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Objective. To examine the effects of resistance training relative to aerobic training on abdominal adipose tissue and metabolic
variables in adults with prediabetes. Methods. 105 participants with prediabetes were randomized into the resistance training
group (RT, n = 35), aerobic training group (AT, n = 35), and control group (CG, n = 35). The participants completed supervised
12-month exercise; the control group followed the primary lifestyle without exercise intervention. The primary outcomes were
visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) measured by computed tomography (CT). Secondary
outcomes were body composition, lipid profile, and metabolic variables. Results. A total of 93 participants completed the study.
There were nonsignificant differences between groups before intervention. After training, VAT decreased significantly in AT
and RT compared with CG (P = 0:001 and P = 0:014, respectively). Although no significant difference in SAT was found across
groups, SAT decreased significantly over time within each exercise group (all P = 0:001). Increase in muscle mass was greater in
RT than that in AT and CG (P = 0:031 and P = 0:045, respectively). Compared with CG, fasting plasma glucose (FPG) decreased
significantly in RT and AT (P = 0:003 and P = 0:014, respectively). There was a significant difference in the number of
prediabetes who converted to diabetes among AT and RT, as compared with the control group (P = 0:031 and P = 0:011,
respectively). No significant differences were observed in lipid, waist-to-hip ratio (WHR), body mass index (BMI), fasting
insulin (FI), 2-hour postprandial glucose (2hPG), glycosylated hemoglobin (HbA1c), HOMA-IR, and HOMA-β across groups.
Conclusion. Both aerobic training and resistance training are effective in reducing abdominal adipose tissue and fasting plasma
glucose in adults with prediabetes. Importantly, resistance training but not aerobic training is effective in augmenting muscle
mass. Trial Registration. The trial is registered with NCT02561377 (date of registration: 24/09/2015).
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1. Introduction

Individuals with prediabetes have approximately a 30%
chance of developing type 2 diabetes mellitus (T2DM) over
a 10-year period [1–3]. Impaired fasting glucose (IFG),
impaired glucose tolerance (IGT), and the combination of
IFG plus IGT characterized by different levels of insulin resis-
tance are prediabetes states [4]. These represent intermediate
states of abnormal glucose regulation between normal
glucose homeostasis and diabetes mellitus. Individuals with
IFG or IGT add to the risk of evolving type 2 diabetes
mellitus. However, it is not inevitable but a reversible process.
Rising levels of obesity, insufficient physical activity, and
sedentary behavior are independent risk factors for insulin
resistance/diabetes [5]. Exercise is a recognized strategy that
is vital to prevention, care, and management of type 2 diabe-
tes and prediabetes [6, 7].

Abdominal obesity has been associated with insulin resis-
tance, metabolic syndrome, type 2 diabetes mellitus, and
cardiovascular diseases [8]. In particular, a growing body of
evidence showed that increased VAT was strongly associated
with insulin resistance, atherogenic dyslipidemia, and cardio-
vascular disease [8–10]. Regular exercise is known to reduce
abdominal adipose tissue and attenuate the risk of type 2
diabetes. One study has examined that RT effectively reduced
abdominal fat, especially VAT [11]. One review revealed that
AT was effective in lowering VAT [12]. However, few studies
on prediabetes investigated abdominal adipose tissue involv-
ing RT compared with AT. Therefore, this study is aimed at
determining the effects of resistance training compared to
aerobic training on abdominal adipose tissue and metabolic
variables in individuals with prediabetes. We hypothesized
that resistance training was the effective exercise to decrease
abdominal adipose tissue.

2. Methods

2.1. Study Design and Participants. Participants were
recruited primarily through four communities in Nanjing
City and a hospital of Danyang from May 2014 to April
2015. One hundred and sixty-eight participants who had a
history of prediabetes were recruited. All participants under-
went a medical history and received a 2-hour oral glucose tol-
erance test (OGTT). Of them, 124 fulfilled the inclusion
criteria as defined by the American Diabetes Association
(ADA) [13]. Persons were eligible for inclusion as follows:
(1) participants with prediabetes [13]; (2) male and no
pregnant and lactating women; and (3) muscle strength ≥
IV. Persons were excluded if they had a history of diabetes,
severe cardiopulmonary disease, and cognitive impairments.
Furthermore, participants had to be free of other disorders
that could affect their ability to complete the training. We
also excluded those who had difficulties in following up and
refused to participate. The final cohort included 105 partici-
pants who were willing to participate in the project. At the
end of the study, all participants underwent a second OGTT
to evaluate their disease conversion. This study has a double-
center, randomized controlled trial (RCT) design. Partici-
pants and trainers could not be blinded to group assignment

after randomization, but the study outcomes were measured
by blinded assessors. The protocol (NCT02561377, registered
at http://www.clinicaltrial.gov) was approved by the Ethical
Committee of Jiangsu Province Hospital on Integration of
Chinese and Western Medicine, and all participants were
verbally introduced about the study and signed informed
consent documents.

