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Benefits of different combinations of aerobic and
resistance exercise for improving plasma glucose and
lipid metabolism and sleep quality among elderly
patients with metabolic syndrome: a randomized

controlled trial
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Abstract. Exercise has beneficial effects on metabolic syndrome (MS). However, the exercise prescriptions that best support
plasma glucose and lipid control remain unknown. We evaluated the effects of different combinations of aerobic and
resistance training programs on plasma glucose and lipid metabolism and sleep quality in elderly MS patients. Eighty-five
elderly MS patients were randomly assigned to five groups: aerobic training (AT), resistance training (RT), high aerobic with
low resistance training (HALRT), high resistance with low aerobic training (HRLAT), or control. The exercise groups
performed supervised moderate-intensity exercise during three 50-min sessions per week for 12 weeks. Body mass index
(BMI), waist circumference (WC), systolic blood pressure (SBP), diastolic blood pressure (DBP), handgrip strength (HGS),
fasting plasma glucose (FPG), 2-hour postprandial blood glucose (2hPG), total cholesterol (TC), triglyceride (TG), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) levels and sleep quality were evaluated
at baseline and after 12 weeks. All intervention groups showed significant improvements in SBP, HGS, FPG, 2hPG, and
Pittsburgh Sleep Quality Index (PSQI) scores compared to baseline (all p < 0.05), while DBP, TC, TG, and LDL-C levels
were significantly improved only in the HRLAT and HALRT groups (p < 0.05). The HALRT group showed the largest
improvements in WC, SBP, DBP, HGS, FPG, 2hPG, and PSQI score (p < 0.001). The largest improvements in BMI, TC, and
LDL-C were observed in the HRLAT group (p < 0.001). The combined exercise prescriptions were more effective than
aerobic or resistance training alone at improving plasma glucose and lipid metabolism and sleep quality in elderly MS patients.
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METABOLIC SYNDROME (MS) is a cluster of risk
factors for metabolic disorder, and the most prevalent
factors include abdominal obesity, dyslipidemia, hyper-
tension, and insulin resistance [1, 2]. These risk factors
collectively increase the risks of developing sleep disor-
ders [3], type 2 diabetes mellitus (T2DM) [4] and cardio-
vascular disease [5], all conditions that decrease patients’
quality of life [6]. It is estimated that over 25% of adults
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worldwide suffer from MS [7], and the overall preva-
lence of MS in China was reported to be 24.5% in 2015
[8]. The continually increasing prevalence of MS has
become a serious global public health problem, as MS
poses a heavy economic burden to patients, families, and
societies [9]. Good glycemic and lipid control can reduce
the exacerbation of MS to T2DM [10] as well as the risk
of CVD [11], improve patients’ quality of life, and
reduce healthcare costs [12].

Exercise is recognized as an effective non-
pharmacological treatment for MS patients [13, 14], with
various studies demonstrating that exercise can improve
glycemic control, blood lipid levels (e.g., total choles-
terol, triglycerides, and low-density lipoprotein choles-
terol), body composition [15, 16], and sleep quality [17]
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in MS patients. Individualized exercise prescriptions are
strongly recommended in all exercise guidelines [18,
19]. Such interventions require clear definitions of the
modality, intensity, frequency, and duration of exercise,
because different components of exercise prescriptions
possibly confer different health benefits. The World
Health Organization recommends adults ages >65 years
of age should perform both aerobic and resistance exer-
cise of moderate-to-vigorous intensity each week [20].
However, there are no guidelines for recommended exer-
cise prescriptions for elderly MS patients. Although
accumulating research has shown that combined exercise
regimens are more beneficial for reducing some compo-
nents of MS than either aerobic or resistance exercise
alone [15, 16, 21, 22], the intensity, frequency, and dura-
tion of exercise applied in these studies varied. There-
fore, the present study aimed to evaluate the effects of
different combinations of aerobic and resistance exercise
on plasma glucose and lipid metabolism and sleep qual-
ity in elderly MS patients when prescribed at the same
intensity, frequency and duration, and to determine the
preferable exercise prescriptions for these patients.

