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Abstract

Background: Dyslipidemia, characterized by elevated total cholesterol (TC), triglycerides, and low-density lipoprotein choles@
(LDL-C), as well as decreased high-density lipoprotein cholesterol (HDL-C), has long been recognized as a major risk factor for
age-related diseases. Recent studies have shown that exercise can be effective in mitigating dyslipidemia in older adults. The aim
of this study was to systematically evaluate the effects of different exercise modalities (aerobic exercise [AE], resistance exercise
[RE], aerobic+resistance exercise [AE+RE], and high-intensity interval training) on lipid profile in the elderly population, in order to
identify the most effective exercise modality for maintaining lipid profile health in older adults.

Methods: A comprehensive database search of PubMed, EBSCO, Web of Science, China National Knowledge Infrastructure,
and Wanfang database. Eligible studies were individually assessed according to the Cochrane Risk of Bias Tool version 2, and the
data were analyzed and processed using RevMan 5.4.1 analysis software.

Results: This study identified 20 randomized controlled trials with a total of 988 subjects, of which 541 were in the exercise
group and 447 in the control group. Our analysis showed that AE significantly reduced TC (P < .05), triglycerides (P < .01), and
LDL-C (P < .01), while increasing HDL-C (P < .01) in the elderly population. RE significantly reduced the elevation of TC (P < .01)
and LDL-C (P < .05) indices in the elderly population, while AE+RE had a significant effect on decreasing TC (P < .01) and LDL-C
(P < .01) indices.

Conclusion: Our analysis indicates that AE is the most effective exercise modality for reducing dyslipidemia in older adults,
compared to RE, AE+RE, and high-intensity interval training. These findings suggest that AE should be promoted as an important
lifestyle intervention to improve lipid profile health in the elderly population. However, further research is needed to investigate the
optimal duration, frequency, and intensity of AE required to achieve the most beneficial effects on lipid profile health in older adults.

Abbreviations: AE = aerobic exercise, AE+RE = aerobic + resistance exercise, Cl = confidence intervals, HDL-C = high-density
lipoprotein cholesterol, HIIT = high-intensity interval training, LDL-C = low-density lipoprotein cholesterol, RE = resistance exercise,
SMD = standardized mean difference, TC = total cholesterol, TG = triglycerides.
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cholesterol (HDL-C).!"l Recent studies have indicated that
these lipid profile abnormalities can facilitate the infiltra-
tion of cholesterol into the arterial walls, leading to depo-
sition and accumulation, and promoting the proliferation of

1. Introduction

Dyslipidemia refers to an abnormal lipid profile in the blood-
stream. In the elderly population, hyperlipidemia is the pre-

dominant form of dyslipidemia, characterized by elevated
levels of blood lipids. This condition is considered a patho-
genic risk factor for cardiovascular disease. Hyperlipidemia is
typically marked by elevated levels of total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), and triglycerides
(TG), as well as decreased levels of high-density lipoprotein
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smooth muscle cells and fibroblasts in the arterial intima. This
process can ultimately result in the development of athero-
sclerosis, coronary heart disease, and other cardiovascular
and cerebrovascular diseases.?! Furthermore, hyperlipidemia
has been associated with the development of other diseases,
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such as polycystic ovary syndrome, rheumatoid arthritis, and
Alzheimer’s disease.l3!

With the continuous growth of the elderly population, China
has now become the country with the largest number of elderly
people in the world. According to the projections, by 2050,
the population over the age of 65 will account for more than
26.1% of the global population,® with the number of people
over 60 years old expected to exceed 2 billion.”! As individuals
age, their physical fitness and functional levels tend to decline,
leading to the development of obesity, hypertension, cardiovas-
cular disease, muscle atrophy, and osteoporosis. Among these
conditions, dyslipidemia is recognized as a major risk factor for
coronary heart disease, which can ultimately lead to death.5-14

Regular and adequate physical activity improves cellular
activity, promotes the consumption of energy substances such
as sugars and lipids, reduces risk factors for metabolic diseases,
decreases the incidence of disease,!'*!7! inhibits a lesser decline
in physical function, and reduces the risk of cardiovascular dis-
ease by positively influencing individuals with dyslipidemia.!$!

However, different forms of exercise have varying effects
on the blood lipid levels in older adults. Several studies have
shown that older adults who engage in aerobic exercise (AE)
have a largely effective improvement in lipid levels compared
to those who are physically frail "> while resistance exercise
(RE) and aerobic exercise are both effective in reducing blood
lipid levels and ameliorating lipid profile in older adults.?!! In
addition, several studies have also shown that aerobic exercise
combined with resistance exercise (AE+RE) and can decrease
TC, TG, and LDL-C indices.?**! Current evidence also suggests
that high intensity interval training (HIIT) may offer a prom-
ising approach for improving the metabolic health of female
populations, including those with type 2 diabetes, dyslipidemia,
and dyslipidemia associated with hyperglycemia. HIIT has been
shown to effectively reduce TC, TG, and LDL-C, while also
increasing HDL-C in some female subjects.**

While exercise has many health benefits, it is unclear which
types of exercise are most beneficial for ameliorating the lipid
profile in the elderly population. Therefore, this study aims to
compare the effects of different exercise modalities on lipid pro-
files in the elderly population through meta-analysis and pro-
vide a reference for selecting an appropriate exercise modality to
maintain good lipid profile levels and reduce the risk of metab-
olism-related diseases in the elderly population.