2.2. Measurements

2.2.1. Abdominal Adipose Tissue. The method of measuring
abdominal adipose tissue was reported elsewhere [14]. SAT
was determined by subtracting the VAT from the total
abdominal tissue. Baseline and follow-up measurements
were obtained with the same instrument for all participants.

2.2.2. Body Composition. Height, body weight, and muscle
mass were determined using a body composition analyzer
(SK-X80, Yuwell), and all participants wore light clothing
and stood barefoot. BMI was calculated from weight and
height (kg/m2). Waist circumference was measured at the
midpoint between the lowest rib and the iliac crest. Hip cir-
cumference was measured with a tape measure horizontally
at the place of symphysis pubis, and the posterior gluteus
maximus was measured when the subject stood upright
[14]. WHR was also calculated. All indicators were measured
by the same trained person.

2.2.3. Metabolic Variables. For biochemical testing, venous
blood was collected following a minimum ten-hour fast. FI,
FPG, 2hPG, HbA1c, and blood lipid levels were analyzed with
a full-automatic chemiluminescence instrument (Cobas 6000,
Roche). HOMA2-IR and HOMA2-β were calculated by a
software implementation of the HOMA2 Calculator v2.2.3.

2.2.4. Screening Maximum Heart Rate. Participants under-
went a modified Bruce protocol treadmill test (ERS.2,
Ergoline, Germany) for safety purposes before starting
the exercise program, which was used to determine the
maximum heart rate. We monitored the participant heart
rate and blood pressure according to standard procedures,
and the test was terminated when participants reached
volitional fatigue throughout the treadmill test. A heart
rate watch was used to monitor the heart rate of partici-
pants (Polar® A370, Polar, Finland), and each individual’s
HRmax was defined when they rated their dyspnea and
fatigue. All participants were performed continuous moni-
toring of electrocardiogram during these maximal exercise
tests. Participants who are found to have typical angina
pectoris, syncope, systolic blood pressure drop ≥ 10mmHg,
sustained ventricular tachycardia, and ST elevation of
≥1.0mm were excluded from the exercise program.

2.3. Intervention. In this 12-month research, 105 eligible par-
ticipants were randomized to a resistance training group, an
aerobic training group, and a control group using a table of
random numbers. The control group did not exercise during
the 12-month study period, following the primary lifestyle.
Exercise groups were supervised by the trainers who had
received professional training.
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The control group was instructed to maintain their usual
habits and received no structured exercise intervention.

Participants were asked to participate in a resistance
training 3 days/week with a bungee cord (Huoshuai, China).
There were 13 exercise pieces in the protocol: leg presses, leg
extensions, chest presses, pull downs, rowing motions, calf
raise, seated leg curl, shoulder presses, straight-arm forwards,
straight-arm backwards, leg rotation left, leg rotation right,
and abdominal crunch movements. The resistance training
sessions took approximately 50 minutes to complete. The
resistance for each bungee cord during the first 1-2 weeks
was set by the trainers at 50% of 1RM, with frequency of 1-
2/week, and 6-8 repetitions of 13 different activities and then
gradually increased to 3/week, 10-15 repetitions at 60% of
1RM until completing the intervention.

Strength was assessed at the baseline by performing a one
repetition maximum (1RM) test (Nitro Plus, Nautilus Inc.,
Vancouver, WA, USA) on the leg press and leg extension,
and we accurately corrected the resistance by measuring
1RM throughout the RT intervention. The 1RM was per-
formed between 08:30 and 10:00 a.m. After a warm-up leg
press and leg extension for 5-10 repetitions on the machine
were done, participants started to perform leg press and
extension at a workload of 10-20% body weight. If they suc-
ceed within three attempts, the resistance weight gradually
increased to the next higher level that the machine has; if
one exercise was judged as “very hard” on a relative perceived
exertion scale with an inability to perform it, participants
would rest for 1-2 minutes, and they try again. If this level
of perceived exertion was not reached, the highest loads of
three attempts per exercise were reported. Maximum
strength was determined for 1RM.

The aerobic training program required participants to
exercise 3 days/week for 60 minutes/session (including 5-10
minutes of warm-up and 5-10 minutes of flexibility exer-
cises). Participants were educated on aerobic exercises (aero-
bic dancing) with music. Participants exercised at 60 to 70%
of their HRmax as determined by their treadmill test results.
The heart rate was monitored during training, and the target
heart rate range was progressively increased as described.