Methods

Study design and participants

For this 12-week randomized controlled trial, a total of
91 elderly MS patients were recruited using advertise-
ments posted in the Taikang Yueyuan Nursing Home in
Guangzhou between July 2018 and October 2019. Of
these 91 participants, six were excluded, including four
who did not meet the inclusion criteria and two who
declined to participate in this study. The inclusion cri-
teria included a confirmed diagnosis of MS [2], age >60
years, and the ability to communicate and collaborate
with researchers. The exclusion criteria were: cardiac
function grade >2 that might preclude moderate-intensity
exercise, an acute infectious disease, vision loss, diabetic
foot, and inability to complete the aerobic and resistance
exercise prescribed in the present study. All participants
were screened by physical testing that involved walking
or bicycling. The experimental protocol was approved by
the institutional review board of the First Affiliated
Hospital of Guangdong Pharmaceutical University (no.
2018-56) and registered with the Chinese Clinical Trial
Registry (ChiCTR2100052169), and all participants pro-
vided written informed consent prior to participation.

Randomization

After the baseline assessment, participants were ran-
domly assigned to the aerobic training (AT) group, the
resistance training (RT) group, the high aerobic com-
bined with low resistance training (HALRT) group, the

high resistance combined with low aerobic training
(HRLAT) group, or the control group in a 1:1:1:1:1 ratio
using random numbers tables. The individual group allo-
cation information was placed in sealed, opaque, and
consecutively numbered envelopes. The fitness instructor
opened the envelopes in front of participants and
assigned them to the groups, while the participants
remained blinded to their allocation.

Intervention

Before the intervention officially started, each partici-
pant met with the registered dietitian for nutrition assess-
ment and counseling, and an individualized nutrition
intervention plan was developed in accordance with each
participant’s daily caloric goals and participant prefer-
ences for various food items. To ensure participants
followed the diet assigned, the registered dietician met
weekly with them for individual counseling and to
address possible concerns. During the intervention
period, all participants continued to take their usual
medication. Each participant received follow-up and
clinical evaluations through a face-to-face interview by
the same physicians once a week, and the medication
was adjusted according to their disease condition. Partic-
ipants in the control group received no exercise interven-
tion and were asked to maintain their current lifestyle.
Participants in the four intervention groups performed
moderate-intensity exercise for 50 minutes (not including
10-minute warm-up and stretching periods) three times a
week (on nonconsecutive days) for 12 weeks at the
Fitness Centre of the Taikang Yueyuan Nursing Home.
The fitness instructors assessed each participant’s fitness
level and prescribed individualized exercise programs
consistent with the participant’s group allocation and
also adhering to the guidelines for the prevention and
treatment of type 2 diabetes in China (2017 edition) [23].
All exercise programs were performed under the supervi-
sion of a certified fitness instructor.

The AT group engaged in a series of aerobic exercises.
In each session, participants were instructed to run on a
treadmill for 15 minutes followed by 10 minutes of
walking on a treadmill. Next, these participants per-
formed 15 minutes of cycling followed by 10 minutes of
elliptical training. The aerobic exercise load was 40%-—
60% of the patient’s maximum heart rate (MHR) [MHR
= 220 — age]. While keeping the heart rate in this stan-
dard range, the participants could adjust the sequence of
the exercise programs according to their comfort and
personal preferences.

The RT group performed different resistance exercises
using weight machines and free weights, specifically
including chest press, back extension, shoulder press, leg
press, leg extension/leg flexion, bicep curls/triceps
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extension, abdominal crunch, lat pull-down, and seated
overhead press using dumbbells. These exercises involve
the major muscle groups, alternating upper body, core,
and lower body exercises. Resistance exercise was
performed at 45%—65% of the one-repetition maximum
(1-RM) for each exercise, with three sets of 10—13 repe-
titions on each machine or free weight set (with a 2-
minute rest between sets).

The HALRT group was prescribed two sessions of
aerobic exercises and one session of resistance exercise
per week, according to the order of aerobic, resistance,
and aerobic exercise on alternating days. The HRLAT
group was prescribed two sessions of resistance exer-
cises and one session of aerobic exercise each week,
according to the order of resistance, aerobic, and
resistance exercise on alternating days. The requirements
for aerobic and resistance exercise for both groups were
the same those for the AT group and RT groups, respec-
tively.

Before initiation of the formal study, fitness instructors
guided participants in moderate-to-low intensity exercise
for 1 week. Aerobic exercise was performed at 40%-—
60% of MHR; resistance exercise was performed at
70%-80% 1-RM. During exercise, participants wore
sports bracelets that allowed real-time heart rate monitor-
ing, and their fatigue level was evaluated using the Borg
self-contained subjective fatigue (RPE) scale at the end
of training [24]. RPE scores between 12 and 14 indicated
that the exercise intensity was appropriate.

