external
load; hamstring curl with shoulder and

elbow flexion and external load

step-touch with shoulder and elbow flexion and external load;
grapevine with shoulder and elbow flexion and external load;
knee-up with shoulder and elbow flexion and external load;

hamstring curl with shoulder and elbow flexion and external
load; walking; hops

rest: fast walking; hops

HIICT—High-Intensity Interval Circuit Training; MICT—Moderate-Intensity Circuit Training.

2.4. Outcomes

Functional ability, measured with the senior fitness test [38], was the primary outcomes of this
study. Secondary outcomes were body mass index and handgrip strength. Testing was performed in
all participants before and after the exercise intervention programmes. Pre-tests in January 2018 and
post-tests in May 2018, were accomplished over a 1-week period.

Upper limb strength was determined by the 30-second arm curl test (ACT). The participants
performed the greatest number of full flexions to extension elbow with a 2-kg dumbbell in 30 s. The test
was realized twice with each arm [38].

The lower limb strength was determined by the 30-second sit-to-stand (STS-30). The participants
were seated, feet resting on the floor and hands on the opposite shoulder. They were asked to stand up
and sit down as many times as possible in 30 s. This test was only performed once [38].

The timed up and go test (TUG) was administered to evaluate the gait. This requires the participant
to get up from a chair without armrests, walk 3 m, turn around a cone, walk back to the chair and sit
back down. Timing started upon the instructor’s ”go” and stopped when the participant returned to
the initial position. The test was executed twice, in addition to an untimed trial. The best time was
recorded [38].

The 6-minute walk test (6MWT) was performed to evaluate the cardiorespiratory fitness.
The patients were asked to walk as far as possible in a 42-metre indoor corridor. They were allowed to
stop during the test if necessary. The distance walked and the heart rate at the beginning and at the end
of the test were recorded. The pre–post difference in heart rate during the 6MWT was registered [38].

Balance was assessed using the one-leg standing test (OLS). This test measures the time a
participant is able to stand on one leg without support. The time was stopped when 30 s had elapsed
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or when the standing foot shifted or the lifted foot was placed on the ground. The OLS was realized
twice with each leg. The best value for each one was considered in the analysis [38].

The maximal handgrip strength was measured on a Takei dynamometer (TKK 5001).
The participants were standing with the arm fully stretched and the wrist in neutral position.
The maximal value from three trials from both hand was recorded [39].

Height and weight were measured using an electronic balance and a height rod (Seca 768),
respectively, and body mass index (BMI) was calculated according to the formula: BMI = kg/m2.

2.5. Sample Size and Power

The calculations to establish the sample size were performed using Rstudio 3.15.0 software (Boston,
United States). The significance level was set at p ≤ 0.05. According to the mean standard deviation
established for the 6MWT in a previous study [40] (SD = 53.3 m) and an estimated error (d) of 14.2 m,
a valid sample size for a 95% confidence interval (CI) was 54 (n = CI2

× d2/SD2). A total of 54 women
completed the trial. The final sample size for each group obtained in our study (HIICT = 17, MICT = 12,
CG = 12) will provide powers of 81%, 65% and 65%, respectively, if between and within a variance of 1.

2.6. Randomization and Blinding

A block randomization method was chosen to allocate participants to the groups in equal sample
sizes (HIICT, MICT and CG, n = 18). The block size was determined according to the statistical power
provided. The blocks were chosen randomly to determine the participants’ assignment into the groups.
Following Kim [41], a randomization sequence was created using Excel 2016 (Microsoft, Redmond, WA,
USA), with a 1:1 allocation via a random number table. Owing to the difficulty of blinding participants
and instructors in the exercise trials, only the research staffs performing the assessment and statistical
analysis were blinded to group assignment. The chosen allocation concealment method selected was
central allocation.

2.7. Statistical methods

The statistical analyses were conducted using Jamovi (Jamovi Project 2018, version 0.9.1.7;
https://www.jamovi.org) and Rstudio 3.15.0 software (Boston, United States). Prior to the data analysis,
the Kolmogorov-Smirnov test was used to determine the normal distribution of the variables. Levene’s
test was also performed to determine the homogeneity of variance. The descriptive data are presented
as the mean ± SD and range. The intention-to-treat analysis using the last observation for missing data
was conducted. To compare variables before the intervention, the analysis of variance (ANOVA) for
repeated measures was calculated (general linear model). To compare variables after the intervention,
the analysis of covariance (ANCOVA) was used, with baseline values included as co-variables in order
to adjust for potential baseline differences in the dependent variables. The age was also included as a
co-variable because of the wide range considered in the present study (55–85 years). The standardized
mean differences (Cohen’s effect size) were calculated together with the 95% confidence intervals [39].
An effect size (ES) value of 0.20 indicates a small effect, 0.60 a moderate effect, 1.2 a large effect, 2.0 a
very large effect and 4.0 a near-perfect effect [42]. The level of significance was set to p ≤ 0.05.