2. Materials and methods

This study aimed to conduct a systematic review and meta-anal-
ysis to investigate the effects of various exercise modalities on
lipid profiles among healthy elderly individuals. The study fol-
lowed the PRISMA 2020 statement for conducting systematic
reviews and utilized the PICOS framework for formulating the
research question and study design.!®*!

The PICOS framework included Population (healthy elderly
subjects), Intervention (different exercise modalities), Control
(healthy elderly subjects without training), Outcomes (TC, TG,
LDL-C, and HDL-C), and Study design (published randomized
controlled trials). The research question addressed in this study
was “What are the effects of different forms of exercise on lipid
profiles in the elderly population?.”2%]

2.1. Search strategy

This study was conducted in strict accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.!®*! To locate relevant studies, we performed a com-
prehensive literature search using the following keywords:
“elderly,” “exercise,” “total cholesterol,” “triglycerides,” “LDL
cholesterol,” and “HDL cholesterol,” along with their respec-
tive synonyms, near-synonyms, and abbreviations. We searched
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multiple databases, including PubMed, EBSCO, Web of Science,
China National Knowledge Infrastructure, and Wanfang data-
base, and refined the search results for different types of exercise,
such as “aerobic exercise (AE),” “resistance exercise (RE),” “aer-
obic combined resistance exercise (AE+RE),” and “high intensity
interval training (HIIT).” We combined all search terms in var-
ious permutations to maximize the retrieval of relevant studies.

It’s important to note that we did not require all exercise cat-
egories to appear in conjunction with all the lipid profile mark-
ers, but rather considered studies that reported on any of the
lipid profile markers of interest. To ensure the quality of the
studies, we excluded gray literature studies during the search
process and reviewed the reference lists of previously published
relevant articles to identify additional studies.

Our search strategy employed a combination of subject terms
and free words, covering studies from the creation of the data-
base until December 2022. By tracking down relevant literature
references, we aimed to identify all studies that met our inclu-
sion criteria.

2.2. Selection and exclusion criteria of literature

Inclusion criteria: subjects: healthy subjects who were free of
hypertension, diabetes, cardiovascular and other related dis-
eases, with a mean age of 60 years or older, regardless of race
and nationality; study type: published randomized controlled
trials; intervention was exercise of any intensity, form and dura-
tion for at least 4 weeks; and outcome indicators included more
than two of TC, TG, HDL-C, and LDL-C.

Exclusion criteria: adolescent literatures, reviews, conference
papers, and dissertations with incomplete data ranges; individ-
ual case studies; the full text or the literature with unclear exper-
imental data that could not be obtained; animal-based studies;
and duplicate publications.

2.3. Studies selection and data extraction

The search results were merged and imported into Endnote X9
literature management software, where the abstract included the
first author, year of publication, sample size, number of men and
women, age, exercise training form, intervention modality (exer-
cise pattern, period, time, frequency), and outcome evaluation
indicators of the literature. The process of inclusion in this study
was not restricted to any single language; rather, it involved a selec-
tion of languages deemed relevant to the investigation. Specifically,
English, Chinese, and Korean were included in this study.

Duplicates were first removed, and then the titles and
abstracts of the literature were initially screened according to
the inclusion and exclusion criteria, respectively, to exclude
those that did not meet the requirements, and inclusion for in
the study was further determined after reading the full text. This
process was carried out independently by 2 researchers (H.Y.
and W.S.), and for literature that could not be identified for
inclusion or exclusion, a negotiation between the 2 investigators
was required to resolve the discrepancies, and a third researcher
(H.Z.) was required to adjudicate if necessary.

Data extracted from the included literature include: first author
and year of publication; sample size; age; intervention modality;
intervention expectation; and outcome evaluation indicators. A
detailed summary of the extracted date is provided in Table 1.

2.4. Quality assessment

The Cochrane Risk of Bias Tool version 2 was used to evaluate
the risk of bias in the included studies. Cochrane Risk of Bias Tool
version 2 assesses several components of study quality, including
the randomization process, deviations from the intended inter-
vention, missing outcome data, measurement of the outcome,
and selection of the reported outcomes. This assessment was
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General characteristics of selected research literature.