Measurements

Demographic data were collected via self-reporting
before the start of the study (baseline). Participants’
physical fitness indicators, blood biochemical parameters
and sleep quality index were assessed at baseline and
again after 12 weeks. All data collection was performed
by the same researcher, and data accuracy was ensured
by double entry and rechecking of the data.
Physical fitness

Physical fitness included body mass index (BMI),
waist circumference (WC), systolic blood pressure
(SBP), diastolic blood pressure (DBP), and handgrip
strength (HGS). BMI was calculated from measured
weight and height [BMI = weight/height? (kg/m?)]. Par-
ticipants were asked to remove their shoes and thick
clothing for measurement of weight and height. WC was
measured using a nonelastic measuring tape at the mid-
point between the lower rib and the iliac crest with par-
ticipants standing and breathing normally. SBP and DBP
were measured using an electronic sphygmomanometer
(Yuyue, Jiangsu, China) on the left or right arm in a sit-
ting position after at least 10-min rest. We measured
HGS using a digital grip strength meter (Xiangshan,

Zhejiang, China).
Plasma glucose and lipid metabolism indexes

Following an 8- to 12-hour overnight fasting period,
venous blood samples (10 mL) were obtained from an
antecubital vein while participants remained in seated
position after a 20-minute rest between 07:00 a.m. and
09:00 a.m. Hematological parameters including fasting
plasma glucose (FPG), total cholesterol (TC), triglycer-
ides (TG), low-density lipoprotein cholesterol (LDL-C),
and high-density lipoprotein cholesterol (HDL-C) levels
were measured using an automated biochemical analyzer
(Roche COBAS (501, Indianapolis, IN). The 2-hour
postprandial blood glucose (2hPQG) test was performed
using a hand-held glucose meter (Yuyue, Jiangsu, China)
that was applied on the fingertip for measurement of the
2hPG level for each participant 2 hours after breakfast.
Sleep score

The Chinese version of the Pittsburgh Sleep Quality
Index (PSQI) was used to assess participants’ sleep qual-
ity during the previous month [25]. The PSQI contains
seven dimensions: sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances,
use of sleep medications, and daytime dysfunction. Each
of these seven domains is equally weighted based on a
0-3 scale; the global PSQI score ranges from 0 to 21,
with a higher score indicating poorer sleep quality and a
global score >7 points defined as poor sleep quality. The
Chinese version of the PSQI previously showed good
reliability and validity (Cronbach’s alpha = 0.84) [25].

Statistical analysis

Statistical analyses were performed using SPSS, ver-
sion 23.0 (IBM). The normality of the data was tested
using the Shapiro-Wilks test. Descriptive characteristics
are presented using mean and standard deviation values
for normally distributed quantitative variables, median
and interquartile range values for non-normally distrib-
uted quantitative variables, and number and frequency
values for categorical variables. We compared the demo-
graphic profiles and pre-test data among the five groups
using one-way analysis of variance (ANOVA) for nor-
mally distributed variables and Wilcoxon rank-sum test
for non-normally distributed variables. The chi-square
test was used to compare categorical variables among the
five groups. Paired samples #-tests were used to identify
significant changes in physical fitness indicators, plasma
glucose and lipid metabolism indexes, and sleep quality
scores from pre- to post-intervention for each group. The
Kruskal-Wallis rank-sum test was used to identify signif-
icant differences in the changes in physical fitness indi-
cators, plasma glucose and lipid metabolism indexes, and
sleep quality score from baseline to 12 weeks among the
five groups. For those variables with significant inter-
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group differences, the Kruskal-Wallis one-way ANOVA
was used to conduct pairwise comparisons between
groups. Values of p less than 0.05 were considered
significant.

Results

Participants and baseline characteristics

A total of 85 elderly MS patients met the inclusion
criteria and were enrolled in the study, and 83 (98%)
completed the intervention and were included in the
final analysis (Fig. 1). Two participants in the AT group
dropped out due to repeated upper respiratory tract infec-
tions (n = 1) and opposition by the family (n = 1) during
the early intervention period. No significant differences
in demographic data, physical fitness, plasma glucose
and lipid metabolism, and PSQI scores at baseline were
detected among the groups (Table 1). The participants’
mean (SD) age was 79.83 (5.13) years; 68.7% of the
participants were female; 73.5% had a college education
or above; and 30.6% were widowed.