3. Results

Figure 1 illustrates the participant flow during the protocol. Twenty-nine women did not meet
the inclusion criteria and seven declined to participate. In total, 54 women were actually enrolled in
the study and randomly distributed into HIICT, MICT and CG. Finally, 41 participants (HICT, n = 17;
MICT, n = 12; GC, n = 12) completed the study. The participants completed 84% and 87% of the training
in the HIICT and MICT groups, respectively. The trial ended in May 2018. The baseline characteristics
of the participants in the three groups are shown in Table 3.

https://www.jamovi.org
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Table 3. Characteristics at baseline (n = 56).

Group n Mean SD Min Max p

Age (years)

CG 18 67.4 5.71 59 75
0.370MICT 18 70 8.76 55 86

HIICT 18 66.3 5.44 57 76

Body Mass Index (kg/m2)

CG 18 31.2 4.89 20.9 38.4
0.689MICT 18 30.1 3.08 24.3 35.9

HIICT 18 30.4 4.13 35.2 37.7

Arm Curl Test (rep)

CG 18 20.6 2.96 17.5 28.0
0.102MICT 18 25.6 5.20 15.5 35.5

HIICT 18 28.9 5.17 18.5 40.0

30 Sit-To-Stand (rep)

CG 18 16.8 2.90 11 22
0.140MICT 18 13.7 3.38 6 18

HIICT 18 15.1 2.69 10 19

Timed Up and Go test (s)

CG 18 5.89 0.74 4.94 7.46
0.070MICT 18 6.40 1.23 4.73 9.30

HIICT 18 6.08 1.31 4.51 9.30

6-Minute Walking Test (m)

CG 18 510 59.0 410 590
0.135MICT 18 502 72.3 355 636

HIICT 18 564 41.0 455 625

One Leg Stand test with right leg (s)

CG 18 19.6 9.09 5.89 30
<0.001MICT 18 21.6 11.20 3.00 30

HIICT 18 26.9 7.75 2.00 30

One Leg Stand test with left leg (s)

CG 18 15.1 9.10 1.98 30
<0.001MICT 18 19.9 10.00 2.00 30

HIICT 18 27.4 6.87 2.00 30

Right Handgrip Strength (kg)

CG 18 23.0 4.21 16.0 31.0
0.345MICT 18 23.6 5.10 16.0 36.0

HIICT 18 25.8 3.77 20.0 34.5

Left Handgrip Strength (kg)

CG 18 21.4 4.06 14.0 29.0
0.904MICT 18 22.3 4.01 16.5 31.0

HIICT 18 25.0 3.49 20.0 32.5

Heart Rate during 6-Minute Walking Test (bpm)

CG 18 34.9 14.8 15 57
0.684MICT 18 26.7 14.7 5 59

HIICT 18 34.8 17.1 −15 65

CG—Control Group; MICT—Moderate-Intensity Circuit Training; HIICT—High-Intensity Interval Circuit Training.
Statistically significant differences at p ≤ 0.05 are given in bold.
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3.1. Inter-group results

The inter-group results in the primary and secondary outcomes are presented in Tables 4 and 5.
The main analysis of these outcomes indicates that there was a significant training x group interaction
(p < 0.001) in the ACT, STS-30, TUG, 6MWT and BMI.

• In the ACT, HIICT was statistically better than MICT (dif = 6.6 rep, t =−3.905) and CG (dif = 9.3 rep,
t = −2.986).

• In the 30-STS, HIICT was statistically better than CG (dif = 5.6 rep, t = −5.84) and MICT was also
statistically better than CG (dif = 3.2 rep, t = −3.87).

• In the TUG, HIICT was statistically better than CG (dif = −0.78 sec, t = 4.03) and MICT was also
statistically better than CG (dif = −0.23 sec, t = 4.244).

• In the 6MWT, HIICT was statistically better than CG (dif = 43 m, t = −3.631) and MICT was also
statistically better than CG (dif = 55 m, t = −3.719).

• Regarding the BMI, HIICT was statistically better than CG (dif = −1.4 kg/m2, t = 3.58).

3.2. Intra-Group Results

The additional intra-group analysis (Tables 6 and 7) shows a significant improvement (p < 0.001) in
the STS-30, TUG and 6MWT for both HIICT and MICT. Regarding the ACT, either HIICT or CG showed
significant improvements (p = 0.022 and p < 0.001, respectively). On the other hand, a significant
decrease was obtained in the STS-30 and TUG for CG (p < 0.001 and p = 0.016, respectively), and in
the right OLS (p = 0.024) for HIICT. With regard to the BMI, HIICT showed a significant reduction
(p = 0.035), whereas CG showed a significant increase (p = 0.019).
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Table 4. ANCOVA adjustments for the primary outcomes on HIICT, MICT and CG.