Sample size (n)

Duration of
Intervention Control intervention Duration
Authors nation  Year  group/BMI group/BMI Gender M:F  Age (yr) (min) Intervention  Frequency (wk) Outcome
Fox et al*” 1996 16 13 (0):(29) 65.6+3.3 60 AE+RE 5/W 24 OOB®
<America> 30.6+2.1 29.8+15
Cao et al®® 2019 13 15 (0):(28) 64.2+5.1 60 AE 3/W 12 OOe®
<China> 28.0+£2.9 26.4+1.4
Valente et al® 2011 15 12 (11):(16) 66.6+4.3 40 RE 3/W 10 OO®®
<America> 25-39.9
Park et al®® 2020 10 10 (20):(0) 68.8+0.9 90-120 AE+RE 3/W 12 OOe®
<South 26.2+0.5 26.0+0.4
Korea>
Rezaeipourt®”! 2021 28 27 (655):(0) 68.7+3.2 60 HIT 3/W 12 De®
<Iran> 35.4+5.2 35.6+5.4
Shah et al®" 2009 9 9 (5):(13) >65 90 AE+RE 3/W 24 OOe®
<America> >30
Tomeleri et alt® 2016 19 19 (0):(38) >60 45-50 RE 3/W 8 OOe®
<Brazil> 27.8+4.5 27.1+3.8
Boardley et al®® 2007 33 (AB) 35 (36):(95) 746+6 45-50 AE, RE, 3/W 16 OO®
<America> 29.8+4.2 29.4+4.6 AE+RE
31 (RE)
31.1+6.8
32 (AE+RE)
29.0+5.3
Ha et alt®l 2018 1 9 (0):(20) 70-80 50 AE 3/W 12 OOe®®
<South 23.92+1.82 29.11+12.47
Korea>
Marinda et 2013 25 25 (0):(50) >60 60 AE 3/W 8 [0]e)
al®l <South 28.32+6.77  29.32+5.44
Africa>
So et al®®l 2013 18 22 (13):(27) 65-82 60 RE 3/W 12 [0]ele)
<South 25.9+3.0 25.9+2.8
Korea>
Sunami et al®” 1999 20 20 (20):(20) 60-77 60 AE 2-4/W 20 OOe®®
<Japan> 22.0+2.3 22.7+2.8
Liu and Jinal®¥ 2010 34 30 (0):(64) 65.7+3.1 40-50 AE 6/W 24 OOe®
<China> Not described
Wang et al®®] 2009 111 105 Not 60-79 40-60 AE 3-4/W 48 OO®
<China> Not described described
Zhang et al*? 2016 20 20 (0):(40) >60 60 AE 4/W 12 OO®®
<China> 24.05+£2.59  23.92+257
Ballin et al”! 2019 36 36 Not 70.7+0.2 18-36 HIT 3w 10 OOB®
<Sweden> 29.2+33 de-scribed
Kim and Oh" 2021 10 10 (0):(20) >65 50 AE 3/W 12 OOe®
<South Not described
Korea>
Kim and Cho®? 2013 10 (AE) 10 (0):(40) >65 70 AE, RE, 3/W 12 OOe®
<South 2310+1.07  23.24+2.97 AE+RE
Korea> 10 (RE)
23.35+3.22
10 (AE+RE)
24.07+2.02
Sunt¥ <South 2017 12 12 (0):(24) >80 60 AE 5/W 24 OO®
Korea> 2428+3.02 24.66+2.56
Hunt4 <South 2020 8 8 (16):(0) 66-77 60 AE 3w 12 @G
Korea> 23.85+2.95 24.70+2.96

AE = aerobic exercise, AE+RE = aerobic+resistance exercise, HIIT = high-intensity interval training, M:F(male):(female), RE = resistance exercise, W = week(s), @ TC = total cholesterol, @ TG =

triglyceride, ® HDL-C = high-density lipoprotein cholesterol, @ LDL-C = low-density lipoprotein cholesterol.

bias was completed independently by 2 reviewers (H.Y. and Y.S.),
and conflicts were resolved by a third reviewer (C.L.). The pres-
ent study utilized the Grading of Recommendations Assessment,

performed separately for each study in the analysis. According to
the systematic evaluation manual, researchers classified articles
as low risk, high risk, or some concerns. The assessment of risk of
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Figure 1. Flow chart of literature screening.
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Development, and Evaluation (GRADE) methodology to rigor-
ously evaluate the quality of the evidence that was retrieved. This
approach is widely recognized as a scientifically sound method
for systematically appraising the quality of evidence in a given
field. By using the GRADE methodology, the study was able to
ensure that its conclusions were based on a thorough and objec-
tive evaluation of the available evidence.

2.5. Statistical analysis

Data were analyzed using RevMan$.4, with effect sizes expressed
as weighted mean differences and 95% confidence intervals (Cls).
Heterogeneity was analyzed using the consistency coefficients I?
and P. If I> > 50% and P < .10 indicated heterogeneity between
studies, the analysis was performed using a random-effects
model; conversely, a fixed-effects model was used. Subgroup anal-
yses were performed according to movement patterns. Sensitivity
analyses were used to detect the effect of individual studies on
the total effect. When statistical heterogeneity existed but there
was no clinical heterogeneity between study groups, a random-ef-
fects model was used for analysis. If the heterogeneity was too
pronounced to identify its source, only descriptive analyses were
used. When the number of studies was more than 10, funnel plots
were used to explore publication bias, and a significance level of
o = 0.05 was chosen for the significance test of articles.