Changes in physical fitness, plasma glucose and
lipid metabolism, and PSQI scores in each group
Varying degrees of improvement in physical fitness,
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plasma glucose and lipid metabolism, and sleep quality
were observed in all intervention groups (Fig. 2 and
Supplemental Table 1), including significant decreases in
SBP, HGS, FPG, and 2hPG levels in all four exercise
groups (all p < 0.05). In comparison, no significant
changes were detected in the control group (p > 0.05).
For measured BMI, we also observed a decreasing trend
in all four exercise groups, yet significant reduction was
observed only in the HRLAT group. For measured WC,
we observed significant reductions in the AT, HRLAT,
and HALRT groups (all p < 0.05). Decreases in DBP,
TC, TG, and LDL-C levels were apparent, but the
changes were statistically significant only in HRLAT and
HALRT groups. Similarly, sleep quality as measured
with the PSQI improved significantly in the four exercise
groups (all p < 0.05), but no statistically significant dif-
ference was observed in the control group. Notably, no
significant change in HDL-C level was observed in any
exercise or control group (all p > 0.05).

Comparisons of changes in physical fitness, plasma
glucose and lipid metabolism, and PSQI scores
among groups

Comparisons of the changes in physical fitness,
plasma glucose and lipid metabolism, and sleep scores

Enrollment ’

Assessed for eligibility (n = 91) ‘

Excluded (n = 6)

» Not meeting inclusion criteria (n = 4)
 Declined to participate (n = 2)

Allocation

Randomized (n = 85)

!

|

L

L

Allocated to ATG (n=17)

* Received allocated
intervention (n = 15)

+ Did not receive allocated
intervention (n = 0)

Allocated to RTG (n=17)

» Received allocated
intervention (n = 15)

+ Did not receive allocated
intervention (n = 0)

Allocated to HALRTG (n = 17)

» Received allocated
intervention (n = 15)

+ Did not receive allocated
intervention (n = 0)

Allocated to HRLATG (n = 17)

* Received allocated
intervention (n = 15)

+ Did not receive allocated
intervention (n = 0)

Allocated to CG (n=17)

» Received allocated
intervention (n = 15)

+ Did not receive allocated
intervention (n = 0)

Follow-up

Discontinued intervention
(n=2)

« Family reasons (n=1)

* Illness (n=1)

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Analysis

Analyzed (n =15)
» Excluded from analysis
(n=0)

Analyzed (n=17)
» Excluded from analysis
(n=0)

Analyzed (n=17)
* Excluded from analysis
(n=0)

Analyzed (n=17)
« Excluded from analysis
(n=0)

Analyzed (n=17)
« Excluded from analysis
(n=0)

Fig. 1

Flow chart of study participants. ATG, aerobic training group; RTG, resistance training group; HALRTG, high aerobic and low

resistance training group; HRLATG, high resistance and low aerobic training group; CG, control group.
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among the different study groups showed that the largest =~ mmHg; HGS: 2.00 [1.25, 2.25] kg; FPG: —0.50 [-0.70,
reductions in WC, SBP, DBP, HGS, FPG, and 2hPG  -0.24] mmol/L; 2hPG: —0.70 [-1.65, —0.30] mmol/L),
levels were observed in the HALRT group (median  with significant differences among the groups (WC: H =
[interquartile range]; WC: —4.00 [-5.00, —2.00] cm; SBP:  23.47, p < 0.001; SBP: H=18.44, p = 0.001; DBP: H =
—-9.00 [-16.00, —9.00] mmHg; DBP: —5.00 [-8.50, —1.50] 14.76, p = 0.005; handgrip strength: H = 31.04, p <

Table 1 Baseline characteristics of study participants

Characteristics Witer e AN g HRLATgw  Comelgme

Age (years), mean + SD 79.46 £ 4.82 78.88 +5.40 82.82 +3.81 78.41 £6.12 75.41+19.35  0.309

Sex, n (%) 0.355
Male 2(13.3) 8 (47.1) 6(35.3) 5(29.4) 5(29.4)

Female 13 (86.7) 9(52.9) 11 (64.7) 12 (70.6) 12 (70.6)

Marital status, n (%) 0.324
Married 9 (60.0) 15(88.2) 11 (64.7) 12 (70.6) 10 (58.8)
Divorced/widowed 6 (40.0) 2 (11.8) 6(35.3) 5(29.4) 7(41.2)

Education level, n (%) 0.993
<Primary school 1(6.7) 1(5.9) 3(17.6) 3(17.6) 1(5.9)

Junior middle school 1(6.7) 1(5.9) 1(5.9) 1(5.9) 1(5.9)
Senior middle school 2(13.3) 1(5.9) 2 (11.8) 1(5.9) 2 (11.8)
College and above 11 (73.3) 14 (82.3) 11 (64.7) 12 (70.6) 13 (76.4)