Group

Increment ANCOVA Interactions (F, p, ES η2)

n (ITT) n (Treated) Mean SD
Training × Group Training × Baseline Training × Age

F p ES η2 F p ES η2 F p ES η2

Arm Curl Test (rep)

CG 18 12 1.80 −0.10
8.1 8.99 × 10−4 2,3 0.192 18.3 8.51 × 10−5 0.217 9.85 × 10−3 0.921 0.000MICT 18 12 −0.50 −1.14

HIICT 18 17 2.80 0.28

30 Sit-To-Stand (rep)

CG 18 12 −1.90 −0.05
17.42 1.81 × 10−6 1,2 0.381 6.54 1.36 × 10−2 0.072 0.353 0.555 0.004MICT 18 12 3.80 1.47

HIICT 18 17 5.60 0.47

Timed Up and Go Test (s)

CG 18 12 0.36 0.16
11.41 8.30 × 10−5 1,2 0.281 8.45 5.42 × 10−3 0.104 0.274 0.603 0.004MICT 18 12 −0.87 0.05

HIICT 18 17 −0.78 −0.51

6-Minute Walking Test (m)

CG 18 12 −16 −9.50
9.34 3.57 × 10−4 1,2 0.256 4.42 4.05 × 10−2 0.060 0.274 0.603 0.004MICT 18 12 43 0.30

HIICT 18 17 36 33.9

One Leg Stand Test with Right Leg (s)

CG 18 12 1.70 1.91
2.38 0.102 0.086 4.03 0.050 0.07 2.48 0.122 0.044MICT 18 12 1.10 −1.32

HIICT 18 17 −1.60 1.12

One Leg Stand Test with Left Leg (s)

CG 18 12 −3.40 1.80
1.9 0.160 0.069 4.07 0.049 0.067 0.017 0.895 0.000MICT 18 12 0.90 1.00

HIICT 18 17 −2.60 1.87

ITT—Intention to treat; SD—Standard deviation; ANCOVA—Covariance analysis; F—estimated variance; CG—Control Group; MICT—Moderate-Intensity Circuit Training;
HIICT—High-Intensity Interval Circuit Training. 1 Denotes significant difference in MICT compared to CG; 2 denotes significant differences in HIICT compared to CG; 3 denotes significant
differences in HIICT compared to MICT; Statistically significant differences at p ≤ 0.05 are given in bold.
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Table 5. ANCOVA adjustments for the secondary outcomes on HIICT, MICT and CG.

Group n (ITT) n (Treated)

Increment ANCOVA Interactions (F, p, ES η2)

Mean SD
Training × Group Training × Baseline Training × Age

F p ES η2 F p ES η2 F p ES η2

Body Mass Index (kg/m2)

CG 18 12 0.30 −0.05
6.99 0.002 2 0.215 3.02 0.088 0.046 0.217 0.643 0.003MICT 18 12 −0.10 1.47

HIICT 18 17 −0.30 0.47

Right Handgrip Strength (kg)

CG 18 12 0.60 −0.86
0.881 0.420 0.033 9.72 3.02 × 10−3 0.155 1.45 0.233 0.028MICT 18 12 −0.40 0.49

HIICT 18 17 0.60 −0.68

Left Handgrip Strength (kg)

CG 18 12 0.90 0.04
1.46 0.243 0.054 1.39 0.244 0.026 1.13 0.293 0.021MICT 18 12 −0.20 0.74

HIICT 18 17 0.60 0.87

Heart Rate during 6-Minute Walking Test (bpm)

CG 18 12 −3 −9.50
1 0.375 0.038 13.39 6.08 × 10−4 0.197 1.74 0.193 0.032MICT 18 12 2 0.30

HIICT 18 17 6 33.90

ITT—Intention to treat; SD—Standard deviation; ANCOVA—Covariance analysis; F—estimated variance; CG—Control Group; MICT—Moderate-Intensity Circuit Training;
HIICT—High-Intensity Interval Circuit Training. 2 Denotes significant differences in HIICT compared to CG; Statistically significant differences at p ≤ 0.05 are given in bold.
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Table 6. Intra-group differences for the primary outcomes on HIICT, MICT and CG.