3. Results

3.1. General results of the selected research literature

The study utilized a rigorous and systematic search strategy to
identify relevant papers from the database, resulting in a total of

7481 papers. 5196 duplicate papers were removed using Endnote
software, leaving 2285 papers for further screening. Subsequently,
the titles and abstracts of the remaining papers were carefully
assessed against predefined inclusion and exclusion criteria, lead-
ing to the exclusion of 1987 papers. Following this, a thorough
evaluation of the remaining 298 papers was conducted, resulting
in the selection of 20 studies for inclusion in the meta-analysis.
A graphical representation of the selection process is provided in
Figure 1. This stringent screening process employed in this study
ensured that only high-quality studies meeting the established cri-
teria were included in the meta-analysis.

3.2. General characteristics of the selected research
literature

After conducting a thorough screening process, following
pre-determined inclusion and exclusion criteria, 20 randomized
controlled trials were selected for inclusion in this meta-analy-
sis. These trials involved various forms of exercise interventions
such as aerobic exercise, resistance exercise, aerobic combined
with resistance exercise, and high-intensity intermittent train-
ing. The total number of subjects included in these trials was
988, with a mean age greater than 60 years. Further information
regarding the selected trials can be found in Table 1.

3.3. Quality evaluation of the selected literature

An individualized risk of bias assessment was conducted for
the included study literatures using the Cochrane Risk of Bias
Tool version 2. The assessment resulted in 7 entries, which are
illustrated in Figure 2. Since all interventions in this study were
exercise-related, achieving complete double-blinding during
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the experiment was not feasible. Nevertheless, we ultimately
included 20 papers in our analysis, with the remaining entries
demonstrating low risk. It is noteworthy that only three out of
the 20 papers were identified as having a high risk during the
overall evaluation. Importantly, all of them were assessed as
having a low risk in terms of missing outcome data.

3.4. Meta-analysis of the effect of different exercise
modalities on the TC level in the elderly

The heterogeneity of the studies included in the analysis was
relatively high, with an I? value of 52% and a P value of .002.
After combining the effect sizes using a random effects model,
the standardized mean difference (SMD) was found to be -0.4,
witha 95% Clof -0.59 to -0.21 (P <.01). These findings suggest

that there were significant differences in TC levels among the
different forms of exercise.

Further subgroup analysis showed that AE, RE and AE+RE
all significantly reduced TC levels in older adults. Specifically,
the SMD for AE was -0.33 (95% CI: -0.63 to -0.03, P < .05),
for RE was -0.46 (95% CI: -0.75 to -0.17, P < .01), and for
AE+RE was -0.77 (95% CI: -1.25 to -0.30, P < .01). However,
there was no significant difference in the improvement of TC
levels in older adults with HIIT (SMD = -0.03, 95% CI: -0.37
to 0.32, P = .88). The combined effect size was statistically sig-
nificant, with AE+RE demonstrating a greater reduction in TC
levels in older adults compared to the other 3 exercise modali-
ties. These findings are illustrated in Figure 3.

In summary, these results suggest that AE, RE, and AE+RE are
effective in reducing TC levels in older adults, while HIIT may
not be as effective. These findings provide important insights for
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Experimental Control Std. Mean Difference Std. Mean Difference
dean o ga0n w1, Random. 39% Random. 93%
2.1.1 AE
Boardiey and Fahiman etal. 2006  182.7 366 33 1888 352 35 57% -0.17 [-0.64, 0.31) —=
Cao and Jiang et al. 2019 526 111 13 581 069 15 38% -0.38 [-1.14, 0.37) ==
Ha and Kim et al. 2018 17645 2061 11 21563 422 9 27%  -1.47[-2.14,.0.20) ——
Hun 2020 183 18.34 B 21388 2278 8 24% -0.95 [-2.01, 0.10] r
Kim and Cho 2013 16695 947 10 1881 1926 10 26%  -1.33[-2.33,-0.34) —
Kim and Oh 2021 2018 238 10 2297 1186 10 26%  -1.43[2.44,-042]
Liu and Jin el al. 2010 493 082 34 452 047 30 55% 0.60 [0.09, 1.10) —
Marinda and Magda et al. 2013 567 104 25 543 127 25 51% 0.20 [-0.35, 0.76) —T
Sun 2017 18475 30.51 12 169.08 34.71 12 35% -0.13 [-0.93, 0.67] | [
Sunami and Moloyama et al 1999 2122 249 20 21368 374 20 46% -0.04 [-0.68, 0.58] —
Wang and Li el al. 2009 395 104 111 431 088 105 76% -0.37 [-0.64, -0.10] =
Zhang and Wu et al. 2016 421 076 20 48 157 20 48% -0.31[-0.93,0.31] —
Subtotal (95% CI) 307 200 506%  -0.33[-0.63, -0.03] & 4
Heterogeneity: Tau® = 0.16; Chi* = 30.11, df = 11 (P = 0.002); F = 63%
Test for overall effect: Z = 2,15 (P = 0.03)
21.2RE
Boardley and Fahiman et al. 2006 1786 236 31 1888 352 B 5% -0.33 [-0.82, 0.15) _—
Kim and Cho 2013 1715 806 10 1881 1926 10 28%  -1.08[-2.03,-0.12)
So and Song et al. 2013 1878 303 18 1948 266 22 46% «0.24 [-0.67, 0.38] —T
Tomeleri and Ribeiro et al. 2016 2089 377 19 2235 211 19 44% -0.47 [-1.11, 0.18) —
Valente and Sheehy et al. 2011 1736 366 15 2012 356 12 35% «0.74 [+1.53, 0.05) =
Subtotal (95% CI) 93 98 209%  -0.48[-0.7S,-0.17] A2
Heterogenaity: Tau® = 0.00; Chi* = 2.83, df =4 (P = 0.59); P = 0%
Test for overall affect: Z = 3.14 (P = 0.002)
2.1.3 AE+RE
Boardley and Fahiman etal. 2006 177.6 338 32 1888 352 35 67% -0.32 [-0.80, 0.16] T
Fox and Thompson et al. 1896 569 106 16 611 111 13 38% -0.38 [-1.12, 0.36) _—T
Kim and Cho 2013 1608 1785 10 1881 1926 10 26%  -141[-241,-041) —
Park and Jung et al 2020 2042 126 10 2181 118 10 28%  -1.09[-2.04,-0.14]
Shah and Stuffiebam et al. 2009 856 13 9 1228 237 9 24%  -136[-241,-0.30
Subtotal (95% CI) 7 77 17.3%  -0.77[1.25,-0.30) i
Heterogeneily: Taw® = 0.12, Ch* = 7.06, df = 4 (P = 0.13), F= 43%
Test for overall effect: Z = 3,18 (P = 0.001)
2.1.4 HIT
Baliin and Lundberg et al. 2019 493 117 36 5 0982 8 59% -0.07 [-0.53, 0.40] i
Rezaeipour 2021 2232 382 28 2223 328 2T 53% 0.02 [-0.50, 0.55] = T
Subtotal (95% CI) 64 63 112%  -0.03[-0.37,0.32) -
Heterogeneity: Tau® = 0.00; Chi* = 0.06, df = 1 (P = 0.80); # = 0%
Test for overall effect Z = 0.15 (P = 0.88)
Total (95% CI) 541 537 1000%  -0.40 [-0.59, -0.21] L 4
Heterogeneity: Tau® = 0.11; Chi* = 48.15, df = 23 (P = 0.002): I = 52% g g 0 : 3