Number of comorbid diseases, n (%) 0.377
0~1 4 (26.7) 4(23.5) 4(23.5) 7 (41.2) 4 (23.5)
1~2 7 (46.6) 9(53.0) 5(29.4) 2 (11.8) 7 (41.2)
>3 4(26.7) 4(23.5) 8 (47.1) 8 (47.1) 6(35.3)

Disease duration (years), median (q1, q3) 22.0 (6.0,30.0) 24.0 (4.5,25.0) 25.0(5.0,34.5) 15.0 (9.5,34.5) 20.0(13.0,30.0) 0.606

Current Medications, n (%)

antihypertensive agents 14 (93.3) 13 (76.5) 14 (93.3) 11 (64.7) 12 (70.6) 0.361

hypoglycemic agents/insulin 4(26.7) 9 (52.9) 8(47.1) 8 (47.1) 6 (35.3) 0.572

statins 14 (93.3) 15 (88.2) 13 (76.5) 15 (88.2) 17 (100) 0.274
BMI (kg/m?), mean = SD 24.05 +3.00 26.09 +3.05 24.54+3.97 24.82+2.92 24.77+4.27  0.553
WC (cm), mean + SD 92.40 +7.74 94.53 £ 8.98 91.71 £12.43 92.15£8.26 89.80+11.85 0.753
SBP (mmHg), mean + SD 137.73 +17.68 130.47+12.59 136.41+10.83 130.58 +14.60 131.64+14.55 0.435
DBP (mmHg), mean + SD 71.13 £11.51 72.35+£5.94 73.05 £ 6.06 71.58 £7.81 69.29+6.57  0.523
HGS (kg), mean + SD 21.86+5.95 26.42+£5.70 22.48 £7.43 23.92£5.47 21.88 £4.72 0.142
FPG (mmol/L), mean + SD 6.13+£0.81 6.19+0.92 6.57 £1.46 6.57 £1.05 6.19+1.42 0.676
2hPG (mmol/L), mean + SD 7.78 £2.20 8.27+2.53 8.30+2.12 778 £2.17 7.06 £ 1.62 0.457
TC (mmol/L), mean + SD 499 £ 1.14 4.40 £ 1.08 5.08+1.18 4.87+1.16 4.70 £ 0.84 0.398
TG (mmol/L), mean + SD 1.71 £1.11 1.27+0.72 1.72+£0.88 1.79 £1.02 1.67+£0.83 0.492
HDL-C (mmol/L), mean = SD 1.43 £0.36 1.39+0.30 1.43 +£0.35 1.42 +£0.39 1.38 £0.25 0.991
LDL-C (mmol/L), mean + SD 3.45+£0.94 2.84£0.99 3.50+1.23 321+1.10 3.06 £ 0.66 0.309
PSQI (points), mean + SD 11.66 +£2.22 11.88+£2.14 13.76 = 3.46 12.58 £2.87 12.11 £3.35 0.252

Numerical variables are expressed as mean = SD or median (interquartile range); categorical variables are expressed as %.

One-way analysis of variance (ANOVA) or the Kruskal-Wallis test were used for continuous data, and chi-square tests for categorical data.
AT, aerobic training; RT, resistance training; HALRT, high aerobic and low resistance training; HRLAT, high resistance and low aerobic
training; SD, standard deviation; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HGS, handgrip strength; FPG, fasting plasma glucose; 2hPG, two-hour postprandial blood glucose; TC, total cholesterol; TG,
triglycerides; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; PSQI, Pittsburgh Sleep Quality Index.
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Fig.2 Comparisons of glycolipid metabolism parameters and sleep quality scores for each group before and after 12 weeks of the
prescribed exercise intervention. * p < 0.05, ** p <0.01 for significant difference between pre- and post-intervention results. ATG,
aerobic training group; RTG, resistance training group; HALRTG, high aerobic and low resistance training group; HRLATG, high
resistance and low aerobic training group; CG, control group; BMI, body mass index; WC, waist circumference; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HGS, handgrip strength; FPG, fasting plasma glucose; 2hPG, two-hour postprandial
blood glucose; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein

cholesterol; PSQI, Pittsburgh Sleep Quality Index.