Group
Pre-Training Post-Training

p
95% CI for MD

Cohen’s d
n Mean SD n Mean SD Lower Upper

Arm Curl Test (rep)

CG 18 20.6 2.96 12 22.4 2.86 2.04 × 10−4 −2.61 −0.99 0.57
MICT 18 25.6 5.20 12 25.1 4.06 0.575 −1.34 2.34 0.09
HIICT 18 28.9 5.17 17 31.7 5.45 0.022 −5.09 −0.45 0.52

30 Sit-To-Stand (rep)

CG 18 16.8 2.90 12 14.9 2.85 1.40 × 10−4 1.07 2.70 0.61
MICT 18 13.7 3.38 12 17.5 4.85 3.20 × 10−4 −5.65 −2.01 1.05
HIICT 18 15.1 2.69 17 20.7 3.16 1.00 × 10−6 −7.13 −4.08 1.98

Timed Up and Go Test (s)

CG 18 5.89 0.74 12 6.25 0.89 0.016 −0.64 −0.07 0.46
MICT 18 6.40 1.23 12 5.53 1.28 0.001 0.38 1.34 0.66
HIICT 18 6.08 1.31 17 5.30 0.80 0.009 0.21 1.35 0.57

6-Minute Walking Test (m)

CG 18 510 59.0 12 494 49.5 0.058 −0.60 33.39 0.25
MICT 18 502 72.3 12 545 72.6 3.09 × 10−4 −61.94 −22.46 0.55
HIICT 18 564 41.0 17 600 74.9 0.036 −8.65 −2.57 0.84

One Leg Stand Test with Right Leg (s)

CG 18 19.6 9.09 12 21.3 11.00 0.233 −4.57 1.19 0.17
MICT 18 21.6 11.20 12 22.7 9.88 0.237 −3.06 0.81 0.99
HIICT 18 26.9 7.75 17 25.3 8.87 0.024 0.24 3.10 0.20

One Leg Stand Test with Left Leg (s)

CG 18 15.1 9.1 12 11.7 10.90 0.129 −1.08 7.79 0.35
MICT 18 19.9 10.0 12 20.80 11.00 0.486 −3.54 1.75 0.08
HIICT 18 27.4 6.87 17 24.80 8.74 0.124 −0.80 6.05 0.36

SD—Standard deviation; CG—Control Group; MICT—Moderate-Intensity Circuit Training; HIICT—High-Intensity Interval Circuit Training; Statistically significant differences at p ≤ 0.05
are given in bold.
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Table 7. Intra-group differences for the secondary outcomes on HIICT, MICT and CG.

Group
Pre-Training Post-Training

p
95% CI for MD

Cohen’s d
n Mean SD n Mean SD Lower Upper

Body Mass Index (kg/m2)

CG 18 31.2 4.89 12 31.5 5.05 0.019 −0.52 −0.53 0.06
MICT 18 30.1 3.08 12 30.0 3.15 0.140 −0.02 0.29 0.03
HIICT 18 30.4 4.13 17 30.1 4.24 0.035 0.02 0.60 0.07

Right Handgrip Strength (kg)

CG 18 23.0 4.21 12 23.6 3.35 0.155 −1.54 0.26 0.13
MICT 18 23.6 5.1 12 23.2 5.59 0.650 −1.38 2.16 0.07
HIICT 18 25.8 3.77 17 26.4 3.09 0.397 −1.80 0.75 0.15

Left Handgrip Strength (kg)

CG 18 21.4 4.06 12 22.3 4.10 0.219 −2.28 0.56 0.21
MICT 18 22.3 4.01 12 22.1 4.75 0.656 −0.91 1.41 0.05
HIICT 18 25 3.49 17 25.6 4.36 0.229 −1.64 0.42 0.16

Heart Rate during 6-Minute Walking Test (bpm)

CG 18 34.90 14.80 12 31.7 12.30 0.303 −3.179 9.624 0.21
MICT 18 26.70 14.70 12 28.7 12.30 0.565 −9.184 5.184 0.13
HIICT 18 34.80 17.10 17 40.6 14.20 0.137 −13.582 2.027 0.32

SD—Standard deviation; CG—Control Group; MICT—Moderate-Intensity Circuit Training; HIICT—High-Intensity Interval Circuit Training; Statistically significant differences at p ≤ 0.05
are given in bold.
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Regarding safety, there were registered adverse events in MICT and CG groups. Four women in
the MICT group and one in CG were lost to follow-up due to eye surgery, foot surgery, clavicle fracture
and two hip fractures after a fall. These adverse events did not occur during the exercise classes.

4. Discussion

The present study investigated what type of training (HIICT or MICT) induces greater adaptations
in strength, gait, cardiorespiratory fitness, static balance and BMI of middle-aged and older women.
The main finding of this study was that HIICT was more effective than MICT for improving upper
limb strength in healthy middle-aged and older women. In addition, both HIICT and MICT were also
effective for improving lower limb strength, gait and cardiorespiratory fitness. The secondary analyses
suggest that HIICT is an effective training method to reduce BMI after 18 weeks of training. To the best
of the authors’ knowledge, this is the first randomized controlled trial that has evaluated the effects of
HIICT on the functional ability in healthy middle-aged and older women.