Test for overall effect: Z = 4,08 (P < 0.0001)
Tast for subarcuo differances: Chi' =6.96. df = 3 (P =007). ' = 56.9%

Favours [experimental] Favours [control]

Figure 3. Meta-analysis of the effect of different exercise modalities on the TC level in the elderly. AE = aerobic exercise, AE+RE = aerobic+resistance exercise,
HIIT = high-intensity interval training, RE = resistance exercise, TC = total cholesterol.

healthcare professionals when designing exercise interventions
for older adults with high TC levels.

3.5. Meta-analysis of the effect of different exercise
modalities on the TG level in the elderly

The level of heterogeneity among studies was assessed using the
I? statistic, which indicated a low degree of heterogeneity (> =
38%, P = .04). The combined effect sizes were calculated using
a fixed effects model, which yielded a SMD of -0.28 with a
95% CI of -0.41 to -0.16 (P < .01). These findings suggest that
there were significant differences in TG levels among the differ-
ent forms of exercise.

Further subgroup analysis was conducted to investigate the
effect of different types of exercise on TG levels in the elderly.
The results indicated that AE was the only form of exercise that
significantly reduced TG levels in older adults (SMD = -0.37,
95% CI = -0.53 to -0.21, P < .01). The other forms of exer-
cise, namely RE, AE+RE, and HIIT, did not show a significant
effect on TG levels in the elderly (P = .70, .10, .52, respectively).
Specifically, RE had a non-significant effect on TG levels (SMD =
-0.06,95% CI = -0.35 to 0.23, P = .70), AE+RE had a non-sig-
nificant effect on TG levels (SMD = -0.27, 95% CI = -0.60

to 0.05, P = .10), and HIIT had a non-significant effect on TG
levels (SMD = -0.15, 95% CI = -0.62 to 0.31, P = .52). These
findings are illustrated in Figure 4.

In summary, the results suggest that AE is an effective form of
exercise for reducing TG levels in older adults. However, other
forms of exercise did not show a significant effect on TG levels
in this population. These findings have important implications
for exercise prescription in older adults and may inform the
development of targeted exercise interventions for the manage-
ment of TG levels in this population.

3.6. Meta-analysis of the effect of different exercise
modalities on the HDL-C level in the elderly

The analysis of the studies demonstrated a relatively substan-
tial heterogeneity, as indicated by an I* value of 79% and a
P value of less than .01. After combining effect sizes using a
random-effects model, we found that the difference in HDL-C
levels between various forms of exercise was statistically sig-
nificant, with a standardized mean difference of 0.55 (95% CI:
0.26-0.85; P < .01).