0.001; FPG: H = 27.89, p < 0.001; 2hPG: H = 24.65,
p < 0.001; Table 2 and Supplemental Table 1). The
largest decreases in TC and LDL-C levels were observed
in the HRLAT group (median [interquartile range]; TC:
-0.47 [-0.81, —0.19] mmol/L; LDL-C: -0.36 [-0.86,
—0.13] mmol/L), also with significant between-group
differences (TC: H = 27.63, p < 0.001; LDL-C: H =

30.60, p < 0.001). However, the change in HDL-C did
not differ significantly among the groups (H = 7.779,
p = 0.10; Table 2). The largest reduction in PSQI
scores was observed in the HALRT group (median —8.0,
range —10.5 to —4.5), with a significant between-group
difference (H = 8.04, p <0.001).



Effect of exercise on metabolic syndrome

825

Table 2 Changes in physical indicators, plasma glucose and lipid metabolism parameters, and sleep quality scores after 12-week exercise

intervention
Variable AT group RT group HALRT group HRLAT group Control group
(n=15) (n=17) (n=17) (n=17) (n=17)

BMI (kg/m?) —0.25 (-0.37, 0.15) —0.06 (-0.51, 0.44) —-0.11 (-0.31, 0.01) —-0.20 (-0.41, 0.01) 0.44 (-0.33,0.76)  0.265
WC (cm) —2.00 (-3.00,-1.00)  —2.00 (-3.50,-0.20)  —4.00 (-5.00, -2.00)*  —3.50 (-5.00, -3.00)*  1.00 (-0.90, 2.00) <0.001
SBP (mmHg) —7.00 (-8.00,-5.00)  —4.0 (-10.00,-6.50) 9.0 (-16.00, -9.00)* 8.0 (-13.00, -6.50)* 2.0 (-5.50, 8.00)  0.001
DBP (mmHg) —4.0 (-5.00, 4.00) —2.00 (—4.00, 0.50) 5.0 (-8.50, -1.50)* -3.0 (-5.50, -1.50) 2.0 (-2.50, 6.50) 0.005
HGS (kg) 0.70 (0.30, 1.50) 1.10 (0.35, 1.40)* 2.00 (1.25, 2.25)#a%* 1.70 (1.00, 3.10)**  —0.90 (-2.25, 0.85) <0.001
FPG (mmol/L) -0.20 (-0.30,-0.05)  -0.20 (-0.31,-0.14)  -0.50 (-0.70, -0.24)** —0.40 (-0.86, —0.40)**  0.10 (-0.23, 0.50) <0.001
2hPG (mmol/L) —0.40 (-0.60, 0.05)* —-0.30 (-0.60, 0.05)  —0.70 (-1.65,-0.30)* —0.40 (-0.86, -0.40)*  0.20 (-2.00, 0.50) <0.001
TC (mmol/L) —0.14 (-0.30, 0.09) —0.20 (-0.46, 0.12)*  —0.37 (-0.98,-0.17)* —0.47 (-0.81,-0.19)*  0.34 (-0.08, 0.90) <0.001
TG (mmol/L) —0.04 (-0.24, 0.04) —0.08 (-0.22,0.06)  —0.11 (-0.39,-0.06)*  —0.11 (-0.63, 0.00)*  0.28 (-0.04, 0.61)  0.006
HDL-C (mmol/L) 0.02 (-0.10, 0.06) -0.01 (-0.17, 0.20) 0.06 (0.01, 0.23) 0.05 (-0.06, 0.11) —0.05 (-0.11, 0.11)  0.100
LDL-C (mmol/L) 0.00 (-0.43, 0.41) —0.05 (-0.28, 0.16)*  —0.26 (-1.15,-0.16)* —0.36 (-0.86,—0.13)*  0.33 (0.08, 0.97) <0.001
PSQI (points) -0.20 (-0.30,-0.05)** -0.20 (-0.31,-0.15)** 8.0 (-10.5, 4.5)* -6.0 (-9.0, -2.0)*" 0.00 (-5.0,3.5)  <0.001

Data are presented as median (25th percentile, 75th percentile); change = post-intervention — baseline.

* indicates a statistically significant difference compared to the control group (p < 0.05); # indicates a statistically significant difference compared to
the AT group (p < 0.05); A indicates a statistically significant difference compared to the RT group (p < 0.05).

AT, aerobic training; RT, resistance training; HALRT, high aerobic and low resistance training; HRLAT, high resistance and low aerobic training;
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HGS, handgrip strength; FPG,
fasting plasma glucose; 2hPG, two-hour postprandial blood glucose; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein
cholesterol; LDL, low-density lipoprotein cholesterol; PSQI, Pittsburgh Sleep Quality Index.