In relation to muscle strength, the present study shows a significant improvement in the ACT
and STS-30 after the 18-week training period in both the HIICT and MICT groups, with significant
differences between them and CG. There were also significant differences between HIICT and MICT in
the ACT. On the other hand, although HIICT and MICT were not significantly different in the STS-30,
a large effect size in HIICT (ES = 1.98) and a moderate effect size in MICT (ES = 1.05) were obtained.
In line with our results, Boukabous et al. [43] obtained significant differences in the ACT between
HIIT and MICT after 8 weeks of training in older women. In the same way, García-Pinillos et al. [44]
and Adamson et al. [45] obtained significant improvements in lower limb strength after 12 weeks
of concurrent high-intensity interval and endurance training and a high-intensity interval cycling
programme, respectively, in samples composed by men and women. However, these last two studies
did not compare the groups with different training intensity.

The upper limb strength results in this study could be associated with the training methodology
conducted in HIICT. Although HIICT and MICT contained similar movements in the exercises,
execution speed was superior in HIICT, which could lead to neural adaptations (i.e., a greater
recruitment of motor units and ST muscle fibres and a decrease in the co-activation) and consequently,
a better gain in muscle strength [26]. This is in the line with Correa et al. [46], who compared three
types of training in older women, concluding that rapid strength training could be more effective
than other types of training for the rapid-force development of muscle. Likewise, it is important to
emphasize the importance of the results because the strength of the upper body has been related to the
quality of life for women over 60 years of age [47].

On the other hand, it is not clear why there were no significant differences in lower limb strength
between HIICT and MICT. The lack of differences could be influenced by the standing position during
the sessions in both groups. Likewise, with the duality of the movement and the complexity of the
tasks, it is possible that a higher speed during HIICT was not achieved in this case. However, even
though MICT improved the strength of the lower limbs, in order to gain strength benefits in the
upper and lower limbs from both training methods, this study suggests that HIICT may be used as a
time-efficient intervention to increase the strength of both upper and lower limbs.

Regarding the analysis results for gait and dynamic balance, the present study showed a significant
improvement in the TUG for both HIICT and MICT groups, with significant differences between
them and CG. Although there has not been any research comparing these training methods in older
women, these findings are in accordance with several other studies relating both HIIT [45,48,49] and
MICT [50–52] interventions with improvements on gait. For example, García-Pinillos et al. [44] noted a
decreased of 9% in the time to walk 10 m after a 12-week concurrent high-intensity interval strength
and endurance training programme in healthy older people. In contrast to our results, a study oriented
to suspension training obtained significant differences in the performance of the TUG in HIIT compared
to MICT [49]. One possible reason for our results may be precisely the increase in lower limb strength
and the nervous system adaptations [53]. The execution of exercise when standing could contribute
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to assist neural adaptation and thus generate a positive transfer to dynamic balance, gait and lower
limb strength [48,54]. The improvement shown in this test has special relevance because it is related to
avoiding falls in healthy elderly people. The literature reflects that postural balance during gait is one
of the most relevant variables in relation to falls [55]. Similarly, gait speed seems to be a predictor of
autonomy in the activities of daily living [56].

For cardiorespiratory fitness, significant improvements were obtained on the 6MWT for both
HIICT and MICT, with a moderate effect size in HIICT (ES = 0.84) versus a small effect size in MICT
(ES = 0.55). Furthermore, this result is powered by a small effect size in the mean heart rates on HIICT
(ES = 0.32) versus a trivial effect size in MICT (ES = 0.13). In line with our results, Boukabous et al. [43]
showed that both types of training provided similar improvements in the performance of the 6MWT,
even though the HIIT protocol was designed to represent half the duration of MICT (and energy
expenditure). On the other hand, Jaureguizar et al. [57] compared the performance on 6MWT after
HIIT or MICT, obtaining significant differences in favour of HIIT. The relevance of this improvement is
due to the relation of cardiorespiratory fitness with the autonomy to perform daily life activities and
prevent or delay frailty in older people [58]. In addition, Fraga et al. [59] showed positive influences of
cardiorespiratory fitness on the quality of life of the elderly after a 16 weeks of aerobic training.

Finally, a recent meta-analysis by de Nardi et al. [60] evaluated BMI in a total of 120 prediabetic
participants without significant differences between HIIT and MICT. Contrary to our results,
the meta-analysis refers to a decrease in BMI after the HIIT and MICT programmes. In the same way,
a study with cycling did not find a significant decrease in BMI after HIIT in postmenopausal women
with diabetes [61]. Similarly, Ramos et al. [62], in a recent study involving overweight participants with
and without diabetes, described no significant improvements in BMI after 16 weeks of two different
HIIT interventions, without any significant difference between these and MICT.