To investigate the effect of different types of exercise on HDL-C
levels in older adults, a subgroup analysis was performed. The
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Figure 4. Meta-analysis of the effect of different exercise modalities on the TG level in the elderly. AE = aerobic exercise, AE+RE = aerobic+resistance exercise,

HIIT = high-intensity interval training, RE = resistance exercise, TG = triglycerides.

results revealed that only AE led to a significant improvement in
HDL-C levels, with a standardized mean difference of 0.69 (95%
CI: 0.32-0.05; P < .01). However, RE, AE+RE, and HIIT did not
result in significant increases in HDL-C levels in older adults, with
P values of .28, .07, and .54, respectively. These findings are pre-
sented in Figure 5, where RE had a non-significant effect on HDL-C
levels (SMD = 0.40, 95% CI = -0.33 to 1.12, P = .28), AE+RE had
a non-significant effect on HDL-C levels (SMD = 8.87, 95% CI =
-0.07 to 1.80, P = .07), and HIIT had a non-significant effect on
HDL-C levels (SMD = -0.14,95% CI = -0.61 to 0.31, P = .54).

Therefore, the findings suggest that AE is an effective form of
exercise for increasing HDL-C levels in older adults. However,
other forms of exercise did not show a significant effect on
HDL-C levels in this population. These results are important for
exercise prescription in older adults and may inform the devel-
opment of targeted exercise interventions for managing HDL-C
levels in this population.

3.7. Meta-analysis of the effect of different exercise
modalities on the LDL-C level in the elderly

The heterogeneity between studies was found to be relatively
high (I = 78%, P < .01). A random effects model was used to

combine the effect sizes, resulting in a statistically significant
difference in the effects of different forms of exercise on LDL-C
(SMD = -0.79,95% CI = -1.10 to -0.49, P < .01).

Subgroup analysis was conducted to further investigate the
effects of different exercise modalities on LDL-C. The results
showed that AE had a significant LDL-C reduction effect (SMD
=-0.49, 95% CI = -0.76 to -0.21, P < .01), as did RE (SMD =
-1.75,95% CI = -3.27 to -0.22, P < .05) and AE+RE (SMD =
-1.17, 95% CI = -1.98 to -0.35, P < .01). However, HIIT did
not have a statistically significant effect on LDL-C (SMD = -0.19,
95% CI =-0.90 to -0.52, P = .60).

Notably, the results suggest that AE, RE, and AE+RE are
effective in reducing LDL-C in older adults, while HIIT may not
be as effective (Fig. 6). Therefore, it can be concluded that reg-
ular exercise, such as AE, RE, and AE+RE, may have significant
beneficial effects on reducing LDL-C levels in older adults.

3.8. Publication bias and sensitivity analysis

Funnel plots were generated to assess the distribution of the
indicators of TC, TG, HDL-C, and LDL-C. The findings revealed
that the distribution of the funnel plot for TG was approxi-
mately symmetrical, while the funnel plots for TC, HDL-C, and
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Figure 5. Meta-analysis of the effect of different exercise modalities on the HDL-C level in the elderly. AE = aerobic exercise, AE+RE = aerobic+resistance
exercise, HDL-C = high-density lipoprotein cholesterol, HIIT = high-intensity interval training, RE = resistance exercise.

LDL-C were predominantly asymmetrical (Fig. 7). To test the
stability of the results, a sensitivity analysis was performed by
altering the combined effect size and excluding individual stud-
ies before conducting the meta-analysis again. The outcomes
demonstrated that the changes were not statistically signifi-
cant compared to the previous results, signifying the stability
of the meta-analysis findings and the reliability of the study’s
conclusions.

3.9. Grading of Recommendations Assessment,
Development, and Evaluation

The quality of evidence in the randomized controlled trial study
was evaluated using the GRADE approach. The analysis of TC
indicated moderate quality evidence for the RE, AE+RE, and
HIIT groups. In the case of TG, the quality of evidence was
moderate for the AE, RE, and HIIT groups. For HDL-C and
LDL-C, the quality of evidence was moderate for the AE group.
In addition, the quality of evidence for TG was moderate for
the AE group (Fig. 8). The assessment of other outcomes in the
study was downgraded to low due to various reasons, such as
inadequate literature.

4. Discussion

The primary objective of this study was to investigate the
impact of different exercise modalities on lipid profile in the
elderly population. The results revealed that diverse exercise
modalities could mitigate lipid profile abnormalities in the
elderly population to a certain extent. Specifically, a 0.026
mmol/L increase in HDL-C was associated with a 2% reduc-
tion in the risk of coronary heart disease in men and at least 3%
in women, while a 1% reduction in LDL-C led to a 2% to 3%
decrease in the risk of coronary heart disease.*! Furthermore,
TC is extremely important for cardiovascular health, as high
blood TC levels are positively correlated with cardiovascu-
lar disease. Regular participation in exercise can lower blood
TC levels, thus preventing cardiovascular-related diseases./'*
Exercise training slows the decline of HDL-C while reducing
dietary intake of saturated fat and cholesterol, and promot-
ing the decline of LDL-C.I*! A previous study!*! reported that
aerobic exercise improved plasma lipoprotein and lipid levels
in older adults, that is, TC, TG, and LDL-C decreased signifi-
cantly and HDL-C increased significantly, thereby reducing
the risk of cardiovascular disease, which is consistent with the
present study’s findings.*¢!
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Figure 6. Meta-analysis of the effect of different exercise modalities on the LDL-C level in the elderly. AE = aerobic exercise, AE+RE = aerobic+resistance
exercise, HIIT = high-intensity interval training, LDL-C = low-density lipoprotein cholesterol, RE = resistance exercise.