Discussion

The present study investigated the effects of two dif-
ferent 12-week combined aerobic and resistance exercise
prescriptions with four components on physical fitness,
plasma glucose and lipid metabolism, and sleep quality
in elderly MS patients. The results indicate that com-
bined exercise regimens with both aerobic and resistance
components led to better improvements in physical fit-
ness, plasma glucose and lipid metabolism, and sleep
quality than those including only aerobic or resistance
training. Furthermore, high aerobic exercise combined
with low resistance exercise was most effective at
improving WC, SBP, DBP, HGS, glycemic control, and
sleep quality in these patients. However, high resistance
exercise combined with low aerobic exercise resulted in
better regulation of BMI and blood lipid levels. These
results suggest that high aerobic exercise combined with
low resistance exercise training may be a preferable
exercise prescription for elderly MS patients for improv-
ing physical fitness, plasma glucose and lipid metabo-
lism and sleep quality.

The experimental results showed that a combined
exercise prescription may be more beneficial for WC and
HGS. These findings were consistent with the results of a
meta-analysis [15] and a RCT study [26], which show

that combined aerobic and resistance training may be
optimal for reducing WC and increasing HGS in MS
patients. However, the BMI change was not statistically
significant in all intervention groups, which could be
attributed to muscle mass increased due to both resis-
tance training and aerobic excise [27].

Our study found that both exercise consisting of aero-
bic or resistance training or both forms improved FPG
and 2hPG levels in elderly MS patients. However, the
combined exercise prescriptions showed the greatest
benefits. This observation is in agreement with previous
studies in other populations that showed combined exer-
cise interventions had a better positive effect on glyce-
mic control, compared with those involving only one
type of exercise [16, 28]. This can be explained by the
possibility of the synergistic effect of combined aerobic
and resistance training. Firstly, acrobic exercise increases
the concentration of glucose transporter type 4 (GLUT-4)
in the cell membrane [29] and increases glucose uptake
in skeletal muscles [30], thus helping to maintain blood
glucose levels in a dynamic equilibrium, whereas resis-
tance training improves insulin sensitivity by increasing
muscle mass [31]. Increased muscle mass can then fur-
ther enhance the basal metabolic rate and promote glu-
cose uptake from the blood [32]. In addition, aerobic
exercise can improve fatty acid oxidation (both long- and
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medium-chain) and promote muscle metabolism, thereby
modulating insulin sensitivity [33]. Resistance training
not only improves muscle mitochondrial content and
function but also results in adaptive responses within
mitochondria to cope better with the glucose disposal in
the insulin-resistant state [34]. The combination of aero-
bic and resistance exert greater beneficial effects on gly-
cemic control. These results provide support for the
prescription of combination training for the greatest
overall benefits from exercise training in elderly MS
patients with plasma glucose metabolism disorders. We
did not observe statistically significant between-group
differences in glycemic variations in the present study. A
possible explanation is that our sample size was too
small to achieve the statistical power needed to detect
differences between groups. Additionally, we only
assessed FPG and 2hPG levels within 12 weeks. Notably,
better trends in FPG and 2hPG improvement were
observed in the group that practiced high aerobic com-
bined with low resistance, which suggested that a com-
bined exercise intervention with a high frequency of aerobic
exercise may offer better potential benefit for glycemic
control in MS patients. More long-term prospective stu-
dies with larger sample sizes are needed to confirm our
findings and to clarify the underlying mechanisms.
Previous studies have suggested that a combination of
both aerobic and resistance training is superior to either
aerobic or resistance training alone for improving blood
pressure [35]. Similar results were also obtained in our
study, where although the changes in SBP and DBP were
not statistically significant among the four intervention
groups, greater reductions were seen in the combination
groups than in the individual aerobic and resistance
groups. Such reduction in blood pressure is of clinical
importance, as it has been reported that small reductions
in resting SBP and DBP of 3 mmHg can reduce coronary
heart disease risk by 5% and all-cause mortality by 4%
[36]. In addition, the high aerobic combined with low
resistance training group showed the greatest improve-
ments in SBP and DBP after the exercise intervention.
We did not observe any significant differences in the
changes of TC, TG, LDL-C, and HDL-C levels among
the four intervention groups. It is possible that changes in
some metabolic indicators are only observed after a lon-
ger period of training than the 12-week period used in
the present study. Moreover, these observations also
could be related to the fact that the intensity, frequency,
and duration of the exercise prescriptions were the same
in all intervention groups. However, we observed the
trends in blood lipid level improvement in the combined
exercise groups were superior to those for the aerobic
and resistance exercise groups. Aerobic exercise has tra-
ditionally been considered the main mode of exercise