2.4. Dietary Regimen. All participants were asked to follow a
healthy diet (55-60% carbohydrate, 15-20% protein, and
25-30% fat) throughout the study. Individualized meal
plans of participants were made by a dietitian, and they
were asked to record 24-hour food intake during the enroll-
ment period, 6-month and 12-month. Dietary intakes were
computed by a software of KangfuAna 4.1 plus. There was
no difference in total calorie intake and macronutrient per-
centages across groups.

2.5. Statistical Analysis. Sample size calculation was per-
formed (PASS 15, NCSS statistical software, UT). We have
conducted an analysis to determine the sample size needed
to detect a mean difference of 27.9 cm2 and an SD of
36.43 cm2 in VAT between the RT and AT groups [15].
The required sample size for 80% power using a 2-tailed test
at alpha = 0:05 is 28 each group. Assuming a dropout rate of
up to 20%, we planned to recruit 100 patients. Among 124

eligible participants, 105 finally participated in the study. Sta-
tistical analysis was performed using SPSS 22.0 software.
Analysis used the intention-to-treat principle and included
all randomly allocated participants. Data are presented as
the mean ± standard deviation ðSDÞ, except for nonnormally
distributed variables for which the group median is shown.
Baseline characteristics among three groups were expressed
with one-way analysis of variance (ANOVA) or a nonpara-
metric test and a Chi quadrate test for categorical variables.
Pre-to-posttraining changes were analyzed independently
for comparison between each group by the Kruskal-Wallis
Wilcoxon test. Repeated measures ANOVA was used to
compare changes over the intervention period, with the
variables assessed in the study as the dependent variable
and effects for time, study group, and time-by-group interac-
tion. The differences within-group were evaluated using a
paired t-test or paired Wilcoxon test. Significance for all sta-
tistical tests was set at P < 0:05.

3. Results

3.1. Adherence. A total of 105 eligible participants (65 women
and 40 men) were included in this study, with a mean age of
62:20 ± 7:32 years. Figure 1 showed the flow of participants
from recruitment and follow-up. A total of 93 participants
completed the 12-month intervention (89% completion
rate). The reasons for dropping out were family and medical
conditions unrelated to the study outcomes (n = 3 and n = 1,
respectively), and two participants discontinued the inter-
vention because of losing interest. Furthermore, six partici-
pants could not be contacted. Nevertheless, all participants
were included in the intention-to-treat analyses.

3.2. Baseline Characteristics. Baseline characteristics of the
three groups were shown in Table 1. There were no differ-
ences in baseline variables across groups. Throughout the
study period, no exercise-related adverse events were found.

3.3. Change in Body Composition. There were no significant
changes in WHR, BMI, and SAT between groups after 12-
month training. A significant increase in muscle mass
(Δ0:17 ± 0:93 kg) was observed in RT compared with AT
and CG (P = 0:031 and P = 0:045, respectively) (Table 2, Sup-
plementary Figure 1). VAT decreased more in AT and RT
than in CG (group-by-time interaction P = 0:006). Although
no substantial changes were noted across groups in SAT,
there was a significant difference in the change of SAT in
exercise groups in within-group analyses (P = 0:001). BMI
decreased significantly only in RT during the training period
(P = 0:001) (Figure 2).

3.4. Change in Blood Lipid. There were no significant differ-
ences in total cholesterol (TC), triglycerides (TG), high-
density lipoprotein (HDL), and low-density lipoprotein
(LDL) between CG and each of the two exercise groups, but
AT caused a 0:22 ± 0:67mmol/L reduction in TC compared
to the baseline (P = 0:032) (Figure 2).

3.5. Change in Metabolic Variables. After intervention, the
reduction in FPG was found in exercise groups but not in
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CG (group-by-time interaction P = 0:004). No significant
differences were noted in the following parameters: FI,
2hPG, HbA1c, HOMA2-IR, and HOMA2-β. In within-
group analyses, decreases in HbA1c were only observed in
AT (group-by-time interaction P = 0:033).

3.6. Change in Disease Conversion. After intervention, there
was a significant difference in the number of prediabetes
who converted to diabetes in AT and RT compared with
the control group (P = 0:031 and P = 0:011, respectively)
(Table 2).