Regular exercise has been shown to have a positive impact
on lipid metabolism in skeletal muscle. One possible mechanism
by which exercise improves lipid utilization is by increasing
the activity of lecithin-cholesterol acyltransferase, an enzyme
responsible for ester transfer from human plasma to HDL cho-
lesterol.#”! Additionally, exercise training has been found to
enhance lipoprotein lipase activity, which plays a crucial role in
lipid uptake by muscles.[*$!

Research by Ferguson et al has indicated that a minimum
energy expenditure of 1100 kcal during exercise is required to
trigger a significant increase in HDL cholesterol levels, which
is consistent with the observed increase in lipoprotein lipase
activity.*”! Furthermore, a study by Kraus et al investigated the
effects of exercise volume and intensity on lipid levels and found
that high exercise volume had a more significant positive impact
on lipid profiles and the prevention of cardiovascular disease
than low exercise volume.% Specifically, the study found that
training volume, rather than training intensity, was the key
determinant of improvements in lipid levels.

Kraus et al conducted an 8-month aerobic exercise interven-
tion with 111 randomized subjects divided into 3 intervention
groups (walking 12 miles per week, jogging 12 miles per week,
and jogging 20 miles per week) and a control group.’” The

study found that higher levels of exercise had a much greater
beneficial effect on lipid profiles than lower levels of exercise.
Although research has shown that 10 weeks of HIIT as a single
intervention can significantly reduce TC and LDL-C in centrally
obese 70-year-old individuals,”? HIIT did not significantly ame-
liorate lipid profiles in older adults in our study. This may due
to the limited literature on HIIT as more research is required to
confirm these findings or due to insufficient energy expenditure,
similar to the findings of Nybo et al.’"!

Under dietary education conditions, the RE intervention had
a stronger tendency to lower TG and LDL-C than the no RE
intervention, but no statistical difference was demonstrated.®!
Resistance exercise and aerobic combined with resistance exer-
cise modality showed significant changes only in TC and LDL-
C, while aerobic exercise played a significant role in TC, TG,
LDL-C, and HDL-C. Meanwhile, prolonged physical activity
has been found to be closely associated with lipid profiles, and it
requires sufficient training volume to induce changes in fat mass
that favorably alter lipid profiles. Therefore, prolonged aerobic
exercise may be more effective than the other 3 forms of exercise
in improving blood lipids in the elderly.!'¥

The research literature from China and Korea suggests that
regular AE interventions can be effective in improving lipid
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Figure 7. Publication bias of the influence of different exercise modalities on the TC (A), TG (B), HDL-C (C), and LDL-C (D) level in the elderly. HDL-C = high-den-
sity lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TC = total cholesterol, TG = triglycerides.

profiles and overall cardiovascular health in older adults, par-
ticularly women over 60 years of age. Specifically, a 12-week,
4-day-a-week, 60-minute per day AE exercise intervention at
50% to 60% of maximum oxygen uptake can significantly
reduce TC, TG, and LDL-C, while increasing HDL-C levels in
older women.!*!

Additionally, other forms of exercise, such as ballet and
elastic band training, have also been found to be effective in
improving lipid profiles in older women. Specifically, 50 min-
utes of AE in the form of ballet 3 times a week for 12 weeks
significantly helped older women lower TC, TG, and LDL-C
and increase HDL-C.*! Four weeks of 70 minutes of combined
aerobic exercise in elastic bands 3 times a week significantly
helped older women lower TC, TG, and LDL-C, and increase
HDL-C.*

Moreover, qigong, a traditional Chinese exercise that com-
bines meditation, breathing, and movement, has also been
found to have potential benefits for older women’s lipid pro-
files. Specifically, 24 weeks of qigong for 60 minutes 5 times
a week significantly helped to lower TG in older women, but
had no significant effect on changes in TC, LDL-C, and HDL-
C.®1 Meanwhile, dance sports exercise for 60 minutes, 3 times a
week for 12 weeks, has also been found to be effective in helping
older men lower TC, TG, and LDL-C."** Overall, these findings
suggest that regular exercise, particularly aerobic exercise, can
be an effective intervention for improving lipid profiles and car-
diovascular health in older adults.

Studies investigating the effects of different exercise modal-
ities on blood glucose indicators in older adults have shown
mixed results, with some studies reporting no significant

10

improvements,1-3¢37521 while others have observed opposite
results.[?>323¢ Exercise is a cost-effective and practical form of
health care that is superior to pharmacotherapy, but various fac-
tors such as exercise modality, intensity, duration, frequency of
training, training environment, and temperature can all influ-
ence the outcomes of subjects’ blood indicators."*¢! Furthermore,
the subjects’ status, such as obesity, hypertension, diabetes, and
other comorbidities, can also impact the results of different
studies.