The strength of this study was the positive effects of HIICT on the functional ability and BMI of
healthy middle-aged and older women. The clinical implications of the present study are related to the
importance that HIICT could have as an effective method to improve the functional ability and BMI of
middle-aged and older women and, consequently, the autonomy to carry out daily living activities
and an improved quality of life. Moreover, the feasibility of this kind of circuit training provides the
possibility to be easily implemented and with a low-cost material.

Although this study has demonstrated that 18 weeks of HIICT can produce the improvements
in strength, gait speed and cardiorespiratory fitness, as well as BMI, it is not without its limitations.
Firstly, the non-blinding of participants and instructors and the broad age range of the sample should
be considered limitations of this study. Secondly, this trial involved a small number of participants and
a larger sample size would have helped to quantify more accurately the changes using this exercise
training. Finally, the Börg scale was used to assess exercise intensity. Although the heart rate is more
accurate, it was only used during the familiarization phase because the Börg scale is a more useful and
practical tool to guide exercise intensity in daily practice.

5. Conclusions

The main results obtained in the present research indicate that both HIICT and MICT similarly
influenced the strength, cardiorespiratory fitness and gait/dynamic balance variables analysed, except
for: (1) the upper limb strength, where the HIICT generated better adaptations than MICT; (2) the BMI,
where the HIICT generated better adaptations than CG. These results contribute to improved autonomy
in the development of daily living activities as well as to prevent the risk of sarcopenia, frailty and
cardiovascular diseases in older women.
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Brandāo, D.C. Influence of High-Intensity Interval Training Versus Continuous Training on Functional
Capacity in Individuals with Heart Failure: A Systematic Review and Meta-analysis. J. Cardiopulm.
Rehabil. Prev. 2019, 39, 293–298. [CrossRef]

34. Liou, K.; Ho, S.; Fildes, J.; Ooi, S. High Intensity Interval versus Moderate Intensity Continuous Training
in Patients with Coronary Artery Disease: A Meta-analysis of Physiological and Clinical Parameters.
Heart Lung Circ. 2016, 25, 166–174. [CrossRef] [PubMed]

35. Aragão-Santos, J.C.; de Resende-Neto, A.G.; Nogueira, A.C.; Feitosa-Neta, M.L.; Brandão, L.H.; Chaves, L.M.;
da Silva-Grogoletto, M.E. The effects of functional and traditional strength training on different strength
parameters of elderly women: A randomized and controlled trial. J. Sports Med. Phys. Fit. 2019, 59, 380–386.
[CrossRef] [PubMed]

36. Lawton, M.P.; Brody, E.M. Assessment of Older People: Self-Maintaining and Instrumental Activities of
Daily Living. Gerontologist 1969, 9, 179–186. [CrossRef] [PubMed]

37. Katz, S.; Ford, A.B.; Moskowitz, R.W.; Jackson, B.A.; Jaffe, M.W. Studies of Illness in the Aged: The Index of
ADL: A Standardized Measure of Biological and Psychosocial Function. JAMA J. Am. Med. Assoc. 1963, 185,
914–919. [CrossRef]

38. Rikli, R.E.; Jones, C.J. Senior Fitness Test Manual, 2nd ed.; Human Kinetics: Champaign, IL, USA, 2013.
39. Khalil, N.; Faulkner, K.A.; Greenspan, S.L.; Cauley, J.A. Osteoporotic Fractures in Men Research Group.

Associations between bone mineral density, grip strength, and lead body burden in older men. J. Am.
Geriatr. Soc. 2014, 62, 141–146. [CrossRef]

40. Blain, H.; Jaussent, A.; Picot, M.-C.; Maimoun, L.; Coste, O.; Masud, T.; Bousquet, J.; Bernard, P.L. Effect of a
6-Month Brisk Walking Program on Walking Endurance in Sedentary and Physically Deconditioned Women
Aged 60 or Older: A Randomized Trial. J. Nutr. Health Aging 2017, 21, 1183–1189. [CrossRef]

41. Kim, J.; Shin, W. How to Do Random Allocation (Randomization). Clin. Orthop. Surg. 2014, 6, 103–109.
[CrossRef]

42. Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports medicine
and exercise science. Med. Sci. Sports Exerc. 2009, 41, 3–13. [CrossRef]

43. Boukabous, I.; Marcotte-Chénard, A.; Amamou, T.; Boulay, P.; Brochu, M.; Tessier, D.; Dionne, I.; Riesco, E.
Low-Volume High-Intensity Interval Training (HIIT) versus Moderate-Intensity Continuous Training on
Body Composition, Cardiometabolic Profile and Physical Capacity in Older Women. J. Aging Phys. Act.
2019, 29, 1–34. [CrossRef]