that effectively increases HDL-C and reduces TG levels
[37, 38]; however, an increasing number of studies has
confirmed that resistance training can also improve the
lipid profile [39, 40] and provide an alternative to aero-
bic exercise for individuals with mobility [41]. Adding
resistance training to an aerobic exercise plan will sup-
plement and possibly even enhance the effects on the
lipid profile. This may explain the trends in blood lipid
improvement observed in the HRLAT group in the
present study. A review by Tambalis et al. [42] also sug-
gested that some combination exercise prescriptions are
more effective at lowering LDL-C levels and increasing
HDL-C levels. Consequently, based on the data related to
the effects of exercise on cholesterol levels, clinicians
should encourage individuals with MS to engage in as
much physical activity as possible while, where feasible,
highlighting the additional impact of combined aerobic
and resistance training to obtain optimal benefits [38].

Our data support the results of previous studies that
showed that aerobic, resistance or combination exercise
regimens can significantly improve sleep quality among
older adults [17, 43, 44]. The mechanisms underlying
sleep improvements may be related to the ability of exer-
cise to modulate the endocrine system [45], metabolism
[46], circadian rhythm, and body core temperature [47]
as well as to increase endorphin and melatonin secretion
[48]. Moreover, exercise may improve sleep quality by
reducing the resting plasma concentrations of pro-
inflammatory cytokines and increasing the plasma con-
centrations of anti-inflammatory cytokines [17]. Given
the older age of the study participants, we designed the
aerobic and resistance training to be low to moderate in
intensity to induce exercise adaptations while keeping
exercise volumes moderate. Using these exercise strat-
egies, we found high aerobic combined with low resis-
tance training produced the greatest improvement in
sleep quality in the present study, and a possible explana-
tion is that aerobic exercise requires more concentration
and thus more neuronal activity, causing greater brain
fatigue. The American National Sleep Foundation sug-
gests that elderly populations complete at least 150 min
of aerobic exercise per week to improve sleep quality
[49]. Additionally, resistance training is proposed to help
elderly individuals fall asleep faster and wake up less
frequently throughout the night [50]. The results of our
study support these exercise guidelines. Therefore, we
suggest that elderly MS patients perform combined aero-
bic and resistance exercise to improve sleep quality, and
recommend that they increase the frequency of aerobic
exercise if their physical condition allows.

Our study has several strengths including the random-
ized controlled trial design, supervised exercise sessions,
high adherence rate, modest loss to follow-up, and the
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use of four different components of combined aerobic
and resistance exercise in the combination interventions,
allowing us to investigate the effects of different exercise
prescriptions on glycolipid metabolism and sleep quality
in elderly MS patients. However, several limitations
must be noted. First, the interpretability and representa-
tiveness of our study are limited by the relatively small
sample size; future studies with larger populations are
needed to confirm our findings. Second, the intervention
duration of our study was relatively short, and a longer
exercise intervention might lead to better improvements,
which could produce greater differences between groups.
Third, we did not perform any follow-up measurements
to verify the persistence of the benefits of different exer-
cise prescriptions after the exercise intervention was
stopped. Fourth, owing to limited conditions, we did not
measure HbAlc, fasting plasma insulin, and skeletal
muscle mass. These indicators can help us better under-
stand the beneficial effects of different exercise prescrip-
tions in elderly MS patients. Finally, participants were
asked to exercise in a supervised setting, which likely
improved participants’ engagement and adherence to the
exercise plans; therefore, the results might not be gener-
alizable to a non-supervised population.

The results of this study indicated that 12-week
moderate-intensity exercise prescriptions, especially
those combining aerobic and resistance exercise, can
improve physical fitness, plasma glucose and lipid
metabolism, and sleep quality in elderly MS patients.
High aerobic combined with low resistance exercise was
more effective for improving physical fitness, glycemic
control, and sleep quality, whereas high resistance
combined with low aerobic exercise resulted in better
regulation of blood lipid levels. Accordingly, combined
aerobic and resistance exercise prescriptions could be
incorporated as a main mode of daily exercise programs
for elderly MS patients, with an increased frequency of
aerobic exercise providing more health benefits. Clinical
practitioners should inform patients of the potential
benefits of exercise as they could be a motivating factor
for exercising among elderly MS patients.
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