4. Discussion

To the best of our knowledge, this study is the first 3-arm
randomized controlled trial involving participants with pre-
diabetes to investigate the effects of 12-month RT and AT
compared with CG on abdominal adipose tissue and meta-
bolic variables. Our primary findings were that exercise
groups both decreased VAT (assessed by CT imaging) com-
pared to CG, with no statistical difference between exercise
groups. This finding is consistent with previous studies which
demonstrated that both resistance training and aerobic train-
ing performed 180min per week resulted in a significant
reduction in VAT after 3 months [16] and 4 months [15],
respectively. In contrast, Lee et al. [17] reported that signifi-
cant reductions in VAT in obese adolescent girls were
observed in AT but not in RT. Two reasons might account
for the difference between the studies. First, it may be related
to the study populations. Participants in our study were male

and female adults in middle age and older prediabetes
patients with average age of 62:20 ± 7:32 and BMI of 24:35
± 3:43. The difference in gender, age, and BMI could make
a big difference. Second, their study used magnetic resonance
imaging (MRI) for quantifying the visceral fat volume.

Our study observed an increase in total muscle mass
(0:17 ± 0:93 kg (0.4% increase)) following a 12-month
exercise program using a bungee cord to perform resis-
tance exercise at 50 to 60% of the individual 1RM. The
result was consistent with previous studies [16, 18, 19],
which have indicated that resistance exercise was effective
in augmenting muscle mass. However, it should be noted
that the increase in muscle mass is relatively minor in
RT in our study. Two reasons might account for the dif-
ference compared with the previous study. First, it may
be related to the equipment. We used a bungee cord to
perform resistance training, while the previous study used
a lift machine. Second, the difference in age could make a
difference. Participants in the previous research were ado-
lescent boys (12-18 years), but participants in our study
were elderly prediabetes patients with a mean age of
62:20 ± 7:32 years. Even though it was all at 50-60% of
1RM, the absolute resistance weight in elder prediabetes
patients was much lower than adolescent boys. Skeletal
muscle mass is an independent predictor of prognosis in
patients with chronic heart failure [20]. It was reported
that lower muscle mass was associated with cardiovascular
diseases [21] and resistance exercise was superior to aero-
bic exercise in increasing muscle mass and endurance and
then improving peripheral artery wall structure and

63 were excluded
⁎ 44 did not meet the inclusion criteria

⁎ 19 refused to participate

Assessed for eligibility (n = 168)

Randomization (n = 105)

Discontinued intervention (n = 6)
⁎ 3 had family reasons

⁎ 3 could not be contacted

35 were allocated to ATG 35 were allocated to RTG 35 were allocated to CG

Discontinued intervention (n = 4)
⁎ 2 lost interest

⁎ 2 could not be contacted

Discontinued iintervention (n = 2)
⁎ 1 left for medical reasons
⁎ 1 could not be contacted

31 completed the trial 29 completed the trial 33 completed the trial

35 were included in the intention-to-treat analysis 35 were included in the intention-to-treat analysis 35 were included in the intention-to-treat analysis

Figure 1: Participant flow diagram.
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function [20]. Therefore, resistance training may have
additional cardiovascular benefits than aerobic training.

In this study, we also found that both RT and AT
significantly decreased FPG compared with CG. Consis-
tently, Bacchi et al. [15] showed that FPG was similarly
reduced in both exercise groups after 4 months of interven-
tion. Ibanez et al. [22] discovered that FPG significantly
decreased in adults with type 2 diabetes after 16 weeks of
progressive resistance training.

After 12-month intervention, we observed that the inci-
dence of diabetes was 8.6%, 5.7%, and 28.6% for one year in
the AT, RT, and control groups, respectively. A significant
difference in the number of prediabetes converted to diabetes
was found in both aerobic and resistance training groups
compared with the control group. This finding was consis-
tent with the observation that the lifestyle intervention effec-
tively reduced the incidence of diabetes [3, 23, 24]. However,
it was worth mentioning that the yearly diabetes conversion
rate in the control group was higher in our study (28.6%)
than those in the Da Qing (12.5%) and DPP studies (11%).
Possible reasons were that the average age of the patients in
the present study was 60:31 ± 7:56 years, much higher than
that of Da Qing and DPP studies, and all women (n = 65)
in our study were menopause. Both age and menopause
could make a big difference.

Strengths of our study included the randomized, con-
trolled trial design and a high rate of adherence to the trial
intervention (89%). Furthermore, this was a tightly con-
trolled efficacy study, and all exercise was completed under
supervision. Above all, data analysis used the intention-to-
treat principle. However, the inadequate sample size may
limit the power of some conclusions.

In conclusion, the findings of the present study suggest
that in adults with prediabetes, both resistance and aerobic
training lead to reductions in abdominal adipose tissue and
fasting plasma glucose. However, only resistance training but
not aerobic training is effective in increasing muscle mass.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Ethical Approval

All procedures followed were in accordance with the ethical
standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008.
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