44. García-Pinillos, F.; Laredo-Aguilera, J.A.; Muñoz-Jiménez, M.; Latorre-Román, P.A. Effects of 12-Week
Concurrent High-Intensity Interval Strength and Endurance Training Program on Physical Performance in
Healthy Older People. J. Strength Cond. Res. 2019, 33, 1445–1452. [CrossRef]

45. Adamson, S.B.; Lorimer, R.; Cobley, J.N.; Babraj, J.A. Extremely Short-Duration High-Intensity Training
Substantially Improves the Physical Function and Self-Reported Health Status of Elderly Adults. J. Am.
Geriatr. Soc. 2014, 62, 1380–1381. [CrossRef] [PubMed]

46. Correa, C.S.; LaRoche, D.P.; Cadore, E.L.; Reischak-Oliveira, A.; Bottaro, M.; Kruel, L.F.M.; Tartaruga, M.P.;
RAdaelli, R.; Wilhelm, E.N.; Lacerda, F.C.; et al. 3 Different Types of Strength Training in Older Women.
Int. J. Sports Med. 2012, 33, 962–969. [CrossRef] [PubMed]

47. Nawrocka, A.; Polechoński, J.; Garbaciak, W.; Mynarski, W. Functional Fitness and Quality of Life among
Women over 60 Years of Age Depending on Their Level of Objectively Measured Physical Activity. Int. J.
Environ. Res. Public Health 2019, 16, 972. [CrossRef] [PubMed]

48. Sayers, S.P.; Gibson, K.; Mann, J.B. Improvement in functional performance with high-speed power training
in older adults is optimized in those with the highest training velocity. Eur. J. Appl. Physiol. 2016, 116,
2327–2336. [CrossRef] [PubMed]

49. Jiménez-García, J.D.; Martínez-Amat, A.; De la Torre-Cruz, M.J.; Fábrega-Cuadros, R.; Cruz-Díaz, D.;
Aibar-Almazán, A.; Achalandabaso-Ocho, A.; Hita-Contreras, F. Suspension Training HIIT Improves Gait
Speed, Strength and Quality of Life in Older Adults. Int. J. Sports Med. 2019, 40, 116–124. [CrossRef]
[PubMed]

http://dx.doi.org/10.1097/HCR.0000000000000424
http://dx.doi.org/10.1016/j.hlc.2015.06.828
http://www.ncbi.nlm.nih.gov/pubmed/26375499
http://dx.doi.org/10.23736/S0022-4707.18.08227-0
http://www.ncbi.nlm.nih.gov/pubmed/29600837
http://dx.doi.org/10.1093/geront/9.3_Part_1.179
http://www.ncbi.nlm.nih.gov/pubmed/5349366
http://dx.doi.org/10.1001/jama.1963.03060120024016
http://dx.doi.org/10.1111/jgs.12603
http://dx.doi.org/10.1007/s12603-017-0955-7
http://dx.doi.org/10.4055/cios.2014.6.1.103
http://dx.doi.org/10.1249/MSS.0b013e31818cb278
http://dx.doi.org/10.1123/japa.2018-0309
http://dx.doi.org/10.1519/JSC.0000000000001895
http://dx.doi.org/10.1111/jgs.12916
http://www.ncbi.nlm.nih.gov/pubmed/25039507
http://dx.doi.org/10.1055/s-0032-1312648
http://www.ncbi.nlm.nih.gov/pubmed/22782384
http://dx.doi.org/10.3390/ijerph16060972
http://www.ncbi.nlm.nih.gov/pubmed/30889881
http://dx.doi.org/10.1007/s00421-016-3484-x
http://www.ncbi.nlm.nih.gov/pubmed/27704208
http://dx.doi.org/10.1055/a-0787-1548
http://www.ncbi.nlm.nih.gov/pubmed/30605922


Int. J. Environ. Res. Public Health 2019, 16, 4205 17 of 17

50. Denison, H.J.; Syddall, H.E.; Dodds, R.; Martin, H.J.; Finucane, F.M.; Griffin, S.J.; Wareham, N.J.; Sayer, A.A.
Effects of Aerobic Exercise on Muscle Strength and Physical Performance in Community-dwelling Older
People from the Hertfordshire Cohort Study: A Randomized Controlled Trial. J. Am. Geriatr. Soc. 2013, 61,
1034–1036. [CrossRef] [PubMed]

51. Sousa, N.; Mendes, R.; Silva, A.; Oliveira, J. Combined exercise is more effective than aerobic exercise in
the improvement of fall risk factors: A randomized controlled trial in community-dwelling older men.
Clin. Rehabil. 2017, 31, 478–486. [CrossRef]

52. Shigematsu, R. Dance-based aerobic exercise may improve indices of falling risk in older women. Age Ageing
2002, 31, 261–266. [CrossRef]