The limited number of studies related to the effects of differ-
ent exercise modalities on blood glucose indexes in the elderly
population can lead to heterogeneity in the results, and future
studies should focus on improving the quantity and quality
of literature included. It is important to consider these fac-
tors when interpreting the results of studies investigating the
effects of exercise on blood glucose indicators in older adults.

The present study utilized a rigorous meta-analysis approach,
focusing exclusively on high-quality randomized controlled tri-
als. To the best of our knowledge, this is the first meta-analysis
to investigate the effects of exercise on glycolipid metabolism
in the elderly population. The results indicate that exercise
interventions of various types can improve lipid levels in older
adults, with aerobic exercise being particularly effective. These
findings have important implications for promoting exercise as
a means of reducing glycolipid disorders in the elderly pop-
ulation. However, given the wide range of aerobic exercise
modalities available, future research is needed to determine the
optimal type and duration of exercise required to achieve the
greatest benefits for older adults seeking to improve their lipid
profiles.
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(0.6 lower to 0.05 higher)
The effect of different exercise The mean the effect of different exercise modalities on the tg - hiit 72 BEB0 SMD -0.15 (-0.62 to
modalities on the TG - HIIT in the intervention groups was (1 study) moderate 0.31)

0.15 standard deviations lower

(0.62 lower to 0.31 higher)
The effect of different exercise The mean the effect of different exercise modalities on the hdl-c - 564 BEB0 SMD 0.69 (0.32 to
modalities on the HDL-C - AE ae in the intervention groups was (11 studies) moderate 1.05)

0.69 standard deviations higher

(0.32 to 1.05 higher)
The effect of different exercise The mean the effect of different exercise modalities on the hdl-c - 186 BBOS SMD 0.4 (-0.33 to
modalities on the HDL-C - RE re in the intervention groups was (5 studies) low 1.12)

0.4 standard deviations higher

(0.33 lower to 1.12 higher)
The effect of different exercise The mean the effect of different exercise modalities on the hdl-c - 154 B008 SMD 0.87 (-0.07 to
modalities on the HDL-C - AE+RE ae+re in the intervention groups was (5 studies) very low 1.8)

0.87 standard deviations higher

(0.07 lower to 1.8 higher)
The effect of different exercise The mean the effect of different exercise modalities on the hdl-c - 128 C-L-TSTS] SMD -0.14 (-0.61 to
modalities on the HDL-C - HIT hiit in the intervention groups was (2 studies) low 0.32)

0.14 standard deviations lower

(0.61 lower to 0.32 higher)
The effect of different exercise The mean the effect of different exercise modalities on the Idi-c - 564 DHOO SMD -0.49 (-0.76 to
modalities on the LDL-C - AE ae in the intervention groups was (11 studies) moderate -0.21)

0.49 standard deviations lower

(0.76 o 0.21 lower)
The effect of different exercise The mean the effect of different exercise modalities on the Idi-c - 150 DHOO SMD -1.75 (-3.27 to
modalities on the LDL-C - RE re in the intervention groups was (4 studies) low -0.22)

1.75 standard deviations lower

(3.27 to 0.22 lower)
The effect of different exercise The mean the effect of different exercise modalities on the Idi-c - 154 EEEE] SMD -1.17 (-1.98 to
modalities on the LDL-C - AE+RE ae+re in the intervention groups was (5 studies) low -0.35)

1.17 standard deviations lower

(1.98 to 0.35 lower)
The effect of different exercise The mean the effect of different exercise modalities on the Idi-c - 128 L=ETE] SMD -0.19 (-0.9 to
modalities on the LDL-C - HIT hiit in the intervention groups was (2 studies) low 0.52)

0.19 standard deviations lower
(0.9 lower to 0.52 higher)

*The basis for the assumed rigk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed
risk in the comparison group and the relative effect of the intervention (and its 95% CI).

Cl: Confidence interval;

‘GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

Figure 8. GRADE table for the influence of different exercise modalities on the TC, TG, HDL-C, and LDL-C level in the elderly. GRADE = Grading of
Recommendations Assessment, Development, and Evaluation, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TC

= total cholesterol, TG = triglycerides.

5. Conclusions

According to scientific studies, various types of exercise
can mitigate lipid profiles in elderly individuals. However,
among the different forms of exercise, aerobic exercise has
been found to yield better overall results. This conclusion is
particularly true for older adults who have no prior experi-
ence with exercise training or are just starting to engage in
physical activity. Therefore, it can be concluded that for this
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demographic, aerobic exercise is a more effective option for
ameliorating lipid profiles.

6. Limitations of the study

Owing to the varied exercise intensities and patterns used in
this study, we were unable to conduct a subgroup analysis to
identify the most suitable exercise intensity and pattern for
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aerobic exercise. The current literature on HIIT as an exer-
cise regimen for older adults is limited, and there may result
in greater variability in the study outcomes. Additionally, the
subjects selected for this study were healthy elderly individuals
without any underlying health conditions, and we did not dif-
ferentiate them based on gender or race. Moreover, significant
heterogeneity may have affected our study due to variations
in regimens, doses, durations, center settings, and enrollment
populations.
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