53. Carrasco-Poyatos, M.; Rubio-Arias, J.A.; Ballesta-García, I.; Ramos-Campo, D.J. Pilates vs. muscular training
in older women. Effects in functional factors and the cognitive interaction: A randomized controlled trial.
Physiol. Behav. 2019, 201, 157–164. [CrossRef]

54. Charlton, K.; Batterham, M.; Langford, K.; Lateo, J.; Brock, E.; Walton, K.; Lyons-Wall, P.; Eisenhauer, K.;
Green, N.; McLean, C. Lean Body Mass Associated with Upper Body Strength in Healthy Older Adults
While Higher Body Fat Limits Lower Extremity Performance and Endurance. Nutrients 2015, 7, 7126–7142.
[CrossRef]

55. Granacher, U.; Muehlbauer, T.; Gruber, M. A qualitative review of balance and strength performance in
healthy older adults: Impact for testing and training. J. Aging Res. 2012, 2012, 708905. [CrossRef] [PubMed]

56. Makizako, H.; Shimada, H.; Doi, T.; Tsutsumimoto, K.; Lee, S.; Hotta, R.; Nakakubo, S.; Harada, K.; Lee, S.;
Bae, S.; et al. Cognitive Functioning and Walking Speed in Older Adults as Predictors of Limitaitons in
Self-Reported Instrumental Activity of Daily Libing-Prospective Fundings from the Obu Study of Helath
Promotion for the Elderly. Int. J. Environ. Res. Public Health 2015, 12, 3002–3013. [CrossRef] [PubMed]

57. Jaureguizar, K.V.; Vicente-Campos, D.; Bautista, L.R.; de la Peña, C.H.; Gómez, M.J.A.; Rueda, M.J.C.;
Fernández-Maillo, I. Effect of High-Intensity Interval Versus Continuous Exercise Training on Functional
Capacity and Quality of Life in Patients with Coronary Artery Disease: A Randomized Clinical Trial.
J. Cardiopulm. Rehabil. Prev. 2016, 36, 96–105. [CrossRef] [PubMed]

58. Fleg, J.L. Aerobic exercise in the elderly: A key to successful aging. Discov. Med. 2012, 13, 223–228.
59. Fraga, M.J.; Cader, S.A.; Ferreira, M.A.; Giani, T.S.; Dantas, E.H.M. Aerobic resistance, functional

autonomy and quality of life (QoL) of elderly women impacted by a recreation and walking program.
Arch. Gerontol. Geriatr. 2011, 52, e40–e43. [CrossRef]

60. De Nardi, A.T.; Tolves, T.; Lenzi, T.L.; Signori, L.U.; Silva, A.M.V.D. High-intensity interval training
versus continuous training on physiological and metabolic variables in prediabetes and type 2 diabetes:
A meta-analysis. Diabetes Res. Clin. Pract. 2018, 137, 149–159. [CrossRef]

61. Maillard, F.; Rousset, S.; Pereira, B.; Traore, A.; de Pradel, D.A.P.; Boirie, Y.; Duclos, M.; Boisseau, N.
High-intensity interval training reduces abdominal fat mass in postmenopausal women with type 2 diabetes.
Diabetes Metab. 2016, 42, 433–441. [CrossRef]

62. Ramos, J.S.; Dalleck, L.C.; Borrani, F.; Beetham, K.S.; Wallen, M.P.; Mallard, A.R.; Clark, B.; Gomersall, S.;
Keating, S.E.; Coombes, J.S. Low-Volume High-Intensity Interval Training Is Sufficient to Ameliorate the
Severity of Metabolic Syndrome. Metab. Syndr. Relat. Disord. 2017, 15, 319–328. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/jgs.12286
http://www.ncbi.nlm.nih.gov/pubmed/23772733
http://dx.doi.org/10.1177/0269215516655857
http://dx.doi.org/10.1093/ageing/31.4.261
http://dx.doi.org/10.1016/j.physbeh.2018.12.008
http://dx.doi.org/10.3390/nu7095327
http://dx.doi.org/10.1155/2012/708905
http://www.ncbi.nlm.nih.gov/pubmed/22315687
http://dx.doi.org/10.3390/ijerph120303002
http://www.ncbi.nlm.nih.gov/pubmed/25768239
http://dx.doi.org/10.1097/HCR.0000000000000156
http://www.ncbi.nlm.nih.gov/pubmed/26872000
http://dx.doi.org/10.1016/j.archger.2010.04.021
http://dx.doi.org/10.1016/j.diabres.2017.12.017
http://dx.doi.org/10.1016/j.diabet.2016.07.031
http://dx.doi.org/10.1089/met.2017.0042
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Design 
	Participants 
	Interventions 
	Outcomes 
	Sample Size and Power 
	Randomization and Blinding 
	Statistical methods 

	Results 
	Inter-group results 
	Intra-Group Results 

	Discussion 
	Conclusions 
